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Abstract : In order to improve the osteogenic activity of polyetheretherketone (PEEK), polydopamine (PDA) coating was first
formed on its surface by oxidative self-polymerization of dopamine (DA) under alkaline conditions, and then osteogenic growth
peptide (OGP) with osteogenic activity was chemically bonded to its surface by PDA. The surfaces of PEEK before and after modifi-
cation were characterized by X-ray photoelectron spectroscopy (XPS), scanning electron microscopy (SEM) and water contact angle
test. Meanwhile, MC3T3-E1 osteoblasts were used to evaluate the in vitro osteoblast compatibility and osteogenic activity of surface
unmodified and modified PEEK. The XPS results show that PDA coating is successfully formed on PEEK surface, and OGP is
chemically bonded to PEEK surface by PDA. The results of SEM and water contact angle test show that the surface morphology of
PEEK after PDA and OGP modification do not change significantly, but the hydrophilicity of PEEK surface after PDA and OGP
modification gradually increases. The evaluation results of osteoblasts MC3T3-E1 in vitro show that both PDA and OGP modified
PEEK surfaces improve the adhesion, spreading, proliferation and osteogenic differentiation activity of osteoblasts MC3T3-E1
compared with unmodified PEEK. Among them, OGP modified PEEK surface shows the best of osteoblast adhesion, spreading,
proliferation and osteogenic differentiation activity. The above results indicate that PEEK surface modified with OGP can effectively
improve its osteoblast compatibility and osteogenic activity ,and enhancing its potential in clinical fields such as orthopedics.
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1.1 EZ&ZRMF

PEEK #2#% : Victrex 450G, V1.7 F A 45 Fb T 7%
SERHR AT BR A 5

DA R £k . g BT hr T A AL BB B0 A PR
GF

OGP: I ifgsmiE A R A B A w5
o-MEM FERlRE 3R 5L iR 4 175 (FBS) BE 5 & -
TR 2= MIBERREL 2% Wi (PBS) : 55 [#l Hyclone /A 7

= LU H e Eh R R 2% v (Tris-HCT) 2
it T8GR 57 £ (CCK-8) . Western M TP 21 Jifd 224 £ W
B R T ALP) i P A 0751 6 0 2K 1 e 1 5
WA LIRS RAEYHEARFRRA A ;

TRIZOL i3] : 32 [ Invitrogen 23 A 5

2 i AR L 9 O R i R A il A X R
(PCR)IAF & : H A TaKaRa A Fl .

1.2 FZREAME

4 7 W B (SEM): JSM-6300, H A&
Hitachi /7 ;

X HF 4O HL T BE 3% (XPS) X : XSAMS00,
Kratos A PR/ Fl

B A 7B fioh A 0 X - DSA100), £ [ Kriiss 23
GF

fiti H1 4% : Multiskan GO, 3% [E Thermo Scientific
NGIF

¢ )65E B PCR (RT-gPCR) 1% : CFX96 , 3 [# Bio-
Rad 2\l
1.3 H&k@AIE

XPS 3 AR, L 284.8 eV ARAY FE C s
HFTRIE

SEM FAE : i R 1 W 42 I, FH 5 H JBORY 21 B
i b I TIE S

IR B A 3 KRB 3 pL, AT
PEATINE, R REARI £ 3 1K
1.4 PDA % OGP # % PEEK & &

PEEK A (ELf2 15 mm, J&2 mm) 1 5 A 1 200,
2000,3 000 H (0.83,6.5, 10 wm) > 4CHK YR 3T B i
I, SR 5 Sl BT KA T UE 20 min, B
TET R P 5 % H . K DA T 10 mM Tris-
HC1 2% 1P (pH=8.5) H it i 2 mg/mL DA % . ¥
PEEK {2 A DA % 1 37 °Cli 6 JZ i 24 h Ji5 Bt
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BB KA TEYE 20 min, TS 345 PDA L
£ 1Y) PEEK, #7iC y PEEK-PDA. ¥ OGP ¥% T 10
mM Tris-HC1 28 i ¥ (pH=8.5) H' fi. A% 100 pg/mL
OGP A . 't PEEK-PDA ¥ 512 A OGP % I
N6 h U 258K e 3 I, T 5 3R OGP
P41 PEEK , #ric 5 PEEK-PDA-OGP.,
1.5 RS amietn sote ZOR B & IR

M7 R 4R MC3T3-E1 (h BB 20
JHLF2E/ 1 200 T 20 3 5% 1 s AR R 4345 10% FBS Al
1% 5585 % -5 8 & 1Y o-MEM B 35 5 78 37 °C,
5% CO M TR .

