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THIN-LAYER CHROMATOGRAPHY OF BILE ALCOHOLS, BILE ACIDS AND 
CONJUGATED BILE A C I B  

A.K. Batta, G .  Salen md S .  Shefer 

College of Medicine and Dent i r t ry  of N e w  Jersey, N e w  
Jerrey Medical School, Newark, N . J .  07103; and Veteran 
Administration Hospital ,  E a t  Orange, N . J .  07019. 

ABSTRACT 
Thin-layer chromatography of b i l e  a lcoholr ,  b i l e  acids  and 

b i l e  acid conjugates has been reviewed. 
been placed on the separat ion of t he  glycine and t au r ine  con- 
jugated b i l e  acids as a clans and aa individual compounds. and on 
the i s o l a t i o n  of b i l e  alcohols and CZ7 b i l e  acids diastereo-  
isomeric a t  C-25. 

Pa r t i cu la r  emphais  has 

INTRODUCTION 
Bi le  acids are  the end products of cholesterol  metabolism 

i n  the l i v e r  and a re  excreted by the l i v e r  as glycine and t au r ine  

conjugates. The hepat ic  transformation of cholesterol  i n t o  bile 

acids proceeds v i a  a number of b i l e  alcohol and C27 b i l e  acid in- 

termediates. It has been observed t h a t  s eve ra l  l i v e r  diseaees  

cause s p e c i f i c  changer in the  couporit ion of b i l e  alcohols and 

b i l e  acids tha t  a r e  prerent i n  the  b i l e .  For a quan t i t a t ive  

determination of the b i l e  acid components i n  the b i l e  by gas- 

l iquid chromatography-mass spectrometry, they are  f i r s t  resolved 

by thin-layer chromatography (TIC). The TLC separation of 

various b i l e  acids of biological  i n t e r e r t  has been studied i n  

great d e t a i l  (1-9). A l s o ,  the r ea l i za t ion  t h a t  the conjugation 
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1866 BATllA, SALEN, AND SHEFER 

pa t t e rn  of b i l e  acid changes i n  c e r t a i n  l i v e r  d i sease8  has 

prompted attempts t o  separa te  b i l e  acid conjugates by TU: and 

v a r i a r s  solvent syrtema have been proposed f o r  the  complete or 

p a r t i a l  separa t ion  of var ious  b i l e  acid conjugates (3,7-9, 10-19). 

However, l i t t l e  is known about the  TLC sepa ra t ion  of the i n t e r -  

mediate b i l e  alcohols and C27 b i l e  ac ids ,  p a r t i c u l a r l y  the  com- 

pounds t h a t  h w e  an asymmetric cen t r e  at C-25. 

The purpose of the  present paper is t o  review the  TLC 

separa t ion  of b i l e  alcohols,  b i l e  acids and conjugated b i l e  acids 

with pa r t i cu la r  emphais  on the  separa t ion  of the  d i f f e r e n t  

isomeric compounds. 
I MATERIALS AND METHODS 

The C27 b i l e  alcohols and b i l e  acids used f o r  TLC i n  the  

present study were obtained as described previously (20-ZZ), and 

the  C24 b i l e  acida and conjugated b i l e  ac ids  were purchased from 

Calbiochem, Lor Angeler, CA. Glycine and t au r ine  conjugates of 

ursodeoxycholic acid were synthesized according t o  Taern, e t a l .  

(23). The compounds t o  be analyzed by TLC on s i l i c a  ge l  G p l a t e s  

were dissolved i n  methanol and 2-4 ,,g wan applied a t  room tem- 

perature t o  0.25 um th ick  p l a t e  @rinkman, Westbury, N.Y.) and t h e  

b i l e  alcohols to be analyzed on neu t ra l  alumina p l a t e s  were d i a -  

solved in methanol and 5-7 ,g w a r  applied a t  4OoC t o  0.25 aan 

t h i ck  p l a t e  (Analtech Inc . ,  Newark, DE) ac t iva ted  before use a t  

l l O ° C  f o r  1 hour. 

solvent syatem a t  ambient temperature a d  the  so lvent  w a s  aalowed 

t o  rise 16-18 cm. from the s t a r t i n g  l i n e ,  followed by drying with 

hot a i r .  The p l a t e  w a  then rubaequently developed in the  same o r  

d i f f e r e n t  solvent rprtem and f i n a l l y  dr ied  a t  l l O ° C .  

