
E X P E R I M E N T A L  R E S U L T S  R E L A T I N G  T O  T H E  M E T A B O L I S M  

OF T H E  C A R D I A C  G L Y C O S I D E S  

M.  A.  A n g a r s k a y a  a n d  L .  Y a .  T o p c h i i  UDC 615.711.5+ 547.92 

The cu r r en t  state of invest igat ions indicates that the essence  of the metabol i sm of the cardiac glyco-  
s ides in the living organism compr i ses  six main p rocesses :  1) the enzymatic  hydrolys is  of the sugar  moi -  
et ies  of the glycosides  [1-4]; 2) the ep imer iza t ion  of the nglycones at C 3 [5-6]; 3) hydroxylat ion [7, 8]; 4) the 
format ion of conjugates with sulfuric  and glucuronic acids; 5) reduct ion of t h e - C H O  group at C19 [9]; 6) de- 
acetylat ion [10]. 

In view of the d ive r s i ty  of the metabol i sm of cardiac  glycosides ,  we have studied the possible t r ans -  
format ions  of four  pa i r s  of these compounds differing in the i r  genins, in the number  and nature of the sugars  
that they contain, and in the subst i tuents  at C10 {Table 1). An investigation of the metabol i sm of e rys imin  
was also pe r fo rmed .  

The metabo l i sm of the cardiac  glycosides  was studied at the stage of the i r  passage through the l iver  
and in the pathways of thei r  excre t ion  by the kidneys. In the bi le  and ur ine collected in the f i r s t  6 h a f te r  
the adminis t ra t ion of convallatoxin, secur is ide ,  e rychros ide ,  erys imin,  and gofruside (in the f i r s t  3 h), paper  
chromatography showed the p r e sence  of the initial g lycosides  and of metabol i tes  identified as  convallatoxol, 
securisidol ,  e rychrosol ,  and frngoside.  During the same per iod in the bile and ur ine  unchanged e rys imin  
was found, toge ther  with three  metabol i tes .  One of them corresponded in i ts  R f  value to helveticosol ,  the 
second was identified as the aglycone, and the third, highly po la r  and staying close to the s tar t ing line, we 
have not identified and have provis ional ly  called it "metaboli te  M." 

In the second 6 h (for gofruside,  the second 3 h) only in the exper iments  with e rychros ide  did we find 
two glycosides  to be p r e s e n t -  the initial  glycoside and its metabol i te  e rychroso l .  Convallatoxin was found 
in the bile in t r ace  amounts,  and the intensity of the colorat ion of the spot showing the format ion of conval-  
latoxol was considerably g r ea t e r .  The kidneys excre ted  only convallatoxol.  In the second set  of samples ,  
gofruside was p resen t  in the bile only in the fo rm of t races ,  and frugoside was absent.  We did not find the 
initial glycoside or  i ts metaboli te  in the ur ine .  Secur is ide  was not found in the bile or  the urine,  ei ther,  
while its metabol i te  was found both in the pathway of its passage through the l i ve r  and in the pathway of ex- 
cre t ion by the kidneys.  In the second checking period,  ne i ther  the initial e rys imin  nor  its metabol i tes  could 
be de te rmined  e i ther  in the bi le  or  in the ur ine.  

Thus, the r a t e s  of convers ion and excre t ion  of the metabol i tes  a re  s imi l a r  fo r  the two glycosides  gof- 
rus ide  and erys imin .  Convallatoxin and e rych ros ide  proved to be s imi la r  in the t imes  of excre t ion of the 
metabol i te  and of the t ransformat ion  of the main glycosides .  

To show that the m o r e  polar  metabol i tes  fo rmed  a r e  products  of the reduction,  and not of the oxida- 
tion, of the aldehyde group at C18, we obtained samples  of convallatoxin and e rychros ide  oxidize6 by the 
method of W. Jacobs  [11]. The resu l t s  of the chromatography of the oxidized glycosides  ext rac ted  f rom the 
biological  media  showed that the metabol i tes  of convallatoxin and of e rychros ide  appear  at the same level  
as authentic samples  of the forms  of these glycosides  reduced,  and not oxidized, at C19. 

We p e r f o r m e d  fu r the r  investigations with the same exper imenta l  a r r angement  to determine the metab-  
ol ism of convallatoxol,  e rychrosol ,  securis idol ,  and frngoside,  i.e., the fo rms  of the corresponding glyco-  
sides reduced at Cl9. It was found that at the stage of passage  through the l ive r  they underwent no changes 
in the f i r s t  6 h, and a single spot corresponding to the spot of an authentic sample of the initial glycoside 
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TABLE 1 

Glycoside Genin Substituent at Ci0 Sugar component 

Convallatoxin 
Convallatoxol 
Erychros ide  

Erychroso l  

Secur i s ide  
S ecuri  sidol 
Gofruside 
F rugos ide  
Erys imin  

Strophanthidin 
Strophanthidol 
Strophanthidin 

Strophanthidol 

A4-Strophanthidin 
A4-Strophanthidol 
Corotoxigenin 
Coroglaucigenin 
Strophanthidin 

- CliO 
- CH20 H 
- CHO 

- CH2OH 

- -  C H O  

- -  C H 2 0  H 

- CHO 
- CH2OH 
- CliO 

L-  Rhamnos e 
L -Rhamnose  
D-Digi toxose 
D-Xylose  
D-Digi toxose 
D-Xylose  
D-Xylose  
D-Xylose  
D-Al lomethylose  
D-Al lomethylose  
D-Digi toxose 

was found on the ch romatogram.  In the second Six hours,  no g lycos ides  or  the i r  metabol i tes  were  found. 
It is poss ib le  that they were  p r e s en t  in ve ry  smal l  t r ace  amounts  which did not withstand isolation, pur i f i ca -  
tion, and determinat ion.  

