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Abstract
Background: Osteoporosis severely affects patients’ life quality due to increased risks of fragility
fractures. Tanshinol is a primary water-soluble compound puri�ed from the Chinese herb Salvia
Miltiorrhiza, which exhibits potent antioxidant and anti-in�ammatory properties. However, whether
Tanshinol functions in preventing and protecting osteoporosis remains unknown. Thus, current study
proposed to systematically investigate the protective effects and the underlying mechanisms of
Tanshinol in bone marrow mesenchymal stem cells (BM-MSCs) and ovariectomized (OVX) mice model.

Materials and methods: Different concentrations of Tanshinol were given to induce differentiation of BM-
MSCs respectively, and detected the expression of key markers of osteoclast and osteogenesis. The
C57BL/6 mice were divided into control group, model group, low (80 mg/kg×day, i.g), medium (160
mg/kg×day, i.g) and high (240 mg/kg×day, i.g) concentrations Tanshinol groups. After 6 weeks treatment
of Tanshinol, mice distal femurs were taken to measure bone mineral density (BMD) and three dimension
parameters.

Results: In the present study, we for the �rst time showed that Tanshinol could promote osteogenesis in
the mouse BM-MSCs, as seen from the increase of the osteogenic markers such as ALP activity and
collagen I. Meanwhile, Tanshinol inhibited the RANKL induced osteoclastogenesis in the bone marrow
monocytes (BMMs). Animal studies showed that oral delivery of Tanshinol could attenuate in
ovariectomy induced osteoporosis. Molecularly, Tanshinol activated Wnt signal pathway in MSCs while
inhibited Akt in BMMs, suggesting these pathways might be involved in the osteoporosis protective role
of Tanshinol.

Conclusions: our study has revealed a potential application of Salvia miltiorrhiza derivative Tanshinol in
the treatment of osteoporosis.

Background
Osteoporosis is a systemic skeletal disease characterized by a progressive loss of bone mass and
microarchitectural deterioration of bone tissue, and therefore leads to increased risk of fragility
fractures[1]. Current treatments of osteoporosis include changing lifestyles, taking orthopedic drugs
(bone anti-resorption and bone formation therapy), and invasive surgeries. However, these treatment
options are not long lasting and can lead to complications after post-surgical life [2]. Numerous
researches have demonstrated that oxidative stress plays a crucial role in the development of
osteoporosis [3–5]. Decreased bone mineral density (BMD), a general feature of osteoporosis, was shown
to be associated with higher oxidative stress index values and total plasma oxidant status in osteoporotic
patients[6]. Bone loss can result either from enhanced osteoclast bone resorption or decreased osteoblast
bone formation. Chronic exposure to oxidative stress and in�ammation can result in the unbalance of the
bone resorption and formation[7].Therefore, the application of antioxidant medicine may be new options
for the prevention and cure of osteoporosis.
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It was previously reported that Tanshinol (D(+)β-3,4-dihydroxyphenyl lactic acid; or named Danshensu)
might attenuate oxidative stress injury in many non-bone tissues and cells [8–11].Tanshinol can also
increase osteogenesis in GC-treated larval zebra�sh via scavenging ROS and stimulate the expression of
osteoblast-speci�c genes[12]. Animal experiments also demonstrated that Tanshinol had bene�cial
effects to the Glucocorticoid-induced osteoporosis[13]. Although the potent antioxidant and anti-
in�ammatory properties of Tanshinol may be of therapeutic potential for the treatment of different bone
diseases, its potential effects on the postmenopausal osteoporosis remain elusive. In this study, we
aimed to examine its effect of postmenopausal osteoporosis in an OVX mouse model, with underlying
mechanisms during the osteogenic differentiation and osteoclastic activity explored.

Materials And Methods
Isolation and culture of mouse BM-MSCs and osteoclasts.

