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Electron Microscopic Localization of 5 -Hydroxydopamine ,  a 'False' Adrenergic Neurotransmitter ,  
in the Autonomic  Nerve Endings of the Rat Pineal Gland 

The  m a j o r  i n n e r v a t i o n  of t he  r a t  p inea l  g l and  is sym-  
p a t h e t i c  ~, cons i s t ing  of f ibres wh ich  o r ig ina te  f rom cell 
bodies  in t h e  super ior  cervical  ganglia.  I n  t he  pe r i va scu l a r  
t e r m i n a l s  of these  n e r v e  fibres, b o t h  smal l  a g r a n u l a r  
a n d  g r a n u l a r  vesicles ( ~  500 K un i t s  in  d iamete r )  a n d  

( ~ 1 0 0 0  X un i t s  in d iamete r )  can  large g r a n u l a r  vesicles 
be  d e m o n s t r a t e d  b y  e lec t ron  mic roscopye ;  t h e  dense  
cores of t he  smal l  g r a n u l a r  vesicles r ep re sen t  b iogenic  
amines  3 6. The re  is some ques t ion  concern ing  t he  mean-  
ing of e m p t y  vesicles which  are v isual ized in t e r m i n a l s  
c o n t a i n i n g  m o s t l y  g r a n u l a r  vesicles, one i n t e r p r e t a t i o n  
be ing  t h a t  t he  e m p t y  vesicles con t a i n  ace ty l cho l ineL  
Recen t ly ,  however ,  ev idence  ha s  been  p u t  fo rward  t h a t  
e m p t y  a n d  dense  core vesicles, of pe r iphe ra l  s y m p a t h e t i c  
n e r v e  endings,  r ep re sen t  a hom ogeneous  p o p u l a t i o n  dif- 
fe r ing  on ly  in t he  degree  of a m i n e  fil l ing 8. 

I n  a p rev ious  s t u d y  9 on  t h e  r a t  p inea l  gland,  BON- 
DAREFF r epo r t ed  t he  f i rs t  d i rec t  v i sua l i za t ion  of a ' false 
neu rochemica l  t r a n s m i t t e r ' .  He  showed t h a t  Me ta ramino l ,  
a n  e lec t ron  lucen t  ' false '  n e u r o t r a n s m i t t e r  l~ could  dis- 
p lace  endogenous  n o r a d r e n a l i n e  (NA) f rom i ts  s torage  
s i te  in t he  vesicles and  t h a t  s u b s e q u e n t  r ep le t ion  of t he  
e m p t y - l o o k i n g  vesicles occur red  a f t e r  t r e a t m e n t  w i t h  
~ - m e t h y l n o r a d r e n a l i n e  a n  osmiophi l ic  ' false '  n e u r o t r a n s -  
mi t t e r .  

5 - H y d r o x y d o p a m i n e  (5-HO-DA),  a n o t h e r  ' fa lse '  neuro-  
t r a n s m i t t e r  ~, has  p r o v e d  useful  as a m a r k e r  for aminerg ic  
ne rve  end ings  in t he  pe r iphe ra l  s y m p a t h e t i c  s y s t e m  ~. 
The  p re sen t  f ine s t r u c t u r a l  s t u d y  repor t s  t h e  r e p l a c e m e n t  
of t he  phys io logica l  t r an s m i t t e r ( s )  b y  5 - H O - D A  in t he  
a u t o n o m i c  n e r v e  end ings  of t he  r a t  p inea l  g land,  which  
are  t h o u g h t  to  con t a i n  b o t h  NA 3-s,13,14 a n d  5 -hydroxy-  
t r y p t a m i n e  (5-HT)~,15-~7 in t he  physiological  s ta te .  

Ra t s  p r e t r e a t e d  w i th  ~ - m e t h y l m e t a t y r o s i n e  (~-MMT) 
200 mg/kg,  20 h and  4 h before  the  expe r imen t ,  and  non-  
t r e a t e d  controls ,  were g iven  a single i.v. i n j ec t ion  of 
5 -HO-DA ( 1 0 m g / k g )  2 0 m i n  before  sacrifice. P inea l  
glands,  f rom control ,  e -MMT and  e-MMT + 5 -HO-DA 
t r e a t e d  r a t s  were r e m o v e d  u n d e r  l igh t  e the r  anaes thes ia ,  
f ixed b y  i m m e r s i o n  in 4 %  g lu ta ra ldehyde ,  pos t - f ixed  in 
o s m i u m  t e t r o x i d e  and  e m b e d d e d  in E p o n  for e lec t ron  
microscopy.  U l t r a t h i n  sect ions  were double  s t a i n e d  w i th  
u r a n y l  a c e t a t e  a n d  lead c i t ra te .  

