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On the Action of 3 -Hydroxytyramine  and Di-  
chloroisopropylnoradrenal ine on Spinal Reflexes 

I n  a r e c e n t  p a p e r  t he  effect  of t h e  top ica l  a p p l i c a t i o n  of 
3 - h y d r o x y t y r a m i n e  to  t h e  exposed  sp ina l  cord  u p o n  t h e  
knee  j e r k  ref lex in  ca t s  was  desc r ibed i .  S t r o n g  so lu t ions  
(2 .5 -5% w/v)  of t h i s  c a t e c h o l a m i n e  b r o u g h t  a b o u t  t h e  
i n h i b i t i o n  of the  ref lex  musc le  c o n t r a c t i o n s  in response  to 
t a p p i n g  t h e  pa t e l l a r  t e n d o n ,  whereas  e q u i v a l e n t  concen-  
t r a t i o n s  of a d r e n a l i n e  or  of n o r a d r e n a l i n e  were la rge ly  in- 
effect ive.  T h i s  ac t ion  of  3 - h y d r o x y t y r a m i n e ,  a n d  t he  in- 
h i b i t i o n  of t he  knee  j e r k  b r o u g h t  a b o u t  b y  s t i m u l a t i o n  of 
t h e  b u l b a r  r e t i cu l a r  f o r m a t i o n  2, cou ld  be  p r e v e n t e d  b y  
t h e  a d m i n i s t r a t i o n  of d i c h l o r o i s o p r o p y l n o r a d r e n a l i n e  
(DCI) to  t h e  an ima l .  

Two  poss ib i l i t ies  a p p e a r  to  ex i s t  to  exp l a i n  these  
resu l t s :  e i t h e r  (a) 3 - h y d r o x y t y r a m i n e  mimics  t h e  ac t ion  
of s t i m u l a t i o n  of i n h i b i t o r y  i n t e r n e u r o n e s  a c t i n g  u p o n  t he  
m o t o n e u r o n e s  (i.e. i t  is ac t ive  u p o n  t h e  s u b s y n a p t i c  
p a t c h e s  a t  i n h i b i t o r y  synapses) ,  or (b) i t  ac t s  to  exc i te  in-  
h i b i t o r y  i n t e r n e u r o n e s  whose  e x c i t a t i o n  in t u r n  resu l t s  in 
i n h i b i t i o n  of t h e  m o t o n e u r o n c s .  I f  (a) were t rue ,  t h c n  DCI 
m i g h t  be  expec ted ,  s ince  i t  b locked  t h e  ac t ion  of top ica l ly  
app l ied  3 - h y d r o x y t y r a m i n e ,  s imi la r ly  to  r educe  t he  a c t i o n  
of a phys io log ica l  i n h i b i t o r y  p a t h w a y ,  of w h i c h  t he  
s imp les t  is t h e  'd i rect"  i n h i b i t i o n  of LLOYD 3. I f  (b) were  
t h e  case,  some  i n d i c a t i o n  of e n h a n c e d  i n t e r n e u r o n a l  dis-  
cha rge  shou ld  be  o b s e r v e d  in t h e  co rd  u n d e r  t h e  in f luence  
of t op ica l ly  app l i ed  3 - h y d r o x y t y r a m i n e .  