S 384 5 - T R i ) D S T 34 FH SR AN K
5 BT 24 LA TR D . SRS DAL 10 0001
1) %% K A0 B A B i 3R . 5% 1,3,5d U,
HR A CCK-8 120 & i WA 45, ARSI 3 450 nm &b
M7 A

AAMIIESR - LAEEFL 10 000 /1 55 B 65 200 it 2 e
FURES R, K5 F: 4,24 he , FHJGH PBS PR 3 1K,
B 1 mL 2.5% I B , 7 4 °CKAH 8 & 24
ho SRS R MO AEAS [V B 1Y) L Bl Wi rh itk A T
HHRLIEK o ST R TR T 4

ALP 3G PRI A2 « LAEEFL 30 0001 %5 Ji 15 400 Jifd
FERD IR B SR A, K597 7,14 A5, JHCTH PBS PR
MM 3R, FEFLINA 400 WL Western 2 1P 21 fitd 4 i
TR AN WO AR . K5 53 4 R ALP 15 1
6 03X 791 8 R R 1 e ARG ) B 1 B A A 4
FRR T ALP WS MR R EE 1M BE . fJm ALP TR P4 DA
AR TIH— A B

RT-qPCR 5 M A% B AH G 2 B 3R 3K« DL & £L
30 000 1) % B2 20 B A B 5L 3R 1T, 5597 7, 14
dJ& , TG PBS UER 4 3 Ik . K5 &K H TRIZOL
IR RSB 41 MC3T3-E1 S RNA, FifiJ5 , F
39 5% SRR U B A58 RNA 3905 5 Rl cDNA . i
J 1 F RT-qPCR S5 I 5 12 Ak AH G B S 1A
B AH G EE R [Runt AH CH, S A 2 (RUNX-2) 1
Jis¢ J5 48 1 (COL-I) Fl By # 8 111 (OPN)] A GAPDH Hy
BR BN AT mWE, P 75— ab B, %1
R AR OCHE R B 1 YT 51 .
1.6 SitEatt

B 2R o RV Y B R o I 2, {FH SPSS26.0
A SR PR 207 22 0T (ANOVA) it 1T Z 41 ] He
BRI AR S Z [ T E 2= 5 . P<0.05 N
Aot

®1 HBHEXEESMFT

Tab.1 Primer sequences of osteogenesis-related genes

Gene Primer sequences
F:5'-CCCAGCCACCTTTACCTACA-3’

RUNX=2 R:5'-TATGGAGTGCTGCTGGTCTG-3"
OPN F:5'-TCTGATGAGACCGTCACTGC-3"'
R:5'-AGGTCCTCATCTGTGGCATC-3'
COL-I F:5'-GAGCGGAGAGTACTGGATCG-3'
R:5'-GTTCGGGCTGATGTACCAGT-3'
GAPDH F:5'~ACCCAGAAGACTGTGGATGG-3
R:5'-CACATTGGGGGTAGGAACAC-3’

2 #REIE

2.1 PDA & OGP #& 1% PEEK % &1 5 #7

%l 1 & PEEK, PEEK-PDA #il PEEK-PDA-OGP
()22 1A SEM &l . i (& 1 AT UL, Bl A A 5 3% 11 34 °F
0, W10 AT WA ARAT B R, 2R T el M RS R
FIE BT T 0% 24k, = 4% 5i T PEEK-PDA Fl
PEEK-PDA-OGP #£ iy # 1 v] Il DA %Ak A R &1L
TR R A9 K ik

(b) PEEK-PDA

.

