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SUMMARY 

A method has been developed to separate bile acids, both in their free and con- 
jugated forms, from neutral lipids by thin-layer chromatography. The average rc- 
covery rate, measured by liquid scintillation counting and by enzymatic dctcrmi- 
nations, is gs%. This method has been applied to the determination of the amount of 
bile acids in human blood serum sncl in artificial mixtures. 

INTRODUCTION 

Tllc separation of bile acids from other substances is a prerequisite for the 
quantitative analysis of a mixture of bile acids in biological material. Of all the sub- 
stances that make the isolation of bile acicls difficult, neutral lipicls are probably the 
most important. The separation techniques that are currently available have been 
summarizecl in recent reviews rJ, The techniques most frequently used include liquid- 
liquicl cluomatography. adsorption chromatography ancl ion-exchange chromato- 
graphys-la. In spite of the time-consuming ancl difficult procedures, the quantitative 
accuracy of the techniques is not always entirely satisfactory because some bile 
acids tend to be separated with the neutral lipids during the separation procedures. 
The present study was unclertaken in orcler to clcvelop a methocl of rapidly separating 
the main bile acids, both free and conjugated, from neutral lipids in biological material, 

ISSPBRIPIIENTAL 

The mcthocl of separating bile acicls from lipids is based on thin-layer chromato+a 
graphy. Prepared chromatoplates (20 x 20 CIII and 20 x 5 cm) coatccl with Silica 
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Gel G (Catalogue No. 5721/0025, Merck. Darmstadt, G.F.R.) are washed with pa, 
methanol (Merck) and then dried and stored in a desiccator. A c~o:54:11 mixture of 
pa, clhroforni (Merck), pa. methanol (Merck) and 7.7 N ammonia (U.C.B., Brussels, 
Belgium) is used as the mobile phase. This system has been used for separating phos- 
pholipid misturcs 14. The chromatoplntes were run for 2+ 11 at a. constant tcmperaturc 
of 25”. 

. TIE Z?p values of the following bile acids (Calbiochem, Los Angeles, U.S.A.) 
tvcre determined: cholic acid (C), dcosycholic acid (DC), chenodeoxycholic acid 
(CDC), lithocholic acid (LC), taurocholic acid (TC), taurochcnodeosycholic acid 
(TCDC), tnurodcosycholic acid (TDC), taurolitllocholic acid (TLC), glycocholic acid 
(GC), glycocleosycholic acid (GDC), glycolithocholic acicl (GLC) and hyodeoxycholic 
acid (MIX). These bile acids were dissolvccl in metlinnol (final concentration I.0 
mg/ml). and IO. 30, 50 and IOO-pl volumes of the solution wcrc spotted on to chroma- 
toplates, The 11~8 values of misturcs of bile acicls and fat were then determinccl. 
After evaporation of 50 ~1 of cacli bile acicl solution, fat (250 mg of butter in 2:1 

cllloroform-methanol) was added in amounts sufficient to give final fat : bile acicl ratios 
of ZO:I, 50:1 and IOO:I. A 30-,ul volume of each bile acid-fat misturc was spotted on 
to the chromntoplates. which were clevelopecl with roe/, phosphomolybdic acid in 
ethanol or in iodine vapour in orcler to make the components visible. hlisturcs of dif- 
ferent bile acids nncl fat were also run for separation. 

Qatnlltitntir!e nspects of the scfiarntio11 tec11.1tiqacc 
Misturcs of lipids and radioactively labelled bile acids wcrc prepared in the 

same way as clescribecl above. The labelled bile acids included [W]cholic acicl (Phi- 
lips-Duphar, The Netherlands), (_~QC]litl~ocholic acid (New Englancl Nuclear, U.S.A.), 
sodium-[W]taurocllolate (New England Nuclear, U.S.A.) ancl [~4C]cl~enoclec~sycl~olic 
acid (Philips-Duphar, The Netherlands), After the run, the silica gel was scraped off 
over a length of 2 cm at the starting line, at the zone corresponding to the Rp values 
of the Mlc ac’iils and at the front whcrc the lipicls are located. The remaining zones 
were also removed and examined for radioactivity. The bile acids were wasl~ccl out 
of the silica gel with five 7-ml volumes of methnnol, After evaporation of the metli- 
anol in a rotating evaporator, the bile acids were dissolved in I ml of methanol: 
0.5 ml of this solution was added to 5 ml of Instn Gel (Packard Instrument Co., 
U.S.A.) and counted in a liquid scintillntor, Series 314 A (Packard Instrument Co., 
U.S,A,). Quench correction was carried out by the internal standard method using 
pqH]tolucne and [Wltoluene (Packard Instrument Co., U.S.A.), 

