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d i v a l e n t  ca t ion  b i n d i n g  in a m a n n e r  s imi la r  to  t h a t  for 
pCMB 13. 
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An Ultrastructural Study of the Synaptic Glomeruli  

Afte r  t he  ear ly  s tud ies  of t he  i n t e r m ed i o - l a t e r a l  nuc leus  
( ILN) b y  c o n v e n t i o n a l  l igh t  mic roscopy  (see IR~T~tELYI 1 
for references),  m a j o r  c o n t r i b u t i o n s  were m a d e  b y  RA~6N 
and  CAJAI, ~ us ing  t he  Golgi  s i lver  i m p r e g n a t i o n  t e c h n i q u e  
a n d  l a t e r  b y  I)AHLSTROM a n d  F u x E  3 b y  m e a n s  of fluo- 
rescence microscopy.  B u t  s tud ies  of t he  I L N  a t  t he  u l t ra -  
s t r u c t u r a l  level  appea r s  to  be  v e r y  l imi ted .  The  u l t r a -  
s t r u c t u r e  of t he  I L N  of t he  ca t  has  been  r epo r t ed  b y  
RI~TItELYI 1 a n d  t h a t  of r a t s  a f t e r  6 - h y d r o x y d o p a m i l l e  
i nduced  e x p e r i m e n t a l  d e g e n e r a t i o n  b y  W o N 6  a n d  TAN4. 
I t  was  d u r i n g  t he  l a t t e r  s t u d y  t h a t  t he  axons  a n d  dendr i t e s  
in  t h e  I L N  of r a t  were n o t e d  to  be  o rgan ized  in to  large 
n u m b e r s  of s y n a p t i c  complexes .  Th i s  p a p e r  descr ibes  t he  
o rgan i za t i on  of these  complexes  a n d  discusses t he  sig- 
n i f icance  of the  f indings .  

Male a d u l t  a lb ino  r a t s  w h i c h  were a p p a r e n t l y  h e a l t h y  
a n d  weigh ing  b e t w e e n  200-250 g were a n a e s t h e t i z e d  w i t h  
e t h e r  a n d  per fused  t h r o u g h  t he  left  ca rd iac  ven t r i c l e  w i t h  
a so lu t ion  c o n t a i n i n g  2% p a r a f o r m a l d e h y d e  and  2.5% 
g l u t a r a l d e h y d e  in  0.1 M cacody la t e  buf fe r  4. The  f i xa t i ve  
also c o n t a i n e d  0.5 mg/ l  CaC12. Af te r  20 rain  of perfus ion,  
t he  t ho rac i c  cord  was  d issected  ou t  a n d  t h i n  slices were 
cu t  w i t h  razor  b lade  a n d  i m m e r s e d  in s imi la r  f i xa t ive  for 
a f u r t h e r  2 h or o v e r n i g h t  a t  4~ The  t i ssues  were pos t -  
f ixed in o s m i u m  t e t r o x i d e  5 for 1~/~-2 h, a f t e r  wh ich  t h e y  
were d e h y d r a t e d  in a g raded  series of ace tone  a n d  embed-  
ded  in Ara ld i te .  S e m i - t h i n  sect ions  of 0.5 ~zm t h i c k  were 
cu t  w i t h  glass kn ives  a n d  s t a ined  w i t h  m e t h y l e n e  blue. 
The  I L N  was iden t i f i ed  a n d  t he  b lock  was r e t r i m m e d .  
U l t r a - t h i n  sect ions  of s i lve r -g ray  in t e r f e rence  colours 
were cu t  in  the  f ron t a l  p l ane  w i t h  a P o r t e r - B l u m  u l t r a -  
m i c r o t o m e  a n d  doub le - s t a ined  on  grid w i t h  u r a n y l  ace- 
t a t e  6 a n d  lead c i t r a t e  7. T he  sec t ions  were v iewed t h r o u g h  
a n  H i t a c h i  HS-8  e lec t ron  microscope.  

The  a x o n  t e r m i n a l s  in  t h e  I L N  of r a t  a p p e a r  as large, 
m e d i u m  sized or sma l l  b o u t o n s ;  t h e y  m a y  con t a i n  e i the r  
round ,  f l a t t ened ,  e l l ipsoidal  or p l eomorph ic  vesicles. 

