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The Effect of Cyclic N-2-O-Dibutyryl -Adenos ine-3 ' ,  5 ' -Monophosphate  on Neuromuscular  Trans-  
miss ion and Concentration of Glycogen in the Isolated Phrenic Nerve-Diaphragm Preparation of 
the Rat 

I n  a p r e v i o u s  w o r k ,  t h e  i n t e r a c t i o n s  of  x a n t h i n e  d e r i v a -  
t i ves ,  c a t e c h o l a m i n e s  a n d  cyc l i c  3', Y - a d e n o s i n e  m o n o -  
p h o s p h a t e  (CAMP)  h a s  b e e n  s t u d i e d L  I t  w a s  f o u n d  t h a t  
C A M P  d i d  n o t  a f f e c t  e i t h e r  t h e  r e s p o n s e  of  t h e  i s o l a t e d  
r a t  d i a p h r a g m  to  i n d i r e c t  o r  d i r e c t  s t i m u l a t i o n .  O n  t h e  
o t h e r  h a n d ,  i t  h a s  a l r e a d y  b e e n  s u g g e s t e d  t h a t  C A M P  is 
a b l e  to  e n h a n c e  t h e  r e l e a se  of  a c e t y l c h o l i n e  a t  t h e  m o t o r  
n e r v e  e n d i n g s  2. T h i s  w a s  l a t e r  s u p p o r t e d  b y  t h e  f i n d i n g  
t h a t  t h e  f r e q u e n c y  of  m i n i a t u r e  e n d - p l a t e  p o t e n t i a l s  w a s  
i n c r e a s e d  in  r e s p o n s e  t o  cyc l i c  N - 2 - O - d i b u t y r y l - a d e n o -  
s i n e - 3 ' , 5 ' - m o n o p h o s p h a t e  ( d b - C A M P )  3. O t h e r  i n v e s t i g a -  
t o r s  s t a t e d  t h a t  t h e  q u a n t a l  r e l e a se  of  a c e t y l c h o l i n e  a t  t h e  
n e u r o m u s c u l a r  j u n c t i o n  is  n o t  m e d i a t e d  b y  C A M P  4. 

T a k i n g  i n t o  a c c o u n t  t h e  p o s s i b l e  d i f f e r e n c e  in  p e n e t r a -  
t i o n  c h a r a c t e r i s t i c s  b e t w e e n  C A M P  a n d  d b - C A M P ,  i t  w a s  
of  i n t e r e s t  t o  c o m p a r e  t h e  e f f e c t s  of  t h e s e  2 s u b s t a n c e s  o n  
n e u r o m u s c u l a r  t r a n s m i s s i o n  a n d  c o n c e n t r a t i o n  of g l y c o -  
g e n  in  t h e  i s o l a t e d  p h r e n i c  n e r v e - d i a p h r a g m  p r e p a r a t i o n  
of  t h e  r a t .  

T h e  i s o l a t e d  d i a p h r a g m  w a s  a r r a n g e d  a n d  s t i m u l a t e d  
a s  a l r e a d y  d e s c r i b e d  5. C o n t r a c t i o n s  of  d i a p h r a g m  w e r e  
r e c o r d e d  e i t h e r  o n  a ' P h y s i o g r a p h  I V '  p o l y g r a p h ,  u s i n g  a 
p h o t o e l e c t r i c  t r a n s d u c e r  for  q u a n t i t a t i v e  m e a s u r e m e n t s  
of  s k e l e t a l  m u s c l e  c o n t r a c t i o n s  ( M y o g r a p h  t y p e  A, E a n d  

M C o m p a n y ) ,  o r  o n  t h e  s m o k e d  d r u m ,  u s i n g  a n  i s o t o n i c  
lever ,  w i t h  a m a g n i f i c a t i o n  o f  8=10 t i m e s .  S t i m u l a t i o n  of  
t h e  m u s c l e  w a s  c a r r i e d  o u t  b y  s q u a r e  w a v e  p u l s e s  d e l i v e r e d  
f r o m  a G r a s s  S-8 s t i m u l a t o r .  T h e  f r e q u e n c y  of  s t i m u l a t i o n  
w a s  6 - 1 0 / m i n ,  a n d  t h e  d u r a t i o n  o f  p u l s e s  w a s  0.2 t o  
0:8 m s e c .  

