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A B S T R A C T   

Intrauterine adhesions (IUA) are defined as the adhesion of opposing endometrial tissue with dense fibrous 
adhesive bands within the uterine cavity. With the increase in cesarean sections and endometrial surgical pro
cedures, intrauterine adhesions have become a problem with increasing incidence and decreasing implantation. 
The purpose of the study was to investigate the effect of ellagic acid (EA), a phenolic compound, on fibrosis in 
IUA model rats. Another goal of the study was to increase endometrial receptivity with EA. The groups in the 
study were planned as control, DMSO, EA, IUA, IUA+DMSO, and IUA+EA, with 8 Sprague Dawley rats in each 
group. EA was administered at a dose of 100 mg/kg/day for 35 days. At the end of the experiment, the uterine 
tissues of the rats were removed. Histochemical staining was used to validate the IUA model and determine the 
degree of fibrosis. The levels of some fibrosis-related genes and proteins in the obtained uterine tissues were 
evaluated. In addition, implantation rates were determined. In our findings, it was observed that the fibrotic 
structure was decreased in the treated IUA+EA group compared to the IUA group, while fibrotic improvement 
was supported by down-regulation of TGFβ1 activity and up-regulation of BMP7 activity. The increase in the 
expression of the endometrial marker LIF with EA treatment was consistent with the increase in implantation 
rates with treatment. As a result of the study, it can be said that EA applied as a treatment against IUA causes 
healing in uterine tissue by reducing fibrosis and increases implantation rates by increasing endometrial 
receptivity.   

1. Introduction 

Intrauterine adhesions (IUA) are described as the adhesion of 
opposing endometrial tissue with dense fibrous sticky bands inside the 
uterine cavity [1,2]. Any event that will damage the endometrium’s 
basal layer has the potential to create an intrauterine adhesion and 
Asherman’s syndrome [3,4]. A few cases of Asherman’s syndrome 
treatment with the hysterotomy approach have been reported in the past 
and that there was sufficient improvement in the endometrium for 
reproductive functions. However, the hysteroscopic approach is not 
preferred today due to its great risks. Instead of this, the use of 

hysteroscopy techniques is accepted today. Hysteroscopy not only con
firms the diagnosis of intrauterine adhesions, but also provides treat
ment. Many complications can be observed during hysteroscopy. The 
main problem that can be encountered is the recurrence of adhesion 
formation. Even in severe adhesion cases, this rate goes up to 63% [5,6]. 
The loss of the stem cell population located in the basalis layer of the 
endometrium and deep traumas in the underlying myometrium layer are 
thought to be the cause of functional failure in the functional layer of the 
endometrium in Asherman syndrome [7]. Angiogenesis and revascu
larization abilities decrease in IUA patients, while the expression of 
adhesion-related cytokines increases [8]. Some changes are observed in 
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the endometrium, which shows adhesion formation histologically. The 
most important change leading to dysfunction is the replacement of 
endometrial stroma with fibrous tissue [9,10]. The fibrotic-antifibrotic 
mechanism in tissues is very diverse. According to current research, 
BMP7 is a protective mechanism against TGFβ-mediated profibrogenic 
signaling [11–13]. 

Ellagic acid (EA) is a polyphenolic compound found in a variety of 
fruits and vegetables. It has been shown in-vivo and in-vitro studies to 
have anti-aging, anti-proliferative, anti-fibrotic, anti-atherosclerotic, 
anti-cancer, and anti-mutagenic properties in addition to a strong anti
oxidant property with free radical scavenging ability [14–16]. 

Intrauterine adhesions have become an increasingly serious problem 
with the increasing number of cesarean sections and operative endo
metrial procedures and the expansion of diagnostic possibilities. Today, 
new methods and agents are being developed to reduce or prevent in
trauterine adhesion. For this reason, we investigated the possible cura
tive effects of ellagic acid in rats, for which an IUA model was created in 
our study, in order to investigate new treatment possibilities. It is 
thought that EA application may lead to improved reproductive results 
with the decrease of fibrotic structure observed in IUA and changes in 
the expression of leukemia inhibitory factor (LIF), an endometrial 
receptivity marker. 

