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Fig. 1  Synthesis of mPEG-PLGA-PLAA triblock copolymer
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Fig. 2 '"H-NMR Spectra of mPEG-PBLG-PLAA (A) and
mPEG-PLGA-PLAA (B) in CF;CO0D
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Br(PLAA) A RV MU A ¥, B Bk T R
457 WA AR 0 o1 % T A I 2K (181 4 (B)
~(C)). G W Ae s v 7 AL = 2R
(E4(A)) g 2R, PEG R Z R IR N A
W itk B 14 115 5 D 58 4 R B 5 T A el A 7 9 R
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JRFAR 7 (i, h) JH 5% R AT A MR bk B 00 g R 2
(¥ 25 I A, i B SR AR PR3 I, A7 T WL 2 SR A% 4
MRHE B I TR 5 (e, d,e) s IR AY pH {H i 6%
PEAZ N R AR E (1B 4 (C)) |, 4% & R 4 Be b T Ol 2
RELI I TR K PR T B, iR RO EE ik, B
A5 B 52 o K P9 TR L, RGBT AR S
(c,d,e) B2 . 1F 426K EE M PEG fEI710
— LR E K AT R, BT E S (a,b)
TRIFAAZ.

Fig. 3 SEM images of mPEG-PLGA,;-PLAA ;micelles
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Fig. 4

"H-NMR spectra of mPEG-PLGA-PLAA
copolymer in CF;COOD (A), D,0 (pH =8, B)

and D,0 (pH =3, C)
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Fig. 5  Mean diameter and zeta-potential of mPEG-PLGA-

PLAA copolymer aggregates at different pH values measured by
DLS
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~1600 em ™' B EERE I 4 (amide 1) & 1600 ~
1500 em "ML RE T4 (amide 1) 7] F1H )8 &
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WnE 7,9 i i B LR e AN R pH A& 1F R+
W i 7E TR B T R e R 11 7 18 20 AIME 5 06 ] LA
Wr, 78 pH =4. 05 (a) B} 5 240 L W2 5 Bt = 2 L) - 12
BESEMIAFAE. WERE T 45 b 1660 cm ™' Ab fry i Xt 17
(O -2 E 45 4, ME e I A 10 (5 S g &tk T &8
% HATE 1540 cm ™" Ab A AT AFE B — AR Y o-
HEE 25 K 1) R AR . AE pH = 7. 8 (o) I B PE S5 1
T L BERE T4 1640 cm ™' kb it XoF 17 4 2 TG B 1A
ZEF. IR S A OS5 SRS CD 25 R —35K.
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Fig. 6 CD Spectra of mPEG-PLGA-PLAA | icelles
solutions at pH =4.05 (a), 7.8 (b) and 2.74 (¢)
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Fig. 7 IR spectra of frozen dried mPEG-PLGA-PLAA
icelles from solutions at different pH: 4.05 (a), 2.74 (b)
and 7.8 (c)
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=% BEIR W0 245 Wy 0 38OMURE T RE T, SR FH B

% (doxorubicin, DOX , /& /i & FX & Adriamycin ) {E
RS2y DOX & — Fp BT iR Hu 2k 2, Al 2
i RNA F DNA 1) & BEE 20 240 M 8 7, X £ Fib
i Jea 5 2% RAE . A8 20 228 50 45 4% DOX Bt
B T RE 16T (H B S AT R B DOX 76 A 1A
PR I S 0 A A S KR 40 A [ B, 23 SR BB IE
AN, SR 0% &)1 PR e B 2 T RE S B A
J7H AT B B 2 T AT 25 W AR i A 5T
e, 2R R O B HAT BE0R i K KR AT T O g K
AHE AR SR AT PR AL R B A T4 R R £ T
BE 5L M UM 5 T840 . BeAb, B 55 0 HoA #0548
14 48 SN IKORN %€ K 35 8 7. ik B L R Y mPEG-
PLGA-PLAA (¥ #8245 )& s ) TEM R R 4n /&1 8 iy
L RLAR SR 100 nm 25 A5 . TR AR A BB S S ) B A
Y DOX. il TEM 1] B WLAE I DOX B 3 4
e T

Fig. 8 TEM images of DOX loaded micelles formed
by mPEG-PLGA-PLAA triblock copolymer

mPEG-PLGA-PLAA # 25 i o 4 A A pH {5 F
R 25 Rt Ze DLIEL 9. 78 pH =7. 4 B, i AR Xt
FE 7 4 BRI 25 ) B FURE it AR i R .
P T DOX AR pK, o 8.2, R &R R
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10 h Py 254 B i 38 3] 60% 5 {H B 5 B il 8 Ry %
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JZ 0 5K FE 2R R, W B A 3 () K 43 25 W) Bl
PLGA H5 Bt 1 2% /K 1 38 hin i 4 iR e, 1 g A2 34
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k48 F (pH =5.5) ,PLGA 5 Bt i 71k, Ay
HL AT, 5 B 25 24 40 40 1 D ) 5 el AE B A O 2k
[ A, BT PLGA i Bt 7 1R 1 2% 10 N Az LA 5 %
B R 40 1Y) o-BRTiE 45 4, Bl PN R 1 A5 4 B P iR
WO 1 i R 5 A, %o e B ] R I A A 2 1 245 49 43 F

FEA BRI AR AT I T 25 W i B 7E3X — pH
{H T 2590 R &L fc i, 60 h 5 45 30 58 2 R, T
1 pHL (DX A TE 2 Fie A 40 JE P9 B 4 1 pHL L

3 #it

FIART F 5 ZF 0-lFE-a-F TR L
(mPEG-NH, ) , % #: 3| % BLG-NCA Fil Ala-NCA Jf

WREGWMITE, ST RO BE-RA AR N HE-
RN AR = i B R Y. 3 i fR v K RS 2R 2

—-o-pH=74

100F _o-pH=55

%ﬂ 80 TE-RA A R-BN AR = i B IR Y mPEG-
§ o PLGA-PLAA. it = i Be At 5 W) ] 76 8 5 M v 57 op
P SEERTI Y, i (e e G Y o NN 7 B 1 T 3
g w0 755 = R 45 g, PLAA B 1 Sl 1 0>, PEG 4t
g 20 BeA o7 PLGA 4 BEAE Sy 52 2. I i i AH B

. F | | | | | | PE T LK B 5 K W B 60 34 20) 5 o)L 7R R 1 AR

0 10 20 30 40 50 60 HF A AR K B s PLGA i B & R 46

Time (h)

PR oo-WETE 45 4 19 25 B, ) i B S LAY 25 99 0
FEAE B AR L DOX Y R CE A B g AR S
B UE BB R 90K 25 kL T RE S A pH I 2
P ) RT3 , BLAT R 14 1o IR

Fig. 9 pH-dependent DOX release profiles of DOX loaded
mPEG-PLGA-PLAA micelles at pH =5.5, 7.4 and pH =
8.6 at 37°C
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pH-SENSITIVE DRUG DELIVERY OF NANOPARTICLES THEREFROM

1 1 . 1 . 1 . 1 . 2 . . 2
Zheng Wang , Shu-fang Yu , Xin Gu , Guo-lin Wu , Yi-nong Wang , Hui Gao”, Jian-biao Ma
(' Key Laboratory of Functional Polymer Materials, Institute of Polymer Chemistry, Nankai University, Tianjin 300071)
(*School of Chemistry and Chemical Engineering , Tianjin University of Technology, Tianjin 300191)

Abstract A novel pH-responsive and biodegradable triblock copolymer, poly( ethylene glycol) -poly( L-
glutamic acid) -poