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The metabolism of cholesterol, 3,9-hydroxy-5-pregnen-20-one and 3/3-hydroxy-5-androsten- 
17-one and the formation of lipid peroxides from endogenous lipids were studied in rat liver micro- 
somes fortified with NADPH. Under conditions of NADPH-dependent lipid peroxidation cho- 
lesterol was oxidized into several metabolites including 3~-hydroxy-5-cholesten-7-one , B-cholestene- 
38,706-di01, 5-cholestene-3~,7/3-dioiol and cholestane-3~,506,6~-triol. When lipid peroxidation was 
inhibited, cholesterol was converted predominantly into 5-cholestene-3j3,706-diol. Incubation of 
cholesterol with soybean lipoxidase and linoleic acid yielded the same pattern of products as in- 
cubation of cholesterol with microsomal fraction under conditions of NADPH-dependent lipid 
peroxidation. 3/3-Hydroxy-5-pregnen-2O-one and 3/3-hydroxy-5-androsten-17-one were metabo- 
lized by the microsomal fraction in essentially the same way whether or not lipid peroxidation was 
inhibited. The main metabolite of 3/3-hydroxy-5-pregnen-20-one could not be identified. Gas-chro- 
matographic and mass-spectrometric analyses indicated that it was a monohydroxy derivative 
of 3PI5-hydroxy-5-pregnen-20-one. Other hydroxylated metabolites of 3B-hydroxy-5-pregnen- 
20-one were 3/3,7a-dihydroxy-5-pregnen-20-one, 3/3,7@%hydroxy-5-pregnen-20-one and 38,1606- 
dihydroxy-5-pregnen-20-one. Major hydroxylated metabolites of 3j3-hydroxy-5-androsten- 17-one 
were 3,3,7a-dihydroxy-5-androsten- 17-one, 3,!?,7/3-dihydroxy-5-androsten- 17-one and 38,1606- 
dihydroxy-5-androsten- 17-one. 

Biliary drainage resulted in an eight-fold stimulation of the 706-hydroxylation of cholesterol 
but inhibited all hydroxylations of 3/3-hydroxy-5-pregnen-20-one and 3P-hydroxy-5-androsten- 
17-one. Phenobarbital treatment had no significant effect on the ’lor-hydroxylation of cholesterol 
or the formation of lipid peroxides but significantly stimulated the formation of 3/3,1606-dihydroxy- 
5-pregnen-20-one, 3/3,7a-dihydroxy-5-androsten-17-one and 3PJ7/3-dihydroxy-5-androsten- 
17-one. All hydroxylations were inhibited by carbon monoxide. No significant inhibition of 
lipid peroxidation by carbon monoxide was observed. 

The introduction of a 706-hydroxyl group is the 
first and rate-limiting step in the biosynthesis of 
cholic acid from cholesterol [l]. This reaction as well 
as a large number of other hydroxylations are cata- 
lyzed by the microsomal fraction of liver fortified 
with NADPH and in the presence of oxygen 112-51. 
An electron-transport chain including cytochrome 
P-450 as the terminal oxidase appears to be involved 
in many of these hydroxylations including the 
706-hydroxylation of cholesterol [4]. I n  a previous 
communication from this laboratory the enzymatic 
formation of 3/3-hydroxy-5-cholesten-7-one from cho- 
lesterolin the presence ofthe microsomal fraction ofrat 
liver homogenate fortified with NADPH was report- 
ed [6]. It was also found that the extent of conversion 
of cholesterol into 3/3-hydroxy-5-cholesten-7-one was 
much lower in the presence of the 20000 x g super- 
natant fluid and that there appeared to be an inverse 

Nomenclature. The systematic name of cholic acid is 
3a,7a,l2a-trihydroxy-5~-cholanoic acid. 

correlation between the extent of conversion of 
cholesterol into 3~-hydroxy-5-cholesten-7-one and 
into 5-cholestene-3/3,706-diol. The formation of 5-cho- 
lestene-3~,706-diol was more efficient in the presence 
of the 20 000 x g supernatant fluid than in the presence 
of the microsomal fraction [6]. The microsomal frac- 
tion of liver homogenate fortified with NADPH has 
been shown to catalyze the formation of lipid per- 
oxides from some polyunsaturated fatty acids such as 
linoleic acid and linolenic acid, and it has been sug- 
gested that the processes of peroxidation and hydrox- 
ylation are closely related and may be a result of the 
operationof the same electron-transport chain [7- 101. 
Since lipid peroxidation resembles the conversion of 
cholesterol into 3/3-hydroxy-5-cholesten-7-one in being 
much more efficient in the presence of microsomal 
fraction fortified with NADPH than in the presence 
of microsomal fraction plus the supernatant fluid, it 
appeared possible that there is a connection between 
the formation of lipid peroxides from endogenous 
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fatty acids and the formation of 3B-hydroxy-5- 
cholesten-7-one [1 I]. Recently, Wills [9] reported 
that when the microsomal fraction was prepared in 
a sucrose medium containing EDTA, the formation 
of lipid peroxides was inhibited efficiently. To obtain 
information on the possible relation between the for- 
mation of lipid peroxides and the oxidation of 
cholesterol in rat liver microsomes, the metabolism 
of cholesterol has been studied in fortified microsomal 
fractions prepared in the presence and absence of 
EDTA. Since the microsomal fraction catalyzes 
oxidation in the 7-position of A6-3p-hydroxysteroids 
of the C,, and C,, series, it appeared of interest to 
include such steroids in the study. 

EXPERIMENTAL PROCEDURE 
Materials 

[4-14C]Cholesterol (specific radioactivity, 145 pCi/ 
mg), 3/?-hydro~y-5-[4-~~C]pregnen-ZO-one (1.2 pCi/ 
mg) and 3/?-hydro~y-5-[4-~~C]androsten-17-one 
(0.5 pCi/mg) were obtained from the Radiochemical 
Centre (Amersham, England). In  experiments with 
soybean lipoxidase [4-14C]cholesterol with a specific 
radioactivity of 10 pCi/mg and 3p-hydroxy-5- [4-14C]- 
pregnen-20-one with a specific radioactivity of 
0.6 pCi/mg were used. Prior to use, [4-14C]cholesterol 
was purified by chromatography on a column of 
neutral aluminium oxide, grade I11 (Woelm, Esch- 
wege, Germany). The other labeled compounds were 
purified by chromatography on columns of hydroxy- 
alkoxypropyl-Sephadex with methanol-water- 
l,2-dichloroethane (7 : 3: 1, v/v/v) as solvent [12]. 