2. Material and methods 

A total of 80 female Sprague-Dawley rats in the co-cycle (oestrus), 
8–10 weeks old, non-pregnant, and weighing 200–250 g, were used in 
the study. First of all, the intrauterine adhesion model was proven by 
fibrosis/adhesion control in 2 rats. Forty-eight animals were included in 
the experimental groups. A total of 48 rats, 8 in each group, were used 
for the analysis of the tissues obtained. Thirty female rats were used for 
the reproductive function test. Approval for this study was obtained 
from the Kobay DHL A.Ş. Local Ethics Committee (Approval date and no: 
04.04.2019, 372). 

2.1. Creating an intrauterine adhesion model with uterine trauma 

First, two rats were used to establish and validate the IUA rat model. 
After the rats were injected with ketamine (45 mg/kg) and xylazine (5 
mg/kg) intramuscularly and anesthetized, the abdominal walls of the 
rats were opened with a vertical incision and the uterine horns were 
visualized. An incision was made at the utero-tubal junction to trau
matize the uterine horns. The 16-gauge standard needle tip was inserted 
through the utero-tubal junction and advanced up to 2/3 of the uterus 
lumen, and 4 rotations and withdrawals were applied 4 times in suc
cession [17]. After the trauma, the uterus was placed in the abdomen 
and the abdomen was closed. After 2 weeks (3 oestrus cycles) after the 
IUA model application, the subjects were sacrificed and their uterine 
tissues were removed, and the model was proven by performing 
hematoxylin-eosin (H&E) staining after routine histological follow-ups 
(model formation corresponds to 2 weeks after the traumatization pro
cess) (Figs. 1 and 2). 

2.2. Administration of ellagic acid 

For 35 days, elagic acid (sc-202598A, Santa Cruz Biotech) (100 mg/ 
kg/day) dissolved in 0.2% dimethyl sulfoxide (DMSO) was administered 
orally via an intragastric tube in a volume of 2 mL [18–20]. 

2.3. Experimental groups 

The rats were maintained in separate cages at a standard tempera
ture (22–24 ºC) with a 12-hour light/dark cycle and standard rat chow. 
Rats were divided into 6 groups: 

Control group (n = 8): Stress was created by applying the an incision 
procedure to healthy rats. Gavage stress was applied with 2 mL of SF for 

35 days. 
DMSO group (n = 8): Stress was created by incision procedure in 

healthy rats and 2 mL of EA solvent (0.2% DMSO) was given orally for 
35 days. 

EA group (n = 8): Stress was created by incision in healthy rats and 
2 mL of dissolved EA (100 mg/kg/day) was given orally for 35 days. 

IUA group (n = 8): After the IUA model was formed, gavage stress 
was applied with 2 mL of SF for 35 days. 

IUA+DMSO group (n = 8): After the IUA model was formed, 2 mL of 
0.2% DMSO was administered orally for 35 days. 

IUA+EA group (n = 8): After the IUA model was formed, 2 mL of 
dissolved EA (100 mg/kg/day) was administered orally for 35 days. 

The rats of all groups were sacrificed at the end of the 35th day and 
their uterine tissues were taken. The right horn of the uterine tissues was 
used for RNA isolation, and the left horn was used for histochemical and 
immunohistochemical analysis. 

2.4. Histochemical method 

Uterine tissue samples were fixed in 10% neutral formalin solution 
for light microscopic examination. After routine follow-up procedures, 
Masson’s trichrome staining was applied to the sections of 4–5 µm 
thickness obtained from the paraffin blocks prepared for each animal in 
all groups. For each sample, the percentage of blue area pixels was 
calculated with Image J program and the percentage of fibrotic area was 
determined [17]. 

