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n o r a d r e n a l i n e  release b y  exocytos is  TM. Hence,  i t  m a y  be  
conc luded  t h a t  t he  select ive i n h i b i t i o n  of ace ty lcho l ine -  
i nduced  n o r a d r e n a l i n e  release caused  b y  low p e n t o b a r b i -  
t a l  c o n c e n t r a t i o n s  is due n e i t h e r  to  a n  i m p a i r m e n t  of t he  
exocy to t i c  release m e c h a n i s m  per  se, n o r  to  a n  i nh ib i t i on  
of depo la r iza t ion ,  n o r  to  a decrease  in Ca 3+ i n w a r d  cu r r en t .  
The  l a t t e r  conc lus ion  implies t h a t  Ca ~+ inf lux  occurs  v ia  
unspecif ic  Ca ~+ channe l s  which  can  be opened  b y  al l  me-  
t h o d s  of s t i m u l a t i o n  used. However ,  t he  poss ib i l i ty  m u s t  

Influence of pentobarbital on the spontaneous noradrenaline output 
from isolated rabbit hearts and on the removal of exogenous nor- 
adrenaline from the perfusion fluid 

Pentobarbital Noradrenaline Removal of 
concentration output noradrenaline 
(raM) (ng/2 min)* (% of the 

amount infused)** 

0 2.8 ~- 1.6 41.0 i 3.5 
0.32 3.3 2. 2.3 (n.s.) 47.0 + 8.2 (n.s.) 
1.0 3.9 2_ 1.1 (n.s.) 48.4 2_ 4.4 (n.s.) 

Means + SEM (N = 5-10). n. s., not significantly different from 
controls. *Pentobarbital was present in the perfusion fluid 8 min 
before and during sampling of the perfusates. **Noradrenaline was 
infused into the aortic cannula for 10 min to give a final concen- 
tration of 59 nM. Pentobarbital was present 10 rain before and during 
noradrenaline infusion. 
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be  cons idered  t h a t  specific Ca3+ c h a n n e l s  are opened  b y  
a c t i v a t i o n  of t he  n ico t in ic  receptor .  Th i s  r ecep to r  is a 
h igh ly  h y d r o p h o b i c  p ro t e in  which  t r ave r se s  t he  l ipid ma -  
t r i x  of t h e  m e m b r a n e  1~; b o t h  t he  b i n d i n g  si te  for  ace ty l -  
chol ine  a n d  t he  ionophore  invo lved  in t he  t r a n s l o c a t i o n  of 
ions  are  local ized a n d  coo rd ina t ed  wi th in  th i s  mac romole -  
cule ~7. E v i d e n c e  has  been  p resen ted  t h a t  b a r b i t u r a t e s  are  
able  to  cause  a c o n f o r m a t i o n a l  change  of m e m b r a n e  pro-  
t e ins  4. T a k e n  toge ther ,  we conc lude  t h a t  these  d rugs  m a y  
induce  a c o n f o r m a t i o n a l  change  of t he  n ico t in ic  r ecep to r  
wh ich  m a y  e i the r  b lock  the  ga t ing  m e c h a n i s m  for t h e  
open ing  of specific Ca ~+ channels ,  or p r e v e n t  t he  in te r -  
ac t ion  of ace ty lcho l ine  w i th  t he  receptor ,  t h u s  i n h i b i t i n g  
s t imu lus  fo rmat ion .  Th i s  conclus ion  is cons i s t en t  w i t h  our  
f ind ing  t h a t  p e n t o b a r b i t a l  causes  a n o n - c o m p e t i t i v e  in-  
h i b i t i o n  of t he  effect  of n ico t in ic  r ecep to r  s t imula t ion .  

16 A. D. Smith and H. Winkler, in: Handbook of Experimental 
Pharmacology, Vol. 33, p. 538. Ed. H. Blaschko and E. Mu- 
scholl. Springer, Berlin 1972. 

17 E. De Robertis, Rev. Physiol. Biochem. Pharmac. 73, 9 (1975). 
18 N. Barth, M. Manns and E. Muscholl, Naunyn-Schmiedebergs 

Arch. Pharmak. exp. Path. 288, 215 (1975). 
19 J .M. Van Rossum, Archs. int. Pharmaeodyn. 143, 299 (1963). 

