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Abstract
Plastrum Testudinis (PT) is known as Traditional Chinese Medicine, which has commonly been used to
treat and prevent bone metabolism for many years. However, the pharmacological mechanisms have not
yet been fully clari�ed. In this study, we constructed a bilateral ovariectomy model to simulate
postmenopausal osteoporosis (OP), then performed intragastric administration of different doses (160,
80, 40 mg/kg/day) of PT for 10 weeks. After treatment, we used dual-energy X-ray absorptiometry to
evaluate bone mineral density, and micro-computed tomography and hematoxylin and eosin staining to
analyze bone microstructure, immunochemistry, western blotting and quantitative polymerase chain
reaction to detect the expression of osteogenic differentiation-related factors; and miRNA over-expression
to evaluate the effect of miR-214 on the differentiation of bone mesenchymal stem cells (BMSCs) and
related target genes. PT moderated bone mass and bone microstructure, alleviated body weight, and
exhibited no estrogen-like effects; promoted the expression of osteogenic differentiation factors in the
femur and lumbar vertebrae, as well as facilitated the expression of the Wnt signaling-related factors
LRP5, Wnt3a, GSK-3β, and β-catenin. In addition, miR-214 inhibited osteogenic differentiation of BMSCs
and targeted the Wnt signaling-related factors Wnt3a and β-catenin, while PT ameliorated these effects.
This study indicated that PT may act as an antagonist of miR-214 to stimulate bone formation through β-
catenin-mediated Wnt signaling.

1. Introduction
Osteoporosis (OP) is a common clinical bone disease, and postmenopausal women are at particularly
high risk. Research has indicated that various factors lead to OP, but insu�cient bone formation is one of
the most crucial reasons [1]. Bone mesenchymal stem cells (BMSCs) are multipotent cells whose fate of
osteogenic differentiation is essential to the process of bone formation [2]. Research has shown that this
process is controlled by a variety of factors, including signaling pathways and non-coding RNA [3].
Therefore, �guring out the speci�c relationship or mechanism among these factors is necessary to better
understand the process.

Plastrum Testudinis (PT) is known as Traditional Chinese Medicine which commonly is used as the
component in anti-osteoporosis in the Chinese medicine prescription, as well as in tonic foods such as
Plastri Testudinis and tortoise jelly. PT could tonify kidney and strengthen bone approved by the Chinese
Pharmacopoeia (2020) edition, and the modern research has been demonstrated that it is bene�cial to
muscular and skeletal development. For instance, PT has the ability to promote neural stem cell
differentiation, stimulate skin wound healing [4], promote the proliferation and osteogenic differentiation
of BMSCs [5], and alleviate the loss of bone mass and structure in senile or glucocorticoid-induced spinal
OP [6, 7]. Although the effects and mechanisms of PT have been explored in different ways, the ability of
PT to protect against bone loss in ovariectomized rats, and the speci�c mechanisms involved, need to be
explored further.
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Wnt signaling is one of the most signi�cant classical pathways in osteogenic differentiation of BMSCs
[8]. Various studies have shown that Wnt, a member of the secretory lipid modi�cation signaling
glycoprotein family, participates in bone formation and the process of osteogenic differentiation into
osteocytes [9]. Wang et al. [10] indicated that total glycosides and polysaccharides of Cistanche
Deserticola prevented OP by activating Wnt/β-catenin signaling. Chaetocin has been shown to promote
osteogenic differentiation by modulating Wnt/β-catenin signaling in mesenchymal stem cells [11].
Furthermore, the components of the Wnt signaling pathway are regulated by several micro RNAs
(miRNAs) [12]. Therefore, more research is needed to elucidate the speci�c mechanism and e�cacy of
Wnt in the process of bone remodeling.

In this study, we constructed an ovariectomized rat model to simulate the situation of postmenopausal
OP, and evaluated the effects of different doses of PT on bone quality and quantity in ovariectomized rats
and BMSCs, as well as exploring the speci�c mechanism among PT, Wnt signaling, and miR-214. This
research may provide a new perspective of PT how to regulate bone metabolism.

