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C a r d i o t o n i c  A c t i v i t i e s  of  F o u r  N e w  C o m p o u n d s  
T h e i r  S t r u c t u r e - A c t i v i t y  R e l a t i o n s h i p  

I t  was  r e p o r t e d  p rev ious ly  t h a t  t h e  i n t r o d u c t i o n  of a 
h y d r o x y l  g roup  i n to  t h e  molecule  of d ig i tox igen in  (I) a t  
15 e -pos i t ion  resu l t ed ,  u n e x p e c t e d l y ,  in  a c o m p l e t e  loss of 
t he  ca rd io ton i c  a c t i v i t y  z,2. Th i s  sugges ted  t h a t  t h e  es- 
sen t i a l  s te r ic  f ea tu re s  in  t h e  v i c in i t y  of t h e  C a n d  D rings,  
or  c o m b i n a t i o n  of t h e  molecule  w i t h  i t s  s i te  of ac t ion ,  m a y  
s o m e h o w  be  i n t e r f e r e d  b y  a g roup  a t t a c h e d  a t  C-15. 
I n  t h e  p r e s e n t  s tudy ,  3 new c o m p o u n d s  de r ived  f rom digi- 
t ox igen in  were  t e s t e d  for  t h e i r  c a r d i o t on i c  ac t iv i t i e s  on  t h e  
i so la ted  f rog 's  hea r t ,  in o rde r  to  o b t a i n  f u r t h e r  i n f o r m a -  
t ions  u p o n  t h e  p rob l em.  A n o t h e r  new  d e r i v a t i v e  of uzar i -  
gen in  was also tes ted ,  a n d  t h e  r e su l t  p rov ides  a n  a d d i t i o n a l  
ev idence  for t he  v iew t h a t  14/~-hydroxyl  g roup  is n o t  in-  
d i spensab le  for  t he  specific ca rd io ton ic  a c t i v i t y  ~. 

The  c o m p o u n d s  used  were  15 /5 -hydroxydig i tox igen in  
(II)  8, 15 -oxod ig i tox igen in  ( I I I )  3 15 ~ - hyd r oxy - 14  e-digi-  
t ox igen in  (V) 3, 14-deoxy-14 /~H-uzar igen in  (VII)  4 as well  
as d ig i tox igen in  a n d  uza r igen in  (VI). T h e  4 d e r i v a t i v e s  
were newly  s y n t h e s i z e d  b y  Dr.  M. OKADA of T o k y o  Bio- 
chemica l  R e s e a r c h  I n s t i t u t e ,  Tokyo,  a n d  k i n d l y  suppl ied  
t o g e t h e r  w i t h  d ig i tox igen in  a n d  uza r igen in  (Prof.  REICH- 
STEIN'S spec imen) .  

S tock  so lu t ions  were p repa red ,  b y  d i sso lv ing  each  com- 
p o u n d  in  70% e t h a n o l  in  a c o n c e n t r a t i o n  of 1 mg /ml .  
I m m e d i a t e l y  before  use, these  s tock  so lu t ions  were  d i l u t ed  
to  des i red  c o n c e n t r a t i o n s  w i t h  R i n g e r ' s  so lu t ion  c o n t a i n i n g  
0.6 mAI  of ca lc ium.  

STRAUB'S frog h e a r t  p r e p a r a t i o n  was  used. I m p a i r m e n t  
of t h e  con t r ac t i l e  force was  i n d u c e d  b y  r e d u c i n g  t h e  cal-  
c i um c o n c e n t r a t i o n  of t h e  b a t h i n g  m e d i u m  to  0.6 mM, V3 
t h e  no r ma l .  T h e n  t h e  c o m p o u n d  t o  be  t e s t ed  was  app l i ed  
e i t h e r  b y  rep lac ing  t h e  b a t h i n g  m e d i u m  w i t h  t h e  t e s t  solu- 
t ion,  or  b y  a d d i n g  a sma l l  a m o u n t  of a so lu t ion  (see below).  
T h e  b a t h i n g  m e d i u m  was a e r a t e d  v ia  a f ine p o l y e t h y l e n e  
t u b i n g  in se r t ed  in to  t h e  SWgAUB'S cannu la .  T h e  exper i -  
m e n t s  were  p e r f o r m e d  d u r i n g  t h e  per iod  f rom S e p t e m b e r  
to  N o v e m b e r ,  a t  r oom t e m p e r a t u r e s  of 20-25°C.  

