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Endometrial damage leads to intrauterine adhesions (IUA), significantly impairing endometrial 
receptivity and fertility. Stem cell therapies, particularly umbilical cord mesenchymal stem cell (UC-
MSCs), have shown promise in regenerating damaged endometrium, but prior studies have relied 
on ex vivo pathological evaluations. Ultrasound, as a non-invasive examination method, provides an 
important basis for the diagnosis, treatment and prognostic assessment of uterine adhesions in clinical 
practice. A series of statistical techniques were systematically used in this study, one-way ANOVA test, 
LSD-t test, Mann Whitney U test, Dunn’s t test, and linear regression, with the aim of investigating 
whether ultrasound can effectively assess the effect of rat IUA model after treatment with IUA. This 
was an animal study involving 30 female Sprague-Dawley rats randomly divided into three groups: 
normal (n = 10), IUA model (n = 10), and UC-MSC therapy (n = 10). The study duration was approximately 
three months, including UC-MSC administration and post-treatment follow-up. IUA was induced 
in the model and UC-MSC groups by mechanical scraping of the uterine endometrium. Rats in the 
UC-MSC group received intrauterine infusions of UC-MSCs. Endometrial thickness, morphology, and 
continuity were evaluated pre- and post-treatment using ultrasound. Histological analysis, including 
H&E, Masson’s staining, and CK immunohistochemistry, was performed after euthanasia. Endometrial 
thickness significantly increased in the UC-MSC group compared to the model group (0.34 ± 0.06 mm 
vs. 0.11 ± 0.03 mm, p < 0.05), while fibrosis was significantly reduced (15.11% vs. 28.14%, p < 0.05). 
The UC-MSC group exhibited improved endometrial morphology and glandular density compared 
to the model group (p < 0.05). Particularly Ultrasound findings of endometrial thickness, are 
significantly associated with pathological assessments (r > 0.99, p < 0.0001). This study demonstrates 
that ultrasound is a reliable, non-invasive tool for monitoring the therapeutic effects of UC-MSCs on 
endometrial regeneration in vivo.
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FI	� Blood flow index
VFI	� Vascularization-blood flow index

The endometrium is a tissue with a high capacity for self-repair, undergoing periodic growth, shedding, and 
regeneration in response to fluctuations in estrogen and progesterone levels. However, damaged endometrium 
can lose its self-repair capability, leading to the occurrence of intrauterine adhesions (IUA). IUA, also known as 
adhesion syndrome, is pathologically characterized by partial or complete adhesion of the uterine cavity due to 
endometrial fibrosis1. A thin endometrium (less than 7 mm) is considered a key factor in embryo implantation 
failure and is a major cause of secondary infertility in women2–7. Endometrial regeneration are essential for 
supporting embryo implantation.

In recent years, stem cell therapy has demonstrated positive effects in the treatment of various tissue and 
organ injuries. A substantial amount of animal experiment literature has confirmed the efficacy of stem cell 
therapy in the regeneration of endometrium8–14. Umbilical cord mesenchymal stem cells (UC-MSCs), derived 
from discarded neonatal umbilical cord tissue, are easy to be cultured in vitro and have been widely applied in 
stem cell transplantation studies.

Previous literature assessing endometrial repairment has all been conducted in vitro, where uterine cavity 
tissue was collected from dissected rats for clinical pathology and related research, making it impossible to 
effectively evaluate endometrial receptivity preoperatively. This article will explore for the first time whether 
ultrasound examination can be used to assess the endometrial receptivity in vivo in animal studies involving 
UC-MSCs for the treatment of IUA.

Materials and methods
Clinical tissue samples
All tissue samples in this experiment were obtained from the delivery room at Yantai Yuhuangding Hospital. 
Approximately 15  cm of umbilical cord from healthy full-term newborns delivered vaginally was collected. 
Before delivery, tests for infectious diseases such as hepatitis B, syphilis, mycoplasma, and chlamydia were 
conducted, all of which returned negative results. Consent was obtained from the mothers and their families 
prior to the collection of the umbilical cord samples, with informed consent forms duly signed. The collection 
process was conducted under sterile conditions, and the samples were immersed in umbilical cord stem cell 
culture medium. They were then transported in sterile 50 ml centrifuge tubes to the Central Laboratory of Yantai 
Yuhuangding Hospital at 4 °C, with separation completed within four hours. The use of these specimens was 
approved by the Ethics Committee of Yantai Yuhuangding Hospital (NO.2024 − 554).

