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ten. Hins icht l ich  der  Topik  D N S  synthe t i s ie render  Zellen 
in den einzelnen Zonen der  Niere  bes teh t  dabei  zwischen 
der  physiologischen Zel lerneuerung bei Kont ro l l en  und 
der kompensa tor i schen  Regenera t ion  nach  kN und k I  nur  
ein q u a n t i t a t i v e r  Unterschied,  

Summary. By cont inuous  infusion of 3H-thymidine ,  
au torad iographic  s tudies were per formed  to  compare  
cel lular  prol i fera t ion in the  compensa to ry  regenera t ing  
k idney  of ra ts  af ter  con t ra la te ra l  n e p h r e c t o m y  or contra-  
la teral  t empora l  (1 h) i schaemia  wi th  physiological  cell 
renewal  in controls.  Unde r  each expe r imen ta l  condit ion,  

the  h ighes t  labell ing index  is observed  wi th in  the  s t r a t um 
labyr in th icum and then  a gradual  decrease occurs f rom 
there  to  the  s t r a t um subcort icale,  zona in te rmedia  and 
basalis. As to the  topic  of D N A  synthes iz ing cells in the  
different  zones of the  kidney,  there  are only q u a n t i t a t i v e  
differences be tween  physiological  cell renewal  of the  con- 
trols and compensa to ry  regenera t ion  following cont ra la te -  
ral  neph rec tomy  and  con t ra la te ra l  ischaemia.  
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C a t e c h o l a m i n e s  a n d  G r a n u l a r  V e s i c l e s  in A d r e n e r g i c  A x o n s  of  the  D e v e l o p i n g  P inea l  B o d y  of  the  Rat  1 

The pineal  body  of the  ra t  is innerva ted  exclusively  by  
sympa the t i c  post-gangl ionic  fibers from the  superior  cer- 
vical  ganglion2. These fibers con ta in  agranula r  vesicles, 
and  granular  vesicles of 2 types,  large and smal l  3-~, There  
is now considerable  evidence t h a t  the  small  g ranu la r  
vesicles (SGV) conta in  norepinephr ine  (NE) s 8. In  this 
repor t  the  deve lopmen t  of the  sympa the t i c  inne rva t ion  of 
the  pineal  body  was s tudied by  corre la t ing h is tochemical  
f luorescence wi th  e lectron microscopic  observat ions.  Spe- 
cial a t t en t ion  was given to the  sequence of appearance  of 
the  2 types  of granular  vesicles in the  developing  axons 
and its bear ing on the  in t ra -axona l  d is t r ibu t ion  of cate-  
cholamines.  

For  f luorescence h is tochemis t ry ,  pineals f rom H o l t z m a n  
ra ts  of both  sexes were t rea ted  according to the  me thod  
of FALCK and HILLARP 9 (cf. FALCK and O~,VMAN10). 

The  ages and the  n u m b e r  of specimens per  group were:  
19-day-old fetuses, 2; 2 h pos t -par tum,  3; 22-24 h, 4; 
2-day, 5; 3-day, 5; 6-7 day,  6; 10-11 day,  3; 21 day,  4. 

In  2-hour-old animals ,  b r igh t  green nerves  were 
observed  in the  capsule,  especial ly a t  the  apex  and dorsal  
side of the  gland below the  v e n a  cerebri  magna  (Figure la).  
A t  24 h a few isolated nerve  bundles  pene t ra ted  the  pineal,  
and a t  2 days  typ ica l  green varicose te rmina ls  were seen 
a round vessels or  among  the  pineal  cells in some areas of 
the  gland (Figure lb).  The i r  n u m b e r  increased and a t  
21 days  was similar  to  t h a t  observed in the  adul t  gland 9. 
The  green f luorescence observed in the  nerves  of the  
developing  pineal  body indicates  the  presence of a cate-  
cholamine,  most  p robab ly  NE~, 1°. 

To inves t iga te  b inding sites for N E  in young  adrenergic  
nerves,  symlzathet ic  fibers of the  ra t  pineal  body  were 
s tudied  by  electron microscopy.  The  animals  were  the  
following ages:  2-24 h, 15; 2-3 days, 9; 5-8 days, 9; 
15 days, 3; 21 days, 3. The  pineal  bodies were fixed by 
immers ion  or  perfusion in 3% g lu ta ra ldehyde  in 0.1/t~r 
phospha te  buffer  ad jus ted  to p H  7.3. The  specimens were 
embedded  in epoxy  resin, sectioned, double  s ta ined and 
s tudied with  a Hi t ach i  H U  l l A  electron microscope. 