2.5. RNA isolation and qRT-PCR 

Prior to the isolation step, tissues were homogenized using homog
enizator (Domel, Millmix 20). The total RNA were extracted using the 
Zymo Research Quick-RNA Mini Prep (USA) kit. After DNAseI treatment, 
concentrations of the obtained RNAs were determined using a UV-Vis 

Fig. 1. IUA induction in rats.  
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spectrophotometer (Nanodrop 2000/2000c, Thermo Fisher Sci.) device 
and diluted to 80 ng/µL for each sample. Complementary DNA was 
synthesized from the isolated RNAs using the Revert Aid First Strand 
cDNA Synthesis Kit (Thermo Scientific, USA) using PCR device (Veriti, 
Applied Biosystems). qPCR analysis was performed using SYBR Green 
Master Mix (Applied Biosystems, USA) in QuantStudio 5, Applied Bio
systems instrument with QuantStudio Real Time PCR Software. GAPDH 
gene was used as a reference gene and comparative Ct method (2-ΔΔCt) 
was used to analyse the results. The primer sequences used in the 
experiment are listed in Table 1. 

2.6. Immunohistochemical assay 

Sections of 4 µm thickness taken on polylysine slides were depar
affinized and dehydrated. Then the tissues were incubated with pH 6.0 
citrate buffer and 3% hydrogen peroxide. After the blocking step with 
UltraV block (TP-125-HL, Thermo Sci.), the sections were incubated 
with at TGFβ1 (bs-0086R, rabbit polyclonal, Bioss Inc.), BMP7 (bs- 
2242R, rabbit polyclonal, Bioss Inc.), and LIF (bs-1058R, rabbit poly
clonal, Bioss Inc.) primary antibodies at 1:200 dilution at 4ºC overnight. 
Then, according to the protocol, an anti-mouse and anti-rabbit IgG HRP 
secondary kit (TP-125-BN, Thermo Fisher Scientific) was used. Finally, 
the sections were incubated for 5–10 min with aminoethyl carbazole 
(AEC) substrate. After allowing the visible immune reaction to occur 
under the microscope, Mayer’s hematoxylin was used as a background 
stain. Sections closed using a water-based closure medium were evalu
ated in a computer-assisted imaging system. At the end of the evalua
tions, immunohistochemical uptake densities for each primary antibody 
were determined as percentages in the Image J program and statistical 
data were generated [17]. 

2.7. Reproductive functionality test 

Control (n = 10), IUA (n = 10) and IUA+EA (n = 10) groups were 
used for the reproductive functionality test. At the end of day 35, rats 
were caged overnight with male rats (ratio 3:1) and a vaginal smear was 
performed on each female rat the next morning to determine the pres
ence of sperm. The presence of sperm was accepted as proof of mating 
and day 0.5 was determined as postcoitum day. Pregnant rats were 
excised at 13.5 postcoitum days. The number of implanted embryos in 

each uterine corn was determined. 

2.8. Statistical analysis 

Statistical analyses for histological, immunohistochemical, and 
reproductivity results were performed using IBM SPSS Statistics 21 (IBM 
Corp. Released 2012. IBM SPSS Statistics for Windows, Version 21.0. 
Armonk, NY). Data distribution was evaluated by the Shapiro-Wilk test. 
Independent data that did not show a normal distribution were evalu
ated with the Kruskal-Wallis test. When there was a statistically signif
icant difference between the groups, the Bonferroni corrected Mann- 
Whitney U test was used to identify the different group. p values 
< 0.05 were considered statistically significant. Statistical analyses for 
gene expression results were performed using GraphPad Prism software 
version 6 (GraphPad Software, La Jolla, USA). Student T-test and 
ANOVA tests were performed for statistical analysis. p values of at least 
less than 0.05 were considered significant. Levels of significance were 
represented as follows: p > 0.05 as not significant, p ≤ 0.05 as * , 
p ≤ 0.01 as * *, p ≤ 0.001 as * ** , and p ≤ 0.0001 as * ** *. 

