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0.4Zr-0.2Mn). % H EH B A RIZH RS 4
B e AH A, R 34 B3 (Scanning  Electron
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1.1 S:EAtH

SIS PR SR LT NZ30K A4, I Mn 76
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HEEVET BT IR S AR A al e ft. R G
FEEFEHEAR, AR S SO0 BER A AR B BRET |
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7-5-0.3) il i 5 LI LHAH R BOMRET | e, 1
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S B TR A1, 531555 A
FIXFHRZE 2 AUFIEIEE S SR A LU AT s
B HEh AR 2%, R P B ER £ 22 nh VA Y
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A EHERE S ERE 5. BikTriE
S 4% 50mL ZEOERE TG B, MY 15
mL BATURETHY PBS VA, A Bk ST RN B0
B, RBIEHEN S mL S, & 24 h idREEMT
&, B 48h B, JLidsk 240 h; TESLI S
WIARYESLBRE L S mL VESTH 88 Bk 60 mL {35+
o IESCIATI THISER, 0 S Sl
BRI

Be i sE X R (RpERE 375 (L-DMEM)+if
A MIEFBS) AT, LU 100:10:1 FLEIBCH]. 1%
PRET R YR T T R, EE pH; K
PRETHCH, BT IRIE e iE D, RBRERE AR
T, IEBRET A ARk

Y YE P SE 50 A KRR A PR R BB B8 1)
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AR BENEERE TR 7~12d JEER, AR A KRS
UM T 24 FUBLE, B P4 5437 C.
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K, BINEER SRR Ak %, g 24, 48,
72h BRI S Ak, SRR Mg-3Nd-
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GXRFRRAE S RIS h: BEA SRS
TH B KA G B T e et i, s wfh
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10.9, FZAEAH ] Ta) X3 N X BRI pH H &
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AHGEE, i HH T ST HE A A 2R B S DB e U
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SEM MZERBH: A4fEmim Ry Ao etk
W S ZAIR &, SRS SEAE NZ30K &4
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I BB TR RZE . Xie SRS T RIS
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HAEE S, S4ERERE, 4 Nd 528
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FHHA B AEIRAH, 7E B AT A LI Gd TR AN
A EREHR N JEF, BB BRI IS Bt
B3y,
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SO, TEAEDENE . DURTE . (R EE R SE  TH R
Wi, Samiee S5 AR SHEAE AZ9ID A4
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B R, Lin S S0 4e Rt 2 Na iRINEIsE &4



5513

o Wl CRaE” , e T EEAUE M, 2
B AR AN E TR, AR TR A
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S, ERRENESHERE, FinsAsss4
PERE. Fang ZEP RS BIBNE 22 4742 | AiBEmREhi%
W — 5 L) R 5 iR 12 0 T8 R
WERE TS EMYURMERETEE, TR TIREZ
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T SRS Ag IGIImBEN, Y AgE
BHh 0.2%8), AETEMEERS AR Ag A4
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FSAEN M SR, TERITAA LE s E IR
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4 i
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JE AL R -1.3912V, BFMEREE R 7.37x
107 A-em™, EAT R 3B TS .

Q)HEVEE A4 Mg-3Nd-0.2Zn-0.4Zr-2Mn {A4h
P RO T2, MrEE. RE. pH AN

(HPBVEES 4 Mg-3Nd-0.2Zn-0.4Zr-0.2Mn J&
WA, o DAfE b s ok, HA R I
H A HEAEZPE.

BE3CHEk:

[1] TangJ, Wang J L, Xie X H, et al. Surface coating reduces
degradation rate of magnesium alloy developed for
orthopaedic applications[J].
Translation, 2013, 1(1):41-48.

[2] Abdal-Hay A, Barakat N A M, Lim J K. Hydroxyapatite-

doped poly (lactic acid) porous film coating for enhanced

Journal of Orthopaedic

bioactivity and corrosion behavior of AZ31 Mg alloy for

orthopedic applications[J]. Ceramics International, 2013,



38 TR (BT 2022

39(1):183-195.

[3] Liu H N. The effects of surface and biomolecules on
magnesium degradation and mesenchymal stem cell
adhesion[J]. Journal of Biomedical Materials Research
Part A, 2011, 99(2):249-260.

[4] Johnson I, Perchy D, Liu H. In vitro evaluation of the
surface effects on magnesium-yttrium alloy degradation
and mesenchymal stem cell adhesion[J]. Journal of
Biomedical Materials Research Part A, 2012, 100(2):
477-485.

