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I N T E R A C T I O N  O F  C A R D E N O L I D E S  O F  T H E  

S T R O P H A N T H I D I N  S E R I E S  W I T H  F U N C T I O N A L L Y  

I M P O R T A N T  S E C T I O N S  O F  T R A N S P O R T  N a , K - A T P a s e  

N.  M.  M i r s a l i k h o v a  UDC 577.352.3 

On the bas i s  of an analys is  of  the s t r u c t u r e - a c t i v i t y  in te r re la t ionsh ip  of ca rd iac  g lycos ides  and 
the i r  analogs ,  a f o u r - c e n t e r  model  of the binding of the compounds with N a , K - A T P a s e  has been 
proposed.  These  cen te r s  a r e  r e p r e s e n t e d  by the s te ro id  nucleus with a po la r  group a t  C-3 and 
a hydroxy group at  C-14, and a lso  by a lactone r ing with a double bond. It has been  shown that 
the hydrophobie binding sect ion of the glycoside m u s t  be in contact  with a hydrophobic region 
of the enzyme having a fa i r ly  l a rge  volume.  

The d i rec ted  s ea r ch  for  eardiotonic agents  with given p r o p e r t i e s  is poss ib le  only on the bas i s  of a know- 
ledge of the concre te  mechan i sm of the act ion of this type of subs tances  a t  the cell  level .  This  knowledge is 
impor tan t  both for  those who a r e  engaged in a s ea r ch  for  ac t ive  agents  in the plant  world and for  synthetic  
chemis t s  working on the complete  or  pa r t i a l  synthes is  of cardiotonic  compounds.  In the l a t t e r  ease ,  of course ,  
hope is p laced on the product ion of m o r e  act ive  drugs .  In view of this,  the finding of functionally impor tan t  
s t ruc tu ra l  e l ements  of  ca rd ios t e ro ids  and the invest igat ion of f ea tu res  of the i r  in te rac t ion  with Na ,K-ATPase  
sti l l  r e m a i n s  urgent .  

According to Barne t t  [1],  these  loci in the enzyme a re  n e c e s s a r y  for  the binding of a cardiotonic  g lyco-  
side with Na ,K-ATPase .  The f i r s t  binds with the ca rbohydra te  moie ty  of the g lycos ides ,  the second in te rac t s  
with the hydroxy group in the C-14 posi t ion of the s te ro id  molecule ,  and the third is at tached to the lactone 
r ing of the glycoside.  

According to a hypothesis  due to Yoda and Yoda [2], the in te rac t ion  of ca rd iac  g lycos ides  with Na,K- 
A T P a s e  is  f i r s t  effected by a s t e ro id - spec i f i c  s i te  through which a sugar-binding cen te r  is act ivated,  and then 
the addition of the glycosidic  moie ty  of the inhibi tor  takes  place.  

Fac ts  a r e  known which indicate that the glycoside binds to the enzyme through hydrogen bonds [3, 4] or  
through a s t r onge r  chemica l  in terac t ion  [5]. A hypothesis  has been  put fo rward  that on the binding of ca rd io -  
s t e ro ids  with the r e c e p t o r  s i te  of the t r a n s p o r t  enzyme,  the fo rmat ion  of a covalent  bond of the unsa tura ted  l a e -  
tone ring at  C-17 with the nucleophilic cen te r  of the enzyme takes  place s imul taneous ly  with the fo rmat ion  of 
a hydrogen bond through the hydroxy group at  C-14 [6-8] .  The combinat ion of these facts  leads us to the con- 
clusion that the in te rac t ion  of card iac  g lycos ides  is effected not with the whole enormous  molecule  of the en-  
zyme  but only with a definite cen te r ,  the so -ca l l ed  digi tal is  r ecep to r .  No few hypotheses  have been e x p r e s s e d  
on the nature  of the binding of ca rd ios t e ro ids  with Na ,K-ATPase  but hi ther to there  have been no sufficiently 
convincing proofs  of the m e c h a n i s m  of the in terac t ion  of the group of compounds under  d iscuss ion  with the en-  
zyme.  The s t r u c t u r e - a c t i v i t y  re la t ionship  has  been invest igated mainly  of ca rd iac  g lycosides  of the digi tal is  
s e r i e s ,  which p o s s e s s  an apprec iab le  capabi l i ty  for  cumulat ion and which exhibit ,  in the main,  a healing effect  

