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Abstract

Background: The preparation of endometrium for embryo reception and implantation
are controlled by ovarian hormones. These hormones have distinct cyclical changes
during estrus cycle.

Objective: The aim of this study was to evaluate the changes in morphology and
morphometrical indices of endometrium by daily injections of estrogen and
progesterone in ovariectomized mouse.

Materials and Methods: In total 60 adult NMRI female mice were ovariectomized and
after two weeks, they were randomly divided into five groups: control, sham group,
estrogen treated mice (which received daily dosage of 0.5 ml/mouse of hormone for five
days), progesterone treated mice (which received daily dosage of 0.2 ml/mouse of
progesterone hormone for five days) and estrogen-progesterone treated mice (they
received 0.5 ml/mouse estrogen on the first day and 0.2 ml/mouse progesterone
injections from the second day to the fifth day of treatment). The mice were sacrificed
in every day (n=5) up to five days after treatment and their uterine horns were obtained
and processed for morphological and morphometrical studies.

Results: On the second day of treatment, the diameter of glands was observed to be
more in the progesterone group (53.75+6.321) than this in the estrogen (45.13+£7.78 )
and estrogen-progesterone treated groups (48.17+13.58 p). While, the number of glands
(76.25+17.37) and thickness of endometrium (39.58+3.37 p) were observed to be more
in the estrogen treated group (p=0.01).

Conclusion: Progesterone had effect on the gland whereas estrogen caused increased in
height of surface epithelium of endometrium. Overall, the day 2 after treatment (in all
experimental groups) is suitable day for sampling for further studies.
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Introduction

The endometrium is the site of embryo
implantation (1) and its preparation for embryo
reception is dependent on the estrogen and
progesterone (2, 3). These hormones cause some
molecular and cellular events during uterine
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receptivity (2-4) and the balance between them is
important for cyclical changes of endometrium(1).

The actions of estrogen and progesterone are
mediated by their receptors (5-8). Previous
researches showed the effect of estrogen and
progesterone with different doses on the
proliferation of endometrial cells, angiogenesis and
stromal cells functions (7-10). The estrogen
promotes endometrial proliferation and stimulates
expression of estrogen and progesterone receptors
in all cell types (6). The progesterone is needed to
create typical luteal changes and the secretary
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stage of the endometrium during the decidual
reaction (10, 11). Results of Walter et al. indicated
that estrogen priming is not required for
progesterone to stimulate endometrial endothelial
cell proliferation. The progesterone induced
endometrial ~ angiogenesis and estrogen s
inhibitory to this process (10). Brinsfield and
Hawk  investigated the  ultrastructure  of
ovariectomized sheep endometrial stromal cells
after hormonal treatment. They suggested that an
increase in rough endoplasmic reticulum probably
reflects increase in protein synthesis by
endometrial stromal cells (12). Morphometric
studies of ovariectomized rat uterus in the response
of exogenous hormones showed that, progesterone
acts on luminal epithelium by a different
mechanism than estrogen (13).

Murray evaluated the effect of estrogen and
progesterone on the ultrastructure of the uterine
gland in ovariectomized sheep. It was shown that
the uterine epithelial cells of the ovariectomized
sheep undergo morphological alteration in protein-
synthesizing organelles (14).The effects of
estradiol treatment on growth of uterus in
ovariectomized ewes indicated that both
progesterone and estrogen could affect on uterine
size, and the uterine size was increased by tissue
hypertrophy rather than tissue hyperplasia (7).

Heryanto and  Rogers  showed  that
administration of progesterone with low dose
estrogen inhibits endometrial endothelial cell
proliferation but subsequently, in combination with
high dose estrogen, significantly increases
endometrial endothelial cell proliferation (15). As
mentioned before in the literature some researches
showed the similar results and the others need
additional investigations to explain some
controversially in this subject. To gain more detail
about the effects of ovarian hormones on the
endometrium it is better to use ovariectomized
animal model.

