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Summary The separation of free bile acids, taurine 
con.jugates, and  glycine con.jugates from one another was 
achieved by thin-layer chromatography,  using  a  solvent 
system of isopropanol-glacial acetic acid 93:7 I n  a solvent 
system of hexane-methylethylketone-glacial acetic acid 
56:36:8 (v/v), it was possible to separate cholic, cheno- 
deoxycholic, deoxycholic, and lithocholic acids. Application 
t o  a biological bile sample was demonstrated. 
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Several thin-layer  chromatography  (TLC)  proce- 
dures have  been reported  that  separate conjugated 
and  free bile acids (1-5). However,  investigators 
have found it difficult, or have  been  unable,  to 
separate free or conjugated  chenodeoxycholic acid 
(CD) from deoxycholic acid (DC),  although minimal 
or suboptimal  separation has been achieved by 
chromatographing  the methyl esters of these two 
bile acids (6). Bruusgaard  (7)  and O’Moore and 
Percy-Robb (2) have reported good  separation  of  free 
CD and DC but  the  separations  could  not be re- 

produced  using EM5763 precoated TLC plates. This 
report details a new TLC solvent system that al- 
lows separation of free bile acids, glycine conjugates, 
and  taurine conjugates  from one  another,  and a 
second solvent system for  the  separation of the  four 
free bile acids found in human bile in a more satis- 
factory manner  than previously reported. 

Methods 

TLC glass plates (20 X 20 cm),  precoated with 
silica gel (0.25 mm thick) (E.M. Laboratories Inc., 
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Fig. 1. Separation of free bile acids, glycine conjugates, and 
taurine conjugates with isopropanol-glacial acetic acid 93:7. Each 
spot  represents 20 p g  of bile acid. The plate was developed  for 
3.5 hr. From left to right: F, a mixture of cholic,  chenodeoxy- 
cholic,  deoxycholic,  and lithocholic acids; G ,  glycine conjugates of 
the bile acids; T, taurine conjugates of the bile acids; and Mix, 
a mixture of the  free bile acids,  and glycine and taurine con- 
jugates. 
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Fig. 2. Separation  of free bile acids by Petcoff's solution. Each 
spot represents 20 pg of bile acid. The plate was developed for 
2 hr. From left t o  right: mixture of  free cholic, chenodeoxy- 
cholic, deoxycholic, antl lithocholic acid (the uppermost band is a 
contaminant of lithocholic acid, probably 3-ketolithocholic acid); 
cholic  acid (C), chenodeoxycholic acid (CD), deoxycholic acid 
(DC), and lithocholic acid (L); and  the mixture. 

500  Elmsford, N.Y.), and  either  the  free acid or 
the sodium salts of bile acid standards (Supelco, 
Inc., Supelco  Park,  Bellefonte, Pa.) were  used. Bile 
and  standards were dissolved in methanol and 
applied to  the plate with a Hamilton syringe. When 
quantitative analysis of bile was desired,  the  plates 
were first washed in the  developing solvent; other- 
wise they were used as they came. 

Figs. 1 and 2 show typical separations of the 
classes of bile acids and  the  free bile acids alone 
and in mixtures, respectively. The spots were re- 
vealed by spraying the plate with water (3). Iso- 
propanol-glacial acetic acid 93:7 (v/v)  was used for 
class separation. With this system (Fig. 1) the bottom 
three  bands  are taurocholic acid, taurochenodeoxy- 
cholic acid with taurodeoxycholic acid as one  spot, 
and taurolithocholic acid as the  third  band  from  the 
bottom. The  fourth, fifth, and sixth bands  (from  the 
bottom) are glycocholic acid, glycochenodeoxycholic 
acid with glycodeoxycholic acid, and glycolitho- 
cholic acid, respectively. The  top single band  repre- 
sents the  free bile acids. The mixture clearly shows 
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Fig. 4. TLC of free bile  acid standards mixture and of hydrolyzed 
human bile. The  four  standard hands are. from Ixmom t o  top, 
cholic acid. chenodeoxycholic acid, deoxycholic acid, antl litho- 
cholic acid. 

that this system can  separate  the classes of bile acids 
that can  be  eluted with appropriate solvents. 

The second solvent system' (Fig. 2) consists of 
hexane-methylethylketone-glacial acetic acid 56: 
36:8 (v/v), and clearly separates all four  free bile 
acids. With this system the  separation between CD 
and DC widens as  the solvent gets older  (months). 

Fig. 3 shows a typical  class separation of ex- 
tracted human bile and Fig. 4 shows the  sepa- 
ration  of the  free bile acids of the same bile after 
hydrolysis. Preliminary evidence suggests that  the  un- 
matched  bands are 3-keto derivatives of free bile 
acids. 