Inst i tute of B iochemis t ry ,  Academy of Sciences of the Uzbek SSR, Tashkent .  Trans la ted  f r o m  Khimiya 
Pr i rodnykh  Soedinenii, No. 3, pp. 339-345, May-June ,  1983. Original  a r t i c l e  submit ted May 17, 1982. 
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Fig. 1. Model of the binding site for cardiac glycosides 
in the molecule of Na,K-ATPase and a scheme of its in- 
teract ion with eonvallatoxin: A - hydrophilic region; 
B -  hydrophobic region; N -  nucleophilic center;  N' - 
binding center  for the hydroxyl at C-14. 

af ter  definite intervals  of time. The eardioactive compounds of the strophanthidin ser ies  with less  pronounced 
cumulative proper t ies  act  faster .  

We have per formed a sys temat ic  investigation of the mechanism of the interaction with t ranspor t  Na,K- 
ATPase  of var ious s t ruc tura l  analogs of strophanthidin, some isolated f rom plants of Central Asia and some 
synthesized in the labora tory  of glycoside chemis t ry  of the Institute of the Chemis t ry  of Plant Substances of 
the Academy of Sciences of the Uzbek SSR, and have compared their effect with that of widely known glycosides 
of other  aglycones.  We used purified preparat ions  of Na,K-ATPase from the medul lary  layer  of the Porcine 
kidney (~90% puri ty in te rms  of protein).  In preceding investigations, using preparat ions  of the Na,K-ATPase  
of ox brain  and pig heart,  strophanthidin analogs containing voluminous polar sugar  substituents in the C-3, 
C-5, and C~ 19 positions were tested for their  cardiotonic activity [9-11].  On this basis ,  a hypothetical model 
of the binding of cardenolides was put forward which included two essential  s t ruc tura l  f ragments  - an area of 
binding of the polar  or  hydrophobic section and a nucleophilic center  of interaction of the double bond of the 
lactone ring. At this stage of the work, the s t r u c t u r e - a c t i v i t y  analysis  was supplemented by a number  of spe-  
cially synthesized compounds with hydrophobic substituents in various positions of the steroid nucleus. Table 
1 gives a l is t  of the compounds tested, features of which are .  ~ 

The presence  of carbohydrate  or,  conversely,  hydrophobic residues on the carbon atoms of the steroid 
molecule at C-3, C-5, and C-19; 

the oe position of the lactone ring at C-17; 

the p resence  of a hydroxy group at C-17; and 

a different orientation, or  the absence, of the hydroxy group at C- 14. 

We have previously [9-11] put forward a hypothesis concerning the presence  in the active center  of Na, 
K-ATPase  of two sites with different functions. These are  an "adsorp t ion"  center  which binds the cardiac gly-  
coside to the receptor  and controls  and orients the m01ecule relative to the second, " ca t a ly t i c "  site, where 
groups interacting with the lactone ring are  located. On the basis  of the resul ts  of a pre l iminary  analysis,  it 
has been suggested that the adsorption of the glycosides must  probably take place through a hydrophobic or  
s ter ic  interaction with the corresponding site of the receptor .  In the f i rs t  case, unstable intermediate com-  
pounds may be formed for a shor t  time. In the second case the volume pa ramete r s  of the individual functional 
groups cause a ser ious  disturbance of complementar i ty  between the receptor  and the molecule of the cardiac 
glycoside. Having compared with one another hydrophibic and hydrophilic derivatives of strophanthidin, we 
give our preference  to a hydrophobic interaction with the corresponding section of the enzyme. 

