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At the modern  s tage  of the development  of our ideas on the m e c h a n i s m  of the action of ca rd iac  g lycos ides ,  
it may  be r e g a r d e d  as indisputably es tab l i shed  that  the physiological  e f fec t s  c h a r a c t e r i s t i c  of t hem a r e  r e a l i z ed  
through in teract ion with t r a n s p o r t  Na + ,K+-ATPRse.  This  in teract ion is effected not over  the whole of the 
enormous  enzyme molecu le ,  the molecu la r  weight of which, depending on the method of de terminat ion ,  has been 
calcula ted  to be in the r ange  f r o m  250,000 to 1,000,000 daltons [1], but only with the act ive  section which in the 
l i t e r a t u r e  has acqui red  the name of the digitalis  r e c e p t o r .  

The whole of the ca rd ios t e ro id  molecule  takes  par t  in the card iac  g l y c o s i d e - r e c e p t o r  r eac t ion ,  but even 
be fo re  the d i scovery  of the b iochemica l  bas i s  of the action of cardiotonic  glycosides  it was c lea r  that the key  
ro l e  in the posi t ive  inotropic action is played by the unsa tura ted  f i v e - m e m b e r e d  lactone r ing  in cardenol ides  
and the s i x - m e m b e r e d  r ing  in the bufadienolides.  The unsatura ted  lac tones ,  which a re  or ien ta ted  in a definite 
manner  with r e s p e c t  to the plane of the s te ro id  nucleus,  impar t  to the molecu les  that  speci f ic i ty  of  the i r  action 
on the hear t  musc le  that  is absent  f r o m  other  s te ro id  compounds.  Consequently,  it is na tura l  that  a f ter  the d i s -  
cove ry  of the p a r a l l e l i s m  exis t ing between the inhibition of Na + ,K+-ATPase  and the posi t ive  inotropic effect  
the main attention of inves t iga tors  should be d i rec ted  to elucidating the ro le  of the lactone grouping. Start ing 
f r o m  the hypothes is  that  the in te r re la t ionsh ip  of the ca rd ios t e ro ids  with the enzyme takes  place through the 
lactone r ing ,  a cons iderab le  amount of work  was c a r r i e d  out on the r e a r r a n g e m e n t  and modificat ion of this 
n e c e s s a r y  e lement  of the s t ruc tu re  of the card iac  aglycones .  So far  as concerns  the r e m a i n d e r  of the molecule ,  
the n e c e s s i t y  for  a s t e r ane  skeleton and a hydroxy group at C-3 was  a s s e r t e d .  Neither the butenolide r ing  (as 
in the cardenol ides)  nor  t h e ~ - p y r o n e  he te rocyc le  (as in the bufadtenolides) pos se s s  ca rd iac  act ivi ty  in t h e m -  
se lves .  

The ro l e  of the sugar  component  in the m e c h a n i s m  of inhibition is not quite c lea r .  The fact that  the ac t i -  
v i ty  of the card iac  g lycos ides  d e c r e a s e s  or  i nc reases  in dependence on the s t ruc tu re  and length of the mono-  
saccha r ide  units appea r s  to be  a factor  which is unders tandable  in i tself .  However ,  r ecen t ly  it has been ob- 
s e rved  that  the su ga r s  not only change the cardiotonic action inherent  in the aglycones  but, in individual c a s e s ,  
may  e l imina te  it even if the lactone r ing  sti l l  r e m a i n s  comple te ly  uninvolved. Thus,  for  example ,  the glycosides  
of digitoxigenin and of s trophanthidin differ l i t t le  f r o m  ouabain and other  na tura l  g lycosides .  Digitoxin 3 -D-  
g lucuronoside  is app rox ima te ly  10 t imes  infer ior  to ouabain in its inotropic action [2]. The r e p l a c e m e n t  in the 
suga r  moie ty  of a p r i m a r y  hydroxy function by a ca rboxy  function led to a s h a r p  d e c r e a s e  in activity.  And this 
is apparen t ly  by  no means  due to the fact  that with the appea rance  of a ca rboxy  group the molecule  has acqui red  
addit ional  hydrophil ici ty.  In the case  of the methyl  e s t e r  of strophanthidin 3 -D-g lucuronos ide  the inhibition 
effect  is l ikewise  approx ima te ly  10 t imes  less  than that  of ouabain [3], although the e s t e r  groups impar t s  a 
c e r t a i n  hydrophobici ty  to the compound. 

