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Neurohaemal Areas in the Pond Snail Lymnaea stagnalis (L.)

S. E. Wen del a a r  Bong a *
D e p a r t m e n t  o f  Z o o l o g y ,  F r e e  U n i v e r s i t y .  A m s t e r d a m ,  T h e  N e t h e r l a n d s

R e c e i v e d  A p r i l  17, 1 9 7 0

S u m  m a n / .  I n  t  h e  c e n t r a l  g a n g l i a  o f  L y m n a e a  s t a g n a l i s  n e u r o s e c r e t o r y  ce l l  g r o u p s  h a v e  

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

I n  t h e  p r e s e n t  s t u d y  s e v e n  t y p e s  h a v e  b e e n  d i s t i n g u i s h e d  w i t h i n  t h e  c l a s s  o f  G o m o r i - p o s i t i v e  

c e l l s  o n  t h e  b a s i s  o f  d i f f e r e n t  s t a i n i n g  r e a c t i o n s  w i t h  t h e  a l c i a n  b l u e / a l c i a n  y e l l o w  t e c h n i q u e .  

F i v e  t y p e s  a r e  l o c a t e d  in  t h e  c e r e b r a l  g a n g l i a  a n d  in  t h e  l a t e r a l  l o b e s ,  w h e r e a s  t w o  ce l l  t y p e s  

o c c u r  in  t h e  g a n g l i a  o f  t h e  v i s c e r a l  r i n g .  N o  n e u r o s e c r e t o r y  c e l l s  h a v e  b e e n  o b s e r v e d  in  t l i e  

b u c c a l  a n d  p e d a l  g a n g l i a .

T h e  s t a i n i n g  t e c h n i q u e  u s e d  p r o v e d  t o  b e  s u p e r i o r  t o  t h e  c l a s s i c  n e u r o s e c r e t o r y  s t a i n s ,  

b e c a u s e  w i t h  t h i s  m e t h o d  t h e  s e c r e t o r y  s u b s t a n c e s  c a n  e a s i l y  b e  d i s t i n g u i s h e d  f r o m  n o n -% % « 

s e c r e t o r y  G o m o r i - p o s i t i v e  t i s s u e  c o n s t i t u e n t s .

O n e  o f  t h e  t w o  G o m o r i - n e g a t i v e  n e u r o s e c r e t o r y  ce ll  t y p e s  o f  t h e  c e r e b r a l  g a n g l i a  r e a c t  

p o s i t i v e l y  w i t h  t h e  a l c i a n  b l u e / a l c i a n  y e l l o w  t e c h n i q u e .  In  a d d i t i o n ,  t w o  G o m o r i - n e g a t i v e  

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

r i n g .

T h e  u l t r a s t r u c t u r e  o f  t h e  f o u r  n e u r o s e c r e t o r y  ce ll  t y p e s  i n  t h e  v i s c e r a l  r i n g  is d e s c r i b e d .  

T h e  e l e c t r o n  m i c r o s c o p e  r e v e a l e d  t h a t  e a c h  o f  t h e  h i s t o c h e m i c a l l y  d i s t i n g u i s h e d  s e c r e t o r y  

s u b s t a n c e s  c o n s i s t s  o f  e l e m e n t a r y  g r a n u l e s  w h i c h  d i f f e r  in  s i z e  a n d  a p p e a r a n c e  f r o m  e a c h  

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

a u t h o r s  i n  t h e  c e r e b r a l  g a n g l i a  a n d  i n  t h e  l a t e r a l  l o b e s .

T h e  n e u r o h a e m a l  a r e a s  o f  t h e  n e u r o s e c r e t o r y  c e l l s  in  t h e  v i s c e r a l  r i n g  a r e  v e r y

e x t e n s i v e  a n d  i n c l u d e  t h e  p e r i p h e r a l  p a r t s  o f  t h e  n u c h a l  n e r v e s  a n d  o f  t h e  c o n n e c t i v e s

a n d  n e r v e s  o f  t h e  g a n g l i a  o f  t h e  r i n g .  T h e  p e r i n e u r i u m  a n d  t h e  a d j a c e n t  p a r t s  o f  t h e

c o n n e c t i v e  t i s s u e  w h i c h  s u r r o u n d  t h e  g a n g l i a ,  t h e  c o n n e c t i v e s  a n d  t h e  n e r v e s  a r e  r e g a r d e d

a s  a d d i t i o n a l  n e u r o h a e m a l  z o n e s ,  b e c a u s e  in  t h e s e  r e g i o n s  m a n y  t i n y  n e r v e s  o c c u r ,  w h i c hl/  1/

c o n s i s t  m a i n l y  o f  n e u r o s e c r e t o r y  a x o n s  e n d i n g  n o n - s y n a p t i c a l l v  n e a r  p a r t s  o f  t h e  v a s c u l a r  

s y s t e m .  In  t h e  p e r i n e u r i u m  s u r r o u n d i n g  t h e  c e r e b r a l  g a n g l i a  a n d  t h e i r  n e u r o h a e m a l  a r e a  

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

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

r e n t l y  t a k e s  p l a c e  b y  e x o c y t o s i s .v JL %/ %/

A c i r c a d i a n  r h y t h m i c i t y  w a s  o b s e r v e d  in  t h e  r e l e a s e  a c t i v i t y  o f  s o m e  o f  t h e  n e u r o -  

s e c r e t o r y  ce ll  t y p e s .

K e y - W  o r d s :  N e u r o s e c r e t i o n  —  N e u r o h a e m a l  a r e a s  —  I n v e r t e b r a t e s  —  L y m n a e a  s tag -  

m i l i s  L .  —  C y t o l o g y .

* T h e  a u t h o r  is g r e a t l y  i n d e b t e d  t o  P r o f .  J .  L e v e r  f o r  s u g g e s t i n g  t h e  p r o b l e m  t o  h i m ,  a n d  

t o  D r .  J .  . J o o s s e  f o r  t h e i r  a d v i s e  a n d  t h e i r  s t i m u l a t i n g  i n t e r e s t  d u r i n g  t h e  i n v e s t i g a t i o n s ,  t o  

D r .  H .  H .  B o e r  f o r  h i s  v a l u a b l e  c r i t i c i s m  d u r i n g  t h e  p r e p a r a t i o n  o f  t h e  m a n u s c r i p t ,  t o  

M r s .  H .  A r a d  f o r  t e c h n i c a l  a s s i s t a n c e ,  t o  M r .  G .  E l i s e e - D e s i r ,  M r .  R .  R u t g e r h o r s t  a n d  

M r .  C . v a n  G r o e n i g e n  f o r  p r e p a r i n g  t h e  m i c r o g r a p h s ,  a n d  t o  M r .  U .  Z y l s t r a  f o r  c o r r e c t i n g  

t h e  E n g l i s h  t e x t .  —  T h i s  s t u d y  w a s  m a d e  p o s s i b l e  b y  a  g r a n t  o f  t h e  N e t h e r l a n d s  

O r g a n i z a t i o n  f o r  t h e  A d v a n c e m e n t  o f  P u r e  R e s e a r c h  ( Z . W . O . ) .
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R e v i e w s  o f  t h e  l i t e r a t u r e  o n  n e u r o s e c r e t o r y  p h e n o m e n a  in m a n y  s p e c ie s  o f  t h e  

G a s t r o p o d a  h a v e  b e e n  p u b l i s h e d  b y  G a b c  (1 9 6 6 ) ,  S i m p s o n  ( 1 9 6 6 a )  a n d  D u r c h o n  

(1 9 6 7 ) .  I n  m o s t  s p e c ie s  i n v e s t i g a t e d  s e v e r a l  g r o u p s  o f  G o m o r i - p o s i t i v e  n e u r o s e c r e 

t o r y  ce l ls  o c c u r .  L i t t l e  a t t e n t i o n  h a s  b e e n  p a i d  so  f a r  t o  t h e  p o s s i b i l i t y  t h a t  

w i t h i n  t h e  c la s s  o f  G o m o r i - p o s i t i v e  ce l ls  in  a  g iv e n  s p e c ie s  d i f f e r e n t  t y p e s  m a y  

o c c u r .  I n  t h i s  r e s p e c t  i t  is i n t e r e s t i n g  t h a t  C o o k  (19 66 )  d i s t i n g u i s h e d  t h r e e  t y p e s  

o f  G o m o r i - p o s i t i v e  ce l ls  in t h e  s t y l o m m a t o p h o r e  S u c c in e a  p u t r i s  o n  t h e  b a s i s  o f  

t i n c t o r i a l  d i f f e r e n c e s  o b t a i n e d  w i t h  t h e  c la s s ic  n e u r o s e c r e t o r y  s t a i n s  c h r o m e -  

h a e m a t o x y l i n  (C H )  a n d  p a r a l d e h y d e - f u c h s i n  ( P F ) .  R e c e n t l y  s i m i l a r  r e s u l t s  h a v e  

b e e n  r e p o r t e d  f o r  t h e  C o lo ra d o  b e e t l e  L e p t in o ta r s a  d ecem lin ea ta  ( S c h o o n e v e l d ,  1970).

T h e  o c c u r r e n c e  o f  G o m o r i - n e g a t i v e  n e u r o s e c r e t o r y  ce l ls  h a s  b e e n  e s t a b l i s h e d  in  

o n l y  a  f e w  g a s t r o p o d s  (e .g . ,  J o o s s e ,  1 9 6 4 ;  B o e r ,  1 9 6 5 ;  C o o k ,  1966).

I n  t h e  c e r e b r a l  g a n g l i a  o f  t h e  P u l m o n a t a ,  g r o u p s  o f  G o m o r i - p o s i t i v e  n e u r o 

s e c r e t o r y  ce l ls  o c c u r  a t  s p e c i f ic  l o c a t i o n s .  T h e i r  p r o d u c t s  a r e  t r a n s p o r t e d  v ia  

a x o n a l  t r a c t s  t o  l a rg e  n u m b e r s  o f  a x o n  e n d i n g s  lo c a l i z e d  a t  t h e  p e r i p h e r y  o f  t h e  

i n t e r c e r e b r a l  c o m m i s s u r e  a n d  o f  t h e  m e d i a n  l ip  n e r v e  o r  t h e  n e r v u s  a r t e r i a e  

c e r e b r a l i s .  I t  h a s  b e e n  s u g g e s t e d  t h a t  in  t h e s e  z o n e s  s t o r a g e  a n d  r e l e a s e  o f  n e u r o 

h o r m o n e s  t a k e  p la c e .  A c c o r d i n g l y ,  t h e s e  z o n e s  w e r e  c a l l e d  n e u r o h a e m a l  a r e a s  

( J o o s s e ,  1 9 6 4 ;  R o h n i s c h ,  1 9 6 5 ;  N o l t e ,  1 9 6 5 :  S i m p s o n ,  1970). T h u s ,  w h e n  c o m p a r e d  

t o  t h e  c o m p a c t  n e u r o h a e m a l  o r g a n s  f o u n d  in  a r t h r o p o d s  ( s in u s  g l a n d ,  c o r p u s  

c a r d i a c u m )  a n d  v e r t e b r a t e s  ( n e u r o h y p o p h y s i s ,  u r o p h y s i s )  t h e  n e u r o h a e m a l  a r e a s  

in  p u l m o n a t e s  a r e  v e r y  e x t e n s i v e .

D e t a i l e d  m o r p h o l o g i c a l  s t u d i e s  o f  t h e  c e r e b r a l  g a n g l i a  o f  t h e  b a s o m m a t o -  

p h o r a n  p o n d  s n a i l  L y m n a e a  s tagna l is  r e v e a l e d  t h e  p r e s e n c e  o f  a  G o m o r i - p o s i t i v e  

a n d  a  G o m o r i - n e g a t i v e  n e u r o s e c r e t o r y  s y s t e m .  T h e i r  n e u r o h a e m a l  a r e a s  a r e  lo-
O  t/

c a t e d  in  t h e  p e r i p h e r i e s  o f  t h e  m e d i a n  lip  n e r v e  a n d  o f  t h e  i n t e r c e r e b r a l  c o m m i s s u r e ,  

r e s p e c t i v e l y  ( J o o s s e ,  1 9 6 4 ;  B o e r  et a l. ,  1 9 6 8 a ) .  L i t t l e  d e t a i l e d  i n f o r m a t i o n  is 

a v a i l a b l e  c o n c e r n i n g  n e u r o s e c r e t o r y  p h e n o m e n a  in  t h e  o t h e r  c e n t r a l  g a n g l i a  o f  t h i s  

s n a i l .  G o m o r i - p o s i t i v e  cell g r o u p s  h a v e  b e e n  d e s c r i b e d  in t h e  g a n g l i a  o f  t h e  v i s c e r a l  

r i n g ,  i .e . ,  in  t h e  p a i r e d  p l e u r a l  a n d  p a r i e t a l  a n d  in t h e  s in g le  v i s c e r a l  g a n g l i o n  

( L e v e r  et a l . ,  1961). H o w e v e r ,  t h e  l o c a t i o n  o f  t h e  n e u r o h a e m a l  a r e a s  o f  t h e s e  

ce l ls  is n o t  k n o w n .  N o  d e t a i l e d  r e p o r t s  h a v e  b e e n  p u b l i s h e d  c o n c e r n i n g  G o m o r i -  

n e g a t i v e  ce l ls  in  t h e s e  g a n g l i a .

T h e r e  a r e  o n l y  a  f e w  i n v e s t i g a t i o n s  i n t o  t h e  u l t r a s t r u c t u r e  o f  n e u r o s e c r e t o r y  

s y s t e m s  in  g a s t r o p o d s ,  a n d  e x c e p t  f o r  s o m e  s t u d i e s  o n  A p l y s i a  ca l i f  arn ica  

( R o s e n b l u t h ,  1 9 6 3 a :  C o g g e s h a l l ,  1967), t h e y  a r e  r e s t r i c t e d  t o  p u l m o n a t e s  {e.g., 

N o l t e ,  1 9 6 5 :  B o e r  et a l . ,  1 9 6 8 a ;  S i m p s o n  et a l . ,  1 9 6 6 b ;  S i m p s o n ,  1970). H o w e v e r ,  

e l e c t r o n  m ic r o s c o p e  s t u d i e s  a r e  r a t h e r  i m p o r t a n t ,  s in c e  w i t h o u t  d e t a i l e d  p h y s i o 

lo g ica l  i n f o r m a t i o n ,  u l t r a s t r u c t u r a l  d a t a ,  s u c h  a s  t h e  p r e s e n c e  o f  r e le a s e  p h e n o 

m e n a  in  n o n - s y n a p t i c a l l y  e n d i n g  a x o n s  in  n e u r o h a e m a l  a r e a s ,  a r e  e s s e n t i a l  f o r  

i d e n t i f y i n g  n e u r o n e s  a s  n e u r o s e c r e t o r y  ce lls  ( fo r  d i s c u s s io n  see  B e r n  a n d  K n o w l e s ,

1 9 6 6 ) /

T h e  a i m  of  t h e  p r e s e n t  s t u d y  is t o  e x a m i n e  t h e  n e u r o s e c r e t o r y  ce l ls  a n d  

t h e i r  n e u r o h a e m a l  a r e a s  in  L y m n a e a  s ta g n a l is  b y  u s i n g  h i s t o c h e m i c a l  a n d  e l e c t r o n  

m ic r o s c o p e  t e c h n i q u e s .  S p e c i a l  a t t e n t i o n  is p a i d  t o  t h e  q u e s t i o n  w h e t h e r  d i f f e r e n t  

t y p e s  o f  G o m o r i - p o s i t i v e  ce l ls  o c c u r  i n  t h i s  s n a i l .  P r e l i m i n a r y  i n v e s t i g a t i o n s  

( W e n d e l a a r  B o n g a ,  1969) i n d i c a t e d  t h a t  f o r  t h i s  p u r p o s e  t h e  a l c i a n  b l u e / a l c i a n
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y e l lo w  s t a i n i n g  m e t h o d  ( A B / A Y ) ,  w h i c h  w a s  i n t r o d u c e d  f o r  n e u r o s e c r e t i o n  b y  

P e u t e  a n d  v a n  d e  K a m e r  (1 9 6 7 ) ,  is  o f  g r e a t  v a l u e .

T h i s  t e c h n i q u e  w a s  a l s o  u s e f u l  f o r  i d e n t i f y i n g  G o m o r i - n e g a t i v e  n e u r o s e c r e t o r y  

ce l ls .  T h e  s t u d y  o f  t h e  v i s c e r a l  r i n g  is o f  p a r t i c u l a r  s i g n i f i c a n c e  s in c e  t h e  

i n f o r m a t i o n  o n  n e u r o s e c r e t i o n  in  t h e s e  g a n g l i a  is l i m i t e d ,  w h e r e a s  e x p e r i m e n t a l  

s t u d i e s  h a v e  i n d i c a t e d  t h a t  a t  l e a s t  s o m e  o f  t h e m  e x e r t  n e u r o e n d o c r i n e  a c t i v i t y  

( H e k s t r a  a n d  L e v e r ,  1 9 6 0 ;  L e v e r  et a i ., 1 9 6 1 ;  C h a i s e m a r t i n ,  1968).

Materials and Methods
S e x u a l l y  m a t u r e  s p e c i m e n s  o f  L y m n a e a  s t a g n a l i s ,  0 — 8 m o n t h s  o l d  w i t h  a  s h e l l  h e i g h t  

b e t w e e n  3 0  a n d  3 5  m m .  w e r e  o b t a i n e d  f r o m  s t o c k  r e a r e d  in  t h e  l a b o r a t o r y  f o r  m a n y  

g e n e r a t i o n s .  T h e y  w e r e  k e p t  in  p a i r s  i n  p e r f o r a t e d  j a r s ,  p l a c e d  in  t a n k s  w i t h  c o n t i n u o u s  

w a t e r  c h a n g e ,  a s  d e s c r i b e d  b y  v a n  d e r  S t e e n  (19(57), a t  a  w a t e r  t e m p e r a t u r e  o f  2 0  ¿ 1 C .  

A  d a i l y  p h o t o p e r i o d  o f  12 h o u r s  ( f r o m  8 a . m .  t i l l  8  p . m . )  w a s  m a i n t a i n e d  a t  a  l i g h t  i n t e n s i t y  

o f  a b o u t  1 ,0 0 0  l u x  a t  t h e  w a t e r  s u r f a c e .  L e t t u c e  w a s  s u p p l i e d  a d  l i b i t u m .  U n d e r  t h e s e  

c o n d i t i o n s  t h e  h e r m a p h r o d i t i c  s n a i l s  l a y  e g g s  t h r o u g h o u t  t h e  y e a r  a t  a  r a t e  o f  1— 3 e g g  

c a p s u l e s  p e r  w e e k .

F i x a t i o n  w a s  n o r m a l l y  c a r r i e d  o u t  b e t w e e n  9  a n d  1 0  a . m .  A b o u t  1 5 0  a n i m a l s  w e r e  u s e d .  

