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Fig.1 Features and mechanisms of commonly used antimicrobial substances
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75 SEIER B G WERIRZ LS A . TIAN 205064
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WERIE 4 d JEHRARIREFEIT S0% 40 B 2% . 11 1,
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HL-NH)fESE & & SR MR iR 2 R I s,
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PE, R AT LA M MRSA 4, HIsoE K
PUBEIE 1.1 b 2 A I PR P AR R B e e R B
FERE AR 35 A0 M, X EE S 2 k. R
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Table 1 Effect of metal and its oxide on antibacterial and corrosion resistance of magnesium alloy

Ans:zf;e;ial Antibacterial composition Antibacterial ability Corrosu;tz/e(s[is.t:;ll(ig:)densny,
Mg - 50% -
Ag[sa] Mg-Ag alloy 90% Decrease
AP Ag nanoparticle 84.5% Increase (1.62X 10°—9.73 X 10"
Agh® AgNO; Inhibition circle (d=14 mm) Increase (1.05X 10*—>3.00X 10°%)
Ag” Ag-LDH Weak ability Increase (2.56 X 10°—2.09 X 10
Cul® MAO (Mg-0.6Cu) 95% (3 h), 100% (6 h) Increase (4.5X 10°—5.0X107)
Cul™ MAO-Cu (Mg-2Zn-1Gd-0.5Zr) 96% Increase (5.46 X 10 °—2.73 X107
CuO'"" HA@CuO (AZ60) 99.5% Increase (2.6 X 10°—6.0X107)
7nl™ Mg-Nd-Zn-Zr Alloy 94.8% (3 d) Increase
70" Zn/Sr 33.3% Increase (1.46X10*—9.27X10°°)
Znl™ Zn** Inhibition circle (¢=32 mm)  Increase (2.81X 10 °—>2.86X10")
ZnO"™! HA/ZnO (MggZn,sCay) Close to 100% Increase (1.13X 10 *—>1.25X107)
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Lt B I AL, HAEB A SR I SEHUE LT 0 4h
&, BUEZ IR YCR L RF AT, Si5h, |
THAE RPN ZGRZEZ B HED T, BE
JERERGHE, XA e SR BONE IR .
RFFPURAR . BEER . A IR M A 3 b i) R
e PR HL N (1 2R, I8 2 B AT R
B R R BT e LT o R A S R SR TT R
G

1.3 RARHE

B PR, ATt 5 48 K B 2R B R AR
JFORACPUIIN . BER R AEORIE S, M A
BIBOEE T 2k, Finld— L2 HRIRH
VRO 26 B R 2R A ML R B B B ARE . i

T2 DRSBTS P T E A R

B, primAs. prmAR ik ET IR EER, B2 By
TN R SR IE N B 4y
1.3.1 e RHATED

7o IR WE(CHIFEBE I B <o 3R T SSU: () 8 FH A
NIz, MEEREAALRFALE], CHI A HATEMIM
AW EEEE =R ) KE R SIERESER
AT FL PR AR BT 5 AT R 200 B (1% 24 i B T 4
M 2) H5&EE 4G, PR R A s s)
WAZBRT B 12 5 3) R I A BT PR A A, AT A
RNA [, CUL %P 2RI Lol #R, 4B
HAEREMWE T DNA/CHL. BAER/CHI £ )2,
YR 7R e U PE. B 2 B T2
¥ CHI 5 ENURES &, @it WEE &4 Z 8 2
75 H 1. YU 2500 MAO AW 22 T MAO/CHI
HEEBE, WREY, CHI MRiFhE ] 7 MAO /Y
ZALEEN, BRIK T BEE SRR, [FIN Rt
FErP R P R AT pH 220 SR DS . GAO 40
MIFIAH LbL FiARME T CHUFRHWANASEGZ
TR = eyt o 1 1§ T N P A e 3
RN /NAR R B, (5] B AR g A9 1 40 o P 55 A R 3
5. ALAEI Zfl BAHATIBIEKE 243 5|5
M CHI 5A4YpiE g U K ki s G i 5 &0
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Table 2 Effects of peptides and enzymes on antibacterial and corrosion resistance of magnesium alloys

Antibacterial molecule Antlbact.e’rlal Antibacterial ability Corrosion resistance
composition
HA Increase (Weightlessness
Antimicrobial peptide PS10™ . 50% (4 d) rate 36.13+1.5%—
coating

1.9(GLFGVLGSIAKHVLPHVVPVIAEKL-NH,)*"!

1.1(GLLSVLGSVAKHVLPHVLPHVVPVIAEHL-NH,)*"!

