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Control  of Catecholamine  Release  and Degradat ion  by  the Glucocort ico ids  

The  i m p o r t a n t  role of g lucocor t icoids  for ad rena l ine  
b iosyn thes i s  is well  e s tab l i shed  b y  t he  ex tens ive  s tud ies  
of WURTMAN a n d  AXELROD 1,2. The  presence  of these  
h o r m o n e s  induces  t he  a c t i v i t y  of e n z y m e  p h e n y l e t h a n o l -  
a m i n e - N - m e t h y l  t r ans fe ra se  (PNMT) in n o r m a l  animalsS, 4. 
The  i n a c t i v a t i o n  of t he  ad r ena l  cor tex  b y  h y p o p h y s -  
e c t o m y  follows a m a r k e d  r educ t i on  in ad rena l  P N M T  
act ivi ty~,a .  In  our  r ecen t  s t u d y  we found  t h a t  t he  gluco- 
cor t icoids  ac t  as a r a t e  l imi t ing  fac to r  for t he  enzyme  of 
c a t e c h o l a m i n e  d e g r a d a t i o n  ( m o n o a m i n e  oxidase) 5 in  
n o r m a l  rats .  The  p re sen t  i n v e s t i g a t i o n  was pe r fo rmed  to 
see t he  poss ible  role of g lucocor t icoids  on ca techoI~mine  
release and  u r i n a r y  excre t ion .  Metopi rone ,  a p o t e n t  
i nh ib i to r  of 11-f i -hydroxylase in  t he  b iosyn thes i s  of 
cor t icos tero ids  ~-~ was ut i l ized as a tool  to  b lock  t he  
b iosyn thes i s  of these  hormones .  W e  found  t h a t  t he  in- 
h i b i t i o n  of glucocort icoid h o r m o n e s  comple te ly  changes  
t he  p a t t e r n  of u r i n a r y  excre t ion  of free ad rena l ine  and  
no rad rena l i ne  in n o r m a l  rats .  T he  b lood  ca techolamines ,  
p l a s m a t i c  glucose and  hepa t i c  glycogen are also h igh ly  
a t fected.  The  e x p e r i m e n t s  a b o u t  t he  assoc ia t ion  of gluco- 
cor t icoids  in ca t echo l amine  me tabo l i c  d e g r a d a t i o n  were 
also pe r fo rmed  b y  measu r ing  u r i n a r y  excre t ion  of vany l -  
mande l i c  acid (VMA) and  t he  ac t iv i t i es  of enzymes  
m o n o a m i n e  oxidase  (MAO) a n d  ca t echo l -O-me thy l  
t r ans fe ra se  (COMT) in t h e  ad rena l  gland.  

