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Abstract

The Chinese medicinal herb, Panax notoginseng, has

long been used to treat bone fractures and Panax

notoginseng saponins (PNS) could promote bone

formation.  Here, we investigated whether PNS could

promote osteogenesis of bone marrow stromal cells

(BMSCs) through modulating the MAPK signaling

pathways, which are implicated in BMSC

osteogenesis. We found that PNS markedly increased

the mineralization of BMSCs by alizarin red S assays

and stimulate alkaline phosphatase activity of these

cells. Additionally, PNS significantly increased the

mRNA levels of alkaline phosphatase, core-binding

factor a1, and bone sialoprotein while decreasing

PPAR 2 mRNA  levels. Furthermore, inhibitors of ERK,

PD98059, and p38, SB203580 inhibited the

osteogenesis-potentiating effects by PNS. PNS

stimulated the activation of ERK and p38 as evidenced

by increased phosphorylation of these proteins, which

was inhibited by PD98059 and SB203580. Our

findings indicate that PNS could promote BMSC

osteogenesis by activating the ERK and p38 signaling

pathways.

Introduction

Osteoporosis is a disorder in which there is a net

bone loss with an increased risk of bone fracture because

of an imbalance between osteoclast-mediated bone

resorption and osteoblast-mediated bone formation [1].

The disorder poses a major public health threat in societies

where aging has become a significant issue for the society

[2]. Currently, there are several therapeutic options

available to combat osteoporosis with an aim to inhibit

bone resorption by osteoclasts and/or increase bone

formation by osteoblasts [3]. Estrogen replacement

therapy has been the most popular treatment for

osteoporosis in the last decade [4]. However, prolonged

use of estrogen increases the risk of breast cancer and

endometrial cancer, coronary heart disease or stroke, and
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venous thromboembolic diseases [5-8]. Biophosphonate

therapy though it inhibits bone resorption by osteoclasts,

could cause severe incapacitating bone, joint, and/or

muscle pain [9, 10]. Noticeably, the suppression of bone

turnover by bisphosphonates may eventually lead to an

accumulation of fatigue-induced damage, thus potentially

offsetting their beneficial effects on the osteoporotic bone

[11, 12]. Therefore, development of agents with an

anabolic effect on the osteoporotic bone could provide a

new alternative for treating osteoporosis [3]. The

proliferation and osteogenic differentiation of bone

marrow stromal cells were found to associate with bone

healing capacity such as for the osteoporotic bone [13].

Osteoblasts originate from bone marrow stromal cells,

which have the potential to differentiate into several

different lineages, including osteoblasts, chondroblasts,

adipocytes and myoblasts. Of these lineages, the

osteogenic and adipogenic lineages are closely related

[14, 15]. An inverse relationship has been found between

the trabecular bone volume and the amount of adipose

tissue in the bone marrow [16-18]. An imbalance between

osteoblasts and adipocytes is present in the osteoporotic

bone, especially in the age-related osteoporotic bone that

is accompanied by an increase in the number of

adipocytes in the bone marrow [17]. Therefore, it can be

inferred that specific inhibition of bone marrow

adipogenesis and a concomitant enhancement of

osteogenesis of bone marrow stromal cells may provide

a novel therapeutic approach to the treatment of

osteopenic disorders, like osteoporosis.

Phytoestrogen is derived from plants and possesses

estrogenic activities and have minimal side effects. Panax

notoginseng is a traditional Chinese herbal medicine and

has been used to promote bone healing after fracture

since ancient time. The main bioactive constituents of

Panax notoginseng are Panax notoginseng saponins,

which are phytoestrogens [19]. The three major

components of Panax notoginseng saponins are

ginsenoside Rg1, Rb1, and notoginsenoside R1 [20].

Panax notoginseng saponins could produce a myriad array

of pharmacological responses such as antioxidative [21]

and anti-inflammatory response [22]. Ginsenoside Rg1

could stimulate alkaline phosphatase activities and

increase the number of osteoblasts in vitro [23] and was

found to promote the proliferation of bone marrow stromal

cells [24]. In addition, when incorporated into

polypropylene fumarate and calcium phosphate bone

cement composite, ginsenoside Rg1, could promote

angiogenesis of osteonecrosed femoral head with

disrupted bone blood supply [25]. These findings suggest

that Panax notoginseng saponins could be of potential

therapeutic uses for such conditions as bone nonunion,

osteoporosis and osteonecrosis. Recent studies have

shown that Panax notoginseng saponins could improve

the development of osteoblasts [26, 27], however, the

underlying signaling pathway(s) whereby Panax

notoginseng saponins promote the osteogenesis of bone

marrow stromal cells remain unelucidated.