In the natura l  c a rd io s t e ro id s ,  as a ru le ,  the sugar s  a r e  a t tached to the aglycone through a hydroxy group 
at C-3.  The only except ions a r e  two bufadienolide g lycos ides  - sc i l l ig laucoside  and sc i l l icyanoside  - in which 
the glycosidic  r e s idue  is a t tached through a hydroxyl  not at C-3 but at C-5 [4]. Unfortunately,  the biological  action 
of these  compounds had not been determined.  
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We have been able to synthes ize  eardenol ide mono-  and bisglycodies  with additional monosacchar ide  
r e s idues  in the C-5 and C-19 posi t ions [5, 6]. The new compounds have been tes ted  for  the inhibition of 
N a + , K + A T P a s e  under app rox ima te ly  the s a m e  conditions as we re  used prev ious ly  [3]. In individual e a se s ,  to 
con f i rm  the p a r a l l e l i s m  between the inhibition and cardiotonie  action of the glycosides  synthes ized  we d e t e r -  
mined their  lethal  doses  on ca ts  (LD100): 

Aglycone and glycoside 

Strophanthidol 
Strophanthidin 
Strophanthidinic acid 
Strophanthidin acetate 
Convallatoxol 
Strophanthidol 19-rhamnoside (1) 
Strophanthidol 3,19-bisrhamnoside (II) 
Convallotoxin 
Strophanthidin 5-rhamnoside (/II) 
Stropnanthidin 3-acetate 5-rhamnoside 

(w) 
Strophanthidin 5,19-bisrhamnoslde (V) 

Concentration 
causing 50a] 0 " Lethal dose 
inhibition, for cats, 

mole/liter mg/kg 
0,60 0,700 
0, 65 0,324 

53,0 2,64.0 
0.32 0,187 

Not determined 0.099 [7] 
Not determined Inactive {7] 
Inactive Inactive 

0,22 0,079 
2,80 1,020 
1,29 0,454 

1,89 0,643 

On compar ing  the connection between s t r u c t u r e  and action, the absence  of eardiotonic  ac t iv i ty  in3fl,19- 
b i s - O - a - L - r h a r n n o p y r a n o s y l s t r o p h a n t h i d o l  (II) appea r s  the mos t  su rp r i s i ng  [6, 7]. The r e s u l t s  of our  e x p e r i -  
ments  with this  glycoside have something  in common with the observa t ions  of V. T. Chernobai [7], who found 
that 19-O-c~-L--rhamnopyranosyls t rophanthidol  (I) p o s s e s s e s  no eardiotonic  action, while its i somer  s t rophan-  
thidol 3 - a - L - r h a m n o p y r a n o s i d e  (eonvallatoxol) is cha r ac t e r i z ed  by a f a i r ly  high biological  act iv i ty  (0.099 r a g /  
kg body weight of the cat). What a r e  the r e a s o n s  for  the loss  of the act ivi ty  of  strophanthidol  g lycosyla ted  by 
L - r h a m n o s e  at  the C-19 hydroxyl  ? The following two r ea sons  a r e  the mos t  l ikely:  

Sterie  Hindrance.  The biological  act ivi ty  of the cardios teroids  is based  on the i r  v e r y  s t r i c t  c o m p l e m e n -  
t a r i t y  with the r e c e p t o r  sect ion of the enzyme,  which does not pe rmi t  even minute deviat ions.  Here  no smal l  
ro le  is played by  the angular  groups at C-10 and C-13, which pro jec t  f r o m  the plane of the ca rd io s t e r ane  r ing.  
All na tura l  ca rd ios t e ro ids  have a methyl  group at C~3. The chemica l  na tures  of the angular  groups  at C-10 a r e  
different .  They may  have  the f o r m  of a methyl  group (for example ,  digitoxigenin, periplogenin) ,  a p r i m a r y  
alcohol group (strophanthidol,  ouabagenin),  or  an aldehyde group (strophanthidin, pachygenin). Aglyeones with 
a e a rboxy  group have a lso  been found in na ture ,  but it has not been shown s t r i c t ly  that  they a r e  nat ive com-  
pounds. It is m o r e  l ikely  that the ca rboxy  group is f o rmed  during the isolation of the glycosides  by the auto-  
oxidation of an aldehyde group. 

