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PREFACE

T h is r e s e a r c h  was u n d e rta k e n  in  an  a tte m p t to  e x p la in  th e  n a tu r e  

o f  th e  d e t e r i o r a t i v e  changes w hich o ccu r d u rin g  th e  s to r a g e  o f  t i n c t u r e s  

o f d i g i t a l i s »  These changes le a d  to  a  r e d u c t io n  o f th e  p o te n c y  o f such 

t i n c t u r e s  to  f r o g ,  b u t  do n o t a f f e c t  th e  p o ten cy  to  c a t .

R e s u l ts  o f  w ork on t i n c t u r e s  o f  d i g i t a l i s ,  and © th an o lic  s o lu t io n s  

o f  th e  d i g i t a l i s  g ly c o s id e ,  d i g i t o z i n ,  a re  re c o rd e d  i n  t h i s  t h e s i s  and 

an e x p la n a t io n  f o r  th e  above anom aly betiveen f r o g  and o a t  r e s u l t s  i s  

p r e s e n te d .

S in c e , a t  p r e s e n t ,  t h e r e  i s  no s u i t a b l e  ch em ica l a s s a y  f o r  a l l  

d i g i t a l i s  p r e p a r a t io n s ,  th e s e  a r e  e v a lu a te d  by d e te rm in in g  t h e i r  e f f e c t  

on a n im a ls . However, a l l  e x i s t i n g  b io lo g ic a l  a s sa y s  a r e  b ased  on to x ic  

r e a c t io n s  w ith  a  l e t h a l  end p o in t  and th e r e f o r e  an  a tte m p t was made to  

f in d  a  c a r d io to n ic  end p o in t  i n  t h e  hope t h a t  a b e t t e r  i n d i c a t io n  o f 

th e r a p e u t ic  e f f i c a c y  w ould be  o b ta in e d .  R e s u l ts  o f  a  p r e l im in a ry  s tu d y ,  

in v o lv in g  e le c tro c a rd io g r a p h y  o f  r a b b i t  and f r o g ,  a r e  d is a p p o in t in g  b u t 

a b r i e f  d e s c r ip t i o n  o f  th e  m ethods u sed  i s  g iv e n  in  t h i s  t h e s i s .
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INTRODUCTION

The l e a f  o f D i& i ta l l s  p u rp u re a  (Lim i. ) i s  t h e  b e s t  lo^ovai member o f a 

group o f  c ru d e  d rugs w hich have a  c h a r a c t e r i s t i c  a c t io n  on c a rd ia c  m u sc le .

Many p la n t  f a m i l i e s  a r e  r e p re s e n te d  in  th e  g ro u p , c h i e f l y  th e  S c ro p h u la r ia c e a e  

w hich in c lu d e s  th e  genus D i g i t a l i s ,  and th e  Apocynaoeae w h ich  p ro v id e s  

a la r g e  number o f  th e s e  d rugs from  th e  g en era  Ac o c a n t h e r  a ,  Adenium, Apooynum, 

C e rb e ra , N erium , Pachypodium , S tro p h an th u s  j and T a n g h in ia . O ther g en e ra  

y ie ld in g  su ch  drugs a r e  A don is, A n t i a r i s ,  C a lo p t r i s ,  C h e ira n th u s ,  C o n v a l la r ia ,  

C o r o n i l la ,  E ry th ro p h leu m , H e lle b o ru s ,  R a b e la is ia ,  S o i l l a  and T h e v e tia .

E x tr a c ts  o f  some o f t h e  p la n t s  have b een  used  a s  a rro w  p o iso n s  and t h e i r  

c l a s s i f i c a t i o n  in to  one p h a rm a c o lo g ic a l group has been  re n d e re d  p o s s ib le ,  by 

s y s te m a tic  s tu d y  o f  t h e i r  a c t i o n  on a n im a ls .

I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  s im i la r  s u b s ta n c e s  a r e  found i n  th e  

Animal Kingdom, th e  s e c r e t io n s  o f  th e  *p a r o t i d ' and o th e r  g lands o f  th e  to a d  

c o n ta in in g  compounds w hich  re se m b le , i n  t h e i r  p h a rm a c o lo g ic a l a c t io n  and to  

some e x te n t  t h e i r  ch em ica l s t r u c t u r e ,  t h e  g ly c o s id e s  o f  d i g i t a l i s .

The f i r s t  m en tio n  o f  th e  m e d ic in a l  u se  o f  d i g i t a l i s  o c c u rre d  in  a  

t r e a t i s e  by th e  W elsh p h y s ic ia n s  o f  Myddvai i n  1250 . A b o ta n ic a l
p

d e s c r ip t i o n  o f t h e  p l a n t  was f i r s t  g iv e n  in  1542 by Fuchs - i t  was 

d e s c r ib e d  by Book i n  a  German h e r b a l  o f  1546 and i n  m e d ic a l te x tb o o k s  by 

Monardes i n  1565, C la u s iu s  i n  1601 and Hurnung i n  1625.

Gome e a r ly  "English p h y s ic ia n s  u sed  th e  d ru g  b o th  i n t e r n a l l y  and 

e x te r n a l ly  f o r  th e  t r e a tm e n t  o f  many unconnected  c o n d i t io n s  such as  e p i le p s y ,  

u lc e r s  and wounds* G e ra rd e , i n  1697, and P a rk in s o n , i n  1640, m en tioned  i t  

as an  e x p e c to ra n t  o r  e m e tic , H a l le r  a s  a  p u r g a t iv e .



The drug  was in tro d u c e d  in to  th e  London Pharm aoopoeia o f  1650 and

th e  E dinburgh P harm acopoeia  o f 1783 b u t  i t  had l a r g e ly  f a l l e n  in to  d is u s e

u n t i l  i t  was r e v iv e d  a s  a  r e s u l t  o f  th e  t r e a t i s e  "An A ccount o f  Foxglove

and some o f  i t s  M ed ic in a l U ses: w ith  P r a c t i c a l  Remarks on D ropsy and

O ther D ise a se s "  by V filliam  W ith e r in g , p u b lish e d  in  1785. W ith e r in g

employed th e  d rug  as  a  d i u r e t i c  b u t  n o te d  th e  c a r d ia c  a c t io n  o f th e  d rug

and even w arned a g a in s t  o v e r« d i g i t a l i s â t io n , s a y in g  t h a t  t h e  drug  sh o u ld
3 4

be s to p p e d  i f  any  n au sea  m s  cau sed   ̂ * However he  f a i l e d  to  r e l a t e  

th e  c a rd ia c  a c t i o n  to  th e  d i u r e t i c  e f f e c t .  I n  1789 C u lle n  s p e c u la te d  

w h e th e r o r n o t t h e  d i u r e t i c  e f f e c t  a ro s e  from  a  g e n e ra l  s y s te m a tic  a c t io n  

b u t  i t  was F e r r i a r ^  who, i n  1799, f i r s t  em phasised th e  a c t io n  o f  d i g i t a l i s  

on th e  h e a r t  s a y in g  t h a t  t h e  s lo w in g  o f  th e  p u ls e  was " i t s  t r u e  

c h a r a c t e r i s t i c " .  Two y e a rs  l a t e r  K ing lake  r e p o r te d  t h a t  th e  fo r c e  o f th e  

p u ls e  Viras in c r e a s e d  by th e  d rug  th u s  in d ic a t in g  in c r e a s e d  s tro k e -v o lu m o  

o f d i g i t a l i s e d  h e a r t s .  D e s p ite  th e s e  a c c u r a te  o b s e rv a t io n s ,  a  la r g e  amount 

o f  l i t e r a t u r e  on th e  us© o f  d i g i t a l i s  i n  p h th i s i s  accu m u la ted  d u r in g  th e  

e a r ly  p a r t  o f  t h e  1 9 th  c e n tu ry .

The r e a l l y  e f f e c t i v e  u se  o f  d i g i t a l i s  began  i n  th e  e a r ly  p a r t  

o f  t h e  p r e s e n t  c e n tu ry  when S i r  James M ackenzie^ l a i d  down d e f i n i t e  r u le s  

f o r  I t s  u se  and e s ta b l i s h e d  i t  as  an  in d is p e n s a b le  th e r a p e u t i c  a g e n t .

D e s p ite  th e  trem endous p ro g re s s  w hich  has been  made in  th e  f i e l d  

o f  s y n th e t ic  o rg a n ic  c h e m is try  d u r in g  th e  p a s t  two d e c a d e s , t h i s  n a tu r a l  

p ro d u c t s t i l l  m a in ta in s  i t s  p re -e m in e n t p o s i t io n  i n  c a r d ia c  th e r a p y .



P r e p a ra t io n s  o f  d i g i t a l i s  w hich have been  u sed  m e d ic in a l ly  

in c lu d e  c a p s u le s ,  e x t r a c t s ,  i n f u s io n s ,  i n j e c t i o n s ,  j u i c e s ,  p i l l s ,  pow ders, 

t a b l e t s ,  t i n c t u r e s ,  v in e g a r s ,  m ix tu re s  o f g ly c o s id e s  and s in g le  

p u r i f i e d  g ly c o s id e s  i n  th e  f o m  o f  t a b l e t s  o r  s o lu t io n s  f o r  i n j e c t i o n .

Of t h e s e ,  t a b l e t s  o f  th e  d r ie d  l e a f  and p r e p a ra t io n s  o f  p u r i f i e d  

g ly c o s id e s  a r e  b e in g  e x te n s iv e ly  u sed  f o r  th e  t r e a tm e n t  o f  a l l  form s 

o f c a rd ia c  i n s u f f ic ie n c y  such  as c o n g e s tiv e  h e a r t  f a i l u r e  and a u r i c u l a r  

f i b r i l l a t i o n ,  a l th o u g h  some c a r d io lo g i s t s  s t i l l  p r e f e r  to  u se  t i n c t u r e  

b ecau se  o f  i t s  more r a p id  and c e r t a i n  a b s o rp t io n .  The a c t i o n  i s  

p a r t l y  v a g a l and p a r t l y  d i r e c t  on th e  h e a r t  m u sc le , th e  to n e  o f  w hich 

i s  in c r e a s e d .  The h e a r t  r a t e  i s  slow ed and th e  v e n t r i c l e s  c a u se d  to  

empty m ore c o m p le te ly  and th u s  th e  c a rd ia c  o u tp u t i s  in c r e a s e d .

Because o f  th e  c o m p le x ity  o f  t h e  m ix tu re  o f  c a r d io - a e t iv e  

p r in c ip l e s  and  th e  g r e a t  v a r i a t io n s  i n  p h a rm a c o lo g ic a l a c t i v i t y  o f  

d i f f e r e n t  sam ples o f  d r ie d  l e a f ,  p r e p a ra t io n s  o f  d i g i t a l i s  a r e  

s ta n d a rd is e d  by b i o lo g ic a l  a s sa y s  b a se d  on th e  t o x i c i t y  o f  d i g i t a l i s  

to  c e r t a i n  a n im a ls . î;îany ch em ica l m ethods o f a s s a y  have been  d e s c r ib e d  

b u t  non© g iv e s  an  a c c u r a te  m easure o f  th e  th e r a p e u t i c  e f f e c t  o f 

d i g i t a l i s  on man.
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CHEMICAL CONSTITUEHTG OP DIGITALIS

H i s to r i c a l

The a c t i v e  c o n s t i t u e n t s  o f  d i g i t a l i s  l e a f  a r e  a  m ix tu re  o f  c a rd ia c  

g ly c o s id e s*  A lso p r e s e n t  i n  t h e  d rug  a r e  s a p o n in s , o x id a se  and h y d r o ly t ic  

enzym es, and c o lo u r in g  m a tte r*

I n te n s iv e  r e s e a r c h  in to  t h e  ch em ica l n a tu r e  o f  t h e  d i g i t a l i s  

p r in c ip le s  has b een  p u rsu ed  s in c e  th e  e a r ly  p a r t  o f  th e  1 9 th  c e n tu ry ,  b u t 

i t  was o n ly  w i th in  c o m p a ra tiv e ly  r e c e n t  y e a rs  t h a t  t h e i r  c o n s t i t u t i o n  

became c l e a r  and t o  d a te  th e y  have n o t been  s y n th e s is e d  c o m p le te ly . The 

g r e a t e s t  b a r r i e r  to  p ro g re s s  was th e  s i m i l a r i t y  i n  p h y s ic a l  and ch em ica l 

p r o p e r t i e s  n o t  o n ly  betw een  th e  v a r io u s  c a rd ia c  g ly c o s id e s  b u t  a l s o  betw een  

them  and th e  p h a rm a c o lo g ic a lly  i n e r t  sap o n in s  whose p re se n c e  r e ta r d e d  th e  

c r y s t a l l i s a t i o n  o f  th e  a c t i v e  f r a c t io n s *

The e a r l i e s t  w ork proved  so  u n f r u i t f u l  t h a t ,  in  o rd e r  t o  s t im u la te  

i n t e r e s t ,  th e  S o c ié té  de P harm acie  de P a r is  o f f e r e d ,  i n  1835, a  p r iz e  o f 

500 f r a n c s  f o r  th e  i s o l a t i o n  o f " th e  a c t iv e  p r in c ip l e s  o f  d i g i t a l i s " *

F iv e  y e a r s  l a t e r  th e  sum was in c re a s e d  to  1000 f r a n c s  and th e  award was 

made to  Homo l i e  and Quevenne'^ who i s o l a t e d  from  th e  le a v e s  o f  D i g i t a l i s  

p u rp u re a  a  y e l lo w is h ,  p a r t l y  c r y s t a l l i n e  c a r d io - a c t iv e  powder w hich th e y  

named " d i g i t a l i n e "  and w hich  p ro b a b ly  c o n ta in e d  d ig i to x in .  S ince  th e n  

c o n t r ib u t io n s  to  th e  c h e m is try  o f  d i g i t a l i s  have been  num erous.

Q
Walz i s o l a t e d  a  s e r i e s  o f  f a i r l y  w e l l  d e f in e d  s u b s ta n c e s  w hich



he named d i g i t a l a o r i n e ,  d i g i t a l i n e  and d i g i t a l e s i n e *

In  1869, N a t iv e l le ^  su cceed ed  i n  i s o l a t i n g  a  f a i r l y  p u re ,  c r y s t a l l i n e ,  

h ig h ly  p o te n t  s u b s ta n c e  w hich he  c a l l e d  d i g i t a l i n e  and w hich  i s  now known 

to  be i d e n t i c a l  w ith  d ig i to z in *  He d e s c r ib e d  two o th e r  p r i n c i p l e s ,  t h e  

w a te r - s o lu b le  d i g i t a l e i n  and th e  c h lo ro fo rm -s o lu b le  d i g i t i n e .  Arnaud^^ 

p re p a re d  N a tiv e lle *  s d i g i t a l i n e  i n  a h ig h  s t a t e  o f  p u r i t y  and a t t r i b u t e d  to  

i t  th e  fo rm u la  Gg^H^QO^Q.

In  1891, b o th  Houdas^^ and K il ia n i^ ^  s t a t e d  t h a t  a lm o s t th e  w hole 

o f th e  w a te r - s o lu b le  f r a c t i o n  c o n s is te d  o f a  g ly c o s id e  w i th  th e  p r o p e r t i e s  

o f  a  sapon in*  Houdas r e ta in e d  N a t iv e l l e * s name o f  d i g i t a l e i n  f o r  t h i s  

sap o n in  b u t  K i l i a n i  c a l l e d  i t  d i g i t o n i n ,  th e  name by  w hich  i t  i s  s t i l l  

ImoTivn* ‘

In  t h i s  e a r ly  w ork much c o n fu s io n  a ro s e  by f a i l u r e  to  re c o g n ise  t h a t

th e  c a r d ia c  g ly c o s id e s  and th e  sap o n in s  from  th e  seed s  o f  D i g i t a l i s

ISp u rp u rea  d i f f e r e d  from  th o s e  o f  th e  l e a f ,  Sohm iedeberg h ad , in  1875, 

i s o l a t e d  from  th e  seed s  fo u r  g ly c o s id e s  v h io h  he named d ig i t o n i n ,  d i g i t a l e i n e ,  

d i g i t a l i n e  and d i g i t o z i n ,  K i l i a n i  was o f th e  o p in io n  t h a t  Sohmiedeberg* s 

d i g i t a l e i n e  was a  m ix tu re  and t h a t  th e  t h r e e  g ly c o s id e s  p r e s e n t  w ere d i g i t o n i n ,  

d ig i ta l in u m  verum and d i g i t o x i n .  In  1898, C lo e t ta ^ ^  r e p o r te d  th e  i s o l a t i o n  

o f d ig a le n ,  o f  th e  same e le m e n ta ry  co m p o sitio n  a s  d i g i t o x i n  b u t d i f f e r i n g  

from  t h e  l a t t e r  i n  b e in g  w a te r - s o lu b le ,  K ra f f t^ ^  r e a l i s i n g  th e  d i f f e r e n c e  

betw een  th e  seed  and l e a f  g ly c o s id e s ,  i s o l a t e d  from  th e  le a v e s  d ig i t s a p o n in  

and a  g ly c o s id e ,  h av in g  th e  p r o p e r t i e s  o f Schm iedeberg*s d i g i t a l e i n ^  w hich 

he c a l l e d  g i t a l i n .



R e s u l ts  o f  c a r e f u l  ch em ica l and  p h a rm a c o lo g ic a l i n v e s t i g a t io n s  on 

d ig i to x in  v e re  p u b lis h e d  by  C lo e tta ^ ^  in  1920 . The work o f  ¥ in d h au s  

s t a r t e d  i n  1915, b u t  p u b l is h e d  much la terl*^> ^^, gave  th e  f i r s t  r e a l  

i n s i g h t  i n t o  th e  s t r u c t u r a l  c h a r a c te r  o f  th e  g ly c o s id e s  and  he a s s ig n e d  

an  e m p ir ic a l  fo rm u la  to  d i g i to x in  th e n  showed t h a t  on a c id  h y d r o ly s is  

i t  y ie ld e d  one m o lecu le  o f  th e  ag ly co n e  d ig i to x ig e n in  and th r e e  m o lec u le s  

o f  th e  s u g a r  d ig i to x o s e .

C41H64°13 + =  %gHg^O^ +  3CgHjLg04

d ig i to x in  d ig i to x ig e n in  d ig i to x o s e

G ito x in  was i s o l a t e d  i n  a  p u re  s t a t e  by  K ra f f t^ ^  and l a t e r  by 

C lo e tta '^ ^ , W indhaus^^ e s ta b l i s h e d  i t s  fo rm u la  and  i t s  b e h a v io u r  on 

h y d ro ] .y s is .

C |fH 0 4 O i4  t  3HgO -  % 3 % 4 0 5  +

g i t o x i n  g i to x ig e n in  d ig i to x o s e

A nother g ly c o s id e  i s o l a t e d  from  th e  same m a te r ia l  b y  C lo e t ta  and 

i n v e s t i g a t e d  c h e m ic a lly  b y  ¥ in d h au s  i s  g i t a l i n ,  w hich on h y d r o ly s is  

y i e ld s  o n ly  two m o lec u le s  o f  d ig i to x o s e  and  one m o lec u le  o f  g i t a l i g e n i n  

w hich i s  th e  h y d ra te  o f  g i to x ig e n in ,  to  w hich i t  r e v e r t s  on d e h y d ra t io n .

^56% 6^12 "*■

g i t a l i n  g i to x ig e n in - h y d r a te  d ig i to x o s e

D ig ita lin u m  varum o b ta in e d  from  th e  s e e d s  o f  D. p u rp u re a  and f i r s t  

d e s c r ib e d  by  Sciim iedeberg^^, was exam ined by  W indhaus^^J^^ who showed



i t s  b e h a v io u r  on h y d r o ly s i s :

^56%6^14 ^ ^23%4^5 ^7^14^5 ^G%2%

d ig i ta l in u m  venun p rim a ry  ag ly co n e  d i g i t a l o s e  g lu c o se

2̂S%4*̂ 5 - CggHgoOs + SHgO
d ig  i t a l i g  e n in  (d ianhydrog  i t o x ig  e n in )

T h is  g ly c o s id e  h a s  r e c e n t ly ^ ^ '^ ^  been  o b ta in e d  from  th e  le a v e s  o f  

D. p u rp u re a , to g e th e r  w ith  a  new g i to x ig e n in - g ly c o s id e  c a l l e d  g i t o r i n .

In  1930, Sm ith^^ i s o l a t e d  from  th e  le a v e s  o f  D i g i t a l i s  l a n a t a  a  new 

g ly c o s id e  named d ig o x in , from  th e  h i t h e r t o  unknqwn ag ly c o n e  d ig o x ig e n in . 

H y d ro ly s is  o f  th e  g ly c o s id e  i s  r e p re s e n te d  a s  fo l lo w s :

^41%4‘̂ 14 ■** ^25^54^6 + 2‘̂ 6%g^4

d ig  o x in  d ig  ox ig  e n in  d ig  i to x o s e

I t  was n o t  r e a l i s e d  u n t i l  c o m p a ra tiv e ly  r e c e n t ly  t h a t  th e  g ly c o s id e s  

d i g i t o x i n ,  g i t o x i n  and d ig o x in  w ere th em se lv es  h j^ d ro ly t ic  p ro d u c ts  o f  

h ig h e r  g ly c o s id e s .  A t te n t io n  was f i r s t  drawn to  t h i s  p o s s i b i l i t y  by  

P e r r o t  and G o ris^^  and  i t  was p ro v ed  e x p e r im e n ta l ly  by  S t o l l  and  Kreis^®  

who i s o l a t e d  and d e s c r ib e d  th e  p r im a ry  g ly c o s id e s .

The i n i t i a l  work was done on le a v e s  o f  D i g i t a l i s  l a n a t a  fo llo w in g  

th e  s u c c e s s f u l  i s o l a t i o n  o f  c a r d io - a c t iv e  g ly c o s id e s  from  th e  b u lb s  o f  

S c i l l a  m a r itim a  ( L in n .) .  Tlie f r e s h  le a v e s  w ere g ro u n d  a t  low  te m p e ra tu re

w ith  ammonium s u lp h a te  to  i n a c t i v a t e  th e  enzymes w hich  w ere p r e s e n t .



The mash was e x h a u s t iv e ly  e x t r a c te d  w ith  e th y l  a c e ta te  and from  th e  

s o lu t io n  c h lo ro p h y ll  e t c .  w ore rem oved by sh ak in g  w i th  o th e r  i n  w hich  

th e  g ly c o s id e s ,  o r i g i n a l l y  p ro s o n t  as  ta n n o id s ,  a r e  s p a r in g ly  so lu b le *

Tho ta n n in s  w ere su b se q u e n tly  rem oved by p r e c i p i t a t i o n  w ith  load  h y d ro x id e , 

On G v ap o ra tio n  o f th e  g ly c o s id e  s o lu t io n ,  s o l id s  s e p a ra te d  and th e s e  

w ere r o o r y s t a l l i s o d  from  aqueous m oth an o l, Tho s u b s ta n c e , a t  f i r s t  

th o u g h t t o  be ch o m io a lly  p u re  and naniod d i g i l a n i d ,  was found  on h y d ro ­

ly s i s  t o  y i e l d  th r o e  ag lyconos nam ely , d ig i to x ig e n in ,  g i to x ig e n in  and 

d ig o x ig o n in *  A f te r  p a in s ta k in g  f r a c t i o n a l  c r y s t a l l i s a t i o n s ,  u s in g  

aquoous m eth an o l and c h lo ro fo rm , th o  m ix tu re  was s e p a ra te d  in to  th o  

th ro e  p rim a ry  l a n a ta  g ly c o s id e s ,  th o  c r y s t a l l i n e  d i g i l a n id s  A, B, and C. 

