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An in vitro study on the biocompatibility of WE magnesium alloys
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Abstract: Magnesium alloys are being actively studied for
intravascular stent applications because of their good
mechanical strength and biocompatibility. To rule out the
high allergenicity of nickel and neurotoxicity of aluminum
element, four kinds of WE magnesium alloys (where “W"”
represents the metallic element Y and “E” represents mixed
rare earth (RE) elements; Y: 2.5, 5.0, 6.5, and 7.5 wt %; Nd:
1.0, 2.6, 2.5, and 4.2 wt %; Zr: 0.8 wt %) were chosen for in
vitro investigation of their biocompatibility using cell culture.
The results showed that, with the increase of rare earth ele-
ments in WE magnesium alloys, fibrinogen adsorption
decreased and coagulation function was improved. It was
also found that WE magnesium alloys promoted the adhe-
sion of endothelial cells. With the increase of adhesion time,

adhered cell numbers increased gradually. With 25% extracts,
all the WE alloys promoted cell migration, while 100%
extracts were not conducive to cell migration. Based on the
above results, WE magnesium alloys 5.0WE (5.0Y-2.6Nd-
0.8Zr) and 6.5WE (6.5Y-2.5Nd-0.8Zr) have better biocompati-
bility as compared with that with 2.56WE (2.5Y-1.0Nd-0.8Zr)
and 7.5WE (7.5Y-4.2Nd-0.8Zr), and could be as the promising
candidate materials for medical stent applications. © 2015
Wiley Periodicals, Inc. J Biomed Mater Res Part B: Appl Biomater 00B:
000-000, 2015.
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INTRODUCTION

Materials used for intravascular stent applications can be
mainly classified as non-degradable and degradable materi-
als. The non-degradable stent materials include common
stainless steel, cobalt, nickel titanium alloys. Although they
have certain curative effect in clinic, non-degradable mate-
rial stents are implanted in human body permanently and
could cause a series of adverse reactions, such as persistent
physical stimulation, local chronic inflammation, and endo-
thelial dysfunction.”® To overcome these problems, biode-
gradable stents materials have been actively investigated in
recent years.*”” Common biodegradable stent materials
mainly include biodegradable polymer materials, pure iron
and magnesium alloys. Although polymer materials have
many advantages over metallic stent materials,>’ the same
radial force with blood vessels is not guaranteed in the
stent implantation, which restricts its retraction rebound.
For this type of stent implantation, in addition, the balloon
cannot expand fully and heat is needed, which could bring
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unpredictable damage to patients. Because the density of
polymer materials is small and cannot be detected by X-ray
imaging technique, the polymer stent implantation is diffi-
cult to position.'®'? As for iron stent materials, they can
overcome these problems encountered with polymer stents.
However the degradation rate is too slow in the body. As a
result, the vascular repair and the degradation of stent can-
not achieve the synchronization.'>**

Therefore, the development of new biodegradable stent
materials is very necessary. Because they are cost-effective
and degradable, magnesium alloys with good mechanical
compatibility and biocompatibility have become a research
hotspot for stent applications.'>° The research results
reported by Mario et al.*° show that WE43 magnesium alloy
stents inhibited smooth muscle cell proliferation, acceler-
ated endothelialization speed. Waksman et al.*! studied the
safety of magnesium alloy stent and their results showed
that the scaffolds had certain influence on the formation of
porcine artery intima. When the magnesium alloy materials
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can be safely used in clinical medicine, their mechanical
properties should be matched the requirements, along with
excellent biological effectiveness and safety. Whether a
material can be used as biomedical material, its biocompati-
bility is also the key property for its success.**

The moderate intake of rare earth elements help to
improve the immunity of the organism because the low tox-
icity of rare earth elements is similar with iron and lower
than some organic synthetic drugs or transition metal com-
pounds.?® In addition, the rare earth elements can prevent
arteriosclerosis and also be used for anti coagulation,
inflammatory.** When the rare earth elements are added to
magnesium alloys, they will produce the strengthening
effect, reduce weld cracking and improve the compactness
of castings.?®> The mixed rare earth elements can also
improve corrosion resistance of magnesium alloys in chlo-
ride environment, which is mainly due to the formation of
mixed rare earth oxide film on the surface of magnesium
alloys.2%?” Thus in this study, the researchers have ruled
out the high allergenicity of nickel and neurotoxicity of alu-
minum element, and chosen Y, Nd, and Zr as alloying ele-
ments for WE magnesium alloys with a variety of biological
functions. The biocompatibilities of these WE magnesium
alloys were investigated using in vitro cell culture. Such
experimental research will provide a preliminary evaluation
of WE magnesium alloys as stent materials, and provide the
basis and reference for their future clinical applications.