2. Results

2.1 PT alleviated a gain in body weight and moderated
morphology in OVX rats
Qualitative and relative quantitative analyze of the amino acid constituents including detection of
indispensable amino acids and essential amino acids, which we detected before [13]; and the trace
elements were determined by coupled plasma emission spectrometer, including sodium, calcium, ferric
and so on (Table 1). We then evaluated the effects of PT on ovariectomized rats. It revealed that body
weight was higher in OVX rats than sham rats, and supplementation with either PT-H or PT-L signi�cantly
reduced the weight gain in OVX rats (Fig. 1a). The weight of the uterus and the uterine index revealed that
both were lower in OVX rats than in the Sham group (Fig. 1b), while morphology showed that the uterus
was atrophied and thinner in the OVX rats, and different doses of PT caused slight modulation of this
effect but without resulting in a signi�cant difference (Fig. 1c). The content of body fat was higher in the
OVX rats than the Sham group, and the BMI slightly increased but without a substantial difference; PT-M
signi�cantly decreased it in the OVX rats, and different doses of PT slightly reduced the BMI but without
causing a noticeable difference (Fig. 1d).
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Table 1
The content of trace elements in the PT

Trace element Average content(ppm mg/L) RSD(%) concentration(mg/kg)

B 0.111 0.70 414.1791

Ca 2.557 0.50 9541.045

Cu 0.003 0.10 11.19403

Cr 0.119 0.40 444.0299

Fe 0.243 0.80 906.7164

K 0.55 0.40 2052.239

Ni 0.093 0.30 347.0149

P 0.051 1.50 190.2985

Zn 0.063 0.40 235.0746

Li 0.213 5.00 794.7761

Na 5.817 0.40 21705.22

Mg 0.709 0.30 2645.522

Sr 0.019 2.30 70.89552

Ba 0.009 3.40 33.58209

Al 0.119 0.90 444.0299

2.2 PT increased bone mass and regulated bone turnover
biomarkers in OVX rats
The BMD of the whole body, lumbar vertebrae and femur were all lower in the OVX rats than in the Sham
rats. PT-H signi�cantly increased the bone mass of the femur in the OVX rats, while the other doses also
slightly increased the bone mass at different sites but the difference did not reach signi�cant difference
(Fig. 2a). Furthermore, the level of BGP in serum was obviously decreased, while serum PTH levels
signi�cantly increased in the OVX rats compared with the Sham group, and PT-M down-regulated serum
PTH in OVX rats, but the effect of PT on BGP was not signi�cant (Fig. 2b).

2.3 PT ameliorated bone microstructure in OVX rats
The femur trabeculae appeared irregular, porous and fractured in the OVX rats, with lower BV/TV, Tb.N,
and Tb.Th than the Sham group, and the lumbar vertebrae showed the same trend with the exception of
Tb.Th which exhibited no signi�cant difference between the Sham and OVX groups (Fig. 3a). Different
doses of PT signi�cantly increased the Tb.Sp, and slightly increased the BV/TV and Tb.Th, although
there was no signi�cant difference in either the femur or lumbar vertebrae. PT-M and PT-L both
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signi�cantly increased the femur Tb.N, while PT-H and PT-M increased the Tb.N of lumbar vertebrae
(Fig. 3b). Furthermore, HE staining of the femur and lumbar vertebrae revealed that OVX rats had more
sparse and irregular trabeculae than OVX rats; simultaneously, different PT doses moderated these
effects (Fig. 3c, 3d).

2.4 PT stimulated expression of osteogenic differentiation-
related factors in OVX rats
In the femur, the results indicated that the protein expression of osteogenic-related factors was lower in
the OVX group than in the Sham group, while PT-H promoted the expression of ALP, BMP-2, and COL1A1,
and PT-M signi�cantly increased the expression of ALP and BMP-2. At the mRNA level, PT-H obviously
improved the expression of COL1A1 and Runx2 in OVX rats, PT-M signi�cantly increased the mRNA
expression of ALP, BMP-2, COL1A1 and Runx2, and PT-L dramatically increased the expression of BMP-2
and Runx2 (Fig. 4a).In the lumbar vertebrae, both the protein and mRNA expression of osteogenic
differentiation-related factors were lower in the OVX group than in the Sham group, while different doses
of PT signi�cantly increased the protein expression of ALP, BMP-2, COL1A1 and Runx2 (Fig. 4b).IHC
staining showed that the distribution and expression of COL1A1 was sparse in the femur of OVX rats,
while PT-H, PT-M, and PT-L modulated these effects to some degree (Fig. 4c); these trends were also in
accordance with those observed in the lumbar vertebrae (Fig. 4d)

