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STUDIES ON STEROIDS CLXIX. 
HIGH-PERFORMANCE L I Q U I D  CHROMATOGRAPHIC BEHAVIOR 

OF SULFATED BILE ACIDS 

J u n i c h i  Goto, Hi roaki  Kato, Kiyoshi  Kaneko 
and Toshio Nambarax 

Pharmaceut ical  I n s t i t u t e  
Tohoku Univers i ty  

Sendai ,  Japan 

ABSTRACT 

The e l u t i o n  behavior  of s u l f a t e d  b i l e  a c i d s  i n  high-perform- 
ance l i q u i d  chromatography on t h e  o c t a d e c y l s i l y l  bonded column 
w i t h  a c e t o n i t r i l e / 0 . 5 %  phosphate b u f f e r  h a s  been i n v e s t i g a t e d .  A 
s i g n i f i c a n t  i n f l u e n c e  of pH of  t h e  mobile phase on t h e  c a p a c i t y  
r a t i o  (k ' )  was observed i n  t h e  h i g h e r  pH reg ion  f o r  b i l e  a c i d  12- 
s u l f a t e s .  Blockage of t h e  12a-hydroxyl group i n  s u l f a t e d  b i l e  
a c i d s  by a c e t y l a t i o n  produced a marked decrease  i n  t h e  k '  v a l u e s  
r e l a t i v e  t o  t h e i r  paren t  compounds i n  t h e  pH range above 6.0. The 
k '  va lues  of dehydrocholate  monosulfates  and t h e i r  acetates were 
measured and t h e  increments  e x e r t e d  by t ransformat ion  i n t o  t h e  
acetates w e r e  es t imated .  Remarkable increments  were observed f o r  
dehydrocholate  monosulfates  w i t h  t h e  3a-hydroxyl group b u t  not f o r  
those  wi th  t h e  7a- o r  12a-hydroxyl group. The e f f e c t  of pH of t h e  
mobile phase on chromatographic behavior  h a s  been d i s c u s s e d  from 
t h e  s te reochemica l  p o i n t  of view. 

INTRODUCTION 

I n  a previous  paper of t h i s  series w e  repor ted  t h e  e l u t i o n  

behavior  of 3-, 7- and 12-su l fa ted  b i l e  a c i d s  i n  high-performance 

l i q u i d  chromatography (HPLC) on t h e  o c t a d e c y l s i l y l  bonded (ODS) 

column (1). The 7- and 1 2 - s u l f a t e s  showed bc.havi.or s'Lniil.ar t o  
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1352 GOT0 ET AL. 

t h a t  of t h e  3-su l fa tes  with mobile phases of  vary ing  pH, e x h i b i t i n g  

a smaller k' value  than t h e  corresponding 3-su l fa tes  w i t h  t h e  

except ion of deoxycholate* 1 2 - s u l f a t e s .  The glyco- and tauro-  

deoxycholate 1 2 - s u l f a t e s  showed l a r g e r  k '  v a l u e  than t h e  corre-  

sponding 3-su l fa tes  i n  t h e  whole pH range. ' A s  f o r  t h e  unconjugated 

deoxycholate monosulfates ,  t h e  e l u t i o n  o r d e r  of t h e  12- and 3- 

s u l f a t e s  was reversed  a t  pH 6.5.  A p l a u s i b l e  explana t ion  f o r  t h e s e  

phenomena has  not  y e t  been o f f e r e d .  

Recent ly ,  t h e  occurrence of t h e  3 - s u l f a t e s  of k e t o  b i l e  a c i d s  

i n  human u r i n e  w a s  demonstrated by means of gas chromatography- 

mass spectrometry (2) .  These s u l f a t e s  are n o t  s o  s t a b l e  under the  

h y d r o l y s i s  o r  s o l v o l y s i s  condi t ion .  It  is ,  t h e r e f o r e ,  d e s i r a b l e  

t o  develop a method f o r  t h e  d i r e c t  a n a l y s i s  of t h e  i n t a c t  s u l f a t e s  

i n  b i o l o g i c a l  materials. Previous ly ,  t h e  s y n t h e s i s  of t h e  3-, 7- 

and 12-su l fa tes  of b i l e  a c i d s  having  a k e t o  and/or  an a c e t o x y l  

group i n  t h e  s t e r o i d  nucleus w a s  repor ted  ( 3 ) .  

