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Estrogen Receptors in the Nidatory Sites of the Rat Endometrium

Abstract. In ovariectomized rats treated with progesterone, implantation was
induced by a minute dose of 17B-estradiol. Twenty-four hours later, the concentra-
tions of estradiol receptor in nuclear and cytosol fractions prepared from the
endometrium surrounding the blastocyst and the inter-implantation areas remained
very low. This indicates that estrogen was not secreted by the blastocyst. The higher
receptor content in cytosol from inter-implantation sites may reflect modifications
accompanying the decidual reaction since our results show that there is no
translocation of the receptor to the nuclei. The choice of the dye used to reveal the
implantation sites is critical, since Trypan blue but not Evans blue binds steroids and
thereby interferes with receptor measurements.

For ovoimplantation to be initiated,
egg development and preparation of the
endometrium- must be closely synchro-
nized. In the rat, the timing of endome-
trial preparation depends on a precise se-
quence of hormonal reactions. Thus only
after the endometrium has been primed
with progesterone for at least 48 hours
can it be induced by estradiol to become
receptive to the blastocyst 18 hours later
(/). Although progesterone priming may
be essential in all species, estradiol inter-
vention does not appear to be a common
process (2-4). It has been hypothesized
that, at the time of implantation, the

blastocyst itself influences endometrial
function locally by releasing estradiol
(5-6). Synthesis of estradiol by the blas-
tocyst has been described in some spe-
cies, and it has been suggested in other
species that the egg accumulates estra-
diol in the ovary and releases it later
in the uterus (6-7).

In the rat there is no direct evidence
that estrogens are synthesized or re-
leased by the blastocyst. Furthermore,
in rats that are ovariectomized before the
evening of day 4 of pregnancy and then
treated daily with progesterone, ovoim-
plantation is delayed until a minute

amount of estradiol is administered intra-
venously or locally (/). If, indeed, the rat
embryo released estradiol locally, this
should induce translocation of the estra-
diol receptors from the cytoplasm to
the nucleus in the adjacent endometrial
cells.

In the study described here, pregnant
rats were ovariectomized under a dis-
secting microscope (8) on day 3 of preg-
nancy (appearance of vaginal sperm was
designated day 1 of pregnancy) and were
then treated daily with 4 mg of pro-
gesterone; thus any circulating estrogens
of maternal origin were removed. Im-
plantation was induced on day 8 post-
coitum by a single injection of estradiol
(0.25 ug per rat) and the animals were
killed 24 hours later. The implantation
sites were revealed by injecting intrave-
nously 1 ml of 0.5 percent Evans blue via
the femoral vein 20 to 30 minutes before
the rats were killed (9). The uteri were
removed and the blue (implantation
sites) and nonblue (inter-implantation)
areas of the endometrium were collected
and assayed for estradiol receptor. Pre-
vious studies in our laboratory had
shown that the concentration of estrogen
receptor in the myometrium is not modi-
fied during implantation (/0). Control an-
imals, in which the oviducts containing
fertilized eggs were removed during ovar-
iectomy, were treated in a similar way.

The concentrations of estradiol recep-
tor in cytosols prepared from uteri of the
control animals and from the inter-im-
plantation (nonblue) areas of the uteri
from the pregnant animals were similar
(Table 1), whereas estradiol receptor in
cytosols from implantation (blue) areas
was significantly decreased (P < .001, ¢-
test). This decrease amounts to 53 per-
cent when the receptor content is ex-
pressed per microgram of DNA and 63
percent when expressed per milligram of
protein. However, in both the implanta-

Table 1. Estradiol receptors in the implantation (blue area) and inter-implantation (nonblue area) sites. Wistar rats were prepared as described in
the text; the uteri were removed, slit longitudinally, and placed at 0°C. All other operations were carried out at 0°C unless otherwise specified.
The blue and nonblue regions of the endometrium were collected by gentle scraping and homogenized in buffer (250 mM sucrose, 3 mM MgCl,, 10
mM tris-HCI, pH 7.4). Cytosolic and nuclear fractions were prepared by centrifugation (700g for 10 minutes). The cytosol receptor was assessed
by the exchange technigque as described by Katzenellenbogen et al. (18), slightly modified (/9), and protein determinations were carried out
according to Lowry (20). The nuclei were washed in a 0.5 percent Triton-X 100 solution in buffer, and washed twice in buffer, then assayed by the
[*H]estradiol exchange method as described by Clark et al. (13). At the end of the incubation period, the nuclei after being washed twice were
subjected to acid hydrolysis; one half of the hydrolysate was counted for radioactivity, the other was used for DNA determination (27).

Uteri from control rats

Uteri from rats injected with Evans blue

Inter-implantation sites

Implantation sites

Fraction Per Per Per Per Per Per
microgram milligram microgram milligram microgram milligram
of DNA of protein of DNA of protein of DNA of protein
(fmole) (1073 mole) (fmole) (10~3 mole) (fmole) (10713 mole)
Cytosol 7.31 = 0.52 4.45 = 0.31 7.25 = 0.61 4.11 = 0.70 3.40 =+ 0.43 1.50 = 0.38
Nuclear 0.060 = 0.035 0.056 = 0.099 0.032 = 0.011
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tion sites and the inter-implantation area
there were very few receptor sites in the
nuclear fraction (Table 1), suggesting the
absence of effective estrogen concentra-
tions in both regions.

