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SUMMARY: Endometrial receptivity plays a critical role in pregnancy, while controlled ovarian hyperstimulation
(COH) — widely used for infertile patients — could impair endometrial receptivity and subsequent pregnancy
outcomes. This study aims to explore the effect of Yiqi Bushen Shugan Huoxue Decoction (YBSHD) on impaired
endometrial receptivity in patients with unexplained infertility (UI) undergoing COH and to determine the mechanism
for it through modular pharmacology, molecular docking, and a murine model. First, we retrospectively studied
422 patients with Ul who underwent COH to get pregnant. Results indicated that the live birth rate significantly
increased in the YBSHD group. Second, a systematic network pharmacology analysis was performed to screen the
ingredients and possible targets of YBSHD. The main targets concerning YBSHD and endometrial receptivity involved
pathways including hormone regulation, inflammatory responses, and apoptosis. The active components of quercetin
and kaempferol from YBSHD exhibited a strong binding affinity to key molecules, including BCL2, ESR1, IL6,
IL1B, and TNF. Third, YBSHD improved endometrial receptivity in a murine COH model. Compared to the COH
group, the number of embryo implantations and endometrial pinopodes significantly increased in the YBSHD group,
indicating improved endometrial receptivity. YBSHD improved the local immune microenvironment in COH mice by
regulating excessive hormone secretion, gene expression of inflammatory factors, and proportions of neutrophils and
macrophages. Moreover, YBSHD inhibited apoptosis in the ovaries and uteruses of COH mice. In summary, YBSHD
could increase the live birth rate in patients with UI, mainly because it can inhibit inflammation and cell apoptosis,
thereby improving endometrial receptivity.
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1. Introduction However, controlled ovarian hyperstimulation (COH),

commonly used for infertile women, may impair

Studies have found that the lifetime prevalence and
period prevalence of infertility have reached 17.5% and
12.6%, respectively (1,2). Despite the development of
in vitro fertilization embryo-transfer technology (IVF-
ET), the clinical pregnancy rate and live birth rate
remain around 30% worldwide (3-5). A major reason
is the failure of the embryo to implant in a receptive
uterus. Successful embryo implantation occurs during
the synchronization of the embryo and the endometrium.

endometrial receptivity by altering the release of
hormones and the window of implantation.

Various means of enhancing endometrial receptivity
have been tested from bench to bedside, including
aspirin (6), sildenafil (7), and endometrial scratching (8).
However, the guidelines have yet to reach a definitive
conclusion to date. Chinese herbal medicine has
demonstrated unique advantages in dealing with poor
endometrial receptivity in recent years. Current clinical
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methods used to manage it include addressing a Kidney
deficiency, Liver Qi stagnation, and a Spleen deficiency
(9,10). The herbal formula Yiqi Bushen Shugan Huoxue
Decoction (YBSHD), consisting of 18 precisely selected
herbs, was formulated in line with traditional Chinese
medicine (TCM) theory and the clinical experience of the
present research team. Our clinical observations indicated
that COH could adversely affect pregnancy outcomes,
whereas emerging evidence suggests that YBSHD has the
potential to enhance endometrial receptivity in infertile
patients. Therefore, a clinical trial involving patients
with unexplained infertility (UI) undergoing COH and a
murine COH model were designed to explore the effect
and mechanism of YBSHD on impaired endometrial
receptivity caused by COH. Moreover, network
pharmacology analysis and molecular docking were used
to explore the mechanism of YBSHD. The flowchart
for this study is shown in Figure 1. By establishing a
comprehensive "YBSHD-active components-therapeutic
targets-endometrial receptivity" network, the study has
sought to provide scientific validation for the use of this
traditional formulation in contemporary reproductive
medicine.

2. Materials and Methods
2.1. A retrospective clinical trial
2.1.1. Subjects

Patients with UI who were seen at the Obstetrics and

Gynecology Hospital of Fudan University between January
2018 and January 2022 were retrospectively identified.
The study was approved by the ethics committee of this
hospital (kyy2020-156), and this study was conducted in
accordance with the Helsinki Declaration.

2.1.2. Criteria

Subjects were patients with Ul who were unable to
conceive after at least one year of sexual intercourse
without contraception. Inclusion criteria included: 1)
between 20 and 40 years of age; 2) body mass index
(BMI) < 30 kg/m’; 3) no tubal infertility according to
hysterosalpingography or ultrasound; 4) no ovulation
abnormalities; 5) the spouse's semen was within the
normal range; 6) couples with a normal chromosome
karyotype; 7) patients undergoing COH. Exclusion
criteria included: 1) a congenital uterine malformation;
2) endometrial diseases such as intrauterine adhesions,
endometrial polyps, thin endometrium, endometrial
hyperplasia, endometritis, or endometrial tuberculosis;
3) submucosal fibroids, intramural fibroids, moderate
or severe endometriosis, or adenomyosis; 4) endocrine
and metabolic disorders; 5) autoimmune diseases; and
6) malignant tumors or other serious diseases. Patients
with UI were selected by excluding those with evident
causes of infertility or endometrial pathologies. Known
confounders affecting endometrial receptivity were
controlled for, enabling the evaluation of YBSHD's
impact on COH-associated endometrial dysfunction in
patients with UL
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Figure 1. Flowchart of the study.
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2.1.3. Intervention

Four hundred and twenty-two patients with Ul were
divided into a YBSHD group and a control group
according to their medication regimen. The dosage
regimen for COH for all patients was based on relevant
clinical trials (//,12). Patients in the control group
were administered letrozole 2.5 mg once a day for 5
consecutive days from the third to the fifth day of the
menstrual cycle. Based on the control group, patients in
the YBSHD group were administered both letrozole and
YBSHD, the herbal components of which are listed in
Supplementary Table S1 (https://www.biosciencetrends.
com/action/getSupplementalData.php?ID=278), at the
same time. YBSHD was administered orally at a dose of
150 ml twice a day for 14 days. For patients in all groups,
75 TU of human menopausal gonadotropin (HMG) was
administered once daily for another 5 days after letrozole
treatment. Follicles were monitored from the 10th to
the 12th day of the menstrual cycle. Ten thousand U of
human chorionic gonadotropin (hCG) was injected when
the dominant follicle reached 18 mm in diameter. Then,
the patient was instructed to have sexual intercourse three
times every other day. Dydrogesterone (10 mg, twice a
day) was administered continuously for 10 days from
the 15th to the 20th day of the menstrual cycle. Patients
in both groups were treated for 3 consecutive menstrual
cycles. The medication was discontinued if pregnancy
was confirmed.

