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Characterizing the drug release from the hydrogel drug delivery system

incorporated with biodegradable microspheres
Jiang Guoqgiang, Lin Ying, SunJiali, Ding Fuxin
(Department of Chemical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The injectable gelling drug delivery system incorporated with biodegradable microspheres has great potential in
implanted drug delivery for long-term controlled drug release. We investigated drug release in vitro in a model system which
was composed by naltrexone-loaded PLGA microspheres and thermosensitive hydrogel consisted of methylcellulose,
polyethylene glycol, sodium citrate and sodium alginate. In the microspheres-hydrogel composite system, drug release was
dominated by drug diffusion in microspheres. The hydrogel affected the porosity, erosion and degradation of the microspheres,
which resulted in the smaller drug diffusion coefficient, lower erosion rate and prolonged period to reach the maximal erosion
rate. Therefore, it reduced and stabilized the drug release rate. These impacts of hydrogel were presented in the drug release
model based on drug release from biodegradable polymeric microspheres, and the developed model was well consistent with
the experiment. The microspheres-hydrogel composite system realized the over 60-day steady release of naltrexone by
optimizing the molecular weight and hyhydrophilicity of PLGA.
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Fig. 1 Set-up for in vitro release test
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Table 1 Fomulations and properties of the microspheres
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MPLGA Um D'
S1 L-PLA/20 000 1:2 3563122  0.0294
S2  PLGA(75/25)/20 000 1:4 35.12+1.13  0.0548
S3 PLGA(75/25)/80 000 1:2 52.18+1.76  0.0210
S4  PLGA(75/25)/80 000 1:1 48.22+1.65 0.0251
S5 PLGA(50/50)/80 000 1:2 50.84+1.53 0.0354
S6 DL-PLA/100 000 1:2 81.02+2.75  0.0250
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Fig. 2 Invitro drug release profiles of microsphere
/hydrogel systems and the model fitting results

ML 2 HRRYRERRIRER BERE & ARG RIRER
Higk, AILAIAKEL, 9W7EREREEEIE & RGO
BEREAR, JTCHIEWIRAIREIOE AR, Xt R
BB & ARG R] ISR 25 s R IR, (251
FERCE IR, 2E— MR 2 A15% 3 RO E 25 93T
BB 2RI h )5 S e 2B -

1) THEREERIE SR R RSOk BORELD te
TERFREY/ N, X EERE R /K BB NS 7K 53 B 24507
B —EHUBERT, BRI T R—Ed 7 HORER, Be259
HHROZSY B KB (R 2 R 2 B — e RERE R, 1X
e KB RE S R IR S R L 2R A

2) 7K BRI L ZE RS RIAI 27K 538 A TRERAEEE
ARERE, EERZGIIARRUET, TURAEREZGHIIEH, ™
BRAORE R I Rt RTREAE K BRI HR B Tz, 7K BRI T
PIERRE TR haegr HOSEMIRR T EIR I FVE FIROAR
RN, BT,

3) RALETHAIIIR R ke FURFRATE THIREL BT
FRITTE] s SN, X USHAE KRB, ORI IR

E—EREREHI], AKEON TR RSB TR
HOVERT, DR R R 2 e th A BRI AT L.

MAFIERRAVSIR SRR RTUUE Y, SKERTEREIN
(20~50 mg /mL)EEEHE ARIRIER B RSN T2 Ik
AR (BB BRI ), KRGS
HE R SRR B F] LIS 20 R, AR
AN I

ERRERERE, RARERELDT S4 HlERIRHER Bk
&R, 25 NTX SCHL T 60d AOlEssRey (4
MBS 750 0.99) , TTHERZG R AR AR,
AR B & R GERT LUREFEHIZS OB, B
BIREFRIN RS .

4 %&£ g

Brghihl PLGA #EkE A MC-PEG-SC-SA R &k
B, Hld TR E ARG ARG, IR ASYITERL
R E A RS RIRINEIEh 15, HIRIE RS
A

1) 29N 2R R B ARk R O Hk
ST

2) JKEERIE AR A2, 25 B R
BN, KA BRI, IR R KA s
[RIREE:, MR H IR,

3) BB ANREREXS B DR E
o, BRI B S

4) DU HE SR ek R 2 R B,
5 | AR S BOson, EEarroReZoie, 5l
SRS R SR

FERAIRER B A 250 S8 T 290 60 d e
R, BZGwlHER R R, BETRITRON RIS,

[£ 3L k] (References)

[1] LiZ, Guan J. Thermosensitive hydrogels for drug delivery [J]. Expert
Opinion on Drug Delivery, 2011, 8(8): 991-1007.

[2] Zan J, Chen H H, Jiang G Q, et al. Preparation and properties of
crosslinked chitosan thermosensitive hydrogel for injectable drug
delivery systems [J]. Journal of Applied Polymer Science, 2006, 101:
1892-1898.

[3] Fredenberg S, Wahlgren M, Reslow M, et al. The mechanisms of drug
release in poly(lactic-co-glycolic acid)-based drug delivery systems-A
review [J]. International Journal of Pharmaceutics, 2011, 415(1/2):
34-52.