5-Cholestene-3B,7a-diol (m.p. 183- 185 "C, re- 
ported [I31 m.p. 185 "C), 5-cholestene-3,9,7~-diol (m.p. 
172-173 "C, reported [la] m.p. 178 "C), 3/?-hydroxy- 
5-cholesten-7-one (m.p. 172 "C, reported [I51 m.p. 
170-172 "C), 5-cholestene-3B,7a,12a-triol (m.p. 194 
to 195 "C, reported [l6] m.p. 194-195 "C) and cho- 
lestane-3/?,5a,6,9-triol (m.p. 231-234 "C, reported [17] 
m.p. 237-239 "C) were synthesized according to  
methods described previously [16,18]. 3pB,7a-Dihy- 
droxy-5-pregnen-20-one (m.p. 169 - 170 "C, [a]: - 46" 
(c, 0.4 in chloroform); reported [19] m.p. 190 "C, 
[BID - 28"), 3B,7,6-dihydroxy-5-pregnen-20-one (m.p. 
188-190 "C, [a]: +45" (c, 0.4 in chloroform)), 
3p,7a-dihydroxy-5-androsten-17-one (m.p. 175 to  
176 "C, [a]: - 70" (c, 0.4 in chloroform) ; reported[20] 
m.p. 181.5-183.5 "C, [&ID - 70.7") and 3/?,7/?-di- 
hydroxy-5-androsten-17-0ne (m.p. 184- 185 "C, [a]: 
+ 59" (c ,  0.4 in chloroform) ; reported [20] m.p. 215 to 
216 "C, [&ID +67.5") were prepared according to 
procedures described by Sthrka [21] and were purified 
by chromatography on columns of hydrophobic 
Hyflo Super-Cel with phase system Fl [22]. The 
crystallized compounds were analyzed by thin-layer 
chromatography and as trimethylsilyl ethers by com- 
bined gas chromatography -mass spectrometry with 

the LKB 9000 instrument equipped with a 1.50/, 
SE-30 column. These analyses confirmed the purity 
and identity of the synthesized compounds. Although 
the samples had been carefully dried, it is possible 
that the differences between the melting points 
reported for 3p,7a-dihydroxy-5-pregnen-20-one and 
3B,7p-dihydroxy-5-androsten-17-one and those found 
in the present investigation are due to the presence of 
solvent in the crystals. 3p-Hydroxy-5-pregnene-7,20- 
dione (m.p. 208-211 "C; reported [23] m.p. 209 to  
210 "C) and 3/?-hydroxy-5-androstene-7,17-dione (m.p. 
238-240 "C; reported [20] m.p. 243-244.5 "C) were 
prepared from 3p-hydroxy-5-pregnen-2O-one 3-ace- 
tate and 3,6-hydroxy-5-androsten-l 7-one 3-acetate, 
respectively, by oxidation with tert-butyl chromate 
followed by hydrolysis with potassium carbonate 
[24,25]. 3,9,16a-Dihydroxy-5-pregnen-20-one (m.p. 
250-252 "C; reported [26] m.p. 252-255 "C) was a 
generous gift of Dr. J . - k  Gustafsson. 3@,16a-Di- 
hydroxy-5-androsten-17-one (m.p. 174-175 "C; re- 
ported [27] m.p. 177-181 "C) was obtained from 
Sigma Chemical Co. (St. Louis, Mo.) NADH, NADPH, 
cis-linoleic acid and soybean lipoxidase (83 000 units/ 
mg) were obtained from Sigma Chemical Co. 

Methods 
Animal Experiments. Male rats of the Sprague- 

Dawley strain weighing 150-200 g were used. I n  
experiments with rats with a biliary fistula the 
animals were starved but had free access to  drink; 
saline for the rats with a biliary fistula and tap water 
for the control rats. These experiments lasted for 
60 h. Phenobarbital (100 mg/kg body weight) in 1 ml 
of saline was administered intraperitoneally daily for 
5 days. The animals were killed 24 h after the last in- 
jection. I n  the phenobarbital experiments the animals 
had free access to  drink and a commercial pellet diet. 

Preparation of Rat Liver Microsomes. Liver homo- 
genates (20°/,, w/v) were prepared in 0.25 M sucrose 
or in 0.25 M sucrose containing 0.001 M EDTA using 
a Potter-Elvehjem homogenizer equipped with a 
loosely fitting teflon pestle. The homogenate was 
centrifuged a t  800 x g for 10 min and a t  20000 x g 
for 10 min. The 20000~g supernatant fluid was 
centrifuged a t  100000 xg for 1 h. The resulting pellet 
was drained carefully and suspended in 0.1 M potas- 
sium phosphate, pH 7.0, containing 0.028 M nicotin- 
amide. I n  some experiments 0.1 M Tris-C1 buffer, 
pH 7.0, was used. The microsomal fraction was sus- 
pended by homogenizing with a loosely fitting pestle 
in a volume corresponding to the original 20000 x g 
supernatant. In  experiments with variations of pH 
the microsomal fraction was suspended in 0.125M 
potassium chloride. Boiled microsomal fraction was 
obtained by heating the microsomal suspension a t  
80 "C for 5 min followed by centrifugation at 800 x g 
for 10min. 
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Experiments with Rat Liver Microsomes 
Incubations with [4-14C]Cholesterol. Microsomal 

fraction, 3 ml; buffer, 2 ml; [4-14C]cholesterol, 15 pg 
dissolved in 50 pl acetone; and NADPH, 5 pmoles; 
were incubated for 15 min a t  37 "C. Incubation was 
terminated by the addition of 20 volumes chloro- 
form-methanol (2 ; 1, v/v). The precipitate was 
filtered off and 0.2 volumes of a 0.9O/, (wlv) sodium 
chloride solution were added. The residue of the 
chloroform phase together with appropriate reference 
compounds as internal standards was subjected to 
thin-layer chromatography with Kieselgel G (Merck, 
Darmstadt, Germany) as adsorbent and benzene - 
ethyl acetate (2:3, v/v), as solvent. The internal 
standards were visualized by iodine vapor. The iodine 
was evaporated a t  room temperature, the appropriate 
zones were scraped into test tubes and extracted with 
5ml methanol by vigorous stirring. The silica gel 
was allowed to  settle by gravity and 1 ml of the 
methanol solution was evaporated in counting vials 
and assayed for radioactivity. 

Incubations with 3p-Hydro~y-5-[4-~~C]pregnen-20- 
one. Microsomal fraction, I ml, and 3 pmoles NADPH 
were diluted with buffer to  3 ml. I n  experiments with 
phenobarbital-treated rats and the corresponding 
control rats, 0.5 ml of microsomal fraction was used. 
3p-Hydroxy-5- [4-14C]pregnen-20-one, 100 pg dissolved 
in 50 p1 of acetone, was added and incubation was 
carried out for 10 min a t  37 "C. The incubation was 
terminated, extracted and worked up as described 
above but with 2,2,4-trimethylpentane-isoamyl ace- 
tate-acetone (2: 2: 1,  v/v/v), as solvent for thin-layer 
chromatography. The chromatoplates were run three 
times in the same solvent with drying of the plates 
between the runs. 

