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ARTICLE INFO ABSTRACT
Keywords: The establishment of a stable animal model for intrauterine adhesion (IUA) can significantly
Intrauterine adhesion enhance research on the pathogenesis and pathological changes of this disease, as well as on the

Animal model
Ethanol perfusion
Chemical injury

development of innovative therapeutic approaches. In this study, three different modeling
methods, including phenol mucilage combined mechanical scraping, ethanol combined me-
chanical scraping and ethanol modeling alone were designed. The morphological characteristics
of the models were evaluated. The underlying mechanisms and fertility capacity of the ethanol
modeling group were analyzed and compared to those of the sham surgery group. All three
methods resulted in severe intrauterine adhesions, with ethanol being identified as a reliable
modeling agent and was subsequently subjected to further evaluation. Immunohistochemistry
and RT-PCR results indicated that the ethanol modeling group exhibited an increase in the degree
of fibrosis and inflammation, as well as a significant reduction in endometrial thickness, gland
number, vascularization, and endometrial receptivity, ultimately resulting in the loss of fertility
capacity. The aforementioned findings indicate that the intrauterine perfusion of 95 % ethanol is
efficacious in inducing the development of intrauterine adhesions in rats. Given its cost-
effectiveness, efficacy, and stability in IUA formation, the use of 95 % ethanol intrauterine
perfusion may serve as a novel platform for evaluating innovative anti-adhesion materials and
bioengineered therapies.

1. Introduction

As an important part of the uterus, the endometrium may be divided into functional layer and basal layer, which plays a pivotal role
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in female reproduction. The latter is a fundamental element in female reproduction and remains intact beneath the stratum func-
tionalia, thereby remaining unaffected by menstruation [1]. After the menstruation, the outer endometrial functional layer will
regenerate from the inner basal layer [2]. However, the self-repair and renewal ability of the endometrial basal layer may be impeded
by mechanical injury, infection, and other factors, ultimately leading to the development of intrauterine adhesion (IUA) [3-6]. Severe
endometrial dysfunctions can be caused by IUA, including cyclic low abdominal pain, a/hypomenorrhea, abnormal placental implant,
repeated abortions and secondary infertility, which negatively impacts the reproductive health and psychological well-being of women
[4]. To prevent the IUA, a variety of ancillary treatment regimens have been initiated, which included placement of physical barriers,
biological barriers, and estrogen/progesterone hormone therapy [5,7,8]. Despite their therapeutic benefits, these strategies are not
without limitations, including uterine inflammation, infections, bleeding, perforation, and impaired endometrial receptivity. Conse-
quently, the management and treatment of intrauterine adhesions (IUA) remains a challenging task for gynecologists [9-13].
Therefore, there is a pressing need for the development of advanced strategies to address this dilemma.

To comprehensively evaluate the effectiveness of various treatments for IUA, it is imperative to conduct animal model investigation
prior to commencing clinical trials. Consequently, it is essential to establish an animal model that can accurately mirror clinical
features, including tissue response, reparative effects, and mechanisms, while also being easily accessible for subsequent experi-
mentation on endometrial restoration and anti-adhesion materials [14], to ensure high-quality outcomes and avoid unnecessary waste
of research resources.

Based on these, a variety of injury methods for establishing the IUA models have been proposed, which included mechanical
damage by curets or scalpels, electrical burns, chemical damages, lipopolysaccharides-induced and various combination methods
[15-18]. However, the majority of these methods are intricate and unstable. Furthermore, there is a dearth of studies that have
compared these models and their respective advantages and disadvantages as a platform for testing novel tissue engineering materials.

In this study, three distinct methodologies were devised to construct an animal model of intrauterine adhesions (IUA) in Sprague-
Dawley (SD) rats. To construct a stable and effective IUA model, this study comprised three parts. Firstly, the efficacy of various
modeling methods was evaluated by the formation of IUA. Secondly, a model which is most suitable for in vivo evaluation of anti-
adhesion materials has been identified, and histological evaluation was carried out at various time points. Finally, the gene expres-
sion level and reproductive outcomes of the model were furtherly evaluated.
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Fig. 1. Schematic diagram for the grouping of animal surgery. 1) Phenol mucilage combined with mechanical scraping (PS group), 2) ethanol
combined with mechanical scraping (ES group) and 3) ethanol modeling (E group) with the endometrial damage.
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2. Materials and methods
2.1. Animals

The Sichuan University Animal Care and Use Committee (20211142 A) approved all animal experiments in compliance with the
National Society for Medical Research’s Principles of Laboratory Animal Care. Eight-week-old mature female SD rats weighing 250 and
20 g were used in all surgical procedures (HuaFukang Biological Technologies, China). The animals were housed in groups (3-4 per
cage) with free access to food (Standard feed, Huafukang Biotechnology Co., Ltd, China) and water at a temperature of 23 + 2 °C and
light (12 h light and 12 h darkness cycle) controlled environment from one week before the surgery.

