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A study on the fabrication of three dimensional
polycaprolactone scaffold with cell affinity
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ABSTRACT

A study on the fabrication of three dimensional
polycaprolactone scaffold with cell affinity

lk-Taek Choi, D.D.S, M.S.D

Advisor : Prof. Yeong-Mu Ko, D.D.S.,Ph.D.
Depar tment of Dental Science

Graduate School of Chosun University

In  this study, we fabricated the three-dimentional  (3D)
polycaprolactone (PCL) scaffolds via bio-extruder equipment and then
treated surface modification of scaffolds to improve the preosteoblast
cell affinity. The surface treatment of PCL scaffolds was carried out
at immersing in solvent solution (dichloromethane and acetone=1:9 vol%)
for 15 and 30 sec. The surface modified 3D PCL scaffolds was
characterized by water contact angles, scanning electron microscopy
(SEM), and atomic force microscopy (AFM). The proliferation and cell
morphology of MC3T3-E1 preosteoblast cell cultured on 3D PCL scaffolds
surface were evaluated by fluorescene microscope and MTT assay,
respectively.

The current findings, the following results were drawn.

1) Acetone treated 3D PCL scaffolds surface showed the rough surface
than that of untreated 30 PCL scaffolds. In addition, as the
increasing of immersing time, surface roughness was increased.

2) Acetone treated 30 PCL scaffolds surface showed the hydrophilic
sur face property.

3) The cell proliferation test showed that roughness of 3D PCL
scaffolds surface was significantly affect cell proliferation.

_iv_



4) The results of fluorescene stained cell morphology revealed that
acetone treated 30 PCL scaffolds provide the

excel lent surface for MC3T3-E1 cells spreading and colonization.

From this point of view, the acetone treated 3D PCL scaffolds are
expected to be wuseful for the polymer scaffolds in bone tissue
engineering applications.
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2, pore size, degradation rate, geometry, compliance, elasticity S &l

ANHC 22l® EH0| MZEo &A%, Ols, Ezl 22 80 ggs =0
= ANAE U2 ARTEZEH BN AFAO0ICHShin, 2011).
MHMEZ H0| HARED U= poly-e—caprolactone (PCL)S Fig. 11 &
[w]

AMA BtE d2dld DENZE, R=H0

= A70AM= 3D bioplotting Jl=S =Yotd, &K el
o XXHE M=AotD, PCL XXM HHO =S2I& A& S0 olE 2
Z NXH ZE0l HEIIE LHAIA =

S 322
Hgtds gdAdls -0l ot A -1otRULH.
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s-caprolactone Poly -s-caprolactone

Fig. 1. Ring opening polymerization of poly-e—caprolactone.



A2 & Az & 2E

Hd 1 &2 3X& PCL AMZSE A

2 A80lM= 3X¥ Hol2 E2E AIAE(M4T-100, MAT, Korea)E 018
SHRALCH. 33Xt PCL(Mn=45,000 Sigma—AIdrich USA) AHEES MAES PCLE
AEX0 M2 = 90 CTHA s2AlH =20l ESAZ2 F 3UHF HOIL 2
8 JIAHS 20N SIS 0180t &8s £==2 MEGHH 350 ume
J1Z2 3JIE == 3 PCL XIXHME HMAGHACHFiIg. 2). HMES AMSE=
2B 20 mm, MW 2 mm 3AJIE ==0h. Fig. 3= 3X&E PCL A2 =2 &H
Hol RXE UEBHE ZAZ0ICH (a)= 88 ZAIZ011, (b)sE H®HE U
Bt XC2M J182 3JI= 350 mmOlH, AESZ2 300 mmOICt.

SE=C= PCL Fibere 300 o] SHE JHAIMH, H HM S0l H5 & 0=
GhE &2 90" wWXtole HEote 7 2 SHE &L
Fig. 42 = HF0A MS2 AIZE=E 3K PCL A2 ES A= AKME U
EtcH Z20ICH



Fig. 2. 3D Bio—-extruder equipment.



