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Abstract — Regulation of the uterine expression of estrogen and progesterone receptors was stud-
ied in 20 three-month-old lambs that were not treated or treated with estradiol-17β. Determinations
of receptors were performed by binding assays in the nuclear and cytosolic fractions, receptor mRNAs
by solution hybridization, and estrogen receptor protein by an enzyme-immunoassay. Estradiol treat-
ment decreased the receptor binding capacity of both receptors and the levels of immunoreactive
estrogen receptor 12 h after injection in the absence of decreased receptor mRNAs, suggesting that
the initial decrease is due to degradation of the proteins or that mRNAs are translated into new recep-
tor proteins at a reduced rate. The mRNA levels increased after estradiol treatment suggesting that the
replenishment phase consists of synthesis of new receptors rather than recycling of inactivated
receptors.
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Résumé — Action biphasique de l’œstradiol sur l’expression des récepteurs aux œstrogènes
et à la progestérone dans l’utérus de l’agnelle. La régulation de l’expression des récepteurs aux œstro-
gènes et à la progestérone au niveau de l’utérus a été étudiée chez des agnelles immatures âgées de
3 mois (n = 20), traitées et non traitées avec œstradiol-17β. Les déterminations des récepteurs ont été
faites par des essais de liaison dans les fractions nucléaires et cytosoliques, les ARNm des récepteurs
par la méthode d’hybridation en solution et la protéine du récepteur aux œstrogènes par un essai
immuno-enzymatique. Le traitement à l’œstradiol réduit la capacité de liaison des deux récepteurs et
les niveaux des récepteurs aux œstrogènes immunoréactifs 12 h après l’injection en absence d’une dimi-
nution des ARNm des récepteurs, suggèrent que la réduction initiale est due à la dégradation des
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1. INTRODUCTION

The main actions of estrogens (E) and
progesterone (P) are mediated via their intra-
cellular receptors, estrogen and progesterone
receptors (ER and PR), respectively. These
ligand-activated transcription factors trans-
duce the hormone signals into specific
changes in gene expression. An example of
this action is the regulation of the expres-
sion of their own receptor; the E-receptor
complex stimulates both ER and PR gene
expression in uteri of several mammalian
species, while the P-receptor complex
reduces levels of both receptors [4]. This is
displayed by the variations in the concen-
trations of uterine sex steroid receptors [25,
31] as well as their respective mRNAs dur-
ing the estrous cycle of the sheep [27, 35].

Previous studies demonstrated that ER
and PR are present in high concentrations
in different uterine layers in prepubertal
lambs [7], and that these receptor proteins
are physiologically active before ovarian
cyclicity begins [22] . Treatment with P
decreased concentrations of both receptors
[22], and this down-regulation has also been
reported for sheep and adult females of other
species [16, 17, 32, 36]. Treatment with
estradiol-17β (E2) also decreased concen-
trations of uterine ER and PR in lambs [22],
which was unexpected since it is different
from previous findings in adult ewes in
which such a treatment caused up-regula-
tion of the steroid receptors [32, 36].

Down-regulation of receptor expression
may be the consequence of inactivation of
the receptors, inhibition of receptor synthe-
sis, and/or stimulation of the receptor

turnover. It has been suggested that the loss
of hormone-binding capacity may be due
to receptor inactivation by dephosphoryla-
tion [26]. Inhibition of receptor synthesis
was shown in rat uteri and MCF-7 cells,
where E2 induced suppression of ER mRNA
a few hours after treatment [1, 39]. Fur-
thermore, the apparent decrease in the total
number of measurable binding sites after a
hormone challenge in rat uteri is due to
degradation of the protein [20, 39]. This
“processing” found in the regulatory action
of E2 on its receptor was also reported in
the same specie by other authors [3, 13, 33],
but no data as such has been reported for
sheep. The heterologous down-regulation
observed also in PR uterine expression after
E2 treatment in lambs [22] was unforeseen,
and no mechanism of action for this has yet
been proposed. 

The present study was designed to exam-
ine estradiol regulation of the uterine expres-
sion of ER and PR in prepubertal lambs by
measuring binding activity in cytosolic and
nuclear fractions and the mRNA levels of
both receptors at different times after E2
treatment. In addition, ER dynamics were
also studied by measuring the receptor pro-
tein using an enzyme immunoassay. 

