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Abstract

Preparation of Tissue Engineered
Porous Scaffold and Application for

Regeneration Medicine

In Young Kim
Dept. of Polymer Sci. & Tech,,
Graduate School

Pukyong National University

Tissue engineering strategies have often focused on the
use of natural or synthetic, degradable materials as scaffolds for
cell transplantation or as a means to guide regeneration. The
degree of success of these tissue engineering methods is highly
dependent on the properties of the scaffold. Basic scaffold design
requirements include degradability, biocompatibility, high surface
area/volume ratio, and mechanical integrity.

The degradability, biocompatibility, and large surface
area/volume ratio of scaffolds can be accomplished by the
appropriate choice of synthetic or natural material and processing
approach. Poly(lactic acid) (PLLA), poly(glycolic acid) (PGA), and

their copolymers (PLGA) have been widely used in tissue
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engineering applications because they undergo controllable
hydrolytic degradation into natural metabolites, and can be

processed into highly porous scaffolds by a variety of methods.

In chapter 2 of this study, A novel paraffin particles
leaching method for fabrication of porous, biodegradable PLGA
scaffold has been proposed for the application to tissue
engineering. PLGA scaffolds using novel paraffin particles
leaching method with porosity range of 45 to 98 %, median pore
size range of 20 to 94 um with larger pore diameters greater than
200 m, and specific pore area in the range of 40 to 278 (m'/g)
were manufacture by varying processing parameters as ratio of
PLGA/paraffin (1/1, 1/4, 1/7)and paraffin size (355~425, 425~600,
600~710). These results suggest that mass loss of paraffin particles
leaching processing can confirm residual paraffin.

Result of comparing to emulsion freeze drying method
and solvent casting salt leaching method, it is possible to
impregnate with water soluble factors as like cytokine and to has
excellent properties. We suggest that novel paraffin particles

leaching method may be effect about tissue engineered organ

regeneration.

In chapter 3 of this study, Biodegradable polymers are
necessary to sterilize all medical implants after fabrication and

prior to their surgical placement to reduce the risk of infections
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and associated complications. But, sterilization techniques can
significantly affect the mechanical and physical properties of
polymer scaffold. In addition, they can leave harmful residues on
these materials, causing them to fail in vivo.

Polymeric scaffolds for tissue engineering must be either
manufactured aspectically or sterilized after processing. TFor
sterilization processing, the general requirement of polymeric
scaffolds are non-toxicity, tissue compatibility, and preservation of
its properities. The goal of study was to determine the optimal
sterilization technique without causing damage slightly to
successful tissue engineering. The plasma sterilizaion method was
compared to three well-established technique ; 70 % ethanol,
ethylene oxide, and 7y -irradiation. We evaluated molecular weight
and change of pore structure by various sterilization methods. the
former was evaluated by gel permeation chromatography (GPC)
and the laster by scanning electron microscopy (SEM),

respectively. Before and after sterilization, change of volume and

mass weight were measured.

We observed increasing wettability of plasma treated
scaffold according to 0.01 w/v % brilliant blue dye dropping
method and water absorption. Our results show that plasma
treatment is the most suitable method for sterilizing polymeric

scaffolds for tissue engineering applications.

In chapter 4 of this study, we developed the novel

- XV -



demineralized bone particle (DBP) impregnated polylactic acid
(PLA) scaffolds for the tissue engineered bone. Scaffolds were
prepared by solvent casting/salt leaching methods with mixtures
as PLA as biodegradable matrix, Ammonium bicarbonate as
porogen (size: 180 ~ 250 pm, 250~355 ygm), and DBP.
Characterizations of Scaffolds prepared by the these methods
were analysed by SEM, mercury intrusion porosimeter and so on.

In result, Twenty w/v% of PLA concentration and 90
w/w% of PLA to ammonium bicarbonate were fixed and then
DBP content were varied 20, 40 and 80 w/w% to PLA by means
of solvent casting/salt leaching method. All of surface, cross
section, and side of DBP/PLA scaffolds were highly porous with
good interconnections between pores in which can support the
surface of «cell growth, proliferation and differentiation.
Particularly, a uniform distribution of well interconnected pores
from the surface to core region. It can be observed that the pore
size was almost same, however, in the order of 81 ym (PLA
control) = 76 um (20% of DBP) = 74 ym (40% of DBP) > 69
pm (80% of DBP). Porosities as well as specific pore areas also
were almost same from 97.8 % of PLA control to 944 % of 80%
DBP and 68.3 m2/g of PLA control to 62.75 m2/g of 80% DBP,
respectively, even though the amount of DBP increased.

For macrostructure of DBP/PLA scaffolds, the solvent
casting/salt leaching methods might be more recommended due

to relatively large surface area per volume, higher porosity,
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almost same interconnective structure between pore, more
uniform the pore size and pore size distribution, no change pore
size and distribution varied with DBP contents, and less
processing variables compared with the emulsion freeze drying.
From the base of these results, we decided that the animal
experiments are carrying out using the series of DBP/PLA
scaffold prepared by the solvent casting/salt leaching methods.

Implantation of DBP/PLA Scaffolds. Scaffolds of PLA
alone, DBP/PLA of 40, and DBP powder without MSC cells were
implanted on the back of athymic nude mouse to observe the
effect of DBP on the induction of cells proliferation for 4 weeks.

We can observe the evidence of calcification, osteoblast,
osteoid from the undifferentiated stem cells in the subcutaneous
sites and other soft connective tissue sites Thaving a
preponderance of stem cells. In summary, it seems that DBP
plays an important role for bone induction in DBP/PLA scaffolds.
It might be suggested that bone morphogenetic protein in the
DBP stimulate osteogenesis

Also, the similar trends were observed with MSC cell. In
summary, it seems that DBP plays an important role for bone

induction in DBP/PLA scaffolds.

In chapter 5 of this study, we developed the novel IP
loading PLGA (IP/PLGA) scaffolds for the possibility of the
application of the tissue engineered bone. IP/PLGA scaffolds
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were prepared by solvent casting/salt leaching method. IP/PLGA
scaffolds were characterized by porosimeter, SEM, determination
of residual salt amount, and X-ray diffraction. IP/PLGA scaffold
were implanted into the back of athymic nude mouse, to observe
the effect of IP on the osteoinduction compared with control
PLGA scaffolds. The implants were removed after 3, 6, and 9
weeks and fixed in 10% buffered formalin. Thin sections were cut
from paraffin embedded tissue and histological sections were
stained H&E, von Kossa, and immunohistochemical staining for
type I collagen and osteocalcin.

