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[Abstract] Objective To compare the efficiency and biocompatibility of four different silanes on immobilizing ¢
(RGDIK) peptide on titanium surface. Methods After alkali-heat treatment (group OH), the titanium surface was treat-
ed with 3-aminopropyltriethoxysilane (APTES) (group OHAP), 3-chloropropyltriethoxysilane (CPTES) (group OHCP) (3-
mercaptopropyltrimethoxysilane (MPTS) (group OHMPT) and 3 -isobutyryloxy propyltrimethoxysilane(y - MPS) (group
OHMPS) to immobilize the ¢(RGDfK) cyclic peptide and constructa titanium-silane-c¢(RGDIK) coating. The NT group
was the blank control group. The surface morphology and wettability of the coatings were detected using scanning elec-
tron microscopy and contact angle measurement. The elemental composition of the titanium surface was analyzed using
X-ray photoelectron spectroscopy. After fluorescent staining with 4°,6-diamino-2-phenylindole (DAPI) and phalloidin,
the adhesion of mouse preosteoblast MC3T3-E1 cells on the surface of the materials was observed using laser confocal
microscopy. Cell counting kit-8 (CCK-8) and alkaline phosphatase (ALP) activity assays were used to evaluate the prolif-
eration and osteogenic differentiation of MC3T3-E1 cells on the surface of the materials, respectively. Results Scan-
ning electron microscope observation showed a spongy-like 3-dimensional network formed on the titanium surface after
alkali-heat treatment with silane-c(RGDfK) coating adhesion. The wettability of each group was greatly improved com-
pared to the untreated titanium surface. The element ratios of Si/Ti and amide-N/Ti in the OHMPS group were the high-
est. The OHAP group exhibited the best cell adhesion effect. The cell proliferation and ALP activity of the OHAP,
OHMPT, and OHMPS groups were significantly higher than the control group (P < 0.05); there was no statistical differ-
ence between the OHCP group and the control group. Conclusion MPTS, CPTES and y-MPS covalently immobilized
cyclic peptide ¢(RGDIK) on the titanium surface, which promoted adhesion, proliferation and osteogenic differentiation
of MC3T3-E1 cells. They-MPS conjugated C (RGDfK)cyclic peptide exhibited the best effect. MPTS, CPTES and -y -
MPS coupled with ¢(RGDfK) cyclic peptides had similar biological properties.
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MC3T3-E1; cell adhesion; osteogenic differentiation; ALP
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6- 2L (4, 6-diamino-2-phenyl indole,
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CCK-8 37 & (Dojindo Molecular Technology , Kuma-
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MA, JEH ), X 8 2k oL T BE 1 (X-ray photoelectron
spectroscopy, XPS) (Escalab 250xi, Thermo Fisher
Scientific,, 55 [ ) , 3948 H1. 45 ( scanning electron micro-
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x 20 000

The specimens were sprayed with gold, and the surface morphology was observed using SEM. Group NT has a smooth surface, and a
spongy three-dimensional network structure is formed in group OH after alkali-heat treatment. Some of the pores are filled by grafting dif-
ferent silanes and ¢ (RGDfK) cyclic peptides in the OHAP, OHCP, OHMPT and OHMPS groups. Group NT: untreated; group OH: alkali-
heat-treatment; group OHAP: APTES coupling; group OHCP: CPTES coupling; group OHMPT: MPTS coupling; group OHMPS: y-MPS
coupling. APTES: 3-aminopropyliriethoxysilane; CPTES: 3-chloropropyliriethoxysilane; MPTS: 3-mercaptopropyliriethoxysilane; y-MPS: y-
methacryloxypropyltrimethoxysilane; SEM: scanning electron microscope
Figure 1 SEM micrographs of different silanes coupling ¢(RGDfK) on titanium surfaces {E
B kA R BE B c (RGDIK) BRK i1 2 1 51 SEM P13

900, $ m IF A SR K PE AT 5 B AL BRS ) Z AL [) A B 9% |1, HL b OHMPS 4 19 422 fi £ 1o £ &2
SRR il A 2RI R AIR , S2 BUAR SR K AR S 5 i ik (F=0.142; OHAP 41 : P < 0.05; OHCP 4 : P < 0.05;
— R B M 22 IR, 45 2K 3 fisk ff DU 4 AN OHMPT 41 :P < 0.05; OHMPS41: P < 0.05) (& 2) .

