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Abstract: Ursolic acid (UA), a pentacyclic triterpenoid found in a variety of plants, has attracted considerable atten-
tion because of its important biological and pharmacological activities. However, its effect on osteoclasts and mech-
anism of action require further investigation. In the current study, MC3T3-E1 cells were treated with dexamethasone 
(DEX), a well-known synthetic glucocorticoid, to establish a glucocorticoid-induced osteoporosis model. Our findings 
demonstrated that treatment of MC3T3-E1 cells with DEX significantly decreased cell proliferation and expression 
level of insulin-like growth factor 1 (IGF-1) in a dose-dependent manner. However, pretreatment of MC3T3-E1 cells 
with UA before exposure to DEX significantly attenuated DEX-induced apoptosis and ROS generation and secretions 
of TNF-α and IL-6. In addition, pretreatment with UA markedly reduced DEX-induced IGF-1 downregulation. Similar 
to the protective effect of UA, overexpression of IGF-1 depressed not only DEX-induced cytotoxicity, but also BMP2 
downregulation and decreases in ratio of OPG/RANKL and Bax/Bcl-2. Taken together, the findings of the present 
study have demonstrated for the first time that UA protects MC3T3-E1 cells against DEX-induced apoptosis, oxida-
tive stress and inflammation through activating IGF-1.
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Introduction

Osteoporosis is one of bone diseases charac-
terized by low bone mass and micro-architec-
tural deterioration with consequent increase in 
bone fragility and susceptibility to fracture [1]. 
The imbalance between osteoblastic bone for-
mation and osteoclastic bone resorption 
results in bone loss, leading to osteoporosis. 
After aging and sex steroid deficiency, the ther-
apeutic use of glucocorticoids is the most com-
mon cause of osteoporosis [2]. They inhibit 
osteoblastogenesis and osteoclastogenesis 
and reduce osteoblast lifespan of through mod-
ifying the proliferative and metabolic activity of 
bone cells [3, 4]. Dexamethasone (DEX), a syn-
thetic glucocorticoid, is well known to promote 
progenitor cells, such as bone marrow stromal 
cells, differentiates to the osteoblastic pheno-
type [5]. 

The processes of bone formation by osteo-
blasts and resorption by osteoclasts are regu-
lated by multiple systemic and local factors, 
including GH, estrogen, insulin and insulin-like 
growth factor 1 (IGF-1) [6]. IGF-1 initiates cellu-
lar responses by binding to distinct cell-surface 
receptors that regulate a variety of signaling 
pathways controlling metabolism, growth and 
survival [7]. A reduction in IGF-I levels is impli-
cated as an important factor in the etiology of 
evolutional osteoporosis, especially age-relat-
ed bone loss [8]. In addition, it has been shown 
that IGF-1 treatment is effective in including 
gene expression of osteoblastic markers inde-
pendent of age, indentifying exogenous IGF-1 
as a potential beneficial treatment in age-relat-
ed bone loss [9]. The IGF1 signaling abnormali-
ties in osteoporotic osteoblasts were associat-
ed with reduced DNA synthesis both under 
basal conditions and after stimulation with 
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IGF1 [10, 11]. Whether abnormalities in IGF-1 
signaling may explain altered IGF-1 action on 
human osteoblasts under specific conditions of 
net bone loss has not been determined.

Ursolic acid (UA) is a natural pentacyclic triter-
penoid carboxylic acid, which is present in a 
various plants, including sea-weeds, fruits and 
many medicinal herbs, and thus their distribu-
tion is extensive in human diet [12, 13]. UA is 
known to have many important biological func-
tions, including antitumor, anti-inflammatory, 
antioxidant, anti-hypertensive and anti-leuke-
mic properties, combined with a low toxicity 
[14, 15]. The antitumor properties have been 
shown to be mediated by suppression of NF-κB 
activation and inhibiting the expression of COX-
2, MMP9 and iNOS [16]. Furthermore, UA stim-
ulated osteoblast differentiation in vitro and 
inducing new bone formation in vivo [17]. 
However, the mechanisms of its functions 
remain unclear.

