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In rat liver, chenodeoxychoiic acid is metabolized to CL- and &muricholic acids, 
which are secreted in the bile’. In the colon Some bile acids are metabolized to hyode- 
oxycholic acid and o-muricholic acid r, both of which are excreted in considerable 
amounts in rat faeces. In order to study the metabolism of bile acids in the rat it is 
necessary to identify and estimate these bile acids separately. 

The separation of bile acid methyl ester acetates of lithocholic, deoxycholic, 
chenodeoxycholic, cholic and hyodeoxycholic acid has been described’. The bile acids 
are eluted in that sequence when 2.25 y0 SE-30 silicone rubber gum on Chromosorb W 
(60-80 mesh) is used, the less poIar hyodeoxycholic acid being retained more strongIy 
than cholic acid. Neither OV-17 nor OV-225 separates the mnricholic acid methyl 
ester acetates satisfactoriIy. When OV-17 is used o- and @murichoIic acid methyl 
ester acetates are not adequately separated (peak resolution: 0.4); and when OV-225 
is used (z- and o-muricholic acid methyl ester acetates are not adequately separated 
(peak resolution: 0.5). 

Bile acid trimethylsilyl (TMS) ethers have been separated on Hi-&-8B3, but 
c-muricholic and cholic acids are not resolved in this system. The separation of the 
TMS ethers of choIic and a-, #?- and w-muricholic acids otiOV-17 is described’, but 
chenodeoxycholic and deoxycholic acids are not resolved in this system. It has been 
reported’ that TMS ether derivatives are not stable and that this can lead to multipIe 
peaks from individual trihydroxy bile acids. In this paper a procedure is described 
which separates the following bile acids in sequence: lithocholic, deoxycholic, cheno- 
deoxycholic, cholic, hyodeoxycholic, hyocholic, a-muricholic, o-muricholic, and & 
muricholic acids. 

* Common and systematic names of compounds mentioned in the text are as follows: nordeo- 
xycholic acid, 23-nor-@-choianoic acid-3a,lZo_diol; lithochotic acid, S/?-cholanoic acid3a-ol; 
deoxycholic acid, S&cholanoic acidJo,lk-diol; chenodcoxycholic acid, @-cholanoic acid-3a,7a- 
dioi; ursodeoxycholic acid, S&cholanoic acid-3a,7B-diol; hyodeoxycholic acid, S~cholanoic a&i- 
3a,6a-dial; choIic acid, Z$?-cholanoic acid-3a,7a,l2a-rrioI; hyocholic acid, S&cholanoic acid-3a,6c, 
7n-~501: a-murichoiic acid, S&cholanoic acid-3a,6p,7a-triol; p-muricholic acid, Wcholanoic 
acid-3c,6&7&triol; cs-muricholic acid, S&choianoic acid-3a,6c,7fi-triol. 
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MATERIALS AND METH6DS 

Cholic, chenodeoxycholic, deoxycholic, lithocholic and 23-nordeoxycholic 
acids were obtained from Maybridge Chemical Co., Tintagel, Great Britain. Hyode- 
oxycholic, hyocholic, ursodeoxycholic and 3a,6@-dihydroxy-S#?-cholanoic acids were 
obtained from Steraloids, Wilton, N-H., U.S.A. The Q- and B-muricholic acid methyl 
esters were a generous gift from Professor H. Eyssen, Rega Institute for Medical 
Research, Leuven, Belgium. o-Muricholic acid methyl ester was prepared from rat 
colon by thin-layer chromatography (TLC)6 and identified by gas-liquid chromato- 
graphy (GLC) as a TMS ether on OV-17” and SE-306_ 

The small-intestinal and colonic contents of rat were washed out with distilled 
water, freeze-dried, and weighed. Bile acids and salts were extracted, hydrolysed, and 
partially purified according to Evrard and Janssen’. Following extraction with 
diethyl ether, bile acids were methylated using a dimethoxypropane-metharlol-conc. 
HCl mixture (50:20:1). It was necessary to further purify methyl esters of colonic 
bile acids by TLC. Methyl ester acetates were then formed by a modification of the 
method of Roovers er aL8. The methyl esters were acetylated for 2 h at do with 1 ml 
of a mixture of acetic acid-acetic anhydride-70% HClO,. (700:500:1). At the end of 
this period, 10 ml of a 20% (w/v) solution of NaCl in water was added, and the 
methyl ester acetates were extracted with three portions of diethyl ether. The pooled 
extracts were washed with distilled water and then taken to dryness. 

