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STUDIES ON STEROIDS C L X X V I I I .  
SEPARATION OF ESTROGEN GLUCURONIDES BY 
HIGH-PERFORMANCE L I Q U I D  CHROMATOGRAPHY 

Kazutake Shimada, Masanori  K a j i ,  Fuming X i e  
and Toshio Nambara" 

Pha rmaceu t i ca l  I n s t i t u t e  
Tohoku U n i v e r s i t y  

Senda i ,  J apan  

ABSTRACT 

S e p a r a t i o n  o f  monoglucuronides  of e s t r o n e  , e s t r a d i o l ,  
e s t r i o l  and 1 6 - e p i e s t r i o l  by high-performance l i q u i d  
chromatography on a reversed-phase  column has  been c a r r i e d  o u t .  
The e f f e c t s  of  pH and s a l t  c o n c e n t r a t i o n  of  a mobile  phase on 
the  k '  v a l u e  were i n v e s t i g a t e d  wi th  a TSK GEL LS-410 ODs-SIL 
column. I somer ic  monoglucuronides  of  e s t r i o l  and 1 6 - e p i e s t r i o l  
were d i s t i n c t l y  s e p a r a t e d  on t h i s  column when 0.7% disodium 
hydrogen phosphate  (pH 3 . 0 ) / t e t r a h y d r o f u r a n  was used a s  a mobile  
phase .  

INTRODUCTION 

I n  r e c e n t  y e a r s ,  c o n s i d e r a b l e  a t t e n t i o n s  have been drawn t o  

the  me tabo l i c  s i g n i f i c a n c e  and p h y s i o l o g i c a l  r o l e  of e s t r o g e n  

con juga te s  i n  the  f e t o - p l a c e n t a l  u n i t .  These m e t a b o l i t e s  are 

de termined  by spec t rophotometry  (11, gas  chromatography-mass 

spec t romet ry  ( 2 , 3 ) ,  o r  radioimmunoassay ( 4 ) .  S e v e r a l  pape r s  

have been r e c e n t l y  pub l i shed  d e a l i n g  wi th  t h e  method f o r  

q u a n t i t a t i v e  d e t e r m i n a t i o n  of e s t r o g e n s  i n  b i o l o g i c a l  f l u i d s  by 
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1764 SHIMADA ET AL. 

high-performance l i q u i d  chromatography (HPLC) which i n v o l v e s  

p r i o r  h y d r o l y s i s  and /o r  s o l v o l y s i s  of t h e  c o n j u g a t e s  (5-8) .  

These methods,  however, have i n e v i t a b l e  d i s a d v a n t a g e s ,  t h e  l a c k  

of  r e l i a b i l i t y  on a n a l y t i c a l  r e s u l t s  and t h e  loss of  i n fo rma t ion  

about  t he  conjugated  form. This  paper  d e s c r i b e s  the  s e p a r a t i o n  

of  monoglucuronides of  c l a s s i c a l  e s t r o g e n s ,  i . e .  e s t r o n e ,  

e s t r a d i o l ,  e s t r i o l  and 1 6 - e p i e s t r i o l ,  by HPLC. 

EXPERIMENTAL 

M a t e r i a l s  

Es t rogen  g lucuron ides  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  by the  methods p r e v i o u s l y  r e p o r t e d  (9). A l l  t h e  

r e a g e n t s  used were o f  a n a l y t i c a l  r e a g e n t  g rade .  So lven 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 .  

Ins t r u m  n t s 

The appa ra tus  used f o r  t h i s  work was a Toyo Soda HLC-803A 

high-performance l i q u i d  chromatograph (Toyo Soda Co. ,  Tokyo) 

equipped wi th  a Model SF-770 u l t r a v i o  e t  (UV) d e t e c t o r  

mon i to r ing  t h e  absorbance  a t  280 nm. A TSK GEL LS-410 ODs-SIL 

column (30  cm x 0.4 cm i . d .1  (Toyo Soda Co.) was employed under 

ambient c o n d i t i o n s .  The pH of the  mobile  phase was a d j u s t e d  

wi th  phosphor ic  a c i d .  