In the present study, we investigated the cyto-
protection of UA in MC3T3-E1 cells treated with 
DEX, a well-known synthetic glucocorticoid, 
which induces cell apoptosis, oxidative stress 
and inflammation [18]. Our findings showed 
that UA protected MC3T3-E1 cells against DEX-
induced injury and inflammatory response by 
activating IGF-1.

Materials and methods

Cell culture

Murine preosteoblastic calvarial cells MC3T3- 
E1 was obtained from Shanghai Institute of Cell 
Biology (Shanghai, China). MC3T3-E1 cells 
were cultured in α-MEM medium (Hyclone, 
Logan, Utah, USA) supplemented with 10% 
fetal calf serum (Gibco, Rockville, MD, USA), 
100 U/mL penicillin G (Solarbio, Beijing, China) 
and 100 μg/mL streptomycin (Solarbio) in a 
humidified atmosphere at 37°C with 5% CO2.

Overexpression and construction of stable 
MC3T3-E1 cells

Plasmid containing full length of IGF-1 was pur-
chased from Sangon Biotech Co., Ltd. Full 
length of IGF-1 was amplified using PCR. The 
primers used were as follows: IGF-1-F, 5’-GC- 
GAATTCATGACCGCACCTGCAATAAA-3’ and IGF-
1-R, 5’-CGGGATCCCTACTTGTGTTCTTCAAATG-3’. 

Then the PCR products were digested us- 
ing EcoR I and BamH I, and cloned into 
pCDNA3.1(+) (Addgene, Cambridge, MA, USA). 
The constructs were subsequently transfect- 
ed into MC3T3-E1 cells using Lipofectamine 
2000 (Invitrogen Life Technologies), according 
to the manufacturer’s instructions. The black 
pCDNA3.1(+) was used as the negative control 
(NC).

Cell proliferation assay

Cell proliferation was evaluated by Cell Counting 
Kit-8 (CCK-8, Dojindo, Kumamoto, Japan) assay 
as described previously [19]. In brief, MC3T3-E1 
cells were seeded in 96-well plates at density 
of 3×103 cells/well and cultured in a humidified 
atmosphere at 37°C with 5% CO2. When 80% 
confluence was reached, the cells were treated 
with conditioned medium as indicated. At 0, 24, 
48 and 72 h, the culture supernatant was 
removed, and cells were washed with PBS, and 
then 100 μL of fresh medium mixed with CCK-8 
solution was added to each well followed by a 
further 1 h incubation. The absorbance at 
wavelength 450 nm was measured for the 
supernatant of each well using a microplate 
reader (Shanghai Utrao Medical Instrument 
Co., Ltd., Shanghai, China).

Alkaline phosphatase activity assay

The induction of alkaline phosphatase (ALP) is 
an unequivocal marker for bone cell differentia-
tion. MC3T3-E1 cells were plated in 6-well 
plates at density of 5×104 cells/well and cul-
tured in a humidified atmosphere at 37°C with 
5% CO2. After the cells were treated as indicat-
ed, the ALP activity in the supernatant was 
measured according to the previously described 
method [20]. Ultraviolet absorbance of the 
samples and standards were measured at 520 
nm. Total protein was assayed by the method of 
Bradford [21].

Cell apoptosis assay

Apoptosis was determined by flow cytometry 
analysis. MC3T3-E1 cells were plated in 6-well 
plates at density of 5×104 cells/well and cul-
tured in a humidified atmosphere at 37°C with 
5% CO2. After the cells were treated as indicat-
ed, annexin-V fluorescein isothiocyanate (FITC)/
propidium iodide (PI) double stain assays 
(BiovisionInc, Mountain View, CA, USA) were 
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performed following the manufacturer’s proto-
col. Both floating and trypsinized adherent cells 
were collected, resuspended in 200 μL of bind-
ing buffer containing 195 μL of annexin-V FITC 
and 5 μL of propidium iodide (PI), and then incu-
bated for 10 min in the dark at room tempera-
ture before flow cytometry analysis (BD 
Biosciences, Franklin Lakes, NJ, USA).

