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Abstract: Objectives: To investigate the role of Morinda officinalis polysaccharide (MOP) in the protein expression
of the Wnt/B-catenin signaling cascade during the osteogenic differentiation of bone marrow mesenchymal stem
cells (BMSCs), and to elucidate the mechanisms by which MOP enhances osteogenic differentiation at the cellular
level. Methods: BMSCs were isolated and cultured using the whole bone marrow adherence method, followed by
flow cytometry for the detection of BMSC marker antigens. Two groups were prepared: a low-dose MOP (L-MOP, 10
pug/mL) group and a high-dose MOP (H-MOP, 40 ug/mL) group. MTT assays and cell clone formation assays were
performed to evaluate the effects of different MOP doses on BMSC proliferation. Alizarin red staining (ARS) and alka-
line phosphatase (ALP) staining were conducted to assess the impact of varying MOP doses on nodule calcification
and ALP activity in BMSCs. Additionally, western blot assays were carried out to determine the effects of different
MOP concentrations on the expression levels of osteogenesis-related factors and Wnt/B-catenin pathway proteins in
BMSCs. Results: Highly purified BMSCs were successfully extracted. Subsequent assays demonstrated that BMSCs
exhibited enhanced proliferation at all MOP doses, particularly at the H-MOP dose, compared to the control group.
Both L-MOP and H-MOP increased calcium content and ALP activity in BMSCs, as well as elevated the expression
of osteogenic factors and Wnt/f-catenin pathway proteins compared to the blank control group. However, the addi-
tion of Dickkopf-1 (DKK1) significantly reduced BMSC proliferation and osteogenic differentiation compared to the
H-MOP group. Conclusions: MOP can enhance BMSC proliferation and osteogenic differentiation by activating the
Wnt/B-catenin signaling pathway.
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Introduction

Morinda officinalis polysaccharide (MOP) is a
natural Chinese medicinal compound found
predominantly in Morinda officinalis. It compris-
es various chemical constituents, such as fla-
vonoids, polysaccharides, amino acids, and
trace elements, and exhibits a range of effica-
cies including immune regulation, antioxida-
tion, anti-fatigue, and osteoporosis prevention
[1-7]. With the growing application of modern
Chinese medicine, more studies have reported
on the treatment of osteoporosis using these
approaches [8-13]. The advantages of MOP

have become prominent in treating metabo-
lic bone disorders, especially osteoporosis
[14-186].

Bone marrow mesenchymal stem cells (BMSCs),
serving as seed cells in bone tissue engineer-
ing, are widely used in treating bone defects
and osteoporosis [17, 18]. The diminished
osteogenic differentiation ability of BMSCs is a
primary pathogenic mechanism in osteoporosis
[19, 20]. Therefore, enhancing the osteogenic
differentiation of BMSCs to maintain bone met-
abolic balance is a promising strategy for pre-
venting and treating osteoporosis.

https://doi.org/10.62347/WMLI2601


http://www.ajtr.org
https://doi.org/10.62347/WMLI2601


MOP’s intervention in the osteogenic differentiation process of BMSCs

The Wnt/B-catenin signaling pathway plays a
significant role in bone metabolism, particularly
in regulating the self-renewal and directed dif-
ferentiation of BMSCs, as well as promoting
preosteoblast proliferation and osteoblast for-
mation [21-25]. Activation of the Wnt signaling
pathway can expedite the aggregation of
B-catenin, which in turn drives the osteogenic
differentiation and bone formation of BMSCs
[26]. A decline in the osteogenic differentiation
ability of BMSCs can lead to a deficiency of
osteoblasts within bone tissue, reduced total
bone mass, and bone density, ultimately result-
ing in osteoporosis [27, 28].

