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ABSTRACT

Effect on biocompatibility of plasma coated acrylic acid on to
polycaprolactone scaffold surface

Sang-Jun Lee, D.D.S, M.S.D

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

Graduate School of Chosun University

Polycaprolactone (PCL) has been widely adopted for biomaterials and
biomedical applications due to its slow degradability and good
biocompatibility, as well as its good mechanical and thermoplastic
characteristics. However, PCL has hydrophobic surface and lacks of
functional groups, therefore, it does or can not provide suitable
surface for cell adhesion.

In this study, we have deposited poly acrylic acid films on
three-dimensional (30) PCL scaffolds using plasma polymerization and
then plasma-polymerized 3D PCL scaffold was immersed into simulated
body fluid (SBF) in order to improve the biocompatibility.

The changes in wettability and surface morphology of 3D-PCL surface
after plasma treatment were examined by contact angle and field
emission scanning electron microscopy. The chemical bonding of acrylic
acid plasma polymerized on 3D-PCL surfaces was demonstrated by fourier
transform infrared spectroscopy. The biological behaviors were also
evaluated for MC3T3-E1 cells proliferation and differentiation using

MTT assay and alkaline phosphatase (ALP) activity. The osteo-conductive

_iv_



ability of acrylic acid plasma polymerized on 3D-PCL surfaces was

evaluated by SBF immersing test.

From the current findings, the following conclusions were drawn:

1) Acrylic acid plasma polymerization on the PCL films showed
the formation of hydrophilic film containing carboxyl groups.

2) In SBF immersing test, acrylic acid plasma polymerized 3D PCL
scaffolds presented excellent hydroxyapatite formation ability
than untreated 3D PCL scaffolds.

3) Hydroxyapatite coated 3D PCL scaffold showed good proliferation of
MC3T3-E1 cells than untreated and plasma—polymerized
3D PCL scaffolds, but the cell differentiation of the experimental

group was not significantly different from control group.

These results suggest that the acrylic acid plasma polymerization on
the 3D PCL scaffolds has an effect on proliferation of MC3T3-E1 cells
and a possibility of potential use in osteo—conductive bone graft

scaffolds.
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2 AElANE d4gHo=Z AI25E= 3D-PCL (3D Biotek, USA)E ArZdt
&2Z 100 mm, &M 1.5 mm, fiber & 0.1 mm, Fig.

£ &F 0.7x0.7 mm 3AJIZ IIB3t0 AIEZ AISoIR LD, HES0 1Al
SOt =20 MEE = 3% 2 0l2=0 MESIH AXGHH ALESHACH &
=2t =82 st PCL 252 H&EoGH| fotd PCL 10 wt% (Mw. 80,000,
SK chemicals, Korea)til €1 60 CTOHA 1
A2t WEIGICEH 0] BHE HIE2 2SS0 €10 A=20A S0HE SLAA
2 m@l PCL 2SS MO ArZoHRUC

o (simulated body fluid, SBF)2 ¢Qlz2te] && 2J]0
£ 2 oDl fldh T3t 201 MZSHACH (Table 1).
SAAIIHAM 700 miel E2F+E 1 L EI12 HI0IAH
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Japan), CaCl, (ER, Junsei, Japan), Na,SOs (ER, Junsei, Japan)2l Al
=MU2 E2%A magnetic stirrer2 WEISIRUCEH ZSEZ H|0|H H2
MO pHIt  36.5TCHAM 7.40} &5  tris-buffer  solution,
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Fiber :
Diameter Spacing

Fiber
Diameter
0.1 mm

3D Insert™ Structure 3D Iinsert™ Structure Parameters

Fig. 1. 3D-PCL structure and parameter of the structure.



Table 1. Recipe of Simulated Body Fluid (1000 ml)

Molecular
Order Reagent Amount Container Purity (%) © e.cu 4
weight
Weighi
1 NaCl 8.035 g e18hme 99.5 58.4430
paper
Weighi
2 NaHCO 0.355 g e18hme 99.5 84.0068
paper
e
3 KCl 0.225 g e1shme 99.5 745515
bottle
Weighi
4 K.HPOs+3H,0 0.231 g c1ghing 99.0 928.2220
bottle
Weten
5 MgCloe6H:0  0.311 g c1ghing 98.0 203.3034
bottle
6 1.0 M HCI 39 ml cylinder - -
Weighing
7 CaCls 0.292 g 95.0 110.9848
bottle
Weten
8 NasSO, 0.072 g clghing 99.0 142.0428
bottle
9 Tris - - 99.0 121.1356
10 1.0 M HCI 0—5 ml syringe - -




M2 &Z2. Sct20t 28Xl

SctA0F g SEXe FdEE= Fig. 20 LIEHLHRACH. S220F S 0=

RF(radio frequency) 13.56 MHzSl =& Z§s Z2tX0HCCP: capacitively

|0

coupled plasma) Et22l ZH|(Plasmart Inc. Korea)E ArE5tALH. &S
He IZZEt2] BZ2 20 1x107° Tor I2REE SXGIQALCH Al2= &
2 MIOZEH 30 mm ZHEA ASCHO =gACH Z2k=0F S Al 20
= 0t g4k (Acrylic acid; 99.5%, Sigma-Aldrich, USA)2 AIE5tALCH 2
St X20F S8 &, 3D PCL AMWEES HHO KRIISHMHLY} HHO EHMH3E £
Olatd| 25t A HelE AAIGHCH dHel E2 0t22 JIAE 20 scem

