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Separ;ltion of bile acids on Chrornards: a new qualitative and remi-quanti- 
tative thin-layer chromatographic techique 
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Most bile acids are present in bile and serum as their N-acyl glycine or taurine 
conjugates. The method described allows a rapid determination of the glycine/ 
taurine ratio and the ratio of the di- to trihydroxy compounds. Previous methods 
are based on paper’, thin-laye+3 and ion-exchange chromatography’ and papeti 
and cellulose acetate electrophoresis 6_ In the method described here, bile acids are 
separated on Chromarods using two successive solvent mixtures. Quantitation is 
carried out by scanning the rods -using a flame-ionization detector (FID) (scan 
time 1 min). 

ExPERIMEN-rAL 

Chemicals 
Pure (> 98 %) conjugated and unconjugated bile acids were obtained from 

Supelco (Bellafonte, PA, U&4.). Servachrom XAD type 2, 50-100 pm mesh, was 
obtained from Serva (Heidelberg, G.F.R.). Chromarods were supplied by Iatron 
Laboratories (Tokyo, Japan). All other chemicals were of analytical-reagent grade 
znd we_= used without further purification. 

4ipparahi.s 

3%~ Iatroscan TG-10 Analyzer is produced by iatron Laboratories. The 
apparatus consists mainly of a Chromarod hoIder frame, a scanning system and 
an FID (Fig. 1). The signal is simultaneously integrated with an lnfotronics CRS-100 
integrator and recorded on a Perkin-Elmer 56 recorder with a span of 10 mV and a 
pa-per speed of 6 cm/m& The Chromarods (Fig. 2) are thin rods of quartz-like 
material with a boundary sintered layer of silicic acid as the stationary phase_ The 
ssmpIes are applied on the rods with a Terumo syringe (1 pl)_ 

Sumple preparation 
Standard bile acid solutions are prepared by dissolving weighed amounts of 

s-mdards in either water or methanol. Duodenal aspirate is collected by duodenal 

* To whom correspondence should be zddzssed 



Fig. L Schmtic diagram of the Iatroscan TG-10. 1 = C~lfefztor ekctrode; 2 = Chroniiod; 3 = 
burncr;4= current amplifier; 5 = integral amplitkr; 6 = inregnl reset circuit; 7 = rccmder. 

intubation in patients after au overnight fast. All bile samples are colkcted in an ice- 
bath and frozen to -20 “C within 30 min. 

Extraction of bile acids from fikotiendfruid 
A O-l-ml volume of duodenal fluid is diluted with 9 ml of 0.1 M sodium 

hydroxide in saline and placed in an ultrasouic bath for 15 min. The sample is 
applied quantitatively on a coh.unn (28 cm x 0.8 cm I.D.) containing 0.5 g of Am- 
ber& XAD-2 (flow-rate 6 drops/ruin) and washed with 10 ml of doubly distikd 
water to neutrality. Bile acids are eluted from the column with 5 ml of methanoI. The 
eluate is evaporated under nitrogen and the residue redissolved iu methanol to obtain 
a concentration of about 0.04 ,~rnol/$ of bZe acids. 

Apphktiin rmd separation of bile acids on Chromarods 
To obtain a straight baseline, the Chromarods arc first passed through the 

Hame for m-activation and &au-up. A OS-$ volume of the bile samples is then 
applied on the rods and developed in a saturated thin-layer chromatography (TLC) 
chamber at 4 “C. The upper phase of the first solvent mixture, toluene-acetic acid- 
water (10:9:1), is allowed to move to the top of the rods (development time ca. 1 h)_ 
After air-dryiug, the rods are developed with a second solvent, chloroform-metbanol- 

Fig. 2. Ehrged schexnatic view of a chmrnarod showing the inner quartz rod and the outer sintenzd 
siIicag&laycx. 
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acetic acid-water (13 : 4 : 2 : 1) to a height of ca. 5.5 cm (development_ time CQ. 
IO min)_ The second eluent is evaporated at 125 “C for 20-25 min_ 

RESULTS AND DLSCUSSION 

Separation 
Several solvent systems were investigated. The use of two successive solvent 

mixtures results in a eEcient separation of the bile acids and their conjugates (Figs_ 3 
and 4)_ The RF values of the fractions are given in Table I. 

The & values are highest for monohydroxy acids and lowest for trihydroxy 
acids, according to the difference in polarity_ The reproducibility of the RF values is 
&c&d by room humidity (change of activity of the Chromarods) and room 
temperature (change of equilibrium of the solvent mixtures)_ Therefore, rigorous 
control of the chromatographic conditions is essential_ Improved uniformity of the 
Chromarods is also needed in order to obtain 8 better reproducibility of the resoh~- 
Zion between different rods. 

Qwmtitative response 
Mixtures of biIe acid standards are applied in amounts of 02-2.5 pg per 

standard on Ch~omarods and developed as described above. Lithocholic acid (I p(g) 
is used as an internal standard. The calibration graph, obtained by plotting ffie 
surface ratio of biIe acid standard to internal standard rersrzs the amount of the bile 
acid, was linear up to a bile acid couccntration of 1.5pg per standard. For wr 
mounts a slightly different slope is faund with all calibration graphs. 

