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The Biological Profile of Progesterone 3-Cyclopentyl Enol Ether as
Compared with That of Progesterone. (29947)
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Biological similarity between progesterone
and its 3-cyclopentyl enol ether has been
claimed on the basis of clinical reports that
the latter is excreted as urinary pregnanediol
and produces a normal secretory endometri-
um(1,2). Further support for this similarity
has been presented by Caie and Klopper(3),
who suggested that the orally administered
enol ether is slowly hydrolyzed to free pro-
gesterone in the human body. If this hypothe-
sis were correct, one might expect that the
enol ether would have mimicked the biologi-
cal effects of progesterone in laboratory ani-
mals. Since our early studies did not reveal
biological similarity of the two compounds,
we have extended our investigation. Evidence
is presented which casts some doubt on the
conversion theory and furthermore indicates
that the amount of enol ether eventually con-
verted to free progesterone and/or the rate
of such a conversion, could barely have had
any biological effect.

Materials and methods. The steroids tested
were progesterone and its 3-cyclopentyl enol
ether (PCPE). The chemical purity of the
enol ether was determined by appropriate
analytic methods(4). Progesterone and the
chemically pure 3-enol ether were adminis-
tered dissolved in sesame oil.

Progestational activity. Immature Dutch
rabbits weighing 900-1100 g were used.
Estradiol 178 (5 pg/an/day) was injected
subcutaneously for 6 consecutive days. From
the 7th day the progestins were administered,
once a day, for 5 consecutive days along
with one-tenth the original dose of estrogen.
PCPE was given either orally (15, 25, or 35
mg/an/day) or intraperitoneally (3 or 10
mg/an/day), whereas progesterone was in-
jected subcutaneously (200 or 400 pg/an/
day). On the 12th day the animals were
sacrificed, a middle section of the left uterine
horn was removed, examined histologically
and rated according to McPhail.

Pregnancy maintenance. On the 9th day
of pregnancy, 200-220 g Wistar rats were

bilaterally ovariectomized under ether anes-
thesia. Sham-operation was likewise per-
formed under the same condition. In both
ovariectomized and sham-operated animals
the presence of implantation sites was care-
fully checked at time of operation. Treat-
ment started on the same day as ovariectomy
and continued up to and including the 20th
day of pregnancy. Orally administered PCPE
(12 or 48 mg/an/day) was compared with
subcutaneous progesterone (1 or 4 mg/an/
day). On the 21st day the animals were
sacrificed, the number of implantation sites
and living fetuses was recorded, and the
percentage of fetal survival was calculated.

Determination of wurinary pregnanediol.
Immature female rabbits weighing 900-1100
g were treated subcutaneously with 5 pg of
estradiol 178 for 10 consecutive days. Urine
collection began on day 9 and lasted for 48
hours. On the morning of the 11th day, the
amount of estrogen was reduced to 0.5 ug
and treatment with the progestins began.
PCPE and progesterone were given orally at
the daily dose of 100 mg per animal in 2
equally divided amounts of 50 mg each, 8
hours apart. This treatment continued for
7 consecutive days. Urine collection started
on the 6th day and continued for 48 hours.
Glacial acetic acid was used as a preservative
until urinary pregnanediol was determined
according to the method of Klopper et al(5).

Potentiation of barbiturate anesthesia.
Female albino rats weighing 45-50 g received

TABLE I. Progestational Activity of PCPE and

Progesterone.
Avg
No. of Total dose MePhail
Treatment rabbits (mg) Route index
Progesterone 4 1 s.c. 2.2
” 6 2 s.c. 4
PCPE 3 15 ip. 1.3
3 50 ip. 3.6
4 75 p-o. 2
4 125 p.o. 2.5
4 175 p.o. 3.5
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TABLE II. Pregnaney Maintenance in Ovariectomized Rats Following PCPE or Progesterone.

Total Routeof  Daily Total No. Total No.
No. of adminis- dose  of implan- of living % Fetal
Treatment mothers tration (mg) tationsites fetuses survival*
Ovariectomized 6 — — 0 0 0
Sham-operated 5 — — 52 51 98.1
Ovariectomized -+ progesterone 9 S.C. 1 45 5 5.3
Idem 9 s.c. 4 76 36 38.5
Ovariectomized + PCPE 5 p.o. 12 29 0 0
Idem 5 p.o. 48 49 0 0
* Caleulated according to the formula:
Total No. of living fetuses in group
X 100.

