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ABSTRACT 

C y c l o d e x t r i n  w a s  used  as a component o f  m o b i l e  p h a s e  f o r  
t h e  s e p a r a t i o n  of isomeric e s t r o g e n s  by 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 p o s i t i o n a l  i s o m e r s  o f  
c a t e c h o l  and g u a i a c o l  e s t r o g e n s  were d i s t i n c t l y  r e s o l v e d  by the 
a d d i t i o n  of 6 - 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 .  The s e p a r a t i o n  
o f  e s t r i o l  16- and 1 7 - g l u c u r o n i d e s  r e q u i r e s  u s u a l l y  a p r o l o n g e d  
t ime. The u s e  of B - c y c l o d e x t r i n  i n  t h e  m o b i l e  p h a s e ,  however ,  
r e d u c e d  t h e  r e t e n t i o n  time c o n s i d e r a b l y .  

The e f f e c t  o f  6 - c y c l o d e x t r i n  c o n c e n t r a t i o n  i n  t h e  m o b i l e  
p h a s e  on  t h e  d e t e c t o r  r e s p o n s e  w a s  a l s o  i n v e s t i g a t e d .  The 
r e s p o n s e  o f  a f l u o r e s c e n c e  d e t e c t o r  was r a i s e d  w i t h  a n  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  B - c y c l o d e x t r i n ,  w h i l e  t h a t  o f  a n  e l e c t r o c h e m i c a l  
d e t e c t o r  was s i g n i f i c a n t l y  d e p r e s s e d .  
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INTRO DUCT I0 N 

SHIMADA ET AL. 

C y c l o d e x t r i n s  (CDs) are t o r i d a l - s h a p e d  c y c l i c  o l i g o s a c -  

c h a r i d e s  c o n s i s t e d  o f  a - l , 4 - l i n k e d  D-glucopyranose u n i t s .  They 

e x h i b i t  a h i g h l y  s t e r e o s e l e c t i v e  a b i l i t y  t o  Eorm i n c l u s i o n  com- 

p l e x e s  w i t h  a v a r i e t y  o f  m o l e c u l e s  and i o n s .  Some a t t e m p t s  t o  

u t i l i z e  t h i s  phenomenon have been  made i n  g a s  and l i q u i d  chro-  

matography [1,2]. The CD-bonded column i s  o f t e n  p r e f e r a b l e  t o  

c o n v e n t i o n a l  r e v e r s e d - p h a s e  one  f o r  t h e  s e p a r a t i o n  o f  o p t i c a l ,  

g e o m e t r i c a l ,  and s t r u c t u r a l  isomers [ 3 ] .  Armstrong e t  a l .  f i r s t  

r e p o r t e d  t h e  s e p a r a t i o n  o f  s t e r o i d  e p i m e r s  on CD-bonded s t a t i o n a -  

r y  phase  [ 4 ] .  One o f  major l i m i t a t i o n s  w i t h  t h i s  column i s  t h a t  

t h e  r e t e n t i o n  t i m e  i s  less  r e p r o d u c i b l e  as compared w i t h  t h e  

c o n v e n t i o n a l  column [ 5 ] .  

T h i s  p a p e r  d e a l s  w i t h  the s e p a r a t i o n  of s e v e r a l  e s t r o g e n  

i s o m e r s  by h igh-per formance  l i q u i d  chromatography (HPLC) on t h e  

r e v e r s e d - p h a s e  column w i t h  t h e  m o b i l e  p h a s e  c o n t a i n i n g  CD. The 

e f f e c t  o f  CD c o n c e n t r a t i o n  on  t h e  d e t e c t o r  r e s p o n s e  h a s  a l s o  been  

i n v e s t i g a t e d .  

MATERIALS AND METHODS 

Mate r i a 1 s 

C D s  were k i n d l y  s u p p l i e d  by Nihon Shokuhin Kako Co. ,  L td .  

