Polymer (Korea), Vol. 33, No. 1, pp 26—32, 2009

— = =lO= == [ = |
o|=2|EZ2=2E atwel U=Eold PLGA DI+ M=
— —_— o o= =
ZRZEE BANS Y5 QHHT|
A% - HXIS - Y28 - 20} HHE - OS2 - £PS” - BEH . 2UM'
ARSI TEA BINAA §RATAE, AN 222470 vlol 2 7] A1), **olFojstm AEA BAE]
(20081 7€ 21¢ A4, 20089 7€ 31¢ 474, 2008 8€ 14 A

Preparation and Release Behavior of Ipriflavone-Loaded
PLGA Microsphere for Tissue Engineered Bone

Jung Won So, Ji Wook Jang, Soon Hee Kim, Geun Ah Kim, Jin Hee Choi,

John M. Rhee, Young Suk Son*,

Byoung-Hyun Min**, and Gilson Khang*

Polymer BIN Fusion Research Center, Chonbuk National University,
664—14, Dukjin Dong 1Ga, Dukjin Ku, Jeonju 561—756, Korea
s Musculoskeletal Bioorgan Center, Kyunghee University, Global campus,

Seocheon Dong, Giheung gu, Yongin 446—701, Korea
#xCell Theraphy Center, School of Medicine, Ajou University, Suwon 442—721, Korea
(Received July 21, 2008, Revised July 31, 2008, Accepted August 14, 2008)

DT AE ARE Sl AR

AR PLGA®] =

e gl | s % Bl
|94

IP/PLGA VTS S8t HH SA

138k
=
%%ﬂ

_'_:_l

5 iLJﬂO‘ olzelZeht(IP)& &3 vIHTE O/W

=E:

8k gu TWHOE ﬂlﬁ?&i@%, AA| Q) WA oA] [P W& HPLCE 43813t SEMS o]8-38to] ]9
Tofl FaE M) Ass ZRIsIoH, IP7F Aate] wXi= 5499 7Hs CCK—8 FAWHE o]4sle] 574313
o} & @A xEQ ALP %MEE Ssiom, vk BMSCSA TAER O] FFHES Folslr] ¢I8le] RT-PCR
< IStk WEATeA P WES 79 404 ooz A&Holglom, [PE $hst nlg]Trellx 2] Mlare] 7
2} *é% Fo] Z o]FolE I8, ALP EAE 3 RT-PCR #4AHME th=2] PLGA w57} P
= st v ASITE 2 AFATE vpgo = FF A AAE ] 9lojA]

FANG AAAZA T3 9Ee & A o0% Helrh

Abstract: The aim of this research was to prepare microparticulate systems based on poly (lactide—
co—glycolide) (PLGA) for the local release of ipriflavone in order to reduce bone loss. We developed
the IP loaded PLGA microspheres using relatively simple oil—in—water (O/W) solvent evaporation method.
HPLC was used to perform the iz vitro release test of IP and morphology of cell attached on the micro—
spheres was investigated using SEM. Cytotoxicity was assayed by cell counting kit—8 (CCK—8) test.
Osteogenic differential cells were analyzed by ALP activity. Through RT—PCR analysis, we observed
osteocalcin, ALP, and Type I collagen mRNA expression. The release of IP 7 vitro was more prolonged
over 42 days and IP/PLGA microspheres showed the improvement on the cell proliferation, ALP
activity and RT—PCR comparing with control (only PLGA). This initial research will be used to direct
future work involved in developing this composite injectable bone tissue engineering system.
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A2t & THE. PLGA (BEto| =/2 ol Zeto| = 1], 75/25,
Resomer® RG 756, Boehringer Ingelheim Chem. Co. Ltd.,
Germany) = F3Ao] 90000 g/mol’l A& AH-3HSITh

Ipriflavone (== 99.2%, Dongbang Future Technique & Life Co.

Ltd., Korea) “d=2ol|A] Hylslo] AMg3IS o, njg7-E #|x3}
= olde BekeS AMgSRE ek Z21(01d €32 (PVA)
224 Aol 1500 g/molZ Showa Chem. Co. Ltd. (Tokyo,
Japan) ARES T4IEt] ARgssltt wlgRE2elo] = (methylene
chloride, MC Tebia Co. In., USA) ¢} 71 2]¢] 7[e} AleFs2 HPLC

