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ABSTRACT

Study on proliferation of preosteoblast onto 0, and No
plasma surface treatment in three dimensional

polycaprolactone scaffold

Jung-1k Jang, 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

Polycaprolactone (PCL) was used as biomaterial in bone tissue
engineering. However drawbacks of these scaffolds derived from the
intrinsic hydrophobicity represents low cell seeding efficiency. In
this study, 3D PCL scaffolds were modified with 0. and N> plasma surface
treatment to enhancing the proliferation of pre-osteoblast cell. In
addition, strut of 3D PCL scaffolds were fabricated by using notched
type nozzle to increase the cell adhesion. Plasma treated 3D PCL
scaffolds were characterized by scanning electron microscopy, atomic
force microscopy, and contact angle measurement. |t is concluded that
the oxygen and nitrogen plasma were induced hydrophlicity of 3D PCL
scaffolds. Biological evaluations of different 30 PCL scaffolds were
investigated by MTT assay, ALP activity, and live/dead assay. Plasma
treated scaffolds showed higher proliferation and differentiation than
untreated 30 PCL scaffolds. The fluorescence images of live/dead cell
assay indicated that plasma treated scaffolds were enhanced cell
viability. Plasma treated notch type 30 PCL scaffolds shows more
biocompatibility compared with untreated 3D PCL scaffolds. The 0> and N
plasma surface treatments of 3D PCL scaffold present applicable

techniques for the development of biomaterials.
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Fig. 1. 3D Bio—-extruder equipment.
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Fig. 2. The structure of Notch type of 3D PCL fiber.
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Fig. 3. The photograph of 3D PCL scaffold sample.
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=

Collection @ chosun’



RF generator ——_ﬁ
|Mmhing nutwunv.]
ATM I
sensorg | Plasma :qurca |
Chamber E;
cDG @—J— B o
Throttle F
valve + =
Vacuum T;:‘ih'"g
pump Monomer
Exhaust @

Fig. 4. Schematic diagram of plasma treatment device.

_8_

(“)Collection @ chosun



—
o)
(92
)>
n
o
=
-
Q
o
@
—
@
o
=

0
wn
m
=

scanning electron microscopy, SNE-3200M, SEC,
Korea)S 0I=20l0d 2Xlel PCL AMEE 2 AtAS EA Z2tX0I2 EHI|

A
n
-
(]
[
|~
W

Co| mogAS o

Lo o= —

Mzt
ol
38
a

HZ
=)

nio
=)
0P
el
4]
Q

system, Korea)

Collection @ chosun



H 4 &2 X=2AE i

= Ag0l AMEE ME=s AF SIHS0AM Scidt Z=2HE MC3T3-E1S
ATCCOHIAM  FGHH  AISoIR LD, MEHIZES  o-MEM  (alpha  minimum
essential medium with ribonucleosides, deoxyribonucleosides, 2mM
L-glutamine and 1mM sodium pyruvate, but without ascorbic acid/GIBCO,
Custom Product, Catalog NO. A1049001)BHXI0GI growth factorE MS0dt=
10% (w/v) fetal bovine serum (FBS, PAA Laboratoris, Inc. A15-751)1 &
el 100 units/ml penicillin, 100 #g/ml streptomycinOl =& & MIZXbH
M= =5t 5% C0.0t EB=&= 37 T, 100% &It RA&Z= CO.
ncubator Gl Al BHGHRCH. eld 3 OtCH 80% confluence & [ AHICH BH
2 Gt BMIOH MIEZESE &S0l AtESHRUL.

