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THE EFFECT OF ORGANIC MODIFIER 
IN THE MOBILE PHASE ON THE 

SEPARATION OF BILE ACIDS AND 
ITS  FLUORESCENT DERIVATIVES 

IN INCLUSION CHROMATOGRAPHY 

KAZUTAKE SHIMADA;, HIDEHARU YOSHIDA, 
AND YOSHIHIRO KOMINE 

Faculty of Pharmaceutical Sciences 
Kanazawa University 

13-1 Takara-machi 
Kanazawa 920, Japan 

ABSTRACT 

T h e  e f f e c t  o f  o r g a n i c  m o d i f i e r  ( m e t h a n o l ,  a c e t o n i t r i l e ,  
t e t r a h y d r o f u r a n )  i n  t h e  m o b i l e  p h a s e  on t h e  s e p a r a t i o n  o f  f r e e  
b i l e  a c i d s  a n d  i t s  f l u o r e s c e n t  d e r i v a t i v e s  i n  r e v e r s e d - p h a s e  
h igh-per formance  l i q u i d  c h r o m a t o g r a p h y  u s i n g  c y c l o d e x t r i n  a s  a 
m o b i l e  p h a s e  a d d i t i v e  w a s  e x a m i n e d .  B o t h  m e t h a n o l  a n d  
a c e t o n i t r i l e  were e f f e c t i v e  on the s e p a r a t i o n  of free b i l e  a c i d s  
b u t  t h e  former w a s  m o r e  e f f e c t i v e  t h a n  t h e  l a t t e r  on t h a t  of 3- 
(1-an throy1)b i le  a c i d s  o r  b i l e  a c i d  24-pyrenacyl  esters. On the 
c o n t r a r y  t e t r a h y d r o f u r a n  p r e v e n t e d  the h o s t - g u e s t  i n t e r a c t i o n .  

INTRODUCTTON 

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 f o c u s e d  on 

t h e  u t i l i z a t i o n  o f  c y c l o d e x t r i n  (CD) o r  c r o w n  e ther  a s  a 

s t a t i o n a r y  o r  m o b i l e  p h a s e  i n  c h r o m a t o g r a p h y  ( i n c l u s i o n  
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606 SHIMADA, YOSHIDA, A N D  KOMINE 

chromatography)  owing  t o  t h e i r  a b i l i t y  t o  form i n c l u s i o n  complex 

and g i v e  s p e c i f i c  r e t e n t i o n  b e h a v i o r  of  v a r i o u s  o r g a n i c  compounds 

[ l ,  21. 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  t h e  much i m p r o v e d  

s e p a r a t i o n  of e s t r o g e n s  [3], c a r d i a c  s t e r o i d s  [ 4 ]  and b i l e  a c i d s  

[5] h a s  b e e n  o b s e r v e d  by t h e  a d d i t i o n  of t h e  s u i t a b l e  CD t o  t h e  

m o b i l e  p h a s e  i n  r e v e r s e d - p h a s e  h i g h - 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). S i n c e  t h e  f o r m a t i o n  o f  CD i n c l u s i o n  

c o m p l e x  i n  t h e  l i q u i d  p h a s e  p r o c e e d s  m o r e  e a s i l y  i n  a n  a q u e o u s  

s o l u t i o n ,  the  u s e  of  a n  aqueous-organic  s o l v e n t  as a m o b i l e  p h a s e  

is  n e c e s s a r y  f o r  t h i s  c h r o m a t o g r a p h y .  M e t h a n o l  was u s u a l l y  

recommended as a n  o r g a n i c  m o d i f i e r  i n  the m o b i l e  phase ,  because  

o f  t h e  s o l u b i l i t y  o f  CD a n d  small  p r e v e n t i v e  e f f e c t  on  t h e  

f o r m a t i o n  of h o s t - g u e s t  i n c l u s i o n  complex  [6]. A c e t o n i t r i l e  or  

t e t r a h y d r o f u r a n  was a l s o  used  as a n  o r g a n i c  m o d i f i e r  [ 7 ,  81, b u t  

t h e  d e t a i l s  of which have  n o t  been  c l a r i f i e d .  

