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UTILITY OF CYCLODEXTRIN IN MOBILE 

OF BUFADIENOLIDES 

PHASE FOR HIGH-PERFORMANCE LI  UID 
CHROMATOGRAPHIC SEPARATIO R 

KAZUTAKE SHIMADA", YOUKO KURATA, 
AND TOMOYUKI OE 

Faculty of Pharmaceutical Sciences 
Kanazawa University 

13-1 Takara-machi 
Kanazawa 920, Japan 

ABSTRACT 

T h e  c h r o m a t o g r a p h i c  b e h a v i o r  o f  b u f a d i e n o l i d e s  i n c l u d i n g  
c o n j u g a t e s  was examined by t h e  a d d i t i o n  o f  Y - c y c l o d e x t r i n  t o  t h e  
m o b i l e  p h a s e  i n  r e v e r s e d - p h a s e  h i g h - p e r f o r m a n c e  l i q u i d  
chromatography.  The c a p a c i t y  f a c t o r  of  s u l f a t e  or g l u c u r o n i d e  was 
d e c r e a s e d  s h a r p l y  b y  t h e  a d d i t i v e .  T h e  s e p a r a t i o n  o f  
b u f a d i e n o l i d e s ,  u n s e p a r a b l e  u n d e r  t h e  u s u a l  m e t h o d ,  was much 
improved by t h e  a d d i t i o n  of  y - c y c l o d e x t r i n .  

INTRODUCTION 

I n  p r e v i o u s  p a p e r s  we r e p o r t e d  t h e  use o f  c y c l o d e x t r i n  (CD) 

i n  t h e  m o b i l e  p h a s e  which is o f  g r e a t  a d v a n t a g e  i n  t h e  s e p a r a t i o n  

of  isomeric s t e r o i d s  ( e s t r o g e n s  [ l ,  21, b i l e  a c i d s  [3] )  and t h e i r  

f l u o r e s c e n c e  d e t e c t i o n  i n  r e v e r s e d - p h a s e  h igh-per formance  l i q u i d  

c h r o m a t o g r a p h y  (HPLC). 

C a r d i a c  s t e r o i d s  o b t a i n e d  f rom n a t u r a l  s o u r c e s  were d i v i d e d  

i n t o  two c a t e g o r i e s ,  c a r d e n o l i d e  and b u f a d i e n o l i d e  h a v i n g  a f i v e -  
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494 SHIMADA, KURATA, AND OE 

o r  six-membered l a c t o n e  r i n g  a t  t h e  17 & p o s i t i o n ,  r e s p e c t i v e l y .  

We e x a m i n e d  t h e  r e t e n t i o n  b e h a v i o r  of c a r d e n o l i d e s  i n  t h e  

i n c l u s i o n  c h r o m a t o g r a p h y  u s i n g  CD a s  an a d d i t i v e  i n  t h e  m o b i l e  

p h a s e  a n d  c l a r i f i e d  t h a t  t h e  s t e r o i d  A/B r i n g  j u n c t i o n  i s  t h e  

most i m p o r t a n t  f a c t o r  i n  t h e  c h o i c e  of t h e  optimum CD t o  be added 

[ 4 ,  51. We a l s o  s u g g e s t e d  t h a t  t h e  o b t a i n e d  i n f o r m a t i o n  on  

c a r d e n o l i d e s  m a y  b e  a p p l i c a b l e  t o  t h e  s e p a r a t i o n  o f  

b u f a d i e n o l i d e s  [5], t h e  a s s u m p t i o n  was v e r i f i e d  b y  t h e  

d e t e r m i n a t i o n  of i n  v i t r o  m e t a b o l i t e s  of b u f a l i n  ( l ) ,  one of t h e  

r e p r e s e n t a t i v e  b u f a d i e n o l i d e s  [ 61. A s  a c o n t i n u a t i o n  of t h e s e  

w o r k s ,  t h e  p r e s e n t  p a p e r  c l a r i f i e s  t h e  r e t e n t i o n  b e h a v i o r  o f  

b u f a d i e n o l i d e s  i n  t h e  i n c l u s i o n  chromatography and t h e  a d v a n t a g e  

of t h i s  chromatography t o  t h e  s e p a r a t i o n  of these compounds. 