2. MATERIALS AND METHODS

2.1. Experimental design

Twenty 3-month-old female Corriedale
lambs (body weight, mean ± SEM: 17.4 ±
0.6 kg) born during the non-breeding sea-
son were used. The lambs were kept under
natural environmental conditions and were

protéines ou à une traduction à taux réduit des ARNm dans des nouveaux récepteurs. Les niveaux aug-
mentés des ARNm après le traitement à l’œstradiol suggèrent que la phase de remplissage consiste
en la synthèse des nouveaux récepteurs plutôt qu’au recyclage des récepteurs inactivés. 
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(Abbott Lab., personal communication), and
the mRNA determination is specific for ERα
mRNA [10].

2.2. Extraction and assays
of steroid receptors

It is now accepted that ER and PR are
situated predominately in the nucleus in vivo
and that the cytosolic receptors represent an
artifact after cellular disruption during
homogenization of the tissues [29]. Since
receptors are tightly bound in the nuclear
fraction after a hormone challenge and a
high salt concentration is required for their
extraction [4], we performed binding assays
in both the cytosolic and nuclear fractions in
samples of the upper uterine zone of each
animal. The term cytosolic receptors is used
in this study to indicate receptors found in
the supernatant fraction of a tissue
homogenate after high-speed centrifugation.
Nuclear receptors refer to the receptors pre-
sent in a 0.4 M KCl extract of the nuclear
pellet. The expression of total receptors
refers to the sum of the cytosolic and nuclear
receptors.

Cytosolic receptor assays. The ER and
PR receptor determinations were performed
in the cytosolic fractions by a binding assay
described previously [7, 37]. Briefly, the
cytosolic fraction was incubated with 5 to 6
increasing concentrations of [2,4,6,7-3H]-
estradiol-17β 86 Ci.mmol–1 (0.3–15 nM),
or 3H-ORG-2058, (16α-ethyl-21-hydroxy-
19-nor[6,7-3H]pregn-4en-3,20-dione
40 Ci.mmol–1 (0.5–30 nM) for 18 h with or
without 200-fold molar excess of either unla-
beled diethylstilbestrol or unlabeled ORG-
2058, respectively. The separation of free
hormone was by dextran-coated charcoal
and radioactivity was measured by liquid
scintillation counting. Protein concentra-
tions were determined by the method of
Lowry et al. [18], using BSA as the stan-
dard. Specific binding data from the ligand-
binding assay were obtained by subtracting
nonspecific binding from total binding.

allowed to nurse freely during the experi-
ment. Animals were randomly assigned to
five groups (n = 4 each). Lambs were not
treated (Group I, controls) or treated with
one (Groups II and III), two (Group IV), or
three (Group V) i.m. injections of estradiol-
17β (E2) (1 µg.kg–1, Sigma, St. Louis, MO,
USA) in a corn oil vehicle at intervals of
24 h. The lambs were slaughtered 12 h
(Group II) and 24 h (Groups III, IV, V) after
the last injection. Animals in groups IV and
V were catheterized in the jugular vein and
blood samples for E2 determinations were
collected every 4 h starting just before treat-
ment until time of sacrifice. In the rest of
the groups, blood samples from the jugular
vein were taken at the time of slaughter.
Blood samples were centrifuged and serum
was stored at –20 °C. Estradiol-17β levels
were determined by a 125I RIA (Estradiol
double antibody, KE2D, Diagnostic Prod-
ucts Co, Los Angeles, CA, USA), and the
data has been published previously [23]. At
slaughter, the uteri were dissected at 4 °C
and weighed. To obtain uniform samples of
the whole uterine wall (including
myometrium, endometrium, and caruncles)
the upper, middle, and lower portions of the
uterus were selected. The upper zone was
defined as the third portion of the uterine
horn next to the oviduct, the lower zone as
the third portion next to the cervix, and the
middle zone as the area in between. The tis-
sues were frozen in liquid nitrogen and
stored at –80 °C until assayed. The upper
uterine zone was used for determinations of
ER and PR concentrations (by binding
assays); the middle zone was used for deter-
minations of mRNA levels of ER and PR
(by solution hybridization); and the lower
uterine zone was used for determination of
ER protein levels (by an enzyme immunoas-
say). Recently, a novel subtype of ER,
named beta, was discovered [14]. To our
knowledge, the ERβ has not yet been
described in ovine tissues. In the ligand-
binding assay, the “old” ER – now named
alpha – and ERβ are determined. The EIA
does not cross-react with human ERβ
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A linear regression test of the inverse
Scatchard model [2] analysis of the data was
performed. This provided the dissociation
constant and the concentration of receptor
sites at the intercept, B max, expressed in
fmol.mg–1 protein and fmol.mg–1 tissue. 