MATERIALS AND MIETHODS

Materials

Activated partial thromboplastin time (APTT) and Prothrom-
bin time (PT) assay kits were purchased from Jiancheng
Bioengineering, Nanjing, China. Fibrinogen antibody, horse-
radish peroxidase (HRP) labeled monoclonal goat anti rabbit
immunoglobulin, 3,3,5,5-tetra methyl benzidine (TMB) were
purchased from Beijing Biosynthesis Biotechnology, Beijing,
China. Monoclonal Rabbit anti human P-selection and
dimethyl sulfoxide (DMSO) were purchased from BOSTER,
Wuhan, China. Roswell Park Memorial Institute (RPMI)
1640 medium and fetal bovine serum (FBS) were obtained
from Hyclone Company, China. Magnesium alloys used in
this study were 2.5WE (Mg-2.5Y-1.0Nd-0.8Zr); 5.0WE (Mg-
5.0Y-2.6Nd-0.8Zr); 6.5WE (Mg-6.5Y-2.5Nd-0.8Zr); 7.5WE
(Mg-7.5Y-4.2Nd-0.8Zr).

Cell culture

Human umbilical vein endothelial cells (HUVECs) were cul-
tured in RPMI1640 medium supplemented with 10% FBS in
an incubator containing 5% CO, at 37 °C.

Preparation of materials

The samples with a dimension of 8 mm in diameter and
2 mm in thickness were cut from extruded bars for the
hemocompatibility test. Each sample was polished by
2000# grit sandpaper, ultrasonically cleaned in absolute
ethanol for 10 min, and dried at room temperature. Accord-
ing to the methods in literature,"* sample extracts were pre-
pared using RPMI 1640 serum medium as the extraction
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medium, with the quality of extraction medium ratio being
1.25 cm® mL™! in a humidified atmosphere of 5% CO, at
37 °C for 72 h. The extraction medium was diluted to 25
and 50% solution with RPMI1640 medium supplemented
with 10% FBS and refrigerated at 4 °C.

In vitro blood compatibility evaluation

Blood was obtained from normal volunteers in accordance
with the protocol approved by the ethical committee of the
College of Bioengineering of Chongqing University. The
blood was treated with 3.8% solution of sodium citrate at a
ratio of 9:1, which was used as an anticoagulant. To get the
fresh human platelet-rich plasma (PRP) and platelet- poor
plasma (PPP), the blood was centrifuged at 1200 rpm for
10 min and at 3000 rpm for 15 min using the Eppendorf
5417R refrigerated micro centrifuge (Eppendorf, Shanghai,
China).

The samples were incubated with 500 pL PPP in culture
plate for 2 h at 37 °C, and cleaned with a solution of lamb
serum PBS closed liquid for three times. The samples were
then transferred to new culture plates. The samples surface
was covered by sheep serum PBS with goat anti human
fibrinogen antibody. Then they were incubated for 1 h at 37
°C, washed with PBS for three times. The surface of the
samples was first drained and then the samples were put
into the new culture plates, adding chromogenic reagent
TMB, reacted for 5-10 min. The color reaction was termi-
nated with 1 mol L™' sulfuric acid. The absorbance was
examined and recorded by an enzyme micro-plate reader
(Bio-Tek ELX800, USA) at a wavelength of 405 nm.

When the thromboplastin of calcium ion tissue was
put into plasma, the clotting mechanism started, making
the prothrombin changed into thrombin, fibrinogen
changed into fibrin. Then plasma solidification occurred
for a certain period of time. If the exogenous coagulation
process showed factor deficiency, the clotting time
extended. The degree of the extended clotting time was
proportional to single factor or all the lack degree of rele-
vant factors. The 50 pL of testing PPP was incubated at
37 °C for 3 min. Then 100 pL of preheating prothrombin
reagent was added, and mixed immediately. The plasma
clotting time was recorded by a coagulometer (CA-50, Sys-
mex, Japan).

