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Summary In myomet r ium f rom p r e g n a n t  r a t s ,  100 nM-TPA e l e v a t e d  r e s t i n g  t e n s i o n  
and i n i t i a l l y  s l i g h t l y  enhanced the  c o n t r a c t i o n  induced by 138 mM-KCI. A f t e r  
20 min t h i s  f o r c e  deve lopmen t  s i g n i f i c a n t l y  d e c l i n e d .  In s a p o n i n - t r e a t e d  
s k i n n e d  m y o m e t r i a l  c e l l s  f rom p r e g n a n t  r a t s ,  100 nM-TPA enhanced the  
c o n t r a c t i o n  induced by 0 . 3  p~-Ca 2+, bu t  reduced t h a t  induced by 1 p.M-Ca 2+. 
These f i n d i n g s  sugges t  t h a t  t he  e x c i t a t o r y  and i n h i b i t o r y  a c t i o n s  o f  TPA on 
t he  myomet r ium a re  p r o b a b l y  due to  i t s  a c t i o n  on the  c o n t r a c t i l e  p r o t e i n s .  In 
myomet r ium f rom n o n - p r e g n a n t  r a t s ,  TPA a f f e c t e d  n e i t h e r  t he  r e s t i n ~  t e n s i o n ,  
nor  t he  a m p l i t u d e  o f  the  evoked c o n t r a c t i o n s ,  nor  t he  Ca~+- induced 
c o n t r a c t i o n s  in s k i n n e d  myometr  ium. Wh i le  TPA o n l y  a f f e c t e d  t e n s i o n  
deve lopmen t  in p r e g n a n t  r a t s ,  bo th  1 mM-carbacho l  and 90 n M - o x y t o c i n  induced a 
t o n i c  c o n t r a c t i o n  in C a - f r e e  s o l u t i o n  i n d e p e n d e n t l y  o f  t he  hormonal  s t a t u s  o f  
t he  r a t s .  The l a t t e r  f i n d i n g  makes i t  u n l i k e l y  t h a t  a c t i v a t i o n  o f  p r o t e i n  
k i n a s e  C is i n v o l v e d  in the  a g o n i s t - i n d u c e d  t o n i c  f o r c e  deve lopmen t  in C a - f r e e  
SO I U t  i o n  • © 1989 Academic Press, Inc. 

In smooth musc les ,  as in many o t h e r  t i s s u e s ,  a g u a n i n e  n u c l e o t i d e - b i n d i n g  

p r o t e i n  is a c t i v a t e d  upon b i n d i n g  o f  a g o n i s t s  t o  t h e i r  r e c e p t o r s  ( 1 ) .  The 

a c t i v a t e d  g u a n i n e  n u c l e o t i d e - b i n d i n g  p r o t e i n s  enhances a l s o  in smooth musc le  

t he  a c t i v i t y  o f  a p o l y p h o s p h o i n o s i t i d e  p h o s p h o d i e s t e r a s e  ( 2 ) .  The subsequent  

h y d r o l y s i s  o f  i n o s i t o l - c o n t a i n i n g  p h o s p h o l i p i d s  g e n e r a t e s  d i a c y l g l y c e r o l  and 

i n o s i t o l  p h o s p h a t e s .  I t  rema ins  as ye t  unknown whe the r  the  a c t i v a t i o n  o f  

p r o t e i n  k i n a s e  C by d i a c y l g l y c e r o i  m o d i f i e s  the  t e n s i o n  o f  smooth musc le .  

The a n a l y s i s  o f  a g o n i s t - i n d u c e d  c o n t r a c t i o n s  in C a - f r e e  medium p r o v i d e s  

i n f o r m a t i o n  on c o n t r a c t i o n s ,  wh ich cannot  depend on C a 2 + - i n f l u x  t h r o u g h  Ca 2+-  

channels. The f o r c e  deve lopmen t  induced in some smooth musc les  by agonists 

a f t e r  a p r o l o n g e d  i n c u b a t i o n  in C a - f r e e  s o l u t i o n s  has been e x p l a i n e d  by a Ca- 

i ndependen t  mechanism ( 3 - 6 ) ,  as w e l l  as by a Ca-dependen t  one ( 7 , 8 ) .  