CB((NH,)-NGIVKAGPAIAVLGEAALCONH,)"*”

PU
coating

PU

coating

MgO
coating

Effective antibacterial
area about 245 mm”
(stretch), about 370

mm’ (toughness)

Effective antibacterial
area about 60 mm’
(stretch), about 110

mm’ (toughness)

95%

7.620.74%)

Slightly increase
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OH OH o
Al A
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Fig. 2 Molecular formula of commonly used biologically active substances
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JEE SR By L AR DA B R T ) B BT, AT 2
BAF PR R . cut UK TA T Hon AL
LR R ) & BT MAO P& IR IZ, WEFTERIH, TA
HRAR R TR R MAO WRENEE, BIKTIRE
LR FLBE 2, T 7 iRZ B G PiE M.
WANG Z'217E Mg-Zn-Y-Nd & 4 1fif 4% T TA &
MR R GRE, BT TA ImARERIH R
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B
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JEEEALIE, FHDAISE AZ31 BES St ik, (et
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RPN s kIS (LR 3). SR, 2
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Y AN 254 %
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RO MBKE(RKER. THER. XA
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B)o XTFE AL B EZ Y, Hbi KRR 4
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I AIAREE, AERREEA KE E . [FR,
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AR T8 5 WG, Ik, 2258 bh— e [k
SAE— S AR 10 JF 300 P SR R R T M L S
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Table 3 Effects of natural antibacterial agents on antibacterial and corrosion resistance of magnesium alloys

Antibacterial Antibacterial

Corrosion resistance density,

molecular composition Antibacterial ability Jeon/(Arcm )
CHI®Y AZ31-DNA/CHI (LbL)  93.6% (S.aureus), 94.2% (E.coil)  Increase (7.63 X 10°—>1.54X107")
CHI® AZ31-PGA/CHI (LbL) 97.32 % Increase (6.85 X 10 °—>4.04X107)
cHI® MAO/CHI 85.39% Increase (2.48 X 10 °—>6.71 X107
TAM MAO@TA 92.29% (S.aureus), 97.30% (E.coil)  Increase (1.47X10°—>5.22X107")
Curcumin''"” MOF 100% -
Tea polyphenols!" Mg”" mulilayer - Increase (1.62X 10°—>6.84X 107

conversion coating
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(2) GS (3) Amoxicillin
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Fig. 3 Molecular formula of commonly used drugs
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ZMR(PAA/PLL)R)Z, B RWTE R T M P,

(4) Vancomycin

WETEREYIIAN 6 h 4R EL T 58%, 1fi)E
YR BOR R R, BRI (Rl RFEE— ], 4
A EEAR GG RIE G 51697 R . £
fifi k., ZHAO %UIRH] LbL BoARAER: & 4 it
% T GS R I 2R R 2h(PAH)/PAA IR )2,
TERR SR A St i e 1 EIRE, T R A P
PERE. BRibz4h, KR Z 2RI H— 21 H
BEMRE. SIER, ZHAO 2555k 3R] A e
MBI IR SR E S B8 E & 7). B, e
WIERCNEE A &R LbL 1 % H i it Th B 1 i 2
() W7, TG T IR TR VR B I A Ak
B B 2 M vk PR g PR A 4
FE R LbL 4 T —H GS Mgk R H
R SRR K0 IR 2 (HA), 29908 iR 1k
F 7 400 h, HIHATOREIE B 2R TR LI D |
T 25%.
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B 7 LbL A&, BAKHSHESHI-RAD %534
F BRI GHK A 4 £ 3 PR N VD B2 (CTP), A RUGEK T 24
WU 1] o QI 26UV B DU BA 12 (Gelatin) 4 K A1
YENEAMTT (Simvastatin) Ak, 454 CHI #id
HITREAREI & IRE, B TR — RIEERBEI
FAN, WETTLALE 28 d WA RLZERE . SUN
SGIBOR BRI 7-F2d-4- AL H 5 R IR IR
FRIARIIRL, SCEL T iy M A IR A 18R
e BTN AR o U R T R
SRR JE IR R I B8 2 90K R

2N DU S T R BE I RS A3 4 B

4 ﬁ?ﬂﬁ%*ﬁﬂ[lw, 123, 126—-127]

Fig. 4 Common drug loading models!''* %> 12¢717]
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99% LA b, AT ARSI 55 K A G
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PC 02 AR AR AR R ) I R, — PR, TR AT
) G Gy 5~7 d, ABAS[ERRE BT 0T B 1) 2 Jk 4%
JAHIR S AN F ), PR S8 M 25 S K 5y %
e, SANEEER . HEL. RGO LA AL
BARSIADH KR 0 sah, RHT
(R TR ) R DL K A T i 245 12 S AT 1 4038 3 2 IR =
SRR

specific
surface
area

Table 4 Effects of different drugs on antibacterial and corrosion resistance of magnesium alloys

