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React ions  of Hypotha lamic  Neu ron s  on St imulat ion  of Neurosecre tory  Hypotha lamic  Regions  ~ 

Elec t r ica l  s t i m u l a t i o n  of p a r a v e n t r i c u l a r  (PV) and  
s u p r a o p t i c  nuclei  (SO) of m a m m a l s  is k n o w n  to  release 
n e u r o h o r m o n e s  in to  b o t h  p l a s m  2,3 a n d  ce rebrosp ina l  
f luid (CSF)~. The  P V  is a s s um ed  to be  respons ib le  for 
oxy toc in  release, while  vasopress in  ( =  ADH)  d ischarge  is 
sugges ted  to  be  caused  b y  t h e  SO 2-s. Since, f u r the rmore ,  
t he  n e u r o h o r m o n e s  oxy toc in  a n d  vasopress in  are  k n o w  
to  be  capab le  of in f luenc ing  t he  d ischarge  r a t e  of hypo-  
t h a l a m i c  neu rons  t h r o u g h  t he  b lood  a n d / o r  t he  C S F  9-1t, 
i t  was  t h e  ob jec t  of t he  p re sen t  i n v e s t i g a t i o n  to see if 
t he re  are  a n y  changes  occurr ing  in t h e  n e u r o n a l  a c t i v i t y  
w i t h i n  t he  h y p o t h a l a m i c  region a f te r  e lectr ical  s t i m u l a t i o n  
of P V  and  SO. 

Materials and methods. 55 r a b b i t s  of e i the r  sex were used. 
All e x p e r i m e n t s  were car r ied  ou t  u n d e r  m o r p h i n e -  
u r e t h a n e  anaes thes ia .  S t i m u l a t i o n  of P V  a n d  SO was b y  
m e a n s  of s t e reo tax ica l ly  i m p l a n t e d  b ipo la r  steel  e lectrodes  
(e lect rolyt ical ly  po i n t ed  a n d  coated)  us ing  a T R  03-04 
s q u a r e w a v e  pulse  gene ra to r  (EMG Budapes t ) .  The  
s t i m u l a t i o n  p a r a m e t e r s  were 50 cps, 2-5 Volts,  3 msec 
pulse dura t ion .  T ime  of c o n t i n u o u s  s t i m u l a t i o n  was 15 min.  
The  m u l t i - u n i t  a c t i v i t y  was recorded  con t r a l a t e r a l l y  b y  
means  of e lec t ro ly t ica l ly  po in ted ,  coa ted  and  stereo- 
t ax i ca l l y  i m p l a n t e d  steel  e lectrodes  h a v i n g  a t ip  d i a m e t e r  
of 2-8  ~m. The  m u l t i - u n i t  ac t iv i t i e s  of SO, PV,  med ia l  
p reop t i c  area  (MPA) and  la te ra l  h y p o t h a l a m i c  area  (LHA) 
were examined .  Af te r  p reampl i f i ea t ion ,  t h e  impulses  
were p r e sen t ed  on a m o n i t o r  a n d  the i r  n u m b e r  coun t ed  in 
m i n u t e  in t e rva l s  us ing  a n  a u t o m a t i c  counter .  All  record-  
ings were m a d e  over  a per iod  of 60 ra in  a f te r  s t imu la t ion .  
T h e n  t he  e lect rode pos i t ion  in t he  h y p o t h a l a m u s  was 
m a r k e d  b y  means  of e l ec t romark ing  and  t he  an ima l s  
were killed. The  exac t  e lect rode pos i t ion  was d e t e r m i n e d  
b y  m e a n s  of H E  s ta in ing.  T h e  changes  in n e u r o n a l  
impulse  a c t i v i t y  were g iven  as a p e r c e n t a g e  of t h e  in i t i a l  
va lues  to  enab le  t h e  l a t t e r  (vary ing  for t he  exper imen t s )  
to  be  compared .  

