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Abstract

Osteoporosis is a common chronic bone metabolism disorder characterized by decreased bone mass and reduced bone
density in the bone tissue. Osteoporosis can lead to increased fragility of the skeleton, making it prone to brittle fractures.
Osteoclasts are macrophage-like cells derived from hematopoietic stem cells, and their excessive activity in bone resorp-
tion leads to lower bone formation than absorption during bone remodeling, which is one of the important factors inducing
osteoporosis. Therefore, how to inhibit osteoclast formation and reducing bone loss is an important direction for treating
osteoporosis. Sophoraflavanone G, derived from Sophora flavescens Alt and Rhizoma Drynariae, is a flavonoid compound
with various biological activities. However, there have been few studies on osteoporosis and osteoclasts so far. Therefore,
we hypothesize that genistein G can inhibit osteoclast differentiation, alleviate bone loss phenomenon, and conduct in vitro
and in vivo experiments for research and verification purposes.
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Introduction

Osteoporosis (OP) is a chronic progressive systemic meta-
bolic disease characterized by the reduction in bone mass
and deterioration of bone microarchitecture, leading to
increased bone fragility and resultant osteoporotic fractures
[1, 2]. Primary OP is observed in postmenopausal women
due to aging and in men aged over 70, while secondary OP
often results from diseases, therapeutic methods, or specific
factors including tumor formation, endocrine disorders,
long-term use of glucocorticoids, unhealthy lifestyle habits,
and severe depression [3, 4]. Globally, with the formation of
an aging societal structure, by 2050, approximately a quarter
of the population in major regions of the world, will either
have reduced bone mass or be diagnosed with OP. This sce-
nario will impose significant psychological and economic
burdens on individuals, families, and society [5, 6].

Osteoclasts (OC), which originate from the mononuclear
macrophage lineage and have bone resorption functions,
are one of the key factors inducing OP. Their dynamic
interaction with osteoblasts (OB), responsible for bone
formation, together promotes skeletal growth and continuous
bone remodeling. If this dynamic balance is disrupted by
external or internal factors, it can lead to abnormal bone
growth or relative or absolute active bone resorption,
resulting in conditions such as bone hyperplasia, arthritis,
osteogenesis imperfecta, and OP [7-9].

OC exhibits specificity during their formation and
differentiation, especially in the process of fusing from
mononuclear cells to multinucleated cells. The fusion
and the multinucleation of OC are considered important
characteristics of mature OC formation and bone resorption
function. This process includes cell migration, identification,
and cell fusion [10]. Precursor OC cells display specificity
when choosing fusion ‘‘partners’’. This characteristic
mainly depends on the stage of OC differentiation and the
expression level of related fusion factors such as CD47 and
Cx43[11, 12].

OC has always been the direct target of many treatments
aimed at preventing bone loss from various bone diseases,
especially anti-bone resorption drugs like bisphosphonates
(BP) and Denosumab, which have been very successful in
treating OP and other diseases of bone loss. Long-term use
of BP can significantly increase bone mineral density (BMD)
and reduce the risk of vertebral fractures, improving survival
rates. Even after discontinuation, they can still play a role
in maintaining bone mass [13]. However, the concomitant
use of BP is also associated with atypical femoral fractures,
medication-related osteonecrosis of the jaw, gastrointestinal
symptoms, and muscle pain, among other adverse reactions
[14, 15]. Denosumab is a protein that targets the binding
of RANK-RANKIL, effectively inhibiting RANK activation
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through competitive binding with RANKL, portraying an
inhibitory role. However, since RANKL is also expressed in
immune cells such as T cells, Denosumab may potentially
impact certain functions of the human immune system
[16, 17]. Hence, the development of novel drugs aimed
at inhibiting the bone resorption functions mediated by
OC, managing bone remodeling, and treating OP, while
simultaneously avoiding and reducing the adverse reactions
of clinical medication, constitutes one of the prime topics of
interest amongst current clinical researchers [18].

Sophoraflavanone G (SG, CAS: 97,938-30-2) is the fla-
vonoid compound derived from Sophora flavescens Alt and
Rhizoma Drynariae. Modern pharmacological studies have
shown that it has various biological activities, such as anti-
inflammatory, antioxidant, anti-tumor, and liver protection.SG
inhibits tumor growth and promotes cell apoptosis induced by
oxidative stress through the EGFR-PI3K-AKT signaling path-
way. It can also specifically inhibit the expression of phospho-
rylated STAT and block the signaling of the NF-xB pathway,
showing potential for cancer treatment [19, 20].

Due to its high bioavailability and significant immunomodu-
latory potential, SG can improve asthma symptoms by reducing
airway inflammation-related oxidative stress [21, 22].SG can
also reduce the release of inflammatory factors and neurotrans-
mitters in the hippocampus system, block the signaling targets
of rapamycin in mammals, and have an anti-depressive effect
[23]. Modern biological studies have shown that SG can bind
to the specific protein CTSK related to OC bone resorption
function with high stability and interact with CTSK, inhibit
the formation of bone resorption pits, and has the potential
to inhibit OC differentiation and treat OP [24]. Based on its
research progress and literature support, and the important role
of OC in preventing and treating osteoporosis, we hypothesize
that SG can inhibit OC cell differentiation and reduce bone loss.

Materials and Methods
Cell Preparation

Following the regulations of the Animal Ethics Committee of
Guangzhou University of Traditional Chinese Medicine (Ethics
Number: 20231009001), 6-week-old C57BL/6 J mice (provided
by the San Yuan Li Experimental Animal Center of Guang-
zhou University of Traditional Chinese Medicine) were over-
dosed with 3% pentobarbital sodium at 40 ~45 mg/kg. Bilateral
femurs and tibias were removed surgically, and transferred to
o-MEM medium, excessive muscle tissue was removed, and
bone marrow was flushed out under sterile conditions. After
centrifuging at room temperature for 5 min at 1000 rpm, the
supernatant was discarded, the sediment was resuspended in
o-MEM complete medium (containing 10% FBS, 1% P/S, and
50 ng/mL M-CSF) and transferred to a T75 culture flask. The
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medium was replaced every day until cells covered about 90%
of the flask’s bottom, and then the cells were digested, pas-
saged, and subjected to the following experiments.

Reagents Preparation

Sophoraflavanone G (SG, CAS: 97,938-30-2) was purchased
from Chamface Biotech Biotechnology Co., Ltd. (Wuhan,
China) and dissolved in Dimethyl Sulfoxide (DMSO) to achieve
a concentration of 100 mM and stored at — 80 °C for future
use. MEM-q, (Cat #12,571,063), Fetal Bovine Serum (FBS,
Cat #10099141C), Penicillin—Streptomycin Solution (P/S, Cat
#15,140,122), and Parenzyme (Cat #25,200,056) were obtained
from Thermo Fisher Scientific (China) Limited (Shanghai,
China). Recombinant Mouse TRANCE/RANK L (Cat #: 462-
TEC-010) and Recombinant Mouse M-CSF Protein (Cat #416-
ML-050) were sourced from R&D Systems (Shanghai, China).
DAPI(Cat #C0065), CCK-8 Cell Proliferation and Cytotoxicity
Assay Kit(Cat #CA1210), Tartrate-resistant acid phosphatase
(TRAP) Stain Kit (Solarbio, G1492) is sourced from Solar-
bio Technology Co., Ltd. (Beijing, China)0.2X SYBR Green
Pro Taq HS Premix (Cat #AG11701) and Evo M-MLV RTase
Enzyme Mix (Cat #AG11705) were purchased from Accurate
Biology Biotechnology Co., Ltd. NFATc1 (Cat #DF6446),
c-Fos (Cat #AF5354), MMP9 (Cat #AF5228), CTSK (Cat
#DF6614), p38 MAPK (Cat #AF6456), Phospho-p38 MAPK
(Thr180/Tyr182) (Cat #AF4001), ERK1/2 (Cat #AF0155),
Phospho-ERK1/2 (Thr202/Tyr204) (Cat #AF1015), INK1/2/3
(Cat #AF6318), Phospho-JNK1/2/3 (Thr183 + Tyr185) (Cat
#AF3318), B-actin (Cat #AF7018) were all purchased from
Affinity Biosciences Biotechnology Co., Ltd. (Jiang Su, China).

Cell Toxicity/Proliferation Assay

BMMs were seeded in 96-well plates at a density of 5x 103
cells/well. The next day, different concentrations of SG
O pM, 1 pM, 2 pM, 4 pM, 6 uM, 8 pM) were added and
incubated for 48 h. Then, 10 pl of CCK-8 solution was
added to each well and incubated in the dark for 2 h. The
absorbance of each group was measured at 450 nm, and the
bar chart was generated. The cell toxicity and proliferation
effects of SG were statistically analyzed using GraphPad
Prism 8 (v.8.0.2).

TRACP Staining

BMMs were seeded in 96-well plates at the density of 5x 10?
cells/well. After the cells adhered, they were treated with
RANKL (50 ng/mL), M-CSF (50 ng/mL), and different con-
centrations of SG (0 pM, 2 uM, 4 pM, 6 puM, 8 pM) to induce
OC differentiation. Fresh medium was replaced every other
day until mature OC formed on days 6—7. The medium was
discarded, and the cells were fixed with 4% paraformaldehyde

at room temperature for 10 min. And then stained according
to the TRACP kit instructions. Mature OC was observed and
photographed under the inverted fluorescence microscope,
with cells having > 3 nuclei considered as mature OC.

Molecular Docking

Using the chemical name ‘‘Sophoraflavanone G’’ and
CAS: 97,938-30-2, the TCMSP (https://tcmsp-e.com/) and
PubChem (https://pubchem.ncbi.nlm.nih.gov/) databases
were searched to obtain target information and structural
formulas. Potential drug target information was obtained
from the SwissTargetPrediction database (http://www.swiss
targetprediction.ch/).

Intersection genes between SG drug targets and genes
related to osteoporosis were further analyzed for their func-
tions. The WebGestalt (https://www.webgestalt.org/) was
used for GO enrichment analysis, dividing functions into
three levels: biological processes, cellular components, and
molecular functions. Additionally, the Metascape platform
was used to create network maps to analyze the involved
signaling pathways. SG was selected as the ligand, and its
mol2 format small molecule 2D structure was downloaded
from the TCMSP (https://tcmsp-e.com/). The corresponding
protein structure in PDB format was downloaded from the
RCSB PDB (https://www.rcsb.org/) database as the receptor.
Molecular docking was conducted using AutoDock software
(v4.2). The docking effects of key targets and active ingredi-
ents were assessed based on the affinity values. The higher
the affinity, the better the binding activity between the ligand
and receptor protein, and the more stable the docking state.

RT-PCR

Cells were seeded in 6-well plate at the density of 8 x 104
cells/well. During OC differentiation, cells were stimulated
with RANKL (50 ng/mL), M-CSF (50 ng/mL), and varying
concentrations of SG (0 pM, 4 pM, 8 pM). Total RNA was
extracted using the TRIZOL method, and the obtained RNA
was reverse transcribed to cDNA using the EVOM-MLV
reagent kit. The PCR reaction was performed using the
SYBR Green reagent kit. All related gene expression results
were processed with the RT-PCR machine (Biorad, USA).
The relative expression levels of each gene were calculated
using the 2722€T method. All primers are listed in Table 1
[25, 26].

Western Blot
BMMs were seeded in 6-well plate at the density of 8 x 104
cells/well. The next day, the cells were stimulated with

RANKL (50 ng/mL), M-CSF (50 ng/mL), and varying con-
centrations of SG (0 pM, 8 uM) to induce OC differentiation.
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Table 1 Primer List

Gene Forward (5-3) Reverse (5-3) Tm (m3
NFATc] GGAGAGTCCGAGAATCGAGAT TTGCAGCTAGGAAGTACGTCT 60
c-Fos GCGAGCAACTGAGAAGAC TTGAAACCCGAGAACATC 60
CTSK AGGGAAGCAAGC ACTGGATA GCTGGCTGGAATCACATCTT 60
ACP5 CGTGTCTGGAGATTCGACTTGA TTGGAAACTCACACGCCAGA 60
B-actin GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT 61

