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Summary-Using human term placental mitochondrial preparations, optima1 conversion of 
[3H]pregnenolone to [‘HIprogesterone was obtained at 30 min incubation and with a mitochondrial protein 
content of 2.5-3.5 mg/ml. Estradiol, estrone, progesterone and testosterone in a dose range of 
0.03-8.66pmol inhibited the in vitro conversion of [‘Hlpregnenolone to [3H]progesterone by placental 
homogenates. All four steroids inhibited the pregnenolone to progesterone conversion in a dose-dependent 
manner. The ID50 (dose required to inhibit conversion of pregnenolone to progesterone by 50”/,) was 
0.04 ymol for estradiol, 0.13 lmol for testosterone, 0.3 pmol for progesterone and 1.0 pmol for estriol. 
Neither gonadotropin releasing hormone (SO-1000 ng) nor human chorionic gonadotropin (5-500 IU) 
affected the placenta1 basal conversion rate of pregnenolone to progesterone in vitro. Our findings indicate 
that steroid hormones such as estradiol, estrone, testosterone and progesterone can inhibit local placental 
progesterone biosynthesis through inhibition of the enzyme complex 5-ene-3B-hydroxysteroid dehy- 

INTRODUCTION 

The placenta is the major source of progesterone in 
late human pregnancy since the human fetus is 
deficient in the enzyme complex 5-ene-3/?- 
hydroxysteroid dehydrogenase and 5-ene-4-ene isom- 
erase. This enzyme complex is present in both the 
mitochondria and microsomes of the trophoblast and 
converts pregnenolone to progesterone. Although a 
decline in circulating progesterone at the approach of 
the onset of labor has been found in some 
species [l-3], such a change has not been convincingly 
demonstrated in women. Nevertheless there could be 
a change in the local placental production or metab- 
olism of progesterone in women at the approach of 
or during labor. Because local placental progesterone 
metabolism could potentially modulate uterine activ- 
ity and therefore labor, studies on placental pro- 
gesterone synthesizing reserve capacity might yield 
useful information towards a better understanding of 
such a function. Therefore, investigations were un- 
dertaken to examine the pregnenolone-progesterone 
converting activities of the placenta and specifically 
the placental steroidogenic enzyme 5-ene-3/?- 
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hydroxysteroid dehydrogenase. We report here the 
results of our study examining the effects of some 
steroid hormones and gonadotropins on the in 
vitro conversion of pregnenolone to progesterone in 
cell-free freshly prepared placental mitochondria ob- 
tained from term placentae in women who were not 
in labor. 

EXPERIMENTAL 

Materials and methods 

Chemicals. The steroids and all common standard 
compounds used were purchased from Sigma Chem- 
ical Co., St Louis, Missouri. The chorionic gonado- 
tropin (5000 U.S.P. units) was obtained from Ayerst 
Lab. Inc., New York and the gonadorelin-HC1 (syn- 
thetic gonadotropin releasing hormone) from 
Warner-Lambert Company, Ann Arbor, Michigan. 
The labelled steroids namely [4-‘4C]progesterone (sp. 
act 57.2 mCi/mmol) and [7-‘H(N)]pregnenolone (sp. 
act. 19.3 Ci/mmol) were purchased from New En- 
gland Nuclear, Boston, Massachusetts. The steroids 
were found to be pure by thin-layer chromatography. 
Flexible thin layer sheets (20 x 20 cm) coated with 
silica gel IBZF were purchased from J. T. Baker 
Chemical Co., Phillipsburg, N.J. 

Preparation of tissue. Fresh tissues from 28 placen- 
tae with membranes attached were collected immedi- 
ately at the time of elective repeat Cesarean section 
performed at 39-40 weeks gestation on otherwise 
uncomplicated pregnancies. Each placenta was im- 
mediately placed in crushed ice in the operating room 
and rapidly transported to the laboratory. All manip- 
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ulations were carried out at 4°C. Each placenta was 
dissected and samples (2 g each) of cotyledons were 
removed, washed in ice-cold 0.9r.i NaCl solution to 
remove the blood. The washed cotyledons were either 
homogenized immediately or dried over filter papers 
and kept frozen at -75’C until ready for analysis. 