02 0z
e

nio

0f0

Collection @ chosun



H 5 &2 X=BAE S4

T22HMIE SA2 MIT assayE O0lE0t0 HIOIGIR W, G 22 &Y
2 ~HOIUCH. HHLE MC3T3-E1 ME= a-MEM HBHXIE 25 HMHE =
PBS (Phosphate buffered saline, Sigma, USA)E OI2dt0 MESIU2O
trypsin/EDTAE A &EHIISIH BHLTAIZRH ARG 221 ME
FBSOt EetE BHAIE &EIIotK BtE=2 XA =
SOtACH. HZO0l BHXIE EOIotH CAl 2% A2l = &8
0 ZAX 12-well platedl 22t 1 x 10° cells/wel IS IE5IACH. 1,
52001 &I™ MTT (thiazolyl blue tetrazolium bromide, Sigma-aldrich,
M2128)AI%S 2+ well & 100 4 EIISI HXHMHOl ZHO| MAHZl= 2AS

SOIGHLCH. 4 A2t = DMSO (dimethy! sulfoxide, Junsei, 35535-0350)S
1,000 “/wel 2 €2 & A20 M 30 S2F UHLSHALCEH.
ELATE =HoID| ol BtES¥HS 96-wel |l platedl 22 200 wes F=t

ELISA reader(Thermal Fisher SCIENTIFIC)S Ol=06t0 540 nmOllAl EZ %

Collection @ chosun



H6 & X=BAE 23

MC3T3-E1 MIE HHSF 24AI12t = ZSHHHAIE wAot 2 OtCH S3HHKIE
WHSHACH 720t 142 = well plateOl cell mediaE HMHot1) PBSZ 23l
MEst = NI lysis bufferE wel | 150 w® E0H A 202 2 wise mix
Ol 23t0] WwhoIACH. ATHHE 016t wel ILHOI EMdt= ME

i

J
W

ol
£
0z

FO! microtubelll &2 = 4 T, 2500 rpmUl A 102 SOt RAIZ2|6

0 Ol

HE MZ2 microtubelll SHFLD HSE2 oIRUCH. 302 = 37 COHAM
MOl & 2! microtubeE B = 0.1N Glycine-NaOH buffer 2t 15mM p-NPP=
S 500 4% HILotd 405 nmmOlM SZEEE =Xot0 ALP (alkaline
phosphatase) activityS HlAHGHALCE,

CIoHX HMek)l= Bradford MethodJt AFEZIRULCH. 1mg/mé bovine serum

Ol

—

=

il

Collection @ chosun



H 7282 X=BAE 2F

1. SAETES0IZ0 Qe 2F2S 28 ME 8
A HA ZtXR0F HMelst ME0l €HE 12 well plate®l BHE
MC3T3-E1 MIEZE 2 x 10° cells/mo === IHEGHUCH. el 2A
2.5%2 Paraformaldehyde(Electron  Microscopy  Sciences 15714
Glutaraldehyde(SIGMA ALDRICH G5882)2] S&tEH o= 2AI2F St & 1)
ot=A11, 102 =S¢t PBSE 0I86tH AHEHGIH =
tetroxide(SIGMA ALDRICH 201030) & =3

Ch. 70%, 90%, 95%, 100% 228 Z=HIotH HZEAIHA F=JALD HMDS(Fluka
52619)€ 0I25t0d ME0 0t

n=
= T 0e
o ofr

0
o

2. Live/Dead assayOll 2|gt 2&S 28t MZ X2l

=HlE ME0l EHE 12 well plateOll HHE MC3T3-E1 MIEE 2 x 10°
cells/mLe =& 2 WEGIULEH. ME WE = 24A12t01 XILLH PBSE 0| Z05t
0 23| MI=GIRACH Live-Dead Cell staining kit(Biovision #k 501-100)
20t 2 wel Y 1 mlA FMAILS EHIOSIH =A1D, 37 COHA 15

SOt HHASIFLH. PCL 2HEZ2 cover glass |0l 20l H&2S0IHELZ

(@]

AT o

il

Ol

ZotJ|l &8NK 4 CTOUHA Z2206tRULCEH.

Collection @ chosun



H 8 & EHSH

=1, =
i R

2E AH
QI0|E{s T-test =242 =350
= = N

**p<0.01) Ui -
A B20 Hnz =5 T 95% (*p<0.05,

NIk

2 |
3
3
10
10
10
>.
ball

Collection @ chosun



HZEES &t

A

dcl PCL

X

o
T

LIEHEH 230ICH.