(Tokyo, J a p a n ) .  Heptakis-(2,6-di-O-methyl)-8-CD (Me- 6-CD) w a s  

p r e p a r e d  and d o n a t e d  by Kao Co. (Tokyo) .  E s t r o n e  and e s t r i o l  

were a l s o  g e n e r o u s  g i f t s  f rom Teikoku Hormone Mfg. Co. (Tokyo, 

J a p a n ) .  I s o m e r i c  e s t r o g e n s  were s y n t h e s i z e d  i n  t h e s e  l a b o r a t o -  

r i e s  [61. O t h e r  r e a g e n t s  were p u r c h a s e d  from N a k a r a i  Chemica ls ,  

L td .  (Kyoto ,  J a p a n ) .  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  to  use .  

Appara tus  

HPLC w a s  c a r r i e d  o u t  on  a JASCO TRI ROTAR chromatograph  

equipped  w i t h  a JASCO UVIDEX-100-11 u l t r a v i o l e t  d e t e c t o r  (UV) 
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CYCLODEXTRIN IN MOBILE PHASE 1477 

( Japan  Spec t roscop ic  Co., L t d . ,  Tokyo) ,  Yanagimotc VMD-101 e lec-  

t rochemica l  d e t e c t o r  (ECD) (Yanagimoto Co., Kyoto) ,  o r  H i t a c h i  

F-100U f l u o r e s c e n c e  d e t e c t o r  (FL) ( S i t a c h i  L t d . ,  Tokyo) a t  a f low 

r a t e  of 1 inl/min. The a p p l i e d  p o t e n t i a l  o f  t h e  ECD was set  vs .  

an Ag/AgCl r e f e r e n c e  e l e c t r o d e .  A D e v e l o s i l  ODs-5 ( 5  urn) column 

(15  cm x 0.4 c m  i . d . )  (Nomura Chemical Co, ,  S e t o ,  Japan)  was used 

a t  ambient  t empera tu re .  The pH o f  the  mobile  phase  was a d j u s t e d  

wi th  H3P04. The c o n c e n t r a t i o n  o f  CD added t o  t h e  mobile  phase 

w a s  l i m i t e d  t o  less than  9 x lou3 M ,  because  o f  i t s  s p a r i n g  

3 s o l u b i l i t y .  The dead t i m e  was de te rmined  by t h e  use o f  NaNO 

(UV) [ 7 1 .  

RESULTS AND DISCUSSION 

E f f e c t  o f  CD i n  t h e  Mobile Phase on t h e  R e t e n t i o n  

The e f f e c t s  o f  a-, 6-, y- and Me-B-CD c o n t e n t s  i n  t h e  mobi le  

phase on c a p a c i t y  f a c t o r  ( k ' )  of  1 6 - e p i e s t r i o l  (16-epiE ) [ 8 ]  3 
were examined ( F i g u r e  1). Among t h e  C D s  examined,  B-CD was most 

e f f e c t i v e  i n  d e c r e a s i n g  t h e  k '  va lue .  On t h e  b a s i s  o f  t h e s e  

d a t a ,  f u r t h e r  s t u d y  was c a r r i e d  o u t  w i t h  8-CD. The k '  v a l u e s  o f  

e s t r o g e n s  and t h e i r  c o n j u g a t e s  dec reased  wi th  a n  i n c r e a s i n g  con- 

c e n t r a t i o n  of 6-CD i n  t h e  mobile  phase.  A s  i l l u s t r a t e d  i n  F i g u r e  

2 ,  t h e  e l u t i o n  o r d e r  was r e v e r s e d  by t h e  a d d i t i o n  o f  6-CD t o  t h e  

mobi le  phase .  It is of i n t e r e s t  t h a t  t h e  fo rma t ion  o f  t h e  in -  

c l u s i o n  complex from t h e  s o l u t e  and B-CD e x h i b i t s  such  a cha rac -  

t e r i s t i c  p a t t e r n .  I t  would be h e l p f u l  t o  i d e n t i f y  unambiguously 

t h e  peak on t h e  chromatogram ob ta ined  wi th  b i o l o g i c a l  samples .  

The i n t e r p r e t a t i o n  o f  t h e s e  phenomena has  p r e v i o u s l y  been d i s c u s -  

s ed  by Hinze [ l ] .  