The a im o f  the  p r e s e n t  work was to  i n v e s t i g a t e  f u r t h e r  t he  a c t i o n  o f  12-  

o - t e t r a d e c a n o y l  p h o r b o l - 1 3 - a c e t a t e  (TPA),  an a c t i v a t o r  o f  p r o t e i n  k i n a s e  C, in 

myomet r ium and t o  f i n d  ou t  whe the r  i t  is i n v o l v e d  in the  g e n e r a t i o n  o f  the  

t e n s i o n  response  in C a - f r e e  s o l u t i o n s .  Because,  a t  l e a s t  in mouse mammary 

g l a n d ,  p r o t e i n  k i n a s e  C a c t i v i t y  is s t i m u l a t e d  by o e s t r o g e n s  ( 9 ) ,  we have 
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f u r t h e r m o r e  i n v e s t i g a t e d  whe the r  the  e f f e c t  o f  TPA on myomet r ium is a f f e c t e d  

by t he  o c c u r r e n c e  o f  p regnancy  in t he  a n i m a l s .  

M a t e r i a l s  and Methods 

A n i m a l s .  The l o n g i t u d i n a l  smoo th -musc le  l a y e r  was p r e p a r e d  f rom u t e r i  o f  
p r e g n a n t  and n o n - p r e g n a n t  r a t s  as d e s c r i b e d  p r e v i o u s l y  ( 1 0 ) .  
S o l u t i o n s .  The c o m p o s i t i o n  o f  t he  m o d i f i e d  K r e b s - s o l u t i o n  was as f o l l o w s :  
135 .5  mM-NaCI, 5 . 9  mM-KCI, 1 .5  mM-CaCI 2, 1 .2  mM-MgCI 2,  11 .5  mM-glucose and 
11 .6  mM-Hepes (pH 7 . 3 ) .  The s o l u t i o n  was bubb led  w i t h  02 . Changes o f  [K +] were 
compensated by e q u i v a l e n t  m o d i f i c a t i o n s  o f  [Na +]  in o r d e r  t o  m a i n t a i n  c o n s t a n t  
m o l a r l t y .  C a - f r e e  s o l u t i o n s  a lways  c o n t a i n e d  2 mM-EGTA. In s k i n n e d  musc les ,  
t he  f o l l o w i n g  r e l a x i n g  s o l u t i o n  was used:  114 mM-K-me thanesu lphona te  (KMs),  20 
mM-Tr is  m a l e a t e ,  5.1 mM-Mg(Ms) 2, 5 .2  mM-ATP and 4 mM-EGTA. V a r i o u s  Ca 2+- 
c o n c e n t r a t i o n s  were p r e p a r e d  by add ing  a p p r o p r i a t e  amounts o f  CaMs 2 t o  4 mM- 
EGTA. 
R e q o r d i n g  o f  mechan i ca l  a c t i v i t y .  Mechan i ca l  a c t i v i t y  o f  i n t a c t  and s k i n n e d  
smooth musc le  was measured by a t t a c h i n g  t he  musc le  s t r i p  ( 0 . 3  - 0 .5  mm in 
l e n g t h ,  0 .05  - 0 . 08  mm In w i d t h  and 0 .03  - 0 .05  mm in t h i c k n e s s )  t o  a s t r a i n -  
gauge (U -gauge ,  Minebea Co. L t d . ,  Tokyo ,  Japan)  in a chamber w i t h  0 . 9  ml 
c a p a c i t y .  The s o l u t i o n  was changed by p e r f u s i n g  t he  chamber f rom one end w i t h  
a s y r i n g e  and s u c k i n g  s i m u l t a n e o u s l y  f rom the  o t h e r  end.  To r u l e  ou t  a r t i f a c t s  
due t o  t he  sudden changes o f  t he  s o l u t i o n s ,  t he  r e c o v e r y  o f  t he  P o s i t i o n  o f  
t he  r e c o r d i n g  pen t o  t he  o r i g i n a l  l e v e l  was checked ,  and t he  p o s i t i o n  was 
e v e n t u a l l y  a d j u s t e d .  Sk inned  musc le  f i b r e s  were p r e p a r e d  by t r e a t i n g  t he  
s t r i p s  w i t h  30 #g /m l  o f  s a p o n i n  in r e l a x i n g  s o l u t i o n  f o r  20 min ( 1 1 ) .  The 
C a 2 + - i n d u c e d  c o n t r a c t i o n s  were measured a t  v a r i o u s  concentrat ions o f  f r e e  
Ca 2+,  u s i n g  EGTA-bu f fe r  s o l u t i o n s .  TPA was a p p l i e d  d u r i n g  t he  Ca2+- i nduced  
c o n t r a c t i o n s  a f t e r  t he  t e n s i o n  deve lopmen t  reached  a c o n s t a n t  v a l u e .  
Drugs.  Chemica l s  used were o x y t o c i n  and 1 2 - o - t e t r a d e c a n o y l p h o r b o l - 1 3 - a c e t a t e  
(TPA) (Sigma Chem. Co . ,  S t .  L o u i s ,  U . S . A . ) ,  s a p o n i n  (ICN Pharmac. I n c . ,  
C l e v e l a n d ,  OH, U . S . A . ) ,  c a r b a c h o l  (BDH Chemica ls  L t d .  P o o l e ,  Eng land )  and ATP 
( B o e h r i n g e r ,  Mannheim, Germany) .  