2.5 PT promoted osteogenic differentiation through Wnt/β-
catenin signaling in BMSCs
We analyzed the protein and mRNA expression of Wnt signaling-related factors in bone tissue. The
results showed that the protein levels of GSK-3β, LRP5, Wnt3a and β-catenin were down-regulated in the
OVX group. PT-M signi�cantly increased the protein levels of Wnt3a and LRP5, while the other doses of
PT also slightly promoted expression of Wnt3a, LRP5, GSK-3β, and β-catenin but without resulting in a
signi�cant difference (Fig. 5a).

We also evaluated the osteogenic effect of PT on BMSCs. The results showed that PT signi�cantly
promoted the expression of ALP, BMP-2, COL1A1, and Runx2 in BMSCs. We then adopted a classical Wnt
signaling inhibitor, Dkk-1, and found that the expression of Wnt3a, LRP5, and β-catenin were all
signi�cantly down-regulated in the Dkk-1 group, which meant that Wnt signaling was blocked.
Furthermore, compared with the PT group, the expression of BMP-2, Runx2, and COL1A1 was
signi�cantly down-regulated in the group treated with a combination of PT and Dkk-1. Analysis of mRNA
expression showed the same trend (Fig. 5b).

2.6 PT mediated miR-214 regulation of Wnt signaling to
control osteogenesis
A previous study indicated that the expression of miR-214 is negatively related to osteogenesis [14]. We
analyzed the expression of miR-214 in bone tissue, and found that miR-214 was obviously increased in
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the OVX rats, while PT abated this effect (Fig. 6a); furthermore, the expression of miR-214 was down-
regulated simultaneously with osteogenic induction at different timepoints (Fig. 6b). Over-expression of
miR-214 showed that osteogenesis-related factors were signi�cantly decreased in the miR-214 mimic
group compared with the NC group. Alizarin red S staining supported these results (Fig. 6c, 6d). Analysis
by miRbase and Targetscan showed that miR-214 has a strong a�nity with β-catenin and Wnt3a
(Fig. 6e); in addition, various studies have indicated that miR-214 regulates activation of Wnt signaling.
We observed that the miR-214 mimic down-regulated the expression of Wnt signaling components, while
PT rescued the effects of miR-214 (Fig. 6f).

3. Methods And Materials

3.1 Preparation of water extraction of PT and component
analysis
PT (Chinemys reevesii) was purchased from local pharmacies (batch number 18082114). Following a
previous study [13], PT was twice extracted by decoction in distilled water (2 h each time), and then
concentrated by rotary evaporation to a �nal concentration of 0.1 g/L. After cooling the extract to room
temperature, it was stored at -20°C under dry, airproof, and non-polluted conditions until further use.

Based on the properties of PT, trace elements of the PT extracts were determined by coupled plasma
emission spectrometer (Thermo Scienti�c, X SERIES2), the results were carried out twice in parallel then
calculated.

3.2 Animal treatments
Ten-week-old healthy female Sprague Dawley rats were obtained from Guangdong Medical Laboratory
Animal Center (SYXK (Yue) 2017 − 0174). All animal procedures were approved by the Animal Care
Committee of Jinan University. Rats were allowed a one-week adaptive phase, and then bilateral
ovariectomy surgery was conducted according to the technique described in previous studies [13]. The
rats were divided into �ve groups: a sham-operated group (Sham; sham surgery followed by treatment
with phosphate buffer), an ovariectomized group (OVX; ovariectomy surgery followed by treatment with
phosphate buffer), an ovariectomized group treated with high-dose PT (PT-H; 160 mg/kg/day), an
ovariectomized group treated with mid-dose PT (PT-M; 80 mg/kg/day), and an ovariectomized group
treated with low-dose PT (PT-L; 40 mg/kg/day) by intragastric administration. The doses of PT treatment
for each group were one, two and four times, respectively, the body surface area conversion of clinical
doses according to the formula of Chinese medicine. At the time point, rats were sacri�ced and samples
were collected for further use.

