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L ' i n d o m 6 t h a c i n e  s e m b l e r a i t  agir  p a r  a n t a g o n i s m e  
direct .  El le  se c o m p o r t e r a i t  a ins i  Comme d ' a u t r e s  an t i -  
i n f l ammato i res ,  les f6namates ,  l ' a sp i r ine  e t  la ph6ny l -  
b u t a z o n e  qui  i n h i b e n t  Fac t ion  de la PGF2~ sur  les b ronches  
h u m a i n e s  in  v i t ro  12. 

C o m m e  l ' i n d o m 6 t h a c i n e  n ' i n h i b e  que  l ' h y p o t e n s i o n  
ar t6r iel le  t a r d i v e  sans  modi f ie r  l ' h y p e r t e n s i o n  qui  la 
pr6c6de, on  se ra i t  co ndu i t  k a d m e t t r e  que  la PGF2~ se 
fixe chez le R a t  sur  deux  types  de r6cepteurs  vascula i res  
au  moins :  les p remie r s  qui  son t  i n i t i a l e m e n t  les plus  
actifs,  c o m m a n d a n t  la vasocons t r i c t ion .  Leu r  ac t ion  est  
labi le  et  sensible  a u x  processus  de t a c h y p h y l a x i e .  Les 
seconds son t  responsables  de la va sod i l a t a t i on .  Ils s e r a i en t  
diff~rents  des r6cepteurs  ~ la P G E  2 pu i sque  l ' a c t i on  h y p o -  
t ens ive  de ce t te  derni&re n ' e s t  pas  modif i6e p a r  l ' i ndo-  
m6thac ine .  Toutefois  J o ~ E s  1~ es t ime  q u ' u n  seul t y p e  de 
r6cep teurs  vascula i res  se ra i t  r e sponsab le  de la vasod i l a t a -  
t i o n  indu i t e  p a r  les P G  : il se ra i t  ac t iv6  p r i n c i p a l e m e n t  p a r  
la P G E  v Aussi,  une  a u t r e  6ven tua l i t 6  res te  5~ d i scu te r :  
l ' h y p o t e n s i o n  d @ e n d r a i t  de la conve r s ion  de la P G F ~  
en  P G E  2 ou en  u n  au t r e  f ac t eu r  h y p o t e n s e u r .  Cer ta ins  
t i ssus  du  R a t  possgden t  une  9 oxo- r6duc tase  qui  ca ta lyse  
la t r a n s f o r m a t i o n  de P G E  2 en  P G F ~  e t vice ve r sa  1~, 16. 
L ' a n t a g o n i s m e  exerc6 p a r  l ' i n d o m 6 t h a c i n e  r6s idera i t  

alors dans  le b locage de ce t t e  6 tape  m~tabol ique ,  l ' an t i -  
i n f l a m m a t o i r e  i n t e r f 6 r a n t  avec  p lus ieurs  enzymes  qu i  
i n t e r v i e n n e n t  darts la syn th~se  et  le m6 tabo l i sme  des 
pG16,1~ d o n t  la 9 oxo-r6ductase .  

Cet te  e n z y m e  se ra i t  ac t iv6e p r o g r e s s i v e m e n t  p a r  la 
PGF2= t o u t  c o m m e  p a r  les P G  d6riv6es de l ' ac ide  ara-  
ch idon ique  ou encore  pa r  celles mises en c i rcu la t ion  p a r  la  
b r a d y k i n i n e  16; celle-ci, de plus,  ac t ive  une  9 oxo- r6duc tase  
isol6e ~ p a r t i r  d ' a r t~ res  m6sen t6r iques  de Bceuf 16. Carte  
dern igre  i n t e r p r 6 t a t i o n :  la convers ion  de la PGF2~ en  
P G E  2 nous  p a r a l t  s ' inscr i re  le m i e u x  dans  la b ioch imie  e t  
la pha rmaco log ie  des PG.  

12 H. O. J. COLLIER et W. J. F. SWEET,AN, Nature, Lond. 219, 864 
(1968). 

1~ R. L. JogES, Br. J. Pharmac. 53, 464 P (1975). 
1~ C. A. LESLIE et L. LEVlNE, Biochem. biophys. Res. Commun. 52, 

717 (1973). 
15 C. N. HENSBY, Br. J. Pharmac. 52, 109 P (1974). 
is D. J. CRUTCHLE'Z et p. J. PIPER, Arch. Pharmac. 279, suppl. 27 

(1973). 
17 C. PAcE-ASClAtC et S. COLE, Experientia 31, 143 (1975). 
IS j .  DAMAS et C. DEBY, C. r. Soc. Biol., Paris 168, 375 (1974). 
19 p. y.  K. WONG, N. A. TERRAGNO, A. TERRAGNO et J. C. McGIFF, 

Physiologist 18, 455 (1975). 

O u a b a i n - I n d u c e d  R e l e a s e  of E x t r a n e u r o n a l  C a t e c h o l a m i n e  in the  I so la ted  G u i n e a - P i g  Vas  Deferens  

T. KATSURAGI and  T. SUZUKI 

Department o/Applied Physiology, Tohoku University School o~ Medicine, Seiryo-cho 2-1, Sendai 980 (Japan), 
4 December 7975. 

