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o b s e r v e d  mi to t i c  d iv i s ions  w h i c h  t h e y  p o s t u l a t e d  were  
due  to in ju ry .  However ,  in t h e  occas ional  i n s t a n c e  of 
endo the l i a l  cell p ro l i f e ra t ion  o b s e r v e d  here ,  mi tos i s  was  
n o t  p r o m i n e n t ,  e i ther .  

A l t h o u g h  t h e  m e c h a n i s m s  i n v o l v e d  in ce l lu lar  prol i fera-  
t ion  in t he se  e x p e r i m e n t s  could  n o t  be  a sce r t a ined ,  i t  is 
c lear  f rom t h e  inc idence  of ep i the l i a l i za t ion  in  con t ro l  as 
well  as  c a r r a g e e n a n  i n j ec t ed  co rneas  t h a t  t h e  p h e n o m e n o n  
was  r e l a t ed  to  t h e  p r o d u c t i o n  of a w o u n d  in  t h e  ep i the l i a l  
surface,  a n d  p e r h a p s  in t h e  b a s e m e n t  m e m b r a n e  a n d / o r  
B o w m a n ' s  m e m b r a n e ,  r a t h e r  t h a n  to  t h e  d e v e l o p m e n t  of 
a co l lagenous  c a r r a g e e n a n  g r a n u l o m a  in  t h e  u n d e r l y i n g  
s t roma .  P r e s u m a b l y  t h i s  ep i the l i a l i za t ion  r e p r e s e n t s  a n  

e x a g g e r a t i o n  of p a r t  of t h e  hea l ing  process  of t h e  w o u n d  
caused  b y  t h e  ac t  of i n j ec t i on  in to  t h e  cornea.  

Zusammenfassung. Die  Sch i id igung  de r  B a s a l m e m b r a n  
d u r c h  eine S t i c h v e r l e t z u n g  h a t  e ine P ro l i f e ra t ion  u n d  E in -  
w a n d e r u n g  v o n  Corneaep i the l i en  zur  Folge.  E igena r t i ge r -  
weise s ind bei d iesem Prozess  ke ine  Mi tosen  nachwe i sba r ,  
was  d a r a u f  h i n zu w e i s en  sche in t ,  dass  A m i t o s e n  exper i -  
men t e t l  ve r fo tg t  w e r d e n  k 6 n n e n .  
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A x o - A x o n i c  S y n a p s e s  i n  the  M a i n  S e n s o r y  T r i g e m i n a l  N u c l e u s  

Axo-axon ic  synapses  h a v e  b e e n  found  b e t w e e n  t h e  o u t e r  
sur faces  of a x o n a l  b o u t o n s  in severa l  loca t ions  in  t h e  
c e n t r a l  n e r v o u s  sys t em,  i nc lud ing  t h e  sp ina l  co rd  1,2, t h e  
c u n e a t e  nuc leus  3, sp ina l  t r i g e m i n a l  nuc leus  4 a n d  t h e  
l a t e ra l  gen icu la te  b o d y  5,e. T h e  pu rpose  of th i s  c o m m u n i -  
ca t ion  is to  r e p o r t  t h e  p resence  of axo -axon ic  synapses  on  
u n u s u a l  i n t e r d i g i t a t i o n s  of some  a x o n a l  b o u t o n s  in t h e  
m a i n  sensory  t r i g e m i n a l  nuc leus  a t  t h e  level  of t h e  m o t o r  
t r i g e m i n a l  nucleus .  

A d u l t  ca t s  a n d  r a t s  were pe r fused  t h r o u g h  t h e  h e a r t  
w i t h  p o t a s s i u m  d i c h r o m a t e - b u f f e r e d  o s m i u m  t e t rox ide .  
I n  some  ins tances ,  t h e  b r a i n s t e m  b locks  were  p l aced  in  
2% u r a n y l  a c e t a t e  before  d e h y d r a t i o n  (F igure  lb ) .  Mara -  
glas 7 was used as t h e  e m b e d d i n g  m e d i u m .  T h i n  sec t ions  
were s t a i n e d  w i t h  lead c i t r a t e  for  e l ec t ron  microscopy .  

