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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 
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these  e x p e r i m e n t s  are cons i s t en t  w i t h  t he  d i rec t  t r a n s f e r  
of 14C-edrophonium f rom p l a s m a  to b i le  v ia  t he  cap i l l a ry  
p lexus  in t h e  bi le  ductules ,  wh ich  is p re fe ren t i a l ly  suppl ied  
b y  hepa t i c  a r t e r i a l  b lood  ~. ( In  con t ras t ,  t h e  l iver  s inusoids  
are vascu la r ized  b y  b o t h  h e p a t i c  a r t e r i a l  a n d  p o r t a l  venous  
blood.) Since c i r c u m s t a n t i a l  ev idence  *,~ suggests  t h a t  
secre t in  choleresis  is d e p e n d e n t  on t h e  ac t ion  of t h e  hor-  
m o n e  a t  a s imi la r  s i te  in  t he  d i s t a l  b i l i a ry  tree,  t he  effects  
of secre t in  on  t h e  e l i m i n a t i o n  of u n c h a n g e d  l~C-edro- 
p h o n i u m  in bi le  were s tudied .  

Materials  and methods. W i s t a r  r a t s  of e i the r  sex 
( a p p r o x i m a t e l y  250 g b o d y  weight)  were a n a e s t h e t i z e d  
w i t h  u r e t h a n e  (1.4 g/kg, i.p.), t h e  a b d o m e n  was opened,  
a n d  t he  c o m m o n  bi le  d u c t  and  t he  lef t  gas t r ic  a r t e r y  were 
c a n n u l a t e d  2. A f ine p o l y e t h y l e n e  c a n n u l a  was also p laced  
in t h e  lef t  c o m m o n  ca ro t id  a r te ry ,  and  t h r e a d e d  down  the  
a o r t a  u n t i l  i ts  t i p  was  a t  t he  level  of t h e  coeliac axis. A t  
t he  s t a r t  of each  expe r i m en t ,  ~4C-edrophonium chlor ide  
(10.0 ~Ci /~mol  ; 2.0 vmol /kg)  was  inj ec ted in to  t he  h e p a t i c  
a r t e r i a l  c i r cu la t ion  b y  m e a n s  of t h e  c a n n u l a t e d  lef t  
gas t r ic  a r te ry ,  and  samples  of bi le  were col lected a n d  
weighed a t  5, 10, 15, 20 a n d  60 m i n ;  b i l i a ry  vo lunles  were 
e s t i m a t e d  b y  d iv id ing  t h e  we igh t  of each  sample  b y  t h e  
specific g r a v i t y  of bile. I n  some expe r imen t s ,  secre t in  
(Boots  P u r e  D r u g  Co. L t d . ;  1 U / k g / m i n )  was  infused  
i n t r a - a r t e r i a l l y  a t  t he  level  of t h e  coeliac axis. To ta l  
r a d i o a c t i v i t y  in  samples  of bi le  (usual ly  25 ~1) was 
coun t ed  b y  l iquid  sc in t i l l a t ion  s p e c t r o m e t r y  a t  an  effi- 
c iency of a p p r o x i m a t e l y  90% ; ~ C - e d r o p h o n i u m  was t h e n  
s epa ra t ed  f rom i ts  m e t a b o l i t e s  b y  p a p e r  c h r o m a t o g r a p h y  
a n d  coun t ed  in a s imi la r  m anne r .  

Results.  In fus ion  of secre t in  e n h a n c e d  con t ro l  r a t e s  of 
b i l i a ry  secre t ion  b y  a p p r o x i m a t e l y  70%.  A t  5, 10, 15, 20 
a n d  60 m i n  t he  i n c r e m e n t a l  change  in f low obse rved  
du r ing  sec re t in  choleresis  was  s imilar ,  a n d  a t  each t i m e  
i n t e r v a l  t he  c o n c e n t r a t i o n  of u n c h a n g e d  ~C - ed r ophon -  

i um in bi le  s l igh t ly  increased or r e m a i n e d  c o n s t a n t  
(Table).  Values  for t he  b i l i a ry  excre t ion  of l~C-edropho- 
n i u m  were s u m m a t e d  a t  5, 10, 15, 20 and  60 rain,  a n d  t he  
resu l t s  (see Figure)  r ep re sen t  t h e  m e a n  • s t a n d a r d  
d e v i a t i o n  of 4 -6  expe r imen t s .  I n  t h e  absence  of exogenous  
secret in,  t o t a l  e l i m i n a t i o n  of t he  u n c h a n g e d  d rug  in bi le  
increased  f rom 1.52 -k 0.32 n m o l / k g  a t  5 ra in  to  3.10 
0.40 n m o l / k g  a t  15 min,  a l t h o u g h  the re  was l i t t le  or no 
f u r t h e r  increase  b e t w e e n  15 and  60 min.  A s imi la r  p a t t e r n  
(associated w i t h  a m a r k e d  increase  in i n d i v i d u a l  va r i ab -  
i l i ty)  was observed  in e x p e r i m e n t s  in  wh ich  secre t in  was 
infused,  a l t h o u g h  t he  q u a n t i t a t i v e  exc re t ion  of t he  un-  
changed  d rug  was i n v a r i a b l y  g rea te r  in  t he  presence  of 
t he  h o r m o n e  (Figure).  I n  these  condi t ions ,  t o t a l  e l imina-  
t i on  of u n c h a n g e d  ~ C - e d r o p h o n i u m  increased  f rom 4.29 • 
2.33 n m o l / k g  a t  5 ra in  to  7 .93  ~ .2 .28  n m o l / k g  a t  60 min .  
Differences b e t w e e n  con t ro l  a n d  secre t in- infused  an ima l s  
were i n v a r i a b l y  s t a t i s t i ca l ly  s ign i f ican t  ( P  < 0.05) a t  each  
t i m e  in te rva l .  

