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Abstract: Many traditional Chinese medicine tonifying prescriptions for kidney and spleen have been proved to play 
various roles in osteoporosis. This study aimed to explore whether Anti-Osteoporosis Decoction (AOD) and Yougui 
Pill (YGP) have potential therapeutic effects on osteoporosis in ovariectomy-induced rat model. The osteoporosis rat 
model was established with female Wistar rats by the way of ovariectomy. The chosen rats were randomly divided 
into five groups (control group, model group, sham group, model + AOD group, and model + YGP group). H&E staining 
was used to detect the bone histological pathology changes. The bone mineral density (BMD) was assessed with du-
al-energy X-ray absorptiometry. In addition, western blotting assay was applied to explore the expressions of BMP2, 
Runx2, Collagen I and Opn. Next, we examined the expression of collagen I by immunohistochemistry staining. 
Finally, the levels of Alkaline phosphatase (ALP), procollagen type I N propeptide (PINP) and β-C-terminal telopeptide 
of type I collagen (β-CTX) were detected. The results revealed that the OVX osteoporosis model was successfully es-
tablished. AOD and YGP treatment effectively inhibited osteoporosis and reduced the broken trabecular bones. BMD 
was increased in AOD and YGP treatment. In addition, AOD and YGP treatment groups significantly increased the 
ALP levels. Furthermore, AOD and YGP significantly increased the expressions of BMP2, Runx2, Collagen I and Opn, 
while reduced the levels of PINP and β-CTX in serum compared to OVX model group. In conclusion, AOD and YGP 
exert regulatory effects on osteoporosis in ovariectomized rats. They may be potential candidates for the therapy 
and cure of human osteoporosis.
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Introduction

Osteoporosis is a common disease character-
ized by low bone mass, microarchitectural dete-
rioration in bone tissue, susceptibility to frac-
ture and reduce of bone strength [1, 2]. The 
morbidity and mortality of osteoporotic have 
been raising in China [3]. It has been estimated 
that osteoporosis contributes to 90% of hip and 
spine fractures in women 65 to 84 years of age 
[4, 5]. The prevention of osteoporosis-associat-
ed fractures should include fall prevention, cal-
cium supplementation and life-style advice, as 
well as pharmacological therapy using agents 
with proven anti-fracture efficacy [6, 7]. How- 
ever, the long-term administration of these dr- 
ugs may cause severe side effects. Therefore, 

there has been an interest in developing app- 
roaches to prevent osteoporotic.

Traditional Chinese medicine (TCM) have been 
regarded as promising alternative therapy for 
osteoporotic [8]. “Kidney dominates bone” is 
one of the most important theories in TCM [9]. 
The primary pathogenesis of osteoporosis is 
insufficiency of kidney. According to this theory, 
Yougui pill (YGP), a classic TCM prescription, 
has been reported in Jingyue quanshu and 
used to treat bone-related diseases including 
osteoporosis for hundreds of years because of 
its definite treatment effects [10, 11]. Recent 
studies suggested that YGP enhanced the acti-
vation of TGF-β/Smad pathway so that it can 
restrain cartilage degradation [12]. Anti-Oste- 
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oporosis Decoction (AOD), a new Chinese medi-
cine prescription that is based on Yougui pill 
and contains several tonifying Chinese herbs 
such as Placenta, donkey-hide gelatin, and 
semen coicis. Although AOD and YGP are admit-
ted in curative effect of osteoporosis, the un- 
derlying mechanism and the target for the drug 
is still unclear.

Several biochemical markers of bone formation 
and bone turnover have the potential to provide 
early feedback to patients during osteoporosis 
treatments, including bone-specific alkaline ph- 
osphatase (bone ALP), C-terminal telopeptide 
of type I collagen (CTX-I) and N-terminal pro-
peptide of type I procollagen (PINP) [13-16]. For 
treatment of osteoporosis, high bone turnover 
may cause elevated ALP in postmenopausal 
women [17]. Bone morphogenetic protein 2 
(BMP2), a growth factor that belongs to super-
family of TNF-proteins, is actively involved in 
bone tissue metabolism [18]. BMP2, Runx2, 
Collagen I and Opn play vital role in osteoblast 
differentiation and bone formation [19]. Over- 
expression of circRunx2 prevented osteoporo-
sis by promoting the expression of osteogenic 
differentiation-related proteins such as Runx2 
and Opn [20].

