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I N T R O D U C T I O N

R e c e n t  e 1 e c t r o p h y s i o 1 o g i c a  1 and a n a t o m i c a l  s t u d i e s  

h a v e  c o n t r i b u t e d  a g r e a t  d e a l  to o u r  u n d e r s t a n d i n g  of the 

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

i n n e r v a t i o n  of t h e  d i s t a l  c o l o n  and u r i n a r y  b l a d d e r  ( f o r  a 

r e v i e w  see d e G r o a t ,  et a 1. , 1 9 8 1 ) .  E 1 e c t r o p h y s i o 1 o g i c a  1

e x p e r i m e n t s  h a v e  d e t e r m i n e d  that n e u r a l  p a t h w a y s  m e d i a t i n g  

m i c t u r i t i o n  and d e f e c a t i o n  a r e  d i s t i n c t .  D e f e c a t i o n  

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

( c - f i b e r )  a x o n s  in its a f f e r e n t  a n d  e f f e r e n t  l i m b s  ( d e G r o a t  

and K r i e r ,  1 9 7 8 ) .  F o l l o w i n g  t r a n s e c t i o n  of the s p i n a l  c o r d  

at l o w  t h o r a c i c  l e v e l s ,  t h i s  r e s p o n s e  r e c o v e r s  v e r y  r a p i d l y  

f r o m  an i n i t i a l  p e r i o d  of s p i n a l  s h o c k .  A f t e r  r e c o v e r y ,  t h e  

e 1 e c t r o p h y s i o 1o g i c a  1 c h a r a c t e r i s t i c s  of the d e f e c a t i o n  

r e f l e x  a r e  u n c h a n g e d ,  i n d i c a t i n g  tha t  it is n o r m a l l y  

m e d i a t e d  at th e  s p i n a l  l e v e l .

M i c t u r i t i o n  is m e d i a t e d  by s p i n a l  a n d  s p i n o - b u l b o -  

e p i n a l  r e f l e x  p a t h w a y s  u t i l i z i n g  l i g h t l y  m y e l i n a t e d  and 

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

a x o n s  ( B a r r i n g t o n ,  1931; K u r u ,  1 9 6 5 ;  d e G r o a t ,  1 9 7 5 ) ,  

E l e c t r i c a l  s t i m u l a t i o n  of b l a d d e r  a f f e r e n t  f i b e r s  e l i c i t s  a 

b i p h a s i c  r e s p o n s e  in v e s i c a l  p o s t g a n g l i o n i c  p a r a s y m p a t h e t i c
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a x o n s  ( M i l n e  and d e G r o a t ,  1 9 7 9 ;  d e G r o a t ,  et a l ., 1 9 7 9 ) .  Th e  

e a r l y  r e s p o n s e  is i n i t i a t e d  by B m a l l  m y e l i n a t e d  ( A - d e l t a  

f i b e r )  a f f e r e n t  a x o n s ,  a n d  ha s  an a v e r a g e  l a t e n c y  of 100 

m s e c .  T h e  late r e s p o n s e ,  w h i c h  has a s m a l l e r  a m p l i t u d e  a n d  

is u n d e t e c t e d  in s o m e  a n i m a l s ,  has an a v e r a g e  l a t e n c y  of 

190 m s e c  and is e l i c i t e d  by u n m y e l i n a t e d  a f f e r e n t  f i b e r s  

( C - f i b e r s ) ,  T r a n s e c t i o n  of the s p i n a l  c o r d  at low t h o r a c i c  

l e v e l s  e l i m i n a t e s  both r e s p o n s e s .  H o w e v e r ,  a p p r o x i m a t e l y  

one w e e k  a f t e r  the t r a n s e c t i o n ,  the l o n g  l a t e n c y  C - f i b e r  

r e s p o n s e  r e c o v e r s  ( M i l n e  a n d  d e G r o a t ,  1 9 7 9 ;  d e G r o a t ,  et 

al,, 1 9 7 9 ) .  It is i n t e r e s t i n g  to n o t e  tha t  the r e c o v e r y  

p e r i o d  of t h i s  r e f l e x  c o r r e s p o n d s  to the o n s e t  of a u t o m a t i c  

m i c t u r i t i o n ,  c h a r a c t e r i s t i c  of s p i n a l  a n i m a l s  and h u m a n s .  

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

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

p a t h w a y ,  a n d  that the lon g  l a t e n c y  r e s p o n s e  o c c u r s  at the 

s p i n a l  le v e l .

R e t r o g r a d e  t r a n s p o r t  of h o r s e r a d i s h  p e r o x i d a s e  ( H R P )  

h a s  b e e n  u s e d  to s t u d y  the m o r p h o l o g y  of the s a c r a l  p a r a -  

s y m p a t h e t i c  n u c l e u s  ( SPN) in the cat as w e l l  as s e v e r a l  

o t h e r  s p e c i e s  ( c a t :  N a d e l h a f t  et al., 1 9 8 0 ;  d e G r o a t  et al., 

1 9 7 8 ;  S a t o  et al., 1 978; Y a m a m o t o  et al. ,  1 9 7 8 ;  rat:

H a n c o c k  and P e v e t o ,  1 9 7 9 ;  N a d e l h a f t  an d  B o o t h ,  1 9 8 2 ;  dog: 

P e t r a s  a n d  C u m m i n g s ,  1 9 7 8 ;  an d  m o n k e y :  N a d e l h a f t  et al., 

1 9 8 3 ) .  T h e  SPN of t h e  cat is c o m p r i s e d  of two s e p a r a t e  c e l l  

g r o u p s  in the i n t e r m e d i o 1 a t e r a 1 g r a y  of s a c r a l  s p i n a l
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s e g m e n t s  one, two, and t h r e e ,  w h i c h  are a r r a n g e d  in the 

f o r m  of an i n v e r t e d  " l m ( N a d e l h a f t  et al., 1 9 8 0 ) .  A d o r s a l  

b a n d  (DB) of c e l l s  o r i e n t e d  m e d i o 1 a t e r a  1 1 y in l a m i n a  V 

i n n e r v a t e s  the c o l o n .  T h e  b l a d d e r  is i n n e r v a t e d  by a 

l a t e r a l  b a n d  (LB) of c e l l s  a r r a n g e d  d o r s o v e n t r a  1 1 y in 

l a t e r a l  1 am i n a V I I .

S t u d i e s  u s i n g  t r a n s g a n g 1 i o n i c  t r a n s p o r t  of HRP, 

f o l l o w i n g  a p p l i c a t i o n  of the e n z y m e  to the p e l v i c  n e r v e ,  

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

p r o j e c t  to t h e  r e g i o n  of the SPN ( M o r g a n  et al., 1 9 8 1 ;  

N a d e l h a f t  et al., 1 9 8 3 ) .  M o s t  of t h e s e  p r o j e c t i o n s  are 

c o l l a t e r a l s  f r o m  a f f e r e n t  a x o n s  in L i s s a u e r ' s  T r a c t  w h i c h  

p a s s  m e d i a l l y  or l a t e r a l l y  in l a m i n a  I a l o n g  the e d g e  of 

the d o r s a l  h o r n .  A x o n s  p a s s i n g  m e d i a l l y ,  d e s c r i b e d  by 

M o r g a n  et al. ( 1 9 8 1 )  as the m e d i a l  c o l l a t e r a l  p a t h w a y  

( M C P ) ,  a r b o r i z e  in l a m i n a  X an d  m e d i a l  l a m i n a  V, w h i l e  

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

( L C P ) ,  a r b o r i z e  in l a t e r a l  l a m i n a e  V a n d  V I I .  T h e s e  a x o n s  

a r e  l o c a t e d  in c l o s e  p r o x i m i t y  to d e n d r i t e s  of S P N  

p r e g a n g l i o n i c  n e u r o n s .  H o w e v e r ,  d u e  to the l o n g  c e n t r a l  

d e l a y s  ( 4 3 - 7 0  m s e c )  d e s c r i b e d  for b o t h  the c o l o n  and 

b l a d d e r  r e f l e x e s  ( d e G r o a t  and K r i e r ,  1 9 7 6 ;  M i l n e  and 

d e G r o a t ,  1 9 7 9 ) ,  it ha s  b e e n  s u g g e s t e d  tha t  o n l y  

p o l y s y n a p t i c  r a t h e r  t h a n  m o n o s y n a p t i c  c o n n e c t i o n s  e x i s t  in 

c a t s  w i t h  an i n t a c t  n e u r a x i s  ( M o r g a n  et al., 1 9 8 1 ;  d e G r o a t  

et al., 1 9 8 1 ) .
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In t h e  p r e s e n t  s t u d y ,  H R P  w a s  a p p l i e d  to the cut e n d s  

of d o r s a l  a n d  or v e n t r a l  s a c r a l  r o o t s .  T h i s  t e c h n i q u e  

p r o v i d e s  m o r e  d e t a i l e d  v i s u a l i z a t i o n  of the m o r p h o l o g y  of 

a f f e r e n t  and e f f e r e n t  n e u r a l  e l e m e n t s .  A p p l i c a t i o n  of H R P  

to the c e n t r a l  e n d s  of cut d o r s a l  r o o t l e t s  f i l l s  a x o n s  of 

all c a l i b e r s  a n d  a l l o w s  for o b s e r v a t i o n  of the d i s t r i b u t i o n  

of p r i m a r y  a f f e r e n t  a x o n s  and t h e i r  s w e l l i n g s  at the l i g h t  

m i c r o s c o p i c  (LM) a n d  e l e c t r o n  m i c r o s c o p i c  (EM) l e v e l s  

( B e a t t i e  et al., 1 9 7 8 ;  I, ight and P e r l ,  1977, 1 9 7 9 ;

P r o s h a n s k y  and E g g e r ,  1 9 7 7 ) .  H R P  a p p l i e d  to cut v e n t r a l  

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

n e u r o n a l  s o n a t a  a n d  d e n d r i t e s  r e s u l t i n g  in a G o l g i - l i k e  

l a b e l l i n g  of t h e s e  n e u r o n s  ( L i g h t  a n d  M e t z ,  1 9 7 7 ;  L i u z z i ,  

et al., 1 9 8 3 ) ,

T h e  i m p r o v e d  r e s o l u t i o n  p r o v i d e d  by t h e s e  t e c h n i q u e s  

h a s  a l l o w e d  an a p p r o a c h  to the f o l l o w i n g  q u e s t i o n s :  1) W h a t

is the l a m i n a r  and ge o n e  t r i e  e x t e n t  of p r e g a n g l i o n i c  n e u r o n  

d e n d r i t e s  in the cat s a c r a l  s p i n a l  c o r d ? ;  2) Do n e u r o n s  in 

the SPN r e c e i v e  d i r e c t  i n p u t  f r o m  p r i m a r y  a f f e r e n t  f i b e r s ? ;  

3) W h a t  a r e  th e  c y t o l o g i c a l  f e a t u r e s  of p r i m a r y  a f f e r e n t  

s y n a p t i c  t e r m i n a l s  e x i s t  in the S P N ? ;  4) Do p r i m a r y  

a f f e r e n t  a x o n s  t e r m i n a t e  d i r e c t l y  on p r e g a n g l i o n i c  

n e u r o n s ? ;  and 5) D o  v e n t r a l  r o o t  a f f e r e n t  f i b e r s  t e r m i n a t e  

on n e u r o n s  in t h e  S P N 7  P r e l i m i n a r y  a c c o u n t s  of t h e s e  

e x p e r i m e n t s  h a v e  b e e n  r e p o r t e d  ( M a w e  et al., 1 9 8 3 ,  1 9 8 4  a,

b) .



M E T H O D S

T h i r t y  e i g h t  a dult m o n g r e l  cats w e r e  u s e d  in this 

p r o j e c t ;  m o s t  w e r e  f e m a l e s  r a n g i n g  b e t w e e n  5 and 7 p o u n d s .  

A n i m a l s  w e r e  a n e s t h e t i z e d  i n i t i a l l y  w i t h  s u r i t o l ,  i n t u b a t e d  

and respi r a t e d  a r t i f i c i a l l y .  S u p p l e m e n t a l  i n t r a v e n o u s  

i n j e c t i o n s  of p e n t o b a r b i t a l  (55 m g / K g )  w e r e  a d m i n i s t e r e d  as 

n e e d e d  to m a i n t a i n  a d e e p  level of a n e s t h e s i a .  C o r e  

t e m p e r a t u r e  a n d  end tidal c a r b o n  d i o x i d e  l e v e l s  w e r e  

m o n i t o r e d  t h r o u g h o u t  the p r o c e d u r e .  T h e  s a c r a l  s p i n a l  cord 

was e x p o s e d  l a t e r a l l y  by r e m o v a l  of the 5th and 6t h  l u m b a r  

l a m i n a e ,  t r a n s v e r s e  p r o c e s s e s  and p e d i c l e s .  Th e  l a t e r a l  

a p p r o a c h  was e m p l o y e d  r a t h e r  than a s t a n d a r d  l a m i n e c t o m y  

b e c a u s e  it p r o v i d e s  d i r e c t  a c c e s s  to v e n t r a l  as w e l l  as 

d o r s a l  r o o t s  and a l l o w s  for p r e c i s e  m a t c h i n g  of d o r s a l  and 

v e n t r a l  r o o t l e t s  for l a b e l l i n g .  A n i m a l s  w e r e  p a r a l y z e d  w i t h  

P a v u l o n  (0.1 c c / 4 . 5  Kg) d u r i n g  m a n i p u l a t i o n  of the roots.

S u r g i c a l  m a n i p u l a t i o n  of d o r s a l  r o o t s  o n l y  was 

p e r f o r m e d  in 13 cases, v e n t r a l  r oots o n l y  in 10 ca s e s ,  and 

both d o r s a l  and v e n t r a l  r o o t s  in 15 cases. R o o t l e t s  w ere 

g e n t l y  d i s s e c t e d  fro m  the s u r f a c e  of the s p i n a l  cor d  and 

cut 2~3 m m  f r o m  t h e i r  e n t r a n c e  or exit. A f t e r  g e n t l e  

w a s h i n g  of the cut ends w i t h  d i s t i l l e d  w a t e r ,  c h i p s  of dry,

5
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c o n c e n t r a t e d  H R P  w e r e  a p p l i e d  to the r o o t l e t s .  W h i l e  

k e e p i n g  the f i e l d  as d r y  as p o s s i b l e ,  H R P  wa s  r e a p p l i e d  as 

n e c e s s a r y  f o r  30 m i n u t e s  to o n e  h o u r .  At t h i s  p o i n t ,  e x c e s s  

H R P  w a s  f l u s h e d  f r o m  t h e  s i t e s  of a p p l i c a t i o n ,  the c o r d  wa s  

c o v e r e d  w i t h  g e l - f o a m ,  the w o u n d  w a s  c l o s e d  in l a y e r s ,  an d  

d e e p  a n e s t h e s i a  was m a i n t a i n e d  for an a d d i t i o n a l  1 0 - 2 0  

h o u r s .  T h e  c a t s  w e r e  s a c r i f i c e d  by i n t r a c a r d i a c  p e r f u s i o n  

w i t h  1L of s a l i n e  c o n t a i n i n g  an i n i t i a l  30 m g  b o l u s  of 

x y l o c a i n e  f o l l o w e d  by 2L of an a l d e h y d e  f i x a t i v e  p r e p a r e d  

in S o r e n s o n ' s  p h o s p h a t e  b u f f e r  (IS g 1 u t a r a  1 d e h y d e , 32

p a r a f o r m a l d e h y d e ;  pH 7 . 3 ;  1 4 1 0 — 1 4 3 0  m O s m ) .  T h e  t i s s u e  v a e  

t h e n  r e m o v e d  an d  p l a c e d  in f r e s h  f i x a t i v e  for 3-6 h o u r s  

f o l l o w e d  by o v e r n i g h t  i m m e r s i o n  in a 302 s u c r o s e  s o l u t i o n  

in p h o s p h a t e  b u f f e r .

S e c t i o n s  w e r e  cut t r a n s v e r s l y  or p a r a s a g i t t a  1 1 y (2 

c a s e s )  at 60 um on a V i b r a t o m e  ( O x f o r d )  a n d  p l a c e d  in t r a y s  

w i t h  n y l o n  s c r e e n  b o t t o m s .  T h e  s e c t i o n s  w e r e  t h e n  r i n s e d  

o n c e  in p h o s p h a t e  b u f f e r ,  b l o t t e d  on p a p e r  t o w e l s ,  and 

p l a c e d  in 51 c o b a l t  c h o r i d e  f o r  i n t e n s i f i c a t i o n  of the 

r e a c t i o n  p r o d u c t  ( A d a m s ,  1 9 7 7 ) .  F o l l o w i n g  b l o t t i n g  and f o u r  

r i n s e s  in p h o s p h a t e  b u f f e r ,  the s e c t i o n s  w e r e  i n c u b a t e d  at 

37 d e g r e e s  c e n t e g r a d e  in 0 . 0 5 2  d i a m i n o b e n z i d i n e  ( DAB) for 

20 m i n u t e s .  F o u r  ml of 0 . 0 6 2  H 2 O 2 / 1 0 0 m l  of DA B  s o l u t i o n  

w e r e  t h e n  a d d e d  for 5 - 1 5  n i n u t e e  a n d  the t i s s u e  w a s  g e n t l y  

a g i t a t e d  on a r o t a t o r .  S e c t i o n s  w e r e  i n t e r m i t t e n t l y  

e x a m i n e d  at lo w  p o w e r  to m o n i t o r  the m a g n i t u d e  of the
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r e a c t i o n  p r o d u c t  f o r m a t i o n .  W h e n  l a b e l l e d  s t r u c t u r e s  euch 

as a x o n s  a n d  d e n d r i t e s  c o u l d  be c l e a r l y  d e f i n e d ,  the t i s s u e  

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

t h e  r e a c t i o n  and m i n i m i s e  r e a c t i o n  p r o d u c t  f o r m a t i o n  in 

s t r u c t u r e s  c o n t a i n i n g  e n d o g e n o u s  p e r o x i d a s e  and in b l o o d  

v e s s e l s .

A l t e r n a t e  s e c t i o n s  w e r e  m o u n t e d  on c h r o m e - a l u m  c o a t e d  

g l a s s  s l i d e s  and c o u n t e r s t a i n e d  for N i s s l  s u b s t a n c e .  