Table 2 Binding affinity results of Sophoraflavanone G with relevant
target proteins

Compound Target Affinity
(kcal/mol)
SophoraflavanoneG ERK -8.7
SophoraflavanoneG P38 -73
SophoraflavanoneG INK — 8.8
SophoraflavanoneG IxB-a —-64
SophoraflavanoneG P65 -6.8

After 67 days, the culture medium was discarded and cells
were lysed on ice for 30 min using RIPA lysis buffer contain-
ing protease and phosphatase inhibitors. The protein lysate
was then centrifuged at 15,000 g for 15 min at 4 °C. The
protein concentration was determined using the BCA assay
kit, and the molecular docking results with SG and the target
protein are presented in Table 2.

Animal Experiment

By the ethical guidelines of Guangzhou University of
Chinese Medicine’s Animal Ethics Committee, animals were
randomly divided into the following three groups: Sham
surgery (Sham), OP model (OVX), and drug intervention
(SG, 8 mg/kg). Mice were anesthetized with pentobarbital
sodium at the standard dose of 40-45 mg/kg. Depending
on the assigned group, different surgical procedures
were performed. In the Sham group, only some fat near
the ovaries was removed. In the OVX group, a bilateral
oophorectomy was conducted. After surgery, the mice were
closely monitored for 5-6 h until they fully recovered from
anesthesia. Postoperative wound healing was monitored, and
mice were given intraperitoneal injections at a standard dose
of 8 mg/kg every other day.

Three months later, the mice were euthanized by CO,
inhalation and their hind limbs were surgically removed
and fixed in 4% paraformaldehyde for about 48 h. After-
wards, the limbs were soaked in 0.9% saline solution. Limbs
were scanned using the Bruker SkyScan 1176 system at the
resolution of 9 uM. The collected images were analyzed
and reconstructed using CTAn (v.1.10) and DataViewer
(v.2.1) software. Quantitative analysis was conducted on
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the trabecular bone region, including bone volume/tissue
volume (BV/TV), trabecular number (Tb. N), trabecular
thickness (Tb. Th), and trabecular separation (Tb. Sp).

Statistical Analysis

All results were meticulously scrutinized employing
the GraphPad Prism 8.0 software, with the outcome
data expressed via the x+s. The ¢-test was harnessed for
juxtaposition between two data sets while a single-factor
variance analysis was utilized for comparisons across
multiple data sets. P-value less than 0.05 is designated to
indicate statistical significance.

Results
SG Shows No Exhibit of Cytotoxic Influence

We evaluated the cytotoxic or proliferative effects of differ-
ent concentration gradients of SG on BMMs under continu-
ous stimulation for 48 h. Figure 1A displays the chemical
structure of IGG, while the CCK-8 results (Fig. 1B) suggest
that SG concentrations below 8 pM do not have significant
cytotoxic or proliferative effects on BMM cells.

SG Inhibits OC Formation

To investigate whether SG could inhibit mature OC
formation, we first stimulated BMMs with RANKL (50 ng/
mL), M-CSF (50 ng/mL), and various SG concentrations
O pM, 2 uM, 4 pM, 6 pM, 8 pM) to induce OC
differentiation. Figure 1C, D show that SG significantly
inhibits mature OC differentiation, and this inhibitory effect
strengthens with increasing concentration, showcasing the
clear concentration-dependent characteristic.

SG Suppresses Specific Gene Expression
in Osteoclastogenesis

To determine the effects of SG on specific protein expression
during OC differentiation, we used RT-PCR to assess the
expression levels of CTSK, c-Fos, NFATc1, and MMP9. The
results revealed that genes associated with OC differentiation
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Fig. 1 Sophoraflavanone G
(SG) can inhibit osteoclastogen-
esis. A: Chemical structure

of SG; B: 48-h CCK-8 results
demonstrate no cytotoxic or
proliferative effects on BMMs
when SG <8 pM; C: Differ-

ent concentrations of SG show
varying effects on RANKL-
induced osteoclastogenesis,
with higher concentrations
exhibiting more pronounced
inhibitory effects, demonstrating
a clear concentration-dependent
characteristic; D: Representa- D
tive TRACP staining images
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were substantially elevated under RANKL stimulation; how-
ever, under SG influence, all these genes displayed decreas-
ing expression trends (Fig.2A, B, C, D).

