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K a tr a z a wa Uir i ve rs i t  y 

13-1 Takara-nraclri 
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ABSTRACT 

The chromatogra h i c  behavior o f  b i l e  ac ids  was examined by 
t h e  a d d i t i o n  o f  c y c f o d e x t r i n  t o  t h e  m o b i l e  phase o f  r e v e r s e d -  
phase h igh  performance l i q u i d  chromato raphy. The separa t i on  o f  

The capac i t y  f a c t o r s  o f  b i l e  ac ids  having a 12 a - t i d r o x y l  group 
were n o t  so i n f l u e n c e d  b u t  t h o s e  o f  o t h e r  b i l e  a c i d s  were  
decreased sharp ly  by the  add i t i ves .  

The response o f  f luorescence labe led  d e r i v a t i v e  o f  b i l e  a c i d  
t o  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  an a d d i t i o n  o f  
c y c l o d e x t r i n  t o  the  mob i le  phase. 

b i l e  ac ids  was much improved by the  a 8 d i t i o n  o f  cyc lodex t r i n .  

INTRODUCTION 

I n  t h e  p r e v i o u s  paper  we r e p o r t e d  t h e  use o f  c y c l o d e x t r i n  

(CD) i n  t h e  m o b i l e  phase, w h i c h  i s  o f  g r e a t  advan tage  t o  t h e  

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 ,  c a r d e n o l i d e s  and t h e i r  

f luorescence d e t e c t i o n  i n  reversed-phase h igh  performance l i q u i d  
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492 SHIMADA, KOMINE, AND OE 

ch romatog raphy  (HPLC) [ l ,  21. 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  has been d i r e c t e d  t o  t h e  biodynamics of b i l e  ac ids  i n  

p a t i e n t s  w i t h  h e p a t o b i l i a r y  d i seases ,  and t h e  d e v e l o p m e n t  o f  

r e l i a b l e  methods i s  u r g e n t l y  r e q u i r e d  f o r  t n e  a n a l y s i s  o f  

p r o f i l e s  o f  b i l e  a c i d s  i n  b i o l o g i c a l  m a t e r i a l s  ( F i g u r e  1). HPLC 

was w i d e l y  used f o r  t h e  s e p a r a t i o n  and d e t e r m i n a t i o n  o f  b i l e  

ac ids  w i t h o u t  p r i o r  h y d r o l y s i s  and/or s o l v o l y s i s  [3, 41. On t h e  

o t h e r  hand Snopek e t  a l .  used CDs as l e a d i n g  e l e c t r o l y t e  

a d d i t i v e s  i n  i s o t a c h o p h o r e s i s  f o r  t h e  s e p a r a t i o n  o f  b i l e  a c i d s  

[ 51. These data prompted us t o  examine chromatographic behav io r  

o f  b i l e  a c i d s  u s i n g  CD i n  t h e  m o b i l e  phase o f  reve rsed -phase  

HPLC. The e f f e c t  o f  CD on the  f luorescence d e t e c t o r  response has 

a l s o  been inves t iga ted .  

MATERIALS AND METHODS 

M a t e r i a l s  

CDs were  k i n d l y  s u p p l i e d  by  N i h o n  Shokuh in  Kako Co.. L td .  

(Tokyo, Japan). H e p t a k i  s-(2,6-di-O-methyl )-@-CD (Me-B-CD) was 

p r e p a r e d  and dona ted  by  Kao Co. (Tokyo). B i l e  a c i d s  and 4- 

bromomethyl-7-met hoxycou m a r i n we r e  o b t a  i ned f r o m  Tokyo Ka s e i 

Kogyo Co., Ltd. (Tokyo). 1 - A n t h r o y l  c y a n i d e  was pu rchased  f r o m  

Wako Pure  Chem. Ind., Ltd. (Tokyo). S o l v e n t s  were  p u r i f i e d  b y  

d i s t i l l a t i o n  p r i o r  t o  use. 