In result, all samples by means of solvent casting salt
leaching method were highly porous with good interconnections
between pores in which can support the surface of cell growth,
proliferation and differentiation. Particularly, a uniform distribution
of well interconnected pores from the surface to core region. It
can be observed that the pore size was above 100.5 gm and
porosities were above 91.7 %. Scaffolds of PLGA alone, IP/PLGA
of 50% were implanted on the back of athymic nude mouse to
observe the effect of IP on the induction of cells proliferation for
9 weeks. We can observe the evidence of calcification, osteoblast,
osteoid from the undifferentiated stem cells in the subcutaneous
sites and other soft connective tissue sites having a

preponderance of stem cells. In summary, it seems that IP plays

an important role for bone induction in IP/PLGA scaffolds.
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Table 1-1. Absorbable biomedical materials used for tissue

engineering
Material Example
Natural polymer Fibrin, collagen, gelatin, hyaluronate Matrigel
| Gynthetic polymer i’olyglycolide (PGA) V
glycolide-lactide copolymers (PLGA)
polylactides (PLA; PLLA and PDLLA),
ethylene oxide block copolymers with PLA or
propylene oxide chains
Inorganic material Tricalcium phosphate, calcium carbonate,

non-sintered hydroxyapatite
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Table 1-2. Application of tissue engineering and regenerative

medicine.
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Az gt dwrAez o Ax"/Q FEWel Az FHol
g sk, datke 03E R 03aslE wad folshd 23

2 4 e Aol AW, B¥ez $84 oF Wy 2 4%
A7 S FHA dFd AAH Aol gl 23 HYelA
olgh L& WA Eaol Yol Utk EF #3 $2 A=

We S84 A4E FHEIE FolsAR, dFE @ FAINE

B AT E od @ FE WEe nednA Jy B
o GRS nRASFeAMN YFHFUE ol g BTY AR

= R0, o8 AXA Aoz de 2ol= Fuf 7
28§ FEUY fE §Z2 Ao Azd @A qg 71

2
BN
o
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Poly{lactide-co-glycolide)

Figure 2-1. The chemical structures of synthetic biodegradable

polymers,
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2. 4 &

2-1. Aok 2 AR

PLGA (lactide/glicolide mole ratio, 75/25, Resomer® RG
756, Boehringer Ingelheim, Germany)<© HaaAe] 90,000
g/mole<] AL A&ty ch A3} EF (Orient Chem. Co., Korea)
7 stk (Junsei Chem. Co., Japan)<: o2 AR EAE AHESIA
s 2 Addd aTHE 2712 A¥EE fate] Zk 27 B
A e et n-Fake Gab obF FASAL A Toeen,
WeAZzgo|= (MC, Tedia Co. Inc, USA) 58 ET g} shor=
7 87]4ulE HPLC S5& AHESHTH

2-2. ZAZHA g4 AAAY Ax
2-2-1. #&#8 B FEFY o]l 43 tFA AAAL A

PLGAS st B@e 94 wigsn E33te 025 g& 3

et & oA AAE WA 10 m 2 27 55 m 279 HYUEF

tlo
by

o & mgl2 (MH-50Y CAP 50 tons, Japan)& ©]8-3}
oo 40 kg/one] ¢E o= 30&7 7HgEte = e A
ANE Azstck ol5e 4¥ W4 E Table 210 Yehhgled,
B3 B 237 #aA n-HdE o] &ete] 30 A
AAS G AARR] ¥e Fue 9o #FF& 38 F= W5
o] ¢bA AAT & 30 mTorr, 55 T A 4842 &< 54 A
z gtk A& n-HAS AAs7) fste i 17 F9 25T
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At} 0|59 Az 22 E Figure 2-2¢] eI
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Table 2-1. Processing Variables for Fabrication and Results of

Average Porosities, and Median Pore Size of PLGA Scaffolds

using Novel Paraffin Particles Leaching Method

L ratio of size of average  median specific
sample
P PLGA/ paraffin remark porosity pore size pore area
paraffin (em) {%) (m) (m'/g)
l-a 1 :1 355~ 425 48.40 19.81 43.57
too
1-b 1:1 425~ 600 4918 2211 47.61
dense
1-c 1:1 600~ 710 45.41 40.41 39.50
1-d 1:4 355 ~ 425 81.47 4419 74.34
l-e 1:4 425 ~ 600 formed 7405 51.66 86.16
1-f 1:4 600~ 710 77.84 93.18 76.59
1-g 1:7 355 ~425 87.43 50.68 111.66
1-h 1 :7 425 ~ 600 formed  83.88 7011 123.64
1-i 1:7 600~ 710 97.60 94.05 278.07
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Mold

Mixing
homogeneously

Paraffin :
Particles [

Pour into mold
Paraffin
leaching in

n-Hexane

-

[Characterization I(-*-- T = &6
S Storage in 3 %

vacuum oven
Disk-like Polymeric after freezer
Scaffolds drying
{Diameter: 10 mm}

Figure 2-2. Schematic representation of novel paraffin particles

leaching method to fabricate PLGA scaffolds.
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222 §35d Azxyd oF I AAA A=
oJ&ere] PLGAS MCol £3818 &, g% = &9 &
g8 &, T wEFAe AA 3 A7)7) st 2EIAEINTIE

zae 10 W, 302 T F3AA ol APz e Table 2-20Y
Gk o) #AAA &3txe) EHE 2uy] ffste 01 v/w

%¢] Span 80% EFBALE ©]F -198 T HARERE BHMA
o gZg Zod Ro| 283 Wzt A7l F, 30 mTorr 55 €T &
Aol A 48A7F B¢ 52 Az gk AFE¥d MCE AAG
il HA 129 S 25T AF QB AXAYN F, IT A&
ol Bpste] AF] ALEstAct ol AE: EAHEE Figure
2-39) vhER 2T
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Table 2-2. Processing Variables for Fabrication and Results of
Average Porosities, and Median Pore Size of PLGA Scaffolds

using Emulsion Freeze Drying Method

median
PLGA volume of PLGA average
sample . ] . ore
No concentration solution to water remark  porosity size
(w/v%) (v/v) (%)
(¢m)
2-a 5 70 not formed
2-b 5 60 not formed
2-c 10 70 formed 94 141
2-d 10 60 formed 96 20.94
2-e 20 70 - too dense
2-f 20 60 too dense

- 20 -



Water
PLGA/MC— TE,,';’;]%“
Solution

Water Droplet

Emulsification
Sample Vial by Sonicator

Characterizations | < Freeze Drying e @

Liguid Nitregen Tani

Figure 2-3. Schematic representation of emulsion freeze drying

method to fabricate PLGA scaffolds.
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223, &ul] A28/ A FEHL o] §F OFA AAA L Ax
PLGAE MCo| 94 %2 fsiad F Ao oslx AE=
Qe g ulgz EEFTh (Table 2-3). &£31€ PLGASH 99 &

$E2 ¥7 15m 2 F4 5 m 2vle] 4T guol ¥& ¥ =
}\

o) dHoz 4NN F¢ AgEAT oFE B4 e 84
de F2Eoy] A 2EFoA 2447 B¢ GE F

mTorr, -55 C Z7AoNM 48217 B¢t 54 #1x sgivh sl
MCE A A7 g8t HA 159 B9 25T AFLEAN AZA
&, AF oA Bastel Aol AMgSTh o9 Ax =B
25 2 Figure 2-4o] JEM AT

N
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Table 2-3. Processing Variables for Fabrication and Results of
Average Porosities, and Median Pore Size of PLGA Scaffolds

using Solvent Casting / Salt Leaching Method

. average median
sample ratio of size of salt

remark porosity  pore size
No. PLGA/salt (fm)

(%) (tem)

3-a 1:10 180 ~ 250 formed 83.56 106,77

3-b 1:10 250

t

425 formed 86.03 93.63
3-¢c 1:10 425 ~ 600 formed 11710 100.02

3-d 1:10 600

t

710 not formed

3-e 1: 4 255~ 425  formed 35.37 46.25
3-f 1: 6 255~ 425  formed 60.30 67.10

3g 1: 8 255

t

425  formed 79.35 85.36
3h  1: 12 255 ~ 425  formed 91.52 99.35

3- 1: 14 255 ~ 425 not formed
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Pour into silicone /,/(" w;} O s/‘\ Ve l

mold

Mixing
hormogeneously

Solvent
evaporation
aR.T.