T h r o u g h o u t  t h e  m a i n  senso ry  t r i g e m i n a l  nucleus ,  a x o n a l  
b o u t o n s  of d i f f e ren t  size h a v e  b e e n  f o u n d  w h i c h  re l a t e  to  
each  o t h e r  b y  smal l  evag ina t ions .  I n  F igu re  la ,  a large  
b o u t o n  receives  a n  e v a g i n a t i o n  f rom a smal l e r  b o u t o n .  
T h e  s y n a p t i c  vesic les  in  t h e  b o u t o n  rece iv ing  t h e  evagi-  
n a t i o n  a p p e a r  l a rge r  t h a n  t hose  in  t h e  e v a g i n a t i n g  one.  
T h e  reverse  r e l a t i onsh ip  is s h o w n  in F igu re  l b ;  a b o u t o n  
w i t h  sma l l  s y n a p t i c  vesicles receives  a n  e v a g i n a t i o n  con-  
t a i n i n g  large  s y n a p t i c  vesicles.  

One  s y n a p s e  is usua l ly  seen  on  s m a l l  e v a g i n a t i o n s  
(F igure  lb )  ; howeve r ,  2 m a y  b e  seen  o n  some  la rger  ones  
(Figure  2a). Such  a x o - a x o n i c  synapses  are  r a t h e r  s h o r t  
a n d  cha rac t e r i s t i c a l l y  occupy  a sma l l  p a r t  of t h e  apposed  
a x o n a l  p l a s m a  m e m b r a n e s .  F o r  t h i s  r e a s o n  s y n a p s e s  a re  
n o t  seen in  al l  sec t ions  t h r o u g h  t h e  a x o n a l  e v a g i n a t i o n s .  
I t  is ou r  i n t e r p r e t a t i o n  however ,  t h a t  a t  l eas t  1 a x o - a x o n i c  
synapse  is p r e s e n t  on  some  p a r t  of t h e  c i r cumfe rence  of 
these  evag ina t ions .  T h e  axo -axon ic  s y n a p s e s  are  cha rac -  

t e r i zed  b y  a w iden ing  of t h e  in te rce l lu la r  space  a n d  t h e  
p resence  of e lec t ron  dense  m a t e r i a l  w i t h i n  t h e  s y n a p t i c  
c lef t  (F igures  l b  a n d  2b). T h e  b o u t o n s  c o n t a i n i n g  sma l l  
s y n a p t i c  vesicles usua l ly  show smal l  c lus te r s  of s y n a p t i c  
vesicles nea r  t h e  axo -axon ic  s y n ap s e  (Figures  l b  a n d  2b). 

In  some ins t ances  3 a x o n a l  processes  h a v e  been  seen 
r e l a t ed  to  each  o t h e r  b y  evag ina t i ons .  I n  F igu re  3 a large  
b o u t o n  s u r r o u n d s  a sma l l e r  a x o n a l  process  w h i c h  in t u r n  
s u r r o u n d s  a t h i r d  a x o n a l  process  (A X  3). A x o n  3 m a y  
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Fig. 1 (a) An axonal bouton en passant (AX 2) sends a projection 
(arrow) into a larger axonal bouton (AX 1). The synaptic vesicles (V) 
in AX 1 appear larger than those in AX 2. Mitochondria (M). 
× 60,000. (b) An axon containing small vesicles (AX 1) receives an 
axonal evagination containing large vesicles (AX 2). An axo-axonic 
synapse is seen at the arrow. At the synapse, note the widened inter- 
cellular space containing dense material. Synaptie vesicles in AX 1 
are accumulated in the vicinity of the synapse. × 70,000. 
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Fig. 2 (a) A large axonal bouton (AX 1) receives a polygonal axonal 
evagination (AX 2). 2 axo-axonic synapses (arrows) occur between 
these axons. Synaptic vesicles (V) are seen in both axons. Mito- 
chondria (M). × 50,000. (b) The lower synapse in Figure 2a is shown 
at higher magnification. The intercellular space widens at the 
synapse (arrow) and is filled with dense material. Synaptic vesicles 
in AX 2 are accumulated in the vicinity of the synapse. × 70,000. 