Isolation and culture of UC-MSCs
UC-MSCs were obtained using the tissue block culture method15. In brief, a 14# medical forceps and a 10# 
medical ophthalmic forceps were used to carefully separate the umbilical cord from the umbilical blood vessels 
and the cord epithelium. The remaining tissue was cut into fragments of 1–2  mm16. The tissue pieces were 
laid flat in a 10 cm culture dish and placed in a 37 °C CO₂ incubator for 30 min. Afterward, 10 ml of complete 
culture medium for human umbilical cord mesenchymal stem cells was carefully added to the dish, which was 
then returned to the incubator for culture. Primary mesenchymal stem cells could be observed migrating out 
after approximately 7 days, and when they occupied 80–90% of the culture dish, cell passage or cryopreservation 
could be performed.

Flow cytometry identification of surface markers of umbilical cord mesenchymal stem cells
Third-generation UC-MSCs with good growth were selected and cultured to 90–99% confluence. Cells were 
centrifuged at 1000 rpm for 5 min, and the supernatant was discarded, adjusting the cell concentration to 5 × 106/
mL. Seven EP tubes were numbered, with antibodies CD90-FITC, CD44-PE, CD105-PerCP-Cy5.5, and CD73-
APC added to tubes 1 to 4, respectively. Tube 5 served as a blank control. Tube 6 contained a mixture of positive 
antibody isotype controls (mIgG1-FITC, mIgG1-PerCP-Cy5.5, mIgG1-APC) and negative antibody isotype 
controls (mIgG1-PE, mIgG2a-PE). Tube 7 was filled with a mixture of positive antibodies (CD90-FITC, CD105-
PerCP-Cy5.5, CD73-APC) and negative antibodies (CD34-PE, CD11b-PE, CD19-PE, CD45-PE, HLA-DR-PE). 
The flow cytometer was operated, and Flow Jo software was used to analyze the cell phenotype.

Cell induction and differentiation assessment
UC-MSCs in the logarithmic growth phase were collected and seeded into 6 cm diameter culture dishes at cell 
densities of 2.0 × 104 cells/cm², 2.0 × 104 cells/cm², and 2.0 × 105 cells/cm². The cultures were maintained in a 
37 °C, 5% CO₂ environment until they reached 80–90% confluence. The original culture medium was discarded, 
and differentiation induction media for adipogenic, osteogenic, and chondrogenic lineages were added. The 
medium was changed every 2–3 days, and after 21 days, the induction status was observed under a microscope. 
Oil Red O staining solution, Alizarin Red staining solution, and Alcian Blue staining solution were added to 
the adipogenic, osteogenic, and chondrogenic induction media, respectively, for staining. Images were captured 
under a microscope for induction assessment.

Experimental animals
Female Sprague-Dawley (SD) rats of SPF grade (provided by Jinan Pengyue Laboratory Animal Breeding Co., 
Ltd., License No.: SCXK (Lu) 20190003), aged 7 to 9 weeks of gestation, weighing 150–200 g, were kept in separate 
cages. The rats were housed under controlled conditions, including room temperature (23–25 °C), humidity of 
40–60%, a light/dark cycle of 14 h/10 hours, with ad libitum access to food and water. They underwent 1–2 weeks 
of acclimatization, during which vaginal cytology was checked twice daily to monitor estrous cycle frequency 
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and regularity. A total of 30 rats with consistent estrous cycles were selected for the study. All animal experiments 
were conducted in strict accordance with the NIH Guide for the Care and Use of Laboratory Animals. The 
work has been reported in line with the ARRIVE guidelines 2.0. UC-MSCs and all animals studies have been 
approved by Ethics Committee of Yantai Yuhuangding Hospital (NO.2024 − 554). All methods were carried out 
in accordance with ARRIVE guidelines 2.0 and American Veterinary Medical Association (AVMA) Guidelines 
for the Euthanasia of Animals (2020). All procedures followed were in accordance with institutional guidelines 
and the research protocol approved by the institutional review board.