3.3 Hematoxylin and eosin (HE) and immunohistochemical
(IHC) analysis
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Femurs and lumbar vertebrae were collected and �xed with 4% paraformaldehyde solution, then
decalci�ed with 10% EDTA at room temperature for one month. Afterwards, samples were dehydrated
with an alcohol gradient and embedded in para�n, then cut into 5 µm thick sections. Some of the
sections were stained with HE, while others were prepared for IHC analysis. Brie�y, the sections were
prepared, stained, counterstained, dehydrated, hyalinized, and mounted, then the antibody against
COL1A1 (E8F4L, Cell signaling technology, Danvers, MA, USA) was diluted at 1: 100. All images were
captured using a microscope (Zeiss, AXIO; Carl Zeiss Microscopy GmbH, Jena, Germany).

3.4 Bone mineral density (BMD) and micro computed
tomography (CT) analysis
The BMD of the rats was analyzed by dual-energy X-ray absorptiometry (DXA; GE Healthcare, Pittsburgh,
PA, USA), which was loaded with software speci�c for small animals to assess bone density, bone
mineral content (BMC), body fat content, and body mass index (BMI).

Femurs and lumbar vertebrae were �xed in 4% paraformaldehyde, then analyzed using a Hiscan XM
Micro CT (Suzhou Hiscan Information Technology Co., Ltd., Soochow, China). The X-ray tube settings
were 60 kV and 133 A and images were acquired at 50 m resolution. A 0.5° rotation step through a 360°
angular range with 50 ms exposure per step was used. The images were reconstructed with Hiscan
Reconstruct software (Version 3.0, Suzhou Hiscan Information Technology Co., Ltd.) and analyzed using
Hiscan Analyzer software (Version 3.0, Suzhou Hiscan Information Technology Co., Ltd.). Then, the bone
volume/tissue volume (BV/TV), trabecular number (Tb.N), trabecular thickness (Tb.Th), and trabecular
separation (Tb.Sp) data were collected.

3.5 Western-blot analyses
Total protein was extracted using RIPA buffer (P0013B, Beyotime Institute of Biotechnology, Jiangsu,
China) supplemented with a protease inhibitor cocktail. The protein concentration was then measured
using a BCA assay kit (23225, Thermo Fisher Scienti�c, Waltham, MA, USA) according to the
manufacturer’s instructions. Protein contained in different samples was separated by sodium dodecyl
sulfate polyacrylamide gel electrophoresis and then transferred to a polyvinylidene di�uoride membrane.
The membrane was then incubated overnight at 4°C with the following primary antibodies: anti-ALP
(GTX42809, GeneTex, Irvine, CA, USA), anti-COL1A1 (E8F4L, Cell Signaling Technology, Danvers, MA,
USA), anti-RUNX2 (D1H7, Cell Signaling Technology), anti-BMP-2 (ab225898, Abcam, Cambridge, MA,
USA), anti-LRP5 (D80F2, Cell Signaling Technology), anti-Wnt3a (C64F2, Cell Signaling Technology), or
anti-β-catenin (D10A8, Cell Signaling Technology). On the second day, the membranes were incubated
with an HRP-conjugated secondary antibody (1:3000, 7074P2, Cell Signaling Technology) at 37°C for 2 h
and �nally visualized using an ultra-sensitive luminescent �uid (4A Biotech, Beijing, China). The results
were quanti�ed using Image J (NIH, Bethesda, MD, USA).

