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Abstract—Aims: Osteoporosis is a skeletal disease charac-

terized by low bone mass and structural deterioration of 

bone tissue, with bone fragility and an increased risk of 

fractures. Bone is subject to constant remodeling mediated 

by two principal cells, the osteoclast for bone resorption 

and the osteoblast for bone formation. After the menopause 

in human and mice, the loss of bone mass is often coupled 

with diminished osteoblast production and function. It has 

been shown that the deficiency of estrogen and high level of 

expression of BMP-3 were linked to the accelerated bone 

loss after menopause. In this study, the effect of Chinese 

herb Shuang Gu Tang on the BMP-3 expression of bone 

marrow cells of ovariectomized mice was investigated. 

Methods: The ovary of mouse was surgically removed to 

mimic the estrogen deficiency at menopause. The bone 

marrow cells of ovariectomized mice were collected in cell 

culture. The bone marrow cell culture was treated with 

different fractions of the Chinese herb extracts (Shuang Gu 

Tang) and the BMP-3 expression level of each treatment 

was analyzed by quantitative real-time PCR. Results: 

Among the bone marrow cells of validated ovariectomized 

mice, the crude extracts and 40% ethanol fraction showed 

consistent effect on inhibiting the up-regulation of BMP-3 

gene. Compared to untreated bone marrow cells, crude 

extract and 40% ethanol fraction reduced the expression of 

BMP-3 level by 41% and 45% respectively. Our results 

showed the inhibitory effect of Chinese herb (Shuang Gu 

Tang) on the up-regulation of BMP-3 in cultured bone mar-

row cells from ovariectomized mice. The reduction of BMP-

3 expression may increase the differentiation of osteoblast 

and account for the anti-osteoporosis effect.  

 

Index Terms—Shuang Gu Tang, osteoporosis, BMP-3, bone 

marrow cells 

 

I. INTRODUCTION 

Osteoporosis is a disease, which is characterized by 

low bone mass and structural deterioration of bone tissue, 

and leads to bone fragility and an increased risk of frac-

tures of the hip, spine, and wrist [1]-[3]. In vertebrate, in 

a healthy state, the bone is constantly remodeled. The 

resorption of preexisting bone by osteoclasts and for-

mation of new bone by oesteoblasts are strictly coordi-
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nated to maintain bone mass [3], [4]. The functions of 

osteoclasts and osteoblasts are regulated by hormones 

such as bone morphogenetic proteins (BMPs), estrogen 

and others by binding to various hormonal receptors on 

these cell surfaces [5], [6].  

BMPs which belong to the transforming growth factor 

b (TGF-b) superfamily are multifunctional growth fac-

tors involved in a wide range of biological processes. 

Both BMPs and other TGF-b members were associated 

with the regulation of the differentiation and activity of 

osteoblast and osteoclast [7], [8]. Previous studies have 

shown that the up-regulation of BMP-2, 4 and 6 could 

induce osteoblast differentiation in both mouse and hu-

man bone marrow cell population, hence enhancing bone 

formation [9]-[11]. Genetic study in mouse with BMP-2 

and BMP-4 gene knock out demonstrated that critical 

level of BMP-2 and BMP-4 are required for osteoblast 

differentiation [12]. Mice lacking BMP-2 showed post-

natal defects in bone mineral density, resulting in fre-

quent fractures that failed to heal [13]. It has been report-

ed that estrogen receptor was expressed in osteoblast and 

the activation of the BMP-2 expression in mouse mesen-

chymal stem cells was through the binding of estrogen to 

high affinity receptor on osteoblasts [14], [15].  

In contrast to the well-characterized osteogenic effect 

of BMP-2, BMP-3 functions as an inhibitory regulator of 

bone formation. BMP-3 antagonized the osteogenic ef-

fects of BMP-2 by blocking the osteoblast differentiation 

in primary bone marrow stromal cell [16]. BMP-3-null 

mice displayed an over-osteogenic phenotype in adult, 

including the increase in bone mineral density and in 

trabecular bone volume [17], [18]. The inhibitory effect 

of BMP-3 on osteoblast differentiation was mediated 

though the activation of signaling in TGF-b/activin-

pathway, which counteracts the osteogenic signaling 

initiated by BMP-2 and -4 [18]-[20].  