Measurement of reactive oxygen species 

Reactive oxygen species (ROS) content was 
determined by fluorescent probe dichloro- 
fluorescein diacetate (DCFH-DA) followed by 
flow cytometry. MC3T3-E1 cells were plated in 
6-well plates at density of 5×104 cells/well and 
cultured in a humidified atmosphere at 37°C 
with 5% CO2. After the cells were treated as 
indicated, 10 μM DCFH-DA was added following 
the manufacturer’s protocol, and fluorescence 
intensity was measured using flow cytometry.

Enzyme linked immunosorbent assay

Secretions of TNF-α and IL-6 were determined 
by Enzyme linked immunosorbent (Elisa) assay 
kit (JRDUN Biotechnology Co., Ltd, Shanghai, 
China). MC3T3-E1 cells were plated in 6-well 
plates at density of 5×104 cells/well and cul-
tured in a humidified atmosphere at 37°C with 
5% CO2. After the cells were treated as indicat-
ed, the relative content of each secreted inflam-
matory factors in the supernatant was mea-
sured by Elisa according to the manufacturer’s 
protocol.

Real-time PCR assay

Total RNA was extracted using TRIzol reagent 
(Invitrogen Life Technologies, Carlsbad, CA, 
USA), according to the manufacturer’s instruc-
tions. The complementary DNA was synthe-
sized using a cDNA synthesis kit (Thermo Fisher 
Scientific, Rockford, IL, USA). Real-time PCR 
assay was performed using DyNAmo Flash 
SYBR Green kit (Finnzymes Oy, Espoo, Finland), 
and data collection was conducted using an 
ABI 7500 (Thermo Fisher Scientific). Sequences 
for the primers are as follows: IGF-1, forward: 
5’-GAAATGAGTGGCTTCCCTTG-3’ and reverse: 
5’-GTTTACACAGCAGGTCAGAG-3’; GAPDH, for-
ward: 5’-ATCACTGCCACCCAGAAG-3’ and re- 
verse: 5’-TCCACGACGGACACATTG-3’. GAPDH 
was used an internal control for normalization. 

The gene expression was calculated using the 
2-ΔΔCt method [22].

Western blot assay

Total protein was extracted from MC3T3-E1 
cells using radioimmunoprecipitation buffer. 
The protein concentration was assessed using 
a bicinchoninic acid protein assay kit (Thermo 
Fisher Scientific). 25 μg protein lysates was 
separated by 10-15% SDS-PAGE and trans-
ferred to polyvinylidene fluoride membranes 
(Sigma-Aldrich), followed by incubated with pri-
mary antibodies against IGF-1 (1:3000), BMP2 
(1:1000), OPG (1:1000), RANKL (1:1000), Bax 
(1:400), Bcl-2 (1:400) and GAPDH (1:1500), 
respectively, and incubated with secondary 
antibody labeled with horseradish peroxidase 
(1:1000). The blots were developed using 
enhanced chemiluminescence and determined 
using Image J software (National Institutes of 
Health, Bethesda, MD, USA).

Statistics

All experiments were performed repeatedly in 
three times. The data are expressed as the 
mean ± SD, and samples were evaluated by the 
unpaired, two-tailed Student’s t-test using 
GraphPad Prism 5 software (GraphPad Soft- 
ware, Inc., La Jolla, CA, USA). The limit of signifi-
cance for all analyses was defined as a P value 
of 0.05.

