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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 TP loaded PLGA microspheres using relatively simple oil—in—water (O/W) solvent evaporation method.
HPLC was used to perform the in 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 in 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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Alet H T2 PLGA (Seto| /30| Z o] = &1, 75/25,
Resomer® RG 756, Boehringer Ingelheim Chem. Co. Ltd.,
Germany) & 3 #Ex120] 90000 g/moldl AL AHE-33t}.

Ipriflavone (5= 99.2%, Dongbang Future Technique & Life Co.

Ltd, Korea)2 “d=-0lx] Hasle] AMgslg)on, ngl4s A3}
=t ATEAS FABIES Ak A E=l(01d 239 (PVA)
ZA BAEFo] 1500 g/mol® Showa Chem. Co. Ltd. (Tokyo,
Japan) AREE 7l8le] AREBISICE WdEEe}e| = (methylene
chiloride, MC Tebia Co. In,, USA) ¢} 71 £]9] 7|e} Aok HPLC

7-isopropoxy-3-phenyl-4H-1-benzopyran-4-one
C1sH1605 © M.W.280.33

Figure 1. The chemical structure of ipriflavone.
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O/W 20f 442 0|23 IP/PLGA ORI M=, ¥ AtellA
ARR3E v Al oFEe] 27| Bk bzt Wi o] Uk
Q1 O/W £ 5 S o) gslo] Azslelch WA PLGASH 1P
= MCell #3414 #7189 55 Az £ AT 368 8
N Fof| FA|E o] g3l B g HolrteHa] wRkAIT) o]
o WSS 500 rpmelw 7TAIRE SRt WRIATIRIA S St
AlZck B Adod ALEE Bald wHE 1= RZR 2102 (Heidolph
Instrument Gmbh & Co. KG, Schwabach, Germany) 2 AF-}51
or Wit & S FHR5E IMAA AR 2000 rpm
o7 2% F Y] AEdE WY ¥ FRTE HTE S
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st} HPLC 42 UV #2€71(UV-1000, Thermo Se~
paration Products, Fermont, CA, USA), B3 (P—2000, Thermo
Separation Products), AEAEFU7](AS—3000, Thermo Se—
paration Products) 2 T4%¥ HPLCE AME-6IITE AHUL u—
Bondapak C15(3.9> 300 mm, Waters, Milford, MA, USA) 2 A}
L3101 o) e SR oHEHEZRS] E3HM(70 1 30, v/v)
& ARBIT, A5 1.0 mL/min® & ek AHrt A4S
A AEIEE 250 nmE AEseler AEFqlE 20

pLE SISITk dlolElE U2 ZHE 24 o8-8l Teisltk
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MA | BEEM. AZS uHTERE A okl [P A
9 FEAES 28] Yl A Ruld o] E(SDS, Sigma
Chem. Co., USA)E 1% w/v 2713t eegho g A2y Al
o TS BARA AJA| Slol|A] oz Zepte] Weg Taslsl
o} 94 Ero AHBAAS Tsh= 10 mLe PBS g4
"RT(20 mg/10 mL PBS) & ol dEsta 2pHlofE] <keflx
37 o A FHEEE(70 rpm) & FASPEA 4 7IRER AlE
= F3igla, U3 k) 820 BEE vk BAAEE HPLC
B8 olgsle] Akl

BMSC2| HiQt BMSCE 458 9 Fischer #(Japan SLC Inc.,
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Japan) 9] HEF-E Adsle] 258 AASk Fdeiels 18410]
#|9] vhEs} PBS -890] & FAPIE A1 2~3 mLe| 3¢
£ 5% o wigdiez 28] sk, 94%e)7)2 2500 rpm
ol 26837 AHEE 3l mlo|F2HAE o) gslo] AEETLS B
2J3jo] vljokl o 2 ] EAEET 1200 rpmelld 1057+ Qasa)
3 F ko= 2~3H AEsISin) Beld Al¥E 10% Sy
(FBS, Gibco BRL Grand Island, NY, USA)# 1% 34100
unit/mL #WAZT 100 pg/ml AERAERR)A Gibeo) 7} TR
Higeo g Hetls ThE F Alzajet Eekige) B&3)e] 37 T,
5%, COz 23N wijekalgict. wiokel AE= 3o 3hA A ujoF
A& AR 7~9Ue) g A A A st

SEM #&. BMSC7t 9158 IP/PLGA v17-9] 7 Heis o
3171 2181 SEM(model S—2250N, Hitach Co., Tokyo, Japan)
& AR8siglct Eekznt A9E] (Bmiteck, K575, UK)E o831
ol 71X sleld] Big RS AARE F wHAHACC voltage)
5kVellx Z4zF 100 ¥ 800 Hh&= #-asiqith

