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ABSTRACT 

The s e p a r a t i o n  and c h a r a c t e r i z a t i o n  o f  C-25 e p i m e r s  o f  
u n c o n j u g a t e d  and g l y c i n e -  and t a u r i n e - c o n j u g a t e d  3a ,7a , 1 2 a  - 
trihydroxy-56-cholestanoic a c i d  (THCA) i n  b i o l o g i c a l  f l u i d s  by 
h igh-per formance  l i q u i d  chromatography (HPLC) a r e  d e s c r i b e d .  
The 5 6 - c h o l e s t a n o i c  a c i d  f r a c t i o n  was o b t a i n e d  from a u r i n e  
spec imen from a p a t i e n t  w i t h  Z e l l w e g e r  syndrome by p a s s i n g  i t  
t h r o u g h  a Sep-pak C18 c a r t r i d g e .  Bile a c i d s  were d e r i v a t i z e d  
q u a n t i t a t i v e l y  i n t o  t h e  f l u o r e s c e n t  compounds t h r o u g h  t h e  
h y d r o x y l  g r o u p  a t  C-3 by t r e a t m e n t  w i t h  1 - a n t h r o y l  n i t r i l e .  The 
d e r i v a t i v e s  were s e p a r a t e d  i n t o  t h e  u n c o n j u g a t e d ,  g l y c i n e -  and 
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1076 GOT0 ET AL. 

t a u r  ine-conjugated f r a c t i o n s  by ion-exchange chromatography on a 
l i p o p h i l i c  g e l ,  p iper id inohydroxypropyl  Sephadex LH-20. Sub- 
sequent  r e s o l u t i o n  of  each  f r a c t i o n  i n t o  (25s ) -  and (25R)-THCA 
was a t t a i n e d  by HPLC on a Cosmosil 5C column. The C-25 
epimers o f  unconjugated and conjugated  Tk%A were unequ ivoca l ly  
i d e n t i f i e d  on t h e  b a s i s  o f  t h e i r  behav io r s  i n  HPLC u s i n g  mobile 
phases of d i f f e r e n t  pHs. The r a t i o s  of  t h e  unconjugated ,  
g lyc ine -  and taur ine-conjugated  (25RbTHCA t o  t h e  co r re spond ing  
(25S)-epimers were 16 :1 ,  5:4 and 3:2, r e s p e c t i v e l y .  

INTRODUCTION 

B i l e  a c i d s  a r e  syn thes i zed  from c h o l e s t e r o l  i n  t h e  l i v e r  and 

a s s i s t  t he  l i p o l y s i s  and a b s o r p t i o n  of  f a t s  by t h e  format ion  of  

mixed m i c e l l s  i n  t h e  i n t e s t i n a l  lumen. Cons iderable  a t t e n t i o n  

has r e c e n t l y  been focused on t h e  biodynamics of  b i l e  a c i d s  i n  

man i n  connec t ion  wi th  t h e  d i a g n o s i s  of  h e p a t o b i l i a r y  d i s e a s e s .  

It i s  g e n e r a l l y  accepted  t h a t  t h e  deg rada t ion  of  t h e  s i d e  cha in  

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

with a mi tochondr ia1  26-hydroxylation followed by o x i d a t i o n ,  

y i e  Id  ing  3a, 7a-d i h ydr ox y - and 3a, 7 a , 12 a- tr  i h ydr ox y-58 - cho l e  s t a n  - 
o i c  a c i d s  (DHCA and THCA). Fur the r  conve r s ion  i n t o  chenodeoxy- 

c h o l i c  ac id  and c h o l i c  a c i d  t a k e s  p l ace  e f f i c i e n t l y  i n  l i v e r  

peroxisomes. In  connec t ion  wi th  the  b i o s y n t h e t i c  mechanism of  

b i l e  a c i d s ,  a p a r t i c u l a r  i n t e r e s t  has  r e c e n t l y  been d i r e c t e d  t o  

R1= H, OH 
R2=OH, NHCH2COOH , NHCH2CH2S03H 

FIGURE 1 D e r i v a t i z a t i o n  of  58-Cholestanoic Acids wi th  

1-Anthroyl Nitri le.  
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STUDIES ON STEROIDS. CCXXXXIV 1077 

t h e  s t e r e o c h e m i s t r y  a t  C-25 of t h e s e  5 B - c h o l e s t a n o i c  a c i d s .  I n  

t h e  p r e v i o u s  p a p e r ,  we deve loped  a method f o r  t h e  r e s o l u t i o n  o f  

