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Abstract

BACKGROUND: Poly (lactic-co-glycolic-acid) (PLGA)/nano-hydroxyapatite (nHA) composite microspheres may continuously
release drug in phosphate buffer solution in vitro.

OBJECTIVE: To prepare 5-fluorouracil (5-Fu)-loaded PLGA/nHA microspheres, and research the effect of nHA on drug loading,
encapsulation efficiency and in vitro release.

DESIGN, TIME AND SETTING: An in vitro materials observation was performed at Laboratory of College of Materials Science
and Engineering, South China University of Technology between February and July 2009.

MATERIALS: PLGA was provided by Jinan Daigang Biomaterial Co., Ltd.; nHA by Key Lab for Special Functional Materials,
Ministry of Education; 5-Fu by Shanghai Kaiyang Biomaterial Co., Ltd.

METHODS: 5-Fu, a water-soluble anti-cancer drug, was used as model drug, and was firstly adsorbed by nHA and coated with
biodegradable and biocompatible materials of PLGA so as to prepare PLGA/nHA-5-Fu composite microspheres by a
single-emulsion solvent evaporation method (S/O/W). nHA and drug-loaded nHA were analyzed by transmission electron
microscope (TEM), scanning electron microscope (SEM), and Fourier transform infrared spectroscopy (FTIR). Drug loading and
encapsulation efficiency as well as in vitro release of microspheres were studied with SEM, laser particle size analyzer, and
UV-spectrophotometer.

MAIN OUTCOME MEASURES: Interaction between nHA and 5-Fu; drug loading, encapsulation efficiency, and in vitro release of
microspheres

RESULTS: FTIR showed that nHA had a strong adsorption with 5-Fu. Drug loading and encapsulation efficiency of
PLGA/nHA-5-Fu composite microspheres were 3.83% and 86.78%, respectively, which were significantly greater than
PLGA-5-Fu microspheres. After initial burst, composite microspheres released more slowly than PLGA microspheres alone. At
day 27, the cumulative release rate of composite microspheres and PLGA microspheres alone were 84.87% and 99.87%,
respectively.

CONCLUSION: Because nHA has a strong adsorption with 5-Fu, PLGA/nHA-5-Fu composite microspheres compared to
PLGA-5-Fu microspheres alone enhances drug loading and encapsulation efficiency, and has a better drug delivery effect.
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Figure 1 Transmission electron microscope of
nano-hydroxyapatite
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Figure 2 Transmission electron microscope of nano- hy-
droxyapatite-5-fluorouracil
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Figure 3 Scanning electron microscope of
nano-hydroxyapatite-5-fluorouracil
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Figure 4 Fourier transform infrared spectroscopy of
nano-hydroxyapatite, 5-fluorouracil-loading
nano-hydroxyapatite and 5-fluorouracil
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Figure 6 Scanning electron microscope of poly (lac-
tic-co-glycolic-acid) (PLGA)-5-fluorouracil (5-Fu)
microsphere and PLGA/ nano-hydroxyapatite
(nHA)- 5-Fu microsphere

K6 ZIRIE LIRS RIRIEVEROR. HAMIEILL
PRI K S TR AR AT — 5~ RUR WS BRER 144 L7
BB g R

25 MppEAFRAEAQHE RIMKEIH-
S-SR ER . RILBRIEIE LR/ AR IR AT -5
PRGEBEER I PR3 1 49129.64 um, 219.42 pm,
XSGR T BB RS AR &

RILIR SR I LRI K2 FERE IR A5~ R RWE I ff Bk
12k 24 2 FH A Jt A 38y vy TSR FLIR PR Ik LR -5 T K W e
Wk, WAk,

T BRI R B2 A
Table 1 Mean size, span, drug loading and encapsulation
efficiency of microsphere samples

- Mean size Span Drug Encapsulation
P (um) P loading (%) efficiency (%)
PLGA-5-Fu 129.64 2.596 1 2.85 50.36
PLGA/ 21942  1.500 6 3.83 86.78
nHA-5-Fu

