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Effect of biliary obstruction on 26-hydroxylation
of C,,-steroids in bile acid synthesis
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Abstract The effect of biliary obstruction on side chain
hydroxylations in the biosynthesis and metabolism of bile
acids was studied in the rat. For comparison, several other
hydroxylation reactions in bile acid biosynthesis and metab-
olism were assayed. Biliary obstruction inhibited microsomal
26-hydroxylation of 5B8-cholestane-3a,7a-diol and micro-
somal 25- and 26-hydroxylation of 58-cholestane-3a,7a-
12a-triol. Microsomal 7a-hydroxylation of cholesterol and
6B-hydroxylation of lithocholic acid increased significantly,
whereas the increase in microsomal 12a-hydroxylation of
5B-cholestane-3a,7a-diol was less. Mitochondrial 26-
hydroxylation of cholesterol, 5-cholestene-38,7a-diol, and
7a-hydroxy-4-cholesten-3-one was stimulated, whereas
26-hydroxylation of 5B-cholestane-3a,7a-diol was not
affected and that of 58-cholestane-3a,7a,12c-triol was
markedly inhibited. The results indicate that mitochondrial
26-hydroxylation, particularly of substrates that pri-
marily are precursors of chenodeoxycholic acid, plays a
more important role in bile acid biosynthesis under condi-
tions of biliary obstruction than under normal conditions.

Supplementary key words side chain hydroxylations

Biliary obstruction leads to a marked change in the
pattern of bile acid biosynthesis in the rat (1). 8-Muri-
cholic acid becomes a predominant bile acid and the
amount of cholic acid synthesized is reduced drasti-
cally. Evidence has been presented to indicate that
total bile acid biosynthesis decreases in biliary ob-
struction (2). A previous report from this laboratory
showed that the increase in 8-muricholic acid syn-
thesis in biliary obstruction is reflected in an increase
in microsomal 68-hydroxylation of taurochenodeoxy-
cholic acid and lithocholic acid (3). In the same re-
port, several other hydroxylations in the biosynthesis
and metabolism of bile acids were assayed. The rate
of 7a-hydroxylation of cholesterol, the main rate-
limiting step in bile acid biosynthesis, was found to
increase markedly in spite of the apparent decrease
in overall bile acid biosynthesis in biliary obstruc-
tion (3).

The aim of the present work was to further define
mechanisms responsible for the change in pattern of

bile acid biosynthesis under conditions of biliary ob-
struction and thereby obtain information concerning
the mechanisms that govern the proportion of cholic
acid and chenodeoxycholic acid synthesized from
cholesterol. Mitochondrial and microsomal 26-
hydroxylation of a number of C,;-steroids has been
assayed in rats with ligated bile duct. For comparison,
several other hydroxylations in bile acid biosynthesis
and metabolism have been analyzed.

METHODS

Materials

[4-**C]Cholesterol (60 uCi/wmol) was obtained
from Radiochemical Centre, Amersham, England.
Before use, the material was purified by chromatog-
raphy on a column of aluminum oxide, grade III
(Woelm, Eschwege, Germany). 5-[78-*H]Cholestene-
3B-7a-diol (6 uCi/umol), 7a-hydroxy-4-[68-*Hlcho-
lesten-3-one (7 uCi/pmol), 58-[78-*H]cholestane-3a,-
Ta-diol (7 pCi/umol), and 58-[78-*Hlcholestane-3a,-
7a,12a-triol (7 uCi/umol) were prepared as described
previously (4). [24-*C]Lithocholic acid (1.5 uCi/umol)
was obtained from NEN Chemicals, Dreieichenhain,
Germany. (25R)5-Cholestene-38,26-diol, 5-choles-
tene-38,7a,26-triol, 5B-cholestane-3a,7a,26-triol,
and 58-cholestane-3a,7a,12a,26-tetrol were prepared
as described previously (4). NADPH was obtained
from Sigma Chemical Co., St. Louis, MO.

Methods

Male rats of the Sprague-Dawley strain weighing
about 200 g were used. The animals were fed a rat
chow diet (Anticimex, Stockholm, Sweden) ad libitum.

