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Surface properties and cell compatibility of carbon ion implanted silicone rubber
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[ Abstract | Objective To evaluate the morphology, physicochemical properties and cell compatibility
of silicone rubber (SR) after carbon ion being injected to its surface. Methods Different volumes of carbon
ion injection was injected into the surface of SR with the aid of a multi-function ion injection machine. The
obtained SR was named as carbon-silicone rubber( C-SR). Scanning electron microscopy( SEM) , Fourier trans-
form infrared spectrometry( FTIR) and X-ray diffraction( XRD) were used to analyze the surface properties of
modified materials. Cell proliferation, immunofluorescence staining and Western blot analysis were used to analyze
the biocompatibility of modified materials after cocultured with human dermal fibroblasts. Results SEM and
FTIR indicated that there was no any obvious difference in the morphology of the surface of modified C-SR.
XRD showed that a new crystal structure was formed on the surface of the modified material after carbon-ion
implantation, but the changes were not obvious compared with original materials. Cell proliferation experiment
illustrated that human dermal fibroblasts grow better in C-SR than in SR (P < 0.05). Immunofluorescence
staining and Western blotting indicated that the expression of vinculin was enhanced in the C-SR materials,
indicating that the carbon-ion implantation increased the cell adhesion. Conclusion Carbon-ion implantation to SR
improves the surface properties and cell compatibility. C-SR might be used as a new filling material of soft tissue.
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Supported by the National Natural Science Foundation of China (81071574 ) and the Foundation for Young Talents of Third Military Medical University
(2009XQN36). Corresponding author:Fan Dongli, Tel: 86-23-68774647 ,E-mail ; fdltmmu@ sina. com

TE ST SR RIS Hh , BEAR I (silicone rubber, Tttt , RS 2 I PSR b PR LSE AR L 4%
SR) FLEAT RUFAY AR e VE AR BRE R 5 IR FD T, SRR 2 5 U A s K M, 3 BOH 5 2 240 g (4 A

mn e mnon e e gy PR NI S R R IR, O
S NP AR S 5 = - S \ \ A AN

(2009%Q36) ’ e IR A, 5 S SO AR R B (L b

[BIEEE] #4&), Bk (023)68774647 , E-mail ; fdltmmu@ sina. com izjs*j*’:l‘jﬂ:’/fj—‘%ﬁ E/‘J i% E—Lﬁ‘ﬁﬁﬁﬁ 5 i gﬁ,ﬂ\:éﬂmﬁj‘ﬁ ’75:

[fE5FEHAR] http://www. cnki. net/kems/detail /51. 1095. R. 20121207. 1023. 019. II~/J-:I— , u*ﬁ%%?ﬁéﬂg}{*ﬁﬂg’_iﬁﬁﬁ E{J”ﬁ}"ﬁ?éﬁ&i% , _/E\_ﬁi

himl (2012-12-07)



35 B2 M ¥O= K BE R ¥ ¥ OMR
J Third Mil Med Univ

124 2013451 A 30 H

Vol. 35, No. 2
Jan. 30 2013

B S HET, X T REAR B AL ZR TH ek , SR
SR TR Rt iR Sk 1
YA — 2 B, WA TR B SR B 1 A IR
FERG RIS . AP0 T &8 2 AR R
T ARG IAGERR AR R T el vk, BA H AR A 1)
DB ik R A T, I LT e B 2 Bl T
U8, I BETEATRLERTHE U IR 45 44 5 [R] IR, 2R 11 9 24
PEARSZ M RLA B (1 BT . ASBIETE R A ] ) 2 1 1
NG WP REAR A T 3R T T AL B, JF R A W
(Scanning electron microscope , SEM) {37 21 4G
(Fourier transform infrared spectrometer, FTIR) \ X 52k
A5 (X-ray diffraction, XRD ) 55 55 AR WLEE B} B 2 THI
PERE , SR AN B3G50 S 50 | SR 5 Western blot 454
ARWLEEN EL R UET A 20 MO AE ek Fe AR T 1) A A
B0, X5 AR L IS 2R AT VP AT