3.6 Real-time Quantitative Polymerase Chain Reaction
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Total RNA was extracted using Trizol reagent (15595-026, Thermo Fisher Scienti�c), and reverse
transcription of mRNA was performed using the PrimeScript RT reagent kit (PR037A, TakaRa Bio Inc.,
Shiga, Japan), while miRNAs using the miRNA First Strand cDNA Synthesis (Tailing Reaction) (B532451,
Shenggong, China). The corresponding primers were synthesized commercially (Shenggong, China) and
are listed in Table 2. The cDNA ampli�cation was followed by addition of SYBR Green mix (A302, Genstar,
China); GAPDH or U6 was used as an internal reference. All relative gene expression values were
calculated using the formula 2–△△ct.

Table 2
The prime sequences

Gene/miRNAs name 5’-3’ sequence

Bmp-2 Forward:

Resverse:

GCCATCGAGGAACTTTCAGA

TGTTCCCGAAAAATCTGGAG

Alpl Forward:

Resverse:

GACAAGAAGCCCTTCACAGC

ACTGGGCCTGGTAGTTGTTG

Col1a1 Forward:

Resverse:

ACGTCCTGGTGAAGTTGGTC

TCCAGCAATACCCTGAGGTC

Runx2 Forward:

Resverse:

AACAGCAGCAGCAGCAGCAG

GCACGGAGCACAGGAAGTTGG

β-catenin Forward:

Resverse:

GAAAATGCTTGGGTCGCCAG

ATGGCAGGCTCGGTAATGTC

Lrp5 Forward:

Resverse:

GGACATCGAGTTTGGTGGGA

GTTGTTGTGGCGGTTCATGG

Wnt3a Forward:

Resverse:

TGGTGGTGGTGGTGGCAGAG

CACAGCCAAGGACCAGAGAAGAAC

Lrp5 Forward:

Resverse:

GGACATCGAGTTTGGTGGGA

GTTGTTGTGGCGGTTCATGG

Gapdh Forward:

Resverse:

GACATGCCGCCTGGAGAAAC

AGCCCAGGATGCCCTTTAGT

miR-214 Forward: GTCCTGGATGGACAGAGTTGTCA

U6 Forward: CTCGCTTCGGCAGCACATATACT

3.7 Enzyme-linked immunosorbent assay (ELISA)
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The content of bone turnover markers including bone gla protein (BGP), estradiol, parathyroid hormone
(PTH), and C-terminal telopeptide (CTX) were measured using commercial ELISA kits from eLabscience
(Houston, TX, USA).

3.8 Cell culture
Rat BMSCs were obtained from Cyagen Bioscience (Guangzhou, China), and then cultured in α-MEM
(Gibco, Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS500-S, Ausgenex Pty, Molindar,
Queensland, Australia) at 37°C with 5% CO2.

3.9 Cell transfection
BMSCs were seeded into 6-well plates and transfected with 50 nM miR-214 mimic. Brie�y, once cells
reached 70% con�uence, they were incubated with 500 µL transfection mix (Lipofectamine 3000;
L3000008, Invitrogen, Carlsbad, CA, USA) with corresponding mimic or negative control (NC; RuiBo
Biological Technology Co., Ltd, Guangzhou, China) for 48 h at 37°C, after which the mixture was replaced
with fresh culture medium for further experiments.

3.10 Alizarin red s staining
BMSCs were seeded into 60 cm culture dishes and cultured with different treatments. Brie�y, the culture
medium was replaced every two days, then on day 28 of culture, the medium was discarded, and cells
were �xed in 75% ethanol for 10 min, washed with phosphate-buffered saline, and stained with 0.1%
alizarin red S (G1450, Solarbio, Beijing, China). After staining for approximately 5 min at room
temperature, the wells were rinsed to remove excess dye, and three images of each group were captured.

3.11 Data analysis

All experimental values are shown as mean ± standard deviation (SD) or replicate value. Comparisons
between groups were analyzed by one-way analysis of variance (ANOVA), the experimental results were
analyzed using Graphpad 8.0 software, and the P value was considered statistically signi�cant when less
than 0.05.