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

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

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

( F i g .  1) i n  r e v e r s e d - p h a s e  HPLC 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 .  

MAERIALS AND METHODS 

Materials 

CDs were 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 Co.,  L t d .  

(Tokyo, Japan). H e p t a k i s - ( 2 ,  6-di-O-methyl)-B-CD (Me-B-CD; 10.5 
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BILE ACIDS AND FLUORESCENT DERIVATIVES 607 

J-(l-anthroyl)bile acid 

cholic acid (CA) :R,=+l Rz=OH 
OH, 

OH, 
chenodeoxycholic acid (CDCA) :R ,=+I  R.=H 

deoxycholic acid (DCA) : R , = H ,  RI-OH 

ursodeoxycholic acid (UDCA) : R , = + H ,  R,=H 

lithocholic acid (LCA) : R I = R z = H  

H 

bile acid 24-pyrenacyl ester 

FIGURE 1. S t r u c t u r e s  of  f r e e  b i l e  a c i d s  and i ts  f l u o r e s c e n t  
d e r i v a t i v e s .  

methyl r e s i d u e s / m o l )  was p r e p a r e d  and donated  by Kao Co. (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 Co., L t d .  

( T o k y o ) .  1 - A n t h r o y l  c y a n i d e  a n d  1 - b r o m o a c e t y l p y r e n e  were 

p u r c h a s e d  from Wako P u r e  Chem. Ind . ,  L t d .  (Osaka, J a p a n ) .  

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.  

Appara tus  

HPLC was c a r r i e d  out on a JASCO 'JXI ROTAR c h r o m a t o g r a p h  

e q u i p p e d  w i t h  a JASCO UVIDEC-100-11 u l t r a v i o l e t  d e t e c t o r  (UV) 

( J a p a n  S p e c t r o s c o p i c  Co., Ltd., T o k y o )  o r  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  (FL) ( H i t a c h i  Ltd. ,  Tokyo) at a f l o w  ra te  
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608 SHIMADA, YOSHIDA, A N D  KOMINE 

of 1 ml/min u n l e s s  otherwise s t a t e d .  A YMC-GEL % (5 ,,m) column 

(15 c m  x 0.4 c m  i.d.) (Yamamura Chemical Co., K y o t o ,  J a p a n )  w a s  

u s e d  a t  a m b i e n t  t e m p e r a t u r e .  T h e  pH o f  t h e  m o b i l e  p h a s e  was 

a d j u s t e d  w i t h  H3P04. The dead volume w a s  d e t e r m i n e d  by the u s e  o f  

NaN03 ( U V )  o r  MeOH (FL: Ex. 280 nm, Em. 320 nm). 

D e r i v a t i z a t i o n  Methods 

T h e  d e r i v a t i z a t i o n s  of b i l e  a c i d s  w i t h  1 - a n t h r o y l  c y a n i d e  

a n d  1 - b r o m o a c e t y l p y r e n e  were d o n e  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  b y  G o t o  e t  a l .  [ 9 ]  a n d  K a m a d a  e t  a l .  [ l o ] ,  
r e s p e c t i v e l y .  

RESULTS AND DISCUSSION 

The S o l u b i l i t y  o f  CDs i n  t h e  Mobi le  P h a s e  - 

The s o l u b i l i t y  of  v a r i o u s  C D s  ( a, B, yand Me-ECDs) i n  t h e  

a q u e o u s  m o b i l e  p h a s e  u s i n g  m e t h a n o l ,  a c e t o n i t r i l e  o r  

t e t r a h y d r o f u r a n  as a n  o r g a n i c  m o d i f i e r  was examined . Each CD was 

