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Enzyme-responsive coating modification on surface of intraosseous implants for

precise prevention and treatment of postoperative related infection’
YU Haiping . HUANG Jiaqi L1 Zhe ,XIAO Jie ,BAI Xin ,WANG Yanping ,LIAO Xin"

(Department of Orthopedics,Jiande Municipal First People’s Hospital , Jiande ,Zhejiang 311600,China)

[Abstract] Objective To construct the (MMT/HA-TEC),,multilayer antibacterial coating on the sur-
face of intraosseous implants,and to explore its enzyme-responsive antibacterial effect. Methods The antibac-
terial coating structure was observed by the atomic particle microscopy.,its thickness was measured by the
spectral ellipsometry method and the surface contact angle was measured by the fully automatic contact angle
measurement instrument. The inhibition loop experiment was used to investigate the slow release rule of anti-
biotics with antibacterial coating in contact with enzymes and bacteria. The conductivity rate, extracellular
protein level detection and bacteriostatic effect test macroscopically exhibited the bacteriostatic effect of the
antibacterial coating,and the antibacterial stability of the coating was tested by the high pressure steam sterili-
zation. The bacterial live-dead staining experiments was used to explore the ability of antibacterial coating sur-
face for clearing the dead bacteria. The CCK-8 assay was used to analyze the biocompatibility of antibacterial
coating. The animal experiment was used to emphatically explore the in vivo antibacterial effect of the antibac-
terial coating. Results The (MMT/HA-TEC),, antibacterial coating thickness showed the linear growth from
(8.16+1.36)nm to (113.28+4. 44)nm during its assembly process. The contact angle was also significantly
enlarged, which was changed from 27. 1° before assembly to 65. 0° after assembly. The (MMT/HA-TEC),,
antibacterial coating was gradually degraded after the incubation with Staphylococcus aureus and hyaluronidase

(HAS) solutions,showing the good concentration dependent degradation properties. The antibacterial coating
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achieved the efficient bactericidal effect by changing the permeability of bacterial cell membrane. After the

high pressure steam sterilization treatment,its bactericidal rate was still greater than 99% ,and it could re-

move the dead bacteria on the material surface to some extent. The CCK-8 test showed that the (MMT/HA-

TEC),, antibacterial coating possessed the good biocompatibility. The animal experiments showed that the an-

tibacterial coating still had a good antibacterial effect in vivo. Conclusion The (MMT/HA-TEC),, antibacte-

rial coating has a highly efficient enzyme-responsive antibacterial function.
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B 1A &2 (MMT/HA-TEC),, ZZEHHE & ZEK
J A G B B P L L R T ML RS B O 84, 5 nm, i#E—2F
T Ao AR (5l P 1 W 22 2 R A A A R v R
FE R AR AR B0, AR T, R AR L BN K
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F(MMT/HA-TEC),, KM, R LG22 XL
(P>>0.05), PFifi 5 B fa) A 384 K-, 3 4 40 it 40 W v 19 2
FI7K AR A AR FE BE 3 m . (A (MMT/HA-TEC)
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(MMT/HA-TEC),, 24+ ¥} 3% T 1 21 & F1 58 &4l &8 19
B/ T xR, WA 4,

(MMT/HA-TEC) 10£R

4 MRREEARMEAEREELERITLE (100X)
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CCK-8 S5 & Bl 25 H 4 fl (MMT/HA-TEC) ,,
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L=t
3 -
w
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<<
1 -
04
4
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& 5 CCK-8 sE1%
2.6 R HEIEARAE N
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600 = 400 =
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~ 400+ Q
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£ S 200 -
i a a T
- -
— 200 -
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1 2 3 1
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1L-6 7K 3F &y (209. 55 + 8. 27) ng/L, 1L-10 /K ¥ K
(210.0646. 46) ng/L, TNF-o /K Jy (2. 104 0. 10)
pg/L, 1% 3 Pl R AE R bR 4 A FE IE B IS I Z N5 25 F A
B RAEFE bR AL FE 8 R K, SR TFARA K, 257
H G2 L (P <0, 05) , I BH 2% Yy 455 750 #2812
(MMT/HA-TEC),, d RIEFE b 4zia B F A 4L, 22 5
TG L (P=>0.05) , WK 6,
2.7 REFHS