H1E

_a_w M.M_ 1T} ) ﬂ 0 o
R . = Al m R =
L R I =
=z W oo
© RV o &) Wr_ &
o = O RO a 5n °
. =] 5 U
° @ ok < ok %
m o < " R
O o IR
ey Zu T3z
T
o N Ei A
W s Al 3 & = [ E
oA ou o < o 2 g
Ul K o 0 -5 u 8
A &£ RO
= i & K~
™ _J = o = -
X m L m__________Gy_w___:Iuﬁ
S ol ) 5 R o E
ol Ty ® R o 5
om0 R o 83
O o> A S
- 30 T _I_l_ 30 — i)
m s R 45K -5 o
[y a m " :m.._ a _||J m_@.._ \_|.J/ o_u
RogdrmsS ™ 2R
= RO Ry el =
OF Wwo= oo R DO
U S LW =
ol RI _— o .Ar._ a1 ™ 3 o
RUEC] S <2 .m s
oy 8 ¥ o D o o)
o A< ol oo O
o1 4 R ul = RO

_15_

Collection @ chosun



(a)

i ———

) |

Fig. 5. Water contact angles of untreated (a) PCL film, (b) 0, plasma
treated PCL film, and (c) N. plasma treated PCL film.
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Fig. 6. SEM images of (a) untreated PCL scaffolds, (b) 0. plasma
treated PCL scaffolds, and (c) N, plasma treated PCL scaffolds.
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Fig. 7. AFM images of (a) untreated PCL scaffold, (b) O, plasma treated
PCL scaffold, and (c) No plasma treated PCL scaffolds.
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M Notched type 3D PCL [ 0; - Notched type Nz - Notched type

%
S 300
z 250 |
_-g 200
2
= 150 } —
Q
. 100 |
S
t  s0f
(/]
o
- 0
o
1DAY 5 DAYS

Fig. 8. The proliferations of MC3T3-E1 cell seeded on pristine PCL
scaffold and surface modified scaffolds for 1, 3, and 5 days.
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Fig. 9. ALP activity of the MC3T3-E1 cell seeded on pristine PCL
scaffold and surface modified scaffolds for 4 and 8 days.
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" 500pum g 500pm

Fig. 10. SEM micrographs of the MC3T3-E1 cell seeded on (a,d) PCL,
(b,e) 0, plasma treated PCL scaffolds, and (c,f) No plasma treated PCL
scaffolds.
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Fig. 11. Fluorescence images of the MC3T3-E1 cell seeded on (a,d) PCL,
(b,e) 0. plasma treated PCL scaffolds, and (c,f) No plasma treated PCL
scaffolds.

Collection @ chosun



66.69 °

Ok
=2

MECo A

A

F
dcl 30 PCL

X

o

A 4 & 1

MJ <l Ao < RSN R0 o W o Ko W e}
IK. _— 38 Al = — —_ y
% WwWEg 4 Em sz ow”
Iy ol & n = Rl . o W oo/ © O
: w < X s08" 22w @ _
© g5 < =z nr mac_mme_o Mu_ol_mﬁux NS
. - = — — [m) [P D
i F3f ogf HmFiz ~faz osg
& 5 3 < = w~ < ™ n IES o 2
: 5 =5 Sgur oga® Y 0L
o v Kl B T © _h_w_oomm|=__|,_5m_. m_.mm_. 5 <
< ST e - ~ - S = = R
= 0 - < w m . B o ms i K
" JUJ X o7 ™ — o) T 0 =< Ry
or ok - 1 = ol mw gy 5 Wy w B gy O
¥y o @® < QLigRE YmAs  8s
n 0 = = K [l _ ©
N s% sO wmg_mwn Mygyrs o
ol © o W o) o} o5 95 O & ~ m =
i < 37 . o <0 K| o] Ki0 = _ m H =
moaW®E o us a®wmagm WG <
L mEDsEm 3w ol_mmmm N
e R =S GHE o gm g8 R W
= o3 ~ il - X 57 I O ~ _ o =
_oATE_A_OM__MW_% A= 0 L K L T
T L e R T __9
RN =~ < - = S ol 0k K| JJ
oo o3 Rl S HW il Loz
” 5 K4 8 gy o < NE W= S
AL e B R . L T B =
.U__%le|_n./|4_ﬂ_ T ) gy KU fmem ]
Klzo M — oo B = Mg oK o 83 m
Mg MO E DS X oW M Khs . )
n__=|mn_._ _H_Ooa%mgm._lu._aa._ﬁj n _Glr._ 4 o
= = H R O | e 1 < RN
< m b W 2R oca s - MR =
A WUl = < ~ = N O o — o O
o M = = _ ulo K &5 & 53 < = 8 0O 8
S R B S x W . Kl ® ol RI B © i6 8% 3 X
31 X = X B nS i H <k SIS gl

