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Epimedin B protects against bone loss @
and inflammation in diabetic osteoporosis rats
by regulating OPG/RANKL pathway

Xianmei Zhang', Qinguo Sun', Xie Xie', Meng Luo', Junjie Zan' and Zewei Cong"”

Abstract

Background Diabetes is a common disease contributing to osteoporosis. Epimedin B (EB), a major ingredient of
Herba Epimedii, has been found to be effective in preventing osteoporosis in mice. However, the potential of EB to
ameliorate diabetic osteoporosis (DOP) remains elusive. In this study, our goal is to investigate the functions and
underlying mechanisms of EB in the progression of DOP.

Methods A DOP rat model was established via a high-fat diet combined with intraperitoneal injection of
streptozotocin (STZ). DOP rats were daily administered with EB or vehicle via intragastric administration for 8 weeks.
Body weights and blood glucose levels were measured every 4 weeks during the drug administration period. Blood
samples and femoral tissues were collected for further analysis. Bone parameters and bone histopathological changes
were detected. Bone formation and resorption markers as well as inflammatory factors were detected using enzyme-
linked immunosorbent assay kits. Reverse-transcription quantitative polymerase chain reaction and western blotting
were conducted to measure the expression of osteoprotegerin (OPG) and Rev-Erba, receptor activator of NF-kB ligand
(RANKL).

Results EB improved weight loss and lowered blood glucose of DOP rats. EB promoted the formation of bone
trabeculae and altered several bone microstructure parameters in DOP rats. EB ameliorated improved bone structure,
restored histological abnormalities of femoral bone, and reduced the number of bone marrow adipocytes in DOP rats.
EB inhibited excessive bone resorption and inflammation and increased bone formation in DOP rats. EB regulated the
OPG/RANKL axis in DOP rats.

Conclusion EB attenuates STZ-induced DOP in rats by maintaining the balance between bone formation and
resorption and inhibiting inflammation through regulating the OPG/RANKL axis.
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Introduction

Diabetes is a chronic medical condition character-
ized by persistent hyperglycemia, and both type 1 and
type 2 diabetes affect millions of individuals worldwide.
Type 2 diabetes is much more prevalent than type 1 dia-
betic mellitus, representing 90% of diabetes cases glob-
ally. According to estimates in 2021, the global diabetes
prevalence in 20-79 years old was approximately 10.5%
(536.6 million people), a figure projected to rise to 12.2%
(783.2 million) by 2045. The diabetes prevalence of Chi-
nese adults aged 20-79 years accounts for over a quar-
ter of the global diabetes population [1]. Osteoporosis
is a metabolic bone disease characterized by a systemic
impairment of bone mass and microarchitecture that
results in fragility fractures. Type 2 diabetes is recognized
as an important osteoporosis risk factor. It can affect
bone health, resulting in decreased bone formation,
increased bone marrow adiposity, and heightened risk of
fracture [2]. Patients with type 2 diabetes are at increased
risk for osteoporosis than those without diabetes [3].
The prevalence of osteoporosis in patients with type 2
diabetes are 27.67% worldwide and 35.77% in China [4,
5]. With the increasing prevalence of diabetes, the bur-
den of diabetes-induced osteoporosis (DOP) is increas-
ing worldwide. Currently, DOP is often treated with
antiresorptive therapies (such as bisphosphonate and
denosumab) or anabolic drugs (such as teriparatide and
abaloparatide) [6-9]. However, their long-term adverse
reactions such as atypical fracture, muscle and joint pain,
and increased risk of stroke restrict their clinical applica-
tion [10]. Therefore, it is urgent to continue developing
drugs for prevention and treatment of DOP.