A visual  ana lys is  on Stuart  models  and a rough calculat ion of in te rnuclear  dis tances  (Fig. 1) in a sequence 
in which the volume of the oxygen-containing functions at C-10 gradua l ly  inc rease  and the other  e lements  of  the 
s t ruc tu re  of the molecule  r e m a i n  unchanged (per iplogenin - s t rophan th id in -  s t rophan th ido l -  s trophanthidinie 
ac id-s t rophmnthidol  19-rhamnoside)  show that the c r i t i ca l  d imensions  ensur ing a high cardiotonie effect  a r e  
found in strophanthidin and s trophaathidol .  A fur ther  even sl ight i nc rea se  in the s ize  of the angular  group leads  

a se r ious  d is turbance  of the complemen ta r i t y  between the r e c e p t o r  and t h e  ea rd io s t e ro id  molecule .  While 
~trophanthidinic acid s t i l l  inhibits N a + , K + - A T P a s e  to some  extent [3], the 19- rhamaos ide  (I) and the 3,19- 
) i s rhamnoside  0I) of s t rophanthidol  a r e  comple te ly  depr ived  of  this capaci ty .  Hence, the conclusion a r i s e s  
hat the two l a s t -ment ioned  compounds posses s  no cardiotonic  ac t iv i ty  because  the s t e r i c  volume of the c a r b o -  
y d r a t e  components  is too g rea t  to enter  the groove of the enzyme (Fig. 2). 

Change in Hydrophobieity.  Angular  methyl  groups impar t  a definite hydrophobici ty  to the molecules  of the 
hysiologically  act ive  s te ro ids .  It is not excluded that  the ac t ive  center  of A T P a s e  "ca tches"  ea rd ios t e ro id  
mleeules  by  the nonpolar  groups ,  ex t rac t ing  them f r o m  aqueous solution. Thanks to the hydrophobic in te rne-  
on, the methyl  groups a s s i s t  the ca rd ios t e ro ids  to pass  out f r o m  the polar  med ium and enter  the r e c e p t o r  s e e -  
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Fig. 1. Approximate in ternuclear  dis tances (in A) in 
the angular groups at C-10 in periplogenin (a), s t ro -  
phanthidol (b), strophanthidin (c), strophanthidinic 
acid (d), and strophidol  19-rhanmoside  (e). The in t ro-  
duction of a rhamnosyl  r es idue  in the C-19 position 
leads to a marked  inc rease  in the volume of this par t  
of the molecule.  Tors ional  angles have not been 
taken into account. 

t ton of the enzyme.  A methyl  rad ica l  is an e lect ron-donat ing group and usually inc reases  the bas ic i ty  of the 
molecule .  

Even in a s imple  compar i son  with the aid of th in- layer  chromatography [for example,  in the c h l o r o f o r m -  
m e t h a n o l - w a t e r  (65:35 : 15) sys tem] ,  the five compounds mentioned a re  separa ted  into two distinct groups ac-  
cording to hydrophobicity.  Strophanthidinic acid and strophanthidol dirhanmoside fo rm  the group of polar com- 
pounds. Periplogenin,  strophanthidol,  and strophanthtdin have s imi la r  hydrophobicit ies and can be r e g a r d e d  as 
compounds of medium polar i ty .  Thus,  the second possible r ea son  for the loss of activity of strophanthidol 
3 ,19-b is rhanmoside  is the increased  hydrophil ici ty of the sugar corr~ponent attached to the hydroxyl  at C-19. 