7-isopropoxy-3-phenyl-4H-1-benzopyran-4-one
C1gH1603 - M.W.280.33

Figure 1. The chemical structure of ipriflavone.
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O/W 20 ZEHHZ 0|88t IP/PLGA DIRIF HIZE. & <AFelA
ARGBE vl ] Al k] 27 SlaRS 77 R o] Anky
A O/W gull T2 S o] 8sto] AlxeiSit WA PLGAS} IP
£ MCell g3llrA f7189 S5 Axst & f3A) g 78
o Foll FAPIE olgate] gh 2 wojrmejHA AT o]
w WSS 500 rpme|™ 7TAIE St WRIAIZTAA ke S
AF 2 Aol AR E214 w71 RZR 2102 (Heidolph
Instrument Gmbh & Co. KG, Schwabach, Germany) & A5
omf wyk $ RAS THRTE IMAA AiEE71elA 2000 rpm
oF 28 F sl Aeds Y § SR VIETE S
3] Aste] ek Axd vRTE FAUET S ARSslo] 13A
ZTHB mTorr, =78 C, 24A17D). w7 AR A7H4] giAAl0]H
of RS

O[22l Z=xisks 2f8 &= 2Y. w7 ol 244X o]
gEThie] EPES e flate] Skl whe 2] vt
20 mge 2 mL2] MCeoll Yol PLGAS} 955 =0]a1, 18 mL2]
&S F7Isle] PLGAE FHAZ1A 29 1 mLE FHse] HPLC
EA8IGITE HPLC 2412 UV A%7](UV-1000, Thermo Se—
paration Products, Fermont, CA, USA), H>=(P—-2000, Thermo
Separation Products), AFEA55%7]1(AS—3000, Thermo Se—
paration Products) 2 % HPLCE AM-slict A2 u—
Bondapak Cig(3.9% 300 mm, Waters, Milford, MA, USA)2 A}
30101 o] 5 Tt oHIEUE-S] Z3(70 & 30, v/v)
S ARSI 145 1.0 mL/min® 2 S5tk AL s S
A8 AETE 250 nmE Akl oH AlEFe]Ee 20
pLE 3I8ItE Hlolel= v X4 E F4S ol83to] T3l

_ Amount of drug in microsphere
Total amount of polymer

E-E x100%

Encapsulation efficiency (Z - )= 9F20] ¥4 &8-S Vet

ME e WEEM, Azt njglgE e 4] okFEl IPe] AA
o] WE7ES Ak P18l Avs el deo] E(SDS, Sigma
Chem. Co., USA)E 1% w/v F7}5F gghoz Az A
of| W|HFE A A QlelA olzEjEeHEe] WS WEsIS
tf 47 529 AREAPAIE EEsh= 10 mLe] PBS £ollA
137520 mg/10 mL PBS) & Wol dEstal Qo] bellA]
37 TS} L9st RS (70 rpm) & FAIFHA 47 7I7PEE AR
£ FdINan, 5L 2] £EAS HEs FUTh A== HPLC
TS o] gste] ARt

BMSC2| Hik. BMSCE 458 971 Fischer #(Japan SLC Inc.,
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Japan) o] OIEF-5 Auksle] 55 AAskL Tt defelA 1870]
9] vk PBS 7890] & FAPIE ARSSIo] 2~3 mLe] =
£ A3 vk vkl o® 2u) sjAlste], YAEE71= 2500 rpm
of|A] 2517t YAlite] sto] mlola RIS o] g3lo] MEFTE T
glalo] wjekelo & thA] 3lAMskar 1200 rpmelld 1083 Qe
§F T ujekdlo® 2~39 AHEIT) Eeldh A2 10% FEHEd
(FBS, Gibco BRL Grand Island, NY, USA) 2} 1% 3841 (100
unit/mL U 100 pg/ml AEFERJA, Gibeo) 7F T
Hjokel 0 2 HElS Th= & M|azufjok ZEkaTe] E5sle] 37 T,
5%, COz Z31olA vikegich vieke AlaEe 3ol i A uljok
oS WABIY O 7~9e) s WA A W Al wjekagicE

SEM &t BMSC7F 958 IP/PLGA m|$72] 39 Jeis
#3517 931e] SEM(model S—2250N, Hitach Co., Tokyo, Japan)
< ARE3ISITE Eepmt A9 E (Emiteck, K575, UK) & 0|43
of=E 7k oA Mg EE AAE & wRANACC voltage)
5kVellA Z12+ 100 ¢ 800 wi&-= &35t

CCK-8 A, o|zjZeh-s st vrolM e AEside 3
7F7] $18ll CCK—8 w418 F3galsith vk AlEE XA Al 3
3 1, 3, 7 9 1494 CCK—8(Cell Counting Kit—8, Dojindo
Lab., Japan)-£-9-& A7}atar, 2417F B2 5%, CO»8}kel 37°C Q157
HjoJEfel|A wljeksigict =514 A7do] Ad=H SDS(Cambrex Bio
Science Rockland, Inc. Bockland, ME USA) &85 500 ulL.*
ol 1AIZF 52t RIS 96 4 Z&o]Ee] 100 plA w5-stal
ELISA Z°|E 2]t} (E—max, Molecular Device, USA) S AR
ato] 450 nmellX FHE=E S48

