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Discussion. L a  m 6 t h o d e  i so top ique  uti l is6e duns  le 
p r e s e n t  t r a v a i l  e t  propos6e  i n i t i a l e m e n t  ~ la  d 6 t e r m i n a -  
t i on  du  t a u x  de  r e n o u v e l l e m e n t  de  la  N A d  d a n s  le cceur x 
p a r a i t  app l i cab le  au  c a n a l  d6f~rent  e t / t  la v6sicule  s~mi- 
nale .  D a n s  ces d e u x  organes ,  la d i s pa r i t i on  de la  N A d  
3H s ' e f fec tue  de fa~on a p p a r e m m e n t  monoexponen t i e l l e ,  
ce quL du p o i n t  de c u e  c in6t ique,  i nd ique  que  la  N A d  
3H p a r a i t  8 t re  d i s t r ibu6e  de fa~on homog~ne  d a n s  u n  
c o m p a r t i m e n t  u n i q u e  de  N A d  endog~ne.  

Les  t e m p s  de r e n o u v e l l e m e n t  de la  N A d  d a n s  le cana l  
d~f~rent  (57,9 h) et  la  v6sicule s6mina le  (33,5 h) p a r a i s s e n t  
r e l a t i v e m e n t  61ev~s si on  les c o m p a r e  a u x  va l en r s  o b t e n u e s  
p o u r  d ' a u t r e s  o rganes  p6 r iph6r iques  du  R a t  p a r  u t i l i sa -  
t i o n  de  la  m 6 m e  m 6 t h o d e  i so top iqueg:  a ins i  d a n s  le cceur, 
la  r a t e  e t  le musc le  f6moral ,  les t e m p s  n6cessai res  a u  
r e n o u v e l l e m e n t  de  la  N A d  s o n t  de  l ' o rd re  de 20 h. Malgr6 
l ' i m p o r t a n c e  du  t e m p s  de r e n o u v e l l e m e n t  de  la N A d  d a n s  
le cana l  d6fdrent ,  la  v i t esse  de syn th~se  de F a m i n e  
(0,143 ~g/g/h)  y es t  r e l a t i v e m e n t  6levee compar6e  A celle 
de  la  v6sicule s6mina le  (0,045 tzg/g/h) et  a u x  va l eu r s  qu i  
o n t  6t6 r appor t6es  d a n s  la  l i t t 6 r a t u r e  l ° , u  p o u r  le cceur 
de  R a t  (0,04 ~t 0,05 ~zg/g/h). 

L a  l e n t e u r  du  r e n o u v e l l e m e n t  du  m 6 d i a t e u r  s y m p a -  
t h i q u e  d a n s  ces deux  organes  g6n i t aux  ( su r tou t  le c a n a l  
d~f6rent)  sugg~re que  la f r6quence  des in f lux  s y m p a t h i q u e s  
a f f6ren ts  y es t  p a r t i c u l i ~ r e m e n t  faible.  Ceci p e u t  r e n d r e  
c o m p t e  de  ce r t a in s  r6su l t a t s  i n d i q u a n t  que  la  N A d  d u  
cana l  d6f6rent  (et  ~. u n  degr6 m o i n d r e  celle de la  v6sicule  
s6minale)  es t  r e l a t i v e m e n t  r6s i s t an te  vis-A-vis de l ' a c t i on  
d~pl6tr ice  de ce r t a in s  agen t s  p h a r m a c o l o g i q u e s :  c ' e s t  
a ins i  que  la  v i t esse  de  d i spa r i t i on  de la  N A d  apr~s  t r a i t e -  
m e n t  p a r  la  r6serp ine  ~2 ou la  6 - h y d r o x y d o p a m i n e  x3 es t  
p lus  l en t e  d a n s  le cana l  d6fSrent  e t  la  v6sicule s6mina le  
que  d a n s  d ' a u t r e s  o rganes  pSr iph6r iques ;  or  il a 6t6 
montr6X*-x~ que  la  v i t e s se  de  d6pl6 t ion  de  la  N A d  d a n s  
les t i s sus  r6serpin6s  es t  fonc t ion  de  l ' a c t iv i t6  n e r v e u s e  
s y m p a t h i q u e .  R $ c e m m e n t  SWEDm ~ a mis  en  6v idence  
q u ' u n e  i n h i b i t i o n  pro long6e  de la  b io syn th~se  de  la N A d  
p a r  a d m i n i s t r a t i o n  de l ' e s t e r  m 6 t h y l i q n e  de  1'0¢ m 6 t h y l -  
p a r a t y r o s i n e ,  n ' e n t r a i n e  q u ' u n e  fa ib le  d i m i n u t i o n  du  
t a u x  de la  N A d  endog~ne  d a n s  le c a n a l  d6f6ren t  et  la 
v6sicule  s6mina le  d u  Ra t .  N o u s  a v o n s  nous  m ~ m e  

