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E f f e c t s  of Dopamine a n d  A C T H  o n  Steroid Sensitive Single Neurones in the Basal Hypothalamus 

Prev ious  r epor t s  f rom th is  l abo ra to ry  h a v e  es tab l i shed  
the  presence  of  d e x a m e t h a s o n e  sens i t ive  single neurones  
in r a t  h y p o t h a l a m u s  and  midbra in  ~,2. Most  of  these  
neurones  were inh ib i ted  by  microe lec t rophore t ica l ly  de- 
l ivered d e x a m e t h a s o n e - p h o s p h a t e ;  a few were  ac t iva ted .  
These  s tero id  sensi t ive  neurones  were also respons ive  to  
ace ty lchol ine  and  L-noradrenal ine.  Acety lchol ine  pre-  
d o m i n a n t l y  ac t i va t ed  these  cells, whereas  w i th  L-nora- 
d rena l ine  inh ib i t ion  r a the r  t h a n  ac t iva t ion  was observed.  
F u r t h e r m o r e ,  in  p re l imina ry  s tudies  carr ied ou t  w i t h  
ACTH,  exc i t a to ry  effects  u p o n  these  ceils were encoun-  
tered.  R e c e n t  inves t iga t ions  a,a h a v e  emphas ized  t h e  role 
p layed  b y  d o p a m i n e  (3 ,4 -d ihydroxy-pheny le thy lamine )  
in h y p o t h a l a m o - p i t u i t a r y  regula t ion.  I t  was therefore  
dec ided  to  assess the  respons iveness  of s te ro id  sensi t ive  
h y p o t h a l a m i c  neurones  to  dopamine .  

D o p a m i n e  (0 .5-1M),  d e x a m e t h a s o n e - p h o s p h a t e  (0.SM) 
and  s y n t h e t i c  ACTH (Tetracosact id)  (7 X 10-4M) were 
del ivered  b y  microe lec t rophores i s  5,~ f rom 5-barrel led 
mic rop ipe t t e s  to  11 Fi i l l insdorf  a lbino ra t s  (230-280 g 
b o d y  weight) ,  anaes the t i z ed  by  i.p. chloralose (75 mg/kg) 
a n d  u r e t h a n e  (500 mg/kg) .  The  a m o u n t  of d rug  de l ivered  
is p ropor t iona l  to  t h e  i n t ens i ty  of cu r r en t  app l ied ;  
20-40 nA (nanoamperes)  have  been  used in th is  exper i -  
m e n t a l  series. The  s p o n t a n e o u s  r a t e  of  d ischarge  of single 
neurones  was  t aken  as the  cr i te r ion  for d rug  effects.  
Single neurones  were  marked  by  e lec t rophore t ic  e jec t ion  
of fas t  green 7 and  ident i f ied  his tological ly  using the  a t lases  
of ALBEFI~SSARD et  a l )  and  DE GROOT 9. All neurones  
inves t iga ted  in th is  series were  s i t ua t ed  in t he  media l  
basal  (DMH, VMH, A R H )  and  an te r io r  basal  (AHA) 
h y p o t h a l a m u s .  

Out  of 49 neurones  t e s t ed  wi th  dexame thasone -21 -  
p h o s p h a t e  9 were  inhib i ted ,  3 were ac t iva t ed  and  37 
r ema ined  unchanged .  The  t i m e  course of neurona l  in- 
h ib i t ion  b y  d e x a m e t h a s o n e - p h o s p h a t e  was  no more  uni-  
fo rm t h a n  i t  was in t he  fo rmer  s t u d y  2. Inh ib i t i on  became  
a p p a r e n t  f rom 2-20 sec or more  a f te r  t he  beg inn ing  of 
microelec t rophores is .  The  inh ib i to ry  effect  of d e x a m e t h a -  
sone -phospha t e  (Figure 1A) exceeds  the  end  of micro-  
e lec t rophores is  for var iable  t imes  ranging  f rom 5-100 sec. 

