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Thus the  conclusion can be reached t h a t  the  spindles of 
the  eye muscles have  thei r  per ikar ia  in the  semilunar  
ganglion, as has been poin ted  out  in our  previous paper  s ~-8. 
However ,  this is no t  the  case for the  spindles of the  
masseter  whose per ikar ia  are located in the  bra in  stem. 

Riassunto. Lo s t i ramento  di singoli muscoli  estrinseci 
del l 'occhio de te rmina  nel ganglio semilunare dell 'agnello 
r isposte del t ipo di quelle indot te  dai  fusi neuromuscolar i  
anche dopo sezione cronica del t r a t to  pontogasser iauo 

ipsilaterale.  Ci6 p rova  che i pirenofori  delle fibre afferent i  
dai  fusi dei muscoli  estrinseci del l 'occhio SOllO rea lmente  
con tenu t i  neI ganglio semilunare  di Gasser. 
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The Neural Lobe of the Neurohypophysis  of the Rat: Several Types of Nerve Endings 

Since the  electron microscope was appl ied to the  s tudy  
of the  s t ructure  of the  neurohypophysis ,  i t  has become 
clear t h a t  most  of the  nerve  fibres forming the  infundi-  
bular  process are neurosecre tory  axons or iginated in the  
supraopt ic  and paraven t r i cu la r  nuclei. However ,  the  
existence of non-neurosecre tory  axons of o ther  origin has 
also been repor ted  by  m a n y  authors  on the  ground of 
l ight  microscopy evidence.  Rev iew  by  CHRtSY 1. 

The  u l t ras t ruc ture  of the  neurohypophysis  of Wis ta r  
rats  of bo th  sexes was studied. Ra t s  were decapi ta ted  and 
the  neurohypophys is  f ixed in g lu ta ra ldehyde  6.5% over- 
n ight  and postf ixed in osmium te t roxide  2% for 2 h. Both  
f ixa t ives  were buffered a t  p H  7.4 in Millonig buffer. The 
glands were embedded  in Epon  812 as usual and stained 
wi th  1% aqueou s uranyl -ace ta te  and then  lead c i t ra te  
following REYNOLDS 3. 

It was seen that most of the nerve fibres and nerve 
endings belong to the neurosecretory type. The elemen- 
tary neurosecretory granules range from I000 to 3000 A, 
as had been described previously a. In the nerve endings 
of this type, besides the neurosecretory granules, there 
are numerolis clear vesicles similar to the synaptic 
vesicles. The diameter of these vesicles is from 200 to 
700 A and they may be seen scattered through all the 
endings or grouped in clusters (Figure l,a). 

A second type of nerve endings is much less frequent 
than the first type and its main feature is given by the 
presence of synaptic vesicles and the complete absence 
of neurosecretory granules or dense core vesicles (Figure 
l,b). This type of axon bulbs has already been described 
by  KOBAYASHI 4. 

A th i rd  type  is represented by  nerve  endings in which 
synapt ic  vesicles as well as dense core ves ic les  are found 
intermingled.  The  number  of the  dense core vesicles varies, 
and the i r  size ~ be tween  650 and 1400 A_ wi th  a 
mean  of 1000 A (Figure 1,c). 

A four th  type  of nerve  endings~ contains  synapt ic  
vesicles, some round granules of 800 A diameter ,  ranging 
f rom 600 and 1000 A and others  wi th  oval  shape of 
1500 x 900 ~_ diameter ,  hav ing  a l imi t ing  membrane  and 
e i ther  a centra l  or  an eccentric dense core separated f rom 
the  m e m b r a n e  b y  a wide clear space. W h e n  the  centra l  
core is eccentric i t  is also smaller,  and in these cases the  
electronic dens i ty  of the  granules is h igher  (Figure 1,d). 

I t  can be concluded f rom these results t ha t  in the  neura l  
lobe of the  ra t  there  exis t  several  types  of nerve  endings 
(Figure 2) which ve ry  p robab ly  belong to different  
systems. The  more numerous  nerve  fibres belong to the  
classic neurosecre tory  systems.  2 e lements  have  been 
recognized in the  nerve  endings of this  sys tem:  the  
e lementa ry  neurosecre tory  granules conta in ing  oxy toc in  
and /or  vasopressin 5 and the  clear vesicles known as 
synapt ic  vesicles. In  the  leech 3 kinds of e l ementa ry  

neurosecre tory  granules va ry ing  in size and electron 
dens i ty  have  been recognized% Our grouping of all the  
neurosecre tory  nerve  endings in the  f i r s t  t ype  does not  
mean  t h a t  in ti le ra t  there  is only  one type  of neuro-  
secretory axons;  on the  contrary,  more than  one kind can 
be recognized (unpublished observat ion).  

