- 1178 -

EHMBEMKRFFIR  Acta Universitatis Medicinalis Anhui 2023 Jul ;58(7)

W 2% s pp BT 1) .2023 — 06 —27 15:44.:39 W 2% 4 iR aik  hitps ://kns. cnki. net/kems2/ detail/34. 1065. R. 20230626. 1001. 018. html

AR 2 i 0 T A
FESVE L 2 MR R B B0 S 5

EOWN AR R R

WE B8 A LBL BORFER A BS 1 SRR AR 7R % 1
PRV BTN — SE TRME TR LA G 2 R L5 # IR LI S5 2
G RE AR Z I R LR, Bk O
AR 2 SR AN VAL B S 2 2 A S AR i
PRGN T2 R T B L SRR, JE R A T 2 2 IR 5 4
I FH I 22 2 020 2 B 20 M AR S P U 22 K P A L R R
5 ER N, R E A AR LA
il 7 AT O A X SFEOEH T RE T AT
AT LA KR A3 6 BE TR A 5 R 1T A T AR, UE S AR K
i 22 AL I SR IR AN —oe A 2 R A, HAL T 3k
BCE AR RO 2 IR, R RS0 W i 2 SR IR S5 A 52
FERCR B WAL T3 AL R 2 R RS i R Rt Z IR
HWFMERGNL, & AR EREDRE Q4%
U 2 R L5 R I DA 3B AR e e 2 K M iz 2
BRMZE R R G, BRUR W S RE S A aF AR AE A 3 1
(EESEE

KR R )22 AU S AR R R 2K B
B R E AR

mESES R318.08

TEARERD A XEHS 1000 - 1492(2023)07 - 1178 - 06
doi: 10. 19405/j. cnki. issn1000 — 1492. 2023. 07. 019

PR m b et TIHAL R A A AR A ALK
PERE, 80 IZ T bR i, (R PRG35
T J& TR PERTRE, 5200 T Wk PR 45 6 14 3 B2
it BT SR R AR IR R mHEAT A Ak
P, AT RAS A 1 A S AP R RE T
5 R A AL A & (I A SRR R
U B AR E

2023 - 06 - 02 ik
FETH  EHK AR A S (95 . 81170993)
PEB B R R R 2 DB R Bt , AL 230032
2RO T B T ERE B 310005
SURE B R E R O BE B S KT8, A
231699
LR DGR O SR8 E AR 230032
(e e O 1= B e 1 A Y
WA BRI, B AT E I, 8 S, ST
E-mail ; wumingyue321 @ 126. com

ZRERGE, AR T — 7 R W IR 1
FERSR I R AR 45 G TP R A R N I, AT 32 2R )
PR B A AR T E] J2JE A 413 lay-
er-by-layer self-assembly, LbL) & Decher et al'* F*
20 142 90 AR AT 4 H Al — i e A e 2 T e i 52
MR e Rz L1y ) SR FRL AR B A Il 1 43 222 3R P
i 52 AW (polyelectrolyte complex, PEC) R /7
1,185 LbL $OARFTE B 22 J2 B S5 A8 nT A S A2 )
I B, %A 5830 5 LbL 4 AR H i
PR e TR SR W B TURR T BRI AE AR e T, JE J R
FELIR 57 22 2 IR 28 2 i A o S 1k 22 K, A
R RGE, VPN BRSO, D BRI (A 1 A
YA PRI S BT 10 S BN O 1%

1 HREHE

1.1 #HRENE

1.1.1 SBEHH KA (BRAAENTRFES
JEMREBRA D) s A (B — R A
FRBTAT 23 7l ) 5 6 UL (fluorescein isothiocyanate
FITC) 7 GhR 10 A9 B 20 M s S 00 22 K ( g
FHIKA B BR A 7)) 5 5 e R B i i
AR (AR E AR A RA R ) ; Hoax— ik
P T 245 45 P k27 R A BRA /], BRI oy
SrATat,