The model given in Fig. 1 on the whole suggests the existence of a b a r r i e r  only for the polar substituent 
in position 19. Strongly polar  groupings cannot be localized in the hydrophobic region of the protein molecule 
of the enzyme. 

The orientation of the steroid nucleus on the binding of a cardiac glycoside with the enzyme is determined 
by the posii:ion of the polar group in the steroid nucleus. As can be seen from Table 1, the most  active are the 
3-substituted strophanthidins, which are  s trongly bound to the enzyme. Regardless  of its nature, a carbohy-  
drate component in the C-3 position has a definite role in the interaction with the enzyme, since through the 
polar groups of the sugars  a rapid, complete, and stable binding with the catalytic center  of the enzyme takes 
place, as has been established in experiments with compounds 22-25 and 33, and 34-36 (see Table 1). The same 
effect is also charac te r i s t i c  for glycosides of other aglycones; for example, compounds 45-51. 
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TABLE 1. 
Inves t iga ted  Cardenol ids  

COlTI- 

pound I 

Effec t  of Inhib i tory  Act iv i ty  and Lethal  Act iv i ty  of the 

[ Concentration of I Lethal dose 
[ the cardenolide I tr-^Tr* 
[ (gM) causing 50%1 ] ~  ~ .  
inhibition ofkid~ ~ ...... /",,~ Cardenolide [ ~ (accord.,~ 
ney Na K-ATPase [ . , . |to the Rtera- tL~ 90?opunty as [ rare) 

I protein) ] 

1 
2 
a 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
t5 

16 
17 

18 

19 

20 

21 

22 
23 
24 
25 

26 
27 

28 
29 
30 
31 

32 

38 

Stroph~ntidin and its derivatives 

Strophanthidin 
Strophanthidol 
Stropnanthidinic acia 
Strophanthidin 3-acetate 
Strophanthidin 3-benzene 
Strophanthidin 3-acetate 19-benzoate 
Strophanthidol 3,19-dibenzoate 
Isostrophanthidin 
lq e~-Hydroxvstrophanthidin [14] 
lqa-Hydroxystrophanthidin: 3-acetate [141 
1 q a - Pseudosr~ophanthidol [151 
17 a-Pseudostrophanthidol 3-acetate 
14a - Pseudostr ophanthidol 
14a- Pseudosttopnanthidol 3-acetate 
3,I 9-Epoxy- 5.6 -anhydrostrophanthidin ethylal 

[12] 
i Dihydrostropha nthidin 
I Dihydrostmphanthidin 3- acetate 

Derivalives of strophanthidin with uronic acids 

acld~ methyl ester 7.8a 
Strophanthidin 3 - B- D -glucopyranosiduronic 

amd; methyl ester macetate 8,70 
Strophantbidin 3- B-D-glucopyranosiduronic 

amd; amide 5,50 
Strophanthidin 3 - B- D-jgala etopyranosiduronie 

amd; methyl ester tnaeetate 5.20 

Monoglycosides of strophanthidin and its derivatives 
Corchoroside A (strophanthidin 3-bovinoside) 0.78 
Erysimin (strophanthidin 3- digitoxide) 
S tropha nthidin 3 - tibopy ra nosfde 
Strol~hanthidin 3-rhamnopyranoside (convalla- 

to~in) 
Strop hanthidin 3-rhamnopyranoside; triacetate 
Stropnanthidin 3-glueopyranosiae, tetraacetate 

Strophanthidin 5-rhamnopyranodde 
Strophanthidin 3-acetate 5-rhamnopyranoside 
Strophanthidol 19-rhamnopyranoside 
17 a -  Pseudostrophanthidoi 3-rhamnopyranoside 

[15] o "de Ilqa-Pseudostrophanthidol 3-rhamnopyran sl ; 
} triaeetate [15T 
I Strophanthidin 3-cymaropyranoside (cymarin) 