As regards the  second type,  t h a t  is nerve  endings con- 
ta ining pure synapt ic  vesicles, the  first  quest ion t h a t  migh t  
be raised is if t hey  are a defini te  type  or t h e y  only re- 
present  t angent ia l  sections of o ther  types  of endings. 
Al though the  quest ion cannot  b e  answered conclus ively  
wi thou t  the  s tudy  of serial sections, some pictures  are 
ve ry  suggest ive in the  sense that  t h e y  are a defini te  type.  
The characteris t ics  of this  type  correspond to those of 
cholinergic terminals .  

The th i rd  type  of nerve  endings have  the  u l t ras t ruc ture  
characteris t ics  of those te rminals  t h a t  end around the  
p r imary  capillaries of the  por ta l  sys tem 7 I t  has ye t  to be 
cleared up whe ther  the  terminals  of the  th i rd  t y p e  
represent  an extension tO the  neural  lobe of the  endings 
described by  MONROE 7 in the  median  eminence,  or if t h e y  
belong to another  neurosecre tory  system. 

The u l t ras t ruc ture  character is t ics  of the  four th  type  
correspond to those of adrenergic  nerves. Using f luorescent  
h is tochemical  techniques  ]~J6RKLUND s has recent ly  de- 
scribed a rich sys tem of monoamine  conta in ing  fibres in 
the  neural . lobe of the  rat.  Only a few of these fibres dis-  
appeared when the  rats  were sympatec tomized .  Our 
four th  type  m a y  represent  these fibres because, besides 
hav ing  the  s t ructura l  characteris t ics  of monoaminerag ic  
fibres t hey  are also ve ry  scarce and diff icult  to f ind.  The  
remaining ones, those t h a t  do no t  disappear  fol lowing 
s y m p a t e c t o m y  and t h a t  cons t i tu te  mos t  of the  f luorescent  
fibres found in the  neurohypophys is  m a y  be our  th i rd  
type.  This speculat ion is consistent  w i th  the  assumpt ion  
tha t  our th i rd  type  could conta in  a monoamine .  However ,  
as MONROE ~ s ta ted  for ti le axons ending around the  por ta l  
capillaries, i t  appears  much  too ear ly  to accept  as a 
proven  fact  t h a t  these dense core vesicles are carriers of 
cathecholamines.  
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Fig. I. Nerve endings of the neural 
lobe: (a)type I; (b) type II; (c)type 
III;  (d) type IV. • 22,000. cp, capil- 
lary; ns, neurosecretory granules; cv, 
clear vesicles; mi, mitochondria; dcv, 
dense core vesicles; rg, round granules; 
Oh, oval granules. 
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Fig. 2. Diagram of the several types 
of nerve endings in the neurallobe of 
the neurohypophysis of the rat. 

I t  h a s  been  c la imed  t h a t  b o t h  chol inergic  a n d  adrener -  
gic m e c h a n i s m s  could be  i nvo lved  in t h e  release of 
oxy toc in  and  of an t i d iu r e t i c  h o r m o n e s  f rom the  neu ra l  
lobe. These  severa l  types  of ne rve  f ibres  in  t h e  neuro-  
h y p o p h y s i s  m a y  c o n s t i t u t e  t h e  a n a t o m i c a l  s u b s t r a c t  for  
these  m e c h a n i s m .  

Resumen. Se h a  e s tud iado  la zona  per icap i l a r  del  
proeeso i n f u n d i b u l a r  de la  neurohipof i s i s  de r a t a s  de 
a m b o s  sexos. ILl anXlisis del m a t e r i a l  al  microscopio  
e lect rdnico revel6  cua t ro  t ipos  de t e r m i n a l e s  nerviosas .  

Tipo I : con  grAnulos que  p e r t e n e e e n  al s i s t ema  pept id6r -  
gico; T ipo  I I :  con  las  ca rac te r l s t i cas  de las t e rmina l e s  
col in6rgicas;  T ipo  I I I :  s imi lares  a l a s  t e rmina i e s  de la  
eminenc i a  m e d i a ;  T ipo  IV :  de igual  u l t r a e s t r u e t u r a  qne  
las t e rmina l e s  de los nerv ios  adren6rgicos.  
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