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Abstract
BACKGROUND: Magnesium alloy has better biocompatibility and can accelerate growth of osteoblasts, but its
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clinical use is limited because of a high corrosion rate in the physiological environment.

OBJECTIVE: To explore the effect of calcium phosphate coating (Ca-P coating) on corrosion resistance and biocompatibility of AZ31
magnesium alloy scaffolds.

METHODS: Using chemical vapor deposition, Ca-P coating was prepared on the surface of AZ31 magnesium alloy scaffolds. (1) Immersion
test in static state: AZ31 magnesium alloy scaffolds with or without Ca-P coating were independently immersed in the DMEM medium and the
material corrosion rate of each scaffold was tested at 10, 20 and 30 days after immersion. (2) Cytotoxicity test: MC3T3-E1 cells were cultured
in the extracts of AZ31 magnesium alloy scaffolds with 100%, 75%, 50% and 25% Ca-P coatings, and cell proliferation and toxicity grade were
determined at 1, 3, 5 days after culture. (3) Cell adhesion assay: MC3T3-EL1 cells were separately seeded onto the surface of AZ31
magnesium alloy scaffolds with or without Ca-P coating, and cell number was counted at 6, 12 and 24 hours after culture. (4) Cell proliferation
test: MC3T3-EL1 cells were separately seeded onto the surface of AZ31 magnesium alloy scaffolds with or without Ca-P coating, and cell
number was counted at 1, 3, 5 days after culture. (5) Aggregation test of blood cells: AZ31 magnesium alloy scaffolds with or without Ca-P
coating were immersed in anticoagulant rabbit blood samples, and amounts of red blood cells, white blood cells and platelets were determined
at 8 minutes after immersion.

RESULTS AND CONCLUSION: (1) The corrosion and toxicity rate of AZ31 magnesium alloy scaffold with Ca-P coating was lower than that
without Ca-P coating (P < 0.05) without coatings. (2) Cell toxicity of AZ31 magnesium alloy scaffolds with Ca-P coatings of different
concentrations was grade 0 to 1. (3) The number of cells adherent to the surface of AZ31 magnesium alloy scaffolds with Ca-P coating was
significantly higher than that without Ca-P coating at 12 and 24 hours after inoculation (P < 0.05). (4) The number of cells cultured in the
extract of AZ31 magnesium alloy scaffolds with Ca-P coating was significantly higher than that cultured in the extract of the scaffold without
Ca-P coating at 3 and 5 days after culture (P < 0.05). (5) The number of red blood cells, white blood cells and platelets in the scaffolds with or
without Ca-P coating has no difference (P < 0.05). To conclude, Ca-P coating not only slows the corrosion rate of AZ31 magnesium alloy

scaffolds, but also improves the scaffold biocompatibility.

Subject headings: Materials Testing; Corrosion; Cell Adhesion; Cell Proliferation; Tissue Engineering
Funding: the Scientific Research Program of Gansu Provincial Universities, No. 2018B-013; the Scientific Research Project of the First
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*2 FRIRESEHAR AZ31 HEEXERIBR T MCIT3-E1 HAEHTIE K B A4 X £ KR (n=6)
Table 2 Absorbance values and relative cell growth rates of MC3T3-EL1 cells cultured in the extracts of AZ31 magnesium alloy scaffolds with
100%, 75%, 50% and 25% calcium phosphate coatings

H) 1d 3d 5d
WL (es) MM A KA WL (xes) WA RA) WL (es) AR K (%)
931 o LA 0.170+0.027 100.0 0.312+0.072 100.0 0.347+0.032 100.0
25%IR R FEH AL 0.147+0.042 86.5 0.344+0.059% 110.3 0.406x0.082% 117.0
50%IR R HEH 4L 0.147+0.016 86.5 0.341+0.029% 109.3 0.369+0.057% 106.3
TE%IR I B 0.146+0.032 85.9 0.324+0.035° 103.8 0.358+0.037° 103.2
100%3K [ 52 H 41 0.148+0.026 87.1 0.321+0.037% 102.9 0.37620.024% 109.2

