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Abstract: Objective: To investigate the effect of exogenous estrogen therapy in improving regeneration of rat en-
dometrial stromal cells in rats with thin endometrium. Methods: Rats with thin endometrium were modeled with 
95% ethanol and were divided into 4 groups: acute injury treatment group (treated with estradiol benzoate, 20 μg/
kg/d, after modeling), acute injury control group (treated with peanut oil, 20 μg/kg/d, after modeling), chronic injury 
treatment group (treated with estradiol benzoate, 20 μg/kg/d, after 3 estrus phase after modeling) and chronic 
injury control group (treated with peanut oil, 20 μg/kg/d, after 3 estrus phase after modeling). The endometrial thin 
degree was evaluated; endometrial morphology was observed by HE staining; the levels of cytokeratin and vimen-
tin were detected by western-blot and immunohistochemistry. Results: The endometrium was significantly thicker 
and the expression of vimentin was stronger in acute injury treatment group and chronic injury treatment group, 
compared with the corresponding control groups (both P<0.05). The endometrial lining was evidently thicker and 
the vimentin expression level was obviously higher in acute injury treatment group than those of chronic injury treat-
ment group (both P<0.05). Conclusion: Exogenous estrogen could promote endometrial cells regeneration in vivo, 
which might provide a new therapeutic method for the treatment of thin endometrium in women suffering infertility.

Keywords: Thin endometrium, cytokeratin, vimentin, rat model, estrogen

Introduction

Both high-quality embryo and receptive endo-
metrium are essential to successful pregnancy 
[1, 2]. Endometrial thickness is the primary 
clinical metric for assessing uterine receptivity 
during assisted reproduction cycles [3]. Thin 
endometrium is defined as the endometrium is 
thinner than the minimum endometrial thick-
ness that may maintain a successful implanta-
tion which is called threshold thickness. 
Approximately 0.6%-0.8% of patients suffering 
infertility due to thin endometrium [4]. The 
major clinical manifestation of thin endometri-
um is an unexplained low volume of menstrual 
blood (<30 mL). Miwa et al. first reported the 
pathological and physiological characteristics 
of thin endometrium and defined thin endome-
trium as that vascular endothelial growth factor 
was in low level and the grow of glandular epi-
thelium was slow as well as the uterine artery 
blood flow and vascular dysplasia was with high 
resistance [5]. 

Various remedies have been proposed, such as 
given estradiol, vaginal sildenafil citrate, aspirin 
(low-dose), gonadotropin releasing hormone 
agonist, human chorionic gonadotropin and 
combined pentoxifylline and tocopherol [6-13]. 
Some researchers have tried endometrial biop-
sy, neuromuscular electrical stimulation on pel-
vic floor and intrauterine instillation of granulo-
cyte colony-stimulating factor [14-17]. However, 
some patients still remain unresponsive even 
utilizing these remedies. Therefore, it is neces-
sary to investigate some other innovative meth-
ods for the treatment of thin endometrium.

Estrogen is one of factors that affecting endo-
metrium thickness [18]. Currently, few research-
es have reported the effect of estrogen on the 
grow promotion of endometrium, therefore, 
whether or not estrogen can improve thin endo-
metrium regeneration need more evidences 
from in vivo experiments. Hence, our study 
aimed to go into the effect of estrogen on endo-
metrial stromal cells regeneration in rats with 
thin endometrium. 
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Methods

Experiment design

All the animal procedures in this study were 
approved by the Institutional Animal Care and 
Use Committee.

The thin endometrium rat models were estab-
lished by perfusion with 95% ethanol in uterus 
[19]. The Endometrial thickness was observed 
to judge if the rat model was established suc-
cessfully. Accordingly, estrogen (20 μg/kg/d) 
was subcutaneous administrated on rat mod-
els. After twelve days, the effect of estrogen on 
endometrium was evaluated and the possible 
mechanism was investigated.

Experimental animals

Forty female adult Sprague-Dawley (SD) rats 
(weight 230~260 g) purchased from Shanghai 

study, if exogenous estrogen plays a role on 
thin endometrium about 4-6 hours after model-
ing and three estrous cycles after modeling was 
evaluated. 

