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HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHIC SEPARATION 

OF SENSITIVE FLUORESCENT 
DERIVATIVES OF BILE ACIDS WITH 

CYCLODEXTRI N-CONTAl NI NG MOB1 LE PHASE 

KAZUTAKE SHIMADA*, KUNMO MI"- 
SATOKO ISHITOYA, AND KYOKO HIRAKATA 

Faculty of Pharmaceutical Sciences 
Kanazawa University 
13-1 Takara-machi 

Kanazawa 920, Japan 

ABSTRACT 

The h igh-per f  ormance  l i q u i d  c h r o m a t o g r a p h i c  b e h a v i o r  of new 
b i l e  a c i d  f l u o r e s c e n t  d e r i v a t i v e s ,  t h e  7-methoxy-1,4-benzoxazin- 
2-one-3-methyl  e s t e r s ,  w i t h  a c y c l o d e x t r i n - c o n t a i n i n g  m o b i l e  
p h a s e  i s  c o m p a r e d  t o  t h o s e  o f  t h e  b i l e  a c i d - p y r e n a c y l  a n d  - 
a n t h r o y l  esters. Compared w i t h  c o n v e n t i o n a l  methods,  i n c l u s i o n  
chromatography g i v e s  a much more s a t i s f a c t o r y  s e p a r a t i o n  of t h e  
b i l e  a c i d  f l u o r e s c e n t  d e r i v a t i v e s  i n  a s h o r t  t i m e ,  b u t  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  of these d e r i v a t i v e s  h a s  n o t  been much 
i n f l u e n c e d  by the f l u o r o p h o r e  used. The d e t e c t i o n  l i m i t s  of t h e  
new d e r i v a t i v e s  are  i n  t h e  r a n g e  of  10-20 f m o l  a t  a s i g n a l  t o  
n o i s e  r a t i o  o f  5. T h e  a p p l i c a t i o n  of t h i s  m e t h o d  f o r  t h e  
s e p a r a t i o n  of g l y c i n e - c o n j u g a t e d  b i l e  a c i d s  i n  human b i l e  is a lso  
d e s c r i b e d .  
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3966 SHIMADA ET AL. 

INTRODUCTION 

I n  p r e v i o u s  p a p e r s  w e  r e p o r t e d  on  i n c l u s i o n  c h r o m a t o g r a p h y  

w i t h  c y c l o d e x t r i n  (CD) as a m o b i l e  phase  a d d i t i v e  f o r  t h e  h igh-  

p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  (HPLC) of  b i l e  a c i d s  [ 1 , 2 ] ,  and 

i t s  p y r e n a c y l  and a n t h r o y l  esters [3]. A s  a c o n t i n u a t i o n  of  t h i s  

work, t h e  p r e s e n t  p a p e r  d e a l s  w i t h  t h e  s e p a r a t i o n  of the  new b i l e  

a c i d  f l u o r e s c e n t  d e r i v a t i v e s ,  t h e  7-methoxy-1,4-benzoxazin-2-one- 

3 - m e t h y l  (MB) e s t e r s  [4], by i n c l u s i o n  c h r o m a t o g r a p h y  a n d  a 

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

w i t h  t h a t  of t h e  o t h e r  f l u o r e s c e n t  d e r i v a t i v e s .  The a p p l i c a t i o n  

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

a c i d s  i n  human b i l e  is a l so  d e s c r i b e d .  

MATERIALS AND METHODS 

Materials 

Y-CD w a s  k i n d l y  s u p p l i e d  by N i h o n  S h o k u h i n  Kako ( T o k y o ,  

Japan) .  Heptakis-(2,6-di-O-methyl)-B-CD (Me-6-CD; 10.5 m e t h y l  

r e s i d u e s  p e r  mol) was p r e p a r e d  and donated  by Kao (Tokyo). B i l e  

a c i d s  were o b t a i n e d  f r o m  Tokyo Kasei Kogyo (Tokyo)  a n d  Nacalai 

Tesque  (Kyoto, Japan) .  3-Bromomethyl-7-methoxy-l,4-benzoxazin-2- 

o n e  (BrMB) w a s  o b t a i n e d  f r o m  Tokyo Kasei Kogyo. Sep-Pak  C 1 8  

c a r t r i d g e s  were o b t a i n e d  f r o m  M i l i p o r e  ( M i l f o r d ,  M A ,  USA) .  