(b)
Fig. 3. The structure of 3D PCL scaffold sample.
Fig. 3(a). Top viewed of 3D PCL scaffold sample.
Fig. 3(b). Cross section viewed of 3D PCL scaffold sample.



Fig. 4. The photograph of 3D PCL scaffold sample.



N 2 & OIHE HEHX
NXH EHHHE Al 22 CUZ2Z20/8  (Dichloromethane; 99.0%,

O
Ct. S0l JHEAIZIJI 25t OtMIE EH CIZZZ2HED OLHMIE (10%
Vol CIZ22Z20ED 90% Vol OtMIE) HIZ2 E88 8H S IINE FEHISHA
CtH(Kumar S. 2012). MX& AMZBES CZSZ22HE Y OLMEN E&E 2
MOl 22+ 15 =, 30 = BFSAIZCH BESAIZI A& 2
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.I.

H 3 &2 HHEA

CIZ2Z2Z2MHED OMELEZ EHXel & 3X& PCL AHSESR

& PCL AMZEES HE

10
S
o
w

HEAS 2EoH)| AStH FAE XS 01H (SEM:
scanning electron microscopy, SNE-3200M, SEC, Korea)it X2t & 0|
(AFM: atomic force microscopy, XE-100, Park Systems, Korea)S

F.

O

el
2

HE & 3XE PCL AJHSEX F XMl 3K PCL AHSEHEHS 3t
Z46HI] A5t F EBtAlE =elol HE HAd2FD|
(ATR-FTIR : Attenuated Total Reflectance-Fourier Transform-Infrared
Spectrometer, Nicolet 380, Thermo Scientific, USA)E AtESHRULS.
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H 4 &2 X=2AE i

= g0 AMEE ME=s 4F SIHS0AM Scidt Z=2HE MC3T3-E1S
ATCCOl RSt AtSotA LD, MEHHZES o-MEM (alpha minimum essential
medium with ribonucleosides, deoxyribonucleosides, 2mM L-glutamine and
ImM sodium pyruvate, but without ascorbic acid/GIBCO, Custom Product,
Catalog NO. A1049001)BHXION growth factorE MSdt= 10% (w/v) fetal
bovine sereum (FBS, PAA Laboratoris, Inc. A15-751)1 &HAHHICI 100

|'O

units/ml penicillin, 100 #g/ml streptomycinOl S&& MIEHHLHES =&
ot 5% CO0t B=%= 37C, 100% &It RAE= C0, incubator A HH L
otCH., delx) 32 OFCH 80% confluence & [ HICH BH ol 3AICH MIZE
E AE AIZ5IRUCEH.
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H 5 & X=22HE 54
EE2MIE SAE2 MTT assayE OI=Z56tH EOIoIA2 0, T2t 22 Y
O =oAL, HHLE MC3T3-E1 AMIEZ= ao-MEM BHXIE 25 HHSH =
PBS (Phosphate buffered saline, Sigma, USA)E OI23dt0 MU0
trypsin/EDTAE A& EIIGIH BILTAZRE ZelAUCH. ZelE Mo
FBSOt Eetel BHXIE &Jlot BtES ZXAIZI = 422 IIE 0I8otH
NEE =&otACH. HZ0l BHXIE &IOSt CHAl 25 Al2l £ EHIE M2
0 ZHT 12-well platedl 22t 1 x 10° cells/wel IS TWEEIACE. 1, 8,
52001 &I™ MTT (thiazolyl blue tetrazolium bromide, Sigma-aldrich
M2128) Al%S 2 well & 100 4 EIISI XMl ZHO| MAHZl= 2AS
StOIGIACE. 4 Al2t = DMSO (dimethyl sulfoxide, Junsei, 35535-0350)
1,000 #t/wellS €2 = A20M 30 &2+ BHLSHALCEH.
SZ2TE ST SIoH BHSHS 96-well plateOl 212 200 wes Z =5t
= ELISA reader (Thermal Fisher SCIENTIFIC)E OI=23dt0d 540 Ol S& &%
£ =HGtUC
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H6Z2 AMzgd 2F
1. EAMKS0IZ0 Qs 2Es A8t HE HAHL