The APTT reagent was added into the plasma, blended
in water bath with a constant temperature of 37 °C. With
the effect of Ca®", the intrinsic coagulation system was acti-
vated; fibrinogen was changed into insoluble fibrin. The sol-
idification time can be detected. Such time was called APTT.
The samples were covered by 200 pL PPP in a 24-well plate
for 15 min at 37 °C. Then 50 pL PPP and 50 pL APTT Kits
were added and incubated for 3 min at 37 °C. The 50 uL
warm-up solution of CaCl, was added, and mixed immedi-
ately. The plasma coagulation time was recorded by a coag-
ulometer (CA-50, Sysmex, Japan).%®

Fluorescence staining

Human umbilical vein endothelial cells HUVECs were placed
into six-well plates (1 X 10°cells/well) for 24 h. Then the
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FIGURE 1. The fibrinogen adsorption on the surfaces of the magne-
sium alloy samples.

original medium was removed. About 1 mL of different con-
centrations of extracts were co-cultured for 24 h. The
nuclear morphology was studied by fluorescence staining.
After three times PBS washing, the samples were fixed with
4% paraformaldehyde at 4 °C, and then washed with PBS
for three times. After 15 min of blocking of non-specific
binding with PBS containing 1% bovine serum albumin, the
samples were washed with PBS solution one time for 5 min.
Then the co-cultured cells were treated with 0.5 mL of
Hoechst 33258 at room temperature for 5 min. Controls
were obtained by omitting the nuclear counterstaining. The
samples were washed with PBS three times, each time for 3
min, to clear the redundant fluorescent dye. All samples
were evaluated by a fluorescence microscope (Leica DMI
4000B, Germany).’

Cell adhesion

HUVECs were placed into 24-well plates (1 X 10°cells/well)
for 24 h. Then the original medium was removed. 0.5 mL
different concentrations of extracts was added into the 24-
well culture plate and incubated for 24 h. The normal cul-
tured cells and co-cultured cells with extracts were col-
lected. The cell concentration was adjusted to 1 X 10°cells/
well in a 24-well plate. Then cleaning with PBS for three
times after 30 min, 1 h, 2 h, and 3 h, non adherent cells
were thoroughly washed. The cells were examined with
inverted microscope in five randomly selected areas and
counted.
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FIGURE 2. The PT of the magnesium alloys in vitro.

JOURNAL OF BIOMEDICAL MATERIALS RESEARCH B: APPLIED BIOMATERIALS | MONTH 2015 VOL 00B, ISSUE 00

ORIGINAL ARTICLE

32

30 r
28

26 1

Timels

24
22

20

Mg 25WE S50WE 65WE 75WE
FIGURE 3. The APPT of the magnesium alloys in vitro.

Cell migration
HUVECs were placed into 24-well plates (1 X 10°cells/well)
for 24 h. Then the original medium was removed. Nearly
0.5 mL different concentrations of extracts was added into
the 24-well culture plate and incubated for 24 h. When the
cell fusion degree reached 90%, the HUVECs would syn-
chronize for 24 h with 1640 lacking serum. When the cells
grew into monolayer, several vertical and parallel lines of
about 0.7 mm were drawn on the sterile pipette tip in the
same position, then washed two times using sterile PBS,
and incubated normally by 1640 containing 10% fetal
bovine serum. The cell migration was observed after 0 h, 12
h. The samples were compared by the migration area ratio.
The migration area ratio of the samples was calculated
using the following formula:
Migration area ratio = (1—At/A4,) X100% (@)
Where 4 is the starting scratch area, At refers to the migra-
tion of the scratch area.

Statistical analysis

Statistical analysis was performed using Statistical Program
for Social Sciences (SPSS, version 11.0). All data were
expressed as mean * SD. Comparisons among group means
were determined by one-way analysis of variance (ANOVA).
Multiple comparisons between two means were conducted
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FIGURE 4. The HUVECs numbers after incubating magnesium alloys
for 24 h, *, significant difference (p < 0.05).



FIGURE 5. Typical optical microscopy images of adhesion of HUVECs at 1 h, 2 h, 3 h (X200).

by Duncan’s multiple range method. p <0.05 was consid-
ered statistically significant.