It is difficult to state which of these  fac tors  exer ted  the decisive influence on the physiological  p roper t t e  
of strophanthidol 3 ,19-bisrhamnoside  (ID - possibly both. A s imple summation of the in ternuclear  dis tances ir 
s trophanthidol  and strophanthidinic acid (without taking tors iona l  angles into account) shows (see Fig. 1) that 
the dif ference in volume between the p r i m a r y  alcoholic and the carboxy groups is apparent ly  not so great  as t( 
have a marked  effect on the eardiotonic  activity.  A rhamnose  res idue  is ve ry  much l a rge r  than a p r i m a r y  
alcohol group. However,  the impossibi l i ty  of determining the r eason  for  the low act ivi ty of strophanthidinic 
acid does not pe rmi t  a f i r m  conviction of the decisive significance of s t e r i c  hindrance,  although in the 19-sub- 
st i tuted glycosides hindrance is undoubtedly caused by the la rge  dimensions of the sugar component.  

The re  is no doubt that it is impossible  to adopt the second hypothesis without objections.  The acetylati¢ 
of the sugar hydroxyls  may impar t  considerable  hydrophobicity to the cardiac  glycosides but at the same t im  
the volume of the molecule  actual ly increases  somewhat.  For  this r ea son  or another ,  the full aceta tes  of the 
glycosides a re ,  as a ru le ,  less  act ive than the glycosides.  

We t e s t ed  another group of compounds for  cardiotonic  activity and inhibiting effect:  5f i -O-~-L-rhamn,  
pyranosyls t rophanthidin  (5-isoconvallatoxin (lID), 5/3-O-c~-L-rhamnopyranosylstrophanthidin 3-ace ta te  (IV), 
3fl ,Sfl-bis(O-oz-L-rhamnopyranosyl)strophanthidin (V) [5]. A distinguishing fea ture  of  the compounds l is ted i 
the p re sence  of a sugar molecule  at C-5 in them. The introduction of L - rhamnose  not at the p r i m a r y  alcoho 
hydroxyl  at C-19 but at the t e r t i a r y  hydroxyl at C-5 also showed an influence on the act ivi ty of the card ios te  
fo lds ,  but not in such a marked  f o r m  as in the case  of strophanthidol 3 ,19-dtrhamnoside liD. Compounds (II 
V) exhibit an inhibiting influence on Na+,K+-ATPase ,  but to a considerably  smal le r  degree  than convallatoxi 

(Table 1). 
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Fig. 2. Schematic  models  of the adsorpt ion center  of the recep t ion  s ec -  
tion of N a + , K + A T P a s e .  Only the convallotoxin molecule  (a) is c o m -  
ple te ly  c o m p l e m e n t a r y  to the r e c e p t o r .  Strophanthidinic acid (b) pos -  
s e s s e s  a sma l l  act ivi ty ,  s ince the carboxy  group is in weak contact  with 
the enzyme groove for  the angular  group. In s t rophanthidin 3 ,5 -b [ s -  
rhanmos ide  (e), the sugar  r ad ica l  at C-5 and the C-19 aldehyde group 
a r e  located above the plane of the s te ro id  nucleus (Stuart models) .  This  
compound dis turbs  t h e  s t e r i c  f o r m s  of the enzyme slot  and the re fo re  is 
only s l ight ly act ive.  In the case  of strophanthidol 3 ,19 -b i s rhamaos ide  
(d), the sugar  r e s idue  at C-19 is so l a rge  that contact with the su r face  
of the r e c e p t o r  is imposs ib le .  

Why do ea rd ios t e ro ids  of different  s t r uc tu r e s  pos ses s  different  act iv i t ies  s o m e t i m e s  ve ry  r e m o t e  f r o m  
one another  ? 

SLruvtural f ea tu res  of the card iac  glycosides  a r e  m o r e  specif ic  than those of o ther  s t e ro id  compounds 
that a r e  c u s t o m a r y  for  the an imal  o rgan i sm.  Although a mult ipl ic i ty  of synthetic  analogs having act iv i t ies  
g r e a t e r  than those of the na tu ra l  sex  ho rmones  and cor t i eos te ro [ds  h a s  been c rea ted ,  in not one ease  has it 
been poss ib le  to synthes ize  compounds even approximat ing  in biological  act iv i ty  to the ea rd ios te ro ids  mos t  
f requent ly  used in medicine.  Substitutes for  ca rd iac  glycosides  a r e  unknown. The re  is no doubt that  we a r e  
dealing with a unique crea t ion  of l iving nature .  The interact ion of the card£ostero[ds  with t r a n s p o r t  A T P a s e  is 
not for tui tous.  In plants  producing ca rd iac  glycosides  it has apparen t ly  been placed in deep concealment  or  has 
been t r a n s f o r m e d  in the p roce s s  of evolution. 