Disk-like silicone mold
Porogen: {inner diameter: 10 mmj

NaCl MC /

/ Saltlaachingin
deionized water
i Storage in
F:;?:@ vacuum oven
-~ aker freazer

for 48 hrs
: . !
Disk-like Polymeric drying S

Scaffolds
{Diameter: 10 mm)

Figure 2-4. Schematic representation of solvent casting salt

leaching method to fabricate PLGA scaffolds.
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2-3. A AAA ] 54 24

231, deEw RY FEHYPer Axd 93A AAAe]

oo wsE wastach FAY wate 27 ohgn 2e N 9
siA A E RS
Mass loss (%) = (W; - W)/W;>x100 (1)

2-32. SEMej o|@ thF 7] 2 ohF Fug 24,

4719l S ABSd A2 7 BE4 PLCGA AXA
o ¥W, 9%, 2 Ue ©F FuE BN $se] SEM
(5-2250N, Hitachi, Japan)© 2 st WEZ= 5x5%1 m (5
Aol 2712 Adss FAHTE ol gse] 4F Ede] wHA
711 Z8l=o} A¥E (Emscope, Model SC 500K, UK)E o] &3}
2004 F7el F =kl #9% Aoz 039 F ¥ AVE
el 55k
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=8 A g5 Az dF4 PLGA AA

Aol ohE =y BE, vdEwd, 837 43AE % d3sE
7] 9lsle] 4o TEEA (Micromeritics Co., Model AutoPore I
I 9220, USA)E o]& g9k A 88 PLGA A Ao A

ox, segty 9 gL 2z 01 g 67-7.3 ml, 34
g 414 MPa °|Qich. et Py 79 WAE (Ne BAS

o}
£ 9] Washburn 2]

=

r=—2ycosf- P (2)

o olala AelEnh g7)A y& FoeudFIdH o2 485 dyne/cmE
Agslgon g 3 PLGA ¥wle A&7l HEH4 47
(Model 100-0, Rame-Hart Inc., USA)E o| &3l % Az A 160°
ol A t.

T

TE v U A

1 ©)
Vi+——
0

o osfx HeldErt «r|M Ve

= QA AT AFeln, o YRS
Jepae,
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3. 4 7

31. 24383 0T AAAY Ax

31-1. Sehd B2 23HL o 4% dF AXA A=

2 AeaE 1Ee o shA ARA AR 2
S wae AGs) dad 9T 34 242 EE 2EE

s51a PLGA T34 TASE A=sAth How 2% FEYe
2 Az 2AFe PLGA AAAY t4e HB E 24

gl

walo] osl zAHM o= TETE, FFUHF A7), EWAAE

Zyeo] Wate] Je vl PLGAS stebd B3 =AW
g AAA g 54 AHE Table 210 YEAHTh PLGA
0 osew 2T gagel med, F 11 d A% (WE No la
1b, 1-ol M 40% o4l thax Z#E vehldx, 14 ]l B+
(= No. 1-d, 1-e, 1ol A 70% o9 thg= 23E Jelde
o, 23 17 9 A% (A3 No. 1-g 1-h, L-)Ae 80% o4l
grs Yok ol ek 4%l BES5E dIEE I
fetgen, ol e TPl waka g zdste &0 s
B/ o FEYeAe 2ol AAAY dEg IS de d4¥S
= ghebw Bre) oo wEbA ohEEE 2WY £ AT ¢ F
t}.

rr

ol

%0,
32

18e &of A2E / G FF
of gslste 1 A el |3 o

=
e WHE AR T, F180E Z0AA D48 AAL A
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gl ook B ool @ BEA AXAE AHAR 9@
AAA Aoz Ax HALH, f7180 5 AT SotA 47
3 pe BA gugel 3% Y4s FAd A Agnes

Bapzke] Ajte]l 7hedW olfe IRA AW FFHo] F3H
7b loia Ane B oA Alge] 4 FAHE gk Alrd
olfl TepAEl7E FR3E 2 A&ETHE AELE AF AiAn 2
FRES AE 1 AHY FEE A "@ue etk o FAH
Ao 98 ZEE R71EWE AMES AFE 259 ZErR4
g Aoz Az Pch34] (Figure 2-5, 2-6).

A xl
==
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Figure 2-5. Photographs of PLGA scaffolds by novel paraffin

particles leaching method.
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312, 53 52 Azl 9@ oA AAAL] A=

o3 =2 Azyoes AZY GFA AAAME BHE v =
= 04~96%, FF TFEA7] WelE 141~2094 @ o]t (Table 2-2).
BF cEnE o uyel ojste Axz® oA AAAY vhE

gt (Figure 27). ¥ W& BF oAz g} 4 PLGA
goe 55 W #3E 44T W WAHE 8o Yol Gl v
2 golald 2RHAT. o|H@ Ay T3 T2 A4 glelA
8 ARA 3 s B Bk SASA lolEE
¢ & YT B oPEE $84 948 B8 ¥ 4 A FHE A
12 glen} PLGA §o9l 3= B #2318 44T 9 A7se 2
o o olslel AV 2PPTE WA, FHLE He B
A7 9 49z0d] meh dREs gt A9 el

7FA 50 A8 5]

N

kv

o
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{ |—m— sample No. 2-C
—-®— sample No. 2-d 'y
1.0
io
08 ol\ .

. i
0.6+ ‘ iv#
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Incremental Intrusion (mL/g)

l
|
04 Al % !
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4 yd g -/. \. * ﬁ
//
0.0 —— v T r T v T i
500 400 300 200 100 V]
Diameter (um)

Figure 2-6. Porosities and Pore size distribution of PLGA scaffolds

by emulsion freeze drying method.
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Figure 2-7. SEM micrographs of PLGA scaffolds by emulsion
freeze drying method (cross section x200). ; (a)

sample No. 2-c (b) sample No. 2-d
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313, fu Ax=E /A FEFHRL & GIA AAA e Ax
) A8 / @ FE2Hez Azd ¥4 PLGA A 2] #)
o gEre Wi tEasle 49 et e AVE z4ol 7}
3t} Table 2-37% Figure 2-89 4 WErd A o] MW THEE
 3536%cl 4 117.10%77] PLGA siizjel] tha & ®l&g 248
czy gk EEE 48 & AN, @ ugel FNEFE O

Tow 249 @ & ARTh No. 2didrxe @9 ¥

= 4625 molA 10677 m7tA thFd =Av|e BE AL 7L

9l olE THES WA dE AR av el A7 I
2
—

52 golad ¥e 4 AT Aske FHTF 271E L&
9gick old wal e AAMR F84 AAZ FHA D 3
Ereld gdel o8 £84 v £458E ©¥E AR

=
it} (Figure 2-9).
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Figure 2-8.
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by solvent casting / salt leaching method.
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1:10 180~250 gm 110 250~425

1:8 250~425 um

1:4 250~425 m

1:12 250~-425 gm

Figure 2-9. SEM micrographs of PLGA scaffolds by solvent

casting / salt leaching method (cross section x 50).
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32 el Bu Famon Ax® o4 AXAAS 54

321, saly Re Z23yow Azxd 03I AAAY @
# seka g9,

Table 2-4 of|4 X Hhe} Zo] MEF No. 1-a 1-b, 1-cE A
9] ME No. 1-d, l-e, 1-£9} 1-g, 1-h, 1-id)A w3 £2 F& A

Fo A wWalE viws) RW wgde] F2¥I nEAE gol
AT AFAL ¢ & Tk A No. la, 1b, 18] 3$E, e}
A 22 ¥ 54 A8ge]l 4L ofE AuHoE PLGAY vl

322 SEMe] 9% g 271 9 B Fre B4,
Figure 2102 d2}d g% F2Hoz AXd vFA
PLGA AA%e AAHELA AA0Z 4E No. 1
le, 16 g 1h 2 158§ HEPAITh #94 ReE 29 0 3
o £ 9vie FHE dolpen, %, B E
719] 7 3 og Aol gleE ez BAHAYL Bz Hu
wet bzl W 9715 el Alxrh b, B EE A
wet AxA L] AHAGr z2Ho] sbsdal, FA o
o AT ARA L] R, dwel ogF e #4F No 1d
Le, 1-f, 1-g, 1-h, 1-i M= &v) A2E 4 32438 48 54 2
Zlel vy doiHes tFa vy Alole iAol dEEar

FEo] 4 A FEE sl JdE AeE velgh 3R A A A)
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o olgE ARAY Wy 2 gane gd

g e FAAA gEeR Jd oFel o ¥ R Rl
Gebgth Teu 2YAES A Wiz elgsteds 247
ge Aoz 9=

fl

3-2-3. & g3 =4 4.
gols 29 23How AxF tEgd PLGA AAA A
Z No l-a, 1-b, 1-coldE BF GFA7|E 20, 22, 40 m?l AoE
Ut AZ No 1d, 1., 1fdXe 7 osa7ie 4, 52, B
me Aoz ey, ME No lg lh LidNes ¥d g3
= 51, 70, 94 el Aoz Yeigt ol meEtH wEe 24M
QA A% e R2el =77 U85S HE e Azt
Mg o 4 Aok =& AE No la 1d, lgdde 32 o
=7} 48, 81, 87%2] Aoz Velgth AF No 1-b, 1-e, 1-hoj]A
U3 THEE7} 49, 74, 83%2 Ao ® veEbg: A1F No 1 1 14
M= BF hEE) 45 78, 98%<1 Ao ® el ol FHHE
e} Z77h A A4S setd B AW IES
o UEEs)t Zrhstgdn Alsdn. B 2o o34 PLGA AAA
2ol tFgarie] 2L Sed £ A9 4= Yhe
i ohEEy x2de ddd £ 24¥EA =Ho Jtsde

~J
-

off oN

rr

s

0

o 4 ) (Table 2-1, Figure 2-11).
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Table 2-4. Amounts of Residual Paraffin with Mass Loss before

and after Paraffin Particles Leaching Processing

ratio of ratio of

sample initial weight final weight experimental theorical

No. (g (8) mass loss mass loss
(%) (%)
1-a 0.25 0.1340 46.60 50
1-b 0.25 0.1367 45.32 50
1-c 0.25 0.1476 40.96 50
1-d 0.25 0.0517 79.32 80
l-e 0.25 0.0539 78.44 80
1-f 0.25 0.0541 78.36 80
1-g 0.25 0.0319 87.24 87.5
1-h 0.25 0.0317 87.32 87.5
1-i 0.25 0.0312 87.52 87.5
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Ratio of PLGA/Paraffin

355~ 425 gm §

425~600 m 3

Figure 2-10. SEM micrographs of PLGA scaffolds by novel

paraffin particles leaching method (cross section x

50).
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Figure 2-11.

PLGA ; Paraffin (600 ~ 710 pm)
04 )
i —u—1:1
e 1:4
— A a-1.7
2 03 .
E .t
€ ey
2
@
£ o024
E
£
E 0.1
[
8
g ot
At
00q 7 &
e T 1 M T L T
1000 100 10 1 0.1 0.01
Diameter {4 m}
0.25 - PLGA : Paraffin {1 : 4)
- —m— 355~425 um
k —8— 425-~600 ym
& 020 ‘i" -k 600-710 uym
] I \
E "
s P ] "
2 0154 : “l‘. 3,
E FEON
H] it m
" 0.0 a.;‘_qq'il
£ S
& 0.05- _*’ . %
E ERL T o
o, IR
¢ Y
0004 %
¥ L) L) bl T
1000 100 19 1 0.1 0.01
Diameter {um)

Porosities and Pore size distribution of PLGA

scaffolds by novel paraffin particles leaching

method.
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& 2 Arfdath B A¥APAM F7)
S ol@ sstE AF glol JIAH UL A, &
Aem/e 2eEnos duden BE £71 gve 988 Ak

salE 2w 23Wog AR g4 AAAS S84 o
B o, Agols A4} (fibroblast growth factor, FGF), ¢l

22 21§ A4 A @) A (insuline-like growth factor, IGF), d2#&d4%

O

217} (platelate derived growth factor, PDGF), A 7AAAA2N 2} (nerve
growth factor, NGF), 2 A& (transforming growth factor,
TCGRHE# e ARAAE AAA ] Fastd F, dF, A4,
2% 2 28 59 22AFEHA Z7] A AT AXH2ZA

S AHEE 5 e Aoldn FHB
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4. 8 &

B Ao wm AAF e &) Az" /@ FEFY,
8 74 Azd 2 getd 20 2ot AAR & A2E
Q Z=z9o FHF TEE 35~117% A AT EHRE LOF
=7bA] ohekslAl 24 FrF AR, #HE e AriE 46106 m
7n2 trstA 2AdE 4 ddew #AEFHE MEe e oe
ST AAA Y thyar] 5
A g A" /9 FEHE OFE AAA R 84 IAE
A7 & £ gE A 7] &4 AAgezm g JE A, Az #
BEo) 7] & ko] wE ANAH ®HWe] ARoAe H R o
3 thgAtole] dAgo] HolAE e ok Atz

SAZ #8 §4 Azge 94 AAA U4 $84
A TR = Jde FHel vk AW 78 T4 Az B
Oars 94 % ooz 258 Hol|goy Hg thFarls 14~20
pm Abol2 =38 A2 o AYE IE dldeh a3 A A AL
HWo] o S2d o FERHAE G REHT W HolYgo
G 28 O 722 sbd Azel sEd PEEY AcE ARH
u}.

~

g NEsE Jdoz Almdn w

+r

ARz AEA AL gl B2 FE3Y] dF dFES
45~97% 7}=] oheksl A2 ZAe] 7lsslgon
19~94 ym 742 24| 73t & A2/ FEHH vzt
A2 FHe AEY Feo e} aT7HE AAA ] GFav|e
FEg UEIte g AlgdEd aya mEE 29 R34

WA ke Algsy] dgel 84 AxE GEBA AXA Ul
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2. 4 3

2-1. Al @ AR

PLGA (lactide/glicolide mole ratio, 75/25, Resomer® RG
756, Boehringer Ingelheim, Germany)= Hy&AgFo|l 90,000
g/mole?l AL Ar&3Ah 98 EF (Orient Chem. Co., Korea)
2 o3 44 EFE AEsgEd 2 A3 aFHeE ZVE
A8s)r] fiste 7F A7)E EAAE AMESIAT AEdER o=
(MC, Tedia Co. Inc, USA) To =ZE 3slebEn §7]8v)
HPLC F+& A8tk

rir

22, 8l A2g/A FEYUE olgT dFAH AAA A=z

PLCAE MCo 9% T== £33 F Ao oy HEd
e 9 e st f3E PLGAS 99 2§EL AA
15 m % 7 5 m 2V HdE E=d W& T o=y
(MH-50Y, CAP 50 tons, Japan)Z o] &3ba] AFLoA 60 kgi/crte]
YHez 24M47E B Mgt gF e 485 e EAY gE
FE37] AMAM 2 EFdA] 244 Bl I8 FE23Th 30
mTorr, -55 C 2ol A 48213t F¢ 54 Ax sk #FFEw
MCE AA7] H3te H4 159 5o 25T IFLBAAM A
70 %, AF AFElel A Bl A ALgsE T [7].
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2-3. FA AAAL 2

