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Preparation and characterization of recombinant human bone morphogenetic protein-2/
poly lactic acid sustained release microspheres

Ma Li-kun, Ye Peng, Huang Wen-liang, Tian Ren-yuan, Deng Jiang (First Department of Orthopedics, Third
Affiliated Hospital of Zunyi Medical University, Zunyi 563000, Guizhou Province, China)

Abstract

BACKGROUND: Poly lactic acid as an excellent delivery has good biocompatibility.

OBJECTIVE: To prepare recombinant human bone morphogenetic protein-2 (rhBMP-2)/poly lactic acid (PLA)
sustained release microspheres, and to study its physical and chemical properties.

METHODS: The rhBMP-2/PLA sustained release microspheres were prepared using w/o/w solvent evaporation
method. Scanning electron microscopy, laser particle size, zeta potential, and swelling properties were detected.
ELISA kit was utilized for measurement of encapsulation efficiency, drug-loading rate and in vitro drug release
rate.

RESULTS AND CONCLUSION: Under the scanning electron microscope, rhBMP-2/PLA sustained release
microspheres were approximately circle with excellent dispersion. The uniform spheres were visible with a mean
particle size of 839.6 nm. The zeta potential were (-32.9313.74) mV. The swelling coefficient was 1.157+0.059.
The drug-loading rate and encapsulation efficiency of rhBMP-2/PLA sustained release microspheres were
(88.943+2.878)% and (0.026+0.001)% respectively. The drug release rate at 1 day was about 10.199%, then the
drug release was relatively constant, and till 19 days, the cumulative drug release rate was 54.643%. These
findings indicate that the constructed rhBMP-2/PLA sustained release microspheres meet the requirement of the
Chinese Pharmacopoeia (10’h edition) that the encapsulation efficiency is not less than 80% and the
microspheres have a good slow-release function in vitro.

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

Lai, %, 1984 44,
HEERRTA, Rk,
N EFRERAE, E
i, TZAFEFLEXT4
1 7 @A

BiEH: R, EfEE
W, BRR AR, EXE
FIRE ZWEERT A,
FMAHELF 563000

doi:10.3969/j.issn.2095-4344.
2014.03.011
[http://www.crter.org]

K] 43255:R318
SRR IR:B
G5 :2095-4344
(2014)03-00395-06
AatkiE%: 2013-10-24

Ma Li-kun, Studying for
master’s degree, Physician,
First Department of
Orthopedics, Third Affiliated
Hospital of Zunyi Medical
University, Zunyi 563000,
Guizhou Province, China

Corresponding author: Deng
Jiang, Chief physician, Master’s
supervisor, First Department of
Orthopedics, Third Affiliated
Hospital of Zunyi Medical
University, Zunyi 563000,
Guizhou Province, China

Accepted: 2013-10-24

395



I, S HIES KA 21 5K IR IR ) s R T

@77:;2 WWW.CRTER.0rg

Subject headings: biocompatible materials; bone morphogenetic proteins; lactic acid; microspheres; delayed-action

preparations

Funding: the Governor Fund of Guizhou Province, No. 2011(25); the Scientific Foundation of Guizhou Province, No.
SY[2010]3101; the Joint Scientific Research Program of Guizhou Science and Technology Bureau and Zunyi Hospital,

No. [2010]015

Ma LK, Ye P, Huang WL, Tian Ren-yuan, Deng Jiang. Preparation and characterization of recombinant human bone
morphogenetic protein-2/poly lactic acid sustained release microspheres. Zhongguo Zuzhi Gongcheng Yanjiu.

2014;18(3):395-400.