Summary. I t  was  found  t h a t  o u a b a i n  (10 -5 M) was effect ive  in re leas ing t he  e x t r a n e u r o n a l  ca t echo lamine  wh ich  was 
t a k e n  up  b y  u p t a k %  process  ill t h e  guinea-p ig  vas  deferens.  This  resu l t  shows t h a t  a N a - K  A T P a s e  is essent ia l  for t he  
s torage  of c a t e c h o l a m i n e  in t he  e x t r a n e u r o n a l  site. 

IVt~RSEN 1 or ig ina l ly  descr ibed  t he  ex is tence  of two 
m e c h a n i s m s  of u p t a k e  of c a t echo l amine  in t he  i so la ted  
per fused  r a t  h e a r t ;  u p t a k e  1 (neurona l  up take )  and  up-  
t a k  % ( e x t r a n e u r o n a l  up take ) .  U p t a k %  appea red  in 
severa l  aspec ts  to  differ  f rom u p t a k e  v I n  c o n t r a s t  to  up-  
t a k e  1, u p t a k e  2 was usua l ly  inope rab le  a t  t he  low per fus ion  
c o n c e n t r a t i o n  of ca t echo lamine ,  a n d  t h e  c a t e c h o l a m i n e  
t a k e n  up  b y  u p t a k %  process  was  w a s h e d  ou t  t ime-  
d e p e n d e n t l y  if t h e  per fus ion  w a s  c o n t i n u e d  w i t h  ca te-  
cho lamine- f ree  m e d i u m  I-3. Recen t ly ,  i t  was  found  t h a t  
m e t a n e p h r i n e  1, c lonidine  4 a n d  var ious  s teroids ,  inc lud ing  
deoxycor t i cos t e rone  (DOC) 6 a n d  cholesterol% were ef- 
fec t ive  to  i n h i b i t  se lec t ive ly  t h e  u p t a k %  in t h e  per fused  
r a t  hea r t .  However ,  t he  physiological  s ignif icance of t h i s  
n p t a k %  a n d  i ts  release processes are st i l l  obscure.  W e  
h a v e  sugges ted  in t h e  p reced ing  p a p e r  ~ t h a t  ouaba in ,  a 
t yp i ca l  i n h i b i t o r  of N a - K  ATPase ,  m i g h t  fac i l i ta te  t he  
release of e a t e c h o l a m i n e  f rom t h e  n e u r o n a l  s i te  in  t he  
gu inea-p ig  vas  deferens.  T he  purpose  of t h e  p re sen t  s t u d y  
h a s  been  to  d e t e r m i n e  w h e t h e r  o u a b a i n  is effect ive in 
f ac i l i t a t i ng  t h e  release of c a t e c h o l a m i n e  in e x t r a n e u r o n a l  
s i te  s to red  b y  u p t a k %  process  in  t he  i so la ted  gu inea-p ig  
vas  deferens.  

Materials and methods. Male guinea-pigs  weigh ing  
300-500 g were used.  A piece of va s  deferens  was dis- 
sected a n d  suspended  in a b a t h  c o n t a i n i n g  Tyrode  solu-  
t i on  (32~ The  c o n t r a c t i o n  was recorded  i somet r i ca l ly  
on  a n  i n k w r i t i n g  p o l y g r a p h  t h r o u g h  a fo rce -d i sp lacement  
t r a n s d u c e r  (Grass FT-03).  

Results and discussion. The  isola ted muscle  s t r ips  were 
i m m e r s e d  in Tyrode  so lu t ion  c o n t a i n i n g  Dx-epinephr ine  
or DL-norepinephr ine  a t  t h e  c o n c e n t r a t i o n  of 10 -6 to  
10-4 M 1, 8-10 to al low the  a c c u m u l a t i o n  of c a t e c h o l a m i n e  
b y  u p t a k e  2 process. 15 m i n  a f t e r  6 t h e y  were w a s h e d  ou t  
twice  w i t h  amine- f ree  m e d i u m  to  o b t a i n  t h e  comple te  
r ecovery  of r e s t ing  muscle  t one  a n d  t h e n  exposed  to  
o u a b a i n  (10 -6 M) .  As shown  in F igu re  1A, o u a b a i n  
induced  2 s teps  of c o n t r a c t i o n ;  t he  r ap id  phase  con t r ac -  
t ion  and  t he  la te  phase  con t r ac t i on .  The  rap id  phase  
c o n t r a c t i o n  s t a r t s  i m m e d i a t e l y  a f t e r  exposure  to  ouaba in ,  
a t t a i n s  t he  peak  level  w i t h i n  3 m i n  and  t h e n  r e t u r n s  to  
t he  r e s t ing  level.  A b o u t  10 m i n  later ,  t h e  la te  phase  con-  
t r a c t i o n  developed,  increased  a n d  r eached  t h e  p e a k  level  
a f t e r  a r o u n d  25 rain.  W h e n  t he  muscle  s t r ip  was i m m e r s e d  
in so lu t ion  c o n t a i n i n g  ep inephr ine  r a t h e r  t h a n  norepi -  
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Fig. 1. Comparison of contrac t i le  pa t t e rn  in- 
duced by  ouaba in  (10 -s  M) in the prepara t ions  
of guinea-pig vas  deferens p re t rea ted  wi th  (A) 
and wi thou t  (B) epinephrine.  Prepara t ion  (A) 
was exposed to epinephrine  (3 • 10 -6 M) for 
15 rain, washed  out  w i th  amine-free med ium 
and then, 3 Inin later,  immersed  in the solut ion 
conta in ing ouabain.  Concentra t ion of phento-  
lamine is 10 _5 M. Note the de layed in i t i a t ion  
of la te  phase  cont rac t ion  in the p repara t ion  
(A) in compar ison to the p repara t ion  (B). 

