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Abstract: This study aimed to explore the underlying mechanism by which Assemble flavone of rhizomadrynariae 
(AFDR) promotes osteogenic differentiation of genetically modified myoblasts through the P38/ERK mitogen-acti-
vated protein kinase (MAPK) signaling pathways. Transfected-ciliary neurotrophic factor (CNTF) myoblasts exposed 
to osteogenesis inducers were treated with blank serum, AFDR drug serum, p38 pathway inhibitor SB203580, and 
extracellular signal-regulated kinase (ERK) pathway inhibitor PD98059. Osteogenic differentiation indexes, namely 
core binding factor A1 (Cbfα1) and Alkalische phosphatase (ALP) mRNA levels, in the groups were measured using 
RT-PCR; and the protein phosphorylation levels of the p38 and ERK1/2 MAPK signal pathways in each group were 
measured using western blot. RT-PCR results showed that the expression of osteogenesis-related factors Cbfα1 and 
ALP mRNA was highest in the AFDR group. The expression of Cbfα1 and ALP mRNA was significantly lower than that 
in the AFDR group after the addition of SB203580 or PD98059. The phosphorylation levels of the p38 and ERK1/2 
proteins varied among the different inhibitor groups. Western blot showed that the p38 protein phosphorylation lev-
els were lower in the AFDR group (P < 0.01) than in the blank serum group, while there was no obvious difference in 
ERK1/2 protein phosphorylation levels (P > 0.05). These data suggest that AFDR promotes osteogenic differentia-
tion of transfected-CNTF myoblasts primarily via activation of the P38 and ERK MAPK signaling pathways, and that 
the increased expression of the osteogenesis-related genes Cbfα1 and ALP. AFDR is largely influenced by the ERK 
pathway of the MAPK pathway.
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Introduction

Bone healing is currently a major focus in medi-
cal research [1, 2]. Since numerous studies 
have shown that myoblasts are important for 
bone healing [1], they have increasingly become 
the new focus of bone tissue engineering re- 
search. A lot of research has shown that induc-
ing differentiation of myoblasts is vital to bone 
healing [2-7]. Assemble flavone of rhizoma dry- 
nariae (AFDR) has been widely used for the 
treatment of bone defects, especially in East 
Asia. Maruotti et al [8] evaluated how AFDR 
influenced blood serum alkalinity phosphatase 
(ALP), calcium (Ca), phosphorus (P), creatinine 
(Cr) and glutamic-pyruvic transaminase (GPT) 
in rat models of skull defects and claimed that 

when AFDR is used in bone defect repair for 2-4 
weeks, it may affect the level of ALP, Ca, and P 
without liver and kidney toxicity.

Rodríguez-Carballo et al [9] observed that AFDR 
allowed rabbit bone marrow stem cells (MSCs) 
to sustain their osteogenic differentiation po- 
tential in vitro. In previous studies, we observed 
the propensity of transfected-CNTF myoblasts 
to differentiate into osteoblasts. The studies 
confirmed that drug serum containing low con-
centrations of AFDR (67.5 mg/kg.d) promotes 
osteogenic differentiation of transfected-CNTF 
myoblasts and particularly induces the expres-
sion of osteogenesis factors Cbfα1 and ALP. In 
summary, considerable research has shown th- 
at AFDR can promote osteogenic differentia-
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tion. However, the underlying mechanism of 
action and the specific pathways activated are 
still unclear. MAPK is one of the pathways indu- 
ced by extracellular signals, which are involved 
in many physiological processes, such as cell 
formation, movement, apoptosis, differentia-
tion and proliferation [8-11].

This study aims to explore the mechanisms by 
which AFDR promotes osteogenic differentia-
tion of genetically modified myoblasts via the 
P38/ERK MAPK signaling pathways. There ha- 
ve been few relevant reports on the role of p38 
and ERK signaling pathways and AFDR in the 
induction of osteogenic differentiation of myo-
blasts. Our finding provides a theoretical basis 
for a potential role of AFDR in stem cell trans-
plantation for bone healing.

Materials and methods

Animals

All animal studies were conducted in accor-
dance with the ethical standards set out in the 
Declaration of Helsinki and were approved by 
the Laboratory Animal Welfare and Ethics Com- 
mittee of our University. Protocols were formu-
lated by the Ministry of Science and Technology 
of the People’s Republic of China [12]. Ten 
healthy 12-month-old female Wistar rats weigh-
ing 326±28 g were provided by the laboratory 
animal center (Production license: SCXK (Liao) 
2003-0007). Efforts were made throughout 
the study to minimize animal suffering and the 
number of animals used.