Abbreviations: The following systematic names are given to bile
acids referred to by trivial names: cholic acid, 3a,7a,12a-trihydroxy-
5B-cholanoic acid; a-muricholic acid, 3a,68,7a-trihydroxy-58-cho-
lanoic acid; B-muricholic acid, 3a,68,78-trihydroxy-58-cholancic
acid; chenodeoxycholic acid, 3a,7a-dihydroxy-58-cholanoic acid;
lithocholic acid, 3a-hydroxy-58-cholanoic acid.
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Fig. 1. Effect of biliary obstruction on mitochondrial 26-hydroxyl-
lation of cholesterol (4), 5-cholestene-38,7a-diol (B), 7a-hydroxy-
4-cholesten-3-one (C), 58-cholestane-3a,7a-diol (D), and 58-choles-
tane-3a,7a,12a-triol (E). The values are the means + SE of the
means of results obtained with four rats. Open bars, control rats;
cross-hatched bars, obstructed rats.

The common bile duct was ligated proximally and
distally under ether anesthesia. As controls, sham-
operated rats were used. The rats were killed 96 hr
after operation. Liver homogenates, 20% (w/v), were
prepared in 0.25 M sucrose containing 1 mM EDTA
when the microsomal fraction was isolated (3). The
homogenate was centrifuged at 20,000 g for 15 min.
The microsomal fraction was obtained by centrifuging
the 20,000 g supernatant fluid for 70 min at 100,000 g.
The microsomal fraction was suspended in 0.1 M
potassium phosphate buffer, pH 7.0, containing
0.028 M nicotinamide in the case of incubations with
[4-**C]cholesterol and [24-!*C]lithocholic acid (3) and
in 0.1 M Tris-Cl buffer, pH 7.4, in the case of incuba-
tions with 58-[78-H]cholestane-3a,7a-diol and 58-
[7B-*H]cholestane-3a,7a,12a-triol (4). The mito-
chondrial fraction was prepared as described by
Sottocasa et al. (5). Liver homogenate, 10% (w/v), was
centrifuged at 600g for 15 min and the 600g
supernatant was centrifuged at 6,500 g for 20 min.
The pellet was washed twice with one-half and one-
fourth of the initial volume of sucrose. The mito-
chondrial fraction was finally suspended in 0.1 M
Tris-Cl buffer, pH 7.4, in a volume corresponding
to the volume before the last centrifugation. Mem-
brane-disintegrated mitochondria were prepared
by the swelling—condensing—sonication method de-
scribed by Sottocasa et al. (5). The incubations were
carried out at 37°C. [4-1*ClCholesterol, 0.03 umol
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in a suspension with Tween 80, was incubated for
15 min with 3 ml of microsomal fraction and 3
pmol of NADPH in a total volume of 5 ml (6). The
Tween 80 suspension was prepared by dissolving the
appropriate amount of [4-**C]cholesterol in 0.1 ml of
methanol and adding 3 mg of Tween 80 dissolved
in 0.1 ml of methanol. The methanol was evaporated
under a stream of nitrogen and 0.1 ml of buffer was
added (6). [24-*C]Lithocholic acid, 0.2 umol in 50
ul of acetone, was incubated for 20 min with 1 ml of
microsomal suspension and 3 umol of NADPH in a
final volume of 3 ml (8). 58-[78-*H]Cholestane-
3a,7a-diol and 58-[78-3H]cholestane-3a,7a,12a-triol,
0.63 pwmol in 50 ul of acetone, were incubated with
1.5 ml of microsomal suspension in a total volume of
3 ml. An NADPH-generating system was used (4). In
incubations with the mitochondrial fraction, 0.25
pmol of [4-'*C]cholesterol, 5-[-78-*H]cholestene-
3B,7a-diol, 7a-hydroxy-4-[68-*H]cholesten-3-one,
5B8-[78-3H]cholestane-3a,7a-diol, and 58-[78-*H]-
cholestane-3a,7a,12a-triol were incubated for 40 min
with 1 ml of mitochondrial fraction and 4.6 pmol
of isocitrate in a total volume of 3 ml (7). In incuba-
tions with [4-*C]cholesterol, Mg?* was added to a
final concentration of 10 mM. Incubations with all
substrates except lithocholic acid were terminated
by the addition of 20 volumes of chloroform-
methanol 2:1 (v/v) (4). After addition of 0.2 volumes
of 0.9% (w/v) sodium chloride solution, the chloro-
form phase was collected and the solvent was evapo-
rated. The residue was subjected to thin-layer
chromatography. In some cases, the corresponding
26-hydroxylated compounds were added as internal
standards. Incubations with lithocholic acid were
terminated by the addition of 5 ml of 95% (v/v)
aqueous ethanol (3). After dilution with water and
acidification, the mixture was extracted two times
with ether. The combined ether extracts were washed
with water until neutral and the solvent was evaporated.