Therefore, forty rats were divided into acute 
injury treatment group (n=6), acute injury con-
trol group (n=6), chronic injury treatment group 
(n=6), chronic injury control group (n=6): the 
acute injury control group was treated with 
estradiol benzoate diluted by peanut oil (20 μg/
kg/d) per day for 5 days (starting from  
the model was established) by subcutaneous 
administration; the acute injury control group 
was treated with peanut oil (20 μg/kg/d) per 
day 5 days (starting from the model was estab-
lished) by subcutaneous administration; the 
chronic injury treatment group was treated with 
estradiol benzoate diluted by peanut oil (20 μg/
kg/d) per day for 5 days (starting from the third 
estrus phase after the model was established) 

Figure 1. The morphology observation of the endometrium with HE staining 
of the four groups (80×). A: Acute injury treatment group, B: Acute injury con-
trol group, C: Chronic injury treatment group, D: Chronic injury control group. 

Table 1. Comparison of the endometrial thickness between 4 
groups (_x  ± s)

Groups Rats 
(n)

Death 
rats (n)

Uteri 
(n)

Endometrial  
thickness (μm)

Acute injury treatment group 6 0 12 649.15±36.55*

Acute injury control group 6 1 10 221.24±38.19
Chronic injury treatment group 6 1 10 637.78±22.93#

Chronic injury control group 6 2 8 233.52±19.13
Note: *P<0.001, compared with acute injury control group; #P<0.001, compared 
with chronic injury control group.

Super--B&K laboratory animal 
Corp. Ltd., were fed in 25°C 
surroundings with 12-12 hour 
light-dark cycle and the food 
and water were free to them. 

Animal model and application 
of estrogen

The thin endometrium rat 
model was performed with 
95% ethanol and all models 
were established successfully 
[19]. Briefly, rats were anes-
thetized with 10% Chloral 
Hydrate (0.4 g/kg, i.p.) then, 
expose the uterus, clip each 
uterine horn with vascular clip, 
and inject 95% alcohol (0.5 
mL) into the uterine horn with 
a 1 ml syringe and a 16-gauge 
needle for 5 min. After model-
ing, rats were placed in tem-
perature and humidity-con-
trolled incubation chambers 
until they awoke.

In clinic, acute or chronic thin 
endometrium was defined as 
the status has been lasting 
less than one menstrual cycle 
or more than 3 menstrual 
cycles, respectively. Consider- 
ing that rats have an estrous 
cycle every 4-5 days, in this 
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by subcutaneous administration; chronic injury 
control group was treated with peanut oil (20 
μg/kg/d) per day for 5 days (starting from the 
third estrus phase after the model was estab-
lished) by subcutaneous administration. After 
treatment, the health condition of the rats was 
monitored every 4-6 hours after surgery.

Specimen collection

The rats were anaesthetized with 10% Chloral 
Hydrate (0.2 ml/100 g, i.p.) at the forth estrus 
phase after administration of ES or peanut oil. 
The estrous cycle phase was confirmed by vagi-
nal smear detection. The uteruses were sepa-
rated and placed into 4% paraformaldehyde or 
stored at -80°C in reserve.

Immunohistochemistry

The uterine horns were embedded in paraffin 
and cut in to 4~6 mm slices, which were then 
deparaffinized in xylene, rehydrated (100%, 
100%, 95%, 95%, 80%, 70%, 50%, 0%, 5 min 
each) and rinsed in water. Afterwards, the slic-
es were incubated in 3% H2O2/methanol for 15 
min at room temperature and blocked with 10% 
normal goat serum for 1 h. Then the slices were 

incubated with first antibody of cytokeratin 
(1:50) or vimentin (1:200) for 12-16 h at 4°C. 
Normal rabbit IgG was applied as negative  
control. After then, slices were incubated with 
HRP-conjugated goat anti-rabbit IgG in 10% 
goat serum (1:3000) for 1 h at room tempera-
ture. Next, the slices were counterstained  
with hematoxylin solution (Gill No.3, Sigma) for 
5 min. The results were detected by Nikonmicro- 
scope. 

Hematoxylin-eosin staining

After fixing in 4% paraformaldehyde, the tissue 
samples were embedded in paraffin and cut in 
to 4~6 mm slices, which were then deparaf-
finized in xylene, rehydrated (100%, 100%, 
95%, 95%, 80%, 70%, 50%, 0%, 5 min each) 
and rinsed in water. The slices were stained 
with hematoxylin for 5 min and eosin for 3~5 
min. After staining, slices were dehydrated 
through an ethanol series and xylene and 
mounted with Permount TM mounting medium 
(Fisher Scientific, PA). The results were observ- 
ed and measured by semi-automatic inverted 
biological microscope (with imaging system, 
DMI4000B, Zhengke, China).