Published studies have demonstrated that
MOP accelerates the proliferation of osteo-
blasts in vitro, enhances ALP activity, and
reduces the level of Dickkopf-1 (DKK1) protein
[7]. The alleviation of bone degradation is
linked to the activation of the Wnt/B-catenin
signaling pathway [29]. Elevating the content of
proteins related to this pathway facilitates
BMSCs in differentiating into osteoblasts and
fortifies mineralized nodules. The Wnt/3-catenin
signaling route is established as a crucial path-
way for osteogenic differentiation in BMSCs
[29, 30].

In this study, BMSCs were treated with MOP
to investigate its effects on their proliferation
and differentiation into osteoblasts, and to
explore the relevance of this mechanism with
the Wnt/B-catenin signaling pathway. The find-
ings provide a theoretical foundation for the
application of MOP in diagnosing and treating
bone diseases.

Materials and methods

Extraction and culture of BMSC cells

BMSCs were collected from the femurs of
4-week-old female Sprague-Dawley rats pur-
chased from Beijing Vital River Laboratory
Animal Technology Co., Ltd. The rats were anes-
thetized with a 10% Avertin intraperitoneal
injection and then sacrificed by cervical dislo-
cation. The following steps were performed: 1)
The rats were immersed in 75% ethanol for 10
minutes. 2) The femurs were isolated and
rinsed until the bone marrow was flushed out.
3) The bone marrow cells were collected and
centrifuged. 4) The supernatant was discarded,
and the remaining cells were suspended in
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alpha-modified Eagle’s medium («-MEM, SH30-
265.01, Hyclone), containing 10% fetal bovine
serum (SH30070.02, Hyclone, South Logan,
UT, USA) and 100 U/mL penicillin and strepto-
mycin. 5) The cells were inoculated into culture
flasks. 6) The flasks were placed in a constant
incubator (37°C, 5% CO,, saturated humidity)
for 48 hours. The cells’ adhesion to the flask
wall was observed, and the medium was renew-
ed every three days until cell confluency exceed-
ed 80%. 7) The cells were treated with trypsin
for digestion and then continuously cultured.
Subsequent assays were conducted after the
cells were cultured to the third generation.

Processing and grouping of cells

Third-generation BMSCs in the logarithmic
phase were implanted in a 12-well plate, then
administered with DMEM (RASMX-90021) and
cultured under conditions of 37°C and 5% CO,
for osteogenic differentiation. The cell groups
included: Blank control group: BMSCs cultivat-
ed in DMEM only. L-MOP group: BMSCs culti-
vated in DMEM and treated with low-dose
MOP (10 pg/mL, HPLC>90%, wkqg-08910,
Weikeqi-biotech, Chengdu, Sichuan, China) for
48 hours. H-MOP group: BMSCs cultivated in
DMEM and treated with high-dose MOP (40 ug/
mL) for 48 hours. H-MOP+DKK1 group: BMSCs
cultivated in DMEM and treated with high-dose
MOP (40 pg/mL) and DKK1 (100 ng/mL) for
48 hours. The following assays were performed
on the BMSCs prepared and grouped in this
procedure.

Identification of BMSC surface antigens

After digestion with trypsin, the BMSCs were
centrifuged at 1000 rpm. The supernatant was
removed, and PBS was added to re-suspend
the BMSCs to a concentration of 1x10* cells/
pL. Then, 200 pL of the cell suspension was
transferred into an Eppendorf tube. The follow-
ing antibodies were added respectively and
mixed uniformly: CD34 (ab81289, 1:50), CD90
(@ab307736, 1:500), CD73 (ab202122, 1:200),
CD105 (ab231774, 1:500), and CD45 (ab40-
763, 1:20), along with identical types of control
antibodies. After 30 minutes of incubation,
the supernatant was discarded. A flow cytome-
ter (BD Biosciences, San Jose, CA, USA) was
used to examine the antigens on the surface
of BMSCs. The antibodies were provided by
Abcam, Waltham, MA, USA.
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MTT-based cell activity detection

This assay aimed to observe the effect of differ-
ent doses of MOP on BMSC activity. Each group
had three replicates. Log-phase BMSCs were
transferred into a 96-well plate and incubated
until the cells adhered to the well walls.
Following treatment with MOP, an MTT solution
prepared from the MTT reagent (ST316) was
added, and the cells were incubated further.
After incubation, the medium was removed,
and dimethyl sulfoxide (ST1276) was added to
each well. A microplate reader (wavelength:
490 nm) was used to measure the absorbance
of the cells, allowing the assessment of BMSC
proliferative viability. The MTT reagent and
dimethyl sulfoxide were provided by Beyotime
Biotechnology, Shanghai, China.