RESULTS AND DISCUSSION 

The s e p a r a t i o n  of e s t r o g e n  g l u c u r o n i d e s  by HPLC h a s  been 

p r e v i o u s l y  r e p o r t e d  by s e v e r a l  g roups .  However, t he  r e s o l u t i o n  

of e s t r i o l  16-glucuronide and e s t r i o l  17-glucuronide s t i l l  

remains u n s a t i s f a c t o r y  (10-12). An i n i t i a l  e f f o r t  was t h e r e f o r e  

d i r e c t e d  t o  the  s e p a r a t i o n  of  t h e s e  two con juga te s .  Among t h e  

t y p i c a l  columns s u i t a b l e  f o r  t h e  p o l a r  compounds, TSK GEL LS-410 

ODs-SIL was chosen f o r  t h i s  purpose .  
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The e f f e c t  of pH of a mobile phase on t h e  c a p a c i t y  r a t i o  

(k' was i n v e s t i g a t e d  with t h e  0.7% disodium hydrogen phosphate 

/ t e t r a h y d r o f u r a n  system. The k' va lues  of t y p i c a l  e s t r o g e n  

g lucuron ides  r e l a t i v e  t o  e s t r i o l  17-glucuronide were p l o t t e d  

a g a i n s t  pH of t h e  mobile phase ( F i g u r e  1). 

i n  t h e  chromatographic behav io r s  was observed between es t r i o l  

16-glucuronide and e s t r i o l  17-glucuronide i n  t h e  pH range 5.0 t o  

7.0. The r e l a t i v e  k' va lue  of e s t r i o l  16-glucuronide inc reased  

wi th  d e c r e a s i n g  pH va lue  from 5.0 t o  3.0. A s i m i l a r  r e l a t i o n  

was a l s o  found between 16-epies t r i o l  16-glucuronide and 

1 6 - e p i e s t r i o l  17-glucuronide.  This  phenomenon can be exp la ined  

The c l o s e  s i m i l a r i t y  

3.0 'L 
8- 
9 I I 

3.0 4.0 5.0 6.0 7.0 8.0 
PH 

FIGURE 1 E f f e c t  of pH on R e l a t i v e  k' Value. 
1 ,  E s t r a d i o l  17-g lucuronide ;  2 ,  1 6 - e p i e s t r i o l  
16-glucuronide; 3 ,  e s t r a d i o l  3-g lucuronide ;  4 ,  e s t r o n e  
3-g lucuronide ;  5 ,  1 6 - e p i e s t r i o l  17-g lucuronide ;  6 ,  
e s t r i o l  16-glucuronide; 7 ,  e s t r i o l  17-g lucuronide ;  8 ,  
1 6 - e p i e s t r i o l  3 -g lucuronide ;  9 ,  e s t r i o l  3 -g lucuronide .  
Cond i t ions :  column, TSK GEL LS-410 ODS S I L ;  mobile 
phase ,  0.7% Na HPO / t e t r a h y d r o f u r a n  ( 6 : 1 ) ,  2 ml/min; 
d e t e c t i o n ,  W $80 nm. 4 
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FIGURE 2 E f f e c t  of  pH and Composi t ion  o f  Mobile  Phase  on t h e  
S e p a r a t i o n  o f  E s t r i o l  16- and 17-Glucuronides .  
- - : R e s o l u t i o n ,  - - - : s e p a r a t i o n  f a c t o r .  
C o n d i t i o n s :  mobi le  p h a s e ,  0.7% N a  HPO / t e t r a h y d r o -  

2 4  f u r a n .  O t h e r  c o n d i t i o n s  were as i n  F i g .  1. 

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

g l u c u r o n i c  a c i d  moie ty  (pK 3 .20)  i n  a c i d i c  medium where 

u n d i s s o c i a t e d  s p e c i e s  are dominant .  The e f f e c t s  of  pH and 

c o m p o s i t i o n  of  t h e  mobi le  phase  on t h e  r e s o l u t i o n  o f  e s t r i o l  

16-g lucuronide  and e s t r i o l  1 7 - g l u c u r o n i d e  were a l s o  o b s e r v e d  a t  

t h e  c o n s t a n t  k '  v a l u e  ( F i g u r e  2 ) .  The s e p a r a t i o n  f a c t o r  (a) was 

n o t  s i g n i f i c a n t l y  i n f l u e n c e d ,  w h i l e  t h e  r e s o l u t i o n  ( R )  w a s  

improved w i t h  d e c r e a s i n g  pH and i n c r e a s i n g  c o n t e n t  o f  

t e t r a h y d r o f u r a n  of  t h e  m o b i l e  phase .  These d a t a  s u g g e s t e d  t h a t  

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

t h e  pH v a l u e  o f  t h e  mobi le  p h a s e .  