Materials and methods. MMe a lb ino  r a t s  we igh ing  
250 • 25 g were u t i l ized  in all  t h e  expe r imen t s .  The  age 
of the  r a t s  r anged  f rom 12 to  13 weeks and  t h e y  were 
housed  a t  a c o n s t a n t  temperature of 22 ~ w i t h  12 h d a r k  
and  l igh t  exposures .  The  r a t s  were ad r ena l ec t om i zed  or 
h y p o p h y s e c t o m i z e d  u n d e r  e the r  anaes thes ia .  The  adrena l -  
ee tomized  r a t s  were m a i n t a i n e d  on  0.9% sal ine for  
d r i n k i n g  a n d  regular  commerc ia l  l a b o r a t o r y  food. The  
h y p o p h y s e c t o m i z e d  r a t s  received 5% sucrose wa te r  for 
d r ink ing  for 3 weeks a f te r  t he  opera t ion .  T he  adrena lec to -  
mized a n d  h y p o p h y s e c t o m i z e d  r a t s  were ut i l ized for 
expe r imen t s  3 a n d  4 weeks a f te r  t he  opera t ion ,  respect ive ly .  
The  ur ine  was col lected in acid w a s h e d  glass me tabo l i c  
cages for  t h e  per iod  of 24 h b y  modi f i ca t ion  ~~ of t h e  
t e c h n i q u e  of ELTLER a n d  LISHAJKO n.  T he  n o r m a l  r a t s  
were admin i s t e r ed  w i t h  50 m g  of Metop i rone  R (Ciba) 
i.p. j u s t  before  p lac ing  in me tabo l i c  cages for 24 h collec- 
t ion  of urine.  The  h y p o p h y s e c t o m i z e d  ra t s  were in jec ted  
on ly  once w i t h  4 I U  of A C T H  R e t a r d  (Endopancr ine )  a t  
t he  t i m e  t h e y  were p laced  in me tabo l i c  cages. For  t issue 
a n d  p l a s m a  s tudies  s epa ra t e  groups  of r a t s  received 
50 m g  of Metop i rone  i.p. 20 m l  of hepar in ized  b lood f rom 
5 r a t s  was used for single d e t e r m i n a t i o n  of adrena l ine .  
4 ml  b lood was w i t h d r a w n  f rom ao r t a  of each  r a t  u n d e r  
l i gh t  e the r  anaes thes i a  and  pooled in  a cent r i fuge  t u b e  
con ta in ing  4 ml  2% sod ium f luor ide  and  3% sod ium 
th iosu l fa te  m i x t u r e  12. The  t issues  for enzyme  a n d  glycogen 
s tud ies  were i m m e d i a t e l y  excised in chi l led 0.9% KC1 a n d  
60% K O H  respect ively .  Ca techo lamines  in  b lood  a n d  
ur ine  were isola ted b y  co lumn  c h r o m a t o g r a p h y  using 
ac id -ac t iva t ed  a l u m i n i u m  oxide 13. Adrena l ine  and  nor-  
ad rena l ine  were assayed  d i f fe ren t ia l ly  b y  spect rof luoro-  
me t r i c  m e t h o d s  14 u t i l iz ing  t r i h y d r o x i n d o l e  react ion.  
U r i n a r y  VMA was measu red  s p e c t r o p h o t o m e t r i c a l l y  ~5 b y  
convers ion  of VMA to van i l l in  16-18. H epa t i c  glycogen was 
assayed  b y  K O H  hydro lys i s  a n d  convers ion  to  glucose ~o. 
P l a s m a t i c  glucose was measu red  b y  t h e  t e c h n i q u e  of 
HUG~ETT a n d  NIXON 20 ut i l i z ing  glucose oxidase  (Biotrol).  
E n z y m e s  MAO and  COMT in t he  ad rena l s  were assayed  
b y  r ad iome t r i c  m e t h o d s  us ing  ~4C-tryptamine a n d  ~4C-S- 
adenosy l  m e t h i o n i n e  respec t ive ly  21, ~2. The  e n z y m e  
ac t iv i t i es  are  d i rec t ly  expressed  in d i s in t eg ra t ions  per  

m i n  (dpm) as t he  d p m e x t r a c t e d  r ep resen ted  l inear  pro-  
p o r t i o n a l i t y  be tween  ~xmoles of p r o d u c t  e x t r a c t e d  and  
enzyme  ac t iv i ty .  The  s t a t i s t i ca l  ana lys i s  were pe r fo rmed  
b y  FISHER'S S t u d e n t  t-test .  The  m e a n  values  are expressed  
w i th  s t a n d a r d  error  of t he  Mean. 