R e m a i n i n g  s e c t i o n s  w e r e  p l a c e d  in II o s m i u m  t e t r o x i d e  for 1 

h o u r ,  s t a i n e d  en b l o c k  w i t h  u r a n y  1 a c e t a t e ,  d e h y d r a t e d  in 

g r a d e d  a l c o h o l s ,  and f l a t  e m b e d d e d  in M a r a g l a s  r e s i n  

b e t w e e n  t w o  s h e e t s  of A c l a r  ( A l l i e d  C h e m i c a l  C o m p a n y )  ( M a w e  

et al., 1 9 8 3 a ) .  T h e s e  s e c t i o n s  w e r e  e x a m i n e d  l i g h t  

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

B e e m  c a p s u l e s  for s e c t i o n i n g  on a R e i c h e r t  O M U - 2  

u 1 t r a m i c r o t o m e . O n e  m i c r o n  t h i c k  s e c t i o n s  w e r e  t a k e n  and 

s t a i n e d  w i t h  t o l u i d i n e  b l u e .  U l t r a t b i n  s e c t i o n s  w e r e  p i c k e d  

up on F o r m v a r  c o a t e d  s l o t t e d  g r i d s ,  s t a i n e d  w i t h  u r a n y l  

a c e t a t e  a n d  lead c i t r a t e ,  an d  w e r e  e x a m i n e d  w i t h  a P h i l l i p s  

3 0 1  e l e c t r o n  m i c r o s c o p e .

D A T A  A N A L Y S I S :

S e c t i o n s  c o u n t e r a t a i n e d  w i t h  c r e s y  1 - v i o 1et as w e l l  as 

s e c t i o n s  e m b e d d e d  in M a r a g l a s  w e r e  e x a m i n e d  at the L M  l evel 

on a L e i t z  O r t h o p l a n  m i c r o s c o p e  w i t h  b r i g h t  f i e l d  and 

d i f f e r e n t i a l  i n t e r f e r e n c e  c o n t r a s t  o p t i c s .  S e l e c t e d
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s e c t i o n s  w e r e  p h o t o g r a p h e d .  C a m e r a  l u c i d a  d r a w i n g s  at 

s e v e r a l  m a g n i f i c a t i o n s  w e r e  m a d e  of l a b e l l e d  P G N s  and 

p r i m a r y  a f f e r e n t  f i b e r s  w i t h i n  the SPN.

In o r d e r  to c h a r a c t e r i z e  the d i s t r i b u t i o n  of 

p r e g a n g l i o n i c  n e u r o n s  w i t h i n  the SPN, m a p s  of the l o c a t i o n s  

of all l a b e l l e d  S2 P G N s  w e r e  m a d e  f r o m  t h r e e  c a s e s  w i t h  an 

a n a l o g  X - Y  p l o t t e r  ( H o u s t o n  I n s t r u m e n t s ,  2 0 0 0  r e c o r d e r )  

i n t e r f a c e d  to a L e i t z  O r t h o p l a n  m i c r o s c o p e .  T h e s e  m a p s  w e r e  

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

C o u n t s  of l a b e l l e d  p r e g a n g l i o n i c  n e u r o n s  w e r e  a l s o  m a d e  

d u r i n g  thi s  p r o c e s s .  In o r d e r  to a v o i d  the p o s s i b i l i t y  of 

c o u n t i n g  the s a m e  cell in two a d j a c e n t  s e c t i o n s ,  

c o r r e c t i o n s  w e r e  m a d e  u s i n g  t h e  f o r m u l a  N “ N ' ( t / t + a ) , in 

w h i c h  N is the c o r r e c t e d  n u m b e r  of c e l l s ,  N' is the n u m b e r  

of c e l l s  c o u n t e d ,  111" is the s e c t i o n  t h i c k n e s s ,  a n d  "a" is 

t h e  a v e r a g e  c e l l  d i a m e t e r  ( s e e  A b e r c r o m b i e ,  1 9 4 6 ;  N a d e l h a f t  

et al,, 1 9 8 0 ) ,  M e a s u r e m e n t s  of a v e r a g e  c e l l  d i a m e t e r  ( m i n o r  

a x i s )  w e r e  m a d e  on c a m a r a  l u c i d a  d r a w i n g s  p r e p a r e d  u s i n g  a 

6 3 X  oil o b j e c t i v e .

P r i o r  to e l e c t r o n  m i c r o s c o p i c  a n a l y s i s ,  the v i b r a t o m e  

s e c t i o n s  w e r e  c a r e f u l l y  d o c u m e n t e d  at the LM l e v e l .  C a m e r a  

l u c i d a  d r a w i n g s  of the s e c t i o n s  w e r e  d o n e  to l o c a t e  

l a b e l l e d  n e u r o n s  and a x o n s ,  f i b e r  b u n d l e s  a n d  b l o o d  

v e s s e l s .  T h e  s e c t i o n s  w e r e  s I b o  p h o t o g r a p h e d  w i t h  b l a c k  a n d  

w h i t e ,  and c o l o r  s l i d e  f i l m .  T h e  a r e a  of i n t e r e s t  w a s  t h e n  

c a r e f u l l y  t r i m m e d  f r o m  the s e c t i o n  u n d e r  a d i s s e c t i o n
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m i c r o s c o p e  and g l u e d  to a b l a n k  B e e m  c a p s u l e  for 

u 1 t r a m i c r o t o m y . D r a w i n g s  m a d e  f r o m  one m i c r o n  s e c t i o n s  w e r e  

o v e r l a y e d  u p o n  d r a w i n g s  of the 60 um v i b r a t o m e  s e c t i o n s  for 

d e f i n i t e  i d e n t i f i c a t i o n  of l a b e l l e d  n e u r o n s .  T h e  1 um 

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

d u r i n g  e l e c t r o n  m i c r o s c o p i c  e x a m i n a t i o n  of s u b s e q u e n t  

u l t r a t h i n  s e c t i o n s .  U 1 1 r a s t r u c t u r a  1 s a m p l i n g  w a s  l i m i t e d  to 

the SP N  by c o n s t a n t  r e f e r e n c e  to t h e s e  d r a w i n g s .  M y e l i n a t e d  

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

i n t e r m e d i o m e d i a l  g r a y  r e g i o n  s e r v e d  as a m e d i a l  b o u n d a r y  

for s a m p l i n g  in t h e  DB r e g i o n .  ( F i g u r e s  3 6 - 3 9  i l l u s t r a t e  a 

l a b e l l e d  P G N  w h i c h  wa s  p h o t o g r a p h e d  in s 60 um s e c t i o n ,  a 

o n e  m i c r o n  s e c t i o n ,  a n d  w i t h  the e l e c t r o n  m i c r o s c o p e . )

T h e  i n i t i a l  c l a s s i f i c a t i o n  of p r e s y n a p t i c  p r o f i l e s  w a s  

b a s e d  on the s h a p e s  of s y n a p t i c  v e s i c l e s .  T h e s e  w e r e  

d i v i d e d  i n t o  t h r e e  c a t e g o r i e s :  r o u n d  ( o r  s p h e r i c a l ) ,

p l e o m o r p h i c ,  and f l a t t e n e d .  C r i t e r i a  f o r  the c a t e g o r i z a t i o n  

of v e s i c l e  c o n t a i n i n g  t e r m i n a l s  w e r e  b a s e d  on t h o s e  

f o r m u l a t e d  by P a l a y  an d  C h a n - P a l a y  ( 1 9 7 4 ) .  P r e s y n a p t i c  

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

a l m o s t  e x c l u s i v e l y  s p h e r i c a l l y  s h a p e d  v e s i c l e s .  P l e o m o r p h i c  

v e s i c l e  t e r m i n a l s  c o n t a i n e d  b o t h  s p h e r i c a l  and m o r e  or less 

f l a t t e n e d  v e s i c l e B  in d i f f e r e n t  p r o p o r t i o n s .  T e r m i n a l s  of 

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

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

o v a l  v e s i c l e s  w e r e  o b s e r v e d .  S i n c e  the l o n g i t u d i n a l
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o r i e n t a t i o n  of v e s i c l e s  a n d  m i t o c h o n d r i a  in t h e s e  t e r m i a l s  

w e r e  the s ame, the s h a p e  of v e s i c l e s  w a s  a t t r i b u t e d  to 

s t r e t c h i n g  of t h e  f o r m v a r  s u b s t r a t e .  S u c h  t e r m i n a l s  w e r e  

c l a s s i f i e d  as s p h e r i c a l .  T e r m i n a l s  w e r e  f u r t h e r  c l a s s i f i e d  

on the b a s i s  of the p r e s e n c e  a n d  n u m b e r  of d e n s e  cor e  

v e s i c l e s  ( D C V s ) .

P o s t s y n a p t i c  e l e m e n t s  w e r e  c l a s s i f i e d  as s o m a t i c ,  

d e n d r i t i c  or a x o n i c .  S i z e s  of d e n d r i t i c  p r o f i l e s  w e r e  

d e t e r m i n e d  by m e a s u r i n g  c r o s s  s e c t i o n a l  d i a m e t e r  in 

e l e c t r o n  m i c r o g r a p h s .  C h a r a c t e r i z a t i o n  of p o s t B y n a p t i c  

e l e m e n t s  c o n t a i n i n g  v e s i c l e s  wa s  the s a m e  as d e s c r i b e d  for 

p r e s y n a p t i c  e l e m e n t s .  P r e -  a n d  p o s t s y n a p t i c  d e n s i t i e s  w e r e  

not u s e d  as a c r i t e r i o n  for t e r m i n a l  c l a s s i f i c a t i o n  b e c a u s e  

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

a c c u r a t e  a s s e s s m e n t  of t h i c k n e s s  of t h e s e  f e a t u r e s .



R E S U L T S

L I G H T  M I C R O S C O P I C  O B S E R V A T I O N S

L i g h t  m i c r o s c o p i c  r e s u l t s  s i m i l a r  to a n d  p r e d i c t i v e  of 

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

( e . g .  N a d e l h a f t ,  et al., 1980; M o r g a n ,  et al., 1981). 

H o w e v e r ,  t e c h n i c a l  d i f f e r e n c e s  e x i s t  b e t w e e n  t h i s  s t u d y  a n d  

p r e v i o u s  r e p o r t s .  In the p r e s e n t  s t u d y ,  H R P  v a e  a p p l i e d  to 

s p i n a l  r o o t s  r a t h e r  t h a n  m o r e  p e r i p h e r a l l y  to the p e l v i c  

n e r v e .  T h i s  p r o c e d u r e ,  w h i l e  s a c r i f i c i n g  the s p e c i f i c i t y  of 

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

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

r e s o l u t i o n  of s t r u c t u r a l  d e t a i l .  A l s o ,  in t h i s  s t u d y  light 

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

m i c r o s c o p i c  e x a m i n a t i o n  of the s a m e  t i s s u e .  In l i g h t  of 

p o s s i b l e  d i f f e r e n c e s  in the r e s u l t s  p r o v i d e d  by t h e s e  

t e c h n i q u e s ,  a r e l a t i v e l y  d e t a i l e d  d e s c r i p t i o n  of light 

m i c r o s c o p i c  o b s e r v a t i o n s  w i l l  be p r e s e n t e d .

A f t e r  a p p l i c a t i o n  of H R P  to v e n t r a l  r o o t s  Si, 2, an d  

3, m o t o n e u r o n s  and p r e g a n g l i o n i c  n e u r o n s  ( P GNs) ar e  

l a b e l l e d  ( F i g s .  1 an d  2). S a c r a l  P G N s  a r e  l o c a t e d  l a t e r a l l y  

in th e  i n t e r m e d i a t e  g r a y  r e g i o n  a n d  b a s e  of the d o r s a l  

h o r n ,  and h a v e  t h e i r  m a j o r  d e n d r i t i c  s p r e a d  in th e

1 1
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t r a n s v e r s e  p l a n e .  N e u r o n s  of the d o r s a l  b a n d  ( DB) t y p i c a l l y  

a r e  m e d i o 1 a t e r a 11 y o r i e n t e d  (fig. 3, a r r o w s ) ,  a n d  P G N s  of 

t he l a t e r a l  b a n d  (LB) t y p i c a l l y  a r e  o r i e n t e d  d o r s o v e n t r a  1 1 y 

( f i g .  2 a n d  fig. 4, a r r o w s ) .  In t h i s  t i s s u e ,  the r e a c t i o n  

p r o d u c t  in the c e l l s  d i f f e r e d  in a p p e a r a n c e :  m a n y  P G N s  an d  

a l m o s t  f 11 m o t o n e u r o n s  h a d  d a r k  d i f f u s e  r e a c t i o n  p r o d u c t  

( f i g .  5, c e l l  1); s o m e  P G N s  in the DB a n d  m o s t  P G N s  in the 

LB r e g i o n  h a d  l i g h t  d i f f u s e  label w i t h  g r a n u l e s  ( fig. 5, 

c ell 2); a n d  Borne c e l l s  in the LB an d  m o s t  in t h e  DB 

c o n t a i n e d  o n l y  g r a n u l a r  l a b e l  ( f i g u r e  5, c e l l  3). In 

n e u r o n s  w i t h  g r a n u l a r  l a b e l ,  d e n d r i t e s  c o u l d  not be t r a c e d  

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

l a b e l l e d  n e u r o n s  c o u l d  o f t e n  be t r a c e d  h u n d r e d s  of 

m i c r o m e t e r s  f r o m  t h e i r  c e l l  b o d i e s  ( f i g s .  9 - 1 3 ) .

N u m b e r  and d i s t r i b u t i o n  of PGN s

A n a l y s i s  of PGN d i s t r i b u t i o n  a n d  n u m b e r s  w a s  l i m i t e d  

to th e  S2 s p i n a l  s e g m e n t  w h i c h  p r e v i o u s l y  ha s  b e e n  s h o w n  to 

c o n t a i n  the m a j o r i t y  of cat s a c r a l  P G N s  ( N a d e l h a f t  et al., 

1 9 8 0 ) .  A c a s e  in w h i c h  all s e c t i o n s  w e r e  p r e p a r e d  for l i g h t  

m i c r o s c o p y  w a s  u s e d  for c e l l  c o u n t s  a n d  d i s t r i b u t i o n  

a n a l y s i s .  In t h i s  c ase, H R P  wa s  a p p l i e d  to all S2 v e n t r a l  

r o o t l e t s  as w e l l  as the v e n t r a l  r o o t l e t s  of c a u d a l  Si an d  

r o s t r a l  S3. T h e  n u m b e r  of l a b e l l e d  c e l l s  in S2 w a s  913.

T h i s  f i g u r e  w a s  o b t a i n e d  a f t e r  u s i n g  the c o r r e c t i o n  f a c t o r  

d e s c r i b e d  in the m e t h o d s  s e c t i o n .  L a b e l l e d  c e l l s  in the



d o r s a l  and l a t e r a l  b a n d s  h a v e  s l i g h t l y  d i f f e r e n t  d i a m e t e r s :  

DB c e l l s  h a v e  a m e a n  m i n o r  a x i s  of 1 3 . 3  um w i t h  an S.D. of 

2.7 um ( n “ 50); t h e  m e a n  m i n o r  a x i s  for the LB c e l l s  w a s  

1 7 . 2  um w i t h  an S.D. of 4 . 6  um ( n “ 5 0 ) ,

T h e  t r a n s v e r s e  and l o n g i t u d i n a l  a r r a n g e m e n t s  of 

l a b e l l e d  S2 P G N s  w i t h i n  the SP N  a r e  i l l u s t r a t e d  in f i g u r e s  

6 a n d  7. F i g u r e  6 is a c o m p o s i t e  d r a w i n g  of a s e r i e s  of 

c r o s s - s e c t i o n s  o r g a n i z e d  f r o m  c a u d a l  to r o s t r a l ,  w i t h  P G N s  

f r o m  t h r e e  60 um s e c t i o n s  i n d i c a t e d  on eac h  c o r d  s e c t i o n .

In g e n e r a l ,  the d i s t r i b u t i o n  of P G N s  is c o n s i s t e n t  

t h r o u g h o u t  the S2 s e g m e n t  w i t h  the LB f o r m i n g  t h e  b a c k  and 

t h e  DB f o r m i n g  t h e  b a s e  of an i n v e r t e d  " l m . In s o m e  

s e c t i o n s  the s e p a r a t i o n  b e t w e e n  the LB and DB is f a i r l y  

d i s t i n c t  (e.g. fig. 6, s e c t i o n  F). C e l l s  of the L B  are 

p r i m a r i l y  l o c a t e d  in the l a t e r a l  a s p e c t  of R e i e d ' s  ( 1 9 5 4 )  

l a m i n a  V II, a l t h o u g h  s o m e  c e l l s  w e r e  a l s o  f o u n d  in l a m i n a e

V as w e l l  as in the l a t e r a l  f u n i c u l u s  ( f i g .  6, s e c t i o n s  C 

a n d  F). N e u r o n s  of the DB a r e  s i t u a t e d  m a i n l y  in l a m i n a  V. 

H o w e v e r ,  l a b e l l e d  DB c e l l s  w e r e  o f t e n  f o u n d  in d o r s a l  

l a m i n a  V I I  and l a t e r a l l y  in l a m i n a  I. T h e  e x t e n t  of l a m i n a

VI is m i n i m a l  at t his l e v e l  of the s p i n a l  c o r d  ( f i g u r e  8; 

R e x e d ,  1 9 5 4 ) .

T h e  r o s t r o - c a u d a  1 d i s t r i b u t i o n  of l a b e l l e d  P G N s  in S2 

is i l l u s t r a t e d  in f i g u r e  7. A l t h o u g h  f e w e r  c e l l s  w e r e  

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

of n e u r o n s  w i t h o u t  o b v i o u s  p e r i o d i c i t y .
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M o r p h o l o g y  of P G N s .

T h e  s h a p e  of P G N s  in the s a c r a l  s p i n a l  c o r d  v a r i e s  

w i t h  t h e i r  l o c a t i o n  w i t h i n  the S PN. T h r e e  g e n e r a l  g r o u p s  

of P G N s  c a n  be d e s c r i b e d :  1) n e u r o n s  of the DB l o c a t e d

l a t e r a l l y ,  in or a d j a c e n t  to l a m i n a  I ( c e l l  A, fig. 8); 2)

n e u r o n s  in the DB l o c a t e d  v e n t r a l  an d  m e d i a l  to t h o s e  in

g r o u p  1 ( c e l l  B, fig. 8); a n d  3) n e u r o n s  of the l a t e r a l

b a n d  ( c e l l  C, fig. 8). N e u r o n s  of t h e  f i r s t  g r o u p  w e r e  

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

d e n d r i t e  e x t e n d i n g  d o r s o 1 a t e r a  1 1 y , p a r a l l e l  to the l a t e r a l  

e d g e  of the d o r s a l  h o r n  in l a m i n a  I. T h e  o t h e r  p r i m a r y  

d e n d r i t e  p a s s e d  v e n t r o a e d i  a l l y  a c r o s s  the b a s e  of the 

d o r s a l  h o r n  i n t o  l a m i n a e  V and V I I .  D e n d r i t e s  of t h e s e  

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

t h i s  t y p e  of n e u r o n  are i l l u s t r a t e d  in f i g u r e  4 ( o p e n  b l o c k  

a r r o w ) ,  f i g u r e  9 ( c e l l  1), and f i g u r e  31.