Results

DEX inhibits proliferation and IGF-1 expression 
in MC3T3-E1 cells

To investigate the effect of DEX on growth of 
MC3T3-E1 cells, cell proliferation and ALP 
activity were detected by CCK-8 assay and ALP 
activity assay kit, respectively. As shown in 
Figure 1A, exposure of MC3T3-E1 cells to DEX 
at concentrations ranging from 0.01 to 10 μM 
for 24, 48 and 72 h led to a decrease in cell 
proliferation compared with control cells, in a 
dose- and time-dependent manner. Further- 
more, exposure of MC3T3-E1 cells to DEX at 
concentrations ranging from 0.1 to 10 μM for 
48 h led to a decrease in ALP activity in a dose-
dependent manner (Figure 1B). Next we mea-
sured IGF-1 expression in response to DEX. 
Exposure of MC3T3-E1 cells to DEX at concen-
trations ranging from 0.01 to 10 μM for 48 h, 
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the expression of IGF-1 was significantly 
decreased compare with control cells, at both 
mRNA and protein levels (Figure 1C and 1D). 
These results suggest that DEX inhibits 
MC3T3-E1 cells proliferation may through 
decreasing the IGF-1 activity.

UA inhibits DEX-induced cytotoxicity in 
MC3T3-E1 cells

To investigate the effect of UA on DEX-induced 
cytotoxicity, cell proliferation and ALP activity 
were also measured. As shown in Figure 2A, 
treatment of MC3T3-E1 cells with UA at con-
centrations ranging from 0.1 to 1000 nM for 48 
and 72 h led to an increase in cell proliferation 
compared with control cells, in a dose- and 
time-dependent manner (Figure 2A). Moreover, 
the decreased cell proliferation and ALP activity 
induced by 1 μM DEX treatment for 48 h was 

significantly inhibited by pretreatment with UA 
at 10, 100 and 1000 nM for 24 h, respectively 
(Figure 2B and 2C). These findings indicate that 
UA pretreatment protects against DEX-induced 
toxicity in MC3T3-E1 cells. 

UA ameliorates DEX-induced apoptosis in 
MC3T3-E1 cells

To elucidate whether the cytoprotection of UA 
was associated with its anti-apoptosis in DEX-
induced MC3T3-E1 cells, the apoptotic rate 
was measured by flow cytometry. Exposure of 
MC3T3-E1 cells to 1 μM DEX for 48 h led to an 
increase in apoptotic rate (Figure 3). Prior to 
the Dex exposure, pretreatment with UA at 10, 
100 and 1000 nM for 24 h significantly 
decreased apoptotic rate in DEX-induced 
MC3T3-E1 cells, indicating that DEX treatment 
impairs the endogenous antiapoptotic defense 
mechanism.

Figure 1. DEX inhibits proliferation and IGF-1 expression in MC3T3-E1 cells. (A) MC3T3-E1 cells were treated with 
DEX at concentrations of 0.01, 0.1, 1 and 10 μM for 0, 24, 48 and 72 h. Cell proliferation was measured by CCK-8 
assay. (B) MC3T3-E1 cells were treated with DEX at concentrations of 0.01, 0.1, 1 and 10 μM for 48 h. ALP activ-
ity was measured at 520 nm with a microplate reader. MC3T3-E1 cells were treated with DEX at concentrations 
of 0.01, 0.1, 1 and 10 μM for 48 h. The expression of IGF-1 was measured by Real-time PCR (C) and Western blot 
assays (D). The intensity of the protein bands of a typical experiment was quantified with Image J 1.41 software. 
*P<0.05, **P<0.01, ***P<0.001 compared with control group.
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UA represses DEX-induced ROS generation in 
MC3T3-E1 cells

To elucidate whether the cytoprotection of UA 
was associated with its antioxidation in DEX-
induced MC3T3-E1 cells, the intracellular ROS 
level was measured by flow cytometry. Treat- 
ment of MC3T3-E1 cells with 1 μM Dex for 48 h 
significantly increased intracellular ROS level 
(Figure 4). Importantly, pretreatment of UA at 
10, 100 and 1000 nM for 24 h obviously atten-
uated the effect of DEX on intracellular ROS 
level in MC3T3-E1 cells. These findings suggest 
that the inhibition of cytotoxicity of UA is associ-
ated with its antioxidant effect.

