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Calc ium and the contract i le  response  to pros tag landin  in the s m o o t h  m u s c l e  of g u i n e a - p i g  s t o m a c h  
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Summary. I n  the  l o ng i t ud i na l  s m o o t h  muscle  of guinea-p ig  s tomach ,  v e r a p a m i l  (10 -~ M) w h i c h  showed m a r k e d  sup-  
press ion  of h igh  K- induced  con t r ac tu re s ,  d id  n o t  suppress  t he  Contract i le  response  to  P G E ~  (1.5 X 10 -5 to  10 -5 M) 
marked ly .  These  resu l t s  sugges t  t h a t  t he  con t rac t i l e  m e c h a n i s m  of P G E ~  in guinea-p ig  s t o m a c h  m a y  m a i n l y  depend  
on  a release of b o u n d  Ca in t he  cell a n d  p a r t l y  depend  on  a Ca inf lux f rom t h e  ex t race l lu la r  origin.  

Introduction. i n  s m o o t h  muscle,  t h e  Calc ium (Ca) wh ich  
resu l t s  f rom ex t race l lu la r  a n d / o r  i n t r ace l lu l a r  origin(s) is 
necessa ry  for t he  con t r ac t i l e  process  ~-3. P r o s t a g l a n d i n  
(PG) p roduced  c o n t r a c t i o n  of t he  i so la ted  l ong i tud ina l  
s m o o t h  muscle  of ga s t r o i n t e s t i ne  4, a n d  i t  h a s  been  con-  
s idered t h a t  th i s  s t i m u l a t i n g  ac t ion  m i g h t  d e p e n d  on  an  
increase  of Ca ion p e r m e a b i l i t y  t h r o u g h  t he  muscle  
m e m b r a n e  5. 
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Fig. 1. Effect of verapamil on Ca contracture in longitudinal smooth 
muscle of guinea-pig stomach. O--O, control; x -  x ,  verapamil 
2x10 -8 M; A--A, verapamil 10 -~ M. Ca contraeture at Ca 2 mM 
was taken as 100%. Each point is the mean of 5 experiments and 
vertical bar is 4- S. E. of mean. 
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Fig. 2. Effect of verapamil on the contractile responses to PGE x 
(1.5 x 10 -7 M), hypertonic K (Hyper K) and isotonic K (Iso K) in 
longitudinal smooth muscle of guinea-pig stomach. A control, B 
verapamil 10 -a M, C verapamil 10 -~ M. 

