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Adrenergic Nerve Endings in the Peripheral Autonomic Ganglion 

Recent ly ,  t he  f luorescence h is tochemica l  t echn ique  
has  revealed the  exis tence  of numerous  adrenergic  nerve  
endings  wi th in  t he  s y m p a t h e t i c  ganglia in several  m a m -  
mal ian  species 1-3. Fo r  example ,  adrenergic  endings  are 
a b u n d a n t  in t he  stellate,  celiac, and  superior  cervical  
ganglion of t he  r abb i t  and  the  ra t  4,5. These f indings sug- 
gest  the  i m p o r t a n t  role of adrenergic  endings  in impulse  
t ransmiss ion  in the  au tonomic  ganglia 6. ECCLES 7 and  
BEcK s pos tu la t ed  t h a t  noradrena l ine  acts  as an inh ib i to ry  
modu la to r  of in t ragangl ionic  t ransmiss ion.  

There  is, however ,  l i t t le  in format ion  concerning the  
subeel lular  local izat ion and the  u l t r a s t ruc tu re  of t he  
adrenergic  endings  wi th in  the  au tonomic  ganglia.  The  
p re sen t  paper  deals w i t h  the  e lectron microscopic  observa-  
t ion  of nerve  endings  in the  hypogas t r i c  ganglion of male  
adu l t  guinea-pigs.  I t  has  been  known t h a t  s y m p a t h e t i c  
f ibers to  the  pelvic viscera re lay  par t ia l ly  in th is  ganglion. 

Af te r  s tunn ing  the  animals,  t he  hypogas t r i c  ganglia 
were isolated and  immersed  in to  f ixat ives .  The f ixa t ion  
was carr ied ou t  for 1.5 h a t  room t e m p e r a t u r e  in 2% 
g lu ta ra ldehyde  solut ion and t h e n  for 2 h in 1% ice-cold 
osmium te t rox ide .  These f ixa t ives  were  ad jus t ed  at  
p H  7.4 wi th  Millonig's p h o s p h a t e  buffer.  Af ter  the  f ixa-  
t ion,  the  ganglia were e m b e d d e d  in E p o n  812. 

The nerve  endings  found wi th in  the  hypogas t r i c  
gangl ion were classified into a t  least  3 s t ruc tura l ly  d i s t inc t  
types .  The f i rs t  t y p e  conta ins  numerous  smalI non-cored  
vesicles, a b o u t  500 7k in d iameter ,  t oge the r  wi th  occa- 
sional large vesicles measur ing  roughly  1000 A in d i ame t e r  

which  possess an in te rna l  core or granule  of mo d e ra t e  
dens i ty  (Figure 1). The second t y p e  has  m a n y  smal l  
vesicles measur ing  abou t  500 ~ in d i ame t e r  which  are 
e i ther  e m p t y  or con ta in  a dense  core (Figure 2). The  
dense cores are s o m e w h a t  i rregular  in shape  and  of ten  
eccentr ical ly  placed in t he  vesicles. A few large cored 
vesicles, abou t  1000 ~ in d iameter ,  are also seen in the  
second type .  In  addi t ion ,  mi tochondr i a  and  sca t t e red  
glycogen granules are con ta ined  in t he  endings  of b o t h  
types .  

The first  t y p e  endings  are regarded  as cholinergic in t h e  
l ight  of recen t  e lec t ron  microscopic  s tudies  9. They  are 
m u c h  more  a b u n d a n t  t h a n  the  second t y p e  and  form t h e  
typ ica l  axo-somat ic  and  axo-dendr i t i c  synapses  w i th  t he  
ganglion cells. 

The second t y p e  endings  show the  charac te r i s t ic  
s t ruc tu res  of t he  adrenergic  endings  1~ I t  has  been  
verif ied t h a t  the  dense cores of t he  smal l  vesicles r ep resen t  
noradrenal ine .  The e m p t y  and  the  dense cored vesicles of 
s m a l l  size are said to be a homogeneous  popu la t ion  
differ ing in t he  degree of amine  filling only 10. These 
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Fig. 1. The cholinergic nerve ending forms the axo-solnatic synapse 
with the ganglion cell. The ending contains numerous small non- 
cored vesicles, about 500 A in diameter, together with large cored 
vesicles measuring about 1000 A in diameter, x 20,000. 

Fig. 2. The adrenergic nerve ending contains numerous small cored 
vesicles and a few non-cored vesicles. The ending forms the synapse 
with the small protrusion of the ganglion cell. x 20,000. 
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end ings  are  p a r t i a l l y  enclosed w i t h  t h e  S c h w a n n  cell 
cy top la sm.  The  r e m a i n i n g  a x o n a l  surfaces  are s e p a r a t e d  
f rom the  s u r r o u n d i n g  connec t ive  t i ssue  b y  on ly  a n  ex- 
t e r n a l  l amina ,  wh ich  passes  f rom t h e  S c h w a n n  cell 
c y t o p l a s m  on to  t h e  axon.  I n  m o s t  cases, t he  end ings  lie 
more  t h a n  500 n m  a p a r t  f rom the  surface of t h e  gangl ion  
ceils, b u t  m a y  a p p r o a c h  more  closely to  t he  dend r i t i c  
p ro t r u s ions  of t he  cells. This  s tudy ,  however ,  ha s  fai led 
to  r evea l  t h e  f o r m a t i o n  of t yp i ca l  synapses  w i t h  t h e  
s y n a p t i c  clef t  a p p r o x i m a t e l y  200 A in w i d t h  a n d  t h e  
dens i t y  increases  of s y n a p t i c  m e m b r a n e s  b e t w e e n  t h e  
second t y p e  end ings  and  t he  gangl ion  cells. 