2.1.4. Outcomes

The primary outcomes included the clinical pregnancy
rate and live birth rate. Definitions were based on the
WHO guidelines and international consensus (/3,74).
Clinical pregnancy was defined as the presence of a
gestational sac in vaginal ultrasound at six weeks of
gestation. Live birth was defined as the delivery of a live
fetus after 20 weeks of pregnancy. The evaluation of
safety included liver and kidney function tests, routine
blood tests, a routine stool examination, and routine urine
tests.

2.2. Network pharmacology and fingerprint analysis

Methods for identifying the components and targets of
YBSHD, prediction of the compound-target relationship
network, protein-protein interaction (PPI) network and
enrichment analysis, molecular docking, and fingerprint
analysis of YBSHD are shown in the Supplementary
Data (https://www.biosciencetrends.com/action/
getSupplementalData.php?ID=278).

2.3. Animals and treatments

All C57BL/6 mice were purchased from Shanghai
Jiesijie Experimental Animal Technology Co., Ltd.

Female mice between the ages of 4 weeks and 6 weeks
and male mice between the ages of 6 weeks and 8 weeks
were used. The mice were housed in a specific pathogen-
free environment (light/dark cycle, 12/12 h; ambient
temperature, 20-25°C) and fed a regular chow diet ad
libitum. All procedures conformed to ethical regulations
and were approved by the Ethics Committee of the
Hospital of Obstetrics and Gynecology, Fudan University.
Mice were randomly divided into three groups (Ctrl
group, COH group, and YBSHD group) based on weight.
The workflow of the animal experiment is summarized
in Figure 5A. The Ctrl and COH groups were gavaged
with distilled water (0.2 ml/20 g bw/d) from day 1 to
day 10. The YBSHD group was gavaged with an equal
volume of YBSHD (29.3 mg/g bw/d) during the same
period. Decoction products of YBSHD were obtained
from the pharmacy of the Hospital of Obstetrics and
Gynecology, Fudan University. They were concentrated
and sterilized with a rotary evaporator and stored in a
-20°C refrigerator for future use. Both the COH group
and YBSHD group received intraperitoneal injections
of PMSG (10 IU/0.1 ml, ProSpec Technogene, Israel)
on day 7, followed by hCG (10 IU/0.1 ml, ProSpec
Technogene, Israel) 48 h later. 0.1 ml of saline was given
intraperitoneally to the Ctrl group simultaneously. Then,
the female and male mice were mated at a ratio of 1:2 or
2:3 overnight. The morning of vaginal plug formation
was counted as pregnant day (PD) 0.5. Mice were
anesthetized with tribromoethanol (0.2 ml/10 g, Aladdin,
China) and killed by cervical dislocation at PD 4.5 for
tissue processing. Materials and methods for analysis of
embryo implantation, H&E staining, scanning electron
microscopy, ELISA of serum hormones, RT-qPCR,
flow cytometric profiling of murine cells, and TUNEL
staining are shown in the Supplementary Data (https://
www.biosciencetrends.com/action/getSupplementalData.
php?ID=278).

2.4. Statistical analysis

Methods for statistical analysis are shown in the
Supplementary Data (https.//www.biosciencetrends.com/
action/getSupplementalData.php?ID=278).

3. Results

3.1. Effect of YBSHD on pregnancy outcomes in patients
with UI undergoing COH

Potential subjects for the retrospective study were
656 patients with Ul, 508 of whom met the criteria.
Exclusions due to non-compliance with medical advice
and loss to follow-up resulted in a final analysis of 214
controls and 208 patients receiving YBSHD, for a total
of 422 patients (Supplementary Figure S1, https://www.
biosciencetrends.com/action/getSupplementalData.
php?ID=278). The demographic baseline characteristics
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of the patients were analyzed and compared. The mean
age was 31.4 + 3.7 and 30.7 = 4.0 for the control group
and the YBSHD group (P = 0.06). Years of infertility
were similar in the two groups (3.2 = 2.1 versus 3.0 + 1.9;
P =0.69). There were no significant differences between
the two groups in terms of BMI (21.0 £ 5.7 versus 21.2 £
4.5; P=0.31).

The pregnancy outcomes were further analyzed
in patients with Ul The clinical pregnancy rate was
26.17% in the control group and 32.69% in the YBSHD
group, but the difference was not significant. The live
birth rate was 21.03% in the control group. Compared
to the control group, the live birth rate of 29.81% in the
YBSHD group was significantly higher, suggesting that
YBSHD effectively improves endometrial receptivity
and promotes live births in patients with Ul undergoing
COH (Table 1). The safety of YBSHD was evaluated

Table 1. Pregnancy outcomes of patients with Ul

Control group  YBSHD group

(n=214) (n=208) P value
Clinical pregnancy 56 (26.17) 68 (32.69) 0.16
rate (%)
Live birth rate (%) 45 (21.03) 62 (29.81) 0.04
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during the treatment and follow-up periods. Adverse
reactions in the patients included nausea, vomiting, and
mild abdominal pain. No serious drug adverse reactions
were reported.

3.2. Identification of active ingredients and targets of
YBSHD

The active ingredients of YBSHD and their
corresponding targets were obtained using the Traditional
Chinese Medicine Systems Pharmacology Database and
Analysis Platform (TCMSP) database (Supplementary
Table S1, https://www.biosciencetrends.com/action/
getSupplementalData.php?ID=278). The most common
compounds sorted by topological degree were as follows:
quercetin (in 9 herbs, degree=140), kaempferol (in 9
herbs, degree = 59), luteolin (in 4 herbs, degree = 55),
[-sitosterol (in 7 herbs, degree=37), and stigmasterol (in
8 herbs, degree = 3) (Supplementary Table S2, https://
www.biosciencetrends.com/action/getSupplementalData.
php?ID=278). The target information was matched
with the protein target information in the UniProt
database, resulting in 224 compounds and 310 targets
after deduplication. A total of 3327 compound-target
relationships were visually depicted as a compound-
target network by Cytoscape (Figure 2A).
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Figure 2. Network target analysis of YBSHD's effect on endometrial receptivity. (A) The network showed the compound-target relationship of
YBSHD. Pink and blue nodes represent the compound and target genes of YBSHD, respectively. (B) The Venn diagram highlighted 73 overlapping
targets between YBSHD and endometrial receptivity. (C) PPI network analysis of YBSHD targets and endometrial receptivity. The nodes represent
target proteins, and the edges represent protein-protein associations. The node colors range from red to yellow, and sizes range from large to small,
representing the degree of protein binding. (D) The top 20 targets network generated by Cytoscape. The nodes represent the core target genes, and
the edges represent the interactions between targets. The node's color, which ranges from red to yellow, represents the degree of targets in descending
order. (E) Bubble graph of the KEGG pathway for the top 20 core genes. (F) GO analysis showed therapeutic targets in biological processes, cellular

components, and molecular functions.
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3.3. Network analysis of YBSHD's effect on endometrial
receptivity