0 3IE Introduction

B R A 202 A s P B2 AR
T, AR AR A2B TR R s S E s 78w T
0 M ) R BRI M [ 3 24k, AT BB
BEHANBFESREEH2ZBRANFEE TS RAEED240E
i PR, Bl T RS A R AR 2RSS R T
FEARAINEG A AN FH AR 33t B 38 1) 78 53 400 1 1 i 40 P
SHACIIRE ST, SRS SDOK BRI TR 78 5141 Ml 7 g 45 5% 5 43
HAH, EHNEIEERERERH24 M A100 mg/LEH N &
JEAKEEEA2, SHERTFHIMA20 ug/LEBHET, BKE
ZHIIAN100 mo/LEH N ETES KRR A20:420 ug/L & |
FF, SRR AT TP, 4R ER: QMR T
MR FR24 b5 S WhiRE, WEEE i 2R B SR E, 67
RIS MM, 2 ARE. FERFREEEIR3 A5G,
BEHAMBEH KRB I Z MY, MEEHANTIEER
AR B 1 240 A0 B R 28 A R, R DR 4 4N B R DL B B
JES2ENAE . @RI SEE] . EANEES KR
FI220 . & A7 2H i o B 24 v T BZH(P < 0.05),
A A E AL N B TERS R AR (240 7525 B ) ol 1l 1
Wi 2 380 v T AR IR A R FR AL (P < 0.05) . BIAT 78
T RE T FEEFRT d)a, Dk B N 40 Ak 25 QL et A 41
FEMANE AR AT A2 ERHME, A4 T WMk
PR, R R AR AL IR . 5 S R4 d)S,
T 2858 JE A 8 5 e Yo (035 A DR - 4L RK 2L B g B, B
A AEAN BT RAES A241 00 B, (HI5-5 4140 a2
B, MlamERT, EHNTESKEEH2
AN A R AR A UTRG 2 2 G (0 3 A IR - 4L R0 FR
WA B, G HMEH B ESREEA24 0,
156G A AN B () o] WD B S 45715 . @8 [ S Bk 4# i2
~, SGRTEAML, BEHMEANT SR EEA24 1
Mg AR, BAAINHENE, ¥RET4H52
BT s Ui TS R AR B 1 2R 8 R T AE (A b B I SR R 1E
T 8 0 T4 B 1 i A M o4k, 9 B B 8 PRI AR G
Phs AR AT, MECAAEREA R B A, LA REHY
SEAE T B AR g i, B AN A R AR E 28N
B8 5T GRR Y H 82 /N N A e IA 2
HIEE I BCR BY,  PRLM I 9 ol 4 2R PR G R kK 1 T A
F 24500 h B LA A TSR A LV R R VE
H%EHNHFEEREREA2RAR-F LRI RYRZ
MER, RIEKMEREAREEARE GRS HEANEES

396

KR 2R IR I LI BICR Y AT e R AR Mk
SR AN IR B A A 2 55 T U 5% R R il S 4
MR S s . B R R, EAN SR AR
12/ 3R FL R - 2R LI IR L SR W) 41 4 o B A sioxd e i ot
2L ) M L T P S R, (LK A ML ) 93P D REAT W Sk PR 2
BEAERD, BWILR 4 s IR S AN B ISR AR A 210k
REMGHE i B ST A ML ) A i BE D, T TR S K
PR R OO R GG 1 1 AT B A
B EAR, SR 52 BRI VK 2 2 0 B B
I LT AR LA ORI ORI SE A, 254l — e
HIRAR R SR R RE P AR I, FREiaeR
Y CLLERE SR A A . FURT, N ok AR G4 1
R TCAT L DAL 52 Al R A R A~ 3 3000 2 A PR Tk 2
o PIAHT SR A FLBA R T REHIE S EANE B S
KR A0 ARG R IR R LIRS, Al
LB S 2 SR Rt 8B €L 20 A (SRS I A [) R ] g
R b AN R R AR 2008 i, 3T RBUR R
MIEh L Kok AN TSR ER A2 RAEASD
R BRORR B B LEE A5 23 S AEAN [ I T e AT 2122 W
SRR SRR 2 2 ALK, AN SR A E A2
MSZHERORE TR B0 g 2 1 R DA 50 A Rk e R T
(30.0%), LG ZEM8 RRELRE IR, AN ek B IE
80.6%; W PEITFAN S R s, EANT AR EA258
SCHRA AT I A HEUB R 2 1 A BEA e, e
AN R R AR AZRANT R IS s Uil 2 LRI
e ¥MIES LY IR SR NG Bl & e = VAN
WA RA RIFIAEDEYE, W B AR Y
P,

KT IHHERILR BT T 8] 21201 AL304E4C, H 2
2012080 A IL ALK A K 7™ 1) S 2 A VERE I, 2R SL
P 0 ke S I 24 it ML A P ) (F DAL HE Y F) D B T
BEME R TR — o BRI R ZACHE M) H,0H1CO,,
SEHUASE I, RARLFI AR LUSR LR h 3 A )
e (RSN B PR OERE TR T 19894 AR IH . H AR YE BT,
H AT SR FLRR )2 T R 2 ™ il 2R 5L
PR T PR T AT FUA IR iy AR TR WA TR
ey IR AEORSE, i = FLI T RE e K
R4 O S T A A R AL
SRAFRA2RIRGRMERIF % 5B E, b ik
350 = 18 I Y A4 T £ S A A

P.O. Box 10002, Shenyang 110180 www.CRTER.org



Gutp, B FEANKA R 21 K TLIRZEFE AR 45 R ZE T

@77;: 2 WWW.CRTER.Org

1 #RIFnAE  Materials and methods
Wit MR g .