Alkaline Phosphate(ALP) £AM. IP/PLGA "7 BMSCE&
S5t & PO ol mhE ZAHERO] welE ERIsh] flsle] =
FA|Zo] BolH oz Walsh= ALP B E TRACP & ALP Kit
(Takara Bio Inc., Japan) & ©]&€3}e] S7d313ic). wiekst &S 7t
7y 1, 3, 7 2 149A viFAS AAS Al A G 38 AlFst
T FE8Y 500 uLE £t 1AIRE 51t wRksith, Z3tols
13000 rpmellA 1021t Qhielst 7 s Fsto] 7148
W Egels 101 vER E38te] 1ARE 5RF 37 T QlFtHIolH
oA WESAIZL H 0.9 N NaOHE 371l aaike-S SAAT|L
96 4 Z#o|Ee] 100 plA ¥FSAIZl §-4E o] 405 nmeollA]
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Reverse Transcriptase—Polymerase Chain Reaction(RT-PCR).
=AEAA R 54 A dRls] flete] RT-PCRe
Tk IP/PLGA mIRlToll AEE 53te] ujokst nljokale
AASKIL 1 mLe] Trizol(Invitrogen™", Life Technologies Co.,
Groningen, Netherlands) & 37}3lo] 5% &t ¢lFHjo)A3t o}
+ 1.5 mLe] EP 2ol ¥o] 0.2 mLe S22 ¥5F(Sigma) & 3
7¥kal 4 C, 12000 % golld 158 E<t Y4 a3t RNASE &
Zalirk AEdS Falo] o) AR YRS(Sigma) 3} Eejo}IH carrier
(Molecular Research Center, Inc.) & RNAE- FZAI# L RNA
ok UVEA7]|(Smartspec Plus Spectrophotometer, BIO—RAD)
£ o] &3t 3 pg/mL=E FF3st = Oligo(dT)12-18 2ZEke]H
(Invitrogen), 5 Xfirst strand buffer (Invitrogen), dNTP (dGTP,

dATP, dTTP, dCTP, Gibco), RNase inhibitor (Invitrogen),
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Superscript II RNase H 914} EdlAT3 o] = (nvitrogen),
DNase/RNase free water (Gibco)E F7Fste] Authorized thermal
cycler (TP 600, Takara Bio Inc., Japan) & %3} cDNAZ &
A solek oAl o HARAZ] cDNAE GAPDH, 2 2H| 2 ZH2,
ALP, I3 FzHll ZejolnF o]gslo] PCRE ~a¥eiqltt. 7} ze}
ool A7|M G W37 Table 1o YeRIIEE PCR §
Z¥ DNAE 1.5 w/v% oPFE2~A(Sigma) ol 100 Vol 255
Qt W79 %S IStk DNAE ANAIZL AL ke FohzAbr]
(Spectroline, UV Transilluminator, USA) 2 #jJs}o] @ AHQ
ZhA ALP, 18 ZEPAe] WA TS 291519 1 housekeeping
F4219] GAPDHE #Z3taigict. 2047

=
)
&

2t H EE

nETel Mz o ofge| ZHE. 4 2 A5l o=

Table 1. The Sequence and PCR Reaction Cycles of GAPDH,
ALP, Osteocalcin and Type I Collagen Primer

Species  Gene Sequence Product size

Rat  GAPDH Up:5'-CCATGGAGAAGGCTGGGG-3'

Down : 5 —CAAAGTTGTCATGGATGACC-3 218 bp
Osteocalcin Up : 5'=AGGTGCAGCCTTTTGTCCAAG-¥' 140 bp
Down : 5'-GCAAGGGGAAGAGGAAAGAAGG-3
ALP  Up:5'-AGGCAGGATTGACCACGG-3' 279 bp
Down : 5'-TGTAGTTCTGCTCATGGA-3'
Typel Up:5'-CCTCCTCCCCAGCCACAAAGA-3' 150 bp

collagen  Down : 5=TCTTGGTCGGTGGGTGACTCT-3

Table 2. The Preparation Condition of IP-Loaded PLGA Micro-
pheres

Batch Initial drug PLGA Polymer conc.  Encapsulation

no. loading(%) Mw (wWt/w%) efficiency (%)
1 5 90 K 10 69.8

2 10 90 K 10 76.6

3 20 90 K 10 82.2

4 30 90 K 10 81.4

1004 —=—5% —o—10%
—4—20%—e— 30%

o) ®
? i

%Cumulative release(lpriflavone)
'
2

.

