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Henry Ford Hosp. M e d . journa l 

Vo l . 23, No . 2, 1975 

A Rapid Flexible Method for 
Determining Bile Lipids 

W i l l i a m T. Beher, PhD ; Grace J. L in , MS; and Sofia Stradnieks* 

A rapid flexible method has been de
veloped for the quantitative determination 
of bile lipids In gallbladder and hepatic bile 
and duodenal aspirates. Quantification of 
bile salts involves separation of bile salt 
conjugates from one another and other bile 
lipids by thin layer chromatography. The 
separated salts are determined using 3-
hydroxysterold dehydrogenase and gas liq
uid chromatography. Cholesterol Is deter
mined In petroleum ether extracts of 
saponified bile by application of the Lieber
man-Burchard reaction. Phospholipid phos
phorus Is determined In purified bile lipid 
extracts by oxidation followed by applica
tion of Bartiett's modification of the Elske-
Subbafiow method. 

'Edsel B. Ford Institute for Medical Research 

Address reprint requests to Dr. Beher at EBFI, 
Henry Ford Hospital, 2799 West Grand Boule
vard, Detroit, Ml 48202 

Recent findings suggest that gallstone for
mation is initiated by precipitation of cho
lesterol from bile which is supersaturated 
with this sterol. Studies have shown that the 
soluble cholesterol of bile is a component 
of colloidal particles called micelles which 
are composed of bile salts, lecithin and 
cholesterol. The stability of these micelles 
and consequently the solubility of cho
lesterol in bile depends on the ratio of the 
lipids in these particles.'"' Using these rela
tionships, several investigators have shown 
that in the majority of cases it is possible to 
predict the probability of gallstone develop
ment.''''' To facilitate studies such as these, 
we have developed a rapid flexible pro
cedure which enables the analyst to deter
mine: (a) bile salts, (b) cholesterol, and (c) 
lecithin in relatively small samples of gall
bladder and hepatic bile or duodenal aspi
rates. The analyst has the option of deter
mining, independently, either the quantities 
of individual bile salts or the total bile salt 
concentration. Bile salt determinations in
volve separation of the salts from other bile 
components by thin layer chromatography. 
This separation is followed by quantifica
tion according to a modification of the 
method of Iwata and Yamasaki." Cho
lesterol is determined by a modification of 
the method of Beher and Anthony'" and 
phosphol ip id phosphorus by Bartiett 's 
method.' ' 
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Materials 

A. General 
1. All reagents used in the determina

tions were chemically pure. All sol
vents were distilled prior to use. 

B. Reagents and Materials Used In Bile Salt 
Determinations 

1. Conjugated Bile Salts 
These reagents were purchased from 
Calbiochem, San Diego, CA. They 
were checked for purity by thin layer 
and gas liquid chromatography. If 
impurities were found, the salts were 
purified by preparative thin layer 
chromatography. 

2. Pyrene Spray 
This reagent, which is a 0.05% solu
tion of pyrene in hexane, is used for 
detecting the positions of bile salts 
on chromatographic plates. It must 
be highly pure. Although pyrene has 
never been shown to possess car
c inogenic propert ies, the impure 
material may contain carcinogens. 
In addition, certain oxidation prod
ucts of pyrene are difficult to remove 
from the chromatographic plates 
prior to enzymatic assay of bile salts. 
It is advisable to store this reagent 
under nitrogen. 

3. Bile Salt Standard 
18.8 mg of chromatographica l ly 
pure sodium taurocholate is dis
solved in 90 ml of 0.1 M pH 10 
pyrophosphate buffer and diluted to 
100 ml with buffer. This solution 
contains 0.348 mM of taurocholate 
per ml. 

4. 13-Nlcotlnamlde Adenin Din
ucleotide (13-NAD) Solution 
45 mg of /3-NAD (Sigma Chemical 
Company, St. Louis, MO) is dis
solved in 100 ml of water. This 
solution is stable for several weeks if 
stored at 4°C. 

5. Pyrophosphate Buffer 
The 0.1 M pH 10 buffer is prepared 
by dissolving 44.61 g of sodium 

pyrophosphate decahydrate in 900 
ml of distilled water. The pH of the 
solution is adjusted to 10 by careful 
addition of 0.1 M hydrochloric acid. 
The buffer is then diluted to one liter 
with water. This solution is stable for 
six months when stored at 5°C. 

6. Hydrazine Hydrate Solution 
12.5 g of 99-100% hydrazine hy
drate (Matheson, Coleman and Bell) 
is diluted to 90 ml with 0.1 molar 
pH 10 pyrophosphate buffer. The 
pFH o f the solution is adjusted to 10 
with 6 M hydrochloric acid and it is 
then d i l u t e d to 100 ml w i t h 
pyrophosphate buffer. The solution 
contains 3yLiM of hydrazine hydrate 
per 1,2 ml and is stable for several 
weeks. 

7. 3-Hydroxysterold Dehydrogenase 
Solution 
100 mg of dried pseudomonas test-
osteroni (Sigma Chemical Company, 
St. Louis, MO) is homogenized for 
five minutes together with 10 ml of 
0.1 M pH 10 pyrophosphate buffer 
in an ice bath. The contents of the 
homogenizer are transferred to a 
high speed centrifuge tube and spun 
at 50,000 g for twenty minutes. The 
supernatant solution, containing 3-
hydroxysteroid dehydrogenase, is 
decanted into a test tube and stored 
in an ice bath until used. The solu
tion can be frozen and kept for 24 
hours. After that, it rapidly loses 
activity even when frozen. Dried 
ex t rac ts of p s e u d o m o n a s test-
osteroni are also available and, de
pending on activity, are simply dis
solved in pyrophosphate buffer prior 
to use. 