The following solvent mixtures were used for thin-
layer chromatography: benzene—ethyl acetate 2:3
(v/v) for incubations of cholesterol with microsomes
(6); benezene—ethyl acetate 1:1 (v/v) for incubations
of cholesterol with mitochondria (4); ethyl acetate
for incubations with 5-cholestene-38,7a-diol and 58-
cholestane-3a,7a-diol; benzene—ethyl acetate 1:4 (v/v)
for incubations with 7a-hydroxy-4-cholesten-3-one
(4); and system S 11 (3) for incubations with 58-
cholestane-3«,7a,12a-triol and lithocholic acid. The
extent of conversion of substrate was calculated from
radio scans of the thin-layer chromatograms with a
thin-layer scanner (Berthold, Karlsruhe, Germany).
The 26-hydroxylated products were further identified
by radio—gas-liquid chromatography of the tri-
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methylsilyl ether of the material eluted from the
thin-layer plates. A 1% SE-30 column was used in
a Packard radio-gas chromatograph. With this
method, 25- and 26-hydroxylated products are sepa-
rated completely. This method was used after thin-
layer chromatography in analyses of 25- and 26-
hydroxylation of 58-cholestane-3a,7a,12a-triol. Con-
versions of cholesterol in mitochondrial as well as
microsomal preparations were measured on the basis
of the exogenous cholesterol added. The con-
tent of cholesterol, measured by gas-liquid chro-
matography of the trimethylsilyl ether derivative on a
column of 3% QF-1 or 1% SE-30, was on an average
18 ug (14-19 ug) per ml of mitochondrial suspension
from control rats, 21 ug (15-24 ug) per ml of mito-
chondrial suspension from obstructed rats, 100 ug
(72-114 pg) per ml of microsomal suspension from
control rats, and 93 ug (77-108 ug) per ml of micro-
somal suspension from obstructed rats. Protein was
determined according to Lowry et al. (8).

RESULTS

Mitochondrial hydroxylations

Fig. 1 shows the effect of biliary obstruction on
mitochondrial 26-hydroxylation of cholesterol (4),
5-cholestene-38,7a-diol (B), 7a-hydroxy-4-cholesten-
3-one (C), 5B-cholestane-3a,7a-diol (D), and 58-
cholestane-3a,7a,12a-triol (E). In the group of ex-
periments shown in Fig. 1, the extent of stimulation
of 26-hydroxylation of cholesterol was about 50%.
In other experiments, stimulations of up to about
150% were found (cf. Table 1). 26-Hydroxylation of
cholesterol by the mitochondrial fraction is always
accompanied by a 25-hydroxylation which is about
one-tenth of the 26-hydroxylation (9). Although the
extent of 25-hydroxylation was not determined ac-
curately, gas—liquid chromatographic data showed a
similar proportion between 26- and 25-hydroxyla-
tion both in the rats with biliary obstruction and in
the sham-operated rats. 26-Hydroxylation of 5-
cholestene-38,7a-diol and 7a-hydroxy-4-cholesten-
3-one were stimulated about 30% by biliary obstruc-
tion, whereas 26-hydroxylation of 58-cholestane-3a,-
7a-diol was not affected. The 26-hydroxylation of
5B-cholestane-3a,7a,12a-triol was inhibited by about
70%. No significant formation of Cy;-acid was detected
in the incubations of 58-cholestane-3a,7a,12a-triol
(cf. ref. 4).

