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SUMMARY

The in vitro metabolism of a new synthetic progestagen, Org 2969 (13-ethyl-11-methylene-18,19-
dinor-17a-pregn-4-en-20-yn-17-0l), was studied in human liver homogenate. The metabolites formed
were purified by t.lc. and identified using capillary g.lc. and glc.-mass spectrometry of the O-methyl
oxime trimethylsilyl ether and trimethylsilyl ether derivatives. Four metabolites, 32~ and 38-hydroxy-
Org 2969, 3-0x0-Org 2969 and 3a-hydroxy-S«-H-Org 2969 were identified. The identification of a
fifth metabolite, present in low concentrations, 3-oxo-5a-H-Org 2969 was tentative. On the basis of
the results, a scheme for the metabolism of Org 2969 is suggested: Org 2969 is first hydroxylated
to 3a/38-hydroxy-Org 2969, followed by oxidation to 3-oxo-Org 2969, which is further reduced to
3a-hydroxy-Sa-H-Org 2969 via 3-ox0-50¢-H-Org 2969. Since Org 2969 is only bound relatively weakly
by myometrial progesterone receptor, while the affinity of 3-oxo-Org 2969 is high, it has been assumed
that at least partly the high biological activity of Org 2969 in vivo is mediated via biotransformation
to its 3-oxo derivative. The results of the present investigation indicate the possibility of such a biotrans-

formation in humans.

INTRODUCTION

Org 2969 (13-ethyl-11-methylene-18,19-dinor-17a-
pregn-4-en-20-yn-17-ol) {Fig. 1) is a new orally active
progestagen synthesized in the laboratories of
Organon Int.,, Oss, The Netherlands. The compound
has proved to be a very potent progestational agent
in animal experiments[1]. In clinical experi-
ments [2-4] its ovulation inhibiting activity has also
been observed to be very high, which together with
the lack of harmful side effects has made it a very
promising compound for clinical use.

The aim of the present investigation was to study
the metabolism of Org 2969 using human liver homo-
genate. Special interest was paid to the possible for-
mation of 3-oxo-Org 2969, because another orally
active 3-deoxyprogestagen, lynestrenol, is known to
be metabolized to its 3-oxo derivative [5, 6].

It is assumed that the high biological activity of
Org 2969 is at least partly mediated via bioactivation
to metabolites, such as 3-0xo0-Org 2969, because the
affinity of Org 2969 to myometrial progesterone

The following codes and trivial names were used: Org
2969 = 13-ethyl-11-methylene-18,19-dinor- 17« -pregn-4-
en-20-yn-17-0l; 3-0x0-Org 2969 = 13-ethyl-17-hydroxy-11-
methylene - 18,19 -dinor - 1 7x - pregn-4-en-20-yn- 3 -one;
3x-hydroxy-Org 2969 = 13-ethyl-11-methylene-18,19-
dinor-17a-pregn-4-en-20-yne-3o,17-diol;  3f-hydroxy-Org
2969 = {3-ethyl-11-methylene-18,19-dinor-17x-pregn-4-
en-20-yne-38,17-diol; 3-oxo-50-H-Org 2969 = 13-ethyl-17-
hydroxy-11-methylene-18,19-dinor-5a,17«-pregn-20-yn-3-
one; 3a-hydroxy-5a-H-Org 2969 = 13-ethyl-11-methylene-
18,19-dinor-5q,1 7Ta-pregn-20-yne-3a,17-diol; lynestrenol =
19-nor-17x-pregn-4-en-20-yn-17-ol; stigmasterol = (24R)-
24-ethyl-5,22-cholestadien-3-ol.

receptor is comparatively low, only 16% and 18", of
that of progesterone in the human and rabbit, respect-
ively, whereas the affinity of 3-ox0-Org 2969 is very
high, ie., 150% and 280%, respectively [2].

EXPERIMENTAL

Solvents. All solvents were of reagent grade, and
were redistilled before use, apart from ethanol and
propylene glycol which were used as supplied.

Reference steroids. Org 2969, [16-*H]-Org 2969
and all the presumed metabolites used as standards
were donated by Dr. E. de Jager, Organon Scientific
Development Group, Organon, Oss, The Nether-
fands.

Thin layer plates {Kieselgel 60 F 254) were from
Merck AG, Darmstadt, GFR, and were washed by
eluting them with methanol before use.

Gas liquid chromatography (glc) was performed
with a 25 m long, 19, OV-101 capillary column (Pro-
lab Oy, SF-02700 Kauniainen, Finland) with a pro-
grammable Carlo Erba gas chromatograph, model
2403 T.

Gas chromatography-mass spectrometry (GC-MS). A
Jeol JMS D 100 mass spectrometer connected to a
Carlo Erba gas chromatograph 2403 T and coupled
to a Jeol Mass Data System was used.