The experimental rats were randomly divided into three groups: the normal group (n = 10), the model 
group (modeled by mechanical injury, n = 10), and the UC-MSCs group (administered UC-MSCs at a dose of 
2 × 107/200µL, n = 10,suspended in 1 mL of sterile PBS were injected into the uterine cavity.) Random numbers 
were generated using the standard = RAND () function in Microsoft Excel. One week after the establishment 
of the intrauterine adhesion model, UC-MSCs were injected into the uterine cavity through intrauterine 
infusion. The minimise potential confounders such as the order of measurements and treatments. Four to five 
estrous cycles post-treatment, rats were killed by isoflurane asphyxiation, uterine samples were collected under 
anesthesia to assess endometrial conditions. Hematoxylin and Eosin (H&E) staining, Masson’s staining, and CK 
immunohistochemical staining were performed to observe changes in endometrial thickness and morphology.

Establishment of the intrauterine adhesion (IUA) model
Vaginal exfoliated cells from the rats were collected daily at 7–8 AM and 3–4 PM for cycle monitoring. Female 
SD rats in estrus were anesthetized by inhalation with isoflurane. An incision approximately 2  cm long and 
2  cm above the pubic symphysis was made, and the MR-s240-2 ophthalmic curette was used to perform 
comprehensive scraping of the uterine cavity. Scraping was stopped when significant congestion was observed 
in the uterine body and the uterine wall appeared rough, followed by a saline wash of the uterine cavity. During 
the first three days post-surgery, penicillin was administered via intramuscular injection at a dose of 200,000 IU 
per day. Tissue collection was strictly confined to the estrus phase to standardize hormonal status Tissue samples 
were collected during the estrus phase of the third estrous cycle post-surgery for H&E staining, Masson staining, 
and CK immunohistochemical staining.

Measurement of histological indicators (Using imageJ image processing Software)
(1) Measurement of Endometrial Thickness: Photographs of each H&E stained section were taken under low 
power magnification using an optical microscope. Four points at right angles were selected in each section to 
measure the endometrial thickness, and the average value was calculated as the endometrial thickness.

(2) Counting Gland Number: The number of glands in each H&E stained section was counted and recorded 
as the number of endometrial glands in the rat’s uterus.

(3) Calculating Endometrial Fibrosis Area Ratio: For each Masson stained section, four random high-power 
fields were selected, and the ratio of the fibrotic area in the endometrial stroma to the total area of the endometrial 
stroma and glands was calculated. The average of these ratios was recorded as the endometrial fibrosis area ratio.

(4) Measuring Average Optical Density of Endometrial CK Staining: Photographs of each CK stained section 
were taken under low power magnification using an optical microscope. The cumulative optical density value 
and total protein amount of each section were calculated to obtain the average optical density value.

Ultrasound measurement indicators
All rats in the normal, model, and UC-MSCs groups underwent measurement of endometrial thickness using a 
small animal ultrasound machine (Vinno VINNO6LAB, Suzhou, China) before dissection for each group. The 
endometrial morphology and continuity of the uterine cavity were also observed during this assessment.

Evaluation metrics
Prior to dissection, all rats in the normal, model, and UC-MSCs groups had their endometrial thickness 
measured using a small animal ultrasound machine (Vinno VINNO6LAB, 18 MHz, Suzhou, China) to observe 
endometrial morphology and continuity. After dissection, uterine tissues were collected for phenotypic analysis. 
H&E staining was used to assess the number of endometrial glands, Masson’s staining was employed to evaluate 
the degree of endometrial fibrosis, and CK immunohistochemical staining was conducted to indicate keratin 
expression levels.

Statistical analysis
Normality test was conducted on the measurement data, and one-way ANOVA was used for analysis. Pairwise 
comparisons were performed using the LSD-t test. For data not conforming to a normal distribution, results 
were expressed as M (Q1 and Q3), and the Mann-Whitney U test was used for analysis, with Dunn’s test applied 
for pairwise comparisons. A significance level of P < 0.05 was considered statistically significant. Correlation and 
difference analyses were conducted using linear regression analysis.

Results
In vitro culture and phenotypic identification of UC-MSCs
Flow cytometry analysis of third-generation UC-MSCs revealed that over 95% of UC-MSCs were positive for the 
surface antigens CD73, CD44, and CD105, while CD34, CD45, CD31, and HLA-DR were negative (Fig. 1). UC-
MSCs induced to differentiate into adipocytes formed lipid droplets that stained red with Oil Red O; osteogenic 
differentiation resulted in calcium nodules in the bone tissue that appeared orange after staining with Alizarin 
Red; and the glycosaminoglycans in the chondrogenic differentiated cartilage tissue stained blue with Alcian 
Blue (Fig. 2).
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Clinical pathological characteristics of UC-MSCs in improving thin endometrial morphology
The experimental animals were randomly divided into three groups: normal group, model group, and UC-MSCs 
group.