La rge  b o u t o n s  are  obse rved  to  c o n t a i n  on ly  r o u n d  
vesicles (LtZ bou tons ) .  La rge  b o u t o n s  w i t h  f l a t t e n e d  
vesicles h a v e  so far  n o t  been  obse rved  to be p resen t .  
Medium-s ized  a n d  smal l  bou tons ,  however ,  m a y  c o n t a i n  
e i t he r  r o u n d  of f l a t t e n e d  vesicles.  Some of these  profi les  
w i t h  r o u n d  vesicles m a y  poss ib ly  be  p a r t  of an  L R  bou-  
ton.  

The  L R  b o u t o n s  are  usua l ly  i n v a g i n a t e d  a n d  c o n t a c t e d  
b y  dend r i t i c  sha f t s  a n d  spines  or sma l l  axon  t e r m i n a l s  
(Figure  1). The i r  vesicles, wh ich  are spher ica l  a n d  ag ranu -  
lar, are d i s t r i b u t e d  t h r o u g h o u t  t he  b o u t o n  b u t  are more  
closely p a c k e d  a d j a c e n t  to  t h e  p r e s y n a p t i c  m e m b r a n e .  
La rge  g r a n u l a r  vesicles (LGV) h a v e  no t  been  obse rved  in 
t h e  L R  bou tons .  Somet imes ,  however ,  t he  c o n t o u r  of t he  
L R  b o u t o n  m a y  be  more  r egu la r  a n d  n o t  so h e a v i l y  
i n d e n t e d  b y  p o s t s y n a p t i c  prof i les  (Figure  5). 

The  med ium-s i zed  (Figures  2 a n d  4) and  smal l  b o u t o n s  
(Figures  2 a n d  4) h a v e  more  r egu la r  con tou r s  a n d  m a y  be  
s o m e w h a t  rounded ,  oval  or c rescent  in  shape.  T h e i r  
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vesicles m a y  be  r o u n d  or f l a t t ened .  Some of these  t e r m i n a l s  
m a y  con t a in  a few L G V  (Figure  3). 

The  L R  b o u t o n s  fo rm G r a y  T y p e  1 synapses  s w i t h  a 
p r i m a r y  dend r i t e  or w i t h  a dendr i t i c  spine  (Figure  1). No 
spine a p p a r a t u s ,  however ,  has  been  obse rved  in t he  la t te r .  
In  add i t ion ,  t he  L R  b o u t o n s  are o f ten  c o n t a c t e d  b y  smal l  
a x o n a l  profi les  fo rming  a x o - a x o n a l  synapses  (Figures  1 
a n d  2). "When such  synapses  are  presen t ,  t he  smMler  
profi les are a lways  p r e s y n a p t i c  to  t he  L R  bou ton ,  whi le  
t he  l a t t e r  is in  t u r n  p r e s y n a p t i c  to  a dendr i t e .  The  smal l  
p r e s y n a p t i c  axon  t e r m i n a l  usua l ly  con t a in s  r o u n d  vesicles 
(Figures 1 a n d  2). 

The  neu ra l  d e m e n t s  wh ich  e s t ab l i sh  s y n a p t i c  c o n t a c t  
w i t h  each  o t h e r  are o f ten  enclosed in a p r o m i n e n t  gl ial  
l a m i n a  (Figures  1, 2, 4 a n d  5) to  fo rm s y n a p t i c  glomerul i .  
The  n u m b e r  of e l emen t s  in each  g lomeru lus  var ies .  These  
g lomeru l i  m a y  be  t e n t a t i v e l y  classified in to  3 types .  
Type  1 (Figure  1), in wh ich  t he re  is a p r o m i n e n t  cen t r a l  
L R  b o u t o n  s u r r o u n d e d  and  c o n t a c t e d  b y  d e n d r i t e s  a n d  
smal l  axon  t e rmina l s .  Type  2 (Figure 4), in  wh ich  t he  
p r o m i n e n t  cen t r a l  prof i le  is a large d e n d r i t e  s u r r o u n d e d  
a n d  c o n t a c t e d  b y  med ium-s i zed  and  smal l  a x o n  t e rmina l s .  
S o m e t i m e s  o t h e r  dendr i t i c  profi les  m a y  lie a d j a c e n t  to  
t he  large dendr i te ,  b u t  no  synapse  has  been  obse rved  
be tween  t h e m  a l t h o u g h  desmosoma l  t ypes  of c o n t a c t  m a y  
be  presen t .  Type  3 (Figure  5), in  wh ich  t h e  cen t r a l  profi les 
cons is t  of a n  L R  b o u t o n  c o n t a c t e d  b y  a large dendr i t e .  
T h e y  are s u r r o u n d e d  a n d  c o n t a c t e d  b y  o the r  axons  a n d  
dendr i tes .  