C-25 ep imers  of  u n c o n j u g a t e d ,  g l y c i n e -  and t a u r i n e - c o n j u g a t e d  

DHCA and THCA by h igh-per formance  l i q u i d  chromatography (HPLC) 

w i t h  pre-column f l u o r e s c e n c e  l a b e l i n g  through t h e  3a -hydroxyl  

group ( F i g . l ) ( l ) .  T h i s  p a p e r  d e s c r i b e s  t h e  s e p a r a t i o n  and c h a r -  

a c t e r i z a t i o n  o f  C-25 e p i m r s  o f  THCA i n  u r i n e  from a p a t i e n t  

w i t h  Zel lweger  syndrome who l a c k s  l i v e r  peroxisomes  c o m p l e t e l y .  

EXPE R I ME NTAL 

M a t e r i a l s  

DHCA and THCA were p r e p a r e d  from c h e n o d e o x y c h o l i c  a c i d  and 

c h o l i c  a c i d  i n  t h e  manner p r e v i o u s l y  r e p o r t e d  ( 2 , 3 ) .  Glycine-  

and t a u r i n e - c o n j u g a t e d  DHCA and THCA were a l s o  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  (1 ) .  Two p a i r s  o f  C-25 e p i m e r s  were o b t a i n e d  

by f r a c t i o n a l  c r y s t a l l i z a t i o n  from e t h y l  a c e t a t e  or by p r e -  

p a r a t i v e  HPLC ( 1 ) .  The Sep-pak C18 c a r t r i d g e  was p u r c h a s e d  from 

M i l l i p o r e  Co. Waters  Chromatography Div. ( M i l f o r d ,  MA, U.S.A. ). 

A l l  o t h e r  c h e m i c a l s  employed were o f  a n a l y t i c a l - r e a g e n t  g r a d e .  

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  u s e .  P i p e r i d i n o -  

hydroxypropyl  Sephadex LH-20 (PHP-LH-ZO)(acetate form,  0 .6  

m e q u i v . / g ) ( 4 )  and 1 - a n t h r o y l  n i t r i l e  ( 5 )  were p r e p a r e d  i n  t h e  

manner p r e v i o u s l y  r e p o r t e d .  A l l  g l a s s w a r e  used  was s i l a n i z e d  

w i t h  t r im  t h y  l c h l o r o s  i lane .  

High-Performance Liquid  Chromatography 

The a p p a r a t u s  used  f o r  t h i s  work was a 510 s o l v e n t  d e l i v e r y  

sys tem ( M i l l i p o r e  Co. Waters Chromatography Div. ) equipped  w i t h  

a 875-W d e t e c t o r  (205  nm)(Japan S p e c t r o s c o p i c  Co., Tokyo) and a 

650-1OLC f l u o r e s c e n c e  s p e c t r o p h o t o m e t e r  ( e x c i t a t i o n  wave e n g t h  

370 nm; e m i s s i o n  wavelength  470 n m ) ( H i t a c h i  Ltd . ,  Tokyo . A 

Cosmosi l  5C18 ( 5  urn, 15 cm X 4 . 6  mm I . D ) ( N a c a l a i  Tesque I n c . ,  

Kyoto)  column was used  a t  ambient  t e m p e r a t u r e .  
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1078 GOT0 ET AL. 

Procedure  f o r  S e p a r a t i o n  and C h a r a c t e r i z a t i o n  o f  C-25 Epimers o f  

THCA - 
A u r i n e  specimen (500 111) from a p a t i e n t  w i t h  Zel lweger  

syndrome was d i l u t e d  w i t h  0.5M phosphate  b u f f e r  (pH 7.0)(4 ml)  

and a p p l i e d  t o  a Sep-pak C18 c a r t r i d g e .  A f t e r  s u c c e s s i v e  

washing wi th  wa te r  ( 4  ml)  and 1.5% e t h a n o l  ( 4  m l ) ,  56-choles -  

t a n o i c  a c i d s  were e l u t e d  wi th  90% e t h a n o l  ( 5  ml), and t h e  e l u a t e  

was a p p l i e d  t o  columns (18  mm X 6 nun I . D .  X 3 )  o f  PHP-LH-20 

( each  100 mg). E l u t i o n  was c a r r i e d  o u t  a t  a f low r a t e  o f  0 .3  

ml/min. A f t e r  washing wi th  90% e t h a n o l  ( 5  m l ) ,  uncon juga ted ,  

g lyc ine -  and t au r ine -con juga ted  THCA were f r a c t i o n a l l y  s e p a r a t e d  

by s t epwise  e l u t i o n  wi th  0.1M a c e t i c  a c i d  i n  90% e t h a n o l  ( 8  m l ) ,  

