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[Abstract] Objective This study aimed to compare the osteogenic performance differences of titanium surface coat-

ings modified by dopamine or silanized graphene oxide,

(A B 2024-09-25; [{E[E] B 2024-11-29 and to provide a more suitable modification scheme for ti-
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[E£WH] s A ARER4 (2022J011408) 5 JEI T BEy T4 tanium surface graphene oxide coatings. Methods Tita-
#FHEMH (3502220244ZD1134) 5 BB 5 e B Rt 05 nium was subjected to alkali-heat treatment and then
(K2023-01)
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[EEEE] Wigitl, 22, 11, E-mail: dentistyz@126.com followed by coating with graphene oxide. Control and ex-

modified with dopamine and silanization, respectively,
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perimental groups were designed as follows: pure titanium (Ti) group; titanium after alkali-heat treatment (Ti-NaOH)
group; titanium after alkali-heat treatment and silanization modification (Ti-APTES) group; titanium after alkali-heat
treatment and dopamine modification (Ti-DOPA) group; titanium with silanization-modified surface decorated with gra-
phene oxide (Ti-APTES/GO) group; titanium with dopamine-modified surface decorated with graphene oxide (Ti-DOPA/
GO) group. The physical and chemical properties of the material surfaces were analyzed using scanning electron micros-
copy (SEM), contact angle goniometer, X-ray photoelectron spectroscopy (XPS), and Raman spectrometer. The prolifera-
tion and adhesion morphology of mouse embryonic osteoblast precursor cells MC3T3-E1 on the material surfaces were
observed by cell viability detection and immunofluorescence staining followed by laser confocal microscopy. The effects
on the osteogenic differentiation of MC3T3-E1 cells were studied by alkaline phosphatase (ALP) staining, alizarin red
staining and quantification, and real-time quantitative polymerase chain reaction. Results After modification with gra-
phene oxide coating, a thin-film-like structure was observed on the surface under SEM. The hydrophilicity of all experi-
mental groups was improved, among which the Ti-DOPA/GO group had the best hydrophilicity. XPS and Raman spec-
troscopy analysis showed that the modified materials exhibited typical D and G peaks, and XPS revealed the presence of
a large number of oxygen-containing functional groups on the surface. CCK8 assay showed that all groups of materials
had no cytotoxicity, and the proliferation level of the Ti-APTES/GO group was higher than that of the Ti-DOPA/GO
group. Under the laser confocal microscope, the cells in the Ti-DOPA/GO and Ti-APTES/GO groups spread more fully.
The Ti-DOPA/GO and Ti-APTES/GO groups had the deepest ALP staining, and the Ti-APTES/GO group had the most
alizarin red-stained mineralized nodules and the highest quantitative result of alizarin red staining. In the Ti-DOPA/GO
and Ti-APTES/GO groups, the expression of the early osteogenic-related gene RUNX2 reached a relatively high level,
while in the expression of the late osteogenic-related genes OPN and OCN, the Ti-APTES/GO group performed better
than the Ti-DOPA/GO group. Conclusion Ti-APTES/GO significantly outperformed Ti-DOPA/GO in promoting the
adhesion, proliferation, and in vitro osteogenic differentiation of MC3T3-E1 cells
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Fig 1 Scanning electron microscopy images of the material surface and the results of contact angle measurements on the material surface



*340° AT 11 2= 2 4% & West China Journal of Stomatology 2025-06 43(3)

PR ik 0 1T DL, 2R IR AR AL BRS BF
L2 fh 7y B A, 7E 252 DOPA F1 APTES gkt F Ti-
DOPA 21l Ti-APTES 21 (%) 3 11 42 fish £ 36 A [a] 7
TR, #E—21&0 GO ¥ )2 )5 Ti-DOPA/GO 41 il
Ti-APTES/GO 41 K 1 2 fil A ¥4 r MR, HE
ZHEFTGIFE L,

2.1.2 hi=tik ot

%12 # Ti-DOPA/GO ZH 7+ 1 345 cm™ 11 596 cm™ .,
Ti-APTES/GO 41 7E 1 342 cm™ Fi1 1 601 cm™ b 4% /3
ST A SRR R LA Y D I G e, 2
T BB T A SBER)Z
2.1.3 XSEOtFReig o

