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g l and  a f t e r  h y p o p h y s e c t o m y  (DEMPSEY a n d  PETERSON 8) 
a n d  the re fo re  sugges t  t h a t  t h e  p i t u i t a r y  gove rns  t h e  s t ruc-  
t u r e  a n d  sec re t ion  of t h e  p inea l  g land.  B o t h  r e c e n t  u l t r a -  
s t r u c t u r a l  a n d  h i s t ochemica l  i nves t i ga t i ons  show t h a t  t h e  
p inea l  is a sec re to ry  g land  a n d  be longs  r a t h e r  to  t h e  endo-  
cr ine  s y s t e m  t h a n  to  t h e  cen t r a l  n e r v o u s  s y s t e m  (CASSANO 
et  al.9; WOLFFE10; ARSTILAll). T h e  sec re to ry  g ranu les  
found  in t h e  r a t  p inea l  g l and  are  supposed  to  be  t he  si te  of 
syn thes i s  or  s to rage  of m e l a t o n i n ,  5 - h y d r o x y t r y p t a m i n e  
(5-HT) or  o t h e r  b iogenic  a m i n e s  (DE IRALI)I a n d  DE RO- 
BERTIS 12; DE 1V[ARTINO et  alA3). Chron ic  a d m i n i s t r a t i o n  of 
r ese rp ine  leads  to  t h e  a l m o s t  c o m p l e t e  d i s a p p e a r a n c e  of 
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Fig. 5. Totally hypophysectomized rat pineal gland• Basal zone of an 
epiphyseal cell, showing an enlarged pericapillar space (PS), mito- 
ehondria (M), endotheIial capillary membrane with many pores (P ~), 
endothelial cells (EC) with nucleus (N) and many small vesicles (V), 
red blood cell (RBC), D, small dense granule. Osmium tetroxide, 
Epon, lead citrate. × 22,000. 

t h e  dense  granules .  All t h e  neu rosec re to ry  m a t e r i a l  in  
p inea l  g l and  is v e r y  m u c h  decreased  in a d u l t  h y p o p h y s e c -  
t o m i z e d  ra ts .  T h e  m e c h a n i s m  b y  w h i c h  t h e  p i t u i t a r y  in-  
t e r v e n e d  in t h e  m a i n t e n a n c e  of a n o r m a l  s t r u c t u r e  a n d  
secre t ion  of t h e  p inea l  g l a n d  is n o t  known,  b u t  p r o b a b l y  i t  
releases a specific p o l y p e p t i d e  ( t ropic  h o r m o n e  ?) for  t h e  
p inea l  g l and  s imi la r  to  t h a t  re leased  for o t h e r  endoc r ine  
g lands  an d  the re fo re  t h e  p inea l  g l and  shou ld  be  cons ide red  
as a p i t u i t a r y - d e p e n d e n t  g land.  

Rdsumd. Nous  a v o n s  6 tudi6  les mod i f i ca t ions  de l ' u l t r a -  
s t r u c t u r e  de  ta g t ande  p in6ale  du  r a t  apr~s  h y p o p h y s e c t o -  
mie  e t  c o n s t a t 6 :  (a) u n e  a t r o p h i c  du  r 6 t i c u l u m  endop las -  
mique ,  (b) r 6duc t i on  des r ibosomes ,  (c) d6p le t ion  du  ma t6 -  
riel s~cr6toire des granules ,  (d) a l t 6 r a t i o n  des m i t o c h o n -  
dries,  (e) r6duc t ion  d a n s  le v o l u m e  des  n o y a u x  e t  des  
nucl6oles e t  (f) u n  a g r a n d i s s e m e n t  de l ' e space  p6r ivascu-  
laire. I1 es t  tr~s p r o b a b l e  que  l ' h y p o p h y s e  a n t 6 r i e u r e  es t  
n6cessaire  p o u r  m a i n t e n i r  la s t r u c t u r e  e t  la s6cr6t ion de  la 
g lande  pin6ale,  mais  le m6can i sme  p a r  quoi  s ' exerce  ce con-  
tr61e res te  encore  inconnu .  
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Various Types of Amine-Storing Vesicles in Peripheral Adrenergic Nerve Terminals 