1 #REFE

1.1 MBS

X 53 B AR EEAR IS (SR) , B BRIITT 21 07 HLEE A1 8}
HRRAEIME . ZUREE T ANL (8 Tl v e 4 B 55 B,
HFE ) ; AMRAY1000-B20KV $73% B 8% ( Amray /A &, 36 ) ;470
TR FG AT AP 1% 4Y ( Thermo Nicolet 23], 25 ) ; D/MAX-3C %l
X GFEATHHAL (Rigaku AR, HA) s #OGHLR £ (Leica 20 H], 1
) ;Bio-Rad T 15 HL Uk 1% | 2 11 5% EP{X ( Bio-Rad A H], £ [H) ;
Chemilmager 5500 %Y [ 3y f 1k 58 e 15 53 #71{% ( Alpha Innotech
ol ) TR B R AR IR A .
1.2 F&*
1.2.1 SR FMk-fEMEE (C-SR) il & FEEWE A 20 C 38
BEN 50% BIEAET 8 WU 4 BE RIS AR IR (453 mL) #21: 1
R A, BRI 5], A& B AR AL (100 mm x 100 mm x
0.5 mm) H BUETE —0. 1 MPa 259 525 3 H 30 min J5HUH,
FIREEAL FEL 6 h, FEALTE 4 )5 vk £ 9 T SOk Tk
4 TG 2% B A R T G R

e $F 26 O B 6 WL Jo BBt JC B B 4% Wl SR
(100 mm x 100 mm x 0.5 mm) , DA = 4l 58 A S5 4E i (C) B F
PR, VPR B TIEASF 3 T HEHE 10 keV, B T304 107 3 x
107 .10' jon/cm® , R BEFF 0. 6 mA/em® , B RS JE/NF 1 x
107* Pa, R AL INAE RS THE AN SR #£47 C B T 1A, 153
3 FORIEIY C-SR, 4-BlkRiE A C-SR1(1 x 10" ion/cm?®) . C-SR2
(3 x10" ion/ecm®) . C-SR3(1 x 10" jon/cm®) .
1.2.2  MeERmERR M
1.2.2.1 SEM ST B /N 10 mm x 10 mm [y SR,
C-SR1.C-SR2 il C-SR3 4§ 4 F#f L F 37 CHFFs TS5, BEA
BASIE R TR RS T 1) e S 4 B I, fE LR HUE
i B L R TR 4
1.2.2.2 FTIR ¥4 FiAHRIBTE M 10 mm x 10 mm K/, i
FHTC/K O TEx R b4 T8 BV 1, FF O BEZE & RS T
FrimE , Wk 4 em ™" TR 4 000 ~ 400 em ™' i 6
TR AR VR 2 AR R H A A T RE
1.2.2.3 XRD BRI AL 2 To K L RERE I 5, L2 Tk

EBRAE S RES Y, S AT bR T A2 4 A o
1.2.3 e ERe v
1.2.3.1  ZMEdGsscse K HE B e a i (R ARaE %)
P T AL Al A #1896 FLAR N, IEAE K5 9% 48 h 5 &
100 WL $HEFEWH A 10 wl CCK-8 %K, & 1 h, AR TR
WA 450 nm KNG BEAE, B 6 A~ E L.
1.2.3.2 4l M (Vinculin) et 0, 45 N E &L LT
YA Ab A T FLRE A ARG 6 FLAR Y, AR 15 3% 48 h 5 k4T
S, —Ht 4 CE M H Vinculin HLA4 (1400, Sigma A #], 3
E),37 CE Cy3 tridllFEP/MNR =i (1: 500, H = KAH
[E)1 h,Hoechst33342 (£ =K/ E], 1 E) FE ik FYeA%S min,
1.2.3.3 Western blot 43#f Vinculin ik B N E 7 i 2 4
AR LR ETA R 6 FLAR P O BRZEL S = inbA 6k i) 4t
MOZH) , AR 355 48 b5 ] RIPA 200 it 26 A 0 2 U 40 JH 3 7 1
HEE LR 25 ug; A EDE PVDF 8 (Millipore /4 F] , 32
Ve, —¥i 4 CE /NPT Vinculin H44&(1: 1 000, Sigma
NE),EE), Hdi A B-actin HAK (11200, Santa Cruz 23 7], 36
E) . Z“Hi=IRME 2 h: Vinculin FHHUWR i E ALY lF HRP frid
W=EHi/ N, B-actin ff FHBAR T 06 W) i HRP 4790 L1250 e ;
SR ECL B A& GE A RAR], HE) FEER BRI B4,
1.3 %itso