For isolation of mouse BM-MSCs, 4 week-old C57BL/6 mice (Fourth Military Medical University, Xi’an,
China) were sacri�ced. Aseptically detached tibias and femurs, trimmed away excess soft tissues, and
washed marrow cavity with PBS at 4 °C. Bone marrow cells were collected by centrifugation at 800 × g for
5 min and resuspended in 2 ml Dulbecco’s modi�ed Eagle’s medium (DMEM) medium plus 10% fetal
bovine serum (FBS) (v/v). The resuspended cells were seeded in a tissue culture �ask for culture in a
humidi�ed 5% CO2 incubator at 37 °C. Then changed the medium every 2 days, and removed the �oating
cells. Upon reached 80–90% con�uent, the adherent cells were passaged by trypsinization and
subcultured. Cells after three passages were prepared for experiments. And bone marrow cells were
obtained from the long bones of 6 week-old C57BL/6 mice (Fourth Military Medical University, Xi’an,
China). Bone marrow cells cultured in the presence of M-CSF (50 ng/ml, PeproTech, Inc., Rocky Hill, NJ,
USA) for 3 days to generate the bone marrow derived macrophages (BMMs). To examine osteoclast
formation, BMMs were treated with Tanshinol at different concentrations in the presence of M-CSF
(50 ng/ml) and RANKL (100 ng/ml, PeproTech, Inc., Rocky Hill, NJ, USA) in 96 well culture plates (Corning,
MA, USA). Cells were �xed and stained for tartrate resistant acid phosphatase (TRAP), a marker enzyme
of osteoclasts. Experimental protocol involving animals was reviewed and approved by the Institutional
Animal Care and Use Committee of the Fourth Military Medical University. All experiments were performed
in accordance with the relevant guidelines and regulations of the Institutional Animal Care and Use
Committee of the Fourth Military Medical University.

Induction of osteoblast differentiation and Alizarin red-sulfate staining

In the study, osteogenic differentiation of mouse BM-MSCs was induced by osteogenic medium (MUBMX-
90021, Cyagen, USA). To examine the osteogenesis of mouse BM-MSCs, cells were seeded into a 96-well
plate at ∼80 % con�uent and the osteogenic medium added Tanshinol with different concentrations was
changed every 2 days. After culturing 21 days, the cells were treated with Alizarin red-sulfate (ARS)
staining. For Alizarin red-sulfate (ARS) staining, removed the medium, washed the cells with PBS for three
times and �xed in 70 % methanol (v/v) at room temperature for 30 min. After washing three times with
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PBS, the cells were stained with 40 mM Alizarin red-sulfate (Sigma-Aldrich) aqueous solution, pH 4.2, for
20 min at room temperature using an orbital shaker at 100rpm. The cells were further rinsed with PBS to
remove nonspeci�c staining and allowed to dry completely.

Cytotoxicity test

MTT method was used to analysis the impact on BMMs. BMMs were seeded in 96-well plates with the
density of 1×105/ml, treated with Tanshinol at different concentrations. After 48 hours,10μL(5mg/ml)
MTT per hole were added and incubated for 4 hours at 37℃.The cells were further added DMSO 150 μL
per hole and dissolved for 10 minutes and then measured OD value at 490 nm absorbance.

Quantitative reverse transcription PCR (RT-PCR)

Quantitative RT-PCR experiments were conducted according to routine protocols. Total RNA was extracted
with Trizol reagent (Invitrogen, USA), and cDNA was synthesized with a cDNA synthesis kit (Clontech,
USA). Target genes were ampli�ed from the synthesized cDNA and quanti�ed by densitometry. The
relative gene expression level was normalized against the β-actin transcript level. Each value represented
the average of three independent experiments. The following primers were used for the ampli�cation of
target genes:

ALP forward primer 5′-AACCCAGACACAAGCATTCC-3′ and reverse primer 5′-GCCTTTGAGGTTTTTGGTCA-
3′;

Collagen I forward primer 5′-ACAGCCGCTTCACCTACAGC-3′ and reverse primer 5′-
TGCACTTTTGGTTTTTGGTCAT-3′;