Apparatus 

HPLC was c a r r i e d  o u t  on a Shimadzu LC-6A c h r o m a t o g r a p h  

equ ipped  w i t h  a Shimadzu SPD-6A u l t r a v i o l e t  d e t e c t o r  (UV; 210 

n m ) ( S h i m a d z u  Co., Ltd., K y o t o ,  J a p a n )  o r  H i t a c h i  F -1000  

f luorescence d e t e c t o r  (FL)(Hi tachi  Ltd., Tokyo) a t  a f l o w  r a t e  o f  
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BEHAVIOR OF BILE ACIDS 493 

FIGURE 1. Structures o f  Bile Acids. 

1 ml/min. A Develosil ODs-5 (5 urn) column (15 c m  x 0.4 cm i.d.) 

( N o m u r a  Chemical Co., Seto, Japan) w a s  used a t  a m b i e n t  

temperature. The pH o f  the mobile phase was adjusted with H3P04. 

The dead volume was determined by the use o f  NaN03. 

Der i vat i zat i on Methods 

The derivatizations o f  bile acids with 4-bromomethyl-7- 

methoxy coumarin and 1-anthroyl cyanide were done according to 

the procedures described by Okuyama et al. [6] and Goto et al. 

[7], respectively. 

Detector Response Fluorescence Labeled Derivatives 

4-Bromomethyl-7-methoxy coumarin (FL; Ex. 360 nm, Em. 410 

nm) and 1-anthroyl cyanide (Ex. 370 nm, Em. 470 nm) derivatives 

o f  ursodeoxycholic acid (IVa) were subjected t o  HPLC using 
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494 SHIMADA, KOMINE, A N D  OE 

a c e t o n i  t r i  le /H20 (2: 1) and acetoni t r i le /O.5% KH2P04 (pH 4.0)(3:1) 

c o n t a i n i n g  5 mM Me-PCD as a m o b i l e  phase, r e s p e c t i v e l y .  FL 

response was examined by measuring the peak area r a t i o  r e l a t i v e  

t o  the  value obtained w i t h  the above so lvent  system w i thou t  Me-@- 

CD. 

RESULTS DISCUSSION 

E f f e c t  o f  CD i n  t h e  Mobi le Phase on t h e  Retent ion --------- 
It has p rev ious l y  been d isc losed t h a t  B- and yCDs were the  

most e f f e c t i v e  m o d i f i e r s  f o r  t h e  r e t e n t i o n s  o f  e s t r o g e n s  and 

d i g i t o x i n ,  r e s p e c t i v e l y  [l, 21. The e f f e c t s  o f  w, 6- andy-CD 

c o n t e n t s  i n  t h e  m o b i l e  p h a s e  o n  c a p a c i t y  f a c t o r  ( k ' )  o f  

chenodeoxychol  i c  a c i d  ( I  I a )  were examined as before (Figure 2). 

Among the  CDs examined, ECD was most e f f e c t i v e  i n  decreasing the  

k' value and the same behavior was observed on o the r  b i l e  acids. 

On the  basis o f  these data, f u r t h e r  study was c a r r i e d  ou t  w i t h  B-  

CD. The c a p a c i t y  f a c t o r s  o f  uncon juga ted  b i l e  a c i d s  h a v i n g  a 12 

a-hydroxy l  group ( l a ,  I I I a )  were n o t  so i n f l u e n c e d  b u t  t h o s e  o f  

o t h e r  uncon juga ted  b i l e  a c i d s  ( I  Ia, IVa, Va) were decreased 

TABLE 1 

E f f e c t  o f  B-CD on t h e  Retent ion o f  Unconjugated B i l e  Acids 

B i l e  Acids k '  Value 

c h o l i c  ac id  ( I a )  2.84l) 2.19') 

chenodeoxycholic ac id  ( I I a )  10.59 3.73 

deoxycholic a c i d  ( I I I a )  12.32 10.29 

ursodeoxycholic ac id  (JVa) 4.00 0.69 

l i t h o c h o l i c  a c i d  (Va) ----3 1 16.89 

1) ace ton i t r i l e /0 .5% KH PO (pH 4.0) (4:5). 2) a c e t o n i t r i l e /  
0.5% KH2P04 (pH 4.0)(&5f conta in ing 5 mM B-CD. 3) The compound 
was not  e lu ted  w i t h i n  30 min. tom1.09 min. 
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FIGURE 2. E f f e c t  o f  CD on the  Retent ion o f  Chenodeoxvcholic 
Acid. 