PLGA: Poly (lactic-co-glycolic-acid)); nHA: nano- hydroxyapatite; 5-Fu:
5-fluorouracil

2.6 HMpRIMER RILRIRIE LR -5 T IR W5 BE Tk
Bk, BILRIEIE LRI KSR IERN K AT~ 5T IR W e fl Bk
EEARJERI I 9 h9.13%, 15.67%, FEAEREK
(5B ; SR, IRFLRIAIE LRI K RIS KA -5
S PR I W OB (1) 25 R O R /N T R LR PR I £ 1R -5
SURBERERER; 027 RIN RFLIRFR I LR -5 TR HEIE
THER 2R i99.87 %, FEFLIRIAIE LRI K IR T IR
-5 R IE TR }184.87%, X it W I Rl sk &1 e
FINERAOR, (SR PR TBOE 518 T s ali 2
FRFA I ek, K7,

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

& 1004
3
w80 -
id A
5 -
e 60+ /-,_/' .///
8 S
Q40 ,,:’/--"' [ s —PLGA-5-Fu
2 ﬁ;’/ *— PLGAINHA-5-Fu
B 20 o
> L
IS "
S5 0+ ;
© 0 5 10 15 20 25 30
Time (d)
PLGA: Poly (lactic-co-glycolic-acid); nHA: nano-hydroxyapatite; 5-Fu:
5-fluorouracil
Figure 7 Cumulative release curve of microsphere
K7 ORI 2

3 itig

31 B BARAAEYRE TTHM R KA T
FLAT R 1A A 2 e R 2 s T e A 2
R I . B 9K IR IEmE A F 2 fLIR SR A
BATE R IR, WPRPER, W R A o 258k
AR, BRI T Ak e S 0 O B R LS 5 £
A2y, AWVIEREIA R ATERE, Bl 1R G B AR
BELRRA, NS KRS AN EMR. MM
BEEAT B FAEA B R A B A, n] R 46 3%
2y Tk, HATMER IR AR i
A2 TTE S THAMRE G A AR, BE G TN R
IR IERET S, BItE, TEHUM RS SR 52 A 1%
EREEZE G IR DRI A AL & — RS AR 25 ) 2 A4
ke RILRFEIE LR H T HAT R A A AR 22 A A=)
Btk M) iz R 2l EHAT AN AU R
fil = IR, pHEFEARIT 2 B0k 98 . FRREmE KA 7EK
TR PRI B -, T DUR SR TR R LR R AL SRR
P YIIRYE, S ANE T LA s AR e s v, A
A LA AE R FLIR IR Ik IR B AR R 5] N FRSE 0 A
FRRBR L I B, 9280 LLSR FLIR IR L Z IR AN K L
IRAE N A MBI K, IR AR IR L0 A N
AR AR A5 7 1 M BT ) 5

3.2 thARHZABKE 55-FIERZIAER 8o HT
ORI IERE K AT-5- SRR NE [MFTIRZET 253 cm™ (C-N
PR ZI4) 875 cm™ (CF=CH [1IC-HI¥IT 4125 ik 5h)
AR AR AE— R RS, AR5~ TR IENELES 072 cm™
AEN-HIP G4 ST 2K, IX L8 15— G5 IR I E 5 44
KIBFEME KA 2 B R B 1, 3 T2 . A
J 55 RBEE 14> T 25 A N-H. C=0. C-F, %
9K R 5L KA T OH-45 & e it i &8s 40,
FAK IR A A S BAA YRR R R, 5%
B 5380 bR W i 0, B A LRI o IX PN R & KR I A A
W B 5 S IR 1 s 1) 3 AL

9285



@27&? WWW.CRTER.Org

e

LRI EIE L IR YR EIE I A 15 TR NE L 75 IR ) 75 R RN I

33 HAAEABR B MIEBAE. @F. KoME
AR ARG R, RIS LRI
IRAT=5- TR E 5L 5 TR LE SR LR 5 LR -5 IR
e 2y By, TR R F86.78%, K THAIR
FLIRF L CIRIMIR1750.36%, 1 WA AR AL A A0
WY SR e T AORR N S~ UK IR WE 1A B R o IX R DA D 4
AKFEFEE AT S FPRIEEAFAE SRR BT FERICER i 46
HEE, WIAGY R, b T k.