Cell clone formation assay

Third-generation BMSCs in the logarithmic
phase were implanted in 60 mm culture dishes.
After adhering to the walls, the cells were
treated with different doses of MOP (L-MOP
and H-MOP) and cultured for two weeks.
Subsequently, the colonies were fixed with
100% methanol for 10 minutes and then
stained at room temperature for 30 minutes
using 0.5% crystal violet (C0121; Beyotime
Biotechnology, Shanghai, China). The state
of cell clone formation was photographed,
and the clone formation rate was calculated
using the following formula, considering a
cell mass with more than 50 cells as one clone:

. The Number Of Clones
= X 0
Clone Formation Rate The Number OFf Cell Seeded 1OOAx.

Alizarin red staining

First, third-generation BMSCs from different
groups were seeded at a concentration of
1x10* cells/uL into a 12-well culture plate and
incubated (5% COQ, 37°C) for 24 hours. Then,
an osteogenic induction medium was added to
each well. The osteogenic induction medium
consisted of DMEM supplemented with 10%
fetal bovine serum, 1% penicillin-streptomycin,
1% glutamine, 0.2% ascorbic acid, 1% sodium
B-glycerophosphate, and 0.01% dexametha-
sone. The medium was replaced every three
days for 28 days.

After the induction period, the cells were
washed with PBS and fixed with 95% ethanol
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for 30 minutes. The ethanol was then removed,
and the cells were rinsed again with PBS before
being stained with 1 mL of alizarin red solution
(ARS, G1452; Solarbio, Beijing, China) for 30
minutes. After staining, the ARS was discarded,
and the cells were washed with PBS. The calci-
fied nodules in the BMSCs were observed
under a microscope. A Calcium Assay Kit
(51063S; Beyotime, Shanghai, China) was used
for a quantitative analysis of the calcium
content.

ALP staining

Osteogenic induction in this assay followed the
method described in Section 2.7. Subsequently,
the effect of different doses of MOP on the ALP
activity of BMSCs was examined using an ALP
staining kit (P0321S; Beyotime Biotechnology).
The ALP staining status was observed under a
microscope.

Western blot

Third-generation BMSCs were randomly divided
into two groups: an osteogenic induction group,
where BMSCs received treatment with different
doses of MOP followed by osteogenic induc-
tion, and a non-osteogenic induction group,
where BMSCs were treated only with different
doses of MOP. These groups were prepared
and processed as follows:

RIPA lysis buffer was used to extract total pro-
teins from each group of cells and tissues.

Protein concentrations were quantified using
BCA protein assay kits (R21250).

Proteins were denatured, separated by SDS-
PAGE electrophoresis, and then transferred to
a PVDF membrane.

The membrane was blocked at room tempera-
ture for 2 hours in a TBST solution prepared
with 5% non-fat milk.

For the osteogenic induction group, the follow-
ing primary antibodies were used: rabbit anti-
human OCN (osteocalcin, ab133612; 1:1000),
RUNX2 (Runt-related transcription factor 2,
ab92336; 1:5000), Col | (Collagen |, ab34710;
1:1000), SP7 (Osterix, ab209484; 1:1000),
and GAPDH (ab9485; 1:10000). These were
incubated at 4°C overnight.
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Figure 1. The separation, cultiva-
tion, and identification of Bone Mar-
row Mesenchymal Stem Cells (BM-
SCs). A: Positive antigens CD9O,
CD105 and CD73. B, C: Negative
antigens CD34 and CD45. D: The
proportions of BMSCs expressing
different antigens.

