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Abstract. Magnesium alloys have shown potential as biode-
gradable metallic materials for orthopaedic applications due to 
their degradability, and their resemblance to cortical bone and 
biocompatible degradation/corrosion products. However, the 
fast corrosion rate and the potential toxicity of their alloying 
element has limited the clinical application of Mg alloys. In 
the present study, a novel Mg‑2Zn‑0.5Nd alloy was prepared, 
and then the effects on the cell biological behaviour of the 
Mg‑2Zn‑0.5Nd alloy was compared with 317L stainless steel 
and titanium (Ti‑6Al‑4V) alloys as controls. The L6 cells were 
cultured in various leaching solutions. The proliferative effect 
of the Mg‑2Zn‑0.5Nd alloy was determined using the Cell 
Counting Kit‑8 assay method on the L6 cells. Also, the regula-
tion of key intracellular signalling proteins was investigated in 
the L6 cells by the western blot analysis. The Mg‑2Zn‑0.5Nd 
alloy showed no cytotoxicity and induced higher levels of 
proliferation in the myoblast cell line L6 than the other alloys. 
Molecular analysis demonstrated that Mg‑2Zn‑0.5Nd had 
stimulatory effects on bone morphogenetic protein‑2 phos-
phorylation and on the activity of phosphorylated‑mammalian 
target of the rapamycin (mTOR), protein kinase B and fork-
head box protein O1. Mg‑2Zn‑0.5Nd also had no effect on P38 
activity. These results suggested that Mg‑2Zn‑0.5Nd is likely 
to promote myoblast cell proliferation by activating the mTOR 
signalling pathway.

Introduction

Recently, degradable materials developed as orthopaedic 
implants have attracted much attention since their use could 
avoid the necessity for a secondary operation to remove the 

implants. Among the possible materials, magnesium and its 
alloys are the most promising due to their degradability, suit-
able mechanical properties and good biocompatibility (1,2). 
Several magnesium alloys, such as WE43  (3), AZ91  (4), 
Mg‑Zn (5), Mg‑Ca (2) and Mg‑Mn‑Zn (3) show great potential 
in clinical application. More specifically, previous in vivo 
experiments have identified the gradual degradability of Mg 
alloys in bone tissue. In addition, the degradation products 
induced an appropriate level of inflammatory response (6). 
However, the rapid corrosion rate of Mg alloys is still a signifi-
cant obstacle in the process of clinical applications (5).

Researchers have tried various ways to deal with this chal-
lenge. Among these, it has been demonstrated that alloying is 
the most effective approach to manipulate the corrosion resist-
ance and mechanical properties of Mg alloys. For the sake 
of safety and human body tolerance, only a small number of 
alloying elements are suitable for inclusion in biodegradable 
Mg alloys, such as Zn, Nd, Ca, Sr, Mn and several rare earth 
elements (7,8).

Zn is one of the essential elements in the human body (9). 
Mg‑Zn‑based alloys are very promising because not only 
are they the second strongest ductile alloy system, but their 
corrosion rates can also be greatly reduced by utilizing certain 
strategies. More importantly, Mg‑Zn‑based alloys may be RE 
(rare earth) free. It has been shown that Mg‑Zn‑based alloys 
are the second strongest alloying system with varying corro-
sion rates. They could be RE‑free systems which compete with 
the Mg‑RE‑based alloys and which are used in RE‑sensitive 
implants (10). Meanwhile, it is reported that Mg‑2Nd alloys 
have characteristically high elongation ratios, and they improve 
the yield strength and degradation rate (11). The addition of 
light RE elements to a magnesium alloy can not only improve 
its corrosion resistance and mechanical properties, but also 
help to improve the anti‑coagulation behaviour of biological 
implants. The element Nd is a rare earth element with minimal 
toxicity. A small amount of Nd can be added to a magnesium 
alloy, without causing any significant cytotoxicity in experi-
ments (12). The skeletal muscle as the dynamical device of 
the motor system, is attached to the skeleton, which is of great 
significance to the movement of the joints. We may implant 
materials to repair injuries of the motor system. Whether it is 
suture or other internal fixation materials, it is inevitable that 
the muscle is contacted. ����������������������������������But the biocompatibility of magne-
sium alloys to skeletal muscle is not clear, and it is not sure 
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whether magnesium alloys has any effect on the adhesion and 
proliferation of skeletal muscle cells. So the skeletal muscle 
biocompatibility of magnesium alloys is of great significance 
in the research process of implant materials.