RESULTS
In vitro blood compatibility evaluation
Fibrinogen is known as coagulation factor I. It is a protein
which was synthesized by the liver. It is the most abundant
plasma coagulation factors in blood and plays an important
role in the blood coagulation process. The WE magnesium
alloys used in this study were 2.5WE (Mg-2.5Y-1.0Nd-0.8Zr);
5.0WE (Mg-5.0Y-2.6Nd-0.8Zr); 6.5WE (Mg-6.5Y-2.5Nd-0.8Zr);
and 7.5WE (Mg-7.5Y-4.2Nd-0.8Zr). Figure 1 showed the fibri-
nogen adsorption data on pure magnesium and WE magne-
sium alloys. It can be seen that, with the addition of rare
earth elements, adsorption of fibrinogen decreased and coag-
ulation function was improved.

The results of APTT and PT assays are shown in Figures
2 and 3. The results showed that addition of the rare earth
elements in magnesium increased the APTT and PT with
longer clotting time.

Fluorescence staining

HUVECs fluorescence staining results showed that no blue
fluorescence images of broken fragments were found after
co-cultured for 24 h. For pure magnesium and all the WE
alloys, the 100% concentration of extracts gave lower num-
ber of blue fluorescent points than the 25 and 50% concen-
trations of the extracts. To facilitate cell count, five random
scopes were selected and counted under the microscope.
The results were shown in Figure 4. With the addition of

rare earth elements, the number of adherent cells increased
with addition increased and started decreasing for 7.5WE.

Cell adhesion and migration

Because magnesium alloys degraded easily, the cell adhesion
and growth on the surface were not easily observed directly.
In this study, materials extracts were used to study the impact
of the WE alloys on the adhesion of endothelial cells. As seen
from the optical images in Figure 5, the HUVEC cells began
adhesion at 1 h, and then showed spreading trend at 2 h, and
some cells spreaded out completely at 3 h. Figure 6 showed
the adhesion numbers of HUVECs on pure magnesium and
WE magnesium alloys at different culture time. For pure mag-
nesium, cell adhesion number remained unchanged at the
three time points, while the magnesium alloy material pro-
moted cell adhesion. With the increase of adhesion time, the
number of cells adhesion increased. The 2.5WE, 5.0WE, and
6.5WE promoted cell adhesion more in comparison to 7.5WE.
The cell migration results were shown in Figures 7 and 8.
After 12 h, cell migration was obvious. The 25% concentra-
tions of the extracts of all the materials had a tendency to
promote cell migration. The 50% concentrations extracts of
2.5WE, 5.0WE, and 7.5WE had no significant migration effect.
100% concentrations extract of all materials were not condu-
cive to cell migration.

DISCUSSION

Analysis of blood compatibility

Under normal circumstances, the coagulation process can be
divided into three stages. The first stage is the activation of
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FIGURE 6. The adhesion numbers of HUVECs on pure magnesium and WE magnesium alloys at 1 h, 2 h, 3 h, *, significant difference (p < 0.05).
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FIGURE 7. The micrographs of HUVECs transmigration at 0 h, 12 h (X100).

the first coagulation factors to the formation of prothrombi-
nase. The second stage is the formation of thrombin and the
third stage is the fibrin formation. In addition, the PT and
APTT test results can be screened for various clotting factor
deficiencies and related inhibitors. Experimental results
showed that with the increase of rare earth elements, PT
increased compared with the control group. When the rare
earth elements were added to a certain number, the APTT
also showed an increasing tendency. Furthermore, fibrino-
gen is the most abundant plasma coagulation factors in
blood and plays a very important role in the blood coagula-
tion process. In the final stage of the coagulation process, as
a precursor fibrinogen, soluble fibrinogen is further trans-
formed into insoluble fibrin, resulting in blood
coagulation.>*3!

In this study, it was found that the amount of adsorbed
fibrinogen decreased with the increase of the rare earth ele-
ment, coagulation function also improved. The reasons may
be that the magnesium alloy material had less binding for
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FIGURE 8. The transmigration area proportion of HUVECs. *: signifi-
cant difference (p < 0.05).

fibrinogen, suppressed the common pathway of the blood
coagulation process, and did not lead to the activation of
the coagulation system. Therefore magnesium alloy material
had anticoagulation effects.