Thus this study was undertaken to evaluate the
effects of exogenous estrogen and progesterone
hormones during five days after mouse
ovariectomy on different parameters of uterus such
as surface epithelial thickness, the diameter and the
number of gland in order to introduce the suitable
day for selecting these animals as a models for
molecular and gene expression analysis.

Materials and methods

Preparation of ovariectomized mice
Female virgin NMRI (National Medical
Research Institute) mice (n=60) aged 8-10 weeks

were cared for and used according to the Tarbiat
Modares University Guide for the Care and Use of
Laboratory ~ Animals. The  mice  were
ovariectomized via a dorsal incision wunder
anesthesia using ketamin (100 mg/kg) and xylazine
(10 mg/kg). Two weeks later, they were randomly
divided into five groups (16).

Experimental design

Group A (Control group): Ovariectomized mice
without any injection (n=10).
Group B (Sham group): Ovariectomized mice,
which were injected daily 0.1 ml /mouse of solvent
oil through intra peritoneal for five days (n=10).
Group C: Estrogen treated ovariectomized mice
(n=25), which received daily dosage of 0.5
ml/mouse of 17B-estradiol hormone through intra
peritoneal injection for five days.
Group D: Progesterone treated ovariectomized
mice (n=25), which received daily dosage of 0.2
ml/mouse of progesterone hormone through intra
peritoneal injection for five days.
Group E: Estrogen-progesterone treated mice
(n=25) in which the animals received 17 pB-
estradiol injection on the first day of treatment
(0.5 ml/mouse) and four progesterone injections
(0.2 ml/mouse) from the second day to the fifth
day of treatment (17).

Tissue preparation

The sampling were done (n=5 for every day)
one day after injection in every day up to five days
(the day of first injection was considered as day 0).
All the mice received 17B-estradiol or progesterone
hormones (according to the experimental design)
once a day for five days. In the other words, on the
first day, the mice received only one injection,
consequently on the fifth day the mice had
received five injections before sampling. They
were sacrificed by cervical dislocation and the
tissues were obtained from the middle 1/3 part of
their uterine horns immediately and processed for
further studies.

Morphological and morphometrical studies

The tissues were fixed in Bouin’s solution,
embedded in paraffin wax, sectioned at 6
micrometer and stained using routine hematoxylin
and eosin technique.

Then the sections were examined under light
microscope, 3 slides were chosen randomly from
each sample and at least four fields of view were
measured from each slide. The following
endometrial parameters were measured in each
field of view: the surface epithelial cell thickness
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(n) from the luminal border to its basement
membrane, the gland diameter (u), and the number
of glands per field of study.

The measurement on each slide were made
using the 40 times objective of a Ziess microscope
with a calibrated eyepiece (18).

Statistical analysis

Data was collected from each group and mean +
SD was calculated. Groups were compared using
one-way ANOVA and then LSD (least significant
difference) post hoc test.

Results

The morphology of the uterus

The morphology of endometrium in
experimental, control and sham groups are
demonstrated in fig. 1 and fig. 2. As shown in
estrogen (figure 1C) and progesterone (figure 1F)
treated groups, there was stromal edema on day 5
of treatment, whereas in estrogen-progesterone
treated groups (figure 1I) the stroma had normal
density. Although some sign of degeneration were
apparent in the stroma of both estrogen and
progesterone treated groups on day 5 of sampling.

In progesterone treated group some
eosinophilic extra cellular matrix and vacuolation
were observed (figure 1F).

The distribution of blood vessels and the

infiltration of lymphocyte Were apparent and more
numerous in estrogen-progesterone treated group
than other groups (estrogen or progesterone treated
alone groups) and these phenomenon was
prominent on day 5 of sampling (figure 11).

Surface epithelial cell thickness

The heights of surface epithelial of
endometrium in the control group on the first and
fifth day of treatment were 12.3841.42 and
11.2543.25 and in sham group were 11.63+1.97
and 11.08 £+ 1.84 um respectively (Table I). There
was no significant difference in the height of
endometrium in two days of evaluation in both
groups.