- ., =

0 10 20 30 40
Time(days)

Figure 2. Release profile of ipriflavone from the microspheres
according to initial IP loading ratio (n=3).
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Figure 3. The morphology of IP/PLGA microspheres: (a) only PLGA; (b) PLGA/IP 5%; (c) PLGA/IP 10%; (d) PLGA/IP 20%; (e) PLGA/
IP 30% ((A) surface morphology (X 100) and (B) morphology of BMSC attachment to microspheres(<800)).
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MH el WEHE. A7 in vitro EEAIES A A A
okEo] @ERARS WS 5= Q= F0 3 7)Fe] frkP B o)
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WEA%S ol gt Figure 25 7] oFe 3hako) w2 [PE
S IR WEAES e ZoR 27] oFE o] St
S5 oRE o] WhEA| F1eEle] 53] IP 20%9} [P 30%E &
F3t w409 E9F P2 WE] A& F1T 4
Oz ARl oFE WE AT fARE ArfEy 27 okE §Rke] <]
g FEAGEEE Aol = s nlgitt. vbdE, IP 5%9 10%
= oFEe] WiEo] YUt ol 2718R0) AL Y A9 vl
Hrulell AR oFEol] nisl] Adoia o® Wol e yApE 11 F
A& fAIsk] o] WES AAAR ZloR gk

BMSCs7} THEE! OI2l72| SEM &, & 7oA ool &
7] S T2 sl IPE SRS ARl nETE AlEE
1, 11 e #Es] $Jsle] SEME o831 B498191t) Figure
3(A) =), (ol LR kel o] ede wiTre] He o]
Z7] 0] 5% 2 10%2] 7ol Ao Z 78S 7 e &
o] wjzzel nlERE FAdskar AR okEe] 27 $hEe] 20%
2 Z71EE mgte] AA1Al 7l AER)ar vst 1o
M) B2 CHFigure 3A—(d). ol2)dh #ARS- ok %7
ShiEo] 30%<1 -5l TS F5leA| vERk=tl (Figure 3A—(e))
o= oRES] 27| FHiEo] TUFEGE oFEe] it ARlell A sk=
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vl HlwA e HE AEES RIS 5= Q90 1delM 7
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A 7o) 2 o)Foxlom 7UAIE 53] P dre] 5 2 10
wt%s TR vIgTelA e ghel = S kA, 4 A
W PO E T PLGA vgTRh IPE $H18 PLGA V9
TN FEEI} A Sl ulet o] ZejEehto] MEe] w|X|=
=Ao] A<l glrkar Helck

ALP E8= 5. 22327} vheoluls A2 aiolr & 34
AFES ALPS] A0S dolry] 9J5le] #|=3t IP/PLGA V¥
Tl BMSCsS 353t 3 ALP 8455 3733191tk Figure 5014
RZo| ZEst 27w ALPZE 19410l TP 30%5 $H-3t v
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Figure 4. Measurement of cytotoxicity on PLGA and IP/PLGA
microspheres by CCK—8 assay. *The asterisks denote significant
difference compared with control(only PLGA) of each micro—
spheres (p < 0.05).
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Figure 5. Alkaline phosphate activity of PLGA microspheres by
IP loading ration: (a) PLGA only; (b) PLGA/IP 5%; (c) PLGA/IP
10%; (d) PLGA/IP 20%; (e) PLGA/IP 30% (p < 0.05).

ol o &2 Z1& I 4= QIl=t, ol P e vHTe]
G TAIERS] Elol] S-S o ER ALP S STHIA
FAEES EokE T A oE Ak

mRNA £2| 2 RT-PCR. IP/PLGA "7l wjjoks A|EE9)
ZAERS] BAYPS RISk flalo] AL BAE AR AL Q)
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Figure 6. Gene expression of osteocalcin(0.C) as analyzed by
RT—PCR(7 and 14 day). (A) agarose gel electrophoresis. ((a)
PLGA only; (b) PLGA/IP 5%; (c) PLGA/IP 10%; (d) PLGA/IP
20%; (e) PLGA/IP 30%). (B) Normalization of osteocalcin
expression by GAPDH (p < 0.05).
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Figure 7. Gene expression of alkaline phosphatase (ALP) as
analyzed by RT—PCR(7 and 14 day). (A) agarose gel electro—
phoresis. ((a) PLGA only; (b) PLGA/IP 5%; (c) PLGA/IP 10%:;
(d PLGA/IP 20%; (e) PLGA/IP 30%). (B) Normalization of
alkaline phosphatase expression by GAPDH (p < 0.05).
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Figure 8. Gene expression of Type I collagen(Type D as
analyzed by RT—PCR(7 and 14 day). (A) agarose gel elec—
trophoresis. ((@ PLGA only; (b) PLGA/IP 5%; (c) PLGA/IP 10%;
(d) PLGA/IP 20%; (e) PLGA/IP 30%). (B) Normalization of
Type I collagen expression by GAPDH(p <0.05).
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