Incubations with 3p-Hydro~y-5-[4-~~C]androsten- 
Iy-one. Microsomal fraction, 0.5 ml, and 3 pmoles of 
NADPH were diluted with buffer to 3 ml. 3p-Hydro- 
xy-5-[4-14C]androsten-17-one, 200 pg dissolved in 
50 pl of acetone, was added. Incubation was carried 
out for I0 min a t  37 "C. Analysis was performed as 
described above for incubations with 3p-hydroxy-5- 
[4-14C]pregnen-20-one. 

Assay of Lipid Peroxide Formation. To measure 
the rate of formation of lipid peroxides, samples of 
0.5 ml were taken every fifth min from incubations 
with [4-14C]cholesterol. The content of lipid peroxides 
in the samples was estimated by determining malon- 
aldehyde with the thiobarbituric-acid method as 
described by Wilbur, Bernheim and Shapiro [28]. 
The molar absorption coefficient E~~~ = 1.56 x lo5 M-l 
x cm-l [29] was used. 

Determination of Protein and Cholesterol. Protein 
was determined according to Lowry et al. [30]. The 
protein concentration of the microsomal fraction 
varied between 2 and 3.5 mg per ml. Cholesterol was 
determined as described by Hanel and Dam [31]. 

Experiments with Soybean Lipoxidase 
[4-14C]Cholesterol, 3p-hydro~y-5-[4-~~C]pregnen- 

20-one or 3j3-hydro~y-5-[4-~~C]androsten-I7-one, 
200 pg dissolved in 50 pl of acetone, was suspended 
in 1.5 ml of 0.1 M Tris-C1 buffer, pH 7.5. Soybean 
lipoxidase, 100 pg (8300 units) dissolved in 0.1 ml of 
0.1 M Tris-C1 buffer, pH 7.5, and/or 400 pg of linoleic 
acid were added and the mixture was shaken for 
10 min a t  30 "C. Prior to addition, the linoleic acid 
was converted into its ammonium salt by the addition 
of 0.25 ml 0.019 M NH,OH/mg linoleic acid. Further 
analysis was carried out as described above for the 
different substrates. 

Radioactivity Assay 
Radioactivity was measured with a Packard 

scintillation spectrometer, model 4322, with a count- 
ing efficiency for 14C of 7301,. The scintillant consisted 
of a solution of 4 g of 2,5-diphenyloxazole and 50 mg 
of 1,4-bis-2(4-methyl-5-phenyloxazolyl)-benzene in 
1 1 of toluene. 

Statistical Analysis 
The Student t-test was used and the significance 

level was set a t  0.01. 

RESULTS 

Oxidation of Cholesterol by Rat Liver 
Microsomes Prepared in Sucrose Medium 

Fig. I A  shows a thin-layer chromatogram of the 
chloroform extract of an incubation of [4-14C]cho- 
lesterol with microsomal fraction prepared in sucrose 
medium and fortified with NADPH. The major 
products were identified as 3p-hydroxy-5-cholesten- 
7-one, 5-cholestene-3~,7a-diol, 5-cholestene-3p,7j3- 
diol and cholestane-3p,5a,6p-triol by crystallization 
to constant specific radioactivity together with the 
authentic compounds (for details concerning these 
results see Annex Table 1).  As is evident from the 
thin-layer chromatogram shown in Fig. I A several 
other products were formed. No attempt was made to 
identify these products. The results of the crystalli- 
zations also showed the presence of small amounts o f  
other unknown compounds. The formation of all 
products required the addition of NADPH to the 
microsomal fraction (Fig. 1 B) and was reduced by 
about 850/, by boiling the microsomal fraction. Fig. 2 
shows the effect of various factors on the conversion 
of cholesterol into 3~-hydroxy-5-cholesten-7-one, 
5- cholestene- 3@,7 a - diol and 5- cholestene- 3p, 7p- diol . 
The formation of lipid peroxides was measured simul- 
taneously. Oxidation of cholesterol as well as forma- 
tion of lipid peroxides were linear with time for a t  
least 20 min (Fig.2A). The rate of oxidation of cho- 
lesterol was constant between 0.5 and 1.5 mg of 
microsomal protein per ml. It should be pointed out 
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Fig. 1. Thin-layer chromatograms of extracts of incubations of 
[4-14C]cholesterol with microsomal fraction. Three ml of micro- 
somal fraction, prepared in sucrose (A and B) or in EDTA- 
sucrose (C) were diluted with buffer to 5 ml and incubated for 
15 min with 15 pg of [4-14C]cholesterol. In  experiments shown 
in A and C, 5 pmoles of NADPH were added to  the incubations. 
The numbers on the chromatograms represent counts/min. 
Reference compounds were: (1) cholestane-3/?,5oc,6/?-triol; 
( 2 )  5-cholestene-3@,7a-diol; (3) 5-cholestene-3/?,7/?-diol; 
(4) 3j3-hydroxy-5-cholesten-7-one; (5 )  cholesterol. Solvent, 

benzene-ethyl acetate ( 2 :  3, v/v) 

that the amount of [4-14C]cholesterol added to the 
incubations is small in comparison with the amount 
of cholesterol present in the microsomal fraction and 
that estimation of cholesterol oxidation is based on 
radioactivity. The rate of formation of lipid peroxides 
decreased with increasing protein concentration 
(Fig.2B). Between 0.5 and 1.5mg of microsomal 
protein per ml, the total amount of lipid peroxides 
formed was constant and was thus not influenced by 
protein concentration. The effect of varying concen- 
trations of NADPH on oxidation of cholesterol and 
formation of lipid peroxides is shown in Fig. 2 C. The 
rate of reaction with NADH was less than loo/, of 
that with NADPH. NADPH could be replaced by 
ascorbate but the rate of reaction was much slower 
(Fig. 2D). The pH-optimum for oxidation of cholester- 
ol as well as formation of lipid peroxides was about 
6.5 with NADPH as cofactor (Fig.2E) and about 6.0 
with ascorbate (Fig. 2F). With NADPH as cofactor 
cholesterol oxidation and lipid-peroxide formation 
were stimulated about four-fold by addition of Fe2+ 
a t  a concentration of 0.01 mM and about six-fold by 
Fez+ at  a concentration of 0.1 mM. 