8. Triflouroacetic Anhydride 
This reagent was purchased from 
Aldrich Chemical Company, Inc, 
Milwaukee, WI , and assayed 994-%. 

9. Thin Layer Chromatography Tanks 
23L X 24H X 1 2W (cm) glass tanks 
des igned for a s c e n d i n g c h r o -



Determining Bile Lipids 

matographv are used. The inside 
surfaces of the tanks are lined with 
Whatman No. 1 filter paper. The 
paper serves two purposes: (a) It 
insulates the tanks, and (b) It helps to 
saturate their atmosphere uniformly 
with the solvent being used. All sol
vent systems are prepared on a v/v 
basis and are introduced into the 
tanks at least one hour prior to use. 

10. S/7/ca Cel Coated Thin Layer Chro
matography Plates 
30 g of si l ica gel C (E. Merck, 
Darmstadt, Germany) is mixed with 
70 ml of distilled water acidified 
with 5 drops of glacial acetic acid. 
The mixture is stirred until it just 
begins to thicken (about 8 minutes) 
and is then rapidly spread on 20 x 
20 cm glass plates using a spreading 
device to produce 250/u. silica gel 
layers. After spreading, the plates are 
allowed to air dry and are then 
stored in dessiccators over silica gel. 
Prior to use, the plates are chan
neled so that each plate has 12 to 14 
separate channels. Prior to applying 
bi le salt samples, the channeled 
plates are activated in a drying oven 
at 100°C for one hour. 

11. Preparation of Cas-Llquid Chro
matography Columns 
Four-foot long, 1/8-inch internal di
ameter, glass U-shaped columns are 
si lanized by f i l l i ng w i th 3% d i -
chlorodimethylsilane (Analabs, Inc, 
North Haven, CT) dissolved in 
toluene and allowing them to stand 
overnight. The silanized columns 
are rinsed with acetone, dried, and 
then packed with 1% QF-1 sup
po r ted on 1 00 -1 20 mesh gas-
chrome P (Applied Science Labora
tories, Inc, State College, PA). Glass 
w o o l s i l a n i z e d w i t h 3% d i -
chlorodimethylsilane is inserted at 
the exit and injection areas of the 
co lumn. The packed co lumn is 

placed in the gas chromatograph 
oven and the column and injector 
temperatures raised to 150°C. A 
minimum flow of gas is started. 100 
to 200 /U.1 of hexamethyldisilazane 
(Analabs, Inc, North Haven, CT) is 
injected in 10 /xl quantities. Gas 
flow is then discontinued and the 
column is allowed to stand over
night at 150°C. The column tem
perature is then increased to 240°C, 
the injector to 260°C, and gas flow is 
s tar ted and m a i n t a i n e d at 60 
ml/min. The column is conditioned 
for eight hours. 

C. Reagents Used in Lecithin Determina
tions 

1. FIske-SubbaRow Reagent 
0.5 g of 1-amino-2-naphthol-4-sul-
fonic acid is dissolved in 250 ml of a 
solution containing 30 g of sodium 
bisulfite and 6 g of sodium sulfite. 
This reagent should be prepared 
fresh just before use. 

D. Reagents Used in Cholesterol Deter
minations 

1. Digitonin Solution 
500 mg of digitonin is dissolved in 
100 ml of 50% ethanol. Gentle heat
ing is necessary. The reagent is sta
ble for several months. 

2. Alcoholic Potassium Hydroxide 
Alcoholic potassium hydroxide is 
prepared fresh daily by diluting 10 
ml of 50% aqueous potassium hy
droxide with 90 ml of 95-100% 
ethanol. 

3. Phenolphthalein Indicator 
This is a 1% solution of phenol
phthalein in 50% ethanol. 

4. Cholesterol Standard 
10 mg of chromatographically pure 
cholesterol is dissolved in 100 ml of 
glacial acetic ac id . The solut ion 
contains 0.1 mg of cholesterol per 
ml and is stable indefinitely. 
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5. Lieberman-Burchard Reagent 
100 ml of acetic anhydride is cooled 
in an ice bath. 5 ml of concentrated 
sulfuric acid is added slowly, with 
constant m ix ing . The reagent is 
stored in an ice bath and must be 
used within one hour. 

Procedures 

Flow diagrams of the procedures appear 
in Figures 1 and 2 and wi l l be useful in 
following the detailed instructions. 

A. Preparation of the Bile Lipid Extract 

From 5 to 20 ml of hepatic bile, gallblad
der bile, or duodenal aspirate are placed in 
250 ml round bottomed boiling flasks. The 
contents of the flasks are frozen and 
lyophylized. After drying, 30 ml of chlo
roform :methanol 2:1 (v/v) is added to each 
flask. The contents are refluxed for 30 min
utes. After cooling, the solid and liquid 
phases are separated by centrifugation at 
2500 RPM. The supernatant fluids are de
canted, partially evaporated (caution!! not 
to dryness), transferred to volumetric flasks 
and made up to volume with chloroform: 
methanol. Experience has shown that ex
tracts result ing from 20 ml samples of 
hepatic and gallbladder bile are best made 
up to 5 and 10 ml respectively. Occasional 
samples require more or less dilution. This 
extract is called the bile lipid extract. If it is 
necessary to determine the percentage of 
solids in the samples, weights of the empty 
flasks and the flasks plus wet and dry con
tents must be determined. 