A liver sample was obtained from a 43 year old
woman, who was killed by accident and brought to
the Department of Forensic Medicine, University of
Oulu. A 10g sample was obtained at the autopsy
(12 h after death). It was washed with ice cold 0.25 M
sucrose in 0.067 M phosphate buffer, pH 7.4, cut into
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Fig. 1. The structure of Org 2969.

pieces and homogenized with an Ultra-Turrax-type
homogenizer for 30 seconds in 4 vol of ice cold
buffer. The post-mitochondrial 10,000 ¢ supernatant
obtained by centrifugation at 4°C for 20 min was used
as a source of enzymes.

Incubation was carried out at 37°C in an atmos-
phere of 95%, O, and 5% CO, in the phosphate buffer
mentioned above. NADP (1.1 mmol/l), glucose-6-
phosphate (2.2 mmol/l), ATP (0.11 mmol/l) and 10
units of glucose-6-phosphate dehydrogenase were
added to 40 ml of incubation fluid. The steroid sub-
strate, 3 mg of [16-*H]-Org 2969 (4.5 uCi) was added
in 1 ml of ethanol-propylene glycol (40:60, V/V) to
the incubation medium. The incubation was ter-
minated by extracting aliquots from the incubation
medium twice with 2 vol. of ethyl acetate 3, 10 and
30 min after the start of the incubation. In every ali-
quot less than 5% of the radioactivity remained in
the aqueous phase.

Purification and identification of the metabolites.
After extraction the organic phases were combined
and evaporated to dryness in vacuo. The dry residues

were redissolved in 0.5 ml aliquots of ethyl acetate,
and were transferred to thin layer plates. The plates
were developed once using chloroform-acetone
(90:10, V/V) as the solvent system. The plates were
dried and the radioactive spots were localized with
a Philips thin layer scanner PW 4007. The radicactive
spots were eluted with ethanol The steroids were then
converted to trimethylsilyl ether (TMS) or O-methyl
oxime trimethylsilyl ether derivatives (MO-TMS)
[7.8]. The identification of the metabolites by glc.
and GC-MS was based on identical retention times
and mass spectra with those of reference compounds.
The metabolites were quantitated using stigmasterol
as internal standard, assuming equimolar amounts of
the compounds giving the same peak area.

RESULTS

The disappearance of the parent compound, Org
2969, from the incubation medium is shown in Fig. 2.
After 3, 10 and 30min, the respective percentages of
the compound still unchanged were 93%, 77% and
57% respectively. Eight to nine metabolites were
found. The concentrations of five of these during the
course of the incubation are shown in Fig. 2. The
identification of the metabolites was based on the fol-
lowing findings.

Compound 1

Compound I did not form an O-methyl oxime de-
rivative. The peaks observed at high mass region in
the mass spectrum of compound {-TMS (Fig. 3}, sug-
gested a molecular peak (M) at mass 470. The peaks
at mass 455 (M-15) and 441 (M-29), corresponding
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Fig. 2. The concentrations of Org 2969 and its main metabolites during the incubation with human

liver. Values are expressed as ug/ml of the incubation medium. Compound I = 3a-hydroxy-Org 2969,

Compound II = 38-hydroxy-Org 2969, compound III = 3-0x0-Org 2969, compound IV = 3x-hy-
droxy-5¢-H-Org 2969, compound V = 3-ox0-5a-H-Org 2969 (only tentatively identified).
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Fig. 3. Mass spectrum of TMS-derivative of compound I, which was identified as 3a-hydroxy-Org
2969.

to the elimination of methyl- and 13-ethyl-radicals
from the molecular ion upon electron impact, are
characteristic for TMS ether derivatives of Org 2969
compounds, respectively. Loss of trimethylsilanol
molecules (mass 90) up to a maximum of two from
the ions M, (M-15) and (M-29) indicated the presence
of two trimethylsilylated hydroxy! groups in the mol-
ecule. Comparison of the mass spectrum of com-
pound I-TMS with the mass spectra of the trimethyl-
silylated reference compounds, showed that the mass
spectrum of I-TMS was identical with the spectrum
of trimethylsilylated 3a-hydroxy-Org 2969. The reten-
tion time of the TMS-derivative of compound I was
also identical with the corresponding derivative of
this reference compound. Consequently, compound 1
was identified as 13-ethyl-11-methylene-18,19-dinor-
172-pregn-4-en-20-yne-3a,17-diol.

Compound 11

The fragmentation of compound II during mass
spectrometry of its TMS derivative was very similar
to that of compound I suggesting that compound I
and compound II are epimeric compounds. The
retention time was identical with that of the TMS-
derivative of the reference compound, 38-hydroxy-
Org 2969, and therefore compound II was identified
as 3f-hydroxy-Org 2969 (13-ethyl-11-methylene- 18,19-
dinor-17x-pregn-4-en-20-yne-38,17-diol).