Oxidation of Cholesterol by Rat Liver 
Microsomes Prepared in EDTA-Sucrose Medium 
Fig. 1 C shows a thin-layer chromatogram of the 

chloroform extract of an incubation of [4-14C]cho- 
lesterol with microsomal fraction prepared in EDTA- 

sucrose medium and fortified with NADPH. The 
predominant product was identified as 5-cholestene- 
3p,7n-diol (Annex, Table 2). Only small amounts of 
3~-hydroxy-5-cholesten-7-one and 5-cholestene-3p,7/?- 
diol were formed (Fig.1C). The amounts of lipid 
peroxides formed were very small and were estimated 
to be less than 2O/, of those formed in incubations of 
microsomal fraction prepared without EDTA. The 
rate of conversion of cholesterol into 5-cholestene- 
3p,7a-diol was linear with time for a t  least 15min 
(Fig.3A). The rate of reaction was constant between 
0.5 and 1.5 mg of microsomal protein per ml (Fig. 3 B). 
The effect of varying concentrations of NADPH is 
shown in Fig. 3 C. The rate of reaction with NADH was 
less than loo/, of that with NADPH. The pH-optimum 
for the 7a-hydroxylation of cholesterol was about 
7.0 (Fig.3D). The effect on the reaction of various 
divalent metal ions is summarized in Table 1. All 
metal ions were added as chloride salts except Fe2+ 
which was added as sulfate. Sulfate as such had no 
effect on the reaction. I n  these experiments the micro- 
somal fraction was suspended in Tris-C1 buffer in- 
stead of phosphate buffer. The rate of 7ol-hydroxyla- 
tion in Tris-C1 buffer was about half o f  that in 
phosphate buffer. The 7ol-hydroxylation was stimulat- 
ed by Fe2+ ions and inhibited by Cu2+ and Hg2+ ions. 
The stimulation of the 76-hydroxylation by Fe2+ 
ions was accompanied by stimulation of the formation 
of 3p-hydroxy-5-cholesten-7-one and 5-cholestene- 
3p,7p-diol and of lipid peroxides. In  fact, the oxida- 
tion of cholesterol and the formation of lipid per- 
oxides in the presence of 0.1 mM Fe2+ ion proceeded 
as with microsomal fraction prepared without EDTA 
in the homogenizing medium. The effects of Zn2+ and 
Ni2+ ions were similar to those of Fez+ ions but were 
less pronounced. 

Oxidation of Cholesterol by Lipid Peroxides 
[4-14C]Cholesterol was incubated with soybean 

lipoxidase in the presence of linoleic acid. Fig.4A 
shows a thin-layer chromatogram obtained from such 
an incubation. Several labeled products were formed 
including 3~-hydroxy-5-cholesten-7-one, 5-cholestene- 
3p,7ol-diol and 5-cholestene-3~,7~-diol (Annex, Ta- 
ble 3). No attempt was made to identify the other 
products. Without linoleic acid and/or lipoxidase 
very small amounts of oxidized products were formed 
(Fig. 4 B - D). 

Oxidation of 3,9-Hydroxyl-5-pregnen-20-one 
and 3p-Hydroxy-5-androsten-17-one 

by Rat Liver Microsomes 
Fig. 5 shows thin-layer chromatograms of chloro- 

form extracts of incubations o f  3/3-hydro~y-5-[4-~~C]- 
pregnen-20-one and 3,8-hydro~y-5-[4-~~C]androsten- 
17-one with the microsomal fraction prepared in 
EDTA-sucrose medium, with and without NADPH 
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Fig.3. Effect of time ( A ) ,  amount of microsomal fraction (B) ,  NADPH ( C )  and pH (0) on oxidation of cholesterol by 
microsomal fraction prepared in EDTA-sucrose. The incubation mixture and the incubation conditions were as those 
given in legend to  Fig. 2. A, Formation of 3~-hydroxy-5-cholesten-7-one ; 0 ,  formation of 5-cholestene-3/?,7a-diol; 

A ,  formation of 5-cholestene-3/?,7/?-diol 

Table 1. Effect of metal ions on oxidation of cholesterol and formation of lipid peroxides by microaomal fraction prepared in EDTA- 
sucrose 

Metal ion was added as chloride salt except Fez+ which was added as sulfate. The concentration of metal ion in the incubation 
mixtures was in all instances 0.1 mM. The percentages were calculated from the amounts of radioactivity in the different zones of 
the thin-layer chromatograms. The formation of lipid peroxides is expressed in the amount of malonaldehyde formed per ml 

of microsomal suspension (cf. Fig. 2B) 

Conversion of cholesterol into Formation Metal ion added 
5-Cholestene-3B,7a-diol 5-Cholestene-3~,7~-diol 3B-Hydroxy-5-choleste~-7-one Of lipid peroxides 

None 
Mg2+ 
Cat+ 
Mn2+ 
Fez+ 
Co2f 
Nit+ 
CU2+ 
Zn2+ 
Hg2+ 

0.23 
0.22 
0.26 
0.18 
0.64 
0.21 
0.23 
0.13 
0.22 
0.12 

of added subs 

0.08 
0.09 
0.08 
0.08 
0.64 
0.08 
0.12 
0.07 
0.20 
0.09 

itrate 

0.16 
0.14 
0.16 
0.10 
2.76 
0.16 
0.31 
0.12 
0.86 
0.14 

nmoleslml 

< 0.5 
< 0.5 
< 0.5 
< 0.5 
27.4 

< 0.5 
0.7 

< 0.5 
7.7 

< 0.5 

Tables 4 and 5). The crystallization data showed 
that only about 15O/, of the labeled material in the 
zone corresponding to  3/3,7/3-dihydroxy-Fi-pregnen- 
20-one was identical with this compound. Labeled 
material with the thin-layer chromatographic prop- 
erties of 3/3,7/3-dihydroxy-5-pregnen-20-one was 
converted into the trimethylsilyl ether and analyzed 
by radio-gas chromatography and combined gas chro- 
matography-mass spectrometry. Radio-gas chro- 
matography (Fig.6) showed that most of the radio- 

activity (peak 11) appeared after 3/3,7/3-dihydroxy- 
5-pregnen-20-one (peak I). The mass spectrum of the 
unknown labeled compound indicated that the com- 
pound was a dihydroxy-5-pregnen-20-one. The base 
peak was a t  m/e 386 (M-90, loss of trimethylsilanol). 
Peaks were seen a t  m/e 461 (M-15), m/e 371 
(M-(90 + 15)), m/e 343 (M-(90 + 43), loss of trimethyl- 
silanol and side chain) and m/e 296 (M-2 x 90, loss of 
two molecules of trimethylsilanol). There was a 
small peak a t  m/e 476 (M). It appears reasonable to 
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Fig.4. Thin-layer chromatograms of extracts of incubations of 
[4-14C]cholesterol with soybean lipoxidase and linoleic acid. 
(A) [4-14C]cholesterol, 200 yg, 100 yg of soybean lipoxidase 
and 400 pg of linoleic acid were added to 1.5 ml of 0.1 M Tris- 
C1 buffer, pH 7.5, and the mixture was incubated a t  30°C 
for 10 min; (B) same as in A with the omission of lipoxidase; 
(C) same as in A with the omission of linoleic acid; (D) same as 
in A with the omission of soybean lipoxidase and linoleic acid. 
The numbers on the chromatograms represent counts/min. 
Reference compounds were: (1) cholestane-3/3,5a,6~-triol; 
( 2 )  5-cholestene-3B,7a-diol; (3) 5-cholestene-3~,7B-diol; 
(4) 3B-hydroxy-5-cholesten-7-one; (5) cholesterol. Solvent, 

benzene-ethyl acetate (2:3, v/v) 

assume that one of the hydroxyl groups is located in 
the 3p-position. The location of the other hydroxyl 
group can not be completely deduced from the mass 
spectrum but position 18 is more probable than other 
positions. A very prominent base peak a t  M-90 
occurs in mass spectra of trimethylsilyl ethers of 
A6-3,9-hydroxysteroids having a hydroxyl group in 
the C-7 or the (3-18 position [31a]. The C-7 position 
is of course excluded by the chromatographic data 
(Fig.5) as well as the crystallization data (Annex, 
Table 4). 