UA attenuates DEX-induced inflammatory fac-
tors secretions from MC3T3-E1 cells

Next we measured TNF-α and IL-6 secretions in 
response to DEX and UA. After exposure of 
MC3T3-E1 cells to 1 μM DEX for 48 h, TNF-α 

and IL-6 secretions were significantly increased, 
respectively (Figure 5A and 5B). Pretreatment 
with UA at 10, 100 and 1000 nM for 24 h before 
exposure to DEX markedly inhibited TNF-α and 
IL-6 secretions from MC3T3-E1 cells, respec-
tively. These results indicate that UA possess 
an anti-inflammatory effect in DEX-induced 
MC3T3-E1 cells.

Inhibition of IGF-1 downregulation contributes 
to the cytoprotection of UA in DEX-induced 
MC3T3-E1 cells

After treatment of MC3T3-E1 cells with 1 mM 
DEX for 48 h, expression of IGF-1 was signifi-
cantly decreased (Figure 6A and 6B). Pre- 
treatment with UA at 10, 100 and 1000 nM for 
24 h markedly inhibited the downregulation of 
IGF-1 induced by DEX treatment. To inve- 
stigate the role of IGF-1 in DEX-induced 
MC3T3-E1 cells, IGF-1 overexpression was con-
structed in MC3T3-E1 cells by transfected with 

Figure 2. UA protects MC3T3-E1 cells against DEX-induced cytotoxicity. A: MC3T3-E1 cells were treated with UA at 
concentrations of 0.1, 1, 10, 100 and 1000 nM for 0, 24, 48 and 72 h. Cell proliferation was measured by CCK-8 
assay. B: Before exposure to 1 μM DEX for 0, 24, 48 and 72 h, MC3T3-E1 cells were pretreated with different con-
centrations of UA for 24 h. Cell proliferation was measured by CCK-8 assay. C: Before exposure to 1 μM DEX for 0, 
24, 48 and 72 h, MC3T3-E1 cells were pretreated with different concentrations of UA for 24 h. ALP activity was mea-
sured at 520 nm with a microplate reader. *P<0.05, **P<0.01, ***P<0.001 compared with control group. #P<0.05, 
###P<0.001 compared with DEX treatment group.
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Figure 3. UA reduces DEX-in-
duced apoptosis in MC3T3-E1 
cells. MC3T3-E1 cells were ex-
posed to 1 μM DEX for 48 h in 
the absence or presence of pre-
incubation with the indicated 
concentrations of UA for 24 h. 
Cell apoptosis was measured by 
flow cytometry assay. ***P<0.001 
compared with control group. 
##P<0.01, ###P<0.001 compared 
with DEX treatment group.
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Figure 4. UA reduces DEX-
induced ROS generation in 
MC3T3-E1 cells. MC3T3-E1 
cells were exposed to 1 μM DEX 
for 48 h in the absence or pres-
ence of pre-incubation with the 
indicated concentrations of UA 
for 24 h. ROS generation was 
measured by flow cytometry 
assay. ***P<0.001 compared 
with control group. ##P<0.01, 
###P<0.001 compared with DEX 
treatment group.
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pCDNA3.1(+)-IGF-1. As shown in Figure 7A and 
7B, MC3T3-E1 cells transfected with pCDNA- 

3.1(+)-IGF-1 prior to DEX treatment for 48 h sig-
nificantly increased the expression of IGF-1 at 

Figure 5. UA inhibits DEX-induced TNF-α and IL-6 secretions from MC3T3-E1 cells. MC3T3-E1 cells were exposed to 
1 μM DEX for 48 h in the absence or presence of pre-incubation with the indicated concentrations of UA for 24 h. 
ELISA was performed to detect the levels of TNF-α (A) and IL-6 (B) in cell supernatants. ***P<0.001 compared with 
control group. ###P<0.001 compared with DEX treatment group.