Total No. of implantation sites in sham-operated group

Total No. of mothers in group X

Total No. of mothers in sham-operated group

one administration of the test compounds.
PCPE or progesterone were administered
either orally or intraperitoneally at the vari-
ous doses indicated in Table IV. The test
compounds were given either alone or were
followed by administration of the barbiturate.
In the latter case, an aqueous solution of
hexobarbital sodium was administered intra-
peritoneally at a subhypnotic dose of 25
mg/kg, 60 minutes after steroid administra-
tion. The animals were considered anesthe-
tized when loss of righting reflex occurred.
The righting reflex was considered to be lost
when the animal, placed on its back, did not
regain its normal posture within 120 seconds.

Results. Progestational activity. Table T
indicates that the progestational activity of
intraperitoneally administered PCPE was 3-4
times greater than that following its oral ad-
ministration. Orally and intraperitoneally ad-
ministered PCPE was respectively, 1/80th
and 1/20th as effective as subcutaneously
injected progesterone.

TABLE III. Determination of Urinary Pregnane-
diol.

Urinary pregnanediol
levels (mg/24 hr)

Daily
dose* Pre- Post-
Treatment (mg) Route treatment treatment

Progesterone 100 p.0. 017 2.28
” 100 p.o. 026 1.60
” 100 p.o. .023 1.88
PCPE 100 p.o. 015 .58
” 100 p.0 .020 .55
” 100 p.o. 017 .59

* Given in 2 equally divided amounts of 50 mg
cach, 8 hr apart.

Pregnancy maintenance. The data in Table
II show that oral doses of PCPE 10-20 times
those of subcutaneous progesterone were un-
able to maintain pregnancy in ovariectomized
rats. Larger doses were not technically feas-
ible.

Determination of wurinary pregnanediol.
The data in Table IIT show that 3-4 times
as much urinary pregnanediol was recovered
following oral administraiton of progesterone
than of a comparable dose of PCPE.

Potentiation of barbiturate anesthesia. The
data in Table IV show that when adminis-
tration of the steroids was followed by intra-
peritoneal administration of the barbiturate,
doses of progesterone which did not produce
any anesthetic effect if given alone did poten-
tiate the anesthetic effect of a subhypnotic
dose of the barbiturate. PCPE at doses up
to 40 times the effective dose of progesterone,
failed to potentiate barbiturate anesthesia
whether administered intraperitoneally or
orally.

Discussion. There is evidence(6) that, with
the exception of bypassing the gastrointes-
tinal tract, the pathway of absorption of in-
traperitoneally and orally administered ste-
roids is identical. The observation that pro-
gesterone 3-cyclopentyl enol ether (PCPE)
possesses greater progestational activity fol-
lowing intraperitoneal than oral administra-
tion would therefore suggest that PCPE is
partially transformed (hydrolyzed?) to a less
active compound(s) in the gut.

Indirect evidence that free progesterone
might be formed during these transformation
processes was obtained by determining the
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TABLE IV. The Potentiation of Barbiturate Anesthesia by Progesterone as Compared with
Its 3-Cyclopentyl Enol Ether.

No. of animals losing

righting reflex

Route of ad- Dose/animal ‘Without With

Treatment ministration (mg) barbiturate barbiturate*
Sesame oil p-o. — 0/40 0/40
? ? i.p. —_ 0/40 0/40
Progesterone p.0. .625 0/10 0/10
” p.o. 1.250 0/10 4/10
” p-o. 2.500 0/10 10/10
Progesterone-3-cyclopentyl enol ether p.o. 25.000 0/10 0/10
Progesterone ip. .625 0/10 4/10
” i.p. 1.250 0/10 6/10
” ip. 2.500 0/10 10/10
Progesterone-3-cyclopentyl enol ether i.p. 25.000 0/10 0/10

* Hexobarbital sodium was given intraperitoneally at subhypnotic dose of 25 mg/kg onc hr

after steroid administration.

level of urinary metabolites following oral
administration of either free progesterone or
PCPE to immature female rabbits. Urinary
pregnanediol determinations showed that the
level of this metabolite significantly increases
following oral administration of either com-
pound. As previously observed in man(7,3),
3-4 times as much pregnanediol was recov-
ered following administration of progesterone
than of a comparable dose of PCPE. Caie
and Klopper(3) suggest that PCPE is slowly
hydrolyzed to free progesterone in the body
and that this phenomenon is responsible for
the low level of urinary pregnanediol found
in the first 24-48 hours following its oral
administration. If this hypothesis were valid,
one would expect that these hydrolytic proc-
esses would take place in parts of the body
other than the intestine. Furthermore, if the
slow conversion of PCPE to progesterone did
occur in sites other than the intestine, the
prolonged administration of the enol ether
should have led to an accumulation of this
substance in the body. As a result of this
accumulation phenomenon, one would have
expected a higher level of urinary pregnane-
diol than that following oral administration
of progesterone. This hypothesis was not con-
firmed by our results, since only 15 to 4
as much pregnanediol could be recovered
from the urine following prolonged oral ad-
ministration of PCPE as could be recovered
following a comparable dose of progesterone.
It seems evident, therefore, that the eventual
transformation of PCPE to progesterone
could only occur in the gut. This assumption