R e s u l t s  

E f f e c t  o f  TPA on i n t a c t  m y o m e t r i a l  s t r i p s .  

Smooth -musc le  s t r i p s  f rom myomet r ium o f  n o n - p r e g n a n t  and p r e g n a n t  r a t s  were 

i n c u b a t e d  in a m o d i f i e d  K r e b s - s o l u t i o n ,  in wh ich  t he  K + - c o n c e n t r a t i o n  was 

i n c r e a s e d  f o r  3 min f rom 5 . 9  mM to  138 mM. Thereupon the  f i b r e s  were a g a i n  

exposed  f o r  7 min t o  a s o l u t i o n  c o n t a i n i n g  5 . 9  mM-K +. T h i s  procedure was 

r e p e a t e d  many t i m e s .  The e f f e c t s  o f  100 nM-TPA on the  r e s t i n g  t e n s i o n  and on 

t he  a m p l i t u d e  o f  c o n t r a c t i o n s  evoked by 138 mM-K +, a re  r e p r e s e n t e d  in F i g  1. 

TPA does no t  a f f e c t  t h e  r e s t i n g  t e n s i o n  in myomet r ium f rom n o n - p r e g n a n t  r a t s ,  

nor  t he  a m p l i t u d e  o f  t he  evoked c o n t r a c t i o n s .  In c o n t r a s t ,  100 nM-TPA 

g r a d u a l l y  e l e v a t e s  r e s t i n g  t one  in myomet r ium f rom p r e g n a n t  r a t s .  The 

c o n t r a c t i o n s  induced by KCI were i n i t i a l l y  s l i g h t l y  enhanced ,  bu t  l a t e r  on 

t h e y  were a p p r e c i a b l y  i n h i b i t e d .  

E f f e c t  o f  TPA on c o n t r a c t  I~ p r o t e i n s  in s k i n n e d  m y o m e t r i a l  f i b r e s .  

The minimum C a 2 + - c o n c e n t r a t i o n  r e q u i r e d  t o  induce c o n t r a c t i o n  in  s k i n n e d  

m y o m e t r i a l  f i b r e s  f rom p r e g n a n t  r a t s  was 0 . 3  #M, and a maximal  f o r c e  was 
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F ig .  1. E f f ec t  of  100 nM-TPA on r e s t i n g  tens ion  ( A , • )  and on the ampl i tude of 
c o n t r a c t i o n s  e l i c i t e d  by a s o l u t i o n  c o n t a i n i n g  138 mM-K + ( O , • )  In myometrlum 
from pregnant ( • , • )  and non-pregnant ( ~ , O )  r a t s .  The maximum ampl i tude of  
these c o n t r a c t i o n s  Is normal ized to tha t  Induced by 138 mM-K + In the absence 
of  TPA, and is g iven  on the o r d i n a t e .  100 nM-TPA was a p p l i e d  at t ime 0, and 
the t ime ( In  mln) a f t e r  adding TPA Is represented on the absc issa .  The values 
represent  the mean of  5 de te rm ina t i ons .  

