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t o  ut i l ize  succinate ,  desp i te  t he  fac t  t h a t  the  s u b s t r a t e  
c o n c e n t r a t i o n  g rea t ly  exceeded 0.15 m M ,  t he  Km va lue  10 
for b e e f - h e a r t  succ inoxidase  a t  20 ~ If, as in t he  case of 
f umara se  n,  t h e  Km decreases  w i t h  t e m p e r a t u r e ,  a n d  if 
species differences are n o t  s ignif icant ,  t h e  a f f in i ty  of t he  
e n z y m e  complex  for succ ina te  m i g h t  be  expec ted  to be of 
a n  even  h igher  order  a t  4 ~ 

P rev ious  s tud ies  of 30 h e a r t s  h a v e  e s t ab l i shed  the  va lue  
of fol lowing t he  fa te  of l a c t a t e  p roduced  me tabo l i ca l l y  
d u r i n g  perfusion2-4.  Regard less  of t he  s t a t e  of p rese rva -  
t i on  of t he  t issues,  smal l  q u a n t i t i e s  (20-300 ~zmoles) of 
l a c t a t e  a lways  a p p e a r e d  in the  pe r fusa tes  d u r i n g  t he  f i rs t  
4 -6  h. I n  t he  cases of wel l -preserved  organs,  these  a m o u n t s  
h a d  i n v a r i a b l y  fa l len b y  a b o u t  40% w i t h i n  t he  n e x t  
18 20 h ;  conversely ,  l a c t a t e  levels in t he  pe r fusa tes  of 
d e t e r i o r a t i n g  h e a r t s  rose b y  a fac to r  of b e t w e e n  two a n d  
fou r t een  w i t h i n  t h e  same  per iod  of t i m e  4. These  observa-  
t ions  c o n s t i t u t e  a sens i t ive  a n d  ear ly  i n d i c a t i o n  of the  
s t a t e  of v i ab i l i t y  of t h e  t issues.  However ,  w h e n  h e a r t s  are 
p r e s e n t e d  w i t h  such  large a m o u n t s  of exogenous  lac ta te ,  
as in t he  p r e sen t  expe r imen t s ,  t he  pos i t ion  is far  less clear.  
The  fac t  t h a t  a n  o rgan  c o n t i n u e d  to me tabo l i s e  l a c t a t e  a t  
an  apprec i ab le  r a t e  for  nea r ly  48 h, even  t h o u g h  o the r  
c r i t e r ia  3 h a d  a l r eady  shown  conclus ive ly  t h a t  t he  h e a r t  
was no  longer  viable ,  i nd ica tes  t h a t  t he  p resence  of a 
large q u a n t i t y  of added  lac ta te ,  poss ib ly  due  to  a mass-  
ac t ion  effect, does no t  give i n f o r m a t i o n  r ega rd ing  t h e  
s t a t e  of t he  t i ssue  a t  a suf f ic ien t ly  ear ly  stage.  

A l t h o u g h  t he  n u m b e r  of h e a r t s  s tud ied  so far  is small ,  
t h e  c lear -cu t  n a t u r e  of t h e  resu l t s  a n d  t he  press ing  need  
for n o n - i n v a s i v e  t e s t s  of v i ab i l i t y  h a v e  d i c t a t e d  t he  ear ly  
p r e s e n t a t i o n  of these  f indings .  I n  se lec t ing t he  or ig inal  
level of succinate ,  t he  a i m  was to p r e s en t  t he  t i ssues  w i t h  
an  a m o u n t  of s u b s t r a t e  t he  oxygen  e q u i v a l e n t  (30 mmoles)  
of wh ich  was a d e q u a t e  to  cover  t he  oxygen  r e q u i r e m e n t  of 
t he  t i ssue  for 3 4 days.  Cons idera t ions  are necessar i ly  
d i f fe ren t  w h e n  a c o n c e n t r a t i o n  a p p r o p r i a t e  for m o n i t o r i n g  
loss of v i a b i l i t y  is to  be  selected.  The  g rea t e s t  fall  in t he  
succ ina te  level  ye t  o b t a i n e d  has  been  0.6 m M  in 24 h ;  no t  
all de t e r i o r a t i ng  t i ssues  would  necessar i ly  cause  a decrease  
of th i s  m a g n i t u d e .  A l though ,  in  o t h e r  expe r imen t s ,  a 
m o n i t o r i n g  c o n c e n t r a t i o n  of 2 m M  has  been  employed,  