On the  day  of b i r th  most  of the  nerve  bundles  studied 
were in the  capsule and there  is no doub t  t h a t  t hey  corre- 
spond to those seen in the  f luorescence microscope.  The  
axons  in these bundles  conta ined  neurotubules ,  neuro- 
f i laments ,  mul t ives icu la r  bodies, glycogen particles,  
a b u n d a n t  smooth  endoplasmic  re t iculum,  mi tochondr ia ,  
agranular  and granular  vesicles. Granular  vesicles, how- 
ever,  were only of the  large type  (Figure  2a) wi th  a mean  
d i ame te r  of 820 ~,. At  d a y  2 a few SGV were seen in 
axons  of small  and large nerve  bundles  s i tua ted  inside 
the  g land or  in its capsule (Figure 2b). The  n u m b e r  of 

these vesicles was considerably  larger a t  day  7, and,  a t  
2 weeks, clusters of more t h a n  100 granular  vesicles were 
occasional ly seen (Figure 2c). The  absence of the  SGV 
from adrenergic  axons  of t he  pineal  body  dur ing  the  first  
24 h a f te r  b i r th  does no t  seem to  be due to  inadequa te  
f ixat ion since g lu tara ldehyde ,  followed by  osmium 
te t roxide ,  is an excel lent  f ixa t ive  for the  demons t r a t ion  
of granular  vesicles in the  ra t  pineal  body  4. 

These d a t a  show t h a t  the  large granular  vesicle (LGV) 
precedes the  SGV dur ing  deve lopment .  Appa ren t l y  the  
'granules '  recent ly  descr ibed by  V~[ECHSLER and SCHME- 
KEL 11 in sympath icob las t s  of the  chick embryo  are LGV 
indicat ing t h a t  those vesicles appear  v e r y  ear ly  in develop-  
ment .  The  funct ion  of t he  LGV is unknown.  Thei r  
presence in adrenergic  fibers, even  before con tac t s  wi th  
effector  cells are  established,  indicates  t h a t  the i r  func t ion  
migh t  not  be related to  neuroeffector  t ransmission.  On 
the o ther  hand,  the  SGV appear  only af ter  the  nerves  
have  pene t ra ted  and branched  inside the  pineal  gland and 

Fig. 1. Fluorescence photomicrographs of rat pineal bodies treated 
according to the method of FALCK and Hn.LARP. (A) 2 h of age. 
Cross section of the pineal gland (PG) showing large nerve in the 
capsule disGlaying intense green fluorescence. No nerve is seen inside 
the gland at this age. (B) 2 days of age. Nerve terminals with typical 
varicosities (arrows) inside the gland at its dorso-apical portion. 
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h a v e  e s t a b l i s h e d  t h e  f i r s t  c o n t a c t s  w i t h  t h e  e f l e c t o r  cel ls .  
A b o u t  t h i s  t i m e  t h e  f i r s t  t y p i c a l  v a r i c o s e  t e r m i n a l s  we re  
s e e n  b y  f l u o r e s c e n c e  m i c r o s c o p y .  

S ince  t h e  S G V  is t h e  N E  s t o r a g e  p a r t i c l e  in  a d r e n e r g i c  
f i b e r s  o f  t h e  a d u l t  5-8,*=, i t s  a b s e n c e  f r o m  t h e s e  f i b e r s  o n  
t h e  d a y  of  b i r t h  p o s e s  t h e  p r o b l e m  of  w h e r e  t h e  i n t r a -  
a x o n a l  N E  is  l o c a l i z e d  in  a d r e n e r g i c  f i b e r s  o f  f e t a l  a n d  
e a r l y  p o s t n a t a l  a n i m a l s .  T o  s t u d y  t h i s ,  n e r v e s  o f  t h e  n e w -  
b o r n  w e r e  e x a m i n e d  a f t e r  p h a r m a c o l o g i c a l  d e p l e t i o n  of  
N E .  R e s e r p i n e  (8 a n i m a l s ,  5 m g / k g ,  i .p. ,  Se rpas i l ,  C iba)  
g i v e n  t o  r a t s  i m m e d i a t e l y  a f t e r  b i r t h  c o m p l e t e l y  a b o l i s h e d  
f l u o r e s c e n c e  o f  t h e  n e r v e s  in  a n i m a l s  s a c r i f i c e d  1 5 - 2 0  h 
a f t e r  t h e  i n j e c t i o n .  H o w e v e r ,  t h i s  t r e a t m e n t  d i d  n o t  c a u s e  
a n y  m o d i f i c a t i o n  o f  t h e  u l t r a s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  
t h e  n e r v e  f i be r s  in  3 a n i m a l s  t h a t  w e r e  e x a m i n e d .  N o  
a p p a r e n t  c h a n g e  w a s  o b s e r v e d  in  t h e  n u m b e r  o f  t h e  L G V ,  
a n d  t h e i r  d e n s e  c o r e s  w e r e  n o t  m o d i f i e d .  A s i m i l a r  r e s u l t  
w a s  o b t a i n e d  i n  2 a n i m a l s  i n j e c t e d  w i t h  m e t a r a m i n o l  
(4 m g / k g ,  i .p . ,  A r a m i n e ,  M e r c k )  a n d  s a c r i f i c e d  6 h l a t e r .  
T h e s e  d a t a  a g r e e  w i t h  t h o s e  o b t a i n e d  in  a d u l t  a n i m a l s  a,6-s 
a n d  i n d i c a t e  t h a t  t h e  N E  of  f e t a l  a n d  e a r l y  p o s t n a t a l  
a d r e n e r g i c  a x o n s  is  n o t  c o n t a i n e d  in  t h e  L G V .  S i nce  n o  