P r e l i m i n a r y  e x p e r i m e n t s  r e v e a l e d  t h a t  n a r c o t i z a t i o n  o f  t h e  s n a i l s  ( J o o s s e  a n d  L e v e r ,  1 9 5 9 )  

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

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

a n d  t h e  p r o x i m a l  p a r t s  o f  t h e  n e r v e s  w e r e  e x c i s e d  a f t e r  d e c a p i t a t i o n  o f  t h e  s n a i l s  a n d  

i m m e r s e d  in  f r e s h l y  p r e p a r e d  S t i e v e  s o l u t i o n  f o r  3 h o u r s .  T h e  d i s t a l  p a r t s  o f  t h e  n e r v e s  w e r e  

s t u d i e d  b y  u s i n g  w h o l e  a n i m a l s  f i x e d  e i t h e r  in  B o u i n  o r  in  B a k e r ’s  f o r m a l i n  s o l u t i o n ,  

u p g r a d e d  in  e t h a n o l  a n d  a m y l a e e t a t e  a n d  e m b e d d e d  in  p a r a f f i n  ( m . p .  5 8 °  C ). S e r i a l  s e c t i o n s  

w e r e  c u t  a t  7 a  t h i c k n e s s .  T h e  a l t e r n a t e  s e c t i o n  t e c h n i q u e  w a s  u s e d  f o r  c o m p a r i n g  s e c t i o n s  

o f  t h e  s a m e  ce l l  s t a i n e d  w i t h  d i f f e r e n t  h i s t o c h e m i c a l  t e c h n i q u e s .  T h e  f o l l o w i n g  m e t h o d s  w e r e  

a p p l i e d  t o  s t a i n  t h e  n e u r o s e c r e t o r y  m a t e r i a l s  f o r  l i g h t  m i c r o s c o p y  ( s e e  R o m e i s ,  1 9 6 8 ) :  

C H  a f t e r  B a r g m a n n ,  P F  a f t e r  G a b e ,  p e r f o r m i c  a c i d - a l c i a n  b l u e  ( P F A A B )  a f t e r  A d a m s  a n d  

S l o p e r .  p e r i o d i c  a c i d - S c h i f f  ( P A S )  a f t e r  M c M a n u s ,  S u d a n  b l a c k  B  ( s a t u r a t e d  in  7 0 %  e t h a n o l ,  

p a r a f f i n  s e c t i o n s ) ,  p h l o x i n  ( 0 . 5 %  a q u e o u s  s o l u t i o n ) ,  a n d  a z o c a r m i n  G  ( 0 . 1 %  a q u e o u s  

s o l u t i o n ) .  F u r t h e r m o r e  t h e  A B / A Y  m e t h o d  f o r  n e u r o s e c r e t i o n  ( P e u t e  a n d  v a n  d e  K a m e r ,  

1 9 6 7 )  w a s  u s e d  in  a  m o d i f i e d  w a y :  t h e  p H  o f  b o t h  d y e  s o l u t i o n s  w a s  r e v e r s e d ,  a n d  p r i o r  

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

H y d r o l y s i s  w a s  a l s o  f r e q u e n t l y  a p p l i e d  p r i o r  t o  t h e  o t h e r  s t a i n i n g  p r o c e d u r e s .  T h e  m o d i f i e d  

A B / A Y  t e c h n i q u e  r u n s  a s  f o l l o w s :

1. h y d r o l y s e  in  1 .0  N  H C 1  s o l u t i o n  a t  6 0 °  C  f o r  (3 m i n ;  r i n s e  in  t a p  w a t e r ;

2. o x y d i z e  in  a c i d  p e r m a n g a n a t e  s o l u t i o n  ( 0 . 2 5 %  K M n 0 4 ; 0 . 5 %  H 2SO.,) f o r  2  m i n ;  

r i n s e  i n  t a p  w a t e r ;  b l e a c h  in  2 %  N a H S 0 3 ; r i n s e  i n  t a p  w a t e r ;

3 . s t a i n  in  0 . 5 %  s o l u t i o n  o f  a l c i a n  b l u e  8 G X  f o r  3 0  m i n  a t  p H  1 .0 ;  r i n s e  i n  b u f f e r

( p H  1 . 0 ) ;

4 .  s t a i n  in  0 . 5 %  s o l u t i o n  o f  a l c i a n  y e l l o w  G X S  f o r  3 0  m i n  a t  p H  2 . 5 ;  r i n s e  in  b u f f e r  

( p H  2 .5 ) ;

5 .  c o u n t e r s t a i n  in  0 . 1 %  s o l u t i o n  o f  n u c l e a r  f a s t  r e d  f o r  1 m i n ;  r i n s e  in  t a p  w a t e r ;  

d e h y d r a t e  q u i c k l y ;  m o u n t  in  D P X .

F o r  e l e c t r o n  m i c r o s c o p y  t h e  t i s s u e s  w e r e  f i x e d  f o r  2  h o u r s  e i t h e r  in  a  1 %  0 s 0 4 v e r o n a l  

b u f f e r e d  ( p H  7 .4 )  s o l u t i o n  a t  4 °  C  ( P e a s e ,  19(34), o r  in  a  f r e s h l y  p r e p a r e d  m i x t u r e  o f  

g l u t a r a l d e h y d e  ( 0 . 8 % )  a n d  0 s 0 4 ( 1 . 0 % )  w i t h  s i m i l a r  b u f f e r ,  a t  0 °  C . F o r  p o s t f i x a t i o n  t h e  

m a t e r i a l  w a s  t r a n s f e r r e d  t o  a  s o l u t i o n  o f  1 .0 %  u r a n y l n i t r a t e  f o r  3 0  m i n .  A f t e r  d e h y d r a t i o n  

in  e t h a n o l  a n d  p r o p y l e n e o x y d e ,  e m b e d d i n g  f o l l o w e d  in  E p o n  8 1 2 .  T i s s u e  s e c t i o n s  w e r e  c u t  o n  

a  R e i c h e r t  u l t r a m i c r o t o m e ,  s t a i n e d  w i t h  l e a d  c i t r a t e  ( R e y n o l d s ,  19(33) f o r  1 m i n ,  a n d  e x a m i n e d  

in  a  Z e i s s  E M - 9 A  e l e c t r o n  m i c r o s c o p e .  F o r  i d e n t i f i c a t i o n  in  t h e  e l e c t r o n  m i c r o s c o p e  o f  t h e  

h i s t o c h e m i c a l l y  d e f i n e d  ce l l  t y p e s ,  E p o n  s e c t i o n s  ( t h i c k n e s s  1 ¡j l), t r e a t e d  a c c o r d i n g  t o  Y e n s e n  

(19(38) a n d  s t a i n e d  w i t h  C H  a n d  p h l o x i n .  w e r e  s t u d i e d  p r i o r  t o  c u t t i n g  u l t r a t h i n  s e c t i o n s .

F o r  d e m o n s t r a t i o n  o f  b i o a m i n e s  t h e  c h r o m a f f i n  r e a c t i o n  f o r  e l e c t r o n  m i c r o s c o p y  ( W o o d ,  

1 9 0 3 )  w a s  a p p l i e d  a t  p H  5 .8 .  a s  r e c o m m e n d e d  b y  H o p w o o d  (1 9 0 8 ) .
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O b s e r v a t io n s

M o r p h o lo g y  o f  th e  C e n tr a l  N e r v o u s  S y s t e m

T h e  a n a t o m y  o f  t h e  n e r v o u s  s y s t e m  o f  L y m n a e a  s t a g n a l i s  is  k n o w n  f r o m  d e s c r i p t i o n s  b y  

E l o  (1 9 3 8 )  a n d  H e k s t r a  a n d  L e v e r  ( 1 9 6 0 ) .  T h e  c e r e b r a l  g a n g l i a  h a v e  b e e n  d e s c r i b e d  in  d e t a i l  

b y  J o o s s e  ( 1 9 6 4 ) .  T h e  t e r m i n o l o g y  u s e d  in  t h e  p r e s e n t  s t u d y  is a d o p t e d  f r o m  t h e s e  a u t h o r s .  

T h e  e l e v e n  g a n g l i a  w h i c h  f o r m  t h e  C N S  a r e  c o n c e n t r a t e d  a r o u n d  t h e  e s o p h a g u s ,  c a u d a l l y  

f r o m  t h e  b u c c a l  m a s s .  A  b i l a t e r a l  a - s y m m c t r y  is p e r t i n e n t .  T h e  l e f t  c e r e b r a l ,  p e d a l  a n d  

p l e u r a l  g a n g l i a  a r e  s l i g h t l y  s m a l l e r  t h a n  t h e  c o r r e s p o n d i n g  n e r v e  c e n t r e s  a t  t h e  r i g h t ,  

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

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

g a n g l i o n  d u r i n g  e a r l y  d e v e l o p m e n t  o f  t h e  s n a i l  ( R e g o n d a u d ,  19(54). T h e  p e n i a l  n e r v e  a n d  t h e  

s m a l l  r i g h t  p a l l i a l  n e r v e  a r e  u n p a i r e d .

T w o  s t r u c t u r e s ,  t h e  m e d i o -  a n d  l a t e r o - d o r s a l  b o d i e s ,  w h i c h  c o n s i s t  o f  s m a l l  g l a n d u l a r  

c e l l s ,  a r e  l o c a t e d  o n  e a c h  o f  t h e  c e r e b r a l  g a n g l i a .  T h e s e  b o d i e s  a r e  e n d o c r i n e  o r g a n s  w h i c h  

c o n t r o l  v i t e l l o g e n e s i s  ( J o o s s e  a n d  G e r a e r t s ,  19(59).

T h e  n e u r o n a l  ce l l  b o d i e s  lie  in  s e v e r a l  l a y e r s  a t  t h e  p e r i p h e r y  o f  t h e  g a n g l i a .  T h e  

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

in  t h e  c e n t r e  o f  t h e  g a n g l i a ,  t h e  n e u r o p i l e .  M o s t  o f  t h e  p r o c e s s e s  o f  t h e  u n i - ,  b i - ,  o r  m u l t i 

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

t o  h u n d r e d s  o f  a x o n a l  b r a n c h e s ,  a s  e s t a b l i s h e d  in  t h e  p r e s e n t  s t u d y  b y  e x a m i n i n g  s e r i a l  

s e c t i o n s  a t  t h e  e l e c t r o n  m i c r o s c o p e  l e v e l .  F o r  t h e  g e n e r a l  c y t o l o g y  o f  t h e  n e r v e  c e l l s  in  

L .  s t a g n a l i s  r e f e r e n c e  is  m a d e  t o  l i g h t  m i c r o s c o p e  s t u d i e s  o f  M o u s s a  ( 1 9 5 0 )  a n d  B o e r  (1 9 6 5 ) .  

T h e  l a t t e r  o b t a i n e d  e v i d e n c e  t h a t  t h e  v o l u m e s  o f  t h e  ce ll  b o d i e s  m i g h t  b e  c o r r e l a t e d  w i t h  

t h e  d e g r e e  o f  p o l y p l o i d y  o f  t h e  c e l ls .

T h e  u l t r a s t r u c t u r e  o f  o r d i n a r y  n e u r o n e s  h a s  b e e n  d e s c r i b e d  f o r  m a n y  g a s t r o p o d  s p e c i e s  

( Q u a t t r i n i ,  1 9 6 3 ;  S i m p s o n  ct a l ., 1 9 6 3 ;  S a k h a r o v  ct a l . ,  1 9 6 5 ;  L a n e ,  19(5(5; N o l t e  et a l . ,  1 9 6 5 ;  

S c h m e k e l  a n d  W e c h s l e r ,  1 9 6 8 ;  B e n j a m i n  a n d  P e a t .  1 9 6 9 ) .  T h e  u l t r a s t r u c t u r e  o f  o r d i n a r y  

n e u r o n e s  a s  w e l l  a s  t h a t  o f  n e u r o s e c r e t o r y  c e l l s  in  t h e  c e r e b r a l  g a n g l i a  o f  L .  s t a g n a l i s  

h a s  b e e n  e x a m i n e d  b y  B o e r  et a l .  ( 1 9 6 8 a ) .

I n  t h e  p r e s e n t  s t u d y  a x o n s  w e r e  c o m m o n l y  f o u n d  t o  p r o j e c t  i n t o  t h e  cell  

b o d i e s  o f  o r d i n a r y  n e u r o n e s .  T h e s e  a x o n s  o f t e n  p o s s e s s  d e n s e - c o r e d  g r a n u l e s  o f  

s e v e r a l  t y p e s  w i t h  a  m e a n  d i a m e t e r  b e t w e e n  8 0 0  a n d  1 ,4 00  A, i .e . ,  w i t h i n  t h e  

s iz e  r a n g e  o f  n e u r o t r a n s m i t t e r  g r a n u l e s  ( G e r s c h e n f e l d ,  1963).  I n  a d d i t i o n  s m a l l  

c l e a r  v e s ic l e s  ( 0  3 5 0 — 5 0 0  A) w e r e  o c c a s i o n a l l y  o b s e r v e d  in t h e  s a m e  a x o n s  

(F ig .  1 ). A l t h o u g h  n o  d i f f e r e n t i a t i o n s  o f  t h e  cell  m e m b r a n e s  w e re  f o u n d ,  t h e  

p r e s e n c e  o f  t h e s e  v e s ic le s  s u g g e s t s  t h a t  s y n a p t i c  t r a n s m i s s i o n  t a k e s  p la c e  in  t h e s e  

a r e a s .  T h e  a b s e n c e  o f  m e m b r a n e  t h i c k e n i n g s  is c o n s i s t e n t  w i t h  t h e  o p in i o n  o f  

F r a z i e r  et a l . (1 9 6 7 ) ,  t h a t  in  g a s t r o p o d  s y n a p s e s  d i f f e r e n t i a t i o n  o f  t h e  m e m b r a n e s  

m a y  b e  a b s e n t .  T h e  o c c u r r e n c e  o f  a x o n s  e n d i n g  s y n a p t i c a l l y  o n  cell b o d ie s  w a s  

a l s o  s u g g e s t e d  b y  N i c a i s e  et a l . (1 9 6 8 ) ,  w h o  f o u n d  g r a n u l e  c o n t a i n i n g  a x o n s  w h i c h  

p e n e t r a t e d  i n t o  t h e  n e u r o n e s  o f  t h e  o p i s t h o b r a n c h  G lo ssod o r is s p e c .  M o r e o v e r ,  t h e  

p r e s e n c e  o f  a x o - s o m a t i c  s y n a p s e s  in  A p l y s i a  calif'ornica. is m e n t i o n e d  in  t h e  l i g h t  

m i c r o s c o p i c  w o r k  o f  A b r a h a m  (1 9 6 5 ) .  T h e s e  o b s e r v a t i o n s  a r e  in  c o n t r a s t  w i t h  t h e  

r e s u l t s  o f  G e r s c h e n f e l d  (1 9 6 3 )  w h o  w a s  u n a b l e  t o  d e m o n s t r a t e  a x o - s o m a t i c  

s y n a p s e s  in  t h e  p u l m o n a t e s  V a g in u la  s o le a , C r y p to m p h a l l u s  a s p e r s a  a n d  H e l i x  

p o m a t ia .

I n  t h e  c e n t r a l  n e u r o p i l e  a s  w ell  a s  in t h e  n e r v e s  a x o - a x o n i c  s y n a p s e s  w e re  

c o m m o n l y  f o u n d  (F ig .  2 ). T h e y  w e r e  i d e n t i f i e d  b y  t h e  o c c u r r e n c e  o f  c l u s t e r s  o f  

c l e a r  v e s ic le s  a n d  o f  a c c u m u l a t i o n s  o f  v a r y i n g  a m o u n t s  o f  e l e c t r o n  d e n s e  m a t e r i a lo

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

t h e  m e m b r a n e s  is s l i g h t l y  w i d e n e d  in t h e s e  z o n e s ,  f o r m i n g  a  s y n a p t i c  c le f t .  A x o 

a x o n i c  s y n a p s e s  h a v e  b e e n  d e s c r i b e d  in  m a n y  g a s t r o p o d  s p e c ie s  (e .g . ,  G e r s c h e n -
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F i g .  1. P a r t  o f  a n  o r d i n a r y  n e u r o n e  in  t h e  r i g h t  p l e u r a l  g a n g l i o n ,  c o n t a i n i n g  n e u r o t r a n s m i t t e r  

l i k e  g r a n u l e s  ( a r r o w s ) ,  p e n e t r a t e d  b y  a  g l i a l  p r o c e s s  o f  t h e  t r o p h o s p o n g i u m  (r/l). A n  a x o n  

p r o f i l e  ( o x )  w i t h  d e n s e - c o r c d  g r a n u l e s  a n d  c l e a r  v e s i c l e s  (c v ) i n d i c a t e s  t h e  p r e s e n c e  o f  a n

a x o - s o m a t i c  s y n a p t i c  c o n t a c t
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fo ld ,  1 9 6 3 ;  H a n n e f o r t h ,  1 9 6 5 ;  C o g g e s h a l l ,  1967 ;  F r a z i e r  et a l ., 1 9 6 7 ;  N ic a i s e  

el a l . , 1 9 6 8 ;  C h a l a z o n i t i s ,  1968).

R e f e r e n c e s  t o  g l i a l  cc l ls  in  L. s ta g n a l i s a r e  l a c k i n g .  A t  t h e  e l e c t r o n  m ic r o s c o p e  

le v e l  t h e  n e u r o n a l  cell b o d ie s  a p p e a r  t o  be  e n c lo s e d  b y  s h e a t h - l i k e  a r r a n g e m e n t s  

o f  m a n y  g l i a l  p r o c e s s e s ,  w h i c h  in  t h e  l a r g e r  n e u r o n e s  a l s o  p e n e t r a t e  i n t o  t h e  

p e r i k a r y a  (F ig .  1 ) a n d  i n t o  t h e  a x o n s .  E x c e p t  f o r  m i t o c h o n d r i a ,  csll  o r g a n e l l e s  

a r e  s c a r c e  in t h e  c y t o p l a s m  o f  t h e s e  g l ia l  ce l ls .  U s u a l l y  s o m e  g l y c o g e n  is  p r e s e n t .  

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

A  s e c o n d  t y p e  o f  g l i a l  ce l ls  is  c h a r a c t e r i z e d  b y  l a r g e  n u m b e r s  o f  t h i n  f i l a m e n t s  

( 0  5 0  A) w h ic h  a r e  c o m p a r a b l e  t o  t o n o f i l a m e n t s .  M o r e o v e r ,  in t h e s e  ce l ls  m a n y  

m i t o c h o n d r i a ,  a  r a t h e r  e x t e n s i v e  g r a n u l a r  e n d o p l a s m i c  r e t i c u l u m ,  n u m e r o u s  G o lg i  

z o n e s ,  a n d  ly s o s o m e - l i k e  s t r u c t u r e s  ( c y to s o m e s ,  c / . ,  N o l t e  et a l . , 1965) w e r e  

o b s e r v e d .  C e l ls  o f  t h i s  t y p e  —  w h ic h  w il l  b e  r e f e r r e d  t o  a s  f i l a m e n t o u s  g l i a  —  

a r e  n u m e r o u s  t h r o u g h o u t  t h e  n e r v o u s  s y s t e m .  A t  t h e  s u r f a c e  o f  t h e  n e r v o u s  t i s s u e  

t h e s e  ce l ls  f o r m  a  c o n t i n u o u s  l a y e r  w h ic h  e n c a p s u l a t e s  t h e  g a n g l i a  a n d  t h e  n e r v e s .  

O n l y  c y t o p l a s m i c  p r o c e s s e s  a n d  a x o n  e n d i n g s  o f  n e u r o s e c r e t o r y  ce l ls  i n t e r r u p t  

t h i s  l a y e r .  T h e  f i l a m e n t o u s  g l ia l  ce l ls ,  w h i c h  a r e  i n t e r c o n n e c t e d  b y  e x t e n s i v e  

d e s m o s o m e s  (F ig .  3) a l s o  o c c u r  in  t h e  n e u r o p i l e ,  a n d  f u r t h e r m o r e  t h e s e  cc l ls  

r a d i a t e  i n t o  t h e  n e r v e s  w h e r e  t h e y  e n v e l o p e  g r o u p s  o f  a x o n s .  I n  t h e  f i l a m e n t o u s  

g l ia l  ce l ls  a t  t h e  s u r f a c e  o f  t h e  n e r v o u s  s y s t e m ,  h e m i - d e s m o s o m e s  a r c  f o u n d  o n  

t h o s e  p a r t s  o f  t h e  cell m e m b r a n e s  w h i c h  a r e  in  c o n t a c t  w i t h  t h e  b a s a l  l a m i n a  

(F ig .  4 ) .  B u n d l e s  o f  t h i n  f i l a m e n t s  c a n  be  o b s e r v e d  w h i c h  i n s e r t  i n t o  t h e  d e s m o -  

s o m a l  p l a q u e s .