Figure 6. Effect of UA on DEX-induced IGF-1 downregulation. MC3T3-E1 cells were exposed to 1 μM DEX for 48 h 
in the absence or presence of pre-incubation with the indicated concentrations of UA for 24 h. The expression of 
IGF-1 was measured by Real-time PCR (A) and Western blot assays (B). The intensity of the protein bands of a typi-
cal experiment was quantified with Image J 1.41 software. ***P<0.001 compared with control group. #P<0.05, 
##P<0.01, ###P<0.001 compared with DEX treatment group.
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both mRNA and protein levels. IGF-1 overex-
pression could imitate the roles of UA in 
increase of proliferation and ALP activity (Figure 
7C and 7D). Importantly, treatment of DEX-
induced MC3T3-E1 cells with both IGF-1 over-
expression and 100 nM UA showed augmented 
effects on cell proliferation and ALP activity 
compared with DEX-induced MC3T3-E1 cells 
treated with IGF-1 overexpression or UA alone. 
These results suggest that IGF-1 mediated 
DEX-induced cytotoxicity, and that the inhibi-
tion of DEX-induced IGF-1 downregulation is 
involved in the UA-triggered protective effect in 
MC3T3-E1 cells.

Effects of IGF-1 overexpression on protein ex-
pression in MC3T3-E1 cells

To clarify the molecular mechanism of 
MC3T3-E1 cells proliferation inhibition and 
apoptosis induced by DEX, the expressions of 

related proteins were detected by Western blot. 
As shown in Figure 8A-C, treatment with 1 μM 
DEX for 48 h decreased BMP2 expression and 
OPG/RANKL ratio, whereas MC3T3-E1 cells 
with IGF-1 overexpression significantly reversed 
the effects of DEX on BMP2 expression and 
OPG/RANKL ratio. In addition, treatment with 1 
μM DEX for 48 h decreased Bcl-2/Bax ratio, 
whereas MC3T3-E1 cells with IGF-1 overex-
pression significantly reversed the effects of 
DEX on Bcl-2/Bax ratio (Figure 8A and 8D). 
Importantly, treatment of DEX-induced MC3T3- 
E1 cells with both IGF-1 overexpression and 
100 nM UA showed augmented effects on 
these protein alternations compared with DEX-
induced MC3T3-E1 cells treated with IGF-1 
overexpression or UA alone.

Discussion

Glucocorticoids have been known to be the 
most frequently used anti-inflammatory and 

Figure 7. Effect of IGF-1 overexpression on proliferation and ALP activity of MC3T3-E1 cells. MC3T3-E1 cells were 
transfected with pCDNA3.1(+)-IGF-1 prior to 1 μM DEX treatment for 48 h. The expression of IGF-1 was measured 
by Real-time PCR (A) and Western blot assays (B). The intensity of the protein bands of a typical experiment was 
quantified with Image J 1.41 software. MC3T3-E1 cells were transfected with pCDNA3.1(+)-IGF-1 prior to 1 mM Dex 
treatment for 48 h in the absence or presence of pretreatment with UA at 100 nM for 24 h. (C) Cell viability was 
measured by CCK-8 assay. (D) ALP activity was measured at 520 nm with a microplate reader. ***P<0.001 compared 
with control group. #P<0.05, ##P<0.01, ###P<0.001 compared with DEX treatment group.
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immunosuppressive drugs in clinic to treat a 
variety of diseases, including inflammation, 
cancer and autoimmune disorders [23]. How- 
ever, it has been found that continuous gluco-
corticoids treatment results in osteoporosis 
through affecting bone metabolism and induce 
apoptosis in osteoblasts, osteocytes, and 
numerous lymphoid tissues [24, 25]. Although 
the effects of glucocorticoids in bone remodel-
ing have been reported, the mechanism of glu-
cocorticoids involved in apoptosis, oxidative 
stress and inflammation of osteoblast is still 
poorly understood. Thus, to clarify the apoptot-
ic mechanism of glucocorticoids in osteoblast, 
we used relatively high dose of DEX as an apop-
totic inducer in MC3T3-E1 cells. 