The spec i f ic i ty  of  the action of ea rd ios t e ro ids  is c lose ly  connected with the spec i f ic i ty  of the s t ruc tu re  of  
the r e c e p t o r  sect ion of Na+,K+-ATl=~ase. The s t r i c t  or ienta t ion of the peptide chains p r e d e t e r m i n e s  the d is -  
t r ibut ion of the polar  and nonpolar  groups ,  and t he re fo re  only those molecples  in te rac t  with the enzyme that,  in 
s ize ,  s t e r i c  in te r re la t ionsh ip  of the individual r ings  and functional groups of the s te ro id  nucleus ,  degree  of 
~olarization, l ipophilictty,  etc. ,  come  into Contact with the act ive  center  suff ic ient ly  closely.  If  comple te  c o m -  
plementar i ty  in the s t r u c t u r e s  of the ca rd ios t e ro id  and the enzyme is not achieved,  the effect  of  the biological  
action is weakened, and this to a g r e a t e r  degree  the g r e a t e r  the deviation f r o m t h e  op t imum posit ion. 

In our view, the ac t ive  center  of  Na+ ,K+-ATPase  cons is t s ,  as  it were ,  of two sect ions  differing in func-  
t ions.  One of them,  which we shal l  cal l  the adsorpt ion sect ion,  binds the ca rd ios t e ro ids  with the r e c e p t o r  and 
concent ra tes  and o r ien t s  the molecule  r e l a t ive  to the second, ca ta ly t ic ,  sect ion where  the groups enter ing into 
d i rec t  interact ion with the lactone r ing  a r e  coneeat ra ted .  It is mos t  l ikely  that the adsorpt ion takes  place with 
the aid of the angular  groups  and, in the f i r s t  place,  through the i r  hydrophobic in teract ion with the c o r r e s p o n d -  
ing sec t ion  of the r e c e p t o r .  Under these  conditions,  in a shor t  t ime  unstable in te rmedia te  compounds may  
a r i s e .  It is poss ib le  that  the binding of the ca rd ios t e ro ids  with the ac t ive  center  l ibe ra te s  some  additional 
energy  that  s t imula tes  the work of the o ther  sect ion of the enzyme that  is r e spons ib le  for  reac t ion  with the 

79 



par t i c ipa t ion  of the lactone grouping. The ea s i e r  the ca rd ios t e ro id  molecule  pene t ra t e s  into the enzyme "s lot ,"  
the m o r e  s t rongly  is it bound with the sorp t ion  center  and the m o r e  energe t ica l ly  does in terac t ion  take place  at 
the "outlet ,"  where  the p r i m a r y  r o l e  is p layed by  the lactone r ing.  And, converse ly ,  if comple te  c o m p l e m e n -  
t a r i t y  is not achieved at the sorp t ion  cen te r ,  the effect  of the biological  action will be weakened,  and this  to a 
g r e a t e r  degree  the g r e a t e r  the deviat ions f r o m  the op t imum position. 

By analogy with o ther  enzymes  it is not excluded that  the N a + , K + A T P a s e  enter ing  into in te rac t ion  with 
the ca rd io s t e ro td s  in accordance  with Koshland, s wel l -known hypothesis  i t se l f  undergoes  some  conformat iona l  
changes .  But,  again, only a c a rd lo s t e ro id  molecule  that  comes  into contact  with the sorpt ion  center  be t t e r  is 
capable  of  changing the spa t ia l  a r r a n g e m e n t  of the chemica l  groups fo rming  the r e c e p t o r  section.  