Thoso a r e  th o  n a t u r a l  g ly c o s id e s  ivhich e x i s t  in  th e  l i v i n g  l e a f  and 

S t o l l  and K ro is  have d em o n stra ted  th o  a c t io n  o f  th o  onzyme d i g i l a n i d a s e , 

a ls o  p ro 8 o n t in  th o  l o a f ,  on th e  d ig i l a n id s  a s  follovirs:

^4-9%6^19 +

d i g i l a n i d  A a o e ty l - d ig i to x in  g lu c o se

^49% 6^20

'd i g i l a n i d  B

HgO ‘̂ 43®66°16 + ^6 ^ 2 %

a o o ty 1 - g i t o x i n  g lu c o se

^49% 6^20 +

d i g i l a n i d  G

^43% 6^15 + ^ 6 % 2 %

a c o ty l - d ig o x in  g lu c o se



The aoetyl derivatives are largely decomposed during drying, so th a t  in  

dried le a f , d ig itox in , g itox in  and digoxin predominate*

It was found possib le to  remove the acety l group from the genuine

glycosides by using calcium hydroxide under mild conditions, when
29deaoetyl«digilanids A, B and G were formed ,

30S to ll and Kreis next turned th e ir  attention  to  the natural 

glycosides of D ig ita lis  purpurea, but th is  in vestigation  proved more 

d if f ic u lt  because of the re la tiv e ly  lower glyoosidal content and the 

higher rate of enzyme a c t iv ity  in  these leaves. In addition, a l l  

attempts to  c r y s ta llis e  tho. glycosides fa iled  ai3d i t  was extremely 

d if f ic u lt  to  obtain a separation from large quantities of inactive  

impurities* Eventually, a fter a tedious process: o f fractionation  

between immiscible solvents (chloroform, methanol, water) involving 

considerable lo ss of m aterial, two amorphous substances, purpurea 

glycosides A and B were obtained* From a study of th e ir  physical, . 

chemical and pharmacological properties, these substances were shown 

to  be id en tica l with deacetyl-d igilanids A and B respectively* hydrolysis 

of these compounds, under the influence of the enzyme digipurpidase whxh  

i s  present in  the leaves of D# purpurea, i s  sim ilar to  the hydrolysis 

of the lanata glycosides.

^47^ 7 Î  18 + ^  2 ^ “

purpurea glycoside A 
(deacetyl-digilanid  A)

^ 4 7 ^ 4 ^  19 ^  2 ^  =

purpurea glycoside,B  
(deacetyl-d igilan id  B)

°41^64°1S + °6®12°6

d ig itox in glucose

°41?64°14 +

gitoxin glucose
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I l

A h ig h e r  g ly c o s id e  r e l a t e d  to  g i t a l i n ,  o r  c o r re sp o n d in g  to  d ig i l a n i d  C, 

co u ld  n o t  be found  in  th e  le a v e s  o f  D* p u rp u re a *

Q u a l i t a t i v e ly  th e  h y d r o ly t ic  enzymes d ig i l a n id a s e  and d ig ip u rp id a s e  

a r e  m u tu a lly  in te rc h a n g e a b le ,  b u t  q u a n t i t a t i v e l y  each  shows a  s p e c i f i c i t y  

f o r  i t s  own s u b s t r a te *

The i n t e r - r e l a t i o n s h i p  betw een  th e  D. la n a ta  and D. n u ru u rea  

l e a f  g ly c o s id e s  i s  shovm d ia g ra m m a tic a lly  i n  T ab le  I*

In  1948, a team  o f  Jap an ese  w orkers “ c la im ed  to  have i s o l a t e d  

a  new g ly c o s id e ,  d i g i c o r i n ,  from  th e  le a v e s  o f  s p e c i a l l y  c u l t i v a t e d  

p la n t s  o f D* p u rp u re a  and D. l a n a t a , b u t th e y  have b een  u n a b le  to  r e p e a t  

t h i s  w ork and have th e r e f o r e  w ith d ra w i th e  name d i g i c o r in  from  th e  

l i t e r a t u r e ^ ^ "

A lso i n  1948, TJlrix  , u s in g  a d s o rp t io n  chrom atography  on a lu m in a , 

c la im ed  to  have found  fo u r  new g ly o o s id a l  su b s ta n c e s  i n  d i g i t a l i s ,  w h ile  

i n  1953 Je n se n  c la im ed  to  have s e p a ra te d  f i v e  nevf g ly o o s id a l  su b s ta n c e s  

from  s t a b i l i s e d  l e a f  by means o f  p ap er p a r t i t i o n  chrom atography* However,  

J e n se n  s t a t e d  t h a t  two o f th e  su b s ta n c e s  ap p ea red  t o  co rre sp o n d  to  

d ig i c o r i n  and i t s  ag ly co n e  d ig ic o r ig e n in *  B r in d ie  e t  a l» ^ ^  co u ld  f in d  no 

new g ly c o s id e - l ik e  su b s ta n c e s  i n  t i n c t u r e s  o f  d i g i t a l i s  examined by p aper 

ch rom atography .

D i g i t a l i s  Saponins

The p re se n c e  o f sap o n in  g ly c o s id e s  a lo n g  w ith  t h e  c a r d ia c  g ly c o s id e s
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i n  com m eroial p r e p a r a t io n s  o f d i g i t a l i s  was f i r s t  r e c o g n is e d  in  1876

by Schm iedeberg^^ who named th e  p r in c ip l e  s a p o n in , d ig i to n in *  P u re r

p r e p a ra t io n s  o f  th e  su b s ta n c e  w ere l a t e r  d e s c r ib e d  by K i l i a n i b u t  i n

361913 W indhaus and S ohneckenburger d is c o v e re d , i n  a  su p p o se d ly  p u re  

sam ple o f  d ig i t o n i n ,  a  second  g ly c o s id e  w hich  th e y  named g i to n in .

On h y d r o ly s is :

d i g i t o n i n  = d ig i to g e n in  + 2 g lu c o se  f  2 g a la c to s e  f x y lo se

g i to n in  *. g i to g e n in  f  3 g a la c to s e  f a p e n to se

W indhaus, w o rk in g  on th e  sap o n in s  o b ta in e d  from  d i g i t a l i s  s e e d s ,

o b ta in e d  d e g ra d a t io n  p ro d u c ts  o th e r  th a n  th e  above and  he s u sp e c te d  th e

p re se n c e  o f  s t i l l  o th e r  saponins*  A lthough  no o th e r  sa p o n in s  have b een

37i s o l a t e d  from  t h i s  s o u rc e ,  Jacobs and F le ck  i s o l a t e d  a  new ag ly co n o , 

t ig o g e n in ,  from  h y d ro ly se d  e x t r a c t s  o f  d i g i t a l i s  leav es*  Tsohesoh©^^ 

d isc o v e re d  th e  c o rre sp o n d in g  g ly c o s id e ,  t i g o n i n ,  i n  e x t r a c t s  o f  D i g i t a l i s  

l a n a ta  le a v e s  i n  w hich  i t  a p p ea rs  t o  be  th e  o n ly  s a p o n in . On h y d r o ly s is :

t i g o n in  a t ig o g e n in  f  2 g lu c o se  4  2 g a la c to s e  + rham nose

S t r u c tu r e  o f  th e  C ard iac  G ly c o s id e s

The d i g i t a l i s  g ly c o s id e s  c o n s i s t  o f  a  p a r e n t  s k e l e t a l  s t r u c t u r e ,  

th e  ag ly c o n e  o r g e n in ,  t o  w hich t h r e e  o r  f o u r  su g a r  m o lec u le s  a r e  a t ta c h e d .  

D ig i to x in ,  g i to x in  and g i t a l i n  c o n ta in  th e  su g a r  d ig i to x o s e  w hich  has n o t 

b een  found e lse w h e re  i n  n a tu r e .  T h is  r a r e  su g a r  was d e s c r ib e d  by K i l i a n i  

i n  1922 as a  2 :6  d e -o x y  h ex o se^ ^ , i t s  c o n f ig u r a t io n  was e s ta b l i s h e d  i n  

1930^^ and i t s  s y n th e s is  f i r s t  d e s c r ib e d  in  1944^^. Jao o b s^^  s t a t e d  t h a t  

th e  ^ y o o s id e s  w hich c o n ta in  th e  2 -deoxy  su g a rs  a r e  r e a d i l y  h y d ro ly se d  under
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m ild  c o n d i t io n s ,  c o n t r a s t in g  w ith  g ly c o s id e s  w liich c o n ta in  2 -h ydroxy  

s u g a rs  and a r e  h y d ro ly se d  o n ly  under c o n d it io n s  so  d r a s t i c  as  to  cau se  

changes in  th e  aglycone* D ig ita lin u m  verum c o n ta in s  th e  2 -hydrox^r su g ar 

d i g i t a l o s e  and on h y d r o ly s is  th e  ag ly co n e  lo s e s  two m o lecu le s  o f  w a te r  w ith  

th e  fo im ia tip n  o f  d ia h h y d ro g ito x ig e n in *

A lso p r e s e n t  in  th e  le a v e s  o f  D. p u rp u re a  i s  th e  p h a rm a c o lo g ic a lly  

in a c t iv e  g ly c o s id e  d lg in in  w h ich  on h y d ro ly s is  y i e ld s  d ig ig e n ln  and

d ig in o se^ G .

F ig .  1.

GHO OHO CHO
I » I

H - G - H  H - C - O H  H - C - H
f I I

H -  C -  OH CHcO -0 -  H CH,0 -  C -  H
I I " I

H -  G -  OH HO -  G « H  HO -  C -  H
I I f

H - C - O H  H -  G -  OH H - C - O H
I I I
CH3 GHg OHg

d ig i to x o s e  d i g i t a l o s e  d ig inos©

The e lu c id a t io n  o f  th e  s t r u c t u r e  o f t h e  ag lyoones p re s e n te d  g r e a t  

d i f f i c u l t i e s *  The d i g i t a l i s  a g ly c o n e s , in  comman w ith  th o s e  o f  o th e r  

c a rd ia c  a g ly o o n e s , c o n ta in  23 ca rb o n  atom s. I t  was assumed t h a t  a l l  

th e s e  a g ly o o n e s , o f  c lo s e ly  r e l a t e d  e m p ir ic a l  fo rm u la e , w ould p o sse ss  

th e  same g e n e ra l  s k e l e t a l  s t r u c t u r e .  T his p roved  t o  be  th e  c a se  and 

th e  t r a n s f o rm a t io n  o f  s e v e r a l  p a i r s  o f  th e s e  in to  i d e n t i c a l  su b s ta n c e s  

was ac co m p lish e d .
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The f i e l d  o f  i n v e s t i g a t i o n  o f  th e  c a rd ia c  g ly c o s id e s ,  p r e v io u s ly

r e s t r i c t e d  by  la c k  o f  r e f e r e n c e  compounds , v a s  opened up  b y  Jaco b s  and 
44E ld e r f i e ld  i n  1954 when th e y  d em o n stra ted  th e  se le n iu m  d eh y d ro g e n a tio n  

o f  th e  S tro p h a n th u s  gljfcoside s t r o p h a n th id in  (F ig .  2 a . )  to  D i e l 's  h y d ro ­

carbon  ( y  -m e th y l-1 -2 -c y  d o p e n t  en o p h en an th ren e) (F ig .  2 b , ) ,  T h is 

d is c o v e ry  l in k e d  th e  c h e m is try  o f  th e  c a rd ia c  g ly c o s id e s  w ith  th e  r a p id ly  

dev e lo p in g  c h e m is try  o f  th e  s t e r o l s  and  b i l e  a c id s ,  from  b o th  o f  w hich 

D ie l*s  h y d ro ca rb o n  had  b een  p re p a re d . F u r th e r  ev id en ce  was o b ta in e d  

when Jaco b s^^  s u c c e s s f u l ly  d eg rad ed  d ig i to x ig e n in  (F ig .  2 c .)  to  th e  b i l e  

a c id ,  e t io c h o la n ic  a c id  (F ig ,  2 d . ) ,  The a tta c h m e n t o f  th e  u n s a tu r a te d  

la c to n e  r in g ,  a l r e a d y  known to  e x i s t ,  was th u s  shown to  be a t  Cqy.

A f te r  s tu d y in g  th e  r e a c t io n s  o f  s e v e r a l  o f  th e s e  r e l a t e d  a g ly c o n e s , 

T schesche^^ and  Jacobs"^^ p ro p o sed  fo rm u lae  w hich w e r e . l a t e r  s u p p o r te d  by 

th e  t h e o r e t i c a l  d e d u c tio n s  o f  Kon"^^ and a ls o  by  e v a lu a t io n s  o f  X -ray  

p h o to g rap h s  o f  s u i t a b l e  d e r iv a t iv e s  p re p a re d  by  B e rn a l  and  Crawfoot^^*

G ito x ig e n in  and  d ig  ox ig  e n in  each  d i f f e r s  from  d ig i to x ig e n in  o n ly  by 

th e  p re se n c e  o f  one a d d i t i o n a l  hydroxy  g ro u p  in  th e  m o le c u le ; i n  g i t o x i ­

g e n in  a t  QiS 8,nd i n  d ig  oxig  e n in  a t

E x c e l le n t  rev ie w s  o f  th e  e x te n s iv e  l i t e r a t u r e  on th e  c h e m is try  o f  

d i g i t a l i s  and  o th e r  c a rd ia c  g ly c o s id e s  have been  p u b l is h e d  by  G to ll^ ^  

and  T u rn e r^ ^ .
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R e la t io n s h ip  betw een  ch em ic a l s t r u c t u r e  and p h a rm a c o lo g ic a l a c t i v i t y

The su g a r  m o ie t ie s  o f  th e  c a rd ia c  g ly c o s id e s ,  w h ile  th em se lv es  

i n e r t  p h a rm a c o lo g ic a lly , g r e a t ly  enhance th e  a c t i v i t y  o f  th e  ag ly co n es  

to  w hich th e y  a r e  a t ta c h e d ,  b e in g  a p p a re n t ly  r e s p o n s ib le  f o r  w a te r  

s o l u b i l i t y ,  c e l l  p e n e t r a b i l i t y  and p e r s i s te n c e  o f  c a r d ia c  a c t io n ^ ^ .

In  a l l  th e  c a r d ia c  g ly c o s id e s  so f a r  exam ined, t h e  su g a r  r e s id u e  o ccu p ie s  

th e  3 - p o s i t i o n ,  w here th e  ag ly o o n e  i s  u s u a l ly  u n i te d  w ith  a  deoxy s u g a r .

R e la t iv e  p o ten cy  does n o t seem to  depend on th o  ty p e  o f sugar 

p r e s e n t  and co n seq u en t ea se  o f . h y d r o ly t ic  f i s s i o n  o f  th e  su g ar r e s id u e ,  

b u t  s p e c i f i c  s t r u c t u r e  o f  th e  su g a r  seems to  be im p o rta n t^ ^ . I t  has been  

s t a t e d  t h a t  th e  p o ten cy  o f  th e  g ly c o s id e s  i s  in  an  in v e r s e  r a t i o  to  th e  

number o f  su g a r m o lecu les  a t ta c h e d  to  th e  ag ly o o n e . Thus d i g i t o x i n ,  a  tr io *  

s id e ,  i s  m ore p o te n t  (exam ined oh o a t )  th a h  th e  t e t r o s i d e ,  p u rp u re a  

g ly c o s id e  A, d e r iv e d  from  th e .s a m e  aglyoone^^^- However, t h i s  does no t 

ap p e a r  to  be  t r u e  when th e  m a te r ia l s  a r e  t e s t e d  on f ro g  in  w hich p u rp u rea  

g ly c o s id e  A i s  r e p o r te d  to  be more p o te n t  th a n  d ig i to x in ^ ^ * ^ ^ .

The s p e c i f i c  c a r d io to n ic  a c t i v i t y  r e s id e s  in  t h e  ag ly o o n e  and i t  

has  b een  shown t h a t  f o r  h ig h  a c t i v i t y  th e  A and B r in g s  m ust b e  c i s  fu s e d . 

U a a r in , i n  w hich  th e  A /b f u s io n  i s  t r a n s ,  has g r e a t l y  red u ced  a c t i v i t y .

The G and D r in g s  a r e  a l s o  c i s  fu se d  and th u s  th e  c a r d ia c  g en in s  a re  

u n iq u e  in  t h i s  r e s p e c t ,  d i f f e r i n g  from  o th e r  n a t u r a l l y  o c c u r r in g  s t e r o i d s ,  

Tho 14 h y d ro x y l group and th e  u n s a tu r a te d  b u te n o l id e  r i n g ,  b o th  common 

to  a l l  c a r d ia c  g ly c o s id e s ,  a r e  ^ " " o r ie n ta te d .  T h a t th e  la c to n e  r in g  i s
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OCp u n s a tu r a te d ,  has been  e s ta b l i s h e d  by E ld e r f i e ld  e t  a l^ ^  c o n tr a ry  t o  

th e  e a r l i e r  v iew s o f  J a c o b s , v/ho c o n s id e re d  th e  do u b le  bond t o  be  

i n  t h e - p o s i t i o n  to  th e  c a rb o n y l g roup . T h is  u n s a tu r a te d  la c to n e  r in g  

i s  in t im a te ly  a s s o c ia te d  w ith  o a r d iO '- a c t iv i ty ,  J a c o b s^ ? , who

w ith  h i s  c o -w o rk e rs , d id  much to  s o lv e  th e  m ajo r problem s o f  th e  

s t r u c t u r e  o f  c a rd ia c  g ly c o s id e s ,  h as  shown t h a t  i f  th e  e th y le n e  lin lcage  

i s  s a tu r a t e d  th e  t o x i c i t y  i s  g r e a t ly  re d u c e d . I f  th e  la c to n e  r in g  i s  

opened w ith o u t  h y d ro g e n a tio n  th e  a c t i v i t y  f a l l s  t o  a b o u t one five***hundredth 

o f th e  o r i g i n a l .  F ie s e r^ ^  re g a rd s  th e  r in g  system  m ere ly  a s  a su p p o rt 

f o r  th e  la c to n e  r in g  and th e  s o lu b i l i s i n g  s u g a rs .

I s  i s  w o rth  n o t in g  t h a t  th e  sap o n in s  a l s o  c o n ta in  th e  cy c lo p en to n o *  

p h en a n th re n e  n u c le u s  b u t  a r e  d ev o id  o f  any c a rd ia c  a c t io n .

A ttem pted  s y n th e se s  o f c a rd ia c  g ly c o s id e s

I t  was i n e v i t a b l e  t h a t  once t h e  m ain s t r u c t u r e  o f  t h e  c a rd ia c  

g ly c o s id e s  had been  e lu c id a te d ,  a t te m p ts  to  s y n th e s is e  th e s e  compounds 

w ould fo l lo w . One ap p ro ach  has been  th e  a d d i t io n  o f  su g a rs  to  n a tu r a l  

gen ins^^^^^^^^o  E ld e r f i e ld  p re p a re d  v a r io u s  g ly c o s id e s  by c o n d e n sa tio n  

o f ]mown g e n in s  w ith  acetO "brom o«glucose and th e  compounds w ere re p o rte d ^ ^  

to  be m ore p o te n t  th a n  c o r re sp o n d in g  n a tu r a l  g ly c o s id e s*  O ther w o rk ers  

have a tte m p te d  t o  s y n th e s is e  g en in s  and m ethods f o r  t h e  c o n s t r u c t io n  

o f some o f  th e  c h a r a c t e r i s t i c  g ro u p in g s  have b een  d e s c r i b e d ^ ^ f *07,  

6 8 ,6 9 ,7 0  a lth o u g h  th e  r e s u l t i n g  compounds have had  l i t t l e  o r  no*1 

c a r d io to n ic  a c t i v i t y .
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STAîTOARDISATIOU OF DIGITALIS PREPARATlOHS

I t  has b ee n  shown t h a t  lo av es  o f  D i g i t a l i s  p u rp u re a  may oonto .in

up to  t e n  loiotm o a r d io - a o t iv o  p r i n c i p l e s .  In  a d d i t io n  t o  v a r i a t io n s  in

t o t a l  g ly c o s id e  c o n te n t ,  t h e r e  a r e  d i f f e r e n c e s  in  th o  p ro p o r t io n s  o f  th o

v a r io u s  a c t i v e  p r in c ip le s  p r e s e n t  and w h ile  th e s e  a l l  show s im i l a r

q u a l i t a t i v e  p h a rm a c o lo g ic a l e f f e c t s ,  t h e r e  a r e  m arked d i f f e r e n c e s  i n

q u a n t i t a t i v e  a c t i v i t y .  F u r th e r ,  i n .a d d i t i o n  t o  D. p u rp u rea  th e r e  a ro

numerous o th e r  s p e c ie s  o f D i g i t a l i s  w hich c o n ta in  c a r d ia c  g ly c o s id e s  and

71w hich  show p o te n c ie s  d i f f e r i n g  from  t h a t  o f D. p u rp u re a  •

For th e s e  r e a s o n s ,  d i g i t a l i s  h as  been  la r g e ly  e v a lu a te d  by m easu rin g  

th e  e f f e c t  on a n im a ls , b u t many ch em ica l m ethods o f  a s s a y  have a l s o  been 

d esc rib e d *

BIOLOGICAL ASSAY METHODS 

Review o f  m ethods u sed

The f i r s t  b i o lo g ic a l  m ethod a p p lie d  to  d i g i t a l i s  was t h a t  d e s c r ib e d  

7Pin  1898 by Houghton who m easured th e  s m a l le s t  dose o f  an  e x t r a c t  r e q u ire d  

to  k i l l  a  f ix e d  w e ig h t o f  f ro g  in  a  g iv en  t im e ,  r e g a r d le s s  o f  s p e c i f i c  

a c t io n .  S in ce  t h a t  tim e  numerous a s sa y s  have been  d e s c r ib e d  em ploying a 

. w ide ran g e  o f t e s t  an im a ls  in c lu d in g  D aphnia , Param ocium , G o ld f is h , F ro g , 

Toad ( h e a r t ) .  T u r t l e  ( h e a r t ) .  T o r to is e  ( h e a r t ) ,  em bryonic C h ick , em bryonic 

Duck, P ig e o n , G uinea P ig ,  Mouse, R a t ,  R a b b it ,  C a t, Dog and Man. A 

p h y to p h a rm a co lo g ic a l m ethod , u s in g  lu p in  s e e d l in g s ,  has b een  d e s c r ib e d  b u t
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i n  t h i s  c a s e ,  as w i th  g o ld f i s h ,  t h e  o b serv ed  e f f e c t  was due to  th e  

sa p o n in s  and n o t t o  th e  c a rd ia c  g ly c o s id e s*

B efo re  th e  in t r o d u c t io n  o f co m p ara tiv e  a s s a y s ,  t h e  p o ten cy  

o f  p r e p a ra t io n s  was e x p re sse d  i n  an im al u n i t s ,  one u n i t  b e in g  th e  

amount to  c a u s e  d e a th ,  o r  o th e r  e f f e c t ,  in  t h e  t o s t  anim al# I t  was n o t 

a p p r e c ia te d  t h a t  t h e r e  w ere many v a r i a b le  f a c t o r s  w hich ten d e d  to  make 

t h i s  u n i t  a  v e ry  in c o n s ta n t  q u a n t i ty .  An in d i c a t io n  o f  t h i s  v a r i a t i o n  

was shown by Burn^^ who q u o ted  f o r  th e  same sam ple o f d i g i t a l i s  l e a f ,  

exam ined a t  d i f f e r e n t  tim e s  o f t h e  y e a r ,  v a lu e s  w hich  ran g ed  from  1310 

to  3300 f r o g  u n i t s  p o r g. I f ,  how ever, two p r e p a ra t io n s  w ith  th e  seme 

s p e c i f i c  e f f e c t  w ere  a ssay ed  s im u lta n e o u s ly , un d er th e  same c o n d i t io n s ,  

th e  r a t i o  o f t h e i r  p o te n c ie s  was re a so n a b ly  c o n s ta n t*  The in t r o d u c t io n  

o f an  I n t e r n a t i o n a l  S tan d a rd  D i g i t a l i s  Powder in  1926, w hich  was i n  1928 

d e f in e d  as c o n ta in in g  one u n i t  o f ’a c t i v i t y  p e r  g*, made co m p ara tiv e  a s sa y s  

p o s s ib le ,  and a l l  sam ples o r  p r e p a ra t io n s  o f  d i g i t a l i s  a r e  now d e te m in e d  

by co m p ariso n  w ith  s ta n d a rd  pow der. B ecause th e  su p p ly  o f  o r ig i n a l  pov/der 

was a lm o s t e x h a u s te d , th e  Perm anent Commission on B io lo g ic a l  

S ta n d a r d is a t io n  d e c id e d , i n  1935, to  ad o p t th e  B r i t i s h  S ta n d a rd , t o  be 

known as th e  I n t e r n a t i o n a l  S ta n d a rd  1936 and w h ich , p o s s e s s in g  125 p o r  

c e n t o f  th e  a c t i v i t y  o f th e  p re v io u s  I n t e r n a t i o n a l  S ta n d a rd , c o n ta in e d  

one u n i t  o f  a c t i v i t y  i n  0*08 g* In  1952, a t h i r d  I n te r n a t i o n a l  S tan d a rd  

became n e c e s s a ry  and t h i s  has b een  s t a t e d  t o  c o n ta in  one u n i t  o f a c t i v i t y  

in  0*076 ga



Of th .0 numerous a s sa y  m ethods m en tio n ed , many a r e  o f  h i s t o r i c a l

i n t e r e s t  o n ly  and th e s e  a r e  a d e q u a te ly  d e a l t  w i th  by Munch'^" and 

75Schw artz who rev ievr a l l  m ethods u sed  p r io r  to  1930* M ethods w hich 

have beon w id e ly  a p p lie d  s in c e  t h a t  tim e  w i l l  be  d e s c r ib e d .