The mitogen-activated protein kinases (MAPKs)

control multiple cellular processes such as cell proliferation,

division, and differentiation, apoptosis and embryogenesis

[28, 29]. At least three different MAPK pathways have

been described: the extracellular signal related kinases

(ERK), Jun amino-terminal kinase (JNK), and p38

MAPK pathway. The ERK pathway has been reported

to regulate the proliferation and differentiation of bone

cells and bone marrow stromal cells during osteogenic

differentiation [30]. ERK has also been demonstrated as

an important signaling mechanism in the differentiation

of the preadipocyte cell line 3T3-L1 into mature adipocytes

[31]. The p38 MAPK and JNK pathways were also

shown to be involved in enhancing the osteoblastic

differentiation of bone marrow stromal cells by alendronate

[32]. We hypothesized that Panax notoginseng saponins

could promote the differentiation of the osteoblastic lineage

of bone marrow stromal cells through the MAPK

signaling pathways. Here, we sought to investigate

whether Panax notoginseng saponins could activate the

MAPK signaling pathways to potentiate the osteogenesis

of bone marrow stromal cells in vitro.

Materials and Methods

Preparation of primary rat bone marrow stromal cells

Four-week-old male Sprague-Dawley rats were purchased

from the Experimental Animal Center of Shantou University

Medical College, Shantou, China, and were housed in

environmentally controlled conditions (22°C, a 12-h light/dark

cycle with the light cycle from 6:00 to 18:00 and the dark cycle

from 18:00 to 6:00) with ad libitum access to standard laboratory

chow. The study protocol was approved by the local Institution

Review Board and all animal experiments were performed

according to the guidelines of Institutional Animal Care and

Use Committee of Shantou University Medical College. Primary

bone marrow stromal cells were collected from the epiphyseal

regions of the femora and tibia as previously described [32,

33]and primary cells at passage three to six were typically used

for experiments.

Cell proliferation and osteogenic differentiation assays

Cells were plated in a 96-well plate at a density of 1×104

cells per well and after a 24-h incubation were treated with
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Panax notoginseng saponins (The contents of the five main

ingredients of Panax notoginseng saponins are

notoginsenoside R1 10.0%, ginsenoside Rg1 37.9%,

ginsenoside Re 5.8%, ginsenoside Rb1 38.4%, and ginsenoside

Rd 4.9%, respectively [26]. Chemical purity about 97% was

provided from Wu-Zhou Pharmaceutical Group, Wuzhou,

China) at 10, 50, or 100 μg/ml. Cell viability was assessed by the

tetrazolium-based semi-automated colorimetric 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)

reduction assay (Sangon Biotech, Shanghai, China) and

absorbance was read at 570 nm using a microtiter plate reader

(KHB Labsystems Wellscan K3, Finland). For induction of

osteogenic differentiation, bone marrow stromal cells were

seeded at a density of 1×104 cells/cm2 in 10-cm culture

dishes and were grown under osteogenic induction

medium(OIM) in Dulbecco’s modified eagle medium (DMEM)

(Gibco, Gaithersburg, MD) supplemented with 0.1 μM

dexamethasone, 50 μM ascorbate acid, and 10 mM

-glycerophosphate sodium. In addition, cells were treated with

Panax notoginseng saponins at 10, 50, or 100 μg/mL.

Furthermore, bone marrow stromal cells under osteogenic

induction were treated with 100 μg/ml Panax notoginseng

saponins in the presence or absence of 25 μM PD98059, 10 μM

SB203580, or 10 μM SP600125.

For determination of alkaline phosphatase activity, bone

marrow stromal cells under osteogenic induction were

treated with 10,50 or 100 μ g/mL Panax notoginseng saponins

and alkaline phosphatase activity at day 0, 3, 7, 11 and 14 post

treatment was determined as previously described [34] by

measuring p-nitrophenyl phosphate and was normalized

against total cellular protein content and expressed as nmol /

min/mg protein. Additionally, mineralization of bone marrow

stromal cells was determined by alizarin red S staining at day 21

post treatment with 10,50 or 100μ g/mL Panax notoginseng

saponins as previously described [35].Calculation of Alizarin

red S concentrations were modified as previously described

[27] by comparison with an alizarin red S dye standard

curve and expressed as nmol/mL after normalization against

the total cellular protein and expressed as nmol/μg protein.

The above experiments were performed at least three times

independently and each experiment was carried out in

quadruplicate.