Compound 111

The molecular peak in the mass spectrum of the
MO-TMS derivative of compound Il was observed
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at mass 425 (Fig. 4). Further evidence for the presence
of one CH;ON< and one TMSO-group was sup-
ported by the fragment peaks at mass 394 (M-OCH,);
335 (M-90) and 304 (M-90-31). The retention time and
mass spectrum were identical with those of the corre-
sponding derivative of 3-o0xo-Org 2969, resulting in
the identification of compound III as 13-ethyl-17-
hydroxy-11-methylene-18,19-dinor-17«-pregn-4-en-20-
yn-3-one.

Compound 1V

Compound IV did not form an O-methyl oxime
derivative. The molecular peak of the TMS-derivative
was observed at mass 472, while the fragmentation
pattern indicated a structure with two trimethylsily-
lated hydroxyl groups (Fig. 5). The retention time and
spectrum were identical with those of the TMS de-
rivative of 3a-hydroxy-54-H-Org 2969, and therefore
compound IV was identified as 13-ethyl-11-methy-
lene-18,19-dinor-5x,1 7a-pregn-20-yne-3u,17-diol.

Compound V

Because of the low concentration of compound V,
it was only possible to obtain a mass spectrum of
bad quality. The molecular peak of the MO-TMS de-
rivative was at m/e 427, which suggests the presence
of a saturated steroid nucleus with one oxo and one
hydroxyl group in the underivatized sample. The
retention time was identical with that of the corre-
sponding derivative of 3-keto-5a-H-Org 2969, and its
structure is tentatively identified as 13-ethyl-17-hyd-
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Fig. 4. Mass spectrum of MO-TMS-derivative of compound III, which was identified as 3-oxo-Org
2969.
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Fig. 5. Mass spectrum of TMS-derivative of compound IV, which was identified as 3x-hydroxy-5a-H-
Org 2969.

roxy-11-methylene-18,19-dinor-5x,17x-pregn-20-yn-
3-one.

In addition to compounds I-V, 3-4 compounds
with clearly higher polarities than compounds I-V,
or of the standards available, appeared in the incuba-
tion fluid 30 min after the start of the incubation. It
is assumed that these compounds were polyhydroxy-
lated, unconjugated metabolites of Org 2969, but
because of the lack of the reference compounds, no
definite identification could be carried out.

DISCUSSION

The results of the present investigation suggest that
the metabolic pathways of Org 2969 are as presented
in Fig. 6. Since a 3-deoxy-structure does not exist
as a function of endogenous steroids in man the direct
introduction of an oxo function at carbon three of
the steroid nucleus is difficult to assume. It is assumed
that the first reaction is the formation of a hydroxyl

group (Fig. 6, reactions A; and A ;). This kind of reac-
tion, the mechanism of which is known in principle,
is common in the metabolism of various compounds
by liver microsomes (for a review, see ref. 9). The
hydroxylation is then followed by dehydrogenation
to 3-ox0-Org 2969 (Fig. 6, reactions B, and B,). The
dehydrogenation of both 3w-hydroxy-4-ene and 38-
hydroxy-4-ene steroids to the corresponding 3-oxo-
derivative by the liver has been described earlier [ 10].
The suggested pathway from Org 2969 to 3-0xo0-Org
2969 is very similar to that proposed for lynestrenol
by Mazaheri et al.{6].

The reduction of 3a-hydroxy-Org 2969 to 3a-hy-
droxy-5a-H-Org 2969 (Fig. 6, reaction C) is also a poss-
ible pathway. The latter compound could also be
formed by reduction of 3-oxo-Org 2969 (Fig. 6, reac-
tions D and E). No evidence of the practical impor-
tance of this reaction sequence can be derived from
the results of the present experiment. No definite con-
clusions can be drawn about the reversibility of the
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Fig. 6. The suggested metabolic pathways of Org 2969 in human liver in vitro.
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reactions described, because no attempts were made
to clarify the equilibrium kinetics of these reactions
in this study. Theoretically it is evident that these
reactions proceed mainly in one direction, because
there is a tendency to change apolar products into
more polar ones to facilitate excretion,

Since Org 2969 is bound only relatively weakly by
the myometrial progesterone receptor, while the
affinity of 3-oxo0-Org 2969 is high [2], it has been
assumed that the high biological activity of Org 2969
in vivo is at least partly mediated by the biotransfor-
mation to its 3-oxo-derivative. The results of the
present investigation indicate the presence of such a
biotransformation in human liver. Therefore, liver
metabolism might be one of the origins for 3-oxo-de-
rivative of Org 2969 present in human serum after
administration of the parent compound [11]. It is not
expected that the other metabolites identified contri-
bute to the biological activity of Org 2969 to any
great extent, since the changes in 3-oxo-4-ene struc-
ture decrease the affinity of a steroid to the receptor
considerably [12].
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