Bone remodeling is a highly regulated, lifelong pro-
cess of bone resorption and formation [11]. When bone
resorption and formation are imbalanced, bone remodel-
ing cycle may be highly altered, leading to metabolic bone
disease, most commonly osteoporosis [12]. Osteoblasts
are specialized mesenchymal cells that can differentiate
into chondrocytes and adipocytes. Mature osteoblasts
synthesize bone matrix proteins such as osteopontin,
osteocalcin (OCN), and osteonectin and are rich in alka-
line phosphatase (ALP) [13, 14]. Additionally, osteoblasts
secrete osteoprotegerin (OPG) and can inhibit differen-
tiation and function of osteoclasts by binding to recep-
tor activator of nuclear kB ligand (RANKL), preventing
RANKL from binding to RANK. The ratio of OPG/
RANKL is an important determinant of bone mass and
skeletal integrity [15].

Traditional Chinese medicine (TCM) has been widely
used in China and shows unique advantages in the treat-
ment of osteoporosis [16]. Many natural compounds
have attracted increasing attention as anti-osteoporosis
drugs, such as luteoloside [17], aliseol-B [18], androgra-
pholide [19], matairesinol [20], and quercetin [21].
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Therefore, natural compounds may be a promising treat-
ment scheme for osteoporosis disease. Epimedii Herba
is a classic TCM with proven efficacy in treating cardio-
vascular diseases and osteoporosis [22]. Epimedin B (EB)
is the second highest active ingredient in the flavonoids
of Herba Epimedi. A previous study has suggested that
EB is effective in treating osteoporosis in mice through
PI3K/AKT, MAPK, and PPAR pathways [23]. In diabe-
tes mellitus, hyperglycemia is a condition that promotes
the release of inflammatory mediators, and inflamma-
tory mediators are elevated in diabetic patients compared
with nondiabetic subjects [24]. Inflammation and hyper-
glycemia caused by diabetes can induce apoptosis of
mature osteoblasts [25]. It is found that proinflammatory
cytokines and chemokines are associated with osteoclas-
tic bone loss, and they function by promoting RANKL
production and reducing OPG production [26]. The
anti-inflammatory property of EB has been previously
established [27]. However, current evidence is limited to
confirm the protective effect of EB against DOP.

In this study, our goal is to investigate the functions and
underlying mechanisms of EB in the progression of DOP.
We hypothesize that EB may prevent the progression of
DOP. To test this hypothesis, we construct a streptozoto-
cin (STZ)-induced DOP model in rats. Our findings may
provide insights into the pharmacological properties of
EB concerning the progression of DOP.

Methods

Ethical statement

All animal experiments were reviewed and approved by
Wuhan Myhalic Biotechnology Co., Ltd (approval num-
ber: HLK-202309244; approval date: September 15, 2023)
and performed following the guidelines of the National
Institutes of Health Guide for the Care and Use of Labo-
ratory Animals.

Animals

Fifty male Sprague-Dawley (SD) rats (180-230 g; Charles
River Laboratories, Beijing, China) were housed in a
specific-pathogen-free animal room with standard con-
ditions (24 +2°C, 60-80% of humidity, and a 12-h light/
dark cycle) and with free access to food and water. Five
rats were kept in one cage. After adaptive feeding for a
weelk, fifty rats were randomized into two groups: 10 rats
in the control group were fed with a normal diet (energy
composition, 15.8% fat, 20% protein, and 63.9% carbohy-
drate) and 40 rats in the high-fat group were fed with a
high-fat diet (energy composition, 45% fat, 20% protein,
and 35% carbohydrate) for 4 weeks. Then, the rats fed
with a high-fat diet were intraperitoneally injected with
1% streptozotocin (STZ; MedChemExpress, Shanghai,
China) at 30 mg/kg daily for 5 days [28]. Three days later
after STZ injection, the rats were fasted for an additional
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8 h (water was allowed), and tail venous blood was har-
vested to measure fasting blood glucose (FBG). Rats with
FBG levels > 16.7 mmol/L were considered as successfully
established type 2 diabetic rats [29]. To induce osteopo-
rosis, type 2 diabetic rats were maintained on a high-fat
diet for an additional 8 weeks.