G l y c o g e n  in  d i a p h r a g m  w a s  e s t i m a t e d  a c c o r d i n g  t o  t h e  
m e t h o d  a l r e a d y  d e s c r i b e d  6. P i e c e s  o f  d i a p h r a g m ,  2 5 -  
30 rag,  w e r e  c u t  o u t  a n d  i n c u b a t e d  a t  37~ for  10 m i n  in  
T y r o d e  s o l u t i o n .  I m m e d i a t e l y  a f t e r  t h i s  pe r i od ,  g l y c o g e  n 
w a s  e x t r a c t e d  a n d  e s t i m a t e d .  

I t  w a s  f o u n d  t h a t  d b - C A M P  in  c o n c e n t r a t i o n s  f r o m  
1.15 x 10 -3 M to  3.45 x 10 -a M p r o d u c e d  p o t e n t i a t i o n  in  
t h e  r e s p o n s e  of t h e  i s o l a t e d  d i a p h r a g m  to  i n d i r e c t  s t i m u l a -  
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The effect of db-CAMP on the isolated phrenic nerve-diaphragm preparation of the rat. Indirect stimulation at 6/rain, 0.2 msec duration. At the 
arrows, 1.15 • 10-3M db-CAMP added into tile bath. At N, 0.25 mg/ml nicotinic acid added into the bath. Speed of the drum: 4 ram/rain. 

The effect of CAMP, dB-CAMP and adrenaline on the concentration of glycogen in diaphragm of the rat (mg/100 rill) 

Control CAMP db-CAMP Adrenaline Adrenaline 
2 • 10-SM) (2 x 10-SM) r • 10 -7 g/ml) (2 x 10 -~ glml) CAMP (2 x 10-8M) P 

164 ! 5.2 168 z= 4.5 73 ~- 6.4 81 :a: 5.1 56 z= 6.4 (1:3) < 0.001 

(1:4) < 0.001 

(1:5) < 0.001 
(2:5) < 0.001 

(4:5) < 0.02 

The numbers indicate the Mean =: S.E.M. of 5 experiments in each group. 
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t ion  in 11 ou t  of 20 expe r imen t s .  W h e n  presen t ,  t h i s  ef fec t  
is dose -dependen t  a n d  i t  could be a n t a g o n i z e d  b y  n ico t in ic  
acid (Figure) .  I n  c o n t r a s t  to  this ,  CAMP in c o n c e n t r a t i o n s  
f rom 10 -5 M to 2 X 10 -3 M did  no t  affect  t he  response  of 
t he  d i a p h r a g m  to  ind i rec t  s t i m u l a t i o n  in all  8 expe r imen t s .  
These  f ind ings  are in  a g r e e m e n t  w i t h  t h e  ac t ion  of these  
2 nuc leo t ides  on  t he  c o n c e n t r a t i o n  of g lycogen in dia-  
p h r a g m  (Table).  CAMP itself  d id  no t  change  t h e  concen-  
t r a t i o n  of glycogen in d i a p h r a g m ,  whereas  d b - C A M P  
produced  a s ign i f ican t  decrease.  

I t  shou ld  be  p o i n t e d  ou t  t h a t  even  CAMP produced  
p o t e n t i a t i o n  of t h e  d i a p h r a g m  con t r ac t i ons  if added  to  t h e  
b a t h  a f t e r  p rev ious  a d d i t i o n  of ad rena l ine  (2 • 10 -7 g/ml) .  
Similar ly ,  a p o t e n t i a t i n g  effect  of CAMP a n d  ad rena l ine  in 
p roduc ing  glycogenolysis  in  d i a p h r a g m  was also obse rved  
(Table).  