F ig .  2. E f fec t  o f  100 nM-TPA on the c o n t r a c t i o n s  induced in sapon ln -sk lnned 
m--y-ometrium from pregnant ra t s  by 0.3 /zM-Ca 2+- ( • , ~ )  and 1 /~M-Ca 2+ ( • , O ) .  • 
and • represent  the ampl i tude  of  the c o n t r a c t i o n s ,  as a f u n c t i o n  of  t ime 
a f t e r  adding 100 nM-TPA. TPA was added a f t e r  the Ca2+-Induced c o n t r a c t i o n  had 
reached a s t e a d y - s t a t e  l e v e l .  A and O represent  the amp l i tude  of  the 
c o n t r a c t i o n s  as a f unc t i on  of  t ime In the absence o f  TPA. The ampl i tude  o f  the 
Ca2+-Induced c o n t r a c t i o n s  is represented on the o r d i n a t e  r e l a t i v e  to the 
ampl i tude o f  the con t rac t i om induced in i n t ac t  muscle by a s o l u t i o n  c o n t a i n i n g  
138 mM-K + and 1.5 mM-Ca 2+ (n=5).  The t ime a f t e r  a d d l t i o n  o f  TPA (mln) Is 
represented  on the absc issa .  

o b s e r v e d  a t  10 /J~l. F i g  2 i l l u s t r a t e s  t h e  e f f e c t  o f  TPA on t h e s e  C a 2 + - i n d u c s d  

c o n t r a c t i o n s  a t  0 . 3  /~M- and a t  1 /~M-Ca 2+ in m y o m e t r i a l  s t r i p s  f rom p r e g n a n t  

r a t s .  0 . 3  /~vl- o r  1 #M-Ca 2+ a p p l i e d  t o  s k i n n e d  f i b r e s  evoked  c o n t r a c t i o n s  o f  

a l m o s t  c o n s t a n t  a m p l i t u d e  f o r  o v e r  30 m in .  A d d i t i o n  o f  TPA a f t e r  t he  

c o n t r a c t i o n  had reached  a s t e a d y  s t a t e  s l i g h t l y  enhanced  t h e  c o n t r a c t i o n  

Induced by 0 . 3  /~vI-Ca 2+. However ,  in t he  p r e s e n c e  o f  1 /~vI-Ca 2+,  t h e  a m p l i t u d e  

o f  t h e  C a 2 + - I n d u c e d  c o n t r a c t i o n  was f i r s t  t r a n s i e n t l y  e l e v a t e d  by TPA and then  

g r a d u a l l y  r e d u c e d .  In c o n t r a s t ,  TPA d i d  no t  e x e r t  an e f f e c t  on s k i n n e d  f i b r e s  

f rom n o n - p r e g n a n t  a n i m a l s  t h a t  were c o n t r a c t i n g  by 0 . 3  pJvl- o r  1 /J~l-Ca 2+. 

T o n i c  f o r c e  d e v e l o p m e n t  in m y o m e t r i a l  s t r i D $  f rom o r e a n a n t  and n o n - o r e a n a n t  

r a t s  i nduced  by c a r b a c h o l  and o x y t o c i n  in C a - f r e e  s o l u t i o n .  

