
Vol. 156, No. 1, 1988 

October 14, 1988 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Pages 335-339 

A NOVEL ACTION OF ACTIVIN A: 

STIMULATION OF INSULIN SECRETION IN RAT PANCREATIC ISLETS 

Yasuo T o t s u k a ,  Mari  T a b u c h i ,  I t a r u  Koj ima ,  

H i r o s h i r o  S h i b a i *  and  E t s u r o  O g a t a  

F o u r t h  D e p a r t m e n t  o f  I n t e r n a l  M e d i c i n e  

U n i v e r s i t y  o f  T o k y o  S c h o o l  o f  M e d i c i n e  

T o k y o ,  J a p a n  

* C e n t r a l  R e s e a r c h  L a b o r a t o r y ,  A j i n o m o t o , C O .  

Kawasak i ,  J a p a n  

Received August 26, 1988 

The p r e s e n t  s t u d y  was c o n d u c t e d  to  e x a m i n e  an a c t i o n  o f  a c t i v i n  A on 

i n s u l i n  s e c r e t i o n  f rom r a t  p a n c r e a t i c  i s l e t s .  In a b a t c h  i n c u b a t i o n  s y s t e m ,  

a c t i v i n  A s t i m u l a t e d  i n s u l i n  s e c r e t i o n  in a d o s e - d e p e n d e n t  m a n n e r  a t  

c o n c e n t r a t i o n s  h i g h e r  t h a n  1 nM. F u r t h e r m o r e ,  a c t i v i n  A g r e a t l y  

p o t e n t i a t e d  g l u c o s e - i n d u c e d  i n s u l i n  r e l e a s e .  When i s l e t s  w e r e  p e r i f u s e d  

wi th  1 nM a c t i v i n  A, i n s u l i n  s e c r e t i o n  was b a r e l y  a f f e c t e d  in t h i s  s y s t e m .  

H o w e v e r ,  t h e  i n s u l i n  r e s p o n s e  to  16.7 mM g l u c o s e  was g r e a t l y  e n h a n c e d .  

B o t h  t h e  f i r s t  and  s e c o n d  p h a s e s  o f  i n s u l i n  r e s p o n s e  w e r e  e n h a n c e d  by  1 nM 

a c t i v i n  A. T h e s e  r e s u l t s  i n d i c a t e  t h a t ,  in a d d i t i o n  to  i t s  known a c t i o n s  on 

p i t u i t a r y - g o n a d a l  and  h e m a t o p o i e t i c  s y s t e m s ,  a c t i v i n  A m o d u l a t e s  t h e  

f u n c t i o n  o f  p a n c r e a t i c  i s l e t s  and  s t i m u l a t e s  i n s u l i n  s e c r e t i o n .  ~ 1988 Acaa~,ic 

Press, Inc. 

A c t i v i n  A i s  a p o l y p e p t i d e  wi th  a m o l e c u l a r  w e i g h t  o f  25,000 Da p u r i f i e d  

f rom o v a r i a n  f l u i d  a s  a s t i m u l a t o r  o f  f o l l i c l e - s t i m u l a t i n g  h o r m o n e  ( FSH ) 

s e c r e t i o n  ( 1 ). I t  i s  a h o m o d i m e r  o f  t h e  /3 - s u b u n i t  o f  i n h i b i n  A, an  

i n h i b i t o r y  p e p t i d e  o f  FSH s e c r e t i o n  i s o l a t e d  f r o m  o v a r i a n  f l u i d  ( 2 ), A 

r e l a t e d  p o l y p e p t i d e  a c t i v i n ,  wh ich  i s  a h e t e r o d i m e r  o f  /3 - s u b u n i t s  o f  

i n h i b i n  A and  i n h i b i n  B ( 3 ), a l s o  i n c r e a s e s  FSH s e c r e t i o n  ( s e e  r e f .  4 f o r  

r e v i e w  ). 
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I n d e p e n d e n t  o f  t h e s e  s t u d i e s ,  E t o  e t  a l .  i s o l a t e d  a p o l y p e p t i d e  w h i c h  

c a u s e s  d i f f e r e n t i a t i o n  o f  F r i e n d  e r y t h r o l e u k e m i a  c e l l s  f r o m  c o n d i t i o n e d  

medium o f  a p h o r b o l  e s t e r - t r e a t e d  h u m a n  m o n o c y t i c  l e u k e m i a  c e l l  l i n e  ( 5 ). 