After that, diabetic rats were randomized into four
groups (n=10): DOP model (DOP) group, DOP with
10 mg/kg EB (DOP +EB-10) group, DOP with 20 mg/kg
EB (DOP +EB-20) group, and DOP with 40 mg/kg EB
(DOP +EB-40) group. Each group had 10 rats. The rats
in Control and DOP groups were both administered with
10% Tween 80 and 90% sterile water (vehicle control)
through intragastric administration for 8 weeks. The rats
in DOP +EB-10, DOP + EB-20, and DOP + EB-40 groups
were daily administered with 10 mg/kg, 20 mg/kg, and
40 mg/kg EB (purity 99.81, MedChemExpress) through
intragastric administration, respectively, for 8 weeks. The
dosages of EB were determined based on previous stud-
ies [23, 30]. Body weights and blood glucose levels were
measured every four weeks over the course of EB treat-
ment. After the last administration of EB or vehicle, all
rats were fasting for 8 h and sacrificed by cervical dislo-
cation under 4% isoflurane anesthesia. Blood samples
were harvested by heart puncture via exsanguination for
enzyme-linked immunosorbent assay (ELISA) assays.
Bilateral femurs were immediately harvested and fixed in
4% paraformaldehyde for histological staining or stored
at -80°C for further analysis.

Micro-CT analysis

Femoral samples were precisely positioned within the
scanning area and underwent Micro-CT (SkyScan1176,
Bruker, Germany) scanning with a 9 pum voxel. The
images were acquired at 80 Kv voltage and 88 pA current.
Then, osteoporosis-related parameters within a defined
region of interest were calculated using Airborne soft-
ware, including bone mineral density (BMD), bone vol-
ume fraction (BV/TV), trabecular separation (Tb.Sp),
and trabecular number (Tb.N).

Biomechanical testing of femur maximum load

After removal of muscles and soft tissues, the femurs
were air-dried and secured onto a three-point bending
jig with a 20 mm span. A universal mechanical testing
machine applied compression at a rate of 1 mm/min until
a complete bone fracture, and the maximum load was
recorded.

Histopathological changes

Femoral samples were fixed with 10% neutral-buffered
formalin (Sigma-Aldrich, Shanghai, China) for 48 h and
then immersed in 10% EDTA solution (MedChemEx-
prss) for a month. Subsequently, femur sections were
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embedded in paraffin wax and sectioned into 4 pm thick
slices. Thereafter, tissue sections were deparaffinized and
rehydrated, followed by 10 min of hematoxylin and 5 min
of eosin staining (Sigma-Aldrich) for histopathologi-
cal examination. The number of adipocytes (adipocytes/
mm?) was counted using Image Pro Plus software.

ELISA

Blood samples were centrifuged at 3000 rpm for 10 min
at 4°C, and serum was separated and stored at -80°C.
OCN, bone alkaline phosphatase (BAP), tartrate-resis-
tant acid phosphatase 5b (TRACP-5b), tumor necro-
sis factor (TNF)-a, interleukin (IL)-6, and monocyte
chemoattractant protein-1 (MCP-1) in rat serum were
detected using commercially available ELISA kits (Nan-
jing Jiancheng Bioengineering institute, Nanjing, China)
according to the manufacturer’s instructions. Briefly,
100 pL serum samples were added to the microplate
and incubated for 2 h. Then, equal volumes of primary
antibodies against OCN, BAP, TRACP-5b, TNF-qa, IL-6,
and MCP-1 were added to each well and incubated for
another 1 h, followed by incubation with horseradish-
peroxidase (HRP)-conjugated secondary antibodies for
30 min. All the above incubations were performed at
37°C, washing 3 times with Tris Buffered Saline Tween
20 (TBST) after each incubation. The optical density val-
ues at 450 nm were detected using a microplate reader
(Thermo Fisher, Shanghai, China). The concentrations of
OCN, BAP, TRACP-5b, TNF-q, IL-6, and MCP-1 in the
serum samples were proportional to the optical density
values.

