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The majority of photometric methods for  the analysis of cardenolide glycosides are  based on the r e -  
actions of the butenolide ring of the aglycone with various aromatic di- and tr ini t ro compounds (1,3-dinitro- 
benzene, 3,5-dinitrobenzoic acid, 2,4-dinitrophenyl sulfone, picric acid). However, it is not infrequently 
necessary to give an estimate of the sugar moiety of  a glycoside. For  plant pregnanes, the bulk of which 
are  present in plants in the form of glycosides of 2,6-dideoxysugars no methods of quantitative determina- 
tion whatever have been developed. Arrequine and Pasqualis [1] f i rs t  turned their  attention to the fact that 
the addition of xanthydrol to a solution of digitoxin leads to the formation of a yellow complex, the color of 
which changes to red on heating. M. Pesez [2] has shown that the xanthydrol reaction is a general one for  
deoxysugars and has used it for  the quantitative estimation of k-strophanthin. Soon, this reagent was used 
for the determination of the content of the main glycosides of Digitalis after  their  separation from a paper 
chromatogram and the elution of the individual spots [3]. Later, information was published on modifications 
of the lat ter  method [4-7]. One of them is recommended in pharmaceutical pract ice as official [8] for  the 
quantitative analysis of celanide 0anatoside C) and its medicinal forms.  Vorob'ev and Dzyuba have de- 
scribed a method for  determining the amount of erychros[de in Erysimum cheiranthoides L. with the aid 
of xanthydrol [9]. These authors observed that xanthydrol takes part  in the reaction in equimolecular ratio, 
and within the range of concentrations from 3 to 30 nag in 1 ml of solution a l inear relationship exists be- 
tween the optical density and the concentration of the glycoside. 

Nevertheless, in spite of the wide use of the xanthydrol reaction in practice,  the theoretical principles 
of its use have not been developed in many respects .  In particular,  the dependence of this reaction on the 
s tructure of the sugar moiety has not been studied. 

We have measured the molar  extinction coefficients of the individual 2-deoxysugars, of two disac- 
charides, and of several  cardiac glycosides including 2,6-dideoxysugars. The conditions for performing 
the xanthydrol reaction were similar  to those given in the l i terature.  

It can be seen from Table 1 that the highest extinction coefficient is found for the 2,6-dideoxyaldohex- 
oses D-digitoxose and D-cymarose,  while within the limits of e r r o r  of the analysis and taking the relative 
purities of the samples into account the two sugars have the same index. Of the 2-deoxyaldohexoses, the 
molar  absorption coefficient ¢£ 2-deoxy-D-glucose is almost twice and that of 2-deoxy-D-galactose almost 
half that of the 2,6-dideoxysugars. 2-Deoxy-D-ribose has the same absorption as 2-deo-xy-D-ghcose. Con- 
sequently, the presence of a hydroxy group in the C 5 or the C 6 position opposes reaction with xanthydrol. 

Fo r  the disaccharides digilanidobiose and s t rophanthobiose-  in which a 2, 6-dideoxyaldose is substi- 
tuted in the C 4 hydroxyl by a D-glucose residue - the absorption index is likewise low. Obviously, under 
the conditions of analysis generally adopted these disaccharides do not undergo hydrolytic cleavage. 

The molar  absorption coefficients of the glycosides depend completely on the structures of the sugars 
composing them. Monoglycosides of the type of erysimin, cymarin, and corchoroside A possess approxi- 
mately the same extinction as the individual 2,6-dideoxysugars. The extinctions of the cardiac diglyeo- 
sides - erysimoside, k-strophanthin-fl, and o l i t o r i s i de -  although they differ somewhat are  completely com- 
parable with the analogous indices of the disaccharides, especially strophanthobiose. 
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TABLE 1. Molecu la r  Extinction Coefficients  (e) of the 2-Deoxysug-  
a r s  and The i r  Glycosides  

Compound and its composition 

Monosacchatides 
D-Digitoxose ~I-I1~O, 
D-Cymarose CTHuO4 
2-Deoxy-D-ribose %HioO, 
2-Deoxy-D-glucose CsHt2Os 
2-Deoxy-D-galactose C6H~205 