MATERIALS AND METHODS 
Materials 

CDs were k i n d l y  s u p p l i e d  by Nihon Shokuhin Kako Co. (Tokyo, 

Japan). B u f a d i e n o l i d e s  were i s o l a t e d  f rom t h e  n a t u r a l  source [ 71. 

1-Anthroyl  c y a n i d e  was purchased  from Wako P u r e  Chem. Ind., Ltd. 

(Osaka, Japan). S o l v e n t s  were p u r i f i e d  by d i s t i l l a t i o n  p r i o r  t o  

use .  

Appara tus  

HPLC was c a r r i e d  o u t  on a JASCO TRI ROTAR c h r o m a t o g r a p h  

equipped w i t h  a JASCO UVIDEC-100-11 u l t r a v i o l e t  d e t e c t o r  (UV; 300 

n m ) ( J a p a n  S p e c t r o s c o p i c  Co., Ltd., T o k y o )  or H i t a c h i  F-1000 

f l u o r e s c e n c e  d e t e c t o r  (FL; Xex 3 7 0  nm, X e m  470 nm)(Hitachi  Ltd., 

Tokyo)  a t  a f l o w  r a t e  of 1 m l / m i n .  A D e v e l o s i l  ODs-5 c o l u m n  (5 

Pm; 15 cm x 0.4 c m  i.d.) (Nomura  C h e m i c a l  Co., S e t o ,  J a p a n )  was 
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SEPARATION OF BUFADIENOLIDES 495 

u s e d  a t  a m b i e n t  t e m p e r a t u r e  u n l e s s  o t h e r w i s e  s t a t e d .  The  pH o f  

t h e  m o b i l e  p h a s e  was a d j u s t e d  w i t h  H3P04. The  d e a d  v o l u m e  was 

d e t e r m i n e d  by t h e  u s e  of NaN03 (UV) or MeOH (FL). 

D e r i v a t i z a t i o n  Methods 

T h e  d e r i v a t i z a t i o n  of  3 - e p i b u f a l i n  (2)  w i t h  1 - a n t h r o y l  

c y a n i d e  was done a c c o r d i n g  t o  t h e  p r o c e d u r e  d e s c r i b e d  by Goto e t  

a l .  [81. 

RESULTS AND DISCUSSION 

S e p a r a t i o n  of Bufogenins  

The c h r o m a t o g r a p h i c  a t t e m p t s  t o  s e p a r a t e  b u f o g e n i n s  o b t a i n e d  

f r o m  t o a d  venom h a v e  b e e n  r e p o r t e d  i n  s e v e r a l  p a p e r s ,  b u t  t h e  

r e s u l t s  o f  w h i c h  a r e  n o t  n e c e s s a r i l y  s a t i s f a c t o r y  [9] .  I n  

p r e v i o u s  paper  we r e p o r t e d  t h e  HPLC s e p a r a t i o n  of b u f o g e n i n s  on 

r e v e r s e d  p h a s e  c o l u m n  ( P B o n d a p a k  c18) [ l o ] .  The  s e p a r a t i o n  o f  

t h r e e  p a i r s  o f  b u f o g e n i n s  ( r e s i b u f o g e n i n  (9), c i n o b u f a g i n  ( 1 1 ) ;  

m a r i n o b u f a g i n  ( 1 4 ) ,  c i n o b u f o t a l i n  ( 1 6 ) ;  b u f o t a l i n  ( 8 ) ,  

d e a c e t y l c i n o b u f a g i n  ( 1 3 ) ) ( F i g u r e  1) was u n s a t i s f a c t o r y  i n  t h a t  

e x p e r i m e n t  u s i n g  a c e t o n i t r i l e  as a n  o r g a n i c  m o d i f i e r .  I n  t h i s  

p a p e r  t h e  i n c l u s i o n  c h r o m a t o g r a p h y  u s i n g  t h e  m o b i l e  p h a s e  

f o r t i f i e d  w i t h  CD was used f o r  t h e  s e p a r a t i o n  o f  t h e s e  compounds. 

