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Abstract

Bone mass is regulated by bone resorption(osteoclast) and bone formation(osteoblast), and an imbalance be-
tween both processes results in osteoporosis. Osteoporosis is characterized by a loss of bone density and regula-
tion of bone remodeling is crucial for the treatment of osteoporosis. In this study, we investigated whether
SMO16, a Korean polyherbal medicine containing 5 herbal components, could regulate bone remodeling in an
ovariectomized(OVX) rat model. To test the effect of SMO16 in the OVX model, the rats were divided into 3
groups: a control group, OVX group, and OVX + SM016(2.25 g/kg) for 8 weeks(ST group). The expression
of osteocalcin(OPC), receptor activator of nuclear factor kappa-B ligand(RANKL), and osteopro-
tegerin(OPG) were measured in the femur using specific antibodies. The bone mass was analyzed using
dual-energy X-ray absorptiometry. In the OVX group, protein expression of OPC was decreased; however, in
the ST group, OPC expression was significantly increased when compared with the OVX group. SMO16
significantly reduces RANKL-positive cells in the OVX rat femur. Additionally, SMO16 increased OPG ex-
pression levels. Importantly, SMO16 significantly increased bone density. These data suggest that SMO16
increases bone remodeling by regulating OPC, RANKL, and OPG signaling. SMO16 could be a potential
alternative treatment for osteoporosis.

[Keywords] Osteoporosis, Osteocalcin, RANKL, Osteoprotegerin, Korea Herbal Medicine

1. Introduction

Osteoporosis is a disease characterized by loss of bone mass and weakened bone strength owing to
gualitative changes in bones, classified into primary and secondary osteoporosis. Primary osteoporosis
includes postmenopausal osteoporosis attributed to a decrease in female hormones, and senile oste-
oporosis occurs owing to a decrease in bone formation induced by hormonal, calcium, and dermal
vitamin D deficiencies. Additionally, secondary osteoporosis can result in several diseases, including
chronickidney failure, thyroid-related diseases, rheumatoid arthritis, and diabetes, and can be induced
by an overdose of steroids, anticonvulsants, or anticancer drugs[1][2].

For osteoporosis, Vitamin D and calcium intake are recommended as standard prevention and treat-
ment strategies. Additionally, weight training, yoga, Pilates, jogging, sports dancing, and tennis have
been recommended[3]. For the pharmaceutical management of osteoporosis, bone resorption inhib-
itors such as bisphosphonate and risedronic acid, or calcium and vitamin preparations, and hormone
inhibitors are employed[4]. However, when osteoporosis progresses, bone formation accelerators are
extremely crucial, and recombinant parathyroid hormone, teriparatide, has been utilized; however,
this drug has is accompanied by severe side effects[5].

Furthermore, it is well known that osteoblasts play animportant role in bone formation. In particular,
osteoblasts express osteocalcin(OPC), receptor activator of nuclear factor kappa-B ligand(RANKL), and
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osteoprotegerin(OPG). RANKL/RANK signal transduction regulates osteoclast formation, activation,
and survival under diverse pathological conditions characterized by normal bone modeling and remod-
eling, as well as increased bone remodeling[6]. OPG binds to RANKL and prevents the bone from bind-
ing to RANK, thereby preventing excessive bone resorption[7]. Our previous study has demonstrated
that SMO16(a Korean polyherbal medicine, including extract of Carthamus tinctorius, Caragana sinica,
Achyranthes aspera, Phlomis umbrosa, Eucommia ulmoides, and Drynaria fortunei) regulates bone
mass in ovariectomized(OVX) rat osteoporosis models[8]. However, the underlying mechanism by
which SMO16 inhibits osteoporosis remains unclear. Thus, we investigated the molecular mechanism
of SMO16 in an OVX rat model.

2. Materials
2.1. Chemicals

Vectastain ABC kits and DAB kit were obtained from Vector Laboratories(Burlingame, CA,
USA). The antibodies used in this study included anti-OPC, anti-RANKL, and anti-OPG, purchased
from Santa Cruz(Santa Cruz, MA, USA).

2.2. Plant material and water extraction of SMO16

The SMO16 extract was prepared according to the methods described in our previous
study[8]. Briefly, C. tinctorius(30 g), C. sinica(30 g), A. aspera(30 g), P. umbrosa(30 g), E. ul-
moides(30 g), and D. fortune(30 g) used in the experiment were placed in 2,000 mL of distilled
water, preheated for 3 h, and then filtered. The filtrate was reduced to 50 mL using a rotary
evaporator, then concentrated and lyophilized to obtain 27 g of extract(yield: 15%). The dose
was determined as 2.25 g/kg.

2.3. Preparation of osteoporosis model

Female Wistar rats(Orient bio Inc., Seongnam, Korea) were maintained at 22°C with a 12 h
light/dark cycle. All experiments and animal care were performed in accordance with institu-
tional guidelines(SEMCARE 16-06-01). The experimental animals were divided into 3 groups:
untreated group, ovariectomized(OVX) group, and OVX with SM016(2.25g/kg) treatment for 8
weeks. According to the procedure established by Cao H et al[9], the rats(n=15) were anesthe-
tized using isoflurane, and bilateral ovaries were removed.

2.4. Histochemistry and immunohistochemistry

The femurs were fixed using the 10% formalin and treated with a decalcification solution for
12 h. Next, the bones were embedded in paraffin and sectioned. The sections were treated with
xylene and a series of ethanol concentrations(100 % to 60%). The tissues were incubated in 5%
bovine serum albumin(BSA) in phosphate-buffered saline for 1 h and stained with specific anti-
bodies such as anti-OPC, anti-RANKL, and anti-OPG. The representative images were obtained
using microscopy(K1-fluo, Nanoscope system Deajeon, Korea).