S e p a r a t i o n  o f  Ca techo l  Es t rogens  

I n  t h e  p r e v i o u s  p a p e r ,  we r e p o r t e d  t h e  HPLC s e p a r a t i o n  o f  

c a t e c h o l  e s t r o g e n s  (2-OHE1, 2-OHE2, 4-OtiE1, 4-OHE2) on H i t a c h i  
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3 I 

1 I I I 8 I (Xlo-3k4M) I 

0 2 4 6 

Concentration of C D s  

3' FIGURE 1. E f f e c t  of CD on the  Re ten t ion  of 16-epiE 
1: a - C D ,  2 :  Me-a-CD, 3: Y-CD, 4: 6-CD.  
Cond i t ions :  s o l u t e  ( 5  ug);  mobile phase ,  a c e t o n i t r i l e /  
H 0 ( 1 : 2 )  c o n t a i n i n g  each CD a s  i n d i c a t e d ;  d e t e c t i o n ,  u6 (280 nm); t0=1.4 min. 
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Concent ration of 0 - CD 
FIGURE 2 .  E f f e c t  of B-CD on the  Re ten t ion  o f  Catechol  Es t rogens .  

Condi t ions :  s o l u t e  t e a c h  5 p g ) ;  mobile phase ,  ace to -  
n i t r i l e / 0 . 0 6  M AcONa (pH 4 . 0 )  ( 1 : 2 )  c o n t a i n i n g  B-CD a s  
i n d i c a t e d ;  d e t e c t i o n ,  UV (280 nm); t0=1.4 min. 

1: 2-OHE1, 2:  4-OHE . 
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a) 
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1479 

b) 

1 

1 
4 

3~ 

, I  I I I I I I 

0 4 8 12(min) 0 4 8 ( m i d  

FIGURE 3 .  S e p a r a t i o n  o f  Catechol  Es t rogens .  
a )  1: 2-OHE2, 4-OHE , 2: 2-OHE , 3 :  4-OHE ; 
b )  1: 4-OHE , 2: 2-6HE2,  3 :  4-bHE1, 4 :  2-bHE . 
Condi t ions :2mobi le  phase ,  a )  a c e t o n i t r i l e / 0 . 6 6  M AcONa 
(pH 4 .0 )  ( 1 : 2 ) ,  b )  a c e t o n '  r i l e / 0 . 0 6  M AcONa (pH 4 .0 )  
( 1 : 2 )  c o n t a i n i n g  4.4 x 10 M 8-CD;  d e t e c t i o n ,  UV (280 
nm).  

-9 

g e l  3053 wi th  methanol/0.5% ammonium dihydrogen  phosphate (pH 

2.5) (11:15) [ 9 ] .  I n  t h a t  exper iment ,  p ro longed  t i m e  ( c a .  40 

m i n u t e s )  w a s  needed t o  a t t a i n  t h e  complete r e s o l u t i o n  ( R s  > 1.25) 

o f  each  peak and t h e  h igh  p r e s s u r e  (ca .  280 kg/cmL) was r e q u i r e d  

t o  d e l i v e r  t h e  mobile phase a t  a f low r a t e  o f  1 ml/min. I n  o r d e r  

t o  overcome t h e s e  problems, t h e  mobile phase f o r t i f i e d  wi th  a-CD 

was used. A s  shown i n  F igu re  3 ,  t h e  a d d i t i o n  o f  a-CD (4 .4  x 

MI t o  t h e  mobile phase improved t h e  r e s o l u t i o n  of  2-OHE2 and 

4-OHE2, where ace  t o n i  t r i l e  w a s  employed a s  t h e  o r g a n i c  m o d i f i e r  

i n s t e a d  o f  methanol and t h e  p r e s s u r e  was below 
2 150 kg/cm . 
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1480 SHIMADA ET AL. 