M o s t  n e u r o n s  in the DB w e r e  c l a s s i f i e d  in the s e c o n d  

g r o u p .  N e u r o n s  in this c a t e g o r y  a r e  m e d i o 1 a t e r a  1 1 y 

o r i e n t e d ,  a r e  f u s i f o r m  or oval in s h a p e ,  and m a y  be b i p o l a r  

or m u l t i p o l a r  ( f i g s .  9, c e l l  2; fig. 10). D e n d r i t e s  w h i c h  

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

e x t e n d e d  c o n t r a l a t e r a l l y  i n t o  l a m i n a e  V and V I I  ( f i g s .  9 

a n d  10). S o m e  m e d i a l l y  e x t e n d i n g  d e n d r i t e s  p r o j e c t e d  

d o r s a l l y  i n t o  l a m i n a  IV. L a t e r a l l y  e x t e n d i n g  d e n d r i t e s  of
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t h e s e  DB n e u r o n s  u s u a l l y  t a k e  a d o r s o l a t e r a l  c o u r s e  a l o n g  

t h e  l a t e r a l  e d g e  of the d o r s a l  h o r n  ( f i g s .  9, c ell 2; fig. 

10), a l t h o u g h  s o m e  f o l l o w  f a s c i c l e s  of d e n d r i t e s  i n t o  t h e  

l a t e r a l  f u n i c u l u s .

T h e  t h i r d  g r o u p ,  c o n s t i t u t i n g  th e  n e u r o n s  of the LB 

( f i g .  2 ; c  in fig. 8; f i g s .  11, 12, a n d  13), is the m o s t

h e t e r o m o r p h o u s  g r o u p  of t h e  t h r e e .  N e u r o n s  in the LB are 

o r i e n t e d  d o r s o n e d i a  1 1 y , p a r a l l e l  to the l a t e r a l  e d g e  of the 

i n t e r m e d i a t e  g r a y  m a t t e r .  Cell b o d i e s  of t h e s e  n e u r o n s  are 

f u s i f o r m ,  o v a l ,  or t r i a n g u l a r  ( f i g .  2, o p e n  b l o c k  a r r o w )  in 

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

( f i g .  12), m o s t  are m u l t i p o l a r  ( f i g s .  11 a n d  13). D e n d r i t e s  

of LB n e u r o n s  w h i c h  e x t e n d  d o r s a l l y  f r o m  the c ell b o d y  

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

( f i g .  11, o p e n  b l o c k  a r r o w )  or d o r s o m e d i a  1 1 y i n t o  the 

d o r s a l  ban d  r e g i o n  ( fig. 13, b l o c k  a r r o w ) .  In s o m e  c e l l s ,  a 

s i n g l e  d o r s a 1 ly e x t e n d i n g  d e n d r i t e  b i f u r c a t e s  i n t o  b o t h  

r e g i o n s  ( f i g .  12, o p e n  b l o c k  a r r o w  a n d  b l o c k  a r r o w ) .  

D e n d r i t i c  b r a n c h e s  of LB n e u r o n s  w h i c h  e x t e n d  l a t e r a l l y  

i n t o  the l a t e r a l  f u n i c u l u s  e i t h e r  p a s s  h o r i z o n t a l l y  i n t o  

the l a t e r a l  f u n i c u l u s  ( f i g .  13) or d o r s o 1 a t e r a  1 1 y i n t o  the 

d o r s o l a t e r a l  f u n i c u l u B ,  A b u n d l e  of s u c h  d e n d r i t e s  is 

i n d i c a t e d  by th e  b l o c k  a r r o w  in f i g u r e  2. D e n d r i t e s  w h i c h  

c o u r s e  v e n t r a l l y  f r o m  L B  n e u r o n s  c a n  be t r a c e d  a l o n g  the 

l a t e r a l  e d g e  of the i n t e r m e d i a t e  g r a y  m a t t e r  a n d  v e n t r a l  

h o r n  ( f i g s .  11 a n d  13).
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A x o n s  of n e u r o n s  in all t h r e e  g r o u p s  e m e r g e  fr on the 

s o m a  or a p r o x i m a l  d e n d r i t e  and pas s  v e n t  r a l l y  a l o n g  the 

l a t e r a l  e d g e  of the v e n t r a l  h o r n  ( f i g s .  9 -12, A) to e n t e r  

the v e n t r a l  root w i t h  f a s c i c l e s  of m o t o n e u r o n  a x o n s .  

L a b e l l e d  a x o n s  w e r e  e x a m i n e d  for the p r e s e n c e  of c o l l a t e r a l  

b r a n c h e s  w h i c h  r e - e n t e r  the SPN, but n o n e  w e r e  o b s e r v e d .  

O t h e r  f i n e  a x o n - l i k e  p r o c e s s e s  w e r e  s e e n  e n t e r i n g  the 

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

and a x o n s .

A f f e r e n t  d i s t r i b u t i o n  in the SPN

F o l l o w i n g  a p p l i c a t i o n  of H R P  to the d o r s a l  r o o t s  of 

the t h r e e  s a c r a l  s e g m e n t s ,  p r i m a r y  a f f e r e n t  f i b e r s  of all 

c a l i b e r s  w e r e  l a b e l l e d .  In the 13 c a s e s  in w h i c h  the e n z y m e  

w a s  a p p l i e d  o n l y  to the d o r s a l  r o o t l e t s ,  no l a b e l l e d  

n e u r o n s  w e r e  seen. T h e  L C P  an d  M C P  d e s c r i b e d  by M o r g a n  et 

al, ( 1 9 8 1 ) ,  w e r e  e a s i l y  i d e n t i f i e d  a l o n g  the l a t e r a l  and 

m e d i a l  e d g e s  of the d o r s a l  h o r n  ( f i g .  16). Th e  L CP, w h i c h  

is the m o s t  p r o m i n e n t  c o n t i n g e n t  of a f f e r e n t  f i b e r s  at this 

l e v e l  of the s p i n a l  cord, a r i s e s  f r o m  the T r a c t  of 

L i s s a u e r ,  It is a f a s c i c l e  of a x o n s ,  30 to 70 um w i d e  in 

t r a n s v e r s e  s e c t i o n ,  w h i c h  p a s s e s  v e n t r a l l y  a l o n g  the 

l a t e r a l  b o r d e r  of the d o r s a l  h o r n  in l a m i n a  I. T h e  d e n s i t y  

of the L C P  v a r i e s  w h e n  o b s e r v e d  in t r a n s v e r s e  s e c t i o n s  

( c o m p a r e  fig. 15 w i t h  f i g s .  17 a n d  18). O n e  s o u r c e  of s u c h  

v a r i a b i l i t y  is a p e r i o d i c  f a s c i c u 1a t i o n  of a x o n s  as t hey



1 1

p a s s  v e n t r a l l y  t h r o u g h  l a m i n a  I ( f i g s .  22 and 23, o p e n  

b l o c k  a r r o w s ) .  T h e  p e r i o d i c i t y ,  w h i c h  is m o s t  e a s i l y  

o b s e r v e d  in s a g i t t a l  s e c t i o n s  b e c o m e s  m o r e  o b v i o u s  as the 

f i b e r s  a p p r o a c h  the SPN ( f i g s .  23, 24, a n d  26).

O c c a s i o n a l l y  f a s c i c l e s  of L C P  a x o n s  l e a v e  the m a i n  b u n d l e  

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

f o l l o w i n g  c o r d s  of n e u r o p i l  in the r e t i c u l a t e d  r e g i o n  of 

the d o r s a l  h o r n  to r e e n t e r  the i n t e r m e d i a t e  g r a y  m a t t e r  

( f i g .  14, a r r o w ) .  T h e  L C P  m o s t  c o m m o n l y  e x p a n d s  i n t o  a 

b r o a d  t e r m i n a l  f i e l d  in l a t e r a l  l a m i n a  V ( f i g s . 14 an d  18). 

S o m e  of t h e  a x o n s  c o n t i n u e  v e n t r a l l y  i n t o  the L B  r e g i o n  

( f i g  14, a r r o w h e a d s )  w h e r e  t h e y  e x t e n d  as far as the 

i n t e r m e d i o  1 a t e r a  1 n u c l e u s  d e s c r i b e d  by ftexed ( f i g .  8, I ML).  

In s o m e  s e c t i o n s ,  a f a s c i c l e  of a x o n s  c o u l d  be f o l l o w e d  

m e d i a l l y  a c r o s s  t h e  b a s e  of the d o r s a l  h o r n  p r o j e c t i n g  i n t o  

t h e  d o r s a l  g r a y  c o m m i s s u r e  ( f i g  13, a r r o w h e a d s ) .  In 

f o r t u i t o u s  s e c t i o n s  s o m e  of t h e s e  a x o n s  c o u l d  be t r a c e d  to 

a t e r m i n a l  f i e l d  in l a t e r a l  l a m i n a  III and IV of the 

c o n t r a l a t e r a l  s p i n a l  g r a y  ( f i g .  2 0). O t h e r  a x o n s  p a s s i n g  

m e d i a l l y  in d o r s a l  l a m i n a  V I I  v e e r  d o r s o m e d i a  1 1 y to 

t e r m i n a t e  in m e d i a l  l a m i n a  V ( f i g s  16 and 17), As the L C P  

e n t e r s  the d o r s a l  a s p e c t  of the SPN, f i b e r s  s p r a y  i n t o  th e  

n e u r o p i l  ( f i g s .  14 a n d  18) and e x h i b i t  f r e q u e n t  

v a r i c o s i t i e s  ( fig. 18; fig. 19, a r r o w h e a d s ) .  S u c h  

v a r i c o s i t i e s  p r o b a b l y  r e p r e s e n t  b o u t o n s  en p a s s a n t  (e.g. 

B e a t t i e  et al., 1 9 7 8 ) .
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V e n t r a l  r o o t  a f f e r e n t s .

F o l l o w i n g  a p p l i c a t i o n  of H R P  to the v e n t r a l  roo t  

a l o n e ,  s m a l l  f a s c i c l e s  of f i n e  f i b e r s  w e r e  o b s e r v e d  

e n t e r i n g  the S P N  f r o m  the v e n t r a l  a s p e c t  ( fig. 35) and 

b e c a m e  v a r i c o s e  ( f i g .  27) T h e s e  l a b e l l e d  f i b e r s ,  w h i c h  a r e  

q u a l i t a t i v e l y  s i m i l a r  to d o r s a l  r o o t  a f f e r e n t  a x o n s ,  are 

t h o u g h t  to be v e n t r a l  roo t  a f f e r e n t  a x o n s .  T h e y  w e r e  B e e n  

c o n t i n u i n g  i n t o  l a m i n a  I a l o n g  the l a t e r a l  and d o r s o l a t e r a l  

e d g e s  of the d o r s a l  h o r n  ( f i g s .  28 an d  2 9 ) .  L a b e l l e d  f i b e r s  

w e r e  f r e q u e n t l y  e n c o u n t e r e d  in L i s s a u e r ' s  t r a c t  as w e l l  

( B e a t t i e  et al., 1 9 8 4 ) ,

A f f e r e n t - P G N  i n t e r a c t i o n s .

In c a s e s  in w h i c h  i n j u r y  f i l l i n g  of b o t h  d o r s a l  and 

v e n t r a l  r o o t s  w a s  p e r f o r m e d ,  s w e l l i n g s  on l a b e l l e d  a x o n s  of 

the L C P  w e r e  f r e q u e n t l y  o b s e r v e d  in c l o s e  a p p o s i t i o n  to the 

s o n a t a  a n d  d e n d r i t e s  of l a b e l l e d  P GNs. S p i n d l e - s h a p e d  P G N s  

in the DB s i t u a t e d  in l a m i n a  I and d o r s o l a t e r a l  l a m i n a  V 

( e . g .  fig. 8, c e l l  A) w e r e  s e e n  e m b e d d e d  in f a s c i c l e s  of 

l a b e l l e d  L C P  a x o n s  ( f i g s .  26, 30 a n d  31). T h i s  g r o u p  of

P G N s  w a s  the m o s t  h e a v i l y  c o n t a c t e d  by d o r s a l  root 

a f f e r e n t s .  H o w e v e r ,  v a r i c o s i t i e s  on a f f e r e n t  a x o n s  w e r e  

a l s o  o b s e r v e d  in a p p o s i t i o n  to l a b e l l e d  p r e g a n g l i o n i c  

n e u r o n s  l o c a t e d  m o r e  v e n t r a l l y  in the DB a n d  the d o r s a l  

a s p e c t  of the LB ( f i g s .  32 a n d  33).
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F o l l o w i n g  i n j u r y  f i l l i n g  of the v e n t r a l  r o o t  a l o n e ,  

v a r i c o s e  a x o n s  a l s o  a p p e a r e d  to be in c l o s e  a p p o s i t i o n  to 

l a b e l l e d  P G N s  ( f i g s .  34 a n d  35). T h e s e  a p p o s i t i o n s  of 

p u t a t i v e  v e n t r a l  r o o t  a f f e r e n t  f i b e r s  w e r e  m o s t  o f t e n  

o b s e r v e d  in the l a t e r a l  b a n d  r e g i o n .

E L E C T R O N  M I C R O S C O P I C  O B S E R V A T I O N S

S e c t i o n s  e m b e d d e d  in p l a s t i c  w h i c h  had w e l l  l a b e l l e d  

a f f e r e n t  f i b e r s ,  P G N s ,  or both, w e r e  c h o s e n  for e l e c t r o n  

m i c r o s c o p i c  e x a m i n a t i o n  so that d i r e c t  c o r r e l a t i o n s  c o u l d  

be m a d e  b e t w e e n  the LM and EM o b s e r v a t i o n s .  An e x a m p l e  of a 

l a b e l l e d  cel l  t hat w a s  o b s e r v e d  in a 60 um t h i c k  p l a s t i c  

s e c t i o n  is s h o w n  in f i g u r e  36. It wa s  i d e n t i f i e d  in 

s u b s e q u e n t  1 um t h i c k  ( f i g .  37) and u l t r a t h i n  ( f i g s .  38 a n d  

39) s e c t i o n s .  In t o l u i d i n e  b l u e  s t a i n e d  1 um s e c t i o n s ,  

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

g r a n u l a r  r e a c t i o n  p r o d u c t  in l a b e l l e d  c e l l s  a p p e a r s  as d a r k  

b r o w n  g r a i n s  w i t h i n  the c y t o p l a s m .  At the E M  lev e l ,  

d i f f u s e l y  l a b e l l e d  p r o f i l e s  a r e  c h a r a c t e r i z e d  by e l e c t r o n  

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

m e m b r a n e  s u r f a c e s  (e.g. D in fig. 43) and, less f r e q u e n t l y ,  

d i s p e r s e d  in the c y t o p l a s m  (e.g. fig. 63) ( a l b o  see B e a t t i e

et al., 1 9 7 8 ) .  D i f f u s e  p l u s  g r a n u l a r  l a b e l  w a s  f r e q u e n t l y  

e n c o u n t e r e d .  In t h e s e  c e l l s .  In a d d i t i o n  to t h a t  just 

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

e l e m e n t s ,  v e s i c u 1 o t u b u 1 ar e l e m e n t s ,  and o c c a s i o n a l l y  w i t h i n



2 0

G o l g i  c i s t e r n a e  ( f i g s .  38 a n d  39). R e a c t i o n  p r o d u c t  in 

m e m b r a n e  b o u n d  i n c l u s i o n s  w a s  the o n l y  t y p e  of l abel 

o b s e r v e d  u 1 1ra a t r u c t u r a  1 1 y in c e l l s  e x h i b i t i n g  o n l y  

g r a n u l a r  label.

N e u r o p i l  of th e  SPN

W h e n  e x a m i n e d  in 1 um an d  u l t r a t h i n  s e c t i o n s ,  the SPN 

is c h a r a c t e r i z e d  by s m a l l  n e u r o n s ,  l a r g e  n u m b e r s  of 

unmye' i n a t e d  a x o n s  a n d  r e l a t i v e l y  few m y e l i n a t e d  a x o n s  

( f i g .  4 0 ) .  N u c l e i  of S P N  n e u r o n s  a r e  t y p i c a l l y  ova l  w i t h  

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

h e a v i e s t  a l o n g  the n u c l e a r  m e m b r a n e  ( f i g s .  38 a n d  65). 

I n d e n t a t i o n s  of the n u c l e a r  m e m b r a n e  w e r e  f r e q u e n t l y  

o b s e r v e d .  In the s o m a t a ,  p a r a l l e l  c i s t e r n s  of r o u g h  

e n d o p l a s m i c  r e t i c u l u m  and p o l y s o m e s  e x i s t  s i n g l y  or in 

c l u s t e r s  w e r e  a u b i q u i t o u s  f e a t u r e  ( e . g .  fig. 38). In 

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

s e v e r a l  l o c a t i o n s  in the c y t o p l a s m .  S y n a p t i c  t e r m i n a l s ,  

w h i c h  w e r e  s o m e t i m e s  o b s e r v e d  in c l u s t e r s ,  c o n t a c t e d  the 

s o m a t a  of n e u r o n s  in the SPN ( f i g s .  41 and 6 6 ) .  M o s t  of the 

s o m a t i c  s u r f a c e ,  h o w e v e r ,  w a s  c o v e r e d  by g l i a  ( f i g s .  38 and 

4 1 ) .  O c c a s i o n a l l y ,  d e n d r i t e s  and a x o n s  w e r e  a p p o s e d  to the 

cel l  s u r f a c e  (fig. 41).

D e n d r i t i c  p r o f i l e s  in t h e  S P N  r a n g e  f r o m  a p p r o x i m a t e l y  

0.1 um to 6 . 5  um in d i a m e t e r ,  as d e t e r m i n e d  f r o m  

m e a s u r e m e n t s  of d e n d r i t i c  p r o f i l e s  ( n “ 259 f r o m  3 c a s e s )
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w i t h  s y n a p t i c  c o n t a c t s  t a k e n  f r o m  e l e c t r o n  m i c r o g r a p h s  of 

the SPN. H o w e v e r ,  v e r y  f e w  d e n d r i t e s  in the 3 . 0  um to 6,5 

um d i a m e t e r  r a n g e  w e r e  o b s e r v e d .  T h e  p r e d o m i n a n c e  of s m a l l  

d e n d r i t e s  is r e f l e c t e d  in the l a r g e  p e r c e n t a g e  of t e r m i n a l s  

on d e n d r i t e s  m e a s u r i n g  les s  t h a n  3.0 u m  in d i a m e t e r  ( f i g s .  

48, 49, 50, an d  69) .  D e n d r i t e s  and s o m a t a  o c c a s i o n a l l y  

c o n t a i n  s p h e r i c a l  a n d  d e n s e  c o r e  v e s i c l e s  (fig. 64, o p e n  

a r r o w s ) .