0.5-1 m M  would  a p p e a r  to  be  a more  su i t ab le  r ange  if t he  
s ignif icance of differences  less t h a n  0.6 m M  are no t  to  be 
m a s k e d  b y  e x p e r i m e n t a l  error,  especial ly  if t he  i n t e rva l  
b e t w e e n  s a m p l i n g  t imes  needs  to  be  shor tened .  The  
p h e n o m e n o n  of l a c t a t e  p r o d u c t i o n  a n d  u t i l i za t ion  b y  t he  
i so la ted  pe r fused  h e a r t  a n d  i ts  r e l a t ionsh ip  to  o rgan  
v i ab i l i t y  is suf f ic ien t ly  well  documen ted3 ,  4 to  s tand .  I n  
fu tu re  i nves t i ga t i ons  t he  ques t ion  as to  w h e t h e r  or n o t  
t he  fa te  of added  succ ina te  is a f fec ted  b y  t he  i n t roduc -  
t ion  of c o m p a r a t i v e l y  large a m o u n t s  of exogenous  l a c t a t e  
m u s t  be  g iven  careful  a t t e n t i o n .  

The  p r o b l e m  of w h e t h e r  an  o rgan  is genu ine ly  v iab le  or 
no t  is of ca rd ina l  i m p o r t a n c e  in p re se rva t ion .  The  ideal  
would  be  to pe r fo rm  rap id  and  s imple  t e s t s  exc lus ive ly  
on  samples  of per fusa te ,  t h e r e b y  p r e s e n t i n g  no h a z a r d  to 
t he  organ.  "vVhile o r tho top i c  t r a n s p l a n t a t i o n  m u s t  
r e m a i n  t he  u l t i m a t e  t e s t  of v iab i l i ty ,  t h e  p rocedure  is 
p a r t i c u l a r l y  di f f icul t  to  ca r ry  ou t  w i t h  success 1~. Deta i led  
discussions of t he  c r i t e r ia  of v i ab i l i t y  appl ied  in th i s  
i nves t i ga t i on  h a v e  appea red  elsewhere 3, 3, 7. 

Rdsumd. Duns  le coeur isol6 du  chien,  perfus6 ~ 4 ~ le 
succ ina te  de sod ium a jout6  n ' e s t  pus  uti l is6 p a r  des t i ssus  
v ivan t s ,  mats  il est  m6tabol i s6  p a r  le coeur qu i  a p e r d u  sa 
v iabi l i t6 .  Le des t in  du  l ac t a t e  exog6ne ne  d o n n e  pas  
d ' i n f o r m a t i o n s  assez claires sur  la v iab i l i t6  des t issus,  
t a n d i s  que  c 'es t  le cas du l a c t a t e  p r o d u i t  pa r  m6tabo l i sme .  
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Inhibition of Beef Heart and Rat Brain Nucleoside-3':5'-Monophosphate Phosphodiesterase 
by 3/3-14-Dihydroxy-21-oxo-23-desoxo-5-~-card-20(22)-enolide 3-acetate (AY-17,605) 
and Structurally Related Compounds 