In the normal group, the average endometrial thickness of experimental rats, as assessed by H&E staining, 
was 0.44 ± 0.04 mm, with a clear endometrial structure, tightly arranged epithelial cells, and intact glandular 
structures with uniform numbers. The model group exhibited an average endometrial thickness of 0.11 ± 0.03 mm, 
indicating significant thinning of the endometrium, with loosely arranged epithelial cells, interrupted continuity, 
sparse glands, and disordered structures. In the UC-MSCs group, the average endometrial thickness was 
0.34 ± 0.06 mm, which, while lower than that of the normal group, was significantly thicker than that of the 
model group (p < 0.05). The continuity of epithelial cells was relatively good, and while the glands were sparser 
than in the normal group, their number was significantly higher than that in the model group, and the structure 
was more intact (Fig. 3).

Endometrial fibrosis is an indicator of the degree of endometrial damage. The results of Masson staining 
showed that the fibrosis area in the model group accounted for approximately 28.14% (26.85%−30.62%) of the 
total endometrial area. In contrast, this proportion was about 11.22% (10.33%−12.39%) in the normal group 
and approximately 15.11% (13.82%−17.67%) in the UC-MSCs group. There was a significant difference between 
the model group and the UC-MSCs group (p < 0.05), indicating that UC-MSCs can repair the endometrium and 
inhibit the fibrosis of stromal connective tissue (Fig. 4).

Immunohistochemical staining for cytokeratin (CK) in tissue sections indicates the expression of keratin, 
with positive CK expression appearing as brown-yellow granules in the cytoplasm of epithelial cells. In the 
normal group, the average optical density of CK expression was 0.50 ± 0.07, with uniformly distributed brown-
yellow granules visible in the endometrial epithelial cells. The model group showed a CK average optical 
density of 0.27 ± 0.08, with significantly fewer positive staining epithelial cells compared to the normal group. 
In contrast, the UC-MSCs group exhibited an average optical density of CK expression at 0.39 ± 0.09, indicating 

Fig. 2.  Induction of UC-MSCs into Different Tissue Types. UC-MSCs induced into adipose tissue show 
red staining after Oil Red O staining (a). UC-MSCs induced into osteogenic tissue display red staining after 
Alizarin Red staining (b). UC-MSCs induced into chondrogenic tissue exhibit blue staining after Alcian Blue 
staining (c). All images are captured at a magnification of ×400. Scale bar: 50 μm.

 

Fig. 1.  Flow Cytometry Analysis Results of UC-MSCs.
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a significantly higher positive staining in endometrial epithelial cells compared to the model group (p < 0.05) 
(Fig. 5).

Ultrasound characteristics of UC-MSCs in improving thin endometrial morphology
Ultrasound imaging allows for dynamic observation of the endometrial thickness, morphology, continuity, and 
the presence of pregnancy within the uterine cavity (Fig. 6). In the normal group, the endometrial thickness 
and echogenicity were uniform, with the uterine cavity line visible and no obvious interruptions in continuity 
(Fig. 7a). In the model group, the endometrial thickness was significantly reduced and uneven, with multiple 
interruptions in the continuity of the uterine cavity line (Fig.  7b). The ultrasound images post-modeling 
corresponded with the anatomical and clinical pathological findings observed in the H&E stained images 
(Fig. 8). In the UC-MSCs group, the endometrial thickness showed a significant increase compared to post-
modeling, with some visible repair of the interrupted uterine cavity line (Fig. 7).

Correlation and difference analysis between ultrasound measurements and clinical 
pathological measurements
Comparison of differences in endometrial thickness, number of glands in H&E staining, fibrosis area ratio in Mas-
son staining, and average optical density of CK staining among normal, model, and UC-MSCs Groups(Table 1)
First, normality tests were performed to analyze the measurement data, specifically the H&E stained endometrial 
thickness, number of glands in H&E staining, and average optical density of CK staining, which were found to 
follow a normal distribution, denoted as x̄ ± s  . One-way ANOVA was then used for analysis, with pairwise 
comparisons conducted using the LSD-t test. In contrast, the Masson stained fibrosis area ratio data did not 
follow a normal distribution and were represented as M (Q1, Q3); the Mann-Whitney U test was employed 

Fig. 5.  CK Staining of Endometrial Samples. Endometrium of the normal group (a), model group (b) and the 
UC-MSCs group (c). All images are captured at a magnification of ×400. Scale bar: 50 μm.