In t r a n s v e r s e  s e c t i o n s ,  l a r g e  f a s c i c l e e  of 

u n m y e l i n a t e d  a x o n s  w e r e  s e e n  e n t e r i n g  the SPN f r o m  the 

d o r s o l a t e r a l  a s p e c t  (Fig. 40, LCP )  a n d  w e r e  f r e q u e n t l y  

o b s e r v e d  to be l a b e l l e d  in d o r s a l  r o o t  c a s e s  ( M a w e  et al., 

1 9 8 4 ) .  T h e s e  a x o n s  o f t e n  c o n t a i n  rows of c l e a r  s p h e r i c a l  

a n d  d e n s e  c o r e  v e s i c l e s .  S m a l l  m y e l i n a t e d  a x o n s  a r e  e v e n l y  

d i s p e r s e d  t h r o u g h o u t  the S P N  a n d  o f t e n  c o n t a i n  r e a c t i o n  

p r o d u c t  f o l l o w i n g  a p p l i c a t i o n  of H R P  to the d o r s a l  or 

v e n t r a l  r o o t s .  S o m e  b u n d l e s  of u n m y e l i n a t e d  a x o n s  p a s s  

r o s t r o c a u d a  1 1 y in t h e  SPN. L a r g e  m y e l i n a t e d  f i b e r s  w e r e  

u s u a l l y  f o u n d  in b u n d l e s  o r i e n t e d  r o b t r o c a u d a 1 1 y n e a r  t h e  

l a t e r a l  b o r d e r  of t h e  g r a y  m a t t e r  ( f i g s .  2 and 40, 

a s t e r i s k s ) .  T h e s e  b u n d l e s  of a x o n s  f r e q u e n t l y  s e p a r a t e  

c o r d s  of n e u r o p i l  c o n t a i n i n g  P G N s  a n d  t h e i r  d e n d r i t e s  f r o m  

the m a i n  p o r t i o n  of the n u c l e u s .  O t h e r  l a r g e  m y e l i n a t e d  

a x o n s  w e r e  s e e n  in s m a l l  m e d i o  l a t e r a 1 ly o r i e n t e d  f a s c i c l e s  

( f i g .  40, b l o c k  a r r o w s )  p a s s i n g  f r o m  t h e  l a t e r a l  f u n i c u l u s  

t h r o u g h  t h e  S P N  i n t o  the d e e p  d o r s a l  h o r n  and i n t e  rme d i a t e
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g r a y  .

A x o n  t e r m i n a l s  w e r e  s e e n  t h r o u g h o u t  the S P N  in 

c o n t a c t  w i t h  s o m a t a ,  d e n d r i t e s ,  s p i n e s ,  a n d  o t h e r  a x o n  

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

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

c o n t a i n e d  D C V s  as w e l l .  V e r y  fe w  t e r m i n a l s  w i t h  f l a t t e n e d  

v e s i c l e s  w e r e  s e e n .

L a b e l l e d  PGNs

P r e g a n g l i o n i c  n e u r o n s  of the s e c o n d  s a c r a l  s e g m e n t ,  

w h i c h  w e r e  l a b e l l e d  by a p p l i c a t i o n  of H R P  to v e n t r a l  

r o o t l e t s ,  w e r e  e x a m i n e d  at the E M  l e v e l .  T h e  u 1 t r a s t r u c t u r e  

of s u c h  n e u r o n s  in the SPN is s i m i l a r  to tha t  d e s c r i b e d  for 

a l l  n e u r o n s  in t h i s  r e g i o n .  A x o s o m a t i c  s y n a p s e s  on PGN s  

o c c u r r e d  a l o n e  or in d i r e c t l y  a p p o s e d  g r o u p s  of two or m o r e  

t e r m i n a l s  (fig. 4 1 ) .  T h e s e  t e r m i n a l s  c o n t a i n e d  r o u n d  or 

p l e o m o r p h i c  v e s i c l e s ,  and o f t e n  D C V s .

A l t h o u g h  d e n d r i t e s  of P G N s  r a n g e d  f r o m  < 0 . 5  um to 4. 5  

um in d i a m e t e r  as m e a s u r e d  on e l e c t r o n  m i c r o g r a p h s ,  the 

m a j o r i t y  of t h e m  m e a s u r e d  b e t w e e n  0 . 5  u m  and 2 . 0  u m . 

O c c a s i o n a l l y ,  l a b e l l e d  p r o f i l e s  w h i c h  a p p e a r e d  to be 

d e n d r i t e s  e x h i b i t  s w e l l i n g s  c o n t a i n i n g  l a r g e  n u m b e r s  of 

s p h e r i c a l  v e s i c l e s  (fig. 42, b l o c k  a r r o w ) .

T e r m i n a l s  on l a b e l l e d  d e n d r i t e s  ( n “ 193 f r o m  3 c a s e s )  

c o n t a i n e d  r o u n d  ( 7 9 . 7 1 ;  f i g s .  42, a n d  43) or p l e o m o r p h i c  

v e s i c l e s  (20. 3!E; f igs. 44, 45, a n d  46). T h o s e  c o n t a i n i n g
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r o u n d  v e s i c l e s  o f t e n  c o n t a i n e d  D C V s  as w e l l  ( 6 6 1 ;  fig. 43) 

and w e r e  o c c a s i o n a l l y  f o u n d  in a s s o c i a t i o n  w i t h  

p o s t s y n a p t i c  d e n s e  b o d i e s  ( f i g .  43, a r r o w h e a d s ) .  T e r m i n a l s  

w i t h  p l e o m o r p h i c  v e s i c l e s  o f t e n  c o n t a i n e d  D C V s  as w e l l  

( 5 0 Z ;  fig. 44, t e r m .  1, a n d  f igB. 45 and 46). N o  

p o s t s y n a p t i c  d e n s e  b o d i e s  w e r e  s e e n  in a s s o c i a t i o n  w i t h  

t h e s e  t e r m i n a l s .  T h e  p r e s e n c e  a n d  n u m b e r  of D C V s  in 

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

47 ( h a t c h e d  b a r e ) .

T h e  p o s t s y n a p t i c  d i s t r i b u t i o n  of t e r m i n a l s  on P G N s  wa s  

a l s o  e x a m i n e d  q u a n t i t a t i v e l y  ( f i g s .  48 a n d  4 9 ) .  T h e  m o s t  

f r e q u e n t  s i t e s  of t e r m i n a l - P G N  i n t e r a c t i o n s  w e r e  on s o m a t a  

and on d e n d r i t e s  r a n g i n g  f r o m  0 . 5 u m  to 1.3 um in d i a m e t e r .  

T h i s  f i n d i n g  wa s  not s u r p r i s i n g  s i n c e  m o s t  l a b e l l e d  

d e n d r i t e s  w e r e  in t h i s  s i z e  r a n g e .  An a n a l y s i s  of the 

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

v e s i c l e  t e r m i n a l s  on l a b e l l e d  P G N s  r e v e a l e d  t h a t  r o u n d  

v e s i c l e  t e r m i n a l s  w e r e  m o s t  o f t e n  f o u n d  on the s o m a t a  an d  

m o r e  d i s t a l  d e n d r i t e s  ( f i g .  49, o p e n  b a r s ) .  T e r m i n a l s  w i t h  

p l e o m o r p h i c  v e s i c l e s  h a d  a s i m i l a r  p r e d i l e c t i o n  for s o m a t i c  

c o n t a c t  s i t e s ,  but w e r e  m o r e  f r e q u e n t l y  e n c o u n t e r e d  on m o r e  

p r o x i m a l  d e n d r i t e s  ( f i g .  49, h a t c h e d  b a r s ) .

L a b e l l e d  a f f e r e n t s

L a b e l l e d  S2 d o r s a l  r o o t  a f f e r e n t  t e r m i n a l s  w e r e



24

e x a m i n e d  at the EM l evel f o l l o w i n g  a p p l i c a t i o n  of H R P  to 

the d o r s a l  or d o r s a l  a n d  v e n t r a l  r o o t s ,  P r i m a r y  a f f e r e n t  

t e r m i n a l s  ( n “1241 f r o m  3 c a s e s )  p r e f e r e n t i a l l y  d i s t r i b u t e  to 

s m a l l  d i a m e t e r  d e n d r i t i c  e l e m e n t s  in the n e u r o p i l ,  w i t h  81Z 

of the p o p u l a t i o n  t e r m i n a t i n g  on p r o f i l e s  less t h a n  1.0 um 

in d i a m e t e r  ( fig. 50; f i g s .  5 1 - 5 6 ) .  F e w  l a b e l l e d  t e r m i n a l s  

w e r e  e n c o u n t e r e d  on s o m a t a  ( fig. 50; figs. 64 a n d  65). Al l  

d o r s a l  roo t  a f f e r e n t  t e r m i n a l s  t hat w e r e  e x a m i n e d  c o n t a i n e d  

c l e a r  s p h e r i c a l  v e s i c l e s  a n d  6 6 S of t h e s e  c o n t a i n e d  DCV s  as 

w e l l  ( f i g .  47, o p e n  b a r s ;  fig. 54).

O c c a s i o n a l l y ,  p r o f i l e s  w h i c h  w e r e  p o s t s y n a p t i c  to 

l a b e l l e d  a f f e r e n t  t e r m i n a l s  c o n t a i n e d  r o u n d  ( n “ 5; fig. 59) 

or p l e o m o r p h i c  ( n “ 5; f i g s .  57, 58, a n d  60) s y n a p t i c

v e s i c l e s .  T h e s e  p o s t s y n a p t i c  p r o f i l e s  m a y  be a x o n  

t e r m i n a l s ,  or t y p e  2 d e n d r i t e s  C G o b e 1 , 1 97 6 ), or b oth. On e

or m o r e  D C V s  w e r e  p r e s e n t  in t h r e e  of the f i v e  p o s t s y n a p t i c  

p r o f i l e s  w i t h  r o u n d  v e s i c l e s  and f o u r  of the f i v e  w i t h  

p l e o m o r p h i c  v e s i c l e s .  S m a l l  c l u s t e r s  of v e s i c l e s  w e r e  

s o m e t i m e s  o b s e r v e d  in the p o s t s y n a p t i c  p r o f i l e  ( f i g s .  57 

a n d  58), but t h a t  w a s  n o t  a l w a y s  the c a s e  ( f i g u r e  59). In 

two of the ten e x a m p l e s ,  s y n a p t i c  v e s i c l e s  w e r e  c l u s t e r e d  

a d j a c e n t  to the p o s t s y n a p t i c  m e m b r a n e  n e a r  the r e g i o n  of 

the s y n a p t i c  c o m p l e x  s u g g e s t i n g  the p o s s i b i l i t y  of 

r e c i p r o c a l  s y n a p s e s  ( f i g s .  58 a n d  59, a r r o w s ) .

L a b e l l e d  t e r m i n a l s  w e r e  a l s o  o b s e r v e d  in the SPN 

f o l l o w i n g  i n j u r y  f i l l i n g  of t h e  v e n t r a l  r o o t s  a l o n e  w i t h
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H R P  ( f i g s .  61, 62, a n d  63). T h e s e  t e r m i n a l s  ( n K 18 f r o m  1

c a s e ) ,  a l t h o u g h  p r e s e n t  in m u c h  s m a l l e r  n u m b e r s ,  ar e  

q u a l i t a t i v e l y  s i m i l a r  to a x o n  te rm i n a l e  of d o r s a l  r oot 

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

o n l y  c l e a r  s p h e r i c a l  v e s i c l e s  w h i l e  7 81 a l s o  c o n t a i n e d  

D C V ' s  ( f i g s .  61, 62, an d  63). T e r m i n a l s  on d e n d r i t e s  leBs

t h a n  0 . 5  um in d i a m e t e r  a c c o u n t e d  for 4 4 . 5 1  of th e 

p o p u l a t i o n ;  a n o t h e r  4 4 . 5 2  of the t e r m i n a l s  s y n a p s e d  on 

d e n d r i t e s  w i t h  d i a m e t e r s  r a n g i n g  from 0 . 5 - 1 . 5  um.

A f f e r e n t — P G N  i n t e r a c t i o n s

L a b e l l e d  a f f e r e n t  t e r m i n a l s  w e r e  o b s e r v e d  a y n a p s i n g  on 

l a b e l l e d  P G N ' s  a f t e r  a p p l i c a t i o n  of H R P  to b o t h  the d o r s a l  

and v e n t r a l  r o o t s  ( f i g s .  6 4 - 6 8 ) .  In c o r r o b o r a t i o n  w i t h  the 

L M  r e s u l t s ,  t h e s e  i n t e r a c t i o n s  w e r e  m o s t  o f t e n  s e e n  in the 

d o r s o l a t e r a l  a s p e c t  of the SPN. Of 23 d o r s a l  r o o t  a f f e r e n t  

t e r m i n a l s  a p p o s e d  to PGN ' s , 302 w e r e  l o c a t e d  on t h e  s o m a t a  

( f i g .  69; f i g s .  64 an d  65). It is i n t e r e s t i n g  to n o t e  that 

six of ( e v e n  d o r s a l  r o o t  a f f e r e n t  t e r m i n a l s  t h a t  w e r e  

o b s e r v e d  s y n a p s i n g  on s o m a t a  in the SP N  c o n t a c t e d  PGNs. 

L a b e l l e d  t e r m i n a l s  c o n t a c t i n g  l a b e l l e d  d e n d r i t e s  less t h a n  

1 u m  in d i a m e t e r  c o n s t i t u t e d  4 3 2  of the p o p u l a t i o n  ( f i g s .  

66; a n d  69. h a t c h e d  b a r s ) .  T h e  i d e n t i t y  of s o m e  

p o s t s y n a p t i c  p r o f i l e s  c o u l d  no t  be d e f i n i t e l y  d e t e r m i n e d ,  

e.g. the s e r i a l  s e c t i o n s  s h o w n  in f i g u r e s  67 a n d  68. F i f t y  

six p e r c e n t  of the d o r s a l  r o o t  a f f e r e n t  t e r m i n a l s
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c o n t a c t i n g  P G N s  c o n t a i n e d  D C V ' s  ( fig. 70, h a t c h e d  b a r s ) .

L a b e l l e d  t e r m i n a l s  w e r e  a l s o  s e e n  a d j a c e n t  to l a b e l l e d  

n e u r o n s  a f t e r  a p p l i c a t i o n  of H R P  to th e  v e n t r a l  r o o t l e t s  

a l o n e  ( f i g s .  71 a n d  72). T e r m i n a l s  of t h i s  t y p e  ( n “ 7) 

c o n t a c t e d  d e n d r i t e s  less t h a n  1 um in 5 7 X  of t h e  c a s e s  

( f i g .  69, o p e n  b a r s )  and c o n t a i n e d  c l e a r  s p h e r i c a l  v e s i c l e s  

w i t h  85% of the p o p u l a t i o n  a l s o  c o n t a i n i n g  D C V s  ( fig. 70, 

o p e n  b a r s ) .  W h i l e  in s o m e  c a s e s  a s y n a p t i c  c o m p l e x  wa s  not 

a p p a r e n t  (fig, 71), in o t h e r  i n s t a n c e s  a c o m p l e x  was 

c l e a r l y  s e e n  ( fig. 72).
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T h e  r e a c t i o n  p r o d u c t

W h e n  H R P  is a p p l i e d  to a cut a x o n ,  p a s s i v e  d i f f u s i o n  

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

( a p p r o x i m a t e l y  10 mm; L i g h t  an d  P e r l ,  1 9 7 9 a )  and can a p p e a r  

as l ight or d a r k  d i f f u s e  r e a c t i o n  p r o d u c t  at the light 

m i c r o s c o p i c  (LM) l e v e l  d e p e n d i n g  on th e  d e n s i t y  of r e a c t i o n  

p r o d u c t  p r e s e n t .  T h e  a x o n  c a n  a l s o  p a c k a g e  h o r s e r a d i s h  

p e r o x i d a s e  ( H R P )  a n d  t r a n s p o r t  it for lon g  d i s t a n c e s  b a c k  

to t h e  c e l l  b o d y  a n d  i n t o  t h e  d e n d r i t e s  w i t h  the r e s u l t a n t  

r e a c t i o n  p r o d u c t  a p p e a r i n g  g r a n u l a r  at the LM l e v e l  a n d  as 

d e n s e  m e m b r a n e  b o u n d  i n c l u s i o n s  at the e l e c t r o n  m i c r o s c o p i c  

(EM )  l e v e l  t L a v a i l  a n d  L a v a i l ,  1 9 7 4 ;  B r o a d w e l l  et al.,

1 9 8 0 ;  T s u k i t a  a n d  I s h i k a w a ,  1 9 8 0 ;  M a w e  et al., 1 9 8 3 ) .

In the c u r r e n t  e x p e r i m e n t ,  t h r e e  t y p e s  of r e t r o g r a d e  

l a b e l  in p r e g a n g l i o n i c  n e u r o n s  ( P G N s )  w e r e  o b s e r v e d  a f t e r  

a p p l i c a t i o n  of H R P  to v e n t r a l  r o o t l e t s .  F i r s t ,  g r a n u l a r  

l a b e l  w a s  m o s t  o f t e n  s e e n  in d o r s a l  b a n d  (DB) n e u r o n s  and 

in s o m e  of the l a t e r a l  b a n d  (LB) n e u r o n s .  S e c o n d ,  in s o m e  

DB a n d  a l a r g e  p r o p o r t i o n  of LB n e u r o n s ,  l i g h t  d i f f u s e  plus 

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

o b s e r v e d  in s o m e  LB n e u r o n s  an d  n e a r l y  a l w a y s  in v e n t r a l

27
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h o r n  m o t o n e u r o n s .  W h e n  d a r k  d i f f u s e  n e u r o m  w e r e  e x a m i n e d

b o u n d  r e a c t i o n  p r o d u c t  as w e l l ,  w h i c h  w a s  m a s k e d  at the LM 

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

S i m i l a r  c a t e g o r i e s  ( K e e f e r ,  1 978) a n d  d i s t r i b u t i o n s  ( L i g h t  

a n d  M e t z ,  1 979) h a v e  p r e v i o u s l y  b e e n  d e s c r i b e d  for 

ret r o g r a d e l y  l a b e l l e d  n e u r o n s  in the v e n t r a l  h o r n .

S u c h  q u a l i t a t i v e  d i f f e r e n c e s  in the r e a c t i o n  p r o d u c t  

m a y  be c a u s e d  by s e v e r a l  v a r i a b l e s .  O n e  p o t e n t i a l  v a r i a b l e  

is d i s t a n c e  of the s o m a t a  f r o m  the H R P  a p p l i c a t i o n  site. 