The p l a t e  w a r  then developed i n  the  appropriate 

The p l a t e  
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TLC OF BILE ALCOEOLS AND ACIDS 1867 

WM then sprayed with 207. s u l f u r i c  acid and phorphomolybdic acid 

(3.57. i n  Fsopropanol, E M Labs., Westbury, N.Y.) and heated a t  

l l O ° C  f o r  2-3 minutes. 

diameter of 1 cm. on a si l ica  ge l  G p l a t e  and 2 cm. on a 

neu t r a l  ~ ~ U I U ~ M  pla t e .  

The spo t s  thur obtained had a murinum 

RESULTS AND DISCUSSION 
Bile  Alcoholr: Thin-layer chromatographic behuviour of s eve ra l  

b i l e  a l cohoh  h a  been sumnarized by Encroth (24 )  and i t  has 

been reported t h a t  b i l e  alcohols t h a t  d i f f e r  from one another 

with respect t o  the number of -OH groups a re  very w e l l  eepa- 

ra ted,  but the b i l e  alcohols t h a t  d i f f e r  with respect t o  the 

pos i t i on  of a s i d e  chain -OH group are  not we l l  resolved. 

The TI& separat ion of the various s i d e  chain hydroxylated b i l e  

alcohols is very important f o r  enzymatic s tud ie s  s ince the  

hepat ic  enzymes t h a t  are responsible f o r  the s i d e  chain hydroxy- 

l a t i o n  of b i l e  alcohols are  non-specific and may yield seve ra l  

products hydroxylated a t  C-22, C-23, C-24, C-25 o r  C-26. Bi le  

alcohols with epimeric C-22, C-23 o r  C-24 hydroxyl group have 

now been successful ly  separated on s i l i c a  ge l  G p l a t e s  (20,25- 

30). 

We have reported the separat ion of s eve ra l  tr ihydroxylated 

b i l e  alcohols i n  a mixture (31) and now, using a combination 

of s i l i c a  ge l  G and neu t r a l  alumina p l a t e r ,  we have completely 

separated the following 5pcho les t ane - t e t ro l s  from one another: 

5 6-choles tanc-3a,7 a, 12 a,24 (R) - t e t r o l ,  5 B-choles tane-3a,7a, 12a, 

24(S) - t e t r o l ,  Spcho les  tane-3a, 7a, 12a,25-tetrolI  (25R) 58-  

choles t ane-3 a, 7 a , l2  0,26-tetrol  and (255) 5 pcho les  tane-3 a, 7 a, 

12a,26-tetrol  (F ig .  1). It wan found t h a t  58-cholestane-3a, 
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FIGURE 1 
TLC Separation of SB-Choleetane-tetrols. a, Silica Gel G Plate; 
Solvent System, Chloroform:Acetone:Methanol, 70:50:7, Three 
Developments; b, Neutral Alumina Plate; Solvent System, Benzene: 
Ethyl Acetate:Methanol, 90:20:14, Two Developments. 1, (25s) 56- 
Cholestane-3a ,7a, 12a,26-tetrol; 2, (25R) SB-Choles tane-3a ,7a, 12a, 
26-tetrol; M, Mixture of SB-Choleetane-tetrols; 3 ,  56-Cholestane- 
3a,7a,12a,25dtetrol; 4 ,  5B-Cholestane-3a,7a,12a,24S-tetroL; 5, 58- 
Cho~eetane-3a,7a,12a,24R-tetrol; 0, Origin; F, Solvent Front. 
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T L C  OF BILE ALCOHOLS AND ACIDS 1869 