Six hundred and seventy-cight targets related to
endometrial receptivity were identified from the
GeneCards, DrugBank, and OMIM databases, and 339
targets were finally determined based on relevance. A
Venn diagram revealed 73 overlapping targets between
the 339 endometrial receptivity-related targets and the
310 drug targets from YBSHD (Figure 2B). The 73
targets were imported into the String database to obtain
a PPI network of YBSHD and endometrial receptivity,
and the result was graphically depicted using Cytoscape
(Figure 2C). The top 20 target genes, including TNF,
ESR1, AKTI1, HIF1A, BCL2, CXCLS8, EGFR, TP53,
MAPK3, CTNNBI1, IL6, STAT3, PTGS2, MMP9,
FOS, MYC, IL1B, CCNBDI1, PTEN and IL10, were
identified with the plugin cytoHubba (Figure 2D and
Supplementary Table S3, https://www.biosciencetrends.
com/action/getSupplementalData.php?ID=278).

3.4. Kyoto Encyclopedia of Genes and Genomes (KEGG)
and Gene Ontology (GO) enrichment analysis

KEGG pathway and GO enrichment analysis were
performed using the top 20 target genes identified.
KEGG analysis indicated that the pathways associated
with the regulation of YBSHD in endometrial
receptivity mainly involve apoptosis of cells, JAK-
STAT signaling pathway, ovarian steroidogenesis,
mitophagy, antigen processing and presentation, efc.
(Figure 2E). The biological processes involved in the
GO enrichment analysis include inflammatory response,
response to hormones, positive regulation of cell
migration, regulation of apoptotic signaling pathways,
positive regulation of cytokine production, and gland
development. Cellular components involved in the GO
enrichment analysis include transcription regulator
complex, endoplasmic reticulum lumen, and nuclear
envelope. The molecular functions involved include
cytokine activity, phosphatase binding, nuclear receptor
binding, nuclear receptor activity, cell adhesion and
molecule binding (Figure 2F).

3.5. Molecular docking of quercetin and kaempferol

According to network pharmacology, the main ways
for YBSHD to improve endometrial receptivity may
be related to the response to hormone, regulation of
apoptotic signaling pathway, and inflammatory response.
Results also indicated that quercetin and kaempferol
were the top two components in YBSHD in terms of
degree and the number of single herbs containing these
components. Therefore, quercetin and kaempferol were
selected as the primary active components of YBSHD,
and their potential binding affinity to those related targets
(ESR1, BCL2, IL6, IL1B, and TNF) was evaluated

using molecular docking (Figure 3). The general belief
is that the absolute value of the docking score >5 kcal/
mol denotes favorable binding, whereas an absolute
value >9 kcal/mol implies exceedingly strong binding
activity. Therefore, molecular docking further verifies the
advantage of YBSHD compounds in acting on multiple
targets and pathways. Quercetin and kaecmpferol from
YBSHD demonstrated strong binding affinity with
ESRI1, BCL2, IL6, IL1B, and TNF (Table 2).

3.6. Analysis of the chemical composition of YBSHD

The above results confirmed the clinical efficacy
of YBSHD in treating patients with Ul. Network
pharmacology suggested that YBSHD may act through
multiple pathways, with quercetin and kaempferol
(chemical structure shown in Figure 4A-B) likely serving
as key components. Here, fingerprint analysis was used
to identify the active ingredients of YBSHD. UPLC-UV/
Q-TOF MS technology revealed the chromatographic
fingerprint of YBSHD (Figure 4E). The mass spectrum of
quercetin and kaempferol standards showed a detectable
peak at a mass-to-charge ratio (m/z) of approximately
302 and 286, respectively (Figure 4C-D), which matches
the molecular weight, suggesting that the mass spectra
of the standards can serve as a reference for fingerprint
analysis. The mass spectrum of YBSHD was compared
to those of the two reference standards, and the results
indicated that the chromatogram of YBSHD contained
both quercetin and kaempferol peaks, confirming the
presence of these two components in YBSHD.

3.7. Effect of YBSHD on endometrium and embryo
implantation in COH mice

One of the pivotal indicators of decreased endometrial
receptivity is the reduction in embryo implantation
(15). Consistent with the clinical investigation of
YBSHD in patients with Ul undergoing COH, a COH
mouse model was used to verify YBSHD's effect on
endometrial receptivity. The implantation sites in each
group were counted by injecting a Chicago sky blue
dye solution intravenously into PD 4.5 mice. Results
indicated that the mean number of implantation sites
decreased significantly in the COH group compared to
that in the Ctrl group, with observable uterine swellings
and hydrops in the uterine horns in the COH group,
suggesting a hyperstimulated state (Figure 5B). YBSHD
treatment increased the number of embryo implantations
(Figure 5F) and restored uterine morphology. There were
no significant differences in the uterus index among the
groups (Figure 5G).

Endometrial morphology was further observed using
H&E staining. Compared to the Ctrl group, mice in the
COH group had a significantly thinner endometrium and
fewer glands, characterized by small glandular lumens
with insufficient secretion and a more compact stroma
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Figure 3. Molecular docking of quercetin and kaempferol with five gene proteins. Quercetin (A) / kaempferol (D) is located in the protein
cavity pocket. Quercetin (B) / kaempferol (E) forms hydrogen bonds with key amino acid residues of proteins. Red dotted lines denote hydrogen
bonds. Quercetin (C) / kaempferol (F) and protein 2D structure diagram. Green dotted lines represent hydrogen bonds. Pi-pi interaction is
depicted with pink dotted lines, and pi-cation and pi-anion interactions are depicted with orange dotted lines.

Table 2. Molecular docking results of quercetin and
kaempferol with five target genes

Affinity (kcal/mol)
Component
TNF ESRI1 IL6 IL1B BCL2
Quercetin -5.9 -7.2 -5.7 -5.0 -6.8
Kaempferol -8.7 -8.3 -6.4 -6.3 -7.8

(Figure 5C-D). YBSHD administration thickened the
endometrium and restored the number and size of uterine
glands (Figure 5SH-I). The enlarged lumen contained
secretory substances, which displayed a secretory
phase change. The stroma became loose and gradually
differentiated into decidual cells after being treated
with YBSHD. Pinopodes are a specific morphological
marker of endometrial receptivity. The luminal surface
of the endometrial epithelia in the COH mice was
relatively smooth and flat, and the membrane projections
were sparse with irregular arrangement and margin
compared to the Ctrl group (Figure SE). The reduction of
pinopodes in COH mice indicated a lagged development
of pinopodes. In mice treated with YBSHD, the dome-
shaped bulge re-emerged on the endometrial epithelial

surface and was covered with microvilli. An increased
number of pinopodes confirmed improved endometrial
receptivity in YBSHD mice (Figure 5J).