Results. Table  I ind ica tes  t he  effects  of g lucocor t ico id  
i n h i b i t i o n  b y  m e t o p i r o n e  a d m i n i s t r a t i o n  on  u r i n a r y  
excre t ion  of ad rena l ine  and  no rad rena l ine .  The  m e a n  
va lues  ~ SEM express  t he  u r i n a r y  exc re t ion  of these  
two c a t e c h o l a m i n e s / k g  b o d y  wt . /24  h. The  pe rcen t age  
ra t ios  of a d r e n a l i n e  a n d  n o r a d r e n a l i n e  to t o t a l  a m o u n t  of 
ad rena l ine  + n o r a d r e n a l i n e  are also ca lcu la ted  to  show 
the  shif ts  in p a t t e r n  of u r i n a r y  excre t ion  d u r i n g  me to -  
p i rone  t r e a t m e n t  to  n o r m a l  and  a d r e n a l e c t o m i z e d  rats .  
One in jec t ion  of 50 m g  Metop i rone  to n o r m a l  r a t s  pro- 
duced s ign i f ican t  shif ts  in ad rena l ine  a n d  n o r a d r e n a l i n e  
excret ion.  24 h a f te r  s ingle in j ec t ion  of m e t o p i r o n e  
ad rena l ine  u r i n a r y  excre t ion  rose b y  80% whi le  n o r a d r e n -  
al ine decl ined b y  63% of t he i r  con t ro l  values.  Metop i rone  
a d m i n i s t r a t i o n  to ad r ena l ec tomized  ra t s  d id  no t  change  
no rad rena l i ne  excre t ion  b u t  ad rena l ine  in u r ine  rose 
s ign i f i can t ly  (_P < 0.001). The re  were h igh ly  s ign i f ican t  
rises in b lood  ad rena l ine  d u r i n g  few hours  of m e t o p i r o n e  
a d m i n i s t r a t i o n  to n o r m a l  r a t s  ( P  < 0.001). A t  1.5, 2 and  
3 h ad rena l ine  in b lood  rose b y  40, 60 and  400% f rom 
cont ro l  levels respect ively .  The  s imi la r  t r e a t m e n t  to  
ad r ena l ec tomized  r a t s  fai led to  p roduce  a n y  rise of 
s t a t i s t i ca l  s igni f icance  in b lood  adrena l ine .  The  m e a n  
values  for p l a s m a t i c  glucose b e c a m e  143, 200 and  204% 
of t he i r  con t ro l  levels in  n o r m a l  r a t s  a f t e r  15 rain,  1 h and  
2 h of m e t o p i r o n e  a d m i n i s t r a t i o n .  The  same  dose of 
m e t o p i r o n e  u n d e r  s imi la r  c i r cums tances  to  adrena lec to -  
mized  ra t s  d id  no t  p roduce  a n y  change  in b lood  g lycemia  
f rom the i r  con t ro l  values.  The  rises in g lycemia  obse rved  
in con t ro l  r a t s  were fol lowed b y  fall  in hepa t i c  g lycogen 
as i t  decl ined b y  35, 58, 82 a n d  99% a t  30, 60, 110 a n d  
120 m i n  a f te r  a d m i n i s t r a t i o n  of metop i rone .  
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Table  I I  shows t he  ac t iv i t i es  of e n z y m e  MAO and  
COMT in ad rena l  g land  d u r i n g  8 h of m e t o p i r o n e  a d m i n -  
i s t r a t i on  in dpm.  A t  l/e, 4 alld 8 h t he  a c t i v i t y  of MAO rose 
to  111, 180 and  140% of i t s  con t ro l  values.  The  COMT 
a c t i v i t y  also rose b y  6, 30 and  100% dur ing  t he  above  
in te rva l s .  The  u r i n a r y  excre t ion  of V M A / k g  body  wt . /24  h 
ill control ,  ad rena l ec tomized  and  h y p o p h y s e c t o m i z e d  ra t s  
in jec ted  w i t h  4 I U  of A C T H  is also ind ica t ed  in Tab le  I I .  
H y p o p h y s e c t o m y  a n d  a d r e n a l e c t o m y  p roduced  respec t ive  
rises of 20 and  60% in V MA  excret ion.  The  t r e a t m e n t  w i t h  
A C T H  only  once decl ined t he  excre t ion  of V MA to  
con t ro l  level  in  h y p o p h y s e c t o m i z e d  ra ts .  