The  p r i m a r y  s t r u c t u r e  o f  t h i s  p o l y p e p t i d e ,  e r y t h r o i d  d i f f e r e n t i a t i o n  f a c t o r ,  

i s  i d e n t i c a l  to  t h a t  o f  a c t i v i n  A ( 6 ) a n d  was s h o w n  to  s t i m u l a t e  FSH 

s e c r e t i o n  f r o m  p r i m a r y  c u l t u r e  o f  r a t  p i t u i t a r y  c e l l s  ( 7 ). S i n c e  a c t i v i n  A 

a c t s  on  a t  l e a s t  p i t u i t a r y ,  g o n a d a l  a n d  e r y t h r o i d  c e l l s  ( 5 ) ,  a n d  s i n c e  mRNA 

f o r  a c t i v i n  A i s  f o u n d  in  s e v e r a l  t i s s u e s  ( 8 ), i t  i s  p o s s i b l e  t h a t  a c t i v i n  A 

m o d u l a t e s  v a r i o u s  c e l l  f u n c t i o n s  a s  a l o c a l  r e g u l a t o r  o r  a c y t o k i n e .  

In t h e  p r e s e n t  s t u d y ,  we e x a m i n e d  t h e  e f f e c t  o f  a c t i v i n  A o n  i n s u l i n  

s e c r e t i o n  in  r a t  p a n c r e a t i c  i s l e t s .  T he  r e s u l t s  i n d i c a t e  t h a t  a c t i v i n  A i s  a 

p o t e n t  s t i m u l a t o r  o f  i n s u l i n  s e c r e t i o n .  

M a t e r i a l s  a n d  M e t h o d s  

P a n c r e a t i c  i s l e t s  w e r e  i s o l a t e d  f r o m  m a l e  W i s t a r  r a t s  w e i g h i n g  200 g b y  

u s i n g  c o l l a g e n a s e  a s  d e s c r i b e d  b y  L a c y  e t  a l .  ( 9 , 1 0 ) .  I s l e t s  w e r e  s u s p e n d e d  

in  a s o l u t i o n  c o n t a i n i n g  115 mM NaC1, 5 mM RCI, 2 .2  mM CaC12, 1 mM MgC12, 24 

mM NaHCO3, a n d  2 .8  mM g l u c o s e  e q u i l i b r a t e d  w i t h  95~ Oa a n d  5~ CO2 g a s .  F o r  

b a t c h  i n c u b a t i o n ,  a n  i s l e t  was  i n c u b a t e d  in  1 ml medium f o r  120 rain a t  37 

C. P e r i f u s i o n  o f  i s l e t s  was  p e r f o r m e d  a s  d e s c r i b e d  b y  Z a w a l i c h  e t  a l .  ( 11 ). 

I n s u l i n  was m e a s u r e d  b y  r a d i o i m m u n o a s s a y  u s i n g  r a t  i n s u l i n  ( Novo R e s e a r c h  

I n s t i t u t e ,  C o p e n h a g e n ,  D e n m a r k  ) a s  s t a n d a r d .  A c t i v i n  A was p u r i f i e d  a s  

d e s c r i b e d  p r e v i o u s l y  ( 5 ). 

R e s u l t s  

To d e t e r m i n e  t h e  e f f e c t  o f  a c t i v i n  A on i n s u l i n  s e c r e t i o n  in  p a n c r e a t i c  

i s l e t s ,  we i n c u b a t e d  i s l e t  w i t h  v a r y i n g  c o n c e n t r a t i o n s  o f  a c t i v i n  A in  t h e  

p r e s e n c e  o f  a n o n s t i m u l a t o r y  c o n c e n t r a t i o n  o f  g l u c o s e .  As d e p i c t e d  in  

F i g u r e  1, a c t i v i n  A i n c r e a s e d  i n s u l i n  s e c r e t i o n  a t  c o n c e n t r a t i o n s  h i g h e r  

t h a n  1 nM. A c t i v i n  A - i n d u c e d  i n s u l i n  r e l e a s e  i n c r e a s e d  in  a 

c o n c e n t r a t i o n - d e p e n d e n t  m a n n e r  a n d  was a l m o s t  s a t u r a t e d  a t  10 nM. 