. The contact angle of the NT group was greater than
90° but decreased to 0° after alkali-heat treatment.
o 10001 CINT . o .
3 _joH After further grafting with silane and polypeptides,
Lol ES [ OHAP . .
OHAP OHCP Z 75 ] OHCP the water contact angle increased to different degrees
E] [ OHMPT . .
z [ OHMPS in each group.*: compared with NT group, P < 0.05.
- ; o1 Group NT: untreated; group OH: alkali - heat - treat-
E—————— = i
OHMPT OHMPS = 25 * * # ment; group OHAP: APTES coupling; group OHCP:
* CPTES coupling; group OHMPT: MPTS coupling;

=]

Groups group OHMPS: y-MPS coupling. APTES: 3-aminopro-

pyl triethoxysilane; CPTES: 3-chloropropyltriethoxysi-
lane; MPTS: 3-mercaptopropyl triethoxysilane; y-MPS: y-methacryloxypropyltrimethoxysilane; SEM: scanning electron microscope

Figure 2 Surface wettability changes of different silanes coupling ¢(RGDIK) on titanium surfaces

B2 SR T A A e e (I ¢ (RGDIK ) B Ik 2 1w i v A8 1k

XPS 255 R , Bl B S Sk 2 1 O Je R G A, Je ¢ (RGDIK) K5 Si N TR & B i, SR il e
UE PR AR 5 R 2 5 i T £ 3% ek e, 2k e o K Z2 MKW A R (1) . SUTI E &5 3 2R
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204y, 4 399.8 ~ 400.2 eV J 401 ~ 402 eV, 43 51| Xt

O 38 FJ5 R PR B ML, 5 2 Fh Bt A B 1 5

7 83% ~ 88% , Tfii OHMPT 4 N 7T 2 H 25y 1k i %kt
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Fz1 XPSHMrERMmMICE S &

Table 1 XPS analysis of surface element content

Groups C(%) N(%) 0(%) Si(%) Ti(%) BAL(%) Amide-N/Ti Si/Ti
NT 54.62 1.50 35.32 0.83 7.72 0.01

OH 25.52 0.33 52.62 0.50 21.03 0.00

OHAP 26.58 0.67 54.27 0.75 16.94 0.79 0.035 0.04
OHCP 26.72 1.01 51.67 1.02 17.56 2.02 0.048 0.06
OHMPT 26.54 0.95 52.95 1.10 16.97 1.49 0.056 0.06
OHMPS 31.97 0.88 44.49 331 12.58 6.77 0.062 0.26

Group NT: untreated; group OH: alkali-heat-treatment; group OHAP: APTES coupling; group OHCP: CPTES coupling; group OHMPT: MPTS coupling;

group OHMPS: y-MPS coupling. APTES: 3-aminopropyliriethoxysilane; CPTES: 3-chloropropyltriethoxysilane; MPTS: 3-mercaptopropyl triethoxysilane; y-

MPS: y-methacryloxypropyltrimethoxysilane; BAL: balance, remaining content; XPS: X ray photoelectron spectroscopy

Nls ‘[ {“‘./amide—N

| lamide-N: 100%

amide N
amide-N: 88%
NH\;\ NH;":12%

amide-N
Nls I amide-N "
/“ETrmleN 88% Nis \ .
\NH 12% i\ amide-N: 83%
11 o N ) | NH17%
I X\/Q/ b NI
L ] i |
210405 400 395 390 410 405 400 395 390

Binding energy/eV

Binding energy/eV @

210405 400 395 390 410 405 400 395 390
Binding energy/eV G Binding energy/eV @

a: APTES coupling (group OHAP); b: CPTES coupling (group OHCP); ¢: MPTS coupling (group OHMPT); d: y-MPS coupling (group OHMPS).
Group OHAP: APTES coupling; group OHCP: CPTES coupling; group OHMPT: MPTS coupling; group OHMPS: y-MPS coupling. APTES: 3-ami-

nopropyl triethoxysilane; CPTES: 3 - chloropropyltriethoxysilane; MPTS: 3 - mercaptopropyliriethoxysilane; vy - MPS: +y - methacryloxypropyltrime-

thoxysilane; XPS: X-ray photoelectron spectroscopy

Figure 3 XPS peaks of N1s of different silanes coupling ¢(RGDfK) on titanium surfaces in groups
B3 kR ARSI c (RGDIK) FRAK A 41 XPS 1 N1s I €]

(RGD) fK ¥ KA & T OHCP 2H 52 OHMPT 4 , {H it
A 38 B % Ak B TR AL B, OHAP 41455 11 ¢
(RGD)K & /b
22 tEBLEEW M AR
WOLILRE AR B ME Mg e ek 5
MC3T3-E1 40 g 3£ 55 3% 6 h J5 1) 20 i 25 15 ol (1
4), 7] UL NT 4 4 f i e A, R KRB, AR ML H|
B WA 40 M fh /2 . OH 4 . OHAP 4H . OHCP 4 .
OHMPT 24 . OHMPS £H 4f Jfa 4l Ji& &2 [BDE |, UL#% 2 41
Mg 22 o, OHAP 21 Bk 7 40 e o8 e e, PR A2
R 758 .
2.3 fmARg FA T oLk dR
MC3T3-E1 4 g 5k il A L85 32 7 d J5