The  i m p o r t a n c e  of cyclic a d e n o s i n e - Y : 5 ' - m o n o p h o s -  
p h a t e  (cyclic-AMP) as a n  in t r ace l lu l a r  m e d i a t o r  of va r ious  
h o r m o n e  ac t ions  is well  d o c u m e n t e d  1. Nucleos ide-Y:  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  (PDE)  hydro lyzes  
cyc l ic -AMP to  A M P  and  appea r s  to  be  of r e levance  as a 
con t ro l  m e c h a n i s m  for t h e  in t r ace l lu l a r  levels of cyclic- 
AMP.  Var ious  c o m p o u n d s  w h i c h  h a v e  been  d e m o n s t r a t e d  
to  be  i n h i b i t o r s  of P D E  h a v e  also been  shown  to affect,  
i.e. increase,  h o r m o n a l  act ions .  Recen t ly ,  a m e m b e r  of a 
nove l  series of c o m p o u n d s  w h i c h  are i someric  to  t he  
n a t u r a l  card iac  glycosides has  been  found  to  e x h i b i t  
p rope r t i e s  of ca rd io ton ic  agen t s  2. These  i somers  h a v e  
t h e  s te ro id  nuc leus  a t t a c h e d  to  t he  a - c a r b o n  i n s t ead  of 
t he  f l -carbon of t he  a, f i -unsa tu ra t ed  l ac tone  (Figure) .  
The  i n h i b i t o r y  ac t iv i t i e s  of c o m p o u n d s  of th i s  series on  
beef  h e a r t  P D E  a n d  r a t  b r a i n  P D E  h a v e  been  d e t e r m i n e d  
in t h e  p r e sen t  s tudies .  

Materials and methods. The  m e a s u r e m e n t s  of P D E  
a c t i v i t y  were car r ied  ou t  essent ia l ly  as descr ibed  prev ious-  
ly  3,*. The  beef  h e a r t  P D E  (Boehr inger  M a n n h e i m )  was a 

d ia lyzed  p r e p a r a t i o n ;  t he  r a t  b r a i n  P D E  was p r e p a r e d  
as descr ibed  p rev ious ly  3. The  p ro t e in  c o n c e n t r a t i o n  was 
d e t e r m i n e d  b y  t he  m e t h o d  of LOWRY et  al. 5. The  e n z y m e  
assay  c o n t a i n e d  beef  h e a r t  P D E  (0.12 m g  p ro te in /ml )  or 
r a t  b r a i n  P D E  (0.095 m g  p ro te in /ml ) ,  snake  v e n o m  (1 
mg/ml)  a n d  b o v i n e  a l b u m i n  (2 mg/ml)  in 60 m M  Tris- 
HC1 buffer ,  p H  7.8 w i t h  5 m M  m e r c a p t o e t h a n o l .  The  
P D E  was o m i t t e d  in t he  b lanks .  50 al  of t he  e n z y m e  
p r e p a r a t i o n  were added  to a glass sc in t i l l a t ion  via l  
c o n t a i n i n g  5 ~zl of t he  t e s t  c o m p o u n d  in d i m e t h y l  sul- 
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phox ide  a n d  50 ~1 w a t e r  and  t he  v ia l  p r e i n c u b a t e d  a t  
30~ for 5 rain.  50 ~zl 3H-cycl ic-AMP in 120 m M  Tris-  
HC1 buffer ,  p H  7.8, c o n t a i n i n g  120 m M  MgCI 2 were added  
and  t he  r eac t ion  was t e r m i n a t e d  a f t e r  1 m i n  in t he  case 
of t he  beef h e a r t  P D E  and  1.5 ra in  w i t h  the  r a t  b r a i n  P D E  
b y  t he  add i t i on  of 1 ml  of a 50~o suspens ion  of Dowex 1. 
Af te r  10 min,  15 ml  of sc in t i l l a t ion  so lven t  a were added  
and  t he  samples  counted .  

The  t e s t  c o m p o u n d s  were also e x a m i n e d  to insure  t h a t  
t h e y  d id  no t  affect  t he  snake  v e n o m  nuc leo t idase  or 
in te r fe re  in  t he  r a d i o a c t i v i t y  d e t e r m i n a t i o n .  