Reverse-transcription quantitative polymerase chain
reaction (RT-qPCR)

Total RNA was isolated from 20 mg femoral samples
using TRIzol reagent (Beyotime, Shanghai, China) fol-
lowing the manufacturer’s instructions. Using a Nano-
Drop spectrophotometer (Thermo Fisher), total RNA
concentration was evaluated by detecting absorbance at
260 nm. Then, total RNA (1 pg) was reverse transcribed
into cDNA using a Prime Script RT Reagent Kit (Takara,
Tokyo, Japan). Next, RT-qPCR was performed using ABI
Prism 7500 (Applied Biosystems, Waltham, MA, USA)
with SYBR Green RT-qPCR Master Mix (Applied Bio-
systems). The thermocycling conditions were 95°C for
10 min and then 40 cycles of 95°C for 20 s and 60°C for
30 s. A melting curve was acquired using 95C for 15 s,
60°C for 30 s, and 95C for 15 s. Relative mRNA expres-
sions were calculated using the 2-AAC method and nor-
malized to GAPDH expression. The primers used in this
study were listed as follows: OPG, forward 5-GGCAGG
GCATACTTCCTGTT-3; reverse 5-GCCACTTGTTCA
TTGTGGTCC-3’; RANKL, forward 5-AGGCTGGGCC
AAGATCTCTA-3] reverse 5-GATAGTCCGCAGGTAC
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GCTC-3; GAPDH, forward 5-CCACCCATGGCAAAT
TCCATGGCA-3; reverse 5-TCTAGACGGCAGGTCA
GGTCCACC-3!

Western blotting

Protein extraction from 20 mg femoral samples was
accomplished using 200 pL of RIPA lysis buffer (Bey-
otime, Shanghai, China) supplemented with 1%
phenylmethylsulfonyl fluoride (PMSF; Beyotime) and
protease inhibitor cocktail (Beyotime). Then, equal
amounts (40 pg/lane) were separated by electrophore-
sis on 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis gels and transferred onto polyvinylidene
difluoride membranes. Subsequently, the membranes
were blocked with 5% skimmed milk for 1 h at room
temperature and incubated with primary antibodies
against OPG (ab73400, 1:5000; Abcam, Shanghai, China),
RANKL (sc-59982, 1:1000; Santa Cruz Biotechnology,
Shanghai, China), and B-actin (ab8226, 1:1000; Abcam)
overnight at 4°C. On the next day, the membranes were
washed with TBST three times and incubated with corre-
sponding horseradish peroxidase-conjugated secondary
antibodies at room temperature for 1 h. Finally, the mem-
branes were washed three times in TBST and monitored
with an enhanced chemiluminescence reagent (Thermo
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Fisher, Shanghai, China) and visualized on Odyssey Infra-
red Imaging system (Li-Cor Bioscience, Lincoln, NE,
USA). Protein expression was measured by analyzing the
intensities of the protein bands with Image]J software. The
intensity values were normalized to that of B-actin.

Statistical analysis

Data was obtained from at least three independent exper-
iments by two pathologists who were blinded to study
design. Statistical analysis was analyzed using GraphPad
Prism 8 (GraphPad Software, San Diego, CA, USA) and
described as the meantstandard deviation. One-way
analysis of variance followed by Tukey’s post /oc analysis
was used for comparison analyses. p<0.05 was consid-
ered statistically significant.

Results

EB improves weight loss and blood glucose of DOP rats
First, we detected the effect of EB on rat body weights
and blood glucose levels. The chemical structure of EB
was shown in Fig. 1A. The results revealed that com-
pared with normal rats, STZ-induced DOP rats had sig-
nificantly lower body weights and higher fasting blood
glucose concentrations. However, treatment with EB (10,
20, and 40 mg/kg) for 8 weeks significantly reversed these

Control
—= DOP
DOP+EB-10
DOP+EB-20
DOP+EB-40

* %

0 4

Time (weeks)

Fig. 1 EP improves weight loss and blood glucose of DOP rats. (A) Chemical structure of Epimedin B (EB). (B) Change in body weights. (C) Change in
blood glucose concentrations. 'p<0.05, " p<0.001 vs. Control group; *p < 0.05, #p <0.01, #¥p <0.001 vs. DOP group
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outcomes (Fig. 1B-C). These results show that 8 weeks of
EB treatment at 10, 20, and 40 mg/kg effectively improves
STZ-induced weight loss and hyperglycemia in DOP rats.