The  resu l t s  are s u m m a r i z e d  in t h e  Table .  A m o n g  t he  3 
c o m p o u n d s  (II,  I I I  a n d  V) de r ived  f rom d ig i tox igen in ,  I I  

D e r i v e d  f r o m  D i g i t o x i g e n i n  a n d  U z a r i g e n i n ,  a n d  

was t h e  m o s t  p o t e n t .  B u t  i t  is less p o t e n t  t h a n  d ig i toxi -  
genin,  wh ich  c o n s i s t e n t l y  i nduced  a sys tol ic  a r r e s t  a t  a 
c o n c e n t r a t i o n  of 10 -6 g/ml.  The  c o m p o u n d  I I I  was  weak,  
b u t  def in i te ly  ac t ive ,  i n d u c i n g  a t yp i ca l  sys to l ic  a r r e s t  
w h e n  a c o n c e n t r a t i o n  as  h igh  as 3 × 10 -5 g /ml  was  appl ied ,  
whi le  V was  inac t ive .  F r o m  t h e s e  r e su l t s  a n d  t h e  p r e v i o u s  
d a t a  on  1 5 e - h y d r o x y d i g i t o x i g e n i n  (IV) z,~, t h e  o rde r  of 
p o t e n c y  a m o n g  these  al l ied c o m p o u n d s  m a y  a r b i t r a r i l y  be  
s h o w n  as in  F igure  1. 

T h e  s t r u c t u r M  fo rmu lae  of uza r igen in  (VI) a n d  V I I  a re  
s h o w n  in F igu re  2. Since t h e  w a t e r  so lub i l i ty  of t he se  com- 

Action of 3 derivatives of digitoxigenin, uzarigenin and its derivative 
on the isolated frog's heart (STRAUB'S preparation) 

Concentra- 10 -v 3 × 10 -7 10 -~ 3 × 10 .6 10 .5 3 × 10 -5 
tion (g/ml) 

II ----+ + + +  + + +  x x x 
III + + +  + +  x x x x 
V 

uzarigenin 
(VI) + + + + + x x x 
VII - - - - +  + + +  + + +  xaxaxa 

-- no effect, + improvement of contractility without a tendency to 
systolic arrest, × systolic arrest, a Incompletely dissolved. 

i T. SHIGEI, M. KATORI, H. MURASE and S. I i t I ,  Experientia 20, 572 
(i964). 

2 S. IMAI, H.MuRASE, M. KATORI, M.OKADA and T.SHIGEI, Jap. J 
Pharmac. 75, 62 (1965). 
M. OKADA and Y. SAITO, Chem. pharm. Bull., Tokyo 15, 352 (1967). 

4 M. OKADA and Y. SAITO, Chem. pharm. Bull., Tokyo, to be 
published. 
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Fig. 1. Schematic presentation of the order of cardiotonic potency among digitoxigenin (I) and allied compounds. 
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Fig. 2. Structural formulae of uzarigenin (VI) and 
14-deoxy- 14/~ tt-uzarigenin (VII). 
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p o u n d s  was  v e r y  low, t h e  s tock  so lu t ions  were d i lu ted  
w i t h  35% e thano l ,  a n d  0.02 ml  of t he  so lu t ion  was in j ec t ed  
w i t h  a mic rosy r inge  d i r ec t ly  i n to  t he  b a t h i n g  m e d i u m  
(2.0 rot) to  ge t  a f ina l  d i lu t ion .  W h e n  t h e  m e d i u m  c o n t a i n e d  
10 -s g /ml  of VII, m i n u t e  c rys t a l s  were visible.  As s h o w n  in 
t h e  Table ,  t h i s  c o m p o u n d  seemed  to  be  a l i t t l e  less p o t e n t  
t h a n  uzar igen in ,  b u t  is def in i te ly  act ive ,  a l t h o u g h  it  lacks 
14 f l -hydroxyl  group.  

Zusammen/assung. Die k a r d i o t o n i s c h e n  W i r k u n g e n  de r  
v ier  n e u e n  C a r d e n o l i d - D e r i v a t e  au f  das  isol ier te  F rosch-  

herz  w u r d e n  u n t e r s u c h t  u n d  die B e z i e h u n g e n  zwischen 
ih ren  c h e m i s c h e n  S t r u k t u r e n  u n d  \ V i r k u n g e n  d i sku t i e r t .  
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On the Metabolism of Prenylamine (Segontin®) 

P r e n y l a m i n e ,  N-[Y-phenylpropyl-(2")]-l, 1-diphenyl -  
p ropy lamine - (3 ) ,  (see F igu re  3) i n t r o d u c e d  in 1960 for 
t r e a t m e n t  of a n g i n a  pec tor i s  ~ is ab le  to  decrease  t h e  ca te-  
c h o l a m i n e  c o n t e n t  of va r ious  o rgans  ~-4. The  m e c h a n i s m  
u n d e r l y i n g  i ts  a m i n e  re leas ing  ac t ion  was i n t e r p r e t e d  as  
r e se rp ine  - l ike i n t e r  a l ia  because  p r e n y l a m i n e  was  also 
f o u n d  to  re lease  s e r o t o n i n  f rom b r a i n  2,4,5; t h i s  f ind ing  
was  no t  con f i rmed  b y  o t h e r  a u t h o r s  6. 

