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ABSTRACT. Postmenopausal osteoporosis, a common type of
osteoporosis in women, has become a serious public health issue.
Astragalus polysaccharides (APS), possessing various pharmacological
activities, are the active ingredients of Radix Astragali. It can be
advantageous in the treatment of postmenopausal osteoporosis. In the
present study, we evaluated the potential therapeutic effects of APS
on postmenopausal osteoporosis by using a mice model induced by
ovariectomy (OVX). Forty-eight female 6-week-old outbred ICR mice
were randomly divided into six groups (N = 8): Sham group, OVX
group, 17 B-estradiol (E2, 0.1 mg/kg)-treated OVX group, and APS (at
three doses: 100, 200, and 400 mg/kg)-treated OVX groups. The effect
of APS on the bone mineral density (BMD) was determined using dual-
energy X-ray absorptiometry. The serum levels of receptor activator
of nuclear factor kappa-B ligand (RANKL), osteoprotegerin (OPG),
osteocalcin, and tumor necrosis factor (TNF)-a were measured using
ELISA kits. The results revealed that APS exerted significant anti-
osteoporotic activity by increasing the BMD considerably in a dose-
dependent manner. APS treatment reduced the serum RANKL levels

Genetics and Molecular Research 15 (4): gmr15049169



J. Huo and X. Sun 2

considerably and increased the serum OPG levels, thereby lowering
the ratio of RANKL/OPG. Furthermore, APS also markedly reduced
osteocalcin and TNF-a concentration in OV X-induced postmenopausal
osteoporosis mice model. These results showed that APS exerts a
protective effect on bone loss in OVX mice. The molecular mechanism
underlying this effect be the reduction of bone resorption and inhibition
of osteoclastogenesis. Our findings suggest that APS may be a potential
strategy for the prevention and treatment of postmenopausal osteoporosis.
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Receptor activator of nuclear factor kappa-B ligand

INTRODUCTION

Osteoporosis is a systemic bone disease characterized by the reduction in bone tissue
content and alteration of bone microstructure (Klibanski et al., 2001), which increases bone
fragility and reduces bone strength, thereby tending to increase the risk of fracture resulting in
significant morbidity and mortality (Raisz, 2005; Jackson and Mysiw, 2014). There are two types
of primary osteoporosis: postmenopausal osteoporosis (Primary type 1 osteoporosis) and senile
osteoporosis (Primary type 2 osteoporosis). Postmenopausal osteoporosis, which is the most
common type in women, has become a serious public health issue resulting in increased morbidity,
mortality, and high health-care cost (Kanis, 1994). Postmenopausal osteoporosis is associated with
estrogen deficiency, which induces osteoclast formation, thereby resulting in an imbalance between
osteoblasts and osteoclasts (Lerner, 2006). Various drugs, including estrogen, bisphosphonates,
fluoride, and calcitonin, have been used for the clinical treatment of postmenopausal osteoporosis.
However, these agents have been reported to have side effects, which limit their use. Thus, an
increasing number of research studies have focused on the use of natural compounds for osteoporosis
treatment owing to their various bioactivities (Wang et al., 2015).

Radix Astragali, the dried root of Astragalus membranaceus (Fisch.) Bunge,
is a herb used in traditional Chinese medicine. Previous studies have reported that Radix
Astragali extracts showed estrogenic activity in vitro (Zhang et al., 2005) and prevented bone
loss in ovariectomized (OVX) rats (Kim et al., 2003). Recently, it has been shown that the
combination of Rubus coreanus Miquel and A. membranaceus Bunge extracts prevented tibial
bone loss and improved bone biomechanical properties in OV X-induced osteoporosis in mice
(Jung Koo et al., 2014). Astragalus polysaccharide (APS) is one of the active ingredients of
Radix Astragali. It has been shown to exert various pharmacological activities, including anti-
inflammatory (Luo et al., 2015; Wei et al., 2016), antioxidant (Li et al., 2010; Yan et al., 2010),
anti-diabetic (Liu et al., 2013), and anti-tumor activity (Yang et al., 2013). Furthermore, APS
treatment ameliorated adjuvant-induced arthritis in rats in a dose-dependent manner (Jiang et
al., 2010). Additionally, there has been an increasing interest on the effect of polysaccharides
extracted from medicinal plants for the treatment of osteoporosis (Zeng et al., 2011; Wang et
al.,2013; Chen et al., 2015). However, the anti-osteoporotic effects of APS on postmenopausal
osteoporosis have not been studied. Thus, the aim of the current study was to investigate the
effect of APS on OV X-induced osteoporosis in mice and to explore its underlying molecular
mechanism. In this study, we examined the effects of APS on bone metabolism by using a
mice model of OVX-induced osteoporosis.
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MATERIAL AND METHODS
Animals