The 18«hour f r o ^  m ethod

In  1927 Trevan^G r e p o r te d  th e  r e s u l t s  o f  t o x i c i t y  t e s t s  on f ro g s  

(Eana te m p o ra r ia )  in  w hich o n ly  th e  d e a th  o r  s u r v iv a l  o f  th e  an im al 

co u ld  be re c o rd e d . He in je c te d  g roups o f t h i r t y  f ro g s  w ith  g raded  

d oses o f  a d i g i t a l i s  p r e p a r a t io n  and p lo t t e d  t h e  p e rc e n ta g e  m o r ta l i ty  

i n  each  g roup  a g a in s t  th e  dose i n j e c t e d .  The r e s u l t a n t  g rap h  was a  

sigm oid  c u rv e  '(P ig . 3 . )

P ig .  3 .
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A dose r e p re s e n te d  by OA f a i l e d  to  k i l l  any an im al and was term ed  

th e  IDq . The dose r e p re s e n te d  by OB k i l l e d  a l l  t h e  an im als  and was 

c a l l e d  th e  T revan  found th e  r a t i o  LDj q̂q/LD^ to  bo 4 .8 ,  w hich

em phasised  th e  b ig  gap betw een  th e  b ig g e s t  dose f a i l i n g  to  k i l l  any 

an im al and th e  s m a l le s t  dose r e q u ire d  to  k i l l  a l l  th e  animo.ls# He 

p ro p o sed  t h a t  th e  l e t h a l  dose  d e te rm in ed  in  t e s t s  o f  t h i s  k in d , b e  t h a t  

w hich  cau ses  a  f i f t y  p e r  c e n t .m o r t a l i t y  in  th e  g ro u p , t h i s  dose b e in g  

r e f e r r e d  to  a s  t h e

In  th e  B r i t i s h  Pharm acopoeias o f  1932 and 1948 ah  a ssa y  m ethod 

b ased  on T revan^s o b s e rv a t io n s  was d e s c r ib e d ,  A dose o f  th e  s ta n d a rd  

p r e p a r a t io n  c a lc u la t e d  t o  k i l l  f i f t y  p e r c e n t .o f  t h e  f ro g s  i n j e c t e d ,  

and s u i t a b l y  d i lu t e d  w ith  0 . 6  p e r  c e n t . sodium c h lo r id e  s o lu t io n ,  was 

i n j e c t e d  in to  a  group o f n o t l e s s  th a n  tw e lv e  h e a l th y  f r o g s ,  a l l  o f  th o  

same sex  and p r e f e r a b ly  m a le s , th e  dose b e in g  p r o p o r t io n a l  to  body w e ig h t,

A d ose  o f  th e  p r e p a r a t io n  un d er t e s t ,  s im i l a r ly  c a l c u l a t e d  and d i l u t e d ,  

was in j e c t e d  in to  a n o th e r  group o f n o t l e s s  th a n  tw e lv e  f ro g s  as n e a r  in  

w e ig h t and o th e r  r e s p e c ts  to  th e  f i r s t  group as p o s s ib le .  The 

in j e c t i o n s  w ere made in to  th e  v e n t r a l  lymph sa c  and th o  f ro g s  l e f t  o v e r­

n i g h t .  A f te r  tw e lv e  to  e ig h te e n  h o u rs  th o  number o f  dead f ro g s  i n  each 

group was c o u n te d . The p e rc e n ta g e  m o r t a l i t y  o b se rv ed  in  each  group vfas 

r e f e r r e d  to  a t a b l e  b ased  on T rcv an ts  cu rv e  and th e  p o te n c ie s  o f  th e  

s ta n d a rd  and t e s t  s o lu t io n s  o b ta in e d . The p o ten cy  o f  th e  t e s t  p r e p a r a t io n  

i n  te rm s  o f th e  s ta n d a rd  p r e p a r a t io n  co u ld  th e n  be  c a lo u la ,te d . The 

p ro c e d u re  was r e p e a te d  on th e  second d ay , a d ju s t in g  t h e  d o se s , i f  n e c e s s a ry , 

t o  o b ta in  f i f t y  p e r c e n t - m o r t a l i t i e s .  The p o ten cy  o f  th e  t e s t  

p r e p a r a t io n  was ta k e n  as th e  av e rag e  o f th e  two e s t im a t io n s .  T h is
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This method involved the assumption that the standard dose/response curve
77 78 79was oonstaht but i t  has been shown * * that the slope may vary, not

only in  d ifferen t laboratories but even from time to  time in  th e  same
77laboratory# Gaddum observed that by p lottin g  the logarithm of the 

dose against the deviation on the frequency d istribution  ourve to  which 

the percentage m ortality corresponds (the normal equivalent deviation), 

the sigmoid dosage/response ourve was converted to  a straight line#

This i s  the basis of the frog method of the 1953 B ritish  Pharmacopoeia and 

was described as an alternative method in  the 1948 edition# The te s t

solution  is  estimated in  terms of the standard solution  without reference 

to  a pre-determined ourve, the slope of the lin e  being determined in  each 

experiment by using two dose lev e ls  of both standard and t e s t  solutions 

and in jecting  in to  four groups eaoh of not le ss  than twenty frogs# The 

Pharmacopoeia recommends the use of doses estimated to  produce twenty and 

eighty per cent# m ortalities# It i s  more convenient to  use a system of 

probits probability  u n its) obtained from a tab le by Bliss®^ in  place of 

the normal equivalent deviation#

The 1-hour frog method 

This method was at one time widely used and i t  was o f f ic ia l  in  

editions IX, X and XI of the United States Pharmacopoeia, being rep lac si 

in  the following ed ition  by the intravenous cat method^

Dilutions of the t e s t  and standard preparations were administered 

to  groups of frogs, as in  the 18-hour method, the in jections being made 

into the ventral lymph sac# At the end of one hour the dead frogs in  eaoh
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group  w ere c o u n te d , eao h  an im al b e in g  d is s e c te d  to  check th e  end p o in t  

w hich i s  s to p p a g e  o f  th e  h e a r t  in  v e n t r i c u l a r  s y s t o l e ,  th e  a u r i c l e s  

b e in g  w id e ly  d i la te d *  R e s u l ts  w ere c a lc u la te d  a s  s t a t e d  f o r  th e  p re v io u s  

m ethod.

The gu in ea  p ig  m ethod

T h is  m ethod w a s - f i r s t  in tro d u c e d  f o r  t e s t i n g  d i g i t a l i s  by V anderk leed  

'' i n  1908 and 1910, b u t th e  m ethod was e s ta b l i s h e d  i n  1926 by I h m f f l -  

Lens and i t  i s  h i s  m ethod w hich  form s th e  b a s is  o f  th e  m ethod i n  th e  

B r i t i s h  Pharm acopoeias o f  1952 and 1948.

S u i ta b ly  d i l u t e d  p r e p a ra t io n s  o f  d i g i t a l i s  a r e  i n j e c t e d  in t r a v e n o u s ly ,  

a t  a  s lo w  u n ifo rm  r a t e ,  in to  a n a e s th e t i s e d  g u in e a  p ig s  i n  w hich  r e s p i r a t i o n  

i s  m a in ta in e d  a r t i f i c i a l l y .  The i n j e c t i o n  i s  c o n tin u e d  u n t i l  th e  h e a r t  

s to p s ,  t h e  dose  b e in g  d e te rm in ed  in  f o u r te e n  an im als  f o r  th e  s ta n d a rd  

p r e p a r a t io n  and i n  s ix  ann ria ls  f o r  th e  e s t im a t io n  o f th e  p r e p a r a t io n  under 

t e s t .  The av e ra g e  l e t h a l  dose f o r  th e  s ta n d a rd  p r e p a r a t io n  i s  n o t 

r e q u ir e d  to  be c a lc u la t e d  a t  each  ex am in a tio n  o f an  unlcnoivn p re p a ra b io n . 

Ja co b se n  and Larsen^'^ r e p o r t  v a r i a t io n s  in  th e  s e n s i t i v i t y  o f  th e  

an im als  and recommend t h a t  s ta n d a rd  and t e s t  p r e p a r a t io n s  be t e s t e d  

8 im u I ta n c o u s ly . T h is  recom m endation i s  a d o p ted  in  t h e  1953 B r i t i s h  

P harm acopoeia  i n  w hich  eq u a l nujiihers o f a n im a ls ,  n o t  l e s s  th a n  s ix ,  a r e  

used  f o r  t h e  e s t im a t io n  o f  eaoh p r e p a r a t io n .

81 ,

on.Animal woighb*^^ and r a t e  o f in je c t io n ^ ^ ^ ^ ^  b o th  have an  e f f e c t  

th e  l e t h a l  d o se , th e r e f o r e  w e ig h t ran g e  and d u r a t io n  o f  i n j e c t i o n  a r e  b o th  

s p e c i f i e d  in  th e  o f f i c i a l  a s s a y .



24

E th e r  was th e  a n a e s th e t ic  o r i g i n a l l y  u se d , b u t  i t  i s  s a id  to  g iv e  

v a r i a b l e  r e s u l t s  and b o th  u re th an e^ '^  and sodium ph enob a rb  i t  one ̂  ̂  have b een  

recommended.

The) d is a d v a n ta g e  o f  th e  m ethod i s  t h a t  r e s p i r a t i o n  becomes i r r e g u l a r  

a  c o n s id e ra b le  tim e b e fo re  th e  h e a r t  f i n a l l y  s to p s  b e a t in g  and th e r e f o r e  

th e  end p o in t  te n d s  to  be i n d i s t i n c t .  However, b e ca u se  o f th o  d i f f i c u l t y  

i n  o b ta in in g  s u i t a b l e  o a ts  i n  s u f f i c i e n t  num bers, t h e  g u in ea  p ig  m ethod 

i s  w id e ly  u sed  i n  t h i s  coun try*

The c a t  m ethod.

This m ethod was in tro d u c e d  by Hs-tcher and Brody^ in  1910, m o d ified  

i n  th e  la b o r a to r y  o f Magnus and d e s c r ib e d  in  d e t a i l  by L ind van  W ijngaardon^^.

The m ethod a s  d e s c r ib e d  i n  th e  B r i t i s h  P harm acopoeias o f  1932 and

1948 was s im i la r  to  th e  g u in e a  p ig  m ethod. Changes i n  th e  1953 e d i t io n

in c lu d e  th e  in t r o d u c t io n  o f  a w e ig h t f a c t o r  s in o o , on a  body w e ig h t b a s i s ,

7 9h e a v ie r  c a t s  a r e  r e l a t i v e l y  more s e n s i t i v e  to  d i g i t a l i s  th a n  l i g h t e r  ones 

In  p la c e  o f  th e  co n tin u o u s  i n j e c t i o n ,  doses a r e  g iv e n  in t ra v e n o u s ly  a t  f i v e  

m in u te  i n t e r v a l s  t o  a llo w  f i x a t i o n  o f  th e  slow er a c t in g  g ly o o s id e s ^ ^ , and 

th e  d u r a t io n  o f  t h e  i n j e c t i o n  i s  s p e c i f i e d .  A gain s tandard , and t e s t  

p r e p a ra t io n s  a r e  e s tim a te d  c o n c u r re n t ly  on a t  l e a s t  s ix  c a ts  f o r  each 

e x t r a c t  and a s  f a r  a s  p o s s ib le  th e  same number o f o a ts  sh o u ld  be g iv en  

s ta n d a rd  and t e s t  p r e p a ra t io n s  d u rin g  any one day . The t e s t  should bo 

com pleted  w i th in  f i f t e e n  d ay s  s in c e  B lis s ^ ^  has showni t h a t  s e n s i t i v i t y  

o f c a ts  in  any one la b o r a to ry  w i l l  rem ain  c o n s ta n t  o n ly  f o r  t h i s  p e r io d .
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The p ig eo n  In tra v o n o u s  method

In  1954 Haag and '/Toodley^^ used  p ig eo n s in s  to a d  o f  o a ts  in  th e  

H a tch er and Brody m ethod , and com paring t h e i r  r e s u l t s  w ith  th o s e  

o b ta in e d  on o a ts  th e y  found d i f f o r e n c e s  o f  up t o  tw e n ty  f i v e  po r c o n t 

i n  th e  r e s u l t s .  However, i n  1948, Braun and Lus Icy compared th o  oak 

and th e  p ig eo n  In tra v e n o u s  m ethods and found th e  l a t t e r  s a t i s f a c t o r y  

and i t  was ad o p ted  as  an o f f i c i a l  m ethod o f a s sa y  f o r  d i g i t a l i s  p re p ­

a r a t i o n s  i n  th o  14th* o d i t io n  o f th e  U n ited  S ta te s  Pharm aoopooia and 

th e  1953 B r i t i s h  Pharm aoopoeia* D e ta i l s  o f  th o  m ethod a r e  v e ry  s im i la r  

t o  th o s e  i n  th o  o a t  a s sa y  ex c e p t t h a t  o th e r  i s  th e  one a n a e s th o t io  

rooommendod, a number o f  i n j e c t i o n s  a re  g iv en  in to  th e  a l a r  v e in  and 

th o  a s sa y  i s  t o  bo comp l o t  od w i th in  t h i r t y  days*

T h is  in tra v e n o u s  m ethod i s  n o t to  bo oonfusod w ith  th o  p igoon  

ernesis m ethod o f  H an zlik ^^  who m is ta k e n ly  re g a rd e d  th e  amount o f  d i g i t a l i s  

t o  causo  v o m itin g  i n  p ig eo n s  as a  b e t t e r  th e r a p e u t i c  in d ex  th a n  th e  

l e t h a l  dose t o  a n im a ls .

Com parison o f m ethods and r e l a t i o n s h i p  o f  r e s u l t s  t o  c l i n i c a l  e f f i c a c y

Wasicl<^r^'^ h as  p o in te d  o u t t h a t  d i f f e r e n t  an im al m ethods o f  a s sa y  

g iv e  d i f f e r e n t  in d ic a t io n s  o f  p o ten cy  f o r  th o  same d i g i t a l i s  p r é p a r â t io n s  

and i t  w i l l  bo shown in  th e  s e c t io n  d e a l in g  w ith  d o t e r io ra tfdon  o f d i g i t ­

a l i s  t i n c t u r e s  t h a t  t h e r e  i s  m arked d i f f e r e n c e  i n  p o te n c y  o .stim atos o f 

o ld  t i n c t u r e s  by th e  in tra v o n o u s  c a t  m ethod com pared w i th  th e  f r o g  lymph 

sac  method* Lack o f  agreem ent has a l s o  boon r e p o r te d  betw een  c a t  and



g u in ea  p ig  r o s u l t s ^ ^ ,  a l th o u g h " f a i r  agroem ont has beon  r e p o r te d  by 

somo w orkors^^^^^  betw een  p ig eo n  and c a t  a ssay s*  The q u e s t io n  a r is e s  

as t o  w hich  m ethod g iv e s  th o  b e s t  in d i c a t io n  o f  th e r a p e u t ic  o f f io a o y  

in  man# Gold o t  a l.^ G  s t a t e d  t h a t  an im al m othods may g iv e  r e s u l t s  

w hich  a r e  m is le a d in g  when a p p l ie d  t o  humans* T h is  i s  e s p e c i a l l y  t ru e  

o f  f ro g  r e s u l t s  and th o  c a t  m ethod i s  s a id  t o  g iv e  h o t t e r  in d ic a t io n s  

o f s t r e n g th  a lth o u g h  h e re  a g a in  th o  r e s u l t s  may be m is le a d in g  when 

e s t im a t in g  p u re  s u b s t a n c e s R e s u l t s  o f p ig o o n  a s sa y s  a ro  a l s o  s a id  

t o  g iv e  a  poor m oasuro o f  o r a l  p o ten cy  t o  mon^®*

A lthough  th o  m ethods u s in g  o a t s ,  g u in ea  p ig s  and p ig eo n s  a r e  now 

moro w id e ly  u sed  th a n  th e  f ro g  lymph sac m ethod, th o  e f f e c t  on mammalian 

h e a r t s  b e in g  p r e f e r r e d  t o  th e  e f f e c t  on th e  am phib ian  h e a r t ,  a l l  i n t r a ­

venous te c h n iq u e s  s u f f e r  a  s e r io u s  d e f e c t  in  n o t  d i s t in g u i s h in g  be tv /œ n  

a b s o rb a b le  and n o n -a b so rb a b le  m a te r ia ls  s in c e  m ost d i g i t a l i s  p r o p a ra t i  ons 

a ro  a d m in is te re d  c o ra lly  t o  man# The some c r i t i c i s m  a p p l ie s  t o  some 

e x te n t  to  th e  1 -h o u r  f ro g  m ethod i n  w hich  some v f o r k o r s ^ ^ ^ h a v e  said  

t h a t  s u f f i c i o n t  tim o  i s  n o t a llo w ed  f o r  th e  a b s o rp t io n  o f  some o f th e  

lo s s  s o lu b le  g ly c o s id e s*

Human b io a s s a y

B ecause o f  th e  l i m i t a t i o n s  o f th e  an im al a s s a y  p r o c e s s e s .  Gold and 

h i s  co -w o rk e r8 ^^^ in tro d u c e d  a b io a s s a y  on humans b ased  on th e  d eg ree  

o f  T-wave and RT-T segm ent changes o f  th o  e le c tro c a rd io g ra m  a f t e r  t r e a t ­

m ent w ith  d i g i t a l i s *  They c la im ed  t o  be a b le  t o  d i s t i n g u i s h  S2 por 

cen t*  d i f f e r e n c e s  in  dosage*
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P ard ee  had  p re v io u s ly  su g g e s te d  th e  m ethod w h ile  D ie u a id e ,

103Tung and B ien   ̂ had b een  a b le  t o  d e t e c t  a  25 p e r  cen t#  d i f f e r e n c e  in  

dosage by m easu rin g  th e  d eg ree  o f  s h o r te n in g  o f th e  Q-T i n t e r v a l  o f 

th e  e le c tro c a rd io g ra m *

B le o tro o a rd io g ra p h io  m ethods on an im als

The c h a r a c t e r i s t i c  e f f e c t  o f  d i g i t a l i s  on th e  e le c tro c a rd io g ra m

o f th e  c a t  has been  d e m o n stra ted  by s e v e ra l  w o rk ers

108,109 ,110^ R obinson and W ilson^^^  showed t h a t  th e r e  was an

in v e r s io n  o f  th e  T-wave w ith  ab o u t 25 p e r cen t*  o f th e  l e t h a l  d o se ,

d e f i n i t e  p r o lo n g a tio n  o f  th e  P-R i n t e r v a l  w ith  ab o u t 50 p e r  cen t*

and c o n s ta n t  A-V d i s s o c i a t i o n  w ith  ab o u t 75 i^er c e n t ,  o f th e  l e t h a l

dose® K rueger and r e p o r te d  agreem ent w ith  p re v io u s  w orkers

in  f in d in g  th e  o n se t o f  b ra d y c a rd ia  w ith  ab o u t 30 p e r  cen t#  o f th e

l e t h a l  dose and th e y  n o te d  t h a t  th e  dose o f  d i g i t o x i n  w hich caused

th e  a p p ea ran ce  o f th e  f i r s t  e c to p ic  b e a t  had a  d e f i n i t e  r e l a t io n s h i p
1 fy? 1 HR 1 no

t o  th e  f a t a l  dose* H o th l in   ̂  ̂ '  co u ld  f in d  no c r i t e r i a  f o r

d i s t i n g u i s h in g  betw een  th e r a p e u t ic  and to x ic  symptoms*

111Boyd d em o n stra ted  th e  e f f e c t  o f  m ic ro d o ses  o f  d i g i t a l i s  and 

o th e r  c a r d io - a c t iv e  d ru g s  on th e  e le c tro c a rd io g ra m  o f th e  f r o g ,  u s in g  

a  ca th o d e  r a y  o s c i l lo s c o p e  as th e  re c o rd in g  in s t ru m e n t .
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CHMÏCaL assay MBi'HODS

G ra v im e tr ic  m ethods

Many of th e  e a r l i e r  w o rk ers  d e c o lo u r is e d  aqueous e x t r a c t s  w ith

le a d  s u h a e e ta te ,  removed e x c ess  le a d ,  th e n  e x t r a c te d  w i th  ch loroform #

The g ly c o s id a l  m a te r ia l  was o b ta in e d  by e v a p o ra t io n  o f  th e  s o lv e n t ,

d r ie d  and w eighed . A uenm uller p r o - e x t r a c te d  d i g i t a l i s  le a v e s  w ith

e th e r  to  remove c h lo r o p h y l l ,  f a t  e tc#  b e fo re  c h lo ro fo rm  e x tra c t io n #

T sc h iro h  and W o lte r  w eighed an  ac e to n e  e x t r a c t  and d e te rm in e d  i t s

p h y s io lo g ic a l  a c t i v i t y  on f r o g s .  These m ethods a r e  o f  h i s t o r i c a l

76i n t e r e s t  o n ly  and a re  a d e q u a te ly  revievfed by Schw artz v

C o lo r im e tr ic  m ethod_s

One o f th e  f i r s t  m ethods o f t h i s  ty p e  t o  be u sed  was d e s c r ib e d  by 

112M art i n d a l e ' in  1912* He e s tim a te d  th e  com bined " a c t iv e  w a te r -

s o lu b le "  g ly c o s id e s  d is s o lv e d  in  g l a c i a l  a c e t i c  a c id  by th e  d e n s i ty  o f 

th e  b lu e  c o lo u r  p roduced  on th e  a d d i t io n  o f s u lp h u r ic  ammonium 

m olybdate  r e a g e n t ,  m atched a g a in s t  a  number o f  s ta n d a rd  c o lo u rs#

The c u r r e n t  m ethods can  be c l a s s i f i e d  a c c o rd in g  t o  w h e th e r th e  

re a g e n t  r e a c t s  w ith  th e  b u te n o l id e  s id e  c h a in  or w i th  th e  su g a r m o ie ty  

o f  th e  g ly c o s id e s ,  t o  g iv e  c o lo u re d  p ro d u c ts*  These m ethods have been

w e l l  rev iew ed  i n  a  number o f r e c e n t  a r t i o 115, 116, 117,

th e r e f o r e  o n ly  a  b r i e f  acco u n t o f  eaoh fo llo w s#
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(a) Methods dependent on the butenolide side ohain

In the Legal reaction a red colour i s  formed when sodium n itro -

pr us side i s  added to  alkaline solution  of a substance containing the

butenolide group and i t  i s  sp ec ific  for a l l  the aglycones of the

d ig ita l is  group# However the reagent has been shovra to  give a
118sim ilar colour with related synthetic products ,  The qualitative

119 12Gte s t  has been used extensively  by Jacobs * , in  research work on

cardiac g lycosides, but i t  has been c r it ic is e d  by Elderfield^® who 

suggested replacing the sodium nitroprusside w ith potassium ferricyanicb #

121The t e s t  has been adapted by Kedde for the quantitative 

estim ation of cardiac glycosides by measuring the absorption photo­

m etrically  in  buffered solution(pH ll) at wavelength 47Cto|i#

The Baljet reaction^^^ was f i r s t  used by Khudson-Bresbaoh^^^ for  

the estim ation of cardiac glycosides which give an orange-red colour 

with alkaline picrate solution# The method was used by Neumann^^  ̂ and
125has more recently been modified and extensively used by B ell and Krantz 

and numerous other workersl"^':^G,127,128,129,130,131,132^ f^r the

spectrophotometric estim ation of galen ical preparations and pure 

glycosides of d ig ita lis#  Choice of wavelength in t h is ,  as in  other 

spectrophotometric methods, i s  extremely important and much of the work 

of B ell and Krantz has been invalidated hy the unfortunate choice of 

a wrong wavelength^^^# Rowson^^  ̂ was unable to  confirm th e  claim of

B ell and Krantz that better resu lts  were obtained using te tra eth y l-  

ê̂ Damonium hydroxide as the a lk a li in  place of sodium hydroxide#
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133
Raymond d ev e lo p ed  a  q u a n t i t a t i v e  m ethod b ased  on a  r e a c t io n

lS4d e s c r ib e d  by  M arthoud who r e p o r te d  t h a t  e th a n o l ic  s o lu t io n s  o f

c a rd ia c  g ly c o s id e s  w ith  m -d in itro b e n z e n e  d eveloped  a b lu e  c o lo u r

on th e  a d d i t io n  o f a lk a l i*  The m ethod has been  u sed  f o r  th e

e s t im a t io n  o f  d ig ito x in ^ ^ ^ ^   ̂ and d i g i t a l i s  l e a f  • Rows on

r e p o r t s  t h a t  t h i s  m ethod, as  d e s c r ib e d  by Canback^^^^ i s  s a t i s f a c t o r y

b u t demands g r e a t  p r e c i s io n  in  o b s e rv a t io n  and i s  s u b je c t  t o

in a c c u r a c ie s  due to  th e  low c o lo u r  d ev e lo p ed . The a b s o rp t io n

maximum i s  a t  w a v e le n g th  620 m]A and th u s  y e llo v f c o lo u rs  from

im p u r i t ie s  have l e s s  e f f e c t  th a n  i n  th e  K nudson-D resbaoh method w here

th e  maximum a b s o rp t io n  f o r  l e a f  e x t r a c t s  i s  a t  w av e len g th  480 mjA.