I n v e s t i g a t i o n s  on  t h e  pha rmaco log i ca l  p rope r t i e s  of t h e  
d rug  showed  t h a t  i t  h a s  s y m p a t h o m i m e t i c  ac t ions  like an  
ind i rec t ly  ac t ing  amine ,  e.g. p h e n y l e t h y l a m i n e  or  ty r -  
amine .  I n  a d d i t i o n  i t  h a s  i m i p r a m i n e q i k e  qual i t ies ,  i.e. i t  
i nh ib i t s  t he  u p t a k e  of a H - n o r a d r e n a l i n e  a t  t he  level of t h e  
cel lu lar  m e m b r a n e  ~. 

Af t e r  i.v. i n j ec t ion  of 14C-prenylamine in rats ,  desp i t e  
i t s  h igh  l ip id  so lubi l i ty ,  r a d i o a c t i v i t y  dec l ined  rap id ly  in 
t h e  o r g a n s  w i t h  a ha l f  life of a b o u t  15 ra in  in h e a r t  a n d  
b r a i n  n o n - e x p o n e n t i a l l y  a n d  in a m u l t i p h a s i c  m a n n e r  6. 
Th i s  m a y  be  due  to  a r ap id  m e t a b o l i s m  of p r e n y l a m i n e ,  
wh ich  is s u p p o r t e d  b y  t h e  fac t  t h a t  a f t e r  ora l  a d m i n i s t r a -  
t i on  of t h e  laC-labelled d rug  in r a t s  14CO2 a p p e a r e d  ve ry  
soon  in t h e  e x p i r a t i o n  a i rL  

These  resu l t s  p r o m p t e d  us to  i n v e s t i g a t e  t he  me tabo!  ism 
of p r e n y l a m i n e .  

Methods and materials. R a t s  (150 g) were t r e a t e d  ora l ly  
w i t h  1 0 0 m g / k g  D,L-14C-prenylamine- lac ta te8  (specific ac- 
t i v i t y  30 mC/g ;  pu r i f i c a t i on  of t h e  labe l led  d rug  was  done  
b y  p r e p a r a t i v e  t h i c k l a y e r  c h r o m a t o g r a p h y ) .  

U r i n e  was  col lected in 5 h i n t e rva l s  up  to  72 h. D u r i n g  
t h i s  t i m e  on ly  17% of t he  r a d i o a c t i v i t y  inges ted  was ex- 
c re t ed  in to  t h e  ur ine.  The  u r i n a r y  r ad ioac t i ve  m e t a b o l i t e s  
were  c h a r a c t e r i z e d  b y  m e a n s  of h i g h v o l t a g e  e lec t ropho-  
resis:  p a p e r  Schle icher  & Schii l l  2043 b ;  py r id ine / ace t i c  
ac id /HsO = 100/10/890;  p H  6.0; 2000 V, 40 m A ;  2.5 h ;  
f u r t h e r  i den t i f i c a t i on  b y  c o l u m n  c h r o m a t o g r a p h y :  hydro l -  
yzed  u r ine  spec imens  (2N HC1, 2 h,  100°C) a f t e r  n e u t r a l -  
i z a t ion  a n d  a d d i t i o n  of a m p h e t a m i n e  a n d  d e r i v a t i v e s  men-  
t i o n e d  be low were  a b s o r b e d  on  Dowex  50 (200-400 mesh) ,  
w a s h e d  w i t h  0.01 N HC1, a n d  t he  bas ic  m e t a b o l i t e s  e lu ted  
w i t h  2 N HC1. The  e lu ted  m e t a b o l i t e s  were s e p a r a t e d  a n d  
iden t i f i ed  b y  t h i n l a y e r  c h r o m a t o g r a p h y  ( so lvent  : b e n z e n e /  
py r id ine / ace t i c  ac id  = 62/19/19;  E a s t m a n  c h r o m a g r a m  
shee t  K 301 R 2, silica gel). 

R a d i o a c t i v i t y  was  local ized on  t he  c h r o m a t o g r a m s  
a u t o r a d i o g r a p h i c a l l y  (Donee  Clear  base  f i lm Fa .  Adox) .  

Results. Figure  1 shows  a n  a u t o r a d i o g r a m  of u r i n a r y  
m e t a b o l i t e s  exc re t ed  5, 10 a n d  24 h a f t e r  a p p l i c a t i o n  of 
t h e  drug.  Qua l i t a t ive ly ,  t h e  s a m e  p a t t e r n  of m e t a b o l i t e s  
was  obse rved  up  to  72 h. The  m a i n  m e t a b o l i t e s  (I), a b o u t  
60% of t h e  u r i n a r y  r a d i o a c t i v i t y ,  m o v e d  to t he  anode .  
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Fig. 1. Autoradiographic demonstration of urinary metabolites of 
prenylamine excreted 5, 10, and 24 h after administration of 100 rag/ 
kg D, L-~4C-prenylamineqaetate orally, separated by highvoltage elec- 
trophoresi~. + P = ~C-prenylamine added to the respective fraction 
before separation (for details see text). 
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