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Abstract

Purpose To investigate production of progesterone’s precur-
sor, pregnenolone, in the early oocyte donation pregnancy.
Methods Pregnenolone and progesterone were measured on
luteal days 21, 28, 35, 60 and 80. Progesterone was mea-
sured via the Immulite system, pregnenolone by liquid
chromatography separation with tandem mass spectrometric
detection.

Results Progesterone rose significantly from days 35 today
60. Pregnenolone likewise rose significantly from days 35—
60, but at a much higher rate, with an increase of 57 % by
day 60, 75 % to day 80. The increase in pregnenolone was
statistically more significant than the increase in progester-
one (p<.05).

Conclusions This is the first report describing that proges-
terone’s precursor, pregnenolone, increases with time in the
very early pregnancy. Because no corpus luteum is present
in oocyte recipients, the main source of pregnenolone is the
early placenta. Measurements of pregnenolone may provide

Capsule Measurable increases in progesterone’s precursor,
pregnenolone, occur in the early oocyte donation pregnancy, indicating
trophoblast as the source.
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information concerning early trophoblast function and may
represent a method of assessing placental competency.
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Introduction

Pregnenolone is the only steroid derived directly from choles-
terol, and it is the sole source of every other steroid molecule.
Typically, the competency of early luteal/placental function
has been indirectly assessed by the measurement of peripheral
progesterone levels. However progesterone levels vary during
the early pregnancy (first trimester) due to pulsatile secretion
by the corpus luteum as well as the expected decline between
7 and 10 weeks of gestation until placenta takes over the
progesterone secretion to support the pregnancy [1-3].
Therefore measuring the progesterone levels in early pregnan-
cy is of very limited value and often misleading [3].

Measuring the source of progesterone, pregnenolone,
may provide more specific information about the function-
ing of the fetal-placenta unit and could give further insight
into the timing of the luteoplacental shift. Although the
placenta and fetal and maternal adrenal glands produce
pregnenolone, the placenta is probably the major contributor
of pregnenolone production during early pregnancy [3].

We employed the oocyte donation model to study preg-
nenolone production because such pregnancies exist in the
absence of maternal ovarian function, making any changes
in peripheral levels indicative of trophoblast output.

In this preliminary study, pregnenolone levels in the early
donor egg pregnancy were ascertained to determine if levels
changed with time, and if there was a relationship between
the levels of pregnenolone and its product, progesterone.
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Materials and methods

Oocyte donors underwent standard controlled ovarian
hyperstimulation and oocyte retrieval [4]. Oocyte recipients
were given estradiol, 6 mg orally per day to thicken the
endometrium. On the day after the donor’s ovulation trigger,
recipients initiated 50 mg of intramuscular progesterone in
oil. Embryo transfer occurred after 5 days of culture.
Estrogen and progesterone were continued until menstrual
day 60, when the progesterone dose was lowered to 25 mg
per day, and all medications were discontinued on day 80.
As part of their standard of care, oocyte recipients
underwent phlebotomy on luteal days 21, 28, 35, 60 and 80.

Progesterone measurements were performed using the
Immulite system (Diagnostic Products Corporation, Los
Angeles, USA). The intra assay coefficient of variation
(CV) is 7-10 %, 9—12 % for the inter-assay. For pregneno-
lone analysis, the serum was frozen after progesterone test-
ing, and sent on ice to Endocrine Sciences (Calabasas Hills,
CA), where all samples were tested in the same run.
Analysis was performed using liquid chromatography sepa-
ration with tandem mass spectrometric detection (LC-
MS/MS) using an MDS-Sciex APIS000 triple quadrupole

mass spectrometer. The intra-day CV ranges from 2 to 3 %.

Recipients with a normal singleton pregnancy progressing
to at least 20 weeks using a fresh transfer from 2009 to 2011
were used. Patients who received any luteal support other than
50 mg of progesterone in oil IM were excluded. Also excluded
were women with blood tested in outside labs or those who
did not have blood drawn on the prescribed days. We could
not include women whose stored serum on any day was of low
volume or whose serum was previously used for another
study. Thus, cycles of 19 women qualified.

Statistical analysis

Descriptive statistics were compared as mean + SD. Because
progesterone naturally tends to produce much higher levels
than pregnenolone, we analyzed progesterone and pregneno-
lone in separate models. The hormone values were log-
transformed to normalize the sample distributions. Then the
rise of hormone at each follow-up day against levels at the 21st
day (reference day) was evaluated as the percentage change and
was individually tested against no change using Student’s two-
tailed ¢ test at each follow-up date. One way analysis of vari-
ance (ANOVA) with repeated measures in linear mixed model
was also applied to analyze the effects of the day-by-day
variability on each hormone levels; progesterone and pregnen-
olone concentrations were analyzed as a continuous dependent
and a day indicator nested under the same individual in order to
reflect day-variability in a separate model. Two sided p-values
<0.05 were considered to be statistically significant throughout
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the analysis. R statistical package was used for calculations
(www.R-project.org). Statistical power (1-3) of these results
was computed using G*Power 3.1

Results

The mean and standard deviation of progesterone and preg-
nenolone levels from days measured are summarized in
Table 1. Levels of both hormones significantly changed over
time (p-value<0.0001). Figure 1 is the graphic representa-
tion of the comparison of the changes in pregnenolone
levels over time and progesterone levels over time individ-
ually. Data were presented as percent changes in each hor-
mone levels at given luteal days compared to the luteal day
21 level (reference group). A marked increase was observed
in pregnenolone levels (at 28 days, p-value=0.048), which
occurred earlier than changes in progesterone levels. We
achieved 83.6 % power for this finding.

