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QUANTITATIVE DETERMINATION OF 
DIGITALIS GLYCOSIDES IN 

DIGITALIS PURPUREA LEAVES 
kD-PHASE 

THIN-LAY ER CHROMATOGRAPHY 

YOUICHI FUJII,  YUKARI IKEDA, 
AND MITSURU YAMAZAKI 

School of Pharmacy 
Hokuriku University 

3 Ho, Kanagawa-rnachi 
Kanazawa 920-11, Japan 

ABSTRACT 

A densitometric reversed-phase thin-layer chromatographic(RP- 
TLC) method for the determination of digitalis glycosides in Digi- 
talis purpurea leaves has been developed. The procedure involves 
extraction of dry leaf powder with ethanol/chloroform (2: 1) and 
clean-up by Sep-Pak cartridges prior to RP-TLC analysis. RP-TLC 
was performed on an octadecylsilyl bonded silica gel plate, using 
a developing solvent of acetonitrile/0.5M NaCl(1: 1) f o r  secondary 
glycosides and acetonitrile/0.5M NaCl(2 : 3)for primaryglycosides. 
The plate was scanned with a reflectance densitometer at 222 nm. 
Quantitation of these glycosides was carried out by the internal 
standard method. The amounts of digitoxin, gitoxin, gitaloxin, 
purpurea glycoside A, purpurea glycoside B, and glucogitaloxin in 
a leaf powder sample of Digitalis purpurea were estimated fromthe 
calibration graphs for pure glycosides. 

INTRODUCTION 

The cardiac glycosides prepared fromDigitaZisplant have been 

Digitalis widely used in the therapy of congestive heart failure. 
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1910 FUJII, IKEDA, AND YAMAZAKI 

purpurea leaves are known to contain primary glycosides ( purpurea 

glycoside A, purpurea glycosice B, and glucogitaloxin) as well as 
secondary glycosides (digitoxin, gitoxin, and gitaloxin). Because 

of these pharmacological importance, many studies of their separa- 

tion and determination have been made. Although high-performance 

liquid chromatography has beer1 shown to be an effective method for 

the quantitation of cardiac glycosides in Digitalis leaves (1 - 4 ) ,  

thin-layer chromatography(TLC) remains an invaluable aid for simple, 

inexpensive, and sensitive analysis. Previously published conven- 

tional TLC methods of determining glycosides in Digitalis purpurea 
have utilized measurement of the spot areas ( 5 ) , i n  s i t u  fluorimet- 
ric measurement on a plate ( 6  , 71, o r  colorimetric measurement of 

solutions obtained after spot elution (8). Evans e t  aZ . (9 )  have 

reported a densitometric TLC method for the estimation of A and B 

series glycosides as their reEpective aglycones. Recently, Hagi- 

wara e t  a l . ( 1 0 )  have proposed a technique for the content uniform- 

ity test of lanatoside C in tablets using high-performance TLC 

followed by densitometry. The usefulness of adapting a reversed- 

phase system to the TLC analysis of cardiac steroids has been de- 

scribed by Bloch (11). However,no author has reported thereversed- 

phase TLC(RP-TLC) method for the quantitation of cardiac glycosides 

in Digitalis leaves. 

In this paper, we present theRP-TLC procedure for the quanti- 
tative determination of digitalis glycosides inDigita1i.s purpurea 
leaves. The method involves clean-up with Sep-Pak cartridges, TLC 

separation on QDS bonded silica plates, and subsequent densitomet- 

ric scan with ultraviolet absorbance (222 nm) based on the buteno- 

lide ring. 

MATERIALS AND METHODS 

Materials 

Gitoxin, lanatoside A, and lanatoside B were obtained from E. 
Merck (Darmstadt, F.R.G.), digitoxin from Wako (Osaka, Japan), gi- 

taloxin from Boehringer Mannheim (Mannheim, F.R.G.), and Sep-Pak 
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DIGITALIS GLYCOSIDES 1911 

Secondary glycosides Primary glycosides 
D i g i t o x i n  : R = H  Purpurea glycoside A : R = H  
Gitoxin : R = O H  Purpurea glycoside B : R=OH 
G i t a l o x i n  : R=OCHO G lucogi t a loxin : R=OCHO 

FIGURE 1. Structures of the cardiac glycosides investigated. 