B. Bile Salt Determination 

I. Separation of conjugated bile salts by 
thin layer chromatography. 

Duplicate nine to fifteen yu,l ali
quots of each bile lipid extract are 
applied to individual channels of 20 x 
20 cm thin layer chromatography 
plates. Twelve ;u.l of a solution con
ta in ing 4fxg/p.\ each of tauro and 
glyco cholic and deoxycholic acids is 
applied to one or two channels to aid 
in identification of the bile salts. If 

total bile salt concentrations only are 
being determined, the plates are de
veloped using chloroform: methanol: 
water 80:25:3 (v/v). If it is desired 
to determine ind iv idua l bi le salts, 
the plates are developed in tanks 
conta in ing ch lo ro fo rm:methano l : 
water:acet ic acid 65 :25 :4 :2 (v/v). 
After developing, the plates are air-
d r i e d and then l i g h t l y sprayed 
with 0.05% pyrene dissolved in hex
ane. After the plates are dry, the 
separated bile salts are v isual ized 
using short wave ultra violet radia
tion. The positions of the salts are 
marked by outlining the spots with a 
needle. The plates are now placed 
(within one hour) in tanks containing 
petroleum ether:ethyl ether 3:2 (v/v) 
and allowed to develop. The plates 
are then viewed with ultra violet radi
ation to make sure that all of the 
pyrene has been removed from the 
bile salt spots. If not, development is 
repeated. As a rule, two develop
ments are necessary; however, they 
are very rapid and little time is con
sumed. It is important that pyrene is 
promptly removed since this hydro
carbon interferes w i th subsequent 
colorimetry. After pyrene has been 
removed, the marked areas contain
ing the bile salts are quantitatively 
transferred to 15 ml centrifuge tubes 
by scraping the silica gel from the 
plates with the squared end of a 
stainless steel spatula. 

2. Bile salt determination using 3-hydro-
xysteroid dehydrogenase. 

Three types of samples are used in 
the determination: (a) a blank, (b) 
s tandards c o n t a i n i n g a k n o w n 
amountof bile salt, and (c) unknowns 
containing the separated bile salts 
absorbed on silica gel G. One ml of 
N A D s o l u t i o n and 1.2 ml of 
hydrazine hydrate solution is added 
to each tube. 0.5 ml of 0.1 M pH 10 
pyrophosphate buffer is added to the 
blank and unknown tubes. 0.5 ml of 
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SAPONtFICATION 
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QUANTIFICATION 

ALCOHOLIC KOH 

PETROLEUM ETHER 

L I E 8 E R M A N - BURCHARD 

REACTION 

• BtLE LIPID E X T R A C T l -

BILE SALT 

ASSAY 

THIN-LAYER CHROM 

ON SILICA GEL G 

QUANTIFICATION 

DEVELOP WITH 

A CHCI^XH jOH : CHjCOOH : H^O 

( 6 5 : 2 5 : 2 : 4 ) 

a. C H O j C H ^ : H^O 

( 8 0 : 2 5 : 3 ) 

I SPRAY P L A T E WITH 

PYRENE SOLUTION 

2. LOCATE ANDMARK SPOTS 

3. REMOVE PYRENE 

PHOSPHOLIPID 

PHOSPHORUS ASSAY 

PURIFICATION 
OF EXTRACT 

LIPID DIGESTION 

EQUILIBRATE WITH 
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- | H^SO^-H^ 

QUANTIFICATION - \ B A R T L E T T 

4 SCRAPE INTO 
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5 ASSAY USING 

3 f l -HYDR0XYSTER0 ID DEHYDROGENASE 

Figure 1 

The Separation and Quantif ication of Bile Lipids. 
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EXTRACT OFTLC SPOT CONTAINING 

TAURO- OR GLYCO- DEOXYCHOLIC 

AND CHENODEOXYCHOLIC ACIDS 

V 

SAPONIFICATION 
2N NaOH 

PRESSURE a HEAT 

EXTRACT ETHYL ETHER 

t\/IETHYLATION - DIAZOMETHANE 

TRIFLUORO ACETYL ATION 

GAS-LIQUID CHROMATOGRAPHY 

Figure 2 
The Separation and Determination of Percentages of Chenodeoxycholic and Deoxycholic Acids 

in Thin Layer Chromatography (TLC) Spots. 
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standard bile salt solution is added to 
the standard tubes. The contents of 
each tube is thoroughly mixed and 
0.3 ml of fresh 3-hydroxysteroid de
hydrogenase solution is added. 

After thorough mixing, the tubes 
are placed in a water bath (37°C) for 
30 minutes. Agitation is unnecessary. 
Following incubation, the tubes con
ta in ing the unknown samples are 
centrifuged at 2500 RPM for five min
utes to remove silica gel. The con
tents of all of the tubes are transferred 
to cuvettes and their optical density 
read at 340 nm. The quantity of bile 
salts per liter of bile is calculated 
accordingto Equation I, Table I (page 
100). 

