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m a y  c o n t r i b u t e  t o  t e r m i n a t i n g  t h e  a c t i o n  o f  t h e  p u t a t i v e  
n e u r o t r a n s m i t t e r  g lyc ine .  T h e  s i g n i f i c a n c e  of t h e  p o s t -  
s y n a p t i c  l o c a l i z a t i o n  o f  s a r c o s i n e  in  t h e  s q u i d  g i a n t  s y n a p s e  
is u n k n o w n .  

E x a m i n a t i o n  of  p r e v i o u s l y  p u b l i s h e d  d a n s y l  c h r o m a t o -  
g r a m s  s h o w  s a r c o s i n e  is r e s t r i c t e d  to  t h e  b r a i n  in  Helix ~2 
t i s s u e s  a n d  p r e s e n t  in  t h e  b l o o d  1~ I t  is u n a f f e c t e d  b y  
e l ec t r i c a l  s t i m u l a t i o n  o f  t h e  b r a i n  ~8, o r  b y  t r e a t m e n t  w i t h  
L S D - 2 5 1 1 .  O u r  o w n  a n d  ea r l i e r  c o m p a r a t i v e  s t u d i e s  s h o w  
i t  t o  be  t h e  h i g h e s t  in  c r u s t a c e a n s  a n d  c e p h a l o p o d s  ~9 ; b u t  
a b s e n t  f r o m  t h e  l e ech  s e g m e n t a l  n e r v e  c h a i n  20, d o r s a l  r o o t  
g a n g l i a L  a n d  t h e  o p t i c  p a t h w a y 2 ,  5. 

Summary. A n  u n k n o w n  d a n s y l  d e r i v a t i v e  w a s  i d e n t i f i e d  
as  d a n s y l  s a r c o s i n e .  I n  m o l l u s c s ,  s a r c o s i n e  w a s  f o u n d  t o  
be  l a r g e l y  loca l i zed  t o  t h e  n e r v o u s  s y s t e m .  E x a m i n a t i o n  
of  i n d i v i d u a l  sna i l  n e u r o n e s ,  r e g i o n s  of t h e  o c t o p u s  b r a i n  

a n d  t h e  s q u i d  g i a n t  s y n a p s e  s h o w e d  d r a m a t i c  v a r i a t i o n s  
in  s a r c o s i n e  leve ls .  
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Effect of S o m e  P h o s p h o d i e s t e r a s e  Inhib i tors  on 
3 ' , 5 ' - M o n o p h o s p h a t e  P h o s p h o d i e s t e r a s e  

M a n y  ce l l u l a r  f u n c t i o n s  a r e  r e g u l a t e d  b y  a d e n o s i n e  
Y, 5 ' - cyc l i c  m o n o p h o s p h a t e  (cycl ic  A M P ) .  T h e  i n t r a -  
c e l l u l a r  c o n c e n t r a t i o n  of  cyc l ic  A M P  is g e n e r a l l y  u n d e r  
h o r m o n a l  con t ro l .  T h e r e f o r e  i t  s e e m s  of  spec i a l  i n t e r e s t  t o  
s t u d y  t h e  e f f ec t  of  c h e m i c a l s ,  e s p e c i a l l y  t h e r a p e u t i c  
a g e n t s ,  o n  t h e  r e g u l a t i o n  of  cyc l ic  A M P  in  in  v i t r o  s y s t e m s  
a n d  in  i n t a c t  cells.  

Cyc l i c  A M P  p h o s p h o d i e s t e r a s e  ( P D E ) ,  t h e  e n z y m e  
w h i c h  d e g r a d e s  cyc l ic  A M P  to  Y - A M P ,  r e p r e s e n t s  a 
p o s s i b l e  t a r g e t  for  i n f l u e n c i n g  t h e  i n t r a c e l l u l a r  c o n c e n -  
t r a t i o n  of  cyc l ic  A M P  b y  c h e m i c a l  m e a n s .  W h e n  c o m -  
p o u n d s  a re  t e s t e d  for  t h e i r  a c t i v i t y  as  i n h i b i t o r s  of  P D E ,  
o f t e n  t h e  c o n c e n t r a t i o n  o f  t h e  c o m p o u n d  n e c e s s a r y  to  
i n h i b i t  P D E  a c t i v i t y  b y  5 0 %  (I~0) is d e t e r m i n e d  l-a.  