E x p e r i m e n t s  were p e r f o r m e d  u p o n  ca t s  a n e s t h e t i z e d  
w i t h  ch lora lose  (65 mg/kg)  a n d  u r e t h a n e  (250 mg/kg) .  
F igu re  1A shows  t he  t i m e  course  of t he  d i r ec t  i n h i b i t i o n  of 
a m o n o s y n a p t i c  ref lex a rc  se t  up  b y  s t i m u l a t i o n  of t he  
l a t e r a l  g a s t r o c n e m i u s  ne rve ,  i n h i b i t o r y  s t imul i  b e i n g  
app l ied  to  t h e  deep  p e r o n e a l  n e r v e  3. Records  were  ob-  
t a i n e d  f rom a v e n t r a l  roo t  f i l amen t .  I t  is e v i d e n t  t h a t  a f t e r  
t h e  a d m i n i s t r a t i o n  of DCI  in a dose  of 7 m g / k g  i.v., t h e  in-  
h i b i t i o n  .of t h e  ref lex  was c o m p l e t e l y  unaf fec ted .  Th i s  
dose of DCI  was suff ic ient ,  however ,  l a rge ly  to  suppress  
t h e  i n h i b i t i o n  of t h e  ref lex  b r o u g h t  a b o u t  b y  s t i m u l a t i o n  
of t h e  r e t i cu l a r  f o r m a t i o n  1,~ as is s h o w n  in  F igu re  113. I t  
was  conc luded  t h a t  t h e  b lock ing  ac t ion  of DCI  u p o n  t h i s  
l a t t e r  i n h i b i t o r y  process  is no t  exe r t ed  a t  t he  level  of t h e  
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Fig. 1. A Time course of the 'direct' inhibition of a monosynaptic 
reflex in gastrocnemius motoneurones bY preceding impulses at vary- 
ing intervals i~ the deep peroneal nerve. Controls (o); (.x) 30 min, 
(o) 1 h, (/k) ISl~ h after the i.v. administration, of DCI, 7 mgjkg. 
B The effect of DCI in the same animal, upon the inhibition of the 
reflex brought about by stimulation of the butbar reticular Iormation. 
The points represent the amplitude of the reflex response during in- 
hibitory stimulation as a percentage of the .uninhibited response. 

m o t o n e u r o n e .  I t  seemed l ikely t h a t  a l t e r n a t i v e  (a) is 
the re fo re  u n t e n a b l e .  

A l t h o u g h  the  i n h i b i t o r y  R e n s h a w  i n t e r n e u r o n e s  of the 
a n t e r i o r  h o r n  of t he  cord  a re  k n o w n  to  rece ive  cholinergie 
i n n e r v a t i o n  4, a n d  the re fo re  m i g h t  n o t  be expec t ed  to be 
exc i ted  b y  3 - h y d r o x y t y r a m i n e ,  t h e i r  cha rac t e r i s t i c  dis- 
cha rge  p a t t e r n  ha s  been  obse rved  u n d e r  t he  inf luence of 
the  s u b s t a n c e  top ica l ly  app l i ed  to the  cord  surface. 
Records  were o b t a i n e d  w i t h  t h e  a id  of a microelec t rode  
filled w i t h  4 M  NaCI in se r t ed  i n to  t he  cord,  whi le  anti-  
d romic  s t i m u l a t i o n  l ead ing  to e x c i t a t i o n  of t he  Renshaw 
cells was  app l ied  to  t h e  v e n t r a l  roots .  The  f i r ing  p a t t e r n  of 
R e n s h a w  cells was  f o u n d  to  be  una f f ec t ed  b y  the  appli- 
ca t ion  to  t he  co rd  of 5 %  3 - h y d r o x y t y r a m i n e .  Fu r the r -  
more  t h e  occas ional  ' s p o n t a n e o u s '  d i scha rge  of t h e  cells 
was n o t  in f luenced  b y  the  app l i ca t ion .  

In  o t h e r  e x p e r i m e n t s  records  h a v e  been  o b t a i n e d  of the 
d i scharges  of single cells or of smal l  g roups  of neu rones  in 
or nea r  t he  i n t e r m e d i a t e  nuc leus  of Cajal ,  in  w h i c h  there 
lie i n t e r n e u r o n e s  b o t h  oI e x c i t a t o r y  a n d  i n h i b i t o r y  reflex 
f u n c t i o n  5. Such  cells h a v e  been  exc i t ed  b y  s t imu l i  applied 
to va r ious  muscle  nerves ,  or  to  t hose  a reas  of t he  re t icu lar  
f o r m a t i o n  g iv ing  i n h i b i t i o n  of  ref lexes in  t h e  cord.  The 
b e h a v i o u r  of these  i n t e r n e u r o n e s  to t h e  a p p l i c a t i o n  of 3- 
h y d r o x y t y r a m i n e  ha s  b e e n  found  to  be  va r i ab le .  The 
m a j o r i t y  h a v e  been  c o m p l e t e l y  unaf fec ted .  Others ,  par- 
t i cu la r ly  those  r e s p o n d i n g  to  r e t i cu l a r  f o r m a t i o n  s t imu-  
la t ion ,  h a v e  s h o w n  a n  inc reased  exc i t ab i l i t y  as deter-  
m i n e d  f rom the i r  lowered t h r e s h o l d  for  ac t i va t i on ,  or, as 
in  F igure  2, a n  e n h a n c e d  d i scha rge  of a g roup  of ceils 
s u b j e c t e d  to a s u b m a x i m a l  s t imulus .  