Each placenta! cotyledon tissue (2g) was further 
washed with Buffer A (0.25 M sucrose + 10 mM 
Tris-HCI, pH 7.4). The tissue was then minced with 
scissors and homogenized in 10 ml of Buffer A using 
the polytron homogenizer at speed 5-6 for 6 sec. The 
homogenates were centrifuged for 10 min at 1OOOg. 
The supernatant was taken and recentrifuged for 
20min at 10,OOOg to obtain the mitochondriai pel- 
lets. The supernatant was discarded and the pellets 
were resuspended in 5 ml of Buffer B (20mM 
Tris-HC! + 11 mM NaC! + I5 mM KC1 + 20 mM 
sucrose, pH 7.4). Samples of the pellets were verified 
by electron microscopy to contain mitochondria. 

Incubation mixture. Aliquots of 0.05pCi of 
[7-3H(N)]pregneno!one dissolved in ethanol were 
placed in test tubes. The ethanol was evaporated off 
and 30 ~1 propylene glyco! was added into each tube. 
These tubes served as controls. For testing the effects 
of some hormones on the 5-ene-hydroxysteroid 
dehydrogenase activity present in the mitochondrial 
fractions, varying amounts of the test compounds 
were added to the tubes containing the [7-3H(N)] 
pregnenolone and propylene glyco!. The pH of the 
incubation mixture did not change upon addition of 
the various hormones in the doses used. Al! the test 
tubes were preincubated in a shaking water bath at 
37°C for 1.5 min before the addition of 1 ml of the 
mitochondrial fraction. AI1 the test tubes containing 
the reaction mixtures were then allowed to incubate 
for 30 min with constant shaking at 37 C. At the end 
of the incubation time, all the tubes were removed 
from the water bath and placed in an ice bath. To 
each tube was added 2ml of the extracting solvent 
(diethyl ether-ethyl acetate, 1: 1, v/v) followed by 
0.03 prnol each of unlabelled progesterone and preg- 
nenolone dissolved in ethanol. An aliquot amount of 
[‘4~]!abelled progesterone (the equivalent of 
10,OOOcpm) was also added into each of the tubes. 
Each tube was Vortex mixed for 1 min and allowed 
to stand for 5 min in ice. The supernatant organic 
layer was collected. The aqueous reaction mixture 
was further extracted twice with 2 x 1 ml extracting 
solvent and the organic layer was removed and 
pooled together. The organic extract was evaporated 
to dryness over a blowing air trap. The residue in 
each tube was redissolved in 30~1 of ethanol solu- 
tion. Samples of 10 ~1 solution were used for spotting 
on 20 x 20 cm flexible thin layer sheets coated with 
silica gel 1 El 2-F. The thin layer sheets were developed 
in chloroform-acetone-ethanol (84: 15: 1, by vol). 
Unlabelled progesterone and pregnenolone 
(0.03 pmol) were also spotted on each of the plates as 
reference standards. The progesterone spot 
(R, = 0.51) was visualized under ultraviolet light 

(short wavelength) as a dark absorbed spot while the 
pregnenolone spot (R, = 0.38) showed up as a bluish 
red colored spot after spraying with lo”<> alcoholic 
phosphomolybdic acid and heated for 1 min at 
100°C. The spots corresponding to progesterone and 
pregnenoIone from the extracts were marked and cut 
out and placed into several plastic scintillation vials. 
To each vial was added 8 ml of the s~int~!Iation fluid 
(prepared by mixing 1 Gel-Pak of “Omnifluor” pur- 
chased from New England Nuclear to 2 1 of toluene 
and 1 1 of Triton X-100) and counted for 5 min in a 
Beckman scintillation counter model LS 7500 which 
has a counting efficiency of 44.5 and 78.6% for 
tritium and carbon-14 labelled standards respectively. 
Separate counting vials containing 0.05 FCi of 
[7-3H(~)]pregneno!one and the equivalent amount of 
“C-label!ed progesterone that was o~ginally added 
into each of the reaction mixture before extraction 
were also prepared and counted. It was noted that 
with the authentic unlabelled progesterone added as 
carrier, about 92-98x of the radioactivity was iso- 
lated in association with the carrier. Saure[4] has 
reported on similar analyses that only progesterone in 
radiochemically homogenous form can be eluted 
from the respective thin layer chromatography frac- 
tions and thus more specific methods for the 
identification of the progesterone formed in the 
present incubations were unnecessary. 

