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ABSTRACT

Controlled ovarian hyperstimulation (COH) impairs the endometrium receptivity during the
implantation window, resulting in a lower clinical pregnancy rate and a higher abortion rate.
Our study explored the effect of electroacupuncture on the endometrial receptivity of COH rats.
Female rats were randomly divided into normal treatment (Normal), model treatment (Model),
low-frequency electroacupuncture treatment (LF-EA) and high-frequency electroacupuncture
treatment (HF-EA). Rats in the Model, LF-EA, and HF-EA treatment groups were injected with
pregnant mare serum gonadotropin (PMSG) and human chorionic gonadotropin (HCG) to estab-
lish a model of COH rats. Compared with the Normal, the endometrial thickness, the number of
pinopodes and amount of blastocyst implantation in the Model group were significantly reduced.
Among them, the endometrial thickness and the amount of blastocyst implantation in the Model
group were substantially decreased than those in the HF-EA group. High-frequency electroacu-
puncture treatment could markedly reduce the protein expression levels of E-cadherin, B-
catenin and claudin-1 (CLDN1). During HF-EA treatment, the LIF/STAT3 signaling pathway of
COH rats was enhanced. In conclusion, electroacupuncture could improve the endometrium
receptivity and promote the blastocyst implantation in COH rats by reducing cell adhesion
molecules and enhancing the LIF/STAT3 signaling pathway.
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Highlights

(1) High-frequency electroacupuncture could effectively improve endometrial
receptivity and blastocyst implantation amount in COH rats.

(2) Electroacupuncture, especially high-frequency electroacupuncture, could
significantly increase endometrial thickness and the number of pinopodes.

(3) High-frequency electroacupuncture significantly reduced the protein
expression levels of E-cadherin, -catenin and CLDN1 adhesion molecules
in COH rats.

(4) High-frequency electroacupuncture could markedly enhance the LIF/
STATS3 signaling pathway in COH rats.

Introduction pregnancy is depended [1-4]. Previous studies

Embryonic implantation is the crucial biological — have shown that administration of ovulation-

process in the reproduction of mammals, which
allows the activated blastocysts to connect with
endometrium by ways of localization, adhesion
and invasion. Endometrial receptivity is
a parameter to describe embryo implantation
onto the endometrium, on which a successful

inducing drugs in the controlled ovarian hypersti-
mulation (COH) might bring about an interfer-
ence of endogenous steroids to endometrium
physiological regulation, thus affecting the endo-
metrium receptivity within implantation window
period, leading to lower rates in clinical pregnancy
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and higher ones in abortion. In this context, the
decreasing endometrial receptivity that COH
brings on comes under the spotlight [5-7].
Hormone regulation, microcirculation improve-
ment, mechanical stimulation, surgery and tradi-
tional Chinese medicine are the conventional
means to improve endometrial receptivity.
Besides, acupuncture, as a therapy of traditional
Chinese medicine, boasts a history of thousands of
years. It has been applied in the treatment of
various diseases and has cured numerous diseases
for human beings which also produces
a compelling efficiency in improving both endo-
metrial receptivity and clinical pregnancy rate
[8-11].

As an improvement and development of tradi-
tional acupuncture, electroacupuncture is an effec-
tive non-drug remedy. It is widely used in many
fields in recent years, the preclinical treatment
research in persistent tissue damage (inflamma-
tion), nerve damage, cancer and visceral pain has
increased [12-14]. In alleviating pain, treatment of
Parkinson’s disease (PD), neural mechanism
research, Alzheimer’s disease and upper limb reha-
bilitation after stroke have also achieved good
curative effects [15-18]. High-frequency electroa-
cupuncture, in particular, is often used as an alter-
native therapy for PD and is effective in reducing
motor symptoms in patients and PD models [19].
It can improve cognitive impairment in rats with
amyloid Alzheimer’s disease and enhance synaptic
transmission in hippocampus of such rats [16,20].
In addition, quantitative studies in the field of
reproduction are also extensively investigated, for
example, electroacupuncture is used to improve
the endometrial receptivity of patients undergoing
freeze-thaw embryo transfer [21]. In addition,
there are studies reported that electroacupuncture
can improve the outcome of in vitro fertilization
(IVF) and improve the success rate of assisted
reproductive technology (ART) [22,23].

Recent studies on endometrial receptivity are
scattered on the aspects of genes, proteins, cyto-
kines, adhesion molecules, microRNAs and endo-
metrial flora. E-cadherin, B-catenin and CLDN]1,
the proteins located in cell membrane and cyto-
plasm, have been proved as associated molecules
with the adhesion and the tight connection of
endometrial gland epithelial cells. Down-
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regulation of these adhesion molecules facilitates
the dissociation of epithelial cells and the implan-
tation of blastocysts [24-28].