is further substantiated by the observation
that oral doses of PCPE 10-20 times those
of subcutaneously injected progesterone were
unable to maintain pregnancy in ovariecto-
mized rats. In fact, if conversion of PCPE
to progesterone had occurred in parts of
the body other than the intestine, in consid-
eration of the large doses administered,
enough progesterone should have been
formed to be able to maintain pregnancy. It
should also be pointed out that pregnanediol
may be derived from steroids other than pro-
gesterone(8) and thus its presence in the
urine following administration of PCPE does
not guarantee that progesterone was an in-
termediate in its formation.

Our final experiments on hexobarbital po-
tentiation actually cast doubt that any trans-
formation to free progesterone occurred in
the gut or elsewhere. There is evidence(9)
that progesterone potentiates barbiturate
anesthesia by decreasing the hepatic degrada-
tion of barbiturates. It will be noted that
small doses of progesterone (0.625-1.25 mg)
were able to interfere with the hepatic degra-
dation of barbiturates, whereas doses of
PCPE up to 40 times those of progesterone
were ineffective. This would indicate that
(a) PCPE is either not transformed to pro-
gesterone, and/or (b) the rate of such a
conversion is not of such a magnitude as to
have any biological effect. A conversion of
5% would have been detected by the method
used. This would also suggest that hepatic
enzymes other than those involved in pro-
gesterone metabolism might be responsible
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for the metabolism of PCPE, If this is true,
our experiments raise the questions as to
whether the substance excreted in the urine
and characterized as “pregnanediol” by the
Klopper method is actually 58-pregnan-3a,
20 a-diol or alternatively, whether the “preg-
nanediol” measured originates from PCPE or
arises from endogenous sources under the in-
fluence of PCPE. To answer these points,
the metabolism of isotopically labeled PCPE
must be studied in animals as well as in
humans.

Summary. Progesterone and its 3-cyclo-
pentyl enol ether (PCPE) have been com-
pared in a battery of biological tests. Orally
or intraperitoneally administered PCPE was
respectively 1/80th and 1/20th as active as
subcutaneously injected progesterone in the
Clauberg test. Oral doses of PCPE, 10-20
times those of subcutaneous progesterone
were unable to maintain pregnancy in ovariec-
tomized rats. Three to four times as much
“pregnanediol” was detected in the urine of
rabbits following oral administration of pro-
gesterone than a comparable dose of PCPE.
Orally or intraperitoneally administered PCPE
at doses 20-40 times those of effective doses
of progesterone failed to potentiate the anes-
thetic effect of a subhypnotic dose of sodium
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hexobarbital. These data demonstrate that
PCPE and progesterone have a markedly
different biological profile and cast serious
doubt on the possibility that biologically
active amounts of PCPE are converted to
and/or metabolized in the same way as pro-
gesterone, as claimed by others. Our data
strongly support the view that if any trans-
formation of PCPE to progesterone occurs,
the likeliest site of this conversion is the gut.
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The extent of recent literature in cytogene-
tics conceals the fact that relatively few
laboratories perform chromosome analyses as
a routine procedure, and even fewer analyze
populations of a size desirable for extraction
of statistically valid information. A major
deterrent is probably cost of time and money;
and a minor one, possibly, the feeling that
tissue culture techniques require highly spe-
cialized equipment and skill. In fact, the
basic technique is quite straightforward and
fully amenable, without loss of reliability, to

simplification and economy. The method de-

* This work was supported by Grant HD-00215,
Nat. Inst. of Child Health & Human Development,
N.IH, USPHS.

t The following materials have been found satis-
factory: Preservative free heparin, Abbott Labora-
tories, North Chicago, Ill. Minimum Essential Medi-
um (Eagle) for spinner cultures with added gluta-
mine, Grand Island Biological Co., Grand Island,
N. Y. Evacuated glass tubes, 100 x 16 mm with pink
nontoxic rubber stoppers, Becton Dickinson & Co.,
Rutherford, N. J.