0.90 I 0.80 [12] 
6.5O I 1.72 61.00 ~.08 
1.32 0.42 [12] 
0.75 0.17 [13] 

Inactive 

21.0081'06 I Inactive 
18,oo 2,2~ 

Inac~ve 

0.48 I 0,80 

1.05 
8.40 

7.52 
10.00 

1.80 
Inactive 

25.20 I 

Inactive 
0.54 t 

0,33 (FAU) 

0,86 (FAU~ 

.17 
0,151121 
0.37 

014[121 
1.0I 

1.0I 
.52 
,75 

The ca rd io ton ic  e f fec t  of  the g l y c o s i d e s  is r e ta ined  when they a r e  g lycosy l a t ed  with u ron ic  acid in the 
C-3 posi t ion,  but  i t  is e x p r e s s e d  s o m e w h a t  m o r e  feebly  (compounds 18-21 in Table  1). The in t roduct ion  of  
L - r h a m n o s e  at  C-5  (compounds  28, 29, and 42) a lso  l ower s  the effect .  

P a r t i c u l a r  a t tent ion is m e r i t e d  by  a group of  compounds  acy la ted  at the C-3 hydroxy l  (compounds  4--7}. 
In these ,  the po la r  g roups  f o r m i n g  the e s t e r  bond a re  loca l i zed  between two hydrophobic  f r a g m e n t s  - the r a d i -  
cal  of  the ac id  and the s t e ro id  res idue .  While s t rophanth id in  3 -ace ta t e  and s t rophanth id in  3 -benzoa te  a r e  only 
s l ight ly  in fe r io r  to s t rophanth id in  and i ts  na tu ra l  g lycos ides  in ac t iv i ty ,  s t rophanth idol  3 -ace t a t e  19-benzoate  
and s t rophanthidol  3 ,19-d ibenzoa te  p roved  to be comple te ly  inact ive.  

By c o m p a r i n g  compounds  11, 31, and 32, it is poss ib le  to evaluate  the ro le  of  a po l a r  subs t i tuent  in the 
C-3 pos i t ion  as a p a r a m e t e r  de t e rmin ing  the o r ien ta t ion  of the inhibi tor  on the enzyme.  With a cons ide rab le  
change in the s t r u c t u r e  of the s t rophanth id in  molecu le  as,  fo r  example ,  in the case  of 17 a - p s e u d o s t r o p h a n t h i -  
dol (compound 11), the capac i ty  fo r  inhibit ing N a , K - A T P a s e  p r a c t i c a l l y  d i s appea r s .  However ,  the g l y c o s y l a -  
tion of  this compound at C-3 leads  to a pa r t i a l  r e s t o r a t i o n  of its ac t iv i ty  (compound 31). In its turn,  the c o m -  
plete  aee ty la t ion  of  the s u g a r  r e s idue  (compound 32),  as a r e s u l t  of which the hydrophi l i c i ty  of the subst i tuent  
in the C-3 pos i t ion  fal ls ,  l eads  to a pa r t i a l  o r  comple te  loss  of  ac t iv i ty  by the compounds  fo rmed .  Thus,  the 
ace ty la t ton  of the suga r  r e s idue  is unfavorab le  fo r  the man i fes t a t ion  of inh ib i tory  act iv i ty .  Such a loss  of  a c -  
t ivi ty is a lso o b s e r v e d  on the ace ty la t ion  of  hydroxy l s  of s u g a r  r e s idues  at  C-3,  C-19,  and C-5  (compounds 26, 
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TABLE 1 (continued) 

Cardenolide I 
Concentration of [ Lethal dose 
the cardenolide i (CAU*), 
(gM) causing 50%~ /~mole/kg 
inhibition of kid- | (according 
nev Na,K-ATPase[ (~ 90~o pt~ity as I to the Utera- 
protezn) / turn) 