Bone morphogenetic protein 2 (BMP‑2), which is a member 
of the transforming growth factor (TGF)‑β superfamily, has 
profound effects on the osteoblast activity (13,14). Many studies 
have found that BMP‑2 not only exists in the bone matrix, but 
it is also present in other tissues (15). In recent years, other 
researchers have found that BMP‑2 is involved in the regula-
tion of the proliferation, differentiation and apoptosis of many 
types of cells, thus affecting their biological behaviour (16,17).

Intracellular kinase signalling plays an important role in 
many biological functions including cell differentiation (18,19). 
Adenosine monophosphate‑activated protein kinase (AMPK) 
is a principal intracellular energy sensor which activates 
energy‑producing pathways (20). Moreover, AMPK activation 
can mediate the downstream signalling response of the phos-
phoinositide 3‑kinase (PI3K)/Akt, mitogen‑activated protein 
kinases (MAPK) and the mammalian target of the rapamycin 
(mTOR) pathway (21). mTOR as a serine/threonine protein 
kinase can regulate cell proliferation (22,23), and also plays an 
important role in cell apoptosis and survival (24,25).

These beneficial effects of Zn and Nd prompted us to 
investigate the feasibility of alloying Zn‑Nd with Mg and the 
corresponding effects on the corrosion properties and biocom-
patibility of the resulting alloy. In this study, a Mg‑2Zn‑0.5Nd 
alloy was designed and prepared. To date there have been no 
systematic researches on Mg‑2Zn‑0.5Nd alloy systems for 
biomedical applications. The purpose of the present study was 
to investigate the effect of Mg‑2Zn‑0.5Nd on the expression of 
BMP‑2‑ and mTOR‑related signalling proteins. The purpose 
of this study is to clarify the effect of Mg‑2Zn‑0.5Nd alloy 
on the proliferation of skeletal muscle cells, and to explore 
the effect of Mg‑2Zn‑0.5Nd on the expression of BMP‑2 in 
skeletal muscle cells and mTOR related signal proteins.

Materials and methods

Material preparation. Alloys of 317L, Ti‑6Al‑4V and 
Mg‑2Zn‑0.5Nd were prepared in the Institute of Metal 
Research (Chinese Academy of Science, Shenyang, China). 
Plate samples with a diameter of 10 mm and a thickness of 
1 mm were prepared. Cylindrical rods with a diameter of 
1 mm were machined for implantation into mice. All samples 
went through ultrasonic cleaning in acetone, absolute ethanol 
and distilled water for 10 min each and then sterilization with 
ethylene oxide.

The leaching solution was prepared in accordance with the 
ISO 10993‑5: 2009 standard (26). Specifically, plate samples 
were immersed in complete DMEM with 10% foetal bovine 
serum (FBS), 100 U/ml penicillin and 100 µg/ml streptomycin 
and incubated at 37˚C for the indicated duration. The extracts 
were analysed using inductively coupled plasma optical 
emission spectroscopy (ICP‑OES; VISTAPRO; Agilent 
Technologies, Inc., Santa Clara, CA USA) to determine the 
elemental concentrations of Mg, Zn and Nd.

Culture of L6 cells. The L6 cells were obtained from the 
American Type Culture Collection (Manassas, VA, USA) and 

maintained in complete Dulbecco's modified Eagle's medium 
(DMEM) with 10% FBS, 100 U/ml penicillin and 100 µg/ml 
streptomycin. The cells were grown in a humidified atmos-
phere containing 5% CO2 at 37˚C. Before the experiment, cells 
(5x105 cells/well in 6‑well plates) were grown for 24 h. The 
next day, cells were treated with different concentrations of 
extraction medium. The biological morphology of skeletal 
muscle cells in each group was observed by an inverted micro-
scope after 72 h.

Cell proliferation assay. The proliferative effect of the 
leaching solution on L6 cells was determined using the CCK‑8 
kit (Dojindo Molecular Technology, Kumamoto, Japan). Cells 
were plated in 96‑well plates at 5x103 cells/well in triplicate. 
After 1, 3 and 5 days of culture, 90 µl of culture medium 
and 10 µl of CCK‑8 solution were added to each well at each 
time‑point and incubated at 37˚C for another 4 h. The optical 
density (OD) was measured using an ELX800 absorbance 
microplate reader (Bio‑Tek Instruments Inc., Winooski, VT, 
USA) at 450 nm (650 nm reference).

