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Abstract: The balance of osteogenesis and adipogenesis in bone marrow mesenchymal stem cells (BMSCs) is dis-
rupted in osteoporosis. This study was designed to investigate the effects of extract of Ginkgo biloba (EGB) on 
proliferation, osteogenic and adipogenic differentiation of bone marrow mesenchymal stem cells in vitro. The effect 
of EGB on proliferation was evaluated by CCK-8 assay and flow cytometry. Osteogenic differentiation was evaluated 
by Alizarin Red S staining and Alkaline phosphatase assay. Adipogenic differentiation was evaluated by Oil Red O 
staining. Quantitative real-time polymerase chain reaction (Real-time PCR) was used to detect the expression of 
osteogenic specific genes (BMP-2, Runx2 and Colla1) and adipogenic specific genes (ap2, PPARγ). EGB did not sig-
nificantly affect proliferation of BMSCs. However, it increased the calcium accumulation and significantly promoted 
the activity of alkaline phosphatase, especially when the concentration of EGB reached 150 µg/mL. EGB dose-
dependently inhibited the adipogenic ability of BMSCs. The osteogenic-related genes (BMP-2, Runx2, Colla1) were 
overexpressed while the expression of genes involved in adipogenesis, such as PPAR-γ and ap2, was decreasing 
with the increase of EGB concentration. Our data proves that EGB inhibited adipocyte differentiation and enhanced 
osteogenic differentiation in BMSCs, but had no effect on the proliferation of BMSCs.
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Introduction

Osteoporosis is a common bone disease world-
wide and associated with bone loss and bone 
microstructure failure, which may lead to bone 
fragility and an increase in bone fracture [1, 2]. 
Various risk factors are associated with osteo-
porosis, including menopause, amenorrhea or 
excessive alcohol consumption [3]. Thus, oste- 
oporosis may develop as a result of nutritional 
dysfunction, lifestyle factors change or age. 
The long-term use and overuse of glucocorti-
coids also cause osteoporosis [4]. 

To prevent osteoporosis, various therapies ha- 
ve been developed. There is a range of anti-
resorptive or anabolic options for the preven-
tion of osteoporosis [5], such as alendronate, 

the most common drug for the treatment of 
postmenopausal osteoporosis. Hormone repla- 
cement therapy (HRT) is an alternative treat-
ment for osteoporosis, but it may cause irregu-
lar bleeding and increase the risk of breast can-
cer [6]. Biphosphonates that are also used to 
treat osteoporosis can cause adverse effects 
such as osteonecrosis of the jaw, a rare but rec-
ognized side effect attributed to long-term 
administration of these drugs [7]. In fact, most 
of the existing treatments for osteoporosis are 
associated with side effects, thus prompting 
the search for alternatives. 

Selective estrogen receptor modulators (SER- 
Ms) have estrogen-dependent biphasic effects 
on the target organs. Phytoestrogens (plant-
derived compounds possessing estrogen-like 



Gingko biloba enhances osteogenic differentiation

3033 Am J Transl Res 2016;8(7):3032-3040

activity) have similar characteristics as SERMs. 
Studies have shown that they are promising 
alternative drugs to treat osteoporosis [8]. 
Extract of Ginkgo biloba (EGB) has anti-estro-
genic and estrogenic biphasic activities and 
might be a promising phytoestrogens [9, 10]. 

Ginkgo biloba grows in China, Japan and Korea. 
Phytochemical studies have established a typi-
cal composition of the extract from this plant: 
24% of phytoestrogens (kaempferol, kercetin 
and ishorhamnetin), 6% of terpenoids (gink-
golides and bilobilides) and less than 5 ppm of 
ginkgolic acid [11]. Ritu et al [12] proved that 
EGB have positive effects on the bone mineral 
density, bone microstructure, and osteoblast 
function in ovariectomized rats. Lucinda and 
coworkers [13] showed that EGB treatment sig-
nificantly reverse the decrease of the percent-
age of the alveolar bone (PAB) in the mandible 
and the percentage of trabecular bone (PTB) in 
the femur.