Discussion.  Our ~ resu l t s  show t h a t  t he  decl ine i n  gluco- 
cor t icoid  c o n c e n t r a t i o n  or t h e i r  comple t e  abser~ce 
p roduces  s ign i f ican t  shif ts  in u r i n a r y  a n d  p l a sma t i c  
ca techolamines .  These  shif ts  in  c a t e c h o l a m i n e  excre t ion  
and  release are i m m e d i a t e l y  fol lowed b y  t h e i r  respec t ive  
effects on hepa t i c  glycogen and  p l a s m a  glucose. E a r l y  
s tudies  2a suggested  t h a t  h o r m o n e s  of t he  ad r ena l  cor tex  
and  ca t echo lamines  ac t  as a single physiological  uni t .  
M a n y  effects of ca t echo lamines  c a n n o t  be  induced  in the  
absence  of cor t icos tero ids  ~4. HSKFELT 25 r epo r t ed  t h a t  
A C T H  t r e a t m e n t  inf luences  t he  ca t echo l amine  levels in 
adrena ls  and  hear t .  S tudies  pe r fo rmed  d u r i n g  pa s t  few 
years  p rov ide  suff ic ient  ev idence  t h a t  t he  ad rena l  
glucocort icoid h o r m o n e s  are of p r i m a r y  s ignif icance for 
t he  phys io logy  of m e d u l l a r y  ch romaf f in  cells 26. The  
decl ine in  t he  c o n c e n t r a t i o n  of g lucocor t icoids  due  to 
h y p o p h y s e c t o m y  severely  effects ad rena l ine  s tores  of 
ad rena l  g land  ~7, 2s. The  u r i na r y  excre t ion  of ad rena l ine  
and  n o r a d r e n a l i n e  in h y p o p h y s e c t o m i z e d  h u m a n s  du r ing  
cor t icoid  t h e r a p y  p rov ide  s u p p o r t i n g  ev idence  t h a t  these  
h o r m o n e s  regula te  excre t ion  of c a t echo l amines  ~9. The  
s tud ies  on  t he  role of g lucocor t icoids  on ad rena l ine  
s torage  in adrena l s  or t he  m a i n t e n a n c e  of ad rena l  P N M T  
a c t i v i t y  p rov ide  c o n t r a r y  ev idence  in ca t echo l amine  
excret ion,  release and  m e t a b o l i s m  2, ~7. The  i n a c t i v a t i o n  of 
ad rena l  s teroidogenesis  b y  h y p o p h y s e c t o m y  declines t he  
ad rena l  s tores of ad rena l ine  and  P N M T  ac t i v i t y  signifi- 
cant ly2,  4. The  a d m i n i s t r a t i o n  of hydrocor t i sone  or dexa-  
m e t h a s o n e  to h y p o p h y s e c t o m i z e d  an i m a l s  could m a i n t a i n  
ad rena l  P N M T  a c t i v i t y  and  ad rena l ine  s tores  a t  con t ro l  
levels 2, 4. B u t  t he  decl ine in glucocor t icoids  increases  MAO 
and  COMT act ivi t ies .  Th i s  suggests  t h a t  these  two 
enzymes,  c o n t r a r y  to PNMT,  h a v e  d i f fe ren t  h o r m o n a l  
specificities. P N M T  is induced  b y  glucocort icoids  while  
MAO and  COMT are i n h i b i t e d  b y  t hem.  T he  h igher  
u r i n a r y  excre t ion  of V MA  ill h y p o p h y s e c t o m i z e d  and  
ad rena l ec tomized  r a t s  p rov ides  good evidence  for t h i s  
obse rva t ion .  R e c e n t  s tudies  a~ c lear ly  ind ica te  t h a t  
a d r e n a l e c t o m y  is followed b y  m a r k e d  increase  in card iac  
MAO. Our  e x p e r i m e n t s  in progress  show t h a t  adrena l -  
ec tomy  or h y p o p h y s e c t o m y  of t h e  r a t  and  r a b b i t  foetuses  
or new-bo rn  resul t s  in  s ign i f ican t  rises in  MAO and  COMT 
ac t iv i t i es  in m o s t  of t he  body  organs  inc lud ing  t he  cere- 
b r a l  t issues.  