This paper d e s c r i b e s  t h e  r e l a t i o n s h i p  between e l u t i o n  behavior  

i n  HPLC and s t r u c t u r e  of  s u l f a t e d  b i l e  a c i d s .  I n  a d d i t i o n ,  chroma- 

tographic  behavior  of 3-, 7- and 12-dehydrocholate monosulfates  and 

t h e i r  a c e t a t e s  h a s  a l s o  been i n v e s t i g a t e d  and d iscussed  from t h e  

s te reochemica l  p o i n t  of view. 

EXPERIMENTAL 

Materials 

The 3-, 7- and 1 2 - s u l f a t e s  of b i l e  a c i d s  were synthes ized  i n  

t h e s e  l a b o r a t o r i e s  by t h e  methods previous ly  repor ted  ( 3 , 4 ) .  A l l  

* The fol lowing t r i v i a l  names are used i n  t h i s  paper:  deoxycholate ,  

3a,12a-dihydroxy-5~-cholan-24-oic a c i d ;  chenodeoxycholate, 3a,7a- 

dihydroxy-5f3-cholan-24-oic a c i d ;  c h o l a t e ,  3a,7a,12a-trihydroxy- 

5B-cholan-24-oic a c i d ;  3-dehydrocholate, 7a,12a-dihydroxy-3-oxo- 

5f3-cholan-24-oic a c i d ;  7-dehydrocholate, 3a,12a-dihydroxy-7-oxo- 

5f3-cholan-24-oic a c i d ;  12-dehydrocholate, 3a,7a-dihydroxy-12-oxo- 

5$-cholan-24-oic a c i d .  
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t h e  r e a g e n t s  used w e r e  of a n a l y t i c a l - r e a g e n t  grade.  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 .  

Apparatus  

The a p p a r a t u s  used f o r  t h i s  work w a s  a Waters 6000A s o l v e n t  

d e l i v e r y  system (Waters Assoc. ,  M i l f o r d ,  Mass.) equipped w i t h  a 

Model Uvidec-100 I1 u l t r a v i o l e t  d e t e c t o r  (Japan S p e c t r o s c o p i c  Co., 

Tokyo) moni tor ing  t h e  absorbance a t  205 nm. The ODS SC-02 (25 c m  

x 4 . 6  mm I.D.) (Japan S p e c t r o s c o p i c  Co.) and Radial-Pak A (10 cm x 

8 mm I.D.) (Waters Assoc.)  columns were employed under ambient 

c o n d i t i o n s .  A c e t o n i t r i l e / O . S %  potass ium phosphate  b u f f e r  (pH 3.0- 

-7.5) (8:27-8:17) were used as mobile phases  a t  a f low rate of 2 ml 

Imin. 

RESULTS AND DISCUSSION 

I n i t i a l l y ,  t h e  unusual  chromatographic  behavior  o f  b i l e  a c i d  

1 2 - s u l f a t e s  was examined i n  g e n e r a l  f o r  dehydrochola te  1 2 - s u l f a t e s  

and t h e i r  a c e t a t e s .  The e f f e c t  of pH of t h e  mobile phase  on t h e  

c a p a c i t y  r a t i o  (Rk') r e l a t i v e  t o  c h o l a t e  3 - s u l f a t e  w a s  i n v e s t i -  

g a t e d  on t h e  SC-02 column w i t h  t h e  a c e t o n i t r i l e / 0 . 5 %  phosphate  

b u f f e r  system. The r a t i o  of  Rk' v a l u e  of t h e  1 2 - s u l f a t e  a t  a 

c e r t a i n  pH t o  t h a t  of t h e  cor responding  1 2 - s u l f a t e  a t  pH 3.5 w a s  

p l o t t e d  a g a i n s t  t h e  pH v a l u e s  (3.5-7.5).  A s  i l l u s t r a t e d  i n  F i g u r e  

1, t h e  r a t i o  i n c r e a s e d  wi th  i n c r e a s i n g  pH, p a r t i c u l a r l y  above pH 