Discussion.  I n  t h e  guinea-pig,  t he  c learance  of ine r t  
solutes  d u r i n g  secre t in  choleresis  suggests  t h a t  subs t ances  
w i t h  a molecu la r  we igh t  above  100 (for ins tance ,  e ry th r i -  
tol ,  m a n n i t o l  a n d  sucrose) do no t  read i ly  cross ep i the l ia l  
ceils in  the  bi le  duc t  a n d  ductules6.  I n  con t ras t ,  t h e  per-  
m e a b i l i t y  of t h e  d u c t u l a r  s y s t e m  is a p p a r e n t l y  g rea te r  in  
t he  ra t ,  s ince t h e  c learance  of b o t h  e r y t h r i t o l  (MW = 122) 
a n d  m a n n i t o l  (MW = 182) is e n h a n c e d  b y  sec re t inL  The  
resul t s  of t h e  p r e sen t  e x p e r i m e n t s  s u p p o r t  th i s  conclusion,  
since t he  b i l i a ry  e l im ina t i on  of the  phenol ic  q u a t e r n a r y  
a m i n e  14C-edrophonium was e n h a n c e d  b y  secre t in  in , the  ra t .  
A l t h o u g h  i n t r a - a r t e r i a l  in fus ion  of t h e  h o r m o n e  increased  
bi le  f l ow  ra te s  b y  a p p r o x i m a t e l y  70%,  t h e  c o n c e n t r a t i o n  
of t he  u n c h a n g e d  d rug  s l igh t ly  increased  or r e m a i n e d  
cons t an t .  These  e x p e r i m e n t s  p rov ide  f u r t h e r  ev idence  
t h a t  low molecu la r  we igh t  drugs  m a y  be  d i rec t ly  t r ans -  
ferred f rom r a t  p l a s m a  to  bi le  a t  d i s ta l  d u e t u l a r  sites. If, 
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Biliary excretion of unchanged 14C-edrophonium after injection into 
the hepatic arterial circulation of the rat. O--O, control studies; 
0 - -0 ,  seeretin infusion (1 U/kg/min). Each point and vertical bar 
represents the mean ~ standard deviation of 4 6 experiments. 

The effect of secretin on bile flow rates and the concentration of 
14C-edrophonium 

Time Bile flow rate (~zl/kg/min) Concentration of laC-edro- 
(min) phonium (nmol/kg/ml) . 

Control rats Secretin- Control rats Secretin- 
infused rats infused rats 

5 29.1 • 3.2 50.2 ! 4.8 43.8 __t_ 5.0 70.3 ~ 12.0 

10 30.6 ~_ 3.2 50.0 ~ 4.1 25.4 q- 2.0 22.1 i 3.0 

15 30.4 =t- 1.9 47.4 -t- 5.9 18.5 • 8.0 17.1 -1- 5.6 

20 29.6 __t_ 1.8 45.3 ~ 7.1 5.1 =c 0.5 14.1 ~ 6.1 

60 26.9 -4- 2.3 45.2 i 6.8 1.2 :~ 0.1 1.1 • 0.2 

Values represent the mean i standard error of the mean of 4-6 
experiments. 
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for instance,  ~4C-edrophonium was e l imina ted  via  the  
bi l iary canaliculus, its concen t ra t ion  in bile should be 
reduced (and its ra te  of excre t ion  unaffected)  dur ing  
choleresis induced by  agents  ac t ing on ducta l  or duc tu la r  
mechanisms.  In  fact, c i rcumstan t ia l  evidence S suggests  
t h a t  all the  qua t e rna ry  amine  t h a t  gains access to paren-  
chymal  l iver cells is rap id ly  metabol ized  to a 3-oxyglucu- 
ronide pr ior  to  excre t ion  by  the  canaliculus. 