CURTIS 6 h a s  r e c e n t l y  descr ibed  e x p e r i m e n t s  in  which 
3 - h y d r o x y t y r a m i n e  was  app l i ed  i o n t o p h o r e t i c a l l y  to 

1 H. McL~z~AN, J. Physiol. I58, 411 (1~61). 
H. W. MAOOUN and R. RHtNES, J. Neurophysiol. 9, 165 (1946). 
D. P. C. LLOYD, J. Neurophysiol. 9, 4'21 (1946). 

4 j .  C. ECCLES, [3. WATT, and K. KOK~:TSU, J. Physiol. 126, 524 
(1954). 
J. C. ECCLES, R. M. ECCLES, m~d A. LUNDHF.RO, J. Physiol. 154, 
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6 D. R. CvRris, Nature, in press (196'2}. 
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Fig. o. The integrated discharges of small groups of spinal inter- 
neurones, following application to the cord of a 5% solution of 3- 
hydroxytyramine. (o) From a group fired by stimulation of the 
reticular formation, whose discharge was augmented by the appli- 
cation. {o) From a group fired by stimulation of the lateral gastro- 

anemias nerve, which was nnaffected by the same application. 



i5. VI. 1962 Brevi comunieazioni - Brief Reports 279  

var ious  t y p e s  of  sp ina l  co rd  neu rones ,  a n d  ha s  found  i t  n o t  
to a f fec t  i n t e r n e u r o n e s ,  R e n s h a w  ceils or  m o t o n e u r o n e s .  
The l a t t e r  two  o b s e r v a t i o n s  are  in  accord  w i t h  t h e  r e su l t s  
presented here ,  a n d  i t  is poss ib le  t h a t  t hose  i n t e r n e u r o n e s  
s tudied b y  C u R t i s  were  al l  of t h e  t y p e  w h i c h  h a v e  b e e n  
found to  be  u n i n f l u e n c e d  in t he  p r e s e n t  e x p e r i m e n t s  also. 
The re su l t s  w h i c h  h a v e  been  o b t a i n e d  here  would  sugges t  
t h a t  a poss ible  e x p l a n a t i o n  of t h e  ac t ion  of app l i ed  3- 
h y d r o x y t y r a m i n e  r e p o r t e d  ear l ier  ~, is t h a t  i t  l eads  to  t h e  
exc i t a t ion  of i n h i b i t o r y  i n t e r n e u r o n e s  w h i c h  m a k e  
synap t i c  c o n t a c t  w i t h  t h e  m o t o n e u r o n e s  of t h e  cord.  

t i on  v o n  DCI  n i c h t  v e r h i n d e r t :  o b w o h t  die H e m m u n g  n a c h  
R e i z u n g  de r  bu lb / i r en  r e t iku l / i r en  F o r m a t i o n  ausb t e ib t .  
3 - H y d r o x y t y r a m i n e ,  dessen  r e f i e x h e m m e n d e  V¢i rkung  
bei  d i r e k t e r  A p p l i k a t i o n  a m  e n t b l 6 s s t e n  R t i c k e n m a r k  
Irf iher  gezeig t  wurde ,  v e r u r s a c h t  e ine  ges te iger te  E r r e g -  
b a r k e i t  m a n c h e r  I n t e r n e u r o n e  de r  r e t i ku lo sp ina l en  L e i -  
t u n g s b a h n ,  w o d u r c h  seine  h e m m e n d e  VvSrkung e rk lg r t  
w e r d e n  k6nn t e .  

H.  MCI,ENNAN 

Zusammen[assung. , Direkte,> H e m m u n g  m o n o s y n a p t i -  Department o[ Physiology, University o/ British Columbia, 
scher sp ina le r  Ref lexe  in K a t z e n  wi rd  d u t c h  A d m i n i s t r a -  Vancouver (Canada), March 12, 7962. 