TABLE 1 
E f f e c t  of @-CD on t h e  R e t e n t i o n  o f  Guaiacol  Es t rogens  

Guaiacol  Es t rogens  k' Values 

2 2-ONeE 

2-OH 3-OMeE 

2-OMeE 

2-OH 3-OMeE 

4-OMeE 

3-OMe 4-OHE 

4-OMeE 

3-0ke 4-OHE1 

2 

1 

1 

2 

2 

1)  8.5 

10.0 

13.8 

14.8 

1.8 

2.9 

2.9 

4.8 

3 )  

2 )  4.5 

3.0 

7.8 

6.4 

1 . 7  

2.3 

3.0 

4 . 4  

4 )  

Cond i t ions :  s o l u t e  (each  5 ,,g); mobile phase ,  1) 
a c e t o n i t r i l e / H  0 ( 4 : 5 ) ,  2 )  a c e t o n i t r i l e / H 2 0  ( 4 : 5 )  
c o n t a i n i n g  8.8 x 10- M B-CD, 3 )  a c e t o u i t r i l e / H  o 
( 5 1 3 ) '  4 )  a c e t o n i t r i l e / H  0 ( 5 : 4 )  c o n t a i n i n g  3.5 x 
10 

2 
2 

M 6-CD; d e t e c t i o n ,  6" (280 nm); t0=1.3  min. 

S e p a r a t i o n  of  Guaiacol  Es t rogens  

The s e p a r a t i o n  o f  g u a i a c o l  e s t r o g e n s  (2-OMeE1, 2-OMeE2, 2-OH 

3-OMeE1, 2-OH 3-OMeE2; 4-OMeE1, 4-OMeE 2 '  3-OMe 4-OHE1, 3-OMe 

4-OHE ) has been p r e v i o u s l y  e s t a b l i s h e d  by reversed-phase  HPLC 

f o r  de t e rmin ing  t h e  c a t e c h o l  0 -me thy l t r ans fe ra se  a c t i v i t y  us ing  

2-OHE1 o r  4-OHE1 as a s u b s t r a t e ,  However, t h e  proposed method 

r e q u i r e d  more t h a n  t h i r t y  minutes  f o r  t h e  complete s e p a r a t i o n  o f  

t h e  p roduc t s  [ 6 J .  The a d d i t i o n  of a-CD t o  t h e  mobile phase 

r e s u l t e d  i n  a r e v e r s a l  of t h e  e l u t i o n  o r d e r  and a d e c r e a s e  i n  t h e  

r e t e n t i o n  t ime ( t  < 12 min ) ,  improving t h e  s e p a r a t i o n  of  t h e s e  

compounds ( R s  > 1.25)  (Table  1 ) .  
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CYCLODEXTRIN IN MOBILE PHASE 1481 

1 )  
TABLE 2 

E f f e c t  of B-CD on t h e  De tec to r  Response 

De tec to r  a-CD Concen t r a t ion  

(x M I  uv ECD FL 

0 1.0 1 .o 1.0 

0 .9  1.0 0.9 1.1 

2.2 1.0 0 . 8  1.2 

4.4 1.0  0.5 1.2 

1 )  Peak a r e a  r a t i o  r e l a t i v e  t o  t h e  va lue  o b t a i n e d  
wi th  0 M 6-CD. Cond i t ions :  s o l u t e ,  E3 (UV, 5 pg; 
E C D ,  FL, 200 n g ) ;  mobile phase ,  a c e t o n i t r i l e / H  0 
( 1 : 4 )  c o n t a i n i n g  a-CD; d e t e c t i o n ,  UV (280 n m ) ,  E 6 D  
(800 mV), FL (Xex 280 nm, Xem 310 nm). 

S e p a r a t i o n  o f  Es t rogen  Glucuronides  

The chromatographic s e p a r a t i o n  o f  E 16G and 1 7 G  i s  a d i f -  

f i c u l t  problem due t o  t h e i r  c l o s e  s i m i l a r i t y  i n  p h y s i c a l  p roper -  

t i e s .  The s e p a r a t i o n  of t h e s e  two has  been a t t a i n e d  p r e v i o u s l y  

by BPLC on TSK-GEL LS-410 ODs-SIL wi th  t e t r ahydro fu ran /O .  7% 

d isodium hydrogen phosphate  (pH 3.0) ( 1 : 6 ) .  The proposed method, 

however, r e q u i r e d  more than  t h i r t y  minutes  and h igh  p r e s s u r e  ( ca .  

