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SUMMARY

Witk use of an anion-exchange packing, TSK Gel IEX 540 DEAE, for high-performance
liquid column chromategraphy, glyeine- and taurine-conjugated bile acids were separated in
10 mip and detected with a differential refractometer. Human bile could be analyzed after a
simple pretreatment. The purity of the peaks of glycine- and taurine-conjugatsd 4ile acids in
human bile was confirmed by enzymatic determination using 3a-hyvdroxysteroid :NAD oxi-
doreductase. The molar ratios of the two forms of the conjugates (;lycine/taurine ratios) in
bile from normal subjects and from patients suffering from various hepatcbiliary diseases
were measured.

INTRODUCTION

The bile acids are synthesized from cholesterol, meiabolized mainly fo
glycine conjugates (G) and/or taurine conjugates (T) in tke liver, stored in the
galibladder, excreted intermittently into the duodenum, partially deconjugated
by the anaerobes, reabsorbed from the ileum—proximasl colon into the portal
vein to reach the liver, and recirculated to reach the enterohepatic circulation.

The G/T ratio in the bile is changed in hepatobiliary diseases and intestinal
disorders [1—7]. Patients with ileal disorders showed markedly high G/T
ratios from 10 to 20, sometimes nearing 30, while the normal range is be-
tween 2 and 5 [3, 8]. This is supposedly due to a mor:2 rapid rate of con-
jugation for glycine than taurine in the liver fo compensate for a deficien-
cy in the conjugates caused by mealabsorption in the intastine in ileal disor-
ders. On the other hand, the majority of patients with tropical sprue showed
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G/T ratios lower than 1 [2]. These findings suggest the mportance of mea-
suring G/T ratios.

The separation of G and T groups has been attained on a column of silicie
acid [9]. ion-exchange resin {1], for example Dowex-1, and Sephadex PHP-
LH-2G [10]. However, these procedures were not sufficiently simple or rapid
- for routine clinical use.

In this paper, a rapid assay of G and T by high-performance liquid chromato-
graephy (HPLC) using an anion-exchange packing, TSK Gel IEX 540 DEAE, was
developed and applied to human bile samples.

EXPERIMENTAL

Chemicals

Glyceccholic acid (GC), glyeodeoxycholic acid (GDC), glycochenodeoxy-
cholic acid (GCDC), taurccholic acid (TC), taurcdeoxycholic acid (TDC) and
taurochenodeoxycholic acid (TCDC) were of the highest purity obtained from
Sigma (St. Louis, Mo., U.S.A.). Glycoursodeoxycholic acid (GUDC), glyco-
lithocholic acid (GLC) and taurolithocholic acid (TLC) were the gift of Dr.
Osuga, Faculty of Medicine, Tsukuba University. Cholic acid (C; extra pure rea-
gent) and cdeoxycholic acid {(DC) were obtzained from Nakarai (Kyoto, Japan)
ard lithocholic acid {(L.C) was from Tokyo Kasei (Tokyo, Japan). Chenodeoxy-
cholic acid (CDC) was kindly supplied by Yamanouchi (Tokyo, Japan) and
urscdeoxycholic acid (UDC) from Tokyo Tanabe (Tokyo, Japan). Lithocholic
acid-3a-sulfate (LC-3a-S) and glycochenodeoxycholic acid-3a-sulfate (GCDC-
3a-S) were synthesized according to the method of Haslewood and Haslewood
[11}.

Ethanol, methanol, citric acid and sodium citrate were of reagent grade from
Kanto Kagaku (Tokyo, Japan). 3«-Hydroxysteroid:NAD oxidoreductase (EC
1.1.1.50; 3«-HSD) from Nyegaard & Co. (Oslo, Norway) and diaphorase
(EC 1.6.4.3) from Sigma were products of the highest purity. NAD was ob-
tained from Boehringer {Mannheim, G.F.R.) and resazurin from Daiichi (Tokyo,
Japan).

Packing for high-performance liquid chromatography

Recenily, an anion-exchange packing, TSK Gel IEX 540 DEAE (Toyo Soda
Manufacturing Co., Tokyo, Japan), for HPLC became available. The packing
consists of spherical particles of silica gel coated covalently with polyethylene
glyeo! to which diethylaminoethyl residues are attached.