6.5.  The pH e f f e c t ,  however, w a s  n o t  d i s t i n c t l y  observed  f o r  3- 

dehydrochola te  12-ace ta te  7 - s u l f a t e .  It is  e v i d e n t  from t h e s e  

d a t a  t h a t  t h e  pH dependence f o r  t h e  c a p a c i t y  r a t i o  i s  common t o  

b i l e  a c i d  1 2 - s u l f a t e s .  The g lyc ine-  and taur ine-conjugated  b i l e  

a c i d s  have smaller pK v a l u e s  than t h e  unconjugated and are a lmost  

completely d i s s o c i a t e d  i n  t h i s  pH reg ion .  Conjugated deoxychola te  

1 2 - s u l f a t e s  e x h i b i t e d  l a r g e r  k '  v a l u e  than  t h e  cor responding  3- 

s u l f a t e s  i n  t h e  whole pH range  and somewhat d i f f e r e n t  chromato- 

g r a p h i c  behavior  from unconjugated b i l e  a c i d  1 2 - s u l f a t e s .  
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FIGURE 1 E f f e c t  of  pH of  Mobile Phase on R e l a t i v e  k' V a l u e s  of 
S u l f a t e d  B i l e  Acids  
1, deoxycholate  12-S;  2 ,  c h o l a t e  12-S; 3 ,  c h o l a t e  3- 
a c e t a t e  1 2 4 ;  4 ,  c h o l a t e  7-acetate 12-S; 5, 3-dehydro- 
c h o l a t e  12-S; 6 ,  3-dehydrocholate 7 - a c e t a t e  12-S; 7, 
7-dehydrocholate 12-S; 8, 7-dehydrocholate 3-ace ta te  
12-S; 9 ,  3-dehydrocholate 12-acetate 7-S 

I n s p e c t i o n  o f  a Dreiding model ind  

f u n c t i o n  a t  C-12 is s t e r i c a l l y  c l o s e  t o  

s u l f o n i c  a c i d  r e s i d u e  of t h e  s i d e  cha in  

of blockage of t h e  la- and 120,-hydroxyl 

c a t e s  t h a t  t h e  hydroxyl  

t h e  c a r b o x y l i c  a c i d  o r  

Therefore ,  t h e  e f f e c t  

groups by a c e t y l a t i o n  on 

chromatographic behavior  was i n v e s t i g a t e d  w i t h  v a r i o u s  s u l f a t e d  

c h o l a t e  d e r i v a t i v e s .  The r a t i o  of t h e  Rk' v a l u e s  of t h e  acety-  

l a t e d  b i l e  a c i d  s u l f a t e  t o  t h e  cor responding  non-acetylated b i l e  

a c i d  s u l f a t e  w a s  p l o t t e d  a g a i n s t  t h e  pH v a l u e s  ( s e e  F igure  2 ) .  

A c e t y l a t i o n  of  t h e  12a-hydroxyl group e x e r t e d  a marked d e c r e a s e  

in t h e  Rk' v a l u e  i n  t h e  pH reg ion  above 6 .0 .  

i m p l i e s  t h e  presence of s t e r i c  i n t e r a c t i o n  between t h e  hydroxyl  

group a t  C-12 and c a r b o x y l i c  a c i d  moiety a t  C-24 in t h e  h i g h e r  pH 

reg ion .  

This  r e s u l t  s t r o n g l y  

It h a s  p r e v i o u s l y  been demonstrated t h a t  u n s u l f a t e d  deoxy- 

c h o l a t e  and chenodeoxycholate were e f f i c i e n t l y  reso lved  under t h e  

weakly a l k a l i n e  c o n d i t i o n  on t h e  ODS column (5,6). S i n c e  i t  was 

supposed t h a t  a similar s t e r i c  i n t e r a c t i o n  would e x i s t  i n  deoxy- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