For the non-osteogenic induction group, the fol-
lowing primary antibodies were used: rabbit
anti-human B-catenin (@b32572; 1:5000), p-
GSK3p (ab75814; 1:10000), GSK3p (ab32391;
1:5000), and GAPDH (ab9485; 1:10000).
These were also incubated overnight at 4°C.

Both groups were washed with TBST solution
three times and then incubated with goat anti-
rabbit 1gG secondary antibody (1:5000) for 2
hours at room temperature. Finally, DAB chro-
mogen (DA1016) was added for protein visual-
ization, and a gel imaging system (5200) was
used to record protein grayscale and capture
images. Relative protein expressions were
quantitatively analyzed, using GAPDH as the
control.

In this assay, BCA protein assay kits were pro-
cured from Yuanye, Shanghai, China; all prima-
ry and secondary antibodies were bought from
Abcam, Waltham, MA, USA; the DAB chromo-
gen was produced by Solarbio, Beijing, China;
and the gel imaging system was manufactured
by Tanon, Shanghai, China.

Statistical analysis
Data were analyzed using SPSS 26.0 (SPSS
Inc., Chicago, IL, USA), and graphical represen-
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tations were created with GraphPad Prism 9.0
(GraphPad Inc., La Jolla, CA, USA). Quantitative
data were expressed as mean + standard error
(X + SE). Differences among groups were com-
pared using the t-test or ANOVA, followed by
Tukey tests. A P-value below 0.05 was consid-
ered statistically significant.

Results
Identification of BMSCs

Flow cytometry analysis showed that the char-
acteristic antigens CD90, CD105, and CD73
were positively expressed on the surface of
BMSCs, while CD45 and CD34, characteristic
of hematopoietic stem cells, were negatively
expressed (Figure 1A-C). Quantitative analysis
indicated that the expression levels of these
BMSC-specific antigens were above 90%,
whereas the expression levels of hematopoiet-
ic stem cell markers were below 5% (Figure
1D). This confirms that the isolated third-gener-
ation BMSCs were of high purity, suitable for
experimental research.

MOP’s effect on BMSCs’ proliferation

BMSCs treated with varying doses of MOP (O, 5,
10, 20, 40, and 80 pg/mL) exhibited a dose-
dependent increase in proliferative activity.

Am J Transl Res 2024;16(9):4492-4503
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Figure 2. Bone marrow mesenchymal stem cells (BMSCs)’ proliferation
with the interference of different doses of Morinda officinalis polysac-
charide (MOP) (*P<0.05; **P<0.01; ***P<0.001). A: Screening of

MOP doses. B: BMSC clone formation assay.

Compared to the control group (0 pyg/mL MOP),
BMSCs showed significantly enhanced prolifer-
ation at 10 yg/mL, peaking at 40 ug/mL, and
then declining at 80 pg/mL (Figure 2A). Based
on these findings, 10 yg/mL and 40 pg/mL
were selected as the doses for the L-MOP and
H-MOP groups, respectively. Both L-MOP and
H-MOP groups demonstrated significant in-
creases in BMSC clone formation rates com-
pared to the control group, with H-MOP being
more conducive to cell clone formation (Figure
2B). These results indicate that within a certain
range, the dose of MOP is directly proportional
to BMSC proliferation.
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MOP’s effect on BMSCs’ osteo-
genic differentiation

ARS staining and subsequent quan-
titative analysis revealed a signifi-
cant increase in calcium deposition
in BMSCs with increasing MOP
doses (Figure 3A and 3C). ALP
activity shows the same experi-
mental results, higher ALP level in
the H-MOP group compared to the
L-MOP group (Figure 3B, 3D and
3E). The expression of osteogenic
differentiation-related genes (OCN,
RUNX2, Col I, and SP7) was also
up-regulated following MOP treat-
ment (Figure 3F-J). Overall, these
findings demonstrate that MOP
facilitates the osteogenic differen-
tiation of BMSCs.