Reverse transcription-polymerase chain reaction (RT-

PCR)

Total cellular RNA was isolated from bone marrow stromal

cells using Total RNA Kit following the manufacturer’s

recommended protocol (Tiangen, Beijing, China). First-strand

cDNA synthesis was carried out by reverse transcription using

oligo (dT) from isolated RNA samples and DNA was then

used as templates for polymerase-chain reaction (PCR). The

PCR conditions and the sequences of primers are listed in Table

1 for the genes encoding the following proteins: rat alkaline

phosphatase, core-binding factor a1, bone sialoprotein,

peroxisome proliferator activated receptor gamma 2 (PPAR 2),

and glyceraldehyde 3-phosphate dehydrogenase (GAPDH).

The PCR products were resolved by 2% agarose gel

electrophoresis and visualized with ethidium bromide. The

relative expression of each gene was quantifed by densitometry

using the Gel Image Ver. 3.74 System (Tianon, Shanghai, China)

and normalized against GAPDH.

Immunoblotting studies

Cells were lysed using the RIPA lysis buffer containing

50 mM Tris–HCl (pH 7.6), 150 mM NaCl, 1% sodium

deoxycholate, 1% NP-40, 0.5 mM phenylmethylsulfonyl

fluoride, and 1 mM EDTA. Anti-ERK, phospho-ERK,

p38, phospho-p38 and GADPH antibodies were used (Boster

Biological Technology, Wuhan, China). Images were

analyzed with Quantity One software (BioRad, Hercules, CA)

and band intensity was quantified and normalized against

GADPH.

Statistical analysis

The data were expressed as mean ± standard deviation

(s.d.) for three or more independent experiments. Statistical

significance was estimated by one-way ANOVA with

Bonferroni’s post test (multiple comparisons), and Student-

Newman-Keuls test (comparisons between two groups) was

used where appropriate.

Gene and Genebank

accession no.
Primer sequence (forward/reverse)

Tm (°C) Product

size (bp)

ALP (J03572)
5’-AAGGTGGTGGACGGTGAACGGGAGAACG-3’

5’-CGGGCGGAAGTGAGGCAGGTAGCAAAC-3’

65.5
455

BSP (NM_012587)
5’-GCTATGAAGGCTACGAGGGTCAGGATTAT-3’

5’-GGGTATGTTAGGGTGGTTAGCAATGGTGT-3’

59.1
386

Cbfa1 (AF053950)
5’-CCTCACAAACAACCACAGAAC CA-3’

5’-AACTGA AAATACAAA CCATACCC-3’

60
325

PPAR�2 (NM_013124)
5’-CAGGCTTGCTGAACGTGAAG-3’

5’-ACGTGCTCTGTGACAATCTGC-3’

60
177

GADPH (AB017801)
5’-TGCTGAGTATGTCGTGGAG-3’

5’-GCATCAAAGGTGGAAGAAT-3’

52.8
618

Table 1. PCR primer sequences and cycle conditions. Note : ALP, alkaline phosphatase; BSP, bone

sialoprotein; Cbfa1, core-binding factor a1; PPAR 2, peroxisome proliferator activated receptor gamma 2 ;

GADPH, glyceraldehyde-3-phosphate dehydrogenase.
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osteogenic conditions. We first investigated whether

Panax notoginseng saponins could promote the

proliferation of bone marrow stromal cells in vitro.

Our MTT assays showed that, at one week after the

start of incubation, 10, 50, and 100 μg/mL Panax

notoginseng saponins markedly increased the proliferation

of bone marrow stromal cells compared with control

Fig. 1. Panax notoginseng saponins potentiated the osteogenesis of bone marrow stromal cells. (A) Bone marrow stromal cells

were treated with Panax notoginseng saponins at 10, 50, or 100 μg /mL for 1-5 days, and cell viability was assessed by the MTT

test. Data is expressed as mean ± SD and the experiments were done in quadruplicate (n=4). (B) Bone marrow stromal cells were

treated with Panax notoginseng saponins at 10, 50, or 100 μg /mL for 21 days. Mineralization of bone marrow stromal cells was

quantified by alizarin red S assays. Data in (C) represents mean ± SD of experiments done in pentaplicate (n=5). aP<0.01 Versus

OIM group; bP<0.01 Versus 10 μ g/ml group; cP<0.01 Versus 50 μ g/ml group.(D) Panax notoginseng saponins enhanced alkaline

phosphatase activities of bone marrow stromal cells. Alkaline phosphatase activities were measured by conventional method

and the data represent the mean ± SD in quadruplicate (n=4). aP < 0.01 versus bone marrow stromal cells undergoing simple

osteogenic induction; bP < 0.05 versus the 10 μg/mL group; cP < 0.01 versus the 10 μg/mL group; dP < 0.01 versus the 50 μg/mL

group.