There was no marked difference in effect of sub-
strate concentration on reaction rates between con-
trol rats and rats with biliary obstruction. In Fig. 2
is shown the effect of substrate concentration on
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Fig. 2. Effect of substrate concentration on mitochondrial and
microsomal side chain hydroxylations. The diagrams show mito-
chondrial 26-hydroxylation of cholesterol (4), mitochondrial 26-
hydroxylation of 58-cholestane-3a,7a,12a-triol (B), microsomal 25-
hydroxylation of 58-cholestane-3a,7a,12a-triol (C), and microso-
mal 26-hydroxylation of 5B8-cholestane-3a,7a,12a-triol (D). Sym-
bols: @, control rats; O, obstructed rats.

the two mitochondrial reactions primarily affected
by biliary obstruction, 26-hydroxylation of cholesterol
and 5B8-cholestane-3a,7a,12a-triol.

Microsomal hydroxylations

Fig. 3 shows the effect of biliary obstruction on
microsomal 7a-hydroxylation of cholesterol (4), 12a-
hydroxylation of 58-cholestane-3a,7a-diol (B), 26-
hydroxylation of 58-cholestane-3a,7a-diol (C), 25-
and 26-hydroxylation of 58-cholestane-3a,7a,12a-triol
(D and E), and 68-hydroxylation of lithocholic acid (F).
In agreement with previous work (3), biliary obstruc-
tion was found to stimulate microsomal 7a-hydroxyla-
tion of cholesterol three- to fourfold and 68-hydroxyl-
ation of lithocholic acid about twofold. 12a-Hydroxyl-
ation of 58-cholestane-3a,7a-diol was higher and 26-
hydroxylation of 58-cholestane-3a,7a-diol markedly
lower in rats with biliary obstruction. Both 25- and 26-
hydroxylation of 58-cholestane-3a,7a,12a-triol were
inhibited markedly. Lithium aluminum hydride re-
duction of methylated extracts of incubations with
5B8-cholestane-3a,7a-diol and 58-cholestane-3¢a,7a,
12a-triol showed that the decrease in extent of
26-hydroxylation was not due to a conversion of the
26-hydroxy derivatives into Cyr-acids (cf. ref. 4).

There was no marked difference in effect of sub-
strate concentration on reaction rates between con-
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Fig. 3. [Effect of biliary obstruction on microsomal 7a-hydroxyla-
tion of cholesterol (4), 12a-hydroxylation of 58-cholestane-3a,7a-
diol (B), 26-hydroxylation of 58-cholestane-3a,7a-diol (C), 25-hydrox-
ylation of cholesterol (4). 12a-hydroxylation of 58-cholestane-3a,7a-
diol (B), 26-hydroxylation of 58-cholestane-3a,7a-diol (C), 25-hy-
droxylation of 58-cholestane-3a,7a,12a-triol (D), 26-hydroxylation
of 58-cholestane-3a,7a,12a-triol (E ), and 68-hydroxylation of litho-
cholic acid (F). The values are the means *+ SE of the means of results
obtained with four rats. Open bars, control rats; cross hatched bars,
obstructed rats.

trol rats and rats with biliary obstruction. In Fig. 2
is shown the effect of substrate concentration on the
two microsomal side chain hydroxylations primarily
affected by biliary obstruction, 25- and 26-hydroxyla-
tion of 58-cholestane-3a,7a,12a-triol.