[5] Guan R G, Johnson I, Cui T, et al. Electrodeposition of
hydroxyapatite coating on Mg-4.0Zn-1.0Ca-0.6Zr alloy
and in vitro evaluation of degradation, hemolysis, and
cytotoxicity[J]. Journal of Biomedical Materials Research
Part A, 2012, 100(4):999-1015.

(6] Z=/0Mb, BRZEZN, i, 5. WIREREEERES R
B[] AEPE PR S IERDES, 2021, 18(4):92-96.

[71 Zhao Y, Jamesh M I, Li W K, et al. Enhanced
antimicrobial properties, cytocompatibility, and corrosion
resistance of plasma-modified biodegradable magnesium
alloys[J]. Acta Biomaterialia, 2014, 10(1):544-556.

(8] EE, imE, Vs, % Mo WEES &P ATCE Si
SATEIEART]. FERHEIESE 2016, 11(4):404-408; 417.

91 EgHE, (L, il ks S S aEORN I
TEHLR[). PPN Z, 2014, 43(17):221-23; 28.

[10] 452, HHUEE A n] FEMR R 5 42 (Mg-2Zn-0.5Zr-0.5Nd/Y)
HIRPEMERE . AEAH A TERBTA PR SE (D). JCRH:
FEBEFERE, 2020.

[11] Bondy S C. Low levels of aluminum can lead to

behavioral and morphological changes associated with

Alzheimer’s disease and age-related neurodegeneration[J].

NeuroToxicology, 2016, 52:222-229.

[12] T, IR, B, %5 Mg-3Nd-0.2Zn-0.4Zr &
GRS A RE ). FER S LA G54,
2008, 28(S1):254-258.

[13] Fu P H, Peng L M, Jiang H Y, et al. Chemical
composition optimization of gravity cast Mg-yNd-xZn-Zr
alloy[J]. Materials Science and Engineering: A, 2008,
496(1/2):177-188.

[14] Chang J W, Peng L M, Guo X W, et al. Comparison of the
corrosion behaviour in 5% NaCl solution of Mg alloys
NZ30K and AZ91D[J]. Journal of Applied Electro-
chemistry, 2008, 38(2):207-214.

[15] B0, FALE, FRE, % PUbBx NZ30K 4
B E I AE M RE A (7] APEHAE B4R,
2013, 34(8):20-25.

[16] Wen L H, Ji Z S, Hu M L, et al. Microstructure and

mechanical properties of Mg-3.0Nd-0.4Zn-0.4Zr magnesium
alloy[J]. Journal of Magnesium and Alloys, 2014, 2(1):
85-91.

[17] Xie H, Wu G H, Zhang X L, et al. The role of Gd on the
microstructural evolution and mechanical properties of
Mg-3Nd-0.2Zn-0.5Zr alloy[J]. Materials Characterization,
2021, 175:111076.

[18] Samiee M, Hanachi M, Seyedraoufi Z S, et al. Bio-
degradable magnesium alloy coated with TiO/MgO two-
layer composite via magnetic sputtering for orthopedic
applications: A study on the surface characterization,
corrosion, and biocompatibility[J]. Ceramics International,
2021, 47(5):6179-6186.

[19] Liu Y, Li HF, XuJ K, et al. Biodegradable metal-derived
magnesium and sodium enhances bone regeneration by
angiogenesis aided osteogenesis and regulated biological
apatite formation[J]. Chemical Engineering Journal, 2021,
410:127616.

[20] Sampatirao H, Radhakrishnapillai S, Dondapati S, et al.
Developments in plasma electrolytic oxidation (PEO)
coatings for biodegradable magnesium alloys[J]. Materials
Today: Proceedings, 2021, 46:1407-1415.

[21] Fang H, Wang C X, Zhou S C, et al. Exploration of the
enhanced performances for silk fibroin/sodium alginate
composite coatings on biodegradable Mg-Zn-Ca alloy[J].
Journal of Magnesium and Alloys, 2021, 9(5):1578-1594.

[22] Guo Y T, Jia S Q, Qiao L, et al. A multifunctional
polypyrrole/zinc oxide composite coating on biodegradable
magnesium alloys for orthopedic implants[J]. Colloids
and Surfaces B: Biointerfaces, 2020, 194:111186.

[231Guo Y T, Su Y C, Gu R, et al. Enhanced corrosion

of biodegradable

magnesium alloy modified by calcium phosphate/collagen

resistance and biocompatibility
coating[J]. Surface and Coatings Technology, 2020, 401:
126318.