EB prevents bone mass loss in DOP rats

Then, we examined the effect of EB on bone microstruc-
ture. In the DOP group, micro-CT scans revealed sparse
trabecular structure and significant bone mass loss in
the femurs. However, EB treatment suppressed bone
mass loss in the femurs of DOP rats dose-dependently
(Fig. 2A). We also quantified BMD and trabecular micro-
architectural parameters including BV/TV, Tb.Sp, and
Tb.N. BMD is an index reflecting alterations in bone
mass and bone strength. BV/TV reflects the value of bone
volume and serves as a significant index for evaluating
the alteration of bone mass. Tb.Sp is the average width of
the medullary cavity between bone trabeculae, reflecting
the morphology and structure of bone trabeculae. Tb.N
is the number of intersections between bone tissue and
non-bone tissue and reflects the morphological struc-
ture of bone trabeculae and the ratio of bone area to bone
mass, explaining the changer in bone mass [31]. Com-
pared with normal rats, DOP rats had notably decreased
BMD, BV/TV, and Tb.N and substantially increased
Tb.Sp. However, 8 weeks of EB treatment (10 and 20 mg/
kg) markedly reversed these changes in DOP rats in a
dose-dependent manner (Fig. 2B-E). Additionally, the
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bone biomechanical properties were assessed by three-
point bending tests, and the results revealed that the
maximum load borne by DOP rat femurs was remark-
ably reduced compared with normal rat femurs, which
was remarkably enhanced by EB (10 and 20 mg/kg) dose-
dependently (Fig. 2F). These results show that EB attenu-
ates bone mass loss in DOP rats.

EB ameliorates histological abnormalities of femoral bone
in DOP rats

Next, histological staining was performed on distal
femurs and bone marrow cavities. As hematoxylin and
eosin staining revealed, normal rats exhibited abundant,
dense, moderately thick, and well-orderedly distributed
femoral trabecular bone as well as sparsely distributed
bone marrow adipocytes with low density. However, the
trabecular bone became thinner and disorganized, and
the trabecular separation increased, along with the mar-
row adipocyte density and volume were enhanced in
DOP rats. Conversely, EB treatment greatly improved
trabecular structure, promoted new bone formation,
and inhibited marrow adipogenesis in a dose-dependent
manner (Fig. 3A-C). These results show that EB signifi-
cantly improves bone microstructure and inhibits mar-
row adipogenesis in DOP rats.
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Fig. 2 EB prevents bone loss in DOP rats. (A) Three-dimensional images of bone trabecula. (B) Bone mineral density (BMD). (C) Relative bone volume over
total volume (BV/TV). (D) Trabecular separation (Tb.Sp). (E) Trabecular number (Th.N). (F) Maximum load for the proximal femur. Mp<O.OO1 vs. Control
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Fig. 3 EB ameliorates histological abnormalities of femoral bone in DOP rats. (A) Representative hematoxylin-eosin staining of femur sections. (B) Rep-
resentative hematoxylin-eosin staining of bone marrow adipocytes. (C) Quantification of the number of adipocytes per square millimeter.”"p <0.001 vs.