137Has s a i l  and Lippman have used  th e  re d  c o lo u r  (max* 560 mp) 

g iv en  when d i l u t e  s o lu t io n s  o f  c a rd ia c  g ly c o s id e s  o r ag ly co n es  a re  

mixed w i th  m -d in itro b e n a e n e  i n  th e  p re se n c e  o f  d i l u t e  sodium  h y d ro x id ) 

s o lu t io n  o r a lk a l i n e  b u f f e r  a t  pH 11 -  13. The b lu e  c o lo u r  m en tioned  

above i s  o b ta in e d  w ith  more c o n c e n tra te d  a l k a l i .

1 53
The Kedde m ethod" u t i l i s e s  th e  p u rp lish -b ro w n  c o lo u r  o b ta in e d

when d i g i to x in  o r c l a r i f i e d  t i n c t u r e s  o f d i g i t a l i s  a r e  t r e a t e d  w ith

e th a n o l ic  s o lu t io n  o f  3 :5  d in i t r o b e n z o ic  a c id  and th e n  made a lk a l in e
139

w ith  sodium  hydrox ide*  P r a t t  p roposed  r e p la c in g  t h i s  a l k a l i  w ith  

b e n z y l“trhnethyl^am jiionium  h y d ro x id e .

Rowson re g a rd s  th e  3 s5 d in i t ro b e n z o ic  a c id  m ethod as th e  m ost 

e fficd b n t and a c c u ra te  way o f e s t im a t in g  c a rd ia c  g ly c o s id e s  on t h e i r  

ag lyoone  c o n te n t .



1 : 5 : 5: t r i n i t r o b e n z e n e 2 : 5  d in i t ro b e n z o ic  a c id ^ ^ ^ ’

142 1431 :3  d in i t ro n a p h th a le n e  and sodium  n ap h th a q u in o n e -  4 - s u lp h o n a te

a l l  g iv e  c o lo u r s  w ith  c a r d ia c  g en in s  an d ,h av e  b een  used  a s  q u a n t i t a t i v e

r e a g e n ts .

(b) M ethods b ased  on th e  su g ar m o ie ty  o f th e  g ly c o s id e s

Ke11e r - K i1i a n i  m ethod,

The q u a l i t a t i v e  ch em ica l t e s t  w hich  i s  s p e c i f i c  f o r  d ig ib o x o se
144

was f i r s t  d esc rib ed , in  1896 and c o n s is t s  o f d is s o lv in g  th e  s u g a r , 

o r g ly c o s id e  c o n ta in in g  th e  su g a r , i n  g l a c i a l  a c e t i c  a c id  c o n ta in in g  

a t r a c e  o f f e r r i c  c h lo r id e  and su p erim p o sin g  t h i s  s o lu t io n  on a  la y e r  

o f c o n c e n tra te d  s u lp h u r ic  ac id*  The upper p a r t  o f  th e  s u lp h u r ic  a c id  

la y e r  becomes broivn w h ile  th e  low er p a r t  o f th e  a c e t i c  a c id  la y e r  

changes to  an  in d ig o  b lu e  c o lo u r  w hich i s  s ta b le  f o r  some hours*  I f  

th e  la y e r s  a r e  m ixed a  g re e n  c o lo u r  r e s u l t s *

145 ,
As e a r l y  as  1906, C lo e t ta  and F is c h e r  a tte m p te d  to  u se  t h i s

m ethod f o r  th e  e s t im a t io n  o f  c a rd ia c  g ly c o s id e s*  More r e c e n t l y ,
146

James e t  a lo  d e s c r ib e d  a  p h o to m e tr ic  m ethod b a se d  on t h i s  r e a c t io n  

f o r  th e  e s t im a t io n  o f d ig i to x in  in  t a b l e t s *  Soos ' has a o p l ie d  th e

m ethod to  t h e  a s s a y  o f d i g i t a l i s  l e a f  u s in g  th e  r e a g e n t  recommended 

by L indew ald^^^ and th e  method has b een  c r i t i c a l l y  exam ined by 

Eowson^^^ and Tatbje^^^.

The m ethod , as  d e s c r ib e d  by Rowson, has b een  u sed  in  t h i s  p re s e n t
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w ork f o r  th e  e s t im a t io n  o f t h e  c h lo ro fo rm -s o lu b le  g ly c o s id e s  in  

t i n c t u r e s  o f  d i g i t a l i s .

The P esez  r e a c t io n *

150
T h is  h as  b een  a p p lie d  by B e lle t .  who d e s c r ib e d  th e  y e llo w  c o lo u r

g iv en  by d i g i t o x i n  w ith  sy ru p y  p h o sp h o ric  a c id .  T h is  c o lo u r  has bea i 
151u sed  by D equeker f o r  th e  p h o to m e tric  d e te rm in a tio n  o f  l e a f  e x t r a c t s

55b u t B r in d le  e t  a l*  co u ld  n o t o b ta in  r e p ro d u c ib le  r e s u l t s  w ith  t h i s  

r e a g e n t  a p p l ie d  t o  d i g i t a l i s  t in c tu r e s *

D i a l 's  r e a c t i o n ,

T h is  c o n s is t s  o f th e  i n t e r a c t i o n  o f  th e  su g ar w i th  o rc in e  in  th e
162

p re se n c e  o f  h y d ro c h lo r ic  a c id ,  L angejan  has a p p l ie d  t h i s  r e a c t io n

t o  th e  e s t im a t io n  o f p u re  g ly c o s id e s ,  b u t i t  does n o t  g iv e  re p ro d u c ib le

55r e s u l t s  iv ith  t i n c t u r e s  o f  d i g i t a l i s  *

^  p e r  cen t*  h y d ro c h lo r ic  a c i d *

T h is  g iv es  a s ta b le  y e llo w  c o lo u r  when h e a te d  w i th  c a rd ia c

55g ly c o s id e s  and i t  has b een  s t a t e d  t h a t  r e p ro d u c ib le  r e s u l t s  can  

be o b ta in e d  w i th  t h i s  r e a g e n t .

P h y s ic a l  m ethods

Ads o r p t io n  ch rom atog raph y ,

I t  i s  p o s s ib le  t o  s e p a ra te  v a r io u s  g ly c o s id a l  c o n s t i tu e n t s  o f



33
33 152d ig ita l is  by chromatographing on oolunms of aliminiim oxide *  *

15Sor s i l i c a  gel # Kaern separated d ig itoxin  from d igitoxigenin  

and determined each ooloriinetrioally ly  the Khudson-Dreshach method#

Colouring matter which in terferes with the speetrophotometric 

determinations of d ig ita lis  by the 3:5 dinitrobenzoic acid process can 

be removed on columns of alumina^®*

P artition  chromatography.

An exbensive litera tu re  i s  accumulating on the separation of

cardiac glycosides and aglycones by means of paper chromatography^®, 
65,155,156,157,158,159,160,161,162,163,164,165,166,167,168^

ascending, and descending methods of development have been used and the 

solvents employed are: chloroforg/m ethanol/^ter, ohlorofornv/benaene/

formamide, chloroforo^formamide,  ch lo ro fo m /etly l acetate/w ater, chloroforny^ 

ethyl acetate/benzene/ffater, ethyl aoetate/benzene/iyater, to lu en e / 

propylene glycol#

The developed papers are dried and then sprayed with one of 

the following reagents: m-dinitrobenaene or m-dinitrobensoic acid in

alkaline ethanol, hydrochloric acid vapour, tr ich loracetic  acid in  

chloroform or antimony tr ich lor id e  in  chloroform# Jensen^®® has also  

modified the Legal and Baljet reagents for  use as chromatographic 

sprays# The tr ich lo ra ce tic  acid spray, which gives w e ll defined 

fluorescent spots w ith cardiac glycosides, i s  improved by the addition  

of chi or amine ̂ ®® or hydrogen peroxide^®^.
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Silberman and Thorp^^  ̂ report a quantitative method of 

estimating cardiac glycosides a fter separation on paper* The 

chromatogram, sprayed with the tr ich loracetic  acid reagent and 

heated for eight to  ten minutes at 105-110^0*, i s  photographed 

in  u ltr a -v io le t  lig h t and a negative i s  prepared from the fluorescence  

photograph* Corresponding to  the glycoside "spots" on the orig inal 

chromatogram, a number of variable clear areas appear* Measurements 

of the s iz e  and density of these areas are made using a simple photoelectric  

photometer* Known quantities of pure glycosides are run on the same paper 

for comparative purposes*

Other p h y sica l methods*

169In 1953 Jensen described  a q u a n tita tiv e  determ ination  o f

purpurea g ly co s id e  A, d ig ito x in  and d ig ito x ig e n in  based on the

flu o rescen ce  obtained w ith  th e  genin in  a so lu tio n  o f  hydrochloric

ac id  and methanol contain ing ascorb ic a c id , on th e  a d d itio n  o f
170hydrogen peroxide* In 1954, F ruytier and van P in xteren  described  

a flu o r im e tr ic  method fo r  th e  determ ination o f g ito x in  in  a m ixture 

of hydrochloric a c id , g ly c e r o l and ethanol*

116*171 172 173U ltra * ^ io le t  spectroscopy and polarography *

have been app lied  to  pure g ly co s id es  and genins#
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Com parison o f  ohemi'DaX m ethods

In  th e  g ra v im e tr ic  m ethods^ no acco u n t was ta k e n  o f th e  

w a te r - s o lu b le  g ly c o s id e s  and th e  m a te r ia l  e x t r a c te d  and w eighed  

c o n s is te d  o f a  v a r i a b le  m ix tu re  o f g ly c o s id e s  and g en in s  a l l  

w i th  d i f f e r e n t  p h a rn m co lo g ic a l a c t i v i t i e s .  T h is  c r i t i c i s m  a ls o  

a p p l ie s  t o  t h e  o th e r  ch em ica l a s sa y  p ro ce sse s*

The c o lo r im e t r ic  m ethods b ased  on th e  su g a r m o ie ty  s u f f e r  th e  

d e f e c t  t h a t  th e y  m easure  th e  p h a rm a c o lo g ic a lly  i n a c t iv e  p a r t  o f 

th e  m o lecu les*  The m ethod does n o t e s tim a te  f r e e  gen in s*

The m ethods b ased  on th e  ag lyoone p o r t io n  o f th e  m o lecu le  

a r e  open t o  th e  c r i t i c i s m  t h a t  no d i s t i n c t i o n  i s  made beti^men 

g ly c o s id e s  and th e  much les&  a c t iv e  gen ins*  For t h i s  reaso n ^  

th e  v a lu e s  o b ta in e d  a r e  of-beii h ig h e r  th a n  th e  v a lu e s  o b ta in e d  

w ith  b i o lo g ic a l  a s s a y  m ethods# The ag ly co n e  m ethods a r e  c o n s id e re d  

t o  g iv e  a b e t t e r  e s t im a te  o f  p o ten cy  th a n  th e  m ethods b ased  on th e  

su g ar m oiety*

B ecause o f th e  p re se n c e  i n  d i g i t a l i s  l e a f  o f p r im a ry  g ly c o s id e s ,  

seco n d a ry  g ly c o s id e s  and p o s s ib ly  ag lycones^  a l l  w i th  d i f f e r e n t  

p o te n c ie s ,  t h e  i d e a l  ch em ica l m ethod sh o u ld  g iv e  co m p le te  s e p a r a t io n  

and e s t im a t io n  o f  th e  v a r io u s  com ponents p re se n t*  Some p ro g re s s  

has b een  ma.de in  t h i s  d i r e c t i o n ,  th e  Kedde^®^ p ro c e ss  b e in g  c a p a b le  

o f  d i s t i n g u i s h in g  betw een  g ly c o s id e s  and g e n in s , w h ile  th e  m ethod of
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T7’4T a t t j e  and v an  Os , em ploying a p ro c e ss  o f  ens;^rmatic d e g ra d a tio n

o f th e  g ly c o s id e s  and u t i l i s i n g  m ethods based  on b o th  th e  ag lyoone  

( p ic r a t e  m ethod) and su g a r  p a r t  o f th e  m o lecu le  ( K e l le r - K i l ià n i '.  

m ethod) can  e s tian a te  s e p a r a te ly  th e  p rim ary  g ly c o s id e s ,  seco n d a ry  

g ly c o s id e s  and th e  ag lycones»

A m ethod o f  Tattje^*^® b ased  on th e  c o lo u r  g iv e n  w i th  a  re a g e n t 

c o n s is t in g  o f s u lp h u r ic  a c id ,  sy ru p y  p h o sp h o ric  a c id  ond f e r r i c  

c h lo r id e ,  and used  t o  e s t im a te  g i to x ig e n in  as d i s t i n c t  from  d i g i t o x i ­

g e n in , has been  useà"^® t o  a s sa y  th e  r e l a t i v e  p ro p o r t io n s  o f g ly co sid es  

r e l a t e d  t o  th e s e  g e n in s ,  in  sam ples o f d i g i t a l i s  le a f*

Use o f  ch ro m ato g rap h ic  s e p a r a t io n  fo llo w e d  by e s t im a t io n  has

d e f i n i t e  p o s s i b i l i t i e s ,  as shown by S ilberm an ard T h o r p ^ ® ® ^ a n d  

177Je n se n  •

W ith o u t more p r e c is e  in fo rm a tio n  on th e  r e l a t i v e  p h a rm a co lo g ica l 

a c t i v i t i e s  o f  t h e  v a r io u s  c o n s t i tu e n t s  o f d i g i t a l i s  l e a f  an d , more 

e s p e c i a l l y ,  in fo rm a tio n  on t h e  r e l a t io n s h i p  betw een  p h a rm ac o lo g ic a l 

e f f e c t s  on an im als  and th e  th e r a p e u t ic  e f f e c t s  on man, d e ta i l e d  

a sse ssm e n t o f  g ly c o s id e  c o n te n t  by ch em ica l a s sa y  does n o t p ro v id e  

th e  com plete  answ er to  t h i s  s t i l l  o u ts ta n d in g  prob lem  o f th e  

e v a lu a t io n  o f d i g i t a l i s *

Com parison o f ch em ica l and b io lo g i c a l  a s sa y  m ethods

Many a tte m p ts  have b een  made t o  c o r r e l a t e  t h e  r e s u l t s  o f
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ch em ica l a s sa y s  w ith  th e  r e s u l t s  o f  b io lo g ic a l  a s sa y s  b u t  c o n f l i c t i n g  

r e p o r t s  have a p p e a re d .

Of th e  e a r l i e r  w o rk e rs , Knudson«Dresbaoh^^®, O ckaloen and Timmeis 

1 79and O a rra tu la* “ found  agreem ent be'W een a  ch em ica l a s s a y  b ased  on t l s

a lk a l in e  p i c r a t e  ( B a l je t )  r e a c t i o n  and b i o lo g ic a l  a s s a y s ,  w hereas 
'180 ‘Î 81Vfasiolcy e t  a l * “ and D yer^*! oould  f in d  no such  ag reem en t. More 

r e c e n t ly  Vos and Welsch^®^ r e i t e r a t e d  t h i s  la c k  o f  ag reem en t. In  19-© , 

B e ll  and K r a n t z r e p o r t i n g  r e s u l t s  o b ta in e d  by t h i r t y  c o l la b o r a to r s  

i n  th e  com parison  o f  th e  a lk a l in e  p i c r a t e  and c a t  m ethods o f  a s sa y  

on d i g i t a l i s  pow ders, t i n c t u r e s ,  t a b l e t s  and c a p s u le s  s t a t e d  t h a t  

w h ile  some sam ples showed good agreem ent by b o th  m ethods, e x c ip ie n ts  

p r e s e n t  in  t a b l e t s  and c a p s u le s  cau sed  w ide e r ro r s *  F u r th e r , th e y  

co n firm ed  Eagemeir*' s e a r l i e r  o b s e rv a t io n  t h a t  th e  in a c t iv e  

g ly c o s id e  d ig in in  r e a c te d  w ith  th e  re a g e n t and  re n d e re d  th e  r e s u l t s  

o f  t h i s  c h em ic a l a s sa y  u n r e l ia b le #  Z o lln e r  y b  a s s a y in g  le a f

saauplos, found  agreem ent betw een th e  m o d ified  K nudson-D resbach m ethod 

and b o th  o a t  and  g u in ea  p ig  m e th o d s ,/b u t th e  b io a s s a y  r e s u l t s  d if f e r e d  

from  th e  r e s u l t s  o f th e  Heuwald^®'^ m ethod in  w h ich  a l l  th e  g ly c o s id e s  

w ere h y d ro ly se d  t o  f r e e  g e n in  b e fo re  e s t im a t io n  w dth  a l k a l in e  

p ic r a te *  B r in d le  e t  o b ta in e d  agreem ent betw een  th e  p i c r a t e

m ethod and  th e  18-hour f r o g  m ethod on t i n c t u r e s  p re p a re d  from  one 

sam ple o f d i g i t a l i s  l e a f  b u t r e s u l t s  d i f f e r e d  in  t h e  e s t im a t io n  o f  

t i n c t u r e s  o b ta in e d  from  d i f f e r e n t  s o u rc e s .  E a s t la n d  e t  a l.^ ^ G  

o b serv ed  w id e ly  d iv e rg e n t  r e s u l t s  i n  th e  e s t im a t io n  o f c h lo ro fo rm - 

s o lu b le  g ly c o s id e s  o f  d i g i t a l i s  t i n c t u r e s  by th e  p i c r a t e  and g u in ea
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IS 7p ig  m ethods * Braun and ILuslky  ̂ com paring two com m ercial sam ples 

o f  d ig i to x in  by th e  in tra v e n o u s  p ig e o n  a s s a y  and  t h e  a l k a l i n e  p i c r a t e  

a s s a y , found  th e  l a t t e r  t o  g ive r e s u l t s  26 t o  50 p e r  c e n t ,  h ig h e r  th a n  

th e  fo rm e r ,  p resum ab ly  due t o  th e  p re se n c e  o f  th e  l e s s  p h a rm a c o lo g ic a lly  

a c t iv e  g i to x in  i n  t h e  sam ples*

The g e n e ra l  co n sen su s  o f  o p in io n  in d ic a te s  no n -ag reem en t betw een 

t h e  aU calin©  p i c r a t e  and  b io a s s a y  r e s u l t s *

B r in d ie  e t  a l*  a l s o  s ta t e d  t h a t  th e r e  was no ag reem ent betiveon

r e s u l t s  o b ta in e d  by th e  Kedde 3&5 d in i t ro b e n z o io  a c id  p ro c e ss  and th e

18-hour f r o g  m ethod in  t h e  e s t im a t io n  o f  pu re  g ly e o s id e s ^ ^  o r

com m ercial t in c tu r e s ® ^ .  However, Roifson and D yer^^^ g u in ea

p ig s  and Lange Ja n  and van  P in x te re n ^ ^ ^  u s in g  o a t s ,  c la im ed  t h a t  th e

b io a s s a y  and 3s5  d in i t ro b e n z o ic  a c id  r e s u l t s  a g re e d  i n  th e  e s t im a t io n

117o f d r ie d  le a v e s ,  and Rows on a l s o  found ag reem en t i n  t h e  e s t im a t io n

o f t h e  m a jo r i ty  o f  com m ercial t in c tu r e s *

C hem ical © s t im a t io n s  b a se d  on th e  su g a r  p a r t  o f  t h e  m o lecu le  

u s in g  e i t h e r  D i a l 's  r e a g e n t o r  h y d ro c h lo r ic  ao id ^ ^  y ie ld e d  r e s u l t s

w hich  d i f f e r e d  from  b io a s s a y  r e s u i b s  u s in g  t h e  c a t  o r  f r o g .

