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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 

1 V. B. WIGGLESWORTH, The Principles o/ Insect Physiology 
(Methuen & Co. Ltd., London 1950), p. 544. 

2 R. CRAIG, Ann. Rev. Ent. 5, 53 (1960). 
3 j .  S. HARRINGTON, Parasitology 51, 319 (1961). 
4 ]~. BURSELL, J. Insect Physiol. 17,993 (1965). 

T. A. M. NASH, A. M. JORDAtr and J. A. BOYLE, Trans. R. Soc. 
trop. Med. Hyg. 60, 183 (1966). 
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p laced  in clean ename l  t r a y s  in  t he  fly room a n d  col lect ions 
of e x c r e m e n t  were m a d e  a t  24-h i n t e rva l s  f rom t he  t r a y s  
as d iscre te  pellets .  These  were s i f ted  t h r o u g h  a m e s h  
sieve to screen ou t  as m u c h  of t h e  e x t r a n e o u s  ma te r i a l s  as 
possible.  

Samples  of faeces for ana lyses  of free amino  acids were 
p r e p a r e d  accord ing  to a s l igh t ly  modi f ied  m e t h o d  of 
BIJRSI~LL *, A k n o w n  we igh t  of exc re ta  (about  40 mg) was 
dissolved in 1 m l  of 0.4% l i t h i u m  ca rbona te .  Th i s  was  
followed b y  ac id i f ica t ion  w i t h  1 N HC1 to  p rec ip i t a t e  
Mmos t  all t h e  ur ic  acid a n d  h e m a t i n  in  t h e  sample .  The  
p rec ip i t a t e  was spun  d o w n  a n d  t he  s u p e r n a t a n t  evapo-  
r a t e d  to  d ryness  a t  a b o u t  35 ~ on  a r o t a r y  evapora to r .  
The  dr ied res idue  was t a k e n  up  in 1 ml  of 80% m e t h a n o l  
a n d  und i s so lved  res idues  r e m o v e d  b y  cen t r i fuga t ion .  

The  p rec ip i t a t e  o b t a i n e d  b y  ac id i f ica t ion  of t h e  or ig ina l  
l i t h i u m  c a r b o n a t e  e x t r a c t  of t he  excre ta  was  h y d r o l y z e d  
w i t h  4 ml  of 6 N HC1 in a sealed glass t u b e  a t  a b o u t  
120~ for 24-48 h. The  c o n t e n t s  of t h e  t u b e  were sub-  
s equen t ly  t r an s f e r r ed  to a 50-ml f lask a n d  e v a p o r a t e d  to  
d ryness  a t  a b o u t  30 ~ on  a r o t a r y  e v a p o r a t o r  to  r emove  
t h e  HC1. The  dr ied  res idue  was t r e a t e d  t he  same  way  
as descr ibed  above  for free a m i n o  acids sample ,  p r io r  
to  ana lys i s  of t he  sample  for  p r o t e i n - b o u n d  a m i n o  acids. 

P r e l i m i n a r y  analyses  of u n h y d r o l y z e d  a n d  h y d r o l y z e d  
exc re ta  of t he  flies for a m i n o  acids were car r ied  ou t  us ing  
one -d imens iona l  h i g h  vo l t age  p a p e r  e lec t rophore t i c  
t e c h n i q u e  s. The  ex t rac t s ,  a b o u t  10 t,l each,  were appl ied  
to  W h a t m a n  No. 1 f i l te r  paper ,  20 • 40 cm. T he  buf fe r  
used was 0.75 M formic  acid, p H  1.9; vol tage ,  3000-3200 V;  
cur ren t ,  30-35 m A ;  t e m p e r a t u r e ,  - -1  to  - -2  ~ r u n n i n g  
t ime,  30 min .  Af te r  t he  run,  t h e  p a p e r  was  dr ied  in a 
s t r e a m  of a i r  for a b o u t  2 h a t  65 ~ a n d  deve loped  in a 
0.2% so lu t ion  of n i n h y d r i n  in ace tone  to locate  t he  spots.  

The  f ina l  t e c h n i q u e  employed  for t he  s epa ra t i ons  a n d  
d e t e r m i n a t i o n s  of t he  a m i n o  acids in  t he  faecal  ex t r ac t s  
of t he  flies was  two-d imens iona l  p a p e r  c h r o m a t o g r a p h y  
on  No. 1 W h a t m a n  f i l ter  p a p e r  w i t h  70% n - p r o p a n o l  as 
t he  f i rs t  so lven t  in  t h e  a scend ing  d i rec t ion  a n d  wa te r -  
s a t u r a t e d  p h e n o l  as t he  second so lven t  (descendingT). 
Af te r  drying,  t he  c h r o m a t o g r a m s  were deve loped  b y  
d ipp ing  in  a 0.5 % so lu t ion  of n i n h y d r i n  in  ace tone  a n d  t he  
n i n h y d r i n - p o s i t i v e  spots  were iden t i f i ed  w i t h  a p r e p a r e d  
reference  c h r o m a t o g r a m .  For  q u a n t i t a t i v e  e s t i m a t i o n  t he  
spots  were cu t  ou t  and  Muted  i nd i v i dua l l y  in  5 ml  of a 
copper  n i t r a t e  complex  r eagen t  s . The  opt ica l  dens i t y  of 

Quantities of amino acids detected in the excreta of Glossina palpaIis 
([zg/100 bd and % total) 

