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Relationship of surface properties of silicone rubber with bacteria adhesion
Shi Xiaohua, Zhang Yiming, Zhou Xin, Chen Xing, Fan Dongli ( Department of Plastic and Cosmetic Surgery, Xingiao
Hospital, Third Military Medical University, Chongqing, 400037, China)

[Abstract | Objective To investigate the relationship of the surface properties of silicone rubber with
bacterial adhesion in order to provide theoretical basis to prevent infection of bio-implants. Methods Bacterial
culture and colony formation counting were used to analyze the bacterial adhesion on the surface of ordinary silicon
rubber (SR), carbon ion implanted silicon rubber ( C-SR), and hydroxyapatite coating silicone rubber ( HA/
SR). Scanning electron microscopy (SEM) was used to observe the morphology of the substrate surface. The
molecular structures of the surface were analyzed by X-ray photoelectron spectroscopy (XPS), X-ray diffraction
spectroscopy ( XRD ) and Fourier transform infrared spectrometry ( FTIR). Meanwhile, the hydrophilic/
hydrophobic properties of substrate surface were detected by water contact angle test. Results  The number of
bacteria adhered to the surface was largest in the SR [ (2.11 +0.12) x10°CFU], followed by HA/SR [ (1.88 +
0.88) x10°CFU], and then C-SR [ (0.98 +0.35) x10°CFU]. Significant difference was seen in the bacterial
count between C-SR and SR (P <0.05), but not between HA/SR and SR (P >0.05). Similar trend was also in
the hydrophilic/hydrophobic properties, but not in the surface roughness. Conclusion Hydrophilic/
hydrophobic properties may play an important role for bacterial adhesion on the biomaterial surface.

[ Key words ] biomaterials; infection; bacterial adhesion; surface properties; hydrophilicity/
hydrophobicity
Supported by the National Nature Science Foundation for Young Scholars of China (81401610) and the Foundation for Achievement Transformation of Third
Military Medical University (2012XZHO5). Corresponding author: Fan Dongli, E-mail; fdltmmu@ sina. com

[(BE&WH] EKAARFIEEHERFILETH (81401610) 3 85 = 4B KA U R ALk 43 (2012XZHO5 )
[BEEE] #7477, E-mail: fdltmmu@ sina. com
[fLsEHAR ] http ://www. cnki. net/kems/detail/51. 1095. R. 20150722. 0956. 014. himl (2015-07-22)



537 45519 W o= F E K ¥ %M
J Third Mil Med Univ

1922 2015 4£10 A 15 H

Vol. 37, No. 19
Oct. 15 2015

IR AL SV A R G A SR e i 2
PHAG AR RS, A M B R S 7 i ol P i R 2
TR AL, o, SRR S A I e T RE S 2
R A L WSRO JR
Y A S PR AT BRI o DL, R 5T A Wb R 2
TEIT P9 200 1 285 B 7 3 A 0B RS 5 D A I e HA
FEAE Lo LT A 4R R XE LR Sk R ke A b
B (AT A2, 12 AR WA A AR I, 520 1) 240 T il
REFEOHLIRIER e . (AShS2 5 L BT, RIVEEAR 2 19 20 T
(EEZ/DTF 10 A) o n] fE2 T BUM B AL A WA A R
R, 55 W, s g™ 5 R R
B, 200 X A R 2 B -5 240 T o AT A 0 4 R 26 AR
O AR I AL LR SRR M R
3 I AN T B L BB ERT
AT AT 5 U B ] o 2 1 B S T A AR
AR A BN R

TEFEIE SN Bl R AR 7 4R, Ak AR (silicon rub-

YRR , AT IR, 2R MRS L. H
WAFTER] W ol i, B T S i K P, ZH L AR B AR S
PR o AR AERT ST, SR AN [) 9 7 ik ol
PE T LA SR Dy & fith ) 2 T S0P A1 -k AR I ( carbon
ion implanted silicon rubber, C-SR) " ¥ 5LHE K £1 14
JZ1E#2 I (hydroxyapatite coating silicone rubber, HA/
SR X 3 FlvEAR I 2 T4 P AR DL TSR, K
A [F] A L2 T A0 TR R B A — e 22 57 0 ATk
— £ % F 9 #i # B% ( scanning electron microscope,
SEM) X HF£& -t T HEi%{Y ( X-ray photoelectron spec-
troscopy , XPS) X 5 A7 S G AL (XRD) | ff B 21
AMEIREIY ( Fourier transform infrared spectrometer, FTIR)
XT3 AR A L 2 T T 35 b ) BEAR AR PR RE R AT O
v, TR ESE XA e 0 T PR A 5 A S K 5 ik A T A
BRI R R PERE S A0 E R R R