observ6  ls q u ' u n  t r a i t e m e n t  de 8 h p a r  l ' a  m 6 t h y l p a r a -  
t y r o s i n e  (250 m g / k g  p a r  vole  i.p. s n i v i  2 h p lus  t a r d  
d ' u n e  seconde  i n j ec t i on  de  100 mg/kg)  ne  modi f ie  pus  
de  man i~re  s ign i f i ca t ive  les t e n e u r s  en  N A d  du  cana l  
d6f6ren t  e t  de  la  v6sicule  s6mina le  e t  ces r6su l t a t s  o n t  
6t6 in t e rp r6 t6s  c o m m e  la  cons6quence  de  la  l e n t e u r  du  
r e n o u v e l l e m e n t  de la  N A d  d a n s  ces d e u x  organes .  

Summary. T h e  t u r n o v e r  t i m e s  a n d  t h e  s y n t h e s i s  r a t e s  
of t i s sue  n o r e p i n e p h r i n e  were  d e t e r m i n e d  in t h e  va s  
deferens  a n d  in  t h e  s e m i n a l  vesicle  of t he  r a t  f r om the  
r a t e  of d i s a p p e a r a n c e  of H 3 - n o r e p i n e p h r i n e  a f t e r  a n  i.v. 
i n j ec t i on  of l - -H3-norepinephr ine .  The  labe l led  a m i n e  
d i s a p p e a r e d  f rom t h e  two  o rgans  b y  a s ingle  e x p o n e n t i a l  
decl ine  t h u s  b e h a v i n g  k ine t i ca l ly  as t h o u g h  i t  was  s to red  
in a s ingle  pool.  
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S y n a p t i c  G l o m e r u l i  in  the  T h a l a m u s  of  the  Rat  : 
eru lar  C o m p o n e n t s  

Introduction and methods. T h e  s y n a p t i c  o r g a n i z a t i o n  of  
t h a l a m i c  nucle i  conce rned  w i t h  t h e  t r a n s m i s s i o n  a n d  
mod i f i ca t i on  of sensory  i n f o r m a t i o n  is of i n t e r e s t  to  b o t h  
a n a t o m i s t s  a n d  phys io logis t s .  W e  are  s t u d y i n g  (wi th  
K. E.  WEBSTER) t h e  o r g a n i z a t i o n  of t he  r a t  v e n t r o b a s a l  
nuc l ea r  comp lex  (VB), a n d  as a n  a d j u n c t  to  these  s tud ies  
we h a v e  e x a m i n e d  t h r e e - d i m e n s i o n a l  r e l a t i onsh ip s  be-  
t w e e n  t h e  a x o n  t e rmina l s ,  dendr i t e s ,  a n d  a s t r o c y t e  
processes  t h a t  t o g e t h e r  compr i se  a s y n a p t i c  g lomeru lus  1, 2. 
W e  h a v e  used  e l ec t ron  m i c r o g r a p h s  of ser ia l  sec t ions  of 
a l d e h y d e - p e r f u s e d  V B  par s  e x t e r n a  to  r e c o n s t r u c t  t h e  
r e l a t i o n s h i p s  b e t w e e n  g l o m e r u l a r  com ponen t s ,  a n d  h a v e  
r e c o n s t r u c t e d  one  g lomeru lus  in  i t s  e n t i r e t y  f rom a n  
u n b r o k e n  series  of gold Ara ld i t e  sect ions.  

