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ABSTRACT : Ipriflavone (IP), a non-hormonal isoflavone derivative, has been shown to interfere with bone remodeling by
inhibiting bone resorption and stimulating bone formation. TP consistently increased the amount of Ca incorporated into the cell
layer by mesenchymal stem cells (MSCs). In this study, we developed the novel IP loaded poly(L-lactide-co-glycolide) (PLGA)
scaffolds for the possibility of the application of the tissue engineered bone. IP/PLGA scaffolds were prepared by solvent
casting/salt leaching method and were characterized by porosimeter, scanning electron microscopy, determination of residual salt
amount, differential scanning calorimetry, and X-ray diffractometer, respectively. IP/PLGA scaffolds were implanted into the back
of athymic nude mouse to observe the effect of IP on the osteoinduction compared with control PLGA scaffolds. Thin sections
were cut from paraffin embedded tissues and histological sections were stained H&E, von Kossa, and immunohistochemical
staining for Type [ collagen and osteocalcin. It can be observed that the porosity was above 91.7% and the pore size was above
101 pum. Control scaffold and IP/PLGA scaffolds of 50% IP were implanted on the back of athymic nude mouse to observe the
effect of IP on the induction of cells proliferation for 9 weeks. The evidence of calcification, osteoblast, and ostecid from the
undifferentiated stem cells in the subcutaneous sites and other soft connective tissue sites having a preponderance of stem cells has
been observed. From these results, it seems that IP plays an important role for bone induction in IP/PLGA scaffolds.

Keywords : scaffold, ipriflavone, bone remodeling, bone resorption, tissue engineered bone.

T i AdEHYE wWolsiAle 244 2adA €83

226 Z2IH, 277 A3E, 20033, pp 226-234



Polymer (Korea;, Vol. 27, No. 3, 2003

i AE

Aol s F5ET AEeh WspEe] g =
¥4 gAE Azl oldgonn Az 42 =
7;'% ‘%HU]—}]] ]_15 °]"%l-°4 7]34 S Agxﬂle%ﬂ-ola}l
Fhe}!

ol 22T ML olgstel AZAT B
AEE ATEAY W 2AL 9T 5 9
wodol Wb 7 mokg mheOlE FE2F 47} ek A
AzAFeo| A43E TRAGAY e 2w
g QA AA WA AT FAe @
shed 2o 7R Bus] goM E3W 23
& WEel F2 eln® geld AL ol e
RlAA emlA, dAelA $AE EaEE
RoizA Seel ol AHEslE v Fal s
A o, wlAFEeA QAo AEs} Astee] )
ofof Y} MES ERY TEAZ AR o)A
Aol JopETt AaE Jz—%%%aw 24 4
A TPeshl s A=
Fo, ol 4g 2okl e éf&e_
fMW Az g Aol ofg N —%&7-%‘94 o3 9
&, Yolo] We} 2 WEe] Zaz A% 24, 19

I *d?'&i’ﬂ.?l T YA PAS T2 Azl o5 YA
R 1

_IL‘
ol
Lo
rlo
=
}m
jud)
=
(o]
zj
2
f

A
2
i
2
£
o,
fols
A
A
rO

[ mhy
i,
P>
K
z
L

2 A7t E 043 B
oAl AFAE & FY =9
oz a¥A ok F A
% 53 2o W) WY
Folzye] Aye) 49, 24, 2
uls) 2 5% Y F 94 w) A

e = > r
do 2
lo N
N

N o3l
ol
iy
O[-ﬂ}lh
O‘-fﬂ_od
ek o,

32

TS
X
N
ol i
o 9

FN
(o
L
it

3 =
Aok 4% AAAAE] DA ool 2 A7
S RviRaie Bie] E9 deie)=Fe Tl
=

> ofd
°{N
mf

A (PLGA) BA2 2AARtslzzlo] &3+
PLGA 9,7 &-A#)|2]l Aeln}o]ilo] &E31¥ PLGA &
AP AARARNA7E EFF PLGA &4, 2 vjelal
D7} 39 PLGA HA| &% Alxsle o]&e] #
o|E7lelRIt A A wlxE Pl sl nF

EZg2lH, A277@ A)3%E,20033

IP Loaded PLGA Scaffold 227

shsich.

2% Qe A7E v B ATIMNE 27
34 F P42 98 =T Z]JJﬂ"J AT
(3-phenyl- 7—1sopropoxy—4H 1-benzopyrane-4-one, ipriflavone,
e SeRoEH T 94 FAL He sgc of
o shelag Re AgA T 4 oA 287 olx

rje oj

421
) 2AEY B BA%Ee S0 9T B F
S oiAlsle] 22 A S ST, T 94 4

FEAE e

olgdt Btizs A8 S AN LEARI PLGA
9} v A/ FEHE o83 oA =2A ¥
B2 M AAZ st n? 424 o A A
#Hv|7 (scanning electron microscopy, SEM)°. 2 t}F-H|
g 37E 3'&5‘]’3} t} & o Z =4 (porosimeter) ® TF