Leukemia inhibitory factor (LIF), a member of
IL-6 family, is a cytokine of multiple biological
activities. LIF is an active player in reproduction,
involved in follicle and embryo development,
embryo implantation and pregnancy maintenance.
LIF binds to the leukemia inhibitory factor recep-
tor (LIFR) on the target cell membrane and the
transmembrane glycoprotein gpl130 as a dimer,
activating the Janus kinase (JAK) and phosphory-
lating the transcriptional regulator STAT3
[29-33].

In this study, as an improvement of acupunc-
ture, electroacupuncture would possess a positive
effect on the endometrium receptivity. The effect
of electroacupuncture on endometrial receptivity
and the molecular mechanism of treatment were
investigated. First, the efficacy of electroacupunc-
ture at different frequencies to rats’ endometrium
receptivity was evaluated by commencing HE
staining and electron microscopy. Meanwhile, the
effects of different frequencies to adhesion factors
such as E-cadherin, P-catenin and CLDN1 were
detected. The role of LIF/STAT3 signaling path-
way in electroacupuncture treatment of COH rats
was examined. It is expected to preliminarily
explore the molecular mechanism of high-
frequency electroacupuncture in improving endo-
metrial receptivity in our study and provide new
insights for acupuncture in improving IVF, endo-
metrial receptivity and clinical pregnancy rate.

Methods
Experimental animals

The animal experiments were approved by the
Guizhou University of Chinese Medicine. We
split up female SD rats randomly into four treat-
ment groups with 20 mice in each group. The
animals were categorized as normal treatment,
model treatment, LF-EA treatment and HF-EA
treatment. Animal experiment was started from
the 3rd day of the emotional cycle of rats, and
rats of model treatment group underwent with
intraperitoneal injection. At 9:00 on the 7th day,
rats of model group were injected with 40 IU/
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100 g of Pregnant Mare Serum Gonadotropin
(PMSG) and 100 IU/100 g of HCG was injected
at 1:00 on the 8th day [34]. Rats of normal group
were injected with equal volume saline daily for
eight consecutive days. The model was successfully
established as long as rats’ vaginal secretions were
significantly increased and a large number of
nuclear-free keratinocytes were found in the
smear of secretions under a light microscope.

Electroacupuncture therapy

Acupoints Guan Yuan (CV4) and Zusanli (ST36)
were selected in terms of acupuncture atlas of
experimental animals formulated by the National
Acupuncture and Moxibustion Society, and
0.30 x 13 mm stainless steel milli-needles were
selected, with the acupuncture depth of 3-5 mm.
The course of treatment electroacupuncture lasted
for 7 days, with one day interval between two
courses and four courses during treatment
(31 days in total). The rest groups of rats only
grabbed and fixed without -electroacupuncture
treatment. (1) Low frequency electroacupuncture
treatment group: Electrical stimulation was applied
in the form of disperse-dense waves at alternating
2 Hz, respectively, and 1 mA intensity for 20 min.
(2) High-frequency electroacupuncture treatment
group: Electrical stimulation was applied in the
form of disperse - dense waves at alternating
50 Hz, respectively, and 1 mA intensity for 20 min.

HE staining

The endometrial histological characteristics of the
rats were compared. Endometrial tissues fixed
with fresh 4% paraformaldehyde, subsequently
with the embedding of paraffin following conven-
tional histological procedures. After that, the
samples were sliced in 4.5 pm-thick sections that
were then processed with hematoxylin and eosin
(HE) staining [35].

SEM observation

The development of the apical vesicle process of
endometrial epithelial cells was observed under
a scanning electron microscope. The process was
divided into three stages: development,

maturation and decline. The microvilli in the
process of development became slender, dense
and erect, and the top membrane-like process
gradually formed and developed to the top of
the whole cell. Then, the microvilli became
shorter and less and fuse with each other. The
microvilli in the process of development comple-
tely disappeared, and the surface was smooth, and
the membrane-like process became larger, higher
than the ciliate cells, such as mushroom. The
membrane-like process in the process of decline
shrans and the surface reappeared microvilli.
According to the percentage (>50%, 20%-50%,
<20%) of the surface area of the endometrium,
the number of the process can be divided into
three kinds: rich, medium and small [36].