TR EAR LA X =5 F27R , ffi ] SPSS 20. 0 G it ik i AT LR
R T7 2250 Tukey 5 EPEAGTS

2 #R

2.1 AR @i

1 20 000 5 KRAEECT ,SR.C-SR1.C-SR2 5 C-SR3 1i#
WIES oI 25 (1), BB C 313 AR, S 7 5 o
M RJE _EXT AR R A A AT s . H C R AT i A G M
I 1 FTIR G A8 1k (1 2) 378 C 3 AR MR i 55
KM IR S A RS A PLE 68 B A R SR, C-SR 1Y
XRD i SR A Fret 4, JLFF C-SR B4 SR 7 % sk s 4b
S TR AR AL JEIR T ORI (B 3) 4R R C B T IITEA
TE SR RTEIE B T Hr 0 s IR g5 8 B 22 R R B3,

A:SR;B:C-SR1;C:C-SR2;D:C-SR3
1 EREE 3 HARBFENEBNB-EGEM R EEEEE



35 B2 W
2013 4F 1 30 H

B, = E BE K ¥ % Vol. 35, No. 2
J Third Mil

Med Univ Jan. 30 2013 125

100 100 v
95 E’“ 95 2
90 o 901 8
85 R 85 1 b
~ 80 801
x® 75 x® 751
= 70 5 701
% 60 % 607
55 55
50 50
45 51
40 |
40 o
35 ; \ : . . = 351 " . . 1 ) S @
3500 3000 2500 2000 1500 1000 3500 3000 2500 2000 1500 1000
P (em™) PeE(em™)
100 1z \ 1007
951 % 951
904 S 90
85 4 a 851
801 ~ 807
751 759
5 704 5 704
*}; 65 =651
%) 601 %60+
551 55
50 50 =
45 1 45 S
401 ] 404 =
354 i i ; ; i <t y . ’ " ’ = = @
3500 3000 2500 2000 1500 1000 3500 3000 2500 2000 1500 1000
PR (em™) P (em™)
A:SR;B:C-SR1;C:C-SR2;D;C-SR3
2 HBREE3MAREFENERNB-ERRM RSO LiE ST E
I 2.2.3  Vinculin {576 E  AMIAE C-SR PER B I

30 40
2-Theta(°)

RS2k S
B3 REERE3HAREFENENBR-ESRMEN X L5758

2.2 fmfeAn s HEA R

2.2.1 ZNpEIETHSEE: P CCK-8 sl 4kl i 4 i 38 7
L, B SR AE 1 3% I LAY 200 i (X BRZH ) S % B2 A R (0. 56 =
0.07) ;SR.C-SR1,C-SR2,C-SR3 43517 (0.23 £0.01) ., (0.35 =
0.08) .(0.40 £0.05) . (0.47 +0.04) , C-SR1 . C-SR2 . C-SR3 4}
B SR A, 22 A Gt E R (P <0.05) , W] C-SR %
AT F AN M . C-SR1,C-SR2 I C-SR3 2 [ia] #H . 1% 1
W 2R TGIHEREL(P>0.05), X4 5 SR, C-SR1,C-
SR2 AL 25 R A G325 L (P <0.05) , 15 C-SR3 [ 2%
FGEHFE L (P >0.05) , Uil C-SR3 e F) T 4h ML 1 58
2.2.2 Western blot 434/t Vinculin 35 C-SR £-#H Vinculin
RS T SR Bt IR, H A B ik A BRI R
B . LK 4,