The  p r e sen t  s t u d y  has  shown t h a t  gl ial  encapsu l a t ed  
synap t i c  g lomeru l i  c o n s t i t u t e  a p r o m i n e n t  f ea tu re  in  the  
I L N  of ra t ,  a l t h o u g h  I~THELYI 1 d id  no t  descr ibe  t h e m  in 
the  cat.  Such  s y n a p t i c  complexes  are now a wel l -es tabl ish-  
ed f ea tu re  in  m a n y  areas  of t h e  cen t r a l  ne rvous  s y s t e m  
e.g. l a te ra l  gen icu la te  nucleusg, 1~ med ia l  gen icu la te  
n u c l e u s n ,  12, pulvinar~3,1~, v e n t r o b a s a l  nuc leus  of the  
t h a l a m u s  ts, ~6, cunea t e  nucleuseS, nuc leus  gracilis is, and  
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s u b s t a n t i a  gela t inosa1% S u c h  a r r a n g e m e n t s  of  n e u r o n a l  
e l e m e n t s  w o u l d  p r o v i d e  e x c e l l e n t  m e a n s  for  c o n v e r g e n c e  
a n d  d i v e r g e n c e  of i m p u l s e s  t o  a n d  f r o m  v a r i o u s  sources .  
T h e  m a n y  s y n a p t i c  r e l a t i o n s h i p s  e s t a b l i s h e d  b e t w e e n  t h e  
v a r i o u s  n e u r a l  e l e m e n t s  w i t h i n  t h e  g l o m e r u l i  w o u l d  
p r o v i d e  a n  o p p o r t u n i t y  for  t h e  i n t e r a c t i o n  a n d  i n t e g r a -  
t i o n  of  i m p u l s e s  a n d  m a k e  t h e s e  g l o m e r u l i  i m p o r t a n t  
too l s  for  i n f o r m a t i o n  p r o c e s s i n g  2% 

T h e  la rge  a x o n  t e r m i n a l s  c o n t a i n i n g  f l a t t e n e d  ves ic les  
d e s c r i b e d  b y  I~I~THELYI X in  t h e  c a t  h a v e  n o t  b e e n  o b s e r v -  
ed  b y  us  in  t h e  ra t .  So fa r  we  h a v e  o b s e r v e d  t h a t  al l  t h e  
l a rge  a x o n  t e r m i n a l s  c o n t a i n e d  o n l y  r o u n d  vesic les .  I t  is, 
h o w e v e r ,  p o s s ib l e  t h a t  t h e  f l a t t e n i n g  of t h e  ves ic les  of  t h e  
l a rge  b o u t o n s  o b s e r v e d  b y  I~I~Tt-IELYI 1 cou ld  h a v e  b e e n  
t h e  r e su l t  o f  p r i m a r y  a l d e h y d e  f i x a t i o n  ~.  F u r t h e r m o r e ,  
KORNELII:SSXN 2~ h a d  s h o w n  t h a t  ves ic les  t e n d e d  to  
b e c o m e  o s m o t i c a l l y  m o r e  s e n s i t i v e  a f t e r  p r i m a r y  a l d e h y d e  

f i x a t i o n  a n d  t h a t  t h i s  cou ld  c o n t r i b u t e  t o  t h e  f l a t t e n i n g  
e f f ec t  of  s o m e  of  t h e  ves ic les .  