1.1.2  SHAE  Sirion-500 37 & ST B T 844
5% (2 H FEL AW FESEM) ; X 5148 6T gt {X 4
H 20481 (32 Thermo-VG Scientific 23 F] ) 5 £
i A DU S (AT B R SR AL AR A PR BTAE A FD)
UV-1800 FI W64 66T ( H AR G AR 45,
1.2 SCISITE

1.2.1 %A @BmALE HaifF 99.99% & JF
0.3 mm 42 15 mm [EJE 550 BR A 45 400 600,800
10001 200 H 4 MR AT BE G 5, Ui A T
fiil \75% R 2B TR AT 20 min,
TR TAHE N 5.0 mol/L A B AL T, 4t
A 60 °CTHIEIZ L 24 h, BUBEK R, 23 ki
Ve HET B R A E] 200 C R 2 h, HSRE



EHMBEMKRFFIR  Acta Universitatis Medicinalis Anhui 2023 Jul ;58(7)

- 1179 -

1 RAFIAE B B, 25

1.2.2 4 K@K PEC % B4 M  Bmsb B
JE AR A AN HREE M 2.5 mg/ml 2 B RIS
21 30 min,0. 9% A= HERKIEYE 3 7K ,60 °C [HIRAH
HET 10 min, NTTFEER R 03RS — 20 147 IEHL
T RS, I LA BLAE 22 B A1 g shBEml K Ht T
JE R A A HR R 5 mg/ml I R B VA TR P IR D
30 min, U R A B0 T4 Ao L3 T BfS— 2347 172
F, i () S Bt 4 R 5 mmol/ L 19 AL E5 15
10 min , XV 358 FR AN 147 38 3K, T 0k Tk 5 d5 Je K K
A EA 1 mg/ml SERMER M 10 min, FEUETH: B3R
TP 2 B — )23 0F R for AR, DA 2D R A PR 4 A
10 R, AR BHMENZZRAEMRE G Z)E
JE B2 e B

1.2.3 Z¥nm LKk 3 HoOtER A 4 (Ti
2 BFAAL PR (PTi 4H) Bl 2 — Ve e iR A/ 5
RWELH (PTI/PSC 4H) .,

1.2.4 S6HFHEREFLEMGHNE HLAE
3 HFERSE IR AMRIE ] 10 77 mol/L i 40 i 4 5
YRR Z IR 32 2 h 5 BUB Bk A, BB T
IR, T & H

1.2.5 HSBERAEREHEAEN  SEM WELAS AL
FATEA 5 b4 R 2% 1422 Ml £ 23 AT S K 1 5 FTIR
XPS K % ' b SU8 Xo A i 2% T B A3 2R A7 50 BT 5 58 b
A3 BE TSI AE it 2% 1T BB 20 AR S PR TR U 2 K
AR £ CFs L3k 3 AR B T 12 fLi IR 5
SIIMA 1 ml PBS 22 i, B ALAR B T 1R 42 R,
IREHEN3TC, T12481224hf234~7
d 43 HIECH 200l B B0 LA I 4 S5 1 22 KU B
IR T FLAR T E BT INA 200 wl PBS 28 mPiAH ) .

1.3 Zit=4E iz AR SPSS 17. 0 4k
PRRE BT SEBBUIR LL « + 5 27, 41 18] b3 R T
BRI R T 201 LSD K5, P <0.05 #nZERA

GitFE X,
2 R

2.1 HKEREEREFME HWHESRE/R. T AR
BB TER, UL 1A BGRALFE S PTY 20 2 i 2
Rk Z ALk, WL 1B i 3 2 2 B Z5 4 5 PTi/PSC
MR Z LR, B LB B e, T i — 2 AR
SIS, WKL 1CIZ B IOR 22 60 000 %
R A ST AR RS WL 1D,

C D

B1 $KEREER
A:Ti 20 x30000; B:PTi 41 x30 000;C:PTi/PSC 21 x 10 000;
D:PTi/PSC 41 x 60 000

