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Conversion of Cholest-4-en-3-one* to 5¢-Cholestan-38-o0lt by

Centrifugal Fractions of Rat Liver.!
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The double bond between carbon atoms 4
and 5 conjugated to the 3 carbonyl group of
ring A is a molecular configuration essential
for physiological activity of many 19-carbon
and 21-carbon steroid hormones(1l). These
hormones are inactivated in part by 2 enzy-
matic reactions: A) a Sa- or 58-hydrogenase
reduces the double bond between carbon
atoms 4 and 5, thus producing a saturated 3-
ketosteroid; and B) a 3a- or 38-dehydroge-
nase reduces the latter to a secondary steroid
alcohol. The localization of these reducing
enzymes in cell fractions prepared by differ-
ential centrifugation of liver homogenates has
been investigated extensively(2-6).

Although the reductions of the 4-5 double
bond and the 3-keto group of the 27-carbon
steroid, cholest-4-en-3-one, have been studied
in vivo(7,8), no attempt has been made to lo-
calize the enzymes responsible for these reac-
tions in cellular compartments. Since this
unsaturated 3-ketosteroid may be an inter-
mediate in conversion of cholesterol to Sa-
cholestan-38-0l, we studied the localization
of the 5a-hydrogenase and the 33-dehydroge-
nase that act on cholest-4-en-3-one in rat liver
cells.

Experimental. Livers of female rats weigh-
ing 200-230 g were homogenized with 2.5 vol-

* This sterol is also known as cholestenone.

t This sterol is also known as dihydrocholesterol
and 38-cholestanol.

! Aided by a grant from U, S. Public Health
Service.

§ Present address: Dept. of Pharmacology, Han-
ford Laboratories, General Electric Co., Richland,
Wash.

umes of 0.25 M sucrose in a Potter-Elvehjem
homogenizer provided with a loose fitting Tef-
lon pestle. The homogenate was separated
into cellular debris, mitochondria, microsomes
and supernatant fractions by the centrifuga-
tion procedures of Hogeboom(9). The mito-
chondria and the microsomes were suspended
separately in 0.25 M sucrose, by gentle hand
homogenization, before being incubated with
the substrate, labeled cholest-4-en-3-one.

The cholest-4-en-3-one-4-C'*  was pur-
chased from the Nuclear-Chicago Corporation
and was purified by chromatography on silicic
acid(10). About 0.4 to 0.8 uc was added to
each flask along with 0.55 mg of unlabeled
cholest-4-en-3-one, The steroid was solubil-
ized with Tween 20 as described in(11). To
each incubation flask were added 10 ml of a
centrifugal fraction containing about 90 mg
of protein, which was assayed by the method
of Gornall(12). The final incubation mix-
ture, prepared with 0.025 M phosphate buf-
fer of pH 7.4, contained 2 X 10* M oxidized
triphosphopyridine nucleotide, 0.7 X 10® M
potassium isocitrate, 0.6 X 103 M magne-
sium chloride, and 50 units of isocitric dehy-
drogenase (Sigma) in a total volume of 20
ml. Incubations were carried out with shak-
ing for 2 hours at 37° in a nitrogen atmos-
phere.

The enzymatic reaction was stopped by ad-
dition of 2 volumes of ethyl alcohol contain-
ing enough KOH to provide a 15% concen-
tration of KOH in the mixture. After 300
mg of unlabeled Sa-cholestan-38-0l were
added to each flask, the contents were gently
refluxed on a steam bath for 3 hours. The



332

CONVERSION OF CHOLEST-4-EN-3-ONE TO 5a-CHOLESTAN-38-0l

TABLE T. Conversion of Cholest-4-en-3-one to Sa-cholestan-3g-ol by Centrifugal Fractions of
Female Rat Liver.