Preparation of AFDR drug serum and osteo-
genesis revulsants

Ten healthy 12-month-old female Wistar rats 
were randomized into AFDR drug serum and 
blank serum groups, with 5 rats in each group. 
Basedon previous research results, the AFDR 
drug serum group was dosed with 67.5 mg/kg. 
AFDR (Beijing Qihuang pharmaceutical co. LTD, 
China) [2]. The AFDR drug and blank serums 
were then filtered with a 0.22 μm microporous 
membrane filter, and diluted to the required 
concentration with serum-free DMEM medi- 
um. Osteogenesis revulsants were prepared 
with 10% FBS, 10 mmol/L glycerophospholipid 
(β-GP), 1.0×10-8 mol/L dexamethasone (Dex), 
and 50 µg/ml vitamin C (VitC) [13].

Experimental groups

We prepared transfected CNTF myoblasts by 
first isolating and culturing myoblasts that were 
then used for cell transfection. Myoblasts were 
isolated from the hind limbs of young mice and 
purified; finally, the CNTF plasmids were trans-
fected into muscle cells by liposome transfec-
tion [14-16]. The myoblasts were adjusted to a 
density of 1×106 cells/ml and inoculated into 
96-well plates. They were then divided into four 
groups, each of which had 6 complex holes, 
and were treated with osteogenesis revulsant.

Besides regular osteogenesis revulsants, each 
of the four experimental groups was treated 
with a different culture medium: the blank 
serum group with blank serum, the AFDR group 
with AFDR drug serum, the P38 inhibitor group 
with AFDR drug serum and 3 μmol/L P38 inhibi-
tor SB203580 (Shanghai Beyotime Institute of 
Biotechnology, China), and the ERK inhibitor 
group with AFDR drug serum and 4 μmol/L ERK 
inhibitor PD9805 (Shanghai Beyotime Institute 
of Biotechnology, China).

After 24 h of cell cycle synchronization, the orig-
inal culture was discarded, the corresponding 
serum and drug were added to each group, and 
the pore volume was set to 100 μl. After incu-
bation for 72 hours at 37°C, 5% CO2, and satu-
rated humidity, the cell supernatant was sam-
pled to detect the expression of osteogenesis-
related genes and MAPK signaling pathway-
related proteins.

Quantitative real-time PCR (RT-PCR)

Total RNA was extracted with TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. After the cell su- 
pernatant and total RNA were extracted from 
each group, the expression levels of Cbfα1 and 
ALP mRNA were detected using RT-PCR. The 
total sequence of the target genes was acquired 
from the cDNA sequences downloaded from 
the GenBank database released by the United 
States Center for Biotechnology Information. 
With the aid of Premier 5.0 software, primers 
were designed to detect osteogenesis-related 
core combined factor (Cbfαl) and alkaline phos-
phatase (ALP), with GADPH as the internal 
reference.
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The primers were synthesized by Beijing Audio- 
Codes Biotechnology Company. The sequences 
were as follows: GADPH (618 bp)/RT/F: 5’-TGC- 
TGAGTATGTCGTGGAG-3’; GADPH (618 bp)/RT/ 
R: 5’-GCATCAAAGGTGGAAGAAT-3’; Cbfα1 (325 
bp)/RT/F: 5’-CCTCACAAACAACCACAGAACCA-3’; 
Cbfα1 (325 bp)/RT/R: 5’-AACTGAAAATACAAAC- 
CATACCC-3’; ALP (455 bp)/RT/F: 5’-AAGGTGGT- 
GGACGGTGAACGGGAGAACG-3’; ALP (455 bp)/
RT/R: 5’-CGGGCGGAAGTGAGGCAGGTAGCAA- 
AC-3’. 

RNA was extracted with a total RNA Kit follow-
ing the manufactures instructions, the primers 
were suspended in TE to 10 μmol/L and stored 
in the freezer at -20°C; in accordance with the 
kit instructions, reverse transcription was run 
in an ice bath. After the reaction, 1 μl of cDNA 
product was used to perform RT-PCR with an 
RT-PCR Kit (Beijing TIANGEN_BIOTECH, China) 
according to the manufacturer’s instructions. 
The PCR product (5.0 μl) was analyzed using 
horizontal electrophoresis in a 1.5% agarose 
gel under constant pressure and constant cur-
rent (80 mV, 40 min). Spot density was mea-
sured using the GneeGneuis automatic gel 
imaging system, and the corresponding objec-
tive expression factor was standardized by 
scanning the value of each group’s internal 
GAPDH stripe.

