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Abstract

BACKGROUND: Hydroxyapatite is the main component of bone with the capacity of osteogenic induction.
Nano-silver has broad-spectrum and efficient antibacterial activity, while hydroxyapatite/nano-silver composite
coating on the surface of titanium base has either biological activity or antimicrobial properties.

OBJECTIVE: To study the antimicrobial properties of hydroxyapatite/nano-silver composite coating on the
surface of titanium base and to evaluate the biocompatibility and security of hydroxyapatite/nano-silver composite
coating on the surface of titanium base.

METHODS: Silver solution of 0, 0.5, 1.0 mmol/L was selected to prepare hydroxyapatite/nano-silver composite
coating samples deposited on the surface of titanium base. Then, Staphylococcus aureus was cultured in the
sample leaching solution for the in vitro antibacterial qualitative analysis. In accordance with national and
international standardization for biocompatibility testing, healthy adult Kunming mice and New Zealand rabbits
were subjected to pyrogen test, hemolysis test, acute toxicity test, skin irritation test for comprehensive evaluation
of the material biocompatibility and safety.

RESULTS AND CONCLUSION: The hydroxyapatite/nano-silver composite coating on the surface of titanium
base exhibited obvious antibacterial activity in vitro against Staphylococcus aureus, in a silver dose-dependent
manner. There was no pyrogen response, hemolytic reaction, acute toxic reaction and skin stimulus response in
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the animal experiments. There was also no difference in the biocompatibility of hydroxyapatite materials containing silver
or not. These findings indicate that the hydroxyapatite/nano-silver composite coating on the surface of titanium base has
good antibacterial activity for Staphylococcus aureus in vitro as well as excellent biocompatibility.

Subject headings: hydroxyapatites; silver; Staphylococcus aureus; titanium
Funding: the Natural Science Foundation of Xinjiang Uygur Autonomous Region, No. 2013211A075
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21 ARG AREMAHRIN A R R

241 EMHWR T E X R AR S K A A
KA KRB, KAEWE & REEREEL, T2
FEHERE IR &, AR AT — 2 (2R E,
BRI T, AN AR AR E R, 30 B 2l BRI A B4l
(R SEFR IR A AN A BURTEPE . 1058 L0 I A1 1AM R
PESL AN A SO A I W B, AR R R A ERT TR
B by O.5FRILRE A R BLRVE B L .OFR SE R A A1 AR A
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21.2 ERMESNT AERFR24 hLUE, 0.55RSLEE K A/
BRI O LM I AT R PR FobA e R 6 €5 7 26 B3R 1 (1 0 1
RHAAEI5% L |-, 0.55FFEME KA AR AN .OFR IR KA /RPN
PR R R R 2 5 TE B E MR (P > 0.05); 1241 11H %
B T Al Bk R S KA 4L(P < 0.05), it WIFEEILmE K A1/
YRR AR 2 A R PR M e (R1)

22 FHRHMEESAN PTA B ROK RIS
R

2.3 ARG AREMAHAL AN S RIS R

2.3 HESEE VEREAMEREARMES, 34UBiTE A3 hiN
R TR EIOMET0.6 C. F4lES LR R (P >
0.05; #%2).

2.3.2 HIMSEE:  0.5FRMEE AR 1.0 AR
AR TN IR ATER 2 ST RN 2 13 ot R 4 1l A s 25 0 i
yEWEE, JTCEIEN, 4D RIE R, TR
%o BHE IR 28K Th R A0, A4
WA . PR FRAL MR 2 5 0.6 S5 A1 148 1.0
FRREWE AR AR ISR AR 2 3R AR LA L 2 e 8
FEHR (P <0.01), MO.5RIEHEKAMNR. 1.0 KA/
R AR IERE A IR)Z P RS B B (P > 0.05),
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Figure 1 Antibacterial qualitative analysis of hydroxyapatite/nano-silver composite coating
Blid: B A-D 435 28 (I AL, SiFR BB A 41, 0.5 FRRE W A A AR AR 1.0 FRSEBEICA AR . BRAR & S (W38 0, 40 B B V4 250 9 bl
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Table 2 Pyrogen test results of hydroxyapatite/nano-silver composite coating ('C)
A5 TG A A AR 30 min AR G E A FrefE
AWK H2 W HIW 84w 5 H6 W
0.5 FHEWE A1/
1 38.5 38.7 38.8 38.8 38.7 38.7 38.6 38.7 0.3
2 38.6 38.8 38.8 38.6 38.7 38.8 38.8 38.8 0.2
3 38.5 38.9 38.9 38.8 38.8 38.6 38.6 38.8 0.4
1.0 FEEBE AR
1 38.5 38.7 38.7 38.7 38.6 38.6 38.6 38.6 0.2
2 38.7 38.7 38.8 38.8 38.9 38.6 38.7 38.8 0.2
3 38.6 38.7 38.7 38.8 38.8 38.7 38.7 38.7 0.2
AR AR
1 38.4 38.6 38.5 38.6 38.4 38.3 38.5 38.5 0.2
2 38.5 38.7 38.7 38.6 38.6 38.6 38.7 38.6 0.2
3 38.7 38.8 38.8 38.7 38.7 38.8 38.7 38.8 0.1
F1 KIS REHRIE S 6 AR R #3 MRESREMRHALRE LRSS
Table 1 Hydroxyapatite/nano-silver composite coating against Table 3 Hemolysis test results of hydroxyapatite/nano-silver
Staphylococcus aureus composite coating
R P (x£S) HUHE (%) 245 WA (545 nm)(xts) VR IML%(%)
ali%k 373.5¢17.5 0 0.5 JR LM K AT/ 0.031+0.007 2.24
FRILRE K 356.5+16.4 0 1.0 JREEBE A AL 0.027+0.006 1.64
0.5 f*%ﬁ?é Fl 17.6£2.0° 95.3% ARIERER A IR Z A 0.022+0.004 0.89
1.0 FREERE A1 9.0¢1.7% 97.6° 7 X IR AL 0.016+0.002 0
B 5% AL 0.687+0.014 100

