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Fig. 2. The effect of electrical stimulation of the para- 
ventrieular nucleus (PV) on the multi-unit discharge rate 
of the eontrolateral PV. Time marking 0.1 see; calibration 
100 [LV. 
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i n j ec t ion  of oxy toc in  a n d  vasopress in  11, i t  is r easonab le  to  
cons ider  a r e l a t i on  b e t w e e n  t h e  changes  in n e u r o n a l  
a c t i v i t y  occu r r i ng  a f te r  s t i m u l a t i o n  of d iencepha l ic  
s t r u c t u r e s  and  a release of oxy toc in  a n d  vasopres s in  
in to  t he  CSF, as one poss ible  e x p l a n a t i o n  of t h e  f indings .  
Accord ing  to  our  experience,  th i s  is sugges ted  b y  t h e  
r e l a t ive ly  long l a t e n c y  pr io r  to  t he  occur rence  of in i t ia l  
a n d / o r  m a x i m u m  effects, for  i t  is also a f te r  i n t r a v e n -  
t r i cu l a r  i n j ec t ion  of oxy toc in  a n d  vasopress in  t h a t  
c o m p a r a b l e  effects were found  n.  The  p re sen t  f ind ings  
a p p e a r  to  s u p p o r t  t he  a s s u m p t i o n  t h a t  a f te r  s t i m u l a t i o n  
of P V  a n d  SO, oyx toc in  a n d  vasopress in ,  respect ively ,  are 
d i scharged  in to  t he  CSF. Thus ,  a m o d u l a t i n g  inf luence  on 
t h e  en t i re  cen t r a l  ne rvous  s y s t e m  t h r o u g h  t he  neuro-  
h o r m o n e s  c o n t a i n e d  in t he  CSF  would  be mos t  l ikely 
because  of t h e i r  half- l i fe  of approx .  30 rain.  

Zusammen/assung. Elek t r i s che  S t i m u l a t i o n  neuro-  
sekre to r i scher  K e rn g eb i e t e  des Zwischenh i rns  f i ih r t  zu 
c h a r a k t e r i s t i s c h e n  Ver~Lnderungen der  n e u r o n a l e n  Akt i -  
vit/~t a n g r e n z e n d e r  h y p o t h a l a m i s c h e r  N e u r o n e n p o p u l a -  
t ionen ,  die e inen  m o d u l i e r e n d e n  Einf luss  y o n  Neuro-  
h o r m o n e n  auf  das  Z N S  v e r m u t e n  lassen. 
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C h a n g e s  in D B H  and N o r a d r e n a l i n e  R e s u l t i n g  f r o m  Cold E x p o s u r e  

D o p a m i n e  /~-hydroxylase (DBH)  is t he  mos t  re l iable  
m a r k e r  for n o r a d r e n a l i n e  s torage  vesicles:  i t  h a s  been  
shown  to be  associa ted  w i t h  b o t h  large  and  smal l  t e r m i n a l  
vesicles 1 as well  as t h e  large a x o n a l  vesicles 2, 3. I n  a x o n a l  
vesicles 18~o of t he  D B H  is soluble  and  re leasable  b y  
hypo -osmo t i c  shock3;  t h e  p e r c e n t a g e  of soluble  D B H  in 
smal l  t e r m i n a l  vesicles, t he  m a i n  source  of re leased 

t r a n s m i t t e r  4, 5, is n o t  k n o w n ;  i t  is l ikely to  be less thai1 in 
t h e  large n o r a d r e n a l i n e  s torage  vesicles since the  vo lume  
to surface r a t io  decreases  s teep ly  w i t h  vesicle d iamete r .  

The  f ind ing  t h a t  s y m p a t h e t i c  ne rve  s t i m u l a t i o n  leads to  
t h e  a p p e a r a n c e  of soluble  D B H  in t h e  pe r fusa t e  lends  
s u p p o r t  to  t h e  h y p o t h e s i s  t h a t  n o r a d r e n a l i n e  is re leased 
b y  exocytos is  6. However ,  n o t h i n g  is k n o w n  of t h e  sub-  
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s e q u e n t  f a t e  of  t h e  e m p t y  n o r a d r e n a ! i n e  s t o r a g e  ves ic le .  
E s t i m a t e s  o f  t h e  ves ic l e  l i fe s p a n  r a n g e  f r o m  4 w e e k s  ~ t o  
40 h 8. T h e  f o r m e r  f i g u r e  i m p l i e s  f r e q e u e n t  r e f i l l i ng  a n d  
r e - u s e  of  t h e  ves ic les ,  t h e  l a t t e r  is  c o m p a t i b l e  w i t h  a 
s i ng l e  cyc le  o f  f i l l i ng  a n d  e m p t y i n g  a n d  n o n - r e - u s e  of  
ves ic les .  E x p e r i m e n t s  on  t h e  a d r e n a l  m e d u l l a  9 s u g g e s t  
t h a t  c h r o m a f f i l l  g r a n u l e s  c a n n o t  ref i l l  w i t h  c a t e c h o l a m i n e s  
a f t e r  t h e y  h a v e  r e l e a s e d  t h e i r  c o n t e n t s .  

