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Summary—Studies on estriol metabolism and production were carried out in normal reproductive-aged
and post-menopausal women using pulse injections and constant infusions of radiolabeled estriol, estrone
and estradiol. The circulating levels were measured by radioimmunoassay.

Following an intravenous pulse of [*H]estriol, the

INTRODUCTION

Estriol, one of the three classic estrogens along with
estradiol and estrone, arises as a result of
16a-hydroxylation of estrone and subsequent reduc-
tion of 16a-hydroxyestrone at the 17 position [1].
While it was once thought to have certain properties
suggestive of an estradiol antagonist [2,3] it is now
described as a ‘short-acting’ estrogen [4], its proper-
ties being dependent in part on its mode of
presentation to the target-tissue. Thus it has been
shown to be an estradiol agonist when present under
steady state conditions [4].

Sandberg et al[5] noted that estriol was rapidly
excreted in the urine after an IV dose of radiolabeled
estriol. There did appear to be some enterohepatic
circulation, and estriol -3-glucuronide was found to
be a metabolite formed exclusively in the intestine
and then later excreted in the urine [6,7, 8]. However,
the degree of enterohepatic circulation appeared to be
somewhat less than that for the other estrogens.

Most of the early studies of estriol metabolism
were done to elucidate its urinary excretion patterns
and its production in pregnancy. The results of these
Studies indicated that estriol was excreted primarily
as the 16-glucuronide [8], and in pregnancy estriol
was formed primarily in the feto-placental unit with
its immediate precursor being 16x-hydroxydehydro-
epiandrosterone [9].

However, there may not be a good correlation
between urinary excretion of conjugates and the
circulating blood pool of biologically active
Steroids [10]. Therefore, we felt that an approach
involving studies of estriol in the blood compartment
might shed light on its role as an active estrogen. We
Wished to characterize the disappearance of estriol
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disappearance of radioactivity as estriol could be

after its introduction into the blood compartment, to
determine its rates of clearance and production and
its sources.

METHODS

To determine the volume of distribution and half
times of disappearance of estriol from the plasma
compartment, normal women were given intravenous
pulse injections of [*HJestriol. Blood samples were
drawn at increasing time intervals, from 3-270 min,
after the pulse and the *H as estriol was extracted and
purified by multiple chromatographic and derivative
formation steps. The *H as estriol was measured in a
liquid scintillation spectrometer and the volume of
distribution, and half-times of disappearance calcu-
lated by standard techniques [11]. To determine the
metabolic clearance rate of estriol, [PHlestriol was
given as a pulse followed by a constant infusion of
[PH]estriol for sufficient time to achieve the isotopic
steady state. Blood samples were then obtained,
extracted and the [*Hlestriol purified by chro-
matographic and derivative formation, with appro-
priate correction for losses during the procedures.
The MCR was calculated as usual [12].

To determine the endogenous concentration blood
samples were obtained from women at various times
during the day and during the menstrual cycle. The
plasma extracts were analyzed for estriol by RIA
using a highly specific antibody and a celite column
purification step of the plasma extracts [13].

To determine the possible precursors of circulating
estriol, [*H]androgen and [*Hlestrogen precursors
were administered to normal women by pulse injec-
tions followed by constant infusions until the isotopic
steady state had been reached. Blood samples were
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Fig. 1. Semi-log plot of concentration of [*Hlestriol ex-
pressed as fraction of dose per liter vs time in min after
pulse injection.

obtained and extracted and purified as before and the
radioactivity in the estriol fraction determined.

RESULTS

Following the administration of iv pulses of
[Hlestriol to normal women the radioactivity as
estriol disappeared (Fig. 1) in a fashion which could
be described as the sum of 2 exponentials. The initial
slope has a mean + SE ¢, of 3.6 £ 0.9 min and the
second has a #,,, of 64 + 11 min. The mean value for
the initial volume of distribution was 201. MCRs
(Fig. 2) calculated from constant infusions were
determined in 13 women in the follicular phase (days
5-7) of the cycle and the mean value was
2100 + 1001/ day. In the luteal phase (days 20-22) of
the cycle the mean value in 13 women was
2100 + 1151/day. In 4 normal postmenopausal
women the mean MCR was 1890 + 951 per day, and
this value was significantly less than the mean MCR
in the premenopausal women.

In 18 normal women (Fig. 3) in the follicular phase
of the cycle the mean concentration of estriol was
8+ 1pg/ml. In 15 women in the luteal phase the
concentration was 11+ 1pg/ml. In 8 post-
menopausal women ages 50-75 years the concen-
tration was 6+ 1 pg/ml. In studies in which blood
samples were obtained over 10-24h in 3 normal

women there was no trend in the estriol concen-
trations suggesting that estriol was circulating at a
relatively constant level and had no major diurnal
variation. In studies in 6 normal young women in
which blood samples were drawn throughout the
menstrual cycle there were small peaks in the concen-
tration of estriol. These peaks appeared in a some-
what random fashion but were higher in the luteal
phase. Measurements of estradiol on the same sam-
ples showed that the estriol peaks matched those of
estradiol in most instances.

The blood production rates of estriol are shown in

Fig. 4. The mean values in the follicular and lutea]
phases are 14 + 2 and 23 + 2 ug/day respectively. In
post-menopausal women the mean value js
11 +4 ug/day.

Studies of the conversion of precursor to estrio]
were carried out in 21 women for estrone, and 24 for
estradiol. In many of these studies because of the
amounts of radioactivity infused as precursor, vol-
umes of blood drawn and losses during the
purification procedures, radioactivity as estriol was
not different from background. The mean values
noted in Fig. 5 are, therefore, maximal values, and it
is probable that the actual values are below these. In
any case the conversion of estrone and estradiol to
estriol are < 0.40% and indicate that there is little
contribution of these precursors to the blood pool of
circulating estriol.