To 5 ml of blood serum of thirteen normal subjects, 50 ml of 3 :I ethanol- 
diethyl ether was added, the mixture was vigorously shaken, centrifugecl at 4000 
r.p.m. for 20 mill (MSE Super Minor centrifuge, universal angle rotor, 6 = z,Goo), 
ancl the upper phase was decanted off. A 5o-ml volume of 3:1 ethanol-diethyl ether 
was added to the sediment and the mixture was centrifugecl. The upper phases were 
combined and evaporated. From the rcsiduc obtainecl, the bile acids were estractecl 
in two steps: lirstly with two o.5-ml volumes of 3:1 ethanol-diethyl ether ancl secondly 
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Rp VALUICS Olp SINGLIE 13Il.B ACIDS (TWO DIETILRMINATIONS) 
----------.---...-- -.-- _-._-- .._--... - .._._ -_.-- ..___ -_.---._ 

Dilc acid Pvec mid GlVCO. ‘I’fWJ’O- 

----_--_--______ ._._ __._.___ .._ .___ -_- ______ 

LC 0.56-0.53 0.5 1-0.47 0.560.52 
DC 0.40-0.4.~. - o,gr-0.47 
CDC 0.46-0.45 0.47-0.45 o,so-0.46 
C 0.‘~.~-0.4’2 o.4G-0.42 0,44-0.4 1 
MDC 0.47-0.45 - - 

..- .._. . _.- ._... _ . . . . . _ __ . ..___. _.__ 

with 0.5 ml of ctlianol. The cstracts were combined and I ml of this solution was 
spotted in a short bnncl, The remaining 0.5 ml of this solution was used to make 
the separation visible on another chromatoplate, which was run in parallel. The ap- 
propriate zones of the silica. gel were removed, the bile acids were extracted with 
five 7-ml volumes of methanol, the solution was evaporated and the bile acids were 
analyzed enzyniaticnllylG, 

Fig. I. Migration pattcm of bile ncicls on Silica Gel G. Chloroform-mcthnnol-nmmonin (90 : 54: I I) 
wns usocl RY tlw solvent. The following bile ncicls wcrc spottccl: DC, CDC, LC, C, TDC, TCDC, 
TLC, TC nnd GDC, The nrrow intlicntcs tllc starting point, the stmight linu corrcaponcls to the 
front. 
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As a control, serum cstracts of sis patients were cacli divided into three qua1 
parts. The first part was used to dctcrmine the bile acid coficcntration in serum. To 
the second and third parts, known amounts of sodium taurocholatc (NaTC) and 
lithocliolic acid were acIclccl. These bile acids were selcctcd l~ecnusc of the cliffcrcnces 
in their 1~hysicoclicmical charnctcristics. Bile acids were detcrmincct enzyniatically 
after separation nccorcling to tlic procedure clcscribccl chove, 

RESULTS 

The Xp values of tllc bile acids cited above are given in Table I. All values lie 
between tlic cstremcs of o.gG for litl~ocl~olic acid and 0.41 for sodium taurocliolate. 
Fig. I shows tliat the free and conjugated bile acids move together in a. rclativcly 
narrow band. From left to right, Fig. I sllows the spots of deoxycholic acid, cheno- 
deosycholic acid, Iithoclmlic acicl, cholic acid, taurocleoxycl~olic acid, taurochenodc- 
oxycholic ncicl, taurolitllocholic acid, tnurocholic acid and glycoclcoxycholic acid; 
the arrow indicates the starting line. IQ. 2 illustrates the scpration of lipids, litho- 

Pig. 2. The scpnriltion of bile nciclu, lithocholic ncid and sodium taurocliolatc, from ncutrirl lipitlu. 
Prom left to right, the fnt:tilc acid ratios arc IOO: I, SO:I and ‘LO: I ; 30 1’1 of cnch of tlwsc fat-bile 
ndtl mixtures nrc spottccl in cluplicilto. The arrow inclicatcs tlic stnrting point ancl tlic lipids mi. 
grate_ to the front, 
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cliolic acid and sodium taurocholate. From left to right, the six cl~romato~rams corre- 
spond to two runs with 30 ,ul of a x00:1 fat-bile acid solution, two runs with 30 1~1 
of a 50:x solution ancl two runs with 30 ~1 of a 20:x solution. In all these runs, the bile 
acids stay close together and are well separated from the neutral lipids. 