[24] Wang J, Cui L Y, Ya D R, et al. In vitro and in vivo
biodegradation and biocompatibility of an MMT/BSA
composite coating upon magnesium alloy AZ31[J].
Journal of Materials Science & Technology, 2020, 47:
52-67.

[25] Zhang X B, Ba Z X, Wang Z Z, et al. Influence of silver
addition on microstructure and corrosion behavior of Mg-
Nd-Zn-Zr alloys for biomedical application[J]. Materials
Letters, 2013, 100:188-191.

[26] Pansky A, Roitzheim B, Tobiasch E. Differentiation
potential of adult human mesenchymal stem cells[J].
Clinical Laboratory, 2007, 53(1/2):81-84.



5513

Wil % BiRIEE A SIRET IR M Rt B ARG EE Y 39

[27] T/, AR, AR5 HHE SR 7 TG TT
AR ST B [J]. EIBRIRRLAE, 2021, 21(1):62-65.
[28] Sun H L, Wu C T, Dai K R, et al. Proliferation and

osteoblastic differentiation of human bone marrow-

derived stromal cells on akermanite-bioactive ceramics[J].

Biomaterials, 2006, 27(33):5651-5657.
[29] Andrzejewska A, Lukomska B, Janowski M. Concise

cell therapy in primary knee osteoarthritis: A narrative
review[J]. PM & R, 2019, 11(2):177-191.

[31] Pas H I, Winters M, Haisma H J, et al. Stem cell
injections in knee osteoarthritis: A systematic review of
the literature[J]. British Journal of Sports Medicine, 2017,
51(15):1125-1133.

[32] Lijima H, Isho T, Kuroki H, et al. Effectiveness of

review: Mesenchymal stem cells: From roots to boost[J]. mesenchymal stem cells for treating patients with knee
Stem Cells, 2019, 37(7):855-864.

[30] Jayaram P, Ikpeama U, Rothenberg J B, et al. Bone

osteoarthritis: A meta-analysis toward the establishment
of effective regenerative rehabilitation[J]. npj Regenerative

marrow-derived and adipose-derived mesenchymal stem Medicine, 2018, 3:15.

In vitro corrosion degradation and cell activity analysis of
new magnesium alloy screws
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( 1.Institute of Orthopedics, Henan Polytechnic University, Jiaozuo 454001, China; 2.School of Medicine, Ningbo University,
Ningbo 315211, China; 3.School of Medicine, Henan Polytechnic University, Jiaozuo 454001, China;
4.Department of Orthopedics, First Affiliated Hospital of Henan Polytechnic University, Jiaozuo 454002, China )

Abstract: The current study was designed to investigate the corrosion resistance, in vitro degradation behavior
and cell biotoxicity of new Mg-3ND-0.2Zn-0.4Zr-0.2Mn magnesium alloy based on NZ30K alloy. The
metallographic images of the new magnesium alloy were obtained by metallographic microscope, and the SEM
images were obtained by Scanning Electron Microscope. Electrochemical tests were carried out by using
Wuhan Coster Electrochemical Workstation, with which the potentiodynamic polarization curves were drawn.
Hydrogen precipitation volume was recorded and corrosion rate was calculated using Phosphate Buffer Solution
(PBS) to simulate the body fluid environment. Both the value of pH and weight curve were measured by cell
complete medium. Rat Bone Marrow Mesenchymal Stem Cells (BMSCs) were obtained, and a new magnesium
alloy extract was prepared using complete cell culture medium to detect the biological activity of the cells. The
corrosion potential, in vitro degradation and cell activity of ZA75 magnesium alloy were compared with 0.3%
Mn alloy as control group. The results show that the new Mg-3Nd-0.2Zn-0.4Zr-0.2Mn magnesium alloy has
finer and more uniform microstructure in equiaxed cross section, and lower uniformity in long strip structure in
longitudinal section. The higher self-corrosion potential is —1.3912V, and the lower self-corrosion current
density is 7.37x107 A-cm™. In vitro hydrogen evolution is lower, and weight loss and pH value variation are
relatively small. Degradation rate decreased and subsequently increased in a small range. The trend tends to be
mild. It has good cytocompatibility and can promote the proliferation differentiation of BMSCs cells. The new
Mg-3Nd-0.2Zn-0.4Zr-0.2Mn magnesium alloy has greater corrosion resistance, stable degradation rate and
good cellular compatibility. It has a broad prospect in practical application.
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