Effect of~arben oxolone on ~hosp hodiesterase and~r ostaglandin~yn the taseactivities 1 
H. Vapaa t a lo ,  I n g e - B r i t t  Lind6n,  T. Mets~-Kete l~ ,  M. K a n g a s a h o  a n d  K. Laus t io l a  

Department o[ Biomedical Sciences, University o/ Tampere, SF-33101 Tampere 10, and Research Laboratories o/Medica 
Ltd, SF-O0510 Helsinhi 51 (Finland), 27 May  1977 

Summary. Carbenoxo lone  i n h i b i t e d  in v i t ro  c A M P  a n d  c G M P  phosphod ie s t e r a se s  in  a c o n c e n t r a t i o n - d e p e n d e n t  a n d  
n o n c o m p e t i t i v e  m a n n e r .  P r o s t a g l a n d i n  s y n t h e t a s e  a c t i v i t y  of r a b b i t  k idney  medu l l a  was s l igh t ly  s t i m u l a t e d  b y  
ca rbenoxo lone  0.1-0.5 mM, b u t  i n h i b i t e d  b y  h ighe r  concen t r a t i ons .  

Glycyr rh iz ic  acid is one of the  n u m e r o u s  subs t ances  which  
h a v e  been  e x t r a c t e d  f rom l iquorice  root .  I t s  ag lycone  is 
g lycy r rhe t i n i c  acid,  f rom wh ich  ca rbenoxo lone  sod ium is 
syn thes ized .  Ca rbenoxo lone  ha s  been  used in t he  t r e a t -  
m e n t  of gas t r ic  a n d  d u o d e n a l  ulcers 2, 3, and  i t  was  t he  f i rs t  
d r u g  conv inc ing ly  shown  to acce lera te  t he  r a t e  of hea l ing  
of chron ic  gas t r ic  ulcer  4. The  mode  of ac t ion  is unce r t a in ,  
b u t  i t  seems l ikely t h a t  the  d rug  increases  t he  defens ive  
r eac t ions  of t he  s t o m a c h  b y  s t i m u l a t i n g  or b y  a l t e r i ng  t he  
phys i ca l  cha rac te r i s t i c s  of mucous  secre t ion  5, 6. T he  clini- 
cal  use of c a rbenoxo lone  is l imi ted  b y  side-effects  due  to 
sa l t  a n d  w a t e r  r e t e n t i o n  and  p o t a s s i u m  loss. 
Cyclic a d e n o s i n e - 3 ' , 5 ' - m o n o p h o s p h a t e  (cAMP) has  been  
sugges ted  to be a n  in t r ace l lu l a r  m e d i a t o r  of h i s t a m i n e -  
i nduced  acid secre t ion  7, a n d  cyclic guanos ine-3 ' ,  5 ' -mono-  
p h o s p h a t e  (cGMP) seems to p a r t i c i p a t e  in p e n t a g a s t r i n -  
s t i m u l a t e d  acid f o r m a t i o n  s, 9 P r o s t a g l a n d i n s  (PGs),  on  t he  
o t h e r  h a n d ,  h a v e  been  sugges ted  to func t ion  as a phys io-  
logical  b r a k e  in t h e  gas t r ic  secre t ion  10. On th i s  basis,  i t  
s eemed  i m p o r t a n t  to  s t u d y  t he  effect  of c a rbenoxo lone  on  
the se  agents .  
Materials and methods. P h o s p h o d i e s t e r a s e  ac t iv i t i e s  of t he  
f u n d u s  p a r t  of r a t  s t o m a c h  were m e a s u r e d  us ing  3H- 
c A M P  or 3H-cGMP as s u b s t r a t e s  accord ing  to t he  m e t h o d  
of T h o m p s o n  a n d  A p p l e m a n  n.  T he  i n h i b i t o r y  effects of 
d rugs  were m e a s u r e d  in dup l i ca te  a t  5 -6  d i f fe ren t  sub-  
s t r a t e  c o n c e n t r a t i o n s  (0 . i -2 .0  ~xM). Kin, Vmax a n d  K1 
va lues  were  ca l cu la t ed  f rom t he  doub le  rec iproca l  p lo t  of 
t h e  Michae l i s -Menten  equa t ion .  