Tables 2 and 3 summarize the effects of cofactors 
and addition of EDTA to the homogenizing medium 
on the oxidation of 3p-hydroxy-5-[4-14C]pregnen-20- 
one and 3fl-hydro~y-5-[4-~~C]androsten-17-one by 
the microsomal fraction. The extent of oxidation was 
the same whether or not EDTA was added to the 
homogenizing medium. NADPH was several times 
more efficient as cofactor than NADH. I n  the presence 
of microsomal fraction alone or boiled microsomal 
fraction and NADPH, the extent of oxidation was 
very small. 

Oxidation of 3p-Hydroxyy-6-pregnen-20-one 
and 3p- Hydrox y-  5-androsten- 17- one 

by Lipid Peroxides 
3,$-Hydro~y-5-[4-~~C]pregnen-20-one and 3 P - h ~ -  

droxy-5-[4-14C]androsten- 17-one were incubated with 
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Fig.5. Thin-layer chromatograms of extracts of incubations oj 
3@-hydroxy-5-[4-14C]pregnen-ZO-one and 3B-hy~lroxy-5-[4-~~ C] 
androsten-17-one with microsomal fraction prepared in E D T A -  
sucrose. (A) 3/?-hydro~y-5-[4-~~C]pregnen-2O-one, 100 pg, 
was incubated for 10 min with 1 ml of microsomal fraction 
in a final volume of 3 ml ; (B) same as in A with the exception 
that 3 ymoles of NADPH were added; (C) 3b-hydroxy-5- 
[4-l4C]androsten-l7-one, 200 pg, was incubated for 10 min 
with 0.5 ml of microsomal fraction in a final volume of 3 ml; 
(D) same as in C with the exception that 3 vmoles of NADPH 
were added. The numbers on the chromatograms represent 
counts/min. Reference compounds were: (1) 3B,7a-dihydroxy- 
5-pregnen-20-one; (2) 3,9,7B-dihydroxy-5-pregnen-20-one; 
(3) 3/?,16ar-dihydroxy-5-pregnen-20-one; (4) 3B-hydroxy-5 
pregnene-7,20-dione; (5) 3B-hydroxy-5-pregnen-20-one; 
(6) 3/3,7a-dihydroxy-5-androsten-17-one ; (7) 3j9,7B-diliydroxy- 
5-androsten-17-one ; (8) 3B-hydroxy-5-androstene-7,17-dione ; 
(9) 3/?,16a-dihydroxy-5-androsten- 17-one ; (10) 3j3-hydroxy- 
5-androsten-17-one; Solvent, 2,2,4-trimethylpentane-iso- 
amyl acetate-acetone (2:2: 1, v/v/v). The chromatoplates 

were developed three times in the same solvent 

soybean lipoxidase in the presence of linoleic acid. 
The pattern of products was essentially the same in 
both cases and similar to that observed with choles- 
terol. The predominant product was the correspond- 
ing 7-0x0 derivative. The extent of formation of the 
7-OXO derivative was in both cases about 2O/, of 
added substrate. 

Effect of Biliary Drainage on 
Oxidation of Cholesterol, 

3p-Hydroxy-5-pregnen-20-one and 
3P-Hydroxy-5-androsten-17-0ne 

Table 4 summarizes the effect of biliary drainage 
on the oxidation of [4-14C]cholesterol, 3p-hydroxy-5- 
[4-W]pregnen-20-one and 3p-hydroxy-5-[4-14C]an- 
drosten-17-one by rat liver microsomes. In  the 
presence of microsomal fraction from an EDTA- 
sucrose homogenate of liver from rats with a biliary 
fistula, the 7oc-hydroxylation of cholesterol was about 
eight times more efficient than was observed with 
control rats (Table 4, Fig. 7). Biliary drainage resulted 
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Fig. 6. Radio-gas chromatogram of mterial in the zone corres- 
ponding to 3/3,7/3-dihydroxyy-5-pregnen-2O-one in the chromato- 
gram shown in Fig. 5 B. Unlabeled 3,9,7/3-dihydroxy-5-preg- 
nen-20-one was added to the labeled material and the mixture 
was converted to trimethylsilyl ether prior to chromatogra- 
phy. Peak I is the trimethylsilyl ether of 3/3,7/3-dihydroxy- 
5-pregnen-20-one. Upper curve, radioactivity tracing ; lower 

curve, mass tracing. Column, 1 a/a SE-30 

in a marked increase also in the yield of labeled 
material with chromatographic properties similar to 
those of cholestane-3p,5a,6~-triol. Rechromato- 
graphy of this material showed that the major part 
mas 5-cholestene-3~,7a,l2a-triol (Fig. 7 C). The rates 
of 7a-, 716- + X- and 16a-hydroxylation of 3p-hy- 

dro~y-5-[4-~~C]pregnen-20-one in the presence of 
microsomal fraction from rats with a biliary fistula 
were about 30°/, of the rates in the presence of micro- 
soma1 fraction from control rats (Table 4). The rates 
of 7a-, 78- and l6a-hydroxylation of 3p-hydroxy-5- 
[4-14C]androsten- 17-one in the presence of microsomal 
fraction from rats with a biliary fistula were 20-30°/, 
of the rates in control experiments. 

When microsomal fraction was prepared from a 
sucrose medium without EDTA, there was no signifi- 
cant difference in rates of formation of 30-hydroxy- 
5-cholesten-7-one, 5-cholestene-3~,7a-diol, 5-cho- 
lestene-3/?,7p-diol, and lipid peroxides between rats 
with a biliary fistula and control rats (Table 4). 