A

B

C D

Results

Panax notoginseng saponins promote the

proliferation and mineralization of bone marrow

stromal cells

We isolated primary bone marrow stromal cells from

the femora and tibia of rats and culture them under

Cell Physiol Biochem 2011;28:367-376
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 cells (Fig. 1A). We further studied whether Panax

notoginseng saponins could stimulate the mineralization

of bone marrow stromal cells by examining these cells

using alizarin red S assays. We found that, three weeks

after the start of incubation, bone marrow stromal

cells growing in osteogenic medium showed apparent

mineralization while bone marrow stromal cells growing

Fig. 2. Panax notoginseng saponins potentiated osteogenesis of bone marrow stromal cells via the ERK and p38 signaling

pathways. (A) Alizarin red S assays showed that PD98059 and SB203580, but not SP600125, inhibited Panax notoginseng

saponins-potentiated mineralization of bone marrow stromal cells. (B) The content of calcium deposit was quantified and

statistically analyzed (n=5). aP < 0.01 versus bone marrow stromal cells undergoing simple osteogenic induction; bP <0.01 versus

100μg/ml group. cP >0.05 versus 100μg/ml group.(C) PD98059 and SB203580, but not SP600125, inhibited Panax notoginseng

saponins- enhanced alkaline phosphatase activity of bone marrow stromal cells (n=4). aP <0.01 versus OIM ; bP <0.01 versus 100

μg/ml PNS group; c no significant difference versus 100 μg/ml PNS group; dP <0.05 versus 100 μg/ml PNS group.(D) The

expression of genes involved in osteogenesis of bone marrow stromal cells was quantified by RT-PCR with or without Panax

notoginseng saponins in the absence or presence of PD98059 or SB203580 for 14 days. (E) Densitometric analysis of the genes

described in (D). aP <0.01 versus bone marrow stromal cells undergoing simple osteogenic induction; bP <0.05 versus the 100 μg/

mL group; cP <0.05 versus 100 μg/ml PNS group.

in non-osteogenic medium showed no noticeable

mineralization (Fig. 1B). Furthermore, Panax notoginseng

saponins dose-dependently increased the mineralization

of bone marrow stromal cells (Fig. 1B and 1C). We then

examined the effect of Panax notoginseng saponins on

alkaline phosphatase activity of bone marrow stromal

cells under osteogenic induction. Determination of

Cell Physiol Biochem 2011;28:367-376

A

C

B

E

D



372 Li/Liu/Chang/Liu/Chen/Guo/Wang/Xu/Huang/Du

Fig. 3. Panax notoginseng saponins promote the activation of ERK and p38 of bone marrow stromal cells. (A) and (C) Bone

marrow stromal cells were serum deprived for 12 h before treatment under osteogenic conditions with 100 μg/mL Panax notoginseng

saponins in the absence or presence of PD98059 or SB203580 for the indicated time following pretreatment with 25 μM PD98059

or 10 μM SB203580 for 1 h. Western blotting analysis was performed with antibodies against ERK and p38 or their phosphorylated

forms (p-ERK and p-p38). (B) and (D) Densitometric quantification of activated p-ERK and p-p38 was performed. (B) aP <0.01

versus bone marrow stromal cells undergoing simple osteogenic induction; bP <0.05 versus OIM group; cP <0.01 versus Versus

OIM group; dP <0.01 versus 100μg/ml PNS group.(D) aP <0.01 versus bone marrow stromal cells undergoing simple osteogenic

induction; bP <0.01 versus OIM group; cP <0.01 versus 100μg/ml PNS group.

alkaline phosphatase activity of bone marrow stromal

cells revealed that osteogenic induction caused a

time-dependent increase in alkaline phosphatase

activity (Fig. 1D), which could be further significantly

enhanced by Panax notoginseng saponins (Fig. 1D)

 (P < 0.01).

Panax notoginseng saponins enhanced the

osteogenesis of bone marrow stromal cells by

activating the ERK and p38 MAPK signaling

pathways

The ERK pathway, the p38 MAPK and the JNK

pathways have been shown to be intimately involved in

Cell Physiol Biochem 2011;28:367-376
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the proliferation and osteoblastic differentiation of bone

