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Age Body weight (g) Spleen weight (rag) Kidney weight ALAD units/ml 
(months) Control Lead- Control Lead- Control Lead- erythrocytes Lead- 

treated treated treated Control treated 

Hematocrit 
Control Lead- 

treated 

0.5 36.94-1.0 23.24.3~7 1024.13 784.:t= 8 2554-77 1764.17 17.3 4-0.8 12,54.3.2 39.23=2.1 37.54-1.2 
1 60.64.t-2.2 40.6+1.6 1824-6 3183=40 3443=14 3253=13 7.66+0.44 13.73=1.20 40.23=1.0 26.5~z2.5 
2 1534-9 45.5q-5,3 3374.:t:33 7064.126 746+25 6084.1-29 3.754.0.31 11.94-2.30 44.84-1.3 27.53=2.2 
3 2244.14 1 2 5 3 = 7  345-4-25 11904.203 8944-52 727q-35 3,404-0.46 16.4q-7.31 45;24.1.8 26,44.2.6 
4 2104.12 1204.11 3404.16 8064.135 9464.21 802+25 2.984-0.18 19.34.5.4 45.93=2,3 34.74.2.4 
7 2844.13 1254.1.5 3544-23 9184-60 2,963=0.15 23.34.2.5 46.23=1.9 28.93=2.9 

12 2964-39 1694-12 3114.46 11124.155 11264.87 14574.i70 3.434.0.67 30.24-0.4 45.33=2.1 22.44.2.7 
14 2953=25 9524-60 11453=68 2194~280 44.93=1.8 33.23=3.5 
(0,5% Pb) 

Values are means 4. SE. All data are from animals given 1% of lead except the incomplete data after 14 nlonths (0.5% lead). 

spleen lead ing  to  a n  increase  in o rgan  size. More young  
e r y t h r o c y t e s  are the re fo re  p r e s en t  in  t he  b lood c i rcu la t ion  
of l e a d - t r e a t e d  t h a n  in con t ro l  ra ts .  I t  m a y  be  p o s t u l a t e d  
t h a t  A L A D  ac t iv i ty ,  as t h a t  of m a n y  o t h e r  e r y t h r o c y t e  
enzymes ,  is on ly  a r e m n a n t  f rom t he  syn thes i z ing  s tage  
a n d  d imin i shes  as t he  e r y t h r o c y t e s  age. The  g rea te r  
n u m b e r  of y o u n g  e r y t h r o c y t e s  would  t h u s  imp ly  a n  
increased  A L A D  a c t i v i t y  as ha s  indeed  been  found.  
I t  h a s  long  been  k n o w n  t h a t  lead sho r t ens  e r y t h r o c y t e  
s u r v i v a l  poss ib ly  b y  d a m a g i n g  t h e i r  membraneS ,% I n  
r ecen t  years  th i s  a spec t  has  s o m e w h a t  receded  in t he  
genera l  in te res t ,  as t he  depress ion  of b lood  A L A D  a n d  t he  
excess exc re t ion  of de l t a  a m i n o  levul in ic  acid focused 
a t t e n t i o n  on  h e m  synthes is .  Clearly.  A L A D  in b lood  
c a n n o t  be  a l imi t ing  factor ,  o the rwise  a n e m i a  would  
follow the  m a r k e d  depress ion  obse rved  in persons  0n ly  

mi ld ly  i n t o x i c a t e d  w i t h  lead. Moreover  A L A D  inh ib i t i on  
c a n n o t  be  comple te ,  o the rwise  excess u r i n a r y  excre t ion  
a n d  a c c u m u l a t i o n  in e r y t h r o c y t e s  of p o r p h y r i n s  could no t  
occur.  Indeed ,  A L A D  a c t i v i t y  in  o rgans  appea r s  m u c h  
less depressed  t h a n  i t  is in  b lood  and  u n d e r  ce r t a in  
cond i t ions  m a y  increase  (Gerber ,  u n p u b l i s h e d  r e s u l t s ;  
Lauwerys ,  pe r sona l  commun ica t i on ) .  The  p r e s e n t  inves t i -  
ga t ion  conf i rms  t h a t ,  w h e n  lead i n t o x i c a t i o n  is severe,  
su rv iva l  of e r y t h r o c y t e s  becomes  t he  cr i t ica l  f ac to r  for  
changes  in b lood whi le  A L A D  m a y  actually increase  in 
c i rcu la t ing  e ry th rocy t e s .  