2.3-1. ethylene oxide gas (EOG)°l o]k A A Ao I
EOG "ol Steam 4l GASE ol &3l npo]zis H
A mAEe A" AYE BgE 4% YHS TIH SHASS
(121C~1327)0] &5 & e 3ted Hisle] 38T~55T Az
N aZo] o]foANERE AL Feyolztnx ¥4 (Figure 3-1).
PLGA AAFE 20 ml viale] B& F JFIFES 8
25

9 F719 AYE BASA) Astel W¥E T F, AEY 4R

=

2
o
1o
o
r
-
b
=2
Yo
i,
ol
&
(w3
Q
)
s
EY
tilo
i
>
gl_*,
38
5
o
&3]
3
1o,
rfo
Hl
2

2-3-2. WAL FAbel] 9% A AR i

PLGA A A HE 20 ml viale] ¥& & R IZFH
o Fr)el e A Yile dES 3 &, @5 dAAE A7
Ao o|2lste] 7vtA FALE HAISELH, #EFS =ofo] ofelX
7} Eolgle olojz wpze] WolA wpd Eabel] ofsjA LAY

F 3l RalE $ASsch goh 2} AFE 0,25, 5 75 Mradg
2ASED, A7 08 Mrad 0% $52 okl 2A1E AN AT

2-3-3. Zef=vl WA Aol % AXA HFE

AAAS Eepze BAALE £ ATEAN A A4
WAE o5t Falsigden nEya wAr)e] 3L 20V, 02
Aola -11.12 PSIe) AFAFefelAa 202 Tt FstFrt 18 2
o] EetArt WA 2HE U3 a3, WHAT AT #E
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W& (0, 0.5, 1.5, 3.0, 45, 60 min)E Fch. Fef=v g
AAA e HAAE By fate F& o of W& AMEEHIL
2 NPe Ao GPCE olgste] Aol A%e) £
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A e
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234, Fatzel HA AW B34 AAAY FF FF A
Bapzo @y Aelel gE AAAY A4 Fd BdE
4317) sy €A RHY 3 Rl AAAE DAL B

g0] Fol SR FFAS 2YTAT 4719 226 aA 7
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Figure 3-1. Photographs of EOG sterilizer.
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2-4. A3t A= E AAAL 54 2A

"y A7 Fol PLGA AAA EAFE EFAH3r Hsl
Shodex® RI-71 #Z&77} #AE® A B3 ZrtEJYd (gel
permeation chromatography)& AF&3t{th HPL Shodex® GPC
K-802, Asahipak GF-510 HQ % GF-7M HQZ #3d &gl ALE
ddon [¥F AEE polystyrened ALE3IHL) o|lFALE F2R
EEL ARSI 1 m/ming fEog BASHT. HEE NS
2001PC (Futecs Co., Ltd, korea)E AF&3t31 g x5 351 T
2 dAsA FAA717] $18) AT-3000 (Futecs Co., Ltd, korea) 2
BS ARk

2-4-2. SEM]| 93 o3 =2vV] 9 thF FH o] &4

71l AAg dit g A ogd PLGA AAH ] #
A, 99, % WRe oF S A3t 918l SEM (S-2250N,
Hitachi, Japan)© & #&ASIAT BEdE 5xX5X1 mn (FA)Y A7)
2 ddsta gHeelzg olfstd AF Frld A7 Ee
=wu} 29 ¥ (Emscope, Model SC 500K, UK)& o]&3}e] 2004 *F
7ol g sEdte] #Hag Aoz thEe e 9 AVE B
At
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3. 4 ¥

3-1. T3 AAA L A=x

3-2. gFAd AAAL 24

3-2-1. ethylene oxide gas (EOG)ol &3 AA Ao di
EOG " Ag #Feo AxAY ¥ug F4F 27 de)
Faol A iegf 50% o HAES & ¢ dG. 223 SEMo=w

F FxA Y O Tz FU wse AL ¢ F AR

(Figure 3-2, 3-3, 3-4).
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Figure 3-2. Change of scaffolds shape before and after E.O gas

processing .
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before E.O processing after E.Q processing

R

surface

Cross

Figure 3-3. SEM micrographs of PLGA scaffolds After E.O gas
treatment ( X50).
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3-2.2. WhARA ZALo) o & AA A dLt
upd 2AMAE AR Ao GF 7= AsE SEMog B
5 Aw, 7ol ZAARRG ZAL 3o dAAFHez UAT o
(micro pore)?] Aol WA Wi, BALFe] FrAELE AR
thge] Aol 2S¢ 4 U (Figure 3-5). 1.5 Mrade] =
Abe A AR 0 Mradst AY] fAHY ohF HElE 4% ¥ 7
9, 3 Mrad oo ZAlelMe ohdn thF Alolg) do] B
X e @4e BEE F
nhd zAbERo] Z71 B4E XA EAFLE MM FiIHT

(Figure 3-6).

ASith GPCE ¥AHE EAHF 2,

o

- h5 -



surface

Cross

Figure 3-5. Sem micrographs of PLGA scaffolds after 7

-irradiation ( X 50).
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y-irradiation dose (Mrad)

Figure 3-6. Comparison of changes Mw as y -irradiation dosage.
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323, Zel=vl A Azl o AA e A

Zalznl A Az 12 30&, 3%, 48 30 A5 AAA
o] o} x W3lE SEMo.g #AE Au, HAFEE A Azt
FvtgsE oy 2 4y o] vdEge yWiTERe 13 0E
AP el e HstA gL AAA G AL fFAR vE TR K
Gou 38 olgo HdME ohF 2te dFe sIHe
gabol Vel (Figure 3-7). GPCZ Zebznl A d$o EA#
S BN A7 dA Az AAE A Azte] S g

o\

in)2
tl
e
ﬁ

r)

it

Ir

T SAe Frlshe ATE Holthrt HeErlzh 68 A=A e
Aol Zdadhs @l yehwt (Figure 3-8).
3-2-4. EEt=vl A A" oFAH AAAY
Zal=ol WA A" AAAES AHsA e AR A
g vugt Ay, Zelzet Mg FHeo] A4
319} (Table 3-1, Figure 3-9).
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surface

Cross

Figure 3-7. Sem micrographs of PLGA scaffolds as plasma

treatment ( X<50).
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Figure 3-8. Comparison of changes Mw as plasma treatment.
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Table 3-1. Measurement of Wetting Property of Plasma Treated
Scaffolds

water contacted

fime  (sec) 0 30 90 180
plasma treatment

time (min)