The  s y m p a t h e t i c  pos tgang l ion ic  n e r v e  t e r m i n a l s  con-  
t a i n  vesicles of a t  leas t  2 d i f fe ren t  t y p e s  : (a) sma l l  vesicles 
m e a s u r i n g  a b o u t  500 ~_ in d i a m e t e r  wh ich  are  e i t he r  
e m p t y  or c o n t a i n  a dense  core  ( types  I I  a n d  I I I  of GRILLO 
a n d  PALAy1). AS s h o w n  in p r ev ious  s tud ies  2,a, e m p t y  an d  
dense  core  vesicles r ep resen t ,  however ,  m o s t  p r o b a b l y  a 
h o m o g e n o u s  p o p u l a t i o n  d i f fe r ing  in t h e  degree  of a m i n e  
fi l l ing only.  (b) Large  vesicles m e a s u r i n g  700-1200  
( m e a n  900 A) in d i a m e t e r  r egu la r ly  c o n t a i n i n g  a dense  
core ( type  I of GRILLO a n d  PALAY~). 

I t  is genera l ly  accep t ed  t h a t  t h e  dense  cores of t h e  
smal l  vesicles  r e p r e s e n t  n o r a d r e n a l i n e  (NA)4-~, b u t  i t  is 
no t  k n o w n  w h e t h e r  t h e  large dense  core (LDC) vesicles 
also s to re  NA. Af te r  t r e a t m e n t  w i t h  rese rp ine  all  smal l  
vesicles b e c o m e  e m p t y ,  b u t  t he  osmiophi l ic  c o n t e n t  of 
t h e  la rge  vesicles  pers is ts .  Th i s  was  t a k e n  as ev idence  b y  
va r ious  a u t h o r s  t h a t  t h e  LDC vesicles do n o t  s to re  NAS-L 
I t  was  found ,  however ,  t h a t  a f t e r  i n c u b a t i o n  of va r ious  
t i ssues  in  N A  c o n t a i n i n g  solu t ions2 or  a f t e r  t r e a t m e n t  of 
a n i m a l s  w i t h  5 - h y d r o x y d o p a m i n e  (5 -HODA) 3, t h e  dense  
cores  of t he  la rge  vesicles b e c a m e  more  osmiophi l ic  a n d  
o f t en  s o m e w h a t  la rger  s. These  o b s e r v a t i o n s  m i g h t  indi-  
ca te  t h a t  t h e  LDC vesicles a re  c a p a b l e  of s to r ing  amines ,  
a t  l eas t  u n d e r  these  e x p e r i m e n t a l  condi t ions .  I t  was  t h e  
pu rpose  of t h i s  i n v e s t i g a t i o n  to  b r i n g  more  d i rec t  cy to-  
chemica l  ev idence  t h a t  t he  LDC vesicles of s y m p a t h e t i c  
pos tgang l ion ic  n e r v e  t e r m i n a l s  in  t h e  iris a n d  va s  deferens  

of the  ca t  do c o n t a i n  u n d e r  n o r m a l  cond i t i on  b iogenous  
amines .  

T h e  iris an d  v a s  deferens  of con t ro l s  a n d  of a n i m a l s  
p r e t r e a t e d  w i t h  rese rp ine  (2 m g / k g  i.p. 20 h before  t h e  
e x p e r i m e n t )  or  a - m e t h y l m e t a t y r o s i n e  (MMT) (200 m g / k g  
i.p. 20 a n d  4 h previous ly)  were r e m o v e d  u n d e r  a n a e s t h e s i a  
w i t h  N e m b u t a l  ® a n d  f ixed for  2 -4  h in  3 %  p h o s p h a t e  
buf fe red  g l u t a r a l d eh y d e .  Ha l f  of t h e  f ixed t i s sue  was 
s to red  o v e r n i g h t  in  a p h o s p h a t e - s u c r o s e  so lu t ion  a n d  t h e n  
over f ixed  w i t h  OsO4. T h e  r e m a i n d e r  of t h e  t i ssue  was 
t r e a t e d  o v e r n i g h t  in  a p o t a s s i u m  d i c h r o m a t e  so lu t ion  a t  
p H  4.19, t h e n  d e h y d r a t e d  a n d  e m b e d d e d  in t h e  usual  
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w a y  w i t h o u t  a n y  O s O ,  t r e a t m e n t  t o g e t h e r  w i t h  g l u t a r -  
a l d e d y d e - O s O ~  f i x e d  t i s s u e s .  T h e  u l t r a t h i n  s e c t i o n s  w e r e  
e i t h e r  l e f t  u n c o n t r a s t e d  o r  c o n t r a s t e d  w i t h  l e a d  c i t r a t e  
a l o n e  o r  w i t h  u r a n y l  a c e t a t e  f o l l owed  b y  l e a d  c i t r a t e .  