To invest igate  the poss ib le  p r e fo rma t ion  of g lycos ides  within the o rgan i sm (with a prolonged res idence  
t ime  in the biological  media  studied), pa ra l l e l  expe r imen t s  were  p e r f o r m e d  with bile and ur ine  collected 
f rom intact an imals  followed by the same  t r ea tmen t  as  was used in the previous  exper imen ta l  a r r angemen t .  
No changes whatever  in the g lycosides  due to contact with these  media  could be found. 

The r e su l t s  obtained indicate that the mos t  probable  p r o c e s s  fo r  the t r ans fo rma t ion  of the card iac  
g lycosides  with an aldehyde group at C10 is the i r  reduction with the fo rmat ion  of an alcohol group. This  p ro -  
cess  impar t s  g r e a t e r  polar i ty  to the metaboli te ,  which af fec ts  the r a t e  of excret ion.  However,  together  with 
the reduction of the sugar  compoenent,  its splitting off may  take place,  as  was found in the exper iment  with 
e rys imin .  The format ion  of two other  metabol i tes  bes ides  that produced by the reduction of the aldehyde 
group at C10 makes  it poss ib le  to a s s um e  that the different  p r o c e s s e s  of the t r ans fo rma t ion  of the card iac  
g lycos ides  may  take place both success ive ly  and in para l le l .  

A cha rac t e r i s t i c  fea ture  of the me tabo l i sm of gofrus ide  - a high ra t e  of t r ans fo rmat ion  and of the ex-  
cre t ion of the products  o b t a i n e d -  is obviously r e spons ib le  for  its exceptionally b r i e f  cardiotonic effect.  

A knowledge of the me tabo l i sm of a drug enables the mos t  ra t ional  conditions for  its use  to be found. 

E X P E R I M E N T A L  

The g lycos ides  were  analyzed a f t e r  appropr ia t e  purif icat ion and ext rac t ion  f rom the biological  media .  
The following solvent s y s t e m s  were  used  in the chromatographic  investigations:  1) c h l o r o f o r m - t e t r a h y d r o -  
furan  (1 : D /wa t e r ;  2) b e n z e n e - b u t a n o l  (1 : 1) /water ;  3) b e n z e n e - b u t a n o l  (2 : 1) /water ;  4) t o luene -bu tano l  
(1.5 : 1) /water ;  5) methyl  ethyl k e t o n e - m - x y l e n e  (1 : 1 ) / fo rmamide ;  6) me thy l  ethyl k e t o n e - b e n z e n e  (1 : 1 ) /  
fo rmamide ;  7) ethyl ace ta t e /wa te r ;  8) i soamyl  a lcohol /wate r .  

In our  invest igations we used s y s t e m s  1, 3, 7, and 8 fo r  convallatoxin and convallatoxol,  1 and 5 for  
e rychros ide  and e rychroso l ,  1 and 2 for  gofrus ide  and frugoside,  2, 3, and 4 fo r  secur i s ide  and secur is idol ,  
and 1, 5, and 6 for  e rys imin .  

The expe r imen t s  were  p e r f o r m e d  with 10 ma le  albino r a t s  weighing 250-300 g. The g lycos ides  were  
admin is te red  intravenously in a dose of 1 m g / k g  body weight of the animal.  The ur ine  and the bile were  
run off through polyethylene cannulas and were  collected a f t e r  3, 6, 12, and 24 h. In the exper iments  on the 
me tabo l i sm at the stage or  excre t ion by the kidneys, the an imals  were  twice given an aqueous load (10 ml  
pe r  rat) .  To collect  the ur ine ,  the an ima l s  were  kept  in specia l  cages  f rom which the ur ine  ran into r e -  
ce ivers .  The combined bi le  and ur ine  were  subjected to fu r the r  t r ea tmen t  fo r  the ext rac t ion and pur i f i ca -  
tion of the g lycosides  and poss ib le  metabo l i t e s  by different  methods for  each substance  studied. In addition 
to the exper iments  on ra ts ,  the changes in the g lycos ides  studied were  de te rmined  in control  exper imen t s  
with the addition of the cardenol ides  to bile and ur ine taken  f rom intact an imals .  