The enzymatic activity was calculated from the 
conversion of tritiated pregnenolone into tritiated 
progesterone, corrected for the methodological losses 
and subtraction of the blank value. The recovery of 
the [4-‘4C]progesterone was found to be 88.0-92.5% 
after incubations with boiled mito~hondrial fractions. 
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Fig. 1. Effect of protein content of placental mitochondrial 
preparation on [3H]pregnenolone to [3H]progesterone con- 
version in vitro. The quantity of progesterone formed per mg 
of protein per 5 min incubation appears to be inversely 
related to the amount of protein content in the incubation 
mixture. However, the total amount of progesterone formed 
per 5min incubation reaches a maximum and remains at 
that amount after 2.5-3.5 mg of mitochondrial protein/ml 
are present in the incubation mixture. Each symbol repre- 
sents preparation from a term placenta. Three term placen- 

tas were used individually. 
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Fig. 2. Effect of protein content of placental mitochondrial 
preparation on per cent conversion of [‘Hlpregnenolone to 
[3H]progesterone in d-o. The percentage conversion of 
13H]pregnenolone to [3H]progesterone reached a maximum 
at about 2.5-3.5 mg of placental mitochondrial protein/ml 

in the incubation mixture. 

Protein content. The protein content of each frac- 
tion was determined as described by Lowry et a/.[51 
with bovine serum albumin as the protein standard. 
In most of the experiments, the mitochondrial frac- 
tion isolated was diluted so that each incubation 
mixture would contain a protein content in the range 
of 2.5-3.4 mg protein/ml. 

RESULTS 

When the protein content of the placental mito- 
chondrial preparation was examined, the quantity of 

progesterone formed per mg of placental mito- 

chondrial protein per 5 min incubation was inversely 
related to the amount of placental mitochondrial 

protein present in the incubation mixture (Fig. 1). 
However, the percentage of [‘Hjpregnenoione con- 
verted to [3H]progesterone reached a maximum at 
about 2.5-3.5 mg protein/ml (Fig. 2.). Thus a placen- 
tal mitochondrial protein content of 2.5-3.5 mg 
protein/ml was used for all the subsequent experi- 
ments. 

Figure 3 shows the effect of varying incubation 
times on the percentage conversion of pregnenolone 
to progesterone in vitro there is a rapid conversion of 
68.4 + 4.8% (mean + SE) of pregnenolone to pro- 
gesterone within 5min of incubation. At 30 and 
60min of incubation time, the percentage of preg- 
nenolone to progesterone conversion increased 
significantly to 83.1 & 4.6% (P = ~0.01) and 
94.7 + 7.4% (P = ~0.05) compared to the con- 
version rate at 5 min. However, there was no 
significant increase in the conversion rate of preg- 
nenolone to progesterone from 30 to 60 min incu- 
bation time. Thus, we have chosen to use an incu- 
bation time of 30min for all other compartments. 

The effects of estradiol, estrone, progesterone and 
testosterone on the in vitro conversion of preg- 
nenolone to progesterone by term placental homoge- 
nates are shown in Fig. 4. All the four steroids with 
the dose range of 0.03-8.66 pmol, inhibited the con- 
version of pregnenolone to progesterone in a dose- 
dependent manner. On a weight for weight basis, the 
order of potency for this inhibition was estradiol, 
testosterone, progesterone and estriol. The i.d. 50 
(dose needed to inhibit the conversion of preg- 
nenolone to progesterone by 50%) dose for estradiol 
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Fig. 3. Effect of varying incubation time on the in uifro conversion of [7-3H(N)]pregnenolone to 
progesterone by human term placental villus tissue. 0.05 @Zi of [7-3H(N)]pregnenolone was used for each 
incubation. At 5 min there was 68.4 + 4.8% of [7-3H(N)]pregnenolone converted to progesterone. There 
was a further significant increase at 30 min (P = c 0.05) and 60 min (P = c 0.0 1) of incubation compared 
to the percentage conversion at 5 min. For each incubation time, experiments were carried out on 8 