Disaccharides 
Digilanidobiose C~H~O9 
Strophanthobiose CI3H~,O9 

Monoglyccsidcs 
Erysirnin C~H~-Og.H~O 
Cymarin C~0H.Og. CHsOH 
Corchorcside A C2~I4~O~'2H~ O 

Diglycosid~ 
Erysimoside 'C3.~H~Ou. H..O 
k-Strophanthin-B C~Hs40 u • H~O 
Olitoriside CsbHs~O.. H2 0 

Triglycosides 
Digitoxin " C.lPIe~Ols 
Gitoxin C,IHu01, 
Digoxin C,1He~O~ 

TctraglyCosid~s 
Lanatoside C C~H~O..o 

Mol. wt. 

148,16 
162,18 
134,14 
164,16 
164,16 

310,31 
324,34 

552.66 
580 7Y 
570_68 

714,82 
728,84 
714,82 

764,92 
780,92 
780,92 

985,10 

e.mghnl I 

0+0075 
0,0292 
0,0"227 
0,0191 

0,0877 
0,0958 

0,0254 
0,0275 
0,0453 

0,1968 
0,1160 
0,1426 

0,0199 
0,0251 
0,0144 

0,0260 

0,427 
0,335 
0,498 
0,320 
0,380 

0,660 
0,605 

0,330 
0,340 
0,510 

0.510 
0,307 
0,370 

0,414 
0,530 
0,370 

0,361 

E l ~  
i c m  

909 
893 
341 
282 
398 

151 
126 

260 
247 
225 

52 
53 
52 

416 
422 
514 

278 

GX10 g 

135 
145 
46 
46 
65 

47~ 
41 

144 
145 
129 

37 
39 
37- 

318 
330 
401 

237 

Note: The r e su l t s  of exper imen t s  agreeing with the mean  of th ree  
or  four  de te rmina t ions  a r e  given. 

F o r  t r ig lycos ides  of the type of digitoxin, each containing th ree  molecu les  of D-digi toxose,  an ex-  
t r e m e l y  deep co lor  of the product  of the reac t ion  with xanthydrol  is cha rac t e r i s t i c .  The  absorpt ion indices 
of this type of compounds a r e  e x t r e m e l y  high. This  can be explained only by the assumpt ion  that unde r  the 
conditions of de te rmina t ion  used the g lycosides  were  hydrolyzed to the individual monoses  and that the m o -  
l a r  absorpt ion  coefficient  (of digoxin, fo r  example)  in an approx imate  calculat ion is the sum of the ext inc-  
t ions of the th ree  monosacehar ides .  

In the case  of the t e t rag lycos ide  lanatoside C, as  was to be  expected, the coefficient  is cons iderably  
lower  than in a t r ig lycos ide  of s i m i l a r  s t ruc tu re ,  digoxtn: at the concentrat ion of hydrochlor ic  acid that is 
es tabl ished in the reac t ion  mixture ,  comple te  c leavage into four  sugar  molecules  does  not take place.  The 
p r o c e s s  ceases  at the fo rmat ion  of dtgi lanidobiose and two molecu les  of 2 ,6-dideoxyaldoses .  Consequently,  
the m o l a r  coefficient of lanatoside  C is sl ightly g r e a t e r  than the sum of two D-dig i toxoses .  