P i p e r i d i n o h y d r o x y p r o p y l  Sephadex LH-20 (PHP-LH-20) was p r e p a r e d  

by t h e  m e t h o d  r e p o r t e d  by Goto e t  a l .  [ 5 ] .  B i l e  s a m p l e s  were 
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FLUORESCENT D E R I V A m S  OF BILE ACIDS 3967 

k i n d l y  d o n a t e d  b y  D r .  Okumura  ( C e n t r a l  C l i n i c a l  L a b o r a t o r y ,  

Kanazawa U n i v e r s i t y  H o s p i t a l ) .  

I n s t r u m e n t s  

HPLC was c a r r i e d  o u t  u s i n g  a JASCO TRI ROTAR (JASCO, Tokyo)  

equipped wi th  a 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  ( H i t a c h i ,  

Tokyo)(FL;  Xex 355 nm, hem 430 nm) a t  a f l o w  r a t e  of 1.0 m l / m i n  

u n l e s s  o t h e r w i s e  s t a t e d .  15 c m  x 0.46 

cm I.D.; YMC, K y o t o )  was u s e d  u n d e r  a m b i e n t  c o n d i t i o n s  u n l e s s  

o t h e r w i s e  s t a t e d ,  and t h e  v o i d  volume was measured w i t h  methanol  

(Xex 280 nm, X e m  320 nm). 

A YMCoGEL c8 column (5 

Time c o u r s e  f o r  d e r i v a t i z a t i o n  of  b i l e  a c i d s  w i t h  BrMB --- 
BrMB (0.14 mg) and 18-crown-6 (0.14 mg), e a c h  i n  a c e t o n i t r i l e  

(0.1 m l ) ,  a n d  KF (ca. 1 mg) were a d d e d  t o  t h e  s c r e w - c a p p e d  t u b e  

c o n t a i n i n g  g l y c o c h e n o d e o x y c h o l i c  a c i d  ( I I I a )  or chenodeoxychol ic  

a c i d  (each  200 ng). The t u b e  was m a i n t a i n e d  a t  4OoC w i t h  p a r t  of 

i ts c o n t e n t s  b e i n g  s u b j e c t e d  t o  HPLC a t  t h e  a p p r o p r i a t e  t i m e .  

P r o c e d u r e  for  t h e  s e p a r a t i o n  of g l y c i n e - c o n j u g a t e d  b i l e  a c i d s  i n  

human b i l e  -- 
A b i l e  s a m p l e  (0.05 m l )  was d i l u t e d  w i t h  0.5 M p h o s p h a t e  

b u f f e r  (pH 7.0, 5 m l ) .  A 0.1 m l  o f  t h i s  s o l u t i o n  a n d  t h e  

i n t e r n a l  s t a n d a r d  [I.S.; g l y c o d e o x y c h o l i c  a c i d  1 2 - p r o p i o n a t e  

(VIa); 2 p g  i n  m e t h a n o l  (0.1 m l ) ]  were a d d e d  t o  t h e  b u f f e r  ( 2  

m l ) ,  a n d  a p p l i e d  f i r s t  t o  a Sep-Pak  C18 c a r t r i d g e  a n d  t h e n  t o  a 
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3968 SHJMADA ET AL. 

PHP-LH-20 c o l u m n  (acetate  f o r m ;  2 c m  x 0.6 c m  I.D.) 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 et a l .  [ 6 ] .  A b o u t  o n e - f i f t h  o f  

t h e  f r a c t i o n  c o n t a i n i n g  t h e  g l y c i n e - c o n  j u g a t e d  b i l e  a c i d s  was 

e v a p o r a t e d  t o  d r y n e s s .  BrMB (1.2 mg) i n  a c e t o n i t r i l e  (0.1 m l ) ,  

18-crown-6  (1.2 mg) i n  a c e t o n i t r i l e  (0.1 m l )  a n d  KF (ca. 1 mg) 

were added t o  t h e  r e s i d u e  and the m i x t u r e  w a s  a l l o w e d  t o  s t a n d  a t  

4OoC f o r  1 h r .  The r e a c t i o n  m i x t u r e  was d i l u t e d  w i t h  benzene  (3  

m l )  a n d  a p p l i e d  t o  a s i l i c a  g e l  c o l u m n  (70-230 m e s h ;  4 cm x 0.6 

cm I.D.) t o  remove t he  e x c e s s  or decomposed r e a g e n t  with benzene-  

e t h y l  ace ta te  (5:1, v / v ;  2 ml). T h e  c h l o r o f o r m - m e t h a n o l  (7:3,  

v / v ;  10 m l )  e l u a t e  w a s  e v a p o r a t e d  t o  d r y n e s s  a n d  d i s s o l v e d  i n  

a c e t o n i t r i l e ,  and a n  a l i q u o t  was s u b j e c t e d  t o  HPLC [3]. 