Western blotting

After homogenate and centrifugation at 8000 
rpm for 10 min at 4°C of the tissue, the con- 
centration of protein was determined by BCA 
method. The proteins were separated by elec-
trophoresis with 10% SDS-polyacrylamide gel 
and transferred to the polyvinylidene fluoride 
membrane, which were then blocked with 5% 
skimmed milk and incubated with the primary 
antibody overnight at 4°C, including anti-cyto-

Figure 2. Expression of cytokeratin with western blot in Epithelial Cells. A: Group 1-4: acute injury treatment group, 
acute injury control group, chronic injury treatment group, chronic injury control group. B: The quantitative analy-
sis of the relative expression level of cytokeratin in each group. The results showed that there was no difference 
between acute injury treatment group/acute injury control group and chronic injury treatment group/chronic injury 
control group of the expression of cytokeratin in epithelial cells.

Table 2. Comparison of the cytokeratin area 
per unit endometrium area between 4 groups 
(_x  ± s)

Groups Uteri 
(n)

Cytokeratin 
area (%)

Acute injury treatment group 12 13.68±0.34
Acute injury control group 10 13.33±0.61
Chronic injury treatment group 10 12.89±0.39
Chronic injury control group 8 12.53±0.98
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keratin antibodies (1:50) and anti-vimentin 
antibodies (1:200). Thereafter, the membrane 
was washed and the second antibody anti-rab-
bit IgG (1:3,000) was added for the incubation 
for 2 h at room temperature. Finally, the mem-
brane was developed by enhanced chemilumi-
nescence (ECL, Amersham). The internal refer-
ence protein was β-actin. The expression level 
of cytokeratin and vimentin quantified as the 
relative gray value of β-actin.

Statistical analysis

The SPSS 19.0 software was used for statisti-
cal analyses. The measurements are expressed 
as means ± SD and the difference between 
groups were compared by post hoc Bonferroni 
tests. Values of P<0.05 were considered to be 
statistically significant.

Results

Histopathological observations

All rats recovered successfully after the sur-
gery. Compared with the two control groups, 
the thickness of endometrium, endometrium 
superficial epithelia and the number of endo-
metrial glands was evidently different in two 
treatment groups. 

The level of cytokeratin was detected by west-
ern blot and immunohistochemical staining to 
evaluate the regeneration of epithelial cells. 

The western blot showed that there was only 
slightly difference in the cytokeratin level 
between treatment group and control group in 
both acute and chronic model (both P>0.05, 
Figure 2). 

The result of immunohistochemical staining 
showed that the level of cytokeratin was cen-
tralized in the cytoplasm of the endometrial  
epithelium, of which the difference was insig-
nificant between treatment group and control 
group in both acute and chronic model (both 
P>0.05, Table 2, Figure 3).

Stromal cells regeneration

The level of vimentin was detected by western 
blot and immunohistochemical staining to eval-
uate the regeneration of stroma cells. 

The western blot showed that the vimentin  
level in the two treatment groups were signifi-
cantly stronger compared with the two corre-
sponding control groups (both P<0.01). The 
level of vimentin in the acute injury treatment 

Figure 3. Regeneration of epithelial cells in the endometrium immunohisto-
chemical staining with cytokeratin (200×). A: Acute injury treatment group, 
B: Acute injury control group, C: Chronic injury treatment group, D: Chronic 
injury control group. There was no difference between acute injury treatment 
group/acute injury control group and chronic injury treatment group/chronic 
injury control group. The yellowish-brown part indicated positive staining of 
cytokeratin. 

In the two treatment groups, 
the endometrial layer struc-
ture was intact as the thick-
ness of endometrium was  
normal and there are more 
endometrial glands and capil-
laries, while the uterine horn 
in the two control groups was 
completely destroyed as the 
necrosis was extensive and 
there was even coagulative 
necrosis could be observed 
on endometrium layer and 
myometrium layer.