Strophanthidin diglycosides 

34 k-~t~o~ha.~thin-~ (strophanthidin 3-strophan- 
] tnomosioe) 

35 [Olitoriside (st$ophanth.idin. 3-olitoribioside) , 
36 [Erysimosiae (stropnanthiain ~-aigitaniaoDiosiae 

37 Erysimoside pentaacetate (strophanthidin 3-di- 
gilanidobioside; pentaacetate) 

38 Strophanthidol 3,19-bismaltopyranoside 
39 St rophanthidol 3,19-bismaltopyranoside; tetra- 

decaaeetate 
40 Strophanthidol 3,19-bisrhamnopyranoside 
41 Strop~ant nidifi ~i0-biszhamnopyr anoside; tet- 

radeeaaeetate 
42 S trophaat~d.in 3~5-bisrhamnopyranoside 
43 ~opnanthiain 3,5-bisraamnopyranosiae; 

hexaacetate 
Glycosides of other aglycones 

44 Digitoxigenin 
45 Digitoxige. nin 3- ribopyranoside 
46 Evomonoside (digitomgenin 3-rhamnopyrano- 

1,15 0,17 
1,50 0,16 

0,80 O. 13 

15,50 I. I0 
Inactive 

2.00 I 0.26 

Inactive 

side) 
47 Ouabain (ouabagenin 3-rhamnopyranoside) 
48 Cuspid osi.de.( bipindige ni n 3-rhamnopyranoside) 

(tozunojoaue) 
49 Periplngenin 3-rhamnopyranoside 
59 Periplogenin 3-fucopyranoside (ledienoside) 
51 A pobioside (cannngehin 3-st.rophanthobioside) 0.70 

*CAU - dose of the substance under trial calculated to 1 "kg body 

weight of the animal causing the stoppage of the heart of a cat; 
FAU - the same for a frog. The determination of the activity of 

the glycosides on cats is presented according to results in the 

literature; the others were determined on eats and frogs in the 

pharmacology laboratory of the Institute of the Chemistry of 

Plant Substances of the Academy of Sciences of the Uzbek SSR. 

6.20 1.23(12) 
0.10 

1,51 0.53 
1.00 0.19 

0.$5 O. 19 
1.32 0,571161 
0.70 0.~[171 

0.21 

27, 32, 37, 39, 41, 43). This leads to a considerable increase  in the hydrophobicity and the total volume of the 
cardiac  glycoside molecule.  For  this reason or  another, the complete acetates  of the glycosides are,  as a rule, 
l e s s  active than the glycosides themselves.  In this connection, it is interest ing to note a high activity of spin- 
labeled strophanthidin der ivat ives  having a hydrophobic substituent of large  volume in the C- 19 position [ 18 ]. 

The same effect was detected by Rogers  and Lazdunski [19] in the photoaffinity labeling of strophanthidin 
in the C-19 position. In cont ras t  to the highly polar  substituents in compounds 30, 38, and 40, this residue can-  
not substantially change the orientation of the hydrophobic nucleus of the inhibitor in the enzyme. The introduc-  
tion into the C-19 position of an oxyethyl01 group (compound 15) or  a carboxy group (compound 3), impart ing a 
cer ta in  hydrophil ici ty to the molecules  of these substances,  likewise led to the loss  of inhibitory activity. In the 
formation of cardiotonic activity and the capacity for suppress ing Na, K-ATPase  that cor re la tes  with it, no 
small  role is played by a hydroxy group at C-14.  As is a l ready well known, isostrophanthidin (compound 8) 
does not pos s e s s  cardiotonie activity because of the fixation of the lactone ring and the appearance of a bond 
between carbon atom 14 and the lactone ring.  A compar ison of compounds 11-14, 31, and 32 shows that the 
shift of  the hydroxyl f rom the C-14 to the C-8 position likewise has a considerable effect on the activity of the 
cardenolide compound, up to its complete loss .  

Compounds 16 and 17 with saturated lactone rings have a low activity. 