(s

X

cC
sl

=

Al
O HE HEOI AZE

=0l

AL O
Il =

(o]
BA

RIZ
-

_25_

Collection @ chosun

—

[a—

HA

0

o
F

=30t

NIEI SA,



o
0
i

g NE

H

R

lo-

ol

in vitro M= b

&

}

| 22 £ X2l 3%

XelE & 3X&E PCL AMWEBES
2101 2

2 0l

2=

HSE0 Hlo

A

PCL

ol
o0
30

ol
Rl
K0
o

]
[

ok

KIO

15

Y
Il

0l
by

ol
R

JJ
)
10y
I3

H

Rl
]I

IL
o

L= A

ct =20 MC3T3-EH

4= UAACH (Seo £,2010).

oF
=

tet 2=

=
S

&0l

=
=

SZ M ALP

_26_

Collection @ chosun



H

[

[m;

IT
sl

Hses

A
Bl

A

1 PCL
A0
PCL

)

o

2|

PCL

o
—

tRALD, MC3T3-E1 AIZE 0l
3t
]

=

dcl=l 3xt

X

XelE

dclel 3xt

X

ct =012t

HEE HEH
=

A

PCL

o
—

2|

7=

H 5 &
3t

00

R
KD

ol
E

HE2E=s = M
BIOIRATHZ M At

A

PCL

o
—

2|

=

dclel 3Xt

X

EESI

2590
A2

PCL
t &

]
9|

)

o
EN

b

&

2

dcl= 3Xt
=)

IS

=
[—

o

=

Okt

=
S

b

i0J
oo
ok

00
010

or

Y
Ll

0l
s

mll

_27_

Collection @ chosun



H#NZE

Barder TA, Gamble LJ, Castner DG, Healy KE (2006). In vitro
characterization of peptide-modified p(AAm-co-EG/AAc) IPNcoated
titanium implants. J Orthop Res 24:1366-1376.

Chen JS, Altman GH, Karageorgiou V, Horan R, Collette A, Volloch V,
Colabro T, and Kaplan DL., Human bone marrow stromal cell and
ligament fibroblast responses on RGD-modified silk fibers. J. Biomed
Mater Res Part A, 67, 559(2003)

Cheung HS. and Haak MH. (1989). Bone cell behavior on Matrigel ®-coated
Ca/P coatings of varying crystallinities, Biomaterials, 10:63-67

Cho JH, Kang BK, Kim KS, Choi BK, Kim SH, Choi WY. (2005). Hydrophlic
Effect of the Polyimide by Atmospheric Low-temperature Plasma
Treatment. Journal of Korean Institute of Electrical and Electronic
Material Engineers 18(2) 148-152

Elmengaard B, Bechtold J. E, Soballe K (2005). In vivo effects of
RGDcoated titanium implants inserted in two bone—gapmodels. J biomed
Mater Res A 75:249-255.

Jin HJ, Chen JS, Karageorgiou V, Altman G. H, and Kaplan DL. Human bone
marrow stromal cell responses on electrospun silk fibroin mats
Biomaterials, 25, 1039 (2004)

Jung SC, Lee K, Kim BH (2012). Biocompatibility of plasma polymerized
sandblasted large grit and acid titanium surface. Thin Solid Films
521:150-154.