Effect of Phenobarbital Treatment and 
Carbon Monoxide on Oxidation of Cholesterol, 

3p- H ydrox y- 5-pegnen- 20-one and 
3p- Hydroxy-5-androsten-17-0ne 

Treatment with phenobarbital had no significant 
effect on the 7a-hydroxylation of cholesterol by the 
microsomal fraction prepared in EDTA-sucrose 
(Table 5). Carbon monoxide inhibited the reaction 
(Table 6). In  this case, microsomal fraction from rats 
with a biliary fistula was used. Phenobarbital had no 
significant effect on the 7a- and 7p- + X-hydroxyla- 
tions of 3p-hydroxy-5-pregnen-20-one but signifi- 
cantly stimulated the 1601-hydroxylation (Table 5). 
The 78- + X-hydroxylations as well as the lea-hy- 
droxylation were inhibited by carbon monoxide 
(Table 6). The 7a-hydroxylation tended to be lower 
in the presence of carbon monoxide but the inhibition 
was not significant statistically (Table 6). The 
16a-hydroxylation of 3p-hydroxy-5-androsten- 17-one 
was not influenced by phenobarbital, whereas the 
701- and 7p-hydroxylations were stimulated three- 
to four-fold (Table 5). All three hydroxylations were 
inhibited by carbon monoxide (Table 6). 

Table 2. Metabolism of 3/3-hydroxy-5-pregnen-20-one 
The percentages were calculated from the amounts of radioactivity in the different zones of the thin-layer chromatograms 

Homogenizing 38,7p-Dihydroxy-5- 
Incubation medium 3@,7 a-Dihydroxy-5- pregnen-20-one 3@,lBa-Dihydroxy-5- 38-Hydroxy-5- 

pregnen-20-one + 3p,x-dihydroxy-5- pregnen-20-one pregnene-7,20-dione 
urennen-20-one a 

Microsomes Sucrose 
EDTA-sucrose 

Microsomes + Sucrose 
3 pmoles of NADPH EDTA-sucrose 
Microsomes + Sucrose 
3 pmoles of NADH EDTA-sucrose 
Boiled microsomes + Sucrose 
3 pmoles of NADPH EDTA-sucrose 

0.1 
0.4 
1.5 
2.4 
0.5 
0.6 
0.3 
0.2 

~~ ~~~~ ~ 

o/o conversion of added substrate 

0.1 
0.2 
7.4 
9.6 
1.6 
1.4 
0.2 
0.2 

0.0 
0.1 
2.5 
3.5 
0.5 
0.5 

0.0 
0.1 

0.2 
0.6 
2.9 
1.8 

0.4 
0.3 
0.3 
0.3 

See text. 



76 Oxidation of A S-3/?-Hydroxysteroids by Rat Liver Microsomes Eur. J. Biochem. 

Table 3. Metabolism of 3/?-hydroxy-5-androsten-17-one 
The percentages were calculated from the amounts of radioactivity in the different zones of the thin-layer chromatograms 

Conversion of 3~-hydroxy-5-androsten-17-one into 
Homogenizing 

medium 38,7a-Dihydroxy-5- 3@,78-Dihydroxy-5- 38,lBa-Dihydroxy-6- 3p-Hydroxy-5- Incubation 
androsten-17-one androsten-17-one androsten-17-one androstene-7,17-dione 

Microsomes Sucrose 0.2 
EDTA-sucrose 0.2 

Microsomes + Sucrose 6.5 
3 pmoles of NADPH EDTA-sucrose 7.6 
Microsomes + Sucrose 0.5 
3 ymoles of NADH EDTA-sucrose 0.5 

~~ ~ ~~ 

conversion of added substrate 

0.1 
0.2 
1.1 
1.2 
0.1 
0.2 

0.4 
0.4 
2.0 
2.0 
0.4 
0.5 

0.4 
0.4 
1.3 
1 .o 
0.4 
0.4 

Boiled microsomes + Sucrose 0.2 0.1 0.4 0.4 
3 pmoles of NADPH EDTA-sucrose 0.2 0.1 0.4 0.3 

Table 4. Effect of biliary drainage on oxidation of cholesterol, 3~-hydroq-5-pregnen-2O-one and 3/?-hydroxy-5-androsten-l7-one and 
on formation of lipid peroxides 

The values listed are the means f S.D. of experiments with four rats. Abbreviations: EDTA-sucrose, incubations with microsomal 
fraction prepared in EDTA-sucrose; sucrose, incubations with microsomal fraction prepared in sucrose; control, control rats; 

bile fistula, rats with biliary drainage for 60 h 
~~ ~ 

EDTA-sucrose Sucrose 
Substrate Reaction 

Control Bile fistula Control Bile fistula 

nmoleslmg protein nmoleslmg protein 

Cholesterol 7a-Hydroxylation 0.14f0.03 1.30f0.188 0.98 f 0.24 0.87 f 0.59 
7,9-Hydroxylation 0.08 f 0.04 0.12 f 0.02 1.32 f 0.21 0.83 f 0.67 

Formation of 
3/?-hydroxy-5-cholesten- 

7-one 0.13 f 0.02 0.15 f 0.03 5.21 f 1.05 3.63 f 3.30 

Endogenous Formation of 
lipid peroxides 

nmoles of malonaldehyde 

40.1 f 12.7 25.7 f 12.2 
3/?-Hydr0xy- 7a-Hydroxylation 1.8f0.6 0.5 f 0.1 a 
5-pregnen- 7/?-Hydroxylation 
20-one + X-hydroxylationc 5.9 f 1.4 1.9 f 0.3 8 

~/?-HY&oxY- 7a-Hydroxylation 54.3 f 4.3 13.0 f 4.28 
5-androsten- 'I/?-Hydroxylation 7.1 f 1.0 2.4 f 0.7 8 

17-one 16a-Hydroxylation 6.2 & 1.6 2.3 f 0.48 

16a-Hydroxylation 3.0 f 0.7 0.8 f 0.2a 

8 P < 0.01 as compared to control. 
b The figures represent amount formed per ml of microsomal suspension (cf. Fig.2B). 
C See text. 

The formation of 3j3-hydroxy-5-cholesten-7-one, 
5-cholestene-3j3,7a-diol, 5-cholestene-3f3,7p-diol and 
lipid peroxides in the presence of microsomal fraction 
prepared in sucrose without EDTA was not influenced 
by phenobarbital treatment (Table 5) or carbon mono- 
xide (Table 6). 

DISCUSSION 
The results of the present investigation show that 

there is a correlation between the formation of lipid 
peroxides and the oxidation of cholesterol by the 
microsomal fraction of rat liver homogenate. When 
peroxidation is inhibited, the major product of cho- 