Several authors have reported that the
uptake of [®*H]estradiol (which cannot be
considered a measurement of receptor
concentration), decreases in the nidatory
uterine segments compared to the inter-
nidatory segments (//, /2). It has been
postulated from this observation that es-
trogen receptors in the implantation sites
are not able to bind the [*HJestradiol be-
cause they are already saturated by es-
trogen diffusing from the blastocyst. Our
results do not support this hypothesis be-
cause, according to previous data (/3,
14), estrogen production by the blasto-
cyst should have induced translocation
of the estradiol receptor to the nuclear
fraction in the adjacent endometrial
cells, and this did not occur. However,
in agreement with the studies of
[*Hlestradiol uptake (11, 12), we did ob-
serve a decrease of the cytoplasmic es-
tradiol receptor concentration in the en-
dometrium surrounding the blastocyst;
this decrease was evident when the data
were expressed per unit of DNA or of
protein. Whether this decrease reflects a
true decline of the receptor remains to be
determined. In our opinion, conclusions
should be drawn with caution because
total DNA or protein content, or even
wet weight, all of which are used to ex-
press receptor concentrations, change
dramatically during the early stage of de-
cidualization.

Recently, Logeat et al. (15) observed a
dramatic increase in the concentration of
both estradiol and progesterone nuclear
receptors at implantation sites in uteri of
rats on day 6 of pregnancy. In an attempt
to understand the reasons for this dis-
crepancy with our own data, we studied
the interaction between various steroids
and the dyes used to reveal the implanta-
tion sites. The choice of the dye used for
visualization of these sites appears to be
important (Table 2). Unlike the Evans
blue that we used, the Trypan blue used
by Logeat et al. (15) binds various ste-
roids in a nonspecific but saturable way,
and thus interferes with the receptor
measurement when assayed by the unla-
beled competitor technique. Evans blue
and Trypan blue have similar chemical
formulas; however, the different posi-
tions occupied by the NaSO; groups con-
fer on these molecules strikingly dif-
ferent chemical properties (/6) that may
explain the differences between our data
that those of Logeat et al. (I15).

Probably because of its steric con-
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Table 2. Binding of steroids to Trypan blue and Evans blue. Solutions containing increasing
concentrations of Trypan blue or Evans blue were incubated at 20°C for 20 minutes in two sets
of tubes (A and B) with the steroid concentrations usually used to measure steroid receptors by
the following exchange technique (addition of unlabeled competitor): (i) (A) 10 nM [*H]estradiol
and (B) 10 nM [*H]estradiol plus unlabeled 1 wM estradiol; (i) (A) 10 nM [*H]R 5020 and (B)
[PHJR 5020 plus unlabeled 1 wM progesterone; (iii) (A) 20 nM [*H]progesterone and (B) 20 nM
[*H]progesterone plus unlabeled 2 wM progesterone. The final volume was 0.3 ml. At the end of
the incubation period, 0.5 ml of a dextran-coated charcoal solution was added. The incubation
was continued for 7 minutes at 0°C, then the charcoal was removed by centrifugation (700g for 5
minutes). The charcoal treatment was repeated on the supernatant by the addition of 50 ul of a
tenfold concentrated charcoal suspension. The supernatant was counted, the radioactivity in B
was subtracted from that in A, and the results were expressed as disintegrations per minute.

Incubation with

Dye Estradiol R 5020 Progesterone
concen-
tration Trypan Evans Trypan Evans Trypan Evans
blue blue blue blue blue blue
0 42 22 148 0 44 16
1/100,000 30 0 58 0 372 40
1/50,000 166 24 0 0 490 40
1/10,000 1,702 42 1,218 0 7,028 406
1/5,000 4,346 122 5,208 0 13,804 138
1/1,000 13,500 216 14,964 0 30,338 528

formation, Trypan blue crosses the capil-
laries and diffuses in the intercellular
space more easily than Evans blue. For
these reasons it may be a poor marker of
the implantation sites. In fact, the inter-
implantation sites are also stained after
injection of Trypan blue, although con-
siderably less than the implanted sites.
This may also explain why Logeat et al.
(15) obtained some unexpected results,
such as a tenfold difference in the estra-
diol binding capacity between the
pseudopregnant sterile horns of control
animals not injected with Trypan blue,
and the inter-implantation areas (con-
taminated with blue) of the animals that
were injected with blue. The binding of
steroids to Trypan blue may also explain
the large amount of estrogen receptor
found by Logeat et al. (I15) in the nuclei
of the implantation sites (estimated by
these authors to be around 35,000 mole-
cules per nucleus). In normal cycling
rats, even at proestrus when estradiol se-
cretion is at a maximum, only 3000 re-
ceptor sites are translocated into the nu-
cleus (13).

Our data indicate that the rat blasto-
cyst at day 5 of pregnancy does not re-
lease estrogens, at least not in amounts
sufficient to induce a functionally impor-
tant local change in the intracellular dis-
tribution of estrogen receptor in the adja-
cent endometrium. However, our results
do not rule out such a mechanism in oth-
er species. It is also possible that the rat
trophoblast secretes estrogens at a later
stage of development (/7).

We do not know whether the decrease
in cytosolic receptor concentrations that
we observed in the endometrium adja-
cent to the embryo was an artifact of the

experiment or reflected a real decrease in
receptor level. If a real decrease oc-
curred, its mechanism and the participa-
tion of the blastocyst in this phenomenon
remain to be investigated.
DOMINIQUE MARTEL
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