Results and discussion. Glomeru l i  in  V B  v a r y  in  s h a p e  
a n d  size, b u t  are  c o m m o n l y  spher ica l  a n d  a p p r o x i m a t e l y  
5 bun in d i ame te r .  T h e y  are  p r inc ipa l ly  assoc ia ted  w i t h  
t he  p r o x i m a l  p o r t i o n s  of V B  d e n d r i t e s  a n d  a re  f r e q u e n t l y  
s i t u a t e d  a t  b r a n c h i n g  po in t s  of large  dendr i t e s .  T h e  m o s t  
consp icuous  c o m p o n e n t  is a la rge  b o u t o n ,  t i g h t l y  p a c k e d  

T h r e e - D i m e n s i o n a l  R e l a t i o n s h i p s  b e t w e e n  G l o m -  

w i t h  50 n m  spher ica l  s y n a p t i c  vesicles,  c o m m o n l y  f o u n d  
to  o r ig ina t e  f r o m  a m y e l i n a t e d  p r e t e r m i n a l  axon ,  a n d  
a l m o s t  c e r t a i n l y  t h e  t e r m i n a l  of a l emnisca l  a f fe rent .  
T h e  b o u t o n  c o n t a c t s  a n  e x t e n s i v e  a rea  of t he  s m o o t h  
sur face  of a d e n d r i t e  (or dendr i tes ) ,  a n d  is i n v a g i n a t e d  
b y  p r o t r u s i o n s  (dendr i t i c  excrescences)  a r i s ing  f rom t h e  
dendr i te (s ) .  Rare ly ,  t h e  b o u t o n  c o n t a c t s  a n e u r o n a l  soma  
a n d  is i n v a g i n a t e d  b y  s o m a l  excrescences  iden t i ca l  to  
t hose  a r i s ing  f rom dendr i t e s .  Some excrescences  are  
s imple ,  v i l l i fo rm or  c l u b - s h a p e d  s t r u c t u r e s  t h a t  m a y  be  
no  more  t h a n  0.5 ~zm in  d i ame te r ,  a n d  l i t t l e  longer.  
O t h e r s  a re  more  complex ,  b r a n c h e d  s t r u c t u r e s  w i t h  
seve ra l  ' h e a d s '  o r i g i n a t i n g  f rom a s ingle  s t em.  

I n  t h e  r e c o n s t r u c t e d  g lomeru lus  (Figure)  10 excres-  
cences  i n v a g i n a t e d  t he  large  b o u t o n .  9 of these  i nc lud ing  
3 c o m p o u n d  excrescences ,  o r i g i n a t e d  f r o m  a large  
(2 ~ m  d i ame te r )  p r i m a r y  or  s t e m  d e n d r i t e  (D1), or  f r o m  
a b r a n c h  of D1 e m i t t e d  w i t h i n  t h e  g l o m e r u l a r  env i rons  
(D2, 1 tzm a t  origin).  B o t h  131 a n d  132 c o n t a i n e d  con-  
sp icuous  c o n c e n t r a t i o n s  of r i b o s o m e s  a n d  c i s t e rnae  of 
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g r a n u l a r  endop l a smic  r e t i cu lum,  s c a t t e r e d  b e t w e e n  longi-  
t u d i n a l l y  o r i e n t a t e d  mic ro tubu l e s .  T he  l a rges t  c o m p o u n d  
excrescence  in  t h e  g lomeru lus ,  w i t h  5 d i s t i n c t  heads ,  arose  
f rom a second dendr i t e .  Th i s  d e n d r i t e  (D3) was  s m a l l e r  
t h a n  D1 a n d  D2, c o n t a i n e d  few r ibosomes ,  a n d  un l ike  
D I  a n d  D2, was  c o n t a c t e d  on  i ts  e x t r a g l o m e r u l a r  surface  
b y  severa l  of t h e  s m a l l  b o u t o n s  c o n t a i n i n g  spher i ca l  
s y n a p t i c  vesic les  t h a t  are  cha r ac t e r i s t i c  of t h e  e x t r a -  
g l o m e r u l a r  neuropi l .  These  d i f ferences  m a k e  i t  p r o b a b l e  
t h a t  D3 was a r e l a t i ve ly  p e r i p h e r a l  d e n d r i t i c  segment ,  
poss ib ly  f rom a d i f f e ren t  neu ron .  