Western blot analysis. Aliquots containing 2x106 cells per 
well were plated into 6‑well plates and cultured in various 
leaching solutions for the periods indicated. Then the L6 cells 
were harvested and washed with cold PBS, lysed for 30 min 
on ice and then centrifuged for 10 min at 12,000 x g at 4˚C. 
The supernatants were collected, mixed with loading buffer, 
and boiled for 10 min. Electrophoresis was performed on 12% 
SDS‑PAGE for 3 h and then proteins were transferred onto 
PVDF membranes in transfer buffer (containing 20 mM Tris, 
20% methanol, and 150 mM glycine) at 200 mA for 70 min. 
The membrane was incubated in non‑fat dried milk for 2 h. 
After washing with TBST three times the membrane was 
incubated with primary antibodies against BMP‑2, p‑mTOR, 
p‑AKT, FoxO1 and p38 overnight at 4˚C. Membranes were 
incubated with the appropriate secondary antibodies conju-
gated with IRDye 800CW (molecular weight, 1,166 kDa), and 
antibody reactivity was detected by exposure in an Odyssey 
infrared imaging system (LI‑COR Biosciences, Lincoln, NE, 
USA). Each group was repeated 10 times and the gray value 
was calculated by Image J method. The gray value of BMP‑2, 
t‑mTOR, t‑AKT, t‑FoxO1 and t‑P38 to GAPDH protein was 
used as the protein expression in BMP‑2, t‑mTOR, t‑AKT, 
t‑FoxO1 and t‑P38 groups. The gray value of p‑mTOR, p‑AKT, 
p‑FoxO1, and p‑P38 to t‑mTOR, t‑AKT, t‑FoxO1, and t‑P38 
is the relative expression of p‑mTOR, p‑AKT, p‑FoxO1, and 
p‑P38.

Statistical analysis. The data are presented as the 
mean ± standard error mean of three independent experiments. 
One‑way analysis of variance was performed with a Bonferroni 
post hoc test to analyse the results using SPSS 16.0 software 
(SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to 
indicate a statistically significant difference.

Results

The biological morphology of skeletal muscle cells. As shown 
in Fig. 1, we found that after being cultured 72 h with different 
extracts, the cells of each group adherent growth, appears 
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cell clusters, the number of long spindle skeletal muscle cells 
increased significantly, gradually becoming slender and inter-
connected to a network. The growth state of the cells in each 
group was good, but no difference was observed between the 
different groups.

The effect of Mg‑2Zn‑0.5Nd on cell proliferation. Cell prolif-
eration was determined by CCK‑8 assay after incubating 
Mg‑2Zn‑0.5Nd with L6 cells for 24 h (Fig. 2). Cell prolifera-
tion is expressed as relative growth rates (RGR) as determined 
by RGR (%)=(OD sample/OD negative control) x100%. The 
CCK‑8 values were calculated based on means ± standard 
deviations from 5 wells (SD, n=5). The differences between 
the groups were considered statistically significant at P<0.05. 
With Mg‑2Zn‑0.5Nd, we observed an increase in cell prolifera-
tion, indicating that Mg‑2Zn‑0.5Nd promoted cell growth and 
proliferation. In contrast to Mg‑2Zn‑0.5Nd, incubation with 
317L alloys and the Ti‑6Al‑4V groups resulted is no significant 
increase in cell proliferation, indicating that Mg‑2Zn‑0.5Nd 
has significantly better bioactivity than the other two alloys.

Mg‑2Zn‑0.5Nd stimulates the phosphorylation of BMP‑2 
in L6 cells. In this study, the BMP‑2 protein content of L6 
cells cultured for 24 h with leaching solution from the indi-
cated alloys was determined by the western blot analysis. As 
shown in Fig. 3, cells cultured with Mg‑2Zn‑0.5Nd exhibited 
the highest phosphorylation level of BMP‑2. No increase in 
BMP‑2 phosphorylation was observed when the L6 cells were 
cultured with 317L alloys and Ti‑6Al‑4V alloys.

Mg‑2Zn‑0.5Nd stimulates the activity of p‑mTOR in L6 
cells. In order to identify whether Mg‑2Zn‑0.5Nd promoted 
the proliferation of skeletal muscle cells via mTOR‑related 
signalling pathway, the western blot analysis was performed 
to examine mTOR protein expression in vitro. As shown in 
Fig. 4, in comparison with the control group, Mg‑2Zn‑0.5Nd 
treatment significantly upregulated p‑mTOR expression, while 
317L alloys and Ti‑6Al‑4V alloys caused no significant change 
in p‑mTOR expression.

