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ABSTRACT

The chromatographic behavior of bile acids was examined by
the addition of cyclodextrin to the mobile phase of reversed-
phase high performance liquid chromatography. The separation of
bile acids was much improved by the addition of g-cyclodextrin.
The capacity factors of bile acids having a 12 a-hydroxyl group
were not so influenced but those of other bile acids were
decreased sharply by the additives.

The response of fluorescence labeled derivative of bile acid
to a fluorescence detector was raised with an addition of
cyclodextrin to the mobile phase.

INTRODUCTION
In the previous paper we reported the use of cyclodextrin
(CD) in the mobile phase, which is of great advantage to the
separation of isomeric estrogens, cardenolides and their

fluorescence detection in reversed-phase high performance liquid
491
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chromatography (HPLC) {1, 2]. In recent years considerable
attention has been directed to the biodynamics of bile acids in
patients with hepatobiliary diseases, and the development of
reliable methods is urgently required for the analysis of
profiles of bile acids in biological materials (Figure 1). HPLC
was widely used for the separation and determination of bile
acids without prior hydrolysis and/or solvolysis [3, 4]. On the
other hand Snopek et al., used CDs as leading electrolyte
additives in isotachophoresis for the separation of bile acids
[S]. These data prompted us to examine chromatographic behavior
of bile acids using CD in the mobile phase of reversed-phase
HPLC. The effect of CD on the fluorescence detector response has

also been investigated.

MATERIALS AND METHODS

Materials

CDs were kindly supplied by Nihon Shokuhin Kako Co., Ltd.
(Tokyo, Japan). Heptakis-(2,6-di-0-methy1)-g-CD (Me-g-CD) was
prepared and donated by Kao Co. (Tokyo). Bile acids and 4-
bromomethyl-7-methoxycoumarin were obtained from Tokyo Kasei
Kogyo Co., Ltd. (Tokyo). 1-Anthroyl cyanide was purchased from
Wako Pure Chem. Ind., Ltd. (Tokyo). Solvents were purified by

distillation prior to use.

Apparatus

HPLC was carried out on a Shimadzu LC-6A chromatograph
equipped with a Shimadzu SPD-6A ultraviolet detector (UV; 210
nm)(Shimadzu Co., Ltd., Kyoto, Japan) or Hitachi F-1000
fluorescence detector (FL)(Hitachi Ltd., Tokyo) at a flow rate of
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FIGURE 1. Structures of Bile Acids.

1 ml/min. A Develosil ODS-5 (5 ym) column (15 cm x 0.4 cm i.d.)
(Nomura Chemical Co., Seto, Japan) was used at ambient
temperature. The pH of the mobile phase was adjusted with H3P04.

The dead volume was determined by the use of NaNOs.

Derivatization Methods

The derivatizations of 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 of 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

of ursodeoxycholic acid (IVa) were subjected to HPLC using



13:59 24 January 2011

Downl oaded At:

494 SHIMADA, KOMINE, AND OE

acetonitri]e/HZO (2:1) and acetonitrile/0.52 KHzPO,4 (pH 4.0)(3:1)
containing 5 mM Me-B3-CD as a mobile phase, respectively. FL
response was examined by measuring the peak area ratio relative

to the value obtained with the above solvent system without Me-gR-
CD.

RESULTS AND DISCUSSION

It has previously been disclosed that f—- and y-CDs were the
most effective modifiers for the retentions of estrogens and
digitoxin, respectively [1, 2]. The effects of o, B~ and y-CD
contents in the mobile phase on capacity factor (k') of
chenodeoxycholic acid (IIa) were examined as before (Figure 2).
Among the CDs examined, g-CD was most effective in decreasing the
k' value and the same behavior was observed on other bile acids.
On the basis of these data, further study was carried out withg-
CD. The capacity factors of unconjugated bile acids having a 12
a-hydroxyl group (la, I1la) were not so influenced but those of

other unconjugated bile acids (Ila, IVa, Va) were decreased

TABLE 1
Effect of g-CD on the Retention of Unconjugated Bile Acids

Bile Acids k' Value

cholic acid (la) 2.841) 2.192)
chenodeoxycholic acid (Ila) 10.59 3.73
deoxycholic acid (Illa) 12.32 10.29
ursodeoxycholic acid (IVa) 4,00 0.69
lithocholic acid (Va) ----3) 16.89

1) acetonitrile/0.5% KH,PO, (pH 4.0) (4:5). 2) acetonitrile/
0.5Z KH,PQ, (pH 4,0)(3:5 containing 5 mM g-CD. 3) The compound
was not eluted within 30 min. tp=1.09 min.
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FIGURE 2. Effgct of CD on the Retention of Chenodeoxycholic
cid.
1: o-CD 2: v-CD 3: g-CD
Cond1t1ons mobile phase. acetonitrile/0.5%