(a) PEEK

(c) PEEK-PDA-OGP
%11 PEEK,PEEK-PDA #l PEEK-PDA-OGP i F: M 1) SEM J& F
Fig. I SEM images of PEEK,PEEK-PDA and PEEK-PDA-OGP
sample surfaces

PEEK , PEEK-PDA #il PEEK-PDA-OGP il #: 3%
A1 1) XPS 43tk & 2 firzs . & 2 ] 0L, PEEK A
S 2 I E & Cls FO1s FHERIF I , IE B PEEK
T LR F 5% . PEEK-PDA i i ¥ T PDA iy
FRAE U4 N1s, Ui B PEEK 2 1f1 i D B PDA )2 o
5 PEEK-PDA #f It , PEEK-PDA-OGP 2 [ f\) N1s I
55 0R R SR , PHH OGP 25| A 2] PEEK i .
AN TRl 2% 1T 45 0 2 B9 A X 5 & N1s/Cls 2 Ols/
Cls b2, ME 2T LIAE H,PDA B OGP & 1fi
J&  FEAL R A TR AN 5 8 2 O1s/Cls FIN1s/Cls
LB K A= A5 Ak, B PEEK 2% i Ak 27 BR S & 2 A5

1k, 18132158 PDA Fil OGP W& i 7E PEEK K Hi .
& 3. & 4 F1 &l 5 43 5 J& PEEK, PEEK-PDA Al
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Fig.2 XPS wide-scan spectra of PEEK, PEEK-PDA and PEEK-PDA-
OGP surface
*2 AERHEREZITEHEINEER O1s/Cls F1N1s/Cls Eb &

Tab.2 Relative concentration of each element and ratio of O1s/Cls

and N1s/C1s on surface of different samples

Relative concentration/%

Sample Ols/Cls NI1s/Cls
Cls Ols Nls
PEEK 85.74 14.26 0 0.166
PEEK-PDA 71.61 2051  7.88  0.286 0.110

PEEK-PDA-OGP 68.82 18.73 1245 0.272 0.181
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298 296 294 292 290 288 286 284 282 280
Binding energy/eV
(c) PEEK-PDA-OGP
[#13 PEEK,PEEK-PDA #l PEEK-PDA-OGP i K 3 1] XPS Cls i /&l
Fig.3 XPS Cls spectra of PEEK, PEEK-PDA and PEEK-PDA-OGP

surfaces
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540 538 536 534 532 530 528 526
Binding energy/eV
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Catechol O—H

QuinoneQ=C
AmideO=C—NH
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Binding energy/eV
(c) PEEK-PDA-OGP

[¥14 PEEK,PEEK-PDA I PEEK-PDA-OGP i ] XPS O1s %Kl
Fig.4 XPS Ol s spectra of PEEK, PEEK-PDA and PEEK-PDA-OGP

surfaces
PEEK-PDA-OGP i) XPS &5 /3 %% Cls, Ols Fll N1s i
] B 45 UL W S S U i, A5 S e ) L X 5 L
3. &3 91 PEEK [ 20 #F Cls 1% [ 2215 4 284.8
eV &b By C—C/C—H, 286.4 eV Ab 1 ik 3£ C—O,
287.3 eV AL 5 C—=0 f1291.4 eV Ab 1) #5 116 .
PEEK-PDA (17573 9 C1s 1% & (&1 3) 20 4y 284.1
eV 4b i) C—=C,284.8 eV At ) C—C/C—H, 285.7 eV
Qb 55 A C—N R C—N, 287.7 eV ALY 55
T C=N .5 C—OH Il L C=0 LA % 291.4
eV AbryHE g T] L PEEK . PDA % 25 ,
PEEK-PDA 2 1 { £ I £ PDA A4 47 iF A4 , 15 1
PEEK % 1l 1 W% PDA 12 )2 EE7E 10 nm L 1™,
PEEK-PDA-OGP )= 73 ¥ Cls i [5 25 40 A5 0 11
RO K & B 5 PEEK-PDA # 28 fb A K, H
287.7 eV Ab LA U 1) TE R I (3 3), X & T
PEEK Tl ## & OGP J& 51 A i Bt & 3 O=C—NH
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(a) PEEK-PDA
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/’