Amino acid Free amino acids Protein-bound 
amino acids 

btg/100 lxl % total b~g/100 ~,1 % total 

Arginine 26.88 28.17 32.76 28.54 
Histidine 47.22 49.50 33.71 46.79 
Methionine 0.68 0.71 3.72 3.24 
Valine 9.14 9.58 8.16 7.11 
cr 1.86 1.95 5.17 4.50 
Leucine/isoleucine 1.24 1.30 2.89 2.52 
Lysine 1.68 1.76 3.18 2.77 
Cystine 6.31 6.61 1.66 1.45 
Glutamie acid 0.40 0.42 3.54 3.08 

Total (b~g) 95.41 114.79 

Each value represents the average of 4 determinations. 

each  e lua te  was m e a s u r e d  a t  a m a x i m u m  a b s o r p t i o n  
w a v e l e n g t h  of 525 v m  w i t h  a U n i c a m  SP500 Series 2 
S p e c t r o p h o t o m e t e r ,  a n d  e s t ima te s  of t he  c o n c e n t r a t i o n s  
of a m i n o  acids de t ec t ed  in t h e  exc re ta  were d e t e r m i n e d  
w i t h  s t a n d a r d  curves.  

Results and discussion. The  fol lowing a m i n o  acids were 
de t ec t ed  in G. palpalis excre ta  b y  t h e  p r e l i m i n a r y  one- 
d imens iona l  h i g h  vo l tage  p a p e r  e lec t rophores is .  These  
were:  arginine ,  h is t id ine ,  me th ion ine ,  val ine ,  ~-alanine,  
leucine/ isoleucine,  lysine,  cyst ine ,  g lu t amic  acid, serine, 
glycine and  prol ine .  B y  use of t w o - d i m e n s i o n a l  p a p e r  
c h r o m a t o g r a p h y ,  t he  a m i n o  acids were pos i t ive ly  iden-  
t i f ied a n d  t h e i r  a m o u n t s  de t e rmined ,  excep t  serine, gly- 
cine a n d  pro l ine  w h i c h  were p r e s e n t  in q u a n t i t i e s  too  smal l  
to  be  e s t i m a t e d  b y  t he  s p e c t r o p h o t o m e t r i c  m e t h o d  used 
in t h i s  s tudy .  

The  resu l t s  of q u a n t i t a t i v e  ana lyses  of t he  a m i n o  acids 
de tec ted  in t h e  u n h y d r o l y z e d  a n d  h y d r o l y z e d  exc re ta  of 
Glossina palpalis are p r e sen t ed  in t h e  Table .  Arg in ine  and  
h i s t id ine  occur  in  l a rges t  amoun t s ,  t o g e t h e r  m a k i n g  up  
a b o u t  78% of t he  free a m i n o  acids de t ec t ed  in t he  exc re t a  
of t he  flies. The  resu l t s  agree w i t h  t he  f ind ings  of BURSELL 4 
t h a t  a rg in ine  and  h i s t id ine  occur  in  u n u s u a l l y  large  
a m o u n t s  in  t h e  exc re ta  of Glossina morsitans. I n  a d d i t i o n  
to a rg in ine  and  h is t id ine ,  va l ine  a n d  cys t ine  are also 
p r e sen t  in  r e l a t ive ly  s u b s t a n t i a l  a m o u n t s  as free a m i n o  
acids in  t he  exc re ta  of G. palpalis (Table).  

Acid hydro lys i s  of t he  exc re ta  also showed  t h a t  a rg in ine  
a n d  h i s t id ine  occur red  in t he  h ighes t  c o n c e n t r a t i o n s  of t he  
p r o t e i n - b o u n d  a m i n o  acids de t ec t ed  i n  t he  fly excre ta .  
l~Iethionine, a lanine ,  leucine/ isoleucine,  lys ine  a n d  g lu t amic  
acid w h i c h  were de t ec t ed  in v e r y  smal l  q u a n t i t i e s  in  t h e  
free fo rm occur red  in increased  a m o u n t s  as p ro t e in -  
b o u n d  a m i n o  acids (Table).  

The  resu l t s  of t he  p r e sen t  s t u d y  c lear ly  show t h a t  
a m i n o  acids are p r e sen t  in  t he  exc re ta  of t se t se  flies a n d  
t h e y  fo rm a m e a s u r a b l e  p a r t  of t h e i r  n i t rogenous  was te  
p roduc t s .  I t  would  seem t h a t  these  a m i n o  acids, pa r t i c -  
u l a r ly  a rg in ine  a n d  h i s t id ine  de t ec t ed  in t h e  exc re ta  of 
Glossina palpalis are exc re to ry  p roduc t s ,  as r e p o r t e d  b y  
BURSELL r for G. morsilans, r a t h e r  t h a n  food inges ted  in  
excess of t he  insec ts '  r equ i rementsg .  

Summary. The  faeces of t h e  t se t se  fly, Glossina palpalis, 
were e x a m i n e d  for free and  p r o t e i n - b o u n d  a m i n o  acids. 
B y  use of c h r o m a t o g r a p h i c  t echn iques  12 a m i n o  acids 
were de tec ted ,  pos i t ive ly  ident i f ied  a n d  t h e i r  q u a n t i t i e s  
e s t ima ted .  Arg in ine  and  h i s t id ine  occur red  in  la rges t  
a m o u n t s  of all t h e  a m i n o  acids de t ec t ed  in u n h y d r o l y z e d  
a n d  h y d r o l y z e d  exc re ta  e x t r a c t s  of Glossina palpalis. 
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