Golenhofen  a n d  W e g n e r  5, however ,  r epo r t ed  t h a t  t he re  
ex is ted  2 d i f fe ren t  Ca a c t i v a t i o n  m e c h a n i s m s  in s m o o t h  
muscle  of gu inea-p ig  s tomach ,  one of which  was  b locked  
b y  t r e a t m e n t  w i t h  Ca a n t a g o n i s t s  (e.g. v e r a p a m i l  a n d  
i ts  m e t h o x y  der iva t ive) .  These  a n t a g o n i s t s  h a v e  been  
r epo r t ed  to  b lock  spike d i scharge  a n d  h i g h  K- induced  
c o n t r a c t u r e  in  s m o o t h  muscle  ~, s. 
The  p r e sen t  s t u d y  was car r ied  o u t  to  c lar i fy  t h e  origin of 
Ca on  t he  con t r ac t i l e  response  to P G E  1 b y  t r e a t m e n t  w i t h  
v e r a p a m i l  in  l ong i t ud ina l  s m o o t h  muscle  of gu ineapig  
s tomach .  
Methods. Guinea-p igs  of 300-600 g we igh t  were  killed b y  
a b low on t he  h e a d  a n d  bled.  The  s t o m a c h  was  r e m o v e d  
a n d  a muscle  s t r ip  (20 m m  l e n g t h  a n d  2 m m  wid th)  was  
cu t  para l le l  to  t he  l ong i tud ina l  muscle  layer  of t h e  corpus.  
The  muscle  was s epa ra t ed  f rom the  mucosa l  m e m b r a n e  
a n d  i m m e r s e d  in 10 ml  of t he  b a t h  so lu t ion  c o n t a i n i n g  
NaC1 125, KC1 5.7, CaCI~ 2.0, MgCI~ 0.5, glucose 11.5 a n d  
NaHCO3 15.0 mM. The  b a t h  so lu t ion  was  k e p t  a t  
37 :t: 0.1 ~ a n d  gassed w i t h  5% CO S in 03, p H  7.2. Move-  
m e n t s  of t h e  muscle  were r ecorded  i so tonica l ly  on a 
k y m o g r a p h  (magni f i ca t ion  is 8 t i m e s  a n d  t h e  load on  
muscle  is 0.5 g). 
E a c h  h y p e r t o n i c  a n d  isotonic  K c o n t r a c t u r e  was o b t a i n e d  
b y  t he  a d d i t i o n  of KC1 (30 mM) to  t he  b a t h  Solution a n d  
b y  rep lac ing  t h e  b a t h  so lu t ion  w i t h  t he  isotonic  K solu- 
t ion,  respect ive ly .  Ca c o n t r a c t u r e  was ga ined  b y  the  ad-  
d i t ion  of CaC1, to  t he  Ca(-)  K solut ion.  V e r a p a m i l  added  
to  t he  b a t h  so lu t ion  10 ra in  p r io r  to  agonis t  in  all  experi-  
men t s .  Drugs :  v e r a p a m i l  (suppl ied b y  t he  Eisa i  Co.), 
P G E  1 (suppl ied b y  t he  Ono Co.) a n d  ace ty lcho l ine  
(Daiichi) were used. 
Results and discussion. The  dose- response  cu rve  of Ca 
c o n t r a c t u r e  showed  a para l le l  sh i f t  to  the  r i g h t  b y  t r e a t -  
m e n t  w i t h  v e r a p a m i l  (2 x 10 -s a n d  10 -~ M) (figure 1). 
B o t h  h y p e r t o n i c  a n d  isotonic  K c o n t r a c t u r e s  were sup-  
pressed  b y  v e r a p a m i l  (10 -5 M) m a r k e d l y  (figure 2). I t  h a s  
been  r epo r t ed  t h a t  v e r a p a m i l  a n d  i ts  m e t h o x y  de r iva t i ve  
were v e r y  ac t ive  a n t a g o n i s t s  for Ca u p t a k e  in s m o o t h  
muscle  8, ~, ske le ta l  muscle  1~ a n d  h e a r t  muscle  1~ ~i. 
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T h e  p r e s e n t  o b s e r v a t i o n s  revea led  t h a t  v e r a p a m i l  was  a 
s t r o n g  a n t a g o n i s t  for  Ca i n f l ux  in gu inea -p ig  s t o m a c h ,  
s i n c e  t h e  ca lcu la ted  pA  2 va lue  for Ca c o n t r a c t u r e  w a s  
7.92. Th e  m e c h a n i s m  of P G - i n d u c e d  c o n t r a c t i o n  in gas-  
t r o i n t e s t i n a l  s m o o t h  musc le  was  cons idered  to  depend  on 
an  increase  of Ca ion p e r m e a b i l i t y  t h r o u g h  the  musc le  
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Fig. 3. Effect of verapamil on the contractile responses to PGE x 
(1.5 • 10 -9 to 10 6 M) and ACh (10 -8 to 10 6 M) in longitudinal 
smooth muscle of guinea-pig stomach. O O, control; • -- • vera- 
pamil 10 -5 M. Each contractile response to PGE 1 (10 -~ M) and ACh 
(10 -6 M) was taken as 100%, respectively. Each point is the mean 
of 5 experiments and vertical bar is ~- S. E. of mean. 