cartridges from Waters (Milford,MA, U.S.A.). Purpurea glycoside A 
and purpurea glycoside B were synthesized from lanatoside A and 

lanatoside B, respectively, according to the procedure of Peki; 

and Miljkovi;( 12) and recrystallized repeatedly from dichlorometh- 

ane/methanol. Glucogitaloxin was prepared from purpurea glycoside 

B by the method of Haack e t  aZ. (13). 14a,15a-Epoxy-"B"-anhydro- 

digitoxin ( internal standard I) and 14a,15a-epoxy-"B"-anhydro- 

purpurea glycoside A (internal standard II) were also synthesized 
in four steps from digitoxin and purpureaglycoside A,respectively, 

by the method adapted from Sawlewicz et aZ. (14). The chemical 

structures of secondary glycosides and primary glycosides investi- 

gated are given in Figure 1. Standard solutions of the glycosides 

were prepared by dissolving each compound in ethanol/chloroform ( 

2 :l). 

Sample preparation 

DigitazispurpureaL. leaves in the second year were collected 
in the medicinal botanical garden (Kanazawa,Japan)of Hokuriku Uni- 

versity on June 21. The half of harvested leaves were immediately 

freeze-dried in a Neocool Model DC-55A apparatus(Yamat0 Scientific, 

Tokyo, Japan)(Freeze-drying I). The other leaves were stored at 
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1912 FUJII, IKEDA, AND YAMAZAKI 

a low temperature for four months and then freeze-dried (Freeze- 

dryingE). The leaf powder was prepared by a previously reported 

method (4). 

Approximately 250mg of di-y leaf powder were accurately weigh- 

ed and added to ethanol/chloroform (2: 1)(25 ml) containing inter- 

nal standards I(44.69 pg)and l I (83 .93  pg). After ultrasonication 

for 1 h in an ultrasonic cleaning bath, the extract was filtered 

and evaporated to dryness using a rotary evaporator. The resulting 

residue was dissolved in chloroform/acetic acid (100: 0.1) and sub- 

jected to the Sep-Pak silica cartridge. Chloroform/acetic acid (100 

: 0.1)(15 ml),chloroform/methanol/acetic acid(100 : 5 :0.1)(20 ml), 

and chloroform/methanol/water/acetic acid(80 :20 :2.5 :0.1)(15 ml) 

were successively passed through the cartridge. After evaporation 

of the second fraction, the rl-sidue was dissolved in methanol/wa- 

ter/acetic acid (10 : 10 : 0.02) 

tridge. The cartridge was washed with methanol/water/acetic acid 

(10 :10 : 0 . 0 2 ) ( 3 0  ml). Secondary glycosides and internal standard 

I were eluted with methanol/water/acetic acid (20 : 10 : 0.03) (20 ml) 

(Fr. 1). On the other hand, the third fraction on the silicacar- 

tridge was also applied to the CI8 cartridge. After washing with 

methanol/water/acetic acid(l0: 10: 0.02)(20ml), primary glycosides 

and internal standard II were eluted with methanol/water/acetic 

acid (20: 10: 0,03)(10ml)(Fr. 2 ) .  Fr. 1 and Fr.2 were concentrated 

in vacuo and analyzed by RP-TLC. A scheme illustrating the various 
steps in extraction and clean-up procedures of the leaf powder is 

outlined in Figure 2. 

and loaded on the Sep-Pak C18 car- 

RP-TLC determination 

RP-TLC was performed on 5x2Ocm Whatman KC18 plates (Clifton, 

NJ, U.S.A.) with a thickness cbf 0.2 mm. Two mobile phases were 

used in this study, acetonitrile/0.5 M NaCl (1: 1) for determina- 
tion of secondary glycosides and acetonitrile/0.5 M NaCl (2: 3) for 
primary glycosides. Aliquots(4 p l )  of the solutions were spotted 

with Drummond Microcap micropipets on RP-TLC plates. The plates 

were developed in glass chambers that were lined with filter paper 
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DIGITALIS GLYCOSIDES 1913 

Leaf powder of Digitalis purpurea 

extracted with ethanollCHCl3 (2:1) containing I internal standards I and II 
Sep-Pak silica cartridge 