D o p a m i n e  was t e s t ed  on 9 d e x a m e t h a s o n e - p h o s p h a t e  
sens i t ive  neurones .  7 ou t  of  these  were  s t rong ly  inh ib i t ed  
by  dopamine ,  2 r ema ined  unchanged .  No ac t iva t ion  was  
seen wi th  th is  subs tance .  The  t ime  course of inh ib i t ion  
wi th  d o p a mi n e  was ve ry  uniform.  The  neurones  were  
inh ib i ted  by  d o p a mi n e  a lmos t  i n s t an t aneous ly  a f te r  t he  
s t a r t  of microelect rophores is ,  and  the  recovery  t ime,  
1-5 sec, was  also short .  In  the  example  shown in F igure  1B, 
a sor t  of r e b o u n d  effect  is obse rved  a t  t he  end  of d o p a m i n e  
microelec t rophores is .  Clearly the  i nh ib i to ry  effect  of 
d o p a m i n e  differs  f rom t h a t  of d e x a m e t h a s o n e - p h o s p h a t e  
w i t h  r e spec t  to  t he  t ime  course.  F u r t h e r m o r e ,  i t  is more  
in tense  t h a n  t h a t  of noradrena l ine  in t he  s a m e  region 2. 

A C T H  appl ied  microe lec t rophore t ica l ly  ac t iva t e s  t h e  
s te ro id  sens i t ive  neurones  (4 ou t  of 5 cells). The  t i m e  
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Fig. 2. Schematic interpretation of local effects of neurohumors and 
hormones on hypothalamic neurones, which may be involved in 
central control of ACTH secretion. This scheme may be valid under 
the condition that the CRF (corticotropin releasing factor) producing 
cells are sensitive to both neurohumors and hormones. DMP, dexa- 
methasone-phosphate; DA, dopamine; NE, L-noradrenaline; ACh, 
acetylcholine. (NE and ACh effects have been reported previously.) 
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Fig. 1. Neuronal activity iu the anterior hypothalamic area. [A) Par- 
tial inhibition by dexamethasone-phosphate (30 nA). (B) Strong 
inhibition by dopamine (30 nA). (C) Biphasie effects of ACTH (30 nA) : 
activation followed by inhibition. - -  duration of microeleetropho- 
resis. 
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course  of A C T H  a c t i v a t i o n  is more  or  less u n i f o r m  a n d  
shows a l a t e n c y  of 1-10 sec a f t e r  t h e  s t a r t  of micro-  
e l ec t rophore t i c  app l i c a t i on ;  t h e  r ecove ry  t i m e  is in  t h e  
s ame  order .  F igu re  1C d e m o n s t r a t e s  a b iphas i c  effect  of 
A C T H  mic roe lec t rophores i s  on  n e u r o n a l  ac t iv i ty .  I n i t i a l l y  
a c lear  a c t i v a t i o n  is recorded,  wh ich  is fol lowed b y  a n  
i n h i b i t i o n  of n e u r o n a l  ac t iv i ty .  W h e n  d o p a m i n e  a n d  
A C T H  were  a d m i n i s t e r e d  s i m u l t a n e o u s l y  to n e u r o n e s  
a c t i v a t e d  b y  A C T H  alone,  t h e  s t r o n g  i n h i b i t o r y  effect  of 
d o p a m i n e  p reva i l ed  over  t he  e x c i t a t o r y  effect  of A C T H  
(3 cells). D e x a m e t h a s o n e - p h o s p h a t e  insens i t ive  neu rones  
were n e v e r  in f luenced  b y  ACTH.  D o p a m i n e  on  t he  o t h e r  
h a n d  i n h i b i t e d  t he  d i scharge  r a t e  of 7 ou t  of 16 s te ro id  
insens i t ive  neu rones  t e s t ed  in t h e  h y p o t h a l a m u s .  

W i t h  t h e  fas t  g reen  m e t h o d  t he  pos i t i on  of the  s te ro id  
sens i t ive  a n d  insens i t ive  n e u r o n e s  was microscopica l ly  
ident i f ied .  All s t e ro id  sens i t ive  neu rones  i n v e s t i g a t e d  in 
t h i s  series were  s i t u a t e d  in t h e  med ia l  ba sa l  h y p o t h a l a m u s ,  
such  as D M H  (nucleus  dorsomedia l i s  h y p o t h a l a m i ) ,  V M H  
(nucleus  v e n t r o m e d i a l i s  h y p o t h a l a m i )  a n d  A R H  (nucleus  
a r c u a t u s  h y p o t h a l a m i )  a n d  in t he  a n t e r i o r  h y p o t h a l a m u s  
(AHA -- a n t e r i o r  h y p o t h a l a m i c  area).  