T h e  g l ia l  p r o c e s s e s  p e n e t r a t i n g  i n t o  t h e  n e u r o n a l  cell  b o d ie s  a r e  r e f e r r e d  t o  

in  t h e  l i t e r a t u r e  a s  H o l m g r e n ’s  c a n a l s  (c/.,  M o u s s a ,  1950) o r  a s  t r o p h o s p o n g i u m  

(c/., S a k h a r o v  et a l ., 1 9 6 5 ;  C o g g e s h a l l ,  1967). A l t h o u g h  t h e  t r o p h o s p o n g i u m  

s e e m s  t o  b e  w e a k l y  d e v e l o p e d  in  L . s t a g n a l i s , i t s  u l t r a s t r u c t u r e  is r a t h e r  s i m i l a r  

t o  t h a t  o f  g a s t r o p o d s  l ike  A r c h a c h a t in a  m a rg ína la . ( A m o r o s o  et a l . , 1964) a n d  

A p l y s i a  c a l i f  or n ic a  (R o s e n  b l u t h ,  1 9 6 3 a :  C o g g e s h a l l .  1967).  A s  in L .  s ta g n a l is , a l s o  

in  t h e s e  s n a i l s  a n d  in  o t h e r  m o l l u s c a n  s p e c ie s ,  e .g . ,  in t h e  l a m e l l i b r a n c h  A n o d o n ta  

c y g n e a  ( G u p t a  et a l . , 1969) ,  f i l a m e n t o u s  g l ia l  ce l ls  h a v e  b e e n  d e s c r i b e d .  A c c o r d i n g  

t o  A m o r o s o  et a l. (196 4 )  t h e s e  ce l ls  h a v e  a  m e c h a n i c a l  f u n c t i o n ,  v i z . , t h e  m a i n 

t e n a n c e  o f  t h e  s t r u c t u r a l  i n t e g r i t y  o f  t h e  g a n g l i a .  D e s m o s o m e s  o f  t h e  t y p e  f o u n d  

in  L .  s ta g n a l i s h a v e  b e e n  d e s c r i b e d  t o  i n t e r c o n n e c t  t h e s e  ce lls  in  A p l y s i a  ca li  fo r n ic a  

(C o g g e s h a l l ,  1967) a n d  in  A n o d o n ta  c y g n e a  ( G u p t a  et a l . , 1969). I n  t h e  l a t t e r  s p e c ie s  

a l s o  h e m i - d e s m o s o m e s  w e r e  f o u n d .

T h e  p e r in e u r iu m  s u r r o u n d s  t h e  g a n g l i a  a n d  n e r v e s ,  s e p a r a t i n g  t h e  n e r v o u s  

s y s t e m  f r o m  t h e  c e p h a l i c  s in u s .  T h e  m a i n  c e l l u l a r  c o n s t i t u e n t s  o f  t h i s  l a y e r  a r e

F i g .  2 . P a r t  o f  t h e  c e n t r a l  n e u r o p i l e  o f  t h e  v i s c e r a l  g a n g l i o n .  T h e  l a r g e  a x o n  p r o f i l e  c o n t a i n s  

s o m e  d e n s e - c o r e d  g r a n u l e s  ( a r r o w s )  a n d  a  l a r g e  n u m b e r  o f  c l e a r  v e s i c l e s  (cv) .  s  s y n a p t i c

c o n t a c t s ;  eg  e l e m e n t a r y  g r a n u l e s

F i g .  .S. D e s m o s o m e  ( m a c u l a  a d h a e r e n s )  b e t w e e n  f i l a m e n t o u s  g l i a l  ce l l  p r o c e s s e s  (g l ). p i  d e s m o -

s o m a l  p l a q u e ;  /  g l i a l  f i l a m e n t s  w h i c h  i n s e r t  i n t o  t h e  p l a q u e s

F i g .  4 .  H e m i - d e s m o s o m e s  in  a  f i l a m e n t o u s  g l i a l  c e l l  l y i n g  a t  t h e  s u r f a c e  o f  a  n e r v e ,  p  p e r i 

n e u r i u m ;  bl b a s a l  l a m i n a ;  p i  d e s m o s o m a l  p l a q u e ;  /  g l i a l  f i l a m e n t s  w h i c h  a r e  i n s e r t e d

i n t o  t h e  p l a q u e s
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F i g .  ö . P e r i n e u r i u m  a r o u n d  t h e  i n t e r c e r e b r a l  c o m m i s s u r e ,  c/ g r a n u l a r  c e l l ;  /  f i b r o c y t e ;  bs  b l o o d  

s p a c e ;  in m a t r i x  s u b s t a n c e ;  s n  s m a l l  n e r v e  c o n t a i n i n g  m a n y  s m a l l  a x o n s  a n d  a  l a r g e  a x o n  w i t h

n e u r o s e c r e t o r y  e l e m e n t a r y  g r a n u l e s  o f  t h e  C D C  t y p e  ( a r r o w )

F i g .  6. P e r i n e u r i u m  a r o u n d  t h e  v i s c e r a l  n e r v e s ,  c a p  b l o o d  c a p i l l a r y ;  e n d  f e n e s t r a t e d  

e n d o t h e l i u m :  ni m a t r i x  s u b s t a n c e :  / f i b r o c v t e ;  a x  a x o n  c o n t a i n i n g  n e u r o s e c r e t o r y  e l e m e n t a r y
#  i  C  •

g r a n u l e s  o f  t h e  y e l l o w  g r e e n  t y p e
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F i g .  7. P e r i n e u r i u m  a r o u n d  t h e  v i s c e r a l  g a n g l i o n  a f t e r  i n j e c t i o n  o f  I n d i a  i n k .  

c o n t a i n i n g  c a r b o n  p a r t i c l e s  ( a r r o w s ) ;  m  m u s c l e  f i b r e s ;  s n  s m a l l  n e r v e ;  eg

e l e m e n t a r y  g r a n u l e s  o f  t h e  d e e p  g r e e n  t y p e

b s  b l o o d  s p a c e

n e u r o s e c r e t o r y

f i b r o c y t e s ,  p i g m e n t  ce lls ,  a m e b o c y t e s ,  g r a n u l a r  ce lls ,  a n t i  s m o o t h  m u s c l e  f ib r e s .  

T h e s e  ce l ls ,  t o g e t h e r  w i t h  e l e m e n t s  o f  t h e  v a s c u l a r  s y s t e m  a n d  w i t h  a  n e t w o r k  

of m a n y  t i n y  n e r v e s  (F ig s .  5 , 6 ) a r e  e m b e d d e d  in  a n  e l e c t r o n  t r a n s p a r e n t  

m a t r i x  c o n t a i n i n g  l a r g e  n u m b e r s  o f  c o l la g e n  f ib r i l s .

T h e  g r a n u l a r  ce lls ,  a l s o  c a l l e d  , ,ce l ls  o f  L e y  d i g “  (c/. ,  B o e r  e ta l . ,  1967) a r e  f a i r l y  

p r o m i n e n t  in  s e c t i o n s  s t a i n e d  t o  s t u d y  n e u r o s e c r e t i o n ,  b e c a u s e  t h e y  c o n t a i n  la rg e  

g r a n u l e s  o f  v a r i a b l e  s ize  (0 .5 — 4 a )  w i t h  a  s t r o n g  a f f i n i t y  f o r  b a s ic  n e u r o s e c r e t o r y  

s t a i n s .  A t  t h e  u l t r a s t r u c t u r a l  le v e l  t h e s e  m o d e r a t e  e l e c t r o n  d e n s e  g r a n u l e s  c a n  

e a s i ly  b e  d i s t i n g u i s h e d  f r o m  t h e  c h a r a c t e r i s t i c  e l e m e n t a r y  g r a n u l e s  o f  t h e  n e u ro -O  o

s e c r e t o r y  ce l ls  (F ig .  5).

T h e  s m o o t h  m u s c l e  ce l ls  o c c u r  d i s p e r s e d  in  t h e  p e r i n e u r i u m .  In  t h e  c y t o 

p l a s m  t h i c k  f i l a m e n t s  ( 0  3 0 0 — 6 0 0  A) o c c u r ,  w h ic h  a r e  s u r r o u n d e d  b y  t h i n  

f i l a m e n t s  ( 0  5 0 — 100 A). T h e s e  f i l a m e n t s  h a v e  a l s o  b e e n  d e s c r i b e d  in  t h e  m u s c l e  

f i b r e s  o f  o t h e r  g a s t r o p o d  s p e c ie s .  T h e  t h i n  f i l a m e n t s  a r e  s u p p o s e d  t o  c o n t a i n  

a c t i n ,  t h e  t h i c k  f i l a m e n t s  c o n s i s t  p r i m a r i l y  o f  p a r a m y o s i n  ( R o s e n b l u t h ,  1 9 6 3 b ;  

B a c c e t t i ,  1967 :  S a n c h i z  a n d  Z a m b r a n o ,  1969).  T h e  p e r i n e u r i u m  is s e p a r a t e d  f r o m  

t h e  n e r v o u s  t i s s u e  b y  a  b a s a l  l a m in a .

T h e  g e n e r a l  u l t r a s t r u c t u r e  o f  t h e  p e r i n e u r i u m  o f  t h e  g a s t r o p o d s  i n v e s t i g a t e d  

( R o s e n b l u t h ,  1 9 6 3 a ,  b ;  C o g g e s h a l l ,  1 9 6 7 ;  S a n c h i z  a n d  Z a m b r a n o ,  1 9 6 9 ;  R o g e r s ,  

1969), is r a t h e r  s i m i l a r  t o  t h a t  o f  L .  s tagna l is .  H o w e v e r ,  t h e  g r a n u l a r  ce lls  

f o u n d  in  t h i s  s n a i l  a r e  s t r u c t u r a l l y  d i f f e r e n t  f r o m  t h o s e  ce lls ,  w h ic h  h a v e  b e e n
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d e s c r i b e d  i n  o t h e r  a n i m a l s  a s  g r a n u l a r  o r  g l o b u l a r  ce l ls  o r  a s  ce l ls  o f  L e y d i g  

(c/. ,  F e r n á n d e z ,  1 9 6 6 ;  R o g e r s ,  1969).

T h e  p e r i n e u r i u m  a n d  t h e  a d j a c e n t  c o n n e c t i v e  t i s s u e  is t r a v e r s e d  b y  b l o o d  

v e s s e l s ,  c a p i l l a r i e s  a n d  b lo o d  s p a c e s .  T h e  b lo o d  v e s s e l s  a r e  r a m i f i c a t i o n s  o f  b r a n c h e s  

a r i s i n g  f r o m  t h e  a n t e r i o r  a o r t a .  T h e  a n a t o m i c a l  p a t t e r n  o f  t h e  l a r g e r  v e s s e l s  in t h e  

p e r i n e u r i u m  o f  t h e  c e r e b r a l  g a n g l i a  w a s  d e s c r i b e d  in  d e t a i l  b y  J o o s s e  (19(54-). O n l y  

f r a g m e n t a r y  r e c o r d s  o f  t he  u l t r a s t r u c t u r e  o f  t h e  v a s c u l a r  s y s t e m  o f  g a s t r o p o d s  a r e  

a v a i l a b l e  ( r / . ,  C o g g e s h a l l ,  1967). In  L . s t a g n a l i s  s m a l l  a r t e r i e s  a r e  l i n e d  b y  a  

l a y e r  o f  f l a t t e n e d  e n d o t h e l i a l  ce lls ,  w h ic h  l a c k  i n t e r c e l l u l a r  j u n c t i o n s  a n d  w h ic h  

a r c  o f t e n  s e p a r a t e d  f r o m  e a c h  o t h e r  b y  g a p s  ( w i d t h  u p  t o  I ¡j l ). T h i s  e n d o 

t h e l i u m  is j o i n e d  w i t h  a l a y e r  o f  m u s c le  f i b r e s  b y  a n  a m o r p h o u s  l a m i n a  w h ic h  

is  s t a i n a b l e  w i t h  t e c h n i q u e s  f o r  t h e  d e m o n s t r a t i o n  o f  e l a s t i n ,  l ik e  P F  o r  o r c e in  

( P c a r s e ,  1961). T h e  c a p i l l a r i e s  ( 0  4 — 2 0  u.) a r e  o n l y  b o u n d e d  b y  a  l a y e r  o f  f l a t t e n e d  

e n d o t h e l i a l  ce l ls  (F ig .  6 ), w h ic h  m a y  c o n t a i n  m y o f i l a m e n t s .  T h e  e x t e n t  o f  t h e  

b l o o d  s p a c e s  —  b lo o d  c o n t a i n i n g  c le f t s  w h ic h  l a c k  a  c e l l u l a r  w a l l  —  w a s  d e t e r m i n e d  

w i th  i n j e c t i o n  o f  I n d i a  i n k  i n t o  t h e  a o r t a ,  5  m i n u t e s  p r i o r  t o  f i x a t i o n 1. T h e  

c a r b o n  p a r t i c l e s  o f  t h e  i n k  c o u ld  e a s i l y  b e  r e c o g n i z e d  in h ig h  p o w e r  e l e c t r o n  

m i c r o g r a p h s .  T h e y  w e r e  f o u n d  in la rg e  n u m b e r s  in  t h e  b lo o d  v e s s e l s  a n d  

c a p i l l a r i e s ,  a n d  a l s o  in  c o m p l e t e l y  e l e c t r o n  t r a n s p a r e n t  s l i t s  w h i c h  a r e  n u m e r o u s  

in t h e  c o n n e c t i v e  t i s s u e  m a t r i x  o f  t h e  p e r i n e u r i a l  l a y e r  (F ig .  7). T h e  r e s u l t s  

i n d i c a t e  t h a t  t h e s e  s p a c e s ,  w h ic h  a r e  o f t e n  in c lo se  c o n t a c t  w i t h  t h e  n e r v e s  a n d  

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

a n  1 t h e r e f o r e  m u s t  be  r e g a r d e d  a s  p a r t s  o f  t h e  c i r c u l a t o r y  s y s t e m .  T h i s  c o n c l u s i o n  

is c o n s i s t e n t  w i t h  t h e  d a t a  o b t a i n e d  b y  C o g g e s h a l l  (19 6 7 )  w h o  s t u d i e d  t h e  b lo o d  

s u p p l y  o f  t h e  p e r i n e u r i a l  s h e a t h  o f  A p l y s i a  ca li  fo rn ic a  w i t h  t h e  s a m e  t e c h n i q u e s .

L ig h t -M ic ro s c o p y  o f  the N eu ro sec re to ry  Cells

L e v e r  vt <tl. (19(51). u s i n g  C H .  d e t e r m i n e d  t h e  n u m b e r  a n d  t h e  l o c a t i o n  o f  t h e  G o m o r i -  

p o s i t i v e  c e l l s  in  t h e  c e n t r a l  n e r v o u s  s y s t e m  o f  L .  s t a g n a l i s .  T w o  l a r g e  g r o u p s  o f  t h e s e  c e l l s  

w e r e  d e s c r i b e d  in  e a c h  o f  t h e  c e r e b r a l  g a n g l i a  w h e r e a s  s m a l l  g r o u p s  w e r e  f o u n d  in  t h e  

p l e u r a l ,  p a r i e t a l  a n d  v i s c e r a l  g a n g l i a .  X o  c e l l s  w e r e  s t a i n e d  in  t h e  b u c c a l  a n d  p e d a l  g a n g l i a .  

A x o n a l  d i s c h a r g e  p a t h w a y s  w e r e  n o t  m e n t i o n e d .  I n  a  d e t a i l e d  s t u d y  o f  t h e  c e r e b r a l  g a n g l i a  

J o o s s e  (19(>4) d e s c r i b e d  in  e a c h  g a n g l i o n  a  p r o m i n e n t  t r a c t  o f  a x o n s  t r a n s p o r t i n g  s e c r e t o r y  

m a t e r i a l  f r o m  b o t h  l a r g e  g r o u p s  o f  a b o u t  5 0  C H - p o s i t i v e  c e l l s  —  h e  c a l l e d  t h e m ,  a c c o r d i n g  

t o  t h e i r  p o s i t i o n ,  t h e  m e d i o - d o r s a l  c e l l s  ( M D C )  a n d  t h e  l a t e r o - d o r s a l  c e l l s  ( I ,D C )  —  t o  t h e  

m e d i a n  l ip  n e r v e .  T h e  a x o n s  f o r m  b u l b - s h a p e d  ( C H - p o s i t i v e )  e n d i n g s  in  t h e  p e r i p h e r y  o f  t h i s  

n e r v e .  B e c a u s e  t h i s  t y p e  o f  a x o n  t e r m i n a t i o n  is c h a r a c t e r i s t i c  f o r  n e u r o s e c r e t o r y  c e l l s ,  h e  

a s s u m e d  t h e  p e r i p h e r y  o f  t h e  m e d i a n  l ip  n e r v e  t o  b e  a  n e u r o h a e m a l  z o n e .

W i t h  t h e  A B / A Y  m e t h o d  a ll  C H - p o s i t i v e  ce l ls  i n  t h e  c e n t r a l  n e r v o u s  s y s t e m  

of  L .  s ta g n a l is  a p p e a r  t o  b i n d  b o t h  a l c i a n  s t a i n s ,  w h i c h  r e s u l t s  in  a  g r e e n  c o l o u r a 

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

s t a i n s .  M o s t  o f  t h e  g r o u p s  w e r e  c o l o u r e d  in  a  d i f f e r e n t  s h a d e  o f  g r e e n .  T h i s  

s t r o n g l y  s u g g e s t s  t h a t  v a r i o u s  C H - p o s i t i v e  n e u r o s e c r e t o r y  m a t e r i a l s  d i f f e r  in  t h e i r  

a f f i n i t y  f o r  t h e  a l c i a n  s t a i n s .