Rabbit kidney medulla has a high PG synthetase activity 
and is routinely used for evaluating PG formation. In the 
present study, microsomal fraction of rabbit kidney 
medulla was used as an enzyme source TM for measuring 
the effect of carbenoxolone on PG synthetase. PGE was 
determined on superfused hamster stomach strip is. 
Drugs and chemicals. 3H-cAMP (27.5 Ci/mmole) and aH- 
cGMP (21 Ci/mmole) were supplied by The RadiochemicM 
Centre ,  A m e r s h a m ,  E n g l a n d .  Arach idon ic  acid (99%) a n d  
bov ine  s e r u m  a l b u m i n  (Sigma Chemicals  Co, St. Louis,  
Mo., USA) ,  h y d r o q u i n o n e  (F luka  AG, Buchs ,  Switzer-  
land) ,  r educed  g l u t a t h i o n e  (E. Merck, D a r m s t a d t ,  Fede-  
ra l  Repub l i c  of Ge rmany) ,  c a rbenoxo lone  sod ium (MS Che- 
micals,  Milano,  I t a ly )  and  t heophy l l i ne  (pH. Nord.)  were  
used.  
Results. Phosphod ies t e ra se .  The  Kin-values  for r a t  gas t r ic  
m u c o s a  p h o s p h o d i e s t e r a s e  were 1.3 txM for c A M P  a n d  
2.0 ~M for cGMP. Carbenoxo lone  c o n c e n t r a t i o n - d e -  
p e n d e n t l y  (50-100 ~xM) i n h i b i t e d  t he  phosphod ie s t e r a se s  
for c A M P  a n d  cGMP.  The  i n h i b i t o r  c o n s t a n t  (K~) for  
c G M P  p h o s p h o d i e s t e r a s e  was 0.22 mM. The  t y p e  of in-  
h i b i t i o n  was n o n c o m p e t i t i v e  (figure 1). The  n o n c o m -  
pe t i t i ve  t y p e  of c A M P  phosphod ie s t e r a se  i n h i b i t i o n  
descr ibed  b y  A m e r  e t  al. 14 was on ly  once ob ta ined .  T h e  
i n h i b i t o r  c o n s t a n t  was  t h e n  0.042 mM. O t h e r  e x p e r i m e n t s  
gave  t h e  r e su l t s  p l o t t e d  in f igure 1. 
Ca rbenoxo lone  seemed to  a c t i v a t e  c A M P  d e g r a d a t i o n  a t  
h igh  s u b s t r a t e  concen t r a t i ons .  A s t rong  s u b s t r a t e  in-  
h i b i t i o n  of c A M P  p h o s p h o d i e s t e r a s e  was o b t a i n e d  a t  
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s u b s t r a t e  c o n c e n t r a t i o n s  a b o v e  5 t~M. T h i s  i n h i b i t i o n  w a s  
p r e v e n t e d  b y  c a r b e n o x o l o n e  a t  c o n c e n t r a t i o n s  o f  50 ~xM. 
T h i s  c o u l d  e x p l a i n  t h e  c o m p l e x  i n h i b i t o r y  a c t i o n  of c a r -  
b e n o x o l o n e .  H o w e v e r ,  no  r e m a r k a b l e  b e n d i n g  w a s  ob -  
t a i n e d  in t h e  d o u b l e  r e c i p r o c a l  p l o t s  a t  s u b s t r a t e  c o n c e n -  