3. Results 

3.1. Histological results 

The images obtained by Masson’s trichrome staining at X40 magni
fication were used to calculate the fibrotic area of the uterine sections of 
all groups. The mean and standard deviation values of the fibrotic area 
in the uterus were found to be 24.3 ± 4.3 in the control group, 27.6 
± 3.3 in the DMSO group, 22.1 ± 4.7 in the EA group, 57.0 ± 7.7 in the 
IUA group, 55.4 ± 7.7 in the IUA+DMSO group, and 35.0 ± 7.6 in the 
IUA+EA group. 

When the control group and other groups were compared, only the 
fibrosis areas in the IUA and IUA+DMSO groups showed a statistically 
significant increase compared to the control group (respectively, 
p = 0.001; 0.002). Similarly, the increase in the untreated groups (IUA 
and IUA+DMSO) was statistically significant compared to the DMSO 
group (respectively, p = 0.024; 0.038). Compared to the EA group, the 
increase in the IUA and IUA+DMSO groups also showed a statistically 
significant increase (respectively, p < 0.001; <0.001). When the IUA 
group and the IUA+DMSO group were compared with the treatment 
group (IUA+EA), although the difference between them was not sta
tistically significant, the percentage of fibrotic area decreased in the 
treatment group (p = 0.504; 0.712, respectively) (Figs. 3 and 4). 

3.2. Gene expression results 

In RT-PCR experiments, no significant difference was found between 
the control group and DMSO group for TGFβ1, BMP7 and LIF genes 
(p > 0.05) (Fig. 5). Considering the genetic inactivity of DMSO, the re
sults are consistent with the literature. Similarly, it was shown that EA 

Fig. 2. Healthy uterine tissue of the control group (A); IUA model with stenosis and synechiae in the uterine lumen (B, C) (cross section; H&E; X40).  

Table 1 
RT-PCR Primer Sequences (Genbank ID: NM_021578.2 for TGFB1; 
NM_001191856.2 for BMP7; XM_008770359.2 for LIF; XM_017593963.1 for 
GAPDH).  

Gene Forward Reverse 

TGFβ1 CTACTGCTTCAGCTCCACAG GCACTTGCAGGAGCGCAC 
BMP7 CGCCCATGTTCATGTTGGAC TCGATGGTGGTATCGAGGGT 
LIF CGCCCAACATGACGGATTTC TTGTTGCACAGACGGCAAAG 
GAPDH ACAGTCCATGCCATCACTGCC GCCTGCTTCACCACCTTCTTG  
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applied to healthy animals did not cause a significant difference in gene 
expression compared to the control group. This shows that EA cannot be 
considered as a preventive treatment (p > 0.05). 

TGFβ1, one of the most important fibrosis markers, showed a sig
nificant increase in the IUA group compared to the control group 
(p < 0.0001) (Fig. 5A). There was a significant decrease in BMP7 and 
LIF gene expressions in the IUA group compared to the control group 
(p < 0.01; p < 0.001, respectively) (Fig. 5B,C). This is proof that the 
disease model has been successfully established. In addition, the success 
of EA treatment after IUA injury was proven by a significant decrease in 
TGFβ1 gene expressions and significant increases in BMP7 and LIF gene 
expressions (p < 0.0001). No significant difference was observed in the 
gene expression levels of the IUA+DMSO group compared to the IUA 
group. This supports the therapeutic potential of EA. 

3.3. Immunohistochemical results 

The percentage of immunopositivity of BMP7, LIF and TGFβ1 anti
bodies of each rat was calculated with the Image J program. Images 
obtained from X400 magnification were used in the evaluation. 

When TGFβ1 immunopositivity rates were evaluated in uterine 

Fig. 3. Representative photographs of Masson’s trichrome staining of all groups. The abundance of blue pixel areas in the IUA and IUA+DMSO groups indicates the 
intensity of fibrosis severity (X40). 

Fig. 4. Quantitative summary of fibrotic area by Masson’s trichrome staining 
(*: significant with control group, **: significant with IUA group, p < 0.05). 