0.2M formic a c i d  i n  90% e t h a n o l  ( 8  ml) and 0.3M a c e t i c  

ac id-potass ium a c e t a t e  i n  90% e t h a n o l  (pH 6 . 5 ) ( 8  ml) .  

The t au r ine -con juga ted  f r a c t i o n  was c o n c e n t r a t e d  and s u b j e c t e d  

t o  a Sep-pak C18 c a r t r i d g e  t o  remove i n o r g a n i c  s a l t s .  Each 

f r a c t i o n  was then  evapora t ed  down, added wi th  1 -an th roy l  n i t -  

r i l e  (400 pg)  i n  a c e t o n i t r i l e  (100 111) and 0.16% q u i n u c l i d i n e  i n  

a c e t o n i t r i l e  (100 1111, and t h e  whole was hea ted  a t  6OoC f o r  20 

min. Af t e r  a d d i t i o n  o f  methanol  (50  ~ 1 )  t o  decompose t h e  excess  

r e a g e n t ,  t h e  mix tu re  was evapora ted  down under  n i t r o g e n  and t h e  

r e s i d u e  was s u b j e c t e d  t o  p u r i f i c a t i o n  wi th  PHP-LH-20 accord ing  

t o  the  procedure  d e s c r i b e d  above. The r e s i d u e  o b t a i n e d  was 

r e d i s s o l v e d  i n  methanol  (100-200 111) and a 5-10 p 1  a l i q u o t  o f  

the  s o l u t i o n  was i n j e c t e d  i n t o  t h e  HPLC system. 

RESULTS AND DISCUSSION 

Clean-up o f  Unconjugated and Conjugated THCA i n  Urine 

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

markedly in f luenced  by t h e  clean-up procedure  employed. The 

c a r t r i d g e  packed wi th  ODS bonded s i l i c a  i s  c u r r e n t l y  used f o r  

e x t r a c t i o n  of  b i l e  a c i d s ,  t h e i r  s u l f a t e s  and g lucuron ides  i n  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



STUDIES ON STEROIDS. CCXXXXIV 1079 

18 b i o l o g i c a l  f l u i d s  ( 6 ) .  In t h e  p r e s e n t  s t u d y ,  a Sep-pak C 

c a r t r i d g e  was used  f o r  e x t r a c t i o n  o f  u n c o n j u g a t e d  and  c o n j u g a t e d  

THCA i n  u r i n e .  A s y n t h e t i c  m i x t u r e  o f  10 nmol e a c h  o f  unconju-  

g a t e d ,  g l y c i n e -  and t a u r i n e - c o n j u g a t e d  THCA d i s s o l v e d  i n  phos- 

p h a t e  b u f f e r  (pH 7.0) was a p p l i e d  t o  t h e  c a r t r i d g e .  The e l u a t e  

o b t a i n e d  w i t h  90% e t h a n o l  was t h e n  s e p a r a t e d  and d e t e r m i n e d  by 

HPLC on a Cosmosi l  5C18 column. The C-25 e p i m e r s  were r e c o v e r e d  

a t  a r a t e  o f  more t h a n  90% i n  a n  i n i t i a l  2 m l  o f  t h e  e f f l u e n t .  

P r e v i o u s l y ,  we d e m o n s t r a t e d  t h a t  C-25 e p i m e r s  o f  3-(1-  