Discussion

This preliminary study demonstrates that pregnenolone levels
rise significantly in the early donor egg pregnancy, and that
these changes are independent of progesterone levels.
Because no corpus luteum is present in oocyte recipients, the
main source of this increase is the early placenta. Additional
studies following levels in both normal and failing natural
pregnancies, including ectopic pregnancies, may be of value.

Pregnenolone is mainly produced by placenta, which
converts cholesterol to pregnenolone during the early preg-
nancy [3, 5]. However maternal adrenal and fetal adrenal
gland may also contribute to the pregnenolone production
since both these tissues have cytochrome p450 side chain
cleavage enzyme that converts cholesterol to pregnenolone
[6, 7]. Some authors argue that fetal liver may even contrib-
ute to the pregnenolone production by providing the choles-
terol as a substrate to the fetal adrenal gland [3].

Table 1 Summary of progesterone and pregnenolone levels early in
the DE pregnancy. Data is presented as mean + SD. Note units

Days Pregnenolone (ng/dl) Progesterone(ng/dl)
21 62.5£37.8 3005.8+852.6

28 75.1£53.8 2913.5+£820.22

35 69.8+42.8 2963.3+618.9

60 109.6+66.0 3628.4+1049.3

80 122.4+46.4 2363.68+553.05
p-value' <0.0001 <0.0001

p-value' was calculated from one way analysis of variance (ANOVA)
with repeated measures in linear mixed model
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Pregnenolone is converted to progesterone via 3-beta
hydroxysteroid dehydrogenase [8]. The actions of this com-
plex system result in a reaction that flows in one direction
only: i.e. the reaction is irreversible [3]. Therefore, increases
in pregnenolone levels are not due to conversion of admin-
istered progesterone.

Now that an early increase in pregnenolone production
has been observed, a number of possible research areas can
be explored. Measurements of pregnenolone may provide
additional information concerning early placental function
and may represent an improved method of assessing placen-
tal competency. While at this time theoretic, pregnenolone
levels could identify pathology related to disorders of im-
plantation or even metabolic and genetic disorders related to
the fetus. A precedent for using hormones to assess fetal
aneuploidy has been established, as in the cases of human
placental growth hormone [9] and even progesterone [10].

It remains unclear why an increase in placental pregneno-
lone production does not correlate with an increase in proges-
terone levels. Differential rates of hormone production,
metabolism, protein binding, or excretion [8, 11, 12] could
be involved. Reaction rates can be dependent on electron
donator cofactors [8], phosphorylation reactions [13] and
can be inhibited by the concentrations of precursors or prod-
ucts [12]. It has also been hypothesized that pregnenolone can
saturate 3-beta hydroxysteroid dehydrogenase enzyme [11].

The fetus may be a contributor of maternal pregnenolone,
but not until later in pregnancy. While fetal adrenal cells have
been shown to produce dehydroepiandrostenedione sulfate at
8—-10 weeks and cortisol at 7-10 weeks gestation, the in-
creases in pregnenolone measured in this study began much
earlier [14]. In our study, which includes early pregnancies,

Days

one may argue that the source of pregnenolone may be the
fetal and/or maternal adrenal gland. However it has been
shown that although the fetal and maternal adrenal gland
may contribute to the pregnenolone synthesis during the sec-
ond and third trimester of pregnancy, the major pregnenolone
production comes from the placenta during the early pregnan-
cy [15, 16]. The observation that maternal urinary estradiol
was very low in human pregnancies with an anencephalic
fetus provided the initial insights into the role of the fetal
adrenal in steroid production. In fetuses with anencephaly,
the fetal adrenal glands are also smaller than that of normal
fetuses and the maternal pregnenolone and progesterone con-
centrations are within normal range suggesting that the main
source of pregnenolone and progesterone is placenta and the
degree of fetal adrenal gland’s contribution to pregnenolone
synthesis in early pregnancy is minimal [16]. It is well known
that a functioning fetal circulation is unimportant for the
regulation of progesterone levels in the maternal unit [15]. In
fact, fetal death, ligation of the umbilical cord or anencephaly,
which all are associated with a decrease in estrogen produc-
tion, have no significant effect on progesterone levels in the
maternal compartment. In addition a study by Carr et al.
showed that at 6 and 9 weeks of gestation, the fetal adrenal
gland weighs 2.6+£0.7 mg and 11.5+2.2 mg respectively
whereas it weighs 375+3 mg at 16.5 weeks of gestation.
Fetal adrenal gland at 16.5 weeks of gestation is 145 fold
heavier than the 6-week-old fetal or embryonic adrenal gland.
These findings also indirectly suggested that during the early
gestation, the fetal adrenal glands are too small to be able to
synthesize the majority of pregnenolone and the main source
of pregnenolone is the placenta [ 17]. Based on all these above-
mentioned reasons, it is fair to suggest that the main source of
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the pregnenolone in our study is the early placenta and not the
fetal adrenal gland or any other potential source.

In summary, we have demonstrated that pregnenolone
increases early in pregnancy and the source of this increase
is mainly the trophoblast. These results provide novel infor-
mation, and ignite interest in the further study of trophoblast
pregnenolone production throughout gestation.
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