Fig. 5. Quantitative summary of relative gene expressions A. TGFβ1 B. BMP7 C. LIF (**p < 0.01; ***p < 0.001, and ****p < 0.0001).  
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tissue, there was no significant difference between the control group and 
the DMSO, EA, and IUA+EA groups (p = 1.000; 0.138; 0.433, respec
tively), while TGFβ1 protein expression levels increased significantly in 
the IUA and IUA+DMSO groups compared to the control group 
(p < 0.001). When the EA and DMSO groups were compared with the 
IUA model and the treated group, an increase in TGFβ1 expression was 
observed in the treatment group and this increase was statistically sig
nificant for the EA group (p < 0.001). It was observed that the TGFβ1 
protein level of the treatment group was statistically significantly lower 
compared to the untreated IUA and IUA+DMSO groups (p = 0.029; 
0.012, respectively) (Figs. 6 and 7). These results were supported by 
increased fibrosis in IUA modeled tissues with increased TGFβ1 levels, 
and it was determined that the fibrotic marker TGFβ1 activity decreased 
significantly in the EA-treated group but was not statistically different 
from the control group. 

When BMP7 immunostaining was evaluated, there was no significant 
difference between the DMSO and EA groups when compared to the 
control group (p = 1.000; 1.000, respectively), while the BMP7 
expression levels in the IUA model groups showed a statistically sig
nificant decrease (p < 0.001). Although there was a statistically signif
icant decrease in BMP7 expression in the treatment group when the EA 
and DMSO groups were compared with the IUA+EA group, it was 
observed that the treatment group increased statistically significantly 
compared to the IUA and IUA+DMSO groups (Figs. 6 and 7). Based on 
these findings, it was determined that BMP7 activity was down- 
regulated in the IUA group, which mediates a mechanism opposite to 
TGF-mediated profibrogenic signaling. 

When the immunostaining rates of LIF, which is an endometrial 
receptivity marker, were evaluated, there was no significant difference 
between the control group and the DMSO group, and between the 
control group and the EA group (p = 1.000; 1.000, respectively), while 

LIF expression levels showed a statistically significant decrease in the 
IUA model groups (IUA, IUA+DMSO, and IUA+EA) (p < 0.001; <0.001; 
p = 0.002, respectively). 

When the EA and DMSO groups were compared with the IUA model 
and the treated group, decreased LIF expression was observed in the 
treatment group, and this decrease was statistically significant for the EA 
group (p < 0.001). It was observed that the LIF protein level of the 
treatment group increased statistically significantly compared to the 
untreated IUA and IUA+DMSO groups (p = 0.042; 0.005, respectively) 
(Figs. 6 and 7). With these results, it was determined that endometrial 
receptivity decreased significantly in the IUA model group and LIF, an 
endometrial marker, increased statistically significantly with EA 
treatment. 

3.4. Reproductivity results 

Implanted embryos were counted to determine differences in 
reproductive functionality in the IUA groups after treatment with EA 
(Figs. 8 and 9). The mean number of implanted embryos was 15.00 
± 1.70 in the control group, 4.40 ± 1.43 in the IUA group, and 9.70 
± 2.36 in the IUA+EA group. When the embryo numbers were evalu
ated, it was seen that there was a statistical difference between all 
groups. Compared to the control group, the number of implanted em
bryos in the IUA and IUA+EA groups showed a statistically significant 
decrease (p < 0.001; p = 0.043, respectively). The number of implanted 
embryos in the treatment group showed a statistically significant in
crease compared to the IUA group. 

4. Discussion 

Intrauterine adhesions are defined as the adhesion of opposing 

Fig. 6. TGFβ1 (A), BMP7 (B) and LIF (C) immunopositivity rates in uterine tissues of all groups (*: significant with control group, **: significant with IUA 
group, p < 0.05). 
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endometrial tissue with dense fibrous adhesive bands within the uterine 
cavity. Any event that will damage the endometrium’s basal layer can 
form as an intrauterine adhesion and lead to Asherman’s syndrome. IUA 
is mostly formed after surgical procedures such as dilatation and 
curettage or endometrial cavity-related myomectomy, septal resection, 
and cesarean section [21,22]. Angiogenesis and revascularization abil
ities decrease in IUA patients, while the expression of adhesion-related 

cytokines increases [23]. Some changes are observed in the endome
trium, which shows adhesion formation histologically. The endometrial 
stroma is replaced by fibrous tissue, the epithelial glands are inactive in 
the form of cubo-columnar epithelium, and the distinction between the 
basal and functional layers disappears [9,10]. 