Smal l  ne rve  cells wh ich  c o n t a i n  large g r anu l a r  vesicles 
m e a s u r i n g  a b o u t  1250-2500 ~ in d i a m e t e r  were found  in 
t h e  p r e s en t  s t u d y  (Figure 3). T h e  large g r a n u l a r  vesicles 
show a s imi la r  a p p e a r a n c e  to  t h e  n o r a d r e n a l i n e  c o n t a i n i n g  
granules  in  t h e  ad rena l  medul la .  Recen t ly ,  s imi lar  gang-  
l ion cells c o n t a i n i n g  large g r a n u l a r  vesicles were descr ibed  
in t h e  s y m p a t h e t i c  gang l ion  b y  some a u t h o r s  12,15. 

These  smal l  ne rve  cells m a y  co r re spond  to  so-called 
c h r o m a f f i n  cells13,14 or  small ,  i n t ense ly  green-yel low 
f luorescen t  cells 1,~ descr ibed  b y  some au thors .  The  somas  
are covered  b y  t h e  sa te l l i te  ceils. No axo- somat i c  synapses  
h a v e  been  found  a r o u n d  t h e m .  T h e  ne rve  cells h a v e  a few 
processes  wh ich  co n t a i n  m a n y  large g r a n u l a r  vesicles. 
The i r  d i s t a l  ends  d e n u d e d  of t h e  S c h w a n n  s h e a t h  o f t en  
lie a b o u t  500 n m  a w a y  f rom e i the r  t h e  surface  of gang l ion  
cells or t h e  cap i l l a ry  wall. These  t h i r d  t y p e  endings  w i t h  
t h e  large  g r a n u l a r  vesicles are  a p p a r e n t l y  d i f fe rent  in  
s t r u c t u r e  an d  or ig in  f rom t h e  second t y p e  endings  de- 
scr ibed before.  

The  o b s e r v a t i o n s  r epo r t ed  a b o v e  h a v e  fu rn i shed  a n  
a d e q u a t e  u l t r a s t r u c t u r a l  bas is  for t h e  presence  of 
adrenerg ic  end ings  w i t h i n  t h e  hypogas t r i c  gangl ion.  
2qORBERG et  al. 5 a n d  K~_LM.~N e t  al. n sugges ted  t h a t  t h e  
f luorescen t  end ings  are of an  in t r agang l ion ic  origin, a n d  
t h a t  t h e y  ar~ fo rmed  b y  e i the r  i n t e r n e u r o n s  or col la tera ls  
f rom t h e  pos tgang l ion ic  ad rene rg ic  neurons .  At  leas t  some 
of these  f luorescen t  end ings  m a y  be  on  t h e  t h i r d  t y p e  of 
th i s  paper .  

Zusammen[assung. Mit te l s  e l e k t r o n e n m i k r o s k o p i s c h e r  
U n t e r s u c h u n g e n  wird  die A n w e s e n h e i t  ad rene rg i sche r  
N e r v e n e n d i g u n g e n  im Gang l ion  h y p o g a s t r i c u m  des 
Meerschweinchens  bewiesen.  
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Fig. 3. Electron mierograph showing a cell containing large granular 
vesicles. The cell is surrounded by a sheath of satellite cells, x 6000. 
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The Larval Ring Gland of Drosophila melanogaster: A Comparison of Ebony and Oregon Strains by 
Use of a Qualitative Protein Stain 

I n  Drosophila melanogaster, mol t i ng  a n d  m e t a m o r p h o s i s  
are con t ro l l ed  b y  h o r m o n e s  f rom 3 endocr ine  s t r u c t u r e s :  
n e u r o h o r m o n e s  p r o d u c e d  b y  neu rosec re to ry  cells in  t h e  
b ra in ,  ecdyson  secre ted  b y  t h e  p ro tho rac i c  gland,  a n d  
juven i l e  h o r m o n e  f rom the  corpus  a l l a t u m  1. I f  j uven i l e  
h o r m o n e  is p r e s e n t  in  a b u n d a n c e ,  t he  m o l t  will be  a l a r v a l  
mo l t ;  if i t  is p r e sen t  in  smal l  a m o u n t s  or absen t ,  t he  r e su l t  
will be  a p u p a l  or i m a g i n a l  mo l t  2. P rev ious  ev idence  3 

suggests  a n  increase  in t h e  a c t i v i t y  of t h e  p ro tho rac i c  
g land  a t  me t amo rp h o s i s ,  b u t  i t  m u s t  be  p o i n t ed  o u t  here  
t h a t  th i s  a p p a r e n t  increase  in  a c t i v i t y  m a y  mere ly  be  
c o m p e n s a t i n g  for  t h e  increased  vo lume  of t h e  f inal  i n s t a r  
l a rva  4. 

To s t u d y  t h e  p ro t e i n  c o n t e n t  and,  therefore ,  the  ac t i -  
v i t y  of t h e  r ing  g land  we used t h e  p rocedure  of MAZlA, 
BREWER a n d  ALFERT 5. T h e  l a r v a l  mo l t s  of the  E b o n y  