18 a n t h r o y l )  THCA were e f f e c t i v e l y  r e s o l v e d  on a Cosmosi l  5C 

column w i t h  a n e u t r a l  mobi le  phase  (1). Under t h i s  c o n d i t i o n ,  

l i t t l e  d i f f e r e n c e  i n  t h e  c a p a c i t y  r a t i o  (k') was o b s e r v e d  among 

u n c o n j u g a t e d ,  g l y c i n e -  and t a u r i n e - c o n j u g a t e d  THCA. T h e r e f o r e ,  

t h e  group s e p a r a t i o n  i n t o  t h e  t h r e e  forms on a l i p o p h i l i c  ion-  

exchange g e l  became p r e r e q u i s i t e .  This p r o c e d u r e  w a s  a l s o  

u s e f u l  f o r  removal  o f  u r i n a r y  n e u t r a l  and b a s i c  c o - e x i s t i n g  

s u b s t a n c e s  which i n t e r f e r e  w i t h  t h e  d e r i v a t i z a t i o n  r e a c t i o n  and 

s e p a r a t i o n  o f  C-25 ep imers .  A s y n t h e t i c  m i x t u r e  o f  5 nmol e a c h  

o f  unconjugated  and c o n j u g a t e d  THCA was d i s s o l v e d  i n  90% e t h a n o l  

and a p p l i e d  t o  a column o f  PHP-LH-20. A f t e r  washing  w i t h  90% 

e t h a n o l ,  t h e  group s e p a r a t i o n  was c a r r i e d  o u t  by s t e p w i s e  

e l u t i o n  w i t h  0.1M a c e t i c  a c i d  i n  90% e t h a n o l ,  0.2M f o r m i c  a c i d  

i n  902 e t h a n o l  and 0.3M a c e t i c  a c i d - p o t a s s i u m  a c e t a t e  i n  

90% e t h a n o l  (pH 6.5).  Unconjugated ,  g l y c i n e -  and t a u r i n e -  

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

groups .  

S e p a r a t i o n  and C h a r a c t e r i z a t i o n  o f  C-25 Epimers  o f  THCA i n  U r i n e  

The s e p a r a t i o n  and c h a r a c t e r i z a t i o n  o f  C-25 e p i m e r s  of 

u n c o n j u g a t e d ,  g l y c i n e -  and t a u r i n e - c o n j u g a t e d  THCA i n  u r i n e  were 

c a r r i e d  o u t  a c c o r d i n g  t o  t h e  scheme shown i n  F i g . 2 .  A u r i n e  

sample from a p a t i e n t  w i t h  Z e l l w e g e r  syndrome was e x t r a c t e d  w i t h  

a Sep-pak C18 c a r t r i d g e  and t h e n  s u b j e c t e d  t o  g r o u p  s e p a r a t i o n  
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Urine L-r' 
Sep-pak c18 

P H P- L H -20 z 
FIGURE 2 Procedure  f o r  De te rmina t ion  o f  C-25 Epimers o f  56-Cho- 

l e s t a n o i c  Acids  i n  Human Urine. 

on PHP-LH-20. Each f r a c i o n  was t r e a t e d  wi th  1 -an th roy l  n i t r i l e  

i n  t h e  presence  of  q u i n u c l i d i n e  i n  a c e t o n i t r i l e  acco rd ing  t o  t h e  

procedure  d e s c r i b e d  above. A f t e r  p u r i f i c a t i o n  wi th  PHP-LH-20, 

t he  3 - ( l - a n t h r o y l )  d e r i v a t i v e s  ob ta ined  were s u b j e c t e d  t o  HPLC 

on a Cosmosil 5C column us ing  0.3% potass ium phosphate  b u f f e r  

(pH 7.O)-methanol ( 1 : 4 )  a s  a mobile  phase.  No e p i m e r i z a t o n  

occur red  a t  C-25 i n  t h i s  procedure .  A s  i l l u s t r a t e d  i n  F ig .3 ,  

t h e  peaks having  t h e  k' v a l u e s  i d e n t i c a l  w i t h  t h o s e  of C-25 

epimers  of  unconjugated ,  g lyc ine -  and t au r ine -con juga ted  THCA 

were d i s t i n c t l y  observed .  

18 

I t  has  been po in ted  ou t  t h a t  t h e  HPLC method h a s  a d i s a d -  

vantage  i n  s t r u c t u r a l  e l u c i d a t i o n .  In t h i s  method, however, 
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a) Free Fr. 1 b) Glyco Fr. 

115 3b 
Time(min) Time(min) 

FIGURE 3 Separation o f  C-25 Epimers of 3a ,7a ,  12a-Trihydroxy-5B- 

cho les tano ic  Acids i n  Urine from a Pat i ent  with 

Zel lweger Syndrome. 

Conditions: column, Cosmosil 5 C  mobile phase,  0 .3% 

potassium phosphate buffer (pH 7.O)/methano1 ( 1 : 4 ) ,  

1 . 5  ml/min. 