The height of surface epithelial of endometrium
in estrogen treated groups from the first day to fifth
day of treatment were 30.174+3.67, 39.58+3.37,
38.8343.17, 35.59+4.01 and 24.42+3.84 pm
respectively (Table I). The epithelial cell thickness
was significantly different on day two than the
other days (p=0.01).

Table I. The height of surface endometrium of experimental and control groups on day one to fifth of treatment.

Groups Day one Day two Day three Day four Day five
Control 12.38+1.42 - - - 11.25+£3.25
Sham 11.63+£1.97 - - - 11.08+1.84
Estrogen treated 30.17+3.67" 39.58+3.37 38.83+3.17 35.59+4.01 24.42+3 .84
Progesterone treated 19.67+2.08" 22.75+4.21° 19.58+0.97¢ 18.08+1.78° 17.42+2.72%

Estrogen & progesterone treated -

16.10£16.10°¢"

11.51£12.35% 10.57+11.88%" 8.89+11.09

Note: The day on the table showed duration after treatment and the day of first injection was considered as day 0.

a: Significant difference with control groups in the same column

b: Significant difference with sham groups in the same column

c: Significant difference with estrogen groups in the same column

(p<0.01)
(p<0.01)
(p<0.01)

d: Significant difference with progesterone groups in the same column (p<0.01)

*Significant differences (p<0.05)

Table 11. The number of glands section in endometerium of experimental and control groups on day one to fifth of

treatment.
Groups Day one Day two Day three Day four Day five
Control 23.96+6.44 - - 22.71+5.88
Sham 26.67+£8.55 - - 25.42+7.37
Estrogen treated 23.17+10.68 76.25+17.37 61.67+12.67 48.54+16.84 36.67+12.03®
Progesterone treated 42.08+9.10™ 60.00+20.20° 50.63+£16.83 42.50+15.74 26.25+8.08°

Estrogen & progesterone treated -

31.54+7.81%

43.58+11.30° 49.00+11.08 36.42+13.83

Note: The day on the table showed duration after treatment and the day of first injection was considered as day 0.
a: Significant difference with control groups in the same column (p<0.01).

b: Significant difference with sham groups in the same column (p<0.01).

c: Significant difference with estrogen groups in the same column(p<0.01).

d: Significant difference with progesterone groups in the same column(p<0.01).
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Table I11. The diameter of glands (um) in endometerium of experimental and control groups on day one to fifth of
treatment.
Groups Day one Day two Day three Day four Day five
Control 21.38+£3.02 19.63+2.48
Sham 24.38+1.67 19.58+2.79
Estrogen treated 37.75£3.95%® 45.13+7.78 33.63+6.27 28.34+3.32 23.46+3.01%
Progesterone treated 35.46+8.09™ 53.75+6.32° 45.9245.60° 42.33+9.93° 36.71+4.75™
Estrogen & progesterone treated 41.29+13.47° 48.17+13.58° 41.83+11.76° 39.46£10.07"

Note: The day on the table showed duration after treatment and the day of first injection was considered as day 0.
a: Significant difference with control groups in the same column (p<0.01).

b: Significant difference with sham groups in the same column (p<0.01).

c: Significant difference with estrogen groups in the same column (p<0.01).

d: Significant difference with progesterone groups in the same column (p<0.01).

These data in the progesterone treated groups from
day 1 to 5 were 19.67£2.08, 22.75+4.21,
19.58+0.97, 18.08+1.78 and 17.4242.72 um
respectively (Table I); the height of endometrium
on the second day was significantly higher than the
other days of treatment (p=0.01).

The thickness of surface epithelial of
endometrium in estrogen-progesterone treated
group from day 2 to 5 were 16.10+16.10,
11.51£12.35, 10.57+11.88 and 8.89+11.09 pm
respectively (Table I). The data on the second
day was significantly different with other days of
treatment (p=0.05). The highest thickness of
surface epithelial of endometrium was observed in
the estrogen treated group on the second day
groups (p=0.01).

The number of glands

The mean number of gland per sections of
uterine (at x 10 magnification) in all groups were
determined and summarized in Table II.