I t  h a s  p r e v i o u s l y  b e e n  d i s c l o s e d  t h a t  Y-CD was t h e  most 

e f f e c t i v e  m o d i f i e r  f o r  t h e  r e t e n t i o n  of c a r d i a c  s t e r o i d s  having  

a n  A / B  c i s  r i n g  j u n c t i o n  [5]. These  d a t a  prompted u s  t o  u s e  Y - 
CD i n  t h i s  chromatography.  

T h e  e f f e c t s  o f  Y-CD o n  t h e  c a p a c i t y  f a c t o r  (k') a n d  

r e s o l u t i o n  (Rs) of  b u f o g e n i n s  are i l l u s t r a t e d  i n  F i g u r e  2. Rapid 

e l u t i o n  and good s e p a r a t i o n  of t h e s e  compounds were o b t a i n e d  w i t h  
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496 SHIMADA, KURATA, AND OE 

2. Rl=:H , R2=H 
'OH 

3. R1=+ , K2=H 
O-anthroyl 

H 
4. R1=$XO(CH2),COArg*OH, R2=H 

(ns2-6) 

5. R1=$CO(CH2),COOH, R2=H 

(n=2,6) 

6. Rl=*S03H, RZ=H 
'H 

7. R1=+-glucuronyl, R2=H 
H 

8.  Rl=yOH, R~=OAC 
'H 

9. Ri=R2=R3=H 

10. Ri=CO(CH2)2COOH, R2=R3=H 

11. R1=R2=H, R~ZOAC 

12. R1=CO(CH2)2COOH, R2=H, R~SOAC 

13. R1=R2=H, R3=OH 

14. RICH, K2=0H, R3=H 

15. R1=CO(CH2) COArg OH, 
R2=0H, R3=k 

16. R1=H, R2=OH, R~=OAC 

17. R1=CO(CH ) COArg=OH, 
R~=OH, R?~=~AC 

FIGURE 1. Structures of bufadienolides. 
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n 

k 
W 

L 
0 
L-. 

w- 

1 

9 
I 

# 
1 ,  1 ,  

I 
b . . . . .  

0 1 2 3 4 5  

,‘h 14 

0 1 2 3 4  L 
Concentration of I - C D  ( mM ) 

FIGURE 2. E f f e c t  o f  y-CD on t h e  r e t e n t i o n  and s e p a r a t i o n  o f  
b u f o g e n i n s .  
C o n d i t i o n s :  m o b i l e  phase ,  CH~CN-HZO ( a ,  2:3; b, 1:2; c, 
2:5) c o n t a i n i n g  y-CD as i n d i c a t e d ;  d e t e c t i o n ,  UV.  
The numbers r e f e r r e d  t o  t h e  s t r u c t u r e s  as shown i n  F i g u r e  1. 

i n c r e a s i n g  c o n c e n t r a t i o n  o f  y - C D .  O n e  of  t h e  t y p i c a l  

chromatograms is shown i n  F i g u r e  3b,  i n  which  c o m p l e t e  s e p a r a t i o n  

of  14 and 16 was o b s e r v e d  by the  a d d i t i o n  o f  Y-CD i n  t h e  m o b i l e  

phase.  

----- E f f e c t  o f  CD o n  t h e  R e t e n t i o n  of B u f a d i e n o l i d e s  D i f f e r i n g &  

C o n j u g a t i o n  

B u f a d i e n o l i d e s  were o b t a i n e d  f rom t o a d  venom as a b u f o g e n i n  

and c o n j u g a t e d  one. The l a t te r  c o n t a i n e d  b u f o t o x i n  ( b u f o g e n i n  3- 

s u b e r o y l a r g i n i n e  ester (4, n=6)), i t s  h o m o l o g s  (4, n=2-5), 

bufogenin  3 - f a t t y  a c i d  esters (5) and 3 - s u l f a t e s  (6)[7]. It is o f  

i n t e r e s t  t o  examine  t h e  e f f e c t  of  c o n j u g a t i o n  on t h e  r e t e n t i o n  of  

t h e s e  compounds i n  t h e  i n c l u s i o n  chromatography.  On t h i s  p o i n t  o f  
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498 SHIMADA, KURATA, AND OE 

a)  b )  