3.8. Effect of YBSHD on hormone receptors in COH
mice

Estrogen and progesterone play a crucial role in the
establishment of endometrial receptivity by regulating
endometrial growth and development. Both hormones
perform diverse functions mainly through binding to
their corresponding receptors. Accordingly, the levels
of expression of estrogen receptor 1 and progesterone
receptor in the uterus were examined. Results confirmed
that the expression of Esr/ and Pr mRNA was
significantly down-regulated in the COH model (Figure
5K-L). In contrast, YBSHD treatment significantly
up-regulated the expression of Esrl compared to that
in the COH group (Figure 5K). Leukemia inhibitory
factor (LIF), one of the classic markers of endometrial
receptivity, is also one of the downstream target proteins
of ESR1. COH significantly decreased the expression
of Lif mRNA, while YBSHD effectively increased its
expression (Figure 5M), suggesting that YBSHD restored
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Figure 4. Fingerprint analysis of YBSHD using UPLC-UV/Q-TOF MS. Chemical structure of quercetin (A) and kaempferol (B). Mass spectrum
of the quercetin standard (C) and the kaempferol standard (D). Primary and secondary mass spectrometry data are shown on the first and second
lines, respectively. (E) Mass spectrum of YBSHD. The first line indicates the mass spectrum of the standards. The second line indicates the total ion
chromatogram. Peaks for quercetin and kaempferol were detected in the third and fourth lines, respectively.
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Figure 5. Improved implantation and endometrium were observed in PD 4.5 mice treated with YHSHD. (A) Schema of YBSHD treatment
in a model involving COH mice. (B) Representative images of implantation sites dyed with Chicago sky blue in the PD 4.5 uterus among the three
groups. (C) Representative H&E staining of endometrial thickness on PD 4.5 mice in individual groups (10 x). (D) Representative images of H&E
staining showed the changes in uterine glands and stroma in each group (20x). (E) Representative images of endometrial pinopodes according to
SEM (1000x). Data depict the number of embryo implantation sites (F) and the uterine index (G) in mice treated as indicated. Quantitative results
for uterine endometrial thickness (H) and glands (I) in PD 4.5 mice. (J) The average number of pinopodes per field in PD 4.5 mice. The expression
of Esrl (K) and Pr (L) mRNA in the murine uterus was compared in different groups using PCR. (M) The expression of endometrial receptivity
biomarker Lif was elevated by YBSHD compared to the level in COH mice. The effect of YBSHD on serum estrogen (E2) (N) and progesterone (P)
(O) was assessed using ELISA. Data are expressed as the mean + SEM. *P < 0.05 **P < 0.01, ***P < 0.001. Scale bar, (B) 500 pum, (C) 200 um, (D)

50 um, and (E) 100 um.

endometrial receptivity.

3.9. Effect of YBSHD on murine estrogen and
progesterone secretion in the COH model

During superovulation, exogenous gonadotropins not
only promote follicular development but also change the
hormone levels through a feedback regulation mechanism
that affects the hypothalamic-pituitary-ovary axis (/6).
Therefore, the serum sex hormone levels in mice in each
group were measured at PD 4.5. Results suggested that
the average levels of serum estrogen were significantly
elevated in the COH group compared to those in the Ctrl
group. In contrast, YBSHD administration significantly

down-regulated estrogen levels (Figure 5N). The serum
levels of progesterone were also observed in different
groups. The Ctrl group had an average of 4.64 ng/
ml, while the COH group had an average of 7.04 ng/
ml, which was 1.52 times higher than that in the Ctrl
group. YBSHD significantly reduces the serum level of
progesterone to the normal level (Figure 50), indicating
that it can ameliorate the supraphysiological level of the
hormone caused by superovulation.

3.10. Effect of YBSHD on endometrial inflammation

Excessive hormones induced by COH may result in
ovarian hyperstimulation syndrome (OHSS), which
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is often followed by an inflammatory state (/7). GO
enrichment analysis implied that the role of YBSHD
in endometrial receptivity may involve the regulation
of hormones and inflammatory responses. Therefore,
the GeneMANIA database was used to predict the
key molecules that YBSHD regulates in the hormone-
inflammatory network. As shown in Figure 6A, 76
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genes were involved in the regulation of biological
functions such as the response to steroid hormones, the
regulation of hormone secretion, the response to peptide
hormones, the regulation of inflammatory response,
cell chemotaxis, and the production of molecular
mediators in inflammatory responses. Esr/, but not Pr,
was found to be down-regulated by YBSHD, pointing
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Figure 6. Regulation of YBSHD in the hormone-inflammatory network. (A) Network and function of YBSHD on hormone-inflammation
regulation. (B) PPI analysis focused on the hormone-inflammatory network regulated by YBSHD. PCR revealed the expression of Tnf-o (C), /-
15 (D), 1I-6 (E), and Cxc/I12 (F) mRNA in the murine uterus of different groups. Data are expressed as the mean = SEM. *P < 0.05, **P < 0.01,

***P <0.001.
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Figure 7. Flow cytometry analysis revealed changes in the uterine and blood immune cell population in COH mice treated with YBSHD.
(A) The population of uterine CD11b"Gr-1"neutrophils in mice. (B) The population of CD11b F4/80 macrophages in the murine uterus was
detected. (C) The population of CD11b'Gr-1" neutrophils in the peripheral blood of mice. (D) The population of CD11bF4/80 macrophage in the
peripheral blood of mice. Data are expressed as the mean + SEM. *P < 0.05, ***P < 0.001.

towards the fact that Esr/ and its downstream pathway
regulate endometrial receptivity in COH mice after
YBSHD treatment. GO enrichment analysis identified
17 key molecules, including ESR1 and inflammation-
related genes (chemokines, pro-inflammatory and anti-
inflammatory cytokines). The complex interaction
between them was further depicted by PPI analysis
(Figure 6B).

