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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 

on Conduit Vessel Diameter 

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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Effect of prolonged stimulation (signal upward} of the sympathetic trunk at the L~-L, level, with rectangular impulses of 
duration, supramaximal voltage on blood pressure (BP) and diameter (D) of the femoral artery. Bottom numerals: time in nfin. 
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Fig. 2. Time course of diameter changes of the femoral artery (A D) 
in percentages of maximal response at prolonged stimulation of the 
lumbar sympathetic chain at various frequencies (see righthand 
numerals). Circles: mean values, vertical bars: S.E.M. No., number 
of experiments at the respective stimulation frequency. 
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Fig. 3. Differences (black column) between maximal (left) and 
partially subsided diameter changes (A D in bt) at the tenth min of 
stimulation (right); C before (N = 23), P after i.v. propranolol 
application (N = 30). Lumbar sympathetic chain (La-L4) stimulated 
with rectangular impulses, 5 msee duration, supramaximal voltage, 
15 imp/sec. 

be  a c c o u n t e d  for b y  s p r e a d i n g  of d i l a t i on  f rom t h e  more  
d i s ta l  p a r t s  of t he  va scu l a r  bed  b y  c o n d u c t i o n  o,z0. On 4 dogs  
t he  f emora l  a r t e r y  was  t r a n s s e c t e d  d i s t a l ly  to  t he  d i a m e t e r  
r ecord ing  s i te  and,  t a k i n g  care  no t  to  d e r a n g e  t he . l ong i -  
t u d i n a l  d imens ion ,  r e c a n u l a t e d  b y  a p las t ic  t ube .  R e p e a t e d  
s t i m u l a t i o n ,  however ,  fai led to  b r i n g  e i t he r  q u a l i t a t i v e  or  
s ign i f i can t  q u a n t i t a t i v e  differences.  

Thus ,  in  a f u r t h e r  g roup  of e x p e r i m e n t s  on  3 dogs  
p rop rano lo l  (1.0-2.5 m g / k g  b o d y  weight )  was  app l ied  i .v.  
to  exp lo re  w h e t h e r  t he  poss ible  a c t i v a t i o n  of  f l - receptors  
in  t h e  course  of p ro longed  a n d  h igh  f r e q u e n t  s t i m u l a t i o n  
c o n t r i b u t e s  to  g r a d u a l  r e l axa t ion .  I t  a p p e a r s  f rom F igu re  3 
t h a t  f l - receptor  b lockade  s ign i f i can t ly  r educed  r e l a x a t i o n ;  
t h e  d i f fe rence  b e t w e e n  t h e  m i n i m u m  d i a m e t e r  ( m a x i m u m  
c o n t r a c t i o n )  a n d  d i a m e t e r  va lues  to  t h e  end  of s t i m u l a t i o n  
dec reas ing  f rom 167.2 4- 13.2 bt (control)  to  77.9 4- 10.2 ~t 
(after fl-receptor blockade) (P < 0.001). 

Conclusion. W i t h i n  a l imi t  of u p  to  8 imp/sec ,  t h e  c o n d u i t  
a r t e r y  - in  c o n t r a s t  to  r e s i s t ance  vessels  - keeps  c o n t r a c t -  
ing;  i t  does  no t  re lax  d u r i n g  10 m i n  of s y m p a t h e t i c  
s t i m u l a t i o n .  Ove r  t h e  a b o v e  l im i t  (15 imp/sec)  however ,  
a f t e r  m a x i m u m  cons t r i c t ion ,  t he  c o n d u i t  a r t e r y  t e n d s  to  
r e l ax  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 ,  f l -Receptor  a c t i va -  
t ions  seem to  c o n t r i b u t e  to  t he  re laxa t ion .  

Zusammen/assung.  W i r d  die Re iz f r equenz  8 imp/sec  
n i c h t  i ibe r schr i t t en ,  v e r m 6 g e n  mi t t e lg rosse  A r t e r i e n  - un -  
gleich d e n  Resistenzgef~issen - w ~ t h r e n d  10 m i n  a n d a u e r n -  
de r  S y m p a t h i c u s r e i z u n g  ohne  E r s c h l a f f u n g  in a n h a l t e n d e r  
K o n t r a k t i o n  zn v e r h a r r e n .  Bei  A n w e n d u n g  h 6 h e r e r  Reiz-  
f r e q u e n z e n  is t  e ine  T e n d e n z  zur  E r s c h l a f f u n g  de r  Gef~ss- 
m u s k e l n  t r o t z  a n d a u e r n d e r  S t i m u l a t i o n  b e m e r k b a r ,  fl- 
R e z e p t o r e n - E r r e g u n g  s che in t  zur  E r s c h l a f f u n g q u a n t i t a t i v  
be i zu t r agen .  
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