T h e  a d r e n e r g i c  n e r v e  t e r m i n a l s  in b o t h  i r is  a n d  v a s  
d e f e r e n s  o f  n o n - t r e a t e d  c a t s  f i x e d  in g l u t a r a l d e h y d e  a n d  
O s O  4 c o n t a i n e d  t h e  d i f f e r e n t  c l a s s i c a l  t y p e s  of  ves i c l e s .  
A l t h o u g h  t h e  L1)C  ves i c l e s  r e p r e s e n t e d  o n l y  a s m a l l  p r o -  
p o r t i o n  o f  t h e  t o t a l  n u m b e r  o f  v e s i c l e s  p r e s e n t  i n  m o s t  
n e r v e  t e r m i n a l s ,  s o m e  n e r v e  t e r m i n a l s  w e r e  f o u n d  w h e r e  
t h e  L I ) C  v e s i c l e s  we re  r e l a t i v e l y  n u m e r o u s  ( F i g u r e  1). 
T h e i r  d i a m e t e r s  v a r i e d  b e t w e e n  700 a n d  1300 A. a n d  t h e i r  
d e n s e  c o r e s  f i l led a l a r g e  p a r t  o f  t h e  ves ic le .  T h e  c o n t r a s t  
of  t h e  d e n s e  co re  v a r i e d  f r o m  g r e y  t o  b l a c k .  A f t e r  p r e -  
t r e a t m e n t  w i t h  r e s e r p i n e  o r  M M T  all  s m a l l  ve s i c l e s  we re  
e m p t y ,  b u t  n o  m a r k e d  d i f f e r e n c e s  in e i t h e r  t h e  n u m b e r ,  
s ize  o r  i n t e n s i t y  o f  c o n t r a s t  c o u l d  be  d e t e c t e d  in  t h e  L D C  
ves ic les ,  w h i c h  is in  l i ne  w i t h  t h e  o b s e r v a t i o n s  of  o t h e r s  6-7. 
C o n s e q u e n t l y ,  t h e  L I ) C  ve s i c l e s  c o n t a i n  a n  o s m i o p h i l i c  
m a t e r i a l  w h i c h  is r e s i s t a n t  to  r e s e r p i n e  a n d  M M T  a n d  

Fig. 1. Iris of cat, glutaraldehyde-OsO 4 fixation, uranyl  acetate and 
lead citrate contrasted. Besides small  vesicles the adrenergic nerve 
terminals contain several large dense core vesicles (--~). :4 50,000. 

Fig. 3. Iris of cat, glutaraldehyde fixation, dichromate treated with- 
out  OsO 4 fixation, lead citrate contrasted. The adrenergie nerve 
terminal is recognizable. The highly contrasted large and small dense 
centres represent the dense cores of large and small vesicles. × 50,000. 

Fig. 2. Iris of cat, glutaraldehyde fixation, dichromate treated with- 
out  Os() a fixation and without ultrathin section contrasting. In the 
poorly contrasted background a cluster of large and small electron 
denser eentres are the only visible structures. This cluster represents 
an adrcnergic nerve terminal, x 50,000. 
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w h i c h  is m o s t  p r o b a b l y  n o t  r e l a t ed  to  b iogenous  amines .  
The  u l t r a t h i n  sec t ions  of iris a n d  vas  deferens  f rom 