3 Sk 3 1 b 24 oM 1 A BHIEAT GO TR 2B
M J5 9 XPS 23 A, E. FIRIE T 7E 284.8 eV i B
T C-C WFRME W, 286.8 eV 1 H C-O Ay 1E I,
288.8 eV i HL C=0 My WEEFEAE I . sk ml UL, 44
BRI ZE GO WRZ B MG LK1 & A B BEA .
2.2 YMAEYE TN
2.2.1 20 P P A

KI4w] 0L, AR ICEME, D1 E|IDSAH

() BT AT R L X8 8 255 H AR T 440 35 B X RO, Ti-
DOPA/GO 4 #4558 /K- T Ti-APTES/GO 4, 5
AEitE .

s

8

it

g
— Ti-APTES/GO
— Ti-DOPA/GO
— Ti-APTES
—— Ti-DOPA
—— Ti-NaOH
—Ti

1000 2000

PLE LR om™
B2 fEoeiEr
Fig 2 Raman spectrum
222 MR MC3T3-E1 4 i e 9 e g (1,
KISty WL, SHAA R, Ti-
APTES/GO 41 F1 Ti-DOPA/GO 41 21 s B [ T A il
SO, HRE TR F A A E R

——Fitted Curve — Fitted Curve — Fitted Curve
—C-C —CC —C-C
—C-0 —C0 —C-0
5 =0 ! Cc=0 e =0
& RS o
i it it
= =l ol
200 288 286 284 282 200 288 286 284 282 200 288 286 284 282
A 4 fE/eV B ZEa Rk eV C hifhkeV
—— Fitted Curve — Fitted Curve —— Fitted Curve
—CC —CC —CC
—C-0 —C-0 —C0
5 Cc=0 5 Cc=0 5 Cc=0
& = o
i i / =
= =l / =
i * e N
200 288 286 284 282 200 288 286 284 282 200 288 286 284 282
D ZE4RE eV E ZEEHEleV F ZE5REleV

A: Ti#l; B: Ti-NaOH#{; C: Ti-DOPA4; D: Ti-APTES#i; E: Ti-DOPA/GO#; F: Ti-APTES/GO4.

3

XPS 43#t

Fig 3 XPS analysis
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Fig 4 Results of CCK-8 assay for MC3T3-E1 cells on the material surface
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Fig 5 Adhesion morphology of MC3T3-E1 cells on the material surface immunofluorescence staining x100
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Fig 6 Osteogenesis-related staining and quantification x10



©342e AT 11 2= 2 4% & West China Journal of Stomatology

2025-06 43(3)

2.3.2 BB AOCEE I YRR

TEVE S5 7 K A8 s AHOCHE A g 3RaA
7, 76 RCE 2 A 13k B RUNX2 F Ti-DOPA/
GO 41 M1 Ti-APTES/GO 41 (/)3 [ ik B oAb 2l #54
W, WA E S A K ALP EH T Ti-DO-

PA 4l . Ti-DOPA/GO 41 . Ti-APTES/GO 4l 3 ik
%5 Ti-APTES/GO #H7E COL- | JEN AR E, 2
SEG R, EE 14K, R
COL-I. RUNX2, ALP, OPN, OCN ¥ Ti-APTES/
GO FKikikm, ERBEAGI¥EL,

X i X B
RS — R207 g T 2.0 .. TP X ReTe—
:221.0 %15 NSNS e s
£ £ 1.0
— 0.5 ~
2 ;045
S PRI
e TR
SR x00§
D7 QRY
X
150 5
*ﬁ‘ #® 4
<
g s 2
- =B
SRS
5 YSQ‘QQ)%
&\&\' ‘\'QOQ&

S5TigH b, *P<0.05; **P<0.01; ***P<0.001; ****P<0.000 1. Ti-DOPA/GO %15 Ti-APTES/GO 4 It%r, **###P<0.000 1, NS: P>

0.05, D7: %7K, D14; 14K,

Bl 7 ARl ST 2R N ik

Fig 7 Osteogenic gene expression on the material surface
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