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

0.5, 1, 2 ,  3 ,  4 o r  5 mM a n d  t h e  m i x t u r e  w a s  k e p t  a t  r o o m  

t e m p e r a t u r e  o v e r n i g h t .  The maximum c o n c e n t r a t i o n  of added CD t h a t  

d i d  n o t  s h o w  t u r b i d i t y  was l i s t e d  i n  TABLE 1. T h e  s o l u b i l i t y  of 

e a c h  CD i n  a q u e o u s - m e t h a n o l  w a s  t h e  l a r g e s t  among t hese  t h r e e  

a q u e o u s - o r g a n i c  s o l v e n t  s y s t e m s ,  e x c e p t  f o r  6-CD i n  m e t h a n o l -  

water (1:l a n d  3:Z). Among t h e  e x a m i n e d  C D s ,  Me-@-CD was most 

s o l u b l e  i n  a l l  t h e  examined m o b i l e  phase.  These  d a t a  are  h e l p f u l  
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BILE ACIDS A N D  FLUORESCENT DERIVATIVES 609 

TABLE 1 

The S o l u b i l i t y  of Each CD i n  t h e  Mobile Phase 
Conta in ing  Organic M o d i f i e r  

a) MeOH-H20 System 

CD 
ci B Me-B Y 

b) CH3CN-H20 System 

CD 
a 6 Me-B y 

l:l* 59" 3 5 5 
3:2 5 2 5 5 
2:l 5 2 5 5 
3:l 5 1 5 5 
4:l 5 0.5 5 3 
5:l 3 0.5 5 2 
6:l 3 0.5 5 2 
7:l 2 0.5 5 1 
8:l 2 0.5 5 0.5 
9:l 2 0.5 5 0.5 

c) Tetrahydrofuran-H20 System 

1:1* 5** 5 5 5 
3:2 4 1 5 2 
2:l 1 0.5 5 0.5 
3:l 0.5 - 5 
4:l - - 5 - 

5 5:l - - 

- 
- 

CD 
c1 B Me-B Y 

1:1* 5** 5 5 5 
3:2 5 4 5 3 
2: l  5 2 5 2 
3:l 2 0.5 5 0.5 
4:l 1 - 5 
5:l - - 2 

- 
- 

* Organic  s o l v e n t  : H20 
* m M  

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

prompted us t o  use  Me-@CD as t h e  h o s t  compound i n  t h e  f o l l o w i n g  

exper iments .  

The E f f e c t  of Te t r ahydro fu ran  i n  t h e  Mobile Phase --- 
R e c e n t l y  H i g a s h i d a t e  e t  a l .  u s e d  t h e  i n c l u s i o n  

chromatography f o r  t h e  s e p a r a t i o n  of b i l e  a c i d  dansylhydrazones 
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610 SHIMADA, YOSHIDA, AND KOMINE 

0, 
3 
a > 
-x 

d 

a, > 
a 
.- 
Y 

I 

I t 

0 1 2 3 4 5  0 1 2 3 4 5  

Concentration of Me-O-CD (rnM) 

FIGURE 2. E f f e c t  of o rgan ic  mod i f i e r  on t h e  r e t e n t i o n  of UDCA 
f l u o r e s c e n t  d e r i v a t i v e s .  
a)  3-(l-Anthroyl)UDCA 

1. Tetrahydrofuran-0.1% KH PO (pH 4.0) (20:21), 
2. CH3CN-0.1% KH2P04(pH 4.6) 412:5), 3. MeOH-0.1% 

KH P04(pH 4.0) (9 :2 )  con ta in ing  Me-&CD as 
i n j i c a t e d .  

D e t e c t i o n ,  FL (Ex. 370 nm, E m .  4 7 0  nm). 