These  e x p e r i m e n t s  m a y  d e m o n s t r a t e  t he  dua l  sensi-  
t i v i t y  of ce r t a in  h y p o t h a l a m i c  n e r v e  cells (Figure  2): 
(1) N e u r o h u m o r a l  s ens i t i v i t y  ( dopam i ne ) :  E x p e r i m e n t a l  
s t i m u l a t i o n  w i t h  d o p a m i n e  m i g h t  s imu la t e  t h e  effect  of 
d o p a m i n e  c o n t a i n i n g  n e r v e  t e rmina l s .  D o p a m i n e  could b y  
i n h i b i t i o n  regu la te  the  t r igge r  m e c h a n i s m  for  t h e  neu rones  
p r o d u c i n g  t h e  c o r t i c o t r o p i n  re leas ing  fac to r  (CRF).  (2) 
H o r m o n a l  s ens i t i v i t y  (ACTH, eor t i cos te ro id ) :  S t imu la -  
t ion  w i t h  these  s u b s t a n c e s  m i g h t  s imu la t e  h o r m o n a l  

effects  n o r m a l l y  m e d i a t e d  b y  t h e  blood. Th i s  m o d e  of 
ac t ion  of A C T H  could  r e p r e s e n t  a pos i t ive  f e e d b a c k  
m e c h a n i s m  1° whi le  t h e  cor t i cos te ro id  ( d e x a m e t h a s o n e -  
p h o s p h a t e  n)  effect  m a y  r e p r e s e n t  a n e g a t i v e  f eedback  
m e c h a n i s m  in t h e  r e g u l a t i o n  of A C T H  p roduc t ion .  

Zusammenfassung. Mit  Hilfe  de r  Mikroe lek t rophorese  
w u r d e  die V~rirkung y o n  D e x a m e t h a s o n p h o s p h a t ,  Dopa -  
m i n  u n d  A C T H  lokal  a n  E i n z e l n e u r o n e n  des H y p o t h a l a -  
m u s  de r  R a t t e  gepri if t .  D e x a m e t h a s o n - p h o s p h a t  (ein 
s y n t h e t i s c h e s  Cor t icos tero id)  h e m m t e  m e h r h e i t l i c h  die 
A k t i v i t ~ t  de r  s t e r o i d e m p f i n d l i c h e n  Zellen im H y p o t h a l a -  
mus ,  einige wenige  dieser  Zel len w u r d e n  a k t i v i e r t .  
D o p a m i n  h e m m t e  die A k t i v i t i i t  d ieser  s t e ro idempf ind -  
l i chen  N e u r o n e n  sehr  s t a rk .  A C T H  dagegen  a k t i v i e r t e  diese 
Zellen. Diese R e s u l t a t e  w e r d e n  in Z u s a m m e n h a n g  m i t  
e inem n e g a t i v e n  u n d  e inem p o s i t i v e n  ~c Feedback}~-Mecha- 
n i smus ,  de r  die A C T H - B i l d u n g  s teuer t ,  d i sku t i e r t .  
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The Effect of Prolonged Sympathet ic  St imulat ion 

T h e  d i sab i l i ty  of s m o o t h  musc le  of r e s i s t ance  v a s c u l a r  
bed  to  m a i n t a i n  su s t a ined  c o n t r a c t i o n  a t  s y m p a t h e t i c  
s t imu la t i on ,  ha s  been  r e p e a t e d l y  r e p o r t e d  1-3. A l t h o u g h  
t h e  i n t e r p r e t a t i o n s  of t he  m e c h a n i s m s  u n d e r l y i n g  th i s  
p h e n o m e n o n  m a y  va ry ,  t h e r e  seems to  be  l i t t l e  c o n t r o v e r s y  
in  a d m i t t i n g  t h e  more  or  less p r o n o u n c e d  role of a c c u m u -  
l a t ed  t i ssue  m e t a b o l i t e s  as a consequence  of a n  i m p a i r e d  
b lood  flow 4,5 

T h u s  i t  seems r e a s o n a b l e  to  15resume t h a t  s m o o t h  muscle  
of vessels  w i t h  no  n u t r i t i o n a l  func t ion ,  e.g. c o n d u i t  vesse ls ,  
shou ld  e x h i b i t  s u s t a i n e d  c o n t r a c t i o n  for  a n y  d u r a t i o n  of 
s t i m u l a t i o n  a n d  h e n c e  ' a u t o r e g u l a t o r y  escape '  shou ld  n o t  
be  expec ted .  