4. Discussion
Osteoporosis is a major public health concern in the older population, with an estimated prevalence of
20.6% in women aged 40 years or older in China [15]. Therefore, it is necessary to search for an effective
and safe way to prevent and treat OP, since the existing drugs have different drawbacks and limited
clinical usage [16]. Therefore, it is inspiration to �nd out a drug that have less adverse effects, but also
have some positive effect to protect skeleton health [17, 18]. PT is a type of kidney-nourishing medicine
which has been used to treat bone disease for many years, and it also known as the main component of
health-care products, but the speci�c mechanism has not been fully elucidated.
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In this study, we �rstly analyzed the component of the extracts of PT, the results revealed that is abundant
in amino acids, such as glycine and glutamic acid, which components have been reported have the effect
of anti-osteoporosis [19, 20]; furthermore, the trace element showed that Calcium, Magnesium were the
main elements in the Extract of PT, which also participate the process of bone formation and bone
absorption [21, 22]. We then evaluated the anti-OP effects of PT. Research had indicated that various anti-
OP drugs exert an estrogen-like effect, which results in a high risk of cardiovascular disease and other
problems [23, 24]. In this study, we found that OVX rats exhibited no abnormal weight gain or
morphological alternations in the uterus following treatment with PT, indicating that PT has no signi�cant
estrogen-like effects. We noticed that PT slightly decreased body weight in the OVX rats, together with
body fat content and bone mass index. Lu et al. indicated that OVX rats also exhibit accumulation of
short-chain fatty acids and produce increased amounts of total bile acids [25]. Fatty tissue is abundant in
estrogen receptors, and participates in the secretion of estrogen. Therefore, the accumulation of fatty
tissue could compensate for the reduced content of estrogen to some degree [26, 27], which also
corresponds to the clinical phenomenon that postmenopausal women have a higher content of
abdominal fat [28]. BMD and bone micro-structure are crucial indicators of bone status, and the femur
and lumbar vertebrae are places that are especially likely to suffer bone fragility [29]. Our micro CT and
BMD results indicated that PT moderated bone mass and bone microstructure in the OVX rats, and HE
staining also revealed that the bone trabeculae exhibited more integrity and a more regular structure,
while PT also increased the expression of osteogenic differentiation-related factors. Furthermore, the
bone turnover marker of PTH was signi�cant down reduced under the treatment of PT-M, while BGP is not
obviously, in combination, these results show that PT signi�cantly stimulated bone formation, which is in
agreement with the �ndings of a previous study [30], and the PT-M may work the best.

BMSCs are multi-potential cells located in the bone myeloid. Osteogenic differentiation is crucial to the
process of bone formation [31]. Therefore, we next evaluated the effects of different concentrations of PT
on BMSCs, which revealed that PT had no signi�cant effect on proliferation, but stimulated osteogenic
differentiation, which further con�rmed that PT stimulated bone formation. Research has identi�ed
various factors that mediate the processes of BMSC differentiation, including signaling pathways,
cytokines, as well as non-coding RNA and other factors [32]. Wnt signaling is involved in the process of
bone metabolism, as has been proved several times, with cytoplasmic β-catenin entering the nucleus and
recruiting transcriptional coactivators and histone modi�ers, promoting transcription of target genes [33,
34]. In this study, we found that PT signi�cantly rescued the expression of Wnt-related factors that were
down-regulated in OVX rats, as well as rescuing the expression that was inhibited by Dkk-1. Therefore,
activation of Wnt signaling is necessary for PT to stimulate bone formation.

miRNA is a type of non-coding RNA, which has been shown to participate in bone formation and bone
resorption. A previous study has indicated that miR-214 attenuates osteogenic differentiation of
mesenchymal stem cells [35], increases osteoclasts activity and reduces bone mineral density [36]. In this
study, we found that miR-214 was down-regulated during osteogenic induction at different time points,
which corresponds to the result that miR-214 negatively regulates osteogenesis [37]. Subsequent
experiments indicated that PT attenuated the expression of miR-214 in bone tissue. We then considered
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whether there was any correlation between Wnt and miR-214. Studies indicated that miR-214 inhibits
differentiation of human mesenchymal stem cells into osteoblasts by targeting β-catenin [38], and that
miRNA-214 promotes 3T3-L1 preadipocyte differentiation by interfering with the Wnt/β-catenin signaling
pathway [14]. Furthermore, Targetscan and miRbase software indicated that one of the target genes of
miR-214 is β-catenin, which is a crucial factor in the Wnt signaling pathway. Therefore, we wondered
whether PT stimulated bone formation through the Wnt signaling pathway. The results showed that PT
signi�cantly down-regulated the expression of miR-214 in OVX rats. Further miR-214 over-expression
experiments showed that PT rescued expression of Wnt signaling-related genes in BMSCs. Therefore, we
are the �rst time to report a traditional Chinese medicine may act as an antagonist of miR-214 to
stimulate bone formation. The limitation of this work is not speci�cally explained which component is
more important in the extract of PT. Maybe, in the future work, we can evaluate the speci�c amino or trace
element effects on bone metabolism.