RESULTS AND DISCUSSION 

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  much improved  s e p a r a t i o n  

of b i l e  a c i d s  [1,2], its p y r e n a c y l  and a n t h r o y l  esters [3], u s i n g  

CD a s  a m o b i l e  p h a s e  a d d i t i v e  i n  r e v e r s e d - p h a s e  HPLC. T h e  

r e t e n t i o n  b e h a v i o r  of t h e  e x a m i n e d  c o m p o u n d s  s h o w e d  t h a t  t h e  

f u n c t i o n a l  group a t  t h e  1 2 - p o s i t i o n  of the s t e r o i d  m o i e t y  may b e  

a n  i m p o r t a n t  f a c t o r  of t he  i n c l u s i o n  c o m p l e x e s  b e t w e e n  the  s o l u t e  

a n d  CD. 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  of b i l e  a c i d s  a n d  i t s  

d e r i v a t i v e s  h a s  n o t  been  much i n f l u e n c e d  by the f l u o r o p h o r e  used  

o r  c o n j u g a t e d  f o r m s  ( u n c o n j u g a t e s ,  g l y c i n e -  o r  t a u r i n e -  

c o n j u g a t e s ) .  R e c e n t l y ,  N a k a n i s h i  e t  a l .  r e p o r t e d  BrMB a s  a 
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FLUORESCENT DERIVATIVES OF BILE ACIDS 3969 

0 N HC H,CO0 R, 

H O ”  H 

I: R 1 = _ H  R 2 = O H  
’OH,  

111: R 1 = - H  R2=H 
’OH,  

V: R 1 = R 2 = H  

11: R 1 = - O H  R 2 = H  
‘ H ,  

IV: R 1 = H ,  RZ=OH 

VI: R 1 = H ,  R z = O C O C H ~ C H ~  

a: R3=H 

F i g .  1. S t r u c t u r e s  of g l y c i n e - c o n j u g a t e d  b i l e  a c i d s  and t h e i r  MB 

esters. 

Ia: G l y c o c h o l i c  a c i d ,  IIa: g l y c o u r s o d e o x y c h o l i c  a c i d ,  

IIIa:  g l y c o c h e n o d e o x y c h o l i c  a c i d ,  IVa: g l y c o d e o x y c h o l i c  

a c i d ,  Va: g l y c o l i t h o c h o l i c  a c i d ,  VIa: g l y c o d e o x y c h o l i c  

a c i d  1 2 - p r o p i o n a t e  ( I . S . ) .  

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

a c i d s  i n  HPLC 1 4 1 .  T h e s e  d a t a  p r o m p t e d  u s  t o  e x a m i n e  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  of  b i l e  a c i d  MB e s t e r s  c o n t a i n i n g  a 

f l u o r o p h o r e  i n  t h e  s i d e - c h a i n  (F ig .  1). 
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3970 SHIMADA ET AL. 

1 2 3 24 h 0 

Reaction Time 

Fig.  2. T ime c o u r s e  f o r  d e r i v a t i z a t i o n  of c h e n o d e o x y c h o l i c  a c i d  

(0) and i ts  g l y c i n e - c o n j u g a t e  ( 0 ) .  

HPLC c o n d i t i o n s :  YMC*GEL Cg (5 urn: 15 cm x 0.4 c m  I.D.), 

s o l v e n t  s y s t e m  (0) a c e t o n i t r i l e - w a t e r  ( 3 : 2 ,  v / v ) ,  t R =  

13.5 min,  ( 0 )  methanol-water  ( 4 : 1 ,  v / v ) ,  t R = l O . O  min. 

D e r i v a t i z a t i o n  of b i l e  a c i d s  wi th  BrMB 

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  r a t e  o f  b i l e  a c i d s  w i t h  BrMB 

( a b o u t  1000 molar r a t i o  excess) was e x a m i n e d  a c c o r d i n g  t o  t h e  

p r e v i o u s l y  d e s c r i b e d  p r o c e d u r e  e x c e p t  f o r  u s i n g  p o t a s s i u m  

f l u o r i d e  i n s t e a d  of p o t a s s i u m  c a r b o n a t e  [ 4 ] .  The r e s u l t s  u s i n g  

u n c o n j u g a t e d  and g l y c i n e - c o n j u g a t e d  b i l e  a c i d s  are shown i n  Fig.  