con t ro l  an imals ,  w h i c h  were f ixed in g l u t a r a l d e h y d e  a n d  
p o t a s s i u m  d i c h r o m a t e  w i t h o u t  OsO 4 t r e a t m e n t  a n d  w h i c h  
were no t  f u r t h e r  c o n t r a s t e d  b y  ionic s t a in s  gave  v e r y  poor  
overa l l  con t r a s t .  A t  sma l l  magn i f i c a t i ons  on ly  t he  mela -  
n ine  r ich  p i g m e n t  g ranu les  of va r ious  cells of t he  iris 
a p p e a r e d  s t rong ly  c o n t r a s t e d  b y  t h e  d i c h r o m a t e  t r e a t -  
men t .  However ,  a t  h i g h e r  magn i f i ca t i ons  n u m e r o u s  
cen t res  of e lec t ron  dens i t y  c lus te red  t o g e t h e r  were found  
in t he  poor ly  c o n t r a s t e d  zone a d j a c e n t  to  t h e  p i g m e n t - r i c h  
myoep i the l i a l  cell l ayer  (Figure  2). I t  is in th i s  region of 
t h e  iris t h a t  m o s t  of t h e  ad rene rg ic  ne rve  t e r m i n a l s  occur.  
I n  s imi la r  u l t r a t h i n  sec t ions  w i t h  a d d i t i o n a l  lead c o n t r a s t -  
ing t h e  genera l  m o r p h o l o g y  b e c a m e  recognizable ,  a n d  i t  
was  e v i d e n t  t h a t  these  c lus te r s  of e lec t ron  d e n s i t y  repre-  
s en t ed  t he  dense  core  vesicles of adrenerg ic  n e r v e  t e rmi -  
na l s  (Figure  3). T h e  vesicles  could on ly  be  recognized  b y  

t h e i r  dense  cores s ince t h e  m e m b r a n e s  were  poor ly  
s t a i n ed  b y  t h i s  t echn ique .  I t  was  a p p a r e n t  t h a t  a t  l eas t  
2 d i f fe ren t  t y p e s  of e l ec t ron  dense  cen t r e s  were  p resen t .  
B y  t h e i r  size a n d  n u m b e r  t h e y  could  eas i ly  be  r e l a t ed  to  
t h e  dense  cores of t h e  smal l  a n d  t h e  LDC vesicles (compare  
F igu re  1 w i t h  F igu re  2 a n d  F igu re  3). T h e  re su l t s  were  
s u p e r i m p o s a b l e  in  t h e  vas  deferens.  

Accord ing  to  WOOD I° t h e  d i c h r o m a t e  c y t o c h e m i c a l  
t e c h n i q u e  is specific for  NA, d o p a m i n e  a n d  5 -hydroxy-  
t r y p t a m i n e .  I n  our  m a t e r i a l  i t  was  con f i rmed  t h a t  th i s  
t e c h n i q u e  is indeed  h igh ly  specific for  b iogenous  a m i n e s  
w i t h  t h e  sole excep t ion  of m e l a n i n e  p i g m e n t  g ranu les  of 
t h e  iris. Th i s  was  f u r t h e r  d e m o n s t r a t e d  in  t h e  iris a n d  v a s  
deferens  of ca t s  t r e a t e d  w i t h  r e se rp ine  or MMT, where  
s imi la r  c lus te rs  of sma l l  a n d  la rger  e lec t ron  dense  cen t r e s  
were no  longer  de t ec t ab le .  T h e  m e l a n i n e  g ranu les  of t h e  
iris, however ,  d id  n o t  c h a n g e  t h e i r  c o n t r a s t  b y  a n y  of t h e  
a b o v e  t r e a t m e n t s .  

F r o m  these  resu l t s  we bel ieve  t h a t  a t  l eas t  some of t h e  
L D C vesicles of t h e  ad rene rg ic  t e r m i n a l s  do  s to re  bio-  
genous  a m i n e s  in  t h e  n o r m a l  cond i t ion .  I t  r e m a i n s  to  be  
e luc ida ted  w h e t h e r  i t  is N A  or a r e l a t ed  amine .  