Antidiuretic Hormone Concentration in Blood 
Perfusing the Adenohypophysis 

The  c o n c e p t  of t h e  a n t i d i u r e t i c  h o r m o n e  (ADH,  vaso-  
pressin) as a phys io log ica l  s t imu lus  for a d e n o h y p o p h y s i a l  
ACTH secre t ion  ha s  been  q u e s t i o n e d  r ecen t l y  ~-4. A n  ar-  
g u m e n t  o f ten  e m p l o y e d  aga i n s t  t h i s  once a t t r a c t i v e  h y p o -  
thesis  is based  u p o n  the  fac t  t h a t  t he  c o n c e n t r a t i o n  of in-  
jec ted  P i t r e s s in  or  vasopres s in  wh ich  s t i m u l a t e s  A C T H  
secre t ion  is m u c h  la rger  t h a n  t h a t  m i m i c k i n g  phys io log ica l  
an t id iures is .  Because  a h i g h  c o n c e n t r a t i o n  is n o t  n o r m a l l y  
e n c o u n t e r e d  in  p e r i p h e r a l  blood,  t h i s  ac t ion  of va sop re s s in  
on  t h e  a d e n o h y p o p h y s i s  is i n t e r p r e t e d  as pha rmaco log ic ,  
Imp l i c i t  in  th i s  i n t e r p r e t a t i o n  is t h e  a s s u m p t i o n  t h a t  h i g h  
a d e n o h y p o p h y s i a l  a n d  low p e r i p h e r a l  b lood  concen-  
t r a t i o n s  of A D H  are  phys io log ica l ly  m u t u a l l y  exclus ive .  

The  p u r p o s e  of th i s  p a p e r  is to  d e m o n s t r a t e  t h a t  b o t h  
cond i t ions  do, in  fact ,  n o r m a l l y  exis t .  O u r  r ea son ing  
follows a n d  is ba sed  on  a ca l cu la t ion  of ~he A D H  c o n t e n t  
in  b lood  l eav ing  t he  n e u r a l  lobe a n d  d i r ec t ly  pe r fus ing  a 
m a j o r  p o r t i o n  of  t he  a d e n o h y p o p h y s i s .  T he  d a t a  used in 
our  ca l cu la t ions  a re  our  o w n  m e a s u r e m e n t s  of n e u r a l  lobe 
b lood  flow ~, coup led  w i t h  GINSBURG'S e s t i m a t e  of t he  ha l f -  
life of c i r cu l a t i ng  ADH~,  HEELER'S m e a s u r e m e n t s  of t h e  
r e s t i ng  A D H  level  in  t h e  r a t e  a n d  DE \VIED'S d a t a  for t h e  
A D H  response  to  h a e m o r r h a g e  in t h e  r a t  s, 

T h e  r e s t i n g  level  of A D H  in t h e  a d u l t  a lb ino  r a t  is 
2.3 txU/mI whole  b lood  ~. A 300 g r a t  w i t h  a b o u t  15 m l  
b lood  v o l u m e  the re fo re  h a s  a t o t a l  c i r cu l a t i ng  A D H  
c o n t e n t  of a b o u t  35 ~xU. Accord ing  to  GINSBURG 8 t h e  
half- l i fe  of c i r cu l a t i ng  A D H  in  a r a t  u n d e r  s imi la r  con-  
d i t ions  is a b o u t  42 sec. A s s u m i n g  t h a t  t he  n e u r a l  lobe  is 
t h e  on ly  source  of A D H ,  t h i s  m e a n s  t h a t  th i s  g l and  m u s t  
add  2.5 X 10 -5 U to  b lood  pe r fus ing  i t  e ach  m i n u t e .  I f  t he  
b lood  f low f r ac t i on  t h r o u g h  t h e  n e u r a l  lobe is 5 × I0  -s 
t i m e s  t h e  ca rd iac  o u t p u t ,  w h i c h  is a b o u t  90 m l / m i n  in ou r  
u n a n e s t h e t i z e d  ra ts ,  t h e  b lood  flow t h r o u g h  t h e  g l and  is 
a b o u t  4.5 )< 10 -3 m l / m i n  5. T h e  c o n c e n t r a t i o n  of A D H  in  
t he  n e u r a l  lobe  e f f luen t  of t h e  r e s t i ng  r a t  m u s t  t he r e fo re  
exceed  t h a t  in  t he  a r t e r i a l  i n p u t  b y  