In human, the accelerated phase of bone loss begins at 

menopause. Since estrogen acts through high affinity 

receptor in osteoblasts to restrain bone turnover [14], 

[15], the dramatic decrease of estrogen level speeds up 

the overall bone turnover after menopause. Therefore, 

postmenopausal estrogen deficiency results in increase in 

bone resorption and decrease in bone formation, leading 
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to bone fragility and easy fracture [21], [22]. The post-

menopausal bone loss can be prevented by estrogen re-

placement therapy [23], or by inhibition of BMP-3 ex-

pression or its activity [24], [25].  

We have previously demonstrated the Chinese herbs 

used for the preparation of Shuang Gu Tang could induce 

proliferation and differentiation of bone marrow stromal 

stem cells [26], [27].  In this study, the effect of Chinese 

herb medicine extract (Shuang Gu Tang) that was 

claimed to prevent osteoporosis on the mouse bone mar-

row cells was investigated. Ovariectomy in female mice 

could be used as experimental manipulation to mimic the 

situation of postmenopausal bone loss due to estrogen 

deficiency [25], [28]. It has also been reported that ex-

pression level of BMP-3 increased in ovariectomized rat 

compared to normal control [25], which suggests that 

high level of BMP-3 may be used as indicator of bone 

loss after estrogen deprivation. Using bone marrow cells 

of ovariectomized mice as in vivo model, this study 

aimed to assess the effect of different fractions of the 

Chinese Herb extracts (Shuang Gu Tang) on BMP-3 ex-

pression level.   

II. MATERIALS AND METHODS 

A. Preparation of Shuang Gu Tang (SGT) 

SGT was prepared by boiling 10g of Epimedium da-

vidii Franch, 12g of Rehmannia glutinosa, 15g of Radix 

Astragali seu Hedysari, 12g of Eucommia ulmoides Oliv., 

12g of Psoralea corylifolia L., and 12g of Drynaria for-

tunei （Kunze） J. Sm.in 1.5L of water for 1 hour. SGT 

was filtered sterilized before used for cell culture exper-

iments. 

B. Fractionation of Xian Gu Tang 

C18 Column (HLB 35cc 6g LP Extraction Cartridges, 

Waters ® Oasis) was used to fractionated the Xian Gu 

Tang as follow: 20 ml filtered crude Xian Gu Tang was 

loaded into the column, washed with sterilized distilled 

water twice (15ml + 30 ml), eluted with 20%, 40%, 60%, 

and 80% ethanol. Fractions of 20%, 40%, 60% and 80% 

eluents were subjected to BMP-3 expression analysis. 

C. Animal and Ovariectomy 

BALB/C mice were reared in the animal house of the 

Chinese University of Hong Kong. The mice have free 

access to food and water. Ovary removal was performed 

using 10-months-old female mice. Mice were anesthe-

tized by intraperitoneal injection of thiopenthal at the 

dose of 4 mg/kg body weight. Bilateral ovariectomy was 

performed in 10 mice and the ovariectomized mice were 

left untreated for 6 months for osteoporosis development. 

Sham surgery was performed with 5 mice in which the 

ovaries were exteriorized but remained intact. Another 5 

mice were used as control group without any treatment. 

D. In vitro Culture of Bone Marrow Cells and 

Treatment with Herb Extracts 

Bone marrow cells were harvested from tibia and fe-

mur bones of hind limbs from three groups of mice 

(ovariectomized, Sham and control group). The bone 

marrow contents in the centre of tibia and femur bones 

were washed out with PBS buffer. Then red blood cells 

in the bone marrow were lysed using red blood cell lysis 

buffer. The remaining bone marrow cells were cultured 

in RPMI 1640 medium with 10% Fetal Bovine Serum 

and 1% PSF antibiotics (total 2 x 10 
6
 cells in 3 ml cul-

ture per well) were cultured in 6-well microplate over-

night at 37 ºC under humidified atmosphere of 5% 

CO2/95% air. The next day, 90μl of each drug fraction 

including crude extract were added into cultured bone 

marrow cells (3% concentration, v:v). A negative control 

was also included which was adding 90μl of fresh RPMI 

medium into the cell culture. The cell cultures were then 

incubated at 37˚C for 24 hours and ready for RNA ex-

traction. 

E. RNA Extraction and cDNA Synthesis 

Total RNA was extracted using RNeasy Mini kit® Qi-

agen according to manufacturer’s protocol. RNA concen-

trations were measured spectrophometrically. First-

strand cDNA was synthesized from 0.1μg RNA template 

using Reverse Transcriptase Polymerase Chain Reaction. 