Conclusion
This study indicated that PT may act as an antagonist of miR-214 to stimulate bone formation through β-
catenin-mediated Wnt signaling. In general, this research explained the speci�c mechanism of PT as the
main component of health products to regulate bone metabolism.
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Figure 1

The body weight, uterine status, BMI, BMC, and body fat content of rats. (a) Curve representing the
change in body weight (n= 6), the raw data represent replicate values; (b) uterine weight and index (n= 5),
the raw data represent replicate values; (c) uterine morphology (n= 2); (d) BMI, body fat content, and
content of BMC in different groups (n= 4), the raw data represent replicate values. **P < 0.01, ns: not
signi�cant, analyses were carried out twice and comparable results were obtained.
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Figure 2

BMD and bone turnover biomarkers in the different experimental groups. (a) BMD of different sites in the
different experimental groups (n = 4), the raw data represent replicate values; (b) the content of bone
turnover biomarkers in serum of rats in the different experimental groups (n = 5), the raw data represent
replicate values.
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Figure 3

Bone microstructure of the femur and lumbar vertebrae in the different experimental groups. (a) Micro CT
of the femur (n = 4), the raw data represent replicate values; (b) micro CT of the lumbar vertebrae (n = 3),
the raw data represent replicate values; (c) HE staining of the femur, scale bar: 200 µm; (d) HE staining of
the lumbar vertebrae, scale bar: 50 µm or 200 µm. *P < 0.05 vs Sham, **P < 0.01 vs Sham; #P < 0.05 vs
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OVX, ##P < 0.01 vs OVX, ns: not signi�cant. All analyses were performed twice and comparable results
were obtained.

Figure 4

PT stimulated the expression of osteogenic differentiation-related factors. (a) Protein and mRNA
expression of osteogenic differentiation-related factors in the femur; (b) protein and mRNA expression of
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osteogenic differentiation-related factors in the lumbar vertebrae; (c) IHC staining of COL1A1 in the femur,
scale bar: 100 µm; (d) IHC staining of COL1A1 in the lumbar vertebrae, scale bar: 100 µm. **P < 0.01 vs
Sham, #P < 0.05 vs OVX, ##P < 0.01 vs OVX, analyses were performed twice and comparable results were
obtained.

Figure 5
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PT promoted osteogenic differentiation through Wnt/β-catenin signaling in BMSCs. (a) The raw data are
presented as the expression of Wnt signaling-related factors in the bone tissue as mean ± SD; (b) the
effect of Dkk-1 or PT on expression of Wnt signaling-related factors in BMSCs are presented as mean ±
SD. **P < 0.01 vs Sham, #P < 0.05 vs OVX, ##P < 0.01 vs OVX; analyses were performed twice and
comparable results were obtained.

Figure 6
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PT mediated miR-214 regulation of Wnt signaling to control osteogenesis. (a) Expression of miR-214 in
bone tissue, raw data are represented as mean ± SD; (b) expression of miRNA under osteogenic induction
conditions, the raw data are represented as mean ± SD; (c) expression of osteogenic differentiation-
related factors following transfection of the miR-214 mimic, the raw data are represented as mean ± SD;
(d) alizarin red S staining, scale bar: 100 µm; (e) expression of Wnt signaling-related factors following
treatment with miR-214 or PT. *P < 0.05 vs NC, **P < 0.01 vs NC, analyses were performed twice and
comparable results were obtained.
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