Immunofluorescence experiment

The cells were washed with PBS, and Triton X-100
was dripped on the tablet and 10% serum was
added. Climbing tablets were added with primary
antibody drops and put into a wet chamber, incu-
bated overnight and rewarmed at room tempera-
ture for 30 min. The diluted fluorescent secondary
antibody was added dropwise and incubated in
a wet chamber for 60 min. After PBS immersion,
DAPI was added dropwise [37]. Cells were
observed by a fluorescence microimaging system.

Western blot analysis

We made quantification to the total protein
extracted from frozen endometrial samples.
Proteins were isolated with SDS-polyacrylamide
gel electrophoresis and run with membrane trans-
fer. Incubation of the proteins was initially per-
formed with primary antibody and then with
secondary antibody; chemiluminescence color
was triggered, and optical density value was deter-
mined using a gel image analysis system. An addi-
tional experiment was served as an internal
reference for beta-actin.

RNA extraction and real-time reverse
transcription q-PCR

Extraction of total RNA from the sample was
commenced with Trizol reagent (Takara, Japan).



Reverse-transcription of cDNA was accomplished
with PrimeScript TMR T kit (Takara, Japan).
Reaction system and procedures for qRT-PCR
were described in the instructions of the TB
Green Premix Ex Taq II (Takara, Japan), with
CFX96 Real-Time system (Bio-Rad, USA) as the
platform. Relative expression of the gene was cal-
culated with 2724¢T algorithm [38].

Primer sequence of LIF-F: (CCAACAACGTG
GATAAGCTATG) and LIF-R (GTTTTTCTGAT
C CCAGGTGATG).

Histological and immunohistochemistry (IHC)
analysis

Samples were fixed with fresh 4% paraformalde-
hyde and went along with conventional histologi-
cal procedures for embedding in paraffin. These
samples were cut in 4.5 um-thick sections, pro-
cessed for IHC staining with primary antibodies
and then incubated with secondary antibodies.
Stained slides were scanned with a Pannoramic
Scan 250 Flash [39].

Statistical analysis

SPSS 23.0 was adopted for data analysis. The
mean values of two groups of independent sam-
ples were compared using t test, and then the
mean values of the samples from multiple groups
were analyzed using one-way ANOVA, P < 0.05.
All the experiments were repeated three times
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independently, and the results showed the mean
value + standard deviation.

Results

In this experiment, rats were divided into four
treatment groups: normal treatment, model treat-
ment, LF-EA treatment and HF-EA treatment. HE
staining was used to observe the estrus and endo-
metrial thickness of rats in different treatments.
The effect of electroacupuncture on the endome-
trium of rats was observed by a scanning electron
microscope, and the amount of blastocyst implan-
tation in different treatment groups was com-
pared. Immunofluorescence and immunoblotting
experiments were used to observe the effect of
electroacupuncture on adhesion molecules in
rats. Immunohistochemistry and qPCR were used
to detect the expression of LIF/STAT3 signaling
pathway in each treatment group.

Efficacies of different-frequency
electroacupuncture treatment on rats’
endometrial thickness

In order to study the effects of LF-EA and HF-EA
on the emotional cycle of rats, the animals were
divided into normal group, model group, LF-EA
group and HF-EA group. Proestrus in rats showed
a large number of nucleated epithelial cells and
a small number of keratinized cells. Estrum was
characterized by allopic keratinized epithelial cells,

Normal
Model
LF-EA
HF-EA

Fann

estrus

diestrus

metestrus proestrus

Figurel. Effect of electroacupuncture on endometrial thickness of rats during estrous cycle. (a) Vaginal secretions in rats were
detected by HE staining. (b) Efficacies of different-frequency electroacupuncture treatment on rats’ endometrial thickness. Data are
represented as mean + SD (n = 3 experiments). *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001 as determined using
Student’s t-test (two groups) or one-way ANOVA, followed by Tukey’s test (more than two groups).
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a small number of nucleated epithelial cells metes-
trum were keratinized epithelial cells and leukocytes
and diestrus was a large number of leukocytes and
a small amount of mucus (Figure 1(a)).

The thickness of endometrium in rats was
observed by HE staining. The results showed
that the thickness of endometrium in LF-EA
group and HF-EA group was significantly higher
than that in model group. The thickness of
endometrium in model group was significantly
lower than that in normal group. This suggested
that electroacupuncture might improve endome-
trial receptivity by increasing endometrial thick-
ness in rats.