3. Quantitative determination of con
jugated deoxycholate and 
chenodeoxycholate contained in thin 
layer chromatographic spots. 

Since no solvent system has been 
discovered which wil l separate the 
glycine and/or taurine conjugates of 
deoxycholic and chenodeoxycholic 
acids from one another on thin layer 
plates, some alternate method must 
be used to determine these bile acids. 
We have approached this problem by 
determining the percentage of deoxy
cholic and chenodeoxycholic acids 
in thin layer chromatographic spots 
containing their taurine and glycine 
c o n j u g a t e s by gas l i q u i d c h r o 
matography. The quantities of indi
vidual bile salts in the spots can then 
be calculated by multiplying the total 
bile salt content of the spots by the 
pe rcen tage of d e o x y c h o l ic and 
chenodeoxycholic acids. The method 
is highly accurate and quantitative 
procedures are unnecessary since 
only percentages are determined. The 
procedure follows. 

Twelve to 18 ;ul aliquots of bile 
lipid extracts are applied to thin layer 
chromatographic plates. The conju
gated bile salts in the extracts are 
separated and the spots containing 

the glycine and taurine conjugates of 
deoxycholic and chenodeoxycholic 
acids located and outlined as de
scribed in section (B) of Procedures. 
Each outlined spot is transferred to a 
tube and the tubes are placed mo
mentarily in a water bath at 80°C. 
Each tube is thoroughly mixed to 
insure elution of bile salts. The tubes 
are then centrifuged at 2500 RPM for 
five minutes to separate silica gel. 
Separation of the gel is necessary 
since it interferes with subsequent 
steps in the procedure. The superna
tant f lu id in the centr i fuge tubes, 
which contains the conjugated bile 
salts, is transferred to nickel crucibles 
or teflon tubes and evaporated to 
dryness. Two ml of 2M sodium hy
droxide is added to each sample. The 
crucibles or tubes are placed in an 
autoclave and heated at 250°F for 
three hours to effect bile salt decon-
jugation. The hydrolysed samples are 
transferred to 15 ml glass stoppered 
tubes and acidified with 1 ml of 1 2 M 
hydrochlor ic ac id. The bile acids 
(now free) are extracted from the 
acidified solution with 3 ml of perox
ide-free ethyl ether. The extract is 
washed twice with 1 ml of water. The 
ether extract is then evaporated to 
dryness in a stream of nitrogen and 
the last traces of moisture removed In 
vacuo. Before the free bile acids in 
the tubes can be separated by gas 
liquid chromatography, volatile de
rivatives must be prepared by meth-
ylating their carboxyl group and tri-
fluoroacetylating their hydroxyls. To 
effect methylation of the carboxyl, 
the dried samples are dissolved in 2 
ml of ether containing 10% methanol 
and are treated with diazomethane 
according to Schlenk and Geller-
man.'" Following methylation, the so
lution is evaporated to dryness. It is 
very important that all traces of mois
ture are removed at this point since it 
interferes with trifluoroacetylation in 
the next step. Trifluoroacetylation is 
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accomplished by adding 0.2 ml of 
trifluoroacetic anhydride (Flood!!) to 
each sample. The tubes are stoppered 
(glass) and placed in a water bath at 
30-35°Cfor 15 minutes. Atthe end of 
this time the excess trifluoroacetic 
anhydride is removed in a stream of 
nitrogen (Hood! ! ) . The bi le acid 
methyl ester trifluoroacetates, in each 
tube, are dissolved in 0.1 ml of 
acetone. A Barber-Coleman Series 
5000 gas l iqu id chromatograph, 
equipped with an argon ionization 
detector, was used for the separation 
and determination of percentages of 
deoxycholic and chenodeoxycholic 
acids in the samples. The conditions 
used were the following: The column 
was packed with 1% QF-1 supported 
on gas-chrom P. The temperatures 
used were: injector 250°C; column 
235°C; and detector 280°C. Argon 
flow was maintained at 60 ml per 
minute. Peak areas were measured by 
planimetry. Suitable corrections were 
made for the difference in response of 
the detector to deoxycho l ic and 
chenodeoxycholic acids when cal
culating percentages of acids in the 
samples. 

C. The Determination of Bile Lecithin 

Bile lecithin is determined by assaying 
bile for its lipid phosphorus content using 
an adaption of Bartiett's method." Before 
lipid phosphorus can be determined in bile 
lipid extracts, nonlipid phosphorus must be 
removed. To effect this, one ml aliquots of 
bile lipid extracts [see A of Procedures] are 
diluted to 25 ml with chloroform:methanol 
2:1 (v/v). These solutions are equilibrated 
with 5 ml of 0.73% aqueous sodium chlo
ride in separatory funnels. The organic 
phase (bottom) resulting from the equilibra
tion, in each case, is separated and diluted 
to 25 ml with chloroform:methanol 2:1 
(v/v). Tubes marked at 5 ml are used for 
digestion and color development and are 
set up as follows: The blanks contain 1 ml 
of chloroform:methanol 2:1 (v/v); the stan
dards 1 ml of chloroform :methanol and 0.2 