Forty-eight female 6-week-old outbred Institute of Cancer Research (ICR) strain mice
(weighing 20-22 g) were purchased from the Experimental Animal Center of Nanjing Medical
University (Nanjing, China). The animals were provided ad libitum access to sterile standard
mouse chow and water for the duration of this study. They were housed at room temperature
(22° £ 2°C) with a relative humidity (55 + 5%) under a normal 12 h light/12 h dark cycle. The
animal studies were carried out in accordance with the National Institute of Health Guidelines
for the Care and Use of Laboratory Animals.

Postmenopausal osteoporosis induced using OVX

After 1 week of acclimation, the ICR mice were randomly divided into six groups
(N = 8): Sham group, OVX group, 17 B-estradiol (E2, 0.1 mg/kg)-treated OVX group, and
APS (at three doses: 100, 200, and 400 mg/kg)-treated OVX groups. After the mice were
anesthetized with 10% chloral hydrate solution, the OVX+E2 and OVX+APS groups were
subjected to OVX operation, whereas the Sham control group was subjected to a sham surgery.
The animals were allowed to recover from the surgery for 5 days prior to the experiments.
Then, the mice in the OVX+APS groups were subcutaneously injected with APS (100, 200,
and 400 mg/kg) daily for 12 weeks, while those in the OVX+E2 group were injected with 17
B-estradiol three times per week for 12 weeks. The mice in the Sham and OVX groups were
treated with PBS containing 0.1% dimethyl sulfoxide as the vehicle. The APS used in this
study was a sterile, injectable extract of A. membranaceus (PhytoHealth, Taipei, Taiwan). At
the end of the treatment, the animals were killed after the blood collection. The serum samples
were collected and stored at -80°C for biochemical analysis.

Bone mineral density (BMD) analysis

The right femur samples of all the groups were scanned in a desktop cone beam micro-
CT (uCT80; Scanco Medical, Briittisellen, Switzerland) and detected using the supplied
software (WCT80 Evaluation Program v. 6.5-1; Scanco Medical). The BMD (mg/cm®) and
relative bone volume (BV/TV, %) of the right femur were measured.

Biochemical analysis of serum samples

The serum was separated via centrifugation at 1500 g for 10 min at 4°C. The serum
concentrations of bone turnover markers were measured using ELISA kits for receptor activator
of nuclear factor kappa-B ligand (RANKL) and osteoprotegerin (OPG) (R&D Systems,
Minneapolis, MN, USA), osteocalcin (Biomedical Technologies Inc., Stoughton, MA, USA),
and tumor necrosis factor (TNF)-o (Immuno-Biological Laboratories Inc., Minneapolis, MN,
USA) according to the manufacturers’ instructions.

Statistical analysis

Data are reported as means £+ SD. Statistical analysis was performed using one-way
analysis of variance (ANOVA), followed by a post hoc least significant difference test. P <
0.05 was considered significant.
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RESULTS

Body and uterine weight

There were no significant differences in the initial body weights between the Sham,
OVX, and APS-treated OVX groups (Figure 1A). Twelve weeks after the surgery, the final
body weight of the OVX group increased noticeably in comparison to that of the Sham group
(P < 0.01). However, APS treatment significantly reduced the OVX-induced weight gain at
200 (P < 0.05) and 400 mg/kg (P < 0.01). Furthermore, the uterine weights of the OVX group
reduced considerably when compared to those of the Sham group (P < 0.001). However, the

uterine weights of the APS group (400 mg/kg) were significantly higher than those of the OVX
group were (P < 0.05; Figure 1B).
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Figure 1. Effect of APS on body and uterine weight in ovariectomized (OVX) mice. The body weight changes (A)
and uterine wet weight (B) were measured. The results are reported as means = SD. #P < 0.01 vs Sham group; P
<0.001 vs Sham group; *P < 0.05 vs OVX group; **P < 0.01 vs OVX group. LAP: low-dose APS (100 mg/kg)-

treated OVX group, MAP: medium-dose APS (200 mg/kg)-treated OVX group; HAP: high-dose APS (400 mg/
kg)-treated OVX group.