V e n t r a l  h o r n  m o t o n e u r o n s ,  w h i c h  a r e  c l o s e s t  to t h e  v e n t r a l  

r o o t l e t s ,  l a b e l  v e r y  d e n s e l y ;  n e u r o n s  of the D B , w h i c h  are 

f u r t h e s t  a w a y  f r o m  the s i t e  of a p p l i c a t i o n ,  e x h i b i t  m a i n l y  

g r a n u l a r  and l i g h t  d i f f u s e  p l u s  g r a n u l a r  l a b e l ;  a n d  P G N s  of 

the LB, w h i c h  a r e  l o c a t e d  at an i n t e r m e d i a t e  d i s t a n c e  

e x h i b i t  all t h r e e  t y p e s  of la b e l .  A x o n  d i a m e t e r  m a y  a l s o  

i n f l u e n c e  t h e  l a b e l l i n g  p a t t e r n .  M o t o n e u r o n s  h a v e  the 

l a r g e s t  a x o n s  a n d  a r e  the m o s t  d a r k l y  l a b e l l e d ,  w h e r e a s ,  

the DB n e u r o n s  h a v e  the s m a l l e s t  a x o n s  ( d e G r o a t  et al.,

1 9 8 2 )  and a r e  the m o s t  l i g h t l y  l a b e l l e d .  L a t e r a l  b a n d  

n e u r o n s  h a v e  a x o n s  d i a m e t e r s  w h i c h  fall i n t o  an 

i n t e r m e d i a t e  r a n g e  and t h e y  d e m o n s t r a t e  all t h r e e  t y p e s  of 

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

of H R P  e n t e r i n g  the c e l l  w i t h  l a r g e r  a x o n s  s i m p l y  p r o v i d i n g  

l a r g e r  c h a n n e l s  for d i f f u s i o n  of H R P  f r o m  the a p p l i c a t i o n  

site. A l t e r n a t i v e l y ,  l a r g e r  a i o n s  m a y  t a k e  l o n g e r  to seal

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

l o n g e r  e x p o s u r e  t i m e s  of the a x o p l a s m  to t h e  h i g h  

c o n c e n t r a t i o n  of e x t r a c e l l u l a r  H R P  at t h e  a p p l i c a t i o n  s ite. 

H o w e v e r ,  all t h r e e  f o r m s  of l a b e l l e d  P G N s  a r e  s o m e t i m e s  

s i t u a t e d  in c l o s e  p r o x i m i t y  to o n e  a n o t h e r  w i t h i n  the S P N  

(eg. fig. 5). S u c h  v a r i a t i o n  c o u l d  be d u e  to d i f f e r e n t  

c o n c e n t r a t i o n s  of H R P  in the m i c r o e n v i r o n m e n t s  of 

i n d i v i d u a l  a x o n s ,  or p o s s i b l y  the a n g l e  at w h i c h  i n d i v i d u a l  

a x o n s  are cut. F o r  e x a m p l e  a 45 d e g r e e  cut w o u l d  r e s u l t  in 

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

a x o n s  of c l o s e l y  a d j a c e n t  P G N s  m a y  h a v e  d i f f e r e n t  a x o n a l  

s i z e s  or m a y  e x i t  the s p i n a l  c o r d  v i a  d i f f e r e n t  r o o t l e t s  

r e s u l t i n g  in d i f f e r e n t  d i s t a n c e s  b e t w e e n  H R P  a p p l i c a t i o n  

a n d  the s o m a  t a .

P r i m a r y  a f f e r e n t  f i b e r s  e n t e r i n g  the s p i n a l  c o r d  v i a  

the d o r s a l  a n d  v e n t r a l  r o o t s  w e r e  l a b e l l e d  in the p r e s e n t  

s t u d y  by a n t e r o g r a d e  d i f f u s i o n  of H R P .  A f f e r e n t  a x o n s  of 

all d i a m e t e r s  w e r e  v i s u a l i z e d  at the L M  l e v e l  as d e n s e l y  

l a b e l l e d  f i b e r s  w i t h  en p a s s a n t  and t e r m i n a l  v a r i c o s i t i e s .  

At t h e  E M  l e v e l ,  l a b e l l e d  a f f e r e n t s  a n d  t h e i r  s y n a p t i c  

t e r m i n a l s  a r e  c h a r a c t e r i z e d  by e l e c t r o n  d e n s e  r e a c t i o n  

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

on t h e  s u r f a c e s  of m e m b r a n e s .
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P r e g a n g l i o n i c  n e u r o n s

In t h e  p r e s e n t  s t u d y  , i n j u r y  f i l l i n g  of a x o n s  w i t h  H R P  

p r o v e d  to be a v e r y  e f f e c t i v e  m e a n s  of l a b e l l i n g  s a c r a l  

P G N s .  S p a t i a l  d i s t r i b u t i o n ,  c e l l  c o u n t s ,  and o r i e n t a t i o n s  

of P G N s  r e p o r t e d  h e r e  a r e  c o n s i s t e n t  w i t h  r e s u l t s  p r o v i d e d  

by a p p l i c a t i o n  of H R P  to t h e  p e l v i c  n e r v e  in t h e  cat ( e.g. 

N a d e l h a f t  et al., 1 9 8 0 ) .  In a d d i t i o n ,  a m o r e  d e t a i l e d  

r e s o l u t i o n  of PGN d e n d r i t i c  a r b o r i z a t i o n s  was m a d e  p o s s i b l e  

by the c u r r e n t  t e c h n i q u e  e v e n  in the p r e s e n c e  of 

o v e r l a p p i n g  l a b e l l e d  p r i m a r y  a f f e r e n t  f i b e r s .  A l s o ,  i n j u r y  

f i l l i n g  of P G N s  w i t h  H R P  y i e l d s  a r e a c t i o n  p r o d u c t  that is 

e a s i l y  v i s u a l i z e d  at the E M  le v e l ,  and t h u s  h a s  a l l o w e d  for 

t h e  f i r s t  t i m e  an u 1 1 r a s t r u c t u r a  1 d e s c r i p t i o n  of s y n a p t i c  

p r o f i l e s  t e r m i n a t i n g  on i d e n t i f i e d  s a c r a l  PGNs.

In t h e  cat, P G N s  in the S P N  are s i t u a t e d  in the f o r m  

of an i n v e r t e d  ML M in t h e  i n t e r m e d i o l a t e r a l  g r a y  r e g i o n  of 

t h e  cat s a c r a l  s p i n a l  c o r d .  L a t e r a l  b a n d  n e u r o n s  f o r m  the 

b a c k  an d  d o r s a l  b a n d  n e u r o n s  f o r m  the b a s e  of t h e  " L " . T h i s  

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

( Y a m a m o t o  et al., 1 9 7 7 ;  M o r g a n  et al., 1 9 7 9 ;  d e G r o a t  et 

al., 1 9 7 9 ;  N a d e l h a f t  et al., 1 9 8 0 ) .  In t h i s  s p e c i e s ,  

v i s c e r o t o p i c  o r g a n i z a t i o n  of s a c r a l  P G N s  h a s  b e e n  d e s c r i b e d  

a n a t o m i c a l l y  ( N a d e l h a f t  et al., 1 9 8 0 }  a n d  p h y s i o l o g i c a l l y  

( d e G r o a t  et al., 1 9 8 2 ) ,  N e u r o n s  i n n e r v a t i n g  t h e  l a r g e  

i n t e s t i n e  a r e  l o c a t e d  in the DB r e g i o n ,  w h i l e  P G N s  

i n n e r v a t i n g  th e  u r i n a r y  b l a d d e r  a r e  l o c a t e d  in the LB. S u c h
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v i s c e r o t o p i c  d i v i s i o n  of the SPN w a s  not s e e n  in the rat 

( H a n c o c k  a n d  P e v e t o ,  1 9 7 9 ;  N a d e l h a f t  and B o o t h ,  1 982) or in 

the m o n k e y  ( N a d e l h a f t  et al., 1 9 8 3 ) ,

In the c u r r e n t  e x p e r i m e n t ,  the n u m b e r  an d  d i s t r i b u t i o n

of P G N s  p a r a l l e l e d  v e r y  c l o s e l y  the p a t t e r n  of PGN

l a b e l l i n g  f o l l o w i n g  p e r i p h e r a l  n e r v e  a p p l i c a t i o n s  of H R P .  

T h e  n u m b e r  of l a b e l l e d  P G N s  c o u n t e d  in S2 f r o m  a 

r e p r e s e n t a t i v e  c a s e  in t h i s  s t u d y  is w e l l  w i t h i n  the r a n g e  

of S2 PGN c o u n t s  r e p o r t e d  by N a d e l h a f t  et al, (1 9 8 0 )  

f o l l o w i n g  a p p l i c a t i o n  of H R P  to the p e l v i c  n e r v e .  A l s o  

c o n s i s t e n t  w i t h  p r e v i o u s  r e p o r t s  w e r e  t h e  o r i e n t a t i o n s  of 

n e u r o n s  i d e n t i f i e d  as P G N s  in the p r e s e n t  s t u d y  w i t h  the 

m a j o r  e x t e n t  of t h e  d e n d r i t i c  t r e e  b e i n g  in t h e  t r a n s v e r s e  

p l a n e ,  a n d  the m a j o r  a x i s  of DB n e u r o n s  b e i n g  m e d i o l a t e r a l  

a n d  t h a t  of LB n e u r o n s  b e i n g  d o r s o l a t e r a l .  No p e r i o d i c i t y  

of l a b e l l e d  n e u r o n s  wa s  s e e n  in the r o s t r o c a u d a l  p l a n e  in

t h i s  B t u d y ,  n o r  w a s  it r e p o r t e d  a f t e r  a p p l y i n g  H R P  to th e

p e l v i c  n e r v e  in t h e  cat ( N a d e l h a f t  et al., 1 9 8 0 ) .  H o w e v e r ,  

B r o w n  a n d  N o l a n  ( 1 9 7 9 )  d e s c r i b e d  c l u s t e r s  of n e u r o n s  w i t h i n  

t h e  cat S P N  in p y r i d i n e  s i l v e r  s t a i n e d  m a t e r i a l .  In l i g h t  

of the p r e s e n t  r e s u l t s  and th e  r e s u l t s  of r e t r o g r a d e  

t r a n s p o r t  s t u d i e s  it is d o u b t f u l  that t h e s e  n e u r o n s  w e r e  

P G N s  .

T h e  d e n d r i t i c  a r b o r i z a t i o n s  of n e u r o n s  in the DB w e r e  

o b s e r v e d  to e x t e n d  m e d i a l l y  i n t o  the c o n t r a l a t e r a l  

c o m m i s u r a l  g r a y  a n d  l a t e r a l l y  a n d  d o r s a l l y  in l a m i n a  I,
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a l m o s t  to the a p e x  of the d o r s a l  h o r n .  D e n d r i t e s  of n e u r o n s  

in th e  L B  e x t e n d e d  l a t e r a l l y  i n t o  th e  l a t e r a l  f u n i c u l u s ,  

d o r s a l  ly a l o n g  t h e  l a t e r a l  e d g e  of the d o r s a l  h o r n ,  

d o r s o m e d i a  1 1 y i n t o  l a m i n a  V an d  v e n t r a l l y  a l o n g  the l a t e r a l  

a s p e c t  of the v e n t r a l  h o r n .  S i m i l a r  p a t t e r n s  of d e n d r i t i c  

a r b o r i z a t i o n  w e r e  d e s c r i b e d  in the cat a f t e r  l a b e l l i n g  the 

p e l v i c  n e r v e  ( N a d e l h a f t  et al., 1 9 8 0 ) .  H o w e v e r ,  w h e n  P G N s  

are l a b e l l e d  by p e r i p h e r a l  n e r v e  a p p l i c a t i o n  of H R P ,  

d e n d r i t e s  are g r a n u l a r l y  l a b e l l e d  an d  v e r y  d i f f i c u l t  to 

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

p r i m a r y  a f f e r e n t  f i b e r s .  W i t h  the p r e s e n t  t e c h n i q u e ,  

d i f f u s e l y  l a b e l l e d  d e n d r i t e s  can be f o l l o w e d  f o r  long 

d i s t a n c e s  e v e n  w h e n  they a r e  e m b e d d e d  in l a b e l l e d  f a s c i c l e s  

of a f f e r e n t  f i b e r s .

B r o w n  and N o l a n  ( 1 9 7 9 )  p r e s e n t e d  an u l t r a s t r u c t u r a l  

d e s c r i p t i o n  of t h e  t y p e s  of s y n a p t i c  t e r m i n a l s  l o c a t e d  

w i t h i n  the SPN, T h e s e  i n v e s t i g a t o r s  a n a l y z e d  d a t a  for 

s y n a p s e s  on d e n d r i t e s  of a l l  s i z e s ,  a n d  s o m a t a  r a n g i n g  f r o m  

2 0-3 0 u m  in d i a m e t e r .  As r e p o r t e d  in t h e  p r e s e n t  s t u d y ,  

N o l a n  a n d  B r o w n  i n d i c a t e d  t h a t  d e n d r i t e s  in the S P N 

m e a s u r e d  leB S  t h a n  6 um in d i a m e t e r  an d  m o s t  w e r e  less t h a n  

2 . 0  u m . T h e y  d e s c r i b e d  t e r m i n a l s  c o n t a i n i n g  c l e a r  s p h e r i c a l  

v e s i c l e s ,  c l e a r  v e s i c l e s  p l u s  D C V a ,  an d  f l a t t e n e d  v e s i c l e s .  

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

g r a n u l a r  v e s i c l e s  o n l y  if t h e y  h a d  at l e a s t  t h r e e  D C V s .  In 

t he c u r r e n t  e x p e r i m e n t  the s a m e  c a t e g o r i e s  of t e r m i n a l s
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w e r e  o b s e r v e d  w i t h  the e x c e p t i o n  t h a t  the e x a m p l e  g i v e n  by 

B r o w n  a n d  N o l a n  of a f l a t t e n e d  v e s i c l e  t e r m i n a l  ( B r o w n  and 

N o l a n ,  1 9 7 9 ,  fig. 11) c o r r e s p o n d s  to t e r m i n a l s  c l a s s i f i e d  

as p l e o m o r p h i c  in t h e  p r e s e n t  s t u d y .  B e c a u s e  P G N s  c o u l d  be 

i d e n t i f i e d  s p e c i f i c a l l y  at th e  E M  l e v e l  in the c u r r e n t  

s t u d y ,  the v a r i e t y  an d  d i s t r i b u t i o n  of t e r m i n a l s  

p r e s y n a p t i c  to P G N s  w a s  e x a m i n e d .  In the c u r r e n t  

e x p e r i m e n t ,  of the t e r m i n a l s  on the s o m a t a  and d e n d r i t e s  of 

s a c r a l  P G N s ,  79. 7% c o n t a i n e d  r o u n d  v e s i c l e s ,  2 3 . 3 %  

c o n t a i n e d  p l e o m o r p h i c  v e s i c l e s ;  5 9 . 6 2  of t h e s e  c o n t a i n e d  at 

l e a s t  o n e  D C V  as w e l l .  In o r d e r  to c o m p a r e  the r a n d o m  

p o p u l a t i o n  of t e r m i n a l s  r e p o r t e d  by N o l a n  an d  B r o w n  to the 

p o p u l a t i o n  of t e r m i n a l s  p r e s y n a p t i c  to P G N s  r e p o r t e d  h e r e ,  

the c u r r e n t  d a t a  w e r e  r e c a l c u l a t e d .  R e s u l t s  f r o m  the 

p r e s e n t  s t u d y  i n d i c a t e  tha t  5 9 . 2 %  of the o b s e r v e d  t e r m i n a l s  

s y n a p s i n g  o n  P G N s  c o n t a i n e d  o n l y  s p h e r i c a l  v e s i c l e s ,  2 7 . 7 %  

c o n t a i n e d  at least t h r e e  D C V s , and 1 3 . 6 %  c o n t a i n e d  

p l e o m o r p h i c  v e s i c l e s .  C o r r e s p o n d i n g  f i g u r e s  for N o l a n  and 

B r o w n ' s  d a t a  are 6 5 . 5 %  s p h e r i c a l ,  2 6 . 2 5 2  g r a n u l a r ,  and 5 . 7 %  

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

the p o p u l a t i o n  of t e r m i n a l s  s y n a p s i n g  on P C N s  is s i m i l a r  to 

the p o p u l a t i o n  of t e r m i n a l s  s y n a p s i n g  w i t h i n  the SPN on 

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

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

t e n d  to t e r m i n a t e  on m o r e  p r o x i m a l  d e n d r i t e s  t h a n  t e r m i n a l s  

c o n t a i n i n g  s p h e r i c a l  v e s i c 1 e s .T h i s  t e n d e n c y  w a s  a l s o
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e v i d e n t  in the d a t a  r e p o r t e d  by N o l a n  and B r o w n .  As wa s  

a l s o  o b s e r v e d  by N o l a n  a n d  B r o w n ,  p o s t s y n a p t i c  d e n s e  b o d i e s  

w e r e  a f r e q u e n t l y  e n c o u n t e r e d  f e a t u r e  in the SPN. Jn the 

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

in l a b e l l e d  P G N s .

P o s s i b l e  s o u r c e s  of t e r m i n a l s  s y n a p s i n g  on P G N s  

i n c l u d e  d e s c e n d i n g  p r o j e c t i o n s  f r o m  th e  b r a i n  s tem, 

p r o p r i o s p i n a  1 n e u r o n s ,  and local i n t e r n e u r o n a .  D e n s e  

p r o j e c t i o n s  to the SPN f r o m  the d o r s o l a t e r a l  p ons h a v e  b e e n  

d e m o n s t r a t e d  in s e v e r a l  s p e c i e s  ( c a t :  H o l s t e g e  a n d  K u y p e r s ,  

1 9 8 2 ;  rat: L o e w y  et al., 1 9 7 9 ;  o p p o s u m :  M a r t i n  et al.,

1 9 7 9 ;  and m o n k e y :  W e s t l u n d  a n d  C o u l t e r ,  1 9 8 0 ) .  T h i s  r e g i o n  

of the b r a i n s t e m  c o n t a i n s  n o r a d r e n e r g i c  n e u r o n s  ( D a h l s t r o m  

a n d  F u x e ,  1 9 6 4 ;  J o n e s  and M o o r e ,  1 974; P o i t r a s  and P a r e n t ,  

1 9 7 8 ) ,  W e s t l u n d  et. al. ( 1 9 8 2 ) ,  h a v e  p r e s e n t e d  s t r o n g  

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

S P N  o r i g i n a t e  in the d o r s o l a t e r a l  p o n s .  A n o t h e r  s o u r c e  of 

d e s c e n d i n g  i n p u t  to the SPN is t h e  r a p h e  n u c l e u s  and 

s u r r o u n d i n g  m e d i a l  r e t i c u l a r  f o r m a t i o n  of the m e d u l l a  

o b l o n g a t a  ( H o l s t e g e  and K u y p e r s ,  1 9 8 2 ;  M a r t i n  et al.,

1 9 8 2 a ,  1 9 8 2 b ) .  S e r o t o n e r g i c  t e r m i n a l s ,  w h i c h  h a v e  b e e n

d e m o n s t r a t e d  in the SP N  ( D a h l s t r o m  and F u x e ,  1 9 6 5 )  p r o b a b l y  

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

m a y  a c c o u n t  for a p r o p o r t i o n  of t h e  DC V  c o n t a i n i n g  

t e r m i n a l s  e n c o u n t e r e d  in the c u r r e n t  s t u d y  ( H o k f e l t ,  1 967, 

Bak ,  et al., 1 9 6 9 ) .
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I n t e r n e u r o n s ,  w h i c h  p r o v i d e  an i m p o r t a n t  l ink in the 

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

d e f e c a t i o n  ( d e G r o a t  et al., 1 9 7 9 ,  1 981; M i l n e  et al.,

1 9 7 8 ) ,  a n d  p r o p r i o s p i n a 1 n e u r o n s  a r e  a l s o  p r o b a b l e  s o u r c e s  

of u n l a b e l l e d  t e r m i n a l s  s y n a p s i n g  on P G N s .  C o o r d i n a t i o n  of 

s a c r a l  P G N  f i r i n g  w i t h  s o m a t i c  i n p u t  to s t r i a t e d  m u s c l e s  

a n d  s y m p a t h e t i c  i n p u t  to the u r i n a r y  b l a d d e r  and l a r g e  

i n t e s t i n e  a r e  e s s e n t i a l  for e f f i c i e n t  v o i d i n g  of w a s t e  

m a t e r i a l .  S o m e  of t h e s e  i n t e r a c t i o n s  o c c u r  at the B p i n a l  

l e v e l  ( T h o r  et al., 1 9 8 3 ) .