5 H.A. Waldron, Br. J. ind. Med. 23, 83 (1966). 
6 H. Passow, A. Rothstein and T' W. Clarkson, Pharmac. Rev. 13, 

183 (1961). 
7 B.L.  Vallee and D. D. Ulmer, A. Rev. Bioehem. 41, 91 (1972). 
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Summary. 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  of 10-100 aM selec t ively  i n h i b i t e d  t he  n o r a d r e n a l i n e  release evoked  b y  act i -  
v a t i o n  of t he  n ico t in ic  r ecep to r s  on  t he  t e r m i n a l s  s y m p a t h e t i c  ne rves  of t he  r a b b i t  hea r t .  H i g h e r  concen t r a t i ons  also 
decreased  t he  n o r a d r e n a l i n e  release i nduced  b y  KC1 or b y  e lect r ica l  s t i m u l a t i o n  of the  n e r v e  axons .  

The  si te  a n d  m e c h a n i s m  of ac t ion  of b a r b i t u r a t e s  on  t he  
ne rve  cell is n o t  ye t  known.  Prev ious ly ,  in -v i t ro  s tud ies  
p r o v i d e d  ev idence  t h a t  b a r b i t u r a t e s  are c apab l e  of i nh ib i t -  
ing Na+ c o n d u c t a n c e  3, 4 a n d  Ca 2+ p e r m e a b i l i t y  S, 6 of t h e  
cell m e m b r a n e ;  however ,  t he  c o n c e n t r a t i o n s  wh ich  are  
necessa ry  for  th i s  i n h i b i t i o n  would  cause  severe  po i son ing  
in vivo.  In  t he  p r e s e n t  s tudy ,  t he  t e r m i n a l  s y m p a t h e t i c  
ne rves  of t he  r a b b i t  h e a r t  were used as a mode l  for t he  
i nves t i ga t i on  of the  m e m b r a n e  ac t ions  of t he  drugs.  
Methods. The  e x p e r i m e n t s  were m a d e  on  i so la ted  h e a r t s  of 
r a b b i t s  (e i ther  sex) weigh ing  1.6-2.8 kg. All  de ta i l s  of t h e  
m e t h o d s  used  h a v e  been  descr ibed  p r ev i ous l yL  Briefly,  
t he  h e a r t s  (some of t h e m  w i t h  a n  i n t a c t  pos tgang l ion ic  
s y m p a t h e t i c  ne rve  supp ly  s) were per fused  w i t h  Tyrode  so- 

l u t i o n  (33~ a t  a c o n s t a n t  f low r a t e  of 25 m l / m i n .  T h e  
compos i t i on  of the  so lu t ion  was as follows (mM):  NaC1 
137; KC1 2.7; CaCI~ 1.8; MgCI~ 1.1; NaHICO s 11 .9 ;  
NaI-I~POa 0.4; glucose 5.6; ascorbic  acid 0.06 (ae ra t ion  
w i t h  95 % oxygen  a n d  5 % c a r b o n  dioxide).  T he  n o r a d r e n a -  
l ine c o n c e n t r a t i o n  in t he  pe r fu sa t e  was  m e a s u r e d  spect ro-  