ml of 0.5 mM potassium dihydrogen phos
phate. The unknowns contain 1 ml aliquots 
of the purified diluted bile lipid extracts. 
The contents of each tube is evaporated to 
dryness and 0.5 ml of 5 M sulfuric acid 
added. The tubes are placed in an oven at 
160°C for three hours, they are then re
moved and allowed to cool. Two drops of 
30% hydrogen peroxide is added to each 
tube and they are returned to the oven for 
an additional 1.5 hours. Each tube should 
be examined 30 minutes after adding hy
drogen peroxide. If it is colored, two more 
drops of hydrogen peroxide should be 
added. At the end of the digestion, the 
contents of each tube must be colorless. If 
not, the addition of hydrogen peroxide and 
heating is repeated until the contents are 
colorless. Following digestion, 0.2 ml of 5% 
ammonium molybdate is added to each 
tube. The contents of the tubes are thor
oughly mixed. 0.2 ml of Fiske-SubbaRow 
reagent is then added and the tubes are 
mixed again. The tubes are then placed in a 
water bath and maintained at 100°C for ten 
minutes. The colored solutions are diluted 
to 5 ml and transferred to cuvettes. Their 
optical density is read at 830 nm. The 
millimoles of bile lecithin per liter of bile 
are calculated according to Equation II, 
Table I. 

D. Bile Cholesterol Assay 

One ml aliquots of the bile lipid extracts 
are placed in screw capped vials marked at 
20 ml and evaporated to dryness. Ten ml of 
alcoholic potassium hydroxide is added to 
each vial. The vials are capped and incu
bated in a water bath (100°C) for thirty 
minutes. The samples are agitated occa
sionally during incubation. This procedure 
effects hydrolysis of any cholesterol esters 
in the lipid extracts. At the end of incuba
tion, the vials are cooled and the contents 
made up to 20 ml with ethanol. Five ml 
aliquots ofthe hydrolysed extracts are trans
ferred to screw capped vials, five ml of 
water and 10 ml of petroleum ether are 
added, and the vials vigorously shaken to 
effect quantitative transfer of cholesterol to 
the petroleum ether phase. It is helpful to 
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add two or three drops of phenolphthalein 
indicator solution to each vial at this point 
to clearly delineate the boundary between 
the petroleum ether and water phases. Du
plicate four ml aliquots of the petroleum 
ether phase are transferred to colorimeter 
tubes and evaporated to dryness. For color
imetry the following solutions are set up in 
colorimeter tubes: a) the blank; 2 ml of 
glacial acetic acid; b) the standards: 2 ml of 
glacial acetic acid solution containing 0.1 
mg of cholesterol per ml; c) the unknowns: 
prepared by dissolving the contents of the 
tubes containing the residue from the evap
oration of petroleum ether in 2 ml of warm 
glacial acetic acid. At one-minute intervals, 
5 ml of Lieberman-Burchard reagent is 
rapidly added to each tube, the contents are 
thoroughly mixed, and the tubes are placed 

in a water bath maintained at 25°C. Light 
should be excluded from samples during 
color development. At the end of thirty 
minute intervals, the tubes are removed 
from the water bath and their optical densi
ty determined at 600 nm. The mM of cho
lesterol per liter of bile are calculated ac
cording to Equation 111, Table I. 

Experimental 

A. So/vent Systems for Thin Layer Chroma
tography of Conjugated Bile Salts 

Conjugated bile salts are highly polar 
substances with solubility characteristics 
somewhat similar to the phosphatidyl cho
lines. A number of solvent systems were 
investigated in an effort to formulate two. 
One was designed to effect separations of 

tk I 

Figure 3 
The thin-layer chromatographic separation of conjugated bile acids on Silica Gel G, using 
CHCl3:MeOH:H20 (160:50:6, v/v) as the developing solvent. Channel 1, taurocholic acid; 2, tau-
rochenodeoxycholic acid; 3, taurodeoxychollc acid; 4, taurolithocholic acid; 5, glycocholic acid; 6, 
glycochenodeoxycholic acid; 7, glycodeoxycholic acid; 8, glycolithocholic acid; 9, mixture of 1-8; 10, 

11 and 12, human bile samples. 
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• t 

3 H S 4 T ^ 
Figure 4 

The thin-layer chromatographic separation of conjugated bile acids on Silica Gel-G, using 
CHCl3:MeOH:HOAc:H20 (130:50:4:8, v/v) as the developing solvent. Channel 1, taurocholic acid; 2, 
taurochenodeoxycholic acid; 3, taurodeoxychollc acid; 4, taurolithocholic acid; 5, glycocholic acid; 6, 
glycochenodeoxycholic acid; 7, glycodeoxycholic acid; 8, glycholithocholic acid, 9, mixture of 1-8; 10, 

11 and 12, human bile samples. 

glycine and taurine conjugated mono-, di-, 
and trihydroxy bile salts from one another 
and from other lipids; the other to effect 
separation of conjugated bile salts as a 
group from other lipids. After a number of 
trials two satisfactory solvent systems were 
f o r m u l a t e d . C h l o r o f o r m : m e t h a n o l : 
water:acetic acid 65:25:4:2 v/v which sep
arates the individual bile salts and chlo

roform :methanol:water 80:25:3 v/v which 
separates the bile salts as a group from most 
other l ip ids. Photographs of chromato-
grams, illustrating the results obtained using 
these solvent systems, are shown in Figures 
3 and 4. These solvent systems effect com
plete separation of conjugated bile salts 
from cholesterol, cholesterol esters and tri
glycerides. They do not separate the salts 
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from lecithin. This poses no problem since 
lecithin does not interfere with bile salt 
determinations involving the oxidation of 
their 3a!-hydroxyl groups catalyzed by 3-
hydroxysteroid dehydrogenase. 