The  subs t ances  used were beef  h e a r t  P D E ,  B o e h r i n g e r  
M a n n h e i m  (15153 E P A Y ,  con t ro l  No. 7151212); RUSSELL'S 
viper venom, Sigma Chemical Co.; [8-~H] cyclic adeno- 
sine-3' : 5'-monophosphate (14.3-14.5 C/mmole), Schwarz- 
Mann; Dowex l-X2 minus 400 mesh chloride form, Bio- 
Rad Laboratories ; digitoxin, Gedeon Richter Ltd ; 
theophylline monoethanolamine, K. and K. Laboratories; 
the AY compounds (Figure) were synthesized by Dr. 
J.M. FERLAND, Ayerst Laboratories. 

By varying the substrate and/or inhibitor concentra- 
tions the 14m for each phosphodiesterase was determined 
by the method of LINEWEAV~R and BURK s and the 141 
for inhibitors by the method of DIxoNT. By plotting % 
inhibition versus the logarithm of inhibitor concentration 
the concentration at which 50% inhibition of the hydro- 
lysis occurred was determined (Is0). Each point represents 
the mean of triplicate determinations. The curves 

r ep resen t  t he  be s t  fit, o b t a i n e d  b y  t he  m e t h o d  of leas t  
squares.  

Results  a~zd discussion. The  c o n c e n t r a t i o n  of theo-  
phy l l ine  wh ich  caused  a 50~o i n h i b i t i o n  of beef h e a r t  P D E  
was 108 ~zM (Table  A). Dig i tox in  was 3 t imes  less ac t ive  
t h a n  theophy l l ine .  F o r m a t i o n  of t he  3-hemisucc inyl  
der iva t ive ,  i.e. d ig i tox igen in  h e m i s u c c i n a t e  (AY-17,611), 
d id  no t  a l t e r  t he  ac t iv i ty .  P resence  of t h e  s - a t t a c h m e n t  
to  t h e  l ac tone  in  t he  l a t t e r  d e r i v a t i v e  (AY-22,252) 
resu l ted  in a 2-fold increase  in t h e  respec t ive  ac t iv i ty .  

I n  t he  isomeric  l ac tone  de r i va t i ve s  r e p l a c e m e n t  of t h e  
3-hemisucc inyl  b y  a 3-acetyl  m o i e t y  y ie lded a d e r i v a t i v e  
(AY-17,605) 3 t imes  more  ac t ive  a n d  t h u s  8 t i m e s  more  
p o t e n t  t h a n  d ig i toxin .  The  a c t i v i t y  decreased  to  t he  level  
of t h a t  of d ig i tox in  w h e n  t he  r e p l a c e m e n t  was  b y  a 3/~- 
D-g lucopyranosy l  group (AY-22,241). The  m o s t  p o t e n t  
d e r i v a t i v e  AY-17,605 was a b o u t  twice  as ac t ive  as theo-  
phyl l ine .  

The  f ind ings  ind ica te  t he  i m p o r t a n c e  of t he  n a t u r e  of 
t he  s u b s t i t u e n t  on  pos i t ion  3 in t h e  i somer ic  l ac tone  
de r iva t i ve s  of d ig i tox in  w i t h  t he  smal l  ace ty l  group 
y ie ld ing  t he  h ighes t  a c t i v i t y  and  t h e  ac t i v i t y  decreas ing  
w i t h  t h e  larger  3 -hemisncc iny l  and  3fi-D-glucopyranosyl  
groups.  Also, p resence  of t he  e - a t t a c h m e n t  to  t he  l ac tone  

6 H. LINEWEAVZR and D. BURK, J. Am. chem. Soc. 56, 658 (1934). 
7 M. DixoN, Biochem. J. 55, 170 (1953). 
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Inhibition of Nucleoside-3': 5'-Monophosphate Phosphodiesterase 

A) Beef heart 

Compound 

B) Rat brain 

I50 (~M) Compound % Inhibition at 1 • IO-aM 

AY-17,605 
Theophylline 
AY-22,252 
AY-17,611 
Digitoxin 
AY-22,241 

44 Theophylline 35 
108 AY-17,605 24 
150 Digitoxin 9 
320 AY-22,252 7 
350 AY-17,611 7 
540 AY-22,241 3 

Final concentration of cyclic-AMP: 1.16 • 10 -7 M Final concentration of cyclic-AMP: 0.58 • 10-7M 

yields a more  ac t ive  d e r i v a t i v e  t h a n  t he  n a t u r a l  l ac tone  
in t he  case examined .  