RILBRILHE LRI AL FEWE I AT -5~ T PR W WE Tl Bk
AIEFLIRIR I L 1R -5- G R B WEWORARAAAE TR, IX &
SOT I TR 2570 O A R TSR, 4 5 R
R, AR I 2 SRS TR o Bk T
AW DRI IR A . SR ), SRFLIR RS
LIRIANARFZIENE I AT ~D—F IR WE SRR 1) 2 RE T =R
NTIRILRIRHE LR -5- IR BETER, X T 2L Fedk
Y/ ZEEL RS IS o PN A S S LA (A L =
BRI R T 4722,

B, RILRIRHE LIRINK IR FERE A5 T bR W
WERERIRE i 10 252 AN R, FERAN A R
UFZSMBERERCR, A BAE P I B AR 1 K2 2y
VIRE IR

4 SHEHE

[1] Yang L, Wu DF, Luo KW,et al.Andrographolide enhances
5-fluorouracil-induced apoptosis via caspase-8-dependent
mitochondrial pathway involving p53 participation in
hepatocellular carcinoma (SMMC-7721) cells. Cancer
letters.2009; 276(2):180-188.

[2] Yin JB,Chen HD,Luo K,et al. Gaodeng Xuexiao Huaxue Xuebao.
2005;26(6):1174-1176.

FYEIRE R ZL T, B bl A5 1 0 T e AR - 0 i e 8 24 sk 1 ) 4 K
AEBIT SE[J]. i 2 e 24 24411, 2005,26(6):1174-1176.

[8] He QF,Li GM,Wu HZ et al.Yingyong Huaxue. 2004;21(2): 192-196.
fsedy, AEY, MRIEE, 5 5-5URMENE 7 SOPMOR 1T & IR
251k RE[J]. N FH 4k 2%,2004,21(2): 192-196.

[4] Ho ML,Fu YC,Wang GJ,et al.Controlled release carrier of BSA
made by W/O/W emulsion method containing PLGA and
hydroxyapatite.Controlled Release J.2008;128(2):142-148.

[5] Xu Q, Tanaka Y, Czernuszka JT. Czernuszka.Encapsulation and
release of a hydrophobic drug from hydroxyapatite coated
liposomes. Biomaterials. 2007;28(16):2687-2694.

[6] Shi X, Wang Y, Varshney RR, et al.In-vitro osteogenesis of
synovium stem cells induced by controlled release of
bisphosphate additives from microspherical mesoporous silica
composite.Biomaterials.2009;30(23-24):3996-4005.

[71  Niu X, Feng Q, Wang M,et al.Porous nano-HA/collagen/PLLA
scaffold containing chitosan microspheres for controlled delivery
of synthetic peptide derived from BMP-2. J Control Release.
2009;134(2):111-117.

[8]  Shi X, Wang, Ren L, et al.Enhancing Alendronate release from a
novel PLGA/Hydroxyapatite microspheric system for bone
repairing applications.Pharm Res. 2009;26(2):422-430.

[9] Xu Q, Czernuszka JT. Czernuszka.Controlled release of
amoxicillin from hydroxyapatite-coated poly(lactic-co-glycolic acid)
microspheres. J Control Release. 2008;127(2):146-153.

9286

[10]

(1]

(12]

(13]

[14]

(18]

[16]

(17

(18]

[19]

[20]

[21]

[22]

Nie H, Ho ML, Wang CK, et al. BMP-2 plasmid loaded PLGA/HAp
composite scaffolds for treatment of bone defects in nude mice.
Biomaterials. 2009;30(5):892-901.