lesterol is 5-cholestene-3p,7a-diol. On the other hand, 
under conditions of NADPH-dependent, enzymatic 
peroxidation of lipids, cholesterol is oxidized to several 
products including 3j3-hydroxy-5-cholesten-7-one as 
the predominant product and 5-cholestene-3/?,7a-diol, 
5-cholestene-3p,7/?-diol and cholestane-3,4,5a,6j3-triol. 
The same situation prevails when peroxidation is 
achieved with microsomal fraction and ascorbate. 
The formation of 3j3-hydroxy-5-cholesten-7-one and 
accompanying products may result from nonenzymat- 
ic oxidation of cholesterol by lipid radicals, generated 
by the lipid peroxidating system. This suggestion is 
based on the finding that cholesterol is oxidized to 
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Fig. 7. Thin-layer chromatograms of extracts of incubations of 
[4-14C]cholesterol with microsomal fraction from control rat 
and rat with a biliary fistula. (A) 3 ml of microsomal fraction 
from control rat, prepared in EDTA-sucrose, were diluted with 
buffer to 5 ml and incubated for 15 min with 5 pmoles of 
NADPH and 15 pg of [4-14C]cholesterol. The numbers on the 
chromatogram represent counts/min. Reference compounds 
were: (1) cholestane-3/?,5a,6,9-triol; (2) 5-cholestene-3,9,7a- 
diol; (3) 5-cholestene-3p,7p-diol; (4) 3p-hydroxy-5-cholesten- 
7-one; (5 )  cholesterol. Solvent, benzene-ethyl acetate (2: 3, 
v/v). (B) incubation with microsomal fraction, prepared in 
EDTA-sucrose, from rat that had had a biliary fistula for 
two days ; incubation conditions, reference compounds and 
chromatographic conditions as in A. (C) chromatography of 
material in the zone corresponding to cholestane-3,9,5or,6/?- 
trio1 in chromatogram shown in B. Reference compounds 
were: (1) cholestane-3/?,5a,6,9-triol; (6) 5-cholestene-3/?,7a, 
12a-triol. Solvent, ethyl acetate. The chromatoplate was 

developed three times in the same solvent 

the same products by a mixture of soybean lipoxidase 
and linoleic acid. The correlation between formation 
of lipid peroxides and oxidation of 3p-hydroxy-5- 
pregnen-20-one and 3/Lhydroxy-5-androsten-I7-one 
by microsomal fraction was not as apparent as observ- 
ed for oxidation of cholesterol. A possible explana- 
tion is that the enzymatic oxidation in the 7-position 
of 3/l-hydroxy-5-pregnen-20-one and 3p-hydroxy-5- 
androsten-17-one is much more efficient than that of 
cholesterol and makes nonenzymatic oxidation dif6- 
cult to detect. Both 3p-hydroxy-5-pregnen-20-one 
and 3p-hydroxy-5-androsten-17-0ne were oxidized 
in the 7-position by a mixture of soybean lipoxidase 
and linoleic acid. The pattern of 7-oxidized products 
formed was similar to  that observed for cholesterol. 

It has been suggested that the NADPH-dependent, 
microsomal peroxidation of lipids involves the same 
electron carriers between NADPH and oxygen as 
those involved in a number of microsomal hydroxyla- 
tions [7,10]. The present results indicate, however, 
that cytochrome P-450 is not involved in lipid per- 
oxidation since it was not inhibited by carbon mono- 
xide nor stimulated by phenobarbital treatment. 

Whether or not oxidation of cholesterol by lipid 
peroxides is of significance in vivo requires further 
studies. It should be mentioned that the major prod- 
uct of the reaction, 3/l-hydroxy-5-cholesten-7-one, 
is not a presursor of the normally occurring bile 
acids [6]. 

The present findings explain the differences in 
results concerning oxidation of cholesterol by the 
microsomal fraction between a previous investigation 

Table 5. Effect of phenobarbital treatment on oxidatwn of cholesterol, 3p-hydroq-5-pegnen-20-one, and 3,8-hydroxy5-androsten- 
17-one and on formution of lipid peroxides 

The values listed are the means f S.D. of experiments with four rats. Abbreviations: EDTA-sucrose, incubations with 
microsomal fraction prepared in EDTA-sucrose; sucrose, incubations with microsomal fraction prepared in sucrose; control, 

control rats; phenobarbital, rats treated with daily injections of phenobarbital (100 mg/kg body weight) for 5 days 
EDTA-sucrose Sucrose 

Substrate Reaction 
Control Phenobarbital Control Phenobarbital 

nmoles/mg protein nmoleslmg protein 
Cholesterol 7a-Hydroxylation 0.53 f 0.19 0.29 f 0.07 0.41 f 0.14 0.31 & 0.08 

7p-Hydroxylation 0.11 f 0.04 0.06 f 0.02 0.24&0.13 0.14&0.09 
Formation of 

3/l-hydroxy-5-cholesten- 
7-one 0 .10~0 .02  0.10*0.02 0.74 f 0.45 0.49 & 0.43 

nmoles of malonaldehyde b 
Endogenous Formation of lipid 

3B-Hydroxy- 7a-Hydroxylation 4.8 f 0.8 7.1 & 1.1 
B-pregnen- 7p-Hydroxylation 
20-one + X-hydroxylationc 19.2 f 1.5 16.6 f 2.9 

16a-Hydroxylation 7.1 h0.5 13.8&1.6s 
3p-Hydroxy- 7a-Hydroxylation 34.1 f 2.2 120.3 f 8.3s 
5-androsten- 7p-Hydroxylation 6.4 1.3 20.8 f 2.2s 
17-one 16a-Hvdroxvlation 8.9 + 0.9 6.1 + 0.9 

15.3 f 5.2 peroxides 9.3 f 2.7 

a P < 0.01 as compared to control. 
b The figures represent amount formed per ml microsomal suspension (cf. Fig.2B). 
C See text. 
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Table 6. Effect of carbon monoxide on oxidation of cholesterol, 3~-hydroxy-5-pregnen-20-one and 3,!l-hydroxy5-androsten-l7-one 
and on formation of lipid peroxides 

The values listed are the means f S.D. of four incubations. Incubations with cholesterol were carried out with micro- 
soma1 fraction of liver from rats that had had a bilialy fistula for 48 h. Abbreviations: EDTA-sucrose, incubations with 
microsomal fraction prepared in EDTA-sucrose; 8ucrose, incubations with microsomal fraction prepared in sucrose; control, 
incubations in an atmosphere of 4O/, oxygen and 96O/,nitrogen; carbon monoxide, incubations in an atmosphere of 40/0 oxygen, 

56O/, nitrogen and 40°/, carbon monoxide 

EDTA-sucrose Sucrose 
Substrate Reaction 

Control Carbon monoxide Control Carbon monoxide 

Cholesterol 

Endogenous 

3B-Hydroxy- 
5-pregnen- 
20-one 

3B-Hydroxy- 
5-androsten- 
17-one 

7a-Hydroxylation 
7#?-Hydroxylation 

Formation of 

5-cholesten-7one 
3,8-hydroxy- 

nmoleslmg protein 
~~ 

nmoleslmg protein 

2.89 f 0.52 0.50 f 0.15a l . O O ~ O . l O  1.07f0.12 
0.26 f 0.04 0.11 f 0.03 1.16 f 0.28 1.29 f 0.13 

0.20 f 0.05 0.18 f 0.05 3.46 f 1.00 3.70 f 0.50 

Formation of 
lipid peroxides 

'In-Hydroxylation 
7B-Hydroxylation + X-hydroxylationc 

16a-Hydroxylation 

7a-Hydroxylation 
7#?-Hydroxylation 
16a-Hydroxylation 

nmoles of malonaldehydeD 

22.5 & 3.0 29.4 f 2.3 

2.9 & 0.9 1.5 f 0.2 

14.2 f 1.6 4.8 & 0.8a 
4.4 0.3 2.5 f 0.2a 

40.9 & 3.9 11.450.8a 
5.7 f 0.6 2.1 f 0.8a 

11.8 f 1.4 4.3 f 0.4a 

a P < 0.01 as compared to control. 
b The figures represent amount formed per ml microsomal suspension (cj. Fig.2B). 