Given that COH may trigger an inflammatory
response, the impact of YBSHD on local inflammatory

mediators was further investigated. Results indicated
that the expression of 7nf-a and /I-1f mRNA in the
murine uterus of the COH group increased significantly.
YBSHD significantly reduces the expression of Tnf-a
and //-1f (Figure 6C-D). A similar trend was seen in the
expression of /-6, but the difference was not significant
(Figure 6E). The migration and interaction of immune
cells during inflammation is known to be mediated by
chemokines. The expression of the chemokine Cxcli2
was found to be significantly higher in the COH group,
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Figure 8. YBSHD affects apoptosis in the ovaries and uterus of COH mice. (A) TUNEL staining showed apoptosis in the murine uterus
of different groups. (C) Morphology of a murine ovary characterized by H&E staining. (D) The number of corpora lutea in COH mice were
compared after administration of YBSHD. (E) The effect of YBSHD on ovarian apoptosis is indicated by TUNEL staining. The quantified
relative mean density of TUNEL staining in the ovaries (B) and uterus (F) of three groups. qPCR testing detected mRNA expression of the
apoptosis molecules Bax (G), Bcl-2(H), and Caspase 3 (I), regulated by YBSHD. (J) The ovary index was calculated in all mice of the groups.
Data are expressed as the mean = SEM. *P < 0.05, **P < 0.01, ***P < 0.001. Scale bar, (A) 20 pm, (C) 500 um, and (E) 50 pm.

and YBSHD significantly lowered its level (Figure 6F).
As a result, YBSHD may ameliorate the inflammatory
state and uterine immune environment through the
regulation of inflammatory factors and chemokines.

Flow cytometry was performed to compare the
myeloid cells between uterine and peripheral cells
in PD 4.5 mice. Both the proportion of CD11b'Grl"
neutrophils and CD11b'F4/80" macrophages in
peripheral blood significantly decreased in COH mice
compared to Ctrl mice, while this was reversed by
YBSHD (Figure 7A-B). In contrast, the proportion
of CD11b'Grl1" neutrophils and CD11b'F4/80"
macrophages from the murine uterus significantly
increased in COH mice (Figure 7C-D). The opposite
change in uterine and peripheral cells implied that
peripheral neutrophils and macrophages may migrate
to the uterus in response to inflammation. YBSHD
treatment reversed the changes in the proportion of
these two types of cells in the uterus and peripheral
blood, possibly by downregulating the expression of
the chemokine Cxc//2 to inhibit migration from the
peripheral blood to the uterus.

3.11. Effect of YBSHD on uterine and ovarian apoptosis

Apoptosis exists in embryo attachment and infiltration,
while supra-physiological estrogen and the ensuing
inflammation caused by COH may result in excessive
apoptosis in the uterus, thereby compromising embryo
implantation. KEGG and GO enrichment analysis
indicated that YBSHD might regulate endometrial
receptivity through modulation of apoptotic signaling
pathways. The level of apoptosis in the murine uterus
was subsequently quantified in all groups. Quantitative
TUNEL assays revealed extensive apoptosis in both
the luminal and glandular epithelium of the murine
uterus induced by COH (Figure 8 A-B), demonstrating
that COH elicited marked endometrial apoptotic
responses. The decrease in TUNEL-positive cells in
endometrium treated with YBSHD suggested that this
herbal formulation effectively suppresses COH-induced
apoptosis.

Given the established impact of exogenous
gonadotropins on mitochondrial dysfunction in
granulosa and endometrial cells (/8), key regulators of
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the mitochondrial apoptotic pathway were examined
in murine uterine tissues. PCR revealed significantly
elevated expression of the pro-apoptotic Bel-2 family
member Bax in uterine tissues subjected to COH, and
this was markedly attenuated by YBSHD (Figure 8G).
Measurement of anti-apoptotic Bc/-2 mRNA revealed
significantly reduced expression in the COH group versus
controls, while YBSHD treatment markedly restored
its expression (Figure 8H). Significantly elevated levels
of Caspase 3 mRNA, a critical executor of apoptosis,
were evident in the COH group. YBSHD administration
significantly attenuated Caspase 3 expression (Figure
81I), implying its protective role against COH-induced
uterine apoptosis.

Considering the potential disruption that COH may
cause in the hypothalamic-pituitary-ovarian axis, ovarian
morphology in PD 4.5 mice was histologically evaluated
(Figure 8C). COH induced pronounced ovarian
enlargement (evidenced by elevated ovarian index)
alongside follicular depletion, increased atretic follicles,
and a ~3-fold accumulation of corpora lutea, which
aligns with the expected ovarian hyperstimulation (Figure
8D&J). YBSHD treatment restored ovarian volume,
lowered the ovarian index, and reduced excessive
corpora lutea, confirming its protective role in ovarian
hyperstimulation. TUNEL staining was also performed
to assess YBSHD's impact on ovarian apoptosis in all
groups (Figure 8E). Ovarian tissues in the Ctrl group
exhibited virtually no TUNEL-positive cells. COH
induced prominent TUNEL-positive signals in follicles,
whereas YBSHD administration significantly reduced the
relative mean density of TUNEL-positive cells (Figure
8F), indicating reduced ovarian apoptosis.

4. Discussion

In recent years, about 1/7 of couples worldwide have
been affected by infertility (/9), while UI accounts for
about 30% to 60.3% (20,21). COH, a widely accepted
recommendation in guidelines for the treatment of Ul
(22,23), can induce a supraphysiological increase in
maternal estrogen levels. It may lead to the dislocation
or deviation of the embryo and endometrial window
period, thereby compromising embryo implantation and
the pregnancy rate (24,25). Therefore, understanding the
potential negative effects of COH on the endometrium
and optimizing treatment strategies has become the focus
of research to improve pregnancy outcomes. Through
our inclusion and exclusion criteria, patients with Ul
undergoing COH were enrolled as a comparatively
standardized baseline population for evaluation of
endometrial receptivity. Improvement of the live birth
rate in the YBSHD group suggests a potential benefit of
YBSHD for patients with UI undergoing COH.

In recent years, network pharmacology has been
used as a preliminary approach to reveal the potential
mechanism of the active ingredients in TCM, and

molecular docking is used to predict the binding
affinity between the drug components and receptors
(26). Network pharmacology and enrichment analysis
indicated that YBSHD contains a variety of potential
effective ingredients and may improve endometrial
receptivity by regulating hormone response,
inflammation, apoptosis, efc. PPI indicated that some
molecules related to regulating hormone response,
inflammation, and apoptosis were located in the
core position, including ESR1, IL1B, IL6, TNF, and
BCL2. UPLC-UV/Q-TOF MS technology indicated
two active components of YBSHD, quercetin and
kaempferol, which confirmed the predictions of network
pharmacology. Molecular docking further confirmed
the binding affinities of quercetin and kaempferol to
TNF, ESR1, BCL2, IL1B, and IL6, implying a favorable
binding affinity between the core components of YBSHD
and targets of endometrial receptivity. Moreover,
quercetin inhibited the inflammation and apoptosis in
decidual cells stimulated with lipopolysaccharide (27),
and it improved endometrial receptivity in diabetic
mice (28). Kaempferol alleviated uterine and ovarian
apoptosis in cypermethrin-exposed rats (29) and had anti-
inflammatory action in a preeclampsia rat model (30).
Quercetin and kaempferol increase ESR1 expression in
rats with diminished ovarian reserve, and strong binding
between these two compounds and ESR1 has been
confirmed by surface plasmon resonance analysis (37).
In line with these studies, our research demonstrated that
YBSHD inhibits inflammation and cell apoptosis and it
improves endometrial receptivity in COH mice. Thus, we
hypothesize that the relative mechanisms are mediated
by the regulation of ESR1 via quercetin and kaempferol.
The role and mechanism of quercetin and kaempferol in
endometrial receptivity will be investigated in a future
study.