different placentas. 
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Fig. 4. Effect of various steroid hormones on the in aim conversion of [7-3H(~)]pregnenolone (0.05 yCi 
per incubation) to progesterone by human term placental villus tissue obtained at elective repeat Cesarean 
section. The incubation time was 30min for all experiments. For each of the dose of steroid hormone 
tested, experiments were carried out on 8 different placentas. Each of the values on the graph represents 
the mean + SEM and the values are given as the conversion of pregnenolone to progesterone expressed 

as a percentage of the conversion rate in control tube (100%) where no test steroid was added. 

was 0.4 pmol, testosterone 0.13 flmol, progesterone 
0.3 prnol and estriol 1 pmol (Table 1). 

Both gonadotropin releasing hormone [GnRH] 
(50-1000 ng) and human chorionic gonadotropin 
[hCG] (5 to 500i.u.) did not affect the basal con- 
version rate of pregnenolone to progesterone by 
placental homogenates in vitro (Table 2). 

DISCUSSION 

Using placental mitochondrial preparations 
obtained from term placental homogenates, we find 
that pregnenolone can be converted to progesterone 
in vitro indicating that the enzyme S-ene- 
3/3-hydroxysteroid dehydrogenase is present in the 
placental mitochondria. The in vitro conversion rate 
of pregnenolone to progesterone is rapidly achieved 
with 5min of incubation and increases further to 
reach a nadir at 30 min. The maximal conversion rate 
of pregnenolone to progesterone is achieved with a 
protein content of 2.5-3.5mg/ml of the mito- 
chondrial preparation. Thus we have standardized 
and employed a protein content of 2.5-3Sng/ml in 
our mitochondrial preparation and an incubation 
time of 30 min for the enzymatic conversion of 
pregnenolone to progesterone in vitro. 

Table I. IDS”* of various steroids on 
placental conversion of pregnenolone to 

progesterone in vitro 

Steroid ID, 

Estradiol 0.036 pm01 
Estriol 1.0 flmol 
Testosterone 0.132jmol 
Progesterone 0.302 pmol 

*IDS, is the dose required to inhibit 
basal conversion by 50%. 

Our findings demonstrate that estradiol, estriol, 
progesterone and testosterone can inhibit the con- 
version of pregnenolone to progesterone in vitro by 
mitochondrial preparations of the placental villus, 
presumably by inhibiting the placental enzyme com- 
plex 5-ene-3~-hydroxysteroid dehydrogenase and 
S-ene-4-ene isomerase which catalyze the conversion 
of pregnenolone to progesterone. These observations 
imply a feedback regulation of placental conversion 
of pregnenolone to progesterone by steroid hor- 
mones, which are either the end product of placental 
biosynthesis or intermediates in placental steroid 
metabolism. Estradiol, estriol and progesterone are 
the final products while testosterone is an inter- 
mediate in placental steroid biosynthesis. Thus accu- 
mulation of progesterone could physiologically auto- 
regulate the rate of further conversion of 
pregnenolone to progesterone through a feedback 
inhibition on the enzyme 5-ene-3~-hydroxysteroid 

Table 2. Effect of GnRH and hCG on the in vitro conversion of 
[7-‘H(N)]pregnenolone to progesterone by human term placental 

villus tissue 

Hormone Dose 

Conversion of pregnenolone 
to progesterone* 

Mean + SEM 
(as :/, of control) 

(n = 3) 

Control 
GnRH 50 ng 

250 ng 
750 ng 

1000 ng 

hCG SW 
50 IU 

250 IU 
500 NJ 

*Incubation time was 30 min. 