2.2. Establishment of the animal models

SD rats within dioestrus were selected for our study. As two completely separated uterine horns are present in the rats, the uterine
horns were randomly modeled by 4 different methods (10 rats with 20 uterine and 5 uterine each group (Fig. 2b). Female rats with
normal oestrus cycles were chosen and divided into 4 groups: 1) sham surgery (Sham group); 2) phenol mucilage combined mechanical
scraping (PS group); 3) ethanol combined with mechanical scraping (ES group) and 4) ethanol modeling (E group) (Fig. 1). Ten rats
were sacrificed at each time point (weeks 0, 2, 4, 8) after surgery to analyze the difference among the groups in terms of gross and
endometrial morphology.

After confirmed the efficacy, stability, and long-lasting effect of 95 % ethanol as the modeling agent. Six rats from ethanol modeling
(E group) and control group were subjected for more detailed histological evaluation, such as the number of endometrial glands, and
area of endometrial fibrosis. To quantify the number of implanted fetuses, the modeled female animals were allowed to mate 4 and 6
weeks after surgery.

All rats were anesthetized with 1 % intraperitoneal injection of pentobarbital sodium (2 mL/kg) and supplemented when necessary.
The surgeries were conducted using aseptic technique by one person to avoid the operation differences. The uterine horns were
randomly assigned and operated on to minimize bias. A 2-cm vertical midline lower abdominal incision was made after disinfection
with povidone iodine.

The middle segment of the uterus was clamped by two arterial clamps to create a 1.5 cm closed cavity. The intrauterine fluid was
extracted by a fine needle to avoid dilution of the modeling reagent, and the modeling reagent (phenol mucilage or 95 % ethanol) was
then injected into the cavity and maintained for 2 min (phenol mucilage) or 5 min (95 % ethanol), and quickly aspirated. A half-
circumferential incision was made on the proximal part of the uterine, and the uterine cavity was rinsed with normal saline to
avoid further erosion, additional mechanical modeling was achieved by using a scraping spoon, which was inserted and rotated inside
the lumen several times until the uterine wall has become rough. The uterine horns were then placed back into the abdominal cavity
after the incision was sutured. After the peritoneal cavities were flushed, the abdominal incision was closed (Fig. S1). For post-
operation analgesia, ketoprofen (5 mg/kg) was administered subcutaneously.

2.3. Histological examination

After the surgery, tissue samples were collected for gross observation, histological and immunobiological evaluation, and
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Fig. 2. Gross observation of the uterine horns after the injury at 0, 2, 4, and 8 weeks. (a) Schematic diagram of damaged uteri in different
groups; (b) Representative images of the uterine horns.
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immunofluorescence staining. Segments of uterus were fixed in 10 % neutral formaldehyde for 24 h, embedded in paraffin. Hema-
toxylin/eosin and Masson’s trichrome stains were performed according to standard protocols for the observation of morphological and
histological changes. The expression of a-SMA (Abcam, Cambridge, UK, 1: 1000), EpCAM (Abcam, Cambridge, UK, 1: 200), FoxA2
(Abcam, Cambridge, UK, 1: 200), and CD31 (Abcam, Cambridge, UK, 1: 1000) proteins was detected by immunohistochemistry.
Images of four randomly selected fields on each slide were analyzed using Image J software 1.8.0. Histological evaluation was per-
formed by an experienced pathologist blinded to the grouping.