1 RS

L1 AR S

FE AR AR JORE (OOUZH J P2 R A AR S ) ) 3K
H R RO BE . B s EE R A4S « i RE B 718
AMLCRE Tl V4 e P 3A0F 5 e, Hh ) ; AMRAY 1000-
B20KV 94ifi .45 ( Amray 23], 32 [H]) ;470 BLE B 2L
A% ( Thermo Nicolet /3w, 35 [H ) ; Escalab250 7
X G0t oL AL AE 1 ( Thermo Electron 24 ], 3 )
SC7640 R EHE FE e Wi A (_F i 5 s B R A R
5], HHE) (DSA 100 78842 fil £ P 5 A (L £ KRUSS

ZvE], fEE) . LEXT OLS4100 3 ot 4t % £ W il 5%
(Olympus 2], HA) o

1.2 ik

1201 3 Fpobhokl i 240 v 26 B A SR, C-SR 0l
HA/SR WyilVE LS WCHR[7 -8 ], fk(C) B FiEA
FIEEFHTEARER 10 eV, B 7R 1 x 108 7/cm’,
FRILWE K AT URRIAS 100 wm, 7E 37 CHEE T, A&
B AR 37 C it iE AL )E , 15 100 L3 Fh 3] LB
WS IR AL 3T C IR 17 2.5 ~ 3 h, 5AM st
THIN A ROG R B, R T 0.08 ~0.1 Z
] (SE 4% 1 x10° ~1 x 10°4/mL) % . ¥ 3 #
MRS B E T IR 6 FLAR H, BAL A A Lk
MW 2 mL, 78 37 C I R4, 0 318555 12 h L
L, FITCR/KIEBE 10 IR, 2 BRb RE R 18 AR b BT 1 i 4
B ARG T 2 mL (KK IR A IR #8R % 15 min,
K e 2 T B I AN R e M . S5, RV
10 F5BR BERR RS, & M BEEE 10 WL 23 500 A T M 3N
SR L 37 C A I A A I RO A BT
30 ~300 AN A, THRT-H A A 20 TR R B
1.2.2 SR 1 C-SR Ry M REA I

SEM 4 3 FAf B3 5 U] 2 10 mm x 10 mm [ J5
¥ ,37 C T, B RS0 T WP, 12 215 ff
B R TIE A

XPS:3 FhAt R4 )41 AL 10 mm x 10 mm,75% Z,
R U LA R, SBRAE SR TS, R S
FRFERE AT L EAT XPS R A4k R 1 AL 24 ALk, 5
LBV R 1 000 ~1 500 eV, AETEAIHETEE D} 0 ~ 1 200 eV,
FIHERIEE 1 eV,

XRD:3 Ffpr 358K 10 mm x 10 mm, To7K £ %
B T A I BR R TS W, ¥ 215 4T XRD
5 53 BT 4 R 2 1T 1) i AR 25 1 o

FTIR 2 3 Ffd k3 51 1) 2 10 mm x 10 mm ) J5
¥, JoK LSBT0, T LR &, R 5 TG 21T
M 5E (PR 4 em ™" FIHEEFE A 400 ~4 000 em ™)

R/ HKME REEMl ) « 58 F /K T4 R T
1 min 5 AT, BRI B 5 mm [ 3 A 5
A, 3t 6 YRises, BOE M.,

FTARLRE B2 < >k ] LEXT OLS4100 0t 5 £
45 (Olympus, H Z) 20 f5547455 %5 A4 FH 3 #1749 4
FRTEE 13 352 pm, B MEARTES 6 1K,

1.3 %itZrk

K JH SPSS 18. 0 G4, s 18] 1) b Bk T

K25 2243 B Fl Turkey B E ARG



537 545 19 1 BOZE R K ¥ ¥ R
J Third Mil Med Univ

2015410 A 15 H

Vol. 37, No. 19
Oct. 15 2015 1923

2 HR

2.1 wmEAWEERER

S50 ULIE 1, SR T A0 B A B e 2 [ TR T AR
(2.11 £0. 12) x 10°CFU ], HA/SR Wk Z [ ¥ i1 %«
(1.88 £0.88) x 10°CFU ], C-SR % [fij 4H 1 7 Wi 5 />
[ B7%11%2(0.98 £0.35) x10°CFU], C-SR 4141 [ &
BFRA 2T SR 41 (P <0.05) , HA/SR 41 4 1 5 Bt 45
SR A /b (B 28 S g it (P >0.05)