2. T h e  r a t e  o f  f o r m a t i o n  o f  t h e  f l u o r e s c e n t  e s t e r s  w i t h  
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unconjugated  b i l e  a c i d s  was r a p i d ,  t h e  r e a c t i o n  b e i n g  c o m p l e t e d  

w i t h i n  10 min, and a slow d e c r e a s e  i n  t h e  f l u o r e s c e n c e  i n t e n s i t y  

was o b s e r v e d ,  b u t  t h e  f l u o r e s c e n t  d e r i v a t i v e s  were s t a b l e  f o r  a t  

l ea s t  1 d a y  as p r e v i o u s l y  d e s c r i b e d  [ 4 ] .  On t h e  c o n t r a r y ,  it 

t o o k  1 h r  t o  d e r i v a t i z e  g l y c i n e - c o n j u g a t e d  b i l e  a c i d s  a n d  t h e  

s t a b l e  d e r i v a t i v e s  were o b t a i n e d .  

D e t e c t i o n  l i m i t  of  d e r i v a t i z e d  b i l e  a c i d s  

T h e  d e t e c t i o n  l i m i t s  o f  t h e  u n c o n j u g a t e d  a n d  g l y c i n e -  

c o n j u g a t e d  b i l e  a c i d  MB esters were 10 f m o l  and 20 f m o l  ( s i g n a l  

t o  n o i s e  r a t i o = 5 ) ,  r e s p e c t i v e l y .  These  d a t a  are lower t h a n  t h o s e  

o f  t h e  p y r e n a c y l  e s t e r s ,  60 f m o l  ( u n c o n j u g a t e s )  a n d  190 f m o l  

( g l y c i n e - c o n j u g a t e s ) ,  r e s p e c t i v e l y  [ 31. On the  o t h e r  hand,  t h a t  

of  the  b i l e  a c i d  a n t h r o y l  esters was r e p o r t e d  t o  b e  20 f m o l  [ 6 ] ,  

which is almost t h e  same as t h o s e  f o r  t h e  new d e r i v a t i v e s .  

Comparison of r e t e n t i o n  b e h a v i o r  o f g l y c i n e - c o n . i u a a t e d  

b i l e  a c i d  MB esters w i t h  t h o s e  of  o t h e r  f l u o r e s c e n t  d e r i v a t i v e s  -------- 
T h e  e f f e c t  of  t h e  CD c o n t e n t  i n  t h e  m o b i l e  p h a s e  o n  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') o f  g l y c i n e - c o n j u g a t e d  b i l e  a c i d  

MB esters w a s  examined u s i n g  Me+- or  y-CD as  a h o s t  compound. A 

s i g n i f i c a n t  d i f f e r e n c e  h a s  n o t  b e e n  o b s e r v e d  on t h e  used  h o s t  

compounds and t h e  r e s u l t s  u s i n g  y-CD are summarized i n  T a b l e  1. 

The Rk' v a l u e s  of the d e r i v a t i v e s  h a v i n g  a hydroxyl  group a t  12- 

p o s i t i o n  ( I b ,  IVb) were b i g g e r  t h a n  t h o s e  o f  t h e  o t h e r  s t e r o i d s  

( I I b ,  I I I b ,  Vb). A l l  t he se  d a t a  are c o m p a t i b l e  w i t h  t h o s e  
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TABLE 1. R e t e n t i o n  B e h a v i o r  of G l y c i n e - c o n j u g a t e d  Bi le  Acid MR 

E s t e r s  Dur ing  I n c l u s i o n  Chromatography 

Bi le  a c i d  y -CD 
MB ester 0 5 mM 

I b a  

I I b a  

I I I b b  

IVbb 

Vbb 

9.12' 8.02 ( 0 . 8 8 ) d  

1 2 . 1 1  5.11 (0 .42 )  

6. 8ge 4 .99  (0 .72)  

7 .96  6.65 ( 0 . 8 4 )  

19.19 7.89 (0.41) 

a )  Mobi le  phase :  a c e t o n i t r i l e - w a t e r  ( 2 : 3 ,  v / v )  c o n t a i n i n g  

b )  Mobi le  phase :  a c e t o n i t r i l e - w a t e r  ( l : l ,  v / v )  c o n t a i n i n g  

c )  k '  ( t  =1.77 m i n ) .  4 d )  Rk'; k v a l u e  o b t a i n e d  w i t h o u t  CD was t a k e n  as 1.00. 
e )  k '  ( t0=1.64  m i n )  

Y-CD as  i n d i c a t e d .  