In  an  e x te n s iv e  e x a m in a tio n  o f s e v e r a l  s p e c ie s  o f  D i g i t a l i s ,  

u s in g  s e v e r a l  d i f f e r e n t  ch em ica l and b io lo g ic a l  a s s a y  m eth o d s,

Fuchs e t  a l .^ ^ ^  found  t h a t  w h ile  th e r e  was some ag reem en t am ongst 

t h e  r e s u l t s  o f  d i f f e r e n t  g en in  m ethods, t h e s e  d id  n o t  a g re e  w ith  th e  

r e s u l t s  b a sed  on su g ar e s t im a t io n s  and t h a t  t h e  4 -h o u r f r o g  method 

gave d i f f e r e n t  r e s u l t s  th a n  th e  g u in ea  p ig  method* There was some
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ag reem en t berbween th e  r e s u l t s  o f  K e l l e r - K i l i a n i  m ethod and th e

1 T7b i o l o g i c a l  methods*» Rowson'^^^' p o in ts  ou t t h a t  t h e  f in d in g s  

o f  t h e s e  w o rk ers  can  bo c r i t i c i s e d  b ecau se  o f  e r r o r s  i n  th e  

e x t r a c t i o n  p ro c e ss  used*

Sum m arising i t  can  be s t a t e d  t h a t  a lth o u g h  com parab le  r e s u l t s  

may be o b ta in e d  i n  some c a s e s  by ch em ica l and b i o l o g i c a l  a s sa y  

p ro c e d u re s ,  no on© ch em ica l m ethod g iv e s  a t r u e  i n d i c a t i o n  o f  th e  

p o te n c y  f o r  a l l  d i g i t a l i s  sam ples and t h a t ,  a t  p r e s e n t ,  i t  i s  s t i l l  

n e c e s s a ry  t o  s ta n d a r d i s e  t h i s  c ru d e  drug  and i t s  p r e p a ra t io n s  by 

b i o l o g i c a l  a s s a y .
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STABILITY OP DIGITALIS PREPARATIONS

D ried  D i g i t a l i s  L eaf 

G a th e rc o a l^ ^ ^ , H a sk e ll  and M i l l e r R o n . v ©  and P f e i f l e ^ ^ ^ ,
1 no

and Edmunds e t  al»* ,  a l l  em ploying a  f ro g  m ethod o f  a s s a y ,  co u ld  

d e te c t  no lo s s  o f  p o ten cy  in  sam ples o f  d i g i t a l i s  l e a f  w hich  had 

been  s to r e d  f o r  p e r io d s  betw een  one and tw e n ty - f iv e  y e a r s .  Gold 

and D eG raff^^^ and Haag and H a to h e r^ ^ ^ , u s in g  c a t s ,  r e p o r te d  s im i l a r ly  

on l e a f  w h ich  had been  s to r e d  f o r  f i v e  and f i f t e e n  y e a r s  r e s p e c t iv e ly *  

However, S c lm id t and  H ey l^ ^ ^ , exam ining  o n ly  one sam ple o f  d i g i t a l i s  

l e a f  on f r o g s ,  r e p o r te d  t h a t  i t  ap p eared  t o  havo l o s t  ab o u t o n e - th i r d  

o f i t s  a c t i v i t y  a f t e r  one y e a r ,  w h ile  C h r is te n s e n  and S m i t h s t a t e d  

t h a t  le a v e s  c o n ta in in g  4*8 t o  11*9 p e r  c e n ts  m o is tu re  d e t e r i o r a t e d  on 

s ta n d in g .

The pharmcacopoeia.! d i r e c t io n s  f o r  d ry in g  t h e  l e a f  a s  q u ic k ly  as 

p o s s ib le  a f t e r  c o l l e c t i o n  o t  a te m p e ra tu re  of 55® t o  60®c,ensures t h a t  

enayniatio  breakdovm  o f  th e  c a rd ia c  g ly c o s id e s  i s  k e p t t o  a  mindmuiu 

d u r in g  d ry in g  a lth o u g h  th e  enzymes a r e  n o t d e s tro y e d *  D uring  

s to r a g e  th e  m d stu re  c o n te n t  m ust be k e p t low , p r e f e r a b ly  by u se  o f 

a d e s s ic a t in g  a g e n t such  a s  s i l i c a  g e l^ ^ ?  . The l i m i t  o f  m o is tu re  i n  

th e  B r i t i s h  P harm acopoeia  i s  8 p e r  c e n t* , i n  th e  U n ite d  S ta te s  

Pharm acopoeia 6 p e r  c e n t* , and i n  th e  I n te r n a t i o n a l  Pharm acopoeia,

5 p e r  c e n t*
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The g e n e ra l  v iew  i s  t h a t  d i g i t a l i s  l e a f  o f  low m o is tu re  c o n te n t  

i s  s t a b l e  on lo n g  s to r a g e .

I n fu s io n  o f  D i g i t a l i s

A v e ry  q u ic k  d e t e r i o r a t i o n  o f  aqueous e x t r a c t s  o f d i g i t a l i s

i s  in d ic a te d  by p o te n c y  t e s t s  on f ro g s  w hereas th e s e  p r e p a ra t io n s

ap p ear t o  be  r e l a t i v e l y  s ta b le  when t e s t e d  on o a ts#  Pomeroy^^^

found a 33 p e r  cen t#  p o ten cy  lo s s  t o  f ro g s  a f t e r  th r e e  weeks w h ile  

199Hulci e t  a l#  ,  by in tra v e n o u s  in f u s io n  in to  f r o g s ,  fo u n d  no loss:

a f t e r  two d a y s ,  a  20 p e r  c e n t ,  lo s s  on th e  t h i r d  day and a  40 p e r  oenb ,

lo s s  i n  f o u r  w eeks. Wokes and E lphick^ '^^ found t h a t  in f u s io n  o f

D i g i t a l i s  p re s e rv e d  w i th  chloroform , o r th y m o l, t o  p re v e n t  grow th o f

m icro -o rgan ism s^show ed  no a p p re c ia b le  lo s s  o f  a c t i v i t y  t o  o a t  f o r  a t

201l e a s t  t h r e e  w eek s. H a tch e r  and Eggleston© '' " s im i l a r l y  showed t h a t  

t h e r e  was no change in  p o te n c y  t o  o a ts  d u rin g  t h r e e  weeks o r e v e n  a f t e r  

two and a h a l f  y e a r s ,  b u t  th e r e  was a  f i f t y  p e r  c en t*  lo s s  o f  a c t i v i t y  

a f t e r  e le v e n  y e a r s .  Haag and H a t c h e r r e p o r t e d  a  lo s s  o f  75 p e r  

c e n t ,  p o ten cy  i n  o a t  a s sa y s  a f t e r  e ig h t  y e a rs  s to r a g e ,  b u t p o in te d  

o u t t h a t  t h e  sam ple was s t i l l  e f f e c t i v e  c l i n i c a l l y ,  i n  a p p r o p r ia te  d o s e s .

2 0 2H intzelm ann. and Joaohim oglu  s t a t e d  t h a t  d e t e r i o r a t i o n  was mors
POSr a p id  in  a l k a l i n e  th a n  i n  n e u t r a l  o r  a c id  s o lu t io n *  T a in te r^  

found a  te n d e n c y  f o r  th e  in fu s io n s  t o  in c r e a s e  i n  a c i d i t y  d u r in g  

s to ra g e *  I t  had  been  th o u g h t t h a t  d e t e r i o r a t i o n  was due t o  th e  a c t io n  

o f m ic ro -o rg a n ism s  b u t Ta i n t e r  r e p o r te d  t h a t  lo s s  o f a c t i v i t y  was n o t
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p re v e n te d  by th e  a d .d itio n  o f  p r e s e r v a t iv e s ,  t h a t  th e  d e te r io ro . t io n  

as  t e s t e d  by th e  one-h o u r f r o g  m ethod was as  r a p id  i n  s t e r i l e  a s  in  

c o n tsm in a te d  in f u s io n s ,  and t h a t  d e t e r i o r a t i o n  seemed t o  b e  due t o  

h y d r o ly t ic  c le a v a g e  o f  t h e  g ly c o s id e s*

These o b s e rv a t io n s  on t h e  in f u s io n  a re  i n t e r e s t i n g  inasm uch as 

many o f  th e  comments a p p ly  e q u a lly  t o  th e  t i n c t u r e ,  i n  w hich  th e  

v e h ic le  i s  s e v e n ty  p e r  c en t*  e th an o l*

T in c tu re  o f  D i g i t a l i s

In  1914 Sjuaos r e p o r te d  t e s t i n g  f i f t y - f i v e  t i n c t u r e s  w hich  

m a in ta in e d  t h e i r  o r ig i n a l  p o te n c y  f o r  one month t o  one y e a r  th e n  began  

to  d e t e r i o r a t e ,  some o f them  lo s in g  as much as s e v e n ty  p e r  cen t*  o f  

t h e i r  p o te n c y  i n  one y ea r*  H a s k e ll  e t  a l* ^ ^ ^  exam ined fo u r  t i n o tu i e  s 

w h ich  had  been  s to r e d  f o r  f i v e  y e a rs  and found  th e  p o ten cy  t o  o a ts  

unchanged* S im i la r ly  V a n d e rh o o f^ ^ , exam in ing  an  ag ed  t i n c t u r e  w hich  

was g iv in g  p o o r c l i n i c a l  r e s u l t s ,  found th e  p o ten cy  t o  c a t s  unchanged 

b u t  th e  f ro g -p o te n o y  g r e a t ly  reduced*  T h is  was t h e  f i r s t  o f s e v e ra l  

p ap e rs  t o  em phasise  th e  d is c re p a n c y  betw een  th e  r e s u l t s  o b ta in e d  w ith  

t h e  c a t  in tra v e n o u s  m ethod and  th e  f r o g  lymph sac  m ethod in  th e  

e s t im a t io n  o f  aged t i n c t u r e s  o f d i g i t a l i s *

ocy? PORWokes '  found  t h a t  d u r in g  th e  f i r s t  m onth o f  s to r a g e  t i n c t u r  es 

gave th e  same r e s u l t s  when a ssay ed  by e i t h e r  th e  c a t  o r th e  f r o g  method 

b u t t h e r e a f t e r  th e  p o te n c y  to  c a ts  rem ained  c o n s ta n t  w h ile  th e  f ro g
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p o ten c y  d e o re a se d  a t  an  a v e ra g e  r a t e  o f  t h r e e  p e r  c e n t ,  o f th e

i n i t i a l  p o ten cy  p e r  m onth f o r  ab o u t n in e  m onths. The r a t e  o f

d e t e r i o r a t i o n  th e n  d e c re a se d  u n t i l  ab o u t one t h i r d  t o  one h a l f  of

th e  o r i g i n a l  p o te n c y  was l o s t ,  a t  w hich  p o in t  th e  p o te n c y  rem ained

209c o n s ta n t  f o r  s e v e r a l  y e a r s .  Etui g a l s o  r e p o r te d  t h a t  a f t e r  a

p e r io d  o f  d e t e r i o r a t i o n ,  a  s t a t e  o f e q u i l ib r iu m  was re a c h e d . Gunn ‘ 

found  no lo s s  o f  p o te n c y  t o  f ro g s  a f t e r  one y e a r ,  a t e n  t o  f i f t e e n  

p e r  c en t*  lo s s  d u r in g  two y e a r s  and a  t we n t y  p e r  c e n t ,  lo s s  i n  e le v e n
p i i

y e a r s .  S ta s ia k ' ' ,  exam ining  a  t h r e e  y e a r  o ld  t i n c t u r e ,  found  a

d im in u tio n  in  f ro g  p o te n c y  o f  58*2 p e r  c e n t ,  com pared w i th  a  lo s s  o f

2 ISo n ly  10*3 p e r  cen t*  i n  o a t .  Ic h n io w sk i and Thompson'’ " d e te c te d  no 

lo s s  by th e  c a t  m ethod b u t a  d e f i n i t e  lo s s  by th e  o n e-h o u r f ro g  method 

on f u r t h e r  s to r a g e ,  some o f  th e  p o ten cy  l o s t  t o  f ro g s  ap p ea red  t o  be 

r e g a in e d .  F o s te r  and van  Dyke^^^ found  t h a t  b. f r o g  in tra v e n o u s  a s sa y  

in d ic a te d  a  g r e a te r  d e g re e  o f  d e t e r i o r a t i o n  th a n  a  o a t  in tra v e n o u s  

a s s a y .

Some 2 OS 2;14 215o f  t h e  e a r l i e r  w o rk ers  * *  found  o ld  t i n c t u r e s - t o  be 

weak c l i n i c a l l y ,  w h ich  su p p o rte d  th e  f ro g  a s sa y  r e s u l t s  and th e y  v ie v e d  

c a t  a s s a y  r e s u l t s  w ith  s u s p ic io n  s in c e  no a c c o u n t was ta k e n  o f  d i f f e r e n c e s  

i n  a b s o rp t io n .  G old^^*^^^, how ever, s t a t e d  t h a t  specim ens found  wealc 

by th e  f ro g  m ethod w ere  f u l l  s t r e n g th  when a d m in is te re d  t o  man, th e  

i n t e n s i t y  o f a c t io n  c o rre sp o n d in g  t o  th e  number o f  c a t  u n i t s .

Hughes and i ‘odd^^*^ advanced t h e  th e o r y  t h a t  t h e  d i f f e r e n c e  betwee n
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the oat and frog assay resu lts  oouid he explained hy assuming the 

degradation of the so lu b ilis in g  saponins, with consequent ohange in  

rate of glycoside absorption from the frog lymph sac. This theory 

has been shown to  be untenable because Br indie and Rigby^^^ showed 

that removal of saponin from fresh tinctures of d ig ita l is  caused no 

a lteration  of frog potency and the writer has shown^^® that addition  

of the d ig ita l is  saponin, d ig iton in , to  aged tinctures does not restor e 

lo s t  potency when administered to  frogs by the lymph sac route. It  

was a lso  shown that a d e fin ite  loss of potency was indicated by an 

intravenous frog assay in  which the absorption factor is  eliminated.

219Haag stated that deterioration probably rested on hydrolysis 

of d ig itox in , g itox in  and g ita lin  to th e ir  respective genins. I f  

th is  was true then loss of potency would certain ly  be more evident 

in  frog where the glycoside/genin potency ratio  is  much higher than 

in  A theory of hydrolysis is  supported by the fin d in g

that tinctures prepared with absolute ethanol are more stable than 

those prepared wi*h 70 per cent, e t h a n o l ^ a n d  both are much 

more stable than aqueous in fusions.

Ifllhile Poster and van Dyke^^  ̂ stated that d ig itox in  in  absolute 

ethanol was unstable, the writer has found th is  glycoside to  be stable  

in  70 per cent, ethanol, th is  confirming earlier reports on the  

s ta b il ity  of digitoxin^®'^^^^’̂ .

On hydrolysis of the secondary glycosides, free  d igitoxose would 

be liberated and while i t s  presence in  tinctures of d ig ita lis  has been
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roported^^ though not oonfirmed^^ by Brindl© et a l . ,  the author has been 

unable to  detect th is sugar in  aged tin ctu res.

Evidence is  provided in  th is  present work to  show that deterioration

of d ig ita lis  preparations i s ,  to  some extent at le a s t , due to  hydrolysis

of the primary glycosides to  the corresponding secondary glycosides

without further breakdown to  genins.

There have been con flictin g  reports on the e ffec t  of pH values 

on the s ta b il ity  of tin ctu res. Some workers^^^,209 stated that

a lk a lis  are more detrimental than acidsj others^^^»^^^ found no 

correlation between pH value and potency* Addition of acid^^^ or of

anhydrous sodium acetate^^® has been reported to  increase s ta b ility  

but th is  view was oont;mdioted by Carr and Krantz^^d g^g t̂ed that 

there was no evidence to show that s ta b ility  could be increased by 

the addition of acids or by buffering. In tinctures examined by the 

w riter the pH values ranged from 5.58 to  5.98 and these showed 

considerable loss of potency to  frog during storage.

Maoht and Krantz^^^, using th e ir  phytopharmaoological method, 

found that polarized lig h t had a deleterious e ffe c t  on tinctures of 

d ig ita l is ,  but Bond and Gray^^^, using the oat method found the potency 

of d ig ita lis  preparations unaltered after exposure to  ordinary or 

polarized lig h t . However, i t  has been pointed out ear lier  in th is  

work that neither method of assay is  suitable for the estimation of 

deterioration in  tinctures and in  the author's experience the potency 

to  frogs i s  reduced whet,her tinctures ate stored in  clear or dark 

coloured b o tt le s . No comparisons were made to  determine i f  storage

in  dark coloured containers reduoed the rate of deterioration.
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MATERIALS

C ollection , S ta b ilisa tio n , Drying and Storage of D ig ita lis  Leaf

The leaves used in  the preparation of tinctures were oolleoted  

in  a number of lo c a lit ie s  in  the West of Scotland, from wild plants 

of D ig ita lis  purpurea (Linn.). Leaves were taken from f ir s t  year 

rosettes and from second-year plants in  flower, co llec tio n  being made 

during dry weather following periods of sunshine, when the glyoosidal 

content i s  regarded to  be high^^^.

Each batch, of s ix  to  eight kilogrammes, was thoroughly mixed 

before dividing in to  two equal portions. One h a lf was dried immediately 

after co llec tio n  in  a drying cupboard maintained at 55 to 60^C. and 

the remainder was sta b ilised  by treatment with alcohol vapour under 

pressure in  order to  inactivate the enzymes. The s ta b ilisa tio n

method used was that of Hughes and Todd^H . The leaves were placed

in  th in  layers, on wire trays, inside a heated, water-jacketed vacuum 

oven f i t t e d  with a compound (vaouum-pressure) gauge. The a ir  was 

withdrawn from the oven by means of a mechanical pump and then the 

alcohol vapour, generated in  an autoclave which was connected to  the  

vacuum oven by means of a f le x ib le  metal tube, was introduced into the 

oven to  neutralise the negative pressure and then build up a p ositive  

pressure of f iv e  pounds per square inch* This pressure was maintaiiAd 

for f iv e  minutes and then released by withdrawing the alcohol vapour 

through a condenser. Condensation of alcohol vapour on the leaves 

was n eg lig ib le  and no leaching of the active principles occurred.
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The sta b ilised  leaves were quickly dried in  a drying cupboard at 

a temperature of 55 to 60°G*.

The dried leaves were reduced to  a moderately fin e  powder in  a 

disintegrator and then distributed into small glass jars with ground 

glass stoppers containing s i l ic a  g e l. The moisture content was 

about s ix  per cent# and therefore no loss of a c t iv ity  during storage 

was expected to  occur.

Preparation of tinctures of d ig ita lis

. Tinctures were prepared by macerating one part by weight of 

powdered lea f with ten  parts by volume of 70 per cent, ethanol, 

shaking continuously for forty-e igh t hours^lG, 228 a, mechanical 

shaker. This was more than adequate to ensure complete extraction  

of the active p rin cip les, since i t  has been stated recently^^*^ that 

th is  i s  achieved by shaking continuously for only one hour. Care 

was taken to  reproduce the exact extraction conditions in  the prep­

aration of subsequent batches of tincture prepared from the same le a f .  

The tinctures were f ilte r e d  through fa st  f i l t e r  papers and then stored  

in  securely stoppered b o tt le s , some amber coloured, others of clear  

g lass .

Some commercial tinctures were also used in  th is  work and each 

was labelled  with the date of manufacture and a statement that the 

preparation contained one unit of b io log ica l a c t iv ity  per m l..
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Pure glycosides

In addition to  tinctures of d ig ita l is ,  ethanolic (70 per cent») 

solutions of two samples of d ig itox in  were examined. Sample A was 

stated, by the suppliers, to  contain 1369 units and Sample B about 

900 units of a c tiv ity  per g . .

Animals

The frogs (Rang temporaria) were kept in  a sp ec ia lly  designed 

tank with a sloping f lo o r , constructed to allow continuous changing 

of the water. Any animals which were kept for several weeks were 

fed with l iv e  b a it from time to  time in order to  keep them in  a 

healthy condition. Subsequent to  th e ir  arriva l, a period of at 

lea st 48 hours was allowed to  elapse before the frogs were used for  

experimental purposes and in  any one experiment, frogs from the 

same batch were used.

Rabbits used in  the electrocardiographic section  of the work 

were of d ifferen t breeds and no attempt was made to  estab lish  i f  any 

particular breed was more su itab le than others for th is  type of work. 

Healthy animals of both sexes and weighing between 2 and 3 kg. were 

used.
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BIOLOGICAL SECTION

D étails of the 18-hour frog (lymph sao) method

Twenty-four frogs were selected  at random and weighed to  the 

nearest h a lf g* a fter  drying the skin and expressing the urine.

Each animal was placed in  a separate jar containing a l i t t l e  water 

and then le f t  in  an evenly illuminated part of the laboratory for 

two hours before in jection . The animals were arranged in  two groups 

so that as far as possible they were paired with regard to  weight, 

an equal number of frogs of a given weight being present in  each 

group.

The two solutions to  be compared were su itably diluted with 

0.6 per cent, sa lin e  so lu tion , the d ilu tions being such as could be 

expected to  produce f i f t y  per cent, m ortality in  the group of frogs 

in jected . For very weak tin c tu res, i t  was found that large doses 

were required and to  avoid the in jection  of high concentrations of 

ethanol in  these cases, the tinctures were evaporated to  about half 

volume before d ilu tion  with sa lin e  so lu tion .

The frogs in  the f ir s t  group received one of the d ilutions at 

the rate of 0.02 ml. per g. of frog and those in  the second group 

received the other d ilu tion  in the same dosage. Injection  was made, 

into the ventral lymph sao, the needle passing through a l i t t l e  of 

the thigh muscle to  prevent leakage of the solution after  withdrawing 

the needle. Care was taken to  avoid penetration of the v iscera.
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V.V.Ç1

After a period of eighteen hours the m ortality in  each group 

was observed, moribund animals being counted as dead*

The t e s t  was repeated using two further groups of twelve frogs 

and adjusting the strength of the d ilu tio n s, i f  necessary, in  an 

effo rt to  obtain f i f t y  per cent, m ortality in  each group.

The comparative potencies of the two solutions were obtained 

from the percentage m ortality figures by reference to  a table in  the 

1948 B ritish  Pharmacopoeia, page 820. The f in a l strengths were 

calculated by taking the average of the resu lts  obtained in  the two 

experiments.

Assay of aged tinctures of d ig ita lis  by the 18-hour frog method

The potencies of three commercial tinctures (A. B. and C) 

were found by comparison with a tincture prepared by maceration from 

Intérnatdcnal Standard D ig ita lis  Powder. The potencies of tinctures 

T .S .l and D .l , prepared by the author, were found re la tiv e  to  the 

potencies of corresÿponding tinctures fresh ly  prepared from the 

same raw m aterials.

R esults.

D etailed resu lts  appear in  Appendix I and the potenoy-losses 

during storage, together with the ages of the tin ctu res, are given 

in  Table I I .
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E ffect of added saponin on the potency of aged tinotiires of d ig ita lis  

as determined by the 18-hour frog assay

To a portion of each aged tincture previously shown to have lo s t  

potency during storage, the d ig ita lis  saponin d ig iton in  was added 

in  proportions ranging from 0.1  to  0.8 per ce n t., the strongest 

solutions being saturated with saponin. These tinctures with 

additional saponin were comparatively assayed against portions of the 

same original tinctures to  which no saponin had been added.

R esu lts.

Detailed resu lts  appear in  Appendix I I . The comparative 

potencies are shown in  Table II from which i t  w il l  be seen that the 

addition of saponin, even to  the point of saturation, does not 

restore the potency of aged tinctures which have lo s t  a high proportion 

of th e ir  in i t ia l  a c t iv ity  during storage.

Effect of saponin on the rate of absorption from the frog lymph sao

It was noted that while the overnight m ortality figures were 

not siffeoted by the addition of d ig iton in , death appeared to  occur 

more quickly in  frogs receiving extra saponin.

A series of experiments with pure d ig itox in  and aged tinctures 

of d ig ita l is  was undertaken to  compare the rates of absorption from 

the lymph sao of solutions with and without added saponin. The 

d ilu tion  and in jection  of solutions were done as previously described
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and the number of deaths in  eaoh group of frogs was noted at in tervals

a fter  injection*

R esults.

From the resu lts in  Table III i t  can be seen that

(a) d igitonin  has no le th a l e ffec t  when injected into the lymph sao 

of the frog.

(b) the presence of saponin fa c i l i ta te s  the absorption of d ig itox in  

but th is  r e la tiv e ly  Insoluble glycoside is  completely absorbed, 

without added saponin, w ithin twelve hours.

(c) there is  su ffic ien t saponin present in  aged tinctures to  ensure 

fa ir ly  complete absorption of the toxic princip les within about 

three hours and certa in ly  w ithin twelve hours. Assays of very 

short duration, for example the one-hour frog method, may give 

misleading resu lts due to  incomplete absorption.
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TABLE I I

Effect of added saponin on the potency of aged tinctures of d ig ita lis  

as determined by the 18-hour frog method

Tincture

f

Age of 
tincture

Potency lo s t  
during storage \ 

(per cen t.)