C o n d i t i o n s :  m o b i l e  phase, a c e t o n i t r i l e / 0 . 5 %  
KH PO4. (4:5) con ta in ing  each CD as ind icated:  
degection, UV (210 nm). 

1 

1: a-CD 2: y-CD 3: 0-CD 

s h a r p l y  by t h e  a d d i t i o n  o f  f t C D  ( T a b l e  1). These phenomena were 

a l s o  observed on 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  o f  b i l e  a c i d s  

( F i g u r e  3, 4). I t  i s  o f  i n t e r e s t  t h a t  t h e  f o r m a t i o n  o f  t h e  

i n c l u s i o n  complex f r o m  t h e  s o l u t e  and B-CD e x h i b i t s  such a 

c h a r a c t e r i s t i c  pattern. It would be h e l p f u l  t o  i d e n t i f y  t he  peak 

on the  chromatogram obtained w i t h  b i o l o g i c a l  samples. 
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2 

d L- 
0 10 20 min 

I I 

10 20 min 

FIGURE 3. Separation o f  Glycine-Conjugated B i l e  Acids. 
a 1: Ib, 2: IVb, 3: I I b ,  4: I I I b  
b] 1: IVb, 2: Ib, 3: I I b ,  4: Vb, 5: I I I b  
C o n d i t i o n s :  m o b i l e  phase, a) a c e t o n i t r i l e / 0 . 5 %  KH PO 
(pH 4.0)(1:2); G l y c o l i t h o c h o l i c  ac id  (Vb) was not  e l i t e d  
w i t h i n  3 0  m i n  u n d e r  t h e s e  c o n d i t i o n s .  b )  
a c e t o n i t r i l e / 0 . 5 2  K H  PO (pH 4.0)(1:2) c o n t a i n i n g  3 m M  
P C D :  detect ion,  UV ( h O ? ~ m :  0.02 AUFS). 

Ef fect  o f  CD i n  t h e  Mobi le Phase on the  Separation o f  B i l e  Acids --------- 
The e l u t i o n  o r d e r  of  c h o l i c  a c i d  ( l a )  and IVa was r e v e r s e d  

and t h e  r e s o l u t i o n  o f  I I a  and d e o x y c h o l i c  a c i d  ( I I I a )  (Rs 2.13) 

was much improved  (Rs 7.76) b y  t h e  a d d i t i o n  o f  B-CD t o  t h e  

m o b i l e  phase .  I t  i s  n o t  easy t o  s e p a r a t e  l i t h o c h o l i c  a c i d  (Va) 

f rom o t h e r  unconjugated b i l e  ac ids under i s o c r a t i c  cond i t i ons  i n  

a s h o r t  t i m e  [ 4 ] ,  because o f  t h e  h i g h e r  l i p o p h i l i c i t y  o f  Va 

compared w i t h  other  unconjugated b i l e  acids. But the a d d i t i o n  o f  

E C D  t o  the mobi le phase overcomes t h i s  problem as shown i n  Table 
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a) b) 
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2 
13 

1 I I I I I I 

0 10 20 30 min 0 10 20 min 

FIGURE 4. Separation o f  Taurine-Conjugated B i l e  Acids. 
a 1: IVc, 2: I c ,  3: I I c ,  4: IIIc 
b] 1: IVc, 2: IIc, 3: Ic.  4: VC, 5: IIIc 
Conditions: mobi le phase, a) a c e t o n i  t r i  le/0.5% KH2P04 
(pH 4.0)(2:5). T a u r o l i t h o c h o l i c  a c i d  (Vc) was n o t  
e l u t e d  w i t h i n  30 m i n  under t h e s e  c o n d i t i o n s .  b) 
a c e t o n i t r i l e / 0 . 5 %  KH2P04 (pH 4.0 (2:5) 
c o n t a i n i n g  5 m M  p C D ;  d e t e c t i o n ,  U 1 (210 nm; 0.02 AUFS). 