The true prevalence of IUA is difficult to ascertain. Because this is a 
rare and asymptomatic event in the general population [3,4]. In a study 

Fig. 7. Representative immunostaining images of various primary antibodies in uterine tissues of all groups (n = 8; each group) (AEC-hematoxylin; X400).  
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in which a large number of IUA cases were investigated, it was deter
mined that 67% of the cases were formed after abortion or curettage was 
applied as a result of early pregnancy loss. While the rate of IUA after 
cesarean delivery is around 2% [8], this rate rises to 39% in recurrent 
pregnancy losses [24]. Its incidence is around 40–60% in postpartum 
curettage cases. Furthermore, studies have shown that the number of 
curettages increases the frequency and severity of IUA [25]. According 
to a study, after in vitro fertilization, the prevalence of IUA rose by up to 
38% in women who experienced early pregnancies losses [5]. 

According to a study by Gambadauro et al., intrauterine adhesions 
may form after conservative treatment for uterine fibroids. According to 
this article, intrauterine adhesions were thought to be a possible side 
effect of the conservative management of fibroids [26]. Hysteroscopic 
myomectomy may cause adhesions in the endometrium due to the 
trauma caused by surgery, and even in some cases, such as multiple fi
broids, the severity of adhesions is higher [6]. Recurrent pregnancy loss 
is often caused by partial obstructions in the tuba uterina and uterine 
cavity, where fibrotic adhesions and poor vascularization are observed. 
Some researchers argue that there is a decrease in myometrial 
contractility and weakening of vascularity due to fibrosis, and therefore 
sex steroids cannot affect the endometrial tissue. As a result, adhesions 
cause atrophic endometrium [27,28]. 

It has been found in numerous studies that BMP7 is a mechanism 
against TGFβ-mediated pro-fibrogenic signaling and that BMP7 activity 
is down-regulated in fibrotic tissues, despite the fact that the fibrotic- 
antifibrotic mechanism in tissues is quite different. Liver fibrosis 

model studies have shown the efficacy of exogenous BMP7 treatment in 
reducing important parameters including TGFβ/Smad signaling and 
hepatic stellate cell activation [11,12]. In addition, a herbal substance 
has been proven to be successful at reducing hepatic fibrosis by 
enhancing phosphorylated Smads levels and BMP7 antifibrotic signaling 
in experiments to uncover regulators of BMP7/Smad signaling [29]. 
Several studies have shown that overexpression of BMP7 protects 
against fibrosis damage caused by TGF and Smad pathways in variety of 
organs, including the heart, lung, and kidney [30–32]. 

In our study, when we evaluated the fibrotic pathway in terms of 
TGFβ1 and BMP7 genes and proteins in the intrauterine adhesion model, 
we revealed significantly increased expression of TGFβ1 and signifi
cantly decreased expression of BMP7. These findings were also sup
ported by the increased collagen density in Masson’s trichrome staining 
results. 

EA is a polyphenolic substance present in a wide variety of fruits and 
vegetables. The effects of EA on the regulation of multiple pathways can 
be summarized as follows: activation of the antioxidant response [18], 
inhibition of proinflammatory agents [33], regulation of fibrotic for
mation, regulation of some growth factor expression [34], modulation of 
cell cycle genes, and reduction of adhesion molecules [35]. 