B. The Bile Salt Determination 

Since many of the procedures used in the 
bile salt determination are original, it was 
necessary to investigate the precision and 
accuracy of several of the steps. 

1. The validity of bile salt assays utiliz
ing crude extracts of Pseudomonas 
testosteroni (ATCC 11996) containing 
3-hydroxysterold dehydrogenase. 

The method used for bile salt determina
tion is dependent on the oxidation of bile 
salt 3a-hydroxyl groups catalyzed by 3-
hydroxysteroid dehydrogenase according 
to the reactions outlined in Equation IV, 
Table I. 

Hydrazine is used as a trapping agent to 
drive the reaction to completion. The quan
tity of bile salt oxidized is proportional to 
the quantity of NADH formed. NADH is 
determined by measuring its absorbance at 
340 nm. 

The validity of the method depends on 
the exclusive oxidation of bile salt 3Q!-
hydroxyl groups. Most investigators who 
have developed methods of bile salt assay, 
based on the use of crude extracts of 
Pseudomonas testosteroni (ATCC 11996) 
tha t c o n t a i n 3 - h y d r o x y s t e r o i d de 
hydrogenase (3a-hydroxysteroid:NAD(P) 
oxidoreductase 1.1.1.50), have reported 
that the extracts exclusively oxidize 3a-
h y d r o x y l g roups of b i l e s a l t s . ' ^ ' i " ' ^ " 
Skalhegg^' has recently reported that crude 
extracts of Pseudomonas testosteroni (ATCC 
1 1996) may, in fact, contain enzymes 
which catalyze the oxidation of the 7Q; and 
12a hydroxyl groups of bile acids. The use 
of such preparations would, of course, yield 
erroneous results if used in assays of mix
tures of bile salts which do and do not 
contain 7a and 12a hydroxyl groups. Since 
such combinations are the rule in bile and 
serum samples, use of such extracts would 

result in inaccurate determinat ions. We 
have, therefore, made careful studies of the 
specificity of oxidation of bile salt hydroxyl 
g r o u p s u s i n g c r u d e e x t r a c t s o f 
Pseudomonas testosteroni (ATCC 11996) 
derived from three different sources. They 
were Wor th ing ton hydroxysteroid de
hydrogenase Iot-L3j055 (Worthington Bio
chemical Corp, Freehold, Nj), Sigma hydro-
x y s t e r o i d d e h y d r o g e n a s e T y p e I, 
lot-102C-6800-l (Sigma Chemical Com
pany, SL Louis, MO), and Sigma hydroxy
steroid dehydrogenase grade II, lot-94C-
6920. To test these extracts, 0.5 ml aliquots 
of solutions containing 0.05, 0.10, 0.15 and 
0.20 IJLM of sodium taurocholate, sodium 
g lycodeoxycholate , and sodium tau-
rochenodeoxycholate were placed in small 
test tubes. 1 ml of NAD solution, 1.2 ml of 
hydrazine hydrate solution, and 0.3 ml of 
one of the enzyme-containing extracts was 
added to each tube. The tubes were incu
bated for 30 minutes at 37°C. The absorb
ance of the contents of each tube was read 
at 340 nm. This procedure was repeated 
using each of the enzyme-containing ex
tracts. 

Figure 5 shows the results. Since the 
curves nearly coincide in each case, it is 
obvious that none of these preparations 
contained significant amounts of a 12a-
hydroxysteroid dehydrogenase. If such a 
dehydrogenase had been present the slopes 
ofthe curves, resulting from the oxidation of 
taurocholate and glycodeoxycholate which 
have 1 2a-hydroxy ls , wou ld have been 
greater than the slope of the curve resulting 
from the oxidation of taurochenodeoxy-
cholate which lacks a 12a-hydroxyl. The 
results also eliminate the possibility that the 
crude enzyme-conta in ing extracts con
tained significant amounts of a 7a-hydroxy-
steroid dehydrogenase since the curves of 
taurochenodeoxycholate and glycodeo
xycholate (bile salts with and without 7a-
hydroxyl groups respectively) have similar 
slopes in each case. 

The results show that currently available 
crude extracts of Pseudomonas testosteroni 
(ATCC 11996) are suitable for bile salt 
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The oxidation of taurocholate, glycodeoxycholate and taurochenodeoxycholate by three crude extracts 
of Pseudomonas testosteroni containing hydroxysteroid dehydrogenases. 

assays. It is conceivable thaL some time in 
the future, mutations might occur which 
would result in the presence of 7a and/or 
12a-hydroxysteroid dehydrogenases. Al
though this is a remote possibility, since 3a-
hydroxysteroid dehydrogenase is an in
duced enzyme, it might be prudent to check 
for this possibility when using extracts de
rived from new batches of bacteria. This 
could be done by simply comparing the 
absorbance of NADH solutions resulting 
from the oxidation of equimolar quantities 
of cholate, deoxycholate and chenodeoxy
cholate. 