Cytocompatibility analysis

Cytocompatibility of magnesium alloy materials has a crucial
role to determine whether they can be used as vascular
scaffold materials. Affinity between materials and cells
mainly refers to the ability of cell adhesion and growth on
the material surface. Generally, protein mediated adhesion
mechanism and the affinity between materials and cells
emerges. The cell adhesion difference will further affect cell
proliferation, differentiation and other cell growth func-
tion.>**3 This in vitro cell study demonstrated that WE mag-
nesium alloys promoted endothelial cells adhesion. For 25%
concentration extracts, all the WE magnesium alloys
enhanced cell migration, while for 100% concentration
extracts the WE magnesium alloys were not conducive to
cell migration. The intrinsic mechanism of this phenomenon
still needs to be studied and elucidated. Too much or too lit-
tle alloying elements in the WE alloys was found to be not
conducive to the growth of cells.** It was not a simple pro-
cess to select one or several magnesium alloys with excel-
lent overall performance, which required systematic and in-
depth investigation to achieve mechanistic understandings.

CONCLUSION

The results of this study indicated that the WE magnesium
alloy materials had no uniform rule between the added
alloying elements and their in vitro biocompatibility. The
adsorption content of fibrinogen decreased while the coagu-
lation function gets improved with the increase of the rare
earth elements in the WE magnesium alloys. In general,

JOURNAL OF BIOMEDICAL MATERIALS RESEARCH B: APPLIED BIOMATERIALS | MONTH 2015 VOL 00B, ISSUE 00 5



addition of rare earth elements in magnesium alloys pro-
moted endothelial cells adhesions and migration. The in vitro
results obtained in this study evidently indicated that, as
compared with 2.5WE and 7.5WE, 5.0WE and 6.5WE magne-
sium alloys have better biocompatibility and could be prom-
ising candidate materials for medical stent applications.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

6

Yang JX, Cui FZ, LEE IS. Surface modifications of magnesium
alloys for biomedical applications. Ann Biomed Eng 2011;39:
1857-1871.

. Hornbergera H, Virtanenb S, Boccaccini AR. Biomedical coatings

on magnesium alloys—A review. Acta Biomater 2012;8:2442-
2455,

. Luo LL, Wang GX, Li YL, Yin TY, Jiang T, Ruan CG. Layer-by-layer

assembly of chitosan and platelet monoclonal antibody to
improve biocompatibility and release character of PLLA coated
stent. J Biomed Mater Res A 2011;97:423-432.

. Erne P, Schier M, Resink TJ. The road to bioabsorbable stents:

Reaching clinical reality? Cardiovasc Intervent Radiol 2006;29:11-16.

. Raimund E, Carlo DM, Jozef B. Temporary sccaolding of coronary

arteries with bioabsorbable magnesium stents: A prospective,
non-randomised multicentre trial. Lancet 2007;369:1869-1875.

. Hermawan H, Dubé D, Mantovani D. Developments in metallic

biodegradable Stents. Acta Biomater 2010;6:1693-1697.

. Peeters P, Bosiers M, Verbist J, Deloose K, Heublein B. Prelimi-

nary results after application of absorbable metal stents in
patients with critical limb ischemia. J Endovasc Ther 2005;12:1-5.

. Ferrar DF, Cillson RK. Hydrolytic degradation of polyglyconate B:

The relationship between degradation time, strength and molecu-
lar weight. Biomaterials 2002;23:3905-3912.

. He TB, Hu HJ. Functional Polymers and New Technology [M]. Bei-

jing: Chemical Industry Press; 2001.

Jabara R, Chronos N, Tondato F, Damian C, Keith R. Toxic vessel
reaction to an absorbable polymer-based paclitaxel-eluting stent
in pig coronary arteries. J Invasive Cardiol 2006;18:383-390.
Ramcharitar S, Serruys PW. Biodegradable stents. Miner Cardi-
oangiol 2008;56:205-213.

Lauto A, Ohebshalom M, Esposito M, Mingin J, Li PS, Felsen D,
Goldstein M, Poppas DP. Self-expandable chitosan stent: Design
and preparation. Biomaterials 2001;22:1869-1874.

Peuster M, Hesse C, Schloo T, Fink C, Beerbaum P, Von
Schnakenburg C. Long-term biocompatibility of a corrodible
peripheral iron stent in the porcine descending aorta. Biomateri-
als 2006;27:4955-4962.

Mueller PP, May T, Perz A, Hauser H, Peuster M. Control of
smooth muscle cell proliferation by ferrous iron. Biomaterials
2006;27:2193-2200.