[4] Pai S S, Tilton R D, Przybycien T M. Poly(ethylene glycol)-modified
proteins: implications for poly(lactide-co-glycolide)-based microsphere
delivery [J]. The AAPS Journal, 2009, 11(1): 88-98.

[5] e, SREER, B, 55 SRS T BRREOREhI R
BAZFREN] BERFEHR. BARREER, 2005, 450): 1258-



BT 3
2012 4 3 J

T IR BRI AL A AR 2 R Ge R 2RI B AT

229

[6]

[7

[8]

[9]

[10]

1262.

Zan Jia, Zhu Dequan, Tan Fengping, et al. Thermogelling implant
drug delivery system with poly-3-hydroxybutyrate based on
microparticles [J]. Journal of Tsinghua University: Science &
Technology, 2005, 45(9): 1258-1262. (in Chinese)

Lin Y, Sun J L, Jiang G Q, et al. In vitro evaluation of lysozyme-
loaded microspheres in thermosensitive methylcellulose-based
hydrogel [J]. Chinese Journal of Chemical Engineering, 2007, 15(4):
566-572.

Wang Y, Gao J Q, Li F, et al. Triblock copolymer Pluronic®F127
sustains insulin release and reduces initial burst of microspheres-in
vitro and in vivo study [J]. Colloid Polymer Science, 2006, 285:
233-238.

Lee J, Tan C Y, Lee S K, et al. Controlled delivery of heat shock
protein using an injectable microsphere/hydrogel combination system
for the treatment of myocardial infarction [J]. Journal of Controlled
Release, 2009, 137(3/4): 196-202.

Sun J L, Jiang G Q, Ding F X. Body response to the injectable
chitosan-based hydrogel and the induced Structural and componential
variations [J]. Journal of Biomedical Materials Research Part A, 2010,
95A (4): 1019-1027.

TR, M, TEH, & VRSS2 E 2R
B I [ AR R IR [WOL). o [ B £ 18 3 7E 2% [2010-12-24].
http://www.paper.edu.cn/index.php/default/releasepaper/content/2010

12-1085.

Wang Yujie, Lin Ying, Ding Fuxin, et al. Injectable microspheres
incorporated thermosensitive hydrogel for drug delivery: preparation
and in vitro degradation [J/OL]. Sciencepaper Online [2010-12-24].
http://www.paper.edu.cn/index.php/default/releasepaper/content/201
012-1085. (in Chinese)

[11] Kanjical D G Lopina S T. Modeling of drug release from polymeric

delivery systems-a review [J]. Critical Reviews in Therapeutic Drug
Carrier Systems, 2004, 21(5): 345-386.

[12] Siepmann J, Siepmann F, Mathematical modeling of drug release

from lipid dosage forms [J]. International Journal of Pharmaceutics,
2011,418(1): 42-53.

[13] Dunne M M, Ramtoola Z, Corrigan O I. Fluphenazine release from

biodegradable microparticles: Characterization and modelling of
release [J]. Journal of Microencapsulation, 2009, 26(5): 403-410.

[14] Charlier A, Lecjerc B, Couarraze G Release of mifepristone from

biodegradable matrices: experimental and theoretical evaluations [J].
International Journal of Pharmaceutics, 2000, 200: 115-120.

[15] Fitzgerald J F, Corrigan O 1. Mechanisms Governing Drug Release

from Poly-o-Hydroxy Aliphatic Esters: Diltiazem Base Release from
Poly-Lactide-co-Glycolide Delivery Systems [M]. // El-Nokaly M A,
Piatt D M. Charpentier B A. Polymeric Delivery Systems: Properties
and Applications, ACS Symposium Series. Washington DC,
American: American Chemical Society, 1993: 311-326.

(B8 218 T)

[13]

[16]

(17

Maria A C, Luisa B, Giovanna D P, et al. Synthesis of functionalized

polyhedral silsequioxane (POSS) macromers by
microwave assisted 1,3-dipolar cycloaddition [J]. Tetrahedron, 2005,
61(33): 7988-7993.

Hosouk C, Kaiwen L, Saborie C, et al. Synthesis, morphology,and

oligomeric

viscoelastic properties of polyhedral oligomeric silsesquioxane
nanocomposites with epoxy and cyanate ester matrices [J]. Inorganic
Chemistry, 2005, 15(4): 541-553.

wEAR, IR BB (HHETHER) EEERD] A
HUEEAEL, 2001, 15(2): 1-4.

Yuan Changyou, Hu Chunye. Cage-like octa (pentamethyl disiloxy)

(18]

(19

silsesquioxane [J]. Silicone Material, 2001, 15(2): 1-4. (in Chinese)
ZREER, T, RODRE. B\ (RHECHEREER) 5
ERERIEE RO FRAED]. FEAE T, 2009, 26(4): 323-372.

Li Jianli, Su Xinyan, Xu Hongyao. Synthesis and characterization of
cage-like octa (chloricmethyldimethylsiloxy) silsesquioxane [J]. Fine
Chemicals, 2009, 26(4): 323-372. (in Chinese)

Liu L, Song L, Zhang S, et al. Synthesis and characterization of
polyhedral
oligomeric silsesquioxanes modified by surfactant [J]. Materials
Letters, 2006, 60(15): 1823-1827.

ion-exchangeable layered octabenzene-sulphonate