A l t h o u g h  IRI~T!-IELYI 1 d i d  n o t  d e s c r i b e  a n y  a x o - a x o n a l  
c o n t a c t s  in  t h e  I L N  of  ca t ,  we  h a v e  o b s e r v e d  m a n y  s u c h  
c o n t a c t s  in  t h e  r a t .  S u c h  a s y n a p s e  m a y  r e p r e s e n t  t h e  
a n a t o m i c a l  s u b s t r a t e  for  p r e s y n a p t i c  i n h i b i t i o n  e3, ~4. I f  
t h i s  is t h e  case,  t h e n  p r e s y n a p t i c  i n h i b i t i o n  m a y  be  a n  

16 j .  SPAC~K and A. R. LIEBERMAN, J. Anat., Lond. 117, 487 (1974). 
IT C. K. TAN and A. R. LIEBERMAN, J. Anat., Lond., in press. 
is A. RUSTIONI and C. SOTELO, J. comp. Neurol. 155, 441 (1974). 
19 M. RI~TtIELYI and J. SZENTAGOTHAI, Expl Brain Res. 7, 258 (1969). 
s0 j .  SZENTAGOTgAI, in The Neurosciences. 2nd Study Programme 

(Ed. F. O. SCg~IT2; Rockefeller Univ. Press, New York 1970). 
21 F. WALBERG, Acta anat. 65, 224 (1966). 
22 I71. KORNELIUSSEN, J. Neurocytol. 1,279 (1972). 
~3 j .  C. EccL~s, Ergebn. Physiol. 51, 299 (1961). 
s4 E. G. GRAY, Nature, I~ond. 193, 82 (1962). 

Fig. 1. A synaptic glomerulus in which a large bouton containing round agranular vesicles (LR) makes contact with dendritic spines (ds) and 
itself is contacted by a small axonal terminal (ax). The synaptie glomerulus is enclosed by a glial lamina (gl). D, dendritic shaft. • 27,500. 

Fig. 2. A synaptie glomerulus in which a medium sized bouton (possibly part of an LR bouton) makes contact with a dendrite (D) and 
itself is contacted by small axonal terminals (ax). • 27,500. 

Fig. 3. Two medium sized boutons containing large granular vesicles (lgv) in addition to numerous small agranular vesicles. • 27,500. 
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Fig. 4. A synaptic glomerulus in 
which a dendritic shaft (D) is 
contacted by small and medium 
sized boutons. The synaptie glo- 
merulus is enclosed by a glial 
lamina (gl). • 
Fig. 5. A synaptic glomerulus in 
which an LR bouton makes 
contact with a large dendrite (D) 
and itself is contacted by a small 
axonal terminal (ax). The synaptie 
glomerulus is enclosed by a glial 
lamina (gl). • 

i m p o r t a n t  mechan i sm by  which  nega t ive  feedback  
processes m a y  opera te  in the  I L N  of rat .  

Rdsumd. On a cons ta t6  que le neuropt i le  du noyan  
in term6dio- la t6ra l  du ra t  con t i en t  de n o m b r e u x  glom6- 
rules synap t iques  gl iaux encapsul6s darts lesquels se 
2a It is a pleasure to acknowledge the technical assistance of Mr. H. L. 

Ct~AN. 
26 Please direct all correspondence and requests for reprints to: 

Dr. W. C .Wo•G, Department of Anatomy, University of Singapore, 
Sepoy Lines, Singapore, 3. 

t rouve  hab i tue l l emen t  un den t r i t e  ou axe t e rmina l  tr~s 
visible su rmont6  par  de pe t i t s  bou tons  e t  des dentr i tes .  
Les glom6rules sont  accompagn6s  de synapses  axo- 
axonaux  qui p e u v e n t  6tre le corrolaire s t ruc tu ra l  d ' une  
inhib i t ion  pr6synapt ique .  La s ignif icat ion fonct ionnet le  
des glom6rules et  des synapses  axo -axonaux  est  discut6e. 

C. K. TAlc ~5 and  W. C. WOXG ~6 

Department o/Anatomy, University o/Singapore, 
Sepoy Lines, Singapore 3, 30 September 7974. 

E v i d e n c e  for  the  S t i m u l a n t  and  D e p r e s s a n t  C e n t r a l  Ef fec t s  of L - a - A c e t y l  M e t h a d o l  1, ~ 

Most neurotropic drugs are thought to be either stimu- 
lants or depressants. Experimentally such a system of 
classification is justified on the basis of gross behavioral 
effects exerted by the drugs in question. Their responses 

represen t  for the  mos t  p a r t  an algebraic sum of the  indivi-  
dual  effects  exer ted  by  the  drugs on the  cent ra l  nervous  
sys t em (CNS) over  a given per iod of t ime  to which a sub- 
jec t  is exposed to the  drugs. Opiates  and  opia te  der ivat ives  