In this study, we explored the therapeutic eff- 
ects of AOD and YGP on histological pathology 
changes, the bone mineral density, bone me- 
tabolism proteins, and bone turnover biomarks 
in the OVX osteoporosis rats. 

Materials and methods

AOD preparation

Radix rehmanniae praeparata 0.252 g, Yam 
0.126 g, dodder 0.126 g, Cornel 0.090 g, lyci-
um chinensis 0.090 g, Eucommia ulmoides 
0.126 g, Radix Angelicae sinensis 0.090 g, cin-
namon 0.126 g, processed Radix Aconiti La- 
teralis 0.126 g, Placenta 0.126 g, donkey-hide 
gelatin 0.126 g, Radix Codonopsis 0.200 g, rhi-
zoma atractylodis macrocephalae 0.126 g, 
semen coicis 0.126 g, fructus amomi 0.090 g 
(these drugs are granules), Baked tortoise shell 
0.128 g, and Antlers plastic 0.126 g. All drugs 
were purchased from Pharmacy of traditional 
Chinese medicine, Nantong hospital of tradi-
tional Chinese medicine, Break, melt by heat, 
and mix the above-mentioned granules. Finally, 
20 ml distilled water was added to mixture the 

granules. AOD was suspended in water and 
administered orally to each rat with a volume of 
0.875 ml/100 g body weight.

YGP preparation

Radix rehmanniae praeparata 0.252 g, Yam 
0.126 g, dodder 0.126 g, Cornel 0.090 g, lyci-
um chinensis 0.090 g, Eucommia ulmoides 
0.126 g, Radix Angelicae sinensis 0.090 g, cin-
namon 0.126 g, processed Radix Aconiti La- 
teralis 0.126 g (these drugs are granules), and 
Antlers plastic 0.126 g. All drugs were purch- 
ased from Pharmacy of traditional Chinese me- 
dicine, Nantong hospital of traditional Chinese 
medicine, Break, melt by heat, and mix the 
above-mentioned granules. Finally, 20 ml water 
was added to mixture the granules. YGP was 
suspended in water and administered orally to 
each rat with a volume of 0.875 ml/100 g body 
weight.

Experimental design: establishment of osteo-
porosis model

Four-month-old female Wistar rats (250-300 g) 
were purchased from the Laboratory Animal 
Center of China. The animals were housed un- 
der controlled conditions including a room tem-
perature of 22±1°C with 12: 12-hour light-dark 
cycle. The animals were fed with standard food 
pellets and water ad libitum. Bilateral ovaries of 
rats were extirpated to establish Osteoporosis 
model [21, 22]. The animals were divided into 
five groups (n=12): control group (treated with 
0.9% NaCl), model group (treated with 0.9% 
NaCl), sham group (treated with 0.9% NaCl), 
model + AOD group (treated with AOD), and mo- 
del + YGP group (treated with YGP), and were 
administered orally with 0.9% NaCl, AOD or YGP 
(equivalent to the administration of 10 g/kg 
body weight of the crude drug) once daily for 12 
week. Body weights were taken at weekly until 
the final day of administration.

Hematoxylin and eosin (H&E) staining

Briefly, the left femur bones were collected, fix- 
ed in 10% neutral formaldehyde for 72 h, re- 
moved and decalcified in 10% ethylenediamine 
tetraacetic acid solution (pH 7.4) at 4°C for 4 
weeks. Then, paraffin was used to embed the 
fixed samples. Following cut into 4 μm slice, 
samples were stained with H&E staining and 
observed with a light microscope.
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Measurement of bone mineral density

Total bone mineral density (T-BMD) was mea-
sured by using dual-energy X-ray absorptiome-
try (DXA) with Hologic DXA equipment (Hologic 
Discovery W 81507). Results were obtained as 
grams of mineral content per square centime-
ter of bone area (g/cm2). The scanner was cali-
brated daily by inhouse certified technician.