I n  t h e  p r e s e n t  e x p e r i m e n t s  c h a n g e s  ill D B H  a c t i v i t y  
a n d  l l o r a d r e n a l i n e  c o n t e n t  of  n e r v e  t e r m i n a l s  r e s u l t i n g  
f r o m  t r a n s m i t t e r  r e l e a se  w e r e  m e a s u r e d .  R a t s  we re  
e x p o s e d  t o  3~  for  p e r i o d s  r a n g i n g  f r o m  5 - 3 0  m i n .  
T h e y  w e r e  k i l l ed  b y  a b l o w  o n  t h e  h e a d ,  t h e  h e a r t  v e n t r i c l e s  
r e m o v e d  a n d  h o m o g e n i s e d  in  g r o u p s  of  3. T h e  v e s i c u l a r  
pe l l e t  w a s  i s o l a t e d  b y  d i f f e r e n t i a l  c e n t r i f u g a t i o n  a n d  a f t e r  
r e s u s p e n s i o n  a s s a y e d  for  D B H  a c t i v i t y ,  n o r a d r e n a l i n e  
a n d  p r o t e i n  c o n t e n t  (F i l l enz  a n d  W e s t ,  in  p r e p a r a t i o n ) .  
T h e  v e s i c u l a r  n o r a d r e l l a l i n e  s h o w s  a r i se  a t  5 m i n  a f t e r  

Table I. Changes in mean DBH activity (DBH), noradrenaline 
content (NA) and noradrenaline to DBH ratio (NA:DBH) of 
rat  heart  vesicular fraction, relative to simultaneous control values, 
resulting from cold exposure for 10-30 min (see Figure) 

DBH NA NA : DBH 

Cold/Control 0.68 :k 0.06 b 1.11 -4- 0.09 1.56 ~ 0.19 ~ 
n = 15 n = 19 n = 14 

DBH expressed in ng of phenylethanolamine]30 min incubation/mg 
protein; noradrenaline expressed in ng NA/mg protein; N A : D B H  
ratio is the mean of individual values compared to simultaneous 
control values. Mean ~ S.E.M. �9 P = 0.01, ~ P = 0,001. 

Table If. Mean DBH activity (DBH), noradrenaline content (NA) 
and noradrenaIine to DBH ratio (NA:DBH) of rat  heart  vesicular 
fraction from control animals and animals given 150 [zg/kg 1- 
noradrenaline intravenously (Exog. NA) 

Control Exog. NA 

DBH 40.6 ~ 2.2 35.7 :~: 5.9 
n = 32 n = 10 

NA 43.9 • 2.4 72.5 =~ 5.9 b 
n = 31 n = 10 

NA:DBH 1.19 • 0.10 2.12 ~ 0.15 �9 
n = 28 n = I0 

w h i c h  i t  r e t u r n s  t o  c o n t r o l  l eve l s  (F igure ) .  T h e  D B H  
a c t i v i t y  o n  t h e  o t h e r  h a n d  is r e d u c e d  a s  a r e s u l t  of  co ld  
e x p o s u r e .  T a b l e  I s h o w s  t h e  m e a n  l l o r a d r e n a l i l l e  a n d  D B H  
leve l s  o v e r  t h e  p e r i o d  f r o m  1 0 - 3 0  m i n  c o m p a r e d  to  s i m u l -  
t a n e o u s  c o n t r o l  v a l u e s .  T h e  D I 3 H  is r e d u c e d  b y  3 2 % .  
I f  t h i s  d e p l e t i o n  w e r e  t o  r e p r e s e n t  loss  of  s o l u b l e  D t 3 H  
r e s u l t i n g  f r o m  e x o c y t o s i s ,  i t  w o u l d  i m p l y  t h e  r e l ea se  of  
a l m o s t  t w i c e  t h e  t o t a l  v e s i c u l a r  s to re .  S ince  t h i s  is u n l i k e l y ,  
i t  s u g g e s t s  t h a t  s o m e  of  t h e  ve s i c l e s  m a y  b e  los t  o r  d e s t r o y -  
ed  a f t e r  r e lease .  T h e  o n l y  r e p o r t  so  f a r  o f  a r e d u c t i o n  in  t h e  
D B H  a c t i v i t y  of  n e r v e  t e r m i n a l s  is t h a t  of  BRIMIJOIN e t  
al.  I~ w h e r e  a r e d u c t i o n  of  1 2 %  in  t h e  D B H  a c t i v i t y  of  
t h e  r a t  h e a r t  w a s  f o u n d  4 h a f t e r  t h e  a d m i n i s t r a t i o n  of  
r e s e r p i n e .  