MOP’s effect on the Wnt/[3-catenin
signaling pathway in BMSCs

The Wnt/B-catenin signaling path-
way, crucial for osteogenic diffe-
rentiation, showed a significant
increase in B-catenin and phos-
phorylated GSK3B (p-GSK3B/GSK-
3B) protein levels following MOP
treatment in BMSCs (Figure 4A-C).
This suggests that MOP activates
the Wnt/B-catenin signaling path-
way in BMSCs.

MOP’s action in boosting BMSCs’
proliferation by triggering the Wnt/
B-catenin signaling pathway

The H-MOP group was selected to

elucidate  MOP’s mechanism in
enhancing the proliferation of BMSCs. As
shown in Figure 5A-C, the protein levels of
B-catenin and p-GSK3B/GSK3pB in the H-MOP
group were significantly higher compared to the
control group, indicating activation of the Wnt/
B-catenin pathway. However, after the H-MOP
group received DKK1 (a Wnt/B-catenin path-
way inhibitor), the levels of these proteins
decreased (Figure 5A-C). MTT assay results
demonstrated that the addition of DKK1 miti-
gated H-MOP’s enhancement of BMSC prolifer-
ation (Figure 5D) and reduced BMSC clone for-
mation (Figure 5E), thereby suppressing BMSC
proliferation. Overall, H-MOP’s positive effect

Am J Transl Res 2024;16(9):4492-4503
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Figure 3. Bone marrow mesenchymal stem cells (BMSCs)’ osteogenic differentiation with the interference of differ-
ent doses of Morinda officinalis polysaccharide (MOP) (**P<0.01; ***P<0.001). A and C: ARS staining results. B
and D: ALP staining results. E: Detected ALP activity. F-J: The expressed levels of osteogenic differentiation-related
genes (including OCN, RUNX2, Col |, and SP7) detected with the Western blot method.

on BMSC proliferation was inhibited when the
Wnt/B-catenin pathway was blocked. This
suggests that MOP promotes BMSC prolifera-
tion by activating the Wnt/B-catenin signaling
pathway.

MOP’s action in strengthening BMSCs’ osteo-
genic differentiation by activating the Wnt/3-
catenin signaling pathway

To further explore the regulatory mechanism
of MOP on the osteogenic differentiation of
BMSCs, the H-MOP group and H-MOP+DKK1
group were selected for further study. ARS and
ALP staining results indicated that the addition
of DKK1 significantly reduced calcium deposi-
tion and ALP activity in BMSCs (Figure 6A-D),
showing lower ALP levels (Figure 6E). The pro-
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tein levels of osteogenesis-related markers
(OCN, RUNX2, Col I, and SP7) also decreased
following the addition of DKK1 (Figure 6F-J).
This indicates that inhibition of the Wnt/B-
catenin pathway diminished the enhancing
effect of MOP on the osteogenic differentiation
of BMSCs, confirming that MOP facilitates
osteogenic differentiation by activating the
Wnt/B-catenin signaling pathway.

Discussion

The specific functions of a cell are closely relat-
ed to its surface markers, reflecting some fun-
damental characteristics of the cell [31].
Mesenchymal stem cells belong to a heteroge-
neous cell population; their surface antigens
are not specific but can express markers of

Am J Transl Res 2024;16(9):4492-4503



MOP’s intervention in the osteogenic differentiation process of BMSCs

A B C
“  a x w5 151 dekok
Control L-MOP H-MOP o ,—| c !
< o
. 9 ™
B-catenin e W 92kD § 2 *k %.E 104 .
P = 0
o= [T 1
[o]
p-GSK3p o ey K0 32 &
o 14 Q 5
2 2
GSK3 46kD T ®
P o o e = 3
14 0 [1'4 0-
36kD Control L-MOP H-MOP Control L-MOP H-MOP

GAPDH i - —

p-catenin p-GSK3p /IGSK3B

Figure 4. Morinda officinalis polysaccharide (MOP)’s influences on the Wnt/B-catenin signaling pathway (*P<0.05;
**P<0.01; ***P<0.001). A: Electrophoretic strips of the wnt/B-catenin signaling pathway-related proteins. B, C:
Quantitative analysis of the B-catenin protein and p-GSK33/GSK3p.