This data in the control group on the first and
fifth day of sampling was 23.96+6.44 and
22.71+5.88 and in sham groups was 26.67£8.55
and 25.42+7.37 respectively. There were no
significant differences between two days of
evaluation in both groups.

The mean numbers of glands in estrogen treated
group from first day to fifth day of treatment were
23.17£10.68, 76.25+17.37, 61.67£12.67,
48.54+16.84 and 36.67+12.03 respectively. The
data on second day was significantly different with
other days (p = 0.01).

In the progesterone treated group, the mean
number of glands from the first day to the fifth day
of treatment were 42.08+9.10, 60.00+20.20,
50.63£16.83, 42.50+15.74 and 26.25+8.08
respectively; the data on the second day was

significantly different with the other days of
treatment (p=0.01).

The mean number of gland in estrogen-
progesterone treated group were 31.54+7.81,
43.58+11.30, 49.00+£11.08 and 36.42+13.83 from
day two to fifth day of injection respectively. The
number of glands on the forth day was
significantly different from other days (p=0.01).

The gland diameter

The mean diameter of gland in the control
groups on the first and fifth day of treatment were
21.3843.02 and 19.6342.48 pm and in sham
groups were 24.38+1.67 and 19.58+£2.79 um
respectively (Table III). There were significant
differences in the mean number of glands between
two days of study in both groups (p = 0.01).

The mean diameters of glands in estrogen
treated group from first day to fifth day of
treatment were 37.75+3.95, 45.13+7.78,
33.63+6.27, 28.34+3.32 and 23.46+3.01 pm
respectively (Table III). There were significant
differences between the second day with the other
days (p=0.01).In the progesterone treated group,
the mean diameter of glands from the first day to
the fifth day of treatment were 35.46+8.09,
53.7546.32,  45.9245.60,  42.33+9.93  and
36.71£4.75 pum (Table III) in which the mean
diameter of glands on the second day proved to be
more significant compared to the other days of
treatment (p = 0.01). The mean diameter of glands
in estrogen-progesterone treated group from day 2
to 5 were 41.29+13.47, 48.17+13.58, 41.83+11.76
and 39.46+10.07 um respectively (Table III); the
data on the third day was significantly different
with other day. The highest mean diameter of
glands was observed on the second day of
progesterone treated group (0.01).
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Flgure 1 The light microscopic photographs of
endometrium in groups of study: (A-C); in estrogen
treated group, (D-F); in progesterone treated group and
(G-D); in estrogen-progesterone treated group on day
first, second and fifth of treatment respectively (x400).
As the figure part I showed the high incidence of
vascular sections were prominent in stroma of
endometrium treated with both ovarian hormones.

& SR 4._.;3?._'
Figure 2 The light mlCI‘OSCOplC morphology of
endometrium in control (A, B) and sham (C, D) groups
on day first and fifth of treatment respectively (x400).

Discussion

The uterine cellular changes during the cycle
and pregnancy are regulated by the circulating
levels of ovarian sex steroids progesterone and
estrogen (1-4). Our observation showed that the
height of surface epithelium of endometrium was
increased in the estrogen treated group on second
day of treatment in comparison with the other
groups. These may be due to increase in the cell
number and size on the other hand increase in cell
proliferation.

Proliferation of epithelial cells in response to
estrogen was demonstrated in mice and rats (19,
20), suggesting that proliferation of epithelial cells

in response to estrogen is a common phenomenon
in the uterus. Pollard and Finn showed estrogen
stimulate rapid turnover of the Iuminal and
glandular epithelium cells, and in the absence of
the hormone, the rate of division of the
endometrial cells is very low (21).

Johnson et al. in ewe model showed that the
major effect of estrogen is on uterine size. He
showed estrogen increase tissue hypertrophy (cell
size as reflected by RNA; DNA and protein; DNA
ratios) rather than tissue hyperplasia (changes in
DNA content) (7). Heryanto and Rogers showed in
the uterus of adult ovariectomized, under the
influence of estrogen, proliferation of endometrial
cells commences within 24 h and may precede
endometrial tissue growth (15).