Chromatographic system

The HPLC system used in this study was assembled from modular «. *no-
nents and consisted of a Medei SM8P10 synchronous mofor pump (Japan
Servo Co., Tokyo, Japan), a Kyowa KMH-6V sampling valve with a 112l loop
(Kyvowa Seimitsu Co., Tokyo, Japan), a glass column packed with TSK Gel IEX
540 DEAE (5 pm particle diameter, 80 mm X 8 mm L.D.), and a differential
refractometer, Shodex RI SE-11 (Showa Denko, Tokyo, Japan). The column
temperature was maintained at 45°. The eluent, 0.017 M sodium citrate buffer
(pH 3.6)—ethanol (3:2, v/v) degassed prior to use by aspiration and ultrasonica-
ticn, was pumped at a rate of 0.92 ml/min.
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Human bile

Human bile samples from normal subjecis and from patients suffering from
various diseases were collected by intubation using magnesium sulfate mixture
as 3 gallbladder constrictor.

Procedures

The standard bile acids were dissolved in the eluent. The bile was centrifuged
at 650 g for 20 min and the supernatant was diluted several fold with the
eluent. The solution was recentrifuged, if necessary, ané was directly applied to
HPLC.

For the enzymatic analysis the neak of G or T from HPLC was collected and
subjected to enzymatic assay using 3«-HSD according to the method originally
reported by Mashige et al. [12] but slightly modifie¢ as foliows. Ta each of
0.2-ml portions of the fraction in two separate tubes, A and B, 1.9 ml of 0.05
M Tris—HCl buffer (pH 9.0), the mixture of 0.2 ml of resazurin (100 uM)—
NAD (6 mg/ml) and 0.5 m! of diaphorase solution (0.5 U/ml) were added.
Then, 0.2 ml of 3a-HSD solution (0.024 1.U./ml) wss added to tube A and
0.2 ml of 0.05 M Tris—HCl buffer (pH 98.0) without 3« -HSD was added to tube
B. After incubaticn at 20° for 60 min, fluorescence was measured at 580 nm
(excitation at 560 nm) using an Hitachi MPF-2A fluorescence spectrophoto-
meter (Hitachi, Tokyo, Japan). The net fluorescence was obtained by subfract-
ing the intensity of B from that of A.

RESULTS

Conditions for the separation of G and T groups

The free bile acids (F'), G and T were not eluted from the packing with au
aqueous solution containing no ethanol. In the presence of 40% ethanol the
group separation of G from T was good at pH 3.6 (Table I). F were not re-
tained under these conditions. However, at pH 2.3 and 4.0 separation was ob-
served within the G or T group (Fig. 1). A small change in the ethanol content
of the buffer greatly affected the capacity factor (k') of each bile acid (Fig. 2).
The more hydrophilic bile acids have a tendency to elute earlier with a lower
ethanol content in the buffer. Therefore the ethanol content should be fixed at
40% to allow the bile acids of each group to be eluted simultaneously. There

TABLE I

CAPACITY FACTOR (k')* OF THE FREE (F), GLYCINE (CG) AND TAURINE (T) CON-
JUGATED BILE ACIDS ON TSK GEL IEX 540 DEAE COLUMN

Conditions: TSK Gel IEX 540 DEAE column (5 um particle size; 80 X 8 mm 1.D.); column
temperature, 45°; detector, Shodex RI SE-11; eluent, 0.017 A sodium citrate buffer (pH
3.6)—ethanaol (3:2, v/v); flow-rate, 0.92 ml/min (24—29 kg/cm?).

Bileacid LC DC cBC UDC c

F ~0 =0 ~0 ~0 ~0

G 0.82+0.00 0.89:001 085:001 090:0.00 0.88:001
T 2.23:0.01 227000 2.34:001 229:003 2341001

*p' = (tr — L,)/t,, where i = retention time for solute melecales and £, = retention time for
solvent malecules.
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Fig. 1. Effect of buffer pH on the capacity factor (&') of the conjugated bile acids. The

HPLC conditions are the same as in Table I except for the pH of the buffer. X, GLC; o,
GDC; 4, GCBC; 4, GUDC; =, GC; X, TLC; o, TDC; &, TCDC; v, TUDC; o, TC.

were still small differences in the k&’ values of the bile acids within a group; thus
calibraﬁon was performed using peak area instead of peak height.