 

Fig. 4.  Masson Staining of Endometrial Samples. Endometrium of the normal group (a), model group (b) and 
the UC-MSCs group (c). All images are captured at a magnification of ×400. Scale bar: 50 μm.

 

Fig. 3.  H&E Staining of Endometrial Samples. Endometrium of the normal group (a). Endometrium of the 
model group (b). Endometrium of the UC-MSCs group(3c). All images are captured at a magnification of 
×400. Scale bar: 50 μm.
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for analysis, with pairwise comparisons performed using Dunn’s t test. A p-value of < 0.05 was considered 
statistically significant.

The error bar graph in Fig. 9 illustrates the differences in H&E stained endometrial thickness, number of 
glands in H&E staining, Masson stained fibrosis area ratio, and average optical density of CK staining among 
the normal, model, and UC-MSCs groups in this study. The analysis revealed significant differences across the 
samples from the different groups for H&E stained endometrial thickness (mm), number of glands in H&E 
staining, Masson stained fibrosis area ratio, and average optical density of CK staining. Compared to the 
model group, both the normal group and the UC-MSCs group showed a significant increase in H&E stained 
endometrial thickness (F = 147.233, P < 0.001), as well as a significant increase in the number of glands in H&E 
staining (F = 147.305, P < 0.001).

The error bar graph in Fig. 10 shows that, compared to the model group, there was a significant reduction in 
Masson stained fibrosis after treatment with UC-MSCs (F = 89.333, P < 0.0001).

Fig. 7.  Transabdominal ultrasound with the sagittal images demonstrating. Ultrasound image of the 
endometrium after modeling in the same rat (a) and clinical pathological H&E staining image following 
dissection (b). The pathological image is captured at a magnification of ×400. Scale bar: 50 μm.

 

Fig. 6.  Transabdominal ultrasound with the sagittal images demonstrating. Ultrasound image of the normal 
endometrium in a 14-week-old rat prior to pregnancy (a) and ultrasound images of the same rat during early, 
mid, and late stages of pregnancy, respectively (b, c, d). Annotations: GS (Gestational sac), SK (Skull), SP 
(Spine), AD (Abdomen), UC (Umbilical Cord).
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The error bar graph in Fig. 11 demonstrates that, compared to the model group, both the normal group and 
the UC-MSCs group exhibited a significant increase in the average optical density of CK staining (F = 21.334, 
P < 0.001).

Correlation analysis between ultrasound measurements and clinical pathological 
measurements of H&E stained endometrial thickness
Using the data from the normal, model, and UC-MSCs groups for H&E stained endometrial thickness, 
correlation analysis was performed with the ultrasound measurements by parallelly assessing 10 samples of 

Fig. 9.  The Promoting Effect of UC-MSCs Treatment on H&E Stained Glands. ***P < 0.001; **P < 0.01; 
compared to the model group; n = 10.

 

Group n
H&E Stained Endometrial 
Thickness (mm)

Number of Glands in H&E 
Staining (count)

Masson Stained Fibrosis Area 
Ratio (%)

Average 
Optical 
Density 
of CK 
Staining

Normal 10 0.44 ± 0.04 31.08 ± 1.27 11.22 (10.33–12.39) 0.50 ± 0.07

Model 10 0.11 ± 0.03 16.13 ± 2.77 28.14 (26.85–30.62) 0.27 ± 0.08

UC-MSCs 10 0.34 ± 0.06 27.52 ± 1.76 15.11 (13.82–17.67) 0.39 ± 0.09

Table 1.  Clinical characteristics of Groups.

 

Fig. 8.  Transabdominal ultrasound with the sagittal images demonstrating. Ultrasound image of the 
endometrium after modeling in the same rat (a) and ultrasound image of the endometrium after treatment 
with UC-MSCs (b). Endometrium (thin arrow), Uterine cavity effusion (thick arrow).
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H&E stained endometrial thickness data. The results, analyzed through linear regression, indicated that there 
were no significant differences between the two measurement methods (r = 0.9991, 0.9992, 0.9995 respectively; 
all P < 0.0001), demonstrating a strong correlation. The results are presented in Fig. 12.