Efficacies of different-frequency
electroacupuncture treatment on rats’
implantation ability of blastocyst

Pinopode is a large, smooth membranous pro-
trusion formed by endometrial epithelial cells.
Microvilli on the surface of intimal epithelial
cells disappeared during implantation and were
replaced by a larger and smooth protuberance
known as vesicle. Pinopode appeared about
1 week after ovulation. The presence lasted for
a very short time and resolved after about 48 h.
In normal and animal models, the number of
pinopodes was positively correlated with the
amount of blastocyst implantation. Fully devel-
oped pinopode was one of the most

representative markers of morphological struc-
ture in the evaluation on the endometrium as
well as in the embryo-positioned bed window.
Six rats in each treatment group were randomly
sacrificed with their uteri removed by laparot-
omy for electron microscope observation.
Amount of pinopodes declined significantly in
model treatment compared than normal treat-
ment (Figure 2(a)). While amount of pinopodes
were increased in LF-EA and HF-EA compared
with model treatment, and in addition, more
pinopodes were observed in HF-EA.

After accounting the number of implantation
sites in the uterus on both sides of rats, we found
that that number of model treatment was notably
reduced in contrast to the control treatment; and it
was inverse in LF-EA and HF-EA treatments that
the amount of blastocyst implantation sites was
greatly increased compared with model treatment
(Figure 2(b)).

Efficacies of different-frequency
electroacupuncture treatment on rats’
endometrial adhesion factors

We suspected that the adhesion molecules
E-cadherin, B-catenin and CLDNI1 in the present
study might function dually. At the initial stage, it
needs to be expressed on the cell surface to ensure
adhesion, and at the later stage it begins to be
down-regulated, resulting in epithelial cell
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Figure 2. Effect of electroacupuncture on endometrial membrane capacitance in rats. (a) The pinopodes of endometrial epithelial
cells were observed with electron microscopy. (b) Amount of blastocyst implantation in rats was calculated by observing the uterus
of each group. Data are represented as mean + SD (n > 3 experiments). *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001 as
determined using Student’s t-test (two groups) or one-way ANOVA, followed by Tukey's test (more than two groups).
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Figure 3. Expressions of Claudin, E-cadherin and B-catenin in rat endometrium were detected by immunofluorescence. (a) The levels
of E-cadherin in endometrium of rats were detected by immunofluorescence. (b) Expressions of B-catenin in endometrium of rats
were detected by immunofluorescence. (c) Expressions of CLDN1 in endometrium of rats were detected by immunofluorescence.
Data are represented as mean + SD (n > 3 experiments). *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001 as determined using
Student’s t-test (two groups) or one-way ANOVA, followed by Tukey’s test (more than two groups).

dissociation and blastocyst invasion, and reduced
expression of cell surface adhesion molecules.

This study attempted to figure out the effects of
different-frequency electroacupuncture on
E-cadherin, B-catenin and CLDNT1 in rats’ endome-
trium of different treatment groups, and expressions
of E-cadherin, p-catenin and CLDN1were detected
by immunofluorescence experiments. Then it turned
out that expression of E-cadherin in model group
was significantly higher than the normal; expression
of f-catenin in model group increased signally than
the normal; besides, expression of CLDN1 in model
treatment group increased conspicuously compared
with the normal; moreover, expression of CLDN1
decreased significantly in both LF-EA and HF-EA
treatment groups (Figure 3(a-c)). The expressions of
E-cadherin, P-catenin and CLDN1 were also
detected by Western Blot experiments and the
results were consistent with the immunofluores-
cence assays (Figure 4(a-d)).

Efficacies of different-frequency
electroacupuncture treatment on the LIF/ STAT3
signaling pathway in rat endometrium

Subsequently, an investigation was performed to
verify the effects of different-frequency electroa-
cupuncture remedy on LIF/STAT3 signaling
pathway in rat endometrium; effects of LF-EA
and HF-EA on LIF/STATS3 signaling pathway in
rat endometrium have been verified with immu-
nohistochemistry and qPCR. The findings
showed that the expressions of LIF and
P-STAT3 in model group were significantly
lower than the normal group; either the expres-
sions of LIF and P-STAT3 in the treatments
underwent low frequency electroacupuncture or
high frequency electroacupuncture was evidently
higher than the model treatment (Figure 5(a)).
The results of qPCR also indicated that the LIF
expression in model group was obviously lower
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Figure 4. Electroacupuncture inhibited the expressions of E-cadherin, 3-

catenin and CLDN1 in the endometrium of rats. (a) Expressions of E-cadherin, B-catenin and CLDNT1 in rats’ endometrium of each
group were measured with Western bolt. (b) Protein quantitative map of E-cadherin in endometrium of rats in each group. ()
Quantitative protein mapping of B-catenin in endometrium of rats in each group. (d) Quantitative graph of CLDN1 protein in
endometrium of rats.
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Figure 5. Electroacupuncture increased levels of LIF/ STAT3 signaling pathway. (a) Both LIF and P-STAT3 expressions in rat
endometrium were detected with immunohistochemical. (b) LIF expression in rat endometrium was detected with qPCR. Data are
represented as mean = SD (n > 3 experiments). *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001 as determined using
Student’s t-test (two groups) or one-way ANOVA, followed by Tukey's test (more than two groups).

than the normal group, and the levels of LF-EA  The results verified the impacts of different-
and HF-EA in model group were significantly  frequency electroacupuncture remedy on LIF/
higher than those in model group (Figure 5(b)). = STATS3 signaling pathway.



