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The fcrmation of 14o=hydmxylated steroids of

- various classes has been described in the plants and
mxcroorgamsns rlowever, 14&-}1ydxoxylanon in mam-
malian tissues has been zeported only by Knuppen et
al. {1} and by Loke and Chong-Yong [2], who isolated -
and identifi cd 14c-hydroxyoestrone after mcubaﬂon
of oestrone with ox adrenal gla!ads and procine adren-
als, respectwaly. - :

‘Qur previons mvest:gataons [3—5] showed that

 testosterone and gpitestosterone incubated with rat
Yiver microsomes and slices yielded a large number of
polar meiabolites. In one of these studies [3] material
was found which had the properties of 3-keto-A%-

_ steroids substituted with a tertiary hydroxyl group. The
-present paper describes the complete characterization
of 14o-hydroxylestosterone and the tentative identifi-
cation of 14a-hydroxyandrost-4-ene-3,17-dione as
products after incubations of testosterone and androst-
4-ene-3,17-dione. '

“In typical expenments 200 F11:3 of testosterone or
ardrosi-4-ene-3,17-dione (d:sso]ved in 0.05 ml propy-
lerie giycol) were incubated with abont 200 mg of

sliced liver tissue from male Wistar rats in 5 ml nger—
- Krebs §hosphate butfer with ghicose (20 mM), pH 74,
_for 30 min at 370 under oxygen atmosphere. The
_combined incubations of androst-4-ene-3;1 l-dione .
{total amount incubated 5.2 mg) and testesterone

(4.8 mg) were extracted wath ethyl acetate. The ex-

* tracts were: evapnrated i dryaess and wers sub_)ected

A 10 thm-layer chmmaiogmpny on Kaese]gel HF 554 {E.
- Merck AG, Darmstadt,. Germany) in the system di-

- dﬂoromeﬂ}ane]methanol 95:5 (v/¥). The zores cor-
5 :espondmg io amhenisc }%hydroxytesiosiemne :
;{R}— 0-]4) and 34&—hydroxyandrost—4—ene-3,l 7-:110::2;

North-Hollgid Pablishing Company — Amsterdam

- (Rg 0. 52), localized by ultrav:olet absoxpuon, were
_ scraped out, eluted w..h methano! and rechromato-

graphed on Whatman No. 1 paper in the Bush BS sys-

- tem (benzene/methanol/water, 2: 1 - 1). Tne spots cor-

responding to authentic standards (14achydroxytesto-

- sterone, Ry 0.42; 14echydroxyandrost-4-ene-3,17-
- dione, Ry 0.68) were eluted. Aliguots of these cluates

were used for combined gas chromatography-mass
spectrometry. The re;naining material, pooied from
several series of experiments, was acetylated by treat-
ment with acetic anhydridepyridine at room iempera-
ture overnight and was then further purified by thin-
layer cizomatography in the system benz: nefethanol,
85:15 (v/v). The substances giving . vots with R
values of 0.44 and 0.55, respectively (14c-hydroxy-
testosterone, 0.37; 14-hvdroxytestosteronie 17f-ace-
taie, 0.55; 14a-hydroxyandrosi-4-ene-3,17-dione, .

" 0.45) were eluted. Both compounds gave uliraviolet

absorption ‘'specira which showed a maximum at 242
nm. Oxidation cf the acetylated substance by chrormc
acid in acetone yielded unchanged material, m.p. '
251—254% and 1971999, respectively, with
chromatogranhlc and staining properties of 14a-hy-

_ droxyandrost-4-ene-3,17-dione and 14a-hvuroxytes-

tosterone 178-acetate.
The results of the gas chromatography -Tass spec— :

‘trometry analyses are shown in table 1 and fig. 1. The

compounds were ana]yzed as tmnethyisuy] ethers -

'and O—meﬁlylo;ume mmeﬁaylsﬂyl ether derivati s
wsing the conditions described previously {5]. The
‘ass spectra and retention times of the denvames of
_14&-1>ydmxy1estostemne and the compounﬂ 1smated

from the incubalions were 1dentacal The létz-hy- .
droxy gronp was.nof sﬂylated w.xth hexameﬂ;yldzml—

‘-z‘e‘é
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Table 1 . . ) ) -
Relative retention times {cholestane = 1.00) on SE-3D and QF-1 columns of derivatives of 14a-hydroxyiestosterone (A“-l-?a,l'lﬁ- :
ol-3-one), 14 o-hydroxyandrost-4-ene-3,17-dione (A%-140-01-3,17-one) 2nd mewaboites isolated from the incabations.

Compound " 1.5% SE-30 3% QF-1

T™MS* MOD-TMS ? ™S MO-TMS
A%-144,178-0)-3-0ne 1.00 1.03 440 A 1.70
Metabolite = 1.02 4.40 . 1.70
A%.14a-01-3,17-0ne 0.93 100 - = - 268
Metabolite 0.97 ¥*= hid ** 213

* TMS: trimethylsilyl ether; M3-TMS: O-methyloxime frimethylsilyl ether.