Estrogen influence endometrium with activation
of cell genome through its receptor in the nucleus
of a target cell (5, 6, 11, 13). Murray showed that
the uterine epithelial cells of the ovariectomized
sheep undergo morphological alternations in
protein-synthesizing organelles (14).

Furthermore, we  emphasized that the
epithelium showed a significance increased in its
height on second day of injection of estrogen and
after that with several injections of estrogen the
height of epithelium was decreased and sign of
tissue degeneration was seen. It means that the
high concentrations (over dosage) of estrogen had
harmful effects on the uterine epithelium and
stroma.

In agreement with our results, the study of
Heryanto and Rogers, clearly demonstrated that the
initial proliferation induced within 24 h of estrogen
administration to ovariectomized mice and was no
longer evident four days later (15).

In contrast, Martin et al in ovariectomized
mouse model showed repeated injections of
estrogen prevented premature cell death and
produced as much uterine hypertrophy and
hyperplasia (16).

Using ovariectomized mouse model in our
study showed progesterone injection alone or with
estrogen prime mice had not affected on increase
of height of surface epithelium. It seems that the
cells of the luminal epithelium of the uterus have
very different patterns of morphological response
to progesterone and to estradiol and this data
confirmed the previous reports in this regards (23-
25).

The progesterone strongly opposes the
proliferative effects of estrogen in the luminal
epithelium (25, 26). Uterine luminal and glandular
cell proliferation is stimulated by 17B-oestradiol.
Progesterone, both inhibits this proliferation and
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induces the epithelial cells to differentiate in
preparation for implantation (27).Our observations
showed in estrogen and progesterone treated
groups there were stromal edema on day 5 of
treatment, whereas in estrogen-progesterone
treated groups the stroma had normal density.

Although some signs of degeneration were

apparent in the stroma of both estrogen and
progesterone treated groups on day 5 of sampling.
Animal studies have shown that treatment of 1783-
estradiol alone to ovariectomized mice stimulated
the uterine epithelial cell proliferation and
treatment with progesterone alone induced stromal
cell proliferation (19). However, treatment of
progesterone-primed animals with estrogen mainly
maintained the proliferation in stromal cells but
does not stimulate proliferation in epithelial cells
(19, 28).
In contrast to our results, it was shown that
administration of progesterone, either alone or
following estrogen, does not cause tissue edema.
The stromal cell density in the mice treated with
progesterone either with or without estrogen
priming, was not significantly different from that
observed in the mice treated with the vehicle alone
(29). These differences may be due to difference in
regime of hormone administration however it
needs additional study.

On the second day of treatment, the gland
diameter and the number of glands sections were
observed to be the highest in the progesterone
treated group. The effects of progesterone on the
proliferation of the glandular cells were shown
before (1). Also the secretion of glands was
increased during secretory phase of uterine in
response to high level of progesterone which
produced by growing follicles. It seems that on the
second day of progesterone injections in
ovariectomized mice the wuterus had the
morphology and structure similar to secretory
phase in estrous cycle.

As we mentioned in our observation, the
distribution of blood vessels were apparent and
more numerous in estrogen-progesterone treated
group than other groups (estrogen or progesterone
treated alone groups) and these phenomenon was
prominent on day 5 of sampling. Other function of
progesterone on the endometrium is increase of
angiogenesis (10, 29).

In this regards, Walter et al. reported that
progesterone stimulates endometrial endothelial
cell proliferation and this proliferation is mediated
in part by vascular endothelial growth factor (10).
In contrast to our observation, Heryanto and
Rogers by using ovariectomized mice model

showed the highest amount of endothelial cell
proliferation was observed in the animals that were
treated with progesterone alone. Estrogen priming
of the endometrium inhibited this progesterone-
induced proliferation. It seems that it needs
additional study to understand more about
mechanism of steroid hormones on uterine
angiogenesis.

In conclusion, estrogen and progesterone affect
differently on the endometrium of ovariectomized
mouse model. Progesterone affects on the gland,
whereas, estrogen causes an increase in height of
surface epithelial of endometrium.
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