D u e  t o  t h e  s e l e c t i v i t y  o f  t h e  A B / A Y  t e c h n i q u e  i t  w a s  p o s s ib l e  t o  d e t e c t  

t h e  a r e a s  w h e r e  t h e  e n d i n g s  o f  t h e  cell p r o c e s s e s  a r e  l o c a t e d .  T h e  d i f f e r e n t  C H -

1 T h e s e  o b s e r v a t i o n s  w e r e  p e r f o r m e d  in  c o l l a b o r a t i o n  w i t h  M r .  R .  B e k i u s ,  w h o  is s t u d y i n g  

t h e  c i r c u l a t o r y  s y s t e m  o f  L .  s t a g n a l i s .
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F ig .  8 .  D i a g r a m  o f  t h e  l o c a t i o n  o f  t h e  n e u r o s e c r e t o r y  ce l l  g r o u p s  a n d  t h e i r  n e u r o h a e m a l  

a r e a s  ( n h a )  in  t h e  c e n t r a l  n e r v o u s  s y s t e m  o f  L y m n a e a  s t a g n a l i s  ( d o r s a l  v i e w ) .  T h e  m o t t l e d  

a r e a s  (p e r .  n h a )  r e p r e s e n t  p a r t s  o f  t h e  p e r i n e u r i u m  a n d  o f  t h e  c o n n e c t i v e  t i s s u e  w h i c h  a r e  

t r a v e r s e d  b y  s m a l l  n e r v e s  c o n t a i n i n g  n e u r o s e c r e t o r y  a x o n s .  T h e  p e d a l  g a n g l i a  a n d  t h e  v e n t r a l  

p a r t s  o f  t h e  c e r e b r a l  g a n g l i a  a r e  t u r n e d  t o  t h e  l a t e r a l  s i d e s .  T h e  m e d i o -  a n d  l a t e r o - d o r s a l  

b o d i e s  a r e  n o t  i n d i c a t e d .  C E R  c e r e b r a l  g a n g l i a  ; P L E  p l e u r a l  g a n g l i a ;  P A  R  p a r i e t a l  g a n g l i a ;  

I ' I S C  v i s c e r a l  g a n g l i o n ;  P E I )  p e d a l  g a n g l i a ;  L G C  l i g h t  g r e e n  c e l l s ;  M  D C  m e d i o - d o r s a l  c e l l s  ( a ) \  

L D C  l a t e r o - d o r s a l  c e l l s  (b ) \  B G C  b r i g h t  g r e e n  c e l l s ;  D G C  d e e ] )  g r e e n  c e l l s ;  Y G C  y e l l o w  g r e e n  

c e l l s ;  d ro  d r o p l e t  c e l l s ;  c a n  c a n o p y  c e l l ;  H  B - c e l l s :  C D C  c a u d o - d o r s a l  c e l l s ;  Y C  y e l l o w  

c e l l s ;  L Y C  l i g h t  y e l l o w  c e l l s ;  1 n e r v u s  n u c h a l i s ;  2  n .  o p t i c u s ;  3  n .  t e n t a c u l a r i s ;  /  n .  f r o n t o -  

l a b i a l i s  s u p e r i o r ;  J  n .  l a b i a l i s  m e d i u s ;  6  c e r e b r o - b u c c a l  c o n n e c t i v e ;  7 n .  p e n i s ;  S  s u b - c e r e b r a l  

c o m m i s s u r e ;  9  n .  s t a t i o n s ;  10  n .  p a l l i a l i s  s i n i s t e r ;  11 n .  c u t a n e u s  p a l l i a l i s ;  1 2  n .  a n a l i s ;  

13  n .  i n t e s t i n a l i s ;  14  n .  g e n i t a l i s ;  If)  n .  p a l l i a l i s  d e x t e r  i n t e r n u s ;  1 6  n .  p a l l i a l i s  d e x t e r  e x t e r n u s ;

17  l a t e r a l  l o b e  ( t h e  f o l l i c l e  g l a n d  is  n o t  i n d i c a t e d ) ;  I S  i n t e r c e r e b r a l  c o m m i s s u r e

p o s i t i v e  cell g r o u p s  a n d  t h e i r  a x o n a l  p a t h w a y s  w ill  be  d e s c r i b e d  o n  t h e  b a s i s  

o f  t h e i r  r e a c t i o n  w i t h  A B / A Y .  T h e  l o c a t i o n  o f  t h e  ce l ls  a n d ,  a s  f a r  a s  k n o w n ,  

o f  t h e i r  n e u r o h a e m a l  a r e a s ,  is i n d i c a t e d  in F ig .  S.o

L ig h t  green  m a t e r i a l  o c c u r s  in  t h e  p e r i k a r y a  o f  t h e  M D C  a n d  L I ) 0 .  T h e  a x o n s  

o f  t h e s e  ce l ls  a n d  t h e i r  e n d i n g s  w e r e  s t a i n e d  in  t h e  s a m e  l ig h t  g r e e n  c o lo u r .o  c  o

A l t h o u g h  m o s t  o f  t h e  a x o n s  p r o c e e d  t o  t h e  m e d i a n  lip  n e r v e ,  s m a l l  n u m b e r s  o f  

l ig h t  g r e e n  a x o n s  w e r e  o b s e r v e d  in  t h e  i n t e r c e r e b r a l  c o m m i s s u r e  a n d  in  t i n y  

n e r v e s  in t h e  p e r i n e u r i u m  s u r r o u n d i n g  t h i s  c o m m i s s u r e  a n d  t h e  m e d i a n  l ip  n e r v e s .  

F u r t h e r m o r e ,  l ig h t  g r e e n  s t a i n e d  n e r v e s  w e r e  f o u n d  in  low  n u m b e r s  i n  t h e  

p e r i n e u r i u m  a r o u n d  t h e  c e r e b r a l  g a n g l i a  a n d  a r o u n d  t h e  m e d io -  a n d  l a t e r o - d o r s a l  

b o d ie s .

14 Z . Z e l l f o r s c h . ,  B d .  1 0 8
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A n  i n t e n s e  b r ig h t  g reen c o l o u r  i s  d i s p l a y e d  b y  t w o  g r o u p s  o f  s m a l l  cc lls ,  w h ic h  

o c c u r  i n  b o t h  c e r e b r a l  g a n g l i a .  T h e s e  g r o u p s ,  e a c h  c o n s i s t i n g  o f  a b o u t  10 — 2 0  cc l ls  

in  t h e  l e f t  a n d  o f  10— 25 ce l ls  in  t h e  r i g h t  c e r e b r a l  g a n g l i o n ,  h a v e  n o t  b e e n  

d i s t i n g u i s h e d  b e f o r e .  T h e i r  s e c r e t o r y  m a t e r i a l  r e a c t s  i n t e n s e l y  w i t h  C H .  I n  e a c h
O i/

g a n g l io n  o n e  g r o u p  is l o c a t e d  n e a r  t h e  M D C . b e t w e e n  t h e  i n t e r c e r e b r a l  c o m m i s s u r e  

a n d  t h e  a n t e r i o r  lo b e  (F ig .  9). T h e  o t h e r  lies a d j a c e n t  t o  t h e  n e u r o p i l e  b e t w e e n  

t h e  M D C  a n d  L D C .  T h e  l e n g t h  o f  t h e  p e r i k a r y a  o f  t h e s e  n e u r o n e s ,  w h i c h  a r e  

o f t e n  b i p o l a r ,  v a r i e s  b e t w e e n  15 a n d  2 5  ii. I n  s o m e  a n i m a l s  o n l y  o n e  l a r g e  cell 

grou.D o f  a b o u t  d o u b l e  s ize  w a s  f o u n d  in e a c h  g a n g l i o n .  T h e  n u m b e r  o f  ce l ls  ino  I  O O

t h o s e  g r o u p s  w a s  a b o u t  t w i c e  t h a t  o f  t h e  s m a l l  g r o u p s .  T h e  a x o n s ,  w h ic h  a p p a r e n t l y  

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

t h e y  i n t e r m i n g l e  w i t h  t h e  m a i n  t r a c t  o f  t h e  M D C  a n d  L D C .

I n  t h e  l a t e r a l  lo b e  —  a p a i r e d  n e u r a l  s t r u c t u r e  j o i n e d  w i t h  t h e  c e r e b r a l  g a n g l i a  

b y  t w o  s h o r t  c o n n e c t i v e s  —  s o m e  ce l ls  c o n t a i n i n g  C I I - p o s i t i v e  m a t e r i a l  o c c u r .  

F r o m  d i f f e r e n c e s  in  l o c a t i o n ,  s iz e  a n d  a p p e a r a n c e ,  o n e  c a n o p y  cell ,  t w o  d r o p l e t  

ce l ls  a n d  o n e  la rg e  a n d  s e v e r a l  s m a l l  B -c e l l s  h a v e  b e e n  d i s t i n g u i s h e d  ( L e v e r  a n d  

J o o s s e ,  1961). W i t h  t h e  A B / A Y  m e t h o d  t h e  c a n o p y  cell s h o w s  a  b ro w n ish  g reen  

c o lo u r ,  w h i l e  t h e  d r o p l e t  ce l ls  s t a i n  f a i n t  l ig h t  g reen a n d  t h e  B -c e l l s  b r i l l ia n t  

green . O n e  o f  t h e  b i p o l a r  B -c e l l  a x o n s  c o n t a i n i n g  n e u r o s e c r e t o r y  m a t e r i a l  p r o j e c t s  

i n t o  t h e  l u m e n  o f  a  v e s i c u l a r  s t r u c t u r e ,  t h e  fo l l ic le  g l a n d  ( L e v e r  el a l . , 1959) .  

T h e  c o n t e n t s  o f  t h i s  v e s ic le ,  w h i c h  a r e  C H - p o s i t i v e ,  e x h i b i t  w i t h  t h e  A B / A Y  

t e c h n i q u e  a  g r e e n  c o lo u r ,  i d e n t i c a l  t o  t h a t  o f  t h e  B -c e l ls .  T h e  o t h e r  a x o n  o f  t h e  

B -c e l l s  a n d  a l s o  t h e  a x o n s  o f  t h e  o t h e r  s e c r e t o r y  ce l ls  o f  t h e  l a t e r a l  l o b e  e n t e r%/

t h e  c e r e b r a l  g a n g l i o n  b u t  c o u ld  o n l y  b e  t r a c e d  u p  t o  t h e  c e n t r a l  n e u r o p i l e .  T h e y  

c o n t a i n  m a t e r i a l  o f  t h e  s a m e  c o lo u r  a s  f o u n d  in  t h e i r  p e r i k a r y a .

D a r k  green s t a i n e d  ce lls  w e r e  o b s e r v e d  in  t h e  p l e u r a l  a n d  —  in  l i m i t e d  

n u m b e r s  —  in  t h e  p a r i e t a l  g a n g l i a .  I n  t h e  p l e u r a l  g a n g l i a  t h e s e  ce l ls  o c c u r  

s c a t t e r e d  b e t w e e n  o r d i n a r y  n e u r o n e s  t h r o u g h o u t  t h e  g a n g l i a ,  w i t h  a  s l i g h t  p r e 

f e r e n c e  f o r  t h e  r e g io n s  n e a r  t h e  c e r e b r o -  a n d  p a r i e t o - p l e u r a l  c o n n e c t i v e s .  T h e  

cc l ls ,  10— 15 i n  t h e  le f t  a n d  15— 2 0  in  t h e  r i g h t  g a n g l i o n ,  a r e  m e d i u m  s iz e d .  T h eo  o  © *

l e n g t h  o f  t h e  p e r i k a r y a  v a r i e s  b e t w e e n  2 0  a n d  3 5  (j.. T h e y  a r e  i d e n t i c a l  t o  t h e  

C H - p o s i t i v e  ce l ls  d e s c r i b e d  in  t h e s e  g a n g l i a  b y  L e v e r  et a l. (19 6 1 ) .  In  b o t h  p a r i e t a l  

g a n g l i a  t h e  n u m b e r  o f  t h e s e  d a r k  g r e e n  ce l ls  v a r i e s .  A p p r o x i m a t e l y  4— 10 ce l ls  

a r e  l o c a t e d  in t h e  r i g h t  g a n g l i o n  n e a r  t h e  p a r i e t o - p l e u r a l  c o n n e c t i v e  (F ig .  1 0 ), 

w h i l e  2 — 5 ce lls  o f  t h i s  t y p e  c a n  be  o b s e r v e d  in t h e  c o r r e s p o n d i n g  r e g io n  in  t h e  

le f t  g a n g l io n .  O c c a s i o n a l l y  ce l ls  o f  t h i s  t y p e  o c c u r  in t h e  p l e u r a l  c o n n e c t i v e s  

o r  in  t h e  p e r i n e u r i u m .  P a r t  o f  t h e  a x o n s  o f  t h e  d a r k  g r e e n  ce l ls  e n d  in t h e  

p e r i p h e r y  o f  t h e  c e r e b r o -  a n d  p a r i e t o - p l e u r a l  c o n n e c t i v e s .  D a r k  g r e e n  a x o n s  w e re ,  

f u r t h e r m o r e ,  f o u n d  in t i n y  n e r v e s  o r i g i n a t i n g  f r o m  t h e  p l e u r a l  g a n g l i a  a n d  i t s  

c o n n e c t i v e s .  T h e s e  n e r v e s  f o r m  a  n e t w o r k  o f  d e e p  g r e e n  f i b r e s  b e t w e e n  t h e  b lo o d  

v e s s e l s  a n d  c a p i l l a r i e s  in  t h e  p e r i n e u r i u m  a n d  t h e  c o n n e c t i v e  t i s s u e  n e a r - b y  

(F ig .  1 3 a ) .

I n  a d d i t i o n  t o  s o m e  d a r k  g r e e n  ce lls ,  a n o t h e r  C H - p o s i t i v e  cell t y p e  o c c u r s  in 

b o t h  p a r i e t a l  g a n g l i a .  T h i s  s t a i n s  y e l lo w  green w i t h  A B / A Y  (F ig .  10). C e lls  o f  t h i s  

t y p e  a r e  a lso  p r e s e n t  in  t h e  v i s c e r a l  g a n g l i o n .  I n  t h e  g a n g l i a  t h e y  a r e  l o c a t e d  

in  t h e  r e g io n s  n e a r  t h e  o r ig in s  o f  t h e  c o n n e c t i v e s  a n d  n e r v e s ,  a s  e s t a b l i s h e d  b y  

L e v e r  et a l. (1961) .  I n  t h e  r i g h t  p a r i e t a l  g a n g l i o n  10—2 0  o f  t h e s e  l a r g e  ce l ls
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F i g .  9 . G r o u p  o f  b r i g h t  g r e e n  c e l l s  ( B G C ) in  t h e  r i g h t  c e r e b r a l  g a n g l i o n .  L G C  l i g h t  g r e e n

ce ll  o f  t h e  M D C ;  u p  n e u r o p i l e ;  p e  p e r i n e u r i u m ;  A B / A Y  s t a i n i n g

F ig .  10. P a r t  o f  t h e  r i g h t  p a r i e t a l  g a n g l i o n ,  n e a r  t h e  p a r i e t o - p l e u r a l  c o n n e c t i v e ,  w i t h  d e e p

g r e e n  (D G C )  a n d  y e l l o w  g r e e n  ( Y G C )  c e l l s .  A B / A Y  s t a i n i n g

F i g .  11. Y e l l o w  n e u r o n e s  ( y )  in  t h e  l e f t  p a r i e t a l  g a n g l i o n .  A B / A Y  s t a i n i n g

P ig .  12. G r o u p  o f  l i g h t  y e l l o w  n e u r o n e s  in  t h e  d o r s a l  p a r t  o f  t h e  v i s c e r a l  g a n g l i o n .

A B /A Y r s t a i n i n g

( l e n g th  o f  t h e  p e r i k a r y a :  2 5 — 70 (j l ) a r e  i n t e r m i n g l e d  w i t h  t h e  d a r k  g r e e n  ce lls  

n e a r  t h e  p a r i e t o - p l e u r a l  c o n n e c t i v e ,  w h i l e  10— 3 0  a r e  c o n c e n t r a t e d  in t h e  r e g io n  

w h e r e  t h e  p a l l i a !  n e r v e s  a r e  l e a v i n g  t h e  g a n g l i o n .  A b o u t  2 — 5 ce lls  a r e  s i t u a t e d
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F i g .  13. a  T h e  l o c a t i o n  o f  t h e  d e e ] )  g r e e n  n e u r o s e c r e t o r y  c e l l s  a n d  o f  t h e i r  n e u r o h a e m a l  a r e a s ,  

a t  t h e  p e r i p h e r y  o f  t h e  c o n n e c t i v e s  o f  t h e  v i s c e r a l  r i n g  a n d  a t  t h e  p e r i p h e r y  o f  t h e  n u c h a l  

n e r v e s  ( t h i c k  l i n e s ) ,  a n d  in  t h e  p e r i n e u r i u m  ( m o t t l e d  a r e a s ) .  1) T h e  l o c a t i o n  o f  t h e  l i g h t  y e l l o w  

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

v i s c e r a l  r i n g  a n d  o f  s o m e  n e r v e s  ( t h i c k  l i n e s ) ,  a n d  in  t h e  p e r i n e u r i u m  ( m o t t l e d  a r e a s )

4

F i g .  14. O b l i q u e  s e c t i o n  t h r o u g h  t h e  n e r v u s  p a l l i a l i s  d e x t e r  i n t e r i m s .  N e u r o s e c r e t o r y  a x o n  

e n d i n g s  o f  t h e  l i g h t  y e l l o w  t y p e  ( l y )  o c c u r  a t  t h e  p e r i p h e r y  o f  t h e  n e r v e .  D i s t e n d e d  y e l l o w

g r e e n  a x o n  t e r m i n a l s  ( y g )  a r e  p r e s e n t  in  t h e  p e r i n e u r i u m .  A B / A Y  s t a i n i n g

F i g .  15. C r o s s  s e c t i o n  t h r o u g h  t h e  n u c h a l  n e r v e  (n u ) a n d  t h e  m e d i a n  l ip  n e r v e  ( w i n ) .  

G o m o r i - p o s i t i v e  n e u r o s e c r e t o r y  m a t e r i a l  ( a r r o w s )  o c c u r s  in  t h e  p e r i p h e r y  o f  t h e  n e r v e s  a n d

in  t h e  p e r i n e u r i u m  (p c ) .  P F  s t a i n i n g
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n e a r  th e  p a r ie to -v isce ra l  co n n ec tiv e .  T h e  left p a r ie ta l  gang lion  c o n ta in s  on ly  

I— 0 cells of th i s  ty p e .  I n  th e  v iscera l g an g lio n  yellow  g reen  cells occu r in 2 g ro u p s  

of 5— 10 cells n e a r  th e  c o n n e c t iv e s  w ith  th e  p a r ie ta l  g an g lia .  In  a d d i t io n  to  th ese  

tw o  g ro u p s  a p p r o x im a te ly  10— 20 cells w ere  fo u n d  d isp e rsed  in th e  reg io n  from  

w hich  th e  v isce ra l n e rv e s  o r ig in a te .  L ike th o se  of th e  d a rk  g reen  cells, th e  a x o n s  

of th e  yellow  green  cells d o  n o t  fo rm  p ro m in e n t  a x o n a l  t r a c t s .  In genera l,  th e  

sec re tio n  c a r ry in g  a x o n s  p ro ceed  to  th e  n e a re s t  co n n ec t iv e  o r  nerve . In  th e  

p e r ip h e ry  of th e se  s t ru c tu re s ,  espec ia lly  of th e  n e rv es  of th e  r ig h t  p a r ie ta l  

(Fig. 14) a n d  of th e  v isceral g an g lio n  m a n y  ax o n  en d in g s  a re  p re sen t .  T h e re  a re  

also n u m e ro u s  a x o n s  t r a v e r s in g  th e  neu rop ile .  T h ese  cou ld  o f ten  be t r a c e d  to  th e i r  

en d in g s  in m ore  d i s t a n t  p a r t s  of th e  n e rv o u s  sy s te m , e.g., in a d jo in in g  g a n g lia  

a n d  also in th e  n u c h a l  n e rv e  (Fig. 15). I n  th e  p e r in e u r iu m  s u r ro u n d in g  th e  

v isceral r ing  a n d  th e  pallia l ,  v iscera l, a n d  n u ch a l  ne rves  a n e tw o rk  of yellow  

green  a x o n s  is p re se n t .

S c a t te r e d  in all v isce ra l  a n d  pallia l n e rv es  v a ry in g  n u m b e rs  of yellow  green  

cells do  occu r.  In th r e e  sp ec im en s  cell c o u n ts  w ere  m ade . In  each  of th e m  a b o u t  

40 cells of th is  ty p e  w ere  fo u n d  o u ts id e  th e  gang lia .