Calzbratzon of Gand T : ’ '

Since the relative peak area (the peak area was calculated by mtﬂtlplymg
peak height (k) by peak width measured at 0.607 k) of each bile acid in each
group to that of GDC or TDC vras almost unity, as shown in Table II, the cali-
bration curves for G and T were prepared using GBC and TDC, respectively, as
representatives. The peak areas were proportional to the quantities of bile aclds
ftomO2to4meorGandftom0.2to2meorT '

Recovery and reproducibility of the HPLC method

Various amounts of GDC and TDC were added to a bile sample and ana-
lyzed. By the use of the calibration curves mentioned above, the recovery of
these added standards was found to be quantitative. The reprodlicibﬂity of the

TABLE I

RELATIVE RESPONSE OF GLYCINE (G) AND TAURINE (T) CONJUGATED BILE
ACIDS :

The HPLC vonditions are the same asin Table I
Bileacid = LC : pC  cpc . ypc - . ¢€

G © 0.97 +0.02 s 1.02+0.01 1.00 +0.00 0.98 :0.01
T S 7 1.06:002 - 1 - 1.05':0.02 10.97:001 - 105:0.01
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Fig. 2. Effect of the sthanol content of the bufier on the capacity factor (8') of the conju-
geted bile acids. The HPLC conditions are the same as in Table I except for the ethanol con-
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Fig. 4. Correlation of the values of the glycine (a) and taurine (b) conjugated bile acids ob-
tained by the.present method with those gbtained by the enzymatic method. Peak fractions
corresponding to G and T were treated as in the text.
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TABLE Il

CONCENTRATION AND RATIO OF THE CONJUGATED BILE ACIDS DETERMINED
BY HPLC IN FUMAN BILE FROM NORMAL SUBJECTS AND FROM PATIENTS
SUFFERING FROM VARIOUS HEPATOBILIARY DISEASES

Sample - Diseaga*** Concentration (mM ) G/T
. ] ratio
G T
1* Obstructive jaundice 0.53 0.20 2.7
o%x* Obstructive jaundice® 10.72 ' 4.88 2.2
3¥*® Obstructive jaundice? 1.56 2.20 0.7
4%* Cholelithiasis , 16.00 3.20 5.0
5%% Cholelithiasis ) 1.63 0.82 2.0
6** Cholelithiasis® 20.11 3.99 5.0
™ . Choledechus cyst 5.24 1.30 40
8* : Choledochus eyst 1.81 3.02 0.6
L+ ol - Dilation of choledachus 10.21 1.51 6.8
10* Carcinoma of the gallbladder® 63.25 8.25 7.7
Normal subjects (n = 7) - _ - 2.2 :+0.8
*Hepatic bile.
**Gallhladder bile.

**a, During operation;b, under medication witk CDC; e, post operation.

analysis was goocd (464 + 0.13 mM, C.V.= 3%, for G and 1.17 = 0.08 mM,
CV.=4%, for T,n = 6).

Confirmation of the purity of the peaksof Gand T

Typical chromatograms obtained with human bile are shown in Fig. 3. The
values obtained by the enzymatic determination of bile acids in the fractions
corresponding to G and T agreed well with those obtained using the prasent
method (y ='1.08x — 016 r=0990in Fig. 4a, and y = 1.02x — 0.003, r =
0.988 in Fig. 4b).

Application to human bile

The method was applied to human bile samples from normal subjects and
from patients suffering from various hepatobiliary diseases. The values of G, T
and the G/T ratio are shown in Table III. The normal value of the G/T ratio
sgreed with those in the literature; for example, 3.2 £+ 1.0 (n = 20; Sjdvall,
1960 [8]) and 3.4 * 0.6 (n = 4; Abaurre et al., 1969 [3]). The values ob-
tained from patients suffering from obstructive jaundice and cholelithiasis
also agreed with those in the literature |8, 13, 14].

DISCUSSION

It seems reasonable that F, G and T were eluted in this order using the TSK
Gel IEX 540 DEAE anion-exchange column because in the eluting buffer (pH
36) F, G and T are scarcely, partially and ahwost completely dissociated,
respectively (pK, of F, G and T: 5.0-6.5, 3.8—4¢.8 and 1.8—2.0, respectively
[15]). Therefore, the mechanism of the separation by this system is mainly ion
exchange. In addition, the fact that only a slight change in the ethanol content
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of the buffer affects the 2’ of each bile acid suggebts the secondary contnbu-
t:om of reversed-phase partition. - .