See text. 

from this laboratory [6] and investigations by Shefer, 
Hauser and Mosbach [2] and Boyd, Scholan and 
Mitton [3]. I n  the investigation from this laboratory 
3/l-hydroxy-5-cholesten-7-one was found to  be a 
major product and 5-cholestene-3p,7a-diol a minor 
product of cholesterol in the presence of microsomal 
fraction whereas Shefer, Hauser and Mosbach [2] and 
Boyd, Scholan and Mitton [3] found that 5-cholestene- 
3j3,7a-diol was the predominant product. Shefer, 
Hauser and Mosbach [2] suggested that the differ- 
ence in results was due to  differences in mode of addi- 
tion of cholesterol to the incubation mixtures. As is 
evident from the results of the present investigation, 
the difference is most probably due to  presence or 
absence of lipid peroxidation in the system. Thus, 
Shefer, Hauser and Mosbach [2] added EDTA to the 
homogenizing medium, thereby inhibiting microsomal 
lipid peroxidation. Boyd, Scholan and Mitton [3] 
added p-mercaptoethylamine and some sulfhydryl 
compounds are known to inhibit lipid peroxidation 
[S, 321. It might be mentioned in this connection that 
in short-time incubations with microsomal fraction 
cholesterol is subjected to true autoxidation only to  
a very limited extent. 

The present investigation also aimed a t  a further 
study of the properties of the 7a-hydroxylase system 
catalyzing the conversion of cholesterol into 5-cho- 
lestene-3j3,7a-diol. Previous results [33,34] indicating 

that this 7a-hydroxylase differs in several respects 
from other microsomal hydroxylases have been con- 
firmed and expanded. Special interest was paid to a 
comparison between 7a-hydroxylation of cholesterol 
and 7 a-hydroxylation of 3/3-hydroxy-5-pregnen-20- 
one and 3p-hydroxy-5-androsten-17-one [35,36]. Mar- 
ked differences in the efficiency of the 7a-hydroxyla- 
tion of the three substrates were observed. The most 
efficient 7a-hydroxylation was obtained with 3 p - h ~ -  
droxy-5-androsten-17-one and the least efficient with 
cholesterol. Biliary drainage resulted in a several-fold 
increase in the 7a-hydroxylation of cholesterol, as 
has been previously found [2-4,33,37]. In  contrast, 
the 7a-hydroxylation of 3p-hydroxy-5-pregnen-20- 
one and 3/l-hydroxy-5-androsten-17-one was inhibited 
by biliary drainage. Phenobarbital treatment did not 
significantly affect ?'a-hydroxylation of cholesterol 
and 3p-hydroxy-5-pregnen-20-one7 whereas 7a-hy- 
droxylation of 3@-hydroxy-5-androsten-17-one was 
stimulated. Carbon monoxide inhibited 7a-hydroxyl- 
ation of cholesterol and 3j3-hydroxy-5-androsten-17- 
one, indicating the participation of a cytochrome 
P-450 in these hydroxylations. Cytochrome P-450 
may also participate in the 'la-hydroxylation of 
3p-hydroxy-5-pregnen-20-0ne. Further investigations 
including studies on light reversibility of the inhibi- 
tion by carbon monoxide are required to establish 
definitely the participation of cytochrome P-450 in 
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the 7a-hydroxylations. The apparent explanation for 
the differences between the three substrates with 
respect to 7a-hydroxylation is the existence of a 
specific 7oc-hydroxylase for cholesterol and another 
7a-hydroxylase(s) for 3p-hydroxy-5-pregnen-20-one 
and 3p-hydroxy-5-androsten- 17-one. 

The differences between the metabolism of cho- 
lesterol and 3/3-hydroxy-5-pregnen-20-one and 3p- 
hydroxy-5-androsten-17-one were not limited to the 
7a-hydroxylation. Whereas cholesterol was converted 
practically only to 5-cholestene-3,!?,7a-diol, which in 
turn was 12a-hydroxylated to  some extent [16], 
3,!-l-hydroxy-5-pregnen-20-one and 3p-hydroxy-5-an- 
drosten-17-one were converted into the corresponding 
7-0x0, 7p-, and 16a-hydroxy derivatives [36,38]. 
3p-Hydroxy-5-pregnen-20-one was also converted into 
another, as yet unidentified hydroxylated derivative. 
It should be mentioned that Hampl and Sthrka [39] 
have reported recently that the microsomal fraction 
of rat liver homogenate catalyzes the interconversion 
of 3p,7a-dihydroxy-5-androsten-17-one and 3,!?,7/?- 
dihydroxy-5-androsten- 17-one. The contribution of 
this reaction to the formation of the two 7-hydroxy 
derivatives observed in the present investigation can- 
not be assessed. However, there can be no doubt that 
there is predominantly an initial 7ol-hydroxylation. 
The amount of 7a-hydroxy derivative formed was 
several times greater than that of the 78-hydroxy 
derivative. Hampl and St&rka [39] found that the 
equilibrium was towards formation of the 7p-hydroxy 
derivative and equilibrium was reached not later than 
after an incubation time of 30 min. 
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ANNEXES 
The following documents have been deposited a t  a e  

Archives Originales du Centre de Documentation du C.N.R.S. 
(15 Quai Anatole France, F-75 Paris 7, France) where they 
may be ordered as microfiche or photocopies. Reference No: 

Annex, Table 1. Crystallization to constant specific radio- 
activity of products formed in incubations of [4-14C]cholesterol 
with microsomal fraction prepared in sucrose. 

Annex, Table 2. Crystallization to constant specific radio- 
activity of 5-cholestene-3j3,7a-diol formed in incubation of 
[4-14C]cholesterol with microsomal fraction prepared inEDTA- 
sucrose. 

Annex, Table 3. Crystallization to constant specific radio- 
activity of products formed in incubation of [4-14C]cholesterol 
with linoleic acid and soybean lipoxidase. 

Annex, Table 4. Crystallization to  constant specific radio- 
activity of products formed in incubation of 3b-hydroxy-5- 
[4-14C]pregnen-20-one with microsomal fraction prepared in 
EDTA-sucrose. 

Annex, Table 5. Crystallization to constant specific radio- 
activity of products formed in incubation of 3b-hydroxy-5- 
[4-14C]androsten-l7-one with microsomal fraction prepared 
in EDTA-sucrose. 
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