Separation of the methyl ester acetate derivatives was carried out on a Pye 
Unicam Series 104 dual-column chromatograph, equipped with hydrogen flame 
ionisation detectors. Five-ft. columns were silanized, and packed with 3 % SE-30 on 
100-120 mesh Supelcoport (Supelco, Bellefonte, Pa., U.S.A.). Nitrogen (oxygen free) 
was used as carrier gas at a flow-rate of 35 ml/min, and inlet pressure 206 kPa (30 
p.s.i.). The operating temperature for column and detector was 262“, and the inlet 
temperature was 280”. The internal standard was 23-nordeoxycholic acid. 

TABLE 1 

RELATIVE RETENTION TIMES OF BILE ACLD METHYL ESTER -4CETATES ON 3% 
SE-30 AT 262” 

. 

Peak no. S/%ChoIanoic acid Rerenrion time re!aSive IO 

23-nordeoxyciwlic acid 

1 

2 
3 
4 

2 
7 

7 
- 

8 
9 

10 

23-nor-3a,12a-diol 1.00 
3a-al 1.06 
3a,12a_diol 1.34 

3a.7cf-diol 1.55 
3&7a,12a-trio1 1.69 
3a,6a-diol 1.89 
3a,6j?-diol 1.97 
3a,7&diol 1.97 
3a,6a,7a-trio1 2.28 
3g68,7a-trio1 2.41 
3a,6a,7#?-trio1 2.82 
3a,6B,7&triol 3.11 



452 NOTES 

60 50 LO 30 20 lo 
Minutes 

Fig. 1. GLC separation of the bite acid methyl ester acetates in rat intestine. Column, 3 % SE-30 on 
100-120 mesh Supelcoport: temperature, 262”. For peak identification xe Table I. 

RESUtTS 

The retention times of the methyl ester acetate derivatives of bile acids relative 
to 23-nordeoxycholic acid are shown in Table I. 

A gas chromatographic recording of total intestinal bile acid methyl ester 
acetates is shown in Fig. 1. 

ACKNOWLEDGEMENTS 

We thank the World Health Organisation for assistaxe with a. Fellowship 
(K.T.), and the Incorporated National Association of British and Irish 1Millers Ltd. 
for financial assistaxe. 

REFERENCES 

S. 5. Hsia, W. H. Elliot, J. J. Matschimer, E. A. Daisy. Jr.. S. A. Thayer and E. A. Doisy, J. Biol- 
C’hem.. 235 (1960) 1963. 
A_ Kuksis and B. A. Gordon. Can. J_ Biochem. Physioi., 41 (1963) 135.5. 
IM. _Makita and W. W. Wells, Anal. Biochem., 5 (1963) 523. 
W. H. Elliott, L. B. Walsh, M. M. hlui, M. A. Theme and C. M. Siegfried. 1. Chromufogr., 44 
(1969) 452. 
A. Kuksis, in G. V. Marinetti (Editor) Lipid Chromarographic Analysis, Vol. 2, Marcel Dekker, 
Nw. York, 1975, p. 479. 
B. 1. Cohen, R. F. Raicht, G. Salen and E. G. Mosbach, Anal. Biochem., 64 (1975) 567. 
E. Evrard and G. Janssen, f. Lipid Res., 9 (1968) 226. 

J. Roovers; E. Evrard and H. Vanderhaeghe, Clin. C/rim. ACM, 19 (1968) 449. 