Nuclear receptor assays.A nuclear
exchange assay for ER and PR was per-
formed in every sample as described by
Clarke et al. [5]. To validate exchange con-
ditions we conducted experiments in uteri
of two adult ewes (data not shown). After a
centrifugation at 1 000× g for 15 min, the
pellet was resuspended with TEDG buffer,
and an equal volume of TEDG containing
0.8 M KCl was added. The tubes were vor-
texed at 5-min intervals for 30 min at 4 °C
and centrifuged at 10 000 × g for 10 min.
The supernatant containing salt-extracted
nuclear ER and PR was then used for the
nuclear exchange assay. The incubation pro-
cedure with the series of dilutions of the
respective hormones for total and nonspe-
cific binding was exactly as described for
the cytosolic receptors, except that incuba-
tion was at 20 °C for 2 h. After cooling at
4 °C, the bound fractions were separated by
dextran charcoal as described above.
Nuclear receptors are expressed in
relation to the concentration of the tissue
(fmol.mg–1 tissue). Groups I and II (n = 8)
were used to study receptor affinity and
capacity by Scatchard analysis. It was found
that the receptors were saturated in the pres-
ence of 15 nM 3H-E2 for ER and 16 nM of
3H-ORG-2058 for PR. In the rest of the
groups (III, IV, and V), ER and PR con-
centrations were measured by saturation
analysis. Triplicate aliquots (100 µl) of the
nuclear fraction were added to tubes con-
taining 5 µl of labeled ligand at the saturat-
ing concentrations for determinations of the
total bound 3H-labeled ligand. Another
series of tubes was incubated with an excess
of 200-fold molar of either unlabeled DES or
unlabeled ORG-2058 for determination of
nonspecific binding. The incubation proce-
dure and separation was exactly as for
Groups I and II. 

2.3. Hybridization analysis of mRNA

A solution hybridization assay of spe-
cific ovine mRNAs for ER and PR was per-
formed in samples of the middle uterine
zone. The method was essentially performed
as in Persson et al. [30] . In short: total
nucleic acids (TNA) were prepared by
digesting homogenized (Ultra-turrax) tis-
sues (200–250 mg) with proteinase K in a
buffer containing SDS, followed by subse-
quent extraction with phenol-chloroform.
The concentration of DNA in the TNA sam-
ples was measured fluorometrically at the
wavelength 458 nm with Hoechst Dye
33258 [15]. For measurements of specific
mRNA, probes were synthesized in vitro
and radiolabeled with 35S-UTP (Amersham,
Buckinghamshire, UK), as described by
Melton et al. [24] using reagents supplied
by Promega Biotech (Madison, WI, USA).
The hybridization probes used for ER
mRNA and PR mRNA determinations were
derived from plasmids containing 360 or
314 bp cDNAs from the ovine ER and PR,
respectively, kindly supplied by Dr. N. Ing,
Texas A & M University, TX, USA [12].
Restriction of the vector (pGEM4Z) con-
taining a fragment of the oER cDNA with
EcoRI allows the synthesis of an anti-sense
RNA probe using T7 RNA polymerase.
Restriction of the vector (pCRII) contain-
ing a fragment of the oPR cDNA with
HindIII allows the synthesis of an anti-sense
RNA probe using T7 RNA polymerase. The
35S-UTP-labeled cRNA was hybridized
(20 000–40 000 cpm per incubation) at
70 °C to TNA samples as described by
Mathews et al. [19]. Incubation was per-
formed in duplicates at two different con-
centrations, in microcentrifuge tubes (Treff
AG, Switzerland) in a volume of 40 µl con-
taining 0.6 M NaCl, 20 mM Tris-HCl (pH
7.5), 4 mM EDTA, 0.1% SDS, 0.75 mM
DTT, and 25% formamide under two drops
of paraffin oil. After overnight hybridiza-
tion, samples were treated with 1 ml RNase
buffer containing 0.3 M NaCl, 10 mM Tris-
HCl (pH 7.5), 2 mM EDTA, 40 µg RNase
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expressed in relation to protein content. The
receptor concentrations were based on the
standard curve for human ER included in
the kit. The intra and inter-assay CV were
less than 10%.