TES} oy £2RE S4sgen o A4 ok
T o= 1@‘6}9}

, ARAL XA A7) (X-ray di-
ffractometer, XRD)2 Al on] A3 EAL AlA
FA} D=FA (differential scanning calorimetry, DSC)E ©|
23l BAsle] EAS SASIGCE? w3 in vivo
AN AT B B4E DA sleked WA

g A= A¥stel 2A38 GAE s

ol

2. A¥

AleF 9 27, PLGA (lactide/glicolide =¥, 75/25, Reso-
mer® RG 756, Boehringer Ingelheim Chem. Co. Ltd., Ger-
many)= HFEAEF] 90000 g/moled] RS ARE-3FIT)
A 3}L}EF (Orient Chem. Co., Korea)> o}z AAAEAR
AHgEed 2 AgoA a3EE 3712 A ¢
st 7k A7 EAAE ARSI 51‘:1;‘15 x| 2A|
PE Fr|ea}e (Korea) o 28] FistgiaL, =2l
F22o)= (MC, Tedia Co. Inc., USA) 59 & 3}3lef
£33 #7149l HPLC 5358 AR-3k3ich PLGAS) P
9] z}er fLxAL2 Figure1°ﬂ ey gic

£ AM2E/E FE2HS o183t AFAY A
Z.PLGA 1 g¥} IP (o, 0.1,02, 03, ¥ 05 g)E MCell ¢
A FEE LT T A ofsjA A= @slUEF
AA nE2 EFshdch(Table 1). €31F PLGAS}
oo EES A% 15 mm ¥ F4 5 mm 2719 A
Z ETo Y& & A (MH-50Y, CAP 50 tons, Japan)
2 o] &3t Aol 60 kgiem’e] 4R 244]7F
s-oF 7hbsiic) o EAEAR 99 FEL 33 F

220l 4] 4841 7F E-oF AJ33k & 8 mTor, -55 C &4
°ﬂ/‘1 481 7F 3 52 Azt -8l MCE

MNAS] A3t HA 15:Y 5225 T AFLEqA

il

Il

;

M\

ol ZetE g ¥4 oA AAAM 227



228 Jangetal.

(b)
Figure 1. Chemical structures of (a) IP and (b) PLGA.

Table 1. Properties of Fabricated Porous IP/PLGA
Scaffolds by means of Solvent Casting/Salt Leaching

PLGA concentration IP content volume of PLGA to porosity median pore

(Wiv%) (%) NaCl (w/w%) (%)  diameter (um)
20 0 90 91.7 101
20 10 90 823 116
20 20 90 87.1 140
20 30 90 84.8 147
20 50 90 79.8 123

C000
homogeneously mold
_ L OJO
" Disk-ike silicone rnold
Porogen :  PLGAHP : (inner diameter : 10 mm)
NaCl MC /
/
/
+* Saltleaching in
« Deionized water
Characlenzatlon F———- For48hrs
Storage in
S vacuum oven
after freezer

Disk-like Polymer drying
Scaffolds
(Diameter : 10 mm)

Figure 2. Schematic representation of the solvent casting/
salt leaching method to fabricate IP/PLGA scaffolds.
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Table 2. Amounts of Residual NaCl

time (hrs) residual NaCl
6 1.92 mg/ml
12 ND’
24 ND
48 ND

*ND : No Detection.
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Figure 3. SEM micrographs of IP/PLGA scaffolds by means of the solvent casting/salt leaching. (a) PLGA, (b) PLGA/IP (10%),
(c) PLGA/IP(20%), (d) PLGA/IP(30%), and (¢) PLGA/IP(50%).
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Figure 4. XRD analysis of IP/PLGA scaffo]ds by means of
the solvent casting/salt leaching.
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Figure 5. DSC analysis of IP/PLGA scaffolds by means of
the solvent casting/salt leaching.
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Figure 6. Pore size distribution of IP/PLGA scaffolds by
means of the solvent casting/salt leaching.
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Figure 7. Photographs of (a) animal experiment of IP/PLGA scaffold and (b) bone formation after 9 weeks.
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(d)

Figure 9. Photographs of histochemical staining for H&E (after 9 weeks). (a) PLGA (X 100), (b) PLGA (% 200), (c) PLGA/IP
(20%) (X 100), (d) PLGA/IP (20%) (X 200), (¢) PLGA/IP (50%) ( X 100), and (f) PLGA/IP (50%) (X 200)

X

Qo] Al AR AAAZ PE A o
4 PLGA AAAE &0 HNAE/F F5

sl Azl & Az oste] A=
AAAY GFEEE 19~91% FoH, tF 7]+ 101

232 AA%

~147 pm= FZH G} 3} o Alele] 922 Al
27} ARl e 429 72E TR e
o, P9] kol M2} tpert gashs Ads 7
Qo AErF Qs A Aoz Alsd
2 whgel o3t Alx® PLGA AAAE £2 &
< 7 e 9 duE AR o o
2718 22 5 Yvk B 822 T4 3F FF

o oz L K

Ez|H, A)2748 A3%, 20033



Polymer (Korea), Vol. 27, No. 3, 2003

@

IP Loaded PLGA Scaffold 233

(b)

Figure 10. Photographs of immunohistochemical staining for type I collagen (after 9 weeks). (a) PLGA/IP (50%) (X 100), and (b)

PLGA/IP (50%) (X 200).

©

Figure 11. Photographs of immunohistochemical staining for osteocalcin (after 9 weeks). (a) PLGA/IP (50%) (X 100), (b)

PLGA/IP (50%) (X 200), and (c) PLGA/IP (50%) ( X 200).
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