In one study, researchers sought to determine how oral administra
tion of diclofenac sodium and ellagic acid affected the development of 
postoperative adhesions in rats. Ellagic acid, a powerful antioxidant and 
anti-inflammatory, inhibited adhesion in the experimental investigation 
by lowering oxidative stress on the establishment of peritoneal adhe
sion. Additionally, it was shown that ellagic acid has stronger anti- 
adhesion properties than diclofenac sodium [36]. In a study evalu
ating the effect of EA on the fibrotic phenotypes of hypertrophic scar 
fibroblasts (HSF), the main cells in hypertrophic scar formation, EA was 
shown to inhibit the proliferation and migration of HSFs and reduce 
collagen expression in a dose-dependent manner. Furthermore, EA was 
also found to reverse the upregulation of TGFβ1-induced Smad2/3 
activation [37]. With these findings, it was proven that EA had an anti 
fibrotic effect on HSFs by blocking the TGFβ1/Smad2/3 pathway. In one 
study, EA was shown to effectively reduce bleomycin-induced pulmo
nary fibrosis by promoting autophagy and apoptosis of myofibroblasts in 
mice [38]. In a study examining the effects of EA on rats with a 
myocardial infarction model, it was shown that EA significantly reduced 
the area of cardiac fibrosis, mRNA expression of HDAC1, collagen-1, 
collagen-3, MMP-2 and − 9 in the myocardial infarction model. The 
same study found that EA at a dose of 60 mol/L reduced the expression 
of the proteins collagen I, collagen III, HDAC1, MMP-2, and − 9 and 
reduced cell proliferation and migration [38]. In one study, immortal
ized Human Cardiac Fibroblasts were stimulated with 10 ng/mL TGF-B1 
for 24 h to induce a fibrotic injury. To investigate the fibrotic effects of 
EA, the levels of some proteins were examined. In the study, ellagic acid 
was shown to inhibit TGF-β1-Smad-2/3-MMP2/9 and Wnt/β-catenin 

Fig. 8. Representative images showing pregnancy outcomes of rats in the control, model (IUA), and treatment (IUA+EA) groups; implanted embryo (arrowhead) 
(n = 10; in each group). 

Fig. 9. Number of implanted embryos (*: significant with control 
group, p < 0.05). 
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signaling through Nrf2 activation [39]. In a study investigating the 
therapeutic effect of EA on diabetic kidney damage, researchers showed 
that the fibrotic structure in DM groups was reduced by EA application 
with Masson trichrome staining. In addition, it was shown that the 
expression levels of TGFB1, psmad3, and aSMA, which are involved in 
the fibrotic pathway, were significantly reduced in the EA-treated group 
compared to the DM group [40]. In a study evaluating pancreatic 
fibrosis in rats, TGFβ1 mRNA expression was shown to be decreased in 
rats treated with EA (100 mg/kg/day) [41]. In our study, EA was 
applied at a dose of 100 mg/kg/day for 35 days as a therapeutic agent in 
the IUA model, which we created by applying mechanical damage to the 
uterus. With our Masson trichrome staining results, it was shown that 
fibrosis decreased in the groups treated with EA. In addition, as a result 
of protein and gene analyses, it was observed that the expression of 
TGFβ1 related to the formation of fibrotic structures, decreased with EA 
treatment. BMP7 activity was reduced, which mediates a mechanism 
opposite to TGF-mediated profibrogenic signaling. 

Leukemia inhibitory factor (LIF), an interleukin (IL)− 6 family 
cytokine, is known to have a significant role in controlling uterine 
receptivity [42,43]. Epithelial-mesenchymal transition, angiogenesis, 
stromal cell decidualization, cell proliferation, and integrin signaling are 
only a few of the mechanisms that LIF activates to produce its effects 
[42]. In a study, it was shown that paeoniflorin, which is used as an 
agent, increases endometrial receptivity by inducing LIF [44]. In this 
study, we looked at how EA, a substance that can increase endometrial 
receptivity, affected LIF expression. In our investigation, IUA model rats 
showed considerably lower levels of LIF gene and protein expression 
compared to the control group. However, it was shown that EA therapy 
greatly enhanced the level of LIF in the tissue. 

5. Conclusion 

The results of this study conclude that EA used as a treatment for IUA 
promotes uterine tissue healing by reducing fibrosis and increases im
plantation rates by increasing endometrial receptivity. The results of this 
study will shed light on the molecular studies required to create a 
treatment against IUA and will enable the development of current 
treatment approaches. 
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