A B kkkk kK C
— 6 q6 .E 3 dkakkk  dkkkk
B-catenin s ewew 92kD g c 8
S o9
7 3e) n o
p-GSK3p - kD G E 4 8 27
2 s 25
GSKIp WS WS W o O 5 | ® o 1-
> ® > &
88 ® 5
GAPDH (D - 5 T S5
N (24 0 X o o
Q N
© o & > N N > R N
& Q}“ ,‘0{. S & & o{.'l' o\* & o{_’l‘
OQ <o ? Qx [€) Dy Qx
K © ©
A B
D E - *okk *
0.8 Kk X 60-
o |
©
o 0.6 =
3 5 407
S 0.4 ‘g
[a]
o S 20-
0.2 ‘;
<
L)
0.0- o o0-
S & ° ¢ & &
& ¢
s & & & X
\&O
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*%%%P<0.0001). A-C: Protein strips in the Wnt/B-catenin signaling pathway and related quantitative analysis re-
sults. D: The proliferation of BMSCs assessed with the MTT method. E: BMSC clone formation assay.

endothelial cells, mesenchymal cells, and epi-
thelial cells [32]. In this work, CD90O, CD105,

CD105, and CD73 were positively identified,
while less than 5% of CD45 and CD34 were

and CD73 were selected as positive markers
and CD45 and CD34 as negative markers. The
results showed that more than 90% of CD90,

4498

negatively identified, meeting the criteria for
human mesenchymal stem cells [33, 34]. This
indicates that the BMSCs were successfully

Am J Transl Res 2024;16(9):4492-4503
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Figure 6. Morinda officinalis polysaccharide (MOP)’s action in strengthening bone marrow mesenchymal stem
cells (BMSCs)’ osteogenic differentiation by activating the Wnt/p-catenin signaling pathway (*P<0.05; **P<0.01;
***P<0.001). A and C: ARS staining results. B and D: ALP staining results. E: Detected ALP activity. F-J: The ex-
pressed levels of osteogenic differentiation-related genes (including OCN, RUNX2, Col I, and SP7) detected with the

western blot method. ARS, Alizarin red staining; ALP, alkaline phosphatase.

isolated and are suitable for subsequent exper-
imental research. As the time of passaging cul-
ture increases, the cells show a certain degree
of aging, so the generation of BMSCs we chose
to study was the third-generation.

In the human body, bone resorption and bone
formation are controlled by osteoblasts.
Osteoblasts undergo stages including prolifera-
tion, differentiation, and mineralization during
bone formation [35]. The optical density (OD)
values and colony formation rates are directly
proportional to the cells’ ability to proliferate
and form bones. MTT assays revealed that
MOP significantly enhanced the proliferative
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activity of BMSCs in a dose-dependent manner
within the range of 0-40 ug/mL. However, at
concentrations above 40 pg/mL, OD values
declined, identifying 40 yg/mL as the optimal
dose for BMSC treatment.

In alignment with in vivo osteogenic differentia-
tion, in vitro determination primarily involves
assessing osteoblastic biological and genetic
markers. Short-term differentiation is evaluat-
ed using ALP activity, while long-term differen-
tiation is confirmed by ARS calcium nodules.
After osteogenic differentiation, cells exhibit
prominent osteoblastic characteristic genes
such as OCN, Col I, RUNX2, and SP7 [36]. Col |,