The two-cen t e r  model  wel l  explains why ca rd iac  glycosides  having f ive -  and s i x - m e m b e r e d  lactone r ings  
but differ ing f r o m  one another  by the s t ruc tu r a l  e lements  of the s t e ro id  nucleus  or  the sugar  component  pos -  
s e s s  d i s s i m i l a r  cardio tonic  effects .  In pa r t i cu l a r ,  the low act ivi ty  of cardenol ide  glycosides  of the 5a  s e r i e s  
(glycosides of corotoxigenin ,  uzar igenin ,  etc.) b e c o m e s  c l ea r .  Obviously,  the conformat iona l  changes con-  
nected  with the t r ans  l inkage of r i ngs  A /B  impar t  to the ca rd ios t e ro id  molecule  a s t e r i c  f o r m  that does not 
f avor  contact  with the sorp t ion  cen te r .  The A / B - c i s  configurat ion p roves  to be p re fe rab le .  The cardenol ide  
b i sg lycos ides  with an unchanged butenolide r ing  but with sugar  components  in unusual  posi t ions (at C-19 and 
C-5) that  we have cons ide red  apparen t ly  fit  equally poor ly  into the enzyme slot and dis turb  i ts  usual  s t e r i c  
f o r m s  (see Fig. 2). 

It  was  s ta ted  above that  a definite sequence of polar  and nonpolar  groups  is c h a r a c t e r i s t i c  for  the r e c e p -  
to r  sec t ion  of Na+ ,K+-ATPase .  Consequently,  while the s te ro id  pa r t  of the card iac  glycoside molecule  is bound 
with  the sorpt ion  center  by hydrophobic in terac t ion ,  the sugar  par t  mus t  enter  into in terac t ion  with the digi tal is  
r e c e p t o r  with the aid of polar  groups .  This  posi t ion is s e p a r a t e  to some  degree  f r o m  the point of contact  of the 
s t e ro id  pa r t  and is m o r e  capable  of binding a polar  sugar  molecule  which, in the na tu ra l  g lycoside,  is usual ly  
a t tached to the ca rd io s t e ro id s  through a hydroxy group at C-3. The absence  of a sugar  component  has an ad-  
v e r s e  effect  on the inotropic  act ion - as  a ru l e ,  aglycones  a r e  l e s s  ac t ive  than glycosides .  Only an ace ta te  
axdical  can, to some  extent ,  r e p l a c e  a mi s s ing  sugar  component  (strophanthidin 3 - O - a c e t a t e  is m o r e  ac t ive  
than s t rophanthidin but l e s s  ac t ive  than the usual  s trophanthidin monoglycosides  - cymar in ,  e ry s imin ,  conval-  
la toxin,  etc.).  A fu r the r  i nc r ea se  in weight in the homologous s e r i e s ,  i .e. ,  the r e p l a c e m e n t  of ace ta te  by p ro -  
pionate or  bu ty ra te  leads  to the p rac t i ca l l y  comple te  loss  of act ivi ty.  

So far  as concerns  the m e c h a n i s m  of the action on the cata lyt ic  sect ion of the r e c e p t o r ,  as ea r ly  as 1963 
Repke [8] put fo rward  the hypothes is  that  the lactone r ing  is connected with the ac t ive  center  by a hydrogen bond 
the s t rength  of which is p ropor t iona l  to the f rac t iona l  negat ive charge  on the carbonyl  group of the lactone.  

All the exper ience  accumula ted  up to the p re sen t  t ime  on the compar i son  of the ac t iv i ty  of ca rd iac  g lyco-  
s ides  with the i r  s t r u c t u r e  shows that a lactone r ing  alone,  even if it is sui tably or ien ted  in re la t ion  to the r e s t  
of the molecu le ,  is insufficient .  Another ob l iga tory  condition for  ca rd iac  ac t iv i ty  is a hydroxy group at C-14. 
In 1942-1944, s e v e r a l  ca rdenol ides  we re  synthes ized  that  differed f r o m  the na tura l  aglycones  only by the ab-  
sence  of a 14p-hydroxyl  - in p a r t i c u l a r ,  14-deoxydigltoxigenin [9] and 5 ,6-dehydro-14-deoxydigi toxigenin  [10]. 
The compounds synthes ized  did not exhibit ca rd iac  act ivi ty .  