Qzcn~ttitative nmdysis 
The recovery of raclioactivc bile acids is nearly complete in the zone correspond- 

ing to the RI,* values of the bile acids: g5.5°/o f 0.5 SD. (N = II). Not more than 
I.I~/& & 0.2 SD. (N = II) of the raclioactivity remains at the starting line and 

‘I’h13LE IL 

RILE ACIDS IN I-wntr\x SERUhI 

1vlnles 
______ ..__ __._ _._ .--. ._...__..._ - _._. -_-.. 
Initials Anrottnt (prnolelt) 

I:cwnles 
._....___. ..__.-- .._....... -. ,... . . .._ . . . 
Inilials Antorrnl (pntolcll) 

_ _ ___..._ . .._._ _ __,... - .._ __,. .__ -- __._ __..____ ___._.- . . . .._..... .._ ..- .._. .-._.-.-.. .., 

2.2% * 0.4 SD. (N = II) moves with the lipicl fraction, The mean loss of radioac- 
tivity at other levels of the cl~romatoplates is about x0/,. 

Table II summarizes the bile acicl concentration in the 1~100~1 serum of a scrics 
of normal male and female subjects. *r0 cl~cclc tlic recovery of tlic procedure, serum 
from sis patients was analyzed bcforc and after the aclclition of known amounts of 
soclium taurocholatc and litllocholic acid. TIE results are given in l’ablc III. 

TABLE I I I 

RIIC:OVlr,l~ll~S 012 SOl.)lIJM TAUROCIIOL,\TlS ASI> LITIIOCIIOLIC ACID I’ROXl SRRUnI RSTRACTS AI’TEII 
SI~I’ARATIOS 13Y THIS-LAYISR CHROLlATOGRAI’IIY 

Dctorn~inationa wurc cnrricrl out cnxymntically, ant1 the conccntralions arc cxprcssccl in pg of 
bile ircicl per 5 nil of scruni. 

..___.. _.- .._..^._.._._ -- _._..._.. ..-_. ..__ _. _.__. __._.. . .._____ - __.. . _. . ._ ._. ..__. ._.--. -. --.. . ..-- _ ._-.. . . - 
l-‘nli~~~lt 13ile acid in .4rwtwt of bite Total bile mirl I?ccuvcI’v of 

SCYIC~ (pg/~ 4) mill crddcd (pg) rletcw1irred (pg) bile Al (;g) 
_...... ..__.._ -_.---..__ -. _. ._-.--..-....-.--..-. ____.-_-- _.__-- 

NCJTC LC Nnl’C LC Nnl’C LC 
added added 

. ..__. _ _____“..._ . ..-_ _.. . . . ..-- ..__._ -_-_ .^....... ___-_-- -_-_ - _.___ __- ..___ --_I- _...I._ -.----- 

S.V. 9.5 22.5 JO,2 32.6 34.7 102.6 83.4 

!h 

g.G 22.5 JO,2 30.5 35.5 g2.g 85.8 

Ii:Ml 

12.9 22.g 30~2 33.1 6}0.8 8g.H 92.4 
22,s 22.5 30.2 <+I..2 51.9 9694 97.4 

AD. 1g,2 25.0 30.2 42.4 47.0 92.8 92.1 

E.13. 0 25.0 - 25.1 - IOO.df - 

____.__ __.__ -_..______.___ .-_. _..___._._____._^__.---_I-_“.-_~_-.~.___-~.I----.-~-.- 
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Bile acids in biological material cannot be analyzed quantitatively unless they 
arc separated from other substances in this material. The separation of bile acids 
from neutral lipids is hampcrccl by the fact that they may bc present as free or con- 
jugated acids and as mono-, cli- or tribyclrosycholanic acids, which have different 
l~liysicocliemical properties, 

The present method permits the isolation of the main bile acids from neutral 
lipicls bv thin-layer chromatography. It yields one narrow band in which both free 
and col;jugated bile acids are close togcthcr and whose RI,- values can hc rcprocluccd 
easily. This separation tccllnique permits very good recoveries. Labellecl bile acicls 
were retricvecl at the rate of 95.5%. The enzymatic tests of known amounts of bile 
acids aclclecl to the serum estracts gave results of the same order of magnitude, averag- 
ing cj5.S”/, for sodium taurocholatc and. cp,2°/o for litliocliolic acid. These bile acids 
were chosen bccnuse of their clifferent physicochemical characteristics, In addition, 
the values of bile acid conccntrntions in human serum correspond to thcJSf2 reported in 
the litcraturelO. This mcthocl is sin@ and time-saving, especially in the stucly of 
biological fluids in which bile acids are present in fairly high concentrations. Duoclenal 
and jejunal contents can thus he spottecl clircctly on to the cliromatoplates in small 
amounts. All bile acids are separated from the lipids and arc present in sufficiently high 
concentrations to permit further analysis. The method by-passes estractions that might 
lose the most lipophilic bile acids in the neutral lipid fraction. It also avoids prelim- 
inary procedures that , are sometimes performed, such as liyclrolysis of the bile 
acids. These results indicate that the present method might be very useful in the 
quantitative separation of both free and conjugated bile acids from biological ma- 
terial, especially from lipids. 
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