STUDIES ON STEROIDS. CLXIX 1355 

FIGURE 2 E f f e c t  of A c e t y l a t i o n  on R e l a t i v e  k' Values of S u l f a t e d  
B i l e  Acids 
1, c h o l a t e  12-acetate 3-S; 2, 7-dehydrocholate 12- 
a c e t a t e  3-S; 3,  c h o l a t e  12-ace ta te  7-S; 4, 3-dehydro- 
c h o l a t e  12-ace ta te  7-5; 5 ,  c h o l a t e  7-ace ta te  12-S; 6 ,  
3-dehydrocholate 7-acetate  12-5 

c h o l a t e ,  t h e  e f f e c t  of pH of  t h e  mobile phase on chromatographic 

behavior  of u n s u l f a t e d  b i l e  a c i d s  w a s  a l s o  i n v e s t i g a t e d  on t h e  

Radial-Pak A column. The k' v a l u e s  of unconjugated,  glyco-, and 

taurodeoxycholate  r e l a t i v e  t o  t h e  corresponding chenodeoxycholate 

were p l o t t e d  a g a i n s t  t h e  pH v a l u e s ,  r e s p e c t i v e l y  ( s e e  F igure  3 ) .  

Unconjugated deoxycholate  showed a l a r g e r  k' value  than  cheno- 

deoxycholate i n  t h e  h igher  pH reg ion ,  whi le  both gave almost  

i d e n t i c a l  va lues  i n  t h e  lower pH reg ion .  On t h e  o t h e r  hand, glyco- 

and taurodeoxycholate  e x h i b i t e d  l a r g e r  k' v a l u e s  than conjugated 

chenodeoxycholate i n  t h e  whole pH range. These d a t a  l e n d  a s u p p o r t  

on t h e  assumption t h a t  t h e  s e p a r a t i o n  of deoxycholate  from cheno- 

deoxycholate on t h e  ODS column is  a s c r i b a b l e  t o  t h e  s t e r i c  i n t e r -  

a c t i o n  between t h e  hydroxyl  group a t  C-12 and a c i d i c  moiety of t h e  

s i d e  chain.  

F i n a l l y ,  t h e  chromatographic behavior  of dehydrocholate  

s u l f a t e s  and t h e i r  acetateswereinvestigated on t h e  SC-02 column 

with t h e  a c e t o n i t r i l e /  0.5% phosphate b u f f e r  system a t  pH 3.5, 5.0, 

and 7.0. The k '  values  of t h e s e  b i l e  a c i d s  r e l a t i v e  t o  c h o l a t e  
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FIGURE 3 E f f e c t  of pH of Mobile Phase on k' Values of B i l e  Acids 
R e l a t i v e  t o  Chenodeoxycholate 
1, deoxycholate;  2 ,  glycodeoxycholate;  3 ,  taurodeoxy- 
c h o l a t e ;  4 ,  unconjugated,  glyco-, and taurochenodeoxy- 
cho l a t  e 

3-su l fa te  a r e  l i s t e d  i n  Table 1. The 3 - ,  7- and 12-dehydrocholate 

monosulfates  e x h i b i t e d  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  Rk' va lues  

a t  each pH, and complete s e p a r a t i o n  was n o t  accomplished. The 

e f f e c t  o f  a c e t y l a t i o n  on chromatographic behavior  was then i n v e s t i -  

ga ted  wi th  s i x  dehydrocholate  monosulfates .  A marked change i n  t h e  

Rk' va lues  was observed f o r  dehydrochola te  monosulfates  with t h e  

3a-hydroxyl group but  n o t  f o r  those  w i t h  t h e  7a- o r  12a-hydroxyl 

group. This  r e s u l t  i m p l i e s  t h a t  dehydrocholate  monosulfates  can be 

e f f i c i e n t l y  s e p a r a t e d  by a c e t y l a t i o n  p r i o r  t o  HPLC. An increment 

i n  t h e  Rk' va lue  e x e r t e d  by a c e t y l a t i o n ,  1.e.  A R k '  v a l u e ,  was 

e s t i m a t e d  ( s e e  Table  1). I n  t h e  lower pH r e g i o n ,  t h e  va lues  f o r  

t h e  3a-, 7&-, and 12a-hydroxyl groups were 0.48-0.67, 0.03-0.06. 