t r a t i o n s  of  0 . 1 - 2 . 0  aM.  T h e o p h y l l i n e  (0.2 m M )  i n h i b i t e d  
c A M P  a n d  c G M P  p h o s p h o d i e s t e r a s e s  c o m p e t i t i v e l y  (fig- 
u r e  1). T h e  K l - v a l u e s  we re  0.36 m M  a n d  0.57 m M  r e s p e c -  
t i v e l y .  
P G  s y n t h e t a s e .  T h e  c h a n g e s  a r e  g i v e n  in  p e r c e n t ,  b e c a u s e  
of  t h e  v a r i a t i o n  of  t h e  b a s a l  a c t i v i t y .  T h e  e f f ec t  of  c a r -  
b e n o x o l o n e  o n  t h e  P G  s y n t h e t a s e  s y s t e m  w a s  b i p h a s i c .  
I n  t h e  c o n c e n t r a t i o n  r a n g e  of  0 . 1 - 0 . 5  m M ,  a 10 -30~o  
s t i m u l a t i o n  w a s  o b s e r v e d ,  w h e r e a s  1 -5  m M  c a u s e d  a c o n -  
c e n t r a t i o n - d e p e n d e n t  i n h i b i t i o n  ( f igure  2). 
Discussion. I t  h a s  b e e n  s u g g e s t e d  6 t h a t  c a r b e n o x o l o n e  
d o e s  n o t  a c t  d i r e c t l y  on  t h e  ac i d  s e c r e t i o n ,  b u t  s t i m u l a t e s  
t h e  s e c r e t i o n  of t h e  m u c u s ,  c h a n g e s  i t s  c o n s t r u c t i o n ,  in -  
h i b i t s  p e p s i n ,  p r o l o n g s  t h e  life o f  m i g r a t i n g  e p i t h e l i a l  cel ls  
a n d  o p p o s e s  t h e  d e s t r u c t i o n  of  t h e  g a s t r i c  m u c o s a  b y  bile.  
T h e r e  a r e  c o n t r a d i c t o r y  f i n d i n g s  on  t h e  m e d i a t o r  ro le  of  
c A M P  in  ac id  s e c r e t i o n  7, a n d  t h e  p o s s i b i l i t y  t h a t  i t  p a r t i -  
c i p a t e s  in t h e  s e c r e t i o n  of  p e p s i n o g e n  a n d  m u c i n  h a s  n o t  
b e e n  e x p l o r e d ~ ~  I n  m a n  c G M P  o u t p u t  i n c r e a s e s  d u r i n g  
m a x i m a l  p e n t a g a s t r i n  s t i m u l a t i o n  a n d  p r e c e d e s  t h e  in-  
c r e a s e  in  a c id  o u t p u t  s , s u p p o r t i n g  t h e  s u g g e s t i o n  of  
D o m s c h k e  e t  al. 9 o n  i t s  role  in a c i d  s e c r e t i o n .  I n  d o g s  
c G M P  m e d i a t e s  t h e  a c t i o n  of  a c e t y l c h o l i n e  on  g a s t r i c  
s e c r e t i o n  15. O u r  r e s u l t s  t h a t  c a r b e n o x o l o n e  is a m o r e  
p o t e n t  i n h i b i t o r  of c A M P  t h a n  of  c G M P  d e g r a d i n g  p h o s -  
p h o d i e s t e r a s e  a re  in a g r e e m e n t  w i t h  t h o s e  of A m e r  ~ a n d  