100* 
106.9 i_ 4.0 
90.3 t 8.2 

105.1 k 5.6 
loo.7 i 1.9 

97.5 f 2.8 
99.5 + 3.7 

104.8 i 4.2 
103.8 & 3.3 
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dehydrogenase. Similarly estradiol and estriol could 
regulate their biosynthesis from dehydroepiandro- 
sterone sulfate through retroinhibition of 
3/I-hydroxysteroid dehydrogenase. Our findings on 
the inhibitory effect of estradiol on placental con- 
version of pregnenolone to progesterone confirm 
some previous observations [&lo]. 

With placental slices, physiologic doses 
(0.0990.9 pmol) were stimulatory but larger doses 
(4pmol) of estradiol were inhibitory on placental 
conversion of pregnenolone to progesterone [lo]. In 
contrast, employing a cell free system with the mito- 
chondrial enzyme readily accessible, we found that 
even as low as 0.04 pmol estradiol was inhibitory on 
the in vitro conversion of pregnenolone to pro- 
gesterone. Our observations are more relevant to the 
intracellular mechanisms governing the bio- 
conversion of pregnenolone to progesterone since 
steroids such as estradiol are produced in the tro- 
phoblast cells and are therefore closer to the mito- 
chondria than when placed in an incubation media 
outside intact tissue slices. During pregnancy, both 
the placental production and secretion of estradiol 
and estriol increase until term. Therefore, it is tempt- 
ing to hypothesize that the increase in placental 
estriol and estradiol contributes to a feedback in- 
hibition on the enzyme 5-ene-3/?-hydroxysteroid de- 
hydrogenase and consequently a reduction in placen- 
tal production of progesterone from pregnenolone. 
This could lead to a high estrogen and declining 
progesterone milieu around the placenta and the 
uterus and thus alter the sensitivity of the myo- 
metrium to oxytocin. Free fatty acids including 
arachidonic acid can inhibit both microsomal 
and mitochondrial 5-ene-3P-hydroxysteroid dehy- 
drogenase [8]. Thus a rising production of placental 
estrogens not only inhibits placental pregnenolone- 
progesterone conversion but can also stimulate pros- 
taglandin generation and arachidonic acid release 
which in turn further inhibits placental pregnen- 
olone-progesterone conversion. 

The mechanism by which steroids inhibit the en- 
zyme 5-ene-3b-hydroxysteroid dehydrogenase is un- 
clear but the dose-dependent inhibition by estradiol, 
estriol, progesterone and testosterone suggests com- 
petitive inhibition. Dehydroepiandrosterone and es- 
trone inhibit placental 5-ene-3fi-hydroxysteroid de- 
hydrogenase competitively but the 4-ene-3-ketones 
inhibit the conversion of pregnenolone-progesterone 
in a noncompetitive manner [13]. In contrast, testos- 
terone inhibits 5-ene-3b-hydroxysteroid dehy- 
drogenase independent of its aromatization [9]. 

We found that hCG did not affect the conversion 
of pregnenolone to progesterone by placental mito- 
chondrial preparations. Using cultures of syn- 
cytiotrophoblast, Paul et a[.[141 also found no effect 
of hCG on progesterone production. Thus, unlike its 
stimulatory effect on corpus luteum progesterone 
production, hCG does not appear to have a 
significant effect on placental production of pro- 

gesterone from pregnenolone. Since the placenta has 
GnRH [15], this decapeptide may play a role in 
placental steroidogenesis. With placental cultures, 
high concentrations of GnRH were found to inhibit 
progesterone production [16]. However, we were un- 
able to observe any effect of GnRH on the in vitro 

conversion of pregnenolone to progesterone by the 
placental mitochondrial enzyme 5-ene-3/?-hydroxy- 
steroid dehydrogenase. 

In conclusion, our studies have shown that mito- 
chondrial preparations from fresh term placental 
homogenates contain the enzyme complex 5-ene-3fi- 
hydroxysteroid dehydrogenase and 5-ene-4-ene isom- 
erase and are able to convert pregnenolone to pro- 
gesterone. This conversion is inhibited by estradiol, 
estriol, progesterone and testosterone suggesting 
retroinhibition by end product steroids produced in 
the placenta. Both GnRH and hCG did not have 
any significant effect on placental conversion of 
pregnenolone to progesterone. 
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