7a ,l?a ,24(S)- te t tol  and (25s) 56-cholertane-~,7a,1~,26-tetrol 

t h a t  had i d e n t i c a l  4 valuer on the s i l ica  gel  G p l a t e  Vera 

w e l l  rerolved on a neu t r a l  alumina p l a t e .  On the  o the r  huui, 

56-cholertane-b ,7a, l h , 2 4 0 ( ) - t e t r o l  and (25R) 58-cholertane- 

h ,7a, lZa,26-tetrol  could not be rerolved on the  neu t r a l  

alumina p l a t e  atxi were separable on the r i l i c a  ge l  G p l a t e .  

The Rf valuer of the variour 58-cholertane-trio18 and 5B- 

choler tane- te t rols  on r i l i c a  g e l  G and neu t ra l  alumhi8 p l a t e r  

are  shown in t a b l e  I. It may be remarked here  t h a t  t he  spots  

obtained on the neu t r a l  alumina p l a t e r  a r e  bigger i n  diameter 

and the resolut ion of compounds on these p l a t e s  i e  senmitive 

t o  humidity. 

Bi le  Acids: TU: of b i l e  acids has been s tudied extemsively. 

Eneroth har dcecribed the separat ion of several iromeric 

mono-, d i -  and trihydroxylated b i l e  acids and t h e i r  der iva-  

t i ves  (4) and found t h a t  solvent s y s t e m  t h a t  contained a c e t i c  

acid produced b e t t e r  resolut ion than neu t r a l  solvent  systerrm. 

Allo-bile acids have been separated from t h e i r  58-analogs by 

several  workers (11,32-34) and b i l e  acidr with a d w b l e  bond 

have been reparated from raturated b i l e  acidr  on rilver n i t r a t e  

impregnated s i l i c a  ge l  G p l a t e s  (35,36). Morimoto separated 3a, 

7a,l2a-trlhydroxy b i l e  acids with 3-10 carbon atom i n  t he  s i d e  

chain with chlorofonn: e thy l  acetate:  a c e t i c  acid (45:45:10) aa 

the solvent  system and found t h a t  the f a r t h e r  the C3OH group from 

the nucleus, the less polar w a r  the  b i l e  acid (37). Chenodeoxy- 

chol ic  acid can be separated from i t8  76-OH epimer, urrodeoxy- 

chol ic  acid (4), but i ts  separat ion from the 3a,lZa-dihydroxy 
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1870 EAl'TA, SALEN, AND SHEFER 

TABLE 1 
R+ Values of Some 56 -Cholestane-trio18 and 56 -Cholestane- - t e t r o l s  on S i l i c a  Gel G and Neutral Alumina Plates  

Sf3 -Choler tane- Rr! 4 R; 4 
3n ,7a ,24R-triol 0.59 0.61 

3a ,7a ,24S - t r i o 1  0.64 0.70 

h , 7 a  ,25-tr iol  0.56 0.61 

3a ,7a ,26-triol(ZSR) 0.61 0.44 

3a ,7a ,26-triol(25S) 0.63 0.51 

3a,7a,lZa,24R-tetrol 0.35 0.48 

3a, 7a, 12a, 24s -t e t  r o l  0.47 0.59 

3a,7a,12a,25-tetrol 0.41 0.55 

3a,7a,12a,26-tetrol(25R) 0.44 0.48 

3a,7a, 12a,26-tetrol(25S) 0.47 0.51 

% i l i c a  Gel G Plate; Solvent System, Chlorofom:Acetone:Methanol, 

bNeutral Alumina Plate;  Solvent System, Ch1oroform:Acetone: 

70:50:2; Two Developentr .  