P r i m a r y  a f f e r e n t  f i b e r s  p r o v i d e  an a d d i t i o n a l  s o u r c e  

of d i r e c t  s y n a p t i c  i n p u t  to s a c r a l  P G N s  ( M a w e  et al.,

1 9 8 4 ) .  T e r m i n a l s  of l a b e l l e d  d o r s a l  and v e n t r a l  r o o t  

a f f e r e n t  a x o n s  w e r e  o b s e r v e d  s y n a p s i n g  on l a b e l l e d  PGN a in 

the p r e s e n t  s t u d y .  T h e s e  i n t e r a c t i o n s  w i l l  be d i s c u s s e d  in 

g r e a t e r  d e t a i l  b e l o w .

D o r s a l  r o o t  a f f e r e n t s .

In the p r e s e n t  s t u d y ,  the d o r s a l  r o o t  a f f e r e n t  

d i s t r i b u t i o n  to the SP N  w a s  d e s c r i b e d .  B r i e f l y ,  m o s t  

l a b e l l e d  f i b e r s  e n t e r i n g  the SPN p a s s  in the L C P  and 

d i s p l a y  s e v e r a l  t r a j e c t o r y  p a t t e r n s  w i t h i n  the SPN. Th e  

m a j o r i t y  of f i b e r s  end in the d o r s o l a t e r a l  p o r t i o n  of the 

n u c l e u s .  O t h e r s  e x t e n d  f r o m  t h i s  r e g i o n  m e d i a l l y  a c r o s s  the 

b a s e  of the d o r s a l  h o r n ,  s o m e  c o n t i n u i n g  b e y o n d  the m i d l i n e  

to t e r m i n a t e  in l a t e r a l  l a m i n a  IV of the c o n t r a l a t e r a l
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d o r s a l  h o r n .  A s m a l l  c o n t i n g e n t  of f i b e r s  p a s s  f r o m  the L C P  

v e n t r a l l y  i n t o  the r e g i o n  o c c u p i e d  by LB n e u r o n s .  U s i n g  

t r a n s g a n g  1 i o n i c  t r a n s p o r t  of H R P  f r o m  t h e  p e l v i c  n e r v e ,  

M o r g a n  et al, ( 1 9 8 1 )  in cat, a n d  N a d e l h a f t  et al. ( 1 9 8 3 )  in 

m o n k e y ,  h a v e  d e m o n s t r a t e d  t h a t  a l a r g e  p r o p o r t i o n  of a x o n s  

in the L C P  ar e  of v i s c e r a l  a f f e r e n t  o r i g i n .  In cat ( M o r g a n  

et al,, 1 9 7 8 ;  U e y a m a  et al., 1 9 8 4 )  and in m o n k e y  ( R o p o l l o  

et al., 1 9 8 2 ) ,  a x o n b l a b e l l e d  t r a n s g a n g l i o n i c a l l y  f r o m  the 

p u d e n d a l  n e r v e  w e r e  a l s o  f o u n d  in the LCP. l i g h t  and Perl 

( 1 9 7 9 b )  i n j e c t e d  s i n g l e  a x o n s  w h i c h  w e r e  a c t i v a t e d  by 

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

t h e  tail of a cat. S o m e  of t h e s e  a x o n s ,  w h i c h  m a y  t r a v e l  to 

t he s p i n a l  c o r d  v i a  the p u d e n d a l  n e r v e ,  c o u r s e  in the LCP. 

R e c e n t  i m m u n o c y t o c h e m i c a  1 s t u d i e s  h a v e  r e v e a l e d  that L C P  

a x o n s  a r e  h e a v i l y  l a b e l l e d  w i t h  a n t i b o d i e s  to v a s o a c t i v e  

i n t e s t i n a l  p o l y p e p t i d e  ( B a s b a u m  a n d  G l a z e r ,  1 9 8 3 ;  d e G r o a t  

et al., 1 9 83), s u b s t a n c e  P, a n d  cho 1 e c y s t o k i n i n  ( d e G r o a t  et 

a l. ,  1 9 8 3 ) ,  A l l  of t h e s e  p e p t i d e s  ar e  k n o w n  to be p r e s e n t  

in d o r s a l  r o o t  g a n g l i o n  n e u r o n s .  I m m u n o r e a c t i v e  a x o n s  w e r e  

o b s e r v e d  to a r b o r i z e  h e a v i l y  in t h e  d o r s o l a t e r a l  a s p e c t  of 

t h e  n u c l e u s  w i t h  B o m e  e x t e n d i n g  t h r o u g h  t h e  DB r e g i o n  and a 

v e r y  fe w  in the LB a r e a .  T h i s  p a t t e r n  as c o m p a r a b l e  to the 

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

T h e  p e r i o d i c i t y  o b s e r v e d  in H R P  l a b e l l e d  L C P  a x o n s  wa s  a l s o  

o b s e r v e d  in a x o n s  l a b e l l e d  w i t h  a n t i b o d i e s  to s u b s t a n c e  P 

a n d  c h o 1 e c y a t o k i n i n  ( L o w e  et al. ,  1 9 8 1 ;  d e G r o a t  et al.,
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1 9 8 3 ) .

U n d e r  oil i rame r s i o n , i n d i v i d u a l  l a b e l l e d  a x o n s  w i t h i n  

the S P N  w e r e  a e e n  as t h i n  b l a c k  f i b e r s  w i t h  v a r i c o s i t i e s  

t h r o u g h o u t  t h e i r  c o u r s e .  S e v e r a l  i n v e s t i g a t o r s  h a v e  

s u g g e s t e d  t hat v a r i c o s i t i e s  s u c h  as t h e s e  r e p r e s e n t  s i t e s  

of s y n a p t i c  c o n t a c t  ( P r o s h a n s k y  a n d  E g g e r ,  1 9 7 7 ;  B r o w n  et 

al., 1 9 7 7 ;  I s h i z u k a  et al. ,  1 9 7 9 ;  L i g h t  a n d  P e r l ,  1977,

1 9 7 9 ) .  U l t r a s t r u c t u r a l  s t u d i e s  of p r i m a r y  a f f e r e n t  fibers 

d i f f u s e l y  filled with HRP support this s u g g e s t i o n  ( B e a t t i e 

et al., 1 9 7 8 ,  1 9 7 9 ;  L i u z z i  et al., 1 9 8 3 ;  M a w e  et al.,

1 9 8 4 ) .  U l t r a s t r u c t u r a l  e x a m i n a t i o n  of t h e s e  f i b e r s  in the 

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

t e r m i n a l s  w i t h i n  the SPN c o n t a i n  c l e a r  s p h e r i c a l  v e s i c l e s  

a n d  o f t e n  D C V s  as w e l l .  T h i s  is c o n s i s t e n t  w i t h  the r e s u l t s  

of N o l a n  a n d  B r o w n  ( 1 9 8 1 )  w h o  u s e d  a n t e r o g r a d e  d e g e n e r a t i o n  

to i d e n t i f y  p r i m a r y  a f f e r e n t  t e r m i n a l s .  In the p r e s e n t  

s t u d y ,  d o r s a l  r o o t  t e r m i n a l s  w i t h  a n d  w i t h o u t  D C V s  w e r e  

s e e n  on s o m a t a ,  but m o s t  c o n t a c t s  w e r e  a x o d e n d r i t i c  w i t h  

the m a j o r i t y  t e r m i n a t i n g  o n  d e n d r i t i c  p r o f i l e s  les s  t h a n  

0.5 u m  in d i a m e t e r .  N o l a n  a n d  B r o w n  ( 1 9 8 1 )  o b s e r v e d  o nly 

t e r m i n a l s  c o n t a i n i n g  D C V s  s y n a p s i n g  on s o m a t a  w i t h i n  the 

SPN, an d  b o t h  t y p e s  s y n a p s i n g  on d e n d r i t e s .  T h e  d i s c r e p a n c y  

b e t w e e n  the r e s u l t s  of t h e  p r e s e n t  s t u d y  a n d  t h o s e  of N o l a n  

a n d  B r o w n  m a y  be d u e  to s a m p l i n g  d i f f e r e n c e s  or c o u l d  be 

a t t r i b u t a b l e  to d i f f e r e n c e s  in the t e c h n i q u e s  e m p l o y e d .  In 

a d d i t i o n  to the g r e a t e r  d i f f i c u l t y  of l o c a t i n g  and
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i d e n t i f y i n g  d e g e n e r a t i n g  v e r s u s  H R P  l a b e l l e d  t e r m i n a l s ,  th e 

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

( S p r a g u e  a n d  Ha, 1 9 6 4 ;  L a M o t t e ,  1 9 7 7 ) .  N o l a n  and B r o w n  

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

h a v e  o v e r l o o k e d  t e r m i n a l  d e g e n e r a t i o n  w h i c h  w a s  not 

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

of a x o n s  w i t h  H R P  on the o t h e r  h a n d ,  l a b e l s  t h e  full 

f i b e r - d i a m e t e r  s p e c t r u m  of a f f e r e n t  f i b e r s  a n d  t h e i r  

t e r m i n a l s  w i t h i n  a s u r v i v a l  t i m e  of 1 0 - 2 0  h o u r s  ( B e a t t i e ,  

et al. , 1 9 7 8  , 1 97 9 ) .

A l t h o u g h  s o m e  of the l a b e l l e d  d o r s a l  r o o t  a f f e r e n t s  

e x a m i n e d  in t h i s  s t u d y  t e r m i n a t e d  on s o m a t a  a n d  d e n d r i t e s  

of l a b e l l e d  P GNs, m o s t  c o n t a c t e d  u n l a b e l l e d ,  u n i d e n t i f i e d  

p r o f i l e s .  It is l i k e l y  t hat m a n y  of t h e s e  a f f e r e n t s  a r e  

t e r m i n a t i n g  on i n t e r n e u r o n s  a s s o c i a t e d  w i t h  m i c t u r i t i o n  and 

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

r o s t r a l l y  to o t h e r  l e v e l s  of the n e u r a x i s .  T h e  d o r s o l a t e r a l  

a s p e c t  of the SPN ,  w h i c h  r e c e i v e s  t h e  m o s t  p r o n o u n c e d  

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

i n t e r n e u r o n s  t h a t  c a n  be a c t i v a t e d  or i n h i b i t e d  by v e s i c l e  

a n d  i n t e s t i n a l  s e n s o r y  f i b e r s  ( M i l n e  et al., 1 9 7 8 ;  d e G r o a t  

et al., 1 9 8 1 ) .  M a n y  of t h e s e  n e u r o n s  r e c i e v e  i n p u t  f r o m  

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

n e r v e  as w e l l .

E v i d e n c e  for the p r e s e n c e  of r o s t r a l l y  p r o j e c t i n g  

n e u r o n s  in l a t e r a l  l a m i n a  V w h i c h  r e c e i v e  d i r e c t  a f f e r e n t
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i n p u t  a l s o  e x i s t B .  C a r s t e n s  an d  T r e v i n o  ( 1 9 7 8 )  s h o w e d  that 

t h e r e  are n e u r o n s  in l a m i n a  V of the cat s p i n a l  c o r d  w h i c h  

p r o j e c t  d i r e c t l y  to the t h a l a m u s .  P h y s i o l o g i c a l  d a t a  

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

l o c a t e d  in th e  d o r s o l a t e r a l  SPN w h i c h  r e s p o n d  to b o t h  

v i s c e r a l  a n d  c u t a n e o u s  a f f e r e n t  s t i m u l i  ( M i l n e  et a l , ,

1 9 8 1 ) .  K u r u  and T a k a s e  ( 1 9 4 7 )  n o t e d  that in h u m a n s ,  c e l l s  

in t h i s  r e g i o n  u n d e r w e n t  c h r o m a t o  1 y t i c  c h a n g e s  f o l l o w i n g  

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

s e n s a t i o n s .  A p p l i c a t i o n  of H R P  to cut a x o n s  in the 

d o r s o l a t e r a l  f u n i c u l u s  b e t w e e n  the T13 a n d  L2 s e g m e n t s  of 

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

l a b e l l i n g  of n e u r o n s  in the d o r s o l a t e r a l  SPN ( d e G r o a t  et 

al. ,  1 9 8 1 ) .  A l t h o u g h  t h e  d e s t i n a t i o n  of t h e s e  r o s t r a l  ly 

p r o j e c t i n g  a x o n s  is u n k n o w n ,  t h e i r  c e l l B  of o r i g i n  ar e  w e l l  

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

a c c o u n t  f o r  s o m e  of the u n l a b e l l e d  p r o f i l e s  w h i c h  are 

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

In the c u r r e n t  s t u d y ,  s o m e  l a b e l l e d  d o r s a l  r o o t  

a f f e r e n t  t e r m i n a l s  w e r e  p r e s y n a p t i c  to p r o f i l e s  w h i c h  

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

s o m e t i m e s  D C V s .  N o l a n  and B r o w n  ( 1 9 8 1 )  r e p o r t e d  t hat a 

s m a l l  n u m b e r  of a f f e r e n t  a x o a x o n i c  s y n a p s e s  e x i s t  in the 

S PN. It is d i f f i c u l t  to d e t e r m i n e  w h e t h e r  the t e r m i n a l s  

o b s e r v e d  in the p r e s e n t  s t u d y  r e p r e s e n t  a x o a x o n i c  c o n t a c t s ,  

or i n t e r a c t i o n s  b e t w e e n  p r i m a r y  a f f e r e n t  f i b e r s  a n d  v e s i c l e
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c o n t a i n i n g  d e n d r i t e s  ( t y p e  2 d e n d r i t e B ,  G o b e l ,  19 7 6 ) ,  or 

s o m e  of e a c h .  G o b e l  ( 1 9 7 6 )  i l l u s t r a t e d  s i m i l a r  c o n t a c t s  in 

the s u b s t a n t i a  g e l a t i n o s s  of the cat s p i n a l  t r i g e m i n a l  

n u c l e u s  w h i c h  w e r e  i d e n t i f i e d  as t y p e  2 d e n d r i t e s .  In the 

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

w e r e  r a r e l y  o b s e r v e d  to be p o s t s y n a p t i c  to o t h e r  p r o f i l e s .  

P o s s i b l e  r e c i p r o c a l  s y n a p s e s  w i t h  the p r i m a r y  a f f e r e n t  

t e r m i n a l s  e x i s t  in the S P N  as w e r e  r e p o r t e d  by G o b e l  ( 1 9 7 6 )  

in the s u b s t a n t i a  g e l a t i n o s a .  F u n c t i o n a l  i m p l i c a t i o n s  of 

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

V e n t r a l  r o o t  a f f e r e n t s

S e v e r a l  l i n e s  of e v i d e n c e  s u g g e s t  t hat v e n t r a l  roo t 

a f f e r e n t  a x o n s  w e r e  l a b e l l e d  in the c o u r s e  of the p r e s e n t  

s t u d y .  W h e n  H R P  w a s  a p p l i e d  to the v e n t r a l  r o o t s  a l o n e ,  

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

o b s e r v e d  at the LM l e v e l  c o u r s i n g  a l o n g  the l a t e r a l  e d g e  of

t he v e n t r a l  h o r n  a n d  a r b o r i z i n g  in the SPN ;  s o m e  c o n t i n u e

d o r s a l l y  a l o n g  t h e  l a t e r a l  e d g e  of the d o r s a l  h o r n  and 

a r b o r i z e  in l a m i n a  I or e n t e r  the t r a c t  of L i s s a u e r .  W i t h i n

the SPN, s u c h  f i b e r s  d i s p l a y e d  v a r i c o s i t i e s  w h i c h  w e r e

s o m e t i m e s  s e e n  in c l o s e  a p p o s i t i o n  to s o n a t a  and d e n d r i t e s  

of l a b e l l e d  P G N s , e s p e c i a l l y  t h o s e  l o c a t e d  in t h e  l a t e r a l  

b a n d  r e g i o n .  U p o n  u 1 1 r a s t r u c t u r a  1 e x a m i n a t i o n  of t i s s u e  in 

w h i c h  t h e  v e n t r a l  r o o t s  w e r e  l a b e l l e d  w i t h  H R P ,  r e a c t i o n  

p r o d u c t  w a s  v i s i b l e  in t e r m i n a l s  tha t  c o n t a i n e d  c l e a r
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s p h e r i c a l  v e s i c l e s  and c l e a r  s p h e r i c a l  v e s i c l e s  p l u s  D CVs. 

T h e s e  t e r m i n a l s  w e r e  o b s e r v e d  to s y n a p t  i c a 1 ly i n t e r a c t  w i t h  

l a b e l l e d  P G N s  as w e l l  as u n l a b e l l e d  p r o f i l e s  in th e  

n e u r o p i l .  L a b e l l e d  t e r m i n a l s  w i t h  s i m i l a r  u l t r a s t r u c t u r a l  

f e a t u r e s  w e r e  a l s o  n o t e d  in l a m i n a  I a l o n g  the l a t e r a l  e d g e  

a n d  at the a p e x  of the d o r s a l  h o r n ;  l a b e l l e d  u n m y e l i n a t e d  

and l i g h t l y  m y e l i n a t e d  a x o n s  w e r e  a l s o  s e e n  p a s s i n g  t h r o u g h  

l a m i n a  I and c o u r s i n g  r o s t r o c s u d a l l y  in L i s s a u e r ' e  T r a c t  

( B e a t t i e  et al., 1984).