2.4. Quantitative real-time PCR

4 and 6 weeks after the surgery, the uteri of all groups were removed and washed with sterile PBS. The modeling segment was
collected, and total RNA was extracted by following the manufacturer’s instructions. The sequences of the primers were listed in
Table S1. Following the manufacturer’s instructions, total RNA was extracted using the RNA Extraction Kit (Promega, USA). Quan-
titative QRT-PCR was performed in triplicate using TB Green® Premix Ex TaqTM II mix (Takara, Japan) on a real-time thermocycler
(LC 96). Reverse transcription-PCR (RT-PCR) was performed as follows: 95 °C for 30 s, 40 cycles of 95 °C for 10 s and 60 °C for 30 s.
Relative expression of the relevant genes was calculated with a 2 AAC method as compared with that of an endogenous housekeeping
gene fB-actin. A 2-Ct method was used to calculate relative gene (TGF-$1, PDGF-BB, TIMP, COL1, MMP9, IL-1p, IL-6, CD31, VEGF, Ki67,
CK-8, HoxA10 and LIF) expression compared to an endogenous housekeeping gene p-actin.

2.5. Fertility test

To determine whether the modeled uterus may affect embryonic implantation and post-implantation development, 12 female SD
rats (with 24 uterine horns) were used for the fertility test. The right uterine horn of each rat was treated as described above and
assigned randomly to the sham group, 4-week group and 6-week group (6 each), while the left horn of each rat was left intact as the
sham group. 4 and 6 weeks after the surgery, the female rats were mated at 1: 1 ratio with male SD rats, and were euthanized 18 days
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Fig. 3. Representative images of H&E-stained histological sections of the different IUA model. PS, Phenol mucilage combined with me-
chanical scraping; ES, ethanol combined with mechanical scraping; E, ethanol modeling group; W, weeks (Scale bar = 500 pm).
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after the appearance of vaginal plugs. The number of fetuses within each uterine horn was counted.

2.6. Statistical analysis

All values are presented as means + SD. SPSS 24.0 was used to perform the statistical analysis. The student’s t-test or one-way
ANOVA with Tukey’s post hoc test were used to determine significance. Significant values were designated as *P < 0.05 or **P <
0.01. All statistical images were made using the GraphPad Prism 9.0.

3. Results
3.1. Gross observation of the modeling uteri

After 8 weeks following the surgical procedure, it was observed that all rats had survived and exhibited satisfactory healing of their
abdominal wounds, without any signs of infection. The sham group rats exhibited preserved uterine morphology, whereas the
modeling group rats displayed elongated uteri with completely occluded and atrophic modeled segments due to adhesion. Addi-
tionally, the distal uterine horn in the modeling group exhibited enlargement due to accumulated effusion, which became increasingly
evident over time. Furthermore, the uterine wall in the modeling group exhibited thinning and decreased elasticity (Fig. 2b).

3.2. Histological morphology of the modeling uteri

HE staining revealed morphological alterations in the endometrium. Following modeling, the sham group’s undamaged endo-
metrium exhibited polypoid protrusions covered by columnar epithelial cells, with enriched endometrial glands uniformly distributed
throughout the basal and submucosal layers. Conversely, the endometrial epithelium was entirely compromised and shed in the PS, ES,
and E groups, with some instances of deep burial within the myometrium in the PS and ES groups (Fig. 3).
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Fig. 4. Morphological, histological and immunofluorescence staining of the injured uteri damaged by 95 % ethanol corrosion method.
Representative images of the uterine horns (a), HE and Masson staining (Scale bar = 500 pm) (b) and immunofluorescence staining (c) 4 and 6
weeks after the surgery. DAPI staining has 10 aggregated at the nuclei (blue), whilst EpCAM staining has aggregated at the endometrial epithelium
(green). E, ethanol modeling with the endometrial damage; W, weeks. Scale bar = 100 pm (upper panel), 50 pm (bottom panel). (For interpretation
of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Two weeks after the surgery, the model groups exhibited marginal or total adhesion, significant stenosis of the uterine cavity, and
focal endometrial repair. The thickened uterine wall indicated extensive hyperplastic changes. Four weeks post-surgery, complete
intrauterine adhesions had formed, leading to near-complete occlusion of the uterine cavity. The endometrial epithelium had almost
entirely disappeared, with a significant decrease in gland number and blood vessel density. The surrounding tissue exhibited more
apparent hyperplastic changes. After a period of 8 weeks post-operation, the uterine cavity was observed to have undergone complete
obliteration. The modeled uterine tissue was characterized by advanced fibrosis with minimal cellular infiltration, and no discernible
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Fig. 5. Immunofluorescence staining of the injured uteri damaged by 95 % ethanol corrosion method. (a) Representative immunohisto-
chemical images; (b) statistical histogram of a-SMA, EpCAM and CD31 expression, and number of glands at 4 and 6 weeks. Arrows have indicated
the blood vessels, epithelium and glands, respectively. E, ethanol modeling with the endometrial damage; W, weeks. Scale bar = 100 ym *P < 0.05
and **P < 0.01.
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blood vessels or glands were detected. These findings suggest that the rats had lost their capacity for endometrial epithelial regen-
eration and were unable to autonomously restoration.