2.5 X 10 -5 U/ ra in / (4 .5  X 10 -s m l / m i n )  -- 5.6 X 10 -a U /ml .  

D u r i n g  t h e  las t  20  sec of a s u b s t a n t i a l  h a e m o r r h a g e  
(5 ml  in  90 sec) DE WIED'S d a t a  i nd i ca t e  t h a t  t h e  c h a n g e  
in p e r i p h e r a l  c o n c e n t r a t i o n  of A D H  is a p p r o x i m a t e l y  
3 × 10 -2 U/2  X 10 '  ml  whole  b lood]20  sec or  4.5 X 10 -4 
U / m l  whole  b l o o d / m i n  s. R e p e a t i n g  t h e  ear l ier  ca lcu la t ions ,  
the  a m o u n t  of A D H  a d d e d  to  t he  genera l  c i r cu la t ion  u n d e r  
these  c i r c u m s t a n c e s  m u s t  be 15 ml  × 4,5 × 10 -* U / m l / m i n  
or 6.75 × 10 -s U/ ra in .  Since t he  n e u r a l  lobe b lood  f low is 
4.5 × 1 0 - a m l ] m i n  t h e  c o n c e n t r a t i o n  of A D H  in  t h i s  
blood m u s t  exceed t h a t  in  t he  a r t e r i a l  i n p u t  b y  

(6.75 × 10 -s U/rain)l(4,5 X 10 -3 ml /min )  = 1.5 U /ml .  

Cor rec t ion  for t h e  half- l i fe  of A D H  in t he  genera l  c i rcu-  
l a t i on  would  raise  th i s  va lue  b y  some 25%,  or close to  
2 U]ml .  Th i s  r ep re sen t s  a 300 fold increase  in A D H  o u t p u t  
ove r  t h e  r e s t i ng  level ;  and ,  s ince A D H  can  be  suppres sed  
be low th i s  level,  t h e  d y n a m i c  r a n g e  of t he  A D H  secre t ing  
m e c h a n i s m  s h o u l d  be  in excess  of 300. 

The  a d e n o h y p o p h y s i s  ha s  no  (or a l m o s t  no) d i r ec t  
a r t e r i a l  supply ,  i n s t ead  rece iv ing  i ts  v a s c u l a r  i n p u t  f rom 
a g roup  of e l egan t ly  con t ro l l ab l e  para l le l  p o r t a l  s y s t e m s  
d r a i n i n g  p a r t s  of t he  n e u r o h y p o p h y s i s  °-1~. T h a t  a sub-  
s t a n t i a l  f r ac t ion  of t h e  a d e n o h y p o p h y s i s  receives  i t s  i n p u t  
f rom the  n e u r a l  lobe ha s  also been  e s t ab l i shed  is. Since i t  
is r ea sonab le  to  e x p e c t  all  n e u r a l  lobe e f f l u e n t - - w h e t h e r  
p o r t a l  or  s y s t e m i c - t o  c a r r y  t h e  same  c o n c e n t r a t i o n  of 
A D H ,  th i s  f r ac t ion  of t he  a d e n o h y p o p h y s i s  m u s t  i ndeed  
'see '  a v e r y  h i g h  A D H  c o n c e n t r a t i o n ,  wh ich  is s u b s e q u e n t l y  
d i l u t ed  more  t h a n  20000 t imes  in t h e  genera l  c i rcu la t ion .  

I n  v iew of o u r  ca lcu la t ions ,  i n t e r p r e t a t i o n s  sugges t ing  a 
p h a r m a c o l o g i c  (as opposed  to  physiologic)  ac t ion  of vaso-  
p ress in  on  A C T H  sec re t ion  w h i c h  are  based  p r i m a r i l y  on  
responses  to  s y s t e m i c  in j ec t ions  m u s t  be  r e e v a l u a t e d .  T h e  
p h e n o m e n a  occu r r i ng  b e t w e e n  t h e  n e u r o h y p o p h y s i s  a n d  
a d e n o h y p o p h y s i s  a re  local  a n d  no t  r ep roduc ib l e  b y  e v e n t s  
occu r r ing  in t h e  genera l  c i rcu la t ion .  I n  o rde r  to  ach ieve ,  
b y  p e r i p h e r a l  i n t r a v e n o u s  in jec t ion ,  levels of local  vaso-  
p ress in  or  P i t r e s s in  c o n c e n t r a t i o n  e q u i v a l e n t  to  t hose  here  
c a l c u l a t e d  i t  w o u l d  be  necessa ry  to a d m i n i s t e r  hero ic  
doses :  in  a 300 g r a t ,  80 m U  for t h e  basa l  s t a t e ,  28 U n i t s  
for e x t r e m e  stress.  T h e  f i rs t  dose is well  w i t h i n  t h e  r a n g e  
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