W h e n  t h e  va r ious  c o m p o u n d s  were e x a m i n e d  a t  1 • 
10 4 M for t h e i r  i n h i b i t o r y  effect  on t he  r a t  b r a i n  P D E ,  
t h e o p h y l l i n e  e x h i b i t e d  a m o d e r a t e  i n h i b i t i o n  (35%) 
(Table  B). None  of t h e  o the r  compounds ,  i.e. AY-17,605,  
d ig i toxin ,  AY-22,252,  AY-17,611 a n d  AY-22,241,  ex- 
h ib i t ed  a g rea t e r  ac t iv i ty .  

The  LINEWEAVER-BURK plo t  showed  t he  K ~  fo r t he  
beef  h e a r t  P D E  was 33.3 •  -7 M and  6.25 •  7 M 
for t he  r a t  b r a i n  P D E .  W i t h  t he  beef h e a r t  PDEI  a n d  
the  cyc l ic -AMP 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 0.87~ a n d  
1.75 • 10 -7 M,  AY-17,605 e x h i b i t e d  a Ki  of 0.64 • 10 .4 M 

. . . .  I as d e t e r m i n e d  f rom t h e  D ixon  p lo t  and  i ts  m h l b l t l o n  was 
of t he  n o n - c o m p e t i t i v e  type .  T he  KI for t heophy l l i n~  was 
1.3 • 10 -4 M a n d  t h e  i n h i b i t i o n  was also of a non - compe t -  
i t ive  na tu re .  

The  t y p e  of i n h i b i t i o n  w i t h  t h e o p h y l l i n e  a p p a r e n t l y  
can  v a r y  accord ing  to  t h e  n a t u r e  of t h e  e n z y m e  p repa ra -  
t ion  ut i l ized a n d  t he  assay  cond i t ions  employed  as 
t h e o p h y l l i n e  has  also been  r e p o r t e d  to exh i b i t  a non-  
c o m p e t i t i v e  t y p e  in s tud ies  w i t h  dog h e a r t  a n d  frog 
e ry throcy tesS ,  9, c o m p e t i t i v e  t y p e  w i t h  r a t  b r a i n  a n d  
beef  h e a r t  10,~4 a n d  m i x e d  t y p e  w i t h  beef  h e a r t  a n d  r a t  
e r y t h r o c y t e s  4,12 

I n  c o m p a r i s o n  w i t h  theophy l l ine ,  t he  a b o v e  fac to rs  
a p p e a r  to  be  of i m p o r t a n c e  w i t h  r ega rd  to t he  i n h i b i t o r y  
a c t i v i t y  of AY-17,605 as i n d i c a t e d  b y  t he  f ind ings  t h a t  
AY-17,605 was more  p o t e n t  t h a n  t h e o p h y l l i n e  w i t h  
r e spec t  to  t h e  beef  h e a r t  P D E  b u t  no t  to  t he  r a t  b r a i n  
P D E .  