A p a r t  from  th e  C H -p o s i t iv e  cells also G o m o ri-n eg a t iv e  n eu ro n es  h a v e  been  

desc ribed  in th e  n e rv o u s  sy s te m  of L. stagnalis. A g ro u p  of n eu ro n es , th e  caudo - 

dorsa l cells (CDC), w h ich  c o n ta in  p h lo x in o p h il ic  se c re to ry  m a te r ia l ,  has  been 

d esc r ib ed  in each  of th e  ce reb ra l gan g lia  (Joosse , 19(34). T h e  a x o n s  of th e se  cell

g ro ups , w h ich  co n s is t  of 20— 40 cells in th e  left a n d  of 50— 100 cells in th e  r ig h t  

gang lion , t r a n s p o r t  th e i r  se c re to ry  p ro d u c t  to  th e  p e r ip h e ry  of th e  in te rc e reb ra l  

co m m issu re . Jo o sse  cons idered  th is  a re a  a n e u ro h a e m a l  zone. In th e  sam e  g an g lia  

Boer (19(35) e s ta b l ish ed  th e  p resence  of sm all n u m b e rs  of n eu ro n es  w ith  su d a n o -  

philie p ro p e r t ie s .  T h e  S u d a n  b lack  B p o s i t iv e  su b s ta n c e ,  w hich  w as also p h lo x in o 

philic, w as  o b se rv ed  in a x o n s  a n d  in a x o n  e n d in g s  in th e  m e d ia n  lip nerves.

T h e  CDC show  n e i th e r  a f f in i ty  fo r A B  n o r  fo r  A Y . T h e  S u d a n  b lack  B

positive  cells d e sc r ib e d  by  B oer a p p a r e n t ly  s ta in  in te n se ly  w ith  A Y . In  each  

ce reb ra l gang lion  tw o  sm all g ro u p s  of 1— 3 of th ese  yellow  cells —  th e  f i r s t  

loca ted  n e a r  th e  p leu ra l  co n n ec tiv e ,  th e  o th e r  n e a r  th e  p lace  of o rig in  of th e  

s ta t ic  n e rv e  —  w ere  o b se rv ed  to  s ta in  in ten se ly ,  n o t  on ly  w ith  a lc ian  yellow
%J

b u t a lso  w ith  S u d a n  b lack  B a n d  w ith  ph lo x in . T h e y  show  a m o d e ra te  a f f in i ty  

for a z o c a rm in e .  T h e  ax o n s  could n o t  be t ra c e d  to  th e i r  end in gs , a l th o u g h  s ta in a b leCP o

m a te r ia l  w as  o b se rv ed  in th e i r  p ro x im a l  p a r ts .

Cells w ith  s im ila r ly  s ta in e d  m a te r ia l  were observed  in g ro u p s  of 5— 10 cells 

in th e  d o rsa l  p a r t s  of b o th  p a r ie ta l  g an g lia  (Fig. I I )  a n d  in th e  v e n t r a l  p a r t  of 

th e  visceral gang lion . T h e  leng th  of th e  cell bod ies  va r ie s  b e tw een  20 an d  40 u. 

The a x o n s  of th e se  n eu ro n es  w ere  o ften  h a rd  to  follow. T h e  d is t r ib u t io n  of th e  

ax o n  en d in g s  c o n ta in in g  th e  yellow  se c re to ry  m a te r ia l  of th ese  g ro u p s  of n eu ro n es  

has th e  sa m e  p a t t e r n  as  t h a t  of th e  yellow  g reen  cells.

W ith  th e  A B /A Y  te c h n iq u e  y e t  o th e r  G o m o ri-n eg a tiv e  cells, v iz ., tw o  large 

g ro u p s  of n eu ro n es  c o n ta in in g  light yellow m a te r ia l ,  w ere o b se rv ed . T h e  f i r s t  g ro u p ,

consis ting  of 30— 50 cells w h ich  m easu re  20— 60 u. in leng th , is lo ca ted  in a lobe-like© i ©
p ro tru s io n  in th e  v e n tra l  p a r t  of th e  r ig h t p a r ie ta l  gang lion . T h e  sa m e  n u m b e r  of 

light yellow  cells fo rm  a g ro u p  in th e  d o rsa l  p a r t  of th e  v iscera l g an g lio n  (Fig. 12). 

'This cell ty p e  is a b s e n t  from  th e  left p a r ie ta l  gang lion . T h e  s e c re to ry  m a te r ia l
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T a b le . S t a i n i n g  r e a c t i o n s  o f  th e  s e c r e to r i /  s u b s t a n c e s  in  th e  c e l l  b o d i e s  a s  w e l l  a s  in  th e  a x o n s  o f  th e  

n e u r o s e c r e t o r y  c e l l  t y p e s  in  th e  c e n t r a l  g a n g l i a  o f  L y m n a e a  s t a g n a l i s .  -h +  +  v e r y  s t r o n g  r e a c t i o n  ;

s t r o n g  r e a c t i o n ;  -f- m o d e r a t e  r e a c t i o n ;  i  w e a k  r e a c t i o n ;  — n e g a t i v e  r e a c t i o n

S ta in in g C ereb ra l g an g lia
o  O P le u ra l P a r ie ta l  a n d  v iscera l

te c h n iq u e gang lia g an g lia

lig h t
c
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of th e  cells is f u r th e r  c h a ra c te r iz e d  by  a  m o d e ra te  re a c t io n  w ith  p h lo x in  a n d  

w ith  S u d a n  b lac k  B. I n  th e  c y to p la sm  of th e  cells d isk -sh a p e d  a c c u m u la t io n s  

of e rg a s to p la sm  w ere  fo u n d .  T hese  were, h o w ev er ,  less p ro m in e n t  t h a n  th e  Nissl- 

d isks  in th e  CDC (rf., Jo o sse ,  1964). T h e  a x o n s  a n d  a x o n  e n d in g s  of th e s e  l ig h t  

yellow cells w ere  e n c o u n te re d  in th e  sam e  a re a s  as  d e sc r ib e d  fo r  th e  yellow  green  

a n d  yellow  cells. T h ese  reg ions  a re  in d ic a te d  in  F ig . 1 3 b .
%' o  O

T h e  re su l ts  of so m e h is to ch em ica l  te c h n iq u e s ,  in c lu d in g  th o se  re p o r te d  ab o v e ,  

a re  s u m m a r iz e d  in th e  T ab le .  A p a r t  f ro m  A B /A Y  also  o th e r  n e u ro s e c re to ry  s ta in s  

w ere  ap p lied ,  like C H , P F  a n d  P F A A B . T h e  l a t t e r  s ta in s  w ere also  u sed  b y  

B oer (1965) in  a  h is to ch em ica l  s tu d y  of t h e  M D C  a n d  L D C . C o n t ra ry  to  th e  

f in d in g s  r e p o r te d  fo r  o th e r  species —  e.g., in v e r te b ra te s  (for d iscussion  see 

kerk , 1967) a n d  in  th e  p u lm o n a te  Succinea putris (Cook, 1966) —

in  L. stagnalis o n ly  m in o r  d iffe rences  w ere o b se rv ed  b e tw een  C H  a n d  P F  w ith  

re g a rd  to  th e i r  c a p a c i ty  to  s ta in  th e  n e u ro se c re to ry  m a te r ia ls .

T h e  A B /A Y  te c h n iq u e ,  o r ig in a lly  p ro p o sed  b y  R a v e t to  (1964) fo r  a n a ly s in g  

p o ly sacch a r id es ,  in v o lv es  th e  a p p l ic a t io n  of one of th e  a lc ian  s ta in s  a t  low p H
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(0.5— 1.0), i.e., a t  a  p H  below  th e  p K  of th e  w eak  ac id  c a rb o x y lic  g ro u p s  (L ev  

a n d  Sp icer , 1964). A cco rd in g ly ,  o n ly  s t ro n g  ac id  (su lp h a te d )  g ro u p s  can b in d  th is  

s ta in .  S u b s e q u e n t ly ,  c a rb o x y l ic  g ro u p s  a re  s ta in e d  b y  th e  o th e r  a lc ia n  s ta in  a t  

p H  2.5. P e u te  a n d  v a n  de K a m e r  (1967) in t ro d u c e d  th is  m e th o d  fo r  th e  d e m o n s t r a 

t ion  of n e u ro s e c re to ry  m a te r ia l  b y  a p p ly in g  o x id a t io n  p r io r  to  s ta in in g .  In  th e i r  

op in ion , th is  o x id a t io n  leads  to  th e  convers io n  of S -S  b o n d s  of c y s t in e  a n d  th e  

S H  g ro u p s  of cy s te in e  —  th ese  a m in o  ac ids  a re  k n o w n  to  o ccu r  in fa ir  a m o u n ts  in 

G o m o ri-p o s i t iv e  n e u ro se c re to ry  m a te r ia ls  —  in to  s t ro n g  ac id  —  S 0 3H  g ro u p s . T h ese  

a re  s ta in e d  a t  th e  low er p H .  S u b s e q u e n t ly ,  c a rb o x y lic  g ro u p s ,  w h ich  can  be 

fo rm ed  b y  o x y d a t io n  of h y d ro x y l  a n d  of a ld e h y d e  g ro u p s , a re  s ta in e d  a t  p H  2.5.

In  th e  p re sen t  s tu d y  th e  m o s t  sa t is fy in g  re su l ts  w ere o b ta in e d  w h en  A B  w as 

used  a t  th e  low er p H .  I n th is  case th e  re a c t io n  of A B  w ould  seem  to  be c o m p a ra b le  

to  t h a t  of th e  n e u ro s e c re to ry  s ta in s  P F , C H , a n d  espec ia lly  to  t h a t  of P F A A B , 

since th e se  te c h n iq u e s  a re  su p p o se d  to  be p r im a r i ly  b ased  on  s ta in in g  of s t ro n g  

ac id  g ro u p s  fo rm e d  b y  o x id a t io n ,  a l th o u g h  th e  chem ica l re a c t io n s  in v o lv e d  a re  

n o t  k n o w n  in d e ta i l  (Lev  a n d  Sp icer , 1964; H a d le r  et a /., 196

T h e  d if fe ren t  sh a d e s  of g re en  w h ich  re su l te d  f ro m  th e  A B /A Y  c o m b in a t io n  

in th e  C H -p o s i t iv e  cell g ro u p s  in d ic a te  t h a t  th e  s e c re to ry  s u b s ta n c e s  co n ce rn ed  

c o n ta in  d i f fe re n t  p ro p o r t io n s  of ca rb o x y lic  a n d  s u lp h a te d  g ro u p s . T h e  d if fe re n t  

g reen  co lours  a p p e a r e d  to  be re p ro d u c ib le  a n d  c h a ra c te r is t ic ,  i r re sp e c t iv e  of th e  

q u a n t i t i e s  in  w h ich  th e  m a te r ia ls  w ere  p re sen t.

A s w as  e m p h a s iz e d  by  Solcia  et al. (1968), basic  s ta in s  su ch  as  th e  a lc ia n  a n d  

G om ori  s ta in s ,  o f ten  g ive rise to  non-specif ic  s ta in in g  of th e  c y to p la sm , d u e  to  

th e  a b i l i ty  of th e se  d y es  to  r e a c t  w ith  R X A . Brief ac id  h y d ro ly s is  p r io r  to  s ta in in g ,  

as  re c o m m e n d e d  b y  Solcia  a n d  co -w orkers  to  d e s t ro y  R N A , a p p e a re d  to  be 

su ff ic ien t to  rem o v e  th e  b a c k g ro u n d  s ta in in g  fro m  th e  cell bodies.o  o

A fte r  a d e q u a te  h y d ro ly s is  no co lo u r d iffe rences  w ere  fo u n d  b e tw een  th e  sec re 

to ry  m a te r ia ls  in  th e  cell bodies a n d  in  th e  ne rve  end ings . T h is  o b se rv a t io n  

is in c o n s is te n t  w ith  th e  o b se rv a t io n s  of P e u te  a n d  v a n  de K a m e r  (1967) in  th e  

frog, a n d  of G ab e  (1967) in te n  in se c t  species. T h e y  co n c lu d ed  f ro m  co lour d if fe r 

ences w h ich  th e y  o b se rv e d  w ith  th e  A B /A Y  te c h n iq u e ,  t h a t  th e  n e u ro se c re to ry  

su b s ta n c e s  w ere  chem ica lly  a l te re d  d u r in g  t r a n s p o r t  th ro u g h  th e  axons.

In  L. stcignalis all s e c re to ry  m a te r ia ls  p ro v e d  to  be r e s i s ta n t  to  d ia s ta se ,  a n  

en zy m e  w hich b ra k e s  d o w n  g lycogen . M oreover, th e y  all r e a c te d  n eg a t iv e  to  th e
O 4' O 1 %J o

P A S  te c h n iq u e .  T h e  P A S -p o s i t iv i ty  of th e  yellow  g reen  cell bodies, w h ich  d is 

a p p e a re d  a f te r  d ia s ta se  t r e a tm e n t ,  c an  be a t t r i b u t e d  to  g lycogen , w hich  

is p re s e n t  in  a d d i t io n  to  th e  yellow  g reen  n e u ro se c re to ry  m a te r ia l .  T h e re 

fore, th e  p o ss ib i l i ty  t h a t  th e  p resence  of large a m o u n ts  of g lycogen  m ig h t  h a v e  

been ta k e n  for n e u ro se c re to ry  s u b s ta n c e s  (cf., S im p so n  et al., 1966b) is n o t  

r e le v a n t  fo r  th e  cell ty p e s  d e sc r ib ed  above .

Ultrastructure of the Neurosecretory Cells

Before c u t t in g  u l t r a th in  sec tions  fo r  e lec tro n  m icro scopy , th e  h is to ch em ica l ly  

de fined  se c re to ry  cell g ro u p s  were id en tif ied  in  2 ijl th ic k  E p o n  sec tio n s  w ith  

th e  p h ase  c o n t r a s t  m icroscope  on th e  basis of th e i r  c h a ra c te r is t ic  loca tion . A 

fu r th e r  id e n t i f ic a t io n  of th e  cells w as p e r fo rm e d  b y  s ta in in g  th ic k  sec tio n s  w ith  

CH  a n d  p h lo x in  a f te r  rem o v a l  of th e  E p o n  (Y ensen . 1968).
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F ig . I(5a— f. N e u ro se c re to ry  e le m e n ta ry  g ra n u le s  in a x o n  te rm in a ls  of six  cell ty p e s ,  a ligh t 

g reen  ty p e ;  b  ( '1 )0  ty p e :  c d a rk  g re e n  ty p e ;  d  yellow  g reen  ty p e ;  e l ig h t ye llow  ty p e ;

f yellow  t y p e ;  X  18,000

T h e  u l t r a s t r u c tu r e  of t h e  light g reen  cells, th e  M D C a n d  LDC, a n d  of th e i r  

n e u ro h a e m a l  a re a s  in th e  m e d ia n  lip n e rv e s  h a s  been  d esc r ib ed  b y  B o e r  et at. 

(1968a). T h e  e le m e n ta ry  g ra n u le s  in th e  cell bod ies  h av e  a m e a n  d ia m e te r  of
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Fig. 17. Sm all n e rv e  ( s n )  w ith  a n  a x o n  c o n ta in in g  e le m e n ta ry  g ra n u le s  of th e  ligh t g reen  

ty p e  (/(/) in th e  c o n n ec tiv e  t is su e  b e tw e e n  th e  cells of th e  m ed io -do rsa l b o d y  ( m d b ) .  In d ia  

ink  in jec tio n . T h e  c a rb o n  p a r t ic le s  (a rrow s) a re  found  in close c o n ta c t  w ith  th e  n e rv e s  a n d

w ith  th e  g la n d u la r  cells

2,000 A. I n  th e  p re s e n t  s tu d y ,  a x o n s  c a r ry in g  th e  sa m e  ty p e  of g ra n u le s  (Fig. 16a) 

were also  fo u n d  in th e  p e r in e u r iu m  s u r ro u n d in g  th e  ce reb ra l gang lia ,  th e  m ed ian  

lip n e rv e s  a n d  th e  in te rc e re b ra l  co m m issu re  a n d ,  a lb e it  in  low n u m b e rs ,  in  th e  

co n n ec t iv e  t is su e  b e tw e en  th e  g ro u p s  of en d o c r in e  cells of th e  m edio- a n d  la te ro -  

do rsa l bod ies  (Fig. 17).

N o  u l t r a s t r u c tu r a l  d a t a  of th e  sm all b r ig h t  g reen  cells in th e  cereb ra l g an g liao o o ©
are  p re se n te d ,  b ecau se  th e se  cells cou ld  n o t  be recogn ized  b e y o n d  d o u b t  in th e  

e lec tro n  m icroscope . I n  a s tu d y  of th e  la te ra l  lobe, th e  u l t r a s t r u c tu r e  of th e  

b row nish  g reen  c a n o p y  cell, th e  ligh t g reen  d ro p le t  cells a n d  th e  b r i l l ian t  g reen  B 

cells —  w hich  c o n ta in  e le m e n ta ry  g ra n u le s  w ith  a  m e a n  d ia m e te r  of 2,050, 1,350 

a n d  1,100 A, re sp e c t iv e ly  —  h a s  been d esc r ib ed  by  B rin k  a n d  Boer (1967).

A t th e  EM -level th e  d a r k  g reen  cells a p p e a re d  to  c o n ta in  large n u m b e rs  of 

e le m e n ta ry  g ra n u le s  w ith  a m e a n  d ia m e te r  of 2,000 A (Fig. 16c). T h ese  g ra n u le s  

were also  fo u n d  in a x o n  en d in g s  in th e  p e r ip h e ry  of th e  p leu ra l  co n n ec t iv e s  a n d  

in th e  p e r in e u r iu m  (Fig. IS). In  th e  cell bod ies  n u m e ro u s  Golgi fie lds w ere fo u n d  

to be ev en ly  d i s t r ib u te d  in th e  c y to p la sm . T h e  Golgi m e m b ra n e s  enclose d a r k  

m a te r ia l  of th e  sam e  e lec tro n  d e n s i ty  as  t h a t  of th e  core of th e  g ra n u le s  (Fig. 19). 

An e x te n s iv e  ro ugh  e n d o p la sm ic  re t ic u lu m  a n d  a low n u m b e r  of cy to so m es  

(Fig. 20) is p re se n t .  T h e  d a r k  g reen  cells ly ing  n e a r  th e  p e r in eu r iu m  possess 

sh o r t  c y to p la sm ic  p rocesses  w hich  reach  th e  basa l lam in a  a ro u n d  th e  gang lion .