Xu LP, Yu GN, Zhang EL, Yang K. In vivo corrosion behavior of
Mg-Mn-Zn alloy for bone implant application. J Biomed Mater
Res A 2007;83A:703-711.

Wang Y, Wei M, Gao JC. Improve corrosion resistance of magne-
sium in simulated body fluid by dicalcium phosphate dihydrate
coating. Mater Sci Eng C 2009;5:1311-1316.

GE ET AL.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

34.

. Lu P, Cao L, Liu Y, Xu XH, Wu XF. Evaluation of magnesium ions

release, biocorrosion, and hemocompatibility of MAO/PLLA-modi-
fied magnesium alloy WE42. J Biomed Mater Res B 2011;96B:
101-109.

. Ye CH, Zheng YF, Wang SQ, Xi TF, Li YD. In vitro corrosion and

biocompatibility study of phytic acid modified WE43 magnesium
alloy. Appl Surf Sci 2012;258:3420-3427.

. Zheng YF, Gu XN, Witte F. Biodegradable metals. Mater Sci Eng

R 2014;77:1-34.

Mario CD, Griffiths H, Goktekin O, Peeters N, Verbist J, Bosiers M.
Drug-eluting bioabsorbale magnesium stent. J Interv Cardiol
2004;17:391-395.

Waksman R, Pakala R, Wittchow E. Safety and efficacy of bioab-
sorbable magnesium-alloy stent in porcine coronary arteries:
Morphometric analysis of a long-term study. Abstracts Cardiovasc
Revasc Med 2006;7:81-126.

Zhou CR. Biological Evaluation of Medical Devices—Standard
Implementation Guide [M]. Beijing: Chinese Standard Press; 2000.
Guo BS. Research progress on application of rare earth in the
biology field[J]. Chin Rare-Earths 1999;20:64-68.

Peng SH. Research trends of rare earth in biomedical engineering
[J]. J Heath Toxicol 1994;8:206-209.

Rokhlin LL, Dobatkina TV, Nikitina NI. Constitution and properties
of the ternary magnesium alloys containing two rare-earth metals
of different subgroups[J]. Mater Sci Forum 2003;419-422:291-296.
Anja CH, Isabel G, Michael S, Jorg FL, Peter JU. On the in vitro
and in vivo degradation performance and biological response of
new biodegradable Mg-Y-Zn alloys[J]. Acta Biomater 2010;6:
1824-1833.

Walter R, Bobby KM. In-vitro degradation behaviour of WE54
magnesium alloy in simulated body fluid[J]. Mater Lett 2011;65:
748-750.

Wang HG, Yin TY, Ge SP, Zhang Q, Dong QL, Lei DX, Sun DM,
Wang GX. Biofunctionalization of titanium surface with multilayer
film modified by heparin-VEGF-fibronectin complex to improve
endothelial cell proliferation and blood compatibility. J Biomed
Mater Res A 2013;101A:413-420.

Ge SP, Wang GX, Shen Y, Zhang Q, Jia DY, Wang HG, Dong QL,
Yin TY. Cytotoxic effects of MgO nanoparticles on human umbili-
cal vein endothelial cells in vitro. IET Nanobiotech 2011;5:36-40.
Huang N [translation]. Tissue-Biomaterial Interactions [M]. Chem-
ical Industry Press, Beijing China; 2005.

Zeng WJ, Ling Y, Zhi XX. Biomechanics and biocompatibility
characteristics of cardiovascular stents. J Clin Rehab Tissue Eng
Res 2008;12:2531-2534.

Wang BC, Peng L. Protective effect of total flavonoids from spiro-
dela polyrrhiz (L) schleid on human umbilical vein endothelial cell
damage induced by hydrogen peroxide. Colloids Surf B Biointer-
faces 2007;60:36-40.

. Chen H, Montagnani M, Funahashi T. Adiponectin stimulates pro-

duction of nitricoxide in vascular endothelial cells. J Biol Chem
2003;278:45021-45026.

Wang GX, Ge SP, Shen Y, Wang HG, Dong QL, Zhang Q. Prelimi-
nary study on the biodegradability and biocompatibility of WE
magnesium alloys. Mater Sci Eng C 2012;32:2190-2198.

AN IN VITRO STUDY ON THE BIOCOMPATIBILITY OF WE MAGNESIUM ALLOYS



	l