50 60

M 1 2 3 4
Vinculin(116x107)— S S ss—" S— q

B-actin(43x10%)— —

M:#474;1: SR;2: C-SRI;3: C-SR2; 4: C-SR3
4 Western blot 4 il R AL R Be-FER BC AT L B 3E SR B £ 2
ZBAE R Vinculin B9 i%

A KABEBIE T SR, Vinculin Gy o e B 3R (Z1 AR5 05
NS ARSI, LA C-SR3 S, Vinculin (13255 &1 i
=T SR, WK S5,

. Hoechest33342
Cy3 7t Vinculin Yuft,

B 5 ®REWRLEENEFGERBR-EGEM R EER0 LT
#4Apa s Vinculin fRIE OB R £ B#A x400)

SR

C-SR3

3 it

X SE R A B ST A5 i N i B AR A AR Y
a2 RIS, SR SR A BHHE Al 30 A 2R AT A A, 2
HFZMIBIT I3, [H SR A A 2P 22, 4H 2 4n i
AT R B RERL R T, 25 50 FE A LR IR hAT 4E A
B AT B A, L 2 51 R ks e Rk it
Xt SR BEAT R I Ve, FRAT BA R AR R B v b
Bl B — PR W I R IG T ROCR . ABEFEXT SR 2
11 CEFEAUE, K] SEM (FTIR FI XRD £AR 73



35 B2 M ¥O= K BE R ¥ ¥ OMR
J Third Mil Med Univ

126 2013451 A 30 H

Vol. 35, No. 2
Jan. 30 2013

T AP EHY R EPERE, JFWEE T C-SR AR 751,
HE— 2L W SR PRI A R 2D o B S T

AHFE R SEM (FTIR 1 XRD % 523844 fe} ik
fr#mtERE/ M. SEM K& SR Al C-SR B A
I 22 5 M SCHR [ 8 ] TEXT Bk B T B FIEA S, &
IR A5G K A W] S A8 X AT B2 T SR &
THEUEREY,C ETFEARARR,SEM A2 ISR
3| CEFEAN SR REEMA B A, T — L5
o BSR ] AFM %F SR R C-SR#E4T 40 K 2% 51 1% ¢ T
EHEL ., H C JRFIEATE A G, M OB R Y FTIR
JCIA AR, B C HEAJS,C B F A S5 SR EEA
BUERERIMIE . 454 XRD 434, C B F1EAG, B
BT AR $E R L C oA 78 SR RTE AL T8 Y
AR SER

CEFIEARR MBERIERE L A T, T
L TR T SR AR AR AR AR e —
gErb, FRATT X Bk A R G A M AR 2 R R AT T OULER
CCKS8 R I m N L B £T 4 4 i 75 C-SR 2 1 (1) 3
FANEBULOL T 38 SR, ITE A2 AR B, SO A4 RL 2% 1T 4
MLAB S AR SO T SR S) , Ui C-SR ¢ SR 1
A HRTF A AR R A o 20 A A A 2R T A 28 B
TR SRR o VR R B A A 4
fiEYEE H 2Z—, Vinculin i 1 5 H AWK 5 BE & H 405
HARE A A A EAE T, 5% e 40 i i G B L R i
B HFE ARG 2 FEARAFSE T, R ] Western
blot WZZ %] C-SR 441 Vinculin (35358 5 T@ SR
Bt HRZ, FLRE B 7 A 0 2 i H ek i vk 3
155, LA C-SR3 M, Sy v Y L4278 Vinculin 634
SrgiOE /=

ABFFE AT EAT R C-SR HEAT T 2 1f 4 BE A1 40 i
AHZS TR B EE 3B , A BB 25 11 A, BlePE AR 2R
HVEREEL SR LA T — B2, FEAE T LA C A,
16 SR ZRIIE B T 8T 10 ks &5 44, 2456 STk /0 AT, ixX
TSP BB Y AR AT RESE MR 1R RE R T Y SR B Kk il
AR T 240 i 4 5 B R 11 A T BT BB 0 B R, DT 2 2 4
PLE R AR T ) 85 B AN g L R — 2 T S e
S C-SR % SR B 4 i A B S 344 . X 4R 3R
7, A A B AR, 25 5 R I LA R AT 2%
FHE ST, AT e 2 L 5] R G BT i R el 2 A
A VTG R S5 RAEM KA o R — 2B ol X
BPEAT B C-SR R4 3l WA AR A T35 5561 2B 2
PERT TS, LADPAl Ho i RIS A 5

STk

[1] Hatamleh M M, Watts D C. Mechanical properties and bonding of
maxillofacial silicone elastomers [ J]. Dent Mater, 2010, 26 (2):
185 -191.