2.5. Statistical analysis

Data of receptor and mRNA determina-
tions were analyzed using the General Lin-
ear Model procedure for analysis of vari-
ance (Statistical Analysis Systems Institute
Inc., 1994). Data are presented as least-
square means ± standard errors for each
treatment group. The level of significance
was P < 0.05, except where otherwise spec-
ified. Spearman’s correlation coefficients
were calculated to study relationships
between variables. ER and PR determina-
tion by binding assays, ER protein determi-
nation by EIA as well as mRNAs of ER and
PR are expressed as percentages of the con-
trol group average to show changes induced
by the treatment. 

3. RESULTS

Maximum estradiol levels were detected
in the first bleeding after the injection (4 h,
range: 103 to 250 pmol.L–1), but levels
at slaughter time were baseline (12 to
15 pmol.L–1) in the treated groups [23].
Estradiol induced changes in gross charac-
teristics of the uteri by increasing the size
and redness. Uterine weight (g) increased
gradually and Group I (3.21 ± 0.62) had less
uterine weight than Groups IV (6.16 ± 0.73)
and V (6.38 ± 0.95), but was not different
from Group II (5.28 ± 1.30) and III (5.67 ±
1.18). 

The cytosolic protein extraction was sim-
ilar for all the assays (the correlation of pro-
tein content (mg.mL–1) vs. tissue concen-
tration (g.mL–1) was r = 0.8896, n = 20;
P < 0.003), but there was a higher content of
protein per amount of tissue (mg cytosolic
protein per g tissue) in Groups II (12 h),

A, 118 U RNase T1 (Boeringer-Mannheim,
Mannheim, Germany), and 100 µg calf thy-
mus DNA for 45 min at 37 °C to digest
unhybridized RNA. Labeled hybrids pro-
tected from RNase digestion were precipi-
tated by addition of 100 µl 6 M trichlo-
roacetic acid and collected on filters
(Whatman GF/C). Radioactivity was deter-
mined in a liquid scintillation counter. All
the samples from the experiment were deter-
mined in the same assay, and the intra-assay
CV was 16% for ER mRNA and 9.2% for
PR mRNA. Receptor mRNA levels were
expressed as cpm in relation to DNA content
(cpm.µg–1 DNA). 

2.4. Enzyme immunoassay (EIA)
of ER protein

Samples of the lower uterine zone of each
animal were cut with a scalpel into small
pieces and freeze-dried for 48 h. The tis-
sues were transferred to a glass tube and
further finely chopped. The receptors were
extracted from the tissues with 0.4 M KCl in
TEM-SH buffer (10 mM Tris-HCl, 1.5 mM
EDTA, 5.0 mM Na2MoO4, 1 mM monoth-
ioglycerol, pH 7.4), w/v 1:10, for 30 min
(mixed every 5 min). After a 5 000× g cen-
trifugation for 20 min, the supernatants were
removed, and the pellets were washed again
for 30 min (mixing every 5 min) and recen-
trifuged under the same conditions as pre-
viously. Finally, the supernatants from both
centrifugations were pooled and centrifuged
for 65 min at 192 000× g. The receptor
determinations were performed in dupli-
cates by an enzyme immunoassay for
humans (ER-EIA monoclonal kit, Abbott
Lab., Chicago, IL, USA). According to the
information supplied with the kit, the assay
measures both occupied and unoccupied
estrogen receptor proteins. The monoclonal
antibody used was H222 (Abott Lab., per-
sonal communication), which was previously
used in ovine uterus [35]. Protein determi-
nations were done according to Lowry et al.
[18] , and receptor concentrations were
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III (24 h), and IV (48 h) (mean ± SEM: 50.8
± 3.7; 59.2 ± 4.5; 56.9 ± 3.2) than in groups I
(controls) and V (72 h) (39.9 ± 1.4; 41.1 ±
1.2), P < 0.05.

Dissociation constants (Kd, nM) for
cytosolic ER were similar (mean ± SEM:
0.31 ± 0.05, n = 16), except in Group V,
which had higher values (1.45 ± 0.21, n = 4;
P < 0.05). An increase in ER Kd values after
E2 treatment has been found previously in
rat uteri [21], but the biological implication
of these differences in binding affinity is
not clear. The affinity for cytosolic PR was
similar in all groups (0.65 ± 0.07 nM,
n = 20). The binding affinities of both ER
and PR were similar to those found in dif-
ferent physiological situations in sheep
[6, 7, 31, 32, 37]. Nuclear ER Kd (0.47 ±
0.08 nM, n = 8) had an affinity similar to
that of the cytosolic receptor. The Kd of
nuclear PR (1.62 ± 0.28 nM, n = 8) was
higher than the cytosolic Kd (P < 0.05).