Measurement of ALP

ALP from serum converts phenyl phosphate to 
inorganic phosphate and phenol at pH 10. Ph- 
enol so formed in alkaline medium with 4-ami-
noantipyrine in the presence of oxidizing agent 
potassium ferricyanide and forms an orange 
colored complex, which was measured colori-
metrically using an autoanalyzer [23, 24]. In 
vitro determination of ALP was carried out by 
using commercially available kits (Roche Dia- 
gnostics, Mannheim, Germany) analyzed by an 
automated multi-item analyzer (TMS-1024, To- 
kyo Boeki, Japan).

Western blotting assay

Total protein was isolated from peritoneal tis-
sues using RIPA buffer. Protein concentrations 
were determined with a Pierce BCA Protein 
Assay Kit (Pierce Biotechnology, Rockford, IL), 
and 10 ug protein loaded and separated on 
12% SDS gels and transferred to polyinylidene 
difluoride membrane (Millipore, Bedford, MA). 
Following transfer, membranes were blocked 
with 10% skimmed milk and incubated with the 
appropriate primary antibodies against colla-
gen I (1:1000, ab34710), BMP2 (1:1000, ab14- 
933), Runx2 (1 µg/ml, ab23981), Opn (1:1000, 
ab8448) and GAPDH (1:2500, ab9485) at 4°C 
overnight, followed by peroxidase-conjugated 
secondary antibodies for 1 h at 37°C. Chemi- 
luminescent film was applied for assessment of 
protein expression with Image J software.

Immunohistochemistry staining

The fresh bone tissue samples were collected 
and fixed in formalin overnight. The tissue was 
then put into paraffin and cut into 5 μm slides. 
The samples were prepared for blocking and 
incubating with collagen I antibody (Abcam, 
1:100, ab34710) at 4°C overnight after wash-
ing three times. PBS was used as the negative 

control of the staining. The slides were then 
incubated with diluted streptavidin-peroxidase 
HRP for 20 minutes at room temperature, fol-
lowed by staining with hematoxylin for 5 min 
and analyzed with Image-Pro Plus 6.0 (Media 
Cybernetics, Inc.).

Determination of serum PINP and β-CTX levels

Blood from the rat tail vein was collected in a 
blood collection tube with EDTA-Na2 (1 mg/ml) 
for anticoagulation. The levels of PINP and 
β-CTX were determined via ELISA according to 
the manufacturer’s instructions. Five replicates 
were established for each group and results 
were from triplicate experiments.

Statistical analysis

All the statistics analyses were performed us- 
ing SPSS 18.0 software (v.18; SPSS, Inc., 
Chicago, IL, USA). All data are expressed as the 
mean ± standard deviation. Differences bet- 
ween two groups were analyzed using the St- 
udent’s t-test (two-tailed). Multiple compari-
sons were analyzed using one-way analysis of 
variance (ANOVA). P<0.05 was considered to 
indicate a statistically significant difference.

Results 

Effects of AOD and YGP on the bone histologi-
cal pathology changes in the OVX osteoporosis 
rats

To evaluate the effects of AOD and YGP on the 
bone histological pathology changes in the OVX 
osteoporosis model, we observed femoral cor-
tical and the microarchitecture of trabecular 
bone by using H&E staining. As shown in Figure 
1, the OVX model group revealed the feature of 
osteoporosis and the increased breakage of 
trabecular bone. OVX led to significant reduc-
tions of both cortical thickness and trabecular 
bone area in the OVX model group when com-
pared to the sham group. The bones in model + 
AOD and model + YGP groups have no obvious 
difference when compared with the sham gr- 
oup. OVX rats administrated with AOD and YGP 
experienced an obvious increase in trabecular 
bone area compared with OVX model group 
rats. Thus, these results demonstrated that 
AOD and YGP treatment inhibited effectively 
OVX-induced osteoporosis in vivo.
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Effects of AOD and YGP on the bone mineral 
density in the OVX osteoporosis rats