As the pharmacological effects of EGB are 
associated with vascular and tissue protection 
and improvement in cognitive function, the aim 
of our study was to explore the effects of EGB 
on the balance of osteogenesis and adipogen-
esis in bone marrow mesenchymal stem cells 
(BMSCs) in vitro and to identify a novel thera-
peutic target of EGB for osteoporosis.

Materials and methods

Animals

This work was carried out in accordance with 
the guidelines issued by the Ethical Committee 
of Jilin University and approved by its Animal 
Care and Use Committee. One week-old Wistar 
mice were purchased from experimental ani-
mal center of Jilin university (protocol number 
SZXK 2013-0003 - Jilin University, China).

Reagents and chemicals

EGB was provided by Xuzhou Heng Kai Ginkgo 
Products Co. Ltd. (China). EGB contained 28.2% 
ginkgo flavonglycosides, 8.3% of terpenolac-
tones, 15% of quercetin glycosides, 10.9% of 
kaempferol glycosides, 2.3% of ishorhamnetin 
glycosides and less than 5 ppm of ginkgolic 
acids. Cell culture medium and supplements 
were purchased from Hyclone (USA) and Gibco 
(USA).

Proliferation of bone marrow mesenchymal 
stem cells

Mesenchymal stem cells from the femur and 
tibia of 1-week old Wistar mice were isolated 
and cultured in the complete medium with 15% 
fetal bovine serum (FBS) according to the previ-
ously published protocol [14]. Firstly, the femur 
and tibia were excised from the mouse asepti-
cally and the soft tissues were removed. The 
bones were washed three times and the epiph-
yses were cut off. L-DMEM was used to flush 
bone marrow cells and the cells were cultured 
in a humidified incubator containing 5% CO2 at 
37°C. The proliferation of BMSCs was mea-
sured using the third passage of cells (1.0×104 
cells/well) in a 96-well culture plate. After 24 h, 
the medium was supplemented with various 
doses of EGB (50, 100, 150, 200, 250 and 400 
µg/mL). After 3, 5 or 7 days of culturing, cell 
proliferation assays were performed using 
CCK-8 assay kit (SAB, USA), in which the EGB-
containing media were replaced with 100 µL of 
basal medium and 10 µL of CCK-8. One hour 
later, the plates absorption at 460 nm was 
measured using spectrophotometer (Bio-Tek 
ELX800, USA).

Cell cycle of BMSCs

The third passage of BMSCs was adjusted to 
1.0×106 cells/well. When the cells reached 
80% confluence, different concentrations of 
Ginkgo biloba extract were added. After 24 h, 
the cells were collected and rinsed twice with 
PBS, then pre-cooled 70% ethanol was used to 
fix cells at 4°C for over 12 h. Cells were re-sus-
pended in 0.5 mL PBS and PI and RNase A 
were added to detect the stages of cell cycle 
using flow cytometry.

Mineralization of bone marrow mesenchymal 
stem cells

For osteogenic differentiation, BMSCs (1×106) 
were seeded in 24-well culture plate and cul-
tured with FBS (10%), dexamethasone (100 
nM), β-glycerophosphate (10 mM) and ascorbic 
acid (50 mM). Different concentrations of EGB 
(50, 100, 150, 200, 250 and 400 µg/mL) were 
added into BMSCs, and the cells were cultured 
for 7 and 14 days at 37°C with 5% CO2. Alizarin 
Red S and alkaline phosphatase (ALP) activity 
assay were used to test the mineralization of 
bone marrow mesenchymal stem cells.
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Adipogenic differentiation in bone marrow 
mesenchymal stem cells

BMSCs (1×106) were added into 24-well plates 
and cultured in the adipogenic medium con-
taining dexamethasone (1.0 μM), isobutylmeth-
ylxanthine (IBMX, 0.5 mM), indomethacin (200 
μM), FBS (10%) and insulin (10 μg/mL), as well 
as different concentrations of EGB for 7 days. 
Staining with Oil Red O was used to test the 
adipogenic ability of EGB.

Real-time PCR

Real-time PCR was conducted to measure the 
expression of osteogenic and adipogenic spe-
cific genes in bone marrow mesenchymal stem 
cells. The primers for PCR are listed in Table 1. 

ware, and observed changes in the gene 
expression were normalized to the GAPDH 
level.