2.2 MREREERAESHT T AEMAKRK, B
A —E UK ERE, VLK 2A MBS T Ti 41, PTi 46
RE T il A B 8N, oK R 5, LI 2B 5 m 2k
Z)Z M5, PTi/PSC 21 #2 fili /A 4% PTi LK, /NT Ti
21, SEOKPEAREE T P 414 Ir B R, (H 3L Ti 45
Wk E, ZRWASRITFE X (F =162.38,P <
0.05), WL 2C, ASAMEMBEMMAMELE L,

2.3 XHEXBFEEST 450 DR ST i

B2 EmaNEEA
A:TiZH;B.PTi 41;C.PTi/PSC 4



- 1180 -

BIMEHMKFF®  Acta Universitatis Medicinalis Anhui

2023 Jul;58(7)

R1 HERRAZMARE(n=9,xxs)

231 FEfM AR ()
ek R 61.27 +3.23
AL 3 27.37 +4.12
PTi/PSC 39.87 £4.56

AEBRIG Ti FORFAE SR B T R SRR R P L4
FRER RS, WK 3A 3B PTi/PSC 44 0] W, Ti 2p Wi /b
FI N1s U6 3 BR, 3% BTV 388 R 0 A 7 SROBE 2 LB 18 M
BRI, VLKl 3C;7E 400 eV, ZRKIEHIZH N1s W5
TR 2 IR C IS T R - MmN R
B LR, WA 3D,

A 140000

120 000
100 000

80000

5% [ (cps)

60 000
40000
20000

O -
I I I I ]
1000 800 600 400 200 0

4 A ft(ev)

C 100000

80000

60000

3% ¥ (cps)

40000

20000

0_
I I I I ]
200 0

1000 800 600 400

455 fé(ev)

2.4 BEMOMEERNER 5 Ti AL, PTi
ZH FTIR JGi% T 3 000 ~3 500 em ™' &b 30 55 0% %
W IS S ek o AR AR B I B 1) 55 P R R £ I
PRI R Bl Y, 2R W A A 2 S B SR 1
T — OH ¥RMFE GE A ; PTi/PSC 4 7E 1 620 em ™',
1403 cm ' AbH BRGS0 DL I 4 A 3R B AE SR R T
ORI L RS — IR TR AN 2 2 24 . FE Uy
SEPEZ R I 1630 em T, PTi/PSC 41
(1R g 5 R o 22 IR AR — B0, TE SR S 1k 22 B L K
Ui sk TR 2w, UL 4B,

2.5 REBEWNXSH ARG WA

B 1400001

120 000
100 000
80000

9% ¥ (cps)

60000
400001
200001

of I I I I ]
1000 800 600 400 200 0

gifrg(ev)

&)

100 000

80000

60000

3% J& (cps)

40000

20000

0.
I I I I ]
1000 800 600 400 200 0

4 RE(ev)

3 XPS HirEiiE
A: Ti#1;B; PTi #41;C; PTi/PSC 41;D. £ikEHisd

>

400
350
300
250

BILH(%)

200
150
100

50t 1 1 1 1 1 1 |
4000 35003000 2500 20001500 1000 500

% K (cm™)

oe}

150 —d
140 —¢
130
120
110

1630

% (%)

4000 35003000 2500 2000 1500 1000 500
WAL (em ™)

4 FTIR #&MZER
A—a:TiZH;A —b:PTi 4;A - ¢.PTi/PSC 4 ; B - d: ZKMEMiZH ;B - e: ZIFRUEGIE



EHMBEMKRFFIR  Acta Universitatis Medicinalis Anhui 2023 Jul ;58(7)

- 1181 -

Bs5 wHxHSmER %200
A: Ti #0;B; PTi #40;C; PTi/PSC 41

(5, Ti LA T WL AR /D 8 5 40 A 5 P 2H %
PTi/PSC ZHE M2 4 Ti AW 3 2 Ko
PTi/PSC AR M50 A it fe 22 H I 5] IESE 2 AR
DIFskRmEE 2K, WE S,