F. Quantitative Real-Time PCR 

Quantification of relative gene expression levels was 

determined by an absolute standard curve method. Nor-

malization of the data with a single internal reference 

gene, 18s rRNA was designed to facilitate the compari-

son of expression levels of the target gene. RT-qPCR 

amplifications were conducted on BioRad (Hercules, 

California, USA), using SYBR greenER (Invitrogen) as 

fluorescent label. Triplicate reactions were performed for 

the cDNA template and their corresponding negative 

controls, both for target and reference genes, from 10 

ovariectomized mice, 5 untreated mice and 5 mice from 

sham group. The primer used for BMP-3 is: forward 5’ 

TACGCCAACGATGCTGCCATTT 3’; reverse:  5’ 

GCCTTGCCTTCTTCAGGGTCT 3’. The primer for 18s 

rRNA is: forward 5’ TGACTCAACACGGGAAACC3’; 

reverse 5’ TCGCTCCACCAACTAGAA C 3’. 

G. Statistical Analysis  

Each experiment was repeated for consistency of the 

result. The results were expressed as mean ± standard 

deviations (SD). Student T-test was applied for analyzing 

the significance of different between each group using 

Graph Pad Prism 5.0 software (San Diego, CA, USA). 

The results with P < 0.05 were considered statistically 

significant. 

III. RESULTS 

A. Experimental Flow of the Study 

10 months-old female BALB/C mice were used as ex-

perimental models. The workflow is showed in Fig. 1. 

Surgical ovariectomy was performed in ovariectomized 

group (OVX) of ten mice. The uterus of 5 sham mice 

was surgically opened while the ovary remained intact. 

Another 5 mice were included as control group without 

any treatment. After six months’ feeding, all the mice 

survived and the mice were sacrificed for bone marrow 
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cells collection. As the ovary removal could up-regulate 

the BMP-3 expression which is related to osteoporosis 

onset [25], the total mRNA of bone marrow cells were 

collected and BMP-3expression level was analyzed by 

quantitative real-time PCR to validate the success of ova-

ry removal among the OVX mice. 

The bone marrow cells of OVX mice that showed 

BMP-3 expression increase was selected as the validated 

OVX samples. The validated bone marrow cells were 

treated with each herb fraction including crude extract 

for 24 hours. The BMP-3 expression level was deter-

mined and then compared to the untreated samples to 

study the effect of each fraction of the herb extracts. 

 

Figure 1. Experimental workflow of studying the effect of herb extracts 
on BMP-3 expression using bone marrow cells of ovariectomized mice. 

Ovariectomized mice (OVX), sham mice and control groups were fed 
for 6 months before the collection of bone marrow cells. The effect of 

successful ovary removal was validated by checking the up-regulation 

of BMP-3 gene level in each OVX individual. The validated bone mar-
row cells were treated with fractions of herb extract and then subject to 

BMP-3 expression analysis. 

B. Qualification of the Ovariectomization 

Ovariectomization was performed in OVX mice group 

to accelerate osteoporosis, as shown by previous studies 

[25], [26]. Bone marrow cells were prepared from 

BALB/c mice oviectomized for 6 months, the sham 

group mice and the control ones. The expression level of 

BMP-3 in bone marrow cells of each group was deter-

mined by quantitative real-time PCR. As shown in Fig. 2, 

no significant change was found between sham and con-

trol group. Compared to the mean expression level of 

control and sham group, not all the oviectomized mice 

showed an up-regulation of BMP-3 gene. Only mice 

(OVX#2, 4, 5, 6 7 and 9) showed an up-regulation of 

BMP-3. As the BMP-3 is a negative regulator of osteo-

genesis and is up-regulated in ovariectomized mice [16]-

[18], [25], the significant increase of BMP-3 could be 

used as an indicator of successful ovary removal and 

estrogen deprivation. Therefore, the bone marrow cells of 

mice OVX#2, 4, 5, 6 7 and 9 were selected as validated 

samples for further herb extract treatment. 

