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1. Introduction

A number of recent investigations have shown that
cumene hydroperoxide, other organic peroxides,
NalQ,, and NaClO, can substitute for NADPH and
oxygen in cytochrome P-450 dependent hydroxyia-
tions in liver microsomes [1—7]. The substrates used
in these investigations have been various drugs,
steroid hormones and lauric acid. With NADPH and
oxygen, lauric acid is hydroxylated in both the
11-position and the 12-position by liver microsomes,
whereas with cumene hydroperoxide hydroxylation
was obtained only in the 11-position [5]. Ellin and
Orrenius [5] concluded that this finding provided
further support for the contention that different
cytochromes P-450 are involved in 11- and 12-hy-
droxylation of lauric acid. In an extensive study of
hydroxylations of steroid hormones in different
positions by liver microsomes in the presence of
NADPH, cumene hydroperoxide or NalQ,, Hrycay
et al. [6,7] found that ratios of products formed fram
a given steroid differed with the hydroxylating agent.
It was suggested that different forms of cytochrome
P-450 with varying affinity for the hydroxylating
agents were involved in the different hydroxylations.

The biosynthesis and metabolism of bile acids
include a number of microsomal hydroxylations [8].
These hydroxylations appear all to be cytochrome
P-450 dependent but differ in one or several respects
from each other. The reactions have been shown in
reconstituted systems consisting of partially purified
cytochrome P-450 and NADPH-cytochrome P-450
reductase, and attempts are being presently made to
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study whether or not the different hydroxylase
activities correspond to different cytochromes P-450
[9] . Information relevant to this question might be
obtained from a study of the ability of cumene
hydroperoxide or NalQ, to substitute for NADPH in
these hydroxylations.

The present communication reports a comparison
between NADPH, cumene hydroperoxide and NalO,
in their ability to support 66-, 7a-, 12a-, 25- and 26-
hydroxylation in bile acid biosynthesis and meta-
bolism. The results show that of these five NADPH-
supported hydroxylations, cumene hydroperoxide
supporis only 25-hydroxylation and NalO4 only
25-hydroxylation and to a smail but significant
extent 68-hydroxylation.

2. Materials and methods

[1-'*C]Lauric acid and [4-'*C]cholesterol were
obtained from the Radiochemical Centre, Amersham,
England. [24-"*C]Deoxycholic acid and [24-14C]
chenodeoxycholic acid were obtained from ICN,
Irvine, Calif., and were coupled with taurine as
described by Norman [10]. [*H] Lithocholic acid
was prepared by the Wilzbach procedure. 58-[78-2H]
Cholestane-3e, 7a-diol and 58-[73->H] cholestane-3a,
Ta, 12a-triol were prepared by reduction of the
corresponding 7-keto compounds [11] with tritium-
labeled sodium borohydride (NEN, Dreieichenhain,
West Germany). The amount of radioactivity incu-
bated varied between 0.5 and 10 uCi depending on
the substrate. NADPH was supplied by Sigima,
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St. Louis, Mo. and cumene hydroperoxide by Merck,
Darmstadt, West Germany.

Male Sprague-Dawley rats {150—-200 g) were used.
Liver homogenates (20%, w/v) were prepared in
0.25 M sucrose contzining 1 mM EDTA. The micro-
somal fraction was suspended in 0.1 M potassium
phosphate buffer, pH 8.0, in a volume corresponding
to that of the original homogenate. The protein
content was about 5 mg/ml. The final volume of the
incubation mixtures was 5 ml and the concentration
of NADPH was 0.7 mM, of cumene hydroperoxide
2 mM or 0.2 mM, and of NalO, 10 mM or 1 mM.
Incubation mixtures were: lauric acid (50 g in 25 ul
of acetone), 1 ml of microsomes; cholesteroi (10 ug
in Tween-80), 3 ml of microsomes; 58-cholestane-3c,
7a-diol and 5g-cholestane-3a, 7a, 12a-triol (250 ug in
50 ul of acetone), 1.5 ml of microsomes; lithacholic
acid (50 pg in 50 ul of acetone), taurodeoxycholic
acid (200 ug in 100 w1 of water) and taurachenodeoxy-
cholic acid (150 pgin 100 ul of water), 1 ml of
microsomes.

Incubations were carried out at 37°C for 10 min.
Extraction and analytical procedures for the various
substrates have been described in several communica-
tions from this laboratory [8,11,12]. In these commu-
nications, the systems used for thin-layer chromato-
graphy are described as well as the method of estima-
ting side-chain hydroxylations of 58-cholestane-3c,
Ta, 12a-triol by radio-gas chromatography. 11- and
12-hydroxylation of lauric acid was analyzed as
described by Bjorkhem and Danielsson [13].
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3. Results

