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Summary : When treated with a glucocorticoid, monolayer cultures of a differen-
tiated rat hepatoma convert added chenodeoxycholic and deoxycholic acids into
compounds not formed by untreated cultures. The main metabolites have been
identified. Chenodeoxycholic acid was 68-hydroxylated to yield a-muricholic
acid, whereas deoxycholic acid was converted mainly into its 3-sulfate. In ad-
dition, deoxycholic acid was hydroxylated in 6g-, 7o~ and lg-positions. Thus,
glucocorticoids appear to induce one 68-hydroxylase in particular and a sulfo-
transferase having a notable substrate selectivity.

As reported previously (1) rat hepatoma monolayers treated with a gluco-
corticoid convert added dihydroxy bile acids into major metabolites which are
not formed by control cultures. The nature of these compounds has not been
established. This paper describes the identification of the main metabolites

of deoxycholic and chenodeoxycholic acids.

Materials and Methods : Rat hepatoma Faza 967, kindly provided by Dr. M.C. Weiss,
was cultivated as monolayers in 100 mm tissue-culture Petri dishes in a
mixture, of equal volumes of modified Ham's F12 and NCTC 109 supplemented with
7.5% fetal calf serum (Sorga, Paris, France), previously heat-decomplemented,
0.5 g of bovine serum albumin and 7.1 mg of taurine per liter, 100 i.u. of 7
penicillin and 100 pg of streptomycin sulfate per ml (2). When about 1.2.10
cells per dish had been obtained (from an initial inoculum of 5.100 cells),
dexamethasone phosphate (1.9 uM) was added and the culture was left for four
more days, the medium being renewed every two days. Labelled sodium deoxycholate
or chenodeoxycholate were then added to give a final concentration of 15 ug/ml
and about 0.25 pCi/ml. After an incubation period of 72 h, the medium was
collected and added to three volumes of ethanol. The protein precipitate was
removed by centrifugation and the supernatant was evaporated in vacuum at

room temperature. The residue was subjected to preparative thin-layer chroma-
tography (TLC).

Solvents were of reagent grade and were redistilled when used in analy-
ses by gas chromatography (GLC) and gas chromatography-mass spectrometry (GC/MS).
Chenodeoxycholic (3a,7a-dihydroxy-58-cholanoic) (Sigma) and deoxycholic (3a,
12a-dihydroxy-58-cholanoic) (HMerck) acids were purified by recrystallization ;
their purity was checked by TLC.and GLC. The deoxycholic acid contained less.
than 0.1% of cholic acid. The 24-14C - Tabelled acids were from the Radio--
chemical Centre (Amersham) and yielded a single spot -upon TLC and autoradio-

graphy.
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Preparative TLC was carried out on 2 mm layers of silica gel G (Merck)
using the solvent system isoamyl acetate/acetic acid/n-propanol/water, 4:3:2:1
(by vol.) (3). Radioactive zones were Tocated by autoradiography (Kodirex).
They were scraped out and eluted with ethy] acetate and ethyl acetate/methanol/
pyridine, 10:10:1 (by vol.) for unconjugated metabolites, and methanol/pyridine,
15:1 (v/v), or methanol and butanol for conjugated metabolites. Analytical TLC
was carried out on 0.25 mm layers using the above solvent system (system 1) or
the following solvent mixtures: isooctane/acetic acid/ethyl acetate, 25:1:125
(by vol.) (system 2); ethylene chloride/acetic acid/water, 10:10:1 (by vol.)
(system 3); ethyl acetate/ethanol/25% ammonium hydroxide, 2:7:1 (by vol.)
(system 4) (see ref. 4).

Group separation of conjugated bile acids was performed on a 110 x 8 mm
column of diethylaminohydroxypropyl Sephadex LH-20 (DEAP-LH-20) (5). Sulfated
and non-sulfated bile acids were also separated on a 230 x 8 mm column of
Sephadex LH-20 using chloroform/0.02 M NaCT in methanol, 3:2 (v/v), as the sol-
vent (5). Solvolysis was performed in ethanol/acidified ethyl acetate, 3:27
(v/v), at 390 for 16 h (5). The solution was then neutralized and taken to
dryness in vacuo. Alkaline hydrolysis was made in 15% NaOH in 50% aqueous eth-
anol at 7100 for 10 h or in 2 M aqueous KOH at 1100 for 6 h. After acidifica-
tion the bile acids were extracted with ethyl acetate or freshly distilled di-
ethyl ether. Methyl esters were prepared with diazomethane in diethyl ether,
chromic acid oxidations were carried out in acetone, and trimethylsilyl ethers
were prepared with hexamethyldisilazane/trimethylchlorosilane in pyridine (4-6).