2.6 SHBHMESWH BT . 2R
et P R ] A28 K 2% T 1 0, R TR S 3 W ek 1
W 24 h BN 22 IORE iR T B, e Ti 21 4
DGR WA T, R W] 24 h BEAC ST e R
PTi 41 2 BB CGH FBE S B i i A T Ti 415 PTi/PSC
HZ[A], FREe B 2 5 4 K PTi/PSC 2H 2 IRkt
FERPEERT Al , 258 7 RBICRA R8N, 52 B¢
AR LA P 2 5 R AR LI 6,

50 —— TiZH
—e— PTi4l
—a— PTi/PSC4L

40t

30

R B (ng)

20+

oL o v v 1
0 10 20 30 40 50 60 70 80 90 100110120130140150160170 180

i [ (h)

B 6 #rRits R &

3 itig

BRI PR AT A 1 O ik R B W O AR
FITEMAEY Tk, Hehis A W)~ BoR X Fli
PRI AT AR W Al e 1 > i 1 F 9 R
WG, A AR i R TR 8
BATRR SO D RE A R 15 1 DR W B 2 o ek 3

T, JE 38— -5 2 0 15 A T I 1) A 2 i o 9 =
PAFE B RS i B Or ik B N s O Al
MBI AERTEE 74 28, A6 R AR T
2R 10 i b 2 R T 4 i DU Bt i
55 @ i —E W7k SR T AR Wy AT R fige bR TE BR
R B EY TG VR T B T R 3
Ui T P 1 A R T A (R 2 A0
ASBIFE BT A 09 A i 1R 231 O N 2Ry S
VUM ZZ I e 0818 I T A 7 A S g o 1 B AL
PG P77 1% , BRAT R E 22 JIRES A, S DRI TSI T
FUBCR, BN RSN RBIDFFEHIIESS % 2 IR
LR E R AT,

UADRE A= TG A 2 1 S MBI S A , 1R SRR A
PRI H A 1 1 22 2R G 0T JE 70 A # 0
P, JE AR (AR 2 1T AR W A AP F 5 B9 B R
R AR GE AT IR N BR35E H 16 PR TN 1 5 BB 4
PRES G A AR N DURFEE R S I E R AR
IFa], AEF AW P 1 AR AR A DI RE . 2R
ARG IREA AT =A@ "] A K N
1 22 5 T PRI ZH U4 ) 1 i 5 () o o T 40 L 1 6 5 7
RV IRE; @ 1E o SRS K LU fie 2k 41 4
KO R, PRI A S T R AR R S
THYTT IR BB W B Bk Ao I i AR
LR R AR, Hoh B2 A 4R R
BUTERRER AL M N T2 B R G A 2 B
JWEAI T 1%, © SR T LR R e 4 s JCHLAA
FH R BRI 105 B R AR A @
AZZIEMAIEAR BRI, ] 25 2% 1 oy Pt A L G e
NREA BRI F e @ ZRACR R, T
A TR SRR R AL i U 2 A O e S B
Xt H B E R T4, NI, AR ESER L
BORTEBRBI AL AR T H i SR L o 22 )2 IR h Bk
Frégad e Al BF  F R 5 U Ay Ti - OH



- 1182 -

EHMBEMKRFFIR  Acta Universitatis Medicinalis Anhui 2023 Jul ;58(7)

SEA R IR BNEE I, th BERTAE W22 A 4251 )3 3h
BT R BRIA IR LS, 7E Ti — OH & H (91
T, ik R T AR A — )2 Ha 0 19 1F Ha g A, Rt 77
VT BERR A | 7 B AR R 1T A T S8 R R T OAR, o
LRSI RBR TR E YL ZE, 2 )2
SERH 5222 B 0 kb ok T S 3 BR A A 3R T G R
SPEZ K RAF BRIk th 2 vl I, . St i
KR 2 22 B2 R W Sk, R 0 e b, 7E 24 h L
PRI 5 A Ah A A o T U R 22 KRS IO
TS BRI M N 22 A 43
HFERTE 3 4L X 22 K0 28 B RUR Fe o BARL, HL R
TR B S T RT PN AL, FEARFERT 24 h A F S
R (A5 SRR B 2 D % HARF S K i
557 RAGAT L Z BRI, el BemT U J2 2 H A 4R
i 2 KRR R o AR, SRR, EE R
JEIZ F L EERE S R 2 5 TR AL, B S R R
PALPEAYIERE I T FLAYER R RSG5 H , M Tl
TR, XL F AT W B — i hE 0 2 K L, B
22 HARERE S A 1 2 AN PE 38, v LIS W BEZ 1Y
Y2 IR FTEZ 2N ; B, )22 A i 2 R T
SR LA RAF IR 2R M DL R B,
AT SE B B 22 B A AR I R T s HL 3 4l
R RSO et