I 
I 

I 1 
CHC13lAcOH CHCI3IMeOH IAcOH CHCI3IMeOHl HzOIAcOH 
(100 : 0.1 ) (100:5:0.1) (80 : 20 : 2.5 : 0.1 1 

I I I 
Discard Sep-Pak Cla cart ridge Sep-Pak Cle cartridge 

MeOHIHflIAcOH MeOHlHzOlAcOH MeOHlH~OlAcOH MeOHIHzOIAcOH 
(10 : 10 : 0.02) (20 : 10 : 0.03) 

I 
(20 : 10 : 0.03) (10 : 10 : 0.02) 

(Fr. 1 )  I (Fr.2) 
Discard I Discard I 

RP-TLC RP-TLC 

FIGURE 2. Schematic diagram of the sample preparation for the RP- 
TLC analyses of digitalis glycosides in Digitalis pur- 
purea leaves. Fr.1 =secondary glycoside fraction; Fr.2 
=primary glycoside fraction. MeOH= methanol; AcOH =ace- 
tic acid. 

and preequilibrated with mobile phase for 10 min. The development 

time was about 70 min and the migration distance was 17 cm. After 

air drying, the plates were scanned with a Shimadzu Model CS-920 

high-speed zig-zag TLCscanner(Kyot0, Japan)connected to a Shimadzu 

Model U-135 recorder. This TLC scanner has the curve linearizer 

programed according to the Kubelka-Munk equation. All measurements 

were made in the reflectance mode, scanning range X 12 mm and Y 
180 mm, and wavelength 222 nm. Each sample was usually determined 

in triplicate on the plate, and the result was the mean of three 

determinations. Peak areas printed out by the TLCscanner were used 

for each analysis. Calibration graphs were constructed by plotting 

the peak area ratios of each secondaryglycoside to internalstand- 

ard I and of each primary glycoside to internalstandard II against 

the amount of each compound. 
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1914 FUJII, IKEDA, A N D  YAMAZAKI 

RESULTS AND DISCUSSION 

The RP-TLC s e p a r a t i o n  o f  c a r d i a c  g l y c o s i d e s  and t h e  s e l e c t i o n  

o f  i n t e r n a l  s t a n d a r d s  were c a r r i e d  o u t .  A f t e r  i n v e s t i g a t i n g  many 

s u b s t a n c e s ,  14cr,l5a-epoxy-"B~'-anhydro-digitoxin(internalstandardI) 

and 14a,15a-epoxy-"B"-anhydro-purpurea g l y c o s i d e  A ( i n t e r n a l s t a n d -  

a r d  IL) were found t o  be t h e  most s u i t a b l e  f o r  t h e  d e t e r m i n a t i o n s  

o f  secondary g l y c o s i d e s  and ol: p r imary  g l y c o s i d e s ,  r e s p e c t i v e l y .  

RP-TLC was performed on C I 8  s i : . ica  p l a t e s  u s i n g  t h e  b i n a r y  s o l v e n t  

mix tu re  o f  a c e t o n i t r i l e  and 0.5 M N a C l  as t h e  mobile  phase .  D ig i -  

t o x i n ,  g i t o x i n ,  g i t a l o x i n ,  and i n t e r n a l  s t a n d a r d  I were s e p a r a t e d  

i n t o  f o u r  s p o t s  when a c e t o n i t r i l e / 0 . 5  M N a C l  (1:l) was employed. 

On t h e  o t h e r  hand,  t h e  s e p a r a t i o n  o f  p u r p u r e a  g l y c o s i d e  A , p u r p u r e a  

g l y c o s i d e  B ,  g l u c o g i t a l o x i n ,  and i n t e r n a l  s t a n d a r d  II was ach ieved  

by u s i n g  a c e t o n i t r i l e / 0 . 5  M N a C l ( 2 :  3 ) .  

v a l u e s  o f  t h e s e  compounds are shown i n  F i g u r e  3. All of  t h e  R f  

v a l u e s  were w i t h i n  t h e  optimum range  o f  0 . 3 t o 0 . 7  f o r  a c c u r a t e  and 

p r e c i s e  d e t e r m i n a t i o n .  