β-catenin forward primer 5′-GGCAACCAAGAAAGCAAG-3′ and reverse primer 5′-
CTGAACAAGAGTCCCAAGGAG-3′;

Axin2 forward primer 5′-TGACTCTCCTTCCAGATCCCA-3′ and reverse primer TGCCCACACTAGGCTGACA-
3′;

C-fos forward primer 5′-CGGGTTTCAACGCCGACTA-3′ and reverse primer 5′-
TTGGCACTAGAGACGGACAGA-3′;

CTSK forward primer 5′-GAAGAAGACTCACCAGAAGCAG-3′and reverse primer5′-
TCCAGGTTATGGGCAGAGATT-3′;

TRAP forward primer 5′-CACTCCCACCCTGAGATTTGT-3′ and reverse primer 5′-
CATCGTCTGCACGGTTCTG-3′;

NFATc1 forward primer 5′-TGGGAGATGGAAGCAAAGACTGA-3′ and reverse primer 5′-
CATTGGCAGGAAGGTACGTGA A-3′;
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β-actin forward primer 5′-CAATGTGGCCGAGGACTTTG-3′ and reverse primer 5′-
CATTCTCCTTAGAGAGAAGTGG-3′.

Western blotting analysis

Proteins from osteoblasts and osteoclasts or the precursors with indicated treatments were extracted
with ice-cold lysis buffer and centrifuged at 12,000 g for 10 min., and the resultant supernatant assayed
using BCA protein assay kit standardized to BSA. Equal amounts of total protein (40μg) were loaded,
separated by 12%SDS-PAGE, and transferred to polyvinylidene �uoride (PVDF) membrane. The
membranes were blocked in 5% TBST fat free milk for 2 hours, brie�y washed, hybrid antibodies and then
quanti�ed using Imaging System Analysis software (VersaDoc Mp5000; Bio-Rad). Expression of β-actin
protein served as a control.

Animals and Experimental Design

7 week-old C57BL/6 mice were purchased from Experimental Animal Research Center, the Fourth Military
Medical University (Xi’an, China). The animals were maintained in individually ventilated cages (IVC)
system (12 h light/dark cycle, 20.3–23.1 °C and 40–50% humidity) during the experiment cycle and fed
with standard laboratory food and water ad libitum. The experimental animals were divided into �ve
groups of six mice each.

Group I (Control group): sham operation group received normal saline (160 mg/ kg×day, i.g) for a period
of 6 weeks;

Group II (Model group): OVX group received normal saline (160 mg/ kg×day, i.g) for a period of 6 weeks;

Group III (Tanshinol low-concentration group): mice treated with bilateral ovariectomy received Tanshinol
(80 mg/ kgday, i.g) for a period of 6 weeks;

Group IV (Tanshinol medium-concentration group): mice treated with bilateral ovariectomy received
Tanshinol (160 mg/ kg×day, i.g) for a period of 6 weeks;

Group V (Tanshinol high-concentration group): mice treated with bilateral ovariectomy received Tanshinol
(240 mg/ kgday, i.g) for a period of 6 weeks.

At the end of the experimental period, mice were sacri�ced by cervical decapitation. We used micro
computed tomography (microCT) to examine the bone mineral density (BMD) and three-dimensional
architecture parameters in trabecular bone of the distal femur.

Statistical analysis

All experiments were independently repeated for at least three times. All data were shown as mean ±
SEM. ANOVA was used for statistical analysis, and P<0.05 was considered signi�cant.
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Results
Effects of Tanshinol on the osteogenesis of mouse BM-MSCs

ALP gene expression was examined by qPCR at day 7 after the administration of Tanshinol at different
concentrations. The statistical analysis of three independent experiments showed that ALP gene
expression was markedly promoted by Tanshinol at 0.1,1 and 10 μM (Fig.1b). Similarly, the effect of
Tanshinol on the osteogenesis at the late stage was examined at day 21 by ARS staining (Fig.1a),
indicating that osteogenesis was improved at the early and late stage by Tanshinol. Then expression
levels of osteogenic and Wnt pathway-related marker genes were examined at day 21 with RT-PCR and
western blot. Collagen I were upregulated by Tanshinol at 0.1,1 and 10 μM (Fig.1b and 1c), and three
independent experiments con�rmed that such upregulation was signi�cant (p<0.05). Similarly, Wnt
pathway-related regulators β-catenin and Axin2 increased as well as the activity of Tcf transcription
factors responsible for bone formation (Fig. 1d), suggesting Tanshinol activated Wnt pathway via both β-
catenin expression and nuclear translocation. 