WEget ' R, AW N F B R B R G % A LU
TR DR R GE AR K LR At ) 1 A AR AT
WCBA Ak, T 0 i) 4% Ao B A R 8 T4 HL G B 2K
B, AR T A5 A AT DR A A 4L 4R 454
W, FERME BERNE RR R TRE
Yy, B4 RAF B A WA A 2 e R Ak BT fin T
BRI BTz N T 2 T R U S A
RHGHIES BTSRRI T8 A R
FREL  SC RN T AE LA K AL B, T
3 3 1F A7 LT A T 5 TR B SR AR B R M R B I
WA F16) SR8 LR TR RS 225 4 1) | IR RS 8 Ay T A g A= IR
TR, BRI, AR 9 R FH 570 SR R 16 3 T
YRR i 28 B R e 0 LA B BL, SEM 25 2R i
PTi/PSC 1R B B — 2 AN 5] (R B 2548, 2873
K 7R R B ST A X AR 2544 5 XPS 45 Bl ik B g
PEIREN - SERMEZ ZIEC R B sk 2w (# 3C)
DA Z 2 REZERA AR SRy R, A 2 2 1 mi B 400 L A S
PEIR N Z BRI 2R R 58, XPS B3 I 400 eV Ak £ Jik
21 N1s WERH B T+ (& 3D) , IRl FTIR Y63 s,
WA 1 630 em ™' B 25 JIRAE 1 2 i e 5 s v 22 ik
FEAR—3, BRI R 2 T ) R A 2 5 R

— RN ZZ N (F4B) . 25 LTk AR50 45
UL SR SR AR AR A 8 B R R,
M2 KGR,

AHT SR A= Py bR T P e 38 R
AR e IR T A W e i A R T 88 1 A LA
PES VSR IPIEZ AP =R = 2 iunt & (B
Wi = BOFEA LY T A (R AL B ) ) BRFH AR 1A
R T AN B RIR i T 2 )2 IS, [F)
R PH 1 22 V2 R 28l i A TR e e P TR 22 K o
PR A I 200 LR S 22 IR R G B AR 4, S BN A
Wy =R ] R A W 1 T R, AT
S AR PR 3 1T 2 R U 2 1) 2 0 2 R3O 1 A T A
REVHIMAN R 5N S h it — LIk

T SR

[1] Kaur M, Singh K. Review on titanium and titanium based alloys
as biomaterials for orthopaedic applications[ J]. Mater Sci Eng C
Mater Biol Appl, 2019, 102, 844 —-62.

[2] SouzaJ C M, Sordi M B, Kanazawa M, et al. Nano-scale modifi-
cation of titanium implant surfaces to enhance osseointegration|[ J].
Acta Biomater, 2019, 94, 112 -31.

[3] Decher G, Hong J D, Schmitt J. Buildup of ultrathin multilayer
films by a self-assembly process: III. Consecutively alternating ad-
sorption of anionic and cationic polyelectrolytes on charged surfaces
[J]. Thin Solid Films,1992,210 -211(2) . 831 -5.

[4] Howard M T, Wang S, Berger A G, et al. Sustained release of
BMP-2 using self-assembled layer-by-layer film-coated implants
enhances bone regeneration over burst release[ J]. Biomaterials,
2022, 288 121721.

[5] Tao B, Deng Y, Song L, et al. BMP2-loaded titania nanotubes
coating with pH-responsive multilayers for bacterial infections inhi-
bition and osteogenic activity improvement [ J ]. Colloids Surf B
Biointerfaces, 2019, 177 242 -52.