The r a t e  o f  f o r c e  d e v e l o p m e n t  and the  d u r a t i o n  o f  t he  c o n t r a c t i o n  

d e t e r m i n e  w h e t h e r  a c o n t r a c t i o n  in C a - f r e e  s o l u t i o n  i s  c o n s i d e r e d  as p h a s i c  or  

t o n i c .  W h i l e  p h a s i c  c o n t r a c t i o n s  in C a - f r e e  medium a r e  c h a r a c t e r i s e d  by a v e r y  

r a p i d  r i s e  o f  t e n s i o n  d e v e l o p m e n t ,  f o l l o w e d  by a r a p i d  r e l a x a t i o n ,  t he  t o n i c  

f o r c e  d e v e l o p m e n t  r eached  i t s  maximum o n l y  a f t e r  172 ± 10 sec  (n=4)  and the  

a m p l i t u d e  rema ined  c o n s t a n t  as long as e i t h e r  c a r b a c h o l  o r  o x y t o c i n  were 
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p r e s e n t .  I t  was o b s e r v e d  t h a t  bo th  a g o n i s t s  induced a t o n i c  c o n t r a c t i o n  in 

t i s s u e s  f rom p r e g n a n t  and n o n - p r e g n a n t  r a t s  exposed  t o  C a - f r e e  s o l u t i o n .  

Discussion 

TPA i n c r e a s e s  r e s t i n g  t e n s i o n  in myomet r ium f rom p r e g n a n t  r a t s .  Such 

i n c r e a s e  by P h o r b o l e s t e r s  has been r e p o r t e d  in many v a s c u l a r  t i s s u e s  ( 1 2 - 2 1 ) ,  

in c a l f  t r a c h e a  (22)  and in r a b b i t  i r i s  ( 2 3 ) .  In c o n t r a s t ,  no e f f e c t  on 

r e s t i n g  t e n s i o n  c o u l d  be o b s e r v e d  in r a t  t a i l  a r t e r y  ( 2 4 ) ,  g u i n e a  p i g  i leum 

and vas d e f e r e n s  ( 1 4 ) .  The absence o f  an e f f e c t  on r e s t i n g  t e n s i o n  in 

myomet r ium f rom n o n - p r e g n a n t  r a t s  in t h i s  s t u d y  has a l s o  been r e p o r t e d  by 

Baraban  e t  a l .  ( 1 4 ) .  K C I - i n d u c e d  c o n t r a c t i o n s  a re  r e p o r t e d  t o  be i n c r e a s e d  by 

TPA in g u i n e a  p i g  t r a c h e a  and i l eum (25 )  and in r a t  vas d e f e r e n s  ( 1 4 ) ,  bu t  no t  

in myomet r ium f rom n o n - p r e g n a n t  r a t s  (14 ,  t h i s  s t u d y ) .  An i n c r e a s e  o f  t he  

c o n t r a c t i o n s  e l i c i t e d  by K - r i c h  s o l u t i o n s  and t he  subsequen t  dec rease  o f  t h i s  

a m p l i t u d e  wh ich  is o b s e r v e d  in myomet r ium f rom p r e g n a n t  r a t s  in t h i s  s t u d y ,  

has a l r e a d y  been d e s c r i b e d  in r a b b i t  m e s e n t e r i c  a r t e r y  ( 1 5 ) .  

Our o b s e r v a t i o n  t h a t  TPA e x e r t s  s i m i l a r  e f f e c t s  in i n t a c t  t i s s u e s  and 

s k i n n e d  myomet r ium sugges t s  t h a t  i t s  a c t i o n  in i n t a c t  c e l l s  is  m a i n l y  due to  

i t s  e f f e c t  on t he  c o n t r a c t i l e  p r o t e i n s .  R e c e n t l y ,  e v i d e n c e  has been b r o u g h t  

f o r w a r d  t h a t  t he  p r o t e i n  k i n a s e  C - i nduced  p h o s p h o r y l a t i o n  o f  myos in  l i g h t  

c h a i n s  may p l a y  an i n h i b i t o r y  r o l e  in the  c o n t r a c t i o n  o f  v a s c u l a r  smooth 

musc le  ( 2 6 ) .  However the  mechanism o f  the  enhancement  o f  basa l  t e n s i o n  in 

i n t a c t  s t r i p s  and o f  t he  c o n t r a c t i o n s  induced by 0 . 3  /~d-Ca 2+ in s k i n n e d  

f i b r e s  is  s t i l l  unknown. 