P D E  s e e m s  to  e x i s t  in  a v a r i e t y  of  i s o e n z y m i c  f o r m s  
w h i c h  m a y  o c c u r  s i m u l t a n e o u s l y  in  a p a r t i c u l a r  t i s s u e  4 6. 
T o  e v a l u a t e  t h e  p o t e n c y  of  a c o m p o u n d  as  P D E  i n h i b i t o r  
in a spec i f ic  t i s s u e ,  i t  s e e m s  d e s i r a b l e  to  m e a s u r e  i t s  P D E  
i n h i b i t i n g  a c t i v i t y  o n  m o r e  t h a n  one  p r e p a r a t i o n  of P D E .  
S u c h  a s t u d y ,  u s i n g  t w o  d i f f e r e n t  P D E  p r e p a r a t i o n s ,  is 
p r e s e n t e d  in  t h i s  p a p e r .  

Materials and methods. T w o  d i f f e r e n t  P D E  p r e p a r a t i o n s  
f r o m  r a t  b r a i n  c o r t e x  we re  u s e d .  O n e  w a s  p r e p a r e d  ac -  
c o r d i n g  to  K A K I U C m  7 w h i c h  i n c l u d e d  S e p h a d e x  G - 2 0 0  
c o l u m n  c h r o m a t o g r a p h y  of  a s u p e r n a t a n t  o b t a i n e d  a f t e r  

T w o  Different Preparat ions  of Adenos ine  

c e n t r i f u g a t i o n  o f  t h e  h o m o g e n a t e  of  r a t  b r a i n  c o r t e x .  
T h e  S e p h a d e x  G - 2 0 0  c o l u m n  c h r o m a t o g r a p h y  y i e l d e d  3 
f r a c t i o n s  w i t h  P D E  a c t i v i t y .  O n e  f r a c t i o n  s h o w e d  e n z y -  
m a t i c  a c t i v i t y  o n l y  in  t h e  p r e s e n c e  of m o d u l a t o r  p r o t e i n  
a n d  c a l c i u m  ions .  T h i s  f r a c t i o n  w a s  u s e d  f u r t h e r  a n d  wil l  
be  d e s i g n a t e d  ] ?DE I. M o d u l a t o r  p r o t e i n  w a s  p r e p a r e d  b y  
h e a t i n g  a h o g  b r a i n  c o r t e x  h o m o g e n a t e  for  5 m i n  a t  95 ~ 
in  a w a t e r  b a t h ~ .  
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I50 values of some PDE inhibitors using two different PDE preparations and two different substrate concentrations 

Substrate Concentration (if.M) IBMX I50 (~tM) Papaverin I50 ([xM) SQ66-007 IB0 (p.M) SQ 20 009 I50 ([xM) n 

PDE I 500 9.25 :t: 4.3 48.5 • 19 35.1 • 9.7 28.5 :t- 4.6 4 
PDE I 0.25-2 24.6 -L 5.3 94.4 -[- 3.7 64 i 10.8 n.d. 4 
PDE II 500 67.75 • 6.1 b 52.87 • 5.5 n.s. 56.5 :J: 10.1 a n.d. 5 
PDE II 0.25-2 44.2 i 5 .4~ 33.7 • 19.6 b 19.1 :t: 4.6 b n.d. 5 
PDE I 500 2p  < 0.01 '~ 2p  < 0.01 ~ 2p  < 0.01 ~ 
PDE I 0.25-2 
PDE II 500 2p <: 0.001 c n.s. e 2p  < 0.001 ~ 
PDE II 0.25-2 

The incubation mixture contained in a total volume of 1.0 ml; 0.2 m M  dithiothreitol; 1 m M  Y-AMP; 3 raM MgSO4; 0.5 mM 3H 3',5'-cyclic 
AMP (60 nCi); 0.1 m M  CaC12; varying concentrations of inhibitor and 36 [zg of PDE I plus 71 ~tg modulator protein or 420 btg PDE II. The 
reaction was stopped by addition of 0.2 ml ZnSO 4 (0.2 mM) and 0.2 ml Ba(OH)~ (0.2 mM). After centrifugation, radioactivity of the superna- 
taut  was determined, a < 0.05, b % 0.001 as compared to PDE I. n.s. not significant, o Iso values at high substrate concentration compared 
to those at low substrate concentration: n.d., not determined. IBMX : Isobutylmethylxantine.  All values represent mean ~- S.D. 
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A n o t h e r  P D E  was p r e p a r e d  accord ing  to  CHASIN s, 
essen t ia l ly  be ing  t h e  a m m o n i u m s u l f a t e  f r ac t ion  f rom 
0 - 5 0 %  s a t u r a t i o n  of t he  c rude  h o m o g e n a t e  of r a t  b r a i n  
cor tex.  Th i s  f r ac t ion  was col lected b y  cen t r i fuga t ion .  
The  pe l le t  was  dissolved in a smal l  vo lume,  d ia lyzed  and  
used w i t h o u t  f u r t h e r  pur i f ica t ion .  Th i s  p r e p a r a t i o n  will  
be des igna t ed  /?DE II .  