'~ The group separation of G and T in human bﬁe was possxble in about 10 min
a.fter simple pretreatment of the bile samples. It would be suggested that each
peak of G or T obtained from bile samples contained solely " Sax-hydroxy-
steroids. Therefore, this method is simpie, rapid and reliable in obfaining G/T
ratios of bile. It is also useful for investigating the canjugahon pattem of bile
acids in hepatobiliary diseases.

The sensitivity of the method with a dxffezentmz refractometer is about
0.1 mM for G and T. However, by using fluorescence detection with 3«-HSD,
NAD and/or diaphorase—resazurin [16, 17], sufficient sensﬁavxty will be ob-
tained to analyze human serum.

‘The fairiy good agreement between the values of the G/T ratios in human
bile obtained by the present method and those in the literature would suggest
the adequate reliability of this method.

‘The negative peak X in Fig. 3, which did not react in the enzymatic assay,
was subjected to acid hydrolysis [18] and a portion was subjected to HPLC. As
the result, new peaks appeared with retention times of 5.5 min and 10 min,
which corresponds to those of G and T, respectively. The synthesized LC-32-S
and GCDC-3a-S were injected into the HPLC column and eluted at about 26
min. These data suggest that peak X contained 3x-sulfate(s) of bile acids.

ACKNCWLEDGEMENTS

The authors express their thanks to Dr. Zenzo Tamura, Faculty of Pharma-
ceutical Sciences, the University of Tokyo, for valuable suggestions and sup-
port. Thanks are also due to Dr. Toshizki Osuga, Faculty of Medicine, Tsukuba
University, for discussions and providing the standard samples of bile acids and
human bile samples from various patients, and to Norio Hirabayashi, Central
Clirical Laboratory, the University of Tokyo Hospital, for his helpful discus-
sions on the enzymatic assay. We are grateful to Toyo Soda Manufacturing Co.
Ltd. for providing the anion-exchange packing, TSK Gel IEX 540 DEAE, to
Yamanouchi Pharmaceutical Co. Ltd. for chenodeoxycholic acid, to Tokyo
Tanabe Co. Ltd. for ursodeoxy=holie acid, to Showa Denko K.K. for supplying
tke differential refractometer and to Kvowa Seimitsu Co. Ltd. for pa.rt of the
highperformance liquid chromatograph

REFERENCES
1 P.P. Nair and D. Kritchevski, The Bile Acids, Plenum Press, New York, 1971.
2 PP. Nair, J.G. Banwell, S.L.. Gorhach, C.C. Lilis 2nd A. Alearaz, Amer. J. Clin. Nutr:,

23 {1879) 1659.

3 R. Abaurre, S.G. Gordon, J.G. Mann and F. Kern, Gastraenteralogy, 57 (1969) 679.
4 J, Garbutt, K. W. Heaton, L.. Lack and M.P. Tyar, Gastmentemlogy, 56 (1969) 711.
5 G2M.Mcleod and HS. Wiggins, Lancet, i (1268} 873. .
6 K.W. Heaton and A.E. Read, Brit. Med. J., 3 (1969) 494.
7 K. W. Heaton, W.I. Austad, L Lack and M.P Tyor, Gastmenterology, 55 (1968) 5
8 J.Sjovell; Clin. Chim. Acta, 5 (1860) 33. :
9 8. Ikawa, ‘Anai. Biochem,, 85 (1978) 197.



185

- J. Goto, M. Hasegawa, H. Kato and T. Nambarz, Clin. Chim. Acta, 87 (1878) 141,

E.S. Haslewaad and G.A. Haslewaod, Biochem. J., 155 (1976) 401.

F. Mashige, K. Imai and T. Osuga, Clin. Chim. Acta, 70 (1976) 79.

G. Neale, B. Weaver and D. Panveliwallz, Gut, 12 (1971) 145.

H. Dam, L. Kruse, H.E. Kallehauge, O.E. Hartkopp and M K. Jdensen, Secand. J. Clin.
Lah. Invest., 18 (1966) 385.

R.H. Dowling and D.M. Small, Gastroenterology, 54 (1968) 1291 (abstract).

T. ¥wata and K. Yamasaki, J. Biochem. Tokyo, 56 (19643 424,

F. Mashige, T. Osuga, N. Tanaka, K. Imai and M. Yamanaka, Clin. Chem., 24 (1978)
1150.

G.P.V.B. Henegouwen, R.N. Allan, A.F. Hofmann and ¥.S.Y. Paulina, J. Lipid Res.,
18 (1977) 118.