A: SR; B: HA/SR; C: C-CR
B1 #MEREHAEFMERL

2.2 3 APEMURE K@ AL

K AEREGEXT 3 FREAR A B SR T S T
Fail, &3 C-SR F1-E-38 SR AHLL, & 3 25 5%, Ui
PR A KA KRB TE S A 5 i HA/SR 2R 1H]
A DRI KA ks (18 2) o XPS 43 #ir & B, C-SR 3
i CIOCRM LA rde &, $2oR C B AR RUfH
SR &l C JLR M LLFIHE &, Si Jo & L] TR, nlfig C
LRI T Si TR A T8 T4, HA/SR Ky
iy Ca P Mfgs HEEFEAE (K2, 1), XRD
Fr I A4 A6k 2 18T (1) SR AR A 2549 , B 3 FhobA kL XRD
TG 225 UL C B iR AR T3 SR 4544
WA RKKZER . FTIR K255 5w 3 Fhbt okl H-CH,
BG4 SR FR A 45 I Sh W A S5 B R (2 962 1) em ™' 5
(1081 +2)em ™4 Si-O(-C) fUAT 516 ; CO3 ™ AT ST
(1410 £2)em ™, X —45 R LW, C BT X SR %
AT AL HA - 7 210 R 2 )5, FTIR K3k 58
i SR BRHIG I WAL, $R 8 C B A G DL HA
RIZM BRI PUE B8 A1 A8 B AR & AR B R MU

&1 XPSHENMBRETRAM (%)

A5 Cx  SigmHR Ox&K Cai® PIH
SR 47.52 28.82 23.65
HA/SR  42.65 27.46 24.54 2.69 2.61

C-SR 58.40 18.94 22.67

2.3 /KR

28 3k K fil AT 2 BR, SR K $% ik A A K
(111.44° £2.66°) ,HA/SR 7K (106. 88° 0. 78°) ,
C-SR 4K (97.75° £0.58°) ., #ilIX} SR #47 HA ¥k
JEEL C B EAJG, HEA RS I (R 2 fil £ B, 2
KPR ) . Hifp, C-SR 4% SR 22 F W (P <
0.05) ,HA/SR ZH 7K # fi ff1 %5 SR EA FTREAR, HJE 25
SR E (P >0.05) o X A5k FN 20 B &
B A2 fb R 34— 3%
2.4 AR E R E AR

283 MR TRELRS B AGIN & B, SR 11 2% T AR JiE
[(3.81 £0.16) um | F1 C-SR Z& i kL k% B [ (3. 89 +
0.12) pm | 2 F G2 X (P >0.05) ,HA/SR 3£
THLBE B2 [ (8.20 £0. 13) wm | 2 25 =5 T 53 S Aokt
(P<0.05) . kA5 fh e 5T P 26 R 022 1k 34
ENGE

3 g

AMIRPRHE R RIS R, SRR S e nT fE
FEATRA LA A 22 R i S TR B, B
TSI G 1 R U 2 M A 2 T e e (1 B B e
FRITIF T2, 40 T 6 S 7 26 0 ek 3 1 % 28 i 2 41
ATSEUBI I R AR o AT AL BT IR S B 1 D
BEIL SR PR B T SR AR B d, SR AR 1977
TR HAE AT A, HE H C-SR AT HA/SR, LN #1
A R IR RE AN T R R D0, R R

AT 55 A PR R R B T R A — 2 R
RS AN A RV R TR S 2 M R
o ERTIRICIA bR R I A b
FEEE " AOFFLE AL , FEAR R 2 16 R
AN M AR A HER T R . R4 REAR IR i
PR TR AL, S0 T 20 R R e 7

RBFFEG R LR, 3 TR R IS A2 4
JI IR S o A TRLRE B3 A A 1AL, IR f
C BT HA 1951 A K. T HA S EAR 100 pm
ARIRL, TR JZE] SR ZRifi )5 , 25828 SR A RTEIERL, K
RIEINHAR RS RE s 0 C 25 i A& Tl = 1
AL , DRI, BB ITTE S5 AHLRE B G A Al . 1
HLBE 1) 2 T, by T HG 2 T AR, mT BE A T 40 T b
B LA BIFS i 2 LA 3 1 728 A % 2 TR
B AR o ARBRIT R B, N3 B I A ER TR A 3
AR L 10 % B 5 b e 2 T RLRE B2 Y A A —
SO AR/ PIRE SR 2 1 HURE B2 X 3% B %40 BR 1A 3
B F 2 A R