Total bone mineral density (T-BMD) was mea-
sured by using dual-energy X-ray absorptiome-
try (DXA) with Hologic DXA equipment. Com- 
pared with the sham group, the BMD of the 
samples in the OVX rats was decreased while 
the BMD was elevated after treatment with 

AOD and YGP for 12 weeks. In addition, the 
BMD in AOD group has no significant difference 
compared with the YGP group (Figure 2). The 
results indicated that AOD and YGP alleviate 
ovariectomy-induced osteoporosis and amelio-
rate the BMD in vivo.

Effects of AOD and YGP on the alkaline phos-
phatase (ALP) in the OVX osteoporosis rats

We then detected the level of bone formation 
biomarker ALP to detect the effects of AOD and 
YGP on bone metabolism in OVX osteoporosis 
rats. The results revealed that the ALP level in 
the OVX model group significantly lower com-
pared with the sham group, and the AOD and 
YGP treatment groups markedly increased the 
ALP level compared to OVX model group (Figure 
3). These results suggested that AOD and YGP 
treatment effectively ameliorated biochemical 
parameters in OVX osteoporosis rats.

Effects of AOD and YGP on the level of proteins 
related to bone metabolism in the OVX osteo-
porosis rats

To further explore the effects of AOD and YGP 
on bone metabolism of OVX osteoporosis rats, 
the level of proteins related to bone metabo-
lism were detected. Result of western blotting 
assay showed the decreased levels of BMP2, 

Figure 1. Histological analysis on 
the morphometry of left femur 
bones. (A) Control group. (B) Model 
group. These rats show decreases 
in cortical thickness and trabecu-
lar bone area. (C) Sham group. (D) 
Model + AOD group and (E) model 
+ YGP group show increases corti-
cal thickness and trabecular bone 
area. Original magnification, ×200.

Figure 2. Effects of 12-week treatment with AOD 
and YGP on bone mineral density (BMD) of the left 
femur in OVX rats with dual-energy X-ray absorptiom-
etry. Each bar represents the mean ± SD calculated 
from three independent experiments. **P<0.01, 
***P<0.001 versus sham control. #P<0.05 versus 
model control.
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Runx2, Collagen I and Opn in the OVX model 
group when compared with the sham group, 
and the AOD and YGP treatment groups signifi-
cantly increased the level of BMP2, Runx2, 
Collagen I and Opn compared to OVX model 
group. Nevertheless, when compared the AOD 
and YGP groups, we found no distinct differ-
ence (Figure 4A). Next, we examined the ex- 
pression of collagen I by immunohistochemis-
try staining. As indicated in Figure 4B, the re- 
sults showed that expression of collagen I was 
significantly reduced in OVX model group, and 
AOD and YGP treatment increased the expres-
sion of collagen I compared to OVX model gr- 
oup. These results suggested that AOD and 
YGP treatment effectively improved the level of 
bone metabolism-related proteins in OVX os- 
teoporosis rats.

Effects of AOD and YGP on the expression of 
PINP and β-CTX in the OVX osteoporosis rats

PINP and CTX-I in blood to be the reference 
markers of bone turnover for the fracture risk 
prediction and monitoring of osteoporosis tr- 
eatment [16]. ELISA results showed that the 
level of serum PINP and β-CTX in the OVX model 
group was significantly enhanced compared 
with the sham group, and the AOD groups sig-
nificantly reduced the level of serum PINP and 
β-CTX compared to OVX model group, as well as 

the YGP treatment (Figure 5). Thus, these re- 
sults suggested that AOD and YGP treatment 
effectively ameliorated OVX-induced osteopo-
rosis in rats.