Effects of APS on bone morphometric parameters in OVX mice

To investigate the anti-osteoporotic effect of APS in OVX mice, the BV/TV, BMD
and bone microarchitecture of the right femur were determined. The BV/TV and BMD
significantly decreased in the OVX group compared with those in the Sham group (P <0.001;
Figure 2A-B). However, APS treatment considerably increased BV/TV and BMD in a dose-
dependent manner (100 mg/kg: P <0.05; 200 mg/kg: P <0.01; 400 mg/kg: P <0.001), and no
significant difference was observed in BMD between the APS (400 mg/kg) and E2 groups (P
> 0.05; Figure 2A-B). Moreover, the treatment of APS and E2 significantly inhibited bone loss
in the OVX mice (Figure 2C).
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Figure 2. Effects of APS on bone morphometric parameters in OVX mice. After the 12-week APS treatment, the
femurs were dissected free of soft tissues. The BV/TV (A) and BMD (B) of the femur were measured using the
micro-CT software. C. Two-dimensional images show the changes in the femoral microarchitecture in mice. The
results are reported as means = SD. #P < 0.001 vs Sham group; *P < 0.05 vs OVX group; **P < 0.01 vs OVX
group; ***P < 0.001 vs OVX group. LAP: low-dose APS (100 mg/kg)-treated OVX group, MAP: medium-dose
APS (200 mg/kg)-treated OVX group; HAP: high-dose APS (400 mg/kg)-treated OVX group.

Effect of APS on serum RANKL and OPG levels as well as on the RANKL/OPG
ratio in OVX mice

To investigate the effects of the 12-week APS treatment on osteoclast regulation,
we measured the serum RANKL and OPG levels by using commercial ELISA kits. In the
OVX mice, the serum levels of RANKL markedly increased (P < 0.001; Figure 3A-B),
whereas the serum levels of OPG decreased when compared with those in the Sham group
(P < 0.001). APS treatment considerably decreased the serum RANKL levels (100 mg/
kg: P <0.05; 200 and 400 mg/kg: P < 0.01) and increased the serum OPG levels (200 and
400 mg/kg: P <0.05). Therefore, the increase in RANK/OPG ratio in the OVX group (P <
0.001) was significantly decreased by APS treatment (100 mg/kg: P < 0.05; 200 and 400
mg/kg: P < 0.01). In addition, the treatment of APS had a comparable effect in reducing
the ratio of RANK/OPG in OVX mice.

Effect of APS on the serum levels of osteocalcin and TNF-a in OVX mice

Since osteocalcin and TNF-a play a crucial role in bone turnover, we determined the
serum concentrations of osteocalcin and TNF-a in OVX mice. The serum concentrations of
osteocalcin in the OVX group were significantly higher than those in the Sham group were (P
< 0.001; Figure 4). Moreover, the serum TNF-a levels increased considerably in OVX mice
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when than those in the Sham group (P < 0.001). However, the treatment of APS effectively
reduced OVX-induced elevation of serum osteocalcin (200 mg/kg: P < 0.05; 400 mg/kg: P <
0.01) and TNF-a. levels (200 and 400 mg/kg: P <0.01).
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Figure 3. Effects of APS on OPG and RANKL levels in the serum as well as the RANK/OPG ratio in OVX
mice. RANKL (A) and OPG (B) in the serum were determined using ELISA and the RANKL/OPG ratio (C) was
calculated. The results are reported as means + SD. P < 0.001 vs Sham group; *P < 0.05 vs OVX group; **P <
0.01 vs OVX group. LAP: low-dose APS (100 mg/kg)-treated OVX group, MAP: medium-dose APS (200 mg/kg)-
treated OVX group; HAP: high-dose APS (400 mg/kg)-treated OVX group.
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Figure 4. Effects of APS on the serum levels of osteocalcin and TNF-a in OVX mice. Osteocalcin (A) and TNF-a
(B) levels were determined using ELISA. The results are reported as means + SD. #*P < 0.001 vs Sham group; *P
<0.05 vs OVX group; **P < 0.01 vs OVX group; ***P < 0.001 vs OVX group. LAP: low-dose APS (100 mg/kg)-
treated OVX group, MAP: medium-dose APS (200 mg/kg)-treated OVX group; HAP: high-dose APS (400 mg/
kg)-treated OVX group.
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DISCUSSION