Convallatoxin. A. The bile col lected a f t e r  a p rede te rmined  in terva l  of t ime was t r a n s f e r r e d  to a sep-  
a ra t ing  funnel and made up with dist i l led wa te r  to 15 ml. To e l iminate  to the g r ea t e s t  poss ible  extent com-  
ponents of the bi le  (pigments, etc.) capable of in te r fer ing  in the chromatography  of the glycosides ,  the aque-  
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ous solution of bile was t reated twice with b e n z e n e -  chloroform (1 : 4) in a shaking apparatus for  3-4 h. Af- 
t e r  the format ion of layers ,  the b e n z e n e - c h l o r o f o r m  fract ion was run off and the aqueous phase containing 
the glycosides  and possible metaboli tes  was t reated with mixtures  of ethanol and chloroform (1 : 1), (1 : 2), 
and (1:3).  

B. Thenr ine  collected in individual intervals  of t ime was t r ans f e r r ed  to a separat ing funnel and t reated 
with mixtures  of ethanol and ch loroform (1 : 1), (1 : 2), and (1 : 3) to extract  the glycosides  and possible me -  
tabolites.  The combined and dried ext rac ts  were  dissolved in 1.5 ml of e t h a n o l - c h l o r o f o r m  (1 : 3) and de-  
posited on a column of alumina. The d iame te r  of the column was 1.0 cm in all cases,  and the weight of alu-  
mina used was 5-8 g. In all cases ,  purified commerc ia l  brands of alumina (Brockmann activit ies I and II) 
were used. The columns were  f i r s t  washed with 20-30 ml  of chloroform for  additional purification. The 
chloroform fract ion was subjected to a qualitative react ion for  the presence  of the glycoside and its metabo-  
lites. The glycosides  and the possible t ransformat ion  products  were  eluted with mix tures  of ethanol and 
ch loroform (1 : 2) and (1 : 3) until g lycosides  could no longer be detected in the eluent. The combined ex- 
t rac t s  of the bile and the res idues  af ter  the evaporat ion of the urine were  dissolved in a smal l  amount of 
e t h a n o l - c h l o r o f o r m  (1:3) for  subsequent chromatography.  

Erychros ide  and Erychrosol .  A. In addition to the stage descr ibed for  convallatoxin, the bile extract  
was purified on a column of alumina which was washed with 20-30 ml  of chloroform.  The glycosides  and 
thei r  metabol i tes  were  eluted with mixtures  of ethanol and ch loroform (1 : 1), (1 : 2), and (1 : 3). 

B_...=. The collected urine was sprinkled with an excess of zinc acetate to precipi ta te  bal last  substances; 
af ter  15-17 h it was f i l tered and the res idue was washed thoroughly with e t h a n o l - c h l o r o f o r m  (1 : 2), the 
washings then being combined with the extracts .  The c lear  solution of ur ine  obtained af ter  f i l trat ion 
treated by the method used for the bile. 

Securis ide and Securisidol .  A. The purif icat ion of the bile differed f rom the method used for  con- 
vallatoxin by the use of a mixture of benzene and chloroform (1 : 3). The glycosides  were extracted f rom 
the bile in just the same way as in the experiments  with convallatoxin. If emulsions difficult to separate  
were formed,  the samples  were  centrifuged. 

B__:. T h e u r i n e w a s  t reated by the method descr ibed for e rychros ide .  

Gofruside, Frugoside .  A_. The purif ication of the bile differed f rom the method used in the exper i -  
ments  with the other  g lycosides  by the use of a mixture  ~)f benzene and chloroform (1 : 50). The glycosides 
were  extracted with mixtures  of ethanol and chloroform (1 : 2) and (1 : 3). 

B__._~. The collected urine was t reated with zinc acetate. Fu r the r  purification and extraction were pe r -  
formed by the method given for  the bile. 

Erys imin.  A. The bile was placed in a separat ing funnel and t reated with mixtures  of ethanol and 
ch loroform (1 : 2), (1 : 3), and (1 : 4) for  3-4 h in a shaking apparatus.  The combined and dried extracts  were  
de'posited on an alumina f i l ter  and were  eluted with the same mixtures  of solvents under  vacuum until the 
glycosides  or  metabol i tes  had completely disappeared f rom the eluate. After  drying, the res idues  were 
dissolved in a smal l  amount of e t h a n o l - c h l o r o f o r m  for  subsequent chromatography.  

B___~. The collected urine was t reated as descr ibed above and, af ter  fil tration, the washings were added 
to the subsequent extracts .  The purified ur ine was extracted in a funnel with mixtures  of ethanol and chloro-  
fo rm (1 : 2). (1 : 3), and (1 : 4) fo r  3-4 h. The prepara t ion for  chromatography was the same in all cases .  

SUMMARY 

1. The metabolism of nine cardenolides - convaUatoxin, convallatoxol, erychroside, erychrosol, se- 
curiside, seeurisidol, gofruside, frugoside, and erysimin - has been studied at the stage of passage through 
the liver and in the pathways of excretion by the kidneys. 

2. It has been found that the aldehyde at the Ci9 group of the cardiac glycosides studied is reduced to 
an alcohol group. 

3. Erysimin differs in its metabolism from the other glycosides studied by the fact that in addition 
to the production of a form reduced at Ci9 it undergoes hydrolytic cleavage with the production of the genin. 
A third metabolite has not been identified and has provisionally been called metabolite M. 
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