R USRI AT LARLL, *P < 0.05.

O R O.5F R KL A/ 1.OFR M AT . AR L AR 2

< Z iR =3 kLI BT N

Table 4 Body weight changes ofanlmals before and afteracute :ﬁ’ﬁﬂéﬂ’%i‘Eﬁﬁﬂéﬂﬁ’]%j‘ﬁf}f%ﬁm> 0.05), H3

toxicity test of hydroxyapatite/nano-silver composite coating APRRES M 28350 /N T\ e ot 3 10 = FH A= 0 e v o 1]

(xxs, n=10, g) FrbrifE(5%)(FR3).

2.3.3 TVERRMESCE  VESAMORNRAGHE . 0.5FFHERE K

AR 10BRIEBEK AR S IEBE AR )2 = FiA R AL

0.5 BIEBERAIMILE  21.2041.35 22.03+1.15 23.41+1.07 24.20+0.97 AR I BAT /D BU BT ROARAR, 380 b, SR IE

1.0 BIEREATIM4E 20.5441.57 21.45+1.24 22.36+1.33 23.27+1.15 B ARIEEARTE R 0 LR PR R A s 1

AR KA IRZAL 22.031.49  23.0130.98 23.93+1.05 24.81+1.23 MR B, WS A TN BUAETS, 053 H ik K

i HE 4 751, 3441, .25+1. 831,

e ZLTON S8 P32 BZNZ RSO i g ORI, SRR R bR AL
G B/ BT AR 2 5 5 (P > 0.05; $&4).

A ST HEAHE(h)

24 48 72
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3 i1 Discussion
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M, USRI T 2R I, OGBS KGR L
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R -
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I T 1 AT S A FH 20, Sk B Ay kA O, e
A 5% KO A% G40 45 4% 2 ) L 28 77 A TR 245 1) 45 % 0 B AT
BP0 NSRBI R T SRR B UIEOR
B AT — R A4 P,

YRR — € MR N 2T REH, et
M 254k o MR T TR DG AR R P Beik,
MRS R E GG, HRn 5, BEERIE SO, AL
56 A 3 3o RS A WU BRI R TR R TR K A TR B B iR
JERPREX G B (A BR IR HU A IA BI90% LA -, Sz rp 4
FE VRV B T T B ek T W A BT AR o AR AR BT i G 3
HIAN R R, UE BRI R RSB A A KRR R S M BT
WEH e 2 B R AR TR

R T 1A 0 AH 2 1 2 R A LR 1 I R ) AR ) 5
fifto %1 BRFREC AL DU MRS, A AR AR P e A
PR GUHE AR R A RN I —Fh e )), — RO dR RS
i B2 M PFHE M. AEYARA AR R RN, B4 %
St SR NFIE B T BEPE IR . A 2 A PRV H BAE T-HT
FEMIMRIAE NIV EfERtE,  CUERAIE AP i PR S
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b SR B8 SN R B, e B 7 A AR, AR
I SN S VRS Y | o R A s e ES R EST s DO RS
R USRS PO ¥ I S 6 R M S AR X 41
GOSN, AN, TSR R AR, bR
FIEERAR 7 1A 2 A LR R T U AR 477 02 5 RS 1M
(BRI, bkl 4524 hiy, - REEROC
FIEATAIER Y B NS RN, WS04 AR
SR, TGV LR Ak At AR Y, i
RS 22 Fh R PRI, AIRAE i S S S
P RE PRSI DA P B B U v /N SR A DA S )
B0 BERRIBAB IR TR 2 RGN 24 )5, AR Rk b A (]
WL R AL . AR 2 R FL2RE0 ), Hik AR,
BN B Bt AW e, B, Rl B HSE
JRTBICNE, M 2T A K IR AT 255 VAR
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BN AR AR IE, 23 E PP BRI R IR SR A AR R A
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KRNI N TIRATHIEDA BT STER 4 T S fiidha

i BRAFRBEAXZE —WEEREFHR T SBAY
FRHE., FHBEHKFEE—WEEREZRIWAFARN.

TEZ TR B B —EH AT EIe0ik0t, RN
F—. wEE. SRS AR, THREARE. SEE.
F—EE AL, BIAGETR, BIAL. F—EEFLE AT,

FIEIHZE: X FRRNERGBANRF) BT R,

PHEESR. FhvstahhidL BB (KX TEHAERHMNY
FFHZTILY AFEPAT.

FAAKE: DA F - R AR A AR SN AL A R
WAL, —ARISAIR S B XA AR AL, A AR G
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