The exper imenta l  m a t e r i a l  p resen ted  shows that the xanthydrol  reac t ion  is unsuitable fo r  de te rmin ing  
mix tu res  consis t ing of g lycos ides  with res idues  of di f ferent  sugar s  or  with different  numbers  of r e s idues  
of the s a m e  sugar.  The r e su l t s  of a pa ra l l e l  ana lys i s  of the amount d cardenol ide  g lycos ides  in a plant raw 
m a t e r i a l  with any reagent  for  the butenolide ring (for example,  p i c r i c  acid) and with xanthydrol  will not co-  
incide, as a rule.  Since this type of ana lys i s  is based on a compar i son  of the optical  dens i t ies  of colored 
complexes  of an individual compound and a plant ext rac t ,  the de te rmina t ion  is compl ica ted by the difficulty 
of se lect ing a s tandard sample .  F o r  example ,  in the s ame  sample  of Adonis chrysocya thus  Hook. f. et  Thorn., 
using as  s tandards  cymar in  and k-s t rophanthtn-f l ,  by the xanthydrol  reac t ion  we found 1.80 and 8.40% (9 of 
g lycosides ,  r e spec t ive ly .  On ana lys i s  for  the butenolide ring (using 2,4-dini t rophenyl  sulfone [10]) it was  
found to contain only 0.58% of g lycos ides  (standard: k-s t rophanthin-f i ) .  It is quite obvious that other  sub-  
s tances  including 2 ,6-d ideoxysugars  take pa r t  inthis  reac t ion  bes ides  the cardenol ide  g lycos ides  [11, 12]. 
Objective r e su l t s  in ana lys i s  with the aid of xanthydrol  can be obtained only in expe r imen t s  with s a m p l e s  
of individual g lycos ides  [8], or,  in the ca se  of plant ma te r i a l ,  only a f t e r  the p r e l i m i n a r y  chromatograph ic  
separa t ion  of the component subs tances  [3-5]. 

However,  if the' l imi ta t ions  mentioned above a r e  taken into account, the xanthydrol  reac t ion  can be 
used in va r ious  d i rec t ions .  The  poss ib i l i ty  of a d i rec t  ana lys i s  of the spots  on ch romatograph ic  p a p e r  with-  
out the i r  elution [3] is  undoubtedly an advantage of the method under  considerat ion.  The reac t ion  with xan-  
thydrol  has  been  used to de t e rmine  the amount of 2 ,6-d ideoxysugars  in cardenol ide  g lycosides  of complex 
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TABLE 2. Information on the Amounts of Glycosides of 2,6-Dideoxy- 
sugars  in Plants  of the Fami ly  Aselepiadaceae (wt. % on the a i r -d r i ed  

raw mater ia l )  

Plant 

Cynanchurn slblrlcurn 
WI 11 d, syn.. Cynancham 
acutum auet. [15] 

Cynanchum pumllum 
Done., syn. Antltoxicurn pu- 
niilurn ,, "(Dcne.)" Pobed. 

C'ynanchurn acurn Inatlfol- 
iurn Hernsl. syn. Antitoxl- 
curn acurnlnaturn (Dcne). 
Pobed. 

Cynanchurn lnarnoenurn 
Lo,es., syn. Antitoxicum 
(Ma xlrn~ Pobed. 

Cynanchurn maxlmovlcztl 
P o b e d., syn. C~,nanchurn 
caudaturn M a x ! rn. 

Antltoxicum slblrlcurn 
(LJ Pobed.,syn. Cynan- 
churn siblrlcurn R. Br. 

Cynanchurn nlgrurn 
C. A. M. syn. a, ntltoxlcurn 
scandens (b o rn rn. et 
Lev.) Pobed.  

Metaplexis Japonica 
(T h un b.) Maklno 

Stapella varlegatus 

Site of collection 

S~dar'inskaya oblast of 
the.Uzbek SSR, Sayaut 
reglon 

TurkmSSR, close to the 
viUage of Kara-Kala 
(Karakum) 

Maritime Territory, 
Khanki region, Mount 
"Sinie Skaly" 

The same 

Kuril islands, 
Kunashir island 

Mongolia 

Tashkent, Botanical 
Garden of the Academ' 
of Sciences of the 
Uzbek SSR 

The same 

House plant 

Organ 

Roots 
Leaves 
Seeds 

Leaves 
Seeds 

Leaves 
Root 

, Roots 
Leaves 

Roots 

Epigeal 
part 

Leaves 
Seeds 

Seeds 

Epigeal 
part 

Amount 
12,6-di-  pregnane 
I deoxv- glyco- 

0,84 
0,12 
1,78 

0,96 
3,00 

0,50 
2,65 

1,5 
0,15 

3,70 

0,08 

0,12 
0,37 

0,32 

0,52 2,17 

* Standard: D-digitoxose 
t Standard: e rys imin  

s t ruc ture  [13]. In view of the fact that monoglycosides and diglycosides with terminal  D-glucose  have dif- 
ferent  extinctions, this method can be used to develop the optimum conditions for  the pe r fo rmance  and for  
determining the completeness  of the enzymatic  hydrolysis  of cardiac glycosides  of the corresponding s t ruc-  
ture.  Finally,  the same react ion can be recommended as still the only method for  testing plant mater ia l s  
for  the p resence  of pregnane compounds. 