The overall effect of group was signifi-
cant for all variables analyzed (P < 0.001).
ER and PR cytosolic concentrations deter-
mined by binding assays are shown as the
percentage of the control group (Fig. 1). ER

and PR cytosolic concentrations for the con-
trols (mean ± SEM, fmol.mg–1 protein) were
825 ± 161 and 1530 ± 248, respectively.
Estradiol treatment decreased the ER lev-
els 12 h (Group II) and 24 h (Group III) after
the first injection (P < 0.05), and the levels
were increased 24 h after two (Group IV)
and three (Group V) injections but were not
different from the levels in the control group.
PR followed a similar pattern, but there was
a net increase in PR levels 24 h after the
third injection (Group V) compared to the
control group (P < 0.05). 

In order to compare ER and PR determi-
nations in both cytosolic and nuclear frac-
tions, receptor contents are expressed as
fmol.mg–1 tissue. There was a high corre-
lation between ER concentrations in the
cytosolic fraction, expressed as fmol.mg–1

protein and fmol.mg–1 tissue (r = 0.9869,
n = 20; P < 0.001), and a similar correla-
tion was found for PR concentrations
(r = 0.9771, n = 20; P < 0.001). Although
the receptor data expressed as fmol.mg–1

tissue led to different statistics between
groups than when expressed as fmol.mg–1

protein, the patterns during the treatment
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Figure 1.The concentrations
of estrogen receptor (ER) and
progesterone receptor (PR)
determined by binding assays
in the uterine cytosolic frac-
tion of control lambs (0 h),
and lambs treated with one
(12 h, 24 h), two (48 h), or
three (72 h) estradiol (E2)
injections (arrows). Values
are expressed as a percentage
of the control group. Bars
(least square means + SEM)
within the same series marked
with different letters are sig-
nificantly different (P < 0.05). 
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correlated with the total concentration of
ER (r = 0.7654, n = 20; P < 0.001).

ER protein concentrations determined by
EIA are shown as the percentage of the con-
trol group in Figure 2. The data showed a
significant correlation with total ER con-
tent determined by binding assays
(r = 0.7085, n = 20; P < 0.001). ER levels
determined by EIA decreased to about 20%
of the control group 12 h after E2 treatment
(Group II) but did not differ from the control

were similar (Tab. I). The differences were
probably a reflection of the different
protein concentrations in the treated
groups. Nuclear ER levels did not exceed
7 fmol.mg–1 tissue in any group. Group IV
(48 h) had a higher nuclear ER level than
the other groups (P < 0.05). Nuclear PR lev-
els did not exceed 3 fmol.mg–1 protein in
any group. Therefore, total receptor con-
centrations were mainly influenced by the
receptors found in the cytosolic fraction.
The total concentration of PR was positively
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Figure 2.The uterine lev-
els of total estrogen recep-
tor (ER) determined by an
enzyme immunoassay
(EIA) of control lambs
(0 h), and lambs treated
with one (12 h, 24 h), two
(48 h), or three (72 h)
estradiol (E2) injections
(arrows). Values are
expressed as a percentage
of the control group. Bars
(least square means +
SEM) with different let-
ters are significantly dif-
ferent (P < 0.05).

Table I. Concentrations (fmol.mg–1 tissue, least square means ± SEM) of nuclear, cytosolic, and
total estrogen (ER) and progesterone receptors (PR) by binding assays in uteri of control and E2-treated
lambs.

Group Estrogen receptor Progesterone receptor

Nuclear Cytosolic Total Nuclear Cytosolic Total 

I (control) (n = 4) 2.6 ± 0.7a 33.0 ± 6.2ac 35.6 ± 6.1ad 2.2 ± 0.4ac 61.7 ± 12.4a 63.7 ± 12.2a

II (12 h) (n = 4) 3.1 ± 0.6a 12.2 ± 3.7b 15.3 ± 3.9b 2.9 ± 0.3a 28.7 ± 5.6b 31.5 ± 5.8b

III (24 h) (n = 4) 2.9 ± 0.5a 22.8 ± 1.1bc 25.2 ± 1.2ab 1.0 ± 0.3bd 39.5 ± 3.8b 40.5 ± 3.9b