Our results showed that exposure of MC3T3-E1 
cells to DEX led to cytotoxicity, evidenced by the 

Another important finding of this study was that 
UA inhibited oxidative stress and inflammatory 
response induced by DEX in MC3T3-E1 cells. 
UA protects against chronic ethanol-induced 
oxidative stress in the rat heart [29] and atten-
uates oxidative damage induced by D-galactose 
[30]. Additionally, UA exhibitsanti-inflammatory 
effects in RAW264.7 cells by attenuating iNO-
Sand COX-2 expression [16]. In this study, UA 
inhibited DEX-induced increases in secretions 
of TNF-α and IL-6 inflammatory factors. Simi- 
larly, pro-inflammatory cytokines, such as IL-1α, 
TNF-α and IL-17 exhibit osteoclastogenic prop-
erties and some of them, such as IL-6, may pro-
duce both stimulating and suppressing actions 
on osteoclasts [31].

IGF-1 is a cytokine that plays an important role 
in the pathogenesis of osteoporosis by regulat-

Figure 8. Effect of IGF-1 overexpression on protein expression in MC3T3-E1 
cells. MC3T3-E1 cells were transfected with pCDNA3.1(+)-IGF-1 prior to 1 
μM DEX treatment for 48 h in the absence or presence of pretreatment with 
UA at 100 nM for 24 h. The protein expression was measured by Western 
blot assay. (A) Cell lysates were subjected to Western blot analysis using 
BMP2, OPG, RANKL, Bcl-2 and Bax-specific antibody. The intensity of the 
protein bands of BMP-2 (B) OPG/RANKL (C) and Bcl-2/Bax (D) was quanti-
fied with Image J 1.41 software. ***P<0.001 compared with control group. 
##P<0.01, ###P<0.001 compared with DEX treatment group.

decreased cell proliferation 
and ALP activity, and increas- 
ed cell apoptosis. The inhibit-
ing effects of DEX on cell pro-
liferation and ALP activity 
increase in a dose-time de- 
pendent manner. ALP activity 
is considered to be an early 
marker of osteogenic differen-
tiation, which is characterized 
by increased osteocalcin. In 
agreement with our findings, 
previous studies have been 
reported that DEX significantly 
reduced MC3T3-E1 cells via-
bility and increased apoptosis 
in dose-dependent manner 
[26]. To investigate whether 
UA can protect MC3T3-E1 
cells against DEX-induced 
cytotoxicity, MC3T3-E1 cells 
were pretreated with UA at 
concentrations ranging from 
0.1 to 1000 nM for 24 h 
before exposure to DEX. Inter- 
estingly, we found that pre-
treatment with UA significantly 
attenuated DEX-induced cyto-
toxicity in MC3T3-E1 cells. 
This anti-cytotoxic effect of UA 
is similar to previous results in 
leukemic cells [27] and human 
lymphocytes [28]. 
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ing growth and development [32]. Lower levels 
of serum IGF-1 appear to increase the risk of 
osteoporotic fractures in postmenopausal 
women and this may reflect a reduction in bone 
formation as demonstrated [33]. We found that 
DEX significantly decreased IGF-1 expression in 
a dose-dependent manner. However, UA cor-
rected DEX-induced decrease in IGF-1 expres-
sion. Importantly, overexpression of IGF-1 in 
MC3T3-E1 cells possessed a similar effect of 
UA on cell proliferation, evidenced by increases 
in ALP activity, BMP2 expression and OPG/
RANKL ratio, and apoptosis, evidenced by 
increased Bcl-2/Bax ratio. Previous study 
reported that DEX provokes bone resorption by 
increasing the synthesis of RANKL and inhibit-
ing BMP2 and OPG production with consequent 
induction of osteoclastogenesis [34]. And the 
similar IGF-1 induced Bcl-2/Bax-dependent 
apoptotic pathway was also found in the previ-
ous study [35]. Therefore, abnormalities in 
IGF-1 signaling may explain the impaired cell 
proliferation and decreased bone formation 
that occurs in human osteoporosis.

In summary, the present study had for the first 
time demonstrated that UA confers a cytopro-
tective effect against glucocorticoids-induced 
cytotoxicity, oxidative stress and inflammation 
through induction of IGF-1-activated prolifera-
tion, antioxidant and anti-inflammation pro-
cesses in MC3T3-E1 cells. Our study provides 
new insights into the role of UA in attenuating 
glucocorticoids-induced osteoporosis and a 
novel therapeutic strategy for osteoporosis. 
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