Data analysis

Each experiment was repeated at least three 
times. The data was analyzed by SPSS statisti-
cal analysis software. One-way analysis of vari-
ance (ANOVA) followed by Dunnett’s test was 
used to compare the data from different 
groups. P<0.05 was considered a significant 
difference.

Results

EGB did not affect the proliferation of BMSCs

To evaluate the effects of EGB on the prolifera-
tion of BMSCs, CCK-8 assay was chosen as it is 
convenient and highly sensitive. There was no 
statistically significant difference between dif-
ferent groups. EGB did not affect BMSCs prolif-
eration when EGB was 50, 100, 150, 200, 400 
μg/mL at days 1, 3 or 5 (Figure 1). 

EGB arrested cells in S phase of cell cycle

Flow cytometry was performed to investigate 
the influence of EGB on the cell cycle. EGB in 
0~150 µg/mL concentration range increased 
the proportion of cells in S phase, while EGB 
concentrations of 200~400 µg/mL decreased 
this proportion (Figure 2 and Table 2).

EGB has a positive effect on the osteogenic 
differentiation of BMSCs

Alizarin Red S staining was used to assess the 
effects of EGB on the osteogenic differentiation 

Table 1. Real-time PCR primers
Gene Primer sequence Accession number
GAPDH F-CTGAGGACCAGGTTGTCTCC NM-017008

R-TGTGAGGGAGATGCTCAGTG
PPARγ F-ATTCTCAGTGGAGACCGCC NM-013124.3

R-GCAGAGGGTGAAGGCTCATA
ap2 F-AATTCGATGAAATCACCCCA NM-053365

R-ATGCAAATTTCAGTCCAGGG
RUNX2 F-CATGGCCGGGAATGATGAG NM_053470

R-TGTGAAGACCGTTATGGTCAAAGTG
Col1a1 F-GACATGTTCAGCTTTGTGGACCTC NM_053304

R-AGGGACCCTTAGGCCATTGTGTA
Bmp-2 F-ACCGTGCTCAGCTTCCATCAC NM_017178

R-CTATTTCCCAAAGCTTCCTGCATTT

Figure 1. The effect of EGB on the proliferation of 
bone marrow mesenchymal stem cells. CCK-8 assay 
was used to evaluate the effect. The detection was 
undertaken after 3, 5 and 7 days of incubation by 
CCK-8 assay. There were no significant statistical dif-
ferences between the groups (*P>0.05).

mRNA was isolated using TRIZOL (Life 
Technologies, USA) and quantified by 
the Nano-Drop spectrophotometer (Na- 
no Drop 2000c, USA), cDNA was obtai- 
ned using commercial kit (PrimeScript- 
TM RT reagent kit, Japan). cDNA was 
synthesized in a 40 μL reaction volume 
containing 20 μg mRNA. The PCR 
amplification protocol was as follows: 
95°C, 30 s; 40 cycles (95°C for 5 s and 
60°C for 20 s); 95°C, 1 min; 55°C, 30 s 
and 95°C, 30 s. Quantitative RT-PCR 
was carried out using the Light Cycler 
480® (Roche, USA). The specificity of 
the expected PCR product was checked 
by melting curve analysis. The data 
were analyzed using the MxPro soft-
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of BMSCs. BMSCs were cultured with osteo-
genic supplements for 7 days and stained with 
Alizarin Red S to assess the calcium accumula-
tion. Calcium accumulation in BMSCs is shown 
in Figure 3. Calcium deposition was significant-
ly increasing by the EGB treatment when the 
concentration of extract was increased from 0 
to 150 μg/mL. The greatest calcium deposition 
was observed at EGB concentration of 150 μg/
mL, with further increases in extract concentra-
tion leading to fewer calcium deposits. The find-
ings imply that EGB (in the range of 50 to 400 
μg/mL) promoted mineralization in osteogenic 
groups compared to control group.

ALP is a representative marker for osteogenic 
differentiation. The examination of ALP was 
performed at day 7 and day 14 in osteogenic 
cultures. The results were consistently matched 
with those derived from the Alizarin Red-S 
staining. EGB (50-400 µg/mL) significantly in- 

creased ALP activity, and 150 µg/mL was the 
most effective concentration (Figure 4).