[6] Keceli HG, Bayram C, Celik E, et al. Dual delivery of platelet-
derived growth factor and bone morphogenetic factor-6 on titanium
surface to enhance the early period of implant osseointegration|[ J].
J Periodontal Res, 2020, 55(5) : 694 —704.

(7] RIS, T, mBOW, S5 i g0 s vt U 2 e A
L A BB AN RS P SEER 5T [T ], BRUER KR
2, 2018, 53(8) ;1217 -20.

(8] MREREL, Rk, RFTH A MRRERREN TR SR &
MR 2 B 2 S B[], RRERI R,
2017, 52(4) :504 -7.

(9] woRc, RIS, RIFB A BRYKA R I E 0w A0 My
SEZRM R AT [T, RRUER R E¥ M, 2017, 52
(12) :1790 - 4.

[10] Oliveira E R, Nie L, Podstawczyk D, et al. Advances in growth
factor delivery for bone tissue engineering [ J]. Int J Mol Sci,

2021,22(2) :903.



FEEFRKFFIR Acta Universitatis Medicinalis Anhui 2023 Jul ;58(7) - 1183 -

[11] Barik A, Chakravorty N. Targeted drug delivery from titanium im- tained-release drug microspheres in tissue engineering[ J]. Mater
plants: A review of challenges and approaches[ J]. Adv Exp Med Today Bio,2022,16:100394.
Biol,2020,1251.1 - 17. [15] Chalitangkoon J, Wongkittisin M, Monvisade P. Silver loaded
[12] Song Y, Ma A, NingJ, et al. Loading icariin on titanium surfaces hydroxyethylacryl chitosan/sodium alginate hydrogel films for con-
by phase-transited lysozyme priming and layer-by-layer self-assem- trolled drug release wound dressings[ J]. Int J Biol Macromol,
bly of hyaluronic acid/chitosan to improve surface osteogenesis a- 2020,159:194 -203.
bility[ J]. Int J Nanomedicine,2018,13.:6751 -67. [16] Li K, Zhu J, Guan G, et al. Preparation of chitosan-sodium algi-
[13] 5k W, 2 A R k30 ,%- B BRAK 25 ) A Bk MR RE 5 A nate films through layer-by-layer assembly and ferulic acid
YREERDIIE)]. P E O ERTE2ES K, 2005, 10(2) 259 - crosslinking: Film properties, characterization, and formation
62. mechanism[ J]. Int J Biol Macromol ,2019,122 :485 -92.

[14] Ruan L, Su M, Qin X, et al. Progress in the application of sus-

The experimental study on the construction
of osteoblast specific recognition polypeptide

sustained-release system on titanium implant surface
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Abstract Objective To construct the sodium alginate-chitosan polyelectrolyte multilayer membrane structure on
the surface of alkaline heat treated titanium by LBL technology, and to combine the peptide that specifically bind to
osteoblasts with this structure to explore their slow-release effects. Methods After the smooth titanium surface was
heat treated with NaOH, sodium alginate and chitosan were alternately adsorbed and deposited on the surface by
layer by layer self-assembly method to form a polyelectrolyte multilayer film structure, and the multilayer film was
used to load the peptide that specifically bind to osteoblasts, construct slow-release system, and evaluate the slow-
release effect. Results The sample surface was tested by contact angle measuring instrument, field emission scan-
ning electron microscope, fluorescence microscope, X-ray photoelectron spectrometer, Fourier transform infrared
spectroscopy and ultraviolet spectrophotometer to confirm that the sodium alginate-chitosan multilayer film structure
was successfully constructed on the surface of titanium sheets, and the peptide that specifically bind to osteoblasts
were successfully loaded. Conclusion The surface of titanium implants is self-assembled layer by layer to form a
multilayer membrane structure and successfully loaded with the peptide that specifically bind to osteoblasts, and the
sustained release system of the peptide is constructed, which has a remarkable sustained release effect and is expec-
ted to promote osseointegration on the surface of titanium implants.

Key words slow release; layer by layer self assembly; osteoblast specific recognition peptides; osseointegration ;

titanium implant