3.3. 95 % ethanol corrosion model

Although the three aforementioned methods could all cause severe IUA, the mechanical method is typically constrained by factors
such as personnel expertise, surgical equipment, and experimental variables. Therefore, the outcomes of these methods are charac-
terized by poor consistency and repeatability. Consequently, we have opted to employ the 95 % ethanol corrosion method in our
subsequent investigations.

Four weeks after the operation, the sham group’s uterine horn exhibited a restoration of normal morphology and histology
characteristics. Conversely, the injured area displayed stenosis, leading to an accumulation of effusion and elongation of the distal
uterine (Fig. 4a). The endometrial epithelium was remarkably reduced and obvious fibrosis was observed (Fig. 4b). At six weeks post-
surgery, the uterine in the E group was entirely occluded, with a significant increase in effusion accumulation and a remarkable
enlargement of the distal uterus. The uterine wall exhibited a decrease in thickness and elasticity (Fig. 4a and b). Additionally, the
endometrial epithelium was barely visible and advanced fibrosis presented, suggesting that the rats had lost their ability for endo-
metrial epithelial regeneration and could not repair the uterine cavity damage by themselves (Fig. 4c).

Considering its cost-effectiveness, efficacy, and stability in IUA formation, ethanol was regarded as a more appropriate modeling
agent and subsequently subjected to further evaluation. Immunohistochemical staining was carried out on the tissues harvested from
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Fig. 6. Analysis of the fibrosis and inflammatory of the injured uteri damaged by 95 % ethanol corrosion method. (a) The mRNA level of the
ECM deposition-related genes (TGF-f1, PDGF-BB, TIMP, COL1 and MMP9), and (b) inflammatory-related genes (IL-1p and IL-6) in the tissue from
the repair area at 4 and 6 weeks postoperatively were detected by qRT-PCR. E, ethanol modeling with the endometrial damage; W, weeks. *P < 0.05

and **P < 0.01.
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the sham and the E group at 4 and 6 weeks after the surgery (Fig. 5a). The a-SMA was used to evaluate the extent of tissue fibrosis.
EpCAM was used to label the endometrial epithelium, and CD31 and FoxA2 were used to detect the blood vessels and glands,
respectively. As shown, the E group expressed significantly more a-SMA and less EpCAM and FoxA2 at both 4 and 6 weeks, while there
was no significant difference in the number of blood vessels between the two groups (Fig. 5b).
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Fig. 7. Analysis of the vascular, epithelial, and endometrial receptivity of the injured uteri damaged by 95 % ethanol corrosion method.
(a) The mRNA expression of angiogenesis-related genes (CD31 and VEGF), (b) endometrial regeneration-related genes (Ki67 and CK8), and (c)
endometrial receptivity-related genes (HoxA10 and LIF) in tissues from the repair area at 4 and 6 weeks postoperatively were detected by qRT-PCR.

*P < 0.05 and **P < 0.01.
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3.4. Molecular mechanisms of ethanol modeling

To clarify the underlying mechanism of ethanol modeling, changes in the expression of certain genes associated with ECM
deposition, inflammation, angiogenesis, endometrial regeneration and endometrium receptivity were determined, receptivity. As
shown in Fig. 6, compared with the sham group, genes (TGF-$1, COL1, TIMP, MMP9, PDGF-BB) related to ECM deposition were
significantly upregulated at 4 and 6 weeks in the E group (Fig. 6a). Inflammatory reactions were confirmed by the QRT-PCR results.
The mRNA level of both IL-14 and IL-6 have become significantly different from that of the sham group and E group (P < 0.01)
(Fig. 6b).

The vascular endothelial cells regeneration was confirmed by analyzing angiogenesis-related genes. No significant difference was
found in the mRNA levels of the CD31 and VEGF genes between the two groups (Fig. 7a). Genes involved in endometrial and gland
proliferation were monitored to evaluate endometrial regeneration. Compared to the sham group, Ki67 and CK-8 mRNA levels were
significantly reduced in the E group after 4 weeks (P <0.01) and 6 weeks (P < 0.01, P < 0.05, respectively), respectively (Fig. 7b). The
expression of endometrial receptivity-related genes was also altered. HoxA10 and LIF are crucial determinants of uterine receptivity.
At 4 and 6 weeks after surgery, the expression level of HoxA10 mRNA was significantly downregulated in the E group, while LIF mRNA
only showed a significant difference 6 weeks after surgery (P < 0.05) (Fig. 7c).