Results and discussion. S t i m u l a t i o n  of P V  (Figure 1, 
lef t  por t ion) .  The  c o n t r a l a t e r a l  P V  (CPV) showed a 
response  as ear ly  as 5 ra in  a f te r  comple t ion  of s t imu la t ion ,  
w i t h  a decrease  in  d ischarge  r a t e  of a p p r o x i m a t e l y  40%.  
The  m o s t  p r o n o u n c e d  inh ib i t i on  of a b o u t  75% was obser-  
ved  a f te r  35 m i n  (Figure 2). T he  con t r a l a t e r a l  SO (CSO) 
exh ib i t ed  a c o n t i n u o u s  r educ t i on  in f i r ing  ra te ,  t he  
m i n i m u m  be ing  reached  a f t e r  40-45 min .  The  response  to  
s t i m u l a t i o n  of L H A  and  MPA,  however ,  d i sp layed  a 
m a r k e d  increase  in f r equency  (200-250%).  W h i l e  t he  
impulse  coun t s  for M P A  show a s l ight  decrease  a l r eady  
a f te r  15 rain,  t he  l a t t e r  effect  was  obse rved  to occur  for 

t he  neu rons  of LI-tA no t  earl ier  t h a n  a f te r  30 rain.  The  
d ischarge  r a t e  of b o t h  regions  aga in  increased  u n t i l  t h e  
60 th  rain,  t h e n  r e m a i n i n g  m a r k e d l y  increased  re la t ive  to  
t he  in i t i a l  cond i t ion  (MPA approx .  4 0 0 % ;  L H A  approx .  
250%). 

S t i m u l a t i o n  of SO (Figure  1, r i gh t  por t ion) .  The  CPV 
was obse rved  to r e spond  in i t i a l ly  to  s t i m u l a t i o n  of t he  
SO w i t h  a d i scon t inuous  decrease  in f r equency  b y  approx .  
30%. I t  was  no t  ear l ier  t h a n  30 m i n  a f te r  comple t ion  of 
s t i m u l a t i o n  t h a t  t he  f i r ing  ra t e  showed  a s teep increase  
(150-170~ The  m a x i m u m  of s t i m u l a t i o n  effect  was 
a t t a i n e d  a f te r  45-50 rain.  The  CSO d i sp layed  a m a x i m u m  
in d i scharge  r a t e  ( abou t  350%) as ear ly  as 5-10 ra in  
a f te r  comple t ion  of s t imu la t ion .  Although t h e r e  was a 
c o n t i n u o u s  decrease  in t he  n u m b e r  of spikes over  60 m i n  
a f t e r  s t imu la t ion ,  t he  d ischarge  r a t e  r e m a i n e d  h igh ly  
increased  (abou t  250%) w h e n  c o m p a r e d  w i t h  t he  in i t ia l  
pos i t ion .  W i t h i n  t h e  f i rs t  5-10 m i n  a f t e r  comple t ion  of 
s t imu la t ion ,  t h e  d i scharge  r a t e  of L H A  neurons  increased  
to  approx .  300% over  t he  or ig ina l  condi t ion ,  fol lowed b y  a 
c o n t i n u o u s  decrease  in impulse  coun t s  d o w n  to  80% a t  
t he  end  of t he  obse rva t i on  period.  The  m i n i m u m  of impulse  
f r equency  was a t  45 rain.  The  di f ferences  be tween  t he  
reac t ions  of neu rons  w i t h i n  t he  i n d i v i d u a l  b r a i n  regions  
a f te r  s t i m u l a t i o n  were also h i g h l y  s ign i f ican t  (p < 0.001). 

The  resu l t s  r epo r t ed  d e m o n s t r a t e  t h a t ,  a f te r  s t imula -  
t ion  of PV,  t he  c o n t r a l a t e r a l  regions  of b o t h  P V  a n d  SO 
respond  w i t h  a n  i n h i b i t i o n  in f i r ing  ra te ,  whi le  t h e  neu rons  
of LYIA a n d  M P A  become  ac t i va t ed .  The  oppos i te  
response  is obse rved  w i t h  t h e  SO be ing  s t imu la t ed .  
Since t he  d i scharge  r a t e  of SO and  P V  neu rons  is know 
to be  capab le  of be ing  increased  b y  b o t h  i n t r a v e n t r i c u l a r  
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Fig. 1. Three-dimensional repre- 
sentation of modified neuronal ac- 
tivity after electrical stimulation of 
paraventrieular and supraoptic 
nuclei. Changes of impuIse counts 
over a period of 60 min as a per- 
centage of the init ial  condition. 
MPA, medial preoptie area; LHA, 
lateral hypothalamic area; PV, 
paraventricular nucleus; SO, su- 
praoptie nucleus; ~, onset of 
electrical stimulation. 
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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. 

H.  SCtlULZ, H.  SCHWARZBERG, a n d  H.  UNGER 12 

Institute o/Physiology, Medical Academy, 
Leipziger Strafe 4d, DDR-301 Magdeburg (DDR), 
76 April 1973. 

12 The authors are very thankfui to Mrs. E. MOLLER and Miss H. PA- 
PAJEWSKI for skilful technical assistance. 

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-  


