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Abstract: Polycaprolactone (PCL) is a synthetic biodegradable polymer with excellent mechanical properties. TiO, (tita-
nium dioxide) has a hydrophilic, high density and excellent biocompatibility. In this work, we produced three-dimensional
porous scaffolds with PCL and TiO, nanoparticles using a salt-leaching method. Physical properties of the scaffolds were
analyzed by FE-SEM, FTIR, TGA and compressive strength. Interestingly, the addition of TiO, nanoparticles decreased
the water absorption and swelling ratio of the porous scaffolds. However, the compressive strength was increased by TiO.,.
CCK-8 assay, which is generally used for the analysis of cell growth, shows that TiO, nanoparticles have no cytotoxicity.
Taken together, we suggest that the PLC/TiO,-scaffold can be used for biomedical applications.
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TiO,(titanium dioxide) nanoparticle= anti-microbialol o]
e, ”“:7} Eo} w7t Asithe 54 7L Tk
ATkt z1dolm, A E0] S5 B3k S7HATTL &
ngq AT} B Ao A= PCLY TiO, nanoparticle2 A}
£3}o] salt-leaching W'H O = 3319 Tl AAAZ A2kt
E}. PCL 10%°] TiO, nanoparticle 2, 4%% A|A|AE A
2ke3itt. A2 ARA Y] Z1A1E ZEEE H7VSIAAL, in viro
Az AdS I8 2 A, 71A8 A= 9 M2
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AlE % A2} Polycaprolactone(PCL)S 3 o &2 7H(M,)
70000~900002- Aldrich(USA A -9i381e] AMg-3lom,
EAL3H(M,) 28422 g/mol, titaniume(1V) isopropoxide S
Aldrich(USA W FIIA -9 3F3ATE. TiO, nanoparticle $H2F4
< ogal AT AE SAE 542 NIH3T3 Al25
©]-8-3}], Cell Counting Kit-8(Enzo Life Sciences)& A3l
ZA31H ). Al aZuf ol A8-E v A= Dulbecco's modified
eagle medium(DMEM, Welgene, USA)°ll 10% fetal bovine
serum(FBS, GIBCO, USA)$} 1% penicillin-streptomycin(P/
S, GIBCO, USAYE H7Fl AH&sisitt. Al2EES S8l
trypsin-EDTA(GIBCO, USA)$} phosphate buffered saline
(PBS, GIBCO, USA)Z ARE-311t}.

XIX|H HM=. PCLS N, N-dimethylformamide(DMF)*l| 12
AIZE E3E SRS o] 83lA 10% F=2 BalA AT e
o]% PCL &) TiO, nanoparticleS 2, 4%2 Z}7} 4]ol5
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ol §A e & floll FolE 5, 8l ol ThA] NaCl 150 g
S ol § A2l 72817 B2t 7xAIZ. NaCl DMF
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TiO, Nanoparticle M| =. DMF(dimethylformamide) 45 g
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Algt 35 deE 24 &, electric muffle furanceS A
aled 700 °C= gk A17F Bt 7FE 31 nanoparticleS A3
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Energy Dispersive X-ray Spectrometer(EDS). #| =¥
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Thermogravimetric Analysis(TGA). A= X X|A| 7} &
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100 uL A #5=3la2 ELISA Z#|°]E2]t](Molecular Devices,
Sunnyvale, CA, USA)E AH&-3lod 450 nmol|A] F3=E =
K=

M=z 2% nZZX| AS(SEM). NIH3T3 4 f-obH <]
2P de RERA ] Hels FRIstA} AEE widet X
AAE 4% glutaraldehyde &4l 124 ¢ b ¢H59(0.1 M
cacodylate buffer pH 7.4) 2.2 A7 3}54 T} 50, 60, 70, 80,
90% &R &-HoX EFAIZ 0T, 100% sl = F+
H &eA)7] TS iso-amyl acetate £ 0 2 X851t} 7}
7rol MES &% FHEE 0| ZE o] &35t IAAZ] =
Au-Pdth ¥ & FAP AW 74(S-3500, Hitachi, Japan)2-
o] g-ato] sl

A7 o =2

FE-SEM. Salt-leaching®l] 23l TH5o1%1 z}zte] 2| x| A <]
©H-S FE-SEMS ©]-&-sto] glsith(Figure 1). Z A3}
THEo R A XA NaCl 278 FE= 300 um 2719 &=
o] P40 Ae AL AT F AT AT, TIO,
nanoparticle®] &F=°l |3t 3= W= AFEA] Ut

EDS. Alz=¥ AXAe] A4 B FHFEAS 8171 A8l
EDS(energy dispersive spectroscopy)s ©|-8-sted 21313tk
(Figure 2). &5~ PCL A|A|A]o| A& carborn, oxygen, 12|31
YA EQI palladium, gold¥t HEE = Aol W3] Tio,
nanoparticle®] ¥8He 2| X]H|ol|4= TiO, nanoparticle®] &%=
7t S71stel et &5+ TiO, nanoparticle 5=2] 4 &
g F7tele A R F AU

FTIR. Az AA[A| ] #2224 W3l gRIsh7| 218 FTIR
S ARE3IIAL, FTIRS] spectra HH91E 4000-500 cm™ ol 1}
ERY $ATHFigure 3). &5 PCL A X Ao A= 2945 cm’(asy-
mmetric CH, stretching), 2866 cm™(symmetric CH, stre-
tching), 1720 cm(carbonyl stretching), 1293 cm™(C-O and
C-C stretching in the crystalline phase), 2|3 1238 cm’
(asymmetric COC stretching)l 4] YEFH 1T}, TiO, nano-
particleo] &3t A XA M = 242t 1165, 731 ecm™olA 7
Z5At}. ©]E TiO, nanoparticle®] ol F3S x| oF
3 AAAE Gk U5 vERATH