Mg‑2Zn‑0.5Nd stimulates the activity of AKT in L6 cells. In 
this present study, our results show that the activation of p‑AKT 
proteins is significantly increased in the Mg‑2Zn‑0.5Nd group, 
while co‑culture with 317L alloys and Ti‑6Al‑4V alloys does 
not affect the expression of p‑AKT proteins (Fig. 5). These 
results suggest that Mg‑2Zn‑0.5Nd affects mTOR activity of 
L6 cells partly through the AKT‑mTOR axis.

Figure 2. Proliferation rate of rat skeletal muscle cells cultured with different 
extracts (n=5). To test the effect of the degradation products of various 
alloys on cell biological behaviour, the present study compared the effects of 
the Mg‑2Zn‑0.5Nd alloys group with the other three groups. The L6 cells 
were cultured in various leaching solutions for the indicated times. The 
relative growth rates of the different groups of L6 cells were assessed using 
the Cell Counting Kit‑8 assay at different time points following incubation. 
Compared with the control, 317L alloys and Ti‑6Al‑4V alloys groups, the 
cell proliferation rate of Mg‑2Zn‑0.5Nd following 1, 3 and 5 days markedly 
increased. *P<0.05 and **P<0.01 vs. control group; #P<0.05 and ##P <0.01 
vs. 317L alloys group; ∆P<0.05 vs. Ti‑6Al‑4V alloys group.

Figure 1. Rat skeletal muscle cells following culture with different extracts for 72 h. (A) Control group, (B) 317L alloys group, (C) Ti‑6A1‑4V alloys group and 
(D) Mg‑2Zn‑0.5Nd alloys group. The cells were cultured for 72 h with different extracts; the cells were observed to be spindle shaped and had grown well, 
without a visible difference between the different groups. Scale bars=50 µm.

Figure 3. Expression of BMP‑2 protein in the different groups. Western blot 
analysis was performed to investigate the phosphorylation of BMP‑2 in the 
different groups of L6 cells. Compared with the control, 317L alloys and 
Ti‑6Al‑4V alloys groups, the expression of BMP‑2 in the Mg‑2Zn‑0.5Nd 
group markedly increased. *P<0.05 vs. control. BMP‑2, bone morphogenetic 
protein 2.
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Mg‑2Zn‑0.5Nd stimulates the activity of FoxO1 in L6 
cells. In order to identify whether FoxO1 is involved in the 
Mg‑2Zn‑0.5Nd‑induced proliferation of skeletal muscle cells 
in vitro. We undertook western blot experiments to study the 
effects of Mg‑2Zn‑0.5Nd on the activation of FoxO1 proteins. As 
shown in Fig. 6, our results show that the expression of p‑FoxO1 
proteins is significantly increased in both the Mg‑2Zn‑0.5Nd 
and Ti‑6Al‑4V alloy groups, while co‑culture with 317L alloy 
does not affect the expression of p‑FoxO1 proteins.

Mg‑2Zn‑0.5Nd has no effect on P38 activity in L6 cells. 
To gain further insight into the molecular mechanisms by 
which Mg‑2Zn‑0.5Nd participates in cell proliferation, the 
phosphorylation of p38/MAPK in L6 cells was examined. As 
shown in Fig. 7, the p38 protein expression could be identi-
fied in all groups, however there was no significant difference 
between the groups. These data suggest that p38/MAPK might 
not participate in Mg‑2Zn‑0.5Nd‑induced changes in cell 
proliferation.

Discussion

Extensive studies have been carried out on Mg alloys as 
biodegradable materials. Mg alloy has been regarded as a 
promising candidate for bone implants because of its biodeg-
radability and special mechanical properties (27). However 
the fast corrosion rate, release of hydrogen gas and the lack of 
long‑term mechanical integrity of the implants are the most 
critical obstacles for the clinical applications of Mg alloys. 
Previous research provided various solutions such as polymer 

coatings, composition optimization, corrosion potential opti-
mization and so on, in an attempt to retard the rapid corrosion 
reaction of Mg alloys (10).

Current research has mainly focused on reducing the 
degradation rate, and promoting the mechanical and biological 
properties (8,28,29). Specifically, researchers hope to develop 
a new magnesium alloy of the indicated ratios, one proved 
to be an ideal alloy system with appropriate mechanical 
performance, stable degradation speed and favourable 
biocompatibility. Since Mg‑based alloys are biodegradable, 
Mg alloy degradation induces dynamic micro‑environmental 
changes. Therefore, much effort is needed to fully understand 
how the alloy degradation process evokes physiological reac-
tions, especially for the sake of safety in considering potential 
usage in humans (30,31).