Antibacterial Antibacterial Antibacterial Corrosion resistance density, Release time
drug composition ability Joon/(A-cm %)
Inhibition circle
1pl'>4 PLGA-CHI@CIP - 24 h (68
¢ GA-CHI@C (d=(32+0.5) mm) (68%)
crpt' PLGA 100% (MRSA, 48 h) - 24 h (55%)
Gsl30 GS/PAA/PLL 4 orders lower than _ 6h (58%)
substrate
_ _ 12 h (18%)
[119] 6 7 s
PAH/PAA 499 I 01X1 69 X1
GS GS/ / 99.49% ncrease (8.0 0"—3.69X10 ") 288 h (100%)
Gst'! GS-HA 99.99% Increase (3.52 X 10°—>8.58 X 10°%) 24h (23.1%)
. . Gelatin@ - . 24 h (25%),
[135] _ % 6 % 6
Simvastatin Simvastatin Increase (6.05X10 "—2.15X10 ") 672 h (100%)
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Fig.5 Schematic diagram of preparation process for antibacterial coating on Mg alloy surface
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Table 5 Effects of different preparation methods and antibacterial factors on corrosion and antibacterial ability of different

kinds of magnesium alloys

Antibacterial Antibacterial Corrosion resistance density
Method All g - . ’
etho oy composition ability Jeor/ (A-cm 2)
Self-assembly!"*”! AZ31 Ag 98.72% Increase (6.97 X 10 *—1.42X 107)
nanoparticle
Self-assembly"! Mg-4Li-1Ca CHI 85.39% Increase (2.48 X 10°—6.71 X 10°%)
LbLUS AZ31D Ag Inhibition circle o e (5.64% 1045179 10°%)
nanoparticle (d=18 mm)
93.6% (S.aureus) 5 g
LbLP" AZ31 | 63x1 1.54x1
b 3 CHI 94.2% (E.coil) ncrease (7.63x10 °—1.54x10 ")
0,
Electrochemistry!"”" AZ31 TA 929523’%‘9(2”;2‘5) Increase (1.47 X 10°—5.22X107)
Electrochemistry!™” Mg TA Weak -
Hydrothermal method™”  Mg-3Zn-0.5Zr-0.5Sr Ag Weak Increase (2.56 X 10°—2.09 X 10°°)
nanoparticle
Hydrothermal method"™! AZ31 Zn Inhibition circle Increase (2.81 X 10°—2.86X 107"
4 (d=(32+0.5) mm) ' '
Hydrothermal method!"*” AZ31 GS 99.99% Increase (3.52 X 10°—8.58 X 10°*)
0
Hydrothermal method!'** AZ31 CIP 93.24% (S.aureus) 1 oase (134X 10*1.59X 10°)

98.65% (E.coil)
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Research progress of antibacterial coating on
surface of biodegradable bone implant magnesium alloys

CUI Lan-yue', XUE Kui', LI Shuo-qi', ZOU Yu-hong’, ZHANG Fen', LIU Cheng-bao', ZENG Rong-chang'

(1. College of Materials Science and Engineering, Shandong University of Science and Technology,
Qingdao 266590, China;
2. College of Chemical and Biological Engineering, Shandong University of Science and Technology,
Qingdao 266590, China)

Abstract: In recent years, the application of biodegradable implant materials has a fast development. Magnesium
(Mg) and its alloys have become a new generation of biodegradable metal materials with broad prospects due to
their good biocompatibility and biodegradability. However, the contradiction between the antibacterial properties,
resulted from the releasing of Mg®" ions and the alkalization of the surrounding environment in the process of rapid
corrosion, and the long-term mechanical properties as the bone implants needs to be resolved urgently. This paper
summarized the research progress of various metals and its oxides, biologically active substances, natural
antibacterial substances and photothermal and photodynamic therapy on antibacterial Mg alloys and antibacterial
coatings on the surface of Mg alloys. The preparation methods of various corrosion-resistant and antibacterial
coatings on the surface of Mg alloys were studied, and the influence of different antibacterial carriers on the
corrosion resistance and antibacterial activity of Mg alloys was discussed. The results show that the evolution of
antibacterial Mg alloys and antibacterial coatings on the surface of Mg alloys are gradually matured, but there still
are some problems need to be solved. Finally, the way forward of the antibacterial coating on the surface of
biomedical degradable Mg alloys is elaborated.
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