Methanol, 70:50:7 (F i r s t  Development); Benzene: Ethyl Acetate: 
Methanol, 90:20:7 (Second Development). 

'Si l ica  G e l  G Plate;  Solvent System, Chloroform:Acetone:Methanol, 

dNeutral Alumina Plate;  Solvent Sys t em,  Benzene:Ethyl Acetate: 

70:50:7; Three Developments. 

Methanol, 90:20:14; Two Developments. 

isomer, deoxycholic acid La generally found t o  be d i f f i c u l t .  

These two compounds have been Separated aa t h e i r  methyl e s t e r s  

(5) and recent ly ,  aa f r e e  acids (15). 

Although, neutral  rolvent s p t e m r  are not widely used f o r  

the TI& of b i l e  acids,  we have found that s y s t m  containing 
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TLC OF BILE ALCOHOLS AND ACIDS 1871 

mixtures of chloroform, acetone and methanol a re  very uaeful  

f o r  the separat ion of C27 b i l e  acids diastereoisomeric a t  

C-25. Thus, (25R and 25s) 3, P -dihydroxy-S -cholestan-26- 

o i c  acids were resolved by allowing the p l a t e  t o  nan twice i n  

a solvent system of ch1orofonn:acetone:methanol (70:30,1.5) 

(21) and (25R and 25s) 3 ,k ,la -trihydroxy-B -choleatan-26- 

o i c  acids were resolved by allowing the p l a t e  t o  m n  twice i n  

ch1oroform:acetone:methanol (70,50,10) (22). Table 2 shows 

the Rf values of these compounds. 

have been able t o  prove tha t  t he  na tu ra l  isomer of 3 ,k ,la - 
trihydroxy-58 -cholestan-26-oic acid i n  the b i l e  of a l l i g a t o r  

is 25R (38). 

Conjugated Bile Acids: Bile acids are  present i n  the b i l e  as 

conjugates with glycine and taur ine and it is important t o  

Using t h i s  TLC method, we 

TABLE 2 
Rf Values of 25R and 25.5 Diastereoisomers of 3a,7a-Dihydroxy- 

5 ~-cholestan-26-oic Acid and 3a,7a,12a-TrFhydroxy-5& 
cholestan-26-oic Acid 

campaund Icr 
(25R) 3~,7a-Dlhydroxy-S 6-cholestaa-26-oic acid 0.56a 

(25s) 3a,7a-Dihydroxy-5 6-cholestan-26-oic acid 0. 60a 

(25R) 3a,7a,12a-Trihydroxy-5B-cholestan-26-oic acid 0.41b 

(25s) 3a,7a, 12a-Trihydrmcy-5 6-cholestan-26-oic acid 0.Ub 

%olvent System, Chloroform:Acetone:Mthanol, 70:30:1.5; 

bSolvent System, Chloroform: Acetone :Methanol, 70 :SO: 10; 

Tbo Developments. 

Two Developments. 
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1872 BATTA, S U E N ,  AND SHEFER 

analyze them i n  the  folm of conjugates i n  order t o  overcome 

problemr of artefact formation and p a r t i a l  des t ruc t ion  of b i l e  

acids during hydrolysir  of the conjugates. However, till very 

recent ly ,  rolvent  system were not avai lable  f o r  the separat ion 

of individual b i l e  acid conjugates. It was hawever, found t h a t  

the glycine conjugates of t he  b i l e  acid8 were separable from the 

correrponding t au r ine  conjugates and t h a t  the conjugaten t h a t  

diff8red from on8 another with respect to the mmber of -OH 

groups could be e a s i l y  resolved (3,lO-14). Chavez and Krone 

reported a group separat ion of the glycine and t au r ine  con- 

jugates of b i l e  acids (15) and recent ly ,  Goswami and Frey 

separated the glycine aud taur ine conjugates of chenodeoxy- 

chol ic  acid and deoxycholic =id from one another (16). We 

developed a solvent  sp4tem of ch1oroform:isopropanol:acetic acid: 

water (30:30:4:1) t h a t  could achieve a graup separat ion of the 

glycine and taur ine conjugates of l i t hocho l i c  acid,  chenodeoxy- 

chol ic  acid, deoxycholic acid and cho l i c  acid and a l s o  separate  

the individual b i l e  acid conjugater from one another (17). 

