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Abstract: Biodegradable four-arm star-shaped poly(ethylene glycol)-block-poly(L-lactic acid) copolymer
(sPEG-b-PLLA), four-arm star-shaped poly(L-lactic acid) (SPLLA), linearly poly(ethylene glycol)-block-poly(L-
lactic acid) copolymer (PEG-b-PLLA) and linearly poly(L-lactic acid) (PLLA) were synthesized from L-lactice
acid, pentaerythritol, poly(ethylene glycol) and star-shaped poly(ethylene glycol), using the method of melt
polycondensation, and the products were characterized and confirmed by 'H NMR spectroscopy, FT-IR and GPC.
Four types of ibuprofen loaded microspheres based on the above four types of polymers, i.e., IBU/PLLA,
IBU/sPLLA, IBU/PEG-b-PLLA, and IBU/SPEG-b-PLLA microspheres were prepared using the method of
solvent evaporation, and the optimized preparation technology was obtained via orthogonal experiments, and
the drug-encapsulating properties and in vitro drug-releasing properties were studied. The results showed that
compared with IBU/PLLA and IBU/PEG-b-PLLA microspheres, the drug encapsulate efficiency of IBU/sPLLA
and IBU/sPEG-b-PLLA microspheres were higher and the in vitro drug releasing rate slowed down, which

e R H 41: 2010-06-28.

BEEWH: ) RE BRREEES S IIE (07300675); ) 444 itk At 5 Dh g & 7 F 4 R IR SO0 4 SR G 00 H 5 A p AR K 2 0 PR B 2 B AR
KIEEHBIME (ZHXY2010B02).

*JMHAE# Tel: 86-20-38297109, Fax: 86-20-87112466, E-mail: linyaling@scau.edu.cn



MAERL LS A% 25 /SPEG-b-PLLA i B

FERYI BRI ] % S SRS 25T L - 1571 -

mainly due to the faster degradation of SPLLA and sPEG-b-PLLA for the star-shaped structure and the block
copolymerization of sPEG. The drug releasing curves of these three types of microspheres could be fit by

first-order equation, and the releasing mechanism was non-Fickian diffusing, i.e., the synergetic effect of polymer

degradation and drug diffusion.

Key words: star-shaped poly(ethylene glycol)-block-poly(ZL-lactic acid) copolymer; star shaped poly(L-lactic

acid); linearly poly(L-lactic acid); ibuprofen/polymer microsphere; in vitro releasing
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Table 1 Factors and levels of Lo(3*) orthogonal test

Factor
Level A B C D
PVA Rotor speed Loading Polymer content
content/% /r'min”" level/% /mgmL™"
1 0.0 1000 40 100
2 0.25 1200 45 150
3 0.5 1 400 50 200
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Figure 1 The FT-IR spectra of PLLA, sPLLA, sPEG, PEG-b-

PLLA and sPEG-b-PLLA
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Figure 2 The 'H NMR spectra of PLLA, sSPLLA, sPEG, PEG-b-PLLA and sPEG-b-PLLA
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Table 2 The encapsulate efficiency and degree of substitution for four ibuprofen/polymer microspheres based on the L;s(4*) orthogonal

table
Level Encapsulate efficiency/% Degree of substitution/ %
No. A B C IBU/ IBU/ IBU/PEG  IBU/sPEG IBU/ IBU/ IBU/PEG  IBU/sPEG
PLLA sPLLA -b-PLLA -b-PLLA PLLA sPLLA -b-PLLA -b-PLLA
1 1 1 1 1 89.0 84.4 52.7 69.3 35.6 33.8 22.6 27.7
2 1 2 2 2 91.1 88.1 94.3 96.0 41.0 39.6 39.6 432
3 1 3 3 3 91.4 90.7 92.9 81.3 45.7 45.4 43.6 40.7
4 2 1 2 3 91.8 88.6 87.4 78.6 413 39.9 42.1 35.4
5 2 2 3 1 88.7 87.6 84.5 90.3 44.4 43.8 31.9 452
6 2 3 1 2 89.9 91.2 62.4 74.0 36.0 36.5 30.2 29.6
7 3 1 3 2 96.0 96.8 92.8 86.3 48.0 48.4 39.2 432
8 3 2 1 3 93.9 91.7 76.3 60.8 37.6 36.7 389 243
9 3 3 2 1 95.6 93.8 79.5 84.7 43.0 42.2 39.8 38.1
—o—sPEG
—o— PEG
—0— PLLA
——sPLLA

—&— PEG-b-PLLA
—&— sPEG-b-PLLA

Molecular weight

Figure 3 The molecular distribution curves of sPEG, PEG,
PLLA, sPLLA, PEG-b-PLLA and sPEG-b-PLLA based on GPC
measurement

Table 3 The optimized preparation technology and its corre-
sponding encapsulate efficiency for four kinds of ibuprofen/
polymer microspheres

. Factor Encapsulate Degree of
Microsphere . N R
A B Cc p cfficiency/% substitution/%
IBU/PLLA 1 31 9.2 48.1
IBU/sPLLA 33 1 1 971 38.8
IBU/PEG-b-PLLA 2 3 2 3 975 39.0
IBU/sPEG-b-PLLA 2 3 1 3 985 39.4
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Figure
sPLLA, (C) IBU/PEG-b-PLLA, and (D) IBU/sPEG-b-PLLA
microspheres (The bar represents 100 um)
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Figure 5 The in vitro releasing curves of ibuprofen and four
types of ibuprofen loaded microspheres
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Table 4 The regression equations for the in vitro releasing curves of four types of ibuprofen loaded microspheres

Microsphere type Model Equation r
IBU/PLLA (0-7 h) First-order equation In(1-0Q)=0.4111¢+0.0835 0.992 4
Ritger-Peppas equation InQ=0.5581n7-1.01 0.980 9
IBU/sPLLA (0-8 h) First-order equation In(1-0)=0.298 ¢+ 0.0728 0.997 8
Ritger-Peppas equation InQ=0.5981n7-1.20 0.982 6
IBU/PEG-b-PLLA (0—12 h) First-order equation In(l-0Q)=0.162¢-0.001 0.999 6
Ritger-Peppas equation InQ0=0.6471In7—1.82 0.980 2
IBU/sPEG-b-PLLA (024 h) First-order equation In(1-0)=0.167¢—0.0994 0.996 5
Ritger-Peppas equation InQ=0.727In¢—-2.08 0.989 0
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0.647 H10.727, Ui W] 4 Fh a3 2 TR (1) 25 W) RE TEOH L ) 1)
YT O B AR e R AR, IR AR S R &
TR B IR R S I AL, MR T R AW
FEARMI ok, X 5 R R LR ML TR 2 - L
T3 ik BB 2R 1) 6% i a3 0 AH B 1) £ T 2R 0 1)
FEERD O, B LR — KRR A b T
B ay), R TREAE I N0 20, EK
PEAR 2 b B Al 2R 3008 590 K P IR 3R & — R ik B
SLIR AT B T 2R LR ik B K I B L, B e Rk
fiff 3L 2 T I Ik 5 ) R AL IR AT R AR AL A L A
SPEG-b-PLLA H, Kb NSk R (1) B A 3R & -l i
BB v A 28 A0 R FLIR HR B (RS K o, SURT %
R JR FL IR ik B A DX 1 &5 & B2, I T2 X5 4 1) 388
A3 )T 348 o 5 LR ik B D AR AR s L TR & R
PRSI P i B A R R 3R B ) LA B D i e, I
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