3.5. Pregnancy outcome

To assess the effect of IUA on the fertility of female rats, pregnancy outcomes were evaluated after
modeling. As shown, the E group failed to conceive due to severe IUA, and the fetal rates in the E
group (0 %) were lower than those in the sham group (83 %) (Fig. 8a and b).

4. Discussion

The selection of appropriate animal models and identification of effective methodologies for establishment are important in the
investigation of human diseases [19]. The utilization of

uncomplicated, consistent, and efficient animal models can be beneficial for the development of novel materials for endometrial
restoration and anti-adhesion. In this study, three distinct

approaches to establish a rat model of IUA, and the feasibility of each method was assessed at

multiple time points. A reproducible and viable method for modeling IUA using 95 % ethanol was established through comparative
analysis.

Animal models of intrauterine adhesions (IUA) have been established using various species, such as mice, rats, New Zealand white
rabbits, beagles, and rhesus monkeys, with different modeling approaches [18,20-24]. Among these options, the rat has emerged as
the most commonly used model due to its distinct genetic background, robust reproductive capabilities, uncomplicated dietary needs,
cost-effectiveness, spontaneous ovulation, and regular estrous cycle. Moreover, the rat’s double uterus and non-interfering uterine
horns make it an ideal animal model for reducing experimental bias [25].

Various modeling methods for IUA have been reported, including mechanical injury, infection, electrothermal injury, and chemical
injury. In recent years, researchers have developed animal models of IUA by infecting them with copper wire or lipopolysaccharide

4 Weeks 6 Weeks
Variables
sham E sham E
Total number of uterine 6 6 6 6
horns
Numbe_r of pregnant 5 0 5 0
uterine horns
Total number of embryos 29 0 33 0

Fig. 8. The fertility outcomes. (a). The gross observation of fertility results between control and E group at 4 and 6 weeks, (b). Quantitative results
of fertility experiment.
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cotton thread [17,26,27]. However, such foreign bodies need to be removed from the uterine cavity, and the procedure is complex.
Furthermore, this method has aimed to simulate the IUA caused by IUD infection, which may not be applicable to all studies.
Consequently, our study primarily focuses on assessing the effectiveness of mechanical injury and chemical etching techniques.

Mechanical injury is caused by scratching the endometrium with surgical instruments [28,29], which aligns more closely with the
clinical etiology of IUA. However, the establishment of models through this method is limited by personal expertise, surgical
instrumentation, and experimental conditions. These constraints have historically led to inconsistent and non-reproducible results
[16]. As previously explained, dual-injury methods have not shown significant advancements compared to other methods in successful
modeling. Furthermore, their execution is complex, making them less suitable for recommendation. On the other hand, chemical injury
can erode the uterine wall using chemical reagents, and the degree of severity can be easily controlled. This method offers advantages
in terms of consistency and repeatability [16]. Thus, an increasing number of studies have begun to choose chemical methods.

Among the chemical reagents commonly used, phenol mucilage and ethanol are frequently employed either separately or in
combination with mechanical methods [30]. Previous research has compared various techniques, including ethanol perfusion, thermal
stripping, mechanical injury, and mechanical co-infection, and has found that ethanol perfusion exhibits the highest stability [31]. This
study also compared the modeling effect of these reagents alone or in combination. Based on gross observation and HE staining, all
three methods resulted in severe intrauterine adhesions (Fig. 3), confirming the reliability of ethanol as a modeling agent. In contrast,
the accessibility and cost-effectiveness of ethanol are superior to those of phenol mucilage. Therefore, ethanol appeared to be a more
suitable modeling agent and was selected for further evaluation.

Ethanol perfusion could cause damage to the endometrium, and ultimately contribute to the formation of stable adhesion. Previous
studies have identified endometrial thickness, the number of endometrial glands, fibrosis area, and the presence of adhesions as
important indicators for evaluating the formation of the IUA animal model [4,32-35]. When the damaged endometrium cannot be
effectively repaired, it results in the replacement of the endometrial stroma with a significant amount of fibrous tissue. Our findings
showed a significantly higher degree of fibrosis, near absence of endometrium, and more evident reduction in gland count in our IUA
model compared to the sham group at both 4- and 6-weeks post-surgery. Based on our observations, intrauterine adhesions caused by
ethanol are irreparable on their own, but can be reversed using biomaterial scaffolds, as demonstrated in our previous study [20]. This
finding could serve as an important reference point for utilizing biomaterials in the treatment and prevention of intrauterine adhesion
within animal models.