=L S &Ql. Alxd AAA Y] 87 5A4S s

PCL PCL + TiO2 2%

PCL + TiO2 4%

Figure 1. FE-SEM images of scaffolds (scale bars: 300 um).
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7] 98, F5E, ey 18 HeEE St
(Figure 4). 3559 A9 Axd AAA N 27 IA =}
o] UA] AT -5 9] A= 2% TiO, nanoparticle
ol ¥]3l 4% TiO, nanoparticleol| A Zo] St} SHA|TE,

|_Element _|_Weight % _|_Atomic % _|
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Figure 2. EDX patterns of PCL and TiO, nanoparticle.
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Figure 3. FTIR spectra of PCL and TiO, nanoparticles: (a) PCL; (b)
PCL+TiO, 2%; (¢) PCL+TiO, 4%; (d) TiO,.

100

30 I ' I

PCL + TiOz 2% PCL + TiO; 4%

Porosity (%)

100

30 I I I

PCL + TiO, 2%  PCL + TiO, 4%

1200
1000
800
600
400
200
0

PCL + TiOz 2% PCL + TiO; 4%

Water uptake (%)
&

Swelling ratio (%)

Figure 4. Physical properties of PCL/ TiO, nanoparticle scaffolds.
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Table 1. Effect of PCL Incorporation on the Porosity, Water
Uptake and Swelling Property of TiO, Scaffold

Sample Silk Silk+TiO, 2%  Silk+TiO, 4%
Porosity (%) 95.9+0.6 95.7+0.8 95.5+0.4
Water uptake (%)  93.5+0.6 91.7+0.6 89.2+1.1
Swelling ratio (%) 1380+98 1120+97 840+95
100
TiO2
TiO2
804 |——PCL

——PCL + TiO2(2%)
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ED A S ——— |
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Weight (%)

i o,
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Temperature (T)

Figure 5. TGA patterns of PCL and TiO, nanoparticle.

TH(Table 1). ©] 7= A= TiO, nanoparticle®] JslH o] #
o] Q7] wiEel £S5 Sk X8l FEgrE S Haert
w$e Aoz HRlth

TGA. 2o & A7Fe] ¥istE F3l AlxE A
A5kt (Figure 5). 7L Ak, AlxE AA)A 9 é_abc}i—c
333 °C°ﬂ*1 AZFE o, 427 °CollA] 3T P
o] A% FAZAE 4548 mgo] T, 97.84%2] A Ekié_‘%%
‘/}E]rq]c”‘:} PCL/TiO, nanoparticle 2%2] 4% FAIZAE
5.628 mgo] L 81.41%°] AFLEHES eIt PCL/TIO,
nanoparticle 4%2] 73-¢- FAITA= 4.375 mgo| 3L 62.76%2]
A=A ES YERNQITE PCLE TiO, nanoparticle 55 3=
< &AM FLEI=7F YEs7] el PCL/TIO, nano-
particle A S YA Heoll o]stode dH o7 g A
o7 Azt

UFLE. Axd AXA ] FEE SA7] ;2]-]] W=7
T 247)E Akgsle] FelslthFigure 6). <55 PCL XA
A Xt} TiO, nanoparticlee] EFE AAA7F B =& HU=E
Hel= A& g1k TiO, nanoparticle =7 =&
= 7} B3 mopx ) ol ¥=rt 7§ TiO, nanoparticle
o] 32k FFTE I Al FFETXE S Il v
7] W] Ae® ALEET

MEZBAE. CCK-8 assays AHE-sto] MEZAES 54
st ThFigure 7). = A3 £ PCL A XA ET} TiO,

N
N
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Figure 6. Compressive strength of PCL and TiO, nanoparticle
(n=3).
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Figure 7. The proliferation situation of NIH3T3 on different scaf-
folds by CCK-8.

nanoparticle®] S AR AN A E2F2)E0] 7 AL
o151, o8k AF+= TiO, nanoparticle®]] 2]3F A 3o
gk 540] fle AL g1 F Utk

MZESEE, 321 thA AAA Y] 352 ZAA W=
Aol ot S ol sA7le TS st . 2%
7] wjizol] XAAel F=ol AU Z2717F 2 A9 Al
FEEH AZAAE o 5AI717] oAH7] wiiol] Al Z52]0]
o wAIES 7HA AL Jth* PCL/ TiO, nanoparticle 3%}
2 oA KA A A NIH3T3 4 fobH 2] F2 2 =2
‘JeE FE-SEMZ ©o]-&-5to] #}lsl B tTh(Figure 8). A7
o] AgrE BE AAA| 9 ME FA2 8l F2 o] FIhe A
o2 Hltt o8¢t A3&E & w PCL/ TiO, nanoparticle 3
2 ohE A A A A A O] M L] F2 8 FAELS TIO,
nanoparticle®] FFS WA S & F AUTh

b

g B

£ Aol A= polycaprolactone(PCL)S AF8-3+] salt-
leaching®™ ™ &2 32t thad AAAE A =s L,

Zan, #1384 A23, 20143
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Figure 8. SEM images of cell adhesion on different scaffolds (scale
bars: 200 um).
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