Potency : average of 
assay resu lts  

calculated from frog  
m ortality figures

A 8 years 39.3 112.6

A plus 
0*1 per cent* 

digitonin
111.7

B 6 years 16.2 118.0

B plus 
0.1 per cent, 

digiton in
121.6

C 7 years 29.6 98.3

C plus 
0.2 per cent, 

digitonin
107.4

T .S .l 7 months 46.2 96.8

T .S .l plus 
0,2 per cent, 

digitonin
106.3

D .l 1 year 59.9 91.9

D .l plus 
0.8 per cent, 

digitonin
89.1
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TABLE I I I

Effect of saponin on the rate of absorption from the frog lymph sao

Expt#
No.

Solution
injected

No. of
frogs
used

Time after in jection  (hours) 
1 l i  2 2& 3 12 

M ortality-figures

0.05 per cent* d igitonin 25 0 0 0 0 0 0

1 0.03 per cent, d ig itox in 36 0 3 5 12 14 31

0,03 per cent, eaoh of 
digitoxin  and digitonin 36 4 12 17 26 32 33

-
0.03 per cent, d igitonin 6 0

2 0.03 per cent, d ig itoxin 20 7

0.03 per cent, each of 
dig itox in  and digitonin 20 6

3
40 per cent* d ilu tion  
of Tincture A 34 7 11 15 18 18 27

40 per cent, d ilu tion  of 
Tincture A with 0.1 per 
cent* d ig iton in 54 9 14 19 21 21 27

A
40 per cent, d ilu tion  
of Tincture B 12 4 — 6 6 9a
40 per cent* d ilu tion  of 
Tincture B with 0*1 per 
cent, d ig iton in 12 3 « • 6  6 10
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Assay of aged tinotures of d ig ita lis  and ethanolic (70 per cent») 

solu tion  of d ig itox in  by a frog intravenous method

In estim ating the lo ss of potency to frogs (Rana p ipiens)
2 ISduring the ageing of d ig ita l is  tin ctu res,. Foster and van Dyke 

used an intravenous method in  which diluted tin c tu res, w ith most 

of the alcohol removed, were injected into groups of pithed frogs •

The sta te  of th e ir  hearts was examined after two hours eind the peroerfcage 

m ortality recorded, A curve relating percentage m ortality to  relative  

dose was constructed, sim ilar to  the Trevan curve in  the lymph sac 

method.

It was thought d esirab le, in  th is  present work, to  use a 

continuous infusion technique, as in  the oat method, to  measure 

the minimum le th a l dose In anaesthetised frogs and to  obtain 

figures for potency losses by both the intravenous and lymph sao 

methods on frog .

D eta ils of the fro^ intravenous assay.

A n aesth etic ,
2^9 1Urethane is  a su itab le anaesthetic for amphibia wid may 

be used as a two per cent, aqueous solution in  which the frog is  

immersed, or a ten  per cent, solution  which can be injected in to  

the ventral lymph sao* The in jection  of one ml. of th is  solution  

per tw enty-five g. of frog was found to  give very sa tisfactory  

r e su lts , anaesthesia being established in from two to  f iv e  minutes
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and being maintained for a t lea st one hour* Since th is  method was 

quicker and le s s  variable than the immersion method, i t  was used 

throughout the series of experiments*

Route of Injection*

In previously recorded work n ecessitating intravenous in jection
230*231 , . . _ . . _ 232in to frogs ̂ the musculo-cutaneous R]3.d anterior abdominal veins

have been used* Both routes were tr ied  and the l e f t  muscule-outaneous 

vein  was found to  be the most accessib le and convenient for the present 

purpose*

A median in cision  was made in  the skin covering the ventral lymph 

sac and transverse in cisions made in  the skin covering the thorax and 

upper ports o f the fore limbs. By reflex in g  the flap s of sk in , the

prominent musculo-cutaneous veins were seen and by careful d issection , 

the one to  be used was cleared of surrounding t is su e  up to  the point 

where i t  joined the brachial vein* A small portion of the anterior 

thoracic w all was removed to  permit d irect observation of the heart*

The in jection  was not started u n til ten minutes after the 

d issection  was performed to  allow for recovery from surgical shook 

and throughout the experiment the heart was kept moist by periodic 

application of frog Ringer solution*

Apparatus*

For the f i r s t  experiment, the technique described by Trevan ;.
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ggg
and Boock was employed, in jectin g  a diluted tincture at the rate of 

0*002 ml. every ten  seconds by means of a hand-operated micrometer 

syringe. The in jection  was interm ittent and tedious to  perform, 

therefore an e le c tr ic a lly  operated continuous apparatus (Fig. 4 .)  

was constructed by coupling the end of the micrometer to  a 

synchronous motor* When in use the micrometer head was rotated once 

every minute and the plunger of the syringe pushed forward continuously 

to  give a uniform in jection  at the rate of 0*01 ml. per minute*

The complete apparatus is  shown in  Fig* 5* The large 

insulated tank contained 0*6 per cent, sa line so lu tion , heated by an 

immersion heater and maintained at 27^0*, by means of a toluene 

regulator, to  avoid variations in  the su scep tib ility  of frogs to  

d ig ita lis  with changes in  temperature^^^'^^^^^^^* I n it ia l ly  an 

e lec tr ic  s tirrer  was used to  c ircu late the warm sa lin e  so lu tion  in  

the bath, but since the temperature at the surface remained constant 

±  0*5^^* without th is  refinement, i t s  use was discontinued* The 

in jection  apparatus, r ig id ly  fixed  to  a wooden base board, was placed 

on a box so that the syringe could pase through a hole in  the side 

of the tank, ju st above the surface of th e  sa lin e  so lu tion . The 

dissected animal was supported on a cork frog-board•f it t e d  to  a 

retort stand and so placed in the sa lin e bath that the frog was part3a l ly  

submerged and in  a convenient, p osition  to  receive the needle in to  the  

exposed vein . Special very f in e  needles of 0*011 inch diameter were 

required because of the small s iz e  of the vein  in  some frogs*
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' 3 T Z 3— <M^

Fig. 4. Continuous in jection  apparatus.

''7*'

Fig. 5. Complete apparatus for frog intravenous assay.
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Method.

Ten ml. of the tincture to  be assayed was evaporated on a boiling

water-bath to  a volume of f iv e  ml. to  remove most of the ethanol, the
E13presence of which leads to  irregular resu lts in  intravenous assays • 

Further evaporation led to  precip itation  of colouring matter e t c . ,  aid 

an even suspension could not then be obtained on d ilu tio n . The con­

centrate was diluted w ith 0.6 per cent, sa line so lu tion  to  give a one 

in  four, or in  some oases a one in  s ix , d ilu tion  of the original

tinctu re . These d ilu tion s were prepared fresh ly  eaoh day to  obviate
198any errors due to  rapid deterioration in  aqueous solutions .

The amount of a d iluted tincture required to  stop  the heart in  

ventricular sy sto le  was determined on each of several male frogs, the 

mean leth a l dose of orig inal tincture per 100 g. of frog being ca l­

culated.

By th is  method aged and fresh tinctures prepared from the same 

raw m aterials were compared, alternating the in jection  of the tinotures 

on successive frogs to  avoid errors due to  diurnal variation  in  the 

su scep tib ility  of frogs, trying as far as possib le to  use animals of 

comparable weight in  each group.

Eleven assays were conducted using one aged so lu tion  of d ig itox in  

(Sample B) and four d ifferen t aged tin ctu res, three prepared from lea f  

dried at to  60^0. and one from sta b ilise d  lea f (T .S .l) .
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R esults.

The c la s s if ie d  resu lts  appear; in  Table IV and the detailed  re su lts , 

s t a t is t ic a l ly  treated for sign ifican ce , appear in  Appendix I I I .

Comparison o f  potency lo s s e s  in  aged tin o tu r e s  o f d i g i t a l i s  and 

eth a n o lic  (70 per c e n t .)  so lu tion s o f d ig ito x in  as determined by

th e lymph sao and intravenous methods o f assay  on frogs

Some of the tinctures and two samples of d ig itox in  (A and B) 

in  ethanolic so lu tion  examined by the intravenous method were also  

examined by the frog lymph sac (l8-hour) method and the detailed  

resu lts  are given in  Appendix I .  Comparison of the potency losses  

indicated by the two assay processes is  given in  Table V.

I t  i s  evident from these resu lts that on storage of d ig ita lis  

tinotures there i s  a rea l lo ss  of potency to  the frog , a loss which 

i s  not due to 'fa ilu r e  of the absorption mechanism but which is  

nevertheless more pronounced in  the lymph sao method of assay than 

in  the intravenous method*

It appears that d ig itox in  in  ethanolic (70 per cen t.)  

solu tion  i s  quite stable on long storage#
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T # L E  IV

I n t r a v e n o u s  a s s a y  o f  a  s e r i e s  o f  a g e d  d i g i t a l i s  t i n c t u r e s

Tincture

A ge o f  
tincture, 

weeks
Number o f  
frogs useri

Mean 
volum e o f  

tincture 
per 100 g. 

o f  frog
Standard

error

Proba­
bility 
/-test, 
P ~

Potency  
lost, 

per cent.

. D .3 28 3 0-3301 0-006413 \
0 .3  (a) 0 3 0-2504 0-020310 / 0 02 24-1

0 .3 36 12 01732 0-009473 \ 0 0 5 - 19-20 .3  (b) 0 12 0-1399 0-010810 / 0-02

0 .3 60 8 0-1624 0-006711 \ 0 -01- 18-40 .3  (r) 0 8 0-1326 0-005678 / 0 001

0 .1 38 12 0-1487 0-006290 \ 0-01-
0 .1  (fl) 0 12 0-1170 0-007698 / 0-001 21-3 ^

0 .1 51 8 0-1564 0-012270 1 0-01-
0 .1  (b) 0 8 O-llOI 0-003932 / 0-001 29-6

T .D .I 18 8 0-1766 0-006301 \ 0-001
T .O .l (a) 0 8 0-1386 0-006231 /

T .O .l 33 7 0-I5I5 0-011020 \ 0 4 -
T .O .l (h) 0 7 0-1225 0-009113 / 0-05 19-1

T .S .l 21 8 0-1417 0-011730 \ 0 -7-
T .S .l (a) 0 8 0-1350 0-005123 / 0-6 4-7 Y

T .S .l 24 9 0-1897 0-015640 \ 0-4 -
T .S .l (6) 0 9 0-1690 0-013840 / 0-3 ■
T .S .l 36 8 0-1447 0-010730 \ 0-05-
T .S .l (c) 0 8 0-1137 0-005825 / 0-02 . 21 4

O igitoxiii .solution 145 8 0-1517 0-018970 \ 0 -7-
" 0 8 0-1427 0-008769 / 0-6 5-9

TABLE V

C o m p a r i s o n  o f  f r o g  l y m p h  s a c  a n d  i n t r a v e n o u s  a s s a y  r e s u l t s  o n  a  s e r i e s  o f

AG ED  d i g i t a l i s  PR EPA R ATIO N S

Tincture

Age o f  
tinctures, 

weeks

Loss o f  potency, 
per cent.

Lymph sac method Intiavenous method

D .l 51 59-9 29-6
T .D .I 33 54-0 194
T .S .l 36 46-2 2 1 4

D igitoxin A 25 +  7-3
D igitoxin B 145 13-2 5-9
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ANBIAL BLECTROCARDIOGRAPHT

Apparatus *

The use of the cathode ray oscilloscope as a recording Instrument 

in  the electrocardiography of humans and frogs has been described by
Boyd“ l* 2 S6 .

The recording apparatus used in  th is  present work consisted of 

a double beam Cossor D*0* oscilloscope f it t e d  with a geared motor- 

driven camera capable of operation at three d ifferen t speeds* The 

output from the experimental animal was passed through a pre-am plifier 

before being led to  one beam of the oscilloscope* The second beam 

was used as a time marker# the sinusoidal wave of the 50 cycle  A*C* 

input being squared and d ifferen tiated  and the peaks used to  give a 

separate signal every 0.02 second.

Placed in  p ara lle l with the Cossor oscilloscope was a Purzehill 

oscilloscope with a long persistence screen on which the electro­

cardiogram could be studied throughout the experiment# esp ecia lly  

while photographic records were being taken on the other instrument*

To elim inate e le c tr ic a l "pick-up^* from s ta tic  charges and

external A.C* interference^ the t e s t  animals and the operator were

inside a securely bonded, fine-mesh wire screening cage (Pig. 6*)

constructed on lin es  suggested in  a Post Office le a f le t  on radio into* - 
ES7ference • A ll leads were made of screened cable.
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Pig. 6 . Eleotrooardiograph
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The electrodes used on rabbits were of the light-weight# spring- 

o lip  type and were made of phosphor-bronze wire with small brass 

plates attached^®®* Those used on frogs were pointed s ilv e r  electrodes# 

b a ll and socket mounted so as to  allow easy manipulation*

Electrocardiography of Rabbit

This study was undertaken to  determine i f  i t  would be possib le  

to  se lec t  a group of animals whose responses to  cardiac glycosides 

could be calibrated , for the purpose of standardising d ig ita lis  

preparations*

Method*

I n it ia l ly  attempts were made to  obtain t  racings from 

unanaesthetised rabbits as described by P izzi and Agosin # the

animals being held in a sp ec ia lly  constructed box^^^ , adapted to  

allow introduction of the electrodes* D istortion of the tracings due 

to  animal tremors completely masked the wave form o f the electrocardiogram* 

To remove th is  interference the animal was sedated by in jecting  pento­

barbitone sodium intraperitoneally  in  a dose of 25-30 mg* per kg* of body 
2dlweight * This dosage calmed the animals for about two hours without 

producing deep anaesthesia*

To ensure good contact with the electrodes# the hair was removed 

from' parts of the limbs by clipping* Attempts were made to  shave t ie
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areas but i t  was found th a t an erythema was produced and therefore 

after clipping# the remaining hair was completely removed by the 

application of a depilatory paste ,

An electrode j e l ly  recommended by Katz^^^# or so ft  soap^^^ was 

smeared on the areas in  order to  obtain good e le c tr ic a l contact 

between the skin and the electrodes# Equally good resu lts  were 

obtained with either contact medium#

The electrodes were fitted #  according to  the lead required# as 

follow s 1

Lead I -  both forelimbs

Lead II -  right forelimb /  l e f t  hindllmb

Lead III  « le f t  fore limb /  l e f t  hindlimb#

Normal heart tracings were recorded for each lead then a 

solution  of w abain  in s t e r i le  0*9 per cent# sa lin e  solution  was 

injected into the ear vein  in  a dose within the range 0#01 to  0*05 mg. 

per kg* body weight*

Electrocardiograms were recorded at in tervals up to  two or three 

hours after the injection*

For each animal, a resting  period of two weeks was allowed between 

experiments to  allow complete elim ination of the tox ic  principles#

The resu lts  of repeated experiments on nine rabbits were not
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sa tisfactory  since in  several oases, a rabbit which shewed no obvious

electrocardiographic changes (Fig* 7*) with a certa in  dose of

ouabain was k ille d  with a very s lig h tly  increased dose on th e  next

occasion* I t  became apparent that a group of rabbits whose responses

to  cardiac glycosides could be calibrated, would not be obtained and
101thus an assay process sim ilar to  that of Gold who used humans, could 

not be adopted using rabbit as the experimental emimal*

Electrocardiography of Frog

Although, as previously sta ted , Rothlin^^"^* 106,109 find  no

electrocardiographic c r ite r ia  for distinguishing between therapeutic 

and tox ic  symptcsns on the mammalian (cat) heart, no data has been 

published on sim ilar work using the amphibian heart, therefore an 

attempt was made to  correlate electrocardiographic changes in  the frog 

with increasing doses of d ig ita lis  tinctures*

Method*

The animal was prepared for intravenous in jection  as described on 

page 55*

To prevent any deviations in  the tracings due to  ion isation  

p o ten tia ls , the frog was not submerged in  sa line so lu tion  but the heart 

was kept moist by periodic application of frog Ringer so lu tion , care 

being taken to  allow th is  to  drain o ff  and not accumulate beneath the
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heart* The experiments were conducted at room temperature*

Particular care must be paid to  earthing the animal and in jection  

apparatus in  order to  avoid e le c tr ic a l interference*

One electrode t ip  was placed lig h t ly  on the base of the heart 

and the other on the liv e r  just below the free apex of the heart 

and an electrocardiogram was recorded before the in jection  was 

started* During the continuous in jection  of d iluted  tinctures  

of d ig ita l is  or d ilu te  solutions of pure glycosides, tracings were 

recorded at in tervals u n til death occurred* In some experiments, 0*01 ml, 

of so lu tion  was injected  at f iv e  minute in tervals and tracings recorded 

after one minute and four minutes following each in jectio n .

The in jections caused the usual electrocardiographic changes 

associated with d ig ita l is  in toxication , namely decrease in  frequency, 

depression or inversion of the T-wave, prolongation of the P-R in terval 

and auriculo-ventrioular dissociation* A ty p ica l recording is  shown 

in  Pig* 8* Because of the much slower normal heart rate of the frqg 

as compared with the rabbit the camera speed was reduced from 1*2 to  

0*4 inches per second and at th is  slower speed the time marker was 

in e ffec tiv e  because the signals were much too c lose  together* However, 

since the film  speed was known, the time intervals were obtained by 

direct measurement of the tracings*

In some experiments kymographic tracings (Pig* 9*) were made 

instead of electrocardiograms and i t  was seen that w hile the mechanical



68

recordings showed the slowing of the heart and eventual heart block 

caused by d ig i t a l i s ,  finer assessment of cardiac action could be 

made from the electrocardiograms* However, no d efin ite  e lectro ­

cardiographic change could be predicted with any particular dose 

of d ig ita lis  and therefore no su itable basis for  quantitative  

estimation could be established#
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normal heart

^ hour sifter 
in jection

1 hour a fter  
in jection

Z  hours a fter  
in jection

3 hours sifter 
in jection

fig *  7# Rabbit Electrocardiogram*

(Lead II# 2 .5  kg# rabbit injected with 0.025 mg* ouabain)
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"Fig* 8, Frog ©lectrocardiogram showing e ffec t of continuous 

in jection  of diluted tincture of d ig ita l is .

(The number under ©aoh portion of the tracing indicates

the time in minutes after the beginning of the in jection )
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Fig. 9. Meohanieal recording of frog heart beat 

showing e ffec t of oontinuous in jection  of diluted  

tincture of d ig ita l is .

(The number under each portion of the tracing  

indicates the time in minutes a fter the beginning 

of the injection)
___ -Mi-
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CHEMICAL SECTION

The resu lts of the ‘b io log ica l assays on aged solutions of 

d ig itox in  indicated that th is  glycoside and presumably the other 

secondary g lycosides, which are sim ilar in  structure, are atable 

when stored in ethanolio (-70 per cent.) so lu tion . I t  was f e l t  

however, that confirmation of their  s ta b ility  in  tinctures was 

needed and th is  could be obtained by chemical investigation*

If  the secondary glycosides suffered hydrolysis during storage, 

the unusual sugar digitoxose could be expected to  be present in  

aged tinctures of d ig ita lis*  Paper partition  chromatography has 

been widely used for the separation and id en tifica tio n  of other 

sugars in  vegetable materials and th is  method was used to  examine 

for d igitoxose in  aged tinctures of d ig ita lis*

Detection of digitoxose by paper chromatography

Apparatus #

I t  was found after preliminary experiments that separation of 

the sugars present in  tinctures of d ig ita lis  could be achieved by 

either upward or downward development# Because of the economy in  

solvents using downward development, th is  method was used in  the 

following work.

The glass chromatography tank used was 12 inches long, 8 inches 

wide and 15 inches deep; the lid  was of ground glass and a tig h t sea l
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was ensured by spreading a layer of s ilico n e  grease on the part of 

the l id  in  contact with the tank* There were two small holes in  

the lid  through which the solvent could be pipetted in to  the solvent* 

containers Inside the tank, but the holes were securely closed by 

rubber stoppers during development of papers in order to  maintain 

the all-im portant sta te  of equilibrium of the vapours within the 

tank* Containers made from th ick  polythene tubing of 1 inch 

in ternal diameter and supported on an aluminium frame, held the 

developing solvent and each tube was s l i t  longitudinally  on i t s  

upper side to  allow introduction of one end of the chromatographic 

paper* The paper was held firm ly in position  by means of a str ip  

of g lass also  f i t t e d  in to  the s lo t  in  the polythene tubing and the 

free end of the paper passed over a clean glass rod alongside the 

solvent-container ^  order to  prevent contact of the paper with the 

polythene tubing. Petri-d ishes placed on the floor  of the tank 

contained water or the aqueous fraction  from the solvent mixture 

to  provide a water saturated atmosphere inside the tank*

■Whatman No* 1 paper for chromatography was used and two pieces 

9 inches wide by l i  inches long could be accommodated in  the tank 

at one time*

The spray reagents were applied in  a fin e  even spray using a 

glass atomiser, the a ir  pressure being applied from a rotary 

compreesor and vacuum pump.

Solvents*

Of the two developing solvents used, namely 80 per cent* phenol
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in  water^^^,and butanol 4 parts, ethanol 1 part and water 5 parts^^®, 

the la tter  was preferred only beoause i t  was oloaner in  use, although 

the sugars travelled  further on the paper when phenol was used.

In the butanol mixture, the components were shaken together thoroughly 

for several hours to  ensure complete saturation of each phase with 

the other, then the aqueous fraction  was separated and placed in  the 

petri-d ishes at the bottom of the tank, the organic fraction  being 

retained for subsequent use to  irr iga te  the papers*

Spray reagents*

Numerous reagents have been used for the detection of carbohydrate 

substances on paper chromatograms, each giving a characteristic colour 

reaction with some or a l l  sugars. Many of the reagents are phenolic 

and react with the furfurals produced when the sugars on the paper 

chromatograms are heated.

In th is  work, 0.2 per cent* solutions of guaiacol, naphthoresorcinol, 

0<--naphthol, orcinol, phlorogluoinol, resoroinol and xanthydrol in  

absolute ethanol were prepared and nine ml* of the solution to  be used 

was mixed with one ml* of syrupy ortho-phosphoric acid immediately 

before use, as suggested by Bryson and Mitohell*^'^ After spraying 

with any of these reagents the papers were dried a t 100® to  105®C* for 

2 to  5 minutes. Other spray reagents used were :

(a) an ilin e hydrogen phthalate in  water-saturated butanol^^^ with  

which papers were heated at/106®C* for f iv e  minutes*

(b) 0 .5  per cent, benzidine in  a mixture of 20 parts g la c ia l acetic
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aoid and 80 parts absolute ethanol^^^* The papers were heated at 

90°G. for 10 minutes,

(o) th e -n a p h th y lamine reagent of Novel 11 e^^^$ A higher temperature 

was required in  th is  case, the papers being heated at 160® to  170®0# 

for 10 minutes*

To t e s t  the su ita b ility  of these reagents for the detection of 

dig itoxose, a small drop of An aqueous solution  of th is  sugar was 

applied to  f i l t e r  paper and dried. As a check on the effic ien cy  

of the reagent for the detection of sugars in  general, several other 

sugars were applied to  the same paper as separate spots. After drying, 

the paper was sprayed with one of the reagents and heated in  a hot 

air oven for the specified  tim e. The colours given with the various 

sugars and the colour of the paper were noted* A ll the reagents 

used gave coloured products with d igitoxose, but the following gave 

the most satisfactory  resu lts  because of the strong colours produced 

and the colourlessness or contrasting colour of the background,

^  -naphthyleminet digitoxose gave a bright pink colour and other 

sugars gave pale brown colours against a yellow background, 

an iline hydrogen phthalate: digitoxose gave a pale brown colour

which changed to  pink on standing for 24 hours. Other sugars gave 

brown to  dark brown colours against a pale buff coloured background, 

naphthoresorcinol: was an excellen t reagent for sugars and gave with

some, including d igitoxose, a blue to green colour, and with others 

a deep red colour against a pink background.
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guaiaoolt the background remained colourless and digitoxose gave a 

pronounced grey colour. Some other sugars gave fa in t brown colours, 

xanthydrol: gave a bright pink colour with digitoxose only, the

paper becoming yellow ,

Beoolorisation and concentration of d ig ita lis  tinctures prior to

chromatographic examination

To prevent streaking of the colouring matter of tinctures when 

these were applied to  paper chromatograms, i t  was necessary to obtain 

an almost colourless solution for application  ̂ otherwise the colour 

reactions betv/een the reagents and the sugars present would have been 

masked.