f The chromatograms and R 

The s e p a r a t i o n  o f  d i g i t a l i s  g l y c o s i d e s  i n  Digitalis purpurea 
l e a v e s  was then  unde r t aken .  Q u a n t i t a t i o n  of t h e s e  g l y c o s i d e s  was 

performed by i n c o r p o r a t i o n  of two i n t e r n a l  s t a n d a r d s  i n  a l ea fpow-  

d e r  sample.  The d r i e d  l e a f  powder was e x t r a c t e d  w i t h  e t h a n o l / c h l o -  

r o f o r m ( 2 :  1) by u l t r a s o n i c a t i o n .  For  t h e  pu rpose  of  removing many 

c o e x i s t i n g  m a t e r i a l s  i n  t h e  e x t r a c t  and d i v i d i n g  t h e  g l y c o s i d e s i n -  

t o  secondary and p r imary  g l y c o s i d e s ,  t h e e x t r a c t  was s u b m i t t e d t o  a 

Sep-Pak c a r t r i d g e  packed w i t h  s i l i c a  g e l .  Furthermore,Sep-Pak C18 

c a r t r i d g e s  were used  i n  a clean-up s t e p  p r i o r  t o  RP-TLC. The p u r i -  

f i e d  secondary g l y c o s i d e  f r a c t i o n ( F r . 1 )  and p r i m a r y g l y c o s i d e  frac- 

t i o n  ( F r . 2 )  were s u b j e c t e d  i n d i v i d u a l l y  t o  RP-TLC u s i n g  t h e  deve l -  

op ing  s o l v e n t s  a s  d e s c r i b e d  above.  F i g u r e  3 shows t h e  r e p r e s e n t a -  

tiveRP-TLC p a t t e r n s  o f  Fr.1 and F r .2 , compared  w i t h  p u r e  g l y c o s i d e  

mix tu res .  The R v a l u e s  and c o l o r s  of  s p o t s  by v i s u a l i z a t i o n  u s i n g  

c o n c e n t r a t e d  s u l f u r i c  a c i d  s p r a y  a g r e e  w e l l  w i t h  t h o s e  of t h e  au- 

t h e n t i c  samples.  The s e p a r a t i o n s  are of s u f f i c i e n t  q u a l i t y  and r e -  

p r o d u c i b i l i t y  t o  p e r m i t  q u a n t i t , a t i v e  work. 

f 
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DIGITALIS GLYCOSIDES 1915 

FIGURE 3. RP-TLC separations of digitalis glycosides in Digitalis 
purpurea leaves and mixtures of authentic glycosides on 
Whatman KC18 plates. Fr.l and Fr.2 refer to Figure 2. 
Mix. 1= a mixture of secondary glycosides and an inter- 
nal standard I; Mix. 2= a mixture of primary glycosides 
and an internal standards. Developing solvents : plate 
(a), acetonitrile/0.5 M NaCl (1 : 1) ; plate ( b )  , acetoni- 
trile/O.5 M NaCl(2 :3). Visualization : spraying with 
concentrated sulfuricacid followed by heating in an ov- 
en at 120 OC for 10 min. Spot identification : 1=14a, 
15a-epoxy-"$"-anhydro-digitoxin (Rf 0.34) ; 2 = digitoxin 
(Rf 0.41); 3 =  gitaloxin (Rf 0.51) ; 4 = gitoxin (Rf 0.62) ; 
5 = 14a ,15a-epoxy-"$"-anhydro-purpurea glycoside 
0.41); 6=purpurea glycoside A (Rf 0.49); 7=glucogita- 
loxin(Rf 0.56); 8 =purpurea glycoside B (Rf 0.63). 

A (Rf 

The densitometric measurement was achieved by a Shimadzu zig- 

zag TLC scanner without treating the spot with any reagents. A de- 
tection wavelength of 222 nm was employed on the basis of the a,$- 

unsaturated lactone ring attached at the C-17position of the ster- 

oid nucleus. This maximum wavelength was determinedfrom the absorp- 

tion spectrum by scanning the spot on the plate. Figure 4 depicts 
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1916 FUJII, IKEDA, AND YAMAZAKI 

Fr. 1 M i x .  1 

. 8 

Origin 
8 

5 6  

Fr. 2 M ix .  2 

FIGURE 4. Densitometric profiles of digitalis glycosides on Whatman 
KC18 TLC plates using a Shimadzu high-speed zig-zag TLC 
scanner CS-920. Mea:suring mode : reflection-absorption 
photometry at 222 nm; scanning range : X  12 mm, Y 180 mm; 
chart speed : 24 mm/min. Peak numbers, samples, and de- 
veloping solvents art. the same as those in Figure 3. 

the densitometric profiles obt.3ined from the RP-TLC separations. 