FiE: SR 1d g, *P<0.05.
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Figure 1 Scanning electron microscope and energy
spectrum analysis results of AZ31 magnesium alloy
scaffolds with calcium phosphate coatings
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Figure 2 The in vitro corrosion morphology of AZ31 magnesium alloy scaffolds with or without calcium phosphate coatings at 30 days after
immersion in DMEM medium under scanning electron microscope
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b B Figure 5 The number of adherent Figure 6 Cell proliferation on the
Figure 3 In vitro corrosion rates of the AZ31 MC3T3-E1 cells on the surface of AZ31 surface of AZ31 magnesium alloy
magnesium alloy scaffolds with or without magnesium alloy scaffolds with or without scaffolds with or without calcium
calcium phosphate coatings at different time calcium phosphate coatings phosphate coatings
after immersion in the DMEM medium Ky S50 AZ31 Ba4e ik, P < B S5EERRE AZ31 B4
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Figure 4 The number of adherent cells on the surface of AZ31
magnesium alloy scaffolds with or without calcium phosphate coatings
at 24 hours after inoculation (acridine orange staining, x400)
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Figure 7 Blood cell aggregation on the surface of AZ31 magnesium alloy scaffolds with or without calcium phosphate coatings
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ST SR
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22 #AZAZELER B8R T{EDMEMY ks F 5
HIRZII30 dJE, HSEEREAZIIEES 4 WA 2 AZ31
BEA SR B . TEES R 2 AZIL A S S SRR
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A>T 23 AT W JE T = D A 2 PR T R S e A
W Bt BIRISI(ERY). TERRIEM= WG, SSBERE S LR
JEAZILEE S 4 SRR AR RE s T W b G B S e, 8Rif,
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ORI AL, R An SN A), o JZAZ31EE
B G S AT T B (R 19 RN e (Bl 2C, D), T
AT ES BRI AZI L O 4 S AR UG T P e BE
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Table 1 Elemental composition of the corrosion products on the
surface of AZ31 magnesium alloy scaffolds with or without calcium
phosphate coatings

T BHBERIE AZ31 Bir 4 ToiRIE AZ3L Bt 4
TR H(%) T EI (%) FESE%) T H(%)
o 51.77 58.98 58.13 63.97
c 15.24 23.13 10.01 56.20
Ca 16.59 7.54 4.41 1.94
P 10.12 5.95 2.50 1.42
Mg 2.68 2.01 23.87 17.21
Na 1.89 0.75 1.08 0.70
Cl 1.70 0.88 2.10 1.02

EDMEMZI o 5 77 R iR 3010, 20, 30dJn, kiR
JERTCER I AZILBEA S S A JEE i R B 3T . 2l
30 dJE, TCIR/EAZ3LEE G 43 2RI 5 s 26 £ 26.21%,
LR 2 AZILEE A & SR I il 2604 10.38% . 55 TGIR
JEAZIVEEA &SR I o R AR G, B ER 2 AZ3 LS
SR B b % W S Jk 12 (P < 0.05).

23 mitFrEkER WR2PTR, EHM MK FEL 3,
5dji, ANHEWKESBRZEAZILES & LB
MC3T3-E140 B AR A K B AR (1) s 38> 75%, R
PEISORMEHL RS IZAZ3VEE A & 2R B S5 0
0F 1%, RFESIHIRZEAZI1VEE G4 X HEXTMC3T3-E141 il
WA R .

2.4 mIpFEW R R EAT ORI BEBRagR, 55
BIEAZIVES &ML, FHRIEAZIEE & & E
[RGB 40 Ml W5 1 . 55976, 12, 24 h, SRz
FITCIRZAZIVES SR L W B S s, E5RER )
AZIVEEA 430 4R12, 24 hR RN 40 i 2 2 T o)z
AZ3LEE G AR IN(P < 0.05).
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T ER ST G BRI TCR 2 AZIL B B 4 S SR AR 1 if 4
MF SRS UL, B0 Z R IR IZAZ3LEE G 4 S BRI
MANM RS R WMB TR WETAFTR, RETHR
JAFITCUR |2 AZB LA 4 S AR 1T ) 21 48 i 43 531) 24 19.90%
H120.46%, WAL 4RI LM S 25 (P > 0.05), W&
7B/, AL T ES R IZ R IR ZAZILEE A & S QR THI 1)
140 43 51 4 31.21%126.24%, 195 41 9 41 g 58 45 W it
Z5 (P > 0.05). WIE7CHR, RETEBREMILRE
AZ31EE 4 SRR TH R /MR 2397 29 19.03%F123.22%,
WL/ SR B TG 22 (P > 0.05). X et L], hT it
KA AT A, B5 R IZAZ3LEES &R B 1 B 1Y
14 AR A

3 i#i¢ Discussion
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