3T EH 1M %=

1924 2015410 H 15 H

B OR ¥ ¥ M
J Third Mil Med Univ

Vol. 37, No. 19
Oct. 15 2015

SR

SEM

$S-3400N 15.0kV 9.7mm x200 SE

200 um [ S-3400N 15.0kV 56.7mm x200 SE

CSR

200 pm J S-3400N 15.0kV 14.6mm x20.0k SE

2.20E+05 1.30E+05 1.60E+05
2.00E+05 1.20E+05
1.08E+05 1.10E+05 1408403
1.06E+05 (1)285"82 1.20E+05
. 403
sy 1O4ES05 g 0-80E+05 2 1.00E+05
Lo 1.02E+05 = 0.70E+05 =~ :
& = 100405 2 0.60E+05 I O-80E+05
= 0.08E+05 = 0.50E+405 Z 0.60E+05
0.06E+05 l 0.40E+05 "M/dk 0.40E505 A
0.04F4+05 Lawsr .WWMM‘”MAl ‘ " 8;8%:8; s ”M MALJ\ \J LAOEFUS | e wam .
0.02E+05 =W 0.10E+05 L. L. 0.20E+05 At B
0.00E+05 == 0.00E+05 0.00E+05 =
1200 1100 1000 900 800 700 600 500 400 300 200 100 1200 1100 1000 900 800 700 600 500 400 300 200 100 1200 1100 1000 900 800 700 600 500 400 300 200 100
4iGhE(eV) ZERE(eV) 4ithE(eV)
150
2 it 100 = E
> = =l =
® = =
= <=
= z
= 50
0
10 20 30 40 50 60
2-0 (%)
100 Y ==y i
95 g N,
90 § |
85
~ 8 < 80
e =D A s 75 & 75
= = 70 2 = 70 ¥ 70
vt 8 ] A 1
£ 3 65 r & = 65
& 60 & X 60+
X 355 X 55
50 L 50
45 : 45
40 ; 40
35 35 ‘ 8 -
2000 2000 2000
P (em™) P (em™) PR (em™)

2 3 iR R E R

BEAN , AT A, FR A2 RS AT 40 T Y b
BERIE A o LA S ) S 5 AT 1 e T 52 o ek
AT/ 1 7K AR 1T FR Ay, 2 170 52 0 200 o 285 . 481
U, < B (O A BRI A AT AN TR 0 5 AT 1 1 4155
JERPRE L R AR R =R A LB BES 1R KL,
Honl BE R B AR =30 51 2 e e BE KR TR 8, 76 41k
FMTEBUKAL)Z  BLIE T AN AR R A B o R
PR ZRAB AN R 245 bR, K BB i 0 5 H 2
PAETR TR (PMMA ) (JR2E 206 (PS) # SR, |y T 3580K
PESE I C BRI ZK$22 fi Ay RO R AR ) 40 1 0 B 30 45 1) 7 400
i1 AT, C B AN HAWRZ R, # R

R H U E TR 2 .38 1), X Fh ik e 4l
SRS AL, 52 W0 T AR S5 K CRIRE BB 7K 42 fi
) T2 T AR R . AT AR I, N SR B
2 BRI TR A T R B B0 -5 A0 R K 3 fi A 72 Ak
S EA —, XA SR AR I SR/ 5 K PR
SRS A A BRI T LR R B 0 F R . XA
REJE 1 T PR TR/ GRS 4L, 2 T 2 L TE b
ol 2 T A R R L D T S M AN 7 S B 1 = I s T
#5140 : Vadillo-Rodriguez 2160 B o o TR bF L 22 T 0 5
TR, AR R T R AT 4R R R 2 O R T A
TR



5637 B 19
2015410 A 15 H

CEE NI S
J Third  Mil

Vol. 37, No. 19

Med Univ Oct. 15 2015 1925

L BT IE AT FEMES T NGRS IR BRIH AE SR
C-SR A1 HA/SR 3 b4 2 1 1) 26 B A5 D0, FF 0 A 1
ORI I TEREM AL, KB SR ZK 11 2/ B /K M2 5]
NR B E PR R B EENR . XONBIAHEAM K
T , Dt — 2B W AT Bl PR SEFH A R AR RS T
Kt o

SE Lk

[1] Subbiahdoss G, Aleyt T, Kuijer R, et al. Influence of proph-
ylactic antibiotics on tissue integration versus bacterial coloni-
zation on poly ( methyl methacrylate) [J]. Int J Artif Organs,
2012, 35(10) ; 840 —846.