Effect  of drugs to the  m a x i m u m  tension of the rap id  cont rac t ion  
induced  by  ouaba in  

Expe r imen ta l  procedures Ouabain  (10 -5 M)- induced  
contract i le  tension (g) a 

Ep inephr ine  (3 • 10 -5 M), washout  1.77 ~ 0.13 
Metanephr ine  (3 • 10 -5 M) ~ 

epinephrine,  washout  0.82 4- 0.07 
DOC (3 • 10 -5 M) ~ epinephrine,  washout  0.43 ~- 0.17 
Oxyte t racyc l ine  (10 -~ M) o 

epinephrine,  washou t  2.11 • 0.23 
Epinephr ine ,  washout ,  

phen to lamine  (10 -5 M) b 0.14 -4- 0.03 
Epinephr ine ,  washout ,  b re ty l ium 

(7 • 10 -~ M) b 1.87 • 0.14 

(p < 0.01) o 
(# < 0.001) 

(p < 0.01) o 

(p < 0.001)" 

(N.S.) 

Ouabain  was added into the b a t h  10 rain after  washout  wi th  amine- 
free medium,  b Phento lamine  and b re ty l ium were added immedia t e ly  
after  washout ,  o Inh ib i to r  of up tak% was used at  adequa te  concentra-  
t ion wi thou t  influence on a contrac t i le  response of 10 -~ M epineph- 
r ine and in t roduced  into the b a t h  5 rain pr ior  to the addi t ion  of 
epinephrine ,  aValues are g iven as mean  =t= SE of a t  least  6 prepara-  
t ions. ~ E a c h  response differs s igni f icant ly  from the control  response. 
N.S. means  not  s ignif icant .  
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Fig. 2. Rap id  phase  cont rac t ions  induced by  ouaba in  after  exposure 
to var ious  concent ra t ions  of epinephr ine  and norepinephr ine  for 
15 rain. Ouabain  (10 -5 M) was added into the b a t h  3 rain after  
washou t  of the p repara t ion  wi th  amine-free medium.  Vert ical  bars 
ind ica te  s t anda rd  errors. E a c h  point  is the mean  of 6 preparat ions .  

nephrine, a higher responsiveness of ouabain in the rapid 
phase was taken out (Figure 2). Moreover, ephlephrine 
taken up by uptake 2 process was more resistant than 
norepinephrine to washing out with amine-free medium. 
These facts are similar to the results reported by IVER- 
SEN i in the rat perfused heart. In the muscle strip which 
was not previously immersed in solution containing 
catecholamine, the late phase contraction alone was 
induced by ouabain (Figure 1 ]3). The late phase contrac- 
tion was markedly inhibited by phentolamine' (10 -5 M), 
bretylium (7 X 10 -5 M) and reserpine (ist day 2 mg/kg, 
2nd and 3rd day 1 mg/kg, i.p.; p < 0.001 in all cases), 
but not by atropine or methysergide. These facts sug- 
gest that the late phase contraction results from the 
enhancement of the catecholamine-release from the 
neuronal site by ouabain I~ On the other hand, the 
rapid phase contraction was scarcely effected by brety- 
lium or reserpine, but was significantly prevented by 
pretreatment with DL-metanephrine (up to 3 X 10 -5 M) 
or DOC (3 • 10 -5 M dissolved in 0.5% ethanol), the 
specific inhibitors of uptake 2. Phentolamine, which was 
very effective in inhibiting the late phase (Figure I), was 
the strong inhibitor to the rapid phase, too. Powls 12 has 
stated that oxytetracycline prevented the uptake of 
catecholamine to collagen and elastic tissue. In this 
experiment, however, ouabain-induced rapid contraction 
was not prevented, but rather enhanced by oxytetra- 
cycline. These results were summarized in the Table. 

The present findings provide evidence that a certain 
activity of Na-K ATPase is essential for the storage of 
catecholamine in extralleuronal site taken up by up- 
take 2 process and that the rapid phase contraction is due 
largely to the catecholamine released from the extra- 
neuronal site by the ATPase-inhibition of ouabain. 
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