Since only very small amounts of free digitoxose could be 

expected in  tin ctu res, i t  was also necessary to  concentrate these,
ASamples of dried d ig ita lis  lea f contain about 1 per cent, of cardiac r 

glycosides and the tincture represents a 1 in  10 d ilu tio n . On a 

weight b a sis , d igitoxose comprises approximately one h a lf of each 

glycoside molecule and therefore even assuming complete hydrolysis 

of the to ta l g lycosides, one could expect only about 50 mg, of 

digitoxose in  every 100 ml. of tinctu re.

I t  was found that shaking with activated charcoal, or precip­

ita tin g  with lead subacetate, or passing the orig inal tincture  

through a column of activated alumina did not remove a l l  the colouring 

matter and on concentration a very dark brown solution was obtained.



77

By using the following method, a su itable clear concentrate was 

obtained. 50 ml. of tincture was evaporated to  10 ml. under reduced 

pressure to  avoid breakdown of the thermo la b ile  glycosides. The 

concentrate was shaken with 4 successive 10 ml. quantities of chloro­

form to  remove green colouring matter, genins and unchanged glycosides. 

Sufficien t kieselguhr was added to  the separated dark brown aqueous 

liquid to  form a s t i f f  paste which was dried in  a vacuum oven at 60°G. 

The product was powdered, s ifted  through a No. 20 sieve and extracted 

continuously for three hours with dry acetone in  a Sohxlet apparatus. 

Since acetone has a low boiling point, there was no r isk  of charring 

the sugar with th is  so lvent. The pale yellow extract obtained was 

concentrated by evaporation of the solvent, then added to  a 10 g. 

column of activated alumina packed to  a height of about 12 oms. The 

material was eluted with dry acetone and the eluate was co llected  in  

10-ml. fraction s. As shown by adding digitoxose to  tinctures prior 

to  treatment, any digitoxose present could be expected in  the f ir s t  

two fractions of the eluate. These two fractions were mixed and conc­

entrated by evaporation of the solvent, to  a volume of about 1 ml.

Examination for digitoxose in  aged tinctures of d ig ita lis  by means of

paper chromatography

A to ta l of 0.01 ml, of a concentrate obtained as described above 

was applied to a single spot near one end of the chromâtographic paper 

and pure digitoxose in  acetone solution was applied as a separate spot
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on the same stairbiug lin e  to  aot as a marker or reference spot*

With the s iz e  of paper used, several tinctures could be examined 

at the same time* When the applications had dried thx'oughly, the 

paper was placed inside the tank, which was then sealed and the 

paper was le f t  overnight to  become saturated with water vapour#

The developing solvent was pipetted into the solvent container and 

the paper was slowly irrigated  for seven to  eight hours after which 

i t  was removed from th e tank and allowed to dry spontaneously* On 

removal from the tank the position  of the solvent front was marked*

The dried paper was sprayed evenly and completely with one of the spray 

reagents and heated at the temperature and for the time previously  

stated.

Using the butanol solvent, the Rf value for d igitoxose (measured 

to the front of the spot) was found to  be about 0.69 and other 

carbohydrate substances usually present in  the tinctures were found 

to  have Rf values of approximately 0.79, 0.61, 0.24 and 0.146.

Slight variations in  Rf values are encountered w ith changes in  

temperature but since digitoxose was used as a reference spot in  a l l  

the experiments, these were conducted at laboratory temperature and 

conclusions were drawn by comparing the distances travelled  by the 

sugars with the distance travelled  by the digitoxose in  each individm 1 

experiment.

Results*

In f iv e  aged tinctures examined repeatedly, no digitoxose was found
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even when. 1 l i t r e  of starting material was used. However when 

quantities of le ss  than Z  mg* of pure d igitoxose were added to  50 ml* 

of tincture and the above process carried out, the sugar could he 

detected readily*

In order to  conserve the pure d ig itoxose, of which only a 

very small supply was ava ilab le , a hydrolysate of d ig itox in  prepared 

as follows was added to large volumes of tincture when i t  was re­

quired to  show that the method was capable of detecting digitoxose*

To 50 mg* of d ig itox in , dissolved in 5 ml# of ethanol, 3 ml, 

of d ilu te  sulphuric aoid was added and the mixture allowed to  stand 

at 57^0* for Z  hours* After d ilu tion  w ith  6 ml* of water the 

solution  was allowed to  stand at 37^0* for 18 hours then neutralised  

with strong solution  o f sodium hydroxide* The hydrolysate was shown 

to contain d igitoxose by chromatographing against pure digitoxose*

After the completion of th is  work, Brindle et al*^^ reported the  

presence of d igitoxose in  two of s ix  tinctures examined, therefore 

further work was conducted on ten  aged tinctures using the quantities 

and decolorisation  process used by these workers: th is  was the lead

subacetate method previously rejected*

Using the 50 mg* lev e l of lead per ml, of tin c tu re , as recommends d 
115by Rows on ,  and removing the excess lead with sodium sulphate instead

of hydrogen sulphide, better resu lts  were obtained than h itherto.
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although the subsequent concentrate was s t i l l  coloured* Nevertheless 

when d igitoxose was added to  tinctures in  quantities of 100 pg* per 

10 ml*, either before or a fter  c la r if ica tio n , i t s  presence could be 

detected ea s ily  on paper chromatograms* No digitoxose could be 

found however in  any of the ten aged tinctures unless i t  was previously 

added*

The absence of free  digitoxose from aged tinctures was due either 

to  the fa ct that no hydrolysis of the glycosides to  genin plus sugar 

had occurred during storage, or, i f  sugar was s p lit  o f f ,  then some 

further change destroying the d igitoxose had occurred*

In order to  determine whether or not the glycosides had been 

hydrolysed, comparison was made o f the to ta l chloroform-soluble 

glycosides in  aged and fresh tinctures of d ig ita lis*  I t  was neoessery 

to  use a chemical assay which differenti|sites between glycoside and genin, 

and therefore a method based on the sugar part of the molecule was used*

Speotrophotometric determination of the chloroform-soluble glycosides

aged and fresh tinctures of d ig ita lis  by a process based on the

K eller-K ilian i reaction

Although th is  method has been c r it ic is e d , partly beoause the 

extraction with chloroform is  not quantitative, th is  objection was ow rcome 

by r ig id ly  fix in g  the extraction conditions, and since the preparations
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under comparison were id en tica l in  a l l  respects other than age, a method
HRsim ilar to  that described by Rows on deemed to  be suitable*

Method*

The follow ing procedure was carried out on pairs of tin ctu res, 

aged and fresh prepared from the same raw m aterials, and a l l  the 

stages in  the process were done concurrently on the two preparations*

6 ml* of tincture was mixed with 5 ml* of water and one ml# of 

strong so lu tion  of lead subacetate and the mixture centrifuged u n til 

the supernatant liquid  was clear* This was separated and to  exactly  

5 ml# was added 2 ml* of a 6*3 per cent* solution  o f sodium sulphate 

(Nag80^*10HgO), The precip itate was removed by centrifugation and 

the clear supernatant liquid transferred to  a separating funnel to  be 

shaken with s ix  separate 10 ml* quantities of chloroform. I n it ia l ly ,  

some d if f ic u lty  was experienced due to  extraction  of th e grease from 

the separating funnel taps but th is  was overcome by using "Quickfit" 

funnels in  which the taps were so carefully ground that lubricant was 

not needed to  prevent leakage o f the chloroform. After each addition  

of chloroform, the mixture was shaken for th ir ty  minutes in  a mechanical 

shaker, the ohloroformic layer allowed to  separate and then run into a 

dry 100 ml. conical fla sk  to  be evaporated to  complete dryness over a 

boiling  water bath* To the to ta l dried residue was added exactly 10 ml. 

of a reagent prepared as follow s:

30 ml. g la c ia l acetic  acid (Analar)

0*33 ml* of a 15 per cent, solution  of ferr ic  chloride 

2*6 ml. concentrated sulphuric aoid (Analar)
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The reagent was prepared fresh ly  eaoh day and allowed to  cool to  room 

temperature before use. Rows on stated that the colour density was 

reduced and the oolour-development time increased with increase in  the 

proportion of moisture present in  the reagent, therefore an equivalent 

amount of 15 per cent, so lu tion  of fe rr ic  chloride was used in  place 

of the 5 per cent, solution used by th is  worker.

Using the reagent as control, the colour d en sities  produced by 

the residues from 5 ml. of fresh and aged tinctures were measured in  

the one-oentimetre c e l ls  o f a "Unioam S.P.600^ spectrophotometer, at <7 -  ̂ r 

wavelengths over a range from 440 mp to  630 mp. It  can be seen from  ̂

Pig. 10* that the highest colour density is  at wavelength 470 mp 

with a second peak at 590 mp. The absorption, spectrum obtained 

with tinctures thus d iffered  from the spectra obtained with pure 

d ig itox in  or d igitoxose in  the K eller-K iliani reagent (Pig* 11  ̂ where 

sim ilar peaks were obtained but the highest was at wavelength 590 mp.

The spectrum obtained with the pure glycoside was the same as that
 ̂  ̂ , 115,116reported by other workers ,

Several determinations of the colour development with time wore 

made at wavelengths 470 mp. and 590 mji* and from Pig* 12* i t  can be 

seen that the colour develops more quâqkly, but is  le ss  stable at 470 mp.

The colour reaches maximum density at 590 mp. w ithin  th ir ty  minutes, i s  

stab le for a further th ir ty  minutes,and then begins to  fade very gradually*

In a l l  subsequent determinations, measurements of colour density
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Fig. 11. K eller-K iliani reagent with digitoxin  and with digitoxose.
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were made at wavelength 590 mp, th ir ty  minutes a fter  mixing.

R esu lts.

The resu lts  in  Table VI show the oomparison of colour d en sities

obtained with aged and fresh  tinctures* Each value i s  the average 

of duplicate or tr ip lic a te  readings which did not d iffer  from each 

other by more than 2 per oent#

. The equivalent amounts of d ig itoxin  shown in  the table# were 

obtained by reference to  a graph constructed from data obtained by 

measuring the maximum colour density at wavelength 590 mp* obtained 

with pure d ig itox in  dissolved in  the K eller-K iliani reagent* From 

th is  graph (Fig* 13#) i t  can be seen that d ig itox in  in  concentrations 

of 0*02 to  0*1 per cent* obey the Beer-Iambert law*

The colour d en sities given with the ohloroform*-eoluble glycosides 

extracted from d ifferent volumes of the same tincture and dissolved in  

the reagent were a lso  plotted graphically, and i t  can be seen from 

Fig* 14 that the Beer-Iambert law is  obeyed in  the range shown. The 

values recorded in  Table VI a l l  l i e  w ithin th is  range*

TABLE VI.

C O I.O R IM ETRIC  ASSAY OF A G ED  A N D  FRESH ' TINC TU RES OF DIG ITA LIS A N D  SO LU TIO N
OF DIGITOXIN

C h l o r o f o r m  e x t r a c t  f r o m  5 m l . o f  t i n c t u r e  i n  10 m l . o f  k e l l e r - k i l i a n i  r e a g e n t

Tincture

Cotour density 
(590 intji)

Eciuivalent o f  
digitoxin, 

mg.

A ged Fresh Aged Fresh

G .D 0-562 0-507 0-477 0-430
M .D 0-650 0-571'- 0-552 0-485
T .D 0-414 0-388 0-351 0-329
D 0-485 0-470 0-412 0-399
G.S 0-459 0-450 0-390 0-382
M.S 0-600 0 - 5 7 2 - 0-509 0-485
T.S 0-531 0-480 0-451 0-407

D igitoxin B 0-429 0-432 0-365 0-365
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The resu lts  shown above indicate that the proportion of oh lor of om - 

soluble g lycosid es, calculated as d ig itox in , increases during the storage 

of d ig ita lis  tinctures* This increase could be accounted for only by 

assuming the breakdown of primary glycosides to  s eoondary glycosides ^

which are more soluble in  chloroform and which, on a molar b a sis , give
------------------

a greater colour density with the Keller-Kiliani- reagent than the
116 351 253primary glycosides * * % The aglyoones do not react with

th is  reagent and since any free sugar would be l e f t  in  the aqueous 

fraction  on shaking with chloroform, hydrolysis to  genins would have 

been accompanied by a reduction in  the speotrophptometric determinations* 

To further confirm th is  s ta b ility  of secondary g lycosides, an aged 

solution  of d ig itox in  was assayed chemically*

Speotrophotometrio détermination of d igitoxin  in  aged ethane l ie

(70 per cent*) so lu tion ^

A solution  of d ig itox in  (Sample B) was stored at room temperatui© 

for nine months and a portion of the same solu tion  was stored for  

eight months at room temperature and then one month at 55^0* The two 

portions o f th is  solution  were separately assayed by comparison with  

a fresh ly  prepared solution  of the same in i t ia l  strength*

Method*

0.5  ml* of each solu tion , corresponding to  0*365 mg. of g lycoside, 

was diluted w ith 4*5 ml* of d is t i l le d  water and then shaken with six
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separate 5 ml# quantities of chloroform* The mixed chloroform
I

extracts were evaporated to  complete dryness over a boiling  water 

bath and the residue mixed with 10 ml. of fresh ly  prepared K eller- 

K ilian i reagent* The colour density at wavelength 690 mp* was 

measured th ir ty  minutes a fter mixing*

Results*

The re su lts  for the two portions of aged so lu tion  were id en tica l 

and the average value of duplicate readings taken for each portion  

i s  given in  Table VI* Comparison with the colour density given 

with the fresh ly  prepared so lu tion  shows that no change had occurred 

during storage*

This s ta b il ity  of d ig itox in  in  solution  and the absence of 

measurable quantities of free digitoxose from aged tinctu res of 

d ig ita l is  indicate that the lo ss  of potency during storage of tinctures  

is  not due to  hydrolysis of the secondary glycosides#

Oomparison of chemical assay (E eller-K ilian i method) with b io log ica l 

assay (lB>*hour frog method) on samples of d ig itox in

Two commercial samples of d igitoxin  were available for these 

determinations* Sample A was stated , by the suppliers, to  contain 

1369 units of b io lo g ica l a c tiv ity  per g*, while Sample B, obtained from 

a d ifferen t source, was reputed to  contain only about 900 units per g*
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Chemical assay»

For each sample of d ig itox in , a volume of ethanolio solution  

equivalent to  0*4 mg. of glycoside was evaporated to  dryness and 

10 ml. of K eller-K illan i reagent added to  the residue. The colour 

density was measured at wavelength 590 mp. th ir ty  minutes after  

mixing.

TABLE VII

Oompai'ative assay of two ooimeroial samples of d ig itox in  by th^

K eller-K ilian i method

Colour density

D igitoxin A

0.442

Digitoxin B 

0.445

R esults.

The resu lts in  Table VII showed that the two samples were 

equipotent as determined by th is  chemical assay.

B iological assay.

Ethanolio solutions of the two samples were assayed by the 18-hour 

frog method as described ea r lier  (page 49).
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TABLS V III

Comparâtive assay of two oomnicroial samples of d ig itox in  

by the 18«4iour frog method

Solution Digitoxin A Digitoxin B

1 st. day 2nd* day 1st. day 2nd. day

Ml. so lu tion  per 
10 ml. d ilu tion 3 .0 4 .0 3 .0 3.5

Overnight
m ortality z / i z 5/12 6/12 4/12

Mortality 
per cent. 16.66 41.66 50.0 53.3

Potency 76.66 94.7 100.0 89.0

Solution A contained 1 mg. of D igitoxin A in  1.115 ml.

Solution B contained 1 mg. of D igitoxin B in  1.369 ml.

Therefore potency of D igitoxin A in  terms of D igitoxin B equals

(1) 76.66
100.0

X 1.113 
1.369

X  ®  X

3
100

1 62.26 per cent.

(2) 94.7
89.0

,  1.113 
1.369

100
1 71.34 per cen t.

Average 66.8 per cent.

Since D igitoxin  A contained 1369 units of a c t iv ity  per g.

D igitoxin B contained ÊÈiâ x
100.0 1

916 units of 
a c tiv ity  per g .
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Results*

The r e su lts , given in  ütabie VIII showed that the two samples 

were of quite d ifferen t potency, the strengths being of the order 

stated previously.

The discrepancy between the resu lts obtained by the two 

methods of assay on samples of d ig itox in , serves to  emphasise the 

inadequacy of the K eller-K ilian i method for the standardisation  

of d ig ita l is  preparations.
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DÎSOTJSSIOR

In th is  work i t  has been confirmed that tinctures of d ig ita lis  

lose a considerable proportion of th e ir  potency to  the frog during 

storage and i t  has been shown that tinctures prepared from sta b ilise !  

le a f  are not more stable than tinctures prepared from lea f which 

has been dried according to  pharmaoopoeial d irections at 55^0.

The addition of saponin to  aged tinctures of d ig ita lis  does 

not restore the lo s t  potency and since aged tin c tu res, even without 

added saponin, are w ell absorbed within twelve hours the potency 

lo ss is  not due to  poor absorption from the frog lymph sac.

This is  further demonstrated in  the resu lts of frog intravenous 

assays which revealed a sign ifican t loss of potency in  aged 

tinctures and which thus conflicted  with published resu lts of 

sim ilar assays on oat.

The discrepancy between frog and oat resu lts  can be accounted 

for only by assuming that chemical changes occur in  the tinctures  

during storage and that the breakdown products are le ss  potent than 

th e ir  precursors to  the frog but not to  the c a t . The most 

l ik e ly  change appeared to  be the hydrolysis of the glycosides.

I t  has been shown by both b io log ica l and chemical assays 

that d ig itox in , which is  ty p ica l of the secondary glycosides, i s  ‘ 

stab le when stored in  ethanolio (70 per cen t.) so lu tion  at room 

temperature or even at 55^0* Further, from the resu lts  of
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speotrophotometrio determinations on aged tinctures which showed 

no reduction in  the percentage of chloroform -  soluble glycosides 

and from the absence from aged tinctures of measurcable quantities 

of free d ig itoxose, which would resu lt from hydrolysis of the 

secondary glycosides, i t  appears that no hydrolysis of these 

glycosides occurs during the storage of tinctures of d ig ita l is .

Aged tinctures y ie ld  a chloroform extract which gives a greater 

colour density with the K eller-K ilian i reagent than an extract 

obtained from the same volume of a corresponding fresh ly  prepared t in c t ­

ure. Since d ig itox in  gives a greater colour density with th is  

reagent than an equimolar amount of purpurea g;lycoside A, the 

apparent increase in  potency as shown by the speotrophotometrio 

assay of aged tinctures could be explained by assuming the 

hydrolysis of the primary glycosides to  th eir  corresponding secondary 

glycosides. Such a change would resu lt in  loss of potency to  frog, 

to  which the secondary glycosides are less  potent than th eir  

precursors, but no le ss  would be shown by oat assays since the  

secondary glycosides are not le ss  potent to cat than the primary 

glycosides. The sp lit t in g  of the terminal glucose molecule from 

the sugar chain in primary glycosides of d ig ita l is  seems probable 

in  such mild conditions as ex is t  in  tincture of d ig ita lis  and th is  

theory of hydrolysis is  offered as an explanation of the potency 

loss to  frog during storage of the tinctures#

The decrease in  potency of tinctures as shown by b io log ica l 

methods compared with the increase in  potency of the same tinctures
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as shown by a ohemioal method and the oontradiotory resu lts  

obtained by those two types of assay on samples of d ig itox in , \ , 

emphasise the lack of su itab le c r ite r ia  for the true estimation  

of d ig ita lis  preparations. A b io log ica l method whioh could be 

correlated with therapeutic e ffec ts  appears to  o ffer  the best 

means of assaying crude cardioactive materials and i t  is  possib le  

that a measurement of electrocardiographic e ffe c t  would provide a 

solution to  th is  d if f ic u lt  problem. However, preliminary work 

has shown that the rabbit is  not a su itable experimental animal 

for th is  type of estimation and much s t i l l  remains to be done to  

estab lieh  the method using the frog as experimental animal.



SOMMARY
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SUMMARY'

1* Tinctures prepared from either dried or s ta b ilis e d  d ig ita lis  

lea f are unstable on storage, losing up to  60 per cent, of in i t ia l  

potency as determined by the 18-hour method of assay on frogs.

2. The loss of potency is  not due to  breakdown of so lu b ilis in g  

agents with resultant loss of absorption from the frog lymph sac, 

since aged tinctures are w ell absorbed w ithin twelve hours and the 

addition of saponin does not increase the potency of these  

tin ctu res.

3 . Intravenous assays of aged tinctures of d ig ita l is  reveal a 

20 to  30 per cent, loss of potency to  frog during nine to  twelve 

months storage.

4 . The loss of potency to  frog is  not due to  hydrolysis of the 

secondary glycosides because d ig itox in , in  ethanolio (70 per cen t.)  

solution  has been shown to  be stab le and no free  d ig itoxose, which 

would resu lt from hydrolysis of the secondary g lycosides, could

be found in  aged tin ctu res.

5. Spectrophotometric assays based on the K eller-K ilian i reaction  

show a s lig h t increase in  strength of d ig ita lis  tinctures during 

storage. This indicates conversion of primary glycosides to  

secondary glycosides, a change which would account for the loss of
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potency to  frog , but would resu lt in  no potency lo ss  to  cat*

6* Samples of d ig itoxin  found equipotent by chemical assay, 

using the K eller-K iliani reagent, were of widely d ifferen t  

b ià log ioa l potency measured on frog.

7. Ho sa tisfactory  method ex is ts  fpr the accurate assay of a l l  

d ig ita l is  preparations and work i s  proceeding in an e ffo r t to  

estab lish  a method based on cardiotonic e ffe c ts  as shown by 

changes in  the electrocardiogram of frog.



APPEIDIX I

RBSUI/PS OP ASSAYS BY T m  18-HOUR FROG METHOD OR TINCTURES OF 

DIGITALIS AND ETHANOLIO (70 PER CENT.) SOLUTIONS OP DIGITOXIN
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TABLB IX

Assay o f aged ooraniorolal t i n c t u r e  A

Tincture Standard A

1st* day 2nd. day 1 s t . day 2nd. day

Ml* Tincture per 
10 ml* d ilu tion 3.0 2.5 3 .0 3.5

Overnight
m ortality 10/12 7/12 2/12 4/12

Mortality 
per cent* 83*3 58.3 16.6 33.3

Potency 125.3 105.6 76.6 89.0

The standard tincture contained 1 unit per ml* 

Therefore Tincture A contained:

(1) # 3  -  0.6115 unit per ml.

(2) X 1 4  " 0,6002 unit per ml.
x U o  # D  O « O

Average a 0*6068 unit per ml.

Since Tincture A contained 1 unit per ml. when fresh  

39*52 per cent* of the orig inal potency had been lo s t  

during eight years storage.



98

TABLE X

Assay o f agod ooBaneroial t i n c t u r e  B

Tincture Standard B

1st* day 2nd. day 1 st. day 2nd. day

Ml. Tincture per 
10 ml. d ilu tion

3.0 2.5 3 .0 3 .0

Overnight
m ortality

10/12 7/12 7/12 7/12

M ortality 
per cent.

83.3 58.3 58.3 58.3

Potency 125.3 105.6 105.6 105.6

The standard tincture contained 1 unit per ml.

Therefore Tincture B contained

(1) 126*& ^ ■ 0*8428 units per ml*

(2) X a 0.83SS units per ml.