SG Inhibits Protein Expression Specific to OC
Differentiation

By extracting proteins at different time points, we studied
the influence of SG on protein relative expression levels
to explore its impact on OC differentiation. As shown in
Fig. 2E, under RANKL stimulation, proteins MMP9,
c-Fos, and NFATc1 showed a gradual increase on days 3
and 5. However, under SG’s influence, all three exhibited
suppressive trends, especially pronounced on day 5. CTSK
reached its peak on day 3 and slightly decreased on day 5,

but under SG stimulation, its expression was highest on day
3 and slightly lower on day 5. Figure 2F provides a bar chart
analysis of the relative expression levels of proteins specific
to OC differentiation.

GO and KEGG Analysis

Using network pharmacology, we explored the biological
functions, signaling pathways, and binding affinities of spe-
cific proteins closely related to SG and OC differentiation. As
shown in Fig. 3A, the GO analysis revealed biological and
molecular functions closely associated with SG, such as the
transmembrane receptor protein tyrosine kinase signaling
pathway, protein autophosphorylation, positive regulation
of kinase activity, ATP binding, and protein tyrosine kinase
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Fig.2 Sophoraflavanone G
(SG) can suppress the relative
expression of genes and proteins
specific to OC differentia-

tion, and as the concentration
increases, the inhibitory effect
becomes more evident. A, B,

C, D: As the concentration
increases, the inhibitory effect
of SG on the expression of OC
differentiation-related genes
becomes stronger; E: Under
RANKL stimulation, the rela-
tive expression levels of MMP9,
NFATc1, CTSK, and c-Fos
increase steadily, with MMP9,
c-Fos, and NFATc1 peaking

on day 5. However, under SG
influence, they show a declining
trend, with significant statistical
differences observed on days

3 and 5. CTSK is expressed
highest on day 3, where SG's
inhibitory effect is most evident;
F: Bar chart analysis of pro-
teins specific to OC differen-
tiation. *p <0.05, **p <0.01,
*##%p <0.001 (n=3)
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Fig.3 GO and KEGG analysis
results and molecular docking
diagrams. A: GO analysis of
related biological functions; B:
KEGG analysis of related sign-
aling pathways; C, D, E, F, G:
3D and 2D schematic diagrams
of SG docked with ERK, P38,
JNK, IkB-a, and P65
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activity. KEGG analysis identified signaling pathways closely
related to OC differentiation, including MAPK, PI3K-AKT,
HIF-1, calcium ions, EGFR, and IL-17 (Fig. 3B). Molecular
docking results showed that SG binds with high affinity to
ERK, JNK, P38, P65, and IxkB-a, with JNK and ERK having
the highest binding affinities. We visualized these results using
the AutoDock software; Figs. 3C, D, E, F, G, respectively,
illustrate the 3D and 2D docking structures and visual docking
of SG with target proteins.

SG Inhibits OC Formation via the MAPK/NF-kB
Pathway

The MAPK/NF-«B pathway plays a crucial role in regulating
OC differentiation and has been extensively studied due to
its vital involvement in OP prevention.

The results in Fig. 4A highlight that IGG can effectively
reduce the phosphorylated expression level of INK at 15
and 30 min. Simultaneously, at 15, 30, 45, and 60 min, SG
consistently shows the significant inhibitory trend in the
phosphorylated expression level of ERK. Notably, at the 30,
45, and 60-min marks, there is an evident increased trend
in the phosphorylated expression of P38 compared to the
positive control group (Fig. 4B, C, D). Similarly, as shown
in Fig. 4E, regarding the NF-kB pathway, SG can inhibit the
phosphorylated expression level of P65 at 15 min, but this
effect disappears by the 60-min mark. As for IkB-a, SG fails
to prevent its degradation (Fig. 4F, G).