S G V  w e r e  f o u n d ,  i t  is b e l i e v e d  t h a t  t h i s  N E  w a s  n o t  
b o u n d  to  g r a n u l a r  ves i c l e s .  T h e  p o s s i b i l i t y  t h a t  s o m e  N E  
is c o n t a i n e d  in  a g r a n u l a r  ve s i c l e s  c a n n o t  be  r u l e d  o u t .  
H o w e v e r ,  s i n c e  t h e s e  v e s i c l e s  a r e  n o t  a b u n d a n t  i t  is l ike ly  
t h a t  m o s t  N E  f o u n d  in  f e t a l  a n d  e a r l y  n e w - b o r n  s y m p a -  
t h e t i c  f i b e r s  e x i s t s  u n b o u n d  or  l o o s e l y  b o u n d  in a n  
e x t r a v e s i c u l a r  c o m p a r t m e n t .  

O n e  of  t h e  a c c e p t e d  f u n c t i o n s  o f  t h e  S G V  is to  b i n d  a n d  
s t o r e  N E ,  t h e r e b y  p r o t e c t i n g  i t  f r o m  e n z y m a t i c  d e s t r u c -  
t i o n  b y  i n t r a - a x o n a l  m o n o a m i n e  o x i d a s e  (MAO)  lS. T h e  
c o e x i s t e n c e  of M A O  w i t h  t h e  l a r g e  e x t r a  v e s i c u l a r  poo l  of  
N E  t h a t  p r e s u m a b l y  e x i s t s  in i m m a t u r e  f i b e r s  w o u l d  
r e q u i r e  t h a t  t h i s  N E  b e  p r o t e c t e d  f r o m  t h e  e n z y n m  b y  a 
d i f f e r e n t  m e c h a n i s m .  O n e  s u c h  m e c h a n i s m  t h a t  h a s  b e e n  
s u g g e s t e d  for  a d r e n e r g i c  n e r v e s  of  a d u l t  a n i m a l s  is b i n d i n g  
to  p h o s p h o l i p i d s  in  i n t r a - a x o n a l  m e m b r a n e  s y s t e m s  14. A 
m o r e  l ike ly  p o s s i b i l i t y  is t h a t  N E  is r e a l l y  ' f r ee '  in  t h e  
a x o p l a s m  w h i l e  M A O  is a b s e n t  o r  o c c u r s  in a v e r y  s m a l l  
a m o u n t .  T h e  a p p e a r a n c e  a n d  i n c r e a s e  in  t h e  a m o u n t  o f  
b o u n d  ( v e s i c u l a r )  N E  c o i n c i d e s  w i t h  t h e  a p p e a r a n c e  a n d  
i n c r e a s e  in  i n t r a - a x o n a l  M A O  a c t i v i t y .  T h i s  v i e w  is s u p -  
p o r t e d  b y  t h e  s m a l l  a m o u n t  of  M A O  p r e s e n t  in i m m a t u r e  
a n i m a l s :  t h e  e n z y m e  is p r e s e n t  in  f e t a l  a n d  n e w - b o r n  r a t s  
in  a c t i v i t i e s  l ess  t h a n  2 0 %  of t h a t  o b s e r v e d  in t h e  a d u l t  ~5. 
I n  t h e  r a t  p i n e a l  b o d y  s i g n i f i c a n t  M A O  a c t i v i t y  w a s  
d e t e c t e d  o n l y  a f t e r  a b o u t  1 w e e k  of  a g e  16,~7. 

Resumen. I m e d i a t e m e n t e  d e s p u d s  del  n a c i m i e n t o ,  las  
f i b r a s  a d r e n d r g i c a s  de l  c u e r p o  p i n e a l  de l  r a t 6 n ,  c o n t i e n e n  
s o l a m e n t e  v e s l c u l a s  g r a n u l o s a s  de l  t i p o  g r a n d e .  C o n  d d s  
d i a s ,  c o m i e n z a n  a a p a r e c e r  l a s  v e s i c u l a s  g r a n u l o s a s  pe -  
q u e f i a s ;  q u e  s o n  l a s  q u e  c o n t i e n e n  n o r - e p i n e f r i n a .  Se  
p i e n s a  q u e  a n t e s  de  6 s t a  e d a d ,  la  n o r - e p i n e f r i n a  se  loca l i -  
z a r i a  p r i n c i p a l m e n t e  en  u n  c o m p a r t i m i e n t o  e x t r a - v e s i -  
cu l a r .  
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Fig. 2. Electron micrograph~ of adrenergic axons in pineal bodies of 
rats fixed with 3% glutaraldehyde followed by OsO 4. (A) 24 h of age. 
This axon contains a large group of LGV which is the only type that  
occurs at this age. (B) 2 days of age. The arrows indicate typical 
SVG which were observed for the first t ime at this age. (C) 15 days 
of age. Axon dilation containing a large number  of SGV, few 
agranular  vesicles and one LGV (arrow). 

This material was pre,~ented at the meetings ~I the American 
Association of Anatomists,  Kansas City, Missouri, 1967. 
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