EGB inhibited the adipogenic differentiation of 
BMSCs

BMSCs were cultured with adipogenic supple-
ments for 7 days and stained with Oil Red O to 
assess accumulation of intracellular lipid drop-
lets. Compared with control group, EGB treat-
ment lowered the lipid accumulation and led to 
fewer numbers of lipid-filled cells. Oil Red O 
absorbance examination showed a significant 
inhibition of adipogenesis in BMSCs by EGB 
treatment (50, 200 and 400 μg/mL) (Figure 5). 

The osteogenic and adipogenic-related genes 
were diversely expressed in BMSCs upon EGB 
treatment

Real-time PCR was performed to explore wheth-
er EGB altered the expression of osteogenic 

Figure 2. Cell cycle analysis of BMSCs cultured with different concentrations of EGB for 24 h.

Table 2. The cell cycle changes of BMSCs after 24 h culturing with different concentrations of EGB
Control 50 μg/mL 100 μg/mL 150 μg/mL 200 μg/mL 400 μg/mL

S phase 78.31% 85.39% 89.08% 91.3% 77.31% 64.42%
G1 phase 11.23% 13.28% 10.92% 8.05% 22.69% 17.83%
G2 phase 10.46% 1.33% 0 0.64% 0 17.75%
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and adipogenic specific genes involved in the 
differentiation of BMSCs. EGB (150 μg/mL) 
upregulated the expression of the osteogenic 
genes including BMP-2, RUNX2 and Col1a1 
compared with the control group, and the dif-
ference was statistically significant (P<0.05, 
thus implying that EGB has potential to pro-
mote the osteogenic differentiation. We then 
tested the expression of adipogenic genes, 
PPARγ and ap2. The results showed that EGB 
decreased the mRNA expression of PPARγ and 
ap2 in a dose-dependent manner. The level of 
the PPARγ and ap2 mRNA reduced most signifi-
cantly when EGB dose was 400 μg/ml (Figure 
6).

Discussion

Osteoporosis is an increasingly common dis-
ease that correlates with age and overuse of 
hormones. Reciprocal relationship between 
increased adipocytes and decreased bone for-

Figure 3. Alizarin Red S staining of calcium accumulation in BMSCs cultured with EGB under light microscope. (A) 
Control group with no EGB; (B) Cells incubated with 150 μg/mL EGB; (C) Cells incubated with 50 μg/mL EGB; (D) 
Cells incubated with 400 μg/mL EGB. The calcium deposits are indicated by black arrows (X40). The highest cal-
cium accumulation was observed at 150 μg/mL EGB.

Figure 4. ALP activity in BMSCs at 7 and 14 days of 
incubation. The absorbance was measured at 520 
nm. EGB treatment significantly increased the ALP 
activity compared to the controls at concentrations 
of 100, 150 and 200 μg/mL at 7 days (*P<0.05). 
EGB at 150 and 200 μg/mL also had statistically 
significant effect compared to control at 14 days 
(*P<0.05). The effect was the strongest at 150 μg/
mL EGB (n=6).
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mation in conditions of bone loss like age-relat-
ed osteoporosis has been reported [15]. 
Previous studies showed that bone fat increas-
es with the bone losses in ovariectomized rats 
[16]. Bone marrow mesenchymal stem cells are 
pluripotent as they are able to differentiate into 

osteoblasts, adipocytes and other cells. When 
more BMSCs turn into adipocytes, less BMSCs 
are likely to turn into osteoblasts. These chang-
es in differentiation may lead to osteoporosis. 
Our study proved that EGB has the active 
effects on the bone formation from BMSCs.