The e f f e c t  o f  s a l t  c o n c e n t r a t i o n  on t h e  r e t e n t i o n  v a l u e  was 

t h e n  examined by u s i n g  aqueous d isodium hydrogen p h o s p h a t e  (pH 

3 . 0 ) / t e t r a h y d r o f u r a n  as a mobi le  phase .  

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

glucuroni .de o b t a i n e d  w i t h  0.4% d i s o d i u m  hydrogen p h o s p h a t e  (pH 

The k '  v a l u e s  of  t h r e e  
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-= r n  L 37"'. 

c c 

I I I I 

0.2 0.4 0.6 0.8 
Salt Concentration (%) 

FIGURE 3 E f f e c t  of S a l t  Concen t r a t ion  of Mobile Phase on 
R e l a t i v e  k '  Value of E s t r i o l  Monoglucuronides. 
1, E s t r i o l  17-glucuronide; 2 ,  e s t r i o l  16-g lucuronide ,  
3 ,  e s t r i o l  3-glucuronide.  
Cond i t ions :  mobile phase ,  Na2HP0 
t e t r a h y d r o f u r a n  ( 6 : l ) .  Other c o n d i t i o n s  were as i n  
F igure  1. 

(pH 3.0)/ 4 

3.0)  were determined (F igu re  3 ) .  No remarkable d i f f e r e n c e  i n  

t h e  r e t e n t i o n  va lue  was found between e s t r i o l  16-glucuronide and 

e s t r i o l  17-glucuronide i n  t h e  c o n c e n t r a t i o n  range 0.4-0.62, but 

t he  r e l a t i v e  k '  va lue  of e s t r i o l  17-glucuronide s l i g h t l y  

decreased  wi th  i n c r e a s i n g  s a l t  c o n c e n t r a t i o n  from 0.6 t o  0.8%. 

Also e s t r i o l  3-glucuronide showed a s l i g h t  dec rease  i n  the  k '  

va lue  wi th  i n c r e a s i n g  s a l t  concen t r a t ion .  

Based upon t h e s e  d a t a ,  0.7% disodium hydrogen phosphate (pH 

3 . 0 ) / t e t r a h y d r o f u r a n  ( 6 : l )  was chosen a s  a s u i t a b l e  mobile 

phase.  A s y n t h e t i c  mixture  of 3 - ,  16- and 17-glucuronides of 

e s t r i o l  and 1 6 - e p i e s t r i o l  were e f f i c i e n t l y  s e p a r a t e d  by us ing  

the  above s o l v e n t  system (F igure  4 ) .  To t h e  b e s t  o f  our  

knowledge t h i s  is the  f i r s t  r e p o r t e d  complete s e p a r a t i o n  o f  

i somer ic  monoglucuronides of e s t r i o l  and 1 6 - e p i e s t r i o l  by HPLC. 

Under t h i s  c o n d i t i o n  e s t r a d i o l  17-glucuronide r e q u i r e d  a long 
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FIGURE 4 S e p a r a t i o n  o f  a S y n t h e t i c  Mixture  of  E s t r o g e n  
Monoglucuronides .  
1 ,  E s t r i o l  3 - g l u c u r o n i d e ;  2 ,  1 6 - e p i e s t r i o l  
3 - g l u c u r o n i d e ;  3 ,  e s t r i o l  1 7 - g l u c u r o n i d e ;  4 ,  e s t r i o l  
16-g lucuronide ;  5 ,  1 6 - e p i e s t r i o l  1 7 - g l u c u r o n i d e ;  
6 ,  1 6 - e p i e s t r i o l  16-g lucuronide .  
C o n d i t i o n s :  mobi le  p h a s e ,  0 .7% Na2HP04(pH 3.0)/ 
t e t r a h y d r o f u r a n  ( 6 :  11, 1 . 5  ml/rnin. O t h e r  c o n d i t i o n s  
were as i n  F i g u r e  1. 

t i m e  f o r  e l u t i o n  ( F i g u r e .  11, b u t  t h i s  problem w a s  overcome by 

u s i n g  0.4% d i s o d i u m  hydrogen phosphate  (pH 7 . 5 ) / m e t h a n o l  ( 2 : l )  

as a mobile  phase .  

The a p p l i c a t i o n  o f  t h e  p r e s e n t  method t o  t h e  s e p a r a t i o n  of  

e s t r i o l  16-g lucuronide  and e s t r i o l  17-g lucuronide  i n  r a t  b i l e  

and human pregnancy  u r i n e  ( 1 3 )  w i l l  be r e p o r t e d  e l s e w h e r e  i n  t h e  

n e a r  f u t u r e .  
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