 

Figure 2. The qualification of ovariectomized (OVX) mice. Bone mar-
row cells of ten ovariectomized mice (OVX #1 to #10) and 5 untreated 

(control) mice and 5 sham mice were harvested and cultured at 2 x 10 6 

cells/per well. The success of ovary removal and osteoporosis induction 
were verified by comparing the BMP-3 RNA levels of bone marrow 

cells between the untreated group (Mean value of 5 untreated mice), 

sham group (Mean value of 5 sham mice) and each individual ovariec-
tomized mouse. The 18s rRNA was selected as the reference gene to 

normalize the gene expression level of BMP-3 level. Independent one 

sample t-test for comparing mean of untreated group and the value of 
each OVX mouse (* indicates p<0.05; **indicates p<0.01.). The OVX 

mice with normalized BMP-3 level significantly higher than the mean 

value of normalized BMP-3 level of control mice were selected for 

further analysis, including OVX#2, #4, #5, #6, #7,#9 ( with√ as indica-

tion). 

C.  BMP-3 Expression Level of Qualified 

Ovariectomized Mice Bone Marrow Cells after 

Treatment with Different Fractions of Shuang Gu 

Tang (SGT) Extract 

Bone marrow cells were obtained from the selected 

OVX mice (#2, 4, 5, 6, 7, 9) individually and treated with 

different fractions of SGT (20%, 40%, 60% or 80%) for 

24 hours. Quantitative real-time PCR was used to deter-

mine the expression level of BMP-3, with 18s rRNA be-

ing used for normalization. The expression levels of 

BMP-3 in the treated and untreated bone marrow cells of 

each individual mouse were shown in Fig. 3 and Table I. 

Different OVX individual showed different response 

level to the treatment, while there is an overall pattern 

that 40% ethanol fraction of SGT and the crude SGT 

could suppress the expression of BMP-3. The mean 

BMP-3 expression levels of each ethanol fraction taken 

from 6 qualified OVX mice were shown in Table II and 

Fig. 4. Crude extract of SGT and 40% ethanol fraction 

reduced the expression of BMP-3 level by 41% and 45% 

respectively. The combined results showed that the 40% 

ethanol fraction of SGT and the crude SGT could signifi-

cantly reduce the expression level of BMP-3 in bone 

marrow cells of ovariectomized mice (Compared with 

control mean, p<0.05 for crude SGT treatment group, 

p<0.01 for 40% ethanol fraction treatment group).  
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      Normalized BMP-3 expression level of OVX#2
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        Normalized BMP-3 expression level of OVX#4
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Normalized BMP-3 expression level of OVX#5
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     Normalized BMP-3 expression level of OVX#6
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        Normalized BMP-3 expression level of OVX#7
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        Normalized BMP-3 expression level of OVX#9
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Figure 3. The normalized BMP-3 expression levels of BMCs after treatment with different herb extract fractions. Bone marrow cells (2 x 10 6 cells/per 
well in 6-well plate) from each OVX mouse were treated with crude extract, 20%, 40%, 60% and 80% ethanol eluents from C18 column at 3% con-

centration (v:v) for 24 hrs. The total RNA was extracted and converted to cDNA by RT-PCR. Each sample was triplicated and quantitative real time 
PCR was applied using 18s rRNA as the reference gene. 

TABLE I. SUMMARY OF NORMALIZED BMP-3 EXPRESSION LEVEL OF SIX QUALIFIED OVARIECTOMIZED MICE. 

                 Treatment                   

Mouse  

No. 

Control Crude extract 
20% ethanol 

eluent 

40% ethanol 

eluent 

60% ethanol 

eluent 

80% etha-

nol eluent 

OVX#2 1.28±0.08 0.38±0.04 2.05±0.09 0.52±0.03 1.14±0.06 1.65±0.03 

OVX#4 1.54±0.16 1.37±0.17 1.16±0.14 1.15±0.20 1.21±0.14 0.76±0.16 

OVX#5 1.11±0.08 0.57±0.21 1.91±0.04 0.42±0.01 1.94±0.08 1.19±0.05 

OVX#6 1.65±0.13 0.88±0.11 1.20±0.06 0.89±0.09 1.33±0.12 1.61±0.14 

OVX#7 1.31±0.09 1.10±0.06 1.69±0.10 0.98±0.11 1.18±0.11 1.22±0.13 

OVX#9 1.04±0.06 0.37±0.14 1.05±0.29 0.44±0.19 0.87±0.21 0.86±0.09 

Data are presented as mean normalized Bmp-3 expression level ± standard deviation.  
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Figure 4. Summary of BMC BMP-3 expression level of 6 qualified OVX mice for each herb fraction treatment. The data were presented as the mean 

BMP-3 expression level of qualified OVX mice (n=6) ± standard deviation. * indicates p<0.05, ** indicates p<0.01. 