Cholest-4-en-3-one Caleulated sum of
converted to Ha-

Diff, between ob-

activities of cen-  served and ealeu-

cholestan-3g-0l  trifugal fractions  lated aetivities

Centrifugal fraction pnoles X 107%/mg protein Y%
Boiled whole homogenate 00074
‘Whole homogenate 85
Mitochondria .71
Mierosomes 94
Supernatant .02 .
Mitochondria -+ microsomes .65 .83 - 21
Supernatant 4 mitochondria .52 .37 + 42
Supernatant 4 microsomes .99 48 +108

reaction mixture was transferred to a separa-
tory funnel with a volume of water equal to
that of the reaction mixture, and the lipids
were extracted 3 times with equal volumes of
petroleum ether. The combined petroleum
ether extracts were washed with water, dried,
and were then evaporated to dryness. The
sterol residue was precipitated with digitonin
(13). The digitonides were washed once with
959 alcohol, once with acetone-ether mixture
(1:2), and twice with ether. The digitonides
were dried and split with dry pyridine. The
crude sterol fraction was isolated in the usual
manner and was treated with excess peroxy-
benzoic acid dissolved in chloroform. This
converted the unsaturated sterols to epoxide
derivatives. The reaction mixture was al-
lowed to stand at room temperature for 2
hours, and was treated as described elsewhere
(14). Labeled S5a-cholestan-38-ol was iso-
lated by chromatographic methods(14).
After its recrystallization from methanol, it
was dissolved in 15 ml of toluene containing
45 mg of 2,5-diphenyloxazole, and its radio-
activity was assayed on a Packard scintilla-
tion spectrometer (model #314). The labeled
5a-cholestan-38-0l isolated from the incuba-
tion mixtures was radiochemically homogene-
ous(14). It is unlikely that this labeled sterol
contained coprosterol, for coprosterol has
never been found in animal tissues.

Mitochondria were sonically disrupted in a
9 kc, 100 W Raytheon magneto-striction os-
cillator operated at full voltage as described
by Morton(15). The first precipitate is des-
ignated P,, the second P, and the final su-
pernatant fraction, S;.

Results. Table I shows that Sa-hydroge-

nase and 3B-dehydrogenase, which sequen-
tially reduce cholest-4-en-3-one to Sa-choles-
tan-38-ol, are present in the microsomal and
mitochondrial fractions prepared from rat
liver. Each of these centrifugal fractions was
about equally effective, as was the whole ho-
mogenate, in reducing cholest-4-en-3-one to
Se-cholestan-38-0l. The minute reduction by
the supernatant fraction can probably be as-
cribed to its contamination by mitochondria
and microsomes.

When mitochondria were combined with
microsomes, the conversion of cholest-4-en-3-
one to Sae-cholestan-38-ol was 21% less than
that expected from the sum of their individual
activities. Addition of the supernatant frac-
tion to the microsomes caused a marked sti-
mulation of the reduction of cholest-4-en-3-
one to Sa-cholestan-38-ol. A less pronounced
stimulation was observed upon adding the
supernatant fraction to the mitochondria.

Only one-third of the reducing activity of
the mitochondria remained after their dis-
ruption by sonic oscillation (Table II). Most
of the remaining activity per mg of protein
was associated with P> (148,000 X g), which
was 3 to 4 times more active than the dis-
rupted mitochondria.

Discussion. The difference in stimulation
of enzymatic reduction induced by addition
of the supernatant fraction to the microsomes
and mitochondria may have been due to an
unequal concentration of 5a-hydrogenase and
3B-dehydrogenase in the microsomes as com-
pared with a more evenly balanced distribu-
tion of these 2 enzymes in the mitochondria.
The supernatant fraction, by providing one of
these enzymes (the rate limiting one), might
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TARBIE IL. Conversion of Cholesi-4-en-3-one to 5a-Cholestan-38-ol by Centrifugal Fractions of
Disrupted Rat Liver Mitochondria.

C* of cholest-4-en-3-one
converted to 5a-cholestan-

3g-0l per mg of protein

Caleulated sum of

Difference be-
tween observed
and caleulated

% of  activities of cen- activities

Centrifugal fraction total trifugal fractions %
Disrupted mitochondria

before centrifugation A2
P, 017
P, 41
S .012
P, + 8, .005 014 -64
P, + 8 .03 .21 -86

preferentially stimulate the microsomes. Al-
ternatively, if the enzyme systems involved
in conversion of cholest-4-en-3-one to 5a-cho-
lestan-38-ol differ in the microsomes and
mitochondria, that difference might also ex-
plain the inhibition or activation observed
upon mixing the various centrifugal fractions.

Our failure to find additive reduction when
mitochondria and microsomes were mixed
may have been due to the presence of a 27-
carbon 38-dehydrogenase inhibitor in one of
these fractions. This idea is supported by the
work of Tomkins(16), who found evidence
for a 21-carbon 3a-dehydrogenase inhibitor
(substrate dihydrocortisone) in subcellular
fractions of rat liver homogenates. Similarly,
Rubin and Strecker(4) observed 19-carbon
3B-dehydrogenase inhibition in whole homo-
genates of rat liver.