E x a m in a t io n  of th e  g ro u p s  of n eu ro n es  w ith  yellow  g reen  m a te r ia l  rev ea led  

th a t  all cells of th is  ty p e  show  id en tica l  u l t r a s t r u c tu r a l  ch a ra c te r is t ic s .  T h e y  

co n ta in  a n  e x te n s iv e  g r a n u la r  en d o p la sm ic  re t ic u lu m , m a n y  Golgi fie lds (Fig. 21),
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F ig . I S.  Cross sec tio n  of p a r t  of a sm all n e rv e  in th e  p e r in e u r iu m  n e a r  th e  p leu ra l g an g lio n , 

c o n ta in in g  m a n y  n e u ro se c re to ry  ax o n s , y  a x o n  c o n ta in in g  t he yellow  ty p e  of n e u ro se c re to ry  

e le m e n ta ry  g ra n u le s ;  d y  a x o n  c o n ta in in g  th e  d a rk  g reen  ty p e  of e le m e n ta ry  g ra n u le s ;

(fl f i la m e n to u s  glial cell p rocesses ; w  m usc le  f ib re ;  c y  ey to so rae

la rge  a m o u n ts  of g lycogen  a n d  m a n y  se c re to ry  g ra n u le s  ( 0  1.650 A) co n s is t in g
C  O  1/  O  % i /  C  V /  o

of a core of m o d e ra te  e le c tro n -d e n se  m a te r ia l  s u r ro u n d e d  b y  a sm all 

t r a n s p a r e n t  zone  (Fig. 10cl). B e tw een  th e  G olgi lam e llae  o n ly  li t t le  m a te r ia l  —  w ith  

low  e le c tro n  d e n s i ty  —  w as seen. T h e  cell bod ies  a re  n o t  c o m p le te ly  s e p a ra te d



N eurosecretion  in L y m n a e a  s ta g n a l i s 209

VITUS

Fig. 11). Colgi a p p a r a tu s  in th e  cell b o d y  of a  d a r k  g reen  cell, w ith  a c c u m u la t io n s  of 

e lec tro n -d en se  m a te r ia l  (a rrow s) su g g es tin g  th e  fo rm a tio n  of th e  e le m e n ta ry  g ra n u le s  by

b u d d in g  from  th e  Golgi lam ellae

Fig. 2o. Cell b o d y  of a d a r k  g reen  cell w ith  e le m e n ta ry  g ra n u le s  (e g ) ,  a cy to so m e  ( c y )  a n d

a m u lt iv e s ic u la r  b o d y  ( m v b )

Fig. 21. Cell b o d y  of a yellow  g reen  cell, eq  e le m e n ta ry  g ra n u le s :  r/ Golni fie ld ; m v b'—' i/ %/ O •/ 4/ O 7 •/ o

m u ltiv e s ic u la r  b o d y :  e y  c y to so m e ; g e r  g ra n u la r  en d o p la sm ic  re t ic u lu m ; m  m i to c h o n d r iu m ;

n u  nuc leus



F ig . 22. D ia g ra m m a tic  r e p re s e n ta t io n  of n e u ro se c re to ry  cells a n d  th e i r  n e u ro h a e m a l a reas , 

in p a r t ic u la r  of th e  g ro u p  of yellow  g reen  n e u ro n e s  n e a r  th e  orig in  of th e  r ig h t pallial 

ne rves . G A  g an g lio n :  K S  n e u ro se c re to ry  n e u ro n e s ;  X ri  n e u r o t r a n s m i t te r  n e u ro n e ;  A’ n e rv e  

w ith  n e u ro se c re to ry  a x o n  te rm in a ls  a t th e  p e r ip h e ry ;  S N  sm all n e rv e  in th e  p e r in e u r iu m ;  

F G L  f i la m e n to u s  glial ce ll; G L  glial cell fo rm in g  th e  t r o p h o s p o n g iu m ; C A P  b lood c a p i l la ry ;  

P S  b lood sp a c e ;  B I la rg e  blood vesse l; E  e n d o th e l iu m ;  M  m usc le  f ib re ;  G  g r a n u la r  cell; 

u u  n u c le u s ;  g a  Golgi a p p a r a tu s ;  c y  cy to so m e s : e r  g r a n u la r  e n d o p la sm ic  r e t ic u lu m ;  m i  

m i to c h o n d r io n ;  6‘ s y n a p s ;  j  n e u ro m u s c u la r  ju n c t io n ;  d  d e sm o so m e ; / id  h em i-d esm o so m e ; 

r  re lease  p h e n o m e n a  in n e u ro se c re to ry  ax o n  te r m in a l ;  bl basa l la m in a ;  a x  a x o n s ;  7 a x o n  of 

th e  yellow  g re e n  ty p e ;  2  a x o n  of th e  ligh t ye llow  ty p e ;  -'i n e u ro se c re to ry  a x o n  of th e  yellow

ty p e ;  4  a x o n  w ith  n e u r o t r a n s m i t te r  g ra n u le s
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Fig. 23. A xon  te rm in a ls  in th e  p e r ip h e ry  of th e  n e rv u s  pallia lis  d e x te r  in te rn u s .  R elease  

j)henom ena  can  be  o b se rv ed  in th e  left ax o n s , l i j  n e u ro se c re to ry  e le m e n ta ry  g ra n u le s  of th e  

ligh t ye llow  ty p e ;  y  n e u ro se c re to ry  e le m e n ta ry  g ra n u le s  of th e  ye llow  ty p e ;  g l  f i lam e n to u s  

glial cell p ro cesses ; /> p e r in e u r iu m ;  s  sm all e le m e n ta ry  g ra n u le s ;  c v  c lear vesicles; c x  m e m 

b ra n e  in v a g in a t io n s  in d ic a t in g  ex o c v to s is ;  Ir  e le m e n ta ry  g ra n u le s  of low e lec tron  d e n s i ty

b y  t ro p h ic  glial cell p ro cesses : e x te n s iv e  a re a s  of c o n ta c t  b e tw een  n e ig h b o u r in g  

cells w ere  fo u n d . H o w e v e r ,  a t  th e se  p laces  no ju n c t io n - l ik e  d if fe re n t ia t io n s  of th e  

cell m e m b ra n e s  w ere  o b se rv ed . As m e n t io n e d  fo r  th e  d a r k  g reen  cells, th e  yellow 

green  n e u ro n e s  ly ing  a d ja c e n t  to  th e  p e r in e u r iu m  show  cy to p la sm ic  processes 

w h ich  a re  b o u n d e d  by  th e  p e r in e u r iu m  (Fig. 22). T h e  u l t r a s t r u c tu r a l  c h a ra c te r i s 

t ics  w ere  fo u n d  in all g ro u p s  of yellow  g re e n  cells w hich  occu r in th e  c e n tra l  

n e rv o u s  sy s te m . F u r th e rm o r e ,  in all a re a s  in w hich  yellow  green  a x o n s  a re  

d is t r ib u te d  (see sec tio n  on light m ic roscopy) th e  e le m e n ta ry  g ra n u le s  ty p ic a l  of 

th e  yellow  green  cells w ere  o b se rv ed .o

A lso th e  G o m o ri-n e g a t iv e  cell g ro u p s  w ere  s tu d ie d  a t  th e  u l t r a s t r u c tu r a l  level. 

T h e  p h lo x in o p h il ic  CDC a re  k n o w n  to  c o n ta in  e le m e n ta ry  g ra n u le s  w ith  a  m e a n  

d ia m e te r  of 1,500 A (Fig. 1 6 b : see B o e r  at a /., 1968a). T h e  tw o  g ro u p s  of light 

yellow  cells in th e  p a r ie ta l  a n d  v iscera l g an g lia  a p p e a re d  to  possess s e c re to ry  

g ra n u le s  w h ich  a re  fa ir ly  d if fe re n t  from  th o se  in th e  CDC. T h ese  g ra n u le s  w h ich  

co n s is t  of an  e le c tro n  d en se  core s u r ro u n d e d  b y  a t r a n s p a r e n t  zone, a re  th e  la rg es t
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se c re t io n  g ra n u le s  (m ean  d ia m e te r :  2 ,300 A) m e t  w i th  in  th e  c e n tra l  n e rv o u s  

s y s te m  (Fig. IGe). T h e  cell bodies  a re  s e p a r a te d  from  each  o th e r  a n d  from  th e  

p e r in e u r iu m  b y  re la t iv e ly  th ic k  lay e rs  of glial ccll p rocesses . T h e  cells h a v e  an  

e x te n s iv e  g r a n u la r  e n d o p la sm ic  re t ic u lu m  a n d  n u m e ro u s  Golgi lam ellae , w h ich  

o ften  co n ta in  e le c tro n  d en se  m a te r ia l .  T h e  yellow  cells in th e  ce reb ra l  g an g lio n  

cou ld  n o t  be id en t if ie d  w ith  c e r t a in ty  in E p o n  sec tions , d u e  to  th e  fa c t  t h a t  

o n ly  a few  of th e s e  cclls a re  p re se n t .  In  th e  v isceral a n d  p a r ie ta l  g an g lia  th e  

yellow  cells a re  m o re  n u m e ro u s .  T h e y  c o n ta in  sm all s e c re to ry  g ra n u le s  (m ean  

d ia m e te r  1,400 A; Fig. 16f) w h ich  lack  a d i s t in c t  e le c tro n  t r a n s p a r e n t  zone  

b e tw e e n  th e  l im it in g  m e m b ra n e  a n d  th e  v e ry  d en se  core. In  th e se  cells g r a n u la r  

en d o p la sm ic  re t ic u lu m  p reva ils ,  a l th o u g h  also sm o o th  m e m b ra n e s  occu r,  espec ia lly  

n e a r  th e  Golgi zones. U su a l ly  a c c u m u la t io n s  of e le c tro n  d en se  m a te r ia l  w ere  

o b se rv e d  b e tw e e n  th e  Golgi m e m b ra n e s .  T h ese  sm all cells a re  c o m p le te ly  s e p a ra te d  

from  each  o th e r  b y  glial cell processes.

I n  th e  p e r ip h e ra l  p a r t s  of t h e  c o n n ec t iv e s  a n d  n e rv es  of th e  p leu ra l ,  p a r ie ta l  

a n d  v isceral gang lia  la rge  n u m b e r s  of d is te n d e d  a x o n  en d in g s  c o n ta in in g  se c re to ry  

g ra n u le s  w ere  o b se rv e d  (Fig. 23). T h e y  p e n e t r a t e  th e  la y e r  of f i la m e n to u s  glial 

cells, w hich  covers  t h e  n e rv o u s  sy s te m . T h e  s t r u c tu r e  of th e se  reg ions  (Fig. 22) 

is s im ila r  to  t h a t  of th e  n e u ro h a e m a l  zones of th e  CDC a n d  of th e  M D C  a n d  

LD C  (B oer et al., 1968a). I t  w as possib le  to  id e n t i fy  th e  e le m e n ta ry  g ra n u le s  

w ith in  th e  a x o n  en d in g s  on th e  bas is  of th e i r  size, of th e  specific e lec tro n  

o p a c i ty  of th e  g r a n u la r  core a n d  of th e  w id th  of th e  e le c tro n  t r a n s p a r e n t  zone 

s u r ro u n d in g  th e  core. I f  th e  size d i s t r ib u t io n s  of t h e  v a r io u s  ty p e s  of g ra n u le s  a re  

c o m p a re d  (Fig. 24) d iffe rences  in m e a n  size a n d  th e i r  s p re a d  a re  a p p a r e n t  fo r  m o s t  

of th e m . A l th o u g h  o n ly  m in o r  d iffe rences  b e tw e e n  th e  g ra n u le s  of th e  CDC a n d  

th o se  of t h e  yellow  green  cells w ere  fo u n d  o n  th e  basis  of th e se  p a ra m e te r s ,  th e s e  

tw o  g ra n u le  ty p e s  a re  eas ily  d is t in g u ish e d  m o rp h o lo g ica l ly  (Fig. 16b , d).

I f  th e  size of th e  g ra n u le s  w i th in  th e  p e r ik a r y a  of th e  v a r io u s  cell ty p e s  is 

c o m p a re d  to  t h a t  of th e  g ra n u le s  in t h e  a x o n  en d in g s ,  i t  is e v id e n t  t h a t  g ra n u le s  

of sm all size a re  m ore  n u m e ro u s  in th e  cell bodies (Fig. 24). A d d i t io n a l  m e a s u re 

m e n ts  w ere c a r r ie d  o u t  in th e  p ro x im a l  p a r t s  of th e  a x o n s  of th e  CDC a n d  of th e  

light yellow  cclls. T h e  h is to g ra m s  of t h e  g ra n u le s  in th e se  a re a s  a p p e a r e d  to  be 

s im ila r  to  t h a t  of th e  g ra n u le s  in th e  a x o n  end in gs . T hese  o b s e rv a t io n s  su g g e s t  

t h a t  th e  g ra n u le s  in c rease  in size in th e  p e r io d  b e tw e e n  th e i r  fo rm a t io n  in th e  

Golgi a p p a r a tu s  a n d  th e i r  t r a n s i t  in to  th e  ax o n s .  X o ev id en ce  w as  o b ta in e d  w i th  

re g a rd  to  th e  m e c h a n ism  w hich  causes  th e  g ro w th  of th e  e le m e n ta ry  g ra n u le s  

a f te r  th e i r  b u d d in g  f ro m  th e  Golgi lam ellae . F u s io n  of e le m e n ta ry  g ra n u le s  w ith  

sm all vesicles, as  h a s  been o b se rv ed  in  th e  M D C /L D C  a n d  in th e  CDC of 

L. stagnalis (B oer et al ., 1968a), w as  n o t  e s ta b l ish e d  in th e  p re s e n t  s tu d y  fo r  th e  

se c re to ry  cells in th e  v isceral ring .
c

S tu d ie s  of serial sec tio n s  re v e a le d  t h a t  a x o n s  of th e  n e u ro se c re to ry  cells o f ten  

en d  b l in d ly  in th e  p e r in e u r iu m . T h e  d is te n d e d  en d in g s  w ere  fo u n d  in th e  v ic in i ty  

of th e  b lood  spaces , cap illa r ies , sm all b lood vessels, a n d  in th e  m u s c u la r  w all 

s u r ro u n d in g  th e  la rger blood vessels (Figs. 5— 7, 22).

T h e  m orpho log ica l ev id ence  fo r  th e  w a y  in w h ich  th e  a x o n s  of th e  n e u ro 

s e c re to ry  cells t e rm in a te ,  seem s to  be in a c c o rd a n c e  w ith  th e  su p p o s i t io n  t h a t
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Fig. 24. T h e  s iz e -d is tr ih u tio n  of th e  d ia m e te r s  of th e  n e u ro se c re to ry  e le m e n ta ry  g ra n u le s  

loca ted  in th e  ax o n  te rm in a ls  (solid lines) a n d  in th e  n eu ro n a l cell bod ies  (m o tt le d  a reas) . 

E ach  h is to g ram  refers  to  1,000 m e a su re m e n ts .  Y C  ye llow  cells; C D C  cau do -do rsa l cells; 

Y G C  yellow  g re e n  cells; L G C  light g reen  cells; D G C  d a rk  g reen  cells; L Y C  l ig h t  ye llow  cells

th ese  cells p ro d u c e  n e u ro h o rm o n e s ,  w h ich  a re  re leased  in to  th e  blood. T o  o b ta in  

f u r th e r  ev id ence  on th is  su b je c t ,  th e  re lease  m e c h a n ism  w as s tu d ied .

N o a g re e m e n t  ex is ts  a b o u t  th e  d e ta i ls  of th e  m e c h a n ism  of re lease of neuro -o

se c re to ry  m a te r ia ls  f ro m  th e  a x o n  end ings . H o w e v e r ,  in v e r te b ra te s  as well as  in 

in v e r te b ra te s  th e  p resence  in th e  a x o n  te rm in a ls  of sm all c lear vesicles w ith  a 

d ia m e te r  of a b o u t  350— 500 A, s im ila r  to  th o se  e n c o u n te re d  in sy n ap ses ,  is
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F ig . 25. N e u ro se c re to ry  a x o n  te rm in a ls  of th e  lig h t ye llow  cells in th e  n e rv u s  pa llia lis  d e x te r  

in te r im s . R e lease  p h e n o m e n a  can  he o b se rv e d  in th e  a re a  fac in g  th e  p e r in e u r iu m . I n d e n ta 

t io n s  of th e  ax o n a l m e m b ra n e  w hich  in d ic a te  ex o cy to s is  a re  p re se n t  (arrow s), s  sm all

e le m e n ta ry  g ra n u le s ;  c v  c le a r  vesicles

F ig . 2(>. N e u ro se c re to ry  ax o n  te rm in a l  of th e  d e e p  g reen  ty p e  in th e  r ig h t  p le u ro -p a r ie ta l  

co n n ec tiv e , d u r in g  re lease , s  sm all e le m e n ta ry  g ra n u le :  c v  c lea r  vesicles; e ex o cy to s is

c o m m o n ly  re g a rd e d  as  an  in d ic a t io n  t h a t  re lease  of th e  c o n te n t  of th e  e le m e n ta ry
%J o  %/

g ra n u le s  ta k e s  p lace  (cf., S tre e fk e rk .  1967; S c h a r re r ,  1968).

N o  d e ta i le d  a c c o u n ts  o ccu r  on  th e  re lease  of n e u ro se c re to ry  s u b s ta n c e s  in
%/

g a s tro p o d s .  N o lte  (1967) n o te d  c lear  vesicles a n d  m e m b ra n e  f r a g m e n ts  in th e  

lip n e rv es  of L. stagnalis, w hile  B oer  el al. (1968a) r e p o r te d  th e  o ccu rren ce  of 

c lear  vesicles in th e  in te rc e re b ra l  co m m issu re .  B o th  a u th o r s  ag ree  t h a t  th e se  

p h e n o m e n a  w ere  e x t r e m e ly  scarce . S im ila r  o b se rv a t io n s  w ere  m a d e  b y  S im p so n

(1970) in som e a x o n s  in th e  in te rc e re b ra l  co m m issu re  of Helisoma tenue.

In  th e  p re s e n t  s t u d y  c lu s te rs  of c lear  vesicles w ere  c o m m o n ly  fo u n d  w ith in  

th e  a x o n  te rm in a ls  in th e  p re su m e d  n e u ro h a e m a l  a re a s  in L. stagnalis. In  th ese  

a x o n  en d in g s  th e  a p p e a ra n c e  of th e  e le m e n ta ry  g ra n u le s  v a r ied  a c c o rd in g  to  th e  

f ix a t io n  p ro c e d u re  used . W ith  0 s 0 4 a lo n e  th e  m e m b ra n e s  of th e  g ra n u le s  h a d  

r u p tu r e d .  O ccas iona lly  f lo ccu len t  e le c tro n -d e n se  m a te r ia l  w as  o b se rv e d  n e a r  th e  

a x o n a l  m e m b ra n e .  By a d d in g  g lu ta ra ld e h y d e  in  low c o n c e n t ra t io n s  (0.5— 1.0% )

to  th e  0 s 0 4 f ix a t iv e ,  f r a g m e n ta t io n  of th e  m e m b ra n e s  w as  c o n s id e ra b ly  re d u ced .  

T h e re fo re ,  r u p tu r e  of th e  g ra n u le  m e m b ra n e  is re g a rd e d  as  a n  a r t i f a c t  d u e  to  

in a d e q u a te  f ix a t io n .  H o w ev e r ,  th e  o ccu rren ce  of th is  a r t i f a c t  in th e se  p a r t ic u la r  

a x o n s  —  in n o n -re leas in g  a x o n  te rm in a ls  b ro k e n  e le m e n ta ry  g ra n u le s  w ere n o t  

fo u n d  —  in d ic a te s  t h a t  th e  m e m b ra n e s  of th e  g ra n u le s  a re  w e a k e n e d  p r io r  to  

release (see also N o lte ,  1967). A f te r  f ix a t io n  in v o lv in g  g lu ta r a ld e h y d e  sm all 

e le m e n ta ry  g ra n u le s  a p p e a re d  to  be p re sen t  in  a d d i t io n  to  n o rm a l sized g ra n u le s
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a n d  c lear  vesicles (Figs. 23, 25). O ccasiona lly , a  g ra d ie n t  of size s ta g e s  to w a rd s  

th e  a x o n a l  m e m b ra n e  w as o b se rv ed . A c c u m u la t io n s  of e lec tro n -d en se  m a te r ia l  

o u ts id e  th e  g ra n u le s  w as  n o t o b se rv ed . I r re s p e c t iv e  of th e  f ix a t io n  p ro c e d u re  

ap p l ie d ,  sm all in v a g in a t io n s  of th e  cell m e m b ra n e  w ere  fo u n d  in th e  a re a s  n e a r  

th e  c lear  vesicles (Figs. 23, 25). T h ese  in d e n ta t io n s  a re  re g a rd e d  as be ing  fo rm ed  

a f te r  fus ion  of th e  sm all e le m e n ta ry  g ra n u le s  w ith  th e  a x o n a l  m e m b ra n e ,  re su l t in g  

in th e  re lease  of th e  c o n te n ts  of th e  g ra n u le s  (exocy to s is ;  W e i tz m a n n ,  1969; 

N o rm a n n ,  1969). T h e  occasiona l o b se rv a t io n  of e lec tro n -d en se  m a te r ia l  w i th in  

th e  in v a g in a t io n s  (Fig. 2(j) is c o n s is te n t  w ith  th is  h y p o th es is .  T h e  orig in  of th e  

c lear  vesicles re m a in s  obscu re .