m e m b r a n e ,  s ince P G E  1 p o t e n t i a t e s  Ca c o n t r a c t u r e  in  
gu inea -p ig  s t o m a c h  5 a n d  increases  spike  d i scharge  in 
gu inea -p ig  i l eum lz a n d  t a e n i a  colit% a n d  P G - i n d u c e d  
c o n t r a c t i o n  is re la ted  to the  ex t race l lu l a r  Ca ion in r a b b i t  
d u o d e n u m  ~8. 
In  t h e  p r e s e n t  e x p e r i m e n t s ,  however ,  v e r a p a m i l  (10 -5 M) 
w h ic h  p roduc e d  m a r k e d  supp re s s ion  of h i g h  K - i n d u c e d  
c on t r a c tu r e s ,  showed  on ly  sma l l  r e d u c t i o n  of PGE~ 
(1.5 • 10 .7 M)- induced  c o n t r a c t i o n  (figure 2). F igure  3 
showed  t he  effect  of v e r a p a m i l  (10 -5 M) on  dose- response  
c u rve s  of PGt?; 1 a nd  ace ty lcho l ine  (ACh), i nd i c a t i ng  t h a t  
v e r a p a m i l  caused  more  s ign i f i can t  r e d u c t i o n  of ACh-  
i nduc e d  c o n t r a c t i o n  t h a n  t h a t  of P G E p  T h e  ca lcu la ted  
pA  2 va lues  for P G E  l a nd  ACh were 5.06 a n d  5.33, respec-  
t ive ly .  
The  f ind ings  in t he  p r e s e n t  s t u d y  s u g g e s t  t h a t  t he  
s t i m u l a t i n g  m e c h a n i s m  of PGE1 in s m o o t h  musc l e  of 
gu inea -p ig  s t o m a c h  m a y  m a i n l y  de pe nd  on a release of 
b o u n d  Ca in t he  cell a nd  p a r t l y  d e p e n d  on a Ca in f lux  
f rom the  ex t race l lu l a r  origin, a n d  A C h - i n d u c e d  con t rac -  
t ion  m a y  also d e p e n d  on 2 Ca origins,  in w h ic h  t he  in f lux  
Ca will be more  ava i lab le  t h a n  in P G E p  
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Summary. 12 c o m p o u n d s  wh ich  are c o n s t i t u e n t s  of ha i r  dyes  or chemica l ly  re la ted  a r o m a t i c  amines ,  a minophe no l s ,  
the i r  n i t r o d e r i v a t i v e s  and  a r o m a t i c  h y d r o x y d e r i v a t i v e s  were e x a m i n e d  for ev idence  of m u t a g e n i c  p o t e n t i a l  b y  m e a n s  
of t h e  mic ronuc l eus  tes t .  None  of the  c o m p o u n d s  t e s t ed  caused  a n  increase  in the  incidence of m i c r o n u c l e a t e d  e ry th ro -  
cy te s  a f te r  oral  dosing.  

The re  h a s  been  inc reas ing  conce rn  t h a t  some  c o n s t i t u e n t s  
of ha i r  dyes,  m a i n l y  a r o m a t i c  amines ,  a m i n o p h e n o l s ,  
the i r  n i t r o d e r i v a t i v e s  and  h y d r o x y d e r i v a t i v e s  m a y  be 
m u t a g e n s  a n d  poss ible  carc inogens .  A l t h o u g h  some  epide-  
miological  ev idence  is avai lable2-4,  m u c h  of t he  concern  
is based  on t h e  r e su l t s  of in v i t ro  s tud ie s  us ing  micro-  
o r g a n i s m s  S, 6, cu l t u r e s  of h u m a n  lymphocy te sS ,  Chinese  
h a m s t e r  cells 7 an d  a m o u s e  cell l ine s, and  on t u m o r i g e n i -  
c i ty  s tud ies  ~. However ,  o the r  s tud ies  1~-12 h a v e  failed to  
show l o n g - t e r m  tox ic i ty ,  carc inogenic  or t e r a togen ic  
effects.  Th e  p e r c u t a n e o u s  abso rp t i on  of the  c o m p o u n d s  
ha s  been  s t u d i ed  in a n i m a l s  lz a n d  m a n  14. 
The  e x p e r i m e n t a l  work  r epo r t ed  here  was  des igned  to  
d e t e r m i n e  the  effects  of t he  c o m p o u n d s  on t he  genet ic  
ma t e r i a l  of m a m m a l i a n  s o m a t i c  cells w h e n  a d m i n i s t e r e d  
ora l ly  a t  the  m a x i m u m  to le ra t ed  dose, b y  m e a n s  of t he  
m i c r o n u c l e u s  t e s t  deve loped  b y  Schmid  e t  al .  15-~8. 

Materials and methods. The  c o m p o u n d s  e x a m i n e d  were :  
p - p h e n y l e n e d i a m i n e ,  4 - m e t h o x y - m - p h e n y l e n e d i a m i n e ,  4- 
n i t r o - o - p h e n y l e n e d i a m i n e ,  2 - n i t r o - p - p h e n y l e n e d i a m i n e ,  
p - a m i n o p h e n o l ,  m - a m i n o p h e n o l ,  2 -amino-4 -n i t ropheno l ,  
t o l u e n e - 2 , 5 - d i a m i n e s u l p h a t e ,  resorcinol ,  4-chlororesorci-  
nol, 4 - a m i n 0 - 2 - h y d r o x y t o l u e n e ,  1 -naph tho l .  
R a t s  of t h e  C F Y  s t r a in  ( S p r a g u e - D a w l e y  de scenda n t s )  
we igh ing  b e t w e e n  130 and  160 g were o b t a i n e d  f rom 
Angl ia  L a b o r a t o r y  An ima l s ,  A lconbury ,  Cambs . ,  U .K . ,  
acc l imat ized  in the  l a b o r a t o r y  for 1 week  a n d  t h e n  r an -  
d o m l y  a l loca ted  in to  g roups  each  inc lud ing  5 ma les  a n d  
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