I n h i b i t o r s  o f / ? D E  were t e s t ed  on these  /?DE p repa ra -  
t ions,  us ing  a s u b s t r a t e  c o n c e n t r a t i o n  of 500 txM a n d  of 
0 .25-2 ~M. /?DE was r o u t i n e l y  assayed  accord ing  to t he  
p rocedure  desc r ibed  by /76cI~  9 w i t h  m i n o r  modi f ica t ions .  
I n  th i s  assay,  1 m M  Y-AM/? was inc luded  in t he  i n c u b a t i o n  
m i x t u r e  to  t r a p  the  r ad ioac t ive  p roduc t .  

W h e n  t h e  two- s t ep  m e t h o d  of BUTCHERI~ was used to  
measu re  P D E  ac t iv i ty ,  t he  resul t s  o b t a i n e d  were ident ical .  
W h e n  chemica l s  were  t e s t ed  for t he i r  ab i l i t y  as /?DE 
inh ib i to rs ,  a p r e i n c u b a t i o n  per iod  of 10 ra in  w i t h  t he  
c o m p o u n d  a t  30~ p receded  t he  s t a r t  of t h e  enzymic  
r eac t ion  w i t h  cyclic AMP.  Assays  were car r ied  ou t  in  
dup l i ca te  a n d  m e a n  va lues  were ca lcula ted .  S ta t i s t i ca l  
compar i sons  of d a t a  were  m a d e  b y  us ing  S t u d e n t ' s  t- test .  
P ro t e in  was d e t e r m i n e d  b y  t he  m e t h o d  of L o w R Y n .  

(8-3H) adenos ine  3', Y-cyclic m o n o p h o s p h a t e  was  f rom 
A m e r s h a m  (27.5 Ci /mmol) .  I s o b u t y l m e t h y l x a n t h i n e  was 
a gif t  f rom Searle, Chicago;  ch lord iazepoxide ,  d i a z e p a m  
a n d  R O  20-1724 were a gif t  f rom H o f f m a n n - L a  Roche ;  
SQ 20-009 a n d  SQ 66-007 were a gif t  f rom Squibb ,  Pr ince-  
t o n  N . J .  R O  20-1724:  4 - (3 -bu toxy-4 -me thoxybenzy l - )2 -  
imidazol id inone .  SQ 20-009:  1-e thyl -4- ( i sopropyl idene  
h y d r a z i n o ) - i  H-pyrazo lo  (3, 4-b) py r id ine -5 -ca rboxy l i c  
acid, e thy les te r ,  hydroch lor id .  SQ 66-007:  5-acetyl-4-  
(s ec. b u t y l a m i n o  -) - 1 -e thyl -  1 H-pyrazo lo-  ( 3, 4-b) pyr id ine .  

Results. A t o t a l  of 9 c o m p o u n d s  were t e s t e d  as in- 
h ib i to r s  of t h e / ? D E ' s .  Us ing  P D E  I, d i a z e p a m  a n d  chlor-  
d iazepoxide  h a d  I50 va lues  of 100 v M  at 500  txM cyclic 
A M P  concen t r a t i on .  A t  t h i s  s u b s t r a t e  c o n c e n t r a t i o n  
papave r ine ,  SQ 66-007,  SQ 20-009 and  i s o b u t y l m e t h y l -  
x a n t h i n e  were  i n h i b i t i n g  t he  /?DE I, i s o b u t y l m e t h y l -  
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Lineweaver-Burk plot of cyclic AMP hydrolysis by PDE I and PDE 
II. Assay was performed as described in legend to the Table. Lines 
were best fitted by means of a computer program. V is expressed as: 
~zmoles cyclic AMP hydrolyzed]mg protein • min. 
All values represent mean -b S.D. (n = 3). 

x a n t h i n e  be ing  t h e  m o s t  po ten t ,  150 = 9.25 • 4.3 (Table). 
Us ing  cyclic A M P  a t  a c o n c e n t r a t i o n  of 0.25-2 txM w i t h  
/?DE I the  o rder  of p o t e n c y  of t he  l a t t e r  c o m p o u n d s  d id  
n o t  change  ; however ,  t h e  I~0 va lues  of t h e  inh ib i to r s  were 
s ign i f ican t ly  increased  c o m p a r e d  w i t h  t he  va lues  o b t a i n e d  
w i t h  t h e  h i g h  s u b s t r a t e  c o n c e n t r a t i o n  (Table).  