Average » 0*8380 units per ml*

Since Tincture B contained 1 unit per ml* when fresh  

16.2 per cent, of the orig inal potency had been lo s t  during 

s ix  years storage.
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TABLE XI

Assay o f aged ooinmeroial t i n c t u r e  C

Tincture Standard C

1 st. day 
#

2nd. day 1st. day 2nd. day

Ml. Tincture per 
10 ml. d ilu tion 2.5 2.6 3 .0 3 .0

Overnight
m ortality .7 /1 2 9 /1 2 4 /1 2 6 /1 2

M ortality 
per cent. 58.3 75.0 33.3 50.0

Potency 105*6 118.0 89.0 100,0

The standard tincture contained 1 unit per ml. 

Therefore Tincture 0 contained ;

(1) 89.0 3J. ^
1 05é6 5.0

(2) 100.0 ^ ^

0.7025 unit per ml. 

0.7062 unit per ml.118.0 3 .0

Average = 0.7044 unit per ml.

Since tincture C contained 1 unit per ml. when fresh  

29.56 per cent, of the orig inal potency had been lo s t  

during seven years storage.
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TABLE X II

Assay o f ag ed -tin o tu r©  T .S . l

Tincture T .S .l
(aged)

T .8.1(e) 
(fresh)

1 st. day 2nd. day 1 st . day 2nd. day

Ml. Tincture per 
10 ml. d ilu tion 6.5 5.0 3.5 3.3

Overnight
m ortality 8/12 2/12 10/12 6/12

M ortality 
per oent. 66.7 16,7 83.3 . 50.0

Potency 111.3 76.7 125.3 , 100.0

Potency of the  

fresh tincture

aged tincture compared with that of the

(1) 111.3 X 
125.3

3.6 3J. 100 
5.5 1 - 56.56 per cent.

(2) 76.7 X 
100.0

3.3 y 100 
6:0 —

= 51.10 per cent*

Average = 53.82 per oent.

Therefore Tincture T .S .l had lo s t  46.18 per oen t.o f i t s  

original potency during seven months storage.



TABLE X III

Assay o f aged t in c tu r e  D*1
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Tincture D .l
(Aged)

D .l (b) 
(Fresh)

1 s t . day 2nd. day 1 st . day 2nd. day

Ml. Tincture per 
10 ml. d ilu tion 6*5 6 .0 3.6 ' 3.3

Overnight
m ortality

l / l 2 2/12 6 /l2 7 /1 2

Mortality 
per cent. 8.33 16*7 50.0 58.3

Potency 63.3 76.7 100.0 105.6

Potency of aged tinctures compared with the potency of 

the fresh tinctures

100 .0
X M  X 100

6.5 1

h S . X 100
6.0 1

40.0 per cent.

39.9 per cent.

40.1 per cent.

105*6

Average

Tincture D .l had therefore lo s t  69*9 per cent, of i t s  

orig ina l potency during one year storage.
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TABLE XIV

Assay o f aged t in c tu r e  T .D .l

i
Tincture T.D.l

(aged)
T.D .l(b)
(fresh)

1st» day 2nd. day 1 st . day 2nd* day

1
Ml. Tincture per 
10 ml# d ilu tion 6 .0 5.5 5 .0 3 .0

Overnight
m ortality 3/12 2 /1 2 8 /1 2 4 /1 2

M ortality 
per oent. 25.0 16.7 66.7 33.3

Potency 85.5 
J™_____

76.7 111.3
i

89.0

Potency of the aged tincture compared with the potency of 

the fresh  tincture:

45.01 per cent-

46.98 per cent. 

46*00 per cen t.

85.6 % 3 .0  _ 100
111.3 5 .0 1

76.7 ^ 3 .0  ^ 100
89.0 5.5 1

Average

Therefore Tincture T-D.l had lo s t  54.0 per cent, of i t s  original 

potency during 33 weeks storage.
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TABLE XV

Assay of aged ethanolio (70 per cen t.)  

solu tion  of d ig itox in  (Sample A)

Solution Digitos 
(aged sc

:in A 
►lution)

D igitoxin A 
(fresh solution)

Ml. âdlhtiou per 
10 m l.d ilu tion

1 st. day 2nd. day 1 st. day 2nd. day

4 .0 3 .0 3.3 3 .0

Overnight
m ortality 13/12 6/L2 7/12 5/12

M ortality 
per cent. 91.7 50.0 58.3 41.7

Potency 158.0 100.0 105.6 94.7

Potency of the aged solution  compared with the potency of 

the fresh solutions

(1) 158.0 3.3 100
105.6  ̂ 4 .0  ^ ~

( 2 )  1 0 0  X l l 2  X i 2 2
94.7 3 .0  1

108.9 per cent.

105.6 per cent. 

107.3 per cent#Average =

This apparent increase of 7.3 per cent potency during 25 weeks 

storage was le ss  than the experimental error in  th is  type of 

assay, therefore the solutions were regarded to  be of the same 

potency.
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TABLE XVI

Assay of aged ethanolio (70 per oent*} 

solution  of d ig itoxin  (Sample B)

Solution Digitoxin B 
(aged solution)

D igitoxin B 
(fresh solution)

1 st . day 2nd* day 1 st . day 2nd. day

Ml. Solution per 
10 ml. d ilu tion 3 .0 4 .0 3 .0 3.5

Overnight
m ortality J/12 9/12 3/12 7/12

Mortality 
per cent. 8.33 76.0 25.0 58.3

Potency 63.3 118.0
\

83.5 105.6

Potency of the aged solution  compared with the potency of the 

fresh solution:

(1) 63*3
83.5

X  X
3 .0 1

100(2) 118.0 _ 3 .5  _
105.6 4 .0  1

75.8 per cent.

97.8 per cent*

Average = 86.8 per cent#

This apparent lo ss  of 13.2 per cent, potency during 3 years 

storage was in sign ifican t compared with loss of potency in  

tinctures and could be due to  experimental error# The two 

solutions were therefore regarded as being of the same potency.



APPEaiDIX II

EFFECT OF ADDED SAPOMIN OH TEE PCgEMCY OF AGED TINCTURES OF DIGITALIS 

RESULTS OBTAIMED BY THE 18-HOUR FROG MSTHCD OF ASSAY
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TABLE XVII

Assay o f  a g ed  oonm eroial t i n c t u r e  A

w ith  added sapon in

Tincture A A plus 
0.1 per cent* d ig iton in

1st* day 2nd* day 1st* day 2nd. day

Ml* Tincture per 
10 ml* d ilu tion 5*5 4*0 5*6 4 .0

Overnight
m ortality 9/18 20/24 7/18 21/24

M ortality  
per cent* 50.0 85*5 39.0 87.5

Potency 100.0 1 125*3 92.8 130,5

Average potency 112.6 111.7
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TABLE XVIII

Assay o f aged oom mercial t i n c tu r e  B

w ith  added sapon in

Tincture B B plus 
0*1 per cent, d igitonin

1st* day 2nd# day
1

1st* day 2nd* day

Ml. Tincture per 
10 ml# d ilu tion 3 .0 3*5 3*0 3*6

Overnight
m ortality 9 /1 2 9 /1 2 9 /1 2 1 0 /1 2

M ortality 
per cent# 7 5 .0 76.0 76*0 83*3

Potency 118.0 118.0 118.0 125*3

Average potency 118.0 121*6
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TABLE IXX 

Assay of aged commercial tincture C 

with added saponin

Tincture C C plus 
0*2 per cent* d igitonin

1st* day 2nd, day 1st* day 2nd. day

Ml* Tincture per 
10, ml* d ilu tion 3*3 3*3 3*3 3*3

Overnight
m ortality 4 /9 6 /1 2 5 /9 8 /1 2

M ortality 
per cent* 4 4 .4 50.0 55*6 66*7

Potency 96.6 100.0 103.5 111.4

Average potency 98.3
1 m '■  n# 1* 1#  i w

107*4
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TABUS XX

Assay of aged t in c t u r e  T*S*1

w ith  added saponin

Tincture T,S .1 T.8,1 plus 
0*2 per oent.d ig iton in

1st* day 2nd, day 1st* day 2nd. d(Qr

Mis* Tincture per 
10 mis* d ilu tion

5*0 6.0 5.0 5 .0

Overnight
m ortality 2/12 13/12 5 /1 2 9 /1 2

M ortality  
per cent* 16.7 91.7 41.7 75*0

Potency 76.6 138.0 94.7 1B .0

Average potency 95*8
W .II* j j J  .I* t**  H>1 i#  i# iW iW  m II# IW

106 *3

In the calculation  of average potency for Tincture T.8,1  

i t  was estimated that a 5 ml* d ilu tion  on the second day 

would have resulted in  a potency estimate of 115*0
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TABLE XXI

Assay of agad t i n c t u r e  D

w ith  added sapon in

Tincture D D plus 
0.8 per oont. d igitonin

1
1st# day 2nd, day 1 st. day 2nd. day

Mis# Tincture per 
10 mis# d ilu tio n 4#5 6.5 4.5 5.5

Overnight
m ortality 4/12 5/lE 3/12 5 /1 2

M ortality 
per cent. 83.3 41.7 25.0 41.7

Potency 89.0 94.7 83.5 94.7

Average potency 91.9 89.1



APPEKDIX III

RESULTS OF ASSAYS OH TIMCÏT3EES OF DIGITALIS AW ETHAMOLIC (70 PER OEM.) 

SOLUTIONS OP DIGITOXIW USING THE PROG INTRAVEHOUS METHOD
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APFEMDIX XII

RESULTS OF ASSAJS 05 TIMCTtJRES OF DIGITALIS Aim HTBMQLIC (70 PM 

SOLUTIONS OP DIGITOXIN USIUO THE FROG lUTRAVEUOUS METHOD

The resu lts in  the following tables are stated in  terms of 

undiluted tin ctu re , the mean dose required to  arrest the heart in  

ventricular sy sto le  being calculated per 100 g. of frog .

The standard error E for each set of resu lts  has been calculated  

from the formula:

where d = the deviation of individual 
E -  - resu lts  from the mean M

and n = the number of animals in jected .

F isher's t - t e s t  was applied to  determine i f  the two means in  any

one assay were s ig n ifica n tly  d ifferen t, the value t  being calculated

from the formulas

Ml -  Mg where Ml = mean dose of aged tincture
t  = Me -  mean dose of fresh tincture

/Ei  ̂4- Eĝ  Bi = standard error for aged tincture
and EE = standard error for fresh tincture

The p robabilities p, corresponding to  the values of t  so 

calcu lated , were obtained by reference to  F isher's s t a t i s t ic a l  tables^^^. 

The means were regarded as being sig n ifica n tly  d ifferen t when values 

p = 0 .05 , or le s s , were obtained.

n(n -  l)



TABLE XXII

In trav en o u s a ssa y  o f aged t in c tu r e  D.5,

111

Tincture

Frog
weight

g*

Volume
ml.

1-4
d ilu tion
injected

Volume 
ml. 

tincture  
per 

lOOg. frog

Mean volume 
ml. 
per 

lOOg. frog 
(M)

Standard
Error

(E)

D.3 
(aged 28 
weeks)

18.0
18.4
20.3

0.244
0.234
0.270

0.3398
0.3180
0.3326

0,3301 0.006413

D.3(a)
(freshly
prepared)
... ... -L,, .......

16.5
22.5 
23.8

0.192
0.208
0.218

0.2910
0.2312
0.2290

0.2504 0.020310

corresponding to  p 

Loss of potency

3.744

0.02

100
-  &

2504
3301 

24.1 per cent.

100

Note: The above experiment was conducted using the hand-operated micro­

meter syringe. A ll subsequent experiments were performed with  

the continuous in jection  apparatus.
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TABLE XXIII

In trav en o u s a ssay  o f aged t in c tu r e  D*5,

Tincture

’ Frog 
weight

g*

Volume
ml*

1*4
d ilu tion
injected

Volume 
ml. 

tincture  
per 

lOOg. frog

 ̂ Mean volume 
ml* 
per 

lOOg. frog 
(M)

1 Standard 
Error 

(E)

21*6 0.1390 0.1609
17.1 0.1568 0.2293
18,0 0.1600 0,2084
16.3 0.1096 0.1681

D.3. 21.6 0.1418 0.1642
(aged 36 21.9 0.1562 0.1783 0.1732 0.009473

weeks) 16.2 0.0798 0.1231
20*2 0.1156 0.1431
16*2 0.1272 0.1963
1S»6 0.0812 0.1301
17.2 0.1442 0.2096
16.1 0.1074 0.1667

Ï7.0  ' 0.0772 0.1135
20.7 0.0780 0.0954
21.7 0.1218 0.1403
19.5 0.1560 0.2000

D.3(b)* 17.5 0.1482 0.2117
(freshly 18.0 0.1070 0.1486 0.1399 6.01081
prepared 29.3 0.1276 0.1088

16.6 0.0694 0*1045
16.7 0.0958 0.1434
15.9 0.0980 0.1540
15.4 0.0642 0.1042
14.4 0.0890 0.1545

corresponding to  p 
Loss of potency

2.317
0.05 -  0.02 
lOQ -  fo*1399-  i o a 3 9 9  ^  loo]

[0.1732 i j1732 

19.2 per cent*
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TABLE XXIV

In trav en o u s a ssay  o f aged t i n c t u r e  D .3 ,

Tincture

Frog
weight

g*

' Volume ‘ 
ml.

1""4
d ilu tion
injected

Volume 
ml. 

tincture  
per 

lOOg. frog

Mean volume 
ml. 

per 
lOOg. frog 

(M)

Standard
Error

(B)

23.8 0.1304 0.1370
29.4 0.2146 0.1825

0 .3 . 28.6 0.1872 0.1636
(aged 60 22.8 0.1302 0.1428 0.1624 0.006711
weeks) 23.8 0.1682 0.1767

20.2 0.1170 0.1448
20.8 0.1548 0.1861
22.9 0.1520 0.1659

24.4 0.1188 0.1217
25.3 0.1368 0.1352

0 .3 (e ) . 23.9 0.1466 0.1498
(freshly 24.1 0.1158 0.1200 0.1326 0.005678
prepared) 20.4 0.1284 0.1573

28.4 0.1618 0.1421
23.5 0.1056 0.1123

' 18.0 0.0879 0.1220

corresponding to  p 
Loss of potency

5.39 
0 .01  -  0.001  
100 1326

1624
18.4 per cent#

3^0
1 I



114

TABLE XXV

In trav en o u s a ssay  o f  aged t i n c t u r e  D #l.

Tincture

Prog
weight

g*

Volume 
ml. 

1-4 
dilu tion  
in.i eoted

Volume 
ml, 

tincture  
per 

lOQg. frog

Mean volume 
ml* 
per 

lOOg. frog 
(M)

Standard
Error

(a)

D e l.
(aged 38 

weeks)

18.6
18*1
14.5
20.6  
17.7
15.6 
21.9
16.7
14.7
23.5
16.6 
14.4

0.1060
0.0830
0.0860
0.1166
0.0790
0.0906
0.1272
0.1240
0.1024
0.1406
0.0962
0.1020

0.1424
0.1147
0.1483
0.1416
0.1154
0.1452
0.1452
0.1857
0.1742
0.1496
0.1449
0.1771

0.1487 0.00629

D .l(a)
( fr e sh ly
prepared)

17.0
14.4 
19^3
17.7
16.3 
18.6 
19.6
16.5
15.8
14.6 
20.5
17.3

0.0640
0.0718
0.1038
0.1160
0.0626
0.0976
0.1106
0.0756
0.0906
0.0474
0.0704
0.0644

0.0941
0.1247
0.1345
0.1639
0.0980
0.1311
0.1410
0.1146
0.1433
0.0812
0.0859
0.0931

0.1170 0.007698

oorrevponding to  p 

Loss of potency

3.189 

0 .01  -  0.001  

100 1170
1487 

21.3 per cent

100
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TABLE XXVI

In trav en o u s a ssa y  o f aged t in c tu r e  D ,l,

Tincture

Frog
weight

S*

Volume
ml.

1-6
d ilu tion
injected

Volume 
ml. 

tincture  
per 

lOOg. frog

Mean volume 
ml. 
per 

lOOg. frog 
(M)

Standard
Error

(E)

D .l.
(aged 51 
weeks)

21.6
16.9 
22.0
18.5
24.9 
18.3
21.5
15.6

0.2270
0.1640
0.1914
0.1904
0.1594
0.2436
0.1716
0.1272

0.1752 
0.1617 
0.1450 
0.1715 
0.1067 
0.2219 
0.1330 
0.1359

0.1564 0.01227

B .l(b )
(freshly
prepared)

23.3 
16.0  
22.7 
17.6
25.1 
15.5
20.1
18.3

0.1652 
0.0966 
0.1508 
0.1094 
0.1894 
0.0870 
0.1254 
0.1350

0.1181
0.1007
0.1108
0.1036
0.1258
0*0948
0.1040
0.1229

__

0.1101 0.003932

t  -  5*595

corresponding to  p = 0.01 -  0.001

Loss of potency m 100 - 0.1101
0.1564 

29.6 per cent.
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TABLE XXVII

In trav en o u s a ssay  o f aged t i n c t u r e  T .D .l,

Tincture

Frog
weight

g*

Volume
ml.

1-4
d ilu tion
injected

Volume 
ml. 

tincture  
per 

lOOg. frog

Mean volume 
ml. 
per 

lOOg. frog
(M)

Standard
Error

(B)

T .D .l.
(aged 18 
weeks)

20.0
18.0
14.9
21.2
15.5
12.4
16.5 
14.8

0.1260
0.1136
0.1112
0.1434
0.1186
0.1056
0.1080
0.0990

0.1575
0.1578
0.1866
0.1690
0.1915
0.2088
0.1742
0.1672

0.1766 0.006301

T.D.:l.(a]
(freshly
prepared.

19.7 
16.0
14.7
24.8 
14,7 
IS .6 
12.0 
17.1

0.1074
0.0970
0.0866
0.1128
0.0984
0.0738
0.0674
0.0800

0.1363
0.1516
0.1472
0.1137
0.1673
0.1357
0.1404
0.1169

0.1386 0.006231

corresponding to  p 

Loss of potency

4.289 

0.001  

100 -
0.1386
0.1766 

21.5 per cent.

100
1
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TABLE XXVIII

In travenous a ssa y  o f aged t in c tu r e  T*D#1

Tinctur

1 Frog 
1 weight 
e g.

Volume
ml.

1-6
d ilu tion
injected

Volume 
ml. 

tincture  
per 

lOOg. frog

Mean volume 
ml. 
per 

lOOg. frog  
(M)

Standard
Error

(E)

T .D .l.
(aged 33 
weeks)

25.4
20.8
19.7
30.3
17.8
15.3
23.4

0.2212
0.1346
0.1582
0.3538
0.1930
0.1436
0.1994

0.1452
0.1078
0.1339
0.1946
0.1807
0.1564
0.1420

0.1515 0.01102

T.D.l(b)
(freshly
prepared)

20.8
20.8
25.5
22.4
17.9
17.0
26.3

0.0925
0.1714
0.1864
0.1478
0.1452
0.1460
0.2144

0.0741 
0.1374 
0.1218 
0.1100 
0.1352 

. 0.1432 
0.1358

0.1225 0.009115

corresponding to p 
Loss of potency

2.028
0.01 -  0.05 
100 -  fo.1225

0.1515 
19.1 per cent.

X 100
1
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TABLE IXXX

In trav en o u s a ssay  o f aged t in c tu r e  T .S . l ,

Frog 
x[0ight 

Tincture g.

Volume
ml.

1-4
d ilu tion
injected

o. Volume 
ml# 

tincture  
per 

lOOg. frog

Mean volume 
ml, 
per 

lOOg. frog  
(M)

Standard
Error

(B)

18.5
13.9

T .S .l .  15.8 
(aged 21 17.2 
weeks) 16.4

11.5 
21.4
12.9

0.0684
0.0956
0.1120
0.1040
0.0844
0.0830
0.0986
0.0600

0.0925 
0.1720 
0.1772 
0.1511 
0.1286 
0.1804 
0*1152 
0.1162

0.1417 0.01173

20.7
16.2

T .8.1(a) 15.5 
(freshly 19.0  
prepared) 20.6

21.4
19.5
18.6

0.0856
0.0928
0.0852
0.1108
0.1046
0.1260
0.1120
0.0984

0.1054
0.1432
0.1374
0.1457
0.1276
0.1472
0.1435
0.1322

0.1350 0.005123

t  = 0.5255

corresponding to  p 

Loss of potency

0.7 -  0*6

100  -
0.1350
0.1417 

4.7 per cent#

100
1
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TABLE XXX

In trav en o u s a ssay  o f  aged t i n c t u r e  T .8 .1 ,

Tincture

Frog
weight

S'

Volume
ml.

1—4
dilu tion
injected

Volume 
ml. 

tincture  
per 

lOOg. frog

Mean volume 
ml. 
per 

lOOg. frog  
(M)

Standard
Error

(E)

T .S .l.
(aged 84 
weeks)

21.8
14.8
17.3 
22.1
23.8
17.4
16.9
16.4 
31.0

0.1362
0.0804
0.1124
0.1696
0.2258
0.1444
0.1824
0.1402
0.1644

0.1563
0.1358
0.1625
0.1919
0.2372
0,2075
0.2699
0.2137
0.1326

0.1897 0.01564

T.8.1(b) 
(fresh ly  
prepared)

20.9 
17.6
17.2
22.9
21.4
15.4
13.4
15.2
34.3

0.1360 
0.0968 
0.1078 
0.1470 
0.1556 
0.1530 
0.1172 
0.0832 
0.1600

0,1627 
0.1375 
0.1667 
0.1604 
0.1818 
0.2484 
0.2186 
0.1369 
0.1183

0.1690 0.01584

0.9913

corresponding to  p 

Loss of potency

0*4 — 0.3

100 -
0.1690 100
0.1897 1

10*9 per cent.
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TABIE XXXI

In trav en o u s a ssa y  o f aged t in c tu r e  T .S . l

Tincture

Frog
weight

g*

Volume
ml.

1-6
d ilu tion
injected

Volume
ml.

tincture
per

lOOg.frog

Mean volume 
ml. 
per 

lOOg. frog 
(M)

Standard
Error
(E)

T .S .l .
(aged 56 
weeks)

22.4
27.8
22.4
26.9  
29.1  
23.0
25.4 
21.8

0.1806
0.3038
0.1526
0.2074
0.1902
0.2350
0.2020
0.2354

0.1344
0.1821
0.1135
0.1285
0.1089
0.1775
0.1326
0.1800

0.1447 0.01073

T .S .l(o )
(freshly
prepared)

16.0
25.2 
22.35
26.2 
28.3 
27.8 
29.6 
21*7

0.1104
0.1836
0.1454
0.1858
0.1492
0.2376
0.2120
0.1256

0.1150
0.1214
0.1084
0.1182
0.0879
0.1424
0.1198
0.0965

0.1137 0.005825

corresponding to  p 
Loss of potency

2.54
0.05 -  0.02 
100 - fo.iis?

0.1447
21.4 per cent.

100
1
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TABLE XXXII

In trav en o u s a ssay  o f aged d ig i to x in  s o lu t io n

Solution

Frog
weight

S*

Volume
ml,

1-8
d ilu tion
injected

1 Volume 
ml. 

solution  
per 

lOOg. frog .

Mean volume 
ml. 
per 

lOOg. frog 
(m)

Standard
Error

(E)

D igitoxin  
Solution  
(aged 145 
weeks)

23.0
24.0  
20.5
23.1  
26.0  
25.4 
20.9  
20.7

0.3260
0.2340
0.4393
0.3194
0.2630
0.2248
0.1864
0.2070

0.1772
0.1219
0.2679
0.1728
0.1265
0.1106
0.1115
0.1250

0.1517 0.01897

B igitoxin
Solution
(freshly
prepared)

21.9
24.2 
19*75
25.3
35.7
22.8
21.4  
18.2

0.2830
0.2528
0.2834
0.2432
0.3366
0,3042
0.2528
0.1610

0.1615
0.1306
0.1794
0.1201
0.1250
0.1668
0.1477
0.1106

0.1427 0.008769

corresponding to  p 

Apparent loss of potency

Û.4306 

0.7 -  0.6 

ICO - 0.1427
0.1517 

5.94 per cent.

100
1
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