T h e s e  e x p e r i m e n t s  ind ica te  t h a t  CAMP m i g h t  ac t  as a 
' second messenger '  m e d i a t o r  in p r o d u c i n g  f ac i l i t a to ry  

responses  of t h e  i so la ted  d i a p h r a g m  to  ind i rec t  s t imula -  
t ion .  The  a c t i v a t e d  m e t a b o l i c  processes m i g h t  h a v e  t h e  
p r e d o m i n a n t  role in  t h i s  response.  

Rdsumd. Le d6riv6 d i b u t y r i q u e  du  Y, 5 ' - A M P  cycl ique  
po ten t i a l i se  les c o n t r a c t i o n s  du  d i a p h r a g m e  provoqu6es  
p a r  s t i m u l a t i o n  6 iec t r ique  indirecte ,  alors que l ' a p p l i c a t i o n  
du  3', Y - A M P  cycl ique  n ' a  pas  u n  te l  effet. D ' a u t r e  pa r t ,  
ce d6riv6 d i m i n u e  le t a u x  de glycog6ne du d i aph ragme ,  ce 
qui  n ' e s t  pas  le cas p o u r  le 3", 5 ' -AMP cyclique.  
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Albumin  Content of Hepatocytes  in Exper imenta l  

S e r u m  a l b u m i n  c o n c e n t r a t i o n  is o f ten  r educed  in cir- 
rhosis,  a n d  th i s  ha s  been  a t t r i b u t e d  to  depress ion  of a lbu-  
m i n  syn thes i s  fol lowing hepa toce l lu l a r  d a m a g e  1. W e  h a v e  
emp loyed  t he  f luorescen t  a n t i b o d y  t e c h n i q u e  in a n  
a t t e m p t  to  d e t e r m i n e  w h e t h e r  t he  p r o d u c t i o n  of exper i -  
m e n t a l  c i r rhosis  is a ccompan ied  b y  a r e d u c t i o n  in t h e  
in t r ace l lu l a r  a l b u m i n  c o n t e n t  of t he  l iver.  

Cirrhosis  was  induced  in 4 male  Char les  R ive r  r a t s  
we igh ing  a p p r o x i m a t e l y  290 g us ing  t h e  m e t h o d  of 
MCLEAN et  al. 2, sod ium p h e n o b a r b i t o n e  be ing  g iven  for 1 
week  pr io r  to  twice  weekly  exposure  to  c a r b o n  t e t r a -  
chlor ide.  This  c o m b i n e d  t r e a t m e n t  was  c o n t i n u e d  for a 
per iod  of 8 weeks. Since d i e t a ry  p r o t e i n  i n t a k e  is k n o w n  
to inf luence  t he  in t r ace l lu l a r  a l b u m i n  c o n t e n t  of t h e  
l iver  s, 4 u n t r e a t e d  con t ro l  r a t s  of t he  same species, sex 
and  we igh t  were pa i r  fed w i t h  t he  t e s t  an ima l s  du r ing  t h e  
en t i r e  e x p e r i m e n t a l  pe r iod  of 10 weeks. A t  t he  end  of t h e  

Cirrhosis  

10th  week  i.e. 1 week  af te r  cessa t ion  of t r e a t m e n t  b o t h  
groups  of r a t s  were fas ted  for 2 h a n d  k i l l ed  u n d e r  e the r  
anaes thes ia .  Blocks  of l iver  were i m m e d i a t e l y  t aken ,  f ixed 
in ice-cold 95% e t h a n o l  c o n t a i n i n g  1% acet ic  acid a n d  
processed a f te r  t h e  m e t h o d  of HAMASHIMA et  al. 4 

R a t  a l b u m i n  was p r e p a r e d  b y  a m m o n i u m  su lpha te  
p r ec ip i t a t i on  an d  t h e n  pur i f ied  b y  ion-exchange  chro-  
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Fig. 1. Normal rat liver showing numerous randomly distributed 
fiuorescel/t cells. • 

Fig. 2. Cirrhotic rat liver showing only a few fluorescent ceils mainly 
around the periphery of the nodules. Note also the bright staining of 
tim fibrous tissue septa. X 163. 