f luo r ime t r i ca l ly  b y  a modi f i ca t ion  of t he  t r i h y d r o x y i n d o l e  
me thod .  I n  add i t ion ,  h e a r t  r a t e  and  t ens ion  deve loped  b y  
t h e  h e a r t s  were d e t e r m i n e d .  
Results and discussion. P e n t o b a r b i t a l  a t  concen t r a t i ons  up  
to 1 m M  n e i t h e r  s ign i f i can t ly  a l t e red  the  s p o n t a n e o u s  
n o r a d r e n a l i n e  o u t p u t ,  no r  t he  ab i l i t y  of the  h e a r t  to  re-  
m o v e  exogenous  n o r a d r e n a l i n e  (table).  Since m o s t  of t he  
exogenous  n o r a d r e n a l i n e  r e m o v e d  d u r i n g  t h e  passage  
t h r o u g h  t he  c o r o n a r y  vessels of t he  r a b b i t  h e a r t  is t a k e n  
up  in to  t he  no rad rene rg i c  neuronsS,  x0, we conc lude  t h a t  
p e n t o b a r b i t a l  does  n o t  i n h i b i t  t he  n o r a d r e n a l i n e  u p t a k e  
in to  t h e  card iac  s y m p a t h e t i c  ~ nerves .  Hence,  changes  of 
n o r a d r e n a l i n e  Outpu t  f rom t h e  h e a r t s  caused  b y  th i s  d rug  
are due  to a l t e r a t i o n s  of n o r a d r e n a l i n e  release f rom t h e  
nerves. 
Figure 1 shows that pentobarbital at concentrations up to 
I00 ~M selectively inhibited the noradrenaline release 
evoked by activation of the nicotinic receptors with acetyl- 
choline (muscarinic receptors blocked with atropine); 
there is evidence that such receptor sites exist in the mere- 
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b r a n e  of t h e  t e r m i n a l  s y m p a t h e t i c  n e r v e s  ~1-13. T h e  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  w h i c h  caused  50% i n h i b i t i o n  of  t h e  
n o r a d r e n a l i n e  re lease  (ICs0) i n d u c e d  b y  ace t y l cho l i ne  
a m o u n t e d  to  34 ~M. I n  o r d e r  to  e v a l u a t e  t he  t y p e  of in- 
h i b i t i o n  c a u s e d  b y  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 - r e s p o n s e  
c u r v e s  of  ace ty l cho l ine  (in t h e  p r e sence  of a t rop ine )  we re  
d e t e r m i n e d .  As  s h o w n  in f igure  2, p e n t o b a r b i t a l  dec reased  
t h e  m a x i m u m  effect  of ace ty l cho l ine  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 ,  i n d i c a t i n g  t h a t  t h e  b a r b i t u r a t e  be-  
h a v e d  like a n o n c o m p e t i t i v e  a n t a g o n i s t .  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  h i g h e r  t h a n  100 txM also dec reased  t h e  
n o r a d r e n a l i n e  re lease  in r e s p o n s e  to  80 m M  KC1 or  to  elec- 
t r i ca l  s t i m u l a t i o n  of  t he  n e r v e  a x o n s  (f igure 1; I C s 0 : 1 9 0  
a n d  440 ExM, respec t ive ly ) .  All c h a n g e s  of n o r a d r e n a l i n e  
re lease  s h o w n  in f igure  1 were  reve r s ib le  w i t h i n  10 m i n  
a f t e r  w i t h d r a w a l  of t h e  d rug .  H e a r t  r a t e  a n d  p e a k  t e n s i o n  
d e v e l o p e d  b y  t h e  h e a r t s  were  n o t  a t  all a f fec ted  b y  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  u p  to  100 ~M; a c o n c e n t r a t i o n  of 
1 m M  dec reased  h e a r t  r a t e  a n d  t e n s i o n  b y  26 a n d  85%,  
r e spec t ive ly .  
All  m e t h o d s  of s t i m u l a t i o n  used  in t he  p r e s e n t  s t u d y  in- 
duce  Ca 2+ in f lux  in to  t h e  t e r m i n a l  s y m p a t h e t i c  ne rves ,  
w h i c h  is t h e  v i t a l  l ink b e t w e e n  s t i m u l a t i o n  a n d  n o r a d r e n a -  
l ine re lease  7, s, ~4, ~5. Hence ,  h i g h  c o n c e n t r a t i o n s  of p e n t o -  
b a r b i t a l  w h i c h  i n h i b i t  t h e  n o r a d r e n a l i n e  re lease  in r e s p o n s e  
to  all m e t h o d s  of s t i m u l a t i o n  m a y  cause  t h i s  effect  b y  de-  
c r ea s ing  t h e  Ca 2+ p e r m e a b i l i t y  of t he  m e m b r a n e .  Th i s  
s u g g e s t i o n  is s u p p o r t e d  b y  t h e  f ind ing  t h a t  t he se  b a r b i t u -  
r a t e  c o n c e n t r a t i o n s  are  c a p a b l e  of  b l ock i ng  Ca2+ u p t a k e  
b y  depo la r i zed  n e r v e s  5, 
T h e  c h a i n  of e v e n t s  t h a t  a re  in i t i a t ed  b y  b i n d i n g  of ace ty l -  
cho l ine  to  t he  n ico t in ic  r ecep to r s ,  or  b y  e lect r ical  s t i m -  
u l a t i o n  of the  n e r v e  axons ,  are  well  k n o w n ;  b o t h  m e t h o d s  
of  s t i m u l a t i o n  induce  d e p o l a r i z a t i o n  of t h e  t e r m i n a l  s y m -  
p a t h e t i c  n e r v e s  a n d  Ca 2+ in f lux  w h i c h  in t u r n  cause  
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Fig. 1. Inhibition by pentobarbital of the stimulated noradrenaline 
output from the isolated rabbit heart. Each point represents the 
mean (-l= SEM) of 4-9 experiments. Methods of stimulation used: 
1. electrical stimulation of the nerve axons (�9 ; square wave pulses 
of 3 msee duration and supramaximal current strength at a fre- 
quency of Hz; each stimulation period lasted for 1 rain: the right 
and left nerves were stimulated alternately, each side twice for 15 
see); 2. stimulation by raising the KC1 concentration in the perfu- 
sion fluid by 80 mM for 2 min (O); 3. stimulation with acetylcho- 
line, 180 ~M, for 30 see ( • ; in the presence of atropine, 3.5 [xM). 
Each preparation was stimulated 3 times (SI-$3) at intervals of 15 
rain (1st stimulation period 20 min after the preparation had been 
set up). All values indicate the output evoked by S 2 (pentobarbital 
present 10 min before and during $2). The noradrenaline output 
was expressed as the fraction of that evoked by S 1. The noradrena- 
line output evoked by S 1 (all experiments shown in the figure) 
amounted to: 46 ~: 4 rig/2 min (N = 31, electrical stimulation); 
153 :[: 21 ng/2 min (N = 21, stimulation with KC1); 931 ~ 87 ng/2 
min (N=22, stimulation with acetylcholine). *p<0.05; **p<0.005. 