0.0607 0.0921 | 0.1067 0.1360

0 0.0490 0.0968 | 0.1054 01114
0.0409 0.1098 | 0.1369 0.1497

0.0557 0.2037 | 0.2105 0.3023

1.5 0.0598 0.2092 | 0.2495 0.2907

0.0541 0.2328 | 0.3031 0.3168

0.0352 0.2474 | 0.3023 0.3465

3.0 0.0355 0.1539 | 0.2004 0.3234

0.0415 0.1978 | 0.2475 0.3435

0.0409 01934 | 0.3308 0.3879

4.5 0.0450 0.2675 | 0.3142 0.3543

0.0506 0.1678 | 0.3245 0.3989
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Figure 3-9. Effect of different plasma treatment time on water

absorption,
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A e B FHE Az T TolA Fd AWALE A HY
Ak == ool 7hA EAE S 2E & e Yol 1
By Az 34 Jledezy nidoer B A Ald shelA
AAretrle o] olEl 2ol Utk aHA AAAS Az T o
A 2@ Aoz AAANE ¥ AHZ BEE Wyo g2
2 a7Aolrt.

wH 2 SR 2iyS Az A F oA AAAC 1
M TR 249 By FE, AAAL] 7Y
Hate] e nEsHy, e 2 ES 4
ANA 2 ethylene oxide gas (EOG) @Y<L thiad AR
Ao 2% FEYZ 40% Ax By 7AS BF I S dds
Az B Fol =He @902 A AAHE o|F:
A4 Age €43 dde] vetsth SEMeZ ylReot BTG EE
st A3 3R AR AR g9d oF FxRAA 23 o
Z82 g 729 ezt dEsie AL 4+ Ao a2Exn
T e oy dyelM dHINE TEA AR AbEAbeld
54715 7HE FAE217F geb el AW AjiAl g Hsirt 4
FET 22T g3y XA dFH o s REFI AR

FuAz A HaMe gEd AXAe o w2
102 #asolAAY AP 2AMo]



He F AP e BAYgel WaE BAY B3 EXF] 2

H ARz Felan d@ge Sdzel A2 A7 4R 30&
AAE g AAAe 92 "ue wsst ggen, 2 o4
A ABAAE ta $2ES G 5 AQD, BE AP A¥ o}
F P2 8she 18 0&747E A9 W5t gden 1 o4t
A2 AZEolFelle WRe) B ThF kel FE7} oA, ER
T Fozo Ao 34 e wAs: d¥cz d 2a o
AN Bd F PrE WEe ¢ 4 At 3T Ad A
Age] wshe 94 Ay AAAE 2ARE ¢ 5 A
L BPze g@de A4 S0 mve ez A Aol
A s Rl s 29 o]y AEe T & AT
b A BRge 2AFRs A
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A 473 28 ARNAH n8AS o)l &3 YA 254

A = AA

1. o] &3 w3

A NN A3 Zo) F4En AT Fgdo] gle 318
AEE AAz2d oldgozy Qg HAzxS 475 o
del 71HE Az gstolztn k. old z2AFH YL o
Bt dTMELe 2AER A2 MEAL IL F dn T
Aol Bgel wat 1 RFE whEU2 F2E 71 Aok AAz3
Fotell AEEE RS SR e BId AEE RolEogs
AV AZ7E s Gggste gRE V1AL BuAge
A witd 278 wEo] e ol Bad AIE A4 &
E FAA fowir, AN A RalEi Zejod] 4dojF)
Hed old AHgHe Zejelel Txe #oty) o, wA TR
2 Aol Aot AstH o] glojel A} 1] AEE TP Eg
HE A olHIH AelN FURH NAFFL Loz
=49 AdE JbeA e AAzFFEe A
ol Mg Fobel WBY suI 2FPoz o)F
& Fopolth

ol A MRSl AR gl Asle] 9§ wHE 2z
B3 8 A vold ae} dxe] zhaz e M, 83 4
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Y BYY RVF e AV oW 4% H2 33} 2L )
T BASO oY EBHE AQ Pdel 27HT Ao AFH
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W4 (BMP, bone morphogenic protein)3} 3+

o] 74A cytokineo] FH{-EHol Avky A A vk [4-9].

&3t
Fod

p—

L.

<)

.

% =
SF:

=

[+

o

[=]
A3} (demineralized)d |

PLGAS} PLA
[2-3]. @7 71dste W

OLHTFAME, o]F HX
ol Hg
FolH A ES

o,
T



2.4 3

2-1. Al 9 As

PLGA (lactide/glicolide mole ratio, 75/25, Resomer® RG
756, Boehringer Ingelheim, Germany)< HarRzpeFo] 90,000
g/moleql Z& ARE-3t% 1, PLA (lactide, Resomer® RG 206,
Boehringer Ingelheim, Germany)s HwiAlgFe] 90,000 g/mol<l
A& ApgsAnh vl Ze] AAE FE-L osteotech AtellA FU3}
o] freezer/mill (SPEX 6700, USA)E Al&-3te] 10~30 im 2712 &
H3le] ApEsIATt (Figure 4-1)=. dlgdd g2 go]l= (MCO)+ Tedia
Chemical Aol A ¢EF H7}HU]o]Ex Oriental Chemical Abef 4]
el M-S ET.

=5 {EE71Mxe wl%el Dulbeccos Modified Eagle
Medium (DMEM)#} 3¢kl el #3 (FBS), <14t &% &9
(PBS), M EA|2l Trypsin-EDTAE Gibco BRLOJA )3t
MEALAY SFEEEH S =9} L-ok2zulsl, At erE, vlepyl
D; ¥ B-Fe|MZX2do]EE Sigma Chemical AFY] A ES ALE-
&t

_68_



After pulverization

Figure 4-1. SEM microphotographs before and after pulverized
DBP (original magnification ; >100).
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2-2. Al w9k

Aol F4E Fohol percoll TulgH ez THE 7|
g 2t ol =4 10 mlE DMEM =jeke] 10 ml2 345}
I o]E percoll 7Hig oo A3 Hojme o= 94A she] 500
g2 2577 dAEE gk daRY £ A2 2L 2t A=
= wjeFede] B Aste] thA] 500 g2 1087 AMEE SuTh AF
A A A3 10% FBS9} ofAx:usto] f¥ DMEM Hjkejo g
ME wF8-7]e] Fo] 5% COy 37CoH| A vl stH . vl 3
of ¥ wastct.

_>c.

2-3. W M FEZ o] B3} (Osteogenesis)

F AAE7IAEE AA WA 4A FEE 9 5 Qe
™ oo 7hA] g w XY AFAE, H{oAE, AptAE
ToE 37 &olstu APHAo T ufgujoko] rteale] QA ¢
E2 AY FHAA Fo3 Axolth HlUd FESIMAESE 5
S 2E Aol ES datrElE, HIER] DyE o] &3l BE 470
= ol woAxs E3lsluzl stgth B3tE W JXE sl
7l #1g =4 A AW H&ES von Kossa €M £3) A|8sly
o &, 27 E2melA 84 (alkaline phosphatase activity;
ALP)S 38N f-2EAREadolEx: m N g =
23 9L ste ez deix vk YatvEEe dxy duwz
e FANNE 4EE S dg Die AA e #E 55