Zn is one of the essential elements in the human body, 
acting in a pivotal role in mediating the activity of hundreds 
of enzymes  (9). In its ionic form, Zn is also involved in 
the cell metabolism  (32,33). As implant‑related material, 
Mg‑Zn‑based alloys exhibit the lowest strength and ductility 
with varying corrosion rates. More importantly, Mg‑Zn‑based 
alloys could be RE‑free systems which could compete with 
the Mg‑RE‑based alloys and could be used in RE‑sensitive 
implants (10).

Meanwhile, the addition of light rare earth elements to a 
magnesium alloy can not only improve the corrosion resist-
ance and mechanical properties of the alloy, but also help to 
improve the anti‑coagulation behaviour of biological implants. 

Figure 4. Expression of mTOR protein in the different groups. Western blot 
analysis was performed to investigate p‑mTOR expression in the different L6 
cell groups. Compared with the control, 317L alloys and Ti‑6Al‑4V alloys 
groups, the expression of p‑mTOR in the Mg‑2Zn‑0.5Nd group markedly 
increased. *P<0.05 vs. control. mTOR, mammalian target of the rapamycin; 
p‑, phosphorylated; t‑, total.

Figure 5. Expression of AKT protein in the different groups. Western blot 
analysis was performed to investigate AKT expression in the different L6 
cell groups. Compared with the control, 317L alloys and Ti‑6Al‑4V alloys 
groups, the expression of p‑AKT in the Mg‑2Zn‑0.5Nd group markedly 
increased. *P<0.05 vs. control. AKT, protein kinase B; p‑, phosphorylated; 
t‑, total.
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The element Nd is a rare earth element with minimal toxicity. 
When a small amount of Nd is added to a magnesium alloy 
in an experimental situation, no significant cytotoxicity is 
found (12). More importantly, it has been reported that Mg‑2Nd 
alloys have the characteristic of a high elongation ratio, which 
improves the yield strength and degradation rate (11).

As a new kind of magnesium alloy, the microstruc-
ture, mechanical properties and degradation properties of 
Mg‑2Zn‑0.5Nd alloy have been previously studied. It showed 
excellent plastic deformation properties and moderate strength, 
and the corrosion resistance was significantly higher (34), so 
it has a good prospect of clinical application. But before the 
clinical application, it is necessary to evaluate its biocompat-
ibility. At present; the research of magnesium alloy materials 
is mainly based on the study of bone tissue and osteoblasts. 
There are few studies related to the skeletal muscle. But without 
the study of the effect of magnesium alloy on skeletal muscle, 
the biocompatibility of magnesium alloy materials is not 
comprehensive. The skeletal muscle as the dynamical device of 
the motor system is attached to the skeleton, which is of great 
significance to the maintenance of the posture of the human 
body and the movement of the joints. We may implant materials 
to repair injuries of the motor system. Whether it is suture or 
other internal fixation materials, it is inevitable that the muscle 
is contacted. The implant material is good, not only need to 
meet the excellent biocompatibility of osteoblasts, but also to 
ensure the good biocompatibility of skeletal muscle cells. The 
skeletal muscle biocompatibility of implanted materials is of 
great significance in the research process of implant materials.

We attempted to study the effect of Mg‑2Zn‑0.5Nd alloy 
on the proliferation of L6 cells, by culturing different alloy 
extracts with rat skeletal muscle cells. The results showed 
that in the Mg‑2Zn‑0.5Nd alloy group, the relative cell 
proliferation rate was higher than in the 317L group or the 
Ti‑6Al‑4V alloy group, and the difference was significant. 
Our study showed that Mg‑2Zn‑0.5Nd alloy has the ability to 
improve the proliferation of L6 cells. In order to clarify the 
mechanism of Mg‑2Zn‑0.5Nd alloy involved in improving 
the adhesion and proliferation of L6 cells, we analysed the 
expression of intracellular related proteins in the experi-
mental groups.

BMP is a member of the TGF family. Early studies have 
shown that BMP‑2 can induce bone and cartilage formation 
in vivo and play an important role in bone regeneration and 
repair. Later it was found that BMP‑2 not only exists in the bone 
matrix, but it is also found in other tissues. Musgrave et al (35) 
found that skeletal muscle satellite cells can also express 
BMP‑2. In recent years, other researchers have found that 
BMP‑2 is involved in the regulation of proliferation, differ-
entiation and apoptosis of many types of cells, thus affecting 
their biological behaviour  (36‑38). In  vitro experiments, 
Wei et al (39) found that BMP‑2 could promote the adhesion 
and proliferation of skeletal muscle satellite cells.