Won-Shik Ha,Sang-Chul Chi,Sung-Geun Kim.Fabrication of a
biodegradable drug delivery system with controlled release made
of PLGA/5-FU/hydroxyapatite.Rapid Prototyping J.2008;14(1):
293-299.

Boonsongrit Y,Abe H,Sato K,et al. Controlled release of bovine
serum albumin from hydroxyapatite microspheres for protein
delivery system.Mat Sci Engineer B.2008;148:162-165.
Ywu-Jang Fu, Shin-Shing Shyu, Fu-Hu Su,et al.Development of
biodegradable co-poly(D,L-lactic/glycolicacid) microspheres for
the controlled release of 5-FU by the spray drying method.
Colloids and Surfaces. B.2002; 25(4):269-279.

Ibrahim MA, Ismail A, Fetouh MI, et al.Stability of insulin during
the erosion of poly(lactic acid) andpoly(lactic-co-glycolic acid)
microspheres. J Control Release. 2005;106(3):241-252.
Motskin M, Wright DM.Hydroxyapatite nano and microparticles:
Correlation of particle properties with cytotoxicity and biostability.
Biomaterials.2009;30(19):3307-3317.

Yang PP, Quan ZW.Bioactive, luminescent and mesoporous
europium-doped hydroxyapatite as a drug carrier.Biomaterials.
2008;29(32):4341-4347.

Cosijns A, Vervaet C, Luyten J, et al. Porous hydroxyapatite
tablets as carriers for low-dosed drugs. Eur J Pharm Biopharm.
2007;67(2):498-506.

Kim HW, Knowles JC, Kim HE. Hydroxyapatite/ poly
(_-caprolactone) composite coatings on hydroxyapatite porous
bone scaffold for drug delivery.Biomaterials.2004;25(7-8):
1279-1287.

Kim HW, Lee SY. Porous ZrO2 bone scaffold coated with
hydroxyapatite with fluorapatite intermediate layer.Biomaterials.
2003;24(19):3277-3284.

Kim HW, Kim HE, Knowles JC. Bioactive porous bone scaffold
coated with biphasic calcium phosphates.Key Eng Mater.2004;
254/256(2):1103-1106.

Hussain M, Beale G, Hughes M, et al. Co-delivery of an antisense
oligonucleotide and 5-fluorouracil using sustained release poly
(lactide-co-glycolide) microsphere formulations for potential
combination therapy in cancer. Int J Pharm. 2002;234(1-2):
129-138.

Tang SH,Jin AM,Wang XD, et al.Zhongguo Zuzhi Gongcheng
Yanjiu yu Linchuang Kangfu. 2007;11(18):3573-3576.
DR 2 I, AR, 55 AT IR AT IR IR N K B 3R R R 5t
TR )8 B A RS TS B[] o R 2 R 9 5 IR K B 2, 2007,
11(18):3573-3576.

REALREHESFE—

REAPIR A Rt AT RABA R LBAR A RE
HRUE A BIRAIREIR S , 12K - FURER BRI 4R
HAE A5 A AR,

BRARVAKIENE o H B~ RAEE A AR, KA wiolw 5 3L
B EL R ERIBRA I TR R AR B IR, A
KRB ABER G 3T 5 RIE B SRAGRIAER, RZH%449
QHE, FEAMEBERRL, BRAREK. ¥RILRE
B LB AR R B T A 5— RAE TR BUK,

REAIGRIGE S T/E: RAPR LR R T ARSI EAT, B
Y ERIMEAST, R —RAERARAZIR AR, F LR
— AR IR, et SR B A sl 525

FRILIGAE S LB ME: RARH &6 B IR T AR AR
FARANARNIER , A iAE)76 57 BIEEVEA . BT 24 TiAds
HIBA, TARZ A, REBWIT AR FEER, PTAR
FUBR 2 0k BRI R 2 B R B — 5~ RRE R AR A A
—APAT 4922 0 KA MBI, TR TIE7 BIE.

P.O. Box 1200, Shenyang 110004  cn.zglckf.com