Relative molar response factors for the merent bile acids and their conjugates 
are caIcuIated in reJation to glycodeoxy- and giycochenodeoxyc~olic acid flable Ii). 

The detection limits are determined by the scnsivity (< 100 ng) and by the 
se.paration capability (> 3.0 pg) due to the overIoading effect of the Chromarods. 

-3 

Cakdhtion 
The use of an internal standard lowered the reproducibility of the results. For 

normal work the areas were divided by the corresponding relative molar response 
factors and the results expressed as a molar percentage. 

The "within run" precision of ffie method is assess& by ten replicate analyses 
of a mixture of bile acid standards_ A coe&ient of var&ion of S_O”k on the molar 
pen;entage composition of the mixture was found in a cmcentmtion range of 
0%2-O pg per standard_ This coefiicient of variation was as&h as 10% for lower 
concentrations but only 2% for higher concentrations. Five replicate biIe acid 
analyses on one duodenal aspirate resuited in the same CoeEcient of variation 
(Table III). The “between run” precision (CoefEcient of variation = 5.0%) was 
obtained by re-analysis during S consecutive days of a duodenal aspirate (TabIe IV). 

Vdzlrifity oftke nzetkod 
The validity of the method was assess& by comparing ffie results obtained by 

the proposed method with the TLC method 3-7_ Using the Wilcoxon &hed pairs 



1 . . t 

30 0 

Fig. 3. !Segaaiot~ of stamiard mixture of bile tick: 1 = !&o&ok; 2 = deoxycholic; 3 = cheno- 
dewy&ok; 4=&oiic; 5=gl ycaksq&olic t giyco&~odeoxy~~Iicic; 6 = glyco&oIic; 7 = 
rallKodeo~ofic f ra-~xycr.Iolicic; 8 = tz%mY&QEC. 

Fii_ 4. Sqaration of bilk acids from duodenal aspirate: 1 = choksterol; 2 = giycodeoxycholic i 
g&cocknodeoxy&oIie acid;3 =gl>zochoEca.cEd;4=taurodeoxqrho?ic -5ttar~ad~olic 
acid; 5 = t.atmxholic a&l_ 

signed-rinks test, we found for N = 47 a Z c 1.9599 for a = 0.05. Therefore, we 
concluded that it cannot be proved that there is a signifkmt difference between the 
two methods at the a = 0.05 level. 

Eighty-two szunpfes of duodenal fluid, obtainea by intubation in 70 persons, 

1 
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Rr VALUES OF BILE ACID!5 FOR A CONCENTEtATKON OF OSpg PER STANDARD 

B&G&f Free m5i G&w coryicpme Teuro coK&!gizse 

Ckok acid- -053 & 0.02 O-41 f o-02 0-u &O-02 

were exam&d_ Twenty-five of these san@es could be considered as normal (absence 
of cholesterol hypersaturation, bacteriai overgrowth, and disez~~ in the gastroin- 
testinal tra& liver, bile ducts and pancreas). This group showed a mean concentration 
of glycine conjugates of 67.9 5 15.7 mol-OA, tauro conjugates of 33.1 i 0.6 rn01-~k. 
free bile acids of 1.7 f 3.7 mol-% and summed trihydroxy bile acids of 39.9 f 11.6 
mol-%_ 

me 57 samples from pathological patients tend to show a slight but diagnos- 
tically ins&Scant iowering of the concentration of the ,$ycine conjagates (56 i L 1.9 
mol-Oh. Gniy two of the six patients with marked presence of free bile acids in serum 
showed an elevated concentration of free bile acids in their duodenal aspirate. This is 
expkzined by the fatt that considerable deconjugation is taking place further on in the 
gStrointestisA tract. 

Snpersaturated bile does not display any spe&ic pattern in this approach. 

TABLE II 

REIKIWE MOLAR RESPONSE FACTO= (ELM.R_F_) OF THE BILE ACIDS AND THEIR 
CONJUGATES 

Bileads 

Do,= 0.58 '004 
C 1.01 io.07 
c-TX; * GCDC iJl0 
Gc 0.78 + 0.05 
TD0.m O-70 & o-05 
TC 059 & 0.w 

’ DO = dcoxyckolio acid; CDC = czken~tioio; acid; C = cko& acid; GDO = &CO- 
deoxyhiic add; GCDC = &-co&en&&oiic acid; GC = glycochok acid; TDO = tam 
dcoxyzt~~k zcid; TCDC = tmro&a~&~&ok zcid; TC = tzmm&o!ic acid 

-* Fs = rekti~~ reqmixe of bii tid; hfG, = ms- weight of bik acid; MGcjm~.c~x: = 
mo- tight of GDO, GCDC. 

CONC7XSlON 

Tke results indicate that separation and qua&t&ion on a molar percentage 
basis in duodenal aspirates are easily achieved after extraction with AmberWe 
XAD-2 and rod-layer chromatography. The advantages of this method are its 
simplicity and its speed. Purity control of new standards is made very easy- The 
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