18; 
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1082 GOT0 ET AL. 

TABLE 1 
Capacity Ratios and Peak Area Ratios (25RI25S) of C-25 Epimers 
of 3a ,7~,12~-Trihydroxy-5~-cholestanoic Acids (THCA) in Urine 
from a Patient with Zellweger Syndrome 

pH 4.0a) b) pH 5.5 C) pH 7.0 

k' 25R/25S k' 25R/25S k' 25R/25S THCA 

Unconj ugat ed 

Standard S 
R 

Urine S 
R 

Glyc ine-conjugated 

Standard S 
R 

Urine S 
R 

Taur ine-conj ugated 

Standard S 
R 

Urine S 
R 

5.84 
6.48 
5.82 
6.46 

3.67 
4.11 
3.68 
4.12 

5.67 
6.33 
5.67 
6.33 

2.98 
3.20 

2*97 16.5 16*0 3.19 

2.84 
3.11 

2'84 1.25 3.12 

5.04 
6.00 
5.41 1.65 1*60 6.00 

2.67 
2.97 

2'67 16.2 * 2.96 (9.5) 

2.73 
3.03 

2.72 1 O n  
1.LL * 

3'03 (13.0) 

5.16 
5.78 
5'14 1.60 * 5'77 (6.7) 

Conditions: column, Cosmosil 5C18; mobile phase, 0.3% potassium 
phosphate bufferlmethanol, a) 1:11, b) 2:17, c) 1:5. 
*Total concentration (pglml) determined by gas chromatography- 

mass spectrometry with negative ion chemical ionization detec- 

tion (8). 
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v a r i o u s  combinations of  s t a t i o n a r y  and mobile phases  a r e  a v a i l a -  

b l e .  The re fo re ,  i n s p e c t i o n  of  chromatographic behavior  under 

d i f f e r e n t  c o n d i t i o n s  was performed f o r  t h e  unequivoca l  charac-  

t e r i z a t i o n  of  C-25 epimers i n  u r ine .  The e l u a t e s  co r re spond ing  

t o  t h e  peaks on t h e  chromatogram (F ig .3 )  were c o l l e c t e d  and 

s u b j e c t e d  t o  HPLC on Cosmosil 5C18 employing t h r e e  mobile phases  

of d i f f e r e n t  pHs. It i s  e v i d e n t  from t h e  d a t a  i n  Table  1 t h a t  

t h e  k '  va lues  o f  C-25 epimers i n  u r i n e  were i d e n t i c a l  w i th  those  

of a u t h e n t i c  specimens.  

I t  is of  i n t e r e s t  t h a t  t h e  r a t i o s  (25R/25S) of  (25R)-THCA 

t o  t h e  cor responding  (25Sbep imer  a r e  remarkably d i f f e r e n t  

between unconjugated and conjugated  THCA. I n  t h e  unconjugated  

f r a c t i o n  (25Rl-THCA was predominant whi le  i n  t h e  g lyc ine -  and 

t au r ine -con juga ted  f r a c t i o n s  t h e  amounts of t h e  (25s)- and 

(25R)-epimers were n e a r l y  equa l .  It  has  been demonst ra ted  t h a t  

t h e  (R)-epimer of  a - a r y l p r o p i o n i c  a c i d s  i s  s e l e c t i v e l y  t r a n s -  

formed i n t o  the  CoA t h i o e s t e r  which undergoes e p i m e r i z a t i o n  

enzymat i ca l ly  t o  t h e  (S)-form ( 7 ) .  The r e s u l t  l i s t e d  i n  Table  1 

sugges t s  t h a t  t h e  s i m i l a r  e p i m e r i z a t i o n  mechanism may be opera- 

t i v e  f o r  t h e  format ion  of  g lyc ine -  and t au r ine -con juga ted  THCA. 

Fu r the r  d e t a i l e d  s t u d i e s  a r e  needed f o r  c l a r i f y i n g  t h e s e  

f i n d i n g s .  

I t  is  hoped t h a t  t h e  a v a i l a b i l i t y  of  an e x c e l l e n t  method 

f o r  t h e  s e p a r a t i o n  and c h a r a c t e r i z a t i o n  o f  C-25 ep imers  of  THCA 

i n  u r i n e  may provide  much more p r e c i s e  knowledge on t h e  b iosyn-  

t h e s i s  of  b i l e  a c i d s .  
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