Figure 5. Effects of EGB on adipogenic differentiation of BMSCs. (A) Oil Red O staining for intracellular lipid droplets 
when cultured with different concentration of EGB in adipogenic medium. From (a-e), the concentrations of EGB 
were 50 μ0reEGB e μ0reEGB e μ0reE, 200eE, B e 400 μ00eE, respectively; (f) is a control group. The accumula-
tion of intracellular lipid droplets decreased with the increase of EGB concentration. (B) Oil Red O absorbance was 
measured at 510 nm. EGB had significantly decreased the OD values compared to controls in a dose-dependent 
manner (*P<0.05) (n=7).
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EGB is a phytoestrogen containing quercetin, 
kaempferol, and isorhamnetin, among which 
quercetin and kaempferol are the key factors 
[12] with potential estrogenic and anti-estro-
genic activity mediated through ER pathway [9, 
10, 17]. Our study investigated the osteogenic 
and adipogenic ability of EGB in BMSCs and 
proved that EGB promote BMSCs differentia-
tion into osteoblasts, but inhibits their differen-
tiation into adipocytes. ALP assay and Alizarin 
Red S staining are important tests for mineral-
ization [18], both of which confirmed increased 
mineralization in BMSCs co-cultured with EGB 
for 7 and 14 days. This implies that EGB might 
be involved in the regulation of BMSCs mineral-
ization. It was previously reported that EGB 
could protect the osteoblast-like MC3T3-E1 

BMP-2 is one of the most important extracellu-
lar transcription factors to promote bone for-
mation and induce the osteogenic differen- 
tiation. It plays an important role in the oste- 
ogenesis by activating the conduction of the 
signaling of Smads pathway and regulating the 
transcription of osteogenic related gene [20]. 
Runx2 is one of the target genes of BMP-2 sig-
naling pathway and has a synergy with BMP-2. 
It is considered a key transcription factor for 
the BMSCs differentiation and bone formation 
[21]. Runx2 is a necessary factor for the expres-
sion of OSX, and OSX is involved in the osteo-
genic differentiation of BMSCs. Thus, Runx2 
plays a central role in the osteogenesis differ-
entiation as it participates in the cross-talk 
between many signaling pathways [22]. Col1a1 

Figure 6. Expression of osteogenic (A) and adipogenic (B) specific genes 
upon EGB treatment. The level of mRNA was measured by Real-Time PCR. 

cells from cellular damages 
due to the presence of flavo-
noids that promote the bone 
formation [19]. In our study, 
EGB had no effects on the 
proliferation of BMSCs, thus 
suggesting that EGB pro-
motes bone formation at least 
partly via the regulation of 
functions of the cells.

Our findings demonstrate that 
EGB could regulate BMSCs 
fate by increasing the number 
of osteoblasts and reducing 
the number of adipocytes. 
The findings point that EGB  
or its individual constituents 
might have a significant the- 
rapeutic potential in treating 
osteoporosis. The result of 
Real-Time PCR showed that 
EGB could increase the expre- 
ssion of osteogenic genes, 
but decrease the expression 
of adipogenic genes, suggest-
ing the relationship between 
osteogenic and adipogenic sp- 
ecific genes in the BMSCs di- 
fferentiation. Runx2, Col1a1 
and BMP-2 are osteoblast tr- 
anscription factors and were 
shown to be over-expressed 
in our study, whereas PPAR-γ 
and ap2, as adipogenic regu-
lators, were down-expressed. 
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is also a significant factor in the bone-forma-
tion and considered to be the marker of the 
osteogenesis differentiation. Above all, our 
results further supported the hypothesis that, 
through transcription level regulation, BMSCs 
may differentiate to osteogenic lineage when it 
is co-cultured with appropriate drug. 

Our data showed that there was a significant 
reduction in the expression of PPAR-γ and ap2 
when cells were treated with EGB. PPAR-γ is 
principally regarded as the master regulator of 
adipogenesis, and all pro-adipogenic cell sig-
naling pathways converge with PPARγ [23]. In 
addition, the expression of ap2, another adipo-
genic marker, also decreased.

Recently, some studies elucidate that PPARγ 
ligands have the potential to inhibit β-catenin 
signaling [24] and inhibit Runx2 mediated tran-
scription of osteogenesis-related genes [25]. 
This may explain why EGB improves osteogen-
esis differentiation and inhibits adipogenesis 
differentiation in BMSCs. With EGB present, 
the expression of PPARγ and ap2 decreases 
but Runx2, Col1a1 and BMP2 expression does 
up. Several studies proved that EGB improves 
the bone mineral density and bone microstruc-
ture in osteoporosis rats [13, 26]. Although 
there are limitations in our study, the obtained 
data clearly demonstrate that EGB can positive 
contribution to the prevention and treatment of 
osteoporosis.
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