In  the  p resen t  exper iments ,  the  inf luence of secret in on 
the  e l iminat ion  of 1~C-edrophonium in bile was mos t  
marked  dur ing  the  f irs t  5 rain. The init ial  increase in 
bi l iary e l iminat ion m a y  be due to  the  t r ans i en t  h igh 
concen t ra t ion  of the  drug in t he  per iduc ta l  and peri-  
duc tu la r  capillaries immed ia t e ly  af ter  its in ject ion into 
the  hepa t ic  ar ter ial  t ree  (i.e., before equi l ibrat ion th rough-  
out  ex~racellular fluid has occurred).  In  general,  the  
bi l iary excret ion p a t t e r n  in b o t h  control  and  secret• 
infused animals  appears  to  accura te ly  reflect  the  rapid  
removal  of ~4C-edrophonium f rom the  circulation, since 
the  drug is a lmos t  comple te ly  cleared f rom extracel lular  
fluid wi th in  20 min  of i.v. admin i s t r a t ion  s. 

In  previous exper iments  3, it  was shown t h a t  the  bi l iary 
e l iminat ion  of unchanged  l*C-edrophonium was signific- 

an t ly  grea ter  af ter  in ject ion into the  hepa t ic  a r t e ry  t h a n  
af ter  infusion into the  por ta l  vein. Bo th  these  s tudies  and 
the  resul ts  of the  p resen t  expe r imen t s  suppor t  the  hypo-  
thesis  t h a t  unchanged  ~C-ed rophon ium is d i rec t ly  t rans -  
ferred f rom p lasma  to  bile across the  ducta l  or duc tu la r  
epi thel ium.  

Rdsumd. On a 6tudi6 l 'effet  de la s6cr6tine sur l '61imina- 
t ion bil iare de ~C-edrophon ium et mont r4  que ce t te  
excr4t ion est  s ign i f ica t ivement  plus 41ev6e p e n d a n t  
l ' in jec t ion  de la s4cr4tine. 
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E f f e c t  of  S o d i u m  D e o x y c h o l a t e  o n  N e t  T r a n s i n t e s t i n a l  M o v e m e n t  i n  t h e  U r a e m i c  R a t :  A c u t e  E x p e -  

r i m e n t s  1 

Bile salts  were repor ted  to increase in tes t ina l  absorp-  
t ion of various hydrophi l ic  substances~, 8. I t  has  been 
suggested t h a t  the  mechan i sm of act ion consists  of an 
a l te ra t ion  of m e m b r a n e  s t ruc ture  ~,5. If  increased solute 
lumen- to-b lood  (l-b) t r ans fe r  is t he  resul t  of an al tered 
m e m b r a n e  p e r m e a b i l i t y ,  t hen  increased solute t ransfer  
in the  opposi te  d i rect ion should also be possible. 

The purpose  of t he  p resen t  inves t iga t ion  was to  de- 
t e rmine  the  effects of an uncon juga ted  bile salt, sodium 
deoxychola te  (NaDC), on ne t  solute b lood- to- lumen (b-l) 
t ransfer  in t he  uraemic  r-at. Increased  in tes t ina l  el imina-  
t ion of uraemic waste  p roduc t s  could be helpful  in the  
m a n a g e m e n t  of uraemia.  

Materials and methods. Male WC albino r a t s  (450 to  
600 g b o d y  weight)  Were b inephrec tomized  by  bi la teral  
lumbar  incision 36 h prior  to expe r imen t s  and  fas ted 
(with wa te r  allowed ad lib• The exper imen t s  were 

carried out  using in situ single loop p repara t ions  under  
l ight  e ther  anesthaesia .  A midl ine  incision was made  to  
locate the  small  intest ine.  A segment  of 35 cm of the  
p rox imal  smal l  in tes t ine  ( approx ima te ly  3 cm from the  
l igament  of Treitz) was carefully l igated a t  its two  ends. 
No major  blood vessels were occluded by  these  ties. 3 ml  of 
a p r e w a r m e d  mannitol-NaC1 solut ion in the  presence  or 
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Net transintestinal solute and water flow with control solution A (no NaDC) and with solution B containing 2 mM NaDC (mean 4- S.D.) 

Solution A B A B A B 
(control) (NaDC) (control) (NaDC) (control) (NaDC) 

No. of segments 7 6 6 8 6 6 

Time of exposition 10 min 10 min 15 min 15 rain 30 min 30 rain 

Sodium ([zEq/em) al.41 • 0.90 ~1.18 • 0.61 ~1.36 j_ 0.30 ~2.45 • 0.97 ~3.77 i 1.66 a4.15 4- 2.16 
(p = NS) (p < 0.05) (p = NS) 

Potassium ([xEq/em) ~0.31 • 0.07 ~0.38 4- 0.06 ~0.39 4- 0.04 ~0.52 4- 0.08 ~0.48 4- 0.09 ~0.58 4- 0.09 
(p = NS) (p < 0.01) (p = NS) 

Calcium ([zg/em) ~2.05 q- 0.87 ~2.74 4- 1.37 ~2.26 4- 1.44 ~2.36 • 1.04 ~2.75 4- 0.91 ~3.41 • 1.75 
(p = NS) (p = NS) (p = NS) 

Water ([zl/cm) b8.5 4- 9.1 ~11.1 4- 6.8 b8.2 • 2.6 b8.9 4- 4.8 ~8.8 4- 12.1 ~15.8 4- 10.3 
(p = NS) (p = NS) (p = NS) 

~net b-i transfer, bnet l-b transfer. 