An i m p o r t a n t  c o n c l u s i o n  in t h i s  work  is  t h a t  TPA o n l y  a f f e c t e d  t e n s i o n  

d e v e l o p m e n t  in myomet r ium f rom p r e g n a n t  r a t s  and no t  in t h a t  o f  n o n - p r e g n a n t  

a n i m a l s .  I t  c o u l d  be p roposed  t h a t  p regnancy  i n c r e a s e s  d r a m a t i c a l l y  e i t h e r  the  

c o n c e n t r a t i o n  o f  p r o t e i n  k i n a s e  C, o r  t h a t  o f  i t s  t a r g e t  m o l e c u l e s .  Whether 

t h i s  is  a consequence o f  s t r e t c h i n g  the  myomet r ium,  o r  o f  t he  chang ing  

hormonal  e n v i r o n m e n t  has t o  be c l a r i f i e d .  I t  is  i n t e r e s t i n g  t o  n o t e  t h a t  

o e s t r o g e n s  a r e  r e p o r t e d  t o  s t i m u l a t e  p r o t e i n  k i n a s e  C a c t i v i t y  in mouse 

mammary g l a n d  ( 9 ) .  

A t o n i c  c o n t r a c t i o n  in smooth musc le  exposed  t o  C a - f r e e  medium can be 

e s t a b l i s h e d  under  t he  two hormonal  c o n d i t i o n s ,  as w e l l  w i t h  o x y t o c i n  as w i t h  

c a r b a c h o l .  Such a t o n i c  f o r c e  deve lopmen t  o f  m y o m e t r i a l  s t r i p s  induced by 

o x y t o c l n  ( 4 , 2 7 ) ,  PGE 1 ( 2 8 ) ,  a c e t y l c h o l i n e  and PGF2~ (7 )  has a l r e a d y  been 

d e s c r i b e d  bu t  the  mechanism r e s p o n s i b l e  f o r  them is  as y e t  unknown.  I t  is  

u n l i k e l y  t h a t  t he  p r o t e i n  k i n a s e  C pa thway  is i n v o l v e d  in t hese  t o n i c  

c o n t r a c t i o n s  In C a - f r e e  s o l u t i o n s ,  because in myomet r ium f rom n o n - p r e g n a n t  

r a t s ,  TPA does no t  a f f e c t  t e n s i o n  d e v e l o p m e n t ,  w h i l e  o x y t o c i n  and c a r b a c h o l  do 

induce a t o n i c  c o n t r a c t i o n  in C a - f r e e  s o l u t i o n .  

We can c o n c l u d e  t h a t  p regnancy  makes t he  myomet r ium s e n s i t i v e  t o  TPA. The 

a c t i o n  o f  TPA on i n t a c t  s t r i p s  can be e x p l a i n e d  by i t s  e f f e c t  on the  
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c o n t r a c t i l e  f i l a m e n t s .  A c t i v a t i o n  of  p r o t e i n  k inase C is not invo lved in the 

agon i s t - i nduced  t o n i c  fo rce  development in Ca- f ree s o l u t i o n .  

Acknowledgement 

This work was suppor ted by the FGWO, Belgium. J.E. is research a s s i s t a n t  of  

the NFWO, Belgium. 

References 

1. Kanaide,H. ,  Matsumoto,T. & Nakamura,M (1986) Biochem. Biophys. Res. Com- 
mun. 140, 195-203 

2. S m i t h , J . B . ,  Sm i t h ,L . ,  Brown,E.R.,  Barnes,D. ,  Sab i r ,M .A . ,  Dav is ,J .S .  & 
Farese,R.V. (1984) Proc. Na t l .  Acad. Sc i .  U.S.A. 81, 7812-7816 