Table 1 shows the  approximate Rf values of free 
and conjugated bile acids. Since these values vary 

Petcoff's solution. named in honor of Darryl Petcoff (de- 
ceased), formerly of Ivan Sorval, Inc., Helena, Mont. Mr. Petcoff 
cooperated with the  authors on this project. 

TABLE 1. R, values for  free  and conjugated bile acids 

Solvent 1" Solvent 2b 
( R ,  I .O (Petcoff's 

= 14 cm) Solution) 

Bile mid chsq 
Free bile acids 
Taurolithocholic 
Taurochenodeoxy with deoxycholic 
Taurocholic 
Glycolithocholic 
Glycochenodeoxy with deoxycholic 
Glycocholic 

Free bile nc ih  
Ketolithocholic 
Lithocholic 
Deoxycholic 
Chenodeoxycholic 
Cholic 

0.86 
0.47 
0.38 
0.29 
0.7 1 
0.67 
0.5 I 

0.93 
0.78 
0.67 
0.43 
0.2 1 

Fig. 3. TLC class separation of human bile and standards. See 
Fig. 1 for abbreviations. 

" Isopropanol-glacial acetic acid 93:7 (v/v). 
* Hexane-methylethylketone-glacial acetate acid 56:36:8 (v~v) .  
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somewhat with each run and age of solution, 
it is advisable to use standards. These two systems 
have been applied and tested with satisfactory 
results in quantitative analysis of human bile. After 
elution, conjugated bile acids are hydrolyzed with 
sodium hydroxide or the Nair enzyme (8- 10) and the 
free acids are extracted and rechromatographed in 
the free bile acid system. After the acids are eluted 
from the TLC plate their concentration is deter- 
mined by the method of Iwata and Yamasaki 
(11). Complete details on human studies will be 
published 1ateP.m 

Mnnwcript received 22 December 1975; accepted I O  June 1976. 

REFERENCES 

1. Hofmann, Alan F. 1962. Thin-layer chromatography 
of free and con-jugated bile acid on silicic acid. 
J .  Lipid Res. 3: 127-128. 

2. O’Moore, K. R. I>., and I. W. Percy-Kobb. 1973. Analy- 
sis of bile acids and their conjugates in jejunal 
juice by thin-layer chromatography and direct den- 
sitometry. Clin. Chim. ‘4cta. 43: 39-47. 

3. Ginshirt, H., F. W. Koss, and K. Marianz. 1960. 
Untqrsuchung ZUI- quantitativen Auswertung der 

Chavez, Margarito N., and Charles L. Krone. Unpublished 
resu Its. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

1 1 .  

Diinn-schichtchromatographie. 2. Mitteilung: Tren- 
nung und Best immung von Gallensiuren. Arzneim. 
Forsch. 10: 943-947. 
Sundaram, G. S., and H. S. Sodhi. 1971. Color de- 
tection of bile acids in thin-layer chromatography. 

J .  Chromatogr. 61: 370-372. 
Kottke, Bruce A., Juergen Wallenweher, and Charles 
A. Owen. 1966. Quantitative thin-layer chromatog- 
raphy of free and conjugated cholic acid in human 
bile and duodenal contents. J .  Chromatogr. 21: 439- 
447. 
Sundai-am, G. S., H. Singh, and H. S .  Sodhi. 1971. 
Thin-layer chromatographic separation of cheno- 
deoxycholic and deoxycholic acids. Clin. Chim. Acta. 
34: 425-429. 
Bruusgaard, Arne. 1970. Quantitative determination 
of the major 3-hydroxy bile acids in biological 
material after thin-layer Chromatographic separation. 
Clin. Chim. Actu. 28: 495-504. 
Nair, Padmanabhan P., and Consolacion Garcia. 1969. 
A modified gas-liquid chromatographic procedure 
for the rapid determination of bile acids in biological 
fluids. Anal. Biochem. 29: 164- 17 1. 
Nair, P. P., John G. Banwell, Sherwood L. Gorbach, 
Consolacion Lilis, and Aurora Alcaraz. 1970. 111. 
Biochemical characteristics of bile salts in the small 
intestine. Amer. J .  Clin. Nutr. 23: 1569- 1578. 
Nair, P. P., M. Gordon, S. Gordon, J. Reback, and A. I. 
Manedeloff. 1965. T h e  cleavage of bile acid conjugates 
by cell-free extracts from Clostridium pefringens. 
Life Sci. 4: 1887- 1892. 
Iwata, Tsuyoshi, and Kazumi Yamasaki. 1964. Enzy- 
matic determination and thin-layer chromatography 
of  bile acids in blood. J .  Biochem. 56: 424-43 1. 

Journal of Lipid Research Volume 17, 1976 Notes on Methodology 547 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/