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

I n  a d d i t i o n  t o  a x o - a x o n i c  s y n a p s e s  f o u n d  on  a x o n a l  
e v a g i n a t i o n s ,  s y n a p s e s  f r e q u e n t l y  o c c u r  o n  t h e  o u t e r  s u r -  
f a c e s  o f  a d j a c e n t  b o u t o n s ,  s i m i l a r  t o  t h e  a x o - a x o n i c  
s y n a p s e s  r e p o r t e d  in  o t h e r  a r e a s  o f  t h e  c e n t r a l  n e r v o u s  
s y s t e m .  

A p p a r e n t l y  a x o n a l  e v a g i n a t i o n s  a r e  n o t  l i m i t e d  t o  t h e  
m a i n  s e n s o r y  t r i g e m i n a t  n u c l e u s .  S m a l l  a x o n a l  e v a g i -  
n a t i o n s  w e r e  r e p o r t e d  in  t h e  l a t e r a l  g e n i c u l a t e  n u c l e u s  8,9, 
a l t h o u g h  n o  s y n a p s e s  w e r e  d e m o n s t r a t e d .  

P h y s i o l o g i c  e v i d e n c e  i n d i c a t e s  t h a t  p r e s y n a p t i c  de -  
p o l a r i z a t i o n  o f  t r i g e m i n a l  a f f e r e n t  f i b e r s  o c c u r s  a t  t h e  
l eve l  o f  t h e  m a i n  s e n s o r y  t r i g e m i n a l  n u c l e u s  a n d  c a n  b e  
e v o k e d  b y  s t i m u l a t i o n  o f  t r i g e m i n a l  n e r v e  b r a n c h e s ,  t h e  
b r a i n s t e m  a n d  c e r e b r a l  c o r t e x  t0-~2. T h e  a x o - a x o n i c  s y n -  
a p t i c  i n t e r a c t i o n s  d e m o n s t r a t e d  in  t h i s  r e p o r t  m a y  r e p r e -  
s e n t  a p a r t  o f  t h e  m o r p h o l o g i c  b a s i s  for  t h i s  a x o n a l  
p r e s y n a p t i c  d e p o l a r i z a t i o n .  T h e  i d e n t i f i c a t i o n  o f  t h e  

Fig. 3. A large axonal bouton (AX 1) contains a spherical axonal  
process (AX 2). This axonal process (AX 2) is in turn invaginated by 
a third axonal process (AX 3). Synaptic vesicIes are seen in each of 
the 3 axonal processes. Neurotubule (T). Neurofilament (F). × 34,500. 

s o u r c e  o f  t h e  a x o n s  i n v o l v e d  in  t h e s e  a x o - a x o n i c  s y n a p s e s  
wil l  a l l ow  a m o r e  p r e c i s e  c o r r e l a t i o n  b e t w e e n  m o r p h o -  
log ica l  a n d  p h y s i o l o g i c a l  f i n d i n g s .  

Rdsumd. D e s  p e t i t e s  p r o j e c t i o n s ,  p r o v e n a n t  d e  b o u t o n s  
a x o n i q u e s ,  s o n t  6 ra i ses  d a n s  u n  c e r t a i n  h o m b r e  de  b o u t o n s  
a x o n i q u e s  a d j  a c e n t s  a u  n i v e a u  d u  p r i n c i p a l  n o y a u  s e n s o r i e l  
t r i j  u m e a u .  
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