Previous animal experiments revealed that
ovariectomized rats supplemented with high-dose
estrogen had hydrops in the abdominal cavity and uterine
horns, increased organ wet weight, and intestinal loop
expansion (32). In the current study, YBSHD effectively
alleviated the index and volume of murine ovaries
elevated by COH. In addition, COH leads to estrogen
secretion reaching its peak in the early luteal phase,
which should have occurred in the mid-luteal phase. It
causes a deviation in the window of implantation, which
in turn affects the expression patterns of endometrium-
related genes and proteins (33,34). The window of
uterine receptivity opens only at lower estrogen levels
but not at higher levels (25,35), which might explain
the better embryo implantation in the YBSHD group
as verified with Chicago sky blue dye, H&E staining,
and electron microscopy, where no supraphysiological
estrogen exposure occurred.

Ovarian stimulation can result in a reduction in ESR1
compared to natural cycles (36,37). In the current study,
network pharmacology indicated that the reduction in

(695)



BioScience Trends. 2025, 19(6):684-698.

www.biosciencetrends.com

COH-induced supraphysiological estrogen by YBSHD
may be mediated through ESR1. ESR1 is a key factor in
the response of the endometrium to estrogen. In the early
stages of pregnancy, estrogen activates the downstream
signal network through ESR1, regulates the proliferation
and differentiation of endometrial epithelial cells,
and creates a suitable microenvironment for embryo
implantation. The current study showed that YBSHD
effectively up-regulates ESR1, activates the downstream
target protein LIF (one of the biomarkers of endometrial
receptivity), and inhibits excessive hormone levels,
providing a stable endocrine environment for smooth
embryo implantation.

Studies have found that patients with OHSS appear
to be in an inflammatory process, accompanied by high
levels of IL-1B, TNF-a, and IL-6 and high serum estrogen
(17). Long-term estrogen supplementation can induce an
M1-type inflammatory phenotype in mouse macrophages
and promote the secretion of pro-inflammatory cytokines
such as IL-1B, TNF-a, and IL-6 (38). Changes in
inflammation-related molecules may accelerate the
formation of a pro-inflammatory environment, leading
to a disorder of the endometrial environment and
affecting the failure of embryo implantation. Network
pharmacology indicated a hormone-inflammatory
interaction in the regulation of endometrial receptivity by
YBSHD. We therefore analyzed the expression of genes
related to inflammation in the mouse uterus and found
that YBSHD significantly suppressed the expression of
Tnfa, 1116, and Cxcll2 while slightly downregulating /6.
These findings substantiate the anti-inflammatory effect
of YBSHD in COH mice.

Immune cells are essential for endometrial
receptivity and embryo implantation. Increased M1-
type macrophages have been found in the endometrium
of patients with repeated implantation failure during the
window of implantation, along with elevated proportions
and cytotoxicity of uterine natural killer cells (39). An
imbalance in macrophage polarization may disrupt the
maternal-fetal interface during early pregnancy, fostering
a pro-inflammatory microenvironment that compromises
embryo implantation and pregnancy maintenance (40).
Therefore, flow cytometry was performed to analyze
the proportion of and phenotypic changes in immune
cells in the murine uterus from each group. Results
revealed that COH mice had an increased proportion
of neutrophils (CD45°CD11b'Grl") and macrophages
(CD45°CD11b'F4/80") in the endometrium, indicating
a disrupted endometrial immune microenvironment.
Interestingly, peripheral blood indicated a decreased
proportion of both neutrophils and macrophages in
COH mice, suggesting an inverse correlation with their
endometrial counterparts. We therefore speculate that
some endometrial immune cells may have migrated
from the peripheral circulation. A pro-inflammatory
chemokine, CXCLI12 binds to its receptor CXCR4 and
recruits T lymphocytes and monocytes/macrophages

that express the receptor to inflammatory sites, playing
a classic chemokine role in immune responses (47).
Elevated expression of Cxc//2 was noted in the COH
group, suggesting its potential involvement in the
chemotaxis of peripheral immune cells. YBSHD
significantly inhibited the expression of Cxcl/2 in
the uterus and reduced the proportion of neutrophils
and macrophages in the endometrium, indicating
that YBSHD may improve the uterine immune
microenvironment by regulating the local inflammatory
response and immune cell subsets, which are conducive
to embryo implantation.

A pro-inflammatory cytokine, TNF-a promotes
apoptosis and participates in two patterns of cell death:
apoptosis and necroptosis (42,43). TNF-a can induce
apoptosis of follicular granulosa cells and endometrial
epithelial cells during follicular atresia (44,45). We
previously noted changes in the 7Tnf-o expression
regulated by YBSHD, and network pharmacology
suggested that YBSHD may affect the apoptotic
pathway. Therefore, we further examined apoptosis in
the murine uterus and ovary. TUNEL staining indicated
an increase in the apoptosis of uterine and ovarian tissues
as well as an increased number of ovarian atretic follicles
in COH mice. The extent of apoptosis in the uterus and
ovary decreased in the YBSHD group, and expression
of the pro-apoptotic molecule Bax and the downstream
execution molecule Caspase 3 was downregulated,
while expression of the anti-apoptotic molecule Bcl2 was
upregulated. These results indicate that YBSHD may not
only alleviate the inflammatory response caused by COH
but also reduce cell apoptosis.

The current study has shown that YBSHD alleviates
the reduced endometrial receptivity caused by COH
through the mechanism of 'anti-inflammatory-anti-
apoptotic-hormone regulation', which provides new
insight into improving pregnancy outcomes and
optimizing the COH regimen. However, this study
has several limitations. While patients with Ul were
selected to minimize confounders related to endometrial
receptivity, the heterogeneity of Ul should be
considered. In addition, there may have been possible
selection bias in the retrospective study. Although a
COH mouse model was used to match the clinical
scenario of patients with UI undergoing COH, murine
studies cannot fully simulate the dynamic changes
in human tissue. The mechanism by which YBSHD
improves endometrial receptivity and regulates ESR1,
LIF, and its downstream signaling pathways has not
been fully explored. In the future, its efficacy needs
to be verified through multi-center randomized trials
and the synergistic effect and molecular mechanism of
specific components of YBSHD need to be analyzed,
addressing the limitations of COH therapy and opening
up a new avenue for integrated traditional Chinese and
Western medicine to bring about successful pregnancy
outcomes in patients with UL

(696)



BioScience Trends. 2025, 19(6):684-698.

www.biosciencetrends.com

Funding: This work was supported by a grant from the
National Natural Science Foundation of China (grant
number 82374243).