Control group; ##p <0.001 vs. DOP group

EB inhibits bone turnover and inflammation in DOP rats
Moreover, we assessed the serum levels of OCN, BAP,
and TRACP-5b, which could be used to evaluate osteo-
blastic and osteoclastic activities. It was found that the
DOP group exhibited markedly lower OCN and BAP
levels and higher TRACP-5b level in serum than the
control group, whereas EB treatment reversed the effect
of STZ on decreasing OCN and BAP levels and increas-
ing TRACP-5b level in serum of DOP rats (Fig. 4A-C).
Meanwhile, the STZ-induced significant elevation in
the serum levels of IL-6, TNF-«, and MCP-1 in DOP
rats was dose-dependently abolished by EB (Fig. 4C-E).
These results indicate that EB inhibits bone turnover and
inflammation in DOP rats.

EB regulates the OPG/RANKL axis in DOP rats

Finally, we detected the underlying mechanisms respon-
sible for the protective effect of EB against DOP. As
RT-qPCR and western blotting demonstrated, the DOP
group had lower OPG and higher RANKL mRNA and
protein levels than the control group, whereas EB treat-
ment had the opposite effect (Fig. 5A-D). These results
indicate that EB might exert protective effects against
DOP through regulating the OPG/RANKL axis.

Discussion

Diabetes is a pandemic health problem, and its incidence
is constantly increasing. Emerging evidence has sug-
gested that diabetes poses a risk for osteoporosis and can
contribute to the development of DOP [32-34]. In dia-
betes patients, approximately 50-60% show a decreasing
trend in bone mineral density, and approximately 33% are
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Fig. 4 EB inhibits bone turnover and inflammation in DOP rats. (A) ELISA of osteocalcin (OCN) level in the serum. (B) ELISA of bone alkaline phosphatase
levelin the serum. (C) ELISA of tartrate-resistant acid phosphatase-5b (TRACP-5b) level in the serum. (D) ELISA of IL-6 level in the serum. (E) ELISA of TNF-a
level in the serum. (F) ELISA of MCP-1 level in the serum. “p<0.01, ""p <0.001 vs. Control group; *p < 0.05, #p < 0.01, ¥ p <0.001 vs. DOP group

diagnosed with osteoporosis [35]. TCM, with few side
effects, has unique advantages in the treatment of osteo-
porosis [36]. Herba Epimedii, also known as YinYangHuo
in Chinese, is a Chinese herbal medicine and has been
used in combination with other herbs to treat skeletal
diseases in TCM [37]. EB, a major ingredient of Herba
Epimedii, has been found to be effective in preventing
osteoporosis in vitro and in mice and has an anti-inflam-
matory effect [23, 27]. However, the role and regulatory
mechanism of EB in DOP remain elusive. In this study,
we constructed an STZ-induced DOP rat model that
shows a significant increase in hyperglycemia, weight
loss, bone mass loss, and bone microarchitecture deterio-
ration. Our findings revealed that EB may be a potential
candidate for the treatment of DOP.

Bone remodeling is an essential process for preserv-
ing bone integrity and mineral homeostasis. During the
bone remodeling cycle, osteoclastic resorption is tightly
coupled to osteoblastic bone formation. However, this
balance is disrupted in osteoporosis patients [38]. Osteo-
blasts, bone forming cells, arise from the commitment
of mesenchymal precursors to osteoprogenitor lin-
eages and can produce extracellular proteins, including
OCN, ALP, and type I collagen [38]. Osteoclasts, bone-
resorbing cells, originate from hematopoietic stem cells.
They express high amounts of TRACP-5b and secrete it

