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The surface of zirconia grafted with hydrophilic end silanes promotes osteogenesis
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[Abstract] Objective: This study aims to investigate the influence of silanes with different end groups grafting on the zirconia
surface on the adhesion, proliferation and differentiation of osteoblast. ~Methods: A self-assembled monolayer was formed on the
surface of zirconia by covalent bonding. After hydroxylation, zirconia surface was grafted with different terminal groups of silanes, and
then mouse preosteoblasts are cultured on the surface. X-ray photoelectron spectroscopy (XPS) , scanning electron microscope (SEM )
and X -ray diffraction (XRD) analysis were used to detect the physical and chemical characteristics of the zirconia surface. The
adhesion and morphology of MC3T3-E1 cells were observed by laser confocal microscope after 24 h culture. After 1,3 and 5 days, the
cell proliferation level of each group was evaluated by the CCK-8 assay, and the differentiation of osteoblasts after 7 and 14 days of
culture was detected by the alkaline phosphatase kit. Results: XPS results showed that the four different terminal silanes were
successfully grafted to the zirconia surface. SEM and XRD results indicated that alkali heat and silane treatment had no obvious impact
on the topography and crystal phase of zirconia surface. Zirconia grafted with hydrophilic terminal amino- and mercapto- silanes,
presented excellent adhesion and high proliferation activity, and the expression of alkaline phosphatase is higher than that of the
untreated group, while the hydrophobic methyl - and vinyl - silanes has no obvious effect on cell proliferation, and inhibit cell
differentiation. Conclusion: Zirconia modified with hydrophilic end groups (such as mercapto and amino) of silanes can promote cell
adhesion, proliferation and differentiation.
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[J Nanjing Med Univ,2021,41(11):1579-1584]
[(BE€WB] HREAARPERESE(81970927) s TLIR mALEH R B TG BT H (2018-87) 5 VLI TLA (R B~ B HIF
F (M2020066)
*@fﬁ‘ﬂz%(COrreSpOnding author) , E-mail : xhf-1980@126.com



1580 [ S N

FALEH 11
2021411 H

S S P e S 2 T 52 QT 1 2 R AR AR %
BebpREZ —  E i T A 1 XL SE B R A A
Zha . AR AR AR A AR TR TR RO FAT
e A R AR I R T A —  (HT
VR JZ I Aigp 0 Jd 45 ) RELIG R R B TR, Pl
PER—MEE AR 75

fEbE e i i I B — 2 RENE S & Jm AL 2 &
D REVEAL &4, FEAE 2F BhIE AR SR TR R
R AR SRR REbe BB ve IRk AL 3%
AR E T, 5 HAR RN 47 518 i Zr-0-Si
I_EE[?H]O

LEA , 27K I S TR I AR S 19 4 A L B 2
TEMEA A AT S8 M B SRR B S5 i A B
o AR AR A E AL HE R BRI AFFERIH
(14 HEBHEAS AN [ R B AR S S AT e ) SR A
TG /N BT B 4 MC3T3-E1 A2 TR AR
Rt AR A T 25 S S B e A o

1 #RFEE

1.1 ##

/I BRI R 40 22 MC3T3-EL (PP R 40
MLEE) , o-MEM 555 G4 % (FBS) (758 & -5
B 2 L .0.25% R i (Gibeo 23 H] , 2 [F) \PBS
2% vp W (Hyclone 24 /], 32 6 ) | % %€ 25 ik . DAPI
(Apexbio A #], ) , CCK-8 1857 & (Dojindo 2 ],
HAS) B PEBERR EE (alkaline phosphatase , ALP) {7
& (Cpa U R ) TREWFSE AT ) L 3-(H LY I k430
PO L = T 4R ik o (y-MPS) | PP = PP A B ik )
(MTMS) . 3-Fi N Jk — HH AU RELE (MPTS) |\ 3-24 4 2
= LRI (APTES) (_RIERIRL T A w]) | B bR 2
AL (Waltham A R, SEE) HOGHEREE B0
(LSM 780, CalZeiss AG A ], F8 ) X B4 RETE (X-
ray photoelectron spectroscopy, XPS) 1 (Escalab
250xi, Thermo Fisher Scientific 23wl , 5[ ) X G126 A7
%} (X-ray diffraction, XRD){X (D8 ADVANCE, Bruk-
er AXS/AH] B ),
12 7%
1.2.1 X696 &R 520

YIE A4 914 5 .13 mm, JEE K 1 mm (1484
BE I8 R, B A R AT A T 43 0 28 400,600 . 800
1 200 H rymfb ik 4t £ 551

SEES AT 6 4 (n=6) , 73 B A ARALHA (NT A1) Bk
ALPEZH (HT 4H) . y-MPS b HEZH (HT-MPS 41 ) \MTMS
AbFEZH (HT-MTMS 4 ) . MPTS 4k 3 2 (HT - MPTS

4H) APTES b4 (HT-APTES4) . AL B A5G
TEWRJE 5 mol/L 1Y & B AL AN W 60 C T it iR
W, SR JE 70 FHy-MPS ( 23K 0 ) \MTMS (F 3K
Uit ) MPTS (3 HFAK U )  APTES (S A ) fik e 1A M
QbF24 b A RERE IR R BE R 2% , 711 oK
B, R REAR B2 TR B W ZE KB
T VE 10 min, £ BR R AR SN 2R EERE, 65 CHE
FET M