The  recOns t ruc ted  g lomeru lus  c o n t a i n e d  44 s e p a r a t e  
a n d  c lear ly  def ined  t y p e  1 s y n a p t i c  c o n t a c t s  b e t w e e n  t h e  
large b o u t o n  a n d  t h e  d e n d r i t i c  excrescences,  o c c u p y i n g  
be tween  5 a n d  10% of t h e  sur face  a r ea  of t h e  l a t t e r .  I f  
al l  t h e  s y n a p t i c  c o n t a c t s  a re  a c t i v a t e d  b y  a n  i m pu l s e  
a r r i v ing  a t  t h e  b o u t o n ,  t h e  a m p l i f i c a t i o n  ach i eved  would  
resu l t  in  a v e r y  power fu l  e x c i t a t o r y  ef fec t  u p o n  t h e  pos t -  
s y n a p t i c  neuron .  No a d d i t i o n a l  s y n a p s e s  were  e s t ab l i s hed  
b e t w e e n  t h e  la rge  b o u t o n  a n d  a n y  o t h e r  g l o m e r u l a r  or 
e x t r a g l o m e r u l a r  d e n d r i t e  or a,xon. 

The  en t i r e  c o n t a c t  a rea  b e t w e e n  t h e  la rge  b o u t o n s  
a n d  t h e  s m o o t h  surface  of t h e  d e n d r i t e s  is c h a r a c t e r i z e d  
b y  m e m b r a n o u s  a n d  p a r a m e m b r a n o u s  spec ia l iza t ions .  
T h e y  are n o t  a ssoc ia ted  w i t h  c lus te r s  of s y n a p t i c  vesicles  
a n d  are  v e r y  s imi l a r  to  t h e  f i l a m e n t o u s  c o n t a c t s  s, a n d  
adhes ion  p l aques  4 desc r ibed  b y  o thers .  Sec t ions  t a n g e n -  
t i a l  t o  t h e  apposed  m e m b r a n e s ,  a n d  r e c o n s t r u c t i o n s  of 
th i s  in t e r face  f rom ser ia l  sec t ions  show t h a t  t h e  specia l iza-  
t ions  are  a r r a n g e d  in  a n e t w o r k ,  w i t h  areas  of a p p a r e n t l y  
unspec ia l i zed  m e m b r a n e  a p p o s i t i o n  ( a b o u t  0.2 lain across) 
in  i ts  in te rs t ices .  I t  seems  un l ike ly  to  us  t h a t  t h i s  specia-  
l i za t ion  ha s  p u r e l y  m e c h a n i c a l  f unc t i ons  ~. 

P a r t i c i p a t i n g  in  t h e  V B  g lomeru l i  are  also b o u t o n s  
c o n t a i n i n g  f l a t t e n e d  s y n a p t i c  vesic les  (F  bou tons ) .  T h e y  
e s t ab l i sh  t y p e  2 s y n a p t i c  con tac t s ,  a n d  f i l a m e n t o u s  
con tac t s ,  w i t h  t h e  s m o o t h  sur face  of t h e  g lomeru l a r  
dend r i t e s  where  t h e  l a t t e r  are  n o t  p ressed  a g a i n s t  t h e  
surface  of t h e  la rge  b o u t o n .  A d d i t i o n a l  c o n t a c t s  a re  m a d e  
w i t h  e x t r a g l o m e r u l a r  po r t i ons  of t h e  g lomeru l a r  dendr i t e s ,  
a n d  w i t h  o t h e r  d e n d r i t e s  of u n k n o w n  p r o v e n a n c e  in  t h e  

e x t r a g l o m e r u l a r  neuropi l .  One of t h e  4 F b o u t o n s  asso- 
c i a t ed  w i t h  t h e  r e c o n s t r u c t e d  g lomeru lus  showed  a n  
u n u s u a l  r e l a t i o n s h i p  to  2 of t he  h e a d s  of t h e  la rge  com- 
p o u n d  excrescence  a r i s ing  f rom D3. T h e  2 heads ,  w h i c h  
rece ived  e x c i t a t o r y  s y n a p t i c  c o n t a c t s  f rom t h e  large  
bou ton ,  emerged  f rom t h e  b o u t o n  a n d  each  rece ived  a 
s y n a p t i c  c o n t a c t  f r om t h e  F b o u t o n .  