Western blot analysis

Cells and culture medium were collected from 
each group, washed twice with PBS and added 
into 50 µl cell lysis solution. After lysis for 2 
hours, solution was shocked 5 times at 20 sec-
onds each, and 30 seconds of ultrasound, the 
sample was centrifuged for 20 minutes at 
12,000 rpm and left to rest for 30 minutes 
before the supernatant was removed. Total pro-
tein was quantified by BCA, denatured, and 
subjected to 10% SDS gel electrophoresis (volt-
age 120 v, 60 minutes) before being trans-
ferred to a nitrocellulose membrane (25 v, 25 
min), and incubated in fetal bovine serum for 1 
hour. The membrane was then incubated with 
rabbit anti-P38, ERK, p-P38, or p-ERK antibod-

ies overnight at 4°C. After washing, the mem-
brane was incubated with the corresponding 
goat anti-rabbit IgG labeled with HRP at room 
temperature for 1 hour, the membrane was 
then washed again. ECL was used to develop 
for 5 minutes, grey values were compared, and 
the phosphorylation level of the detected pro-
tein was analyzed.

Statistical analysis

Statistical analysis was performed using SPSS 
19.0 (IBM, New York, USA). Data are presented 
as mean ± standard deviation (SD). Differences 
between two groups were compared using 
unpaired Student’s t-test. Differences among 
groups were assessed with one-way analysis of 
variance (ANOVA). P values of less than 0.05 
were considered to denote statistical signifi- 
cance.

Results

The fate of animals

All experimental animals were sacrificed by cer-
vical dislocation and then burned by profes- 
sionals.

The expression of Cbfα1 and ALP mRNA

Transfected-CNTF myoblasts were pretreated 
with AFDR drug serum for 24 h, P38/MAPK 
inhibitor SB203580 and ERK inhibitor PD9805 
were added and Cbfα1 and ALP mRNA expres-
sion levels were measured by RT-PCR (Table 1 
and Figure 1). The differences between the 
treatment and the blank serum groups were 
significant (P < 0.05). Cbfα1 and ALP mRNA ex- 
pression levels were significantly higher in the 
AFDR group (P < 0.05 or P < 0.01). Compared 
with the AFDR group, both the ERK and P38 
inhibitors significantly lowered ALP mRNA ex- 
pression (P < 0.01), though there was no signifi-
cant difference in Cbfα1 and ALP mRNA expres-
sion between the P38 and ERK inhibitor groups 
(P > 0.05).

Table 1. The expression levels of Cbfαl, ALP mRNA after adding P38 inhibitors and ERK inhibitors (
_
x  

± s, n=6)
Osteogenesis gene expression Blank serum group AFDR group P38 inhibitor group ERK inhibitor group
Cbfαl mRNA 0.782±0.012 1.203±0.021* 0.581±0.036# 0.562±0.048#,Δ

ALP mRNA 0.510±0.027 1.272±0.050** 0.466±0.040# 0.447±0.076#,Δ

*P < 0.05, **P < 0.01 vs blank serum group; #P < 0.01 vs AFDR group; ΔP < 0.05 P38 inhibitor group vs ERK inhibitor group.
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Protein phosphorylation levels of the p38 and 
ERK signaling pathways

The levels of MAPK signaling pathway protein 
phosphorylation were detected by western blot 
(Figures 2, 3). P38 phosphorylation levels were 
significantly lower in the AFDR group than in the 
blank serum group (P < 0.01), while there was 
no obvious difference in ERK1/2 phosphoryla-
tion levels (P > 0.05). P38 phosphorylation was 
higher in the P38 inhibitor group than in the 
AFDR group (P < 0.05) and tended to resemble 
that of the blank serum group; in contrast, 
ERK1/2 phosphorylation levels were lower (P > 
0.05). P38 phosphorylation levels were signifi-
cantly higher in the ERK inhibitor group (P < 
0.01), while ERK1/2 phosphorylation levels 
were lower (P < 0.01).

Discussion

Increasing evidence suggests that myoblasts 
are promising cell sources for tissue engineer-
ing, tissue regeneration and gene therapy appli-

cations. Thus, they have attracted researchers’ 
attention with respect to treatments promoting 
bone healing [17-19]. This research has broad-
ened the possibilities for promoting myoblast 
repair. Our previous studies also confirmed this 
finding [15, 20]. Based on a previous study re- 
porting that AFDR induced osteogenic differen-
tiation, the aim of the present study was to in- 
vestigate the main pathways of osteogenic dif-
ferentiation in transfected CNTF myoblasts un- 
der osteogenic induction. Research focused on 
P38 and ERK, which belong to the MAPK path-
way, with the Cbfα1 and ALP genes being used 
to evaluate the effect of CNTF on osteogenic 
differentiation.