Our experiment found that the expression of BMP‑2 in the 
Mg‑2Zn‑0.5Nd alloy group was higher than that in the 317L 
alloy group or the Ti‑6Al‑4V alloy group, suggesting that 
Mg‑2Zn‑0.5Nd alloy can effectively promote the expression of 
BMP‑2 and may play an important role in promoting prolifera-
tion via the action of BMP‑2.

Figure 6. Expression of FoxO1 protein in the different groups. Western blot 
analysis was performed to investigate FoxO1 expression in the different L6 
cell groups. Compared with the control group, 317L alloys and Ti‑6Al‑4V 
alloys groups, the expression of p‑FoxO1 in the Mg‑2Zn‑0.5Nd group 
markedly increased. *P<0.05 vs. control. FoxO1, forkhead box protein O1; 
p‑, phosphorylated; t‑, total.

Figure 7. Expression of P38 protein in the different groups. Western blot 
analysis was performed to investigate P38 expression in the different 
L6 cell groups. p38 protein expression was observed in all of the groups; 
however, there no significant differences were identified between the groups. 
p‑, phosphorylated; t‑, total.
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How does Mg‑2Zn‑0.5Nd promote the expression of BMP‑2? 
Studies have shown that the BMP‑2 receptor (serine/threonine 
kinase) is regulated by PI3K/AKT and the MAPK pathway (40). 
AKT kinase, which is activated by growth factors, hormones and 
drugs, regulates cell proliferation and survival (41). It has been 
proved that magnesium ions can activate the PI3K/Akt sign-
aling pathway (42). In the process of degradation, magnesium 
alloys can release magnesium ions to regulate the expression 
of Akt and activate the downstream target proteins, and then 
affect cell adhesion, proliferation and differentiation. mTOR 
is a downstream factor of AKT which induces cell differentia-
tion (22,43). mTOR as a serine/threonine protein kinase plays 
an important role in BMP2‑induced changes in cell metabo-
lism (44). A previous study demonstrated that the AKT‑mTOR 
signalling axis plays a vital role in mediating proliferation and 
apoptosis (45). To be more specific, mTOR negatively regulates 
autophagy, which is manipulated by several upstream activators 
such as PI3K‑AKT and MAPK (46). Phosphorylation refers to 
the addition of a phosphate group to a protein or other type of 
molecule, thereby changing its activity. p‑mTOR is the active 
form of mTOR, and the activation of AKT is dependent on the 
phosphorylation of AKT. Therefore, we measured the levels 
of both p‑AKT and p‑mTOR, and found that both p‑AKT and 
p‑mTOR were increased in the Mg‑2Zn‑0.5Nd alloy group. 
Furthermore, we speculated that Mg‑2Zn‑0.5Nd can activate 
mTOR via the PI3K/AKT pathway, and thus increase the 
expression of BMP‑2.

FoxO1 is also one of the essential transcription factors in 
the regulation of cell proliferation and differentiation  (47). 
Specifically, FoxO1, which is expressed in skeletal muscle 
cells, Inhibit the proliferation of skeletal muscle cells  (48). 
Yamashita et al (49) found that an increased expression of FoxO1 
reduced the proliferation of muscle cells, and suggested that 
FoxO1 could inhibit the proliferation of skeletal muscle cells 
in vitro. In this study, p‑FoxO1 levels were increased, suggesting 
that Mg‑2Zn‑0.5Nd alloy can activate p‑FoxO1, thereby inhib-
iting the excessive growth of cells. In our experiments, we found 
that the expression of p‑P38 was not increased. p‑P38 is the active 
form of P38 and the upstream factor of the MAPK pathway. We 
therefore speculate that Mg‑2Zn‑0.5Nd alloy does not affect the 
differentiation of L6 cells through the p38/MAPK pathway.

Above all, in the present study we demonstrate that the 
novel alloy Mg‑2Zn‑0.5Nd shows no cytotoxicity in  vitro 
and even exhibits a stimulatory effect on cell proliferation. 
Meanwhile, further studies into the molecular mechanisms 
suggests that Mg‑2Zn‑0.5Nd may affect BMP‑2 protein 
expression through the PI3K/AKT/mTOR pathway and thus 
promote the proliferation of L6 cells.
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