Difference analysis between ultrasound measurements and clinical pathological 
measurements of H&E stained endometrial thickness
The comparison of ultrasound measurements and original measurements of H&E stained endometrial thickness 
among the normal group, model group, and UC-MSCs group showed no statistically significant differences 
(P = 0.604, 0.823, 0.452 respectively; all P > 0.05). The results are presented in Fig. 13.

Discussion
Normal embryos and good endometrial receptivity are essential factors for successful pregnancy17. Main causes 
of thin endometrium (less than 7 mm) include induced abortion, intrauterine surgery, and dysfunction of 

Fig. 11.  The Promoting Effect of UC-MSCs Treatment on Average Optical Density of CK Staining. 
***P < 0.001; **P < 0.01; compared to the model group; n = 10.

 

Fig. 10.  The Inhibitory Effect of UC-MSCs Treatment on Masson Stained Fibrosis. ***P < 0.001; **P < 0.01; 
compared to the model group; n = 10.
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endometrial stem/progenitor cells18. It has been reported that thin endometrium is associated with lower embryo 
implantation rates5,6,19,20 and is linked to a higher incidence of early miscarriage (including spontaneous abortion 
and ectopic pregnancy), intrauterine growth restriction, and adverse perinatal outcomes21,22. Additionally, 
patients with thin endometrium have a twofold increased risk of low birth weight and preterm birth23.

Ultrasound is a safe and non-invasive examination method that can visually, dynamically, and comprehensively 
display the observed area. In this study, we explore for the first time the application value of ultrasound imaging 
in an animal experiment involving stem cell therapy for intrauterine adhesions. This method allows for a 
comprehensive observation of the conditions within the uterine cavity in a living organism. In contrast, clinical 
pathological studies conducted post-dissection may exhibit significant randomness in results due to limitations 
in sample collection and other factors. In our study, we assessed changes in endometrial receptivity in rats before 
and after treatment by measuring endometrial thickness and observing the morphology and continuity of the 
endometrium. The data obtained were compared for correlation and differences with the results from ex vivo 
studies, revealing no statistically significant differences between in vivo and ex vivo values. In summary, our 
research demonstrates that UC-MSCs can repair the impaired endometrial receptivity in rats, which can be 
indicated through ultrasound imaging in a living state, providing a theoretical foundation for future research in 
this field.

Conclusion
This study establishes ultrasound as a non-invasive tool for real-time in vivo monitoring of UC-MSCs efficacy in 
restoring endometrial receptivity in IUA, overcoming limitations of terminal histology. In this study, we found 
that UC-MSCs can promote the recovery of the structure and function of the damaged endometrium. Ultrasound, 
as a non-invasive examination method, allows for real-time monitoring of endometrial thickness, morphology, 
and continuity of the uterine cavity line, thereby indicating the progress of animal experiments through in 
vivo studies. This approach is more convenient and quicker compared to ex vivo studies and enables effective 
preoperative assessment of endometrial regeneration. In comparison to the ultrasonic skin imager (model DUB, 
50 MHz, TMP, Germany), the small animal ultrasound device used in this study (Vinno, VINNO6LAB, 18 MHz, 
Suzhou, China) has lower image clarity and resolution. However, with future advancements in small animal 
ultrasound imaging, including significant improvements in image clarity and resolution, as well as further 
optimization of functionality, it is anticipated that three-dimensional energy Doppler ultrasound and VOCAL 
software will enable automatic calculations of endometrial volume, vascularization index, blood flow index, and 
vascularization-blood flow index. This will provide a more precise evaluation of endometrial angiogenesis and 
receptivity. We believe that our ultrasound research offers a new avenue for clinical animal experiments.

Fig. 12.  Correlation Analysis between Ultrasound Measurements and Clinical Pathological Measurements of 
H&E Stained Endometrial Thickness.
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Data availability
The UC-MSCs data generated by this study have been deposited in the Science Date Bank database (DOI: 
https://doi.org/10.57760/sciencedb.19158). Other datasets used and analysed during the current study are ​a​v​a​i​l​
a​b​l​e from the corresponding author on reasonable request.
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