In sp ec im en s  sacr if iced  b e tw e e n  9 a n d  10 a .m . —  for ro u t in e  s tu d ie s ,  f ix a t io n  

w as c a r r ied  o u t  a t  th is  t im e  of th e  d a y  —  release p h e n o m e n a  w ere  o b se rv e d  

in a p p ro x im a te ly  15% of th e  a x o n  te rm in a ls  of th e  s e c re to ry  cell g ro u p s  lo ca ted  

in th e  p leu ra l ,  p a r ie ta l  a n d  v iscera l gang lia . In  th ese  a n im a ls  re lease  p h e n o m e n a  

w ere o n ly  e n c o u n te re d  in 0 — 3%  of th e  a x o n  te rm in a ls  in th e  n e u ro h a e m a l  a re a s  

of th e  CDC (th e  in te rc e re b ra l  com m issu re )  a n d  of th e  M D C /L D C  (the  m e d ia n  

lip nerve). T h is  f in d in g  is in a g re e m e n t  w ith  th e  re su lts  of B oer el al. (1968a) 

who e s ta b l ish e d  in a n im a ls  f ixed  d u r in g  th e  d a y  t h a t  c lear vesicles w ere  e x t re m e ly  

scarce , a l th o u g h  th e y  m e t  w ith  co n s id e rab le  a c t iv i ty  w ith in  th e  co rre sp o n d in g  

p e r ik a ry a .  T o  v e r ify  th e  p o ss ib i l i ty  t h a t  re lease  m ig h t  o ccu r  a t  o th e r  t im e s  of th e  

d a y ,  7 g ro u p s  of 5 a n im a ls  w ere  s tu d ie d ,  w h ich  h ad  been  fixed  w ith  in te rv a ls  of 

4 h o u rs  th r o u g h o u t  th e  d a y .  I n  th e  even ing , an  im p ress iv e  rise of th e  re lease  

a c t iv i ty  in th e  in te rc e re b ra l  co m m issu re  a n d  th e  m e d ia n  lip ne rve  w as  fo u n d , 

w hich  s t a r t e d  a f te r  th e  l ig h t  w as  sw itch ed  off. T h is  in c reased  a c t iv i ty ,  o b se rv e d  

in 70— 90%  of th e  a x o n  end ings , p ro lo n g ed  fo r  a t  le a s t  4 hours . A q u a n t i t a t i v e  

e v a lu a t io n  of th ese  p h e n o m e n a ,  w h ich  w ere  also fo u n d  in snails  living u n d e r  

n a tu r a l  co n d it io n s  in p o n d s  o u ts id e  th e  la b o ra to ry ,  is in p rogress .

In a low n u m b e r  of a x o n s  in th e  n e u ro h a e m a l  zones g ra n u le s  w ere  o b se rv ed  

which d if fe r  from  th e  ty p e s  d e sc r ib ed  so far. M ost of th e m  o ccu r  in th e  lip nerve . 

In  a d d i t io n  to  th e  e le m e n ta ry  g ra n u le s  of th e  M D C /L D C  a t  leas t th re e  m ore  

ty p e s  w ere  fo u n d . R e lease  p h e n o m e n a  w ere  o b se rv ed  in th e  a x u n  en d in g s  c o n ta in 

ing th e se  g ran u les .  T h e re fo re ,  t h e y  a re  re g a rd e d  as n e u ro se c re to ry  e le m e n ta ry  

g ran u le s .  T h e  co rre sp o n d in g  cell bod ies  w ere n o t  d e te c te d .

I n  all n e u ro h a e m a l  a re a s  occas io na lly  a x o n s  w ith  g ra n u le s  d iss im ila r  to  th e  

n e u ro se c re to ry  e le m e n ta ry  g ra n u le s  w ere fo u n d .  T h ese  g ra n u le s  a re  u su a l ly  sm a lle r

— 1,400 A) t h a n  th o se  of th e  n e u ro se c re to ry  cells a n d  m a y  c o n ta in  neuro-

t r a n s m i t te r s  (c/., G erschen fe ld , 1963). T h is  su p p o s i t io n  w as s u b s ta n t i a t e d  by  

d e m o n s t r a t in g  th e  p resence  of b io am in es  in som e of th ese  a x o n s  w ith  th e  

ch ro m aff in  re a c t io n  a t  th e  u l t r a s t r u c tu r a l  level a f te r  W o o d  (1963). T h e  n e u ro 

s e c re to ry  e le m e n ta ry  g ra n u le s  r e a c te d  n e g a t iv e  to  th is  te c h n iq u e .  S y n a p t ic  c o n ta c ts  

b e tw een  n e u r o t r a n s m i t t e r  c o n ta in in g  a x o n s  a n d  a x o n s  or cell bodies of neu ro -o

se c re to ry  n eu ro n es  w ere n o t  observed .

D iscussion

Cook (1966), u s ing  th e  P F  a n d  C H  m e th o d ,  d is t in g u ish ed  th r e e  ty p e s  of 

G o m o ri-p o s i t iv e  cells in th e  s ty lo m m a to p h o re  Succinea putris, on th e  basis of 

d if fe re n t  a ff in itie s  fo r  th e se  s ta in s .  S im p so n  (1970) d e m o n s t r a te d  t h a t  th e  fuchsino-

15 Z. Z c llfo rse li . ,  B d .  108
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phil ic cells in  th e  v iscera l g an g lio n  of H e l i s o m a  t e n u e  w ere  v ic to r ia  b lu e -p o s it iv e ,  

u n lik e  th o se  in th e  ce reb ra l  gang lia .  T h e  t in c to r ia l  d iffe rences  o b se rv e d  in d ic a teO O
t h a t  w ith in  a g iv en  species th e  class of G o m o ri-p o s i t iv e  n e u ro s e c re to ry  s u b s ta n c e s  

is ch em ica lly  in h o m o g en eo u s ,  as  w as  also  d e m o n s t r a te d  in th e  n e m e r t in e a n  w o rm
%/ o

C e r e b r a t u l u s  m a r g i n a t u m  (B ianch i, 1969) a n d  i n  th e  C o lo ra d o  bee tle  L e p t i n o t a r s a  

d e c e m l i n e a t a  (S chooneve ld . 1970).

I n  L y m n a e a  s t a g n a l i s  o n ly  m in o r  d iffe rences  b e tw een  th e  G o m o ri-p o s i t iv e  cell 

g ro u p s  a re  o b se rv e d  w h en  th e  re su l ts  of P F ,  C H . a n d  P F A A B  a re  c o m p a re d .  

H o w ev e r ,  w ith  th e  A B /A Y  te c h n iq u e ,  it is possib le  to  d is t in g u ish  b e tw een  

sev en  ty p e s  of G o m o ri-p o s i t iv e  n eu ro n es .  T h e  co lou r d if fe rences  o b ta in e d  w ith  

th i s  m e th o d  a rc  su p p o sed  to  re f lec t  d i f fe re n t  ra t io s  of s t ro n g  a n d  w eak  ac id  

g ro u p s  in th e  s e c re to ry  m a te r ia ls  (P e u te  a n d  v an  de K a rn e r ,  1967). T h is  in d ic a te s  

t h a t  th e  v a r io u s  s e c re to ry  p ro d u c ts  a re  of d i s t in c t  chem ica l n a tu r e  in  L .  s t a g n a l i s .

T h ese  re su l ts  a rc  s u b s ta n t i a t e d  b y  th e  u l t r a s t r u c tu r a l  f ind ings .  In  L .  s t a g n a l i s  

th e  C H -p o s i t iv e  cell ty p e s  in v e s t ig a te d  u l t r a s t r u c tu r a l ly  —  th e  b r ig h t  g reen  cells 

of th e  ce reb ra l g an g lia  w ere  n o t  e x a m in e d  so f a r  —  a p p e a r  to  c o n ta in  e le m e n ta ry  

g ra n u le s  of c h a ra c te r is t ic  size a n d  a p p e a ra n c e .  T h is  is e v id e n t  f ro m  th e  p re s e n t  

s t u d y  a n d ,  a s  re g a rd s  th e  cells loca ted  in th e  ce reb ra l  g an g lia  a n d  in th e  la te ra l  

lobe, f ro m  o b se rv a t io n s  b y  Boer e t a l .  (1968a) a n d  b y  B rink  a n d  B o er  (1967), 

re sp ec tiv e ly .

W ith  th e  classic m e th o d s  fo r  d e m o n s t r a t in g  n e u ro se c re to ry  m a te r ia l  also cy to - 

som es, like lipo fusc in  p ig m e n ts ,  a re  s ta in e d .  F o r  th is  re a so n  C H  a n d  P F  a re  

r a th e r  u n re l iab le  as  d ia g n o s t ic  m e th o d s  fo r  s e c re to ry  m a te r ia l ,  as  has  been  d iscussed
c  */

b y  Boer (1965), N o l te  et a l .  (1965), a n d  S im p so n  et a l .  (1966a , b). T h e  cy to so m es  

a re  also s ta in e d  w ith  A B /A Y . H o w e v e r ,  t h e y  can  be eas ily  d is t in g u ish e d  fro m
/ %' %/ o

se c re to ry  su b s ta n c e s ,  even  in th e  sam e  cell, because  of th e i r  c h a ra c te r is t ic  b lu ish
%/

colour.

In  v e r te b r a te s  (c/., B a r ry ,  1967) as well as  in in v e r te b r a te s  (c/., H e r la n t -  

M eewis et a l . ,  1967) G o m o ri-n e g a t iv e  n e u ro se c re to ry  cells do  occu r.  F o r  th e i r  

d e m o n s t r a t io n  a  n u m b e r  of s ta in s  h a v e  been used , e.g., p h lo x in  (Jo o sse ,  1964; 

B ianch i.  1969: S chooneve ld . 1970), a z o c a rm in e  (R a a b e ,  1965), a n d  S u d a n  b la c k  B 

(B oer, 1965).

In  g a s t ro p o d s  re p o r ts  on  G o m o ri-n e g a t iv e  cells a re  sca rce  (Jo o sse ,  1964; 

Q u a t t r in i ,  1964: Boer, 1965: Cook. 1966). In  L .  s t a g n a l i s  th re e  ty p e s  of G om ori- 

n e g a t iv e  n e u ro se c re to ry  cells o ccu r  w h ich  a re  all p h lo x in o p h ilic ,  a l th o u g h  to  

a d i f fe re n t  degree . O n ly  tw o  of th e m  ( th e  yellow , a n d  l ig h t  ye llow  cell ty p e s )  

s ta in e d  w ith  th e  yellow  c o m p o n e n t  of A B /A Y . T h e ir  s e c re to ry  m a te r ia ls  

a p p a r e n t ly  c o n ta in  a lipid c o m p o n e n t ,  since t h e y  show  a f f in i ty  fo r  S u d a n  b lack  B. 

.h is t  a s  w ith in  th e  g ro u p  of G o m o ri-p o s i t iv e  cells, it w as  possib le  to  c o r re la te  

th e  h is to ch em ica l d iffe rences  w ith  th e  p re sen ce  of d i s t in c t  ty p e s  of e le m e n ta ry  

g ran u les .

L o c a t i o n  o f  th e  N e u r o s e c r e t o r y  C e l l s

In th e  c e r e b r a l  g a n g l i a  of L .  s t a g n a l i s  th e  n e u ro se c re to ry  cells o ccu r  in d is t in c t  

g ro u p s  in well loca lized  a reas .  T h e  sam e  h o ld s  t r u e  fo r  o th e r  p u lm o n a te s  

(c/., S im p so n  e t  a l . ,  1966a) a l th o u g h  th e  n u m b e r  of cell g ro u p s  is in m o s t  species 

sm a lle r  t h a n  in L. s t a g n a l i s .  As in th is  species, tw o  la rge  cell g ro u p s  can  be
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d is t in g u ish e d  in th e  m edio- a n d  la te ro -d o rsa l  p a r t s  of th e  ce reb ra l  g an g lia  in th e  

b a s o m m a to p h o re  Planorbarius comeus (R o h n isch ,  1964) a n d  in th e  s ty lo m m a to -  

p h o re  Succinia putris (Cook, 1966). I n  th e  la t t e r  sn a il  t in c to r ia l  d iffe rences  w ere 

fo u n d  b e tw een  th e se  g ro u p s .  T h e re fo re ,  as  Cook p o in te d  o u t ,  it is d o u b t fu l  

w h e th e r  b o th  g ro u p s  a re  hom ologous  to  th e  cell g ro u p s  in L. stagnalis. I n  th e  

b a s o m m a to p h o re s  Australorbis glabratus (L ev er  et al., 19(35) a n d  Helisoma tenue 

(S im p so n  et al., 1966b) o n ly  one  g ro u p  of G o m o ri-p o s i t iv e  cells is p re s e n t  in th e  

ce reb ra l  g an g lia .  S m all cells c o m p a ra b le  to  th e  b r ig h t  g reen  cells in L. stagnalis 

h a v e  n o t  b een  r e p o r te d  fo r  o th e r  b a so m m a to p h o re s .

In  th e  ce reb ra l  g a n g lia  of p u lm o n a te s  in v e s t ig a te d  so fa r  G o m o ri-n e g a t iv e  

cells w ere  o n ly  r e p o r te d  fo r  L. stagnalis.

T h e  G o m o ri-p o s i t iv e  cells in th e  pleural a n d  parietal g a n g lia  a n d  in th e  visceral 

g an g lio n  a re  loca ted  in less d e f in ed  g ro u p s  th a n  in th e  ce reb ra l g an g lia .  T h e  deep  

g reen  cells, w h ich  lie p r im a r i ly  in th e  p le u ra l  gan g lio n , o ccu r  d isp e rsed  b e tw een  

o rd in a ry  n eu ro n es ,  w h ereas  th e  yellow  g reen  cells, w hich  fo rm  m a n y  sm all g ro u p s ,  

a re  fo u n d  th r o u g h o u t  th e  p a r ie ta l  a n d  visceral g an g lia  a n d  also s c a t te r e d  in 

th e  p e r in e u r iu m  a n d  in t h e  pallia l a n d  v isce ra l nerves .

H e k s t r a  a n d  L ev e r  (1960) a n d  L e v e r  et al. (1961) o b se rv ed  in L. stagnalis 

a s ta t i s t ic a l ly  s ig n if ic an t  increase  in b o d y  w e ig h t  d u e  to  w a te r  u p ta k e  a f te r  re m o v a l  

of th e  p leu ra l g an g lia .  T h e  sw elling  d ec reased  a f te r  r e im p la n ta t io n  as well as  a f te r  

in je c t io n  of h o m o g e n a te s  of th e se  gang lia .  T h e y  co n c lu d ed  f ro m  th e se  e x p e r im e n ts  

t h a t  th e se  e ffec ts  a re  cau sed  b y  a  h o rm o n a l fa c to r ,  p ro b a b ly  p ro d u c e d  by 

n e u ro se c re to ry  cells. T h e  p resen ce  of a d is t in c t  ty p e  of n e u ro se c re to ry  cells —  th e  

dee]) g reen  v a r ie ty  —  in th e  p leu ra l  g an g lia  s u p p o r ts  th is  h y p o th es is .  T h e  f a c t  

t h a t  th e se  cells o ccu r  also  —  a lbeit in low n u m b e rs  —  in th e  p a r ie ta l  g an g lia  

c o r ro b o ra te s  th is  v iew , since in jec tio n  of h o m o g e n a te s  of r ig h t  p a r ie ta l  g an g lia  

h a d ,  a cco rd in g  to  L e v e r  et al. (1961), a sm all effect.

T h e  p resence  of G o m o ri-p o s i t iv e  n e u ro s e c re to ry  cells in th e  p le u ra l  g an g lia  has, 

as  re g a rd s  p u lm o n a te s ,  o n ly  been  re p o r te d  fo r Vaginula sp. (A-cells, N ag a -  

b u s h a n a m  a n d  S w a ra n a m a y y e ,  19(33) a n d  Succinea putris (Cook, 1966). As in 

L. stagnalis. in S. putris th e se  cells d iffe r  h is to ch em ica lly  fro m  G om ori-pos it ive  

cells in th e  o th e r  g an g lia .  W h e n  c o m p a re d  to  L. stagnalis th e  n u m b e r  of G om ori- 

p o s i t iv e  cells in th e  p a r ie ta l  g an g lia  of Ferrissia shimekii (B-cells, L ever, 1957), 

Planorbarius comeus (R o h n isch , 1964), Australorbis glabratus (L ever et al., 1965), 

Helisoma tenue (S im p so n  et al., 1966b) a n d  of Succinea putris (Cook, 1966) is 

r a th e r  l im ite d :  in Vaginula sp. a n d  in species of th e  H e lic id ae  (T ype  11 cells, 

K u h lm a n n ,  1963) G o m o ri-p o s i t iv e  n e u ro se c re to ry  cells a re  a b s e n t  in th e  p a r ie ta l  

g an g lia .  On th e  o th e r  h a n d ,  cells of th is  ty p e  a re  p re s e n t  in th e  v isce ra l gang lion  

of all species m e n t io n e d .  H o w ev e r ,  e x c e p t  fo r Australorbis glabratus, th e  n u m b e rs  

a re  low w h en  c o m p a re d  to  L. stagnalis.

As re g a rd s  o th e r  p u lm o n a te s  G o m o ri-n eg a t iv e  cells h a v e  on ly  been  d esc r ib edc  I o  v
in th e  p a r ie ta l  g an g lia  of Milax gagat.es ( Q u a t t r in i .  1964) a n d  Succinea putris 

(Cook, 19(36). I n  th e  l a t t e r  species th e s e  cells a re  lo ca ted  in tw o  g ro u p s , one  in th e  

la te ra l  p a r t  of th e  r ig h t  p a r ie ta l  gan g lion  a n d  th e  o th e r  in th e  t r a n s i t io n a l  a re a  

b e tw een  th e  left p a r ie ta l  a n d  th e  v iscera l gang lion . T hese  cells can  be c o m p a re d  

w ith  th e  light yellow  cells of L. stagnalis, b ecau se  of th e i r  ty p ic a l  a sy m m e tr ic a l  

p o s it io n . M oreover, in bo th  species th e  cells c o n ta in  Nissl d isks.

15*
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N e u r o h a e m a l  A  re a s

A s d e te rm in e d  b y  Jo o sse  (1964), th e  a x o n s  of th e  M DC a n d  L D C  of L .  -stag- 

n a l i s  ru n  in a d is t in c t  t r a c t  to  th e  n e u ro h a e m a l  reg ions  in th e  m e d ia n  lip n e rv e , 

w h e re a s  th o se  of th e  CDC te r m in a te  in th e  in te rc e re b ra l  co m m issu re .  In  th e  

p re se n t  s t u d y  it w as  im possib le  to  d e te c t  th e  a x o n a l  t e r m in a t io n s  of th e  o th e r  

n e u ro se c re to ry  cells of th e  ce reb ra l  gang lion  a n d  th o se  of th e  la te ra l  lobe. H o w ev er ,
v  o  o

it is poss ib le  t h a t  th ese  cells t r a n s p o r t  th e i r  s e c re to ry  p ro d u c ts  a lso  to  th e  lip 

ne rve , because  in th e  p e r ip h e ry  of th is  n e rv e  th r e e  ty p e s  of e le m e n ta ry  g ra n u le s  

o ccu r  in a d d i t io n  to  th o se  of th e  M D C /L D C . T h is  su p p o s i t io n  is s u p p o r te d  b y  th e  

p resen ce  in th is  ne rve  of e le m e n ta ry  g ra n u le s  w hich  a re  c o m p a ra b le  in size a n d  

m o rp h o lo g y  to  th o s e  d e sc r ib ed  in th e  c a n o p y  cell a n d  in th e  d ro p le t  cells of th e  

la te ra l  lobe (B rin k  a n d  B oer, 1967) a n d  b y  th e  f in d in g  of a x o n  e n d in g s  w h ich  

r e a c t  p o s i t iv e  to  p h lo x in  a n d  S u d a n  b la c k  B (B oer, 1965).