Lauric acid, cholesterol, 58-cholestane-3a, 7a-diol,
5B-cholestane-3a, 7¢, 12a-triol, lithocholic acid,
taurodeoxycholic acid and tavrochenodeoxycholic
acid were incubated with rat liver microsomes in the
presence of NADPH, cumene hydroperoxide or
Nal(,, and the extent of hydroxylation of the
different substrates was measured (table 1). 11-Hy-
droxylation of lauric acid was supported by cumene
hydroperoxide in agreement with the findings of
Fllin and Orrenius [5] and was also supporied by
NalQ4. 12-Hydroxylation of lauric acid occurred only
with NADPH. In the presence of NADPH, cholesterol
was hydroxylated efficiently in the 7o-position and no
other products were formed. With cumene hydro-
peroxide and NalO,4 a number of products were
formed. As was expected, the products were those
formed from cholesterol by autoxidation, viz.
cholestane-3f, Sa, 6§-triol, 7a- and 78-hydroxychol-
esterol and 7-ketocholesterol together with some
unidentified compounds, probably cholesterol
epoxides. With 58-cholestane-3a, 7a-diol both 12a-
and 26-hydroxylation was observed with NADPH,
whereas no significant extent of hydroxylation was
obtained in the presence of cumene hydroperoxide
or NalO,. 58-Cholestane-3a, 7a, 120-triol was
hydroxylated primarily in the 25- and 26-positions
with NADPH. Hydroxylations in the 23- and 24-
positions were also obtained. With cumene hydro-
peroxide and NalOy4 an efficient 25-hydroxylation was

Table 1
Hydroxylations in the presence of NADPH, cumene hydroperoxide or NalQ,

Reaction rates
(nmoles/mg protein/10 min)

Reaction
NADPH Cumene NalQ,

hydro-

peroxide
11-Hydroxylation of lauric acid 3.4 0.9 34
12-Hydroxylaticn of lauric acid 31 < 0.1 <01
12a-Hydroxylation of 58-cholestane-3a, 7a-diol 0.8 <01 <0.1
26-Hydroxylation of $a-cholestane-3a, 7a-diol 1.0 < 0.1 <01
25-Hydroxylation of Sg-cholestane-3a, 7o, 1 2a-triol 0.6 0.5 0.2
26-Hydroxylation of Sg-cholestane-3a, 7e, 12a-triol 0.7 < 0.1 < 0.1
Ta-Hydroxylation of taurodeoxycholic acid 2.7 < 0.1 < 0.1
6g-Hydroxylation of lithocholic acid 2.6 < 0.1 <0.1
68-Hydroxylation of taurochenodeoxycholic acid 8.5 < 0.1 < 0.2
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obtained, whereas no significant 26-hydroxylation
was observed. The bile acids tested were hydroxylated
‘with NADPH in the way described previously, i.e.
Ta-hydroxylation of taurodeoxycholic acid and
68-hydroxylation of lithocholic acid and taurocheno-
deoxycholic acid. With cumene hydroperoxide no
significant hydroxylation of bile acids was observed.
With NalOy4 a low extent of 68-hydroxylation of
taurochenodeoxycholic acid could be detected, ~
about 1/40 of that found with NADPH.

The values for different hydroxylations presented
in table 1 were obtained with 2 mM cumene hydro-
peroxide and 10 mM NalO,. Since it has been shown
that these concentrations may inhibit some hydroxy-
lations, the hydroxylations were assayed also with
lower concentrations of cumene hydroperoxide,

0.2 mM, and of NalQ,, 1 mM. The extent and pattern
of hydroxylations were essentially the same as those
given in table 1. Normally, hydroxylations in the
presence of NADPH are assayed at pH 7.0—7.4. At
pH 8.0 as used in the present investigation, the rates
of hydroxylations of the various substrates were up
to 25% lower.

4. Discussion

Several lines of evidence indicate that many of the
hydroxylations occurring in the biosynthesis and
metabolism of bile acids are specific and in one or
several respects different from other microsomal
hydroxylations occurring with fatty acids, steroid
hormones and foreign compounds [8,9,11,12]. In
this respect, the 7a-hydroxylation of cholesterol, the .
12a-hydroxylation and the 26-hydroxylation are
particularly noteworthy. These three hydroxylations
seem to play important roles in regulation of overall
hile acid biosynthesis or of synthesis of individual
bile acids. So far, it has not been possible to ascribe
these hydroxylations to specific species of cytochrome
P-450. The results of the present investigation can be
considered to provide further evidence for the speci-
ficity of some of the hydroxylations involved in the
biosynthesis and metabolism of bile acids. The
inability of cumene hydroperoxide and NalO, to
support what appears to be especially important
reactions in bile acid biosynthesis is striking. Whereas
a rather efficient 25-hydroxylation of 5f-cholestane-
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3a, 7e, 12a-triol was obtained with these agents, no
26-hydroxylation was observed. At least in the rat,
26-hydroxylation is an important step in the oxidation
of the C,, side chain, whereas 25-hydroxylation
appears to be a side reaction. The 25-hydroxylation
of 5f-cholestane-3¢, 7a, 12a-triol resembles in several
respects hydroxylations occurring with. different
drugs and other foreign compounds in liver micro-
somes. It is tempting to suggest that cumene hydro-
peroxide and NalQO, primarily will support more
unspecific ‘drug hydroxylations’. In consonance with
this contention, cumene hydroperoxide and NalO,
support 11- but not 12-hydroxylation of lauric acid.
Whereas microsomal w-hydroxylation is the first step
in the w-oxidation of fatty acids, no specific biological
role has yet been ascribed to (w—1)-hydroxylation.
With respect to hydroxylations of steroid hormones
by liver microsomes, which are supported by cumene
hydroperoxide and NalQ, [6,7], it can not be stated
that these reactions are not important under physio-
logical conditions. However, they resemble in many
respects drug hydroxylations.

From their studies of hydroxylations of lauric acid
and steroid hormones Ellin and Orrenius [S] and
Hrycay et al. [7] have concluded that the differences
in pattern of hydroxylations with NADPH as com-
pared with cumene hydroperoxide and NalOy4 can be
ascribed to different species of cytochrome P-450
catalyzing different hydroxylations. The present
results are not at variance with this contention.
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