Effect of disintegration of mitochondrial membrane
structure

Table 1 shows the effect of membrane disintegra-
tion by the swelling—condensing—-sonication method
on mitochondrial 26-hydroxylation. Membrane dis-
integration of mitochondrial fraction from sham-
operated rats resulted in a stimulation of 26-hydroxyla-
tion of cholesterol up to the level found in mito-
chondrial fraction from rats with biliary obstruction.
On the other hand, membrane disintegration did
not further increase the extent of 26-hydroxylation
of cholesterol by mitochondrial fraction from rats
with biliary obstruction. When 58-cholestane-3a,7a
12a-triol was used as substrate, membrane disintegra-
tion resulted in a twofold stimulation in the sham-
operated rats but had no effect in the rats with biliary
obstruction.
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DISCUSSION

In a previous report from this laboratory it was
shown that biliary obstruction was associated with
several effects on hydroxylations in the biosynthesis
and metabolism of bile acids (3). In this report the
time course of the effects was also followed and it
was found that the effects stabilized between 72 and
96 hr. The main effects observed were stimulation
of the 7a-hydroxylation of cholesterol and of the
6B-hydroxylation of taurochenodeoxycholic acid
and lithocholic acid. Stimulation of 7a-hydroxylation
of cholesterol, the rate-limiting step in overall bile
acid biosynthesis, is noteworthy since presently avail-
able information indicates a decrease in overall bile
acid biosynthesis in biliary obstruction (2). No explana-
tion for the effect on 7a-hydroxylation could be
offered. The stimulation of 68-hydroxylation corre-
lated with the increase in B-muricholic acid produc-
tion associated with biliary obstruction. The present
report confirms previous results concerning 7a-
hydroxylation of cholesterol and 68-hydroxylation.
In the present experiments 68-hydroxylation was
assayed only with lithocholic acid as substrate. There
is strong evidence that the same system catalyzes
6B-hydroxylation of lithocholic acid and of tauro-
chenodeoxycholic acid (3, 10).

It should be pointed out that these reactions were
assayed for reasons of comparison. The present re-
sults also show that biliary obstruction is associated
with effects on side chain hydroxylations of Cg-
steroids. Mitochondrial 26-hydroxylation of chole-
sterol and of steroids that are supposed to be early
intermediates in bile acid biosynthesis was stimulated,
whereas mitochondrial 26-hydroxylation of later
intermediates was either unaffected or inhibited (Fig.
4). Microsomal 26-hydroxylation of 58-cholestane-
3a,7a-diol and 5B-cholestane-3¢,7a,12a-triol was
inhibited.

TABLE 1. Effect of membrane disintegration by the swelling—
condensing—sonication method on mitochondrial
26-hydroxylation of cholesterol® and
58-cholestane-3a,7a,12a-triol®

Membrane-Disintegrated

Intact Mitochondria Mitochondrial Fraction

58-Cholestane- 58-Cholestane-

Cholesterol 3a,7a,12a-triol Cholesterol Sa,7a,12a-triol
Con- Ob- Con- Ob- Con- Ob- Con- Ob-
trol  structed trol  structed trol  structed trol  structed
pmolimg proteinimg
6.3 16.5 42.0 105 170 213 84.0 14.7
2 0.26 pmol.
2 (.24 umol.
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It should be pointed out that in all instances
hydroxylation of exogenously added substrate was
assayed. It can be argued that biliary obstruction
could lead to accumulation of cholesterol, of inter-
mediates in the conversion of cholesterol into bile
acids, and of bile acids, and that the observed de-
creases in rates of hydroxylation in rats with biliary
obstruction could depend on dilution of added sub-
strates by endogenous substrates. If this argument
were valid it could follow that the stimulatory effects
observed in the rats with biliary obstruction would
be due to lower than normal levels of endogenous
substrates. Of the substrates studied in the present
investigation, only cholesterol appears to be present
in appreciable quantities in mitochondria and micro-
somes. As mentioned in Methods, there was a moder-
ate increase in cholesterol content of mitochondrial
fraction from obstructed rats. In incubations with
mitochondrial fraction, the amount of exogenous
cholesterol far exceeds that of endogenous choles-
terol, making moderate changes in content of endog-
enous cholesterol of limited importance (cf. ref. 7
and 9). In the microsomal fraction, the amounts of
endogenous cholesterol were practically the same
in the two groups of rats. Estimations of quantity
of intermediates in bile acid biosynthesis present in
the liver have been made only for 5-cholestene-
3B,7a-diol. By isotope dilution techniques Mitro-
poulos and Balasubramaniam (11) found about 40
ng of this compound per mg protein in the micro-
somal fraction of rat liver homogenate. The amount
of cholesterol per mg protein is about 25 ug. On
the other hand, Bjorkhem and Danielsson (12), using
a gas—liquid chromatographic—mass spectrometric
method, were unable to detect any 5-cholestene-38,7a-
diol. Their method would have detected amounts
above 10 ng per mg protein.