300 kg/cm ) a t  a f low r a t e  o f  1 ml/min [ l o ] .  The a d d i t i o n  o f  a- 
CD (4 .4  x M) t o  t h e  mobile phase ( o r g a n i c  m o d i f i e r :  ace to -  

R n i t r i l e )  gave a s i g n i f i c a n t  r e s o l u t i o n  ( R s  1 .1)  o f  t h e s e  two ( t  

< 10 min ) ,  where the  p r e s s u r e  r e q u i r e d  was below 150 kg/cm . A 

t y p i c a l  chromatogram of  t h e s e  compounds and o t h e r  r e l a t e d  e s t r o -  

gen g lucuron ides  i s  shown i n  F igu re  4.  The p r e s e n t  method is 

a p p l i c a b l e  t o  t h e  d e t e r m i n a t i o n  of e s t r o g e n  g lucuron ides  i n  b io-  

l o g i c a l  f l u i d s .  
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1 
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SHIMADA ET AL. 

2 

3 4  

1 I I I I I 

0 10 20 ( m i d  

FIGURE 4 .  S e p a r a t i o n  o f  E s t r o g e n  G l u c u r o n i d e s .  

3 1: E 3G ( s o l v e n t  f r o n t ) ,  2: E 3 G ,  3: E3 16G, 4 :  E 3 2 17G, 5:  E l  3 G ,  6 :  E2 1 7 G .  
C o n d i t i o n s :  m o b i l e  p h a s e ,  a c e t o n i t r i  e l 0 . 0 2 4  M AcONa 
(pH 4 . 0 )  (1:18) c o n t a i n i n g  4 . 4  x 10 M B-CD; d e t e c -  
t i o n ,  UV (280 nm) .  

-3 

E f f e c t  o f  B-CD on t h e  D e t e c t o r  Response 

It h a s  b e e n  r e p o r t e d  t h a t  CD s e r v e s  t o  e n h a n c e  and s t a b i l i z e  

t h e  f l u o r e s c e n c e  i n t e n s i t y  o f  d a n s y l  amino a c i d s  on a s i l i c a  g e l  

l a y e r  [ l l ] .  The f l u o r e s c e n c e  enhancement  w a s  a l s o  o b s e r v e d  upon 

i n c l u s i o n  o f  coumar in  d e r i v a t i v e s  w i t h  B-CD [ 1 2 ] .  On t h e  o t h e r  

hand Matsue e t  a l .  r e p o r t e d  t h a t  t h e  c o m p l e x a t i o n  w i t h  B-CD 

r e t a r d s  t h e  e l e c t r o n  t r a n s f e r  r a t e  [ 1 3 ] .  These f i n d i n g s  prompted 

us  t o  examine t h e  e f f e c t  o f  a-CD c o n c e n t r a t i o n  i n  t h e  m o b i l e  

p h a s e  on t h e  d e t e c t o r  r e s p o n s e .  The r e s u l t s  o b t a i n e d  a re  l i s t e d  

i n  T a b l e  2. The f l u o r e s c e n c e  i n t e n s i t y  w a s  enhanced  by t h e  a d d i -  

t i o n  o f  6-CD t o  t h e  m o b i l e  p h a s e  whereas  t h e  r e v e r s e d  e f f e c t  w a s  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CYCLODEXTRIN IN MOBILE PHASE 1483 

o b s e r v e d  w i t h  ECD.  The c o e x i s t e n c e  o f  CD d i d  n o t  i n t e r f e r e  w i t h  

u l t r a v i o l e t  d e t e c t i o n .  

I n  c o n c l u s i o n  the u s e  o f  P C O  i n  t h e  m o b i l e  p h a s e  a f f o r d s  a n  

a d v a n t a g e  t o  the s e p a r a t i o n  o f  i s o m e r i c  e s t r o g e n s  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  t h e  r e v e r s e d - p h a s e  HPLC. a-CD i s  r e a d i l y  

a v a i l a b l e  and e x e r t s  no e f f e c t s  on t h e  r e p r o d u c i b i l i t y  of r e t e n -  

t i o n  time and column l i f e .  

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  method t o  o t h e r  s t e r o i d s  and 

r e l a t e d  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 ,  and 

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 s e w h e r e .  
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