/
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Guanidinyl—N

206 404 402 400 398 396 394

Binding energy/eV
(b) PEEK-PDA-OGP

15 PEEK-PDA il PEEK-PDA-OGP i 4 i f XPS N1si¥[&l

Fig. 5 XPS Nls spectra of PEEK-PDA and PEEK-PDA-OGP surfaces
#3 PEEK,PEEK-PDA 71 PEEK-PDA-OGP RE &S IEH
HYEE
Tab.3 Relative content of each fitted peak on surface of PEEK,
PEEK-PDA and PEEK-PDA-OGP

Relative content/%

Spec- BE/ Attribution PEEK— ook
tra eV PEEK PDA PDA-
OGP
284.1 Cc=C 0 31.14  30.66
284.8 C—C,C—H 67.33 25.06 24.87
285.7 aromatic C—N,aliphatic C—N 0.00 25.32  23.47
286.4 ether bond C—O 2124 0 0
Cls 287.3 ketonyl C=0 5.63 0 0
aromatic C=N,
287.7 catechol C—OH, 0 1525 1715
quinone C=0,
amide O=C—NH
291.4 T 580 3.23 3.85

ketonyl O=C, quinone O=C,

. 5314 e O 32.67 2505  30.04

S 5327 catechol C—O—H 0 7495 69.96
533.5 ether bond O—C 67.33 0.00 0

398.9 aliphatic C—N 0 2573  20.21

Nis 3997 aromatic C=N.aromatic C=N, &, ) (57

amide O=C—NH
401.1 C—NH,", guanidinyl—N 0 12.87 14.05

Note:B.E. is Binding energy.
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W . DN B S () XPS (4 B Nis 3 Bl AT DLE
PEEK-PDA-OGP #f /i # [t T PEEK-PDA #¥ i ,
399.7 eV Ab4ULA W TR ARG (35 3) , iX & H1 T OGP th
fJ—NH, 5 PDA H {3 C—0 % A= 1 J il i 7
IR IR I A B 5 B i C=N FIJ5 & C—N, LA
K EEA OGP J5 5] AMIBERE K O=C—NH ¥ H )& T
ZIE TR, S5, A OGP 5] ARIIIEEN IH
J&F 401.1 eV AN LA U™, BT DLz 400 A 06 1o R 1
o

% 6 & PEEK, PEEK-PDA #l PEEK-PDA-OGP
FMERETHNEE S . I 6 il L, PEEK FR1H Y
IR A% fil 71 Ry 83.6°£0.70° , HZR HITE W PDA U )25
T PDA H A Ko (TR 3% | 2 —NH, S5 v
SEFA, T L v S K M A5 B k3 K 2 fh £ A AIR
% 73.0°40.26°, PEEK-PDA F[Hif#4 OGP )5, i T
OGP %3/ 1£7E—NH,, —COOH Fl—OH % 3£ /K 1k
FEPAT, 3R T RE S R TE A R K A A 2R T K fi
AR R 62.7°£0.72°, #.22, SEM, XPS M /K 4% fith
R 25 5 B PDA ¥R 2 91 i T BUfE PEEK &
i F1 OGP W M) fk 245 & 78 PEEK R 1fi .

100,
A

ol
(=3
T

D
=
T

N
=3
T

Water contact angle/(°)

s}
=
T

PEEK PEEK-PDA PEEK-PDA-OGP

16 PEEK,PEEK-PDA Fl PEEK-PDA-OGP i Ff:35 i i /K 12 fil
Fig. 6 Water contact angles of PEEK , PEEK-PDA and
PEEK-PDA-OGP surfaces

2.2 RIM ARt i MC3T3-E1 A48 2P Bk B 7 1
Ry

& 7 M B 40 e MC3T3-El 7 PEEK, PEEK-
PDA Fl PEEK-PDA-OGP iz £ 1fi 4 h 124 h [ 5
MHESRIE . Al W, 5595 4 h )5, 4l PEEK 2 1A 20 g 5
K I B H Fth R &> T PEEK-PDA Al
PEEK-PDA-OGP A i 2 Ifii 2 i 285 i R RS 47
ML H M 22 RFBOIR Y R £ . H55R 24 h )5, 4
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40 pm -
(a2) PEEK 24 h