IV (48 h) (n = 4) 6.8 ± 0.9b 44.9 ± 3.2d 51.7 ± 4.0c 1.3 ± 0.5bc 66.9 ± 4.4ac 68.2 ± 4.6ac

V (72 h) n = 4) 3.3 ± 0.4a 39.9 ± 4.0ad 43.2 ± 4.3cd 0.2 ± 0.1d 83.7 ± 2.0c 83.9 ± 2.0c

Values with different letters in a series are significantly different (P < 0.05).
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group at 24 h (Group III). At 48 h after the
first E2 injection (Group IV), ER concen-
trations were more than 2-fold higher than in
controls, but the levels returned to control
values 72 h (Group V) after the initiation
of the treatment.

Figure 3 summarizes the effects of estra-
diol on the mRNA levels of ER and PR. The
control group is defined as 100%, and the
other groups are compared to the control
group. There was an increase in mRNA
levels 12 h after the first E2 injection
(Group II), and levels remained high dur-
ing the experimental period. Maximum lev-
els (more than 3-fold the control values)
were detected 48 h after the first E2 injection
(Group IV). The levels of ER mRNA
and PR mRNA were highly correlated
(r = 0.8357, n = 20; P < 0.001).

4. DISCUSSION

The results confirm previous observa-
tions [22] that the prepubertal ewe has high
uterine concentrations of physiologically
active steroid receptors. The initial effect
of estradiol on receptor levels was inhibitory,
but the subsequent response was to increase
receptor expression. The initial suppression

on the binding capacity of ER and PR is dif-
ferent from the reported receptor up-regu-
lation induced by estrogen in cyclic and
ovariectomized ewes [25, 31, 32]. It has
been suggested that E2 regulation of uterine
ER in rat is dose dependent, as demonstrated
by the positive and negative effects of low
and high doses of E2 on ER concentrations,
respectively [20]. The dose used in the pre-
sent study (1 µg.kg–1) has been considered
to be physiological since it avoids pharma-
cological effects that may down-regulate
the ER gene expression [10]; however, the
same authors later found a temporal decrease
in ER (determined by immunohistochem-
istry), in some of the uterine cell compart-
ments in E2-treated ovariectomized ewes
[11]. Since a loss of immunoreactive ER
was found in the present study, we suggest
that the initial decrease in receptor concen-
tration after E2 treatment is due to a loss of
the protein itself, instead of a reduction in the
binding capacity for the steroid (receptor
inactivation). This receptor processing was
reported in rodents [20, 39], and could be
the result of an increase in the action of spe-
cific proteases or inhibition of receptor syn-
thesis [8, 13]. The latter cannot be explained
by the ER mRNA levels since mRNA
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Figure 3. Uterine levels of
ER mRNA and PR mRNA in
control lambs (0 h), and
lambs treated with one (12 h,
24 h), two (48 h), or three
(72 h) estradiol (E2) injec-
tions (arrows). Both mRNA
levels are expressed as a per-
centage of the control group.
Bars (least square means +
SEM) within the same series
with different letters are sig-
nificantly different (P < 0.05).
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no further increases were observed with a
double challenge with E2 [40], supporting
the findings in this study. In contrast, Zhou
et al. [39] and Sahlin et al. [34], found a
suppression of ER mRNA levels 8 h and 6 h,
respectively, after E2 treatment in rat uteri.
Estradiol up-regulates the ER mRNA lev-
els in endometrium and myometrium of
ovariectomized ewes [12, 38]. The increases
in ER mRNA and PR mRNA levels in this
study were similar to those reported in intact
cyclic ewes [27, 35]. In the present study, the
changes in mRNA levels of ER and PR were
consistent with the receptor concentrations.

In summary, the results of this study sug-
gest that estradiol action on ER and PR
expression is biphasic. The early effect on
receptor processing may reflect an actual
degradation of the receptor proteins. Thus,
as supported by our data, the late replen-
ishment phase seems to be the result of an
increase in the synthesis of new receptors. 
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Nevertheless, overall RNA synthetic activ-
ity has been found to be at a maximum at
12 h after E2 treatment in sheep [12] and
this is consistent with the peak in protein
concentration found 24 h after the first E2
injection in our study. Thus, since maxi-
mum concentrations of both mRNAs in the
present experiment were observed 48 h after
the first injection, it is likely that the changes
in mRNA concentrations are specific. Ing
et al. [12] reported a 5-fold increase in ER
mRNA 24 h post-estradiol treatment, but
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