1. Tetrahydrofuran-H20 <10:13), 2. CH3CN-H 0 ( 5 : 3 ) ,  
3. MeOH-HzO ( 4 : l )  c o n t a i n i n g  Me-8-CD as i n z i c a t e d .  
De tec t ion ,  FL (Ex. 370 nm, Em. 440 nm). 

b) UDCA 24-pyrenacyl ester 

and r e p o r t e d  t h a t  t h e  a d d i t i o n  of t e t r a h y d r o f u r a n  i n  t h e  mobi le  

phase i n v a l i d a t e d  t h e  e f f e c t  of CD [ 8 ] ,  but  t h e  d e t a i l s  of which 

h a v e  n o t  b e e n  c l a r i f i e d .  The d a t a  p rompted  us t o  e x a m i n e  t h e  

phenomenon more p r e c i s e l y .  The e f f e c t  of Me-8-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  u s i n g  t h r e e  d i f f e r e n t  o r g a n i c  m o d i f i e r s  on t h e  

r e l a t i v e  capaci ty  f a c t o r  (Rk') of 3-(l-anthroyl)UDCA (F ig .  2 a )  
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BILE ACIDS A N D  FLUORESCENT DERIVATIVES 61 1 

and  UDCA 24 -pyrenacy l  ester (F ig .  2b)  was i n v e s t i g a t e d .  The  Rk' 

va lues  decreased s i g n i f i c a n t l y  wi th  i n c r e a s i n g  concen t r a t ion  of 

Me-B-CD i n  t h e  mobi le  phase us ing  methanol or  a c e t o n i t r i l e  as an  

o r g a n i c  mod i f i e r ,  bu t  t h e  Rk' v a l u e s  were a l m o s t  unchanged by t h e  

a d d i t i o n  o f  t h e  CD i n  t h e  m o b i l e  p h a s e  c o n t a i n i n g  

te t rahydrofuran .  Although any p l a u s i b l e  exp lana t ion  has no t  been 

done, t h e  e f f e c t  of CD i n  t h e  i n c l u s i o n  chromatography h a s  been 

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

phase .  Accord ing  t o  t h e s e  d a t a  t h e  f o l l o w i n g  e x p e r i m e n t s  h a v e  

been  done  by u s i n g  m e t h a n o l  o r  a c e t o n i t r i l e .  as a n  o r g a n i c  

modi f ie r  . 
The E f f e c t  o f  OrRan ic  M o d i f i e r  i n  t h e  M o b i l e  P h a s e  o n  the 
Separa t ion  of F r e e  Bile Acids 

--- 

The e f f ec t  of m e t h a n o l  or a c e t o n i t r i l e  as  a n  o r g a n i c  

mod i f i e r  i n  t h e  mobile phase on t h e  s e p a r a t i o n  of f r e e  b i l e  a c i d s  

was examined  by u s i n g  Me+-CD a s  a h o s t  compound (TABLE 2). The 

Rk' v a l u e s  o f  CDCA and UDCA u s i n g  a c e t o n i t r i l e  a s  a n  o r g a n i c  

m o d i f i e r  i n  t h e  m o b i l e  p h a s e  were more i n f l u e n c e d  t h a n  t h o s e  

o b t a i n e d  w i t h  m e t h a n o l .  But t h e  Rk' v a l u e s  of o t h e r  b i l e  a c i d s  

were no t  so d i f f e r e n t  from each o t h e r  i n  t h e  both mobile phases. 

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

a c e t o n i t r i l e  as an organ ic  modi f ie r  w a s  shown i n  Fig. 3a and 3b, 

r e spec t ive ly .  Both chromatograms showed s a t i s f a c t o r y  s e p a r a t i o n s  

but  a c e t o n i t r i l e  gave the b e t t e r  one. The r e l a t i o n s h i p  between 

t h e  r e t e n t i o n  b e h a v i o r s  and s t r u c t u r e s  o f  b i l e  a c i d s  i n  t h i s  
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612 SHIMADA, YOSHIDA, AND KOMINE 