[2] Ludecke C, Jandt K D, Siegismund D, et al. Reproducible
biofilm cultivation of chemostat-grown Escherichia coli and in-
vestigation of bacterial adhesion on biomaterials using a non-
constant-depth film fermenter[ J]. PLoS One, 2014, 9(1)
€84837.

[3] Sanders D L, Kingsnorth A N, Lambie J, et al. An experi-
mental study exploring the relationship between the size of
bacterial inoculum and bacterial adherence to prosthetic mesh
[J]. Surg Endosc, 2013, 27(3): 978 -985.

[4] Xu L C, Siedlecki C A. Submicron-textured biomaterial sur-
face reduces staphylococcal bacterial adhesion and biofilm for-
mation|[ J]. Acta Biomater, 2012, 8(1): 72 -81.

[5] Levon J, Myllymaa K, Kouri V P, et al. Patterned macroar-
ray plates in comparison of bacterial adhesion inhibition of
tantalum, titanium, and chromium compared with diamond-
like carbon[J]. J Biomed Mater Res A, 2010, 92(4) . 1606 —
1613.

[6] Rochford E T, Poulsson A H, Salavarrieta-Varela J, et al.
Bacterial adhesion to orthopaedic implant materials and a no-
vel oxygen plasma modified PEEK surface[ J]. Colloids Surf
B Biointerfaces, 2014, 113 213 -222.

[7] Wang S L, Shi X H, Yang Z, et al. Osteopontin (OPN) is
an important protein to mediate improvements in the biocom-
patibility of C ion-implanted silicone rubber[ J]. PLoS One,
2014, 9(6) : €98320.

[8] Shi X H, Wang S L., Zhang Y M, et al. Hydroxyapatite-coa-

ted sillicone rubber enhanced cell adhesion and it maybe
through the interaction of EF1B and y-actin[ J]. PLoS One,
2014, 9(11) ; el11503.

[9] Siegismund D, Schroeter A, Ludecke C, et al. Discrimina-
tion between random and non-random processes in early bacte-
rial colonization on biomaterial surfaces: application of point
pattern analysis [ J ]. Biofouling, 2014, 30 (9). 1023 -
1033.

[10] Kodjikian L, Roques C, Pellon G, et al. Bacterial adhesion
to intraocular lenses and endophthalmitis prevention: review
of the literature[ J]. J Fr Ophtalmol, 2006, 29 (1) 74 -
81.

[11] JiY W, Cho Y J, Lee C H, et al. Comparison of surface
roughness and bacterial adhesion between cosmetic contact
lenses and conventional contact lenses [ J]. Eye Contact
Lens, 2015, 41(1) . 25 -33.

[12] Truong V K, Lapovok R, Estrin Y S, et al. The influence of
nano-scale surface roughness on bacterial adhesion to ultra-
fine-grained titanium [ J ]. Biomaterials, 2010, 31 (13):
3674 -3683.

[13] Parreira P, Magalhaes A, Goncalves I C, et al. Effect of
surface chemistry on bacterial adhesion, viability, and mor-
phology[ J]. J Biomed Mater Res A, 2011, 99(3) : 344 -
353.

[14] Tegoulia V A, Cooper S L. Staphylococcusaureus adhesion
to self-assembled monolayers : effect of surface chemistry and
fibrinogen presence [ J ]. Colloids Surf B Biointerfaces,
2002, 24(3/4) . 217 -228.

[15] Shi L, Ardehali R, Caldwell K D, et al. Mucin coating on
polymeric material surfaces to suppress bacterial adhesion
[J]. Colloids Surf B Biointerfaces, 2000, 17 (4): 229 -
239.

[16] Vadillo-Rodriguez V, Pacha-Olivenza M A, Gonzalez-Martin
M L, et al. Adsorption behavior of human plasma fibronectin
on hydrophobic and hydrophilic Ti6Al4V substrata and its
influence on bacterial adhesion and detachment[ J]. J Bi-
omed Mater Res A, 2013, 101(5): 1397 - 1404.

(W75 :2014-11-19; & [H :2015-01-26)
(¥ ETE)