HoPO4 (4:5) conta1n1ng each CD as indicated;
gect1on, uv (210 nm).

sharply by the addition of g-CD (Table 1). These phenomena were
also observed on glycine or taurine conjugates of bhile acids
(Figure 3, 4). It is of interest that the formation of the
inclusion complex from the solute and g-CD exhibits such a
characteristic pattern. It would be helpful to identify the peak

on the chromatogram obtained with biological samples.
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FIGURE 3. Separatwn of Glycine-Conjugated Bile Acids.
1: Ib, 2: IVb, 3: Ilb, 4: IIIb

b 1: Ivb, 2: Ib, 3: IIb, 4: Vb, 5: IIIb
Conditions: mobile hase. a) acetomtrﬂe/O 5% KH2P0
(pH 40)(1 2) G]ycohthochohc acid (Vb) was not eluteé
withi 30 min under these conditions. b)
acetomtrﬂe/O 57 KH (pH 4.0)(1: 2) containing 3 mM
B~CD; detection, UV (31 %m. 0.02 AUFS).

The elution order of cholic acid (Ia) and IVa was reversed
and the resolution of Ila and deoxycholic acid (I1Ia) (Rs 2.13)
was much improved (Rs 7.76) by the addition of g-CD to the
mobile phase. It is not easy to separate lithocholic acid (Va)
from other unconjugated bile acids under isocratic conditions in
a short time [4], because of the higher lipophilicity of Va
compared with other unconjugated bile acids. But the addition of

B-CD to the mobile phase overcomes this problem as shown in Table
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FIGURE 4. Separation of Taurine-Conjugated Bile Acids.

a) 1: IVe, 2: lc, 3: 1lec, 4: Illc

b) 1: IVec, 2: 1lec, 3: lc, 4: Ve, 5: Illc

Conditions: mobile phase, a) acetonitrile/0.5% KH,PO,
(pH 4.0)(2:5). Taurolithocholic acid (Vc) was “not
eluted within 30 min under these conditions. b)
acetonitrile/0.5%2 KH,P0, (pH 4.0&(2:5)
containing 5 mM g-CD; detection, U

1. Each lithocholic acid conjugate (Vb, c) was also eluted with
other bile acid conjugates under isocratic conditions using R-CD,
respectively (Figure 3b, 4b).

The separation of glycocholic acid (Ib) and
glycoursodeoxycholic acid (IVb) has not been satisfactory without
B-CD (Figure 3a). The k' value of IVb was more influenced than
that of Ib, which has a 12 a—hydroxyl group, by the addition of
B8-CD and the complete separation of these bile acids has been
done. The phenomenon was also compatible with that obtained with

glycochenodeoxycholic acid (IIb) and glycodeoxycholic acid

(210 nm; 0.02 AUFS).
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(I1Ib)(Figure 3b). The complete separation of taurine-conjugated
bile acids (I-Vc) was also accomplished by the addition of g-CD

as shown in Figure 4,

Bile acids are usually monitored by UV detector at 190-210
nm. However, common bile acids have no remarkable UV absorption.
Therefore, numerous attempts have been made to improve the
sensitivity in detection [3]. Among these, pre-column labeling
through the 24-carboxyl or 3 a-hydroxyl group is rather popular.
Okuyama et al. developed a HPLC method with FL using 4-
bromomethyl-7-methoxy coumarin as a pre-column labeling reagent
(VI)[6]. On the contrary Goto et al. developed the reagent
possessing both carbonyl nitrile as a reacting group and
anthracene as a fluorophore (VII)[7]. The effect of CD in the
mobile phase on the fL response was examined using these
derivatives of IVa (Figure 5). Me-g3-CD instead of R-CD was used
as an additive, because of sparing solubility of B-CD in the
mobile phase containing more than 50% of acetonitrile as an
organic modifier. The fluorescence intensities of both
derivatives were approximately one point two times enhanced by
the addition of 5 mM Me-3-CO to the mobile phase. These data are
compatible with those obtained with estrogens [1].

The group separation of unconjugated, glycine- and taurine-
conjugated bile acids has already been done [3, 4], the use of CD
in the mobile phase affords an advantage to the separation of
bile acids and the fluorescence detection of their derivatives in

the reversed-phase HPLC, Further application of this method to
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FIGURE 5. Structures of Fluorescence Labeled Bile Acids.

the analysis of bile acids, especially pre-column labeled
derivatives, are being conducted in these laboratories, and the

details will be reported elsewhere.
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