CCK-8 BA. o|ZajFel-g 73t v Tolx ) NZSAS 3
7P| #18l CCK-8 4& 3Eiict wlokd AES A=Al 3t
T 31, 3, 7 2 14Y% CCK—8(Cell Counting Kit—8, Dojindo
Lab., Japan)-§8-& 7Fsla1, 2A17F 221 5%, COx8tel 37°C Q15
HolelelA] uljeksisict. T34 Ao) A=W SDS(Cambrex Bio
Science Rockland, Inc. Bockland, ME USA) €& 500 uLA
ol 1X7F B2t wHkEISIT) 96 4 Zeo)Ee]] 100 WA ¥3ahar
ELISA &d1°|E 2t (E—max, Molecular Device, USA) & Al&
3o 450 nmellA ERFTE FAsIoh

Alkaline Phosphate(ALP) £4. IP/PLGA =3¢ BMSCZ
TE3 & PO Hgel upE FAER] B312 3lsly| sl =
SHE| BojF oz Welsh= ALP @4EE TRACP & ALP Kit
(Takara Bio Inc., Japan) & ©]83l0] Z783193c). kst MEZ-2 7t
ZH1, 3,7 R 1494 vl ae AAs Blagea 33 AHe
T FE8 500 pLE T8 147 Tk aaksit), Egale
13000 rpmelx] 1083 GRS H A5AL Falo] 7)12gH
o EFAE 101 HIEE EF3I0] 1A17F B2k 37 T Q57HelE
o ¥E&AIZ1 H 0.9 N NaOHE 37lslo] E244k8-& |47 1
96 4 E2o|Ee)] 100 LA "vEgAIR] f88 Qo) 405 nmelA]
FEEE SA39

Reverse Transcriptase—Polymerase Chain Reaction(RT-PCR).
FAZAN VERE 54 FARE 8181) $18l0d RT-PCRS
TSI [P/PLGA w7l AEE s5sio] uljokst okl e
AABI 1 mLY) Trizol(Invitrogen™, Life Technologies Co.,
Groningen, Netherlands) & H7}5t] 58 %<t ¢lFHo)| A% o}
+ 1.5 mL2 EP H2e] ¥o] 0.2 mLe 22 2¥ = (Sigma) & A
7¥ekal 4 C, 12000 X goll A 158 E<F 418 2]5le] RNAS 2
B3t A5 Fsle] olhT 232 (Sigma) # Z2)olT carrier
(Molecular Research Center, Inc.) & RNAE JAAZt) RNA
& UVEA7](Smartspec Plus Spectrophotometer, BIO-RAD)
£ 0] &3t 3 pg/mLE AF3E F Oligo(dT)12-158 Zeko)H
(Invitrogen), 5 X first strand buffer (Invitrogen), dNTP (dGTP,
dATP, dTTP, dCTP, Gibco), RNase inhibitor (Invitrogen),
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Superscript II RNase H 9ZAF EdlATa#3 o)l =(Invitrogen),
DNase/RNase free water (Gibco) & 371319 Authorized thermal
cycler (TP 600, Takara Bioc Inc., Japan) & £3l¢] cDNAZ ¢
AL ik o)gA] GHAAZI cDNAS GAPDH, 2248224,
ALP, 1§ =M Zelo] & o]§3le] PCRE S35}t 2+ =g}
ojnje] 7ML} WkS-F7L Table 1 YeRIIth PCR ¥ =
Zd DNAE 1.5 wiv% o7F22~A(Sigma) ol 100 Vel 258 &
?F A71952 33tk DNAE A7A7] AL xpejd FEazAP)
(Spectroline, UV Transilluminator, USA) 2 #33le] 2 AHS
ZA, ALP, T® Fehlle] BAHEE 15k 2 housekeeping
f371] GAPDHZ ®Z33lich 2077

21 EE
DTl MIE ¥ 20| ZHE TR L ALY HE L

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-3 218 bp
Down : 5'-CAAAGTTGTCATGGATGACC-3
Osteocalcin Up : 5'-AGGTGCAGCCTTTTGTCCAAG-3 40bp
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 (wt/w%) efficiency (%)
1 5 90 K 10 69.8
2 10 90K 10 76.6
3 20 90K 10 82.2
4 30 90 K 10 814

1004 —w—5% -—o-—-10%
—a—20% -8 30%

%Cumulative release(lpriflavone)

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 (X 800))
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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%; (¢) PLGA/IP
10%; (@) PLGA/IP 20%; (e) PLGA/IP 30% (p < 0.05).
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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/P 5%; (¢) 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%;
(@ 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. ((a) PLGA only; (b) PLGA/IP 5%: (¢} PLGA/TP 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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