Effects of Tanshinol on RANKL-induced Osteoclastogenesis

For detection of the effects of Tanshinol on the RANKL-induced osteoclastogenesis, BMMs were treated
with Tanshinol at different concentrations (0, 25 and 50μM) in the presence of M-CSF and RANKL.
Results showed that the numbers of the TRAP positive, multinucleated mature osteoclasts were
signi�cantly declined and dose-dependent (Fig.2a).In order to determine the in�uence of Tanshinol on the
osteoclasts’ proliferation and survival, BMMs, the osteoclast precursors, were determined by MTT
analysis. And BMMs osteoclastogenesis differentiation were inhibited by Tanshinol even at the the dose
of 0.1μM (Fig.2b). To illustrate the mechanism of the inhibition of the osteoclast differentiation, we
detected the known signal transduction pathway involved, including p38MAPK, ERK, JNK, Akt. After the
administration of Tanshinol for 2 hours followed by RANKL for 5 minutes, phosphorylated Akt level was
signi�cantly decreased but the phosphorylation levels of p38 MAPK, JNK, ERK did not change
signi�cantly (Fig.2c).The results indicated that Tanshinol might inhibit RANKL-induced
osteoclastogenesis via downregulation of Akt phosphorylation. Since both c-fos and NFATc1 play critical
role in osteoclastogenesis tweaking the osteoclasts’ speci�c genes expression, we next examined the
effect of Tanshinol on BMMs at 1, 2 day induced by RANKL. RT-PCR analysis revealed that at day 1, the
mRNA levels of c-fos were signi�cantly downregulated and c-fos, TRAP and CTSK were signi�cantly
decreased VS control at day 2(Fig.2d). However the mRNA levels of NFATc1 (data were not shown) were
not signi�cantly changed.

Tanshinol protects OVX mice from osteoporosis

We used micro CT to examine the BMD and three dimensional architecture parameters in trabecular bone
of the distal femur after the administration of Tanshinol at different concentrations in 7 week-old
C57BL/6 mice treated with ovariectomy (OVX). The statistical analysis for the micro CT data showed that
effect of Tanshinol was statistically signi�cant when compared with control model group for all the
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variables we examined (BMD, trabecular number, trabecular space and relative bone volume ) (Fig.3a, 3b
and 3c). And no statistical signi�cance was found between Tanshinol with 160 mg/kg×d group with the
model group in the trabecular space and BV/TV. Meanwhile, no statistical signi�cance were found
between different concentrations groups.

Discussion
To our knowledge, this is the �rst report that Tanshinol can coordinately promote osteogenesis while
inhibit osteoclastogenesis, possibly via Wnt/AkT pathways, and we also validated that Tanshinol could
attenuate osteoporosis in mouse model induced by ovariectomy (OVX). As such these �ndings may help
enable the development of Tanshinol-based bone anabolic therapies.

Tanshinol, an active ingredient of traditional Chinese medicinal herb Salvia Miltiorrhiza, has been widely
used in eastern Asia in the treatment of cardiovascular[14–16], cerebrovascular[17] syndromes, liver
injury[18, 19], chronic kidney diseases[20] and anxiolytic-like effect[21] due to its potent antioxidant and
anti-in�ammatory properties. Previous literatures reported that Salvia Miltiorrhiza, has the action of
increasing the strength of fracture healing site [22] .The aqueous extract of Salvia Miltiorrhiza, can
prevent the osteoporosis induced by glucocorticoid [23], indicating Tanshinol plays a critical role in the
curing of osteoporosis. And Tanshinol attenuates osteoporosis mediated by oxidative stress via
FoxO/Wnt signaling [24].