AY-17,605 could ac t  to  p r e v e n t  t h e  d e g r a d a t i o n  of 
cyc l i c -AMP t h r o u g h  i ts  i n h i b i t o r y  ac t ion  on  h e a r t  P D E  
w i t h  h igher  levels of cyc l ic -AMP t h e r e b y  resul t ing.  This  
a c t i v i t y  of AY-17,605 m i g h t  be  of i m p o r t a n c e  w i t h  

respec t  to  i t s  ac t ions  as a ca rd io ton ic  agent .  Of i n t e r e s t  in 
r ega rd  to  t he  p r e sen t  f ind ings  was t he  d e m o n s t r a t i o n  t h a t  
a d i f fe ren t  t y p e  of compound ,  i.e. 4 - (3 ,4 -d imethoxy-  
benzy l ) -2 - imidazo l id inone  (RO 7-2956), wh ich  e x h i b i t e d  
ac t ions  of a ca rd io ton ic  a g e n t  13 was also a n  i n h i b i t o r  of 
P D E  12, i.e. r a t  e r y t h r o c y t e  P D E .  

Rdsumd. Des compos6s isomSres aux  glycosides car- 
d iaques  na tu r e l s  on t  d6mon t r6  l ' i n h i b i t i o n  in v i t ro  de 
l ' e n z y m e  nucleos ide-3 ' :  5 ' - m o n o p h o s p h a t e  phosphod ie s t e -  
rase  (PDE)  d 'o r ig ine  coeur du  boeuf exerc6e sur  le cyclic- 
AMP, le compos6 le plus  ac t i f  6 t a n t  u n  d6riv6 de la l ac tone  
i som6r ique  c o n t e n a n t  une  f r ac t ion  3-acetyl  (AY-17,605);  
le Ki  du  compos6 AY-17,605 6 ta i t  de 0.64 • 10 -4 M e t  le 
proc6d6 i n h i b i t e u r  6 ta i t  d ' u n e  n a t u r e  non-comp6 t i t i ve .  
A u c u n  des compos6s n ' a  exh ib6  une  ac t iv i t6  sup6r ieure  
a u t r e  q u ' u n e  i n h i b i t i o n  mod6r6e  du  P D E  dans  le ce rveau  
du  ra t .  
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A m i n o  Ac ids  in the  E x c r e t a  of the  T s e t s e  Fly,  Glossina palpalis 

The  exc re t ion  of n i t rogenous  was te  p r o d u c t s  has  been  
i n v e s t i g a t e d  in m a n y  insects .  Our  knowledge  on  t h e  
sub jec t  has  been  rev iewed  b y  WIGGLESWORTH 1 a n d  
CRAIG 2. B u t  l i t t l e  i n f o r m a t i o n  is ava i l ab le  r ega rd ing  t he  
exc re to ry  p r o d u c t s  of h e m a t o p h a g o u s  insec ts  3, p a r t i c u l a r l y  
t h e  t se t se  f ly 4. The  p r e s en t  work  has  been  u n d e r t a k e n  to  
d e t e r m i n e  t he  n u m b e r  a n d  q u a n t i t y  of a m i n o  acids in  t he  
faeces of Glossina palpalis, a n d  to  p r ov i de  a bas is  for 
f u r t h e r  m e t a b o l i c  inves t iga t ions .  

Materials and methods. T he  flies used in t h i s  s t u d y  were 
Glossina palpalis o b t a i n e d  as p u p a e  f rom t he  Nige r i an  
I n s t i t u t e  for T r y p a n o s o m i a s i s  Research ,  K a d u n a ,  where  
enclosed colonies h a v e  been  m a i n t a i n e d  for m a n y  genera-  
t ions .  The  p u p a e  were rea red  a t  t he  Tse tse  Resea rch  

L a b o r a t o r y ,  Langford ,  Bris tol ,  a n d  m a i n t e n a n c e  t echn i -  
ques  of e m e r g e n t  flies were essent ia l ly  t he  same  as those  
descr ibed  b y  2'~ASH et  al. ~. E n v i r o n m e n t a l  cond i t ions  were 
m a i n t a i n e d  a t  a b o u t  25 ~ a n d  80% r.h.  Fl ies  were k e p t  in  
Geigy 10 t y p e  of cages a n d  were fed on  lop-eared  r a b b i t  
blood. I m m e d i a t e l y  a f te r  feeding,  t he  f ly cages were 
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