** No peak obiained.
*3> See text.
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Fig. §. Mass spectrum of the {3-zmethyloxime trimethylsilyl ether derivative of the metabolite isolated from incubations of andrest-
#4-ene-3,17-dione with rat liver slizes.

azaneftaimethylchiorosilane in pyridine and prominent
peaks at mfe 358 (M—138) and 268 (M-{90+18)) were
seen in the spectra of the trimethylsityl ethers. The loss
of water is also evident in the spectrum shown in fig. 1.
The origin of the ion of mass 153 is not known but it is
likely to be analogous to the ion ¢f mass 124 in 3-kelo-
Adsteroids {6]. '
Gas chromatography-mass specizometry did not
give unequivocal proof for the presence of 14a-hydroxy-
androst-4-ene-3,17-dione. A small peak with the ap- -
proximate retention time of the reference compound
was noted in two analyses {1able 1). The mass spectra
. showed all the major peaks seen in spectza of the -
reference compound but ihe intensities of the specira
were 100 low for a detailed analysis. It is possible that
the derivatives of 14c-hydroxyandrost-d-ene-3,17- -
dione, when present in small amounts, were degraded

270

on the gas chromaiography column.

In another experiment, 200 ag of 4-14C-androst-4-
ene-3,17-dione {specific activity 1.4 mC/mmiol) was -
incubated with a lyophilized microsomal fraction of
male 1al. liver {corresponding to 1 g of tissue} in tis-
maleate bufier, pH 7.4, with an NADPH-generating
systemn added [2]. After the incubation 200 ug each
of authentic 14a-hydroxytestosterone and 14n-hy-
droxyandrost-4-ene-3,17-dione were added and the
steroids were extracted angd purified as in previous ex-
periments. As an additional step in the purification
the acetate was hydrolyzed and the produci was
chromatographed on paper using Bush’s system B5.
The specific activities of the steroids were determined
after each step in the purificat®on procedure {iable 2)
The amount of steroid was determined by measure-

- ment of absorption at 242 nm. Radioactivity was
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Table 2

Spemﬁc actmtimc in the purification of l4n-hydmxvlated steroids formed after incubation of 1 #C 4-14C androst-4-ene-3,17-dione
with rat liver microsomes. Total radicactivity cxiracted from the media was 1835000 dpm.

Procedure * - 14e-hydroxylestosterone " l4n—hydroxyandros:—4—e:r&
dpm/100 pp 3,17-dione dpmji00 pg
Thindayer chromatoegraphy 8328 12650
Paper chromatography 369D 36385
Acetylation, thin-dayer chiomatozraphy 2670 3630
BHydrolysis, paper chromatography 2480 3546
* See text.
Table 3 Ackanowiedgements

Yields of 14e-hydroxylated metabolites after incubation of tes-
tosterone and andrest-4-ene-3,17-dione (200 py each) with rat
Tiver slices. Yizids in ug/g tissue as detenmnined by uliraviniet ab-
sorpiion. Some contamination with other uliraviolet absorbing
material with identical mobility in the solvent systems vsed

cannot be excluded.
Precursor 243140178013 one  A%3-14a-01-317-one
A%-17p-01-3-one 24 04
A%3,17-one 0.6 1.9

measured on aligquots in a Nuclear-Chicago liquid scin-
iillation spectromeier.

The presence of 2 tertiary hydroxyl group in the
metabolites studied was suggested by a) failure of acety-
lation, b) failure of cxidation. Thinlayer and paper
chromatography as well as melting point determina-
tions and nitraviolet spectroscopy inaicated that the
twe isolated metabolites were 14c-hydroxytestosterone
and 14o-hydroxyandrosi-4-ene-3,17-gione. Gas
chromatography-mass spertrometry permitted a com-
plete characterization of oae of the metabolites (140-
hydroxytestosterone) while the other (14a-hydroxy-
androst-4-ene-3,17-dione) was tentatively identified.
The yields of formation of the two metabolitesper i g
of tissue are shown in table 3. .

-The hydroxylation reaction described in this paper
is 2 further example of the capacity of liver tissue to
hydroxylate steroids in vitrc. The imporiance of 140
hy<lroxylation in zat liver in vivo must be determined

-in oider 1o elucidate the pom'ble physmlogxcal meaning
of this reaction.

The authors are grateful to the Averst Laborstories,
Montreal, for the gererous gift of 14o-hydroxytesio-
sterone and 14a-hyd:oxyandrost-3-ene-3,17-dione and
to Dr. S.Rchling, Prapue, for permission to camry ont
the radioactivity determinations. Part of this work was
supported by the Swedish Medical Rasearch Council
(Grant Ho. 13X-219).
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