C. The Precision and Accuracy of Bile Salt 
Quantification 

The operations included in the precision 
and accuracy studies were (a) application of 
bile extracts to the plates, (b) development 
of the plates, (c) location and marking of 
areas containing bile salts, (d) pyrene re
moval, (e) transfer of marked areas on plates 
to sample tubes, and (f) bile salt determina
tion using 3-hydroxysteroid dehydrogenase. 

Two separate 1 2-channel thin layer chro
matography plates were used. 12 ^AI of a 
solution containing 47 fjt,g each of sodium 
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taurocholate, sodium taurochenodeoxy
cholate, sodium glycocholate and sodium 
glycodeoxycholate was applied to each of 
the twelve channels on each plate. The 
plates were developed, the bile acids lo
cated and determined, as outlined under 
procedures. The results of the study are 
presented in Table II. Three things should 
be noted: 1) The results are precise, 2) 
There is excellent agreement between the 
results obtained using different plates, and 
3) Recoveries of each bile salt were excel
lent. In toto the method is precise and 
accurate. 

D. The Precision and Accuracy of the Cas 
Liquid Chromatographic Determination 
of the Percentage of Deoxycholate and 
Chenodeoxycholate Present In Thin 
Layer Chromatographic Spots 

Solutions conta in ing 4 ^ g of sodium 
glycochenodeoxycholate and 4 fxg of so
dium glycodeoxycholate per f i \ (I); 4 n̂g of 
sodium glycochenodeoxycholate and 2 /xg 
of sodium deoxycholate per p,\ (11); and 2 f ig 
of sodium glycochenodeoxycholate and 4 
jag of sodium deoxycholate per ;u,l (III) were 
prepared. 18 /j.1 of I was applied to each of 
channels 1-4 of a thin layer chromatogra
phy plate. 18 /al of II was applied to each of 
channels 5-8 and 18 /al of III was applied to 
each of channels 9-12. The plates were 
developed and the spots containing the 
mixtures of bile salts located and transferred 
to tubes. The bile salts absorbed on the 
silica gel were extracted and prepared for 
gas liquid chromatography. All of these 
steps were according to the methods out
lined under procedures. 

The results ofthe gas liquid chromatogra
phy determinations are presented in Table 
III. Examination of the table shows that the 
determined percentages of bile salts in the 
spots agreed well with the theoretical; the 
deviations were small. It can be concluded 
that use of this method yields both precise 
and accurate determinations of the percent
ages of deoxycholate and chenodeoxychol

ate in thin-layer chromatographic spots. 
These percentages, when multiplied by the 
total number of micrograms of bile salts in 
the spots, yield accurate quantitative deter
minations of chenodeoxycholate and de
oxycholate. 

E. Cholesterol Assay 

The cholesterol assay omits the usual 
purification steps which are necessary for 
precise serum cholesterol analyses. This 
was done to reduce the amount of time 
involved, and the number of steps required 
in the procedure. 

Although the conditions for cholesterol 
extraction from bile were satisfactory and 
no troublesome emulsions were encoun
tered, there was concern that certain bile 
pigments might be extracted and interfere 
with the Lieberman-Burchard color reac
tion. To test for this possibility, we chose a 
number of random bile samples and deter
mined their cholesterol concentration using 
the method outlined under procedures and 
a method involving cholesterol purification 
through digitonin precipitation and subse
quent washing. The procedure for purifica
tion was the following: After extracting 
cholesterol from bile with petroleum ether 
(See procedures), duplicate 4 ml aliquots 
were transferred to centrifuge tubes. After 
evaporation, 6 ml of ethanol:acetone (1:1 
v/v) 1 drop of 10% acetic acid and 3 ml of 
digitonin solution were added, and the con
tents of the tubes mixed. The samples were 
allowed to stand for 24 hours to insure 
complete precipitation of cholesterol digi
tonide. The digitonide was washed once 
with ether:acetone (2:1 v/v) and twice with 
peroxide-free dry ether. After washing, the 
samples were heated to 100°C in a sand 
bath then dissolved in 2 ml of glacial acetic 
acid. These solutions were treated with 
Lieberman-Burchard reagent and their ab
sorbance read at 600 nm as outlined under 
procedures. 

Seven different bile samples were chosen 
for comparison of the methods. These dif
fered widely in cholesterol concentration 
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and apparent pigment content. The cho
lesterol content of six aliquots of each bile 
extract was determined by the method out
lined under procedures and by the method 
involving cholesterol purification through 
d ig i ton ide prec ip i ta t ion and washing. A 
comparison ofthe results can be made from 
the data in Table IV. Two things should be 
noted: 1) Standard deviations are small, 
showing that either method is precise; and 
2) Similar results are obtained by either 
method, suggesting that both methods are 
accurate. While this data suggest that pu
rification of extracts of bile containing cho
lesterol is unnecessary in most cases, it is 
possible that an occasional sample may 
require purification if the highest degree of 
accuracy is necessary. Highly-colored ex
tracts should be suspect. 