40 pm
(al) PEEK 4 h

(b1) PEEK-PDA 4 h

(c1) PEEK-PDA-OGP 4 h
7 PEEK,PEEK-PDA Fll PEEK-PDA-OGP i#Ff: 3 Ifii il 13-4
MC3T3-E1 it 4 h 124 h (¥ SEM
Fig. 7 SEM images of MC3T3-El adhered to PEEK, PEEK-PDA and
PEEK-PDA-OGP surfaces for 4 h and 24 h

BB BT AT O it 2 1T Al g, U240 PEEK 3%
AT 240 fif 52 40 K 19 i P 1R, 1 PEEK-PDA il PEEK-
PDA-OGP # iR A it — D4 e H A 200 2
A HE AL, Ui PDA F1 OGP B 1) PEEK 2 I fE
RAH P R AR MC3T3-E 1 1 B R

1% H 40 g MC3T3-El 7£ PEEK, PEEK-PDA £l
PEEK-PDA-OGP kLR 1557 1,3, 5 d G2,
W8 Fr s, Hov = Fn# 4y 51 & 5 PEEK 4 Ml
PEEK-PDA ZAH LM G122 5, P<0.05, F Al H
ISP LA E], NS 1 dBIEE S d, S AL F %
HB 5 1 ik A, U B 41 il /¢ PEEK, PEEK-PDA I
PEEK-PDA-OGP i 3R 1H # H A B 5345 6
;2% % FF {f PEEK-PDA-OGP>PEEK-PDA> PEEK,
HLZH (B35 A a2 25 53 (P<0.05) , 3X 156 BH 7 40
Jifi MC3T3-E1 1E PDA 1 OGP I 4k J5 119 PEEK 3%
AT 6 3 G s B S5 38 0, H OGP U EfL Y PEEK 5%
T P AE

ALP & —Fhg Az OV, 2 ni B 20 10

(c2) PEEK-PDA-OGP 24 h

N
n

PEEK o
[ PEEK-PDA
| B PEEK-PDA-OGP

—_ —_ o
=) in =)
: :

<o
W

Optical density value at 450 nm

Culture d131ration/d
I8 i 4l MC3T3-E1 7£ PEEK , PEEK-PDA Fl PEEK-PDA-OGP
RFERMARK 1,3,5 dRYIEHESS R
Fig. 8 Proliferation results of MC3T3-E1 on PEEK, PEEK-PDA and
PEEK-PDA-OGP surfaces at 1,3 and 5 d

BCH A B B AR SR B9 oA Al 4 i MC3T3-
El 7€ PEEK, PEEK-PDA Hl PEEK-PDA-OGP ik %
M5 5% 7 dF 14 A ALP IS PESS R . K9 AT IR
i, BB R R AU SE K, PEEK , PEEK-PDA #11 PEEK-
PDA-OGP i 2H f) ALP 375 11 Y5 AS [] B2 2 b 154 i
HoA%E 40 g MC3T3-E1 7£ PEEK-PDA-OGP 4 3 81l
W i A ALP 354, A OGP hREAL Y PEEK 1]
A FT B 40 MC3T3-E1 89 R Bk

201

15k PEEK -
[ PEEK-PDA
.E 16+ M PEEK-PDA-OGP
214}
[=9
10l
S\E 12
210
Z 8 el
g E3
5 6’ ES
< 4
2,
0 7 14

Culture duration/d
E9  UE A MC3T3-E1 7 PEEK , PEEK-PDA £ PEEK-PDA-OGP
REEF A AR 7 dFI 14 d 1Y ALP 5 P45 4
Fig. 9 ALP activity of MC3T3-E1 cultured on PEEK, PEEK-PDA and
PEEK-PDA-OGP samples for 7 d and 14 d
RUNX-2 /225 it Wnt/B-catenin {5 51 % ) T 2
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