[2] MaZ, Mao Z, Gao C. Surface modification and property analysis of bi-
omedical polymers used for tissue engineering [ J]. Colloids Surf B
Biointerfaces, 2007, 60(2): 137 - 157.

[3] Ren T B, Weigel T, Groth T, et al. Microwave plasma surface modifi-
cation of silicone elastomer with allylamine for improvement of biocom-
patibility[ J]. J Biomed Mater Res A, 2008, 86(1) : 209 -219.

[4] Cordeiro A L, Zschoche S, Janke A, et al. Functionalization of poly
(dimethylsiloxane ) surfaces with maleic anhydride copolymer films
[J]. Langmuir, 2009, 25(3): 1509 - 1517.

[5] Khanna R, Katti K S, Katti D R. Nanomechanics of surface modified
nanohydroxyapatite particulates used in biomaterials[ J]. J Eng Mech,
2009, 135(5) : 468 -478.

[6] Gan B K, Nosworthy N J, McKenzie D R, et al. Plasma immersion ion
implantation treatment of polyethylene for enhanced binding of active
horseradish peroxidase[ J]. J Biomed Mater Res A, 2008, 85(3):
605 -610.

[7] Bellamy K, Limbert G, Waters M G, et al. An elastomeric material for
facial prostheses: synthesis, experimental and numerical testing aspects
[J]. Biomaterials, 2003, 24(27) : 5061 -5066.

[8] De-Maeztu M A, Alava J I, Gay-Escoda C. Ton implantation: surface
treatment for improving the bone integration of titanium and Ti6Al4V
dental implants[ J]. Clin Oral Implants Res, 2003, 14(1) : 57 -62.

[9] Thevenot P, Hu W J, Tang L. Surface chemistry influences implant
biocompatibility[ J]. Curr Top Med Chem, 2008, 8(4) : 270 -280.

[10] Hauser J, Zietlow J, Koller M, et al. Enhanced cell adhesion to sili-
cone implant material through plasma surface modification[ J]. J Ma-
ter Sci Mater Med, 2009, 20(12) ; 2541 —2548.

[11] Nebe J G, Luethen F, Lange R, et al. Interface interactions of osteo-
blasts with structured titanium and the correlation between physico-
chemical characteristics and cell biological parameters[ J]. Macromol
Biosci, 2007, 7(5) : 567 - 578.

[12] Carisey A, Ballestrem C. Vinculin, an adapter protein in control of cell
adhesion signalling[ J]. Eur J Cell Biol, 2011, 90(2/3): 157 - 163.

(13] #AmNDY, 228, M. Vinculin 75 40 08 N7 77 5 5808 i) 78 H
L], PEEYAE S T4 974k, 2009, 25(9) : 805 -810.

[14] Ziegler W H, Gingras A R, Critchley D R, et al. Integrin connec-
tions to the cytoskeleton through talin and vinculin[ J]. Biochem Soc
Trans, 2008, 36(2) : 235 -239.

[15] Lee J H, Rangarajan E S, Vonrhein C, et al. The metavinculin tail
domain directs constitutive interactions with raverl and vinculin RNA
[J]. I Mol Biol, 2012, 422(5) : 697 —704.

[16] Wang Y X, Robertson J L, Spillman W B Jr, et al. Effects of the
chemical structure and the surface properties of polymeric biomaterials
on their biocompatibility [ J]. Pharm Res, 2004, 21 (8): 1362 -
1373.

(Yr#5:2012-08-22 ; f&[H :2012-10-09)

(%8 & %)