Cbfα1 is considered to be the key transcription 
factor for osteogenic differentiation and bone 
formation. It plays an important role in mesen-
chymal stem cell differentiation into osteo-
blasts and in mineralization of the extracellular 
matrix during osteogenesis of osteoblasts and 
is essential for bone growth and development 
[20]. Several studies have indicated that Cbfα1 
may be related to the early stages of bone for-
mation, and is the earliest and most specific 
marker; it also has a moderating effect on the 
rate of bone matrix deposition. ALP and pheno-
typic markers of osteoblasts involved in the 
mineralization of bone tissue directly reflect the 
activity or function of osteoblasts, and are one 
of the important indicators of osteoblast differ-
entiation. In this study, we hypothesized that 
AFDR might enhance osteogenic differentiation 
of transfected CNTF myoblasts. This was con-
firmed by the expression of Cbfα1 and ALP 
mRNA.

The MAPK pathway is an important signal 
transduction system induced by extracellular 
signals, which is involved in many physiological 

Figure 1. The expression levels of Cbfαl and ALP 
mRNA in each group after adding P38 inhibitors and 
ERK inhibitors.

Figure 2. Protein phosphorylation expression level 
of each group after adding P38 inhibitors and ERK 
inhibitors.

Figure 3. p-P38 and p-ERK OD ratio of each group 
after adding P38 inhibitors and ERK inhibitors.
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processes, including cell formation, movement, 
apoptosis, differentiation and proliferation [10, 
22-25]. Studies have confirmed that the MAPK 
signaling pathway plays an important role in 
the proliferation and differentiation of MSCs 
into osteoblasts [26-28]. Is osteogenic differ-
entiation of muscle cells related to the MAPK 
signaling pathway? In this study, we observed 
the effects of AFDR on the proliferation and 
osteogenic differentiation of transfected CNTF 
myoblasts cultured in vitro with and without 
P38/ERK MAPK pathway inhibitors and dis-
cussed the possible mechanism of osteogenic 
differentiation of myoblasts from the perspec-
tive of the MAPK signaling pathway. Compared 
with the blank serum group, the levels of Cbfαl 
and ALP mRNA were significantly higher in the 
AFDR group, which was consistent with previ-
ous studies indicating that AFDR promotes the 
osteogenic differentiation of myoblasts. Com- 
pared with the AFDR group, the expression lev-
els of Cbfαl and ALP mRNA were significantly 
decreased by P38/ERK MAPK pathway inhibi-
tors, but there was no difference between the 
effects of the two inhibitors. The results showed 
that blocking the p38 or ERK pathway weakens 
the ability of AFDR to promote osteogenic dif-
ferentiation of transgenic myoblasts. Both p38 
and ERK pathways play important roles with 
AFDR to promote the osteogenic differentiation 
of genetically modified myoblasts.

Western blot showed that P38 MAPK signal 
pathway protein phosphorylation levels were 
lower in the AFDR group than in the blank 
serum group, though there was no significant 
difference in the level of ERK1/2 signal protein 
phosphorylation. The P38 inhibit or elicited hig- 
her P38 phosphorylation than that in the AFDR 
group, while ERK1/2 phosphorylation levels 
were lower. This indicates that SB203580, the 
P38 inhibitor, inhibited phosphorylation level 
regulation of p38 and ERK by AFDR. Blocking 
the p38 pathway affected not only the phos-
phorylation of p38, but also the phosphoryla-
tion of ERK, which indicates that p38 and ERK 
are interconnected. With the ERK inhibitor, the 
level of P38 phosphorylation was significantly 
higher, while ERK1/2 phosphorylation was sig-
nificantly lower. This indicated that PD9805, 
the ERK pathway inhibitor, reduced the effect 
of AFDR. These two sets of results are consis-
tent with each other, which further confirmed 
that AFDR promotes osteogenic differentiation 
of transfected CNTF myoblasts mainly through 

activation of the ERK pathway. In particular, the 
ERK signal pathway has a greater influence, 
while the P38 pathway, though involved in the 
process of osteogenic differentiation, has a 
weaker effect.

Although our study did not provide an in-depth 
assessment, overall, it confirmed that AFDR 
promotes the osteogenic differentiation of 
genetically modified myoblasts to some extent 
through the P38/ERK MAPK signaling pathway. 
In further studies, the specific mechanism by 
which AFDR promotes osteogenic differentia-
tion should be studied in more detail.

Conclusions

Our results showed that AFDR promotes osteo-
genic differentiation of transfected CNTF myo-
blasts mainly through activation of the p38/
ERK MAPK signaling pathway and up-regulation 
of the osteogenic related genes Cbfα1 and ALP 
and that the ERK signaling pathway has a great-
er impact on this genetic regulation.
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