P o s s i b l e  o r i g i n s  for l a b e l l e d  f i b e r s  and t e r m i n a l s  

w i t h i n  the SP N  i n c l u d e  r e c u r r e n t  c o l l a t e r a l s ,  p r e s y n a p t i c  

d e n d r i t e s ,  an d  v e n t r a l  r o o t  a f f e r e n t s .  P h y s i o l o g i c a l  

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

PGN a x o n s  e x i s t  a n d  that t h e s e  c o l l a t e r a l s  e x e r t  an 

i n h i b i t o r y  i n f l u e n c e  on P G N s  v i a  i n t e r n e u r o n s  ( d e G r o a t  and 

R y a l l ,  1 9 6 8 ;  d e G r o a t ,  1 9 7 6 ) .  S i n c e  m a n y  of th e  c o n t a c t s  

o b s e r v e d  in the p r e s e n t  s t u d y  w e r e  on i d e n t i f i e d  PGNs, it 

is u n l i k e l y  t h a t  t h e s e  t e r m i n i a l s  a r e  f r o m  the p o p u l a t i o n  

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

( d e G r o a t  and R y a l l ,  1 968; d e G r o a t ,  1 9 7 6 ) .  A l t h o u g h  t h o s e  

t e r m i n a l s  o b s e r v e d  in the S P N  not in d i r e c t  c o n t a c t  w i t h  

the P G N s  r e p r e s e n t  a p l a u s i b l e  s o u r c e  of r e c u r r e n t  

i n h i b i t i o n ,  c a r e f u l  LM e x a m i n a t i o n  of l a b e l l e d  PGN a x o n s  in 

the p r e s e n t  s t u d y  r e v e a l e d  v e r y  f e w  p o s s i b l e  e x a m p l e s  of 

l a b e l l e d  r e c u r r e n t  c o l l a t e r a l s .  T h e  c o l l a t e r a l s  t h a t  w e r e  

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

to p a r e n t  a x o n s  t hat p a s s  a l o n g  the l a t e r a l  e d g e  of the 

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

be e x p e c t e d  to t a k e .  T h i s  s u g g e s t s  that t h e  c o l l a t e r a l s  

d e s c r i b e d  in p h y s i o l o g i c a l  e x p e r i m e n t s  w e r e  not l a b e l l e d  in 

t h e  c u r r e n t  s t u d y .

It s h o u l d  be n o t e d  tha t  r e c u r r e n t  c o l l a t e r a l s  of 

m o t o n e u r o n s  w e r e  o b s e r v e d  in the v e n t r a l  h o r n .  A l t h o u g h  

m o t o n e u r o n  c o l l a t e r a l s  did not p r o j e c t  in the d i r e c t i o n  of 

the SPN, f i n e  d e n d r i t i c  e x t e n s i o n s  f r o m  m o t o n e u r o n s  in the 

r e g i o n  of O n u f ' b n u c l e u s  w e r e  t r a c e d  i n t o  the SPN.

S w e l l i n g s  on t h e s e  f i n e  d e n d r i t e s  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 c l o s e  a p p o s i t i o n  to l a b e l l e d  P G N s  ( u n p u b l i s h e d  

o b s e r v a t i o n s ) .  It is d o u b t f u l  tha t  t h i s  s o u r c e  of i n p u t  to 

the SP N  a c c o u n t s  for the t e r m i n a l s  in q u e s t i o n  b e c a u s e  the 

m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  of e l e m e n t s  t r a c e d  b a c k  to 

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

t a k e  a m o r e  t o r t u o u s  c o u r s e  a n d  a r e  f a s c i c u l a t e d  in the SPN 

a n d  s u p e r f i c i a l  d o r s a l  h o r n .  In a d d i t i o n ,  t h e y  do not 

e x h i b i t  the u 11 r a e t r u c t u r a  1 c h a r a c t e r i s t i c s  p r e v i o u s l y  

d e s c r i b e d  for p r e s y n a p t i c  d e n d r i t e s  ( e.g. Fall et al.,

1 9 6 6 ;  R a l s t o n ,  1 9 6 8 ;  L u n d ,  1 9 6 9 ;  G o b e l ,  1 9 7 6 ) .

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

t h e  p r e s e n c e  of s e n s o r y  f i b e r s  e n t e r i n g  t h e  s p i n a l  c o r d  by 

w a y  of t h e  v e n t r a l  r o o t s .  A p p r o x i m a t e l y  3 0 Z  of t h e  a x o n s  in
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l u m b o s a c r a l  v e n t r a l  r o o t s  a r e  u n m y e l i n a t e d  ( C o g g e s h a l l  et 

al., 1 9 7 4 ;  A p p l e b a u m  et al., 1 9 7 6 ) ,  a n d  of t h e s e  h a l f  are 

t h o u g h t  to be PGN a x o n s  a n d  the o t h e r  h a l f  ar e  c o n s i d e r e d  

v e n t r a l  r oot a f f e r e n t s  ( A p p l e b a u m  et al. ,  1 9 7 6 ) .  

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

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

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

( C l i f t o n  et al., 1 9 7 5 ;  C o g g e s h a l l  and Ito, 19 7 7 ) .  Two 

t h i r d s  of t h e  v e n t r a l  r oot a f f e r e n t B  in S3 an d  Cxi v e n t r a l  

r o o t s  h a v e  v i s c e r a l  r e c e p t i v e  f i e l d s  in the p e l v i s  and m o s t  

of the r e m a i n i n g  v e n t r a l  r o o t  a f f e r e n t  f i b e r s  w e r e  

a c t i v a t e d  by c u t a n e o u s  n o c i c e p t i v e  s t i m u l i  ( C l i f t o n  et al., 

1 9 7 6 ) ,  A p p r o x i m a t e l y  s e v e n t y  p e r c e n t  of the L7 and Si 

v e n t r a l  roo t  a f f e r e n t s  in th e  cat h a v e  s o m a t i c  r e c e p t i v e  

f i e l d s ,  m o s t  of w h i c h  a r e  n o c i c e p t i v e .  T h e  r e m a i n i n g  30% of 

t h e  L7 a n d  Si v e n t r a l  r o o t  a f f e r e n t s  f i b e r s  h a v e  r e c e p t i v e  

f i e l d s  in p e l v i c  v i s c e r a  i n c l u d i n g  the b l a d d e r  a n d  c o l o n  

( C o g g e s h a l l  and Ito, 1 9 7 7 ) .

It is r e a s o n a b l e  to s p e c u l a t e  that v e n t r a l  r o o t  

a f f e r e n t  f i b e r B  c o n v e y i n g  c u t a n e o u s  n o c i c e p t i v e  and 

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

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

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

d o r s a l  r o o t s  h a s  b e e n  s h o w n  to d i s t r i b u t e  p r i m a r i l y  in the 

s u p e r f i c i a l  d o r s a l  h o r n  and SP N  ( L i g h t  a n d  P erl, 1 9 7 9 ;  

M o r g a n  et al., 1 9 8 1 ;  N a d e l h a f t  et al., 1 9 8 3 ) .  D e g e n e r a t i o n
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s t u d i e s  of v e n t r a l  r h l z o t o m i z e d  a n i m a l s  h a v e  i n d i c a t e d  that 

v e n t r a l  r o o t  a f f e r e n t s  t e r m i n a t e  in t h e  d o r s a l  h o r n  

( D i m s d a l e  and K e m p ,  1 9 6 6 ;  M i k e l a d z e ,  1 9 6 6 )  a n d  in the 

i n t e r m e d i o  1 a t e r a  1 g r a y  ( M i k e l a d z e ,  1966 ). In a m o r e  r e c e n t  

B t u d y ,  L i g h t  and M e t z  ( 1 97 8 ), u s i n g  i n j u r y - f i 1 1 ing of 

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

f r o m  t h e  v e n t r a l  r o o t  exi t  r e g i o n  to a r b o r i z e  w i t h i n  the 

d o r s a l  h o r n .

T e r m i n a l s  a n d  f i b e r s  w h i c h  w e r e  l a b e l l e d  in the 

p r e s e n t  B t u d y  f o l l o w i n g  a p p l i c a t i o n  of H R P  to the v e n t r a l  

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

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

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

of s m a l l  c a l i b e r  and d i s t r i b u t e  w i t h i n  the SPN and l a m i n a e  

I and II. At t h e  E M  level, l a b e l l e d  u n m y e l i n a t e d  and 

l i g h t l y  m y e l i n a t e d  a x o n s  w e r e  s e e n  in t h e s e  s a m e  r e g i o n s  as 

w e l l  as the t r a c t  of L i s s a u e r  w h i c h  h a s  b e e n  s h o w n  to 

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

e n t e r  t h e  s p i n a l  c o r d  v i a  t h e  d o r s a l  r o o t s  ( L i g h t  and P erl, 

1 9 7 9 b ;  M o r g a n  et al., 1 9 8 1 ) ,  L a b e l l e d  t e r m i n a l s ,  w h i c h  ar e  

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

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

n e u r o n a l  p r o f i l e s  w i t h i n  the SPN a n d  u n l a b e l l e d  p r o f i l e s  in 

l a m i n a  I. It is c o n c l u d e d  t h a t  l a b e l l e d  t e r m i n a l s  o b s e r v e d  

in t h e  SPN and l a m i n a  I a r e  of v e n t r a l  r o o t  o r i g i n .
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D i r e c t  a f f e r e n t - e f f e r e n t  i n t e r a c t i o n s

M o n o s y n a p t i c  c o n n e c t i o n s  b e t w e e n  p r i m a r y  a f f e r e n t  

f i b e r s  a n d  s a c r a l  P G N s  h a v e  b e e n  p o s t u l a t e d  by s e v e r a l  

i n v e s t i g a t o r s  ( d e G r o a t  et al., 1 9 8 1 ;  M o r g a n  et a l., 1 9 8 1 ;  

N o l a n  a n d  B r o w n ,  1 9 8 1 ;  N a d c l h a f t  et al., 1 9 8 3 ) .  F o l l o w i n g  

a p p l i c a t i o n  of H R P  to the p e l v i c  n e r v e ,  a p r o n o u n c e d  

o v e r l a p  b e t w e e n  a f f e r e n t  and e f f e r e n t  e l e m e n t s  h a s  bee n  

d e m o n s t r a t e d  at the L M level in the cat ( M o r g a n  et al., 

1 9 8 1 )  and m o n k e y  ( N a d e l h a f t  et al., 19 8 3 ) .  U n f o r t u n a t e l y ,  

thi s  t e c h n i q u e  d o e s  n o t  p r o v i d e  the r e s o l u t i o n  n e c e s s a r y  to 

e x a m i n e  i n t e r a c t i o n s  b e t w e e n  s i n g l e  a f f e r e n t  f i b e r s  and 

P G N s  at t h e  LM l e v e l ,  a n d  u 1 1 r a s t r u c t r a  1 i d e n t i f i c a t i o n  of 

a f f e r e n t  t e r m i n a l s  l a b e l l e d  by t r a n s g a n g 1 i o n i c  t r a n s p o r t  of 

H R P  is d i f i c u l t .  N o l a n  and B r o w n  ( 1 9 8 1 )  u s e d  the t e c h n i q u e  

of a n t e r o g r a d e  d e g e n e r a t i o n  to d e s c r i b e  p r i m a r y  a f f e r e n t  

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

r e g a r d i n g  m o n o s y n a p t i c  i n t e r a c t i o n s  c o u l d  n o t  be d r a w n  

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

n e u r o n s  in th e  r e g i o n .

E v i d e n c e  f r o m  e 1 e c t r o p h y s i o 1 o g i c a  1 e x p e r i m e n t s  

p e r f o r m e d  on cats w i t h  i n t a c t  s p i n a l  c o r d s  s u g g e s t  that 

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

p o l y s y n a p t i c  ( d e G r o a t  et al., 1 9 8 1 ) .  S t i m u l a t i o n  of 

a f f e r e n t s  f r o m  the b l a d d e r  and c o l o n  r e s u l t s  in l o n g  

l a t e n c y  r e s p o n s e s  ( b l a d d e r :  6 0 - 7 5  m s e c ;  c o l o n :  4 5 - 6 0  m s e c )  

in p o s t g a n g l i o n i c  f i b e r s  on the s u r f a c e s  of t h e s e  o r g a n s .



H o w e v e r ,  in c h r o n i c  s p i n a l  a n i m a l s ,  s h o r t  l a t e n c y  r e f l e x e s  

( 7 - 2 5  m s e c )  w h i c h  m a y  be m o n o s y n a p t i c  a r e  c a p a b l e  of 

i n i t i a t i n g  m i c t u r i t i o n  ( d e G r o a t  and R y a l l ,  1 9 6 9 ;  d e G r o a t  et 

al., 1981 ) .

T h e  t e c h n i q u e  e m p l o y e d  in the p r e s e n t  s t u d y  has 

a l l o w e d  a m o r e  d i s c r e t e  e x a m i n a t i o n  of the m o r p h o l o g y  of 

P G N s ,  p r i m a r y  a f f e r e n t s ,  a n d  t h e i r  i n t e r a c t i o n s ,  t h a n  

a p p l i c a t i o n  of H R P  to p e r i p h e r a l  n e r v e s .  A l s o ,  the 

t e c h n i q u e  u s e d  h e r e  is w e l l  s u i t e d  for s e q u e n t i a l  l ight and 

e l e c t r o n  m i c r o s c o p i c  e x a m i n a t i o n  of l a b e l l e d  e l e m e n t s .  At 

the LM l e v e l ,  v a r i c o s i t i e s  on l a b e l l e d  p r i m a r y  a f f e r e n t  

f i b e r s  w e r e  o f t e n  s e e n  in c l o s e  a p p o s i t i o n  to s o n a t a  and 

d e n d r i t e s  of l a b e l l e d  P G N s .  U l t r a s t r u c t u r a l  e x a m i n a t i o n  

r e v e a l e d  l a b e l l e d  t e r m i n a l s  s y n a p s i n g  on the s o m a t a  and 

d e n d r i t e s  of l a b e l l e d  P G N s .  As n o t e d  p r e v i o u s l y ,  s i m i l a r  

i n t e r a c t i o n s  w e r e  o b s e r v e d  b e t w e e n  p r o p o s e d  v e n t r a l  root 

a f f e r e n t  t e r m i n a l s  a n d  P G N s .

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

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

r e s p o n s e  r e c o r d e d  in c h r o n i c  s p i n a l  c a t e .  D e G r o a t  a n d  his 

c o l l i g u e s  ( 1 9 8 1 ;  1 983) h a v e  s u g g e s t e d  tha t  the a p p e a r a n c e

of the s h o r t  l a t e n c y  r e s p o n s e  o b s e r v e d  in c h r o n i c  s p i n a l  

c a t s  m a y  be d u e  to a n a t o m i c a l  r e o r g a n i z a t i o n  of d o r s a l  root 

a f f e r e n t  s y s t e m s  as a c o n s e q u e n c e  of r e m o v a l  of th e  

s u p r a s e g m e n t a  1 i n p u t  to t h e  SPN. In l i g h t  of the c u r r e n t  

o b s e r v a t i o n s  of a m o n o s y n a p t i c  i n p u t  to the P G N s  in n o r m a l
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a n i m a l s ,  p e r h a p s  u n m a s k i n g  of an a l r e a d y  e x i s t a n t  

c o n n e c t i o n  m i g h t  be a m o r e  p a r s i m o n i o u s  e x p l a n a t i o n  for the 

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

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

a l t e r a t i o n s  (T h o r ,  et al., 1 9 8 2 ;  M u r r a y  a n d  G o l d b e r g e r ,  

1 9 7 4 ) .
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F I G U R E S  1-4

F i g u r e s  1-4 i l l u s t r a t e  n e u r o n s  w h i c h  w e r e  l a b e l l e d  by 

a p p l i c a t i o n  of H R P  to s a c r a l  v e n t r a l  r o o t s .  F i g u r e  1 is a 

low p o w e r  m i c r o g r a p h  w h i c h  d e m o n s t r a t e s  the l o c a t i o n s  of 

m o t o n e u r o n s  and P G N s  w i t h i n  the g r a y  m a t t e r  of an S2 

s e c t i o n .  B a r “ 500 urn. F i g u r e  2 is a h i g h e r  p o w e r  m i c r o g r a p h  

of l a t e r a l  band P G N s  in the r e g i o n  i n d i c a t e d  in f i g u r e  1. 

T h e  s o l i d  b l o c k  a r r o w  is p o i n t i n g  to a g r o u p  of l a b e l l e d  

PGN d e n d r i t e s  p a s s i n g  d o r s a  l a t e r a l l y  i n t o  the w h i t e  m a t t e r .  

A t r i a n g u l a r l y  s h a p e d  PGN is i n d i c a t e d  by t h e  o p e n  b l o c k  

a r r o w .  T h e  a s t e r i s k  i n d i c a t e s  a b u n d l e  of m y e l i n a t e d  a x o n s .  

B a r “ 50 u m . L a b e l l e d  d o r s a l  b a n d  n e u r o n s  a r e  s h o w n  in f i g u r e  

3 ( a r r o w s ) .  B a r ^ l O O  u m . L a b e l l e d  l a t e r a l  b a n d  n e u r o n e  ar e 

i n d i c a t e d  by the a r r o w s  in f i g u r e  4. T h e  o p e n  b l o c k  a r r o w  

in f i g u r e  4 is p o i n t i n g  to a d o r s o l a t e r a l l y  s i t u a t e d  d o r s a l  

b a n d  cell.
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F I G U R E  5

T h e  t h r e e  t y p e s  of n e u r o n a l  r e a c t i o n  p r o d u c t  a r e  s h o w n  

in f i g u r e  5. T h e s e  i n c l u d e  a d a r k  d i f f u s e l y  l a b e l l e d  n e u r o n  

( c e l l  1), a d i f f u s e  p l u s  g r a n u l a r l y  l a b e l l e d  n e u r o n  ( c e l l  

2), a n d  a g r a n u l a r l y  l a b e l l e d  n e u r o n  ( c e l l  3). A l a b e l l e d  

b l o o d  v e s s e l  (BV) is a l s o  i n d i c a t e d .  B a r “ 20 um.
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F I G U R E S  6 and 7

F i g u r e  6 i l l u s t r a t e s  the r o s t r o c s u d a l  d i s t r i b u t i o n  of 

l a b e l l e d  c e l l s  in S2 a f t e r  H R P  a p p l i c a t i o n  to the v e n t r a l  

r o o t l e t s .  F i g u r e  7 is a plo t  of l a b e l l e d  c e l l  c o u n t s  f r o m  

t h e  s a n a  c a s e .



CAUDAL TO ROSTRAL

8 0
70
6 0
50

4 0
3 0  
20 
1 0

TO 20
12 0  Mm INTERVALS



F I G U R E  8

Th e  a r r a n g e m e n t  of R e x e d ' s  l a m i n a e  at s p i n a l  level S2 

is i l l u s t r a t e d  on the r i g h t .  T h e  t h r e e  t y p e s  of PGN s  (A, B, 

and C) a r e  s h o w n  on the left.
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F I G U R E S  9 and 10

F i g u r e s  9 a n d  10 i l l u s t r a t e  r e p r e s e n t a t i v e  d o a a l  b a n d  

P G N s .  (A, a x o n s ;  cc, c e n t r a l  c a n a l ;  LF, l a t e r a l  f u n i c u l u s ) .
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F I G U R E S  1 1 - 1 3

F i g u r e s  11, 12, a n d  13 i l l u s t r a t e  l a t e r a l  b a n d  P GNs.