2.5. Dual-energy x-ray absorptiometry analysis

After 8 weeks, the rats were sacrificed and the bone mass was measured. The bone mass was
analyzed using dual-energy x-ray absorptiometry(DXA, Medikors Inc., Seoul, Korea).

2.6. Data analysis

Immunohistochemical results were quantified(means * standard deviation) by image analysis
using Image-Pro Plus(Media Cybernetics, USA). The mucosa, randomly selected from each group,
was imaged at a 400x magnification and at positive pixels/50,000,000 pixels. Statistical analysis
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was performed using SPSS ver. 23.0(IBM Corp., Armonk, NY, USA). One-way ANOVA was per-
formed to verify significance(P <0.05), followed by the least significant difference(LSD) test.

3. Results

3.1. SMO16 increased the protein expression of osteocalcin in the OVX model

To investigate the effect of SMO16 on bone loss in the in vivo model, we analyzed OPC expression
in the femur.As shown in <Figure 1>, the level of OPC in the control group was 76,667 + 6,110 pixel. In
the ovariectomized rat(OVX group), the OPC level was, on average, 38,333 + 2,081 pixel lower than the
control group. However, OPC levels in the ST group were 58,933 + 2,685 pixel higher than in the OVX
group.

Figure 1. Effect of SMO16 on femur histomorphometry.
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Note: (A)Representative photographs of osteocaldn(OPC) immunohistochemical staining in the rat femur: The amow indicates OPC positive. (B)Bar graphs indicate
the brownintensity of each photographina panel(A). Data are expressed as means + standard deviation. *p < 0.05 vs. the OVX group. Ctri; control group, OVX;
ovariectomized group, ST; SMO16 treated group.

3.2. Effect of SMO16 on protein expression levels of RANK and OPG

To determine whether SMO16 can regulate osteoclastogenesis, we performed immunohistochem-
istry using specific antibodies. As shown in <Figure 2>, RANKL expression in the OVX group increased
by 65,666 + 4,932 pixel when compared with the control group. SMO16 significantly decreased RANKL
expression in the OVX group. Regarding OPG expression, protein levels in the OVX group were de-
creased by 28,399 + 2,883 pixel; in the ST group, OPG expression was increased by 11,333 + 180 pixel.
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Figure 2. Immunohistochemistry analysis for RANKL-OPG.
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Note: (A)Representative photographs of immunohistochemical staining for RANKL and osteoprotegerin(OPC) in the rat femur. The amrow indiicates RANKLand OPC
positive, respectively. (B-C)Graphs indicate the brown intensity of each photograph in panel(A). Data are expressed as means * standard deviation. *p<0.05
vs. the OVX group. Ctrl; control group, OVX; ovariectomized group, ST; SMO16 treated group.

3.2. Effect of SMO16 on bone density in the OVX rat model

To confirm whether SMO16 promotes bone density, we measured the femur density using the dual-
energy X-ray absorptiometry. In the control group, bone density was 0.25 + 0.05 g/cm?; in the OVX
group, bone density was reduced to 0.23 + 0.02 g/cm?2. SMO16 significantly increased the bone density

t0 0.25 +0.02 g/cm?.

Figure 3. The bone mass density.
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Note: The bone mass was measured using dual-energy X-+ay absorptiometry. Data are expressed as means + standard deviation. *p <0.05 vs. the OVX group. Ctrl;
control group, OVX; ovariectomized group, ST; SMO16 treated group.
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4, Discussion

It is well known that osteoporosis is associated with improper bone formation such as excessive
osteoblast activation and inadequate osteoblast functions[10]. In this study, we demonstrated that
treatment with SM016 regulated bone remodeling in an OVX rat model. Furthermore, these results
were confirmed by OPG/RANKL/OPC expression. Notably, SM016 induced OPC expression. Further-
more, in the OVX rat model, SMO16 treatment significantly downregulated RANKL and upregulated
OPG expression. RANKL is associated with osteoclast coupling[11]. Reportedly, RANKL-deficient mice
exhibit osteoporosis as a phenotype of immature osteoclasts[12]. In osteoblasts, high levels of OPG
expression have been documented[13]. Furthermore, OPG-deficient mice spontaneously develop se-
vere osteoporosis[14]. These results indicated that osteoblastic activation was induced by SMO16.
Therefore, we propose SMO16 as a candidate for osteoporosis therapy regulating bone remolding.

Osteoporosis progresses without demonstrating specific symptoms and often remains asympto-
matic until the appearance of fractures. Generally, osteoporosis results in fractures of the spine, wrist,
and hip joints. In these patients, the RANKL /RANK factor, involved in the process of inducing bone
regeneration, is altered. Furthermore, it has been reported that RANKL/RANK/OPG signaling could be
a potential therapeutic target in bone cancer. As RANKL/RANK/OPG controls the abnormal response
of bone remodeling and maintains bone homeostasis, it could play a key role in therapeutic ap-
proaches for bone cancer. Although our results have not been investigated in bone cancer models, key
factors such as OPC, RANKL, and OPG were significantly altered by SMO16. Therefore, we speculate
that SMO16 may have anticancer benefits against bone cancer.

Notably, unofficial statistics suggest that the bone density in adult Korean women is lower than that
observed in women in Western countries, highlighted by the lack of physical activity. Some studies have
reported that exercise and bone formation are closely related. We suggest SMO16 as a candidate pre-
scription for promoting bone mass.
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