Conflict of Interest. The authors have no conflicts of
interest to disclose.

References

10.

11.

Feng J, Wu Q, Liang Y, Liang Y, Bin Q. Epidemiological
characteristics of infertility, 1990-2021, and 15-year
forecasts: An analysis based on the global burden of
disease study 2021. Reprod Health. 2025; 22:26.

Cox CM, Thoma ME, Tchangalova N, Mburu G,
Bornstein MJ, Johnson CL, Kiarie J. Infertility prevalence
and the methods of estimation from 1990 to 2021: A
systematic review and meta-analysis. Hum Reprod Open.
2022; 2022:hoac051.

Kieslinger DC, Vergouw CG, Ramos L, ef al. Clinical
outcomes of uninterrupted embryo culture with or without
time-lapse-based embryo selection versus interrupted
standard culture (SelecTIMO): A three-armed, multicentre,
double-blind, randomised controlled trial. Lancet. 2023;
401:1438-1446.

Wang Y, Li R, Yang R, et al. Intracytoplasmic sperm
injection versus conventional in-vitro fertilisation for
couples with infertility with non-severe male factor:
A multicentre, open-label, randomised controlled trial.
Lancet. 2024; 403:924-934.

Ngwenya O, Lensen SF, Vail A, Mol BWJ, Broeckmans FJ,
Wilkinson J. Individualised gonadotropin dose selection
using markers of ovarian reserve for women undergoing
in vitro fertilisation plus intracytoplasmic sperm injection
(IVF/ICSI). Cochrane Database Syst Rev. 2024;
1:Cd012693.

Zhang X, Guo F, Wang Q, Bai W, Zhao A. Low-dose
aspirin improves blood perfusion of endometrium of
unexplained recurrent biochemical pregnancy loss. Int J
Gynaecol Obstet. 2022; 157:418-423.

Hajipour H, Sambrani R, Ghorbani M, Mirzamohammadi
Z, Nouri M. Sildenafil citrate-loaded targeted
nanostructured lipid carrier enhances receptivity potential
of endometrial cells via LIF and VEGF upregulation.
Naunyn Schmiedebergs Arch Pharmacol. 2021; 394:2323-
2331.

Palomba S, Vitagliano A, Marci R, Caserta D. Endometrial
scratching for improving endometrial receptivity: A
critical review of old and new clinical evidence. Reprod
Sci. 2023; 30:1701-1711.

Zhang JC, Zhang HL, Xin XY, Zhu YT, Mao X, Hu HQ,
Jin YX, Fan RW, Zhang XH, Ye Y, Li D. Mechanisms
of Bushen Tiaoxue Granules against controlled ovarian
hyperstimulation-induced abnormal morphology of
endometrium based on network pharmacology. J Ovarian
Res. 2024; 17:25.

Tang X, Zhao H, Ding Y, Qin Y, Yang X, Jiang X, Zhou
H, Liu B. Enhancement of endometrial receptivity
by Bushen Zhuyun Decoction via cryptotanshinone-
mediated TRIM28 induction and HIF-1a suppression. J
Ethnopharmacol. 2025; 350:119943.
Hosseini-Najarkolaei A, Moini A, Kashani L, Farid
Mojtahedi M, Hosseini-Najarkolaee E, Salehi E. The
effect of letrozole versus artificial hormonal endometrial
preparation on pregnancy outcome after frozen-thawed

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

(697)

embryos transfer cycles: A randomized clinical trial.
Reprod Biol Endocrinol. 2020; 18:115.

Li HQ, Pan XL, Su NJ, Lu XP, Chen JQ, Chen XW.
Retrospective analysis: The application of human
menopausal gonadotropin combined with letrozole for IUI
in patients undergoing artificial insemination by husband
due to unexplained or mild male factors. Front Endocrinol
(Lausanne). 2022; 13:1038433.

Duffy JMN, Bhattacharya S, Bhattacharya S, et al.
Standardizing definitions and reporting guidelines for the
infertility core outcome set: An international consensus
development study. Fertil Steril. 2021; 115:201-212.
Zegers-Hochschild F, Adamson GD, de Mouzon J,
Ishihara O, Mansour R, Nygren K, Sullivan E, Vanderpoel
S. International Committee for Monitoring Assisted
Reproductive Technology (ICMART) and the World
Health Organization (WHO) revised glossary of ART
terminology, 2009. Fertil Steril. 2009; 92:1520-1524.
Wang H, Dey SK. Roadmap to embryo implantation:
Clues from mouse models. Nat Rev Genet. 2006; 7:185-
199.

Lawrenz B, Peralta S, Kalafat E, Marques LM, Melado
L, ElKhatib I, Del Gallego R, Ata B, Fatemi H. Similar
outcomes, different timings: Luteal vs. follicular
stimulation in in vitro fertilization. Fertil Steril. 2025; in
press.

Chistyakova GN, Remizova, II, Gazieva [A,
Chermyaninova OV. Immunological and
hemostasiological disorders in women with ovarian
hyperstimulation syndrome. Gynecol Endocrinol. 2014;
30 Suppl 1:39-42.

Wang Q, Zhao SX, He JN, Zhao H, Gu BX, Xie JK,
Zhao YJ, Zhang CL, Ge ZJ. Repeated superovulation
accelerates primordial follicle activation and atresia. Cells.
2022; 12:92.

Sang Q, Ray PF, Wang L. Understanding the genetics of
human infertility. Science. 2023; 380:158-163.

Collins JA, Van Steirteghem A. Overall prognosis with
current treatment of infertility. Hum Reprod Update. 2004;
10:309-316.

Wessel JA, Danhof NA, van Eekelen R, et al. Ovarian
stimulation strategies for intrauterine insemination in
couples with unexplained infertility: A systematic review
and individual participant data meta-analysis. Hum
Reprod Update. 2022; 28:733-746.

Practice Committee of the American Society for
Reproductive Medicine. Evidence-based treatments for
couples with unexplained infertility: A guideline. Fertil
Steril. 2020; 113:305-322.

Romualdi D, Ata B, Bhattacharya S, ef a/. Evidence-based
guideline: Unexplained infertility. Hum Reprod. 2023;
38:1881-1890.