into the blood circulation. As reported, TRACP-5b has
been used as a marker of bone resorption [39]. In our
study, DOP rats showed decreased OCN and BAP and
increased TRACP-5b serum levels, which was consis-
tent with previous studies [40, 41]. Reportedly, EB can
stimulate osteogenic differentiation of MC3T3-E1 cells
[42]. Notably, EB (10 and 20 mg/kg) markedly improved
these changes. Bone marrow consists of multiple cell
types such as adipocytes, osteoblasts, osteoclasts, stro-
mal cells, and vascular cells. The interaction of these cells
maintains a complex homeostatic system for remodeling
and regeneration in bone microenvironment [43]. Exces-
sive accumulation of bone marrow adipocytes occurs
in diverse clinical conditions, including diabetes, obe-
sity, menopause, aging, anorexia nervosa, glucocorticoid
treatment, and radiotherapy, most of which are concomi-
tant with bone deterioration [44]. Expansion of mar-
row adipose tissue may exaggerate the detrimental bone
microenvironment and worsen disease progression [45].
Hematoxylin and eosin staining revealed that EB treat-
ment greatly reduced bone marrow adipocyte density in
DOP rats. Bone remodeling is the physiological process
by bone mass is maintained. Bone parameters including
BMD, BV/TV, Tb.Sp, and Tb.N as well as femur condi-
tions including bone maximum load were evaluated in
this study, and we found that EB effectively improved
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bone mass loss, in consistent with previous findings [23].
These findings suggest that EB effectively promotes bone
formation and inhibits bone resorption and bone marrow
adipogenesis in DOP rats, indicating its potential in DOP
treatment.

Hyperglycemia, a condition that occurs when blood
glucose levels are too high, is a common complication of
diabetes. Hyperglycemia can trigger metabolic pathways
that lead to inflammation, cytokine secretion, cell death,
and consequently diabetic complications [46]. Inflamma-
tion is a major cause of bone homeostasis imbalance [47].
The anti-inflammatory effect of EB has been previously
documented. EB significantly inhibits acute inflamma-
tion and ameliorates the neuroinflammation-associated
impairment of locomotion in a zebrafish inflammation
model induced by copper sulfate and tail cutting by inac-
tivating the MAPK/NF-kB/Nod-like receptor pathways
[27]. In this study, our data revealed that EB administra-
tion greatly reversed the STZ-induced increases in serum
levels of inflammatory factors such as TNF-«, IL-6, and

MCP-1, indicating that EB may inhibit inflammation in
DOP rats.

In the process of osteoclast differentiation and activa-
tion, osteoblasts express RANKL and OPG. OPG, also
known as osteoclastogenesis inhibitory factor, is pro-
duced by osteoblasts and osteogenic stromal stem cells.
OPG protects against excessive bone resorption by bind-
ing to RANKL and prevents it from interacting with
RANK [48]. Compared to controls, diabetic patients
exhibit lower plasma OPG level and higher serum
RANKL level [49], and the significantly higher RANKL/
OPQG ratio in diabetic patients indicates increased differ-
entiation and activation and enhanced bone resorption,
leading to osteoporosis [50]. Additionally, hyperglyce-
mia and inflammation caused by diabetes might lead to
an increased RANKL/OPG ratio and result in excessive
bone resorption, ultimately increasing the fracture risk
[51-53]. The concentration of OPG and RANKL for
osteoclast differentiation is regulated by lysosomal cyto-
kines, such as TNF-a and IL-6, which stimulate osteo-
clastogenesis by reducing OPG ligand expression [26].
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Our results revealed that EB treatment increased OPG
and decreased RANKL mRNA and protein levels and
enhanced the OPG/RANKL ratio in DOP rats, indicating
that EB may maintain bone homeostasis by regulating the
OPG/RANKL pathway.

There are limitations to this study. First, there is no
detailed pharmacokinetic analysis of EB, which is essen-
tial for understanding its absorption, distribution, metab-
olism, and excretion. Second, while the study indicates
that EB acts through the OPG/RANKL pathway, it may
not fully rule out or distinguish other potential off-target
effects of pathways that could contribute to the observed
outcomes. Third, EB was administered intragastrically;
other potentially more effective routes, such as intrave-
nous or intrathecal, were not explored. Fourth, this study
did not test EB on human cell lines or primary cultures,
which can help validate the findings from rodent models.
These limitations will be addressed in the future.

Conclusion

In conclusion, this study demonstrates that EB supple-
mentation could attenuate STZ-induced DOP in rats by
promoting bone formation and inhibiting bone resorp-
tion and inflammation through upregulating the OPG/
RANKL ratio. This study might promote the clinical
application of EB in preventing and treating DOP.
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