14,16 14 

.I,,, 
0 10 min 

16 

.- 

A 
0 10 min 

FIGURE 3. Sepa ra t ion  of mar inobufagin  (14)  and c i n o b u f o t a l i n  (16). 
Condi t ions :  mobi le  phase, a) CH CN-H20 (1:2) b) CH3CN- 
H20 (1:2) c o n t a i n i n g  Y-CD (5 mM3. 

v i e w ,  t h e  e f f e c t s  of y-CD c o n t e n t s  i n  t h e  mobi le  phase on t h e  k' 

va lues  of v a r i o u s  c o n j u g a t e d  b u f a d i e n o l i d e s  were i n v e s t i g a t e d .  

A l l  t h e  k' v a l u e s  of t h e  compounds examined obta ined  wi thou t  CD 

were k e p t  a t  g r e a t e r  t h a n  9.1 by c h a n g i n g  t h e  c o n c e n t r a t i o n  of  

t h e  o r g a n i c  m o d i f i e r ,  a c e t o n i t r i l e .  S ince  t h e  o rgan ic  m o d i f i e r  

competes w i t h  t h e  s o l u t e  f o r  t h e  hydrophobic CD c a v i t y ,  a change 

i n  t h e  p r o p o r t i o n  of o r g a n i c  m o d i f i e r  may i n f l u e n c e  t h e  s o l u t e  

i n t e r a c t i o n  w i t h  t h e  CD. However, a change i n  t h e  p r o p o r t i o n  was 

u n a v o i d a b l e  t o  g e t  t h e  a p p r o p r i a t e  k' v a l u e  f o r  d e t e c t i o n  and 

c h a r a c t e r i z a t i o n  of t h e  e f f e c t  o f  CD [5]. 

Comparing t h e  r e l a t i v e  c a p a c i t y  f a c t o r s  (Rk') of b u f a l i t o x i n  

(4, n=6) w i t h  t h o s e  of i ts homologs (4, n=2-S), t h e  v a l u e s  were 
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--b n = 5  
-9- n=4 

I \  - n = 3  
-e- n=2 4 

Y 
n" 
j- 9 

1 2 3 4 5  

I+- 
Q 5 l n  

0 1 2 3 4 5  
Concentration of F-CD (mM)  

FIGURE 4. E f f e c t  of Y-CD on t h e  r e t e n t i o n  of b u f a l i n  c o n j u g a t e s .  
a) B u f a l i t o x i n  and its homologs (4) b) o t h e r  b u f a l i n  
con juga te s .  
Condi t ions :  mobi le  phase, CH3CN-0.5% NaOAc(pH 4.0), 
r a t i o  (4 n=6, 1:2;  4 n=5, 4:9; 4 n=4, 2:5; 4 n=3, 
10:27; 4 n=2, 5:14; 5 n=6, 2 : l ;  5 n=2, 1: l ;  1, 1::; 6, 
3:lO; 7, 5:21);  d e t e c t i o n ,  UV. The t o  (min )  a n d  k 
v a l u e s  ob ta ined  wi thou t  Y-CD, t aken  as 1.0 f o r  t h e  
c a l c u l a t i o n  of t h e  Rk' va lue ,  are as  f o l l o w s  (4 n=6, 
1.2, 10.2; 4 n=5, 1.2, 12.1; 4 n=4, 1.2, 12.0; 4 n=3, 1.2, 
10.6; 4 n = 2 ,  1.3, 9.6; 5 n=6, 1.1, 9.1; 5 n = 2 ,  1.1, 10.5; 
1, 1.1, 11.8; 6, 1 . 3 ,  11.4; 7, 1.3 ,  9.7) .  
The numbers r e f e r r e d  t o  t h e  s t r u c t u r e s  as  shown i n  F igu re  1. 
The d a t a  of 5 n=6 a t  t h e  more than  3 mM of a d d i t i v e  has  
no t  been ob ta ined  because of t h e  s o l u b i l i t y .  