T EFTW W A¥e Brd Huld ge dume gm o
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24, AYFATEA AAA L] A=
g Aol AAE FELZ A HEe Al 7HA
AyolEFtolst AAgelziel e ABAEAS TR U o F
ol &3t 22AFHH FT AYL WS FEF ARE AEHAA &
gl olglgk Mg FEIY F4 nEAYN EFYFEol= E=
geloj=-Ze Zelol= FEHAE istete 223 XA E
Azardct WA 2 SElE Ee %E}OE-JE]%E}OIE TTH
g vdd Fzolsd 20 w/vhE ¢ the R
F 7RV ol E (FA 180~250, 250~355 /m)S YA Este o
23 g (F7e] 10 mm)e] HEFE E=d ¥ §uE 48 A0
Fo Ao AL XA e dExet g Avle €Y =2
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oz ZIEgEt 2 ¢FXEA (Autopore II, Micromeritics,
Norcross, GA)E ol &3t thE%e9 oy =7|E =AY AHE:
d AAA Y A, HPF2AH, £ 49 2 HYgge 7z 01
g, 6.7~7.3 mL, 34 KPa ¥ 414 Mpao|t}. & &8 P)3 79 %
A& (N9 A E g9 Washburn 2

r=-—2ycosd- P

ol &FA ek 7N y & FerBFH ol 485 dyne/emE
AREEtRe & Fd a1 2de] HERAY JEHH 537
T ol&she] A= 47 1607 oAtk
FETE e Ug9 2

Vi
Vit —

of fsiAl gelEth d7lM Vie A AT AHolH, o= UEE
thebdh,

2-6. In vivo o] X 9] F A

HdlEe] AAE HEe] FHE PLAS PLGA AAAHS 9
GAel 2¥E ¥E nf9> (athymic nude mouse)dl] o] 2 &t FE-
°f B A B AAAG vimsga, SV E} 23w
AELE F2E A b4 g AL vasgn. B¥A Azt g

2 A A% M Axz 23 MEE ERA-EDTA £do=
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238k & o|2 whalo] 2x10°%/mLe] WEg #EFHAE AT Al
271 AAA ) AEHANAA 1243 5 AZAE7) Wl WS
stach ol AlEe AHaglo] ol AS dFEe] AE7F AAA
ol "ol & ol7) wEolth zt AFe] FulE F FUHAE
olg3led whexs vlHE F 5 99 FsE Hisia A AE
o ojAstAtt (Figure 4-2). o]4® A2 S 43 Fo] H&E$ von
Kossa GA& sl 2783 2748 Hrhstadch H&E 448 T4
W Aol FeE DS, von Kossa @4e F3lA Aegdits

< 53 #7132 HF o7 E wFAstna stk
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PLGAS LA Cortrcd

Colt{-3}
PLGARLA Cortrol
Celi{+)
7 PLGASLA.DBP
Cell (4]
PLGAPLA-DBP
Cell{.)

Figure 4-2. Implantation athymic nude mouse for 4 weeks of

the DBP impregnated PLGA/PLA scaffolds.
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3. 43 ¢ uF

31, FE /N4 ES] W HEel ¥3
oo BEd EEIAEE 234 M 44 28
sz wsolgth e 2ATEHE Y AFLVI A
wo] glo] Wlg §43 HEUL AT 5 e FHE L
Atk o] rEAEIAEE W MES 7] A& 4reE ol 8-
o|E9ol dalujels, HIElYl D3o2 A ete] Fist
¢t} ALP =347, Figure 43014 R R Zo] 4rolA 2] 7
7t e o] A$ moh ALP g og Zen], APL 4=
T 4ol AR Ee AnE A AnHoz W HEs EEet
7) fEd e p-EE AR Rz e} WAt EE, HER Die] =
= Fed wggel Bl s gtk -2 EHE A
olEgl dHAlWElE, WER D3t TGEAEVIANEE W HAEE 23
l

8% 988 = Aoz Be w=rdA niH

Oll
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Figure 4-3. Osteogenic differentiation of human bone marrow

stromal cells with alkaline phosphatase activity.
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32, AA/FAREA AAA 2 54474

A Azl vdTe] AAY TR FHE EA AAA
= g AaE [/ GFEH 9sA AxHAG AAAY G
gb thEel Arle @9 ¥Hm Al os) =AHUN. Figure 44
= zxo| o] 07} 20, 40, 80% T PLA izl A=A 5
ARAEN A ARz =R Fapel FAdes AAAL e
A7 Z7Eke AL #EE 4+ Jon, 2% 4ty FH

4

a7 42 7

e AAAe 4F A7 BEEE UEth 2804 RE A%
2ol BEel ol A% ok 379 Wk A JFHH @
f8 @e 27)e) ol SlAN ARHARLL L = Ak &0 A
2%/ dREyol o8 Az 2EA A BF 2% GF
S BRe gHANE Ad FRBAT gloo ¥ ATANE B
2o w3E EolV] A8 Be 42 VR S A 4RUE 29
sl FAE AzsAT

A 23e AXNAWY AE L FAF] Aol olea
2elE 2992 £4% A7E Table 419 vehysich Exe) @
gol 271845 @l 3ol olstn 2E Aoz Az
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Figure 4-4. SEM microphotographs of DBP/PLA scaffolds by
means of the solvent casting/salt leaching method
(original magnification, X50),; (a) PLA, (b) 20% DBP,
(c) 40% DBP, and (d) 80% DBP
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—=— PLA (controi)
e -20% DBP
4 40% DBP
—w80% DBP

Incremental Intrusion {(mL/g)

-ﬁm-m

500 100 10
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Figure 4-5. Effect of different DBP content on pore size
distribution of IP/PLGA scaffolds by solvent

casting/salt leaching method.
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Table 4-1. Amounts of Residual Salt with Mass Loss before and

after Salt Leaching Processing

leaching
time (hr)
DBP 6 12 24 48
content (%)
no no no
0 1.92 .
detect | detect | detect unit
(mg/ ml)
no no
40 458 0.68
detect | detect
100 762 1.62 1.40 0.22
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# PLA 12z XAA7) T WE FAsd

i #
Tgg FEAS BAAY AN ANAS oAFA 427k AW
A

=50 9AHS USS #FY F AR ol FEel
Ao A% W VAL §E (osteoinduction)d= 715
7HEe & 4 Aok w MR gFE B9 28A #2 F5E
g2 g AR Ao W MEe] Wyl AT w
5 FEo| FaE nEA AAAANH H&E FH2 F

s w Mo FHeE FHT + AU (Figure 4-6).

B, 2ol ¥ PLGA T334 AAAE H4e 24

N

=

=

e

o A
OPN -io

L

215t t}. Figure 4-7014 2= 27t 7o) von Kossa @41% 58]
pfl g7 Ha e AE #AF 4 U 2AEFEH 424 Hrte
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Figure 4-6. Photomicrographs of H&E histological sections of
implanted  (a) PLA  scaffold only, (b} PLA
scaffold + cell, (c) DBP-PLA scaffold, (d) DBP-PLA

scaffold + cell.
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Figure 4-7. Photomicrographs of von Kossa histological sections
of implanted (a) PLA scaffold only, (b) PLA
scaffold + cell, (c) DBP-PLA scaffold, (d) DBP-PLA

scaffold + cell.
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2. 4%

2-1. AJeF 9 An

PLGA (lactide/glicolide mole ratio, 75/25, Resomer® RG
756, Boehringer Ingelheim, Germany)= & A3Fo] 90,000
g/moled] A& Al88lATt. AFUES (Orient Chem. Co., Korea)
< U AN EFdz AMgEded B AddM a3HE ave
e st 7t Z70E RAAE AAEHY. FuEE: Aa8A
clzgEetiEe FvuEdgegRy TYsEs  (Figure 5-1,
Figure 5-2), FlddlF&ato]= (MC, Tedia Co. Inc, USA) 9 =
E setorEn §7)8u)s HPLC 532 AF25tdoh
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7-isopropoxy-3-phenyl-4H-1-benzopyran-4-one
CsHsO; : MLW. 280.33

Figure 5-1. The chemical structures of ipriflavone.
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Figure 5-2. Ipriflavone microphotographs of (a) SEM, (b) optical

microscopy.
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2-2, & 20 /4 FE2HE o8 A AAAY A=
PLGAS} olZgZgt g MCo €3 vx2 233 £ A
o olefA MEHEH d& dF vILR EFsAY. &3¥" PLGAY
o] EHES A 15 m 2 FA 5 m 278 HYE 2o Y
% x#@~(MH-50Y, CAP 50 tons, Japan)& o] &3te] AR&o]A
60 kge/en'e) ¥R 2447 Tt siEtct g e FAE Y

=4¢ 98 T2 Y9HAM 2 ol AT B 4L 2

©
.