The facts given above indicate the absence of an inhibiting activity for  the 17 s - i s o m e r s  of strophanthidin 
(compounds 11, 12, 31, and 32). Only the 17G- i somers  are  active. In all natural compounds, there is a hydro-  
gen in the 17~ position. The presence  of a hydroxy group at C-17 apparently has a spatial influence on the lac-  
tone ring at the same carbon atom, which leads to a decrease  or  loss of cardiotonie activity (compounds 9 and 

10). 
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Thus, at l e a s t  four  functionally impor tan t  f r agments  of i ts  molecule  par t i c ipa te  in the binding of a c a r -  
diac g lycoside  with the enzyme.  These a r e  the s te ro id  nucleus,  the hydroxy group at  C-14, the polar  group in 
the C-3 posit ion,  and the e lectrophi l ic  cen ter  in the laetone ring. 

The model given in Fig. 1 sugges ts  the binding and the re la t ive ly  r igid or ienta t ion  of the s te ro id  nucleus 
and of the po la r  subst i tuent  of a ca rd iac  glycoside at  the boundary  of sepa ra t ion  of po la r  and nonpolar  regions 
of the enzyme.  With such an or ienta t ion  of the inhibi tor  in the enzyme,  the spat ia l  approach  of the e lec t rophi l ic  
lactone ring and of the nucleophilic cen te r  of the enzyme (N) is ensured.  The hydroxy  group at  C-14 poss ib ly  
f o r m s  a hydrogen bond with the cen te r  (N') .  F u r t h e r m o r e ,  the hydrophobic binding s i tes  of  the card iac  g lyco-  
side mus t  be in contact  with a hydrophil ic  region of the enzyme of fa i r ly  l a rge  volume.  

To elucidate the co r re l a t ion  between the eff ic iency of the inhibition of Na ,K-ATPase  and the cardiotonic 
act ion of the g lycos ides  invest igated,  which was evaluated f r o m  the i r  capaci ty  for  stopping the cat  hear t ,  we 
used l i t e ra tu re  f igures  for  the de te rmina t ion  of the CAU [ 12, 13, 16, 17] and expe r imen ta l  r e su l t s  obtained on 
ca ts  o r  f rogs  in the pha rmaco logy  l abo ra to ry  of the Inst i tute of the Chemis t ry  of Plant  Substances of the 
Academy of Sciences of the Uzbek SSR (see Table 1). 

A compar i son  of the cardiotonic  ac t iv i t ies  of these subs tances  with the ef f icacy of the i r  influence on 
Na, K - A T P a s e  revea led  the exis tence  of a c h a r a c t e r i s t i c  logar i thmic  dependence.  This dependence has been  
made the bas i s  of a method of the enzymat ic  tes t ing of ca rd iac  g lycos ides  which can be used in the initial  s e -  
lect ion of new drugs  with potential ly cardiotonie  action. 

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

The m i c r o s o m a l  f rac t ion  of porc ine  kidney medu l l a ry  l aye r  was isola ted by Skou's method [20]. To ob- 
tain pur i f ied Na ,K-ATPase  f r o m  porc ine  kidney medu l l a ry  l a y e r  we used J o r g e n s e n ' s  method [21] in A. B. 
Che tve r in ' s  modif icat ion [22]. The purif ied Na ,K-ATPase  p repa ra t ions  with a high specif ic  act ivi ty  were  f r ee  
f r o m  M g - A T P a s e  background.  

The med ium for  the de te rmina t ion  of the Na ,K-ATPase  ac t iv i ty  contained 3 mM MgC12, 135 mM NaC1, 
5 mM KC1, 1 rnM EDTA, and 30 mM Tris-HC1 (pH 7,4). The final volume of the reac t ion  mix tu re  was 0.5 ml.  
Af ter  incubation at  37 °C for  15 rain with var ious  concentra t ions  of the subs tances  under  invest igat ion in the 
absence  of ATP,  the reac t ion  was begun by the addition of A T P  to a final concentra t ion  of 2 raM. Af te r  incuba- 
tion for  10 rain at 37 °C, the reac t ion  was stopped by the addition of 3% pe rch lo r i c  acid (final concentra t ion 
1.7%). Inorganic  phosphorus  was de te rmined  by Panusz ' s  method [23] and pro te in  by a modified Lowry  method 
[24]. 