ZHIE ME0l €HE 12 well platedl BHYE MC3T3-E1 HIES 2x 10°
cells/mL2 s&=2 O S5HRACE. el 3 =3 2.5%2
Paraformaldehyde(Electron Microscopy Sciences 15714) 2t
Glutaraldehyde(SIGMA ALDRICH G5882)2] E&EHO 2 2412t M NH S GtH
F=ALD 102 S PBSES 0I=23t0H MIHGSIH & = Osmium tetroxide(SIGMA
ALDRICH 201030)E O0I&5t0 302 St & NHS XHGHACE. 70%, 90%,
95%, 100% L= F=HIGHH HZAIHA F=ALD HUDS(Fluka 52619)E 01 =E5H0]

BERA0 SotU= 2= M AHOHRULCH.

SHE 12 well plateOfl HHF= MC3T3-E1 MIEE 1x 10°
cells/mLel =&=2 IIESIAC. 3 = 4% Paraformaldehyde(Ele t
Microscopy Sciences 15714) EMZ 0I85t0 MIEE DEHGIH & & 528 S
Ot PBSE 0|25t MIEGIACEH. 0.1% Triton X-100(8t0I2 A4 T1020) 1
BSA(SIGMA A9647) &MHZ O0l8dl0 5HE S EW Mot FAD
Rhodamine—phalIoidin(Life technologies, R415) AlZES 1682 St X2IctH
NI 2 FACH. 3810 2 22 52 S PBSZ MAHGIH & & MXE
|8t Fluorescence mounting media(VECTOR H-1200) 2+ &M PCL &
cover glass 20l £&otd SZS0IE22 2F6tJ| MIHAl 4T
FALCH.
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15s acetone 30s acetone
etchegl PCL etched PCL

k

Fig. 5. SEM micrographs of (a) untreated PCL scaffold, (b) acetone
etched PCL scaffold for 15 sec, and (c) acetone etched PCL scaffold for
30 sec.
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(2) 15s acetone (3) 30s acetone

Ay PEL etched PCL etched PCL

on
)

HEHAZA7|(Rq): 175 nm Rq : 981 nm Rq : 1158 nm

Fig. 6. AFM surface topography of (a) untreated PCL scaffold, (b)
acetone etched PCL scaffold for 15 sec, and (c) acetone etched PCL
scaffold for 30 sec.
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20
10

Contact angle(’)

PCL 15s acetone etched 30s acetone etched
PCL PCL

Fig. 7. Water contact angles of (a) untreated PCL scaffold, (b)
acetone etched PCL scaffold for 15 sec, and (c) acetone etched PCL

scaffold for 30 sec.
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& 250

e OPCL

'L'. @155 acetone etched PCL =
.'a 200 - g 30s acetone etched PCL
= 150 f

—]

b

Po 100

=]

e

=

S sot

=

-

-

= 0

1 3 5
Time (d)
Fig. 8. The proliferations of MC3T3-E1 cell seeded on (a) untreated PCL
scaffold, (b) acetone etched PCL scaffold for 15 sec, and (c) acetone
etched PCL scaffold for 1, 3, and 5 days (p'<0.05).
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Fig. 9. The morphology of MC3T3-E1 cell seeded on (a) untreated PCL
scaffold, (b) acetone etched PCL scaffold for 15 sec, and (c) acetone
etched PCL scaffold for 2 days.
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Fig. 10. Fluorescence images of the MC3T3-E1 cell seeded on (a)
untreated PCL scaffold, (b) acetone etched PCL scaffold for 15 sec, and

(c) acetone etched PCL scaffold for 2 days.
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