To i n v e s t i g a t e  t h i s  p rob lem,  e x p e r i m e n t s  were per-  
fo rmed  on  16 dogs, a n a e s t h e t i z e d  w i t h  t h i o p e n t a l  s o d i u m  
60-70  m g / k g  b o d y  weight .  T h e  p e r i p h e r a l  end  of t he  cu t  
s y m p a t h e t i c  t r u n k  a t  t h e  level  of L3 -L  4 was  s t i m u l a t e d  
w i t h  un ipo l a r  r e c t a n g u l a r  impulses  of 5 msec  du ra t i on ,  
s u p r a m a x i m a l  a m p l i t u d e  a n d  g raded  f requenc ies ;  each  
s t i m u l a t i o n  l a s t ing  10 min .  T he  d i a m e t e r  of t h e  f emora l  
a r t e r y  ( induc t ive  t r a n s f o r m e r  ~) a n d  pressure  ( e l ec t romano-  
m e t e r  E lema)  were r ecorded  s imu l t aneous ly .  

As F igure  1A shows, a t  low f r e q u e n c y  s t i m u l a t i o n  
t imp/sec)  t he  d i a m e t e r  of t he  f emora l  a r t e r y  keeps  con-  
t r a c t i n g  t h r o u g h o u t  t he  whole  s t i m u l a t i o n  per iod.  I n  
con t r a s t ,  a t  h igh  f r e q u e n c y  s t i m u l a t i o n  (15 imp/sec ,  
F igu re  1B) t he  d i ame te r ,  a f t e r  h a v i n g  r eached  m i n i m u m  
va lues  (i.e. m a x i m u m  response) ,  t e n d s  to  r e t u r n  to  in i t i a l  
va lues  in  sp i te  of c o n t i n u e d  s t i m u l a t i o n .  

The  changes  of d i a m e t e r  d u r i n g  s t i m u l a t i o n  a t  va r ious  
f requencies ,  as r e l a t ed  to  t he  t i m e  axis  of s t i m u l a t i on ,  were 
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q u a n t i f i e d  a n d  expressed  as pe r cen t ages  of t he  m a x i m u m  
response  of t h e  r e spec t ive  series of s t i m u l a t i o n .  I t  is 
a p p a r e n t  in  F igu re  2 t h a t  a t  s t i m u l a t i o n  f requenc ies  
1 - 2 - 4 - 8  imp/sec  t he  d i ame te r ,  h a v i n g  r eached  m i n i m u m  
va lues  w i t h i n  3-4  ra in  of s t i m u l a t i o n ,  va r i e s  insignif i -  
c a n t l y  u n t i l  t h e  e n d  of t h e  s t i m u l a t i o n .  However ,  a g r a d u a l  
r e l a x a t i o n  of t he  f emora l  a r t e r y  occur red  a t  15 imp/sec  
s t imu la t i on ,  a f t e r  c o n t r a c t i o n  h a d  r eached  i ts  m a x i m u m  
w i t h i n  4 min.  

I n  v iew of ex i s t ing  d i sc repanc ies  r e l a t ive  to  release of 
t h e  t r a n s m i t t e r  w i t h  p ro longed  s y m p a t h e t i c  s t i m u l a t i o n  ~,a, 
i t  seemed less l ikely t h a t  t h e  fa i lure  to  m a i n t a i n  s u s t a i n e d  
c o n t r a c t i o n  shou ld  be  a t t r i b u t e d  solely to  g r a d u a l l y  de-  
c reas ing  a m o u n t  of t he  t r a n s m i t t e r  a t  t h e  s i te  of i t s  ac t ion .  
Thus ,  o t h e r  m e c h a n i s m s  respons ib le  for t h e  r evea l ed  
g r a d u a l  decay  of c o n t r a c t i o n  h a d  to  be  cons idered .  

A t  f irst ,  t h e  poss ib i l i ty  was  e x a m i n e d  w h e t h e r  t h e  
g r a d u a l  r e l a x a t i o n  in sp i te  of c o n t i n u e d  s t i m u l a t i o n  m i g h t  
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