T h e  a s t r o c y t i c  capsule  a r o u n d  t h e  s y n a p t i c  c o m p l e x  
is c o m p l e t e  e x c e p t  where  a x o n s  a n d  d e n d r i t e s  e n t e r  or  
l eave  t h e  g lomeru lus .  I t  compr i ses  a single,  r e l a t i ve ly  
wide  c y t o p l a s m i c  sheet ,  or seve ra l  v e r y  t h i n  l amel l ae  
( sepa ra t ed  b y  a n  u n u s u a l l y  n a r r o w  ex t r ace l lu l a r  space),  
o f t en  in  t h e  f o r m  of a series of curved,  concen t r i c  lamel lae ,  
r a t h e r  l ike a s t a c k  of de l ica te  cups  w i t h  t h i c k e n e d  r i m s  
in  w h i c h  r u n  c i r c u m f e r e n t i a l  t u b u l e s  of s m o o t h  endo-  
p l a smic  r e t i cu lum.  T h e  a s t r o c y t e  l amel lae  m a y  also 
i n v a g i n a t e  t h e  la rge  b o u t o n s  w i t h  sp ine- l ike  p r o t r u s i o n s  
r e s e m b l i n g  d e n d r i t i c  excrescences  in  size a n d  i n t e r n a l  
appea rance .  Th i s  s imi l a r i t y  c a n  re su l t  in  t he  mis iden-  
t i f i ca t ion  of i n v a g i n a t e d  prof i les  seen in  s ingle sec t ions  5. 

T h e  absence  of s y n a p t i c  c o n t a c t s  b e t w e e n  t h e  la rge  
( 'specific '  a f ferent )  b o u t o n  a n d  o t h e r  n e u r o n a l  processes  
c o n t a i n i n g  s y n a p t i c  vesic les  is a n  i m p o r t a n t  f ea tu re  of 
r a t  VB.  A x o - a x o n a l  synapses  are c o n s t a n t  f ea tu res  of 
s y n a p t i c  g lomeru l i  in  t h e  V B  complex  of ca t s  2,e, a n d  
in  t h e  l a t e r a l  gen icu la te  nuc l eus  of p r i m a t e s  3,7, ca t s  s,9 
a n d  r a t s  (personal  o b s e r v a t i o n s ;  KARLSSON10), a n d  
r e c e n t l y  d e n d r o - d e n d r i t i c  synapses  h a v e  also b e e n  iden-  
t i f ied  in c a t  V B  6 a n d  l a t e r a l  gen icu la te  nuc leus  n.  T h e  
r e l a t i ve  s imp l i c i t y  of t h e  r a t  V B  shou ld  m a k e  t h i s  
nuc leus  a m o s t  f a v o u r a b l e  s i te  for phys io log ica l  s tud ies  
of t r a n s m i s s i o n  t h r o u g h  t h e  t h a l a m u s ,  a n d  for dec id ing  
u p o n  t h e  s igni f icance  of t h e  more  complex  c i rcu i t ry  in  
o t h e r  sites. 

Rdsumd. L ' o r g a n i s a t i o n  t r i d imens ione l l e  des  glom~rules  
s y n a p t i q u e s  enve lopp6s  d a n s  les p rocessus  a s t r o c y t i q u e s  
du  t h a l a m u s  soma tosenso r i e l  du  r a t  a 6t6 6 tudi6  p a r  
microscopie  61ectronique.  U n  g lom6rule  en t i e r  a ~t6 
r e c o n s t r u i t  e t  d ivers  p a r a m ~ t r e s  des r a p p o r t s  s y n a p t i q u e s  
e t  n o n - s y n a p t i q u e s  e n t r e  les 616ments cons t i t u t i f s  o n t  
~t6 mesur*s .  
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Schematic drawing based on three-dimensional reconstructions of 
a synaptic glomerulus in the rat ventrobasal thalamus. Relationships 
between the dendritic components (D1, 2, 3), the excrescences 
arising from them, and the large axon terminal into which the 
excrescences are invaginated are shown in simplified form and not 
strictly to scale. Synaptic vesicles, mitochondria, and other orga- 
nelles in the cut-away axon terminal are not shown. Also omitted 
for the sake of clarity, are the F boutons and the astrocytic capsule 
that envelops the glomerulus. 
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