more  i n f l u e n c e d  by t h e  homologs  h a v i n g  t h e  s h o r t e r  m e t h y l e n e  

u n i t s  (F igu re  4a). Among t h e  examined o t h e r  b u f a l i n  c o n j u g a t e s ,  

Rk' v a l u e  of g lucuronide  (7) was most i n f luenced  by t h e  a d d i t i o n  

o f  CD, f o l l o w e d  by t h a t  of s u l f a t e  ( 6 ) ( F i g u r e  4b). It i s  l i k e l y  

t h a t  t h e  h y d r o p h i l i c  g r o u p  on t h e  c o n j u g a t e d  moiety w i l l  be 

impor t an t  f a c t o r  f o r  t h e  f o r m a t i o n  of t h e  i n c l u s i o n  complex from 

t h e  s o l u t e  and CD. The  s i g n i f i c a n t  i n t e r a c t i o n ,  e.g., hydrogen  

bond ing  m a y  o c c u r  b e t w e e n  s o l u t e s  b e a r i n g  OH g r o u p s  a n d  t h e  

hydroxyl groups of CD [ll]. 
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500 SHIMADA, KURATA, AND OE 

+ d - C D  
-A- 0 - C D  
+ b - C D  

Concentration of CD ( mM) 

FIGURE 5. E f f e c t  of  CD on  t h e  r e t e n t i o n  of 3 - e p i - ( l - a n t h r o y l )  
b u f a l i n  (3). 
C o n d i t i o n s :  column, YMC-GEL CN; m o b i l e  phase ,  CH CN-HzO 
( 1 O : l l )  c o n t a i n i n g  CD as i n d i c a t e d ;  d e t e c t i o n ,  F2; t o  
1.5 min; The k '  v a l u e  (9 .4 )  o b t a i n e d  w i t h o u t  CD was 
t a k e n  as 1.0 f o r  t h e  c a l c u l a t i o n  of t h e  Rk' v a l u e s .  

I n  p r e v i o u s  paper  w e  r e p o r t e d  t h e  c h r o m a t o g r a p h i c  b e h a v i o r  

o f  c a r d e n o l i d e s  l a b e l e d  w i t h  1 - a n t h r o y l  c y a n i d e  was n o t  so 

i n f l u e n c e d  by t h e  a d d i t i o n  of methylated-CD t o  t h e  m o b i l e  phase. 

But t h e  m o b i l e  phase  c o n t a i n i n g  more t h a n  75% of  o r g a n i c  m o d i f i e r  

t o g e t h e r  w i t h  YMC-GEL % column was used  a t  t h a t  e x p e r i m e n t  [5]. 

H i g h  p e r c e n t a g e  o f  o r g a n i c  m o d i f i e r  may  i n t e r f e r e  t h e  s o l u t e  

i n t e r a c t i o n  w i t h  CD. I n  o r d e r  t o  c l a r i f y  t h i s  a m b i g u i t y ,  t h a t  of 

l a b e l e d  3 - e p i b u f a l i n  (3) was e x a m i n e d  by u s i n g  YMC-GEL CN ( 5  

um;15 cm x 0.4 cm i .d.)(Yamamura Chem. Lab. Co., Ltd. ,  Kyoto, 

J a p a n )  and a c e t o n i t r i l e - w a t e r  (10: 11) c o n t a i n i n g  a- ,  6- o r  y-CD 

as a column and m o b i l e  phase,  r e s p e c t i v e l y  ( F i g u r e  5). I n  s p i t e  
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b) 

10,12 10 12 

FIGURE 6. HPLC chromato  rams of  r e s i b u f o g e n i n -  and  c inobufagin-3-  
s u c c i n a t e s  (18, 12). 
C o n d i t i o n s ;  m o b i l e  phase ,  a )  CH CN-0.5% NaOAc (pH 
4 . 0 ) ( 3 : 4 )  b) CH3CN-0.5% NaOAc ( p i  4 .0) (3 :4)  c o n t a i n i n g  
Y-CD(5 mM); d e t e c t i o n ,  UV. 