In the present study, Tanshinol was found to alter the proliferation of mouse BM-MSCs signi�cantly. Such
promoting effect of Tanshinol on cell proliferation was also previously reported in many other cell types
[24–26].We also veri�ed the promoting effect was achieved by activating the Wnt/β-catenin/Tcf signal
pathway. For the inhibition of osteoclastogenesis, 0.1 µM Tanshinol did not cause obvious cytotoxic
reaction, while showed obvious inhibitory effects on osteoclastogenesis in BMMs. Further mechanism
studies revealed decrease of phosphorylated Akt might be involved, as activation of ERK and AKT
pathway plays critical role in the osteoclasts differentiation [27–29]. Notably, our study here was
contradicted to previous reports that Tanshinol inhibited apoptosis by acting PI3K/Akt pathway [15],
which might be explained by the concentration and duration of Tanshinol treatment, cell types, and
culturing conditions. The animal experiments con�rmed the prevention and cure effect of Tanshinol on
osteoporosis in OVX mouse model. Interestingly, the e�cacy was not signi�cantly different among the
80,160 and 240 mg/kg × d groups, which might be due to the lowest dose of 80 mg/kg × d was enough to
prevent osteoporosis [24], suggesting a safe application of Tanshinol in osteoporosis[30].

Conclusions
In summary, our study here established that Tanshinol activated Wnt signal pathway in MSCs while
inhibited Akt in BMMs, resulting in coordinately promoting osteogenesis and inhibiting
osteoclastogenesis. Furthermore, Tanshinol prevented OVX mice from osteoporosis in vivo. All of these



Page 8/14

data suggest a potential application of Salvia Miltiorrhiza, derivative Tanshinol in the treatment of
osteoporosis.
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ALP, alkaline phosphatase; ARS, alizarin red-sulfate; BMD, bone mineral density; BMMs, bone marrow
monocytes; BM-MSCs, bone marrow mesenchymal stem cells; Collagen I, type I collagen; i.g,
intragastrically; M-CSF, macrophage colony-stimulating factor; MSCs, mesenchymal stem cells; OVX,
ovariectomized; RANKL, receptor activator of nuclear factor (NF)-kappa B ligand; TCF, T-cell-speci�c
transcription factor; TRAP, tartrate resistant acid phosphatase.
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Figure 1

Dose dependent effects of Tanshinol on osteogenesis of MSCs. Representative ARS staining images (a)
at day 21. RT-PCR analysis of ALP (day 7), Collagen I gene expression (b) and β-catenin,Axin2 genes
expression as well as the activity of Tcf transcriptional factors (d) in the four experimental groups
examined at day 21. β-catenin and Collagen I gene expression normalized to β-actin (c) at day 21.Data
are presented as mean ± SEM; n=3 individual experiments. *p<0.05 vs control.
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Figure 2

Tanshinol inhibits Osteoclastic differentiation of BMMs dose dependently. Tartrate resistant acid
phosphatase (TRAP) staining (a) and cytotoxicity test (b).p-Akt, p-ERK, p38MAPK, and p-JNK genes
expression normalized to β-actin (c). RT-PCR analysis of c-fos, CKST, NFATc1 (data were not shown) and
TRAP genes expression (d). Data are presented as mean ± SEM; n=3 individual experiments. *p<0.05 vs
control.
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Figure 3

Tanshinol prevents the osteoporosis in the OVX mouse model. Representative 3D microarchitecture of the
distal metaphysis of femur in each group (n = 6), obtained by microCT examination (a, and b). BMD,
Tb.N, Tb.Sp and BV/TV were detected by microCT examination of the mice in sham, OVX +free Tanshinol,
OVX + 80mg/kg×d, OVX +160mg/kg×d, , OVX + 240mg/kg×d groups (c).
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