(A, a x o n s ;  LF, l a t e r a l  f u n i c u l u s ) .
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F I G U R E S  1 4 - 1 9

F i g u r e s  1 4 - 1 9  s h o w  the L C P  p r i m a r y  a f f e r e n t  

d i s t r i b u t i o n  w i t h i n  the S PN. In f i g u r e  14, L C P  a x o n s  pass 

v e n t r a l l y  a l o n g  the l a t e r a l  b o r d e r  of the d o r s a l  h o r n  and 

in a f a s c i c l e  t h r o u g h  the w h i t e  m a t t e r  ( a r r o w )  to e n t e r  the 

d o r s o l a t e r a l  a s p e c t  of the SPN w h e r e  m o s t  of the a x o n s  

t e r m i n a t e .  L a b e l l e d  a f f e r e n t  f i b e r s  c o n t i n u e  i n t o  the LB 

r e g i o n  ( a r r o w h e a d s ) . B a r “ 100 um. F i g u r e  15 i l l u s t r a t e s  LCP

a x o n s  c o n t i n u i n g  m e d i a l l y  f r o m  the d o r s o l a t e r a l  SP N  to the 

m i d l i n e  of th e  s p i n a l  c o r d  ( a r r o w h e a d s ) .  B a r * 1 0 0  um. 

A f f e r e n t  f i b e r s  w h i c h  p a s s  m e d i a l l y  an d  d o r s a l l y  a r e  s e e n  

in f i g u r e  16 ( b a r “ 2 0 0  u m .) an d  at h i g h e r  p o w e r  in f i g u r e  17

( b a r “ 5 0 u m »). F i g u r e s  18 ( b a r “ 50 u m .) a n d  19 ( b a r " 1 0  um.) 

i l l u s t r a t e  the a p p e a r a n c e  of i n d i v i d u a l  l a b e l l e d  a f f e r e n t  

f i b e r s .  A r r o w h e a d s  in f i g u r e  19 i n d i c a t e  v a r i c o s i t i e s  on 

l a b e l l e d  a x o n s ,  (cc, c e n t r a l  c a n a l )
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F I G U R E  20

F i g u r e  20 is p h o t o m i c r o g r a p h  of p r i m a r y  a f f e r e n t  a x o n s  

w h i c h  w e r e  l a b e l l e d  by a p p l i c a t i o n  of H R P  to the 

c o n t r a l a t e r a l  d o r s a l  r o o t l e t s .  T h e  b l o c k  a r r o w  i n d i c a t e s  an 

a r e a  of a r b o r i z a t i o n  of h e s e a x o n s  w h i c h  c o r r e s p o n d s  to 

the r e g i o n  i n d i c a t e d  by t h e  b l o c k  a r r o w  in the i n s e t .

B a r = 1 0 0 um.
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F I G U R E S  2 1 - 2 6

F i g u r e s  2 1 - 2 4  are p h o t o m i c r o g r a p h s  of p a r a s a g g i  tsl 

s e c t i o n s  at S2 f o l l o w i n g  a p p l i c a t i o n  of H R P  to d o r s a l  and 

v e n t r a l  r o o t s .  O p e n  b l o c k  a r r o w s  i n d i c a t e  L C P  a x o n s  w h i c h  

f a s c i c u l a t e  as t h e y  p a s s  v e n t r a l l y  t o w a r d s  the S P H . PGN s  

a r e  c i r c l e d .  B a r ” 200 un. F i g u r e  25 B h o w s  the p l a n e s  of 

s e c t i o n  r e p r e s e n t e d  in f i g u r e s  2 1 - 2 4 ,  F i g u r e  26 is a h i g h e r  

p o w e r  p h o t o m i c r o g r a p h  of the a r e a  i n d i c a t e d  in f i g u r e  24. 

N o t e  th e  o v e r l a p  b e t w e e n  a f a s c i c l e  of a f f e r e n t  f i b e r s  and 

l a b e l l e d  P G N s  ( c i r c l e s ) .  B a r “ 5 0 urn.
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F I G U R E S  2 7 - 2 9

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

a f t e r  a p p l i c a t i o n  of H R P  to the v e n t r a l  r o o t s  a l o n e ,  ar e 

i n d i c a t e d  by a r r o w s  in f i g u r e s  2 7 - 2 9 ,  F i g u r e  27 is a 

p h o t o m i c r o g r a p h  of the LB r e g i o n  of the SPN. F i g u r e  28 

s h o w s  f i b e r s  in l a m i n a  I a l o n g  the l a t e r a l  e d g e  of the 

d o r s a l  h o r n ,  an d  f i g u r e  29 is f r o m  l a m i n a  I a d j a c e n t  to the 

Tract of L i sBauer. B a r s * 2 0  um.
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F I G U R E S  3 0 - 3 3

F i g u r e s  3 0 - 3 3  i l l u s t r a t e  i n t e r a c t i o n s  b e t w e e n  p r i m a r y  

a f f e r e n t  f i b e r s  and s a c r a l  P GNs. F i g u r e  30 is a low p o w e r  

p h o t o m i c r o g r a p h  i l l u s t r a t i n g  a l a r g e  f a s c i c l e  of SPN a x o n s  

e n t e r i n g  the SPN. B a r "  500 u m . C l o s e  a p p o s i t i o n s  b e t w e e n  

t h e s e  a f f e r e n t  f i b e r s  and P G N a  ( a r r o w s )  a r e  s e e n  in f i g u r e

31, w h i c h  is a h i g h e r  p o w e r  m i c r o g r a p h  of the a r e a  

i n d i c a t e d  in f i g u r e  30, B a r ' 2 0  um. A r r o w s  in f i g u r e  32 

i n d i c a t e  s w e l l i n g s  on p r i m a r y  a f f e r e n t  a x o n s  w h i c h  are 

a p p o s e d  to P GNs. F i g u r e  33, w h i c h  is a c a m e r a  l u c i d a  

d r a w i n g  of the n e u r o n  i n d i c a t e d  by a b l o c k  a r r o w  in f i g u r e

32, i l l u s t r a t e s  a l a b e l l e d  f i b e r  as it p a s s e s  a l o n g  the 

s oma of a P G N .
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F I G U R E S  34 a n d  35

F i g u r e s  34 and 35 i l l u s t r a t e  f i b e r s  w i t h  v a r i c o s i t i e s  

( a r r o w s ) ,  w h i c h  w e r e  l a b e l l e d  a f t e r  a p p l i c a t i o n  of H R P  to 

the v e n t r a l  r o o t s  a l o n e ,  in c l o s e  a p p o s i t i o n  to l a b e l l e d  

P G N s ,  B a r s ' 2 0  um.
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F I G U R E S  3 6 - 3 9

F i g u r e s  3 6 - 3 9  i l l u s t r a t e  a s i n g l e  n e u r o n  w h i c h  wa s  

o b s e r v e d  and d o c u m e n t e d  at the L M  l e v e l ,  t h e n  s e c t i o n e d  and 

o b s e r v e d  e l e c t r o n  m i c r o s c o p i c a l l y .  F i g u r e  36 s h o w s  this 

d a r k ,  d i f f u s e l y  l a b e l l e d  n e u r o n  as s e e n  in a 60 um t h i c k ,  

p l a s t i c  e m b e d d e d  s e c t i o n .  T h e  b l o c k  a r r o w  s e r v e s  as a 

r e f e r e n c e  p o i n t  on the n e u r o n  for f i g u r e s  37 a n d  38. S m a l l  

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

l a b e l l e d  d e n d r i t e  ( a r r o w ) .  A n o t h e r  d e n d r i t e  of the n e u r o n  

is i n d i c a t e d  by t h e  s m a l l  a r r o w s .  B a r = 5 0  um. F i g u r e  37 is a 

1 urn t h i c k  s e c t i o n  t h r o u g h  the n e u r o n .  It a p p e a r e d  light 

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

u n l a b e l l e d  d e n d r i t e  ( c u r v e d  a r r o w )  an d  the l a b e l l e d  

d e n d r i t e  ( a r r o w )  is c l e a r l y  s h o w n .  A r e g i o n  of n u m e r o u s  

l a b e l l e d  g r a n u l e s  is i n d i c a t e d  by the a r r o w h e a d .  B a r B 50 um. 

F i g u r e s  38 an d  39 are e l e c t r o n  m i c r o g r a p h s  t h r o u g h  s o m a  and 

d e n d r i t e  of t h i s  s a m e  n e u r o n .  R e a c t i o n  p r o d u c t  is s e e n  in 

n u m e r o u s  m e m b r a n e  b o u n d  i n c l u s i o n s .  T h e  o p e n  b l o c k  a r r o w  in 

f i g u r e  38 is in the n u c l e u s  of the g l i a l  cell i n d i c a t e d  by 

the o p e n  b l o c k  a r r o w  in f i g u r e  37. B a r * l  ,0 um.
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F I G U R E  40

F i g u r e  40 i e a p h o t o m i c r o g r a p h  of a 1 um t h i c k  s e c t i o n  

i n c l u d i n g  the l a t e r a l  f u n i c u l u s  (LF) a n d  a p o r t i o n  of the 

SPN. T h e  L C P ( w h i c h  i n c l u d e s  l a r g e  n u m b e r s  of u n m y e l i n a t e d  

a x o n s  is i n d i c a t e d .  A r r o w s  i n d i c a t e  the l o c a t i o n s  of 

l a b e l l e d  P G N s .  B a r - 1 0 0  u m .
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F I G U R E  41

A d r a w i n g  of a l a b e l l e d  PGN r e c o n s t r u c t e d  fr om 

e l e c t r o n  m i c r o g r a p h s  is s e e n  f i g u r e  41. T e r m i n a l s  s y n a p s i n g  

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

t e r m i n a l  (P), a t e r m i n a l  c o n t a i n i n g  r o u n d  v e s i c l e s  (R), and 

a p r i m a r y  a f f e r e n t  t e r m i n a l  (PA) c o n t a i n i n g  r o u n d  v e s i c l e s  

a n d  D C V ' s ,  A l s o  d i r e c t l y  a p p O B e d  to t h i s  n e u r o n  a r e  g l i a l  

f i b e r s ,  m y e l i n a t e d  a x o n s ,  d e n d r i t e s  an d  t e r m i n a l s  not 

s y n a p s i n g  on the n e u r o n  in this s e c t i o n .  A d e n d r i t e  of t h i s  

n e u r o n  ( D ) , s e p a r a t e d  in t h i s  s e c t i o n  by a g l i a l  p r o c e s s ,  

c a n  a l s o  be s een. B a r * 2  u m .
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F I G U R E S  4 2 - 4 6

F i g u r e s  4 2 - 4 6  i l l u s t r a t e  u n l a b e l l e d  t e r m i n a l s  

s y n a p s i n g  ( d o u b l e  a r r o w s )  on d e n d r i t e s  (D) of l a b e l l e d  

P G N s .  T e r m i n a l s  in f i g u r e s  42 a n d  43 c o n t a i n  s p h e r i c a l  

v e s i c l e s ;  t e r m i n a l s  in f i g u r e s  4 4 - 4 6  c o n t a i n  p l e o m o r p h i c  

v e s i c l e B .  T e r m i n a l s  in f i g u r e  42, #2 in f i g u r e  43, #1 in 

f i g u r e  44, an d  f i g u r e s  43 a n d  44 c o n t a i n  D C V ' s  as w e l l .  Th e  

o p e n  b l o c k  a r r o w  in f i g u r e  42 i n d i c a t e s  a l a b e l l e d  

m y e l i n a t e d  a x o n ,  the c l o s e d  b l o c k  a r r o w  i n d i c a t e s  a 

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

d e n d r i t e .  A r r o w h e a d s  in f i g u r e  43 i n d i c a t e  p o s t s y n a p t i c  

d e n s e  b o d i e s .  Ba r “ 0 .5 u m .
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F I G U R E  47

F i g u r e  47 is a bar g r a p h  i n d i c a t i n g  p r o p o r t i o n s  of 

t e r m i n a l s  c o n t a i n i n g  d i f f e r e n t  n u m b e r s  of DCVs. L a b e l l e d  

p r i m a r y  a f f e r e n t  t e r m i n a l s  ( n = 2 4 1 )  are r e p r e s e n t e d  by o p e n  

b a r s .  T e r m i n a l s  on l a b e l l e d  P G N s  ( n “ 193) a r e  r e p r e s e n t e d  by 

h a t c h e d  b ars.

F I G U R E  48

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

l a b e l l e d  P G N s  is d e m o n s t r a t e d  by the bar g r a p b  in f i g u r e  

48.
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F I G U R E  49

A c o m p a r i s o n  of the p o s t s y n a p t i c  d i s t r i b u t i o n  of r o u n d  

( n “ 154) v e r s u s  p l e o m o r p h i c  ( n “ 39) v e s i c l e  c o n t a i n i n g  

t e r m i n a l s  is i l l u s t r a t e d  in f i g u r e  49.

F I G U R E  5 0

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

a f f e r e n t  t e r m i n a l s  ( n _ 241 )  is i l l u s t r a t e d  in f i g u r e  50.
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F I G U R E S  5 1 - 5 5

F i g u r e s  5 1 - 5 5  i l l u s t r a t e  l a b e l l e d  d o r s a l  r o o t  a f f e r e n t  

t e r m i n a l s  s y n a p s i n g  ( d o u b l e  a r r o w s )  on u n l a b e l l e d  d e n d r i t i c  

p r o f i l e s .  S u c h  t e r m i n a l s  c o n t a i n  r o u n d  v e s i c l e s  or r o u n d  

v e s i c l e s  p l u s  D C V ' e  (fig. 54). T h e  t e r m i n a l  in f i g u r e  51 is 

s y n a p s i n g  on the s h a f t  and s p i n e  ( a r r o w )  of an u n l a b e l l e d  

d e n d r i t e .  A p o s t s y n a p t i c  d e n s e  b o d y  is i n d i c a t e d  by the 

a r r o w h e a d  in f i g u r e  52. Bar*s0.5 um.
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F I G U R E S  5 7 - 6 0

L a b e l l e d  t e r m i n a l s  s y n a p s i n g  ( d o u b l e  a r r o w s )  on 

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

f i g u r e s  5 7 - 6 0 .  T h e  p o s t s y n a p t i c  p r o f i l e s  in f i g u r e s  57, 58,

a n d  60 c o n t a i n  p l e o m o r p h i c  v e s i c l e s ;  the p o s t s y n a p t i c  

p r o f i l e  in f i g u r e  59 c o n t a i n  r o u n d  v e s i c l e s .  S i n g l e  a r r o w s  

in f i g u r e s  58 a n d  59 i n d i c a t e  r e g i o n s  of p o s s i b l e  

r e c i p r o c a l  s y n a p s e s .  B a r ' O .5 um.
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F I G U R E S  6 1 - 6 3

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

H R P  to the v e n t r a l  r o o t  a l o n e  a r e  s e e n  s y n a p s i n g  ( d o u b l e  

a r r o w s )  on u n l a b e l l e d  d e n d r i t i c  p r o f i l e s  in t h e  SPN in 

f i g u r e s  6 1 - 6 3 .  B a r s “ 0 . 5  urn.
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F I G U R E S  6 4 - 6 8

S y n a p t i c  i n t e r a c t i o n s  ( d o u b l e  a r r o w s )  b e t w e e n  l a b e l l e d  

d o r ° s l  r o o t  a f f e r e n t  t e r m i n a l s  and l a b e l l e d  P G N s  are s h o w n  

in f i g u r e s  6 4 - 6 8  . F i g u r e s  64 and 65 i l l u s t r a t e  a x o s o i a t i ' 1 

c o n t a c t s ;  r e a c t i o n  p r o d u c t  c o n t a i n i n g  c i s t e r n a e  a n d  

l y s o s o m e s  a r e  i n d i c a t e d  by a r r o w s .  T h e  o p e n  b l o c k  a r r o w s  in 

f i g u r e  64 i n d i c a t e  D C V s  in the s oma of the PGN . F i g u r e  66 

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

PGN d e n d r i t e .  S e r i a l  s e c t i o n s  of a l a b e l l e d  t e r m i n a l  

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

a x o n  a r e  s h o w n  in f i g u r e s  67 a n d  68. T h e  d e n s i t y  and 

w i d e n e d  c l e f t  i n d i c a t e d  by d o u b l e  a r r o w s  in f i g u r e  67 

c o r r e s p o n d  to the r e g i o n  c o n t a i n i n g  a c l u s t e r  of s y n a p t i c  

v e s i c l e s  in f i g u r e  68 ( d o u b l e  a r r o w s ) .  T h e  o p e n  b l o c k  

a r r o w s  in f i g u r e s  67 and 68 i n d i c a t e  the s a m e  d e n d r i t e  in 

e a c h  s e c t i o n .  B a r s “ 0.5 un.



92

f -

■ .« . • v*»
1 \ * ̂  &  ' r V  V i  *

>  " v * ■■-•■-■

i. . 7
B

w /  «*■

«



9'i

F I G U R E  69

T h e  p o s t B y n a p t i c  d i s t r i b u t i o n  of l a b e l l e d  d o r s a l  

( h a t c h e d  bars) a n d  v e n t r a l  ( o p e n  b ars) r oot a f f e r e n t  

t e r m i n a l s  c o n t a c t i n g  PGN s is i l l u s t r a t e d  in f i g u r e  69.

F I G U R E  70

F i g u r e  70 i l l u s t r a t e s  the n u m b e r  of a f f e r e n t  t e r m i n a l s  

s y n a p s i n g  on P G N s  w i t h  d i f f e r e n t  n u m b e r s  of D C V s .  ( d o r s a l  

root a f f e r e n t s ,  h a t c h e d  b a r s ;  v e n t r a l  r o o t  a f f e r e n t s ,  o p e n  

bars) .
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F I G U R E S  71 and 72

F i g u r e s  71 and 72 i l l u s t r a t e  t e r m i n a l s  l a b e l l e d  by 

v e n t r a l  r oot a p p l i c a t i o n  of H R P  w h i c h  a r e  d i r e c t l y  a p p o s e d  

to ( f i g u r e  71), or s y n a p s i n g  ( f i g u r e  72, d o u b l e  a r r o w s )  on 

P GN d e n d r i t e s .  T h e  o p e n  b l o c k  a r r o w  in f i g u r e  71 i n d i c a t e s  

a l a b e l l e d  u n m y e l i n a t e d  a x o n .  R e a c t i o n  p r o d u c t  c o n t a i n i n g  

in i n c l u s i o n s  a r e  i n d i c a t e d  by a r r o w s  in f i g u r e  71, B a r “ 0 . 5

U1S .
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