GLC analyses were performed using 2-3 m x 3.4 mm columns packed with 1.5%
SE-30 or 1.5% Hi-Eff 8 BP on Chromosorb WHP or Gas-Chrom Q, 80-100 mesh (4-6).
Column temperatures were 210-2400. Computerized GC/MS analyses were carried
out using the same columns in a modified LKB 9000 instrument. Spectra were
taken by repetitive magnetic scanning and data were plotted as mass spectra
and fragment ion current chromatograms (5,7).

Results: Incubations with both chenodeoxycholic and deoxycholic acids yielded
metabolites which had TLC mobilities of taurine conjugates of these bile acids.
However, intense spots also appeared at other positions. Chenodeoxycholic acid
yielded spots with a mobility of trihydroxy bile acids and their taurine con-
jugates. The same was true for deoxycholic acid which also yielded a major
compound with a mobility different from that of any known metabolite. The rates
of formation of these metabolites and other quantitative relationships is the
subject of a separate study (8).

Identification of a-muricholic acid (3a,68,7a-trihydroxy-5-chclancic

acid) as the major metabolite of chenodeoxycholic acid. This metabolite had a

mobility in TLC-system 1 similar to that of cholic acid. In system 2 it was
located between chenodeoxycholic and cholic acids. After elution from a TLC
plate it was subjected to ion exchange chromatography on DEAP-LH-20. A11 the
radioactivity was recovered in the fraction containing unconjugated biie acids.

Following methylation and trimethylsilylation it was analyzed by GLC and GC/MS
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both on nonselective SE-30 and selective Hi~Eff 8 BP columns. The retention
time on both columns and the mass spectral fragmentation pattern were identical
with those of the derivative of a-muricholic acid (4,9). No B-muricholic acid
was present and the fragment ion current chromatograms did not reveal the
presence of any other trihydroxycholanoate.

Identification of hydroxylated metabolites of deoxycholic acid. In the

presence of dexamethasone phosphate, Faza 967 hepatoma cells transformed part
of the added deoxycholate into a mixture of trihydroxylated compounds whose
taurine conjugates appeared as a single spot in solvent system 1. The uncon-
Jjugated metabolites had the same mobility as cholic acid in this system. A wide
zone corresponding to the cholic and part of the deoxycholic acid spots, was
eluted from the plate and the trihydroxy fraction was isolated by chromato-
graphy of the methyl esters on Unisil (10). The trimethylsilylated fraction
was analyzed by GLC and GC/MS using the SE-30 column. Three peaks were obtain-
ed having retention times relative to that of the cholic acid derivative of
1.00, 1.08 and 1.19. The mass spectrum of the compound with the shortest re-
tention time was identical with that of the derivative of cholic acid. The re-
tention time, 1.09, and the mass spectrum of the second product were identical
with those of the derivative of 3u,63,120-trihydroxy-58-cholancic acid (see 5).
The mass spectrum of the third product was identical with that of the deriva-
tive of a bile acid found in human urine and tentatively identified as 1,3,12-
trihydroxycholanoic acid {5). The same bile acid has recently been obtained by
microbial 1-hydroxylation of deoxycholic acid (Carlstrom, K. and Sjovall, J.
in preparation). Thus, the third metabolite was identified as 1£,30,12q-tri-
hydroxy-58-cholanoic acid. In addition to these three hydroxylation products,
the fragment ion current chromatograms and mass spectra indicated the presence
of small amounts of 3a,78,12c-trihydroxy-58-cholanoic acid. The relative
amounts of the three major hydroxylation products were calculated from the
peak areas in the GLC analyses. Cholic acid constituted about 25%, 3a,6R8,120-
trihydroxy-5B8-cholanoic acid about 60% and the 1-hydroxylated bile acid about
15%.
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Identification of the major metabolite of deoxycholate: deoxycholate-3-

sulfate. In TLC system 1, this compound appeared between glycocholic and glyco-
deoxycholic acids, quite close to the former compound. Following isolation by
preparative TLC the metabolite was studied in different chromatographic sys-

tems and after being subjected to different hydrolytic conditions.