T h e  r i se  in  v e s i c u l a r  n o r a d r e n a l i n e  s u g g e s t s  a r a p i d  
i n c r e a s e  ill s y n t h e s i s  r a t e .  A n  i n c r e a s e  in  v e s i c u l a r  
n o r a d r e l l a l i n e  o c c u r r i n g  a t  t h e  s a m e  t i m e  a s  a loss  of  
ve s i c l e s  c o u l d  be  e x p l a i n e d  if t h e  r e m a i n i n g  ve s i c l e s  c o u l d  
i n c r e a s e  t h e i r  l l o r a d r e l l a l i n e  c o n t e n t .  T h a t  t h e  n o r a d r e n -  

. a l i ne  s t o r a g e  c a p a c i t y  of  v e s i c l e s  is  n o r m a l l y  l lo t  f u l l y  
s a t u r a t e d  w a s  d e m o n s t r a t e d  b y  t h e  i n c r e a s e  i n  v e s i c u l a r  
n o r a d r e n a l i n e  p r o d u c e d  b y  t h e  a d m i n i s t r a t i o n  of  ex o -  
g e n o u s  n o r a d r e n a l i n e  or  t h e  i n h i b i t i o n  of  m o n o a m i n e  
o x i d a s e  n .  T a b l e  I I  s h o w s  t h e  D B H  a n d  n o r a d r e n a l i n e  
c o n c e n t r a t i o n s  of  v e s i c u l a r  f r a c t i o n s  of  r a t  h e a r t  f r o m  
c o n t r o l  a n i m a l s  a n d  a n i m a l s  g i v e n  150 ~xg of  n o r a d r e n a l i n e /  
k g  b o d y  w e i g h t .  W e  h a v e  u s e d  t h e  n o r a d r e n a l i n e  to  D B H  
r a t i o  ( N A : D B H  ra t io )  as  a m e a s u r e  of  t h e  d e g r e e  of 
s a t u r a t i o n  of t h e  l l o r a d r e n a l i n e  s t o r a g e  c a p a c i t y .  (see 
T a b l e  I I ) .  T a b l e  I s h o w s  t h e  N A : D B H  r a t i o  of  co ld  
t r e a t e d  r a t s  c o m p a r e d  t o  s i m u l t a n e o u s  c o n t r o l  v a l u e s .  I t  
wi l l  b e  s e e n  t h a t  t r a n s m i t t e r  r e l e a se  c a u s e s  t h e  N A : D B H  
r a t i o  t o  r i se  a l t h o u g h  i t  doe s  n o t  r e a c h  t h e  l eve l  o b t a i n e d  
a f t e r  a d m i n i s t r a t i o n  of  e x o g e n o u s  n o r a d r e n a l i n e .  

T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  s u p p l y  of  v e s i c l e s  as  
wel l  a s  t h e  r a t e  of  t r a n s m i t t e r  s y n t h e s i s  m a y  b e  f a c t o r s  
w h i c h  l i m i t  a n d  c o n t r o l  t h e  s t o r a g e  a n d  r e l ea se  o f  
t r a n s m i t t e r  I~, ~8. 

Rdsumd. L ' e x p o s i t i o n  a u  f ro id ,  p o u r  de s  p 6 r i o d e s  d e  
30 mil l ,  e n t r M n e  u n e  r 6 d u c t i o l l  de  3 2 %  de  l ' a c t i v i t 6  d u  
D B H  de  l a  f r a c t i o n  v 6 s i c u l a i r e  d u  v e l l t r i c u l e  d u  cceur  
d u  r a t .  L e  c o n t e n u  ell n o r a d r 6 n a l i n e ,  a p r 6 s  u n e  a u g m e n t a -  
t i o n  b r6ve ,  r e p r e n d  s a  v a l e u r  n o r m a l e .  I1 e s t  s u g g 6 r 6  q u e  
la  l i b6 ra t io l l  a c c r u e  p r o v o q u e  u n e  d i m i n u t i o n  d u  l l o m b r e  
de s  v 6 s i c u l e s  e t  u n  r e m p l i s s a g e  a c c r u  de s  v 6 s i c u l e s  
r e s t a n t e s .  
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Changes in DBH activity and noradrenaline content of the vesicular 
fraction of rat heart, e, Noradrenaline content;  �9 DBH content;  
C, control value; Abscissa: time in rain during which rats were 
exposed to 3~ Ordinate: noradrenaline in ng/mg protein; DBH 
in ng phenylethanolamine formed/30 rain incubation/mg protein. 
Each figure is the mean ~: S.E.M. 
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