TABLE 2 

The Effect of Organic Modifier in the Mobile Phase on the k' Value 
of Free Bile Acids 

k' Value 

Bile Acid Concentration of Me-6-CD 
O m M  2mM 

~~ ~ ~~ 

CA 10. 35a) 6 .54b) 8 .88a)( 0.86)') 5. 3Zb)( 0.81) 
CDCA 6.75 7.43 4.20 (0.62) 3.53 (0.47) 
DCA 7.19 8.49 6.35 (0.88) 7.40 (0.87) 
UDCA 7.55 9.13 1.92 (0.25) 1.33 (0.15) 
LCA 10.31 9.76 4.15 (0.40) 4.01 (0.41) 

a) MeOH-0.5% KH2P04(pH 4.0) system. b) CH3CN-0.5% KH PO4(pH 4.0) 
system. c )  Rk' value. The k' value obtained without was taken 
as 1.0. Detection, UV (222 nm). 

i- 
ll 

I I I 

0 10 20 min 0 10 20 rnin 

FIGURE 3. Separation of free bile acids. 
1: UDCA 2: CA 3: CDCA 4 :  DCA 5: L C A  
Conditions: mobile phase, a) MeOH-0.5% KH2P0 (pH 4.0) 
(3:l) containing 0.5 mM Me-&CD. b) CH3CN-0.5% 
KHzP04(pH 4.0) (4:5) containing 1 mM Me-BCD; 
detection, W (222 nm). 
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BILE ACIDS AND FLUORESCENT DERIVATIVES 613 

TABLE 3 

The Effect of Organic Modifier in the Mobile Phase on k' Value 
of Bile Acid Fluorescent Derivatives 

a) 3-(l-Anthroyl)derivative 

k' Value 
Bile Acid Concentration of Me+-CD 
Derivative O m M  2mM 

CA 5.62" 6-59"" 4.35*(0.77)*** 5.45**(0.83) 
CDCA 12.43 12.14 6.76 (0.54) 8.10 (0.67) 
DCA 12.42 11.30 7.78 (0.63) 8.49 (0.75) 
UDCA 12.73 14.04 3.77 (0.30) 7.40 (0.53) 
LCA 13.47 14.98 3.52 (0.26) 9.58 (0.64) 

* MeOH-0.1% KH PO (pH 4.0) system. ** CH3CN-0.1% KH P04(pH 4.0) 
system. *+I+ Rk value calculated as described in TA%LE 2. 
Detection, FL (Ex. 370 nm, Em. 470 mu). 

b) Bile Acid 24-Pyrenacyl Esters 

? 4  

k ' Value 
Bile Acid Concentration of Me-ECD 
Derivative O m M  2mM 

CA 8.76* 9.15** 8.33*(0.95)*** 8.66**(0.95) 
CDCA 8.36 7.26 6.03 (0.72) 6.53 (0.90) 
DCA 9.02 7.85 7.57 (0.84) 7.57 (0.96) 
UDCA 6.90 12.54 4.21 (0.61) 8.26 (0.66) 
LCA 9.54 9.84 6.54 (0.69) 6.94 (0.71) 

~ ~~~~ 

* MeOH-H20 system. ** CH3CN-H20 system. *** Rk' value. 
Detection, FL (Ex. 370 nm, Em. 440 nm). 

chromatography using acetonitrile as an organic modifier has been 

discussed previously (51. 

The Effect of Organic Modifier on the Separation of Bile Acid 

Fluorescent Derivatives 

--- 

The effect of organic modifier in the m o b i l e  phase on the 

separation of 3-(l-anthroyl)bile acids and bile acid 24-pyrenacyl 
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I I , L I I 

0 10 20 min 0 10 20 30 min 

FIGURE 4. Separation of 3-(l-anthroyl)bile acids. 
1: UDCA 2: CA 3: CDCA 4: DCA 5: LCA 
Conditions: mobile phase, a) MeOH-0.25% KH PO (pH 4.0) 
(7 :Z)  containing 3.5 mM Me+-CD. b) CH3CN-8.25% 
KH2P04(pH 4.0) (7:3) containing 5 mM Me-8-CD; Flow 
rate, 1.5 ml/min; detection, FL (Ex. 370 nm, Em. 470 
nm). 