Upon chromatography on DEAP-LH-20 the major part of the radioactivity was
recovered in the monosuifate fraction. When this fraction was analyzed by TLC,
a single radioactive spot was obtained at the site of the metabolite. Alkaline
hydrolysis yielded four radioactive spots upon TLC in system 1. Two of these
had the mobilities of unchanged metabolite and deoxycholic acid, respectively;
a third product travelled near the solvent front. When the metabolite or the
sulfate fraction were solvolyzed under conditions used to cleave sulfates, a
single radioactive product was formed. This was identified as deoxycholic acid

by GC/MS analysis of the methyl ester trimethylsilyl ether derivative.

Since bile acid glucuronides appear close to sulfates in the buffer sys-
tem used for the DEAP-LH-20 chromatography, a sample of the metabolite was di-
rectly derivatized and analyzed by GC/MS using a short SE-30 column at 280°
(11). No evidence for the presence of a glucuronide was obtained. Thus, the
data indicated that the metabolite was a sulfate. Further support was obtained
from the results of a chromatography on Sephadex LH-20. The metaboTite had the
same mobility as an otherwise unconjugated bile acid sulfate (5). Solvolysis

of this fraction yielded deoxycholic acid.

In order to determine the position of the sulfate group, the metabolite
was oxidized with chromic acid in acetone and then solvolyzed and derivatized
(5). GC/MS analyses using both SE-30 and Hi~Eff 8 BP columns showed that 3o-
hydroxy-12-oxo-58-cholancic acid (5,9) was formed by the oxidation-solvolysis
sequence. This shows that C-3 was the site of conjugation.

These results provide good evidence that the metabelite is the 3-sulfate

of deoxycholic acid. A sample of the authentic compound was kindly supplied by
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Prof. G.A.D. Haslewood. The TLC mobilities of this compound and the metabolite

in systems 3 and 4 were identical, supporting the identification.

Discussion: In the presence of a glucocorticoid, the hepatoma Faza 967 in mono-
layer culture is able to: 1. hydroxylate chenodeoxycholate in the 68 position
to yield a-muricholate as the major metabolite; 2. sulfurylate deoxycholate to
yield the 3-sulfate as the major metabolite; and 3. hydroxylate deoxycholate
in the 68, 70 or 1& positions. Thus, except for the conjugation with taurine,
the metabolic fates of the two dihydroxy bile acids in this system are gquite
different: deoxycholic acid is mainly sulfurylated whereas chenodeoxycholic
acid is exclusively 68-hydroxylated.

The hydroxylation reactions in the cell cultures resemble those occurring
in vivo in the rat Tiver. The main primary metabolite of chenodeoxycholate in
vivo as well as in vitro is a-muricholate (the taurine conjugate may be the
preferred substrate in the hydroxylation) (12-14). However, in vivo the 7o
hydroxyl group is then epimerized to give B-muricholic acid (12,14). This
reaction was not observed in the hepatoma cell cultures.

By far the predominant metabolite of deoxycholate in vivo and in vitro is
cholate (conjugated with taurine) (12-14). Hydroxylation in the 68 position
is a minor metabolic pathway for deoxycholic acid in rats with ligated bile
ducts (15). In the hepatoma cells, 68-hydroxylation is more active than 7a-
hydroxylation. Hydroxylation of bile acids at C-1 as detected in the hepatoma
cells has not been described to occur in rats.

Although the relative importance of 7o~ and 68-hydroxylation of deoxy-
cholate is different in rat liver and the hepatoma cells, the major metabolic
difference lies in the extensive sulfurylation in the hepatoma cells. Formation
of sulfates is of Tittle quantitative importance in rat liver in vivo (1€).
The sulfates of deoxycholic and chenodeoxycholic acids both occur in small
amounts in rat bile (16) whereas only deoxycholic acid is sulfurylated by the
hepatoma cells. This supports the existence of multiple steroid sulfotransfer-

ases (17) and shows that these enzymes may exhibit a marked substrate specifi-
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city. The selective induction in the hepatoma cells of an enzyme catalyzing
sulfurylation of deoxycholic acid could be of value for the characterization
of a single type of sulfotransferase.

In vivo, the adrenals appear to regulate the activity and distribution of
different forms of glucocorticoid sulfotransferases in rat liver (18). Ad-
ministration of cortisol and deoxycorticosterone to adrenalectomized female
rats increases the activities of three sulfotransferases. However, there is a
complex interaction of several regulatory systems in the intact rat (18,19)
and induction or stimulation of a specific sulfotransferase activity as in the
case of the hepatoma cells has not been observed.

Hydroxylation of bile acids in 68 and 7o positions are catalyzed by cyto-
chrome P-450 dependent microsomal systems {see 13). To our knowledge this work
provides the first clearcut evidence of a hormonal induction of such activity

in a cloned hepatoma strain in culture.
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