B ) B b e S 201348 4 257 H 73 S BE 2 5
LZEER

BRESEEERR 2/RIARERMEG & RFEFLEHIRT S51E:

R 54 Aes

EANEESKREREA 2 HThH Lt B S AR R LA

SEFLIR(FIX 437 it 30 000) WY TR RAR
AL i P31 AR 27

P i AR R AL TAT PR A ]

LI R TR R 27k AT R )

NI E A 2ELISA WA & R&D #1734

PR E O LR H T BEFRC Thermo, [
AR AR HNEIFL LA AT
YRRLIE o Zeta FUAZAX o [ L IR AN A% A )
EEE LIRS KYKY2800B H[H
50 J7 Ji . °Co 4 i Dt AR R AT R ]
Sy p
BN B %L E 2] B E B ERE M a4 &0,

FRIN0.03 mgfH4I N TEA R EE 2% 1 mLAZEK
o, AR AR AR AT A KA . HERIRRKE100 mg R FLIRWA T
4 mL SR BERT mL A A7 L 77 AR AR . BX100 pL
KA S AATR A, BV T 2 #(100 W, 1 min)JE
AL, FE S 2RI FL2 12 I N 25 mL 1% 28 L0 v
WA, VKB R (200 W, 3 min)EREH. RiokikE
B R R AR T FERS TP KB 52 (400 r/min)3-5 h, ffiH —
SR B N 5E AR, BT A3 LA VR I O
(12 000 r/min, 20 min)ftE B4 N5 B K EE 1215 5,
PR OERE IR, Tk VRS, A T4 )5 Colf I K 1
4 CHRA7HH .

BN EBHEL L EL2 FF B ERENRITE B E
TEE WA TR EANE AR AL E A2/ IR %
FEDR KGR 5 2 BOFE S K T, P30 21041 P B TR R ol AR
b, EE N, AR THEE, 20 KVIIE EE R

BN BEE L L 2| B E I EFE TR A AT 7
Zeta Bz, BUEEAGTRNEANTBEREEA

2/5RFLIR R Tl 75 4 U 5 3 1ok, AR R E&
Zeta HEA ORI LS B AR ks 4243 Aii f Zeta B

BN BEE L L 2| B E I EFEH KBt
T FREUE B TR EA NG SR EE 2R LR
ERHER, o hmg. FINZEKIZIE24 h, B4R T K5y
HHRFR, idmy. WiIkREEQ=m,/my.

BN B L E L2 B F I EFEMH 09 B2

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

ZZ5# Y. HEIFRENI0 mgZERRtMER, 751 mL750 g/L
SDSI#J 0.1 mol/L NaOH EPH iy, 37 C/Ki#H-F
iR 24 h, W W E B R AR C2ELISAKIN, HAk
BAEZELISAR A G U EAT, 76450 nm bl e W 5
{8, AR dh 2 ke T 2V B3 EANETES K
ARA2IE . WERMBARMIT AR : W R=E
PANE TSR EE AR ILBERMIR T EANGTEEK
AR 2005 BN AN B A& R AR R 2 5 >
100%, #H25F=HA NG EEREE AR IRER Mk
FERANGESRKEEA2MNSEIEANTEESRERA
2R LR R R T X 100%
BHN BB LEEF2 FEH B EFE AT LS FEZ 15
VERL . METAFRIZE R FR30 mg, &5 mL 0.01 mol/L
FIPBSH (pH=7.4)37 ‘C/K#FHH30 r/min Tz, 437
FE1-19 A B3E WA mL, kb 7 A R ARFR 1 S8 b i 4k 2 4
P2, SR E AN B A R A R 29 8 R R
BREHERE2 ELISATHEN E, I (H i A AR Hh 22
(RS T R, THE AR ) BB 25 3, IFEHR
2N 1) 2%
FENRIERR:
TERIBOGRIE . Zetaifr . FEIEPERE .
FARANE P
GitE o B EE RHSPSS 17.04 1 A4k
N, B HE LAxesRIR

HH N R EE A2 IR R
(EESE SN R R S

2 Z5E  Results

21 FUAFTHELAZA2ARIBREBHMIE—IL4FH
B A B g LRI AR T, TR, ik

g, REDEH, WK LEL.

20 KV 7.00KX

KYKY-2800B SEM SN:3036

B 1 BEABESEAEEREAR 2RAREBRMKNARBERR
(%7 000)
Figure 1

10 um

Scanning electron microscope observation of
recombinant human bone morphogenetic protein-2/poly lactic acid
sustained release microspheres (x7 000)
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Figure 2 Laser particle size and release curve of recombinant human bone morphogenetic protein-2/poly lactic acid sustained release

microspheres

FE: Eh A R ERRAR X 1] A 712.6-955.4 nm, EEkif2h 825 nm, 7 55.8%, “F-i#Jkifs 839.6 nm, JfHArAiuidd; B
CEREPAERLESE 1 RN 10.199%, Ja R 2ifene, 255 19 R AR 2% ) 54.643%.

22 FTUAFTHELAZRAO2RIUBEFEMPY A
JE At ZetawAn ) 45 R PO AR AR I 22 R ARk R 4 X
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