1 This paper is dedicated to Professor Dr. G. Malorny on the 
occasion of his 65th birthday. 
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Fig. 2. Effect of pentobarbital on the concentration-response curve 
of acetylcholine (in the presence of atropine, 3.5 [LM) for its stim- 
ulating effect on the noradrenaline output from isolated rabbit 
hearts. Desipramine, 150 nM, was present in the perfusion fluid 
throughout the experiment in order to inhibit the neuronal re- 
uptake TM. Each preparation was stimulated with acetyleholine 
2 times (S 1 and S~) for 30 sec (ir~tervaI between S 1 and S 2 15 min). 
During S I the aeetyleholine concentration was 0.18 mM, whereas 
during S 2 it varied between 0.058-1.84 mM. All values indicate the 
output evoked by $2, either in the absence of a barbiturate (con- 
trols:x) or in the presence of pentobarbital (10 ~.M:�9 32 ~.M:O; 
10 rain before and during $2). The noradrenaline output evoked by 
S 2 was expressed as the fraction of that evoked by S 1. The nor- 
adrenaline output induced by S I (all experiments shown in the 
figure) amounted to 465 :E 37 ng/2 rain (N = 67). Each point re- 
presents the mean (:~ SEM) of 3-5 experiments. The pD 2 value of 
acetylcholine and the pD 2 value of pentobarbital against acetyl- 
choline were determined as described by Van Rossum 19. 
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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. 
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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  