3. Cas tee l s ,R . ,  Raeymaekers,L. & Suzugi,H. (1981) J. Phys io l .  (Lond.)  313, 
33P-34P 

4. A s h o o r i , F . ,  Taka i ,A .  & Tomi ta ,T.  (1985) B r i t .  J. Pharmacol. 84, 175-183 
5. Osa,T & Maruta,K. (1987) Jap. J. Phys io l .  37, 515-531 
6. F i l l i p o n i , K . ,  Golenhofen,K. ,  H o f s t e t t e r , V . ,  Hohnsbe in ,J . ,  Lammel.E. & Lu- 

kanow,J. (1987) J. Phys io l .  (Lond.)  393, 375-397 
7. Mi ronneau,C. ,  Mironneau,J.  & Savineau,J.  (1984) B r i t .  J. Pharmacol. 82, 

735-743 
8. Ashoor i ,F .  & Tomi ta ,T.  (1983) J. Phys io l .  (Lond.)  338, 165-178 
9. Ho l laday,C.  & Bo lander ,F .  (1986) Proc. Soc. Exp. B i o l .  Med. 183, 343-347 

10. M i s s i a e n , L . ,  Wuytack,F. & Castee ls ,R.  (1988) Biochem. J. 250, 571-577 
11. I t o h , T . ,  Kuriyama,H. & Suzuki,H. (1981) J. Physio l  (Lond. )  321, 513-535 
12. Dan thu lu r i ,N .R .  & Deth,R.C. (1984) Biochem. Biophys. Res. Commun. 125, 

1103-1109 
13. Rasmussen,H. ,  F o r d e r , J . ,  K o j i m a , I .  & S c r i b i n e , A .  (1984) 8iochem. Biophys. 

Res. Commun. 122, 776-784 
14. Baraban, J . ,  Gould ,R. ,  Perutka,S.  & Snyder,S. (1985) Proc. Na t l .  Acad. 

Sc i .  U.S.A. 82, 604-607 
15. I t o h , T . ,  Kanmura,Y., Kuriyama,Y. & Sumimoto,K. (1986) J. Phys io l .  (Lond.)  

375, 515-534 
16. Cha t te r j ee ,M.  & Tejada,  M. (1986) Am. J. Phys io l .  C356-C361 
17. M i l l e r , J . ,  Hawkins,D. & We l l s , J .  (1986) J. Pharmacol. Exp. Ther. 239, 38- 

42 
18. Gleason,M. & F la im,S.  (1986) Bioch. Biophys. Res. Commun. 138, 1362-1369 
19. I toh ,H.  & Leder i s ,K .  (1987) Am. J. Phys io l .  252, C244-C247 
20. Sawamura,M., Kobayash i ,Y . ,Nara ,Y ,  H a t t o r i , K .  & Yamor i ,Y.  (1987) Biochem. 

Biophys. Res. Commun. 145, 494-501 
21. Ch iu ,A . ,  B o z a r t h , J . ,  Forsythe,M. & Timmermans,P. (1987) J. Pharmacol. Exp. 

Ther. 242, 934-939 
22. Park,S.  & Rasmussen,H. (1985) Proc. Na t l .  Acad. Sc i .  U.S.A. 82, 8835-8839 
23. Howe,P., Akh ta r ,R . ,  Nader i ,S .  & A b d e I - L a t i f , A .  (1986) J. Pharmacol. Exper. 

Ther. 239, 574-583 
24. Wei,X & T r i g g l e , D .  (1986) Can. J. Phys io l .  Pharmacol. 64, 1489-1496 
25. Menkes,H., Baraban,J.  & Snyder,S. (1986) Eur. J. Pharmacol. 122, 19-27 
26. Inagak i ,M. ,  Yokokura,H. ,  I t o h , T . ,  Kanmura,Y., Kuriyama,H. & Hidaka,H. 

(1987) Arch. Biochem. Biophys. 254, 136-141 
27. Saka i ,K . ,  Yamaguchi,T. & Uchida,M. (1981) Arch. I n t .  Pharmacodyn. Ther. 

250, 40-54 
28. Anse lm i ,E . ,  D'Ocon,P. & V i l l a r , A .  (1987) P ros tag land ins  34, 351-358 

306 