Our proposal  to use  xanthydrol  for  a rough determinat ion of the amount of pregnane glycosides is due 
to the fact that the 2 ,6-dideoxysugars  are  found in plants exclusively in compounds with cardenolides,  bufa- 
dienolides, and pregnanes [14]. Plants containing cardenolide and bufadienolide glycosides  possess  card io-  
tonic activity which can be revealed by well-developed tes ts  on animals.  In addition, digitaloid g l y c o s i d e s  
can be detected and measured  quantitatively by means of specific reagents  for  the butenolide ring. Conse-  
quently, if it is rel iably known that cardenolide and bufadienolide glycosides  a re  absent f rom the ma te r i a l  
being analyzed, it will be possible to judge the amount of pregnane glycosides  f rom the intensity of the spot 
appearing af ter  t rea tment  with the xanthydrol reagent.  

The 2 ,6-dideoxysugars  most  widespread in the vegetable kingdom a r e  D-digitoxose and D-cymarose .  
Consequently, it is des i rable  to use pure crys ta l l ine  preparat ions  of  these sugars  as  s tandards.  In the ab- 
sence of reagent  samples,  for analytical  purposes  it is possible to use  e rys imin  {helveticoside) or  cymarin.  
The use  of these cardenolide glycosides  is all the more ' jus t i f ied  in that their  molecular  weights a re  ve ry  
close to those of the pregnane monoglycosides.  Table 2 gives the resu l t s  of the analysis  of some plants of 
the family Asclepiadaceae for  their  content of 2 ,6-dideoxysugars .  It was established by experiments  on in- 
dividual compounds that under  the concrete  conditions descr ibed in the experimental  par t  pregnane glyco-  
sides a re  hydrolyzed completely to monoses.  However, in prac t ice  it may  be found that this requirement  
is not satisfied in all cases .  Because  of this, the resu l t s  obtained must  be considered only as indicative. 
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EXPERIMENTAL 

Preparation of the Xanthydrol Reagent. A solution of i0 mg of xanthydrol in 99 ml of glacial acetic 
acid is treated with 1 ml of concentrated hydrochloric acid. 

By increasing the amount of xanthydrol to 50 mg and that of concentrated hydrochloric acid to 2 ml, 
the sensitivity of the reaction is increased somewhat, but not to such an extent that this has a fundamental 
influence on the r e su l t s  of the m e a s u r e m e n t s .  

Dete rmina t ion  of the Molar  Extinction Coefficients.  A weighed sample  of the subs tance  (4-6 mg) was 
d isso lved  in 1 ml  of 96% ethanol, or, in the case  of sugars ,  80% ethanol. The solutions were  added by means  
of a m i c r o s y r i a g e  to 3 m l  of f r e sh ly  p r e p a r e d  xanthydrol  reagent:  0.005 ml  fo r  2 ,6-dideoxyaldohexoses ,  
0.015 ml  for  2-deoxyaldoses ,  0.050 m l  for  d i sacchar ides ,  0.02 m l  fo r  monoglycos ides ,  0.10 m l  fo r  diglyco-  
s ides ,  0.01 m l  for  t r ig lycos ides ,  and 0.025 m l  fo r  the te t rag lycos ide .  