and 0.10-0.14, r e s p e c t i v e l y .  A t  pH 7.5, ARk' values  were d i f f e r e n t  

from those  a t  pH 3.5 and 5.0, i n d i c a t i n g  t h e  p a r t i c i p a t i o n  of  
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TABLE 1 

R e l a t i v e  Capaci ty  R a t i o s  of  S u l f a t e d  Dehydrocholates  
and Thei r  A c e t a t e s  

pH 
3 .5  5 .O 7.5 

Compound Rk' A R k '  Rk' ARk' Rk' A R k '  

7-Dehydrocholate 3-5 0 .54  

12-Dehydrocholate 3-S 0.47 

3-Dehydro cho l a  t e 7-S 0.62 

12-Dehydrocholate 7-S 0.46 

3-Dehydrochola te 12-S 0 .64 

7-Dehydrocholate 12-5 0.37 

7-Dehydrocholate 1 2 - a c e t a t e  3-5 0 .65  

12-Dehydrocholate 7-ace ta te  3-S 0.50 

3-Dehydrocholate 12-ace ta te  7-5 0.76 

12-Dehydrocholate 3-ace ta te  7-5 1 . 1 3  

3-Dehydrocholate 7-acetate  12-5 0.69 

7-Dehydrocholate 3-ace ta te  12-S 0.87 

0.50 

0 .43  

0.57 

0.39 

0 . 6 1  

0.35 

0 .11  0.60 

0 . 0 3  0.47 

0.14 0.70 

0 .67  1 .05  

0 .05  0.67 

0.50 0 . 8 3  

0.52 

0.42 

0.69 

0.47 

0.80 

0.50 

0.10 0.52 0.00 

0 .04  0.44 0.02 

0.13 0.76 0.07 

0.66 1.26 0.79 

0.06 0.94 0.14 

0.48 1 . 1 7  0.67 

s t e r i c  i n t e r a c t i o n  w i t h  t h e  c a r b o x y l i c  a c i d  group of t h e  s i d e  

cha in .  

The c u r r e n t  methods f o r  t h e  d e t e r m i n a t i o n  of  b i l e  a c i d  s u l -  

f a t e s  involve  p r i o r  s o l v o l y s i s  and h y d r o l y s i s  ( 7 , 8 ) ,  b u t  informa- 

t i o n  about  t h e  conjugated  form and p o s i t i o n  i s  thus  l o s t .  Having 

i n v e s t i g a t e d  the  chromatographic  behavior  of s u l f a t e d  b i l e  a c i d s  

w i t h  mobile phases  of  v a r y i n g  pH, w e  have now c l a r i f i e d  t h a t  i t  

depends on t h e  p o s i t i o n  o f  t h e  s u l f a t e  and hydroxyl  groups.  The 

k '  v a l u e s  of 1 2 - s u l f a t e s  i n c r e a s e  s i g n i f i c a n t l y  i n  t h e  h i g h e r  pH 

r e g i o n ,  owing t o  s te r ic  i n t e r a c t i o n  w i t h  t h e  a c i d i c  moiety on t h e  

s i d e  cha in .  We have a l s o  demonstrated t h a t  t h e  e f f e c t  of ace ty-  

l a t i o n  on t h e  k '  v a l u e  depends upon t h e  p o s i t i o n  of  t h e  hydroxyl  
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f u n c t i o n .  I n  p a r t i c u l a r ,  t h e  k '  v a l u e s  of  b i l e  a c i d s  h a v i n g  a 

3ci-hydroxyl group a r e  s i g n i f i c a n t l y  i n f l u e n c e d  by a c e t y l a t i o n .  

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

s u l f a t e d  b i l e  a c i d s  and i n  t h e  c h a r a c t e r i z a t i o n  of s u l f o t r a n s -  

f e r a s e s  i n  b i o l o g i c a l  m a t e r i a l s .  The a v a i l a b i l i t y  of  a n  e x c e l l e n t  

method f o r  t h e  a n a l y s i s  may p r o v i d e  more p r e c i s e  knowledge on t h e  

me tabo l i c  p r o f i l e  of  s u l f a t e d  b i l e  a c i d s  i n  p a t i e n t s  w i t h  hepato-  

b i l i a r y  d i s e a s e s .  
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