I n  g t u t a r a l d e h y d e - O s O  4 f ixed t issues,  chol inerg ic  n e r v e  
t e r m i n a l s  c o n t a i n  smal l  e m p t y  vesicles as well  as LDC 
vesicles. D u r i n g  these  i n v e s t i g a t i o n s  we were  n o t  ab le  to  
d e t e c t  in  g l u t a r a l d e h y d e - d i e h r o m a t e  t r e a t e d  sec t ions  a n y  
large dense  e lec t ron  a c c u m u l a t i o n s  wh ich  were n o t  accom-  
p a n i e d  b y  t h e  smal le r  ones,  wh ich  would  i nd i ca t e  t h a t  t h e  
chol inerg ic  L D C vesicles in  c o n t r a s t  to  t h e  ad rene rg ic  
L D C vesicles  do  n o t  c o n t a i n  b iogenous  amines .  These  
resu l t s  are in a g r e e m e n t  wi th ,  a n d  e x t e n d  ear l ier  f ind-  
ings ~,3,8, where  i t  was  n o t e d  t h a t  a f t e r  i n c u b a t i o n  of 
t i ssue  slices in  N A  c o n t a i n i n g  so lu t ions  or  t r e a t m e n t  of 
an i ma l s  w i t h  5 -HODA,  on ly  t h e  LDC vesicles of ad ren -  
ergic n e r v e  t e r m i n a l s  increased  t h e i r  dens i ty ,  w h e rea s  t h e  
LDC vesicles of chol inergic  n e r v e  t e r m i n a l s  r e m a i n e d  un-  
c h a n g e d  (F igure  4). Consequen t ly ,  t h e  L D C vesicles of 
t h e  a u t o n o m o u s  ne rve  t e r m i n a l s  c o n t a i n  a t  l eas t  2 differ- 
en t  classes of m a t e r i a l  b o t h  of wh ich  c o n t r i b u t e  to  t h e i r  
osmiophi ly ,  b u t  on ly  one  of t h e m  b e i n g  a b iogenous  amine .  

I n  s u m m a r y ,  c o m b i n e d  c y t o c h e m i c a l  a n d  p h a r m a c o -  
logical  i n v e s t i g a t i o n s  on  t h e  iris a n d  v a s  defe rens  of ca t s  
h a v e  b r o u g h t  f o r t h  s t rong  ev idence  t h a t  in  ad rene rg ic  
n e r v e  t e r m i n a l s  b iogenous  amines  are  n o t  on ly  s to red  in 
t h e  smal l  b u t  also in t h e  large  dense  core  vesicles  ( type  I 
of GRILLO a n d  PALAY1). NO a m i n e  could  be  d e t e c t e d  in 
t h e  c o r r e s p o n d i n g  vesicles of t h e  chol inerg ic  n e r v e  
t e rmina l s .  

Fig. 4. Iris of cat after treatment with 5-HODA 3. Glutaraldehyde- 
Os04 fixation, uranyl acetate and lead citrate contrasted. The small 
vesicles of the adrenergic nerve (A) contain strongly osmiophilie 
material, whereas the small vesicles of the cholinergic nerve (B) 
remain empty. The LDC vesicle (-->) of the adrenergic nerve appear 
much stronger contrasted than the LDC vesicle ( ~ )  of the eholinergie 
nerve. × 50,000. 

Rdsumd, L a  c o m b i n a i s o n  de t e c h n i q u e s  c y t o c h i m i q u e s  
e t  p h a r m a c o t o g i q u e s  a p e r m i s  de  d 6 m o n t r e r  q u e  les 
g r an d es  v6sicules A c o n t e n u  dense  des  t e r m i n a i s o n s  ner-  
veuses  s y m p a t h i q u e s  p o s t g a n g l i o n n a i r e s  de l ' i r is  e t  du  
c a n a l  de c h a t  r e n f e r m e n t  u n e  s u b s t a n c e  ana logue  ou 
i den t i que  A celle r en fe rm6e  d a n s  les pe t i t e s  v6sicules 
c o n t e n u  dense,  c ' e s t - a -d i r e  la  no rad r6na l ine .  Les  g r a n d e s  
v6sicules ~t c o n t e n u  dense  des  t e r m i n a i s o n s  ne rveuses  
p a r a s y m p a t h i q u e s  ne  r e n f e r m e n t  p a s  ce t t e  a m i n e  biog~ne.  
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