1. Each l i t h o c h o l i c  ac id  conjugate (Vb, c) was also  e lu ted  w i t h  

o the r  b i l e  ac id  conjugates under i s o c r a t i c  cond i t i ons  using B-CD, 

respec t i ve l y  (Figure 3b, 4b). 

T h e  s e p a r a t i o n  o f  g l y c o c h o l i c  a c i d  ( I b )  a n d  

glycoursodeoxycholic ac id  (IVb) has not  been s a t i s f a c t o r y  w i t h o u t  

B-CD ( F i g u r e  3a). The k' v a l u e  o f  IVb was more i n f l u e n c e d  t h a n  

t h a t  o f  Ib ,  wh ich  has a 12 a - h y d r o x y l  group, by t h e  a d d i t i o n  o f  

6-CD and t h e  comp le te  s e p a r a t i o n  o f  t h e s e  b i l e  a c i d s  has been 

done. The phenomenon was a l so  compat ib le w i t h  t h a t  obtained w i t h  

g lycochenodeoxychol  i c  a c i d  ( I I b )  and g l ycodeoxycho l  i c  a c i d  
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( I I I b ) (F igu re  3b). The complete separat ion o f  taur ine-conjugated 

b i l e  acids (I-Vc) was a l so  accomplished by the a d d i t i o n  of B-CD 

as shown i n  F igure 4. 

E f f e c t  o f  CD on t h e  FL Response ------ 
B i l e  acids are usua l l y  monitored by UV de tec to r  a t  190-210 

nm. However, common b i l e  acids have no remarkable UV absorption. 

Therefore,  numerous a t t e m p t s  have been made t o  improve  t h e  

s e n s i t i v i t y  i n  de tec t i on  [3] .  Among these, pre-co lumn l a b e l i n g  

through the  24-carboxyl o r  3 a-hydroxyl group i s  r a t h e r  popular. 

Okuyama e t  al .  developed a HPLC method w i t h  FL u s i n g  4- 

bromomethyl-7-methoxy coumarin as a pre-column l a b e l i n g  reagent 

(V I ) [6 ] .  On t h e  c o n t r a r y  Goto e t  a l .  developed t h e  r e a g e n t  

possess ing  b o t h  c a r b o n y l  n i t r i l e  as a r e a c t i n g  group and 

anthracene as a f l u o r o p h o r e  ( V I I ) [ 7 ] .  The e f f e c t  o f  C D  i n  t h e  

m o b i l e  phase on t h e  FL response was examined u s i n g  t h e s e  

de r i va t i ves  o f  IVa (Figure 5). Me-BCD instead o f  B C D  was used 

as an a d d i t i v e ,  because o f  s p a r i n g  s o l u b i l i t y  o f  B-CD i n  t h e  

m o b i l e  phase c o n t a i n i n g  more t h a n  50% o f  a c e t o n i t r i l e  as an 

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

de r i va t i ves  were approximately one p o i n t  two t imes enhanced by 

the add i t i on  o f  5 mM Me-BCD t o  the mobi le phase. These data are 

c o m p a t i b l e  w i t h  t h o s e  o b t a i n e d  w i t h  e s t r o g e n s  [ l]. 

The group separat ion o f  unconjugated, g lyc ine-  and taur ine-  

conjugated b i l e  acids has already been done [3, 41, the  use o f  CD 

i n  t h e  m o b i l e  phase a f f o r d s  an advantage t o  t h e  s e p a r a t i o n  of 

b i l e  acids and the fluorescence de tec t i on  o f  t h e i r  d e r i v a t i v e s  i n  

t h e  reversed-phase HPLC. F u r t h e r  a p p l i c a t i o n  o f  t h i s  method t o  
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HO" do; H 0' H 

VII 

FIGURE 5. S t ruc tu res  o f  Fluorescence Labeled B i l e  Acids. 

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

de r i va t i ves ,  a re  being conducted i n  these labo ra to r ies ,  and t h e  

d e t a i l s  w i l l  be repo r ted  elsewhere. 
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