1.20 cAMP cGMP 
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Fig. I. Double reciprocal plots 21 of the effects of carbenoxolone and 
theophylline on the rat gastric mucosal phosphodiesterase 

plnoles substrate hydrolyzed 
V is expressed as rain • reaction mixture 

(O) the effect of carbenoxolone, (A) the effect of theophylline, (0) 
control. The concentrations of earbenoxolone and theophylline were 
0.1 mM and 0.2 mM respectively. The effect on cAMP degradation 
of the left (n ~ 4). The effect on eGMP degradation on the right 
(n = 3). 
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Fig. 2. Dual effect of carbenoxolone on the rabbit kidney medulla 
prostaglandin synthetase. Means ~ SE are given (n = 6-12). 

A m e r  e t  al. t4 w h i c h  s u p p o r t s  t h e i r  t h e o r y  t h a t  c A M P  is 
i n v o l v e d  in  t h e  i n h i b i t i o n  a n d  c G M P  in  t h e  s t i m u l a t i o n  o f  
g a s t r i c  s e c r e t i o n .  T h i s  f i n d i n g  p a r t l y  e x p l a i n s  t h e  a n t i -  
u l c e r  a c t i o n  o f  c a r b e n o x o l o n e .  
P G E s  a n d  P G A s  i n h i b i t  g a s t r i c  s e c r e t i o n  i n d u c e d  b y  d i f -  
f e r e n t  s t i m u l i  ~7,~s. P G E  2 h a s  a d i r e c t  v a s o d i l a t o r  e f f ec t  
o n  t h e  m u c o s a  in  g a s t r i c  p e r f u s i o n  in  d o s e s  w h i c h  i n h i b i t  
s e c r e t i o n  b u t  do  n o t  a f f e c t  b lood  p r e s s u r e  ~7. I n  a d d i t i o n ,  
P G E s  i n h i b i t  i s o s m o t i c  n e t  f l u id  t r a n s p o r t  in  r a b b i t  ga l l -  
b l a d d e r  xs. T h i s  c o u l d  a l so  c o n t r i b u t e  to  t h e  a n t i s e c r e t o r y  
e f f ec t  o f  P G E .  T h e  c o n c e n t r a t i o n s  o f  c a r b e n o x o l o n e  
n e e d e d  t o  s t i m u l a t e  P G  s y n t h e t a s e  we re  h i g h e r  ( 0 . 1 -  
0.5 m M )  t h a n  t h e  l eve l  r e a c h e d  in  m a n  p r o v i d e d  t h a t  t h e  
d r u g  is e v e n l y  d i s t r i b u t e d  in  t h e  b o d y .  H o w e v e r ,  t h e r e  
a r e  no  d a t a  on  t h e  c o n c e n t r a t i o n s  o r  p o s s i b l e  a c c u m u l a t i o n  
of  t h i s  d r u g  in t h e  g a s t r i c  m u c o s a .  
K i d n e y  m e d u l l a  w a s  c h o s e n  as  t h e  s o u r c e  for  P G  s y n -  
t h e t a s e  a l so  b e c a u s e  t h e  s i d e - e f f e c t s  of  c a r b e n o x o l o n e  a r e  
a s s o c i a t e d  w i t h  e l e c t r o l y t e  a n d  w a t e r  b a l a n c e .  T h i s  h a s  
b e e n  s u g g e s t e d  to  be  a r e s u l t  of  a l d o s t e r o n e  l ibe ra t ion20 .  
O n  t h e  o t h e r  h a n d ,  t h e  i n h i b i t i o n  of  P G  b i o s y n t h e s i s  b y  
c a r b e n o x o l o n e ,  a n d  t h u s  r e d u c t i o n  in  k i d n e y  m i c r o c i r -  
c u l a t i o n ,  c o u l d  p a r t i a l l y  e x p l a i n  t h e s e  s i d e - e f f e c t s .  
I n  c o n c l u s i o n ,  we  h a v e  d e m o n s t r a t e d  in  v i t r o  t h a t  c a r -  
b e n o x o l o n e ,  a s y n t h e t i c  p r o d u c t  of  g l y c y r r h i z i c  a c id  f r o m  
l i q u o r i c e  roo t ,  a c t s  o n  t h e  d e g r a d a t i o n  of  cyc l i c  n u c l e o t i d e s  
a n d  b i o s y n t h e s i s  of  P G s  w h i c h  r e g u l a t e  t h e  g a s t r i c  a c i d  
s e c r e t i o n .  A l t h o u g h  o u r  s t u d y  does  n o t  g i v e  t h e  f i na l  ex -  
p l a n a t i o n  of  t h e  a n t i - u l c e r  e f f ec t  of  c a r b e n o x o l o n e ,  i t  
m i g h t  e x p l a i n  t h e  t h e r a p e u t i c  a c t i o n  of  t h e  d r u g ,  b y  in-  
f l u e n c e  on  cyc l i c  n u c l e o t i d e s ,  a n d  s ide -e f f ec t s ,  b y  i n h i b i t i o n  
of  k i d n e y  P G - s y n t h e t a s e .  
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