Discussion

Numerous recent research has been found on
female infertility, including endometrial cancer,
endometriosis and polycystic ovary syndrome
[40-43]. In vitro fertilization-embryo transfer
(IVF-embryo transfer) is an assisted reproductive
technique in which COH ensures the number and
quality of follicles and improve the success rate of
ART, but the implantation rate of embryos is only
20%-30% [44]. In addition to the quality of the
embryo, the present mechanism of embryo
implantation also contributes to the failure of
implantation. Increasing studies have shown that
ovarian steroid hormones, cytokines, transcription
factors and lipid messengers are involved in the
implantation process through autocrine and para-
crine forms ([21,45,46]. In particular, approxi-
mately 30% of embryo implantation failure is
associated with low uterine receptivity [47,48].
Therefore, improved endometrial receptivity is
expected to increase success rate of embryo
implantation and lay a foundation for improving
clinical pregnancy rate.

Previous studies have showed that electroacu-
puncture has good clinical effect on endometrial
receptivity deficiency [34]. However, the molecular
mechanism of electroacupuncture treatment for
endometrial receptivity is not fully elucidated.
Frequency is one of the important parameters of
electroacupuncture stimulation. Curative effects of
electroacupuncture remedy with low frequency
electricity have been widely reported, whereas
those with high frequency electricity on endome-
trial receptivity remain to be fully studied.

To verify the effect of different frequencies of
electroacupuncture on endometrial receptivity dur-
ing the superovulatory cycle, we studied the effect
of electroacupuncture on the implantation capacity
of rat blastocysts. The results turned out that the
blastocysts implantation number in HF-EA group
increased significantly than model group. The
above described results suggested that electroacu-
puncture remedy increased the number of endocy-
tosis and implantation ability of blastocysts in
endometrium, and the implantation effect of HF-
EA group was better than that of LF-EA group.

As adhesion molecules, E-cadherin, p-catenin
and CLDNT1 are closely associated with endometrial
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epithelial cell adhesion, enabling epithelial cell
separation and blastocyst invasion and are essential
in embryo transplantation [49]. The results sug-
gested that E-cadherin, pB-catenin and CLDNI1 are
involved in embryo transfer. Our study showed that
expressions of E-cadherin, B- catenin and CLDN1
in endometrium of ovulation-promoting rats
decreased significantly after treatment with LF-EA
and HF-EA, which indicated that electroacupunc-
ture could dissociate epithelial cells, increase the
ability of blastocyst transplantation and improve
the endometrium receptivity.

Both LIF and STAT3 are essential for rats” blas-
tocyst implantation [50,51]. LIF plays a crucial role
in the process of blastocyst transplantation and can
regulate endometrial receptivity and control blasto-
cyst transplantation by promoting cell transplanta-
tion and differentiation. It also regulates
phosphorylation of STAT3 and plays an important
role in embryo transfer to endometrium.
Immunohistochemistry and qPCR were carried
out to investigate the effects of LF-EA and HF-EA
on the expression levels of LIF and p-STAT3 pro-
teins in COH rats. The results showed that the
expressions of LIF and p-STAT3 in LF-EA and HF-
EA treatment and normal treatment were signifi-
cantly increased compared with model treatment.
These results suggested that electroacupuncture
could improve endometrial receptivity and enhance
blastocyst transplantation ability in COH rats by
enhancing LIF/STAT3 signaling pathway.

Conclusion

The assay findings revealed that electroacupuncture
at different frequencies could increase the receptiv-
ity of endometrium in rats, and this effect of elec-
troacupuncture with HF-EA was better than the
one with LF-EA. Further verification indicated
that electroacupuncture reduced the expression of
adhesion molecules such as E-cadherin, - catenin
and CLDN1 and provided conditions for blastocyst
implantation. Furthermore, it also demonstrated
that electroacupuncture increased the level of LIF/
STAT3 signaling pathway. However, more investi-
gations are still necessary to explore the effects of
different frequencies of electroacupuncture on other
factors of endometrial receptivity.
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