The excessive deposition of extracellular matrix (ECM) collagen represents a significant alteration in the fibrous uterine, as pre-
viously reported [36-38]. It has been reported that TGF-$1 and PDGF-BB can significantly promote the expression of COLI and a-SMA,
which play an important role in the process of fibrosis [30,39-42]. TIMP plays a key role in the formation and dissolution of fibrosis
[38,43,44]. In addition, it has been reported that MMP-9, the downstream target gene of TGF-B1, plays an important role in endo-
metrial remodeling important role in endometrial remodeling, and is involved in the fibrosis process through degrading and reor-
ganizing ECM [45-48]. MMP-9 can participate in the occurrence of IUA through Mesenchymal transition (EMT) and promote
endometrial fibrosis [49,50]. Thus, we conducted QRT-PCR analysis to assess the expression levels of TGF-p1, PDGF-BB, TIMP, MMP-9,
and COL1 in the modeled segments. Our findings indicate that the extent of uterine fibrosis following alcohol corrosion increased over
time post-surgery, which is in line with the clinicopathological alterations observed in IUA [51,52].

Inflammation and vascular damage are also important causes for endometrial fibrosis [7,53,54]. Previous studies have shown that
inflammation may hinder the regeneration of injured endometrium and activate a number of downstream pathways to further
aggravate the fibrosis [55]. Therefore, we employed immunohistochemistry and QRT-PCR to assess genes and proteins linked to
inflammation (IL1p and IL6) and vascularization (CD31 and VEGF). The findings indicated that the implementation of the IUA model
led to heightened inflammation, aligning with the observed pathological alterations in human IUA. For Ki67 is a nuclear antigen
closely associated with cell proliferation [56], and CK8 is an indicator that can indirectly reflect changes in the endometrial epithelium
[57]1, we have further detected the expression levels and verified the impaired capacity of endometrial epithelium regeneration.

In addition, unlike prior research, our study incorporates an appraisal of uterine function as a metric for assessing the animal model.
The assessment of uterine function loss encompasses two facets, namely endometrial receptivity and fertility evaluation. Endometrial
receptivity pertains to the capacity of the endometrium to permit and facilitate embryo implantation [58]. HoxA10 and LIF are widely
used as the indicators of endometrial receptivity [59]. HoxA10 is a critical regulatory factor in embryo implantation, which involved in
the embryogenesis of the uterus and embryo implantation via regulation of downstream genes [60]. LIF is a pleiotropic cytokine with a
critical dual function in initiates endometrial decidualization and embryonic development [61-63]. The QRT-PCR results indicate that
our methods have the potential to decrease the endometrial receptivity of rats. Subsequently, we assessed the pregnancy outcomes
following modeling. Our findings demonstrate that the ethanol modeling rats were unable to conceive at any point due to the presence
of severe intrauterine adhesions. The aforementioned evidence suggests that our model successfully induced stable uterine adhesions
that were not self-restorable in rats. In summary, the procedure of ethanol corrosion method has a noteworthy impact on various
endometrial parameters such as thickness, gland count, degree of fibrosis, and pregnancy outcomes. Taken together, ethanol corrosion
has a significant effect on the endometrial thickness, number of glands, degree of fibrosis and pregnancy outcome, which has
confirmed the desirability of ethanol instillation as an IUA modelling procedure.

This study has certain limitations. Firstly, this approach is readily applicable to small animal models, as thin endometrium gua-
rantees efficacy and stability in a short time. Secondly, the rare occurrence of chemically induced uterine injury may not fully replicate
the pathogenesis of clinical IUA. Therefore, this model is more suitable for in vivo assessment of antiadhesion biomaterials or stem cell-
based therapies, rather than for investigating the pathogenesis of IUA. Our subsequent studies will focus on investigate its interrelated
mechanism in the prevention of IUA by tissue engineering scaffolds.
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5. Conclusion

Our modeling approach is capable of effectively establishing stable and long-lasting results. This method is not only cost-effective
but also reliable, making it suitable for preclinical evaluations of therapeutic strategies, including anti-adhesion materials and bio-
engineered therapies.
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