L I I I 1 1 , 
0 10 20 30 min 0 10 20 30 min 

FIGURE 5. Separation of bile acid 24-pyrenacyl esters. 
1: UDCA 2: CA 3 :  CDCA 4 :  DCA 5: LCA 
Conditions: mobile phase, a) MeOH-H20 (21:5) containing 
1 mM Me+ -CD. 
b) CHjCN-H20 (11:s) containing 2 m M  Me+-CD; F l o w  rate, 
1.5 m /min; detection, FL (Ex. 370 nm, Em. 440 nm). 
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esters was examined as desc r ibed  above and t h e  r e s u l t s  were shown 

i n  TABLE 3. Almos t  a l l  t h e  Rk' v a l u e s ,  e s p e c i a l l y  t h o s e  o f  3-(1- 

anthroy1)-UDCA and -LCA, o b t a i n e d  w i t h  m e t h a n o l  a s  a n  o r g a n i c  

m o d i f i e r  decreased  more s i g n i f i c a n t l y  t h a n  t h o s e  o b t a i n e d  w i t h  

a c e t o n i t r i l e .  The mix tu re  of  f i v e  b i l e  a c i d s  w a s  d e r i v a t i z e d  w i t h  

1 - a n t h r o y l  c y a n i d e  or  1 - b r o m o a c e t y l p y r e n e  and  a p p l i e d  t o  t h e  

HPLC. Bo th  m i x t u r e s  of t h e  d e r i v a t i v e s  showed s a t i s f a c t o r y  

s e p a r a t i o n  i n  t h e  HPLC u s i n g  m e t h a n o l  as  a n  o r g a n i c  m o d i f i e r .  

The peaks cor responding  t o  t h e  e x c e s s  o r  decomposed r e a g e n t s  have 

been e l u t e d  near  t h e  s o l v e n t  f r o n t  and much improved s e p a r a t i o n  

f rom UDCA d e r i v a t i v e  h a s  been  o b t a i n e d  by u s i n g  t h i s  o r g a n i c  

mod i f i e r  (Fig. 4 ,  5). The e l u t i o n  o r d e r  of 3-(l-anthroyl)LCA h a s  

been  changed  by t h e  u s e d  o r g a n i c  m o d i f i e r  (F ig .  4 a ,  b). The 

a p p l i c a t i o n  of t h e  method t o  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  i n  

b i o l o g i c a l  sample is now under i n v e s t i g a t i o n  i n  ou r  l a b o r a t o r i e s .  

Conclusion 

Although t h e r e  was coup le  of excep t ions ,  t h e  s o l u b i l i t y  of 

v a r i o u s  C D s  i n  a q u e o u s - m e t h a n o l  h a s  been  t h e  l a r g e s t  among t h e  

examined twenty  two aqueous-organic s o l v e n t  systems. Me-B-CD h a s  

been shown t o  be t h e  b e s t  CD i n  i ts s o l u b i l i t y  i n  aqueous-organic 

s o l v e n t  system. Both methanol and a c e t o n i t r i l e  were e f f e c t i v e  on 

t h e  s e p a r a t i o n  of f ree  b i l e  a c i d s  b u t  t h e  former w a s  more  

e f f e c t i v e  t h a n  t h e  l a t t e r  on t h a t  of 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 .  The s e p a r a t i o n  of  t h e  p e a k s  c o r r e s p o n d i n g  t o  t h e  
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616 SHIMADA, YOSHIDA, AND KOMINE 

d e r i v a t i z a t i o n  r e a g e n t s  o r  r e l a t e d  compounds from those  of t h e  

b i l e  a c i d s  w a s  c l e a r l y  done  by t h i s  o r g a n i c  m o d i f i e r .  On t h e  

c o n t r a r y  t e t r a h y d r o f u r a n  i n  t h e  mobile phase prevented t h e  hos t -  

g u e s t  i n t e r a c t i o n  and showed no e f f e c t  on t h e  presence  of CD. 
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