F i g u r e  2 d e m o n s t r a t e s  t h e  e f f e c t  o f  a c t i v i n  A on  g l u c o s e - m e d i a t e d  

i n s u l i n  s e c r e t i o n .  In t h e  a b s e n c e  o f  a c t i v i n  A, 16.7 mM g l u c o s e  i n d u c e d  

a p p r o x i m a t e l y  1 4 - f o l d  s t i m u l a t i o n  o f  i n s u l i n  r e l e a s e .  In t h e  p r e s e n c e  o f  10 
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Figure  1. Dose Response  Curve fo r  Act iv in  A-induced Insu l in  S e c r e t i o n  

An i s l e t  was incuba ted  with v a r i o u s  c o n c e n t r a t i o n s  of  a c t i v i n  A in the  

p r e s e n c e  of 2.8 mM g lucose  fo r  120 rain. Data a r e  the mean +_ S.E. f o r  s ix  

d e t e r m i n a t i o n s  and the  r e p r e s e n t a t i v e  of  t h r e e  e x p e r i m e n t s  with s imi la r  

r e s u l t s .  

F igure  2. E f f ec t  of Act ivin  A on Glucose - induced  Insu l in  S e c r e t i o n  

An i s l e t  was i ncuba t ed  with e i t h e r  2.8 or  16.7 mM g l u c o s e  in the  p r e s e n c e  

and absence  of 10 nM a c t i v i n  A fo r  120 min. Data a r e  the  mean + S.E. f o r  f ive  

d e t e r m i n a t i o n s  and the r e p r e s e n t a t i v e  of t h r e e  e x p e r i m e n t s  with s imi lar  

r e s u l t s .  

nM a c t i v i n  A, g l u c o s e - m e d i a t e d  i n s u l i n  s e c r e t i o n  was g r e a t l y  p o t e n t i a t e d .  

The a c t i o n  o f  a c t i v i n  A was more  t h a n  a d d i t i v e .  

In t h e  n e x t  s e t  o f  e x p e r i m e n t s ,  we e x a m i n e d  t h e  e f f e c t  o f  a c t i v i n  A on 

i n s u l i n  s e c r e t i o n  in p e r i f u s i o n  s y s t e m .  As r e p o r t e d  p r e v i o u s l y ,  16.7 mM 

g l u c o s e  i n d u c e d  a b i p h a s i c  i n c r e a s e  in i n s u l i n  r e l e a s e .  When 1 nM a c t i v i n  A 

was  a d d e d  in t h e  p r e s e n c e  o f  2.8 mH g l u c o s e ,  i t  d i d  n o t  s t i m u l a t e  i n s u l i n  

s e c r e t i o n  s i g n i f i c a n t l y .  In t h e  p r e s e n c e  o f  1 nM a c t i v i n  A , h o w e v e r ,  t h e  

i n s u l i n  r e s p o n s e  to  16.7 mM g l u c o s e  was  g r e a t l y  e n h a n c e d .  The e n h a n c e m e n t  

was  e v i d e n t  in  b o t h  f i r s t  a n d  s e c o n d  p h a s e s  o f  i n s u l i n  r e s p o n s e .  In 

p a r t i c u l a r ,  t h e  s e c o n d  p h a s e  o f  g l u c o s e - m e d i a t e d  s e c r e t i o n  was  

a p p r o x i m a t e l y  200% o f  t h a t  in t h e  a b s e n c e  o f  a c t i v i n  A ( F i g u r e  3 ). I t  

s h o u l d  be  m e n t i o n e d  t h a t  t h e  a c t i o n  o f  a c t i v i n  A was g r e a t e r  in t h e  

p e r i f u s i o n  s y s t e m  t h a n  in t h e  s t a t i c  i n c u b a t i o n  s y s t e m .  
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F i g u r e  3. E f f e c t  of  Ac t iv in  A on G l u c o s e - i n d u c e d  In su l i n  S e c r e t i o n  in 

P e r i f u s i o n  System 

I s l e t s  were s t i m u l a t e d  by 16.7 mM g l u c o s e  as  i n d i c a t e d  in the  p r e s e n c e  

( • ) and a b s e n c e  ( O ) of 1 nM a c t i v i n  A . Va lues  a r e  the  mean +_ S.E. f o r  

t h r e e  e x p e r i m e n t s .  