Y-CD as i n d i c a t e d .  

p r e v i o u s l y  o b t a i n e d ,  i n  which o t h e r  f l u o r o p h o r e s  were used d u r i n g  

the  d e r i v a t i z a t i o n  [ 3 ] .  These  phenomena were a l s o  o b s e r v e d  u s i n g  

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

esters. T h a t  is, the  f u n c t i o n a l  g r o u p  a t  t h e  1 2 - p o s i t i o n  of the  

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

S e p a r a t i o n  of g l y c i n e - c o n j u g a t e d  b i l e  a c i d  MB esters i n  human 

b i l e  - 
I n  o r d e r  t o  i n v e s t i g a t e  t h e  a p p l i c a b i l i t y  of t h e  p r e s e n t  

m e t h o d ,  t h e  s e p a r a t i o n  o f  t h e  g l y c i n e - c o n j u g a t e d  b i l e  a c i d  MB 
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Fig. 3. Separation of glycine-conjugated bile acid MB esters. 

a, b) Authentic sample c) bile sample. 

HPLC conditions: flow rate, 1.5 ml/min, solvent system 

a) acet oni trile-methanol-water (6: 7:8. v/v/v), 

b), c) acetonitrile-methanol-water (6:7:8, v/v/v) 

containing 2.5 mM y-CD. 
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es te rs  (Ib-Vb) w a s  c a r r i e d  o u t  on a human b i l e  s a m p l e  f r o m  a 

p a t i e n t  w i t h  l i v e r  d i s e a s e .  I n i t i a l l y ,  t h e  a u t h e n t i c  g l y c i n e -  

c o n j u g a t e d  b i l e  a c i d s  (Ia-Va) i n c l u d i n g  I.S. (VIa) were 

d e r i v a t i z e d ,  e l u t e d  t h r o u g h  a small  s i l i c a  g e l  c o l u m n  [ 3 ]  a n d  

t h e n  i n j e c t e d  i n t o  a c o n v e n t i o n a l  HPLC sys tem.  The s e p a r a t i o n  of 

d e r i v a t i z e d  g l y c o d e o x y c h o l i c  a c i d  ( I V b )  a n d  t h e  I.S. ( V I b )  was 

u n s a t i s f a c t o r y ,  and t h e  g l y c o l i t h o c h o l i c  a c i d  d e r i v a t i v e  (Vb) was 

e l u t e d  a t  6 3  m i n  ( F i g .  3a) .  I n  c o n t r a s t ,  i n c l u s i o n  

c h r o m a t o g r a p h y  o v e r c a m e  t h e s e  p r o b l e m s  and gave  a s a t i s f a c t o r y  

s e p a r a t i o n  as  s h o w n  i n  F i g .  3b. I n  a d d i t i o n  t o  a c e t o n i t r i l e ,  

m e t h a n o l  was u s e d  as a n  o r g a n i c  m o d i f i e r ,  it was e f f e c t i v e  f o r  

t h e  s e p a r a t i o n  o f  d e c o m p o s e d  o r  e x c e s s  r e a g e n t s  f r o m  t h e  

d e r i v a t i v e s .  A l l  these d a t a  are c o m p a t i b l e  wi th  t h o s e  o b t a i n e d  

w i t h  b i l e  a c i d  p y r e n a c y l  esters [ 3 ] .  The b i l e  s a m p l e  was t r e a t e d  

as d e s c r i b e d  b e f o r e  [ 3 ] ,  d e r i v a t i z e d  wi th  BrMB and t h e n  s u b j e c t e d  

t o  HPLC. A t y p i c a l  c h r o m a t o g r a m  i s  s h o w n  i n  F i g .  3c. 

G l y c o c h o l i c  a c i d  (Ia) and g l y c o c h e n o d e o x y c h o l i c  a c i d  (IIIa) were 

d e t e c t e d  as t h e  main g l y c i n e - c o n j u g a t e d  b i l e  a c i d s  i n  t h i s  b i l e  

spec imen.  

CONCLUSION 

T h e  r e t e n t i o n  b e h a v i o r  o f  b i l e  a c i d  MB es te rs  w a s  e x a m i n e d  

u s i n g  r e v e r s e d - p h a s e  HPLC w i t h  a CD-containing m o b i l e  phase.  The 

b e h a v i o r  w a s  c o m p a t i b l e  w i t h  t h o s e  of t h e  p r e v i o u s l y  r e p o r t e d  3- 

( 1 - a n t h r o y 1 ) b i l e  a c i d s  a n d  b i l e  a c i d  p y r e n a c y l  esters [3]. The 
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method was a p p l i e d  t o  t h e  s e p a r a t i o n  of g lyc ine-conjugated  b i l e  

a c i d s  i n  a human b i l e  sample and gave s a t i s f a c t o r y  results i n  a 

s h o r t  time. 
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