E x a m i n a t i o n  of t h i n  sect ions  of t he  p inea l  g l ands  f rom 
u n t r e a t e d  con t ro l s  conf i rmed  p rev ious  f ind ings  n a m e l y  
t h a t  a p p r o x i m a t e l y  ha l f  of t he  smal l  vesicles c o n t a i n e d  
a dense  core (Figure  1). P r e - t r e a t m e n t  of an i m a l s  w i t h  
a-MMT, whose  ac t ion  is largely  m e d i a t e d  t h r o u g h  t he  
' false '  s y m p a t h e t i c  t r a n s m i t t e r  Me ta ramino l ,  p roduced  
a comple te  dep le t ion  of t he  smal l  g r a n u l a r  vesicles 
(Figure 2). 5 -HO-DA a d m i n i s t e r e d  to con t ro l  a n d  pre2 
t r e a t e d  r a t s  lead to  the  a c c u m u l a t i o n  of a large  q u a n t i t y  
of s t rong ly  osmiophi l ic  m a t e r i a l  in t he  vesicles (Figure  3). 
Moreover,  v i r t u a l l y  all t h e  vesicles were filled to  capac i ty .  
Af te r  such  t r e a t m e n t s  no de t ec t ab l e  morpho log ica l  a l ter-  
a t ions  were obse rved  in t he  p inea locytes .  S imi la r  resu l t s  
were o b t a i n e d  u n d e r  t he  fol lowing cond i t ions :  i.p. injec- 
t i on  of 5 -HO-DA (4 • 20 mg/kg)  ove r  a pe r iod  of 48 h, 
i n t r a v e n t r i c u l a r  i n j ec t ion  of 5 -HO-DA (5 m g  in 50/~1 
saline) ove r  3 h, a n d  i n c u b a t i o n  of t h i n  t i ssue  slices in 
a Krebs -Hense l e i t  so lu t ion  c o n t a i n i n g  1 m g / m l  5-HO-DA,  
for 30 min .  

I n  c o n t r a s t  to  t he  resu l t s  o b t a i n e d  w i th  ~-MMT, pre-  
t r e a t m e n t  w i t h  reserp ine  (5 m g / k g  i.p. 20 h before  t he  
expe r imen t )  fol lowed b y  t he  a d m i n i s t r a t i o n  of 5-HO-DA,  
resu l ted  in a c o n t i n u e d  dep le t ion  of t h e  vesicles  in  t he  
ne rve  endings.  

I t  is p roposed  t h a t  t he  dense  m a t e r i a l  in t h e  vesicles 
r ep resen t s  t he  exogenous  5-HO-DA.  The  resu l t s  a f t e r  
reserp ine  p r e - t r e a t m e n t  are  in s u p p o r t  of p rev ious  
f ind ings  ~3 wh ich  i m p l y  t h a t  t he  a m i n e  u p t a k e  a n d  
s torage  m e c h a n i s m s  are  impai red .  T h u s  5 -HO-DA a n d  
i ts  e v e n t u a l  me t abo l i t e s  are  t a k e n  up  a n d  s to red  in a 
s imi la r  way  to t he  physio logica l  t r an smi t t e r ( s )  N A  a n d / o r  
5-HT. Our  o b s e r v a t i o n s  the re fo re  conf i rm a n d  e x t e n d  
those  of o the r s  9,~2. 