2AO2 SF0| BH LAZ2 1x107Torz KT F, MY 150

WE ©QlJIot0d 60 = S =dotUCt Ol0A SctX0 SetS2 032
0



RF generator

|Matching network|

ATM |
Sensor | Plasma source |
|
Chamber 3 B
CDG reoa®™ [——
Gauge == YYE‘
Throttle
valve ¥
Vacuum 3‘;‘:\’9&"'“9
pamp IVIonomer
Exhaust I
purge

Fig. 2. Schematic diagram of plasma equipment.
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M 4Z&2. =22 AE i

2 A0 AFEE MC3T3-E1 ZE22ME= F| FHZBUM FAHE NESF

AN American Type Culture Collection (ATCC, CRL-2594)0IA IGHALCE. Al
T2 a-MEM(Alpha Minimum Essential Medium with ribonucleosides,
deoxyr ibonucleosides, 2 mM L-glutamine and 1 mM sodium pyruvate, but
without ascorbic acid/GIBCO, Custom Product, Catalog No. A1049001) BHXI
ol growth factor& M33t= 10% (w/v) fetal bovine serum (FBS, PAA
Laboratoris.inc A15-751) 3t &M K2l amphotericin (Lonza walkersville MD

gote 5% C0.0t B=%l= 37C C02 incubator Ol A 48A12F B
2ot L, el HUBHES S 20 & 4K MIEE incubator Ol A 1

O



AlEIb= MTT assayE 0186t Z4otACH. AEHE2 G
= BHXE 2F HMAS = PBS (Phosphate buffered
E 0125t NESIA2O trypsin/EDTAS A HItot
o HHEEAIZRH FelAIZCH. 2eld MIZo FBSOt Z&E HHXIE &Otot
o gts2 EXAZ & JAMZ2LINE 08200 HNEZE =TSIACH. MZO
==l

o)
BHXIE &EOtolto CHAl 257 A2l = =dl= 8201 Otal 12-wel | platell

212t 1 x 10° cells/wel 12 MESIACH. MZE= MTTS HII5HH H XA
ZH0| MHET = 248 &0l & 0|AZ 222 =2 (Isopropy! alcohol, Sigma,
USA)2 0|25t &EdliotUCt. S22 TE =Hol)|l ol HsSHZS %B6-wel |
plateOf 22t 200 upl® &8 = ELISA reader (Thermal Fisher
SCIENTIFIC, USA)E OIZ35t0 540 nmUlA SEEE =FHoIA

Ch. MIE HEZS
2 UEZ(S M™el 30 PCL AHEE)S HHMESE 10062 HS I 282
(SctX0F Mel 30 PCL AHSE)0IM MESH MES HIE2 AHAGHRAULE.

alkaline phosphatase (ALP
HO2 FHIIoILH Aggeges G20 201 =otACH. MC3T3-E1 Al
24N12 = ZSHAIZ2 WXt 200t 2SHEHXIE LAGHACH. L =
well plateOl €0 cell mediaE MIHotL) PBSZ 23| MEE =
bufferE wel & 150 ¥ UM 200272t wise mixE OlZ0tH shaking ot
A}CH. AYHE OI=2SHH wel LU EMSt= MIE
g2 =, 4T, 2500 rpmOIM 102 =2 JAM=Z

microtube®l A= icelll B&oIQULCH. 302 s=OF I7TCHAMN FSEE Hist

oIoM

=, 1.2 N NaOH 600 p |2 HItot 405 nmOilA EZEE =EGIHW ALPEH
£ HAotACH. A ZEE2 1 mg/ml BSAS ALE0H0 BEEENES M Xst
= 5922 nmOllA SZEE =JoIUL, EFEZESHCIRH HHE s&E
2:

Z 5otALt.
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Transmittance [arb.unit]

3500 2500 1500 500

Wavelength [cm™]

Fig. 3. FT-IR spectra of plasma—-polymerized acrylic acid film on cover
glass. -~ cover glass, — 30 W PPAAc, — 30 W PPAAc after immersion
in 70 % alcohol solution for 12 hours.
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Fig. 4. Water contact angles of PCL, PCL/COOH and PCL/COOH/HAp
PCL films.
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PCL/COOH

Fig. 5. Scanning electron micrographs of the showing the surface of 3D
PCL scaffolds and PCL/COOH scaffolds after immersion in SBF
solution.
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5.0 5.0
op op
mCa mCa
4.0 4.0
.30 3.0
gz.o E 2.0
1.0 1.0
0.0 LI 0.0
1 Day 3 Day 5 Day 1 Day 3 Day 5 Day
3D PCL scaffold 3D PCL/COOH scaffold
P Ca P Ca
1 Day 0.2 0.3 1.9 2.3
3 Day 1.6 1.8 3.2 3.5
5 Day 2.3 2.6 3.4 4.5

Fig. 6. EDS results of 3D PCL scaffolds and PCL/COOH scaffolds.
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Fig. 7. Cell proliferation of the MC3T3-E1 cell cultured on sample
surfaces for 1 day, 3 days, and 5 days.
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