It might be mentioned that a number of unsuc-
cessful attempts have been made over the years in
this laboratory to isolate intermediates from liver.
However, it is conceivable that intermediates may
accumulate under conditions of biliary obstruction.
This possibility has not been analyzed in detail. In
the cases where radio—gas chromatography was used
in analysis of products formed in incubations, no
noticeable differences between control rats and rats
with biliary obstruction were seen. Greim et al. (13)
have reported that the levels of bile acids in the liver
increase up to fourfold after 3 days of biliary obstruc-
tion. The increased levels of bile acids could possibly
influence the various reactions studied. However, 7a-
hydroxylation of cholesterol, which according to
previous experience is particularly sensitive to bile
acids, was actually stimulated.
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Fig. 4. Some steps in the conversion of cholesterol into bile acids
in the rat. I, cholesterol; 11, 5-cholestene-38,26-diol; 111, 5-choles-
tene-38,7a-diol; IV, 5-cholestene-3a,78,26-triol; V, 7a-hydroxy-4-
cholesten-3-one; VI, 7a,26-dihydroxy-4-cholesten-3-one; VII, 58-
cholestane-3a,7a-diol; VIII, 58-cholestane-3«a,7a,26-triol; IX, 58-
cholestane-3a,7a,12a-triol; X, cholic acid; X1, chenodeoxycholic
acid; XII, B8-muricholic acid.

The question is also how much of the bile acids
accumulated in the liver are present in mitochondria
and microsomes, the cell fractions used in the present
study. There is no information on the subcellular
distribution of bile acids after 4 days of biliary ob-
struction. Leuschner et al. (14) have examined the
distribution after 17 days of obstruction and found
more than 70% in the soluble fraction, about 25%
in the mitochondrial fraction, and the remainder in
the microsomal fraction. In a nonobstructed rat
liver there appears to be considerably more in the
microsomal fraction and less in the soluble fraction.
In the interpretation of the results of the present
investigation, the inhibition of microsomal 26-
hydroxylation of 5B-cholestane-3a,7a-diol and 58-
cholestane-3a,7a,12a-triol in biliary obstruction plays
a major role. It does not seem likely that this
inhibition could be explained by accumulation of
bile acids in this subcellular fraction in view of the
results reported by Leuschner et al. (14). Also, it
should again be pointed out that some microsomal
hydroxylations were stimulated. With respect to the
mitochondrial hydroxylations, it appears from the
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work of Leuschner et al. (14) that no dramatic
changes in content of bile acids in this subcellular
fraction can be expected upon biliary obstruction.

The differing effects on side chain hydroxylations
could explain, at least in part, the increase in forma-
tion of chenodeoxycholic acid and its metabolites,
a- and B-muricholic acid, and the decrease in forma-
tion of cholic acid associated with biliary obstruction.
A number of previous studies in which the metabolism
of hypothetical intermediates have been examined in
rats with a biliary fistula (cf. Fig. 4) indicate that C,;-
steroids carrying a 26-hydroxyl group but no 12a-
hydroxyl group are converted predominantly into
chenodeoxycholic acid and its metabolites (15). Ex-
amples of such Cy-steroids are 5-cholestene-383,26-
diol, 5-cholestene-38,7a,26-triol, 7a,26-dihydroxy-4-
cholesten-3-one, and 58-cholestane-3a,7«,26-triol.
Quantitatively, the relative roles of the mitochondrial
and the microsomal 26-hydroxylase systems in bile
acid biosynthesis have not been established but
some data indicate a more important role for the
microsomal system under normal conditions (16).
Whereas the mitochondrial system catalyzes 26-
hydroxylation of many different Cy;-steroids, the
microsomal system shows a marked specificity for 58-
cholestane-3a,7a-diol and 58-cholestane-3a,7a,12a-
triol. In spite of the broad substrate specificity of
the mitochondrial system, several lines of evidence
indicate that under normal conditions 58-choles-
tane-3a,7a-diol and 5B-cholestane-3a,7a,12a-triol
are also the main substrates for the mitochondrial
26-hydroxylase system (4).