Our  preference  for t he  use of Metop i rone  was  based  on  
t he  fac t  t h a t  i t  b locks  t h e  b iosyn thes i s  of cor t icoids  
i m m e d i a t e l y  a f te r  i ts  infus ion  and  reduces  cort isol  to  
zero in j u s t  4 h 8. The  rise in ad rena l ine  u r i n a r y  excre t ion  

a f te r  b Iocking  gIucocort icoid b iosyn thes i s  reflects  t h a t  t he  
presence  of these  h o r m o n e s  l imi t s  t he  excre t ion  of adren-  
al ine in b lood  which  is t he  m a i n  source of u r i n a r y  excre- 
t ion  of ad rena l ine  a~. The  s ign i f ican t  rise in  u r i n a r y  
ad rena l ine  of ad r ena l ec tomized  r a t s  a f te r  m e t o p i r o n e  
a d m i n i s t r a t i o n  suggests  t h a t  ad rena l ine  f rom o the r  
sources of t he  body  aa was' re leased b y  i n h i b i t i o n  of ex t ra -  
ad rena l  glucocort icoids.  The  rises in  VMA excre t ion  a f te r  
h y p o p h y s e c t o m y  or a d r e n a l e c t o m y  seem to be  c o m p a r a b l e  
w i t h  t he  concen t r a t i ons  of g lucocor t icoids  in  these  two 
condi t ions .  The  cor t icoids  are a t  t he  lowest  level  fol lowing 
ad rena l ec tomy ,  whi le  in  h y p o p h y s e c t o m i z e d  an ima l s  the  
ad rena l  cor tex  st i l l  func t ions  a n d  syn thes izes  these  
ho rmones  a t  a lower in tens i ty .  

As t he  possible  m e c h a n i s m s  b y  wh ich  glucocor t icoids  
i n h i b i t  MAO and  COMT act ivi t ies ,  i t  could be  suggested  
t h a t  t he  cor t icoids  in ter fere  w i t h  t he  syn thes i s  of new 
e n z y m e  pro te in .  I t  appea r s  t h a t  these  h o r m o n e s  exer t  
t he i r  effects  a t  t he  level  of R N A  t r a n s c r i p t i o n  f rom 
D N A  3~. 

These  obse rva t ions  suggest  t h a t  g lucocor t icoids  wh ich  
induce  b iosyn thes i s  of ad rena l ine  are equal ly  i m p o r t a n t  
for t he  r a t e  ! imi t ing  con t ro l  of c a t echo l amine  release, 
excre t ion  and  degrada t ion .  

Rdsumd. Nous  avons  6tudi6 Finf luence  de l ' i n h i b i t i o n  
de la b i o s y n t h [ s e  des g lucocor t icoides  pa r  la M6topirone,  
sur  la l ib6ra t ion,  la d6g rada t ion  e t  l ' exc r6 t ion  des cat6- 
cho lamines  chez le ra t .  Les r6su l ta t s  m o n t r e n t  q u ' u n e  
d i m i n u t i o n  du  t a u x  de cor t icc ides  c i r cu lan t s  chez des 
a n i m a u x  n o r m a u x  af tec te  p r o f o n d 6 m e n t  l ' exc r6 t ion  uri-  
na i re  de l ' ad r6na l ine  et  de la noradr6na l ine .  L ' ad r6na l i -  
n6mie  est  quadrup l6e  q u a n d  le t a u x  des cor t icoides  est  
m i n i m u m .  L ' exc r6 t ion  du  VMA est a u g m e n t 6 e  de m 6 m e  
que  les ac t iv i t6s  m o n o a m i n e - o x i d a s e  et  ca t6chol -o-mgthy l  
t ransf6rase .  
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The Influence of Secret in  on the E l iminat ion  of 14C-Edrophonium in Bile 

A l t h o u g h  l~C-edrophonium is m a i n l y  e l i m i n a t e d  in bi le  f luenced  b y  t he  rou t e  of i n t r a v a s c u l a r  a d m i n i s t r a t i o n ;  
as a g lucuronide  conjugate ,  smal l  a m o u n t s  of t he  un-  a f te r  i n j ec t ion  in to  t he  hepa t i c  a r t e r i a l  t ree,  t he  p ropor -  
changed  d rug  can  also be  iden t i f i ed  1. B i l i a ry  excre t ion  t i on  of t he  u n c h a n g e d  d rug  e l i m i n a t e d  in bi le  is signifie- 
of 14C-edrophonium (but  n o t  of i ts  me tabo l i t e s )  is in- a n t l y  g rea te r  t h a n  a f te r  i.v. i n j ec t ion  2. The  resu l t s  of 