1.2.2 XPSH#7

AT XPS 23 B PEA% 2 1Ak 27 o R R e AR 1
Mo 16225 W F A0 AIKa 5 IR (1 486.7 V) HEAT
W, AR 900, i XPS Peak 4.1 84 01s
TEFEAT WAL B, ] C1(285.0 V) R HERASEIERY
eI
1.2.3 12#5d T AR

S AR A &) , MR T R
T E AR ORERR IR, I ER 15 KV,
1.2.4 XRD 547

i XRD 7550 A ST I A G B R 7E
REGEAL AT B A ARt . S R 20°~80°, H
F R 4 0.02°/min
1.2.5 i %A an o5 W BT &

B AH R KRG EAR N 5 mm PSR ES R A
T-96 fLHk , MC3T3-E1 2 il 4284 %5 55 4 3 000 1~/AL,
R4 N B 3 AT IR . A 5% 24 h
J&, FH PBS IR0k 230 J il FH 4% 1) 22 5 WA I YA 131
7€ 10 min, PBS PR 4N AE 2 38 , BEFLINA L mL 0.1 %
Triton-X 100 3835 ¥ , 2R 5 I Bk (9 2 P - 28
FRAK G {4 40 min 5 F PBS 2%k . AEFLIITA 100 nL
T B3k i DAPL G (2551 (R B LL Bl U B 4647 )
HEFTFARMIAZ (e (o, Y ] 4 2 min. BB EEK
AR S8 R b RSO IR AR B R T T EO
pUEZSIE il
1.2.6  CCK-8 & #&m| 2m fo 3 74

fifi H CCK-8 L5 1.3.5 d 4%, #4541
THEE K5 B BN 5 mm B9 SEALES R H 8T 96 L
M, MC3T3-E1 41 Ml 4280 % B2~ 3 000 /1L, B4
I3 E 3 AR IR AL . B IR RN E RS
W A 35 55 PBS th gk Pk , 1] B LA 100 L 15
FRHEFN 10 wL CCK-8 MG 57 2 ho il FH A a2 12 )
RSN 42 7F 450 nm AL B OGRS
1.2.7 ALP &M 2

ALP J2 5 I 248 100 B Ak ) AR AR 2
— BT KAE W ER R 13 mm &L #;



A

Za)

AV 11
20214E 11 H

73
R R R AR (A

SR R SRR R Sm it b A et A A R 45 5

RIS ]

SRBFERR) ,2021,41(11):1579-1584 <1581 -

B F 2T 24 FLAR, MC3T3-E1 20 g 1 42 Fh 35 5 hy
1 x10°A4~/4L , B3R B 3 A PATX IR 85
I BB e I [B) S, W2 9 5L, PBS (e M3k ,
A 0.1% Triton X-100 500 wL, 29577 J5 Fi B ALP il
ARG G UL TR  BEHRAY 560 nm 2 WO
FE(H . BCA I & & 2 SR BE I R ThRifiEqb
13 %itssE

K H SPSS 22.0 FRA4% 44 46k 2 1T 40 1 4 52 56
DLz ALP % PSS BRI A T G 114 T, 45 4 AR
JEIES A A 225510, X 4 LB - A T BRI R O
2000 I LSD LT Z AL, P < 0.05 H 2257
Aaiitee Lo

7 R

=A

XPS 2 %

xS HEE AR IY)EFE o, &
B P Ak SRR R T Y € A iR D, O A RN,
2ot REGERPERY HT-MPS \HT-MTMS \HT-MPTS .HT-
APTES A% NT 4L A1 HT 40 Si & B B 425, 4390 0
9.57% . 11.48% .9.18%18.23% ., WA, HiHAkLEd
PERY R RGN R 4.17% ST , & Hefik ke vl v (1 &
s R RIS 3.27% NITGE .

XPS B0 (1) 25 8 7R , HT-MPS \HT-MTMS
HT-MPTS .HT-APTES 21 7 346 eV [ff it #Y Zr3p1 I,
332 eV I 1) Zr3p2 16, 180 eV [T 1Y Zr3d I 5351
IR, 75 102 eV BRI H B Si 0,

2.2 SEM#% X

&1 2 Ry 4% 2H SR AR R THE A EE 2
TR Joe b P T A 1 1l S A 2R T b s
TESA KA ek s

2

2.1

A, Al Dl s
B,

NT#1

F1 BRARNBEREATEESLL

Table 1 Quantification of the zirconia surfaces in each
group (%)
Eibil C 0 Si Zr N S
NTZH 41.75 44.09 1.17 1299 0 0
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Figure 1 X-Ray photoelectron spectrum of zirconia sur-
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Figure 2 Scanning electron microscope observation of zirconia surface before and after modification (x10 000)
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Figure 3 X-ray diffraction patterns of zirconia surface be-
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Figure 4 Immunofluorescence staining of MC3T3-E1 cells at 24 h after seeding on zirconia suface
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