As shown in Figure 1 and 
Table 1, apparently, there was 
evidently thicker endometrial 
lining in the two treatment 
groups compared with that in 
the two control groups (both 
P<0.001). However, the differ-
ence between the two treat-
ment groups was insignificant 
(P=0.404).

Epithelial cells regeneration
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group was significantly stronger than that of  
the chronic injury treatment group (P<0.05). 
However, there was no significant difference 
between the two control groups (P>0.05, Figure 
4). 

The results of immunohistochemical staining 
showed that the expression of vimentin was 
mainly centralized in cytoplasm of endometrial 
stroma cells. The level of vimentin in the two 
treatment groups were significantly stronger 
than that in the two corresponding control 
groups (both P<0.001). The vimentin expres-
sion in the acute injury treatment group was 
obviously higher than that in the chronic injury 
treatment group (P<0.001), while the differ-
ence between the two control groups was  
insignificant (P>0.05, Table 3, Figure 5).

Discussion

In this study, the therapeutic effect of exoge-
nous estrogen on rats with thin endometrium 

was evaluated and its effects on acute or 
chronic injury werewas compared. Histologic 
evaluation of the uterine indicated that the 
model was established successfully, moreover, 
subcutaneous administration of exogenous 
estrogen played an positive role on the thin 
endometrium regeneration; conversely, the two 
control groups showed that the necrosis was 
extensive and there was even coagulative 
necrosis could be observed on endometrium 
layer and myometrium layer, which also proved 
that the exogenous estrogen had therapeutic 
effects on thin endometrium. Guo el al. report-
ed that the cellular response to estrogen is 
regulated both by the binding between ER and 
estrogen response element and the signal 
pathways [20]; Qiu el al. found that estrogen 
could regulate the expression of angiogenic 
factors [21]; the result of report from Jiang el al. 
showed that estrogen could increase the 
expression level of TGF-β and VEGF to promote 
endometrium repair in intrauterine adhesion 
patients after transcervical resection of adhe-
sion [22]. Therefore, we speculated that estro-
gen may exert its therapeutic effects via bind-
ing to the estrogen receptor (ER), thus to pro-
mote endometrial repair and cyclical endo- 
metrial vascular reconstruction [23, 24]. Ad- 
ditionally, studies have proved that exogenous 
estrogen could improve women pregnancy 
rates [25], indicating that exogenous estrogen 
may also promote the regeneration of endome-
trium via improving ovarian response.

Cytokeratin, a kind of structural specificity pro-
tein, specifically expresses in epithelial cells 

Figure 4. Expression of vimentin with western blot. Group 1-4: acute injury treatment group, acute injury control 
group, chronic injury treatment group,chronic injury control group. Compared with the corresponding control group, 
aP<0.01, cP<0.01; compared with the acute injury treatment group bP<0.05.

Table 3. Comparison of the positive vimentin 
area in per unit endometrium area between 4 
groups (_x  ± s)

Groups Uteri 
(n)

Vimentin area 
(%)

Acute injury treatment group 12 12.97±0.55a

Acute injury control group 10 5.03±0.56
Chronic injury treatment group 10 10.15±0.64b,c

Chronic injury control group 8 5.44±0.51
Note: Compared with the corresponding control group, 
aP<0.001, bP<0.001; compared with the acute injury treat-
ment group, cP<0.001.
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and net-like distributed throughout the cyto-
plasm, so the change of distribution of cytoker-
atin can indicate the change of the area of the 
epithelial cells, thus the development of epithe-
lial cells can be observed. Similarly, vimentin 
mainly distributes in stromal cells, so its distri-
bution can indicate the grows condition of stro-
ma cells and some endothelial cells. In our 
study, the level of vimentin in the two treatment 
groups were obviously higher than that of the 
two control groups, which in the acute injury 
treatment group was even higher, suggesting 
that exogenous estrogen could promote the 
regeneration of stromal cells and endothelial 
cells.

However, the therapeutic effect of exogenous 
estrogen on thin endometrium was weakened if 
the administration of the estrogen was delayed. 
We have found that compared with acute injury 
treatment group, the endometrial lining was 
thinner and the level of vimentin was lower in 
the chronic injury treatment group. The reason 
might be that the delayed administration of 
exogenous estrogen could not induce stem 
cells to regenerate endometrial cells because 
the inflammation induced by the modeling was 
diminished progressively.

There are some limitations in this study, for 
example we did not further investigate the 
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