The peak area for eachspot was determined by the integratedabsorb- 

ance value from the TLC scanner. Linear calibration graphs were 

constructed by plotting the peak area ratios of each glycoside to 

internal standards I or IT against the amount of each glycoside. 

The regression equations, ranges of linearities, and correlation 

coefficients are compiled in Table 1. 

The present method was then applied to the quantitation of 

secondary and primary glycosides in Digitabis purpurea. The cut 

leaves from the living plant were promptly freeze-dried (Freeze- 

drying I) or freeze-dried after storage for f o u r  months (Freeze- 

drying K ) .  The amounts of digitoxin, gitoxin, gitaloxin, purpurea 
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DIGITALIS GLYCOSIDES 

TABLE 3 

1917 

Regression Equations, Ranges of Linearities, and Correlation Coef- 
ficients of the Calibration Graphs for Digitalis Glycosides 

Range Correlation 
(pg) coefficient Glycoside Equation 

Digi toxin Y1 = 0.0251 X + 0.208 20 -100 0.993 
Gitoxin Y1 = 0.0323X - 0.137 10 - 50 0.992 
G i tal ox i n y1 = 0.0189 X + 0.289 40 -140 0.982 
Purpurea glycoside A Y2= 0.016OX + 0.011 10- 90 0.991 
Purpurea glycoside B Y2 = 0.0174 X + 0.015 10 - 90 0.991 
Glucogi taloxin Y2 = 0.0142 X - 0.052 50 -400 0.993 

Y1: peak area ratios of each secondary glycoside to internal stand- 
ard I; Y2: peak area ratios of each primary glycoside to internal 
standard lT; X: amount(pg) of each glycoside (number ofpoints= 7). 

TABLE 2 

Contents* of the Digitalis Glycosides in DigitaZis purpurea Leaves 
by the Present Method 

Glycoside Freeze-drying I** Freeze-drying a*** 
Mean + S.D. ( n ) Mean + S.D. ( n ) 

Digitoxin 14.5 1.3 ( 5) 25.6 ? 0.84 ( 5 )  
Gi toxin 4.3 -+ 0.22 ( 5) 7.1 k 1.6 ( 5) 
Gi taloxin 25.9 2 2.4 ( 5 )  46.3 2 6.3 ( 5) 
Purpurea glycoside A 25.6 rt 0.63 (10) 18.4 k 1.1 ( 7) 
Purpurea glycoside B 18.2 5 0.82 (10) 13.8 f 2.3 ( 7) 
Glucogitaloxin 64.0 i 3.6 (10) 48.0 2 2.3 ( 7) 

S . D .  : standard deviation; n : number of samples. 

mg of a dry leaf powder sample. 
The leaves were immediately freeze-dried after collection. 

**'The leaves were stored for four months and then freeze-dried. 

*Numerals represent the amount (pg) of cardiac glycosides per 100 

** 

glycoside A, purpurea glycoside B, and glucogitaloxin per 100mg of 
the dry leaf powder are given in Table 2. The percentages of each 

primary glycoside on Freeze-drying II to that on Freeze-drying I 
were 72% for purpurea glycoside A, 76% for purpurea glycoside B, 
and 75% for glucogitaloxin. On the other hand, the contents of 

secondary glycosides on Freeze-drying II in comparison with those 
on Freeze-drying I increased. From these data, it was suggested 
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1918 FUJII, IKEDA, AND YAMAZAKI 

that part of primary glycosides were enzymatically converted into 

the corresponding secondary glycosides during the storage of Digi- 
talis leaves. 

In conclusion, the RP-TLC determination of secondary and pri- 

mary glycosides in Digitalis p r p u r e a  leaves was achieved by using 
the pretreatmentwith Sep-Pak cartridges and the two internal stand- 

ards. Gitaloxin and glucogitaloxin readily lose the formyl group 

at position C-16 giving rise to gitoxin and purpurea glycoside B ,  

respectively, especially under slkaline conditions. For the purpose 

of preventing deformylation of gitaloxin and glucogitaloxin, a very 

small amount of acetic acid was added to the eluent for theSep-Pak 

cartridges. The present method provides a significant advantage in 

terms of selectivity, sensitivity, and convenience. It is hoped 

that this method can be adopted for estimation of the quality of 

Digitalis purpurea leaves. 
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