The re fo re ,  it is be t t e r  to a s s u m e  that in the binding of the ca rd ios te ro ids  with the r e c e p t o r  sect ion of 
the t r a n s p o r t  enzyme an i r r e v e r s i b l e  (at l ea s t  for  the ca rd iac  aglycone) in terac t ion  of the 17~-lactone r ing  with 
the f i -or iented hydroxyl  at C-14,  putting into effect  the whole m e c h a n i s m  of e x t r a -  and in t raee l lu la r  s t r u c t u r e s  
the final r e su l t  of which at the level  of the t a rge t  o rgan  - the hea r t  - is a pos i t ive  inotropic effect.  It is pos-  
s ible  that  the in terac t ion  of the obl iga tory  functional groups  of the ca rd ios t e ro ids  is s imi l a r  to the alkal ine 
i somer tza t ion  r eac t i on  of the cardenol ides  anb bufadienol ides ,  which takes  place with the format ion  of inactive 
products .  However ,  this  s i m i l a r i t y  has yet to be  shown. 

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

The sou rce  of ATl~ase was the g ray  ma t t e r  of r a t  and cat t le  b ra ins .  The m i c r o s o m a l  f rac t ion  of the ce l l s  
of the c e r e b r a l  co r t ex  was i so la ted  by a modif icat ion of Skou's method [11]. The bra in  was suspended in 10 
vo lumes  of an iced solution containing 25 m m o l e  of Tr i s -HC1,  pH 7.4, 0.25 mole  of suc ro se ,  5 mmole  of 
Na2EDTA and 0.1% of sodium deoxycholate (DOC). The homogenate  was centr i fuged at 12,000g for 30 rain and 
then at 40,000g for  60 min. The m a t e r i a l  obtained was washed with the s a m e  buffer  but without the DOC. The 
m i c r o s o m a l  f r ac t ion  was d isso lved  in a 1 mM solution of T r i s - E d t a  (pH 7.1) at the r a t e  of 6 mg of prote in  per  

1 ml ,  and was s to red  at 2-4°C. 
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The AT t ' a se  ac t iv i ty  was de te rmined  f r o m  the i nc rea se  in the amount of inorganic phosphate per  mg of 
prote in  per  hour. The m e m b r a n e  p repa ra t ion  (10/~g) was incubated at 37°C with 15-rain preincubat ion with 
the cardiotonic  subs tances  in a med ium containing 2 mM MgC12, 135 mM NaC1, 5 mM KC1, 30 mM Tr is -HC1 
(pH 7.4), and 2 mM ATP.  The reac t ion  was stopped by the addition of t r i ch lo roace t i c  acid (final concentra t ion 
5%). The level  of Na+,K+-ac t iva ted  A T P a s e  was ca lcula ted  f r o m  the di f ference in the enzymat ic  ac t iv i t ies  de-  
t e rmined  in the incubation med ium with a comple te  set  of ions (Mg~++Na++K +) and on the addition o f l  "10 -4 
M of o l i tor i s ide  to the medium.  The inorganic phosphorus was de te rmined  by  a method based  on the a b s o r p -  
tion in UV light of unreduced phosphomolybdic acid in the modificat ion of Ya. Kh. Turakulov et al.  I12]. P r o -  
tein was de te rmined  by Lowry '  s method [13]. 

SUMMARY 

Bisglycosides of strophanthidol and strophanthidin obtained by partial synthesis behave differently with 
respect to Na+,K+-ATI~se. Strophanthidol 3,19-bisrhamnoside does not possess the biological activity charac- 
teristic for cardiac glycosides. Strophanthidin 3,5-bisrhamnoside and compounds similar to it that are glyco- 
syla ted at the C-5 hydroxyl  pos ses s  a r educed  capac i ty  for  inhibition. 

A two-cen te r  model  of  the digitalis  recel ; tor  is put fo rward  which explains the cause  of the different  ac t i -  
vi t ies  of cardenol ide  g lycosides  differ ing f r o m  one another  by s t ruc tu ra l  e lements  in the s te ro id  par t  of  the 
molecule  or  of the sugar  component.  
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