Kalakota NR, George LC, Morelli SS, Douglas NC,
Babwah AV. Towards an improved understanding of
the effects of elevated progesterone levels on human
endometrial receptivity and oocyte/embryo quality during
assisted reproductive technologies. Cells. 2022; 11:1405.
Parisi F, Fenizia C, Introini A, Zavatta A, Scaccabarozzi
C, Biasin M, Savasi V. The pathophysiological role of
estrogens in the initial stages of pregnancy: Molecular
mechanisms and clinical implications for pregnancy
outcome from the periconceptional period to end of the
first trimester. Hum Reprod Update. 2023; 29:699-720.
Hong Y, Zhu S, Liu Y, Tian C, Xu H, Chen G, Tao L, Xie
T. The integration of machine learning into traditional



BioScience Trends. 2025, 19(6):684-698.

www.biosciencetrends.com

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Chinese medicine. J Pharm Anal. 2025; 15:101157.

Wang D, Li X, Li Y, Wang R, Wang C, Li Y. New
molecular mechanisms of quercetin in improving
recurrent spontaneous abortion based on in-depth network
pharmacology and molecular docking. Front Chem. 2024;
12:1407667.

Bolouki A, Zal F, Mostafavi-Pour Z, Bakhtari A.
Protective effects of quercetin on uterine receptivity
markers and blastocyst implantation rate in diabetic
pregnant mice. Taiwan J Obstet Gynecol. 2020; 59:927-
934.

Kabeer F, Anjum S, Behan AA, Usman M, Khan NY,
Azeem M, Din HMU, Arshad MA, Nazir S, Cheng S,
Buzdar JA. Kaempferol alleviates cypermethrin induced
reproductive toxicity in rats via Nrf2-mediated antioxidant
and apoptotic regulation with histopathological evidence:
In vivo and in silico study. J Mol Histol. 2025; 56:278.
Song M, Yang H, Liu R. Kaempferol modulates Wnt/
B-catenin pathway to alleviate preeclampsia- induced
changes and protect renal and ovarian histomorphology. J
Mol Histol. 2024; 56:36.

Fu B, Ma R, Yang L, Yang P, Yang D, Jin W, Sun L, Liu
F. Yulinzhu activates ESR1-mediated germline stem cell
regeneration to improve diminished ovarian reserve. J
Ethnopharmacol. 2026; 356:120781.

Ajonuma LC, Tsang LL, Zhang GH, Wong CH, Lau
MC, Ho LS, Rowlands DK, Zhou CX, Ng CP, Chen
J, Xu PH, Zhu JX, Chung YW, Chan HC. Estrogen-
induced abnormally high cystic fibrosis transmembrane
conductance regulator expression results in ovarian
hyperstimulation syndrome. Mol Endocrinol. 2005;
19:3038-3044.

Chen Q, Yu F, Li Y, Zhang AJ, Zhu XB. Comparative
proteomics reveal negative effects of gonadotropin-
releasing hormone agonist and antagonist on human
endometrium. Drug Des Devel Ther. 2019; 13:1855-1863.
Horcajadas JA, Riesewijk A, Polman J, van Os R, Pellicer
A, Mosselman S, Simon C. Effect of controlled ovarian
hyperstimulation in IVF on endometrial gene expression
profiles. Mol Hum Reprod. 2005; 11:195-205.

Ma WG, Song H, Das SK, Paria BC, Dey SK. Estrogen
is a critical determinant that specifies the duration of the
window of uterine receptivity for implantation. Proc Natl
Acad Sci U S A. 2003; 100:2963-2968.
Montoya-Botero P, Polyzos NP. The endometrium
during and after ovarian hyperstimulation and the role of
segmentation of infertility treatment. Best Pract Res Clin
Endocrinol Metab. 2019; 33:61-75.

Bourgain C, Ubaldi F, Tavaniotou A, Smitz J, Van
Steirteghem AC, Devroey P. Endometrial hormone
receptors and proliferation index in the periovulatory
phase of stimulated embryo transfer cycles in comparison

38.

39.

40.

41.

42.

43.

44,

45.

with natural cycles and relation to clinical pregnancy
outcome. Fertil Steril. 2002; 78:237-244.

Calippe B, Douin-Echinard V, Laffargue M, Laurell H,
Rana-Poussine V, Pipy B, Guéry JC, Bayard F, Arnal
JF, Gourdy P. Chronic estradiol administration in vivo
promotes the proinflammatory response of macrophages to
TLR4 activation: Involvement of the phosphatidylinositol
3-kinase pathway. J Immunol. 2008; 180:7980-7988.
Garmendia JV, De Sanctis CV, Hajduch M, De Sanctis
JB. Exploring the immunological aspects and treatments
of recurrent pregnancy loss and recurrent implantation
failure. Int J Mol Sci. 2025; 26:1295.

Park M, Kim YS, Song H. Macrophages: A double-edged
sword in female reproduction and disorders. Exp Mol
Med. 2025; 57:285-297.

Timotijevi¢ G, Mostarica Stojkovi¢ M, Miljkovi¢ D.
CXCL12: Role in neuroinflammation. Int J Biochem Cell
Biol. 2012; 44:838-841.

Duprez L, Takahashi N, Van Hauwermeiren F,
Vandendriessche B, Goossens V, Vanden Berghe T,
Declercq W, Libert C, Cauwels A, Vandenabeele P.
RIP kinase-dependent necrosis drives lethal systemic
inflammatory response syndrome. Immunity. 2011;
35:908-918.

Schifanella L, Anderson J, Wieking G, Southern PJ,
Antinori S, Galli M, Corbellino M, Lai A, Klatt N,
Schacker TW, Haase AT. The defenders of the alveolus
succumb in COVID-19 pneumonia to SARS-CoV-2 and
necroptosis, pyroptosis, and panoptosis. J Infect Dis. 2023;
227:1245-1254.

Morrison LJ, Marcinkiewicz JL. Tumor necrosis factor
alpha enhances oocyte/follicle apoptosis in the neonatal
rat ovary. Biol Reprod. 2002; 66:450-457.

Jiao X, Zhang X, Li N, Zhang D, Zhao S, Dang Y, Zanvit
P, Jin W, Chen ZJ, Chen W, Qin Y. Treg deficiency-
mediated TH 1 response causes human premature ovarian
insufficiency through apoptosis and steroidogenesis
dysfunction of granulosa cells. Clin Transl Med. 2021;
11:e448.

Received November 3, 2025; Revised December 1, 2025;
Accepted December 12, 2025.

$These authors contributed equally to this work.

*Address correspondence to:

Ling Wang, Department of Obstetrics, The First Affiliated
Hospital, Guizhou University of Traditional Chinese Medicine,
No. 71 Baoshan North Road, Guiyang 550001, China.

E-mail: dr.wangling@vip.163.com

Released online in J-STAGE as advance publication December
17,2025.

(698)