TABLE II. SUMMARY OF THE MEAN BMP-3 EXPRESSION LEVEL OF 6 QUALIFIED OVX MICE. 

Treatment 

Mean Normalized 

BMP-3 level 

(Mean ± SD) 

Percentage change: (Mean of treatment group -Control 

Mean/Control Mean) 

Control 1.32±0.237 - 

Crude extract 0.78±0.408 -41% 

20% ethanol eluent 1.51±0.428 +14% 

40% ethanol eluent 0.73±0.313 -45% 

60% ethanol eluent 1.28±0.358 -3% 

80% ethanol eluent 1.22±0.368 -8% 

The mean value of normalized BMP-3 expression level in bone marrow cells of each qualified OVX mouse is summarized in this table. The 

percentage change of BMP-3 expression level in each fraction treatment was compared to the control, calculated as: (Mean of treatment group –
Control Mean/Control Mean). 

 

IV. DISSCUSSIONS 

The ovariectomization was performed to stop the es-

trogen production and release by ovary, simulating the 

situation of mammal female menopause when estrogen 

level drops dramatically [26]. As estrogen has been cor-

related with the activation of osteoblasts [14], [15], es-

trogen deficiency in ovariectomized mice could acceler-

ate the osteoporosis. However, the ovary removal may 

not be successful or complete due to technical problem, 

like the ovaries are embedded in adipose tissues which 

cannot be easily distinguished. The qualification or veri-

fication of successful ovary removal is necessary. Since 

BMP-3 can antagonize BMP-2-induced osteoblastic dif-

ferentiation in bone marrow stromal cell lines [16], and it 

has been reported that expression level of BMP-3 in-

creased in ovariectomized rat compared to normal con-

trol [25]. The success of ovariectomization could be as-

sessed by comparing the BMP-3 expression levels in 

bone marrow cells between the untreated group, sham 

group and each individual ovariectomized (OVX) mouse 

in Fig. 1. The mean BMP-3 expression levels of untreat-

ed group and sham group showed no significant differ-

ence. The OVX mice with BMP-3 expression level sig-

nificantly higher than that of untreated group and sham 

group were selected as the OVX mice with successful 

ovary removal for further analysis. 

The bone marrows cells of verified 6 OVX mice were 

treated respectively with crude extract, 20%, 40%, 60% 

and 80% ethanol eluents of the herb extract through af-

finity chromatography column. In Fig. 2 and Table I, 

individual difference in responses to herb fraction treat-

ment was observed, reflected by the difference change in 

BMP-3 expression level in each kind of treatment. This 

individual variation requires the summarization of all 

verified mice to get the overall change pattern in re-

sponse to different herb extract fraction. In Table II and 

figure 3, when compared to control group, the mean val-

ues of six verified OVX mice indicates both crude ex-

tract (p<0.05) and 40% ethanol efluent (p<0.01) can sig-

nificantly reduce the BMP-3 expression level in bone 

marrow cells. As BMP-3 is a negative regulator of bone 

formation and the inhibition of BMP-3 expression can be 

a curable method for osteoporosis [24]-[26], this herb 

crude extract can be used as an anti-osteoporosis agent. 

In addition, the 40% ethanol eluent though affinity 

chromatography column contains the most effective 

component which can suppress BMP-3 expression, thus 

attenuating the osteoporosis induced by BMP-3 expres-

sion increase after menopause. 
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V. CONCLUSION 

To conclude, the Chinese herb (Shuang Gu Tang) ex-

tracts showed inhibitory effect on the up-regulation of 

BMP-3 in bone marrow cells of ovariectomized mice, 

indicating its potential anti-osteoporosis benefit for 

postmenopausal female. Since the 40% ethanol eluent 

though affinity chromatography column has been identi-

fied as the most effective fraction, further study can be 

preformed to identify the chemical composition of the 

herb extract and investigate the mechanism involved in 

BMP-3 suppression. 

ABBREVIATIONS 

BMP: Bone Morphogenic Protein; OVX: Ovariecto-

mized; SGT: Shuang GuTang; TGF-b: transforming 

growth factor b. 
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