Discussion

Chinese herbal medicines have been common-
ly used in China, and have long been used as 
an alternative therapy in Western Society [25]. 
In the present study, we investigated the impact 
of AOD and YGP on the bone histological pathol-
ogy changes in OVX osteoporosis model. OVX 
rats treated with AOD and YGP showed a signifi-
cant increase in trabecular bone area, in con-
trast to the OVX model group rats. Further, AOD 
and YGP ameliorated osteoporosis after ovari-
ectomy and bone mineral density. These results 
support the hypothesis of effects of AOD and 
YGP on articular cartilage protection and dis-
ease modifying in OVX osteoporosis. Although 
the precise mechanisms are not explicit, signifi-
cant increases in the level of proteins involved 
in bone metabolism may be involved in the 
process.

BMP2, Runx2, Collagen I and osteopontin (Opn) 
are involved in bone tissue metabolism and 
played a role in osteoblast differentiation and 
bone formation [19, 26-28]. BMP2 takes part 
in the process of osteogenesis by showing the 

Figure 3. Effects of AOD and YGP 
on alkaline phosphatase (ALP) in 
the OVX osteoporosis rats. (A) Con-
trol group. (B) Model group show 
decreases ALP level in the OVX os-
teoporosis rats. (C) Sham group. (D) 
Model + AOD group and (E) model + 
YGP group show increases ALP level 
in the OVX osteoporosis rats. Origi-
nal magnification, ×200.
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cytes after partum, and de- 
letion of Runx2 leads to ab- 
sence of ossification and 
skeletons that only consist 
of chondrocytes and carti-
lage [30]. Yoon et al. found 
that remifentanil increas- 
ed osteoblast differentiati- 
on by upregulation of Run- 
x2 expression in C2C12 ce- 
lls [31]. In this study, the 
AOD and YGP treatment si- 
gnificantly increased the 
expression of BMP2, Run- 
x2, Collagen I and Opn com-
pared to OVX model group. 
These results suggested 
that AOD and YGP treat-

Figure 4. Effects of AOD and YGP on protein levels related to bone metabolism in the OVX osteoporosis rats. A. 
Western blotting was used to detect the expression of BMP2, Runx2, Collagen I and Opn in the OVX model treated 
with AOD or YGP. Each bar represents the mean ± SD calculated from three independent experiments. **P<0.01, 
***P<0.001 versus sham control. #P<0.05 versus model control. B. Immunohistochemistry staining of Collagen I in 
the OVX osteoporosis rats treated with AOD or YGP. Original magnification, ×200.

Figure 5. Effects of AOD and YGP on the levels protein PINP and β-CTX in the 
OVX osteoporosis rats. Each bar represents the mean ± SD calculated from 
three independent experiments. ***P<0.001 versus sham control. ##P<0.01, 
###P<0.001 versus model control.

osteoinduction potential and regulating growth 
of cartilage plate [29]. Runx2 is expressed in 
osteoblasts, periosteocytes and perichondro-

ment effectively increased the level of proteins 
related to bone metabolism in OVX osteoporo-
sis rats.
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PINP and β-CTX as biochemical markers of 
bone formation and bone turnover during treat-
ment for osteoporosis [32, 33]. In this study, we 
found that AOD and YGP treatment groups sig-
nificantly reduced the level of serum PINP and 
β-CTX compared to OVX model group. These 
results suggested that AOD and YGP treatment 
effectively ameliorated OVX-induced osteopo-
rosis in rats. In addition, ALP is a commonly 
used marker for bone formation and is regard-
ed as the most important marker of osteoblast 
differentiation [34]. For postmenopausal wo- 
men, elevated ALP is mainly caused by high 
bone turnover [35]. We then detected bone for-
mation biomarkers (ALP) to analyze the effects 
of AOD and YGP on bone metabolism in model 
rats. AOD and YGP treatment groups signifi-
cantly increased the ALP levels compared to 
OVX model group. Thus, these results suggest-
ed that AOD and YGP treatment effectively 
ameliorated OVX-induced osteoporosis in rats.

In conclusion, our results demonstrated that 
AOD and YGP improved the OVX-induced osteo-
porosis. AOD and YGP increased the bone min-
eral density in OVX model. AOD and YGP effec-
tively protected the bone formation and bone 
turnover of osteoporosis, indicating its poten-
tial therapeutic for the control of osteoporosis.
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