&ttt 30 mTorr, -55 C Z7oA 48A17F E9F =4 A2 s9ch
AHEHO MCE A7 Y8t A 159 T 25T Ao
A Ax:AIZ F, AF el BH3te] H¥o] AL8-351H)

23, o|xe TR F4B I AAM] 54

4718 WWES Mgt Az@ 74 oA PLGA AAJ
o ®1W, €W, 2 Wyel oF HAE EAs] st SEM
(S-2250N, Hitachi, Japan).c. Atk WEZE 5x5x1 m (5
) 2712 AYEL FAHIZE o] gt AT Ero] nHA

oy

Nl

l
-

7)1 Zelznl 229 e (Emscope, Model SC 500K, UK)E o] &3}o)
200A FA2 7 A" FAd3 Aoz e g @ A s
13t

4% PLGA tEAY oA o] ojzg|Zetie AP X
W3- L4 7](X-ray diffractometer, XRD, D/Max-IlIB, Rigaku,
Japan)E ALE-ste] 5°/mine] £EE 269 FE 0 ~ 60 2] WY
M EFAsta.
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Ao thg A7) E¥, 8ivgWE, B o34 € gIE 3
371 98l & gF A (Micromeritics Co., Model AutoPore 1
[ 9220, USA)E ©]&3tAh AHS-® PLGA AR A2 A, ZAHS
A, ey 4 HgHEE 72t7 01 g 6.7~7.3 mL, 3.4 KPa
2 414 MPa <|Rit}. =248 )3 73 wAE (e #As o

<-2] Washburn 4!
r=—2vcosf- P 2

of sl M HUPT 471N y& FeRAUGROE 485 dyne/cmE
AEHROH g S22 PLGA EHY AX2AAY AEZ =77
(Model 100-0, Rame-Hart Inc., USA)E o] &3} =3t A7 160°
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2:5. in vivo BN o Ze)FAL S FHF AAAANY =
ki
in vivo BN 2 FHH F & AFY] A5t

Weigol AP A2 olfste] APHNTH AF 478 VY]

DR 29 AAAE R 25E AAD o zHe
H71E 37 9ste] H&E M, type [ collagen

osteocalsin 9 =& A A]3Ac}.
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A% A, A
No. a HA$dl= (3 s 91.7 %, o =7 1005 (), 24Z No. b
ASos (OFE 823 %, OF 37 1163 m), AE No. ¢ A5

= (4= 871 %, T+ =7} 140 mm), AE No. d ALd= (g2

i

% 848 %, TrF 27 147 mm), AE No. e AfdE (JEE 798
%, TE A7) 1231 m)e] A#HE AAh o= ZeHE gafo] X
el oy 27|19 hExe FhdE 9 FA %E Aoz A

E9t} (Table 5-1, Figure 5-4).
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Table 5-1.

Processing Variables

and Properties

of IP/PLGA

Scaffolds by means of Solvent Casting/Salt Leaching Method

) median
ratio of . )
sample [(IP content salt size pore porosity
(polymer : )
No. (%) (£m) diameter (%)
salt)
(4m)

a 0 100.5 91.7
b 10 116.3 82.3
c 20 1:9 250~355 140 87.1
d 30 147 84.8
e 50 123.1 79.8
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0.6 —m— control

-9~ 10% IP-PLGA

A 20% IP-PLGA

0.5 / —w—30% IP-PLGA
4 50% IP-PLGA

incremental instrusion {mL/g})

L
400 500
median pore diameter {um)

Figure 5-3. Effect of different IP content on pore size distribution
of IP/PLGA scaffolds by solvent casting/salt leaching
method.
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(b) 10 % IP-PLGA

(d) 30 % IP-PLGA (e} 50 % IP-PLGA

Figure 5-4. SEM microphotographs of IP/PLGA scaffolds by

solvent casting/salt leaching method. (cross section,

original magnifications x50)
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Figure 5-5. X-ray diffractions of patterns {a) IP and PLGA, (b)
10% IP-PLGA, 30% IP-PLGA and 50% IP-PLGA.
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34. o] 2 EEE S FF T AAAU AN FTHA) A

£#83 Pt

olZg]Ze}Ro] FHE PLGA 1EA XA 2R3

Ao Eas FEAE BHEY) Y8 AAAE o)]2EA 8 F
7} Holl whg qshE ohAl doleted A AHE
(Figure 5-7) #2l9 AAAE 4% X9y FEd02 238 F
H&E 48t olzej&ejio] FR8 AAANL Aol w 4
E7F AL 2HE] 1SS #AY F YU ole olzYEg
ol 38 AAA e 3¢ W FAHS # % (osteoinduction)dhH= 7}
45 VHEE & 4 Utk H&E |94 A7 meE 43w §2)
g 228 27 Briy 235 4& + Ut (Figure 5-8). 1)
aow EHont del oz wHHE type | collagen 4L E3
X type I collagen?] Heiz urge & 4 At} (Figure
5-10). osteocalsin FH<& EdiHe W 2L FAT o A==
&7kl EastEtA Bae) AUz gyge FAF 4 9ad
(Figure 5-9). #|a}3ol] o]2d 1163~147 m 3L Fsbe] Fatx
o] ZAFEVNENHEES] 01Fd] AAA Wi HAHste] Z 23}
AT Al H o] Ak dRe F48 s Urx) gEE A2Hy)
AN ol EhEo] NME Mzt Hof rEaE RPN EE
WoAEze] HElE &xss A8 o Hoz AlRHAT. AEHo
2 olxglEetEo] giE AAA AFHoz ME FAY 5 g
T AUt W g g S vpasiz W F4 =8
To AEE FoFA V& FAREA FAET & a¥
7t Qe Zlolgp Atgse] At

Il

2
a9
2

\
lo
K

Belsta

b
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=
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Figure 5-6. After 8 weeks, Photographs of implanted IP/PLGA
scaffolds,
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Figure 5-7. Photomicrographs of H&E histological sections of implanted

(a) PLGA scaffold only (x100), (b) IP-PLGA scaffold (x100),

() PLGA scaffold only (x400), (d) IP-PLGA scaffold
(= 400)
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Figure 5-8. Photomicrographs of osteocalsin histological sections of
implanted, (a) IP-PLGA scaffold (x40), (b) IP-PLGA
scaffold (X200}
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Figure 5-9. Photomicrographs of type 1 collagen histological
sections of lanted. (a) IP-PLGA scaffold (x40), (b)
IP-PLGA scaffold (< 200)
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