Discussion 

Figure 6 illustrates the type of information 
that can be obtained by application of the 
methods outlined above. The flexibility of 

the procedure can be illustrated by a few 
examples. If the goal of a study is simply to 
determine the degree of cholesterol satura
tion of different samples of bile, the data 
needed are (a) the total bile salt concentra
tion, (b) the lecithin concentration and (c) 
the cholesterol concentration of the bile 
samples. To obtain this data, an abbreviated 
bile salt assay is used since no separation of 
glycine and taurine bile salt conjugates is 
necessary. The conjugates are separated 
from other bile lipids as a group, (Figure 3), 
and the total molar concentration of the 
salts in the mixture determined, using 3-
hydroxysteroid dehydrogenase. Limiting the 
procedure in this way saves time since it 
eliminates three quarters of the bile salt 
determinations and the gas chromatography 
step involved in the comprehensive deter
mina t ion . The method becomes sl ightly 
more involved if the study calls for deter
minations of the degree of cholesterol sat
uration of bile samples and, in addition, 
determinations of the ratio of glycine to 

T A B L E I 

Equation I: 

mM Bile Salt/liter Bile 

Vol. (ml) Bile 
unknown reading fM of Bile Salt Std. lipid extract 

Std. reading ml Bile Ext. Applied ml of Bile 
to plate Lyophilysed 

Equation II 

mM Lecithin/I t = 2.5 x 
Vol. Bile Lipid Ext. (ml) Unknown reading 

Vol. of Bile Lyophilysed (ml) Standard reading 

Equation III: 

mM Bile Cholesterol/It 
Unknown reading Vol. of Bile Lipid Ext. (ml) 

5.172 
Standard reading Vol. of Bile Extracted (ml) 

Equation IV: 

3crhydroxysteroid 
dehydrogenase . . 

3Q~hydroxy bile salt •S-oxo bile salt + NADH -F H + 
NAD(pH10) I NH2.NH2.H2O 

bile salt oxime 
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T A B L E II 

THE PRECIS ION AND A C C U R A C Y OF THE BILE S A L T DETERMINATION 

Bile Salts* Taurocholate Taurochenodeoxycholate Glycocholate Glycodeoxycholate 

Plate Number 1 II 1 II 1 II 1 II 

Recovery 48.5 ± 0.52** 47.2 47.6 47.1 46.3 46.1 46.8 46.3 

(MQ) (12)t ±0.28 ±0.32 ±0.21 ±0.56 ±0.72 ±0.76 ±0.82 
(12) (12) (12) (12) (12) (12) (12) 

*47 /iQ of the sodium salt of each bile acid applied to each channel of two thin layer chromatography plates 
t Number of determinations 

** Standard Deviation 

T A B L E III 

PRECIS ION AND A C C U R A C Y OF THE GAS LIQUID CHROMATOGRAPHIC DETERMINATION OF THE 
P E R C E N T A G E OF CHENODEOXYCHOLATE AND DEOXYCHOLATE IN THIN LAYER CHROMATOGRAPHIC S P O T S 

I II III 

Mixture Applied Deoxycholate Chenodeoxycholate Deoxycholate Chenodeoxycholate Deoxycholate Chenodeoxycholate 
50% 50% 33.3% 66.7% 66.7% 33.3% 

Determined 

Percentage 49.7±1.50*(10)t 50.3±1.36(10) 33.4±1.31(10) 66.6±1.31(10) 67.6±1.84(9) 32.4±1.84(9) 

'Standard Deviation 
•tNumber of Determinations 
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taurine bile salt conjugates in the samples. 
In this case, bile salt analysis would involve 
the separation of glycine conjugates from 
taurine conjugates (Figure 4), followed by 
determinations of the molar concentrations 
of the total bile salt conjugates of the sepa
rated groups. A procedure such as this 
would be shorter than a complete bile salt 
analysis since fewer bile salt determinations 
would be involved and gas liquid chro
matography would be unnecessary. If it 
were necessary to determine the ratio of d i-
to trihydroxy bile salts, in addition to the 
total bile salt concentration and the ratio of 
glycine to taurine conjugates in the bile 
samples, then it would be necessary to 
determine the bile salt concentration in the 
individual spots of each channel on the thin 
layer chromatography plates. However, gas 
liquid chromatography would still be un
necessary. If a study demanded all of the 
information in Figure 5, eight bile salt deter
minations, gas liquid chromatography, 
phospholipid analysis and cholesterol de
termination are necessary for each bile sam
ple. Even so, many samples can be simul
taneously handled in a relatively short pe
riod of time. 
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TOTAL BILE ACIDS (M%) 

TAURINE CONJUGATES: ( m M / L t ) 

TAUROLITHOCHOLATE 

TAURODEOXYCHOLATE 

TAUROCHENODEOXYCHOLATE 

TAUROCHOLATE 

TOTAL TAURINE CONJUGATES 

GLYCINE CONJUGATES: (mM/Lt) 

GLYCOLITHOCHOLATE 

GLYCODEOXYCHOLATE 

GLYCOCHENODEOXYCHOLATE 

GLYCOCHOLATE 

TOTAL GLYCINE CONJUGATES 

GLYCINE CONJ / TAURINE CONJ. 

DIHYDROXY BILE SALTS / TRIHYDROXY BILE SALTS 

CHOLESTEROL (mM/Lt ) 

LECITHIN (mM/L t ) 

CHOLESTEROL SATURATION INDEX 

Figure 6 
The data gathering capability of the outlined method. The triangular coordinate diagram relates the 
millimolar concentrations of cholesterol bile salts and lecithin which determine the solubility of 

cholesterol in bile samples. 
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