OHAP ,OHMPT , OHMPS 21 4] {5 /1% H B4 (1) 8 5 v
71, 5 NT @M LA 222 5 (F =0.089; OHAP 41 :
P=0.013; OHMPT i : P=0.002; OHMPS 4 : P=
0.025) (E5), OHMPT dH 458 iG Ve i, OH 4L A0
OHCP 41 5 NTAIAH L, 22 55 T4 it2# 5 L (OH 41
P=0.934;0HCP4:P=0.139),
24 IR E R

220 Bk B 2 T FE Fh MC3T3-E1 41 i IF: ¥E 47 i
HiAEF T dIY ALP IEYEUNE 6 A %, 1T LA & 4% b
fif %€ -¢ (RGDIK) PR K Ak # 21 247 42 38 T 41 B ALP [
Fik, Horp, OHAP . OHMPT . OHMPS 4H Fi¥ A % 6 3k
EEE, SNTHMEZRAESRITFE L (F=
0.051, OHAP 41 : P =0.002; OHMPT 4 : P = 0.007;
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OHCP OHMPT OHMPS

NT OH OHAP

Nucleis

B-actins

Merge

Immunofluorescence staining of -actin (green) and nuclei (blue) in MC3T3-E1 cells 6 h after seeding on titanium samples. Cells in the
NT group were not well spread and were long spindle shaped with no obvious pseudopodia. Cells in the OH, OHAP, OHCP, OHMPT and
OHMPS groups were circular in shape, and more cell microfilaments were observed. Original magnification is X 200. Group NT: untreated;
group OH: alkali-heat-treatment; group OHAP: APTES coupling; group OHCP: CPTES coupling; group OHMPT: MPTS coupling; group
OHMPS: vy - MPS coupling. APTES: 3 - aminopropyl triethoxysilane; CPTES: 3 - chloropropyliriethoxysilane; MPTS: 3 - mercaptopropyl
triethoxysilane; y-MPS: y-methacryloxypropyl trimethoxysilane
Figure 4 Cell adhesion of different silanes coupling ¢(RGDfK) on titanium surfaces was observed using confocal laser
scanning microscope

4 WOCH R A 1 O ILEEBA 3R 1 A R Joe A K ¢ (RGDIK ) 4 ik 2% 4 40 i 26k B 155 2L

*: compared with NT group, P < 0.05, n = 5. Group NT: untreated; group OH: alkali-heat-

;“5) ;ﬁ%ﬁw treatment; group OHAP: APTES coupling; group OHCP: CPTES coupling; group OHMPT:
£ 30 T MPTS coupling; group OHMPS: y-MPS coupling. APTES: 3-aminopropyl triethoxysilane;
5 2.5 . ‘ ‘OEMPS # CPTES: 3-chloropropyl triethoxysilane; MPTS: 3-mercaptopropyltriethoxysilane; y-MPS: y-
: 2.0 g T - ‘ methacryloxypropyl trimethoxysilane
2 :(5) W H Figure 5  Cell proliferation of different silanes coupling ¢(RGDfK) on titanium
- 05 surfaces was detected using CCK-8 assay

oo LB P B L 5 CCK-8 A I BRSR 1H A [AIREBE I ¢ (RGDIK) PRk A% 141 a3 58
= 207 gmNT *: compared with NT group, P < 0.05. Group NT: untreated; group OH: alkali-heat-treatment;
?E II:SEJ\P group OHAP: APTES coupling; group OHCP: CPTES coupling; group OHMPT: MPTS coupling;
E L5f ankﬁ;l " * group OHMPS: y-MPS coupling. APTES: 3-aminopropyl triethoxysilane; CPTES: 3-chloropropyl-
jik Lok FOHMPS I H triethoxysilane; MPTS: 3 - mercaptopropyliriethoxysilane; vy - MPS: +y - methacryloxypropyltrime-
\é e EH thoxysilane; ALP: alkaline phosphatase
;:: 0371 Figure 6 ALP activity of different silanes coupling ¢(RGDfK) on titanium surfaces
= 0.0 N I IR N O after 7 days of osteogenic induction

Groups

B 6 kT A [E RE BRI ¢ (RCDIK) R IKASZH AN 1B 5 S 7 d i ALP 3514
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OHMPS 4 : P = 0.001), 1fj OH £H .OHCP £H%ZX NT #4H
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