In no study did we find “C as estrone or estradiol
indicating that no back conversion of estriol to those
estrogens could be demonstrated.

DISCUSSION

Our data on the concentrations of estriol indicate
that it is present at low but relatively steady concen-
trations throughout the day and throughout the
menstrual cycle. However, it does appear to be
present in somewhat higher concentrations in the
luteal phase and there may be occasional spikes in the
concentration. Using somewhat similar RIA tech-
niques with different antibodies others have reported
that estriol values were considerably higher than the
values we found[14, 15, 16] and there has been one
report that estriol could not be found in the circu-
lating blood during the follicular phase of the
cycle[17]. The levels of estriol that do exist are far
lower than those for the other estrogens, estradiol
and estrone. However, since estradiol is bound with
high affinity to the SHBG only a portion of the
circulating concentration is apparently available for
entry into the cells [18]. For estriol which is bound at
a far lower affinity most of it would be available for
biologic activity [18].
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Fig. 2. Metabolic clearance rates of estriol in liters/day in
reproductive-aged women studied during follicular and lu-
teal phases of the cycle and in post-menopausal women.
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Fig. 3. Concentration of estriol in pg/ml in reproductive-
aged women studied during follicular and luteal phases of
the cycle and in post-menopausal women.

The initial volume of distribution and the MCR
indicate that the binding of estriol to the SHBG is of
little physiologic importance. At least the values for
V' and for MCR are similar to those steroids which
are not bound to SHBG [12]. The fact that we could
not demonstrate a slowly turning over pool of estriol
in plasma, as we could for estrone and estradiol [19]
suggests that there is little re-entry into the plasma
pool of estriol which has been conjugated previously.
This is unlike the situation for estrone and estradiol
where the estrone sulfate pool turns over slowly and
can contribute to the concentration of both
estrogens [19]. The lack of a slowly turning over pool
of estriol probably explains the relatively rapid excre-
tion of radioactivity into the urine which has been
reported by others [5, 20] following the pulse adminis-
tration of estriol in plasma.

The finding that the MCRs of estriol are similar in
the follicular and luteal phases of the cycle suggests
that the rate of metabolism is not altered with
changes in estrogen concentrations during the cycle;
a finding also noted for estrone and estradiol [21]. We
did find a small but significant decrease in the MCR
of estriol in postmenopausal women. However, it
should be noted that the numbers of subjects studied
was small and probably accounts for this difference.
In a larger series of patients we could find no such
alteration in the MCRs between young and older
women for other steroids [22].
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Fig. 4. Blood production rates of estriol in ud/day in
reproductive-aged women studied during folicular and lu-
teal phases of the cycle and in post menopausal women.
Closed circles (@) indicate production rates calculated from
individual’s own MCR and plasma concentrations. Open
circles (O) indicate production rates calculated from indi-
vidual’s own plasma concentration but group mean MCR.

The blood production rates of estriol in both the
follicular and luteal phases of the cycle were lower
than those of estrone or estradiol. Estriol production
was slightly greater in the luteal compared to the
follicular phase of the cycle. Others have also noted
that the production rate, as determined by isotopic
measurements of urinary metabolites, was also
greater in the luteal as compared to the follicular
phase of the cycle [23]. The production rate of estriol
in postmenopausal women is also lower than that in
reproductive-aged women.

The production rates that we estimated were con-
siderably lower than those derived form urinary
isotopic measurements. This suggests that there may
be formation of estriol in a pool(s) not in equilibrium
with the blood compartment of estriol a finding
similar to that for testosterone in women [10].

The results of precursor conversion to estriol were
somewhat unexpected as we had anticipated finding
measurable conversion of estrone to estriol in all
women. However, for neither of the precursors ad-
ministered: estrone or estradiol were we able to find
evidence of greater than 0.4% peripheral conversion:
using these maximal figures we could only explain a
portion of the production rate of estriol on the basis
of precursor conversion in peripheral tissue. This
raises the question as to whether there is a small
secretion of estriol from the ovary or the adrenal of
reproductive aged women or precursors other than
estrone and estradiol. Wotiz er al. noted the con-
version of 4-["“CJtestosterone to estriol by human
ovarian  tissues[24]. Smith and Zuckerman
reported [25] that in one of four corpus luteum
examined there was evidence of synthesis of estriol
from precursors. However, this was noted to be small
in amount. Thus some of the estriol at least in the
luteal phase could be explained by direct secretion of
estriol.

When radiolabeled androstenedione and estrone
have been administered to women and measurements
made of isotope ratios in urinary estrogen conjugates,
the ratio for estriol is similar to that of estrone [26].
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Fig. 5. Fraction of estrone and estradiol infused which was
measured as estriol ([pg5™, [p]53®) in reproductive-aged
women studied in follicular phase.
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This is evidence that estrone is a major source for all
the estriol. In a few studies, these ratios have differed,
indicating a source of estriol, independent of
estrone [27, 28]. In these studies the precursor was
androstenedione and this difference between SH/MC
in estrone compared to estriol indicates direct con-
version of androstenedione to estriol without passing
through the blood pool of estrone. It is possible,
therefore, that there may be other precursors to
circulating estriol which we did not infuse.

In summary, therefore, estriol appears to be
present at low concentrations in blood and is metab-
olized at a rate commensurate with minimal if any
high affinity binding. We cannot rule out the fact that
in some women minimal estriol secretion by the ovary
may occur.
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