o f  m o r e  t h a n  50% o f  water  i n  t h e  m o b i l e  p h a s e ,  Rk' v a l u e s  were 

n o t  so  i n f l u e n c e d  by t h e s e  CDs. T h e  d a t a  s u g g e s t e d  t h a t  b u l k y  

a n t h r a c e n e  r e s i d u e  may i n t e r f e r e  w i t h  t h e  f o r m a t i o n  o f  t h e  

i n c l u s i o n  complex. 

S e p a r a t i o n  of Conjugated  Bufogenins  

I n  t h e  p r e v i o u s  p a p e r  w e  r e p o r t e d  t h e  s e p a r a t i o n  o f  

b u f o g e n i n  c o n j u g a t e s  by t h e  c o n v e n t i o n a l  HPLC b u t  t h e  r e s u l t s  

were n o t  n e c e s s a r i l y  s a t i s f a c t o r y  [ 121. The a p p l i c a t i o n  o f  t h e  

i n c l u s i o n  c h r o m a t o g r a p h y  t o  t h e  s e p a r a t i o n  of t h e s e  c o m p o u n d s  

gave  s a t i s f a c t o r y  r e s u l t s .  'he c o u p l e  of e x a m p l e s  were shown i n  
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a) 

15,17 

J 
I- - L 
0 10 min 

b) 
15 17 

FIGURE 7. HPLC chromatograms of  m a r i n o b u f o t o x i n  (15) and 
c i n o b u f o t a l i t o x i n  (17). 
C o n d i t i o n s ;  m o b i l e  phase ,  a )  CH CN-0.5% NaOAc (pH 
3 . 0 ) ( 1 : 2 )  b) CH3CN-0.5% NaOAc ( p a  3.0)(2:5)  c o n t a i n i n g  
Y-CD (3.85 mM): d e t e c t i o n ,  UV. 

F i g u r e s  6 b  and  7 b ,  i n  w h i c h  t h e  c o m p l e t e  s e p a r a t i o n  h a s  b e e n  

observed  on r e s i b u f o g e n i n -  and cinobufagin-3-succinates (10, 12), 

m a r i n o b u f o t o x i n  (15) a n d  c i n o b u f o t a l i t o x i n  (17), r e s p e c t i v e l y .  

T h e  s e p a r a t i o n  of o t h e r  p a i r  of  b u f o t o x i n  h o m o l o g s  ( e .  g., 

r e s i b u f o g e n i n -  a n d  cinobufagin-3-succinylarginine es t e r s  ) was 

a l so  much improved by t h e  a d d i t i v e .  

I n  c o n c l u s i o n  t h e  u s e  of y-CD i n  t h e  m o b i l e  phase  a f f o r d s  a n  

a d v a n t a g e  t o  t h e  s e p a r a t i o n  of b u f a d i e n o l i d e s  i n  t h e  r e v e r s e d -  

p h a s e  HPLC. E x t r a c t i o n  o f  t h e  e l u a t e  f r o m  HPLC w i t h  o r g a n i c  

s o l v e n t  (e.g., c h l o r o f o r m )  f o l l o w e d  by w a s h i n g  w i t h  water 

r e c o v e r e d  t h e  buf a d i e n o l i d e  w i t h o u t  CD. The method is a p p l i c a b l e  
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n o t  o n l y  t o  t h e  d e t e r m i n a t i o n  b u t  a l s o  t h e  i s o l a t i o n  of  t h e s e  

compounds from t h e  n a t u r a l  source.  

F u r t h e r  a p p l i c a t i o n s  o f  t h i s  c h r o m a t o g r a p h y  t o  o t h e r  

compounds  are  b e i n g  c o n d u c t e d  i n  t h e s e  l a b o r a t o r i e s ,  a n d  t h e  

d e t a i l s  w i l l  be r e p o r t e d  e l sewhere .  
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