Touchitone, e t a .  have recent ly  separated the glycine and 

taur ine conjugates of chol ic ,  chenodeaxpcholic and deoxycholic 

acids from one another and from glycol i thochol ic  acid on K C18 F 

reverac phare TI& p la t e s  u8ing ethanol-0.3M calcium ch lo r ide -d i -  

methylsulfoxide (25:25:2) aa mobile phase (39). Using a solvent 

s y s t s m  of ch1orofonn:isopropanol:acetic acid :water (60:60:3:0.75), 

we have now been able t o  sepa ra t e  the glycine and t a u r i n r  conjugates 

of t he  three dihydrarp Bile acids,  ursodeoxychblic acid,  cheno- 

deoxycholic acid aad deoxycholic acid from one another p i g .  2 ) .  
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FZGURE 2 
TLC Separation of Conjugated Ursodeoxycholic, Chenodeoxycholic 
and Deoxycholic Acids. 
Acetic Acid:Water, 60:60:3:0.75; Two Developments. 1, Tauro- 
deoxycholic Acid; 2,  Taurochenodeoxycholic Acid; 3,  Taurourso- 
deoxycholic Acid; M, Mixture of the Conjugated Dihydroxy Bile 
Acids; 4 ,  Glycodeoxycholic Acid; 5, Glycochenodeoxycholic Acid; 
6, Glycoursodeoxycholic Acid; 0, O r i g i n ;  F , Solvent Front. 

Solvent System, Ch1orofom:Isopropaaol: 
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1874 BATIIA, SALEN, AND SHEFER 

This TLC separat ion ham enabled ua t o  s tudy the conjugation 

pat tern of ursodcoxycholic acid i n  the b t l e  when it is fed t o  

pat ients  with gal ls tones.  

In the course of mr s tud ie s ,  we a l s o  found t h a t  the 

mobil i t ies  of the glycine conjugates of the b i l e  acids were 

markedly reduced on increasing the pH of the solvent  system. 

The e f f e c t  of pH waa m c h  less marked on the mob i l i t i e s  of t he  

taur ine conjugated b i l e  acids (Tabla 3) .  By adjust ing the pH 

of the solvent system, the mobil i t ies  of the  compounds could be 

changed t o  the Bxtent t h a t  t h e  least polar of the glycine con- 

jugated b i l e  acids ,  glycol i thochol ic  acid moved slower than the 

moat polar taur ine conjugated b i l e  acid,  taurocholic acid (Fig.  3 ) .  

Thus, although the neutral  o r  basic  solvent  s y s t e m  t e s t ed  do not 

separate  a l l  the  conjugated b i l e  acids ,  they may be very use fu l  

t o  obtain a group separat ion of the glycine and t au r ine  con- 

jugated b i l e  acids.  Furthermore, the e f f e c t  of the change of pH 

frw acidic  t o  basic  in the solvent system can serve am a c r i -  

t e r ion  t o  e s t ab l i sh  whether a given conjugated b i l e  acid belongs 

t o  the taur ine o r  the glycine class. 
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FIGURE 3 
Effect of pH on R Valuer of Conjugated Bile Acids. Solvent 
System: a, n-Butanol:Water, 20:3; b, n-Butano1:Acetic Acid: 
Water, 20:4:3; c, n-Butaaol:Pyridine:Water, 2 0 : 4 : 3 .  1, Tauro- 
cholic Acid; 2, Taurolithocholic Acid; 3, Glycolithocholic 
Acid; 4, Glycocholic Acid; 0; Origin, F, Solvent Front. 
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