D i s c u s s i o n  

R e s u l t s  o b t a i n e d  in  t h e  p r e s e n t  s t u d y  c l e a r l y  i n d i c a t e  t h a t  a c t i v i n  A 

a c t s  on  r a t  p a n c r e a t i c  i s l e t s  to  s t i m u l a t e  i n s u l i n  s e c r e t i o n .  A l t h o u g h  

c o n c e n t r a t i o n s  o f  a e t i v i n  A w h i c h  i n c r e a s e  i n s u l i n  s e c r e t i o n  a r e  r e l a t i v e l y  

h i g h ,  t h e  r e s u l t s  in  F i g u r e  3 d e m o n s t r a t e  t h a t  a r e l a t i v e l y  low 

c o n c e n t r a t i o n  o f  a c t i v i n  A ( 1 nM ) e n h a n c e s  g l u c o s e - m e d i a t e d  i n s u l i n  

s e c r e t i o n .  I t  s h o u l d  b e  e m p h a s i z e d  t h a t  t h e  a c t i o n  o f  a c t i v i n  A a n d  g l u c o s e  

a r e  s y n e r g i c  r a t h e r  t h a n  a d d i t i v e .  H e n c e ,  a c t i v i n  A p o t e n t i a t e s  

g l u c o s e - m e d i a t e d  s e c r e t i o n .  The  mode  o f  a c t i o n  o f  a c t i v i n  A r e s e m b l e s ,  in  

some a s p e c t ,  t h a t  o f  c h o l e c y s t o k i n i n  ( CCK ), w h i c h  b y  i t s e l f  i s  a weak  

s t i m u l a t o r  b u t  g r e a t l y  p o t e n t i a t e s  g l u c o s e - m e d i a t e d  s e c r e t i o n  ( 12 ). At  

p r e s e n t  t h e  m e c h a n i s m  b y  w h i c h  a c t i v i n  A p o t e n t i a t e s  g l u c o s e  a c t i o n  i s  n o t  

k n o w n .  I t  i s  t e m p t i n g  to  s p e c u l a t e  t h a t  a c t i v i n  A c a u s e s  p h o s p h o i n o s i t i d e  

t u r n o v e r  in  /] - c e l l s  s i n c e  a c t i v i n  A c a u s e s  h y d r o l y s i s  o f  p h o s p h o i n o s i t i d e  

in  F r i e n d  e r y t h r o l e u k e m i a  c e l l s  ( 13 ) a n d  s i n c e  CCK p o t e n t i a t e s  g l u c o s e  

a c t i o n  b y  c a u s i n g  p h o s p h o i n o s i t i d e  t u r n o v e r  ( 14 ).  I t  i s  p o s s i b l e  t h a t ,  in  

a d d i t i o n  to  p h o s p h o i n o s i t i d e  t u r n o v e r ,  a c t i v i n  A may a c t i v a t e  a n  a d d i t i o n a l  

t r a n s d u c t i o n  m e c h a n i s m .  
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The p r e s e n t  r e s u l t s  a r e  in a g r e e m e n t  with o u r  u n p u b l i s h e d  o b s e r v a t i o n  

t h a t  i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  of  a c t i v i n  A r e s u l t s  in a marked 

d e c r e a s e  in p lasma g l u c o s e  c o n c e n t r a t i o n  in mice. It  is q u i t e  l i k e l y  t h a t  

a c t i v i n  A m o d u l a t e s  i n s u l i n  s e c r e t i o n  b o t h  in v i v o  and in v i t r o .  At p r e s e n t  

the  p h y s i o l o g i c a l  s i g n i f i c a n c e  of  a c t i v i n  A- induced  i n s u l i n  s e c r e t i o n  is no t  

c e r t a i n .  It  is  p resumed t h a t  b o t h  inh ib in  and a c t i v i n s  a r e  p r e s e n t  in plasma 

( 4 ). It  is t hus  p o s s i b l e  t h a t  a c t i v i n  A in p lasma a f f e c t s  i n s u l i n  s e c r e t i o n  

in v i v o .  More i m p o r t a n t l y ,  i t  is  a l s o  p o s s i b l e  t h a t  a c t i v i n  A e x i s t s  in 

p a n c r e a t i c  i s l e t s  and m o d u l a t e s  i n s u l i n  s e c r e t i o n  as a l o c a l  r e g u l a t o r .  

S t u d i e s  a r e  now in p r o g r e s s  in ou r  l a b o r a t o r y  to examine t h i s  p o s s i b i l i t y .  
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