Tomkins found a 27-carbon reductase in
the microsomal fraction of rat liver(17). Our
data confirm this observation and demon-
strate that this enzyme is a S5a-hydrogenase.
The presence of the same or a similar 27-car-
bon 5«-hydrogenase in the mitochondria (Ta-
ble I), apparently not hitherto reported, was
not unexpected because Forchielli and Dorf-
man(3) found that a particulate fraction, pre-
pared by centrifugation of rat liver homoge-
‘nate at 6000 X g, reduced 17,21-dihydroxy-
pregn-4-ene-3,20-dione to a Sa-steroid.

Summary. The whole homogenate of fe-
male rat liver, as well as the centrifugal frac-
tion of mitochondria and microsomes pre-
pared from it, actively converts cholest-4-en-
3-one to Sa-cholestan-38-ol, thereby demon-
strating the presence in these fractions of Sa-

hydrogenase and 38-dehydrogenase activities.
One or both of these enzymes was absent in
the supernatant fraction. A particulate frac-
tion (148,000 XX g) prepared from sonically
disrupted mitochondria was more active in re-
ducing cholest-4-en-3-one to Sa-cholestan-
3B-ol than were the disrupted mitochondria.

We wish to thank Dr. Ning Pon of the Bio-
Organic Chemistry group for making available to
us the Raytheon, magneto-striction oscillator.
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Department of Pathologv, Dalhousie University and Children’s Hospital,
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It has recently been stated(l) that a pro-
tein-free, water soluble fraction of the liver
of cattle (“Ripason”)* can significantly mod-
ify the hepatotoxic effects of carbon tetra-
chloride (CCly). If experimental animals
are treated with this extract for some time be-
fore, and also during, the period of adminis-
tration of CCly, it is stated that sections of
their livers show considerably less damage
on histological examination than those of
their controls not given liver extract. The
liver preparation in question apparently also
accelerates the disappearance of the fatty de-
posits in the damaged liver during the period
of convalescence following cessation of injec-
tions of CCly(2), prevents impairment of
liver function by this agent(3), and is stated
to exhibit lipotropic properties ii. other ex-
perimental situations as well(3,4). To some
extent these claims are similar to older obser-
vations in which a favorable effect of liver
preparations on hepatic damage caused by
CCly or by deficient diets has been reported
(5,6,7). The possibility that the liver may
contain one or several protective principles
which prevent liver damage caused by various
hepatotoxic factors in other species is of great

* This investigation was supported by grants from
Research Fund of Dalhousie University, and Chil-
dren’s Hospital, Halifax, Nova Scotia. We should
like to thank Messrs. Robapharm (Canada) Ltd.
for the gift of “Ripason” used in this experiment.
The photographs are the work of Mr. Leo Diamond.

t Present address: Dept. of Pathology, Woman's
Medical College of Pennsylvania.

1 “Ripason”, Robapharm (Canada) Ltd.

theoretical, and possibly of practical, inter-
est and has found its clinical expression in the
notion of “organotherapy”. There are avail-
able in the older, as well as in the more recent
literature(8,9), reports describing favorable
effects produced in patients with a variety of
hepatic disorders by liver extracts, including
the preparation to be studied here. It was,
therefore, of interest to see whether some of
the claims made for this particular prepara-
tion could be confirmed experimentally. Car-
bon tetrachloride was chosen as the most suit-
able hepatotoxic agent, not only because it is
still one of the most widely used poisons for
this purpose, but also because it was hoped
that an understanding of the reported protec-
tive effects of liver extracts against this agent
might lead to a better understanding of the
mode of action of CCly itself.

Methods. A total of 58 Sprague-Dawley
rats was used. Because of the death of some
animals only 50 rats, or 25 pairs, were in-
cluded in the final analysis. Twelve of these
animals, all belonging to the first experiment,
were females; the remainder were males. The
weight of the animals at the start of experi-
ment ranged from 42 to 152 g. This large
variation in age and weight of the animals
was offset by the use of littermates of the
same sex, so that each treated animal was
compared only to its untreated brother or sis-
ter. It was assumed that the variations in
sex, age and weight of the experimental rats,
controlled by the littermate arrangement ad-
hered to throughout, would help to define the
dependence of any effects to be demonstrated