marrow stromal cells[30]. We investigated whether Panax

notoginseng saponins promoted osteogenesis through the

ERK and p38 MAPK pathways. We pretreated bone

marrow stromal cells with inhibitors of ERK (PD98059,

25 μM), p38 (SB203580, 10 μM) or JNK (SP600125, 10

μM), respectively. We then treated these cells with 100

μg /mL Panax notoginseng saponins for 21 days. Alizarin

red S assays showed that PD98059 and SB203580 could

markedly suppress Panax notoginseng saponins-mediated

increase in calcium deposit (Fig. 2A and 2B), Alkaline

phosphatase activity assays also showed that PD98059

and SB203580 could significantly inhibit Panax

notoginseng saponins-mediated increase in alkaline

phosphatase activities (Fig. 2C). We further investigated

the expression of genes involved in osteogenesis in bone

marrow stromal cells under osteogenic induction. Our RT-

PCR assays showed that, compared with bone marrow

stromal cells under simple osteogenic induction, bone

marrow stromal cells under osteogenic induction that

were treated with Panax notoginseng saponins for 14 days

exhibited increased mRNA transcript levels of alkaline

phosphatase, core-binding factor a1, and bone sialoprotein

(Fig. 2D and 2E). On the other hand, Panax notoginseng

saponins caused a reduction in the PPAR 2 mRNA

transcript levels. Furthermore, RT-PCR assays revealed

that PD98059 and SB203580 markedly suppressed Panax

notoginseng saponins-mediated increase in the mRNA

transcript levels of alkaline phosphatase, core-binding

factor a1, and bone sialoprotein and attenuated Panax

notoginseng saponins-mediated reduction of PPAR 2

mRNA transcript levels (Fig. 2D and 2E). On the other

hand, JNK inhibitor, SP 600125, did not exert any effect

on Panax notoginseng saponins-mediated increase in

mineralization and alkaline phosphatase activity. These

findings indicated that the ERK and p38 signaling pathways

could play critical roles in Panax notoginseng saponins-

potentiated osteogenesis of bone marrow stromal cells.

These data indicate that Panax notoginseng saponins

could modulate the expression of multiple genes involved

in osteogenesis.

We then investigated whether Panax notoginseng

saponins-mediated potentiated osteogenesis of bone

marrow stromal cells under osteogenic induction by

activating the ERK and p38 signaling pathways. We

examined the phosphorylation levels of ERK and p38 by

immunoblotting assays using phosphor-specific antibodies

against ERK and p38. We found that ERK and p38

became activated in bone marrow stromal cells under

osteogenic induction, which was further enhanced by

Panax notoginseng saponins as evidenced by increased

levels of phosphorylation of ERK and p38 (Fig. 3A and

3C). ERK and p38 inhibitors, PD98059 and SB203580,

could markedly attenuate Panax notoginseng saponins-

enhanced ERK and p38 activation (Fig. 3B and 3D).

These results together suggested that Panax notoginseng

saponins-potentiated osteogenesis involves stimulating the

activation of the ERK and p38 signaling pathways.

Discussion

Osteoporosis is associated with osteoblast

insufficiency during continuous bone remodeling [1]. Bone

marrow stromal cells are regarded as putative osteoblast

progenitors and could be induced to differentiate into

osteoblasts in vitro [36]. Bone remodeling underlies the

process of bone repair or osteogenesis in many important

bone diseases. Defective osteogenesis is characterized

by reduced bone mass and deteriorated bone

microstructures with noticeably increased risk of bone

fractures [1]. Defective osteoblast differentiation may

contribute to osteoporosis [4, 37]. Promotion of

proliferation and induction of differentiation of bone

marrow stromal cells could offer a promising alternative

therapeutic method for bone diseases in which there are

significant ongoing bone remodeling activities. We showed

here that osteogenesis of primary rat bone marrow

stromal cells could be effectively induced in vitro,

demonstrating that these cells could be expanded in vitro

to provide a ready source of early passage primary bone

marrow stromal cells. We further showed that Panax

notoginseng saponins could dose-dependently promote the

proliferation and potentiate the osteogenesis of bone

marrow stromal cells.

The mechanisms whereby Panax notoginseng

saponins promote osteogenesis of bone marrow stromal

cells have hitherto remained undefined. Bone formation

is the differentiation of bone marrow stromal cells into

osteo-progenitor cells and then preosteoblasts and

osteoblasts followed by matrix mineralization in a defined

spatial cascade of events[38]. Commitment of primitive

pluripotential cells to specific lineages is marked by the

activation of key transcription factors, which, in turn, turn

on the expression of downstream tissue-specific genes

[39]. We examined here whether Panax notoginseng

saponins promoted osteogenesis of primary bone marrow

stromal cells by modulating the expression of

osteogenesis-associated genes such as the gene encoding

core-binding factor a1, which is a master regulatory

PNS Promote Osteogenic Differentiation Cell Physiol Biochem 2011;28:367-376
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