W h e n  P D E  I I  was  used as t he  source of enzyme,  in- 
h i b i t i o n  of t he  e n z y m a t i c  a c t i v i t y  b y  50% did  requi re  
s ign i f ican t ly  h ighe r  c o n c e n t r a t i o n s  of i s o b u t y l m e t h y l -  
x a n t h i n e  and  SQ 66-007 (500 ~ M  cyclic A M P  as subs t ra t e )  
c o m p a r e d  to  t he  va lues  o b t a i n e d  w i t h  /?DE I. Again,  
w h e n  t he  lower c o n c e n t r a t i o n  of s u b s t r a t e  cyclic A M P  
was used, t h e  150 va lues  were s ign i f i can t ly  d i f fe rent  f rom 
the  I50 va lues  a t  t he  h i g h  s u b s t r a t e  c o n c e n t r a t i o n  (Table). 

Theophyl l in ,  R O  20-1724 a n d  c l o n a z e p a m  a t  5-80 txM 
did n o t  i nh ib i t  hydro lys i s  of cyclic A M P  a t  500 ~zM sub-  
s t r a t e  c o n c e n t r a t i o n  b y  e i the r  /?DE I or /?DE II .  Using  
low s u b s t r a t e  c o n c e n t r a t i o n s , / ? D E  I a n d / ? D E  I I  showed 
also d i f fe ren t  Km values,  2.5 ~xM a n d  20  ~zM respec t ive ly  
(Figure).  

Discussion. There  is a t e n d e n c y  to  re la te  PDE- in -  
h i b i t i n g  p roper t i e s  of chemica ls  to  t he i r  pha rmaco log ica l  
effects1-3,1~ I f  th i s  were possible,  150 values  should  be 
fa i r ly  c o n s t a n t  w h e n  d i f fe rent  /?DE p r e p a r a t i o n s  are 
used  as e n z y m e  sources.  Our  resu l t s  show t h a t  i t  is v e r y  
diff icul t  to  cor re la te  t h e  p o t e n c y  of a d rug  as i nh ib i t o r  
of /?DE w i t h  i ts pha rmaco log ica l  m e c h a n i s m  of act ion.  
D e p e n d i n g  on t he  k ind  of P D E  and  t he  s u b s t r a t e  con- 
c e n t r a t i o n  used in t he  t e s t  sys tem,  a d rug  m a y  be  a 
p o t e n t  or r a t h e r  i m p o t e n t  i n h i b i t o r  o f / ? D E .  

I n  c o n t r a s t  to  our  knowledge  a b o u t  t he  var ious  /?DE 
isoenzymes  isola ted f rom t i ssues  a n d  clonal  cell lines, 
l i t t le  is k n o w n  a b o u t  t h e  form (s) o f / ? D E  (s) wh ich  exis t  
in i n t a c t  cells. E s t i m a t e s  of t he  ac tua l  cyclic A M P  con- 
c e n t r a t i o n  a t  t he  s i te  of /?DE w i t h i n  t he  cell are a lmos t  
impossible .  Our  d a t a  show t h a t  these  p a r a m e t e r s  m a y  
s t rong ly  inf luence  t h e  a c t i v i t y  of a g iven  drug  to  ac t  as 
i n h i b i t o r  of /?DE. More  de ta i led  s tud ies  p a r t i c u l a r l y  on  
t he  a c t u a l  forms of /?DE ex is t ing  in u n b r o k e n  cells are 
necessary.  

Zusammen]assung. N e u n  S t tb s t anzen  w u r d e n  an  zwei 
v e r s c h i e d e n e n / ? D E  P r / i p a r a t i o n e n  auf  i h r e / ? D E  h e m m e n -  
den  E i g e n s c h a f t e n  u n t e r s u c h t .  D a b e i  zeigte sich, dass  die 
Is0-Werte von  der  A r t  der  P r g p a r a t i o n  und  yon  der  
S u b s t r a t k o n z e n t r a t i o n  abhXngen.  
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