Kim JY, Yoon JJ, Park EK, Kim SY and Cho OW. EZ=2At AIAEIE 018
ZOEXE MEZAS AMXR PCL ¥ PLGA ASXIXIA HMZ (2008).
Tissue Engineering and Regenerative Medicine, 5(3) 506-511

Kim SM, Park CH, and Im SS (2002). Effect of Oxygen Plasma Treatment on
Hydrophilicity and Biodegradability of Poly(butylene succinate) 39(4)
396-406

A
o
ro

Collection @ chosun



Lanza R, Langer R, Vacanti J, Principles of tissue engineering, 3rd
edition, Academic Press (2007).

Lindo W, Dianying J, Jiandong D (2006). A "room-temperature" injection
molding/particulate leaching approach for fabrication of
biodegradable three-dimensional porous scaffolds. Biomaterials
27:185-191.

Pak PK, Kim HW, Na KK, Kim SS, Lee MC. and Park CJ (1999). “Dyeability
of Polyethylene Film Modified with Acryl Amide Groups” , J Korean
Fiber Soc., 36(12) 936-942.

Park SA, Lee SH , Kim WD (2011). Fabrication of porous polycaprolactone
/ hydroxyapatite (PCL/HA) blend scaffolds using a 3D plotting system
for bone tissue engineering, Bioprocess Biosyst Eng, 34, 505.

Petrie TA, Capadona JR, Reyes CD, Garcia AJ (2006). Integrin
specificity and enhanced cellular activities associated with surfaces
presenting a recombinant fibronectin fragment compared to RGD
supports. Biomaterials 27:5459-5470.

Puleo DA., Holleran LA., Doremus RH, and Bizios R. (1991). Osteoblast
responses to orthopedic implant materials in vitro, J. Biomed Mater.
Res, 25:711-723

Puleo DA. and Bizios R. (1992). Formation of focal contacts by
osteoblasts cultured on orthopedic biomaterials, J. Biomed. Mater.
Res 26(3):291-301

Ratner BD, Hoffman AS, Schoen FJ, Lemons JE (1996). Biomaterials
Science; An introduction to materials in medicine. Academic Press
50-69,84-94.

Rammelt S, Illert T, Bierbaum S, Scharnweber D, Zwipp H, Schneiders W
(2006). Coating of titanium implants with collagen,RGD peptide and
chondroitin sulfate. Biomaterials 27:5561-5571.

Schuler M, Owen GR, Hamilton OW, de Wild M, Textor M, Brunette DM

Collection @ chosun



(2006). Biomimetic modification of titanium dental implants model
surfaces using the RGDSP-peptide seaquence: a cell morphology study.
Biomaterials 27:4003-4015.

Seo HS, Ko YM, Shim JW, Lim YK, Kook JK, Cho DL, Kim BH (2010).
Characterization of bioactive RGD peptide immobilized onto
poly(acrylic acid) thin films by plasma polymerization. App/ Surf Sci
257:596-602.

Seo KS, Hong KD, Hong H, Kim MS, Khang GS, and Lee HB. Sustained
release of proteins using temperature sensitive MPEG-PCL hydrogels.
Tissue Engineering and Regenrative Medicine, 2, 109(2005)

Yoshimoto H, Shin YM, Terai H, Vacanti JP (2003). A biodegradable
nanofiber scaffold by electro-spinning and its potential for bone
tissue engineering. Biomaterials 24:2077-2082.

Collection @ chosun



	제1장 서 론
	제2장 실험재료 및 방법
	제1절 3차원 PCL 스캐폴드 제조
	제2절 플라즈마 표면개질
	제3절 표면분석
	제4절 조골모세포 배양
	제5절 조골모세포 증식
	제6절 조골모세포 분화 
	제7절 조골모세포 관찰
	제8절 통계학적 분석

	제3장 실험결과 
	제1절 표면분석
	제2절 조골모세포의 생물학적 평가

	제4장 고찰
	제5장 결론
	참고문헌