In this study, we investigated the effect of APS on OV X-induced osteoporosis in mice.
The results showed that the mean uterine weight of the OVX group was significantly lower
than that of the Sham group. Although the administration of APS increased the uterine weight
compared to that of the OVX group, it was still lower than that of the Sham group. Furthermore,
a previous study showed that the body weight gain in OV X rats increased significantly compared
with that in the Sham rats (Omi and Ezawa, 1995). In line with this study, we found that the OVX
group showed a significant increase in body weight gain than the Sham group did. Furthermore,
the results of study showed that APS treatment significantly prevented body weight gain and
uterine weight loss induced by OVX. In addition, we found that OVX surgery significantly
decreased the BMD. However, APS treatment increased the BMD of the right femur significantly,
which indicated the anti-osteoporotic effect of APS in OVX mice.

It is widely recognized that the OPG/RANK/RANKL signaling pathway plays a key
role in the balance between bone formation and resorption (Boyce and Xing, 2007; Giner
et al., 2009). The binding of RANKL to RANK stimulates the maturation and activation of
osteoclasts resulting in the activation of signaling pathways that regulate osteoclast function.
OPG negatively regulates RANKL binding to RANK in order to decrease bone resorption,
and it acts as a decoy receptor for RANKL (Wada et al., 2006). In this study, we observed that
in the OVX mice, the serum levels of RANKL increased markedly, whereas the serum OPG
levels decreased when compared to those in the Sham group. However, APS treatment restored
the levels of biochemical markers related to bone metabolism by increasing the production of
OPG and downregulating the expression of RANKL in OVX mice, which suggests that APS
may ameliorate OVX-induced bone loss by reducing bone resorption.

Serum osteocalcin is a diagnostic biomarker for primary osteoporosis in women
(Singh et al., 2015). It is secreted by osteoblasts during the formative phase of bone
remodeling (Civitelli et al., 2009). In osteoporosis, pro-inflammatory cytokines, such as
TNF-a, promote osteoclastogenesis and inhibit osteoblastogenesis. Jagtap et al. (2011)
reported that the mean serum level of osteocalcin was significantly elevated in patients
with postmenopausal osteoporosis when compared with that in healthy controls. Moreover,
it was reported in a previous study that a mixture containing R. coreanus Miquel and 4.
membranaceus Bunge extracts helped in the recovery of serum osteocalcin and TNF-o
levels in OVX mice (Jung Koo et al., 2014). In the present study, we found that the serum
concentrations of osteocalcin and TNF-a in the OVX group were significantly higher
than those in the Sham group. However, there was a significant decrease in the serum
concentrations of osteocalcin and TNF-a in the APS-treated mice. These results further
confirmed the anti-osteoporotic effects of APS in mice, and the mechanism underlying
this effect may be associated with the inhibition of osteoclastogenesis by reducing the
serum osteocalcin and TNF-a levels.

In conclusion, the present study showed the anti-osteoporotic effect of APS in OVX
mice. APS increased the BMD in OVX mice; the mechanism underlying this effect may be
associated with the reduction in bone resorption by the modulation of RANKL/OPG ratio
and the inhibition of osteoclastogenesis by reducing serum osteocalcin and TNF-a levels in
OVX mice. Therefore, we suggest that APS may be a potential strategy for the prevention and
treatment of postmenopausal osteoporosis. However, further study is required to investigate
the mechanism by which APS modulates RANKL/OPG.
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