The  ev idence  conce rn ing  t h e  specific amine(s)  n o r m a l l y  
occurr ing  in p inea l  n e r v e  end ings  is confl ic t ing.  A l t h o u g h  
i t  is genera l ly  be l ieved t h a t  these  n e r v e  end ings  c o n t a i n  
N A  3-5,~3,14, t h e y  t a k e  on  t he  f luorescen t  h i s t ochemica l  
s t a in ing  i nd i ca t i ve  of 5 -HT ~s. I n  add i t i on  t h e y  concen-  
t r a t e  t r i t i a t e d  5 - h y d r o x y t r y p t o p h a n  as shown  b y  e lec t ron  
microscopic  r a d i o a u t o g r a p h y  x6 a n d  become  dep le ted  of 
the i r  g r a n u l a t e d  vesicles u p o n  t r e a t m e n t  w i t h  p-chloro-  
p h e n y l a l a n i n e  ~, a specific i n h i b i t o r  of 5 -HT b iosyn-  
thes is  ~s, whi le  una f f ec t i ng  t he  p inea l  N A  con ten t .  The  
poss ib i l i ty  t h a t  b o t h  a m i n e s  m a y  be  s tored  in t h e  same  
ne rve  t e r m i n a l  a n d  in t he  same  organel le  ha s  also been  
p roposed lL  Us ing  t he  t e c h n i q u e s  of e lec t ron  19 a n d  
fluorescence2~ microscopy,  i t  has  been  shown  t h a t  au to -  
nomic  neu rons  of b o t h  t he  pe r iphe ra l  and  cen t r a l  ner-  
vous  sys ten ls  wh ich  n o r m a l l y  con t a in  ca techo lamines ,  
are capab le  of c o n c e n t r a t i n g  exogenous  5-HT. The  
p re sen t  f ind ings  are the re fo re  a d d i t i o n a l  ev idence  t h a t  
t he  u p t a k e  and  s to rage  of exogenous  biogenic  a m i n e s  
b y  adrenerg ic  ne rves  a n d  the i r  vesicles is no t  comple t e ly  
specific. This  impl ies  also t h a t  f rom e x p e r i m e n t s  us ing  
an  exogenous  a m i n e  (e.g. a ' fa lse '  n e u r o t r a n s m i t t e r  or 
label led  amine)  as a t racer ,  one c a n n o t  e q u a t e  t h e  exoge- 
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Figs. 1-3. Autonomic nerve endings of the rat pineal gland. 
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Fig. 1. Untreated control. In the perivascular nerve ending approxi- 
mately half of the small vesicles contain an electron dense core (the 
physiological transmitter(s) NA and/or 5-HT). • 75,000. 

Fig. 3. Treatment  with c~-MMT followed by 5-HO-DA. Virtually all 
the vesicles are filled to capacity with a strongly osmiophilic material 
(the 'false' neurotransmitter  5-HO-DA). x 75,000. 

n o u s  a m i n e  l o c a l i z a t i o n  w i t h  t h e  e n d o g e n o u s  a m i n e  s t o r a g e  
s i te .  

S ince  5 - H O - D A  h a s  p r o v e n  t o  be  a u s e f u l  m a r k e r  for  
a m i n e r g i c  n e r v e s  in  t h e  p e r i p h e r a l  s y m p a t h e t i c  s y s t e m ,  
e f f o r t s  t o  v i s u a l i z e  s m a l l  g r a n u l a r  ve s i c l e s  a s  t h e  a m i n e  
s t o r a g e  s i t e s  in  t h e  c e n t r a l  n e r v o u s  s y s t e m  a r e  n o w  b e i n g  
u n d e r t a k e n .  

Rdsumd. L a  5 - h y d r o x y d o p a m i n e  ( 5 - H O - D A ) ,  u n  <~faux~> 
n e u r o - t r a n s m e t t e u r  a d r 6 n e r g i q u e ,  a 6t6  loca l i s6e  d a n s  les  
v 6 s i c u l e s  d e s  t e r m i n a i s o n s  n e r v e u s e s  s y m p a t h i q u e s  de  la  
g l a n d e  p i n 6 a l e  d u  r a t ,  p a r  e x a m e n  a u  m i c r o s c o p e  61ectro- 
n i q u e ,  a p r ~ s  t r a i t e m e n t  d e s  a n i m a u x  p a r  c e t t e  a m i n e .  

j .  G. RICHARDS a n d  J.  P .  TRANZER 

Fig. 2. Treatment  with c~-MMT: All the small vesicles appear empty  
(the electron lucent 'false' t ransmit ter  has displaced the osmio- 
philic, physiological transmitter(s)). • 75,000. 
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