2B AR NP R LB A XL,
B ZS Py BB BOR AR AN BARL, 1 (MMT/HA-
TEC),, HMRF AL, BT 9 B Ye X3R5 B 8, i
BRRRE, HE a5 R A M E AP HE T HAEKR
YRR AN M (BT Sk TS ) L BB E IR A R R
M7E (MMT/HA-TEC),, 40 B F AR 41 3 A& K & 3
AR AL, 16 T Rk e Bl Dy 4 o B R K 2R R, UL
K7,

TNF-a (pg/L)

2 3 1
5|

12 A2 BT ARL;3: (MMT/HA-TEC) |, 41;": P<C0. 05, 52 HALILEL,
6  BARMIEREN
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B PR 9 R S S e ) A I PR T A P L Y
FU 5T 11 10 R, BE 0 S6 T B R R S A R A R
MG & SRR R . BRI R il
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R A A S KA bR 3 1 B 2 48 7E S AR A1 R
SR M RE Y AT T L T H 3 T R 00 M AR Eb B e
PE VK YE R AR ST TR R 3 1 B R
I 32 1 A AH R A R IR R AR 2 A ). (D)
oA R OE A AT R g L 3k AE AR BRI B4, B
FEJE B 18] P9 R B R, 2 05 HBE R B i b B 2
Yy L0 kAN B R BA SO ENY . (O BRIZ MR
B o 0t B I 40 B A0 ) 4 Bk B 7R M R B0 2 R L Y
M) 7 TR 205 SR L A R 9 PR L SR AN R 2 2 5 4N T R )
AR T B L 0 — A B I HTR e A XD B R A
WAR S B e ) 3 B B0 B B A 0 R A BRI R
Pe IR L S K HAS™

AT 5 7E 21 2% 22 J2 B A 2ok R P L SR ' 3 A 5 O
RiEEBREZERNEREZIL, 25 R B R, EEN
HE R B R 3 K B B UE IR % 4 B T R AT LA K
P22 J2 B0 R T ) 4% A R B RN — B R
AT R B Z R E R E RIS I RN
H 2 WITE BB 4 B PR R . AR ST R BB E HAS
RO B It % NG5 N N i e B < (13 Y
4 T (0 R  BR TR R R 1 8 00 B BRI R DN [ R e
Z 8 m, Bt e DL g e, 2 0 40 B Rk L B
(MMT/HA-TEC),, £ 2 B HT /& % )2 1T LU I 1o £
AR RALENER, Y RENHBRE)E. 2
2 R AT LA B 400 B %) R R L e T R R R [ )
MPiER, MK EBR K ERNIIAERELZ, /T
SEER AR R RS ME VR . AR 5T A T R
YRS KR SRR (MMT/HA-TEC),, £ /)2
R A A 2 T 4 T 0 P A R . 2 SRR
(MMT/HA-TEC),, £ /)2 Pt i 1 )2 $2& BUR X 4
0051 25 BR A 200 0L IS B S 1 480 A L 4 14 n 40 i
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(MMT/HA-TEC) 1028

A=y 4

- ” =

W3 5, ABESE A (MMT/HA-TEC),, £ 2 it
7T YRR E YRR I . 22k K, & BL7E 480 i e 2%
RREIFAERL 14 d )5 R B RARR K TF 99% L 3iE B
ZIRERS B R E M, SR I — 2 A T
B Y 6 52 56 TP A IR )2 2 1T A0 TR 2 BRI O - s Al
JHL & - f1%) 2 1T 2>t B K 3% 40 B R AE 41 T L T AN B
DAL Sy 200 AT ) BB AN 2 s 1) T AT AN B 2 DT BB 3 AR A
B, WX T (MMT/HA-TEC),, £ 2B+ &%
2. F TEC WA WAER 6 #RE 2 m LT A 2] 2%
TG A TR T HL A8 A T Y R AR 2D, 3 AT fig 2 A
R R TR RS ) AR A WA HAS 253 i (MMT/
HA-TEC),, £ 2B W 2 i HA, W 2 f
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