Am J Transl Res 2024;16(9):4492-4503



MOP’s intervention in the osteogenic differentiation process of BMSCs

an extracellular matrix protein, stimulates ost-
eoblast adhesion and differentiation, serving
as a prerequisite for bone tissue formation and
an early marker of osteoblastic differentiation
[37]. OCN, a non-collagen protein synthesized
and secreted by mature osteoblasts, appears
in the final stages of osteoblast differentiation
and intervenes in calcium ion homeostasis and
bone mineralization through its ability to bind
with Ca?" [38, 39]; RUNX2 is a central regula-
tory gene for the osteoblastic phenotype,
enhancing the secretion of the osteoblastic
extracellular matrix by binding to osteoblast-
specific cis-acting elements in target gene pro-
moters [40]. SP7, a zinc finger transcription fac-
tor unique to osteoblasts and downstream of
RUNX2, is vital for osteoblast proliferation,
differentiation, and bone development, regulat-
ing several osteoblast-specific differentiation
markers including RUNX2 and Osteonectin
(ON) [41, 42]. Studies have shown that MOP
treatment significantly enhances calcium
deposition and ALP activity in BMSCs, with a
marked increase in osteoblastic characteristic
genes (OCN, RUNX2, Col I, and SP7), confirming
MOP’s efficacy in facilitating osteogenic diffe-
rentiation.

The Wnt/B-catenin signaling cascade is invo-
Ived in the development of multiple organs and
tissues [43, 44]. B-catenin is essential in the
early stages of osteoblast development, aiding
in their maturation [45]. GSK3[B, a negative
regulator in the classic Wnt pathway, forms a
multi-protein complex with its substrates, phos-
phorylating B-catenin when the Wnt pathway is
inactive [46]. Upon Wnt pathway activation,
Dishevelled (Dvl) phosphorylates a cysteine
in GSK3p, coinciding with B-catenin dephos-
phorylation [47]. By influencing the Wnt signal-
ing cascade, GSK3p and B-catenin are impli-
cated in bone development and remodeling
[48]. MOP administration increased both [-
catenin and p-GSK3B/GSK3p levels in BMSCs,
suggesting Wnt/B-catenin pathway activation
as a consequence of MOP intervention. This
may explain how MOP enhances the osteogenic
differentiation of BMSCs.

Belonging to the DKK family, DKK1 functions
as a secretory glycoprotein. When it binds to its
respective receptor, Wnt signal transduction is
suppressed. This binding regulates cell growth,
differentiation, and movement, and potentially
hinder bone development, leading to osteopo-
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rosis [49, 50]. To elucidate MOP’s mechanism
of action in BMSCs, the Wnt/B-catenin pathway
was inhibited using DKK1. The addition of
DKK1 resulted in diminished BMSC prolifera-
tion, as demonstrated by MTT and cell clone
formation assays. Additionally, DKK1 signifi-
cantly reduced calcium deposition, ALP activity,
and the levels of genes associated with osteo-
genic differentiation in BMSCs. These experi-
mental findings substantiate that MOP enhanc-
es BMSC proliferation and osteogenic differen-
tiation by activating the Wnt/B-catenin signal-
ing pathway.

This study lacks in vivo experiments, and the
specific molecular mechanisms remain to be
further validated. Therefore, future research
should explore the osteogenic effect of MOP in
animal models. Additionally, MOP should be
applied in combination with other osteogenic
drugs and biological scaffolds to investigate its
potential synergistic effects on osteogenesis,
aiming to develop new drugs or therapeutic
strategies for treating osteoporosis.

In conclusion, by investigating the impact of
varying MOP concentrations on BMSC prolifera-
tion and osteogenic differentiation, this study
revealed that the Wnt/B-catenin signaling path-
way is instrumental in MOP’s promotion of
BMSC proliferation and osteogenic differentia-
tion. MOP is an effective herbal formulation
for stimulating osteogenic differentiation of
BMSCs, which may aid in the therapeutic treat-
ment of osteoporosis. This study may give data
support for the use of Chinese herbs to treat
osteoporosis, as well as a reference for future
clinical trial design.
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