When the results of the present investigation are
viewed in light of previous results concerning path-
ways of bile acid biosynthesis, it appears that the
findings in vitro are consistent with the change in
pattern of bile acid biosynthesis in biliary obstruc-
tion. The increase in synthesis of chenodeoxycholic
acid and its metabolites and the decrease in syn-
thesis of cholic acid could well result from the com-
bination of a stimulation of mitochondrial 26-hy-
droxylation of cholesterol, 5-cholestene-38,7a,diol,
and 7a-hydroxy-4-cholesten-3-one with the inhibi-
tion of mitochondrial as well as microsomal 26-
hydroxylation of 58-cholestane-3a,7a,12a-triol. The
findings also indicate that mitochondrial 26-hydroxyla-
tion assumes a greater role under conditions of
biliary obstruction than under normal conditions.

The conclusion that mitochondrial 26-hydroxylation
becomes more important in biliary obstruction may
be valid also for man. 38-Hydroxy-5-cholenoic acid,
which is present in urine from infants with biliary
atresia (17, 18), must be formed through an initial
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26-hydroxylation of cholesterol. In man as well as in
the rat, this reaction is catalyzed only by the mito-
chondrial fraction (4, 19).

Present information concerning pathways for bile
acid formation in the rat indicates that oxidation
of the C,;-steroid side chain occurs predominantly
through’ 26-hydroxylation followed by conversion
to Cy-acids (20). Shefer et al. (21) have reported
recently on the occurrence in man of a pathway for
cholic acid formation involving 25- and 24-hydroxyla-
tion of the side chain. If such a pathway were of im-
portance in the rat under normal conditions, it
would be, at any rate, suppressed under conditions
of biliary obstruction since the 25-hydroxylation of
5B-cholestane-3a,7a,12a-triol was inhibited markedly.

The present results do not provide any conclusive
information concerning the mechanisms of the ef-
fects of biliary obstruction on the hydroxylations.
Particularly in the case of the mitochondrial hydroxy-
lations, it would appear conceivable that the effects
might be due to membrane damage. When mem-
brane-disintegrated mitochondrial preparations were
used, 26-hydroxylation of cholesterol was stimulated
to the same extent as in preparations from rats with
biliary obstruction. On the other hand, 26-hydroxy-
lation of 58-cholestane-3a,7a,12a-triol was stimulated
in membrane-disintegrated preparations but in-
hibited in preparations from rats with biliary ob-
struction. These results are difficult to reconcile
with membrane damage as a single explanation for
the effects on mitochondrial hydroxylations observed
in biliary obstruction.

The results of the present investigation may bear
on the problem of the mechanisms controlling the
proportion of cholic acid and chenodeoxycholic acid
synthesized from cholesterol. Previous studies with
hyperthyroid rats, in which the normal ratio be-
tween the two bile acids is reversed, indicate that the
ratio between microsomal 26-hydroxylase activity and
microsomal 12a-hydroxylase activity is of importance
(16). In hyperthyroid rats, this ratio is increased
markedly and in hypothyroid rats it is decreased as
compared to euthyroid rats. It is apparent from the
present results that an interplay between microsomal
12a- and 26-hydroxylase activities is not an important
factor in regulation of cholic acid and chenodeoxy-
cholic acid biosynthesis under conditions of biliary
obstruction since the observed effects on these activi-
ties should result if anything in a proportional in-
crease in cholic acid biosynthesis. Instead, it appears
that in biliary obstruction the ratio between mito-
chondrial and microsomal 26-hydroxylase activities is
important in this respect. Whether or not this rela-
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tionship between 26-hydroxylase activities plays a role
under normal conditions cannot be assessed at
present. fiff
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