Of th e  o th e r  ce reb ra l  n e rv es  o n ly  th e  n u c h a l  n e rv e s  c o n ta in  co n s id e rab le  

a m o u n t s  of s e c re to ry  su b s ta n c e s .  F ro m  l ig h t  as  well a s  f ro m  e le c tro n  m ic ro scopy  

it is e v id e n t  t h a t  th e se  m a te r ia ls  a re  p ro d u c e d  b y  n e u ro se c re to ry  cells in  th e  

p le u ra l  a n d  p a r ie ta l  g an g lia  a n d  in th e  v isce ra l gan g lio n . F u r th e r m o r e ,  m o s t  of 

th e  n o n -sec re to ry  a x o n s  of th is  n e rv e , w hich  o r ig in a te s  f ro m  th e  ro s tra l  p a r t  of th e  

ce reb ro -p leu ra l  c o n n e c t iv e  (Jo o sse ,  1964), com e fro m  th e  p leu ra l  reg ion . T h ese  

o b se rv a t io n s  show  t h a t  th e  n u c h a l  n e rv e  is n o n -c e re b ra l .

In  th e  in te rc e re b ra l  co m m issu re  a few  a x o n  e n d in g s  c o n ta in in g  e le m e n ta ryo  o  u

g ra n u le s  of th e  M D C /L D C  ty p e  o ccu r  in a d d i t io n  to  ne rv e  en d in g s  of th e  CDC. 

T h is  is in a g re e m e n t  w i th  th e  l ig h t  m ic ro scope  o b s e rv a t io n  t h a t  in th is  a r e a  l ig h t  

g reen  a x o n s  a re  p re se n t .  G o m o ri-p o s i t iv e  a x o n s  w ere  also fo u n d  in th e  in te rce re b ra l  

co m m issu re  of P l a n o r b a r i u s  c o r n e a s  (R o h n isch ,  1964). H o w e v e r ,  in  B a so m m a to -  

p h o ra  th e  m a in  n e u ro h a e m a l  a re a  of th e  G o m o ri-p o s i t iv e  cells in th e  ce reb ra l  

g an g lia  is lo c a te d  in th e  lip nerve . T h is  a p p e a re d  f ro m  l ig h t  a n d  e lec tro n  

m ic ro scope  s tu d ie s  of th e  fo llow ing  spec ies : L y m n a e a  s t a g n a l i s  (Jo o sse , 1964; 

N o lte ,  1965: Boer et a l ., 1968a), P l a n o r b i s  p l a n o r b i s ,  P l a n o r b a r i u s  c o r n e a s .  

B a t h y o m p h a l u s  c o n t o r t u s  (X olte ,  1965) a n d  H e l i s o m a  t e n u e  (S im p so n , 1970). T h e  

sam e  ho ld s  t r u e  fo r  th e  s ty lo m in a to p h o re s  S t r o p h o c k e i l u s  o b l o n g u s  (K u h lm a n n ,  

1963) a n d ,  p ro b a b ly ,  S u c c i n e a  p u t r i s .  In  th e  l a t t e r  species Cook (1966) o b se rv e d  

t h a t  th e  n e u ro se c re to ry  a x o n a l  t r a c t s  of th e  la rg e  ce reb ra l  cell g ro u p s  ru n  to  th e  

m e d ia n  a n d  in te rn a l  lip n e rv e .  In o th e r  s ty lo m in a to p h o re s  th e  a x o n s  of th e  ce reb ra l  

G o m o ri-p o s i t iv e  cells en d  in th e  n e rv u s  a r te r ia e  ce reb ra l is  (v a n  Mol, I960 ; 

K u h lm a n n ,  1963) a n d  in sm all n e rv e s  a r is in g  fro m  th e  in te rc e re b ra l  co m m issu re  

(K u h lm a n n ,  1963). T h e  u l t r a s t r u c tu r e  of th e  p e r ip h e ry  of th is  co m m issu re  in th e  

b a s o m m a to p h o re s  P l a n o r b a r i u s  c o r n e a s  (N olte , 1965) a n d  H e l i s o m a  t e n u e  (S im p so n , 

1970), is e ssen tia l ly  s im ila r  to  t h a t  of L .  s t a g n a l i s .  L arg e  n u m b e r s  of e le m e n ta ry  

g ra n u le s  w ere  e n c o u n te re d  w ith in  d is te n d e d  a x o n  en d in g s .  In L .  s t a g n a l i s  th e se  

g ra n u le s  re p re se n t  th e  p h lo x in o p h il ic  m a te r ia l  p ro d u c e d  b y  th e  CDC (B oer et a l . ,  

1968a). In P l a n o r b a r i u s  c o r n e u s  a n d  in H e l i s o m a  t e n u e  h is to ch em ica l  m e th o d s  

in c lu d in g  s ta in in g  w ith  p h lo x in ,  fa iled  to  d e m o n s t r a te  th is  n e u ro se c re to ry  m a te r ia l  

a t  th e  light m ic ro sco p e  level. I t  m a y  be co n c lu d ed  f ro m  th e se  o b se rv a t io n s  

t h a t  a t  leas t  in th e  b a s o m m a to p h o re s  s tu d ie d  so fa r  th e  in te rc e re b ra l  c o m m issu re  

se rv es  as  a  n e u ro h a e m a l  a re a  fo r  G o m o ri-n e g a t iv e  sec re tion .
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In o th e r  pu lm onat.es  l i t t le  is k n o w n  w ith  re g a rd  to  th e  n e u ro h a e m a l  zones of 

th e  n e u ro se c re to ry  cells o u ts id e  th e  ce reb ra l  g an g lia .  U l t r a s t r u c tu r a l  in v e s t ig a t io n s  

h av e  o n ly  been ca rr ied  o u t  b y  S im p so n  (1970) w ho  o b se rv ed  n e u ro se c re to ry  

a x o n  te rm in a ls  in th e  p e r ip h e ry  of th e  p ro x im a l  p a r t  of th e  in te s t in a l  ne rv e  of 

Helisoma, tenue. N o  te rm in a t io n s  w ere fo u n d  in th e  o th e r  n e rv e s  of th e  v isce ra l  

gan g lion  o r  in th e  pallia! ne rves . In  Planorbarius corneas R o h n isc h  d e te c te d  

fu ch s in o p h il ic  s e c re to ry  t r a c t s  e n d in g  in th e  pa ll ia l  nerves . In  L. stagnalis, on th e  

o th e r  h a n d ,  th e  n e u ro h a e m a l  zones of th e  n e u ro se c re to ry  cells in th e  p le u ra l  a n d  

p a r ie ta l  g a n g lia  a n d  in th e  v iscera l g an g lio n  a re  v e ry  e x te n s iv e  a n d  in c lu d e  all 

c o n n e c t iv e s  a n d  n e rv e s  of th ese  g an g lia .  T h e  cell g ro u p s  h a v e ,  in c o n t r a s t  to  th o se  

in th e  ce reb ra l  g an g lia ,  no  d is t in c t  n e u ro se c re to ry  t r a c t s  to  th e  n e u ro h a e m a l  

zones. A lth o u g h  m o st of th e  a x o n s  of a  cell g ro u p  e x te n d  in to  th e  m o s t  n e a r b y  

co n n e c t iv e  o r  n e rv e ,  a  la rge  n u m b e r  also  p ro ceed s  in v a r io u s  d ire c t io n s  a n d  

te rm in a te s  in m ore  d i s t a n t  n e u ro h a e m a l  zones. C o n se q u e n tly ,  in all th e se  a re a s  

a x o n  te rm in a ls  of th e  fo u r  cell ty p e s  o ccu rr in g  in th ese  g an g lia  can  be fo u n d , 

a l th o u g h  in v a ry in g  p ro p o r t io n s .

T h e  p re se n t  re su l ts  sh o w  t h a t  th e  n e u ro h a e m a l  zones a re  n o t  l im ited  to  th e  

p e r ip h e r ie s  of th e  in te rc e re b ra l  co m m issu re  a n d  m a n y  co n n ec tiv es  a n d  nerves .  

L arge  reg io n s  of th e  p e r in e u r iu m  a n d  of th e  s u r ro u n d in g  c o n n e c t iv e  t is su e  a re  

re g a rd e d  as p a r t s  of th e  n e u ro h a e m a l  sy s te m . A long  th e  e n t i re  le n g th  of m a n y  

sm all n e rv es  o c cu rr in g  in th e se  reg ions  re lease  of e le m e n ta ry  g ra n u le s  w as  

o b se rv ed . S im ila r ly ,  in a n u m b e r  of g a s t ro p o d s  n e u ro se c re to ry  f ib res  h a v e  been  

re p o r te d  to  o ccu r  in th e  p e r in e u r iu m  (L em ehe , 1955; K u h lm a n n ,  1963; R o h n isc h ,  

1965: C oggeshall,  1967: S an ch iz  a n d  Z a m b ra n o ,  1968: S im p so n , 1970). I n  th is  

re sp ec t  L. stagnalis h as  been in v e s t ig a te d  by  A l tm a n n  a n d  K u h n e n -C la u se n  (1959) 

w ho e s ta b l ish e d  fu ch s in o p h il ic  cells a n d  t r a c e s  of fu ch s in o p h il ic  m a te r ia l  in th e  

p e r in e u r iu m . H o w e v e r ,  re lease  p h e n o m e n a  h av e  n o t  been  m e n t io n e d  in th e  species 

in v e s t ig a te d .

In  th e  v ic in i ty  of th e  n e u ro se c re to ry  n e rv es  in th e  p e r in e u r iu m  in L. stagnalis 

an e x te n s iv e  n e tw o rk  of cap illa r ie s  a n d  b lood  sp aces  is p re se n t ,  w h ich  is c o n n e c te d  

w ith  th e  a r te r ia l  sy s te m  as w as  d e te rm in e d  b y  in je c t in g  In d ia  ink . T h is  su g g es ts  

t h a t  d isch a rg e  of n e u ro se c re to ry  s u b s ta n c e s  in to  th e  blood can  eas ily  ta k e  p lace. 

P a r t  of th e  n e u ro s e c re to ry  f ib re s  w ere  fo u n d  in th e  v ic in i ty  of th e  large blood 

vessels. W i th  th e  light m icroscope  s im ila r  o b se rv a t io n s  w ere  m ad e  in Arion rufns 

a n d  Arion subfuscus (H er lan t-M eew is  a n d  v a n  Mol, 1959) a n d  in Helisoma tenue 

(S im pson  el al ., 1966b). I n  th e  v e n a  c a v a  of Octopus vulgaris n e u ro se c re to ry  

ax o n s  p e n e t r a te  th r o u g h  th e  m u s c u la r  w all a r o u n d  th is  vein  a n d  fo rm  a lay e r  

of a x o n  te rm in a ls  w h ich  face  th e  b lood  (M artin . 1969). T h e  e lec tron  m icro scope  

o b se rv a t io n s  in L. stagnalis revea led  t h a t  th e  n e u ro se c re to ry  a x o n s  in th e  wall of 

th e  large  b lood vessels a re  lo ca ted  w i th in  th e  m u s c u la r  layer a n d  t e r m in a te  a t  

a d is ta n c e  from  th e  e n d o th e l iu m .

Neurosecretory Cells —  Dorsal Bodies

Jo o sse  a n d  G e ra e r ts  (1969) d e m o n s t r a te d  in L. stagnalis t h a t  th e  dorsa l bod ies  

ly ing  u p o n  th e  ce reb ra l  g an g lia  a re  e n d o c r in e  o rg a n s  w h ich  co n tro l  v ite llogenesis . 

A n a to m ic a l ly ,  th e  bod ies  a re  closely re la te d  to  th e  d o rsa l  n e u ro se c re to ry  cells, 

as  e s ta b l ish e d  fo r  severa l b a s o m m a to p h o ra n  species. L ev e r  (1958) a s su m e d  on  th e
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basis  of l ig h t  m icroscope  o b se rv a t io n s ,  e spec ia lly  of a n c y l id  snails , t h a t  a x o n s  

of th e  n e u ro se c re to ry  cells p e n e t r a te  in to  th e  bodies. H e  su g g e s te d  t h a t  t h e y  

m ig h t  be n e u m h a e m a l  o rg an s .  B oer  et al. ( 1968 b) d e m o n s t r a te d  w ith  h is to ch em ica l  

a n d  e le c tro n  m icroscop ica l te c h n iq u e s  t h a t  in fo u r  d i f fe re n t  species, in c lu d in g  

L. stagnalis, no d i re c t  c o n ta c t  e x is ts  b e tw een  th e  n e u ro se c re to ry  cells a n d  th e  

d o rsa l  bod ies  (see also .loosse, 1964; S im p so n , 1970). H o w e v e r ,  in th e  p re sen t  

s t u d y  n e u ro s e c re to ry  a x o n s  of th e  light g reen  ty p e  (M D C /L D C ) w ere e n c o u n te re d  

in th e  m edio- a n d  la te ro -d o rsa l  bodies . In  th e  la t t e r  a lso  d eep  g reen , yellow  

an d  lig h t ye llow  a x o n s  w ere  fo u n d . A lth o u g h  th e  s ign if icance  of th e se  f ib resj  o  o

is n o t  c lear, it seem s u n l ik e ly  t h a t  t h e y  p la y  a ro le  in th e  co n tro l  of th e  d o rsa l  

b o d y  a c t iv i ty ,  since th e i r  a r r a n g e m e n t  (o f ten  n e a r  cap illa r ie s  a n d  b lood spaces)  

in th e  n a r ro w  s t r a n d s  of c o n n e c t iv e  t issu e  w hich  s e p a ra te  th e  cell g ro u p s  of th e  

dorsa l bod ies  su g g es ts  t h a t  t h e y  a re  m ere ly  p a r t  of th e  per in eu ria !  n e u m h a e m a l  

sy s te m .

Release

Ln th e  p re s e n t  s t u d y  th e  o ccu rren ce  of c lear  (“ s y n a p t ic - l ik e  ") vesic les  in th e  

n e u ro s e c re to ry  a x o n  te rm in a ls  is r e g a rd e d  as a c r i te r io n  fo r  re lease  of n e u r o 

s e c re to ry  m a te r ia l .  T h is  seem s to  be  va lid  since it h a s  been possib le  in som e 

v e r te b r a te s  (ej., S tre e fk e rk ,  1967) as  well as  in so m e in v e r te b r a te s  (S c h a r re r  

a n d  K a te r ,  1969: N o r m a n n  a n d  D u v e ,  1969) to  c o r re la te  e x p e r im e n ta l ly  in d u c e d  

re lease  of n e u ro h o rm o n e s  w ith  th e  o ccu rren ce  of th e s e  vesicles. M oreo ver , it h as  

f r e q u e n t ly  been  r e p o r te d  t h a t  a d ecrease  in th e  n u m b e r  of e le m e n ta ry  g ra n u le s  

is a s so c ia te d  w i th  a rise in th e  n u m b e r  of c lear  vesicles (cj., S t re e fk e rk ,  1967).

I n  th e  l i t e r a tu re  v a r io u s  in te r p r e ta t io n s  of th e  o rig in  a n d  s ign if icance  of th e  

sm all c lear  vesicles h a v e  been  fo rw a rd e d .  T h e y  h a v e  been re g a rd e d  as  a spec ia l 

class of g ra n u le s  c o n ta in in g  a t r a n s m i t t e r  s u b s ta n c e  (G ersch en fe ld  et al., 1960), 

b u t  also  as s t ru c tu r e s  a r is in g  fro m  m ic ro tu b u le s  (V o llra th ,  1969) o r  fro m  n a r ro w  

c h a n n e ls  p ro je c t in g  in to  t h e  a x o n s  (B u n t  a n d  A sh b y ,  1967). H o w e v e r ,  th e  m o s t  

a d e q u a te  h y p o th e s e s  seem  to  be t h a t  t h e y  m a y  o r ig in a te  e i th e r  b y  a  p ro cess  of 

b u d d in g  fro m  th e  e le m e n ta ry  g ra n u le s  (S c h a rre r ,  1968) o r  f ro m  th e  m e m b ra n e s  of 

th e se  g ra n u le s  a f te r  th e i r  c o n te n ts  h av e  been e x t r u d e d  in to  th e  e x t r a c e l lu la r  space  

v ia  ex o cy to s is  (e.g.. W e i tz m a n n ,  1966; N o rm a n n ,  1969). In  L. stagnalis in d ic a t io n s  

t h a t  th e se  vesicles a re  b u d d e d  off f ro m  th e  e le m e n ta ry  g ra n u le s  w ere  scarce . Ono

th e  o th e r  h a n d ,  in d e n ta t io n s  of th e  a x o n a l  m e m b ra n e  in d ic a t in g  ex o cy to s is  w ere  

re g u la r ly  fo u n d .  P re s u m a b ly  th e  c lear  vesicles a r ise  from  th e  m e m b ra n e s  of th e
O  t J  %J

e le m e n ta ry  g ra n u le s  a f te r  ex o cy to s is .  A p p a r e n t ly  in L. stagnalis th e  e le m e n ta ry  

g ra n u le s  ch an g e  in size a n d  a p p e a ra n c e  p r io r  to  ex o cy to s is  since in a x o n  te rm in a ls  

c o n ta in in g  m a n y  c lear  vesicles e le m e n ta ry  g ra n u le s  of re la t iv e ly  sm all size a n dC? %/ CD %/

v a ry in g  e lec tron  d e n s i ty  occur. T h ese  a lm o s t  c e r ta in ly  o r ig in a te  f ro m  n o rm al-s ized  

g ra n u le s :  in a  n u m b e r  of cases a series  of t r a n s i t io n a l  s ize-s tages  w as  fo u n d  in  

a g ra d ie n t  to w a rd s  th e  a x o n a l  m e m b ra n e .  In su ch  a x o n s  s t r u c tu r a l  ch an g es  of
c  o

th e  g ra n u le s  w ere  in d ic a te d  by  th e  o ccu rren ce  of f ix a t io n  a r t i f a c ts  ( ru p tu re  of 

th e  m e m b ra n e s  of th e  e le m e n ta ry  g ran u le s )  a f t e r  in a d e q u a te  f ix a t io n .  C o m p a ra b le  

p h e n o m e n a  a re  k n o w n  to  o ccu r  in o th e r  a n im a ls  d u r in g  re lease  of n e u ro h o rm o n e s  

(F r id b e rg  et al., 1966: S h ivers ,  1969; W e i tz m a n n ,  1969). A dec rease  of th e  d i a 

m e te r  of th e  g ra n u le s  in th e  a x o n  te rm in a ls  has  been  fo u n d  in th e  c ray fish
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Orconectes nciis (S h iv ers ,  1969) a n d  in  th e  in te rc e re b ra l  co m m issu re  of th e  pu l- 

m o n a te  sn a il  Helisoma tenue (S im p so n , 1970).

T h e  re lease  of th e  n e u ro se c re to ry  s u b s ta n c e s  from  th e  n e u ro h a e m a l  reg ions•J o

of th e  ce reb ra l  g an g lia  of L. stagnalis is a  rh y th m ic a l  (daily) process. T h is  

o b s e rv a t io n  offers th e  o p p o r tu n i ty  to  s t u d y  re lease  p h e n o m e n a  in d e ta i l  w i th o u t  

p re v io u s  a r t i f ic ia l  s t im u la t io n  of th e  n e u ro se c re to ry  sy s tem  as c a r r ied  o u t  in 

o th e r  in v e s t ig a t io n s  (e.g., S c h a r re r  a n d  K a te r ,  1969: N o rm a n n ,  1969). T h e  re su l ts  

will be d e a l t  w i th  in a  f u tu r e  p u b l ic a t io n .
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