Af te r  the addition of the subs tances  to be analyzed, the solutions w e r e  heated in the boiling wa te r  bath 
for  5 rain and they were  then cooled with w a t e r  to room t e m p e r a t u r e  (20°C) and were  added to cel ls  with a 
l a y e r  th ickness  of 0.5 cm, and the optical  densi t ies  were  m e a s u r e d  in an SF-4  spec t ropho tome te r  at 530 nm 
or  on an F ~ K - 5 6 P  photoelec t r ic  c o l o r i m e t e r  using a g r een  f i l t e r  (maximum t r a n s m i s s i o n  at 540 nm). The 
s tandard was the xanthydrol  reagent  heated and cooled in just  the same  way as  the sample .  The m e a s u r e -  
men t s  were  repea ted  and the mean  optical  density was calculated.  The color  is s table  and r e m a i n s  f o r  s ev -  
e r a l  hours .  

Analys is  of Plant Raw Mater ia l .  An accura te ly  weighted sample  (2 g) of a i r - d r i e d  careful ly  c o m m i -  
nut'ed raw m a t e r i a l  that had been passed  through a s ieve (with a p e r t u r e s  having a d i a m e t e r  of 1.0-1.5 mm) 
was introduced into a 50-ml  measu r ing  f lask,  35 m l  of 96% ethanol was added, and the mix tu re  was shaken 
on a v ibra t ion  s hake r  fo r  2 h o r  was left  to stand fo r  24 h. Then the ex t rac t  was  made  up to the m a r k  with 
the s ame  ethanol, s t i r red ,  and f i l tered.  If  the solution is s t rongly colored (chlorophyll), it is des i r ab le  to 
pass  it through a l a y e r  (1 cm) of p rev ious ly  t r ea ted  Wofatit SBW [16]. 

With a mic rosy r inge ,  0.1 m l  of the ex t rac t  was  added to 3 m l  of the xanthydrol  reagent ,  and the sub-  
sequent de te rmina t ion  was p e r f o r m e d  as  desc r ibed  above. Concentra ted solut ions the readings  for  which 
came  off the sca le  were  diluted, while in the case  of low optical  dens i t ies  a s m a l l e r  amont  of solvent  was 
used  fo r  extract ion.  A solution of D-digi toxose  (in 80% ethanol) in a concentra t ion  of 0.3-0.4 m g / m l  or  of 
e r y s i m i n  (in 96% ethanol) in a concentra t ion  of 0.8-1.2 m g / m l  was used as s tandard.  The solutions of the 
s tandards  (0.1 ml) were  added to the xanthydrol  reagent  by means  of a m i c r o s y r i n g e .  

The pe rcen tage  (X) of p regnane  g lycos ides  was  calculated f r o m  the fo rmula  

2~ _ Dexl~ V. e- n. 100 
/)st -m. 1000 ' 

where  De,x p and Dst  a r e  the opt ical  dens i t ies  of the exper imenta l  and s tandard solutions; c is the concen-  
t ra t ion  of the solution of  the s tandard  sample ,  m g / m l ;  V is the total  volume of  ex t rac t ,  ml; m is the weight 
of the raw ma te r i a l ,  g; n is the num ber  of dilutions. 

In  the method descr ibed ,  V=50  ml, m = 2  g, n = l .  

The plant s amples  were  kindly given to us  by P. G. Gorov (Institute of Biological ly Active Substances  
of the F a r - E a s t e r n  Scientif ic Center ,  Academy of Sciences  of the USSR) and by K. Kh. Khodzhaev (Botanical 
Garden, Academy of Sciences  of the Uzbek SSR). 

,SUMMARY 

The m o l e c u l a r  exttnction coeff lcients  in the xanthydrol  reac t ion  of 2 -deoxyaldoses  and the i r  ca rdeno-  
lide g lycosides  have been m e a s u r e d .  The  absorp t ion  indices va ry  within wide l imi t s  according  to the s t r u c -  
tu re  of the suga r s .  The 2 ,6-dideoxyaldoses  have a cons iderably  higher  coefficient  than the 2-deoxyaldoses .  
D i saccha r ides  in which 2 ,6-dideoxyaldohexoses  a r e  at tached to the D-g lucose  show a compa ra t i ve ly  low 
opt ical  densi ty .  The g lycos ides  r e f l ec t  the p r o p e r t i e s  of the suga r s  that they contain. 

A rough method of de te rmin ing  the umount of pregnane  g lycos ides  in plants  has  been  developed.  
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