The concentra t ion  causing 50% inhibition (I50) was de te rmined  f r o m  the logar i thmic  dependence of the 
pe rcen tage  inhibition of the loga r i thm of the concentra t ions  of the subs tances  tested.  

SUMMARY 

On the basis of the results of an analysis of the structure-activity interrelationship of cardiac glycosides 
and their analogs, a four-center model of the binding of the compounds with Na, K-ATPase has been put for- 
ward. These centers are represented by the steroid nucleus with a polar group at C-3 and a hydroxy group at 
C-14 and also a lactone ring with a double bond. It has been shown that the hydrophobic binding site of the gly- 
coside must be in contact with the hydrophobie region of the enzyme of fairly large volume. 
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F R A G M E N T A T I O N  O F  T H E  U N S U B S T I T U T E D  

C A R B O H Y D R A T E  U N I T S  O F  C A R D E N O L I D E  

M O N O S I D E S  

N.  I .  Y a k u b o v , *  Y a .  V. R a s h k e s ,  
a n d  N. Sh .  P a l ' y a n t s  

UDC 543.51+547.926 

In the m a s s  s pec t r a  of unsubsti tuted monosides  of cardenol ide nature  a r e  obse rved  the M ÷ 
peaks ,  and a lso ,  in each  case ,  th ree  cha r ac t e r i s t i c  p r o c e s s e s  of the f ragmenta t ion  of the c a r -  
bohydrate  unit. The fo rmat ion  of the ions Ag lOCH=OH ÷ is the mos t  un iversa l  p rope r ty  of 
these compounds.  The s tabi l i ty  of ions of the type under  considera t ion  depends on the nature  
and posi t ion of a t t achment  of the sugar  res idue  and on the number  of polar  groups  in the 
aglycone.  The laws of the f ragmenta t ion  of the ca rbohydra te  unit a r e  extended to the spec t r a  
of  g lycos ides  of o ther  c l a s s e s .  

Mass  s p e c t r o m e t r y  is widely used to de tec t  new carbohydra te -conta in ing  plant compounds.  In this p ro -  
ces s ,  the wider  use  of " m i l d "  methods of ionization, with the aid of which the peaks  of the molecu la r  ions of 
unsubsti tuted g lycos ides  a r e  obtained with incomparab ly  g r e a t e r  intensi ty than on the use  of e lec t ron  impac t  
(EI), is  of no l i t t le  impor tance ,  impor tance .  

This was f i r s t  demons t ra t ed  for  the case  of cardenol ides  by Brown et  al.  [ 1], who compared  the field ion- 
izat ion (FI) and EI s pec t r a  of the aglycones  digitoxigenin and strophanthidin and their  mono- ,  b i - ,  and t r io -  
s ides  and~also individual monosacohar ides .  F u r t h e r m o r e ,  it has been found that in the FI spec t r a  the f r agments  
fo rmed  by the sequenation of the ca rbohydra te  chain a r e  m o r e  stable.  

The f ragmenta t ion  of g lycos ides  under  the act ion of EI takes  place l e s s  se lec t ive ly ,  but the spec t r a  ob- 
tained by this method contain the peaks  of the ions a r i s ing  on the c leavage of the bonds of the carbohydra te  
chain. This fea ture  of  the spec t r a  is not d i scussed  by Brown et  al. [1]. Never the less ,  it p e rmi t s  useful  conclu-  
sion to be drawn in a compar i son  of the spec t r a  of g lycos ides  with different  suga r  r e s idues  or  with different  
aglycones .  
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