SG Reduces Bone Loss

To further validate the in vitro experiments, we intervened
with different animal groups, establishing an osteoporotic
mouse model and administering intraperitoneal injections.
Interventions on the rat model with drugs or saline lasted
for a total of 8—10 weeks. Using Micro-CT technology, we
obtained significant results: SG effectively alleviated OP
caused by heightened OC activity. Compared to the sham
surgery group (Sham), the osteoporotic group (OP) exhibited
a notable reduction in the number of trabecular bones and
a significant decrease in bone density (Fig. 5SA). However,
in the SG group, these phenomena were significantly miti-
gated, with both bone density and trabecular bone thickness
showing increases. The degree of separation of trabecular
bones compared to the osteoporotic (OP) group showed a
significant decline (Fig. 5B).

Discussion
OP, as the most prevalent metabolic bone disease globally,

leads to severe complications such as fragility fractures,
ambulatory difficulties, deformities, pain, and high rates
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of disability and mortality, significantly diminishing
patients’ quality of life and healing outcomes [27]. Common
medications used in the clinical treatment of OP include
Bisphosphonates, Denosumab, Teriparatide, Selective
estrogen receptor Modulators, and Vitamin D. These
treatments have garnered widespread recognition and
validation for their efficacy, achieving substantial success.
However, the side effects associated with these medications
can sometimes constrain their clinical application [28].

Traditional Chinese Medicine has a venerable history
in treating skeletal disorders and has increasingly gained
attention for its widespread clinical use and satisfactory
therapeutic outcomes, having long been employed in the
management of OP. The core mechanism of Traditional
Chinese Medicine in treating OP involves promoting the
differentiation of OB to increase bone mass and inhibiting
the formation of OC to reduce bone resorption activity.
Consequently, the urgent quest to leverage the therapeutic
effects of traditional Chinese medicine to discover a
cost-effective and efficient treatment for osteoporosis is
paramount. Herein, we have demonstrated that SG, at
lower concentrations, can mitigate OC differentiation via
the MAPK/NF-«B signaling pathway, alleviating bone loss
induced by OC. These findings not only provide a scientific
basis for the clinical use of SG in the treatment of OP
but also highlight the potential advantages of Traditional
Chinese Medicine in regulating bone remodeling.

This investigation initially ascertained the effective
concentration of SG in inhibiting OC differentiation through
CCK-8 and TRAP staining, demonstrating that SG primarily
targets OC, thereby facilitating the bone remodeling process
to treat OP.

The process of bone remodeling is primarily participated
in by OB and OC. The interaction between OB and OC is
fundamental for bone growth, development, repair, and
regeneration. The interaction of OC with a resorptive
function in bone tissue, regulated by the immune
system’s monocyte-macrophage lineage, and OB, which
predominantly promotes skeletal structural development, is
crucial for maintaining a dynamic equilibrium in bones and
the ongoing bone remodeling process.

Bone remodeling typically involves four phases: (1)
Recruitment of OC to the bone surface and its activation;
(2) The phase where mature OC performs bone resorption;
(3) Recruitment of progenitor OB to the pit after OC death;
(4) Mature OB producing bone tissue to fill the gap [29]. The
dynamic balance between bone formation mediated by OB
and bone resorption by OC remains relatively unchanged
under stable conditions, ultimately, maintaining a healthy
skeletal system.

We also explored the impact of SG on the relative
expression levels of specific genes and proteins during
the maturation process of OC formation, including
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Fig.4 Sophoraflavanone G (SG) affects the phosphorylated expres-
sion of proteins in the MAPK/NF-xB pathway. A, B, C, D: IGG dem-
onstrates varying inhibitory effects on the phosphorylated expression
of ERK and JNK proteins in MAPK at different time points, with

NFATcl, c-Fos, MMP9, and CTSK. These genes and
proteins exert significant influence over the proliferation,
survival, maturation, and differentiation processes of OC.
The NFATc], as the pivotal transcription factor in OC
differentiation, is controlled by the RANK-RANKL axis.
It activates the TRAF®6, leading to NFATc] transcribing
into the cell nucleus, promoting the expression of OC

0 15 30 45 60 min

each time point having its distinct characteristics. However, there is
no significant inhibitory effect on the phosphorylation of P38. E, F:
SG fails to inhibit the phosphorylated expression of P65 and cannot
prevent the degradation of IkB-a

differentiation-specific proteins such as CTSK, c-Fos, and
MMP9 [30, 31]. Notably, when NFATc] is suppressed or
knocked out, bone marrow-derived embryonic stem cells
can’t differentiate into mature OC [32, 33].

CTSK, as the cysteine protease belonging to the papain
family, emerges during the early stages of OC differentiation
[34].CTSK is a key member downstream of NFATc1 genes
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Fig.5 Sophoraflavanone G (SG) ameliorates bone loss. A: Com-
pared to the sham surgery group (Sham), the osteoporotic group (OP)
shows a significant reduction in bone mass, but this loss is notably

and an important epigenetic regulator, and it plays the
pivotal role during bone resorption, also participating in
regulating OC apoptosis and aging processes [35, 36].

Our findings suggest that SG is capable of suppressing
the expression levels of these genes and proteins, thereby
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alleviated after SG stimulation; B: Column charts analyzing data
related to the number and thickness of trabecular bones. *p <0.05,
*#p <0.01, *¥*p <0.001 (n=6)

affecting the formation of mature OC and bone resorption
activity, which contributes to the amelioration of bone mass
reduction.

Our research also unveils that SG plays the role
in modulating the MAPK/NF-xB pathway under the
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stimulation of RANKL, which is indispensable in the
differentiation of OC.

The MAPK family serves as connectors for extracellular
stimuli, converting external stimuli into specific cellular
responses [37, 38]. Extracellular stimuli regulate OC
differentiation and bone remodeling process by activating
MAPK, where ERK, JNK, and P38 are significant
regulators [39]. The ERK signaling pathway positively
regulates various biological activities in osteoclasts, such
as proliferation, differentiation, and apoptosis. When ERK
is knocked out or silenced, the number of OC progenitor
cells decreases, inhibiting the OC fusion phenotype
stimulated by M-CSF, and bone mineral density increases
[40]. Accompanied by M-CSF induction, downstream
transcription factors of ERK like c-Fos and NFATc]1 are also
activated, regulating osteoclast formation [41, 42].JNK is
closely related to apoptosis during OC differentiation and
regulates the activity of bone resorption [43, 44].

When JNK’s activity or expression is blocked, the
process of osteoclast multinucleation stops, even reverting
from a multinucleated morphology back to a monocyte
form [39, 45].P38 plays a leading role in mature osteoclast
differentiation, regulating bone resorption activity and bone
remodeling. When P38’s expression or activity is inhibited,
P38~/ mouse models show a noticeable increase in bone
mass, a decrease in OC-led bone resorption activity, and the
reduction in their number [46, 47].

Under the impetus of RANKL and TNFa, TRAF6 enlists
proteins such as IKK-a and IKK-p from the receptor-
activated NF-xB signaling pathway. This provokes the
degradation of IxkB-a and the emancipation of the P65/
P50 complex, directing the nuclear translocation of P65
and thereby stimulating the expression of target genes
associated with mature OC [31]. However, our experimental
findings suggest that, initially, IGG can inhibit the level of
phosphorylated P65 expression, this influence wanes by
the 60th-minute mark. As for IxkB-oa, IGG was unable to
resuscitate the protein’s degradation, indicating that IGG has
not shown significant trends in affecting the proteins in the
NF-«B signaling pathway.

In summary, our research outcomes align with established
literature findings [24]: SG manifests commendable binding
affinity with CTSK. In vitro experiments illustrate that IGG
can inhibit OC formation and impact the expression levels
of pertinent genes and proteins at low concentrations. We
have also discovered that SG can suppress ERK, JNK, and
P65 signal transduction pathways in MAPK and NF-«xB,
thereby achieving the goal of osteoporosis resistance.
Animal experiments confirm the reliability of in vitro tests
and prove in vivo that SG can reduce OC formation, rescue
bone loss, and potentially treat OP.

However, the anti-inflammatory function has yet to
be substantiated in this study. Beyond OC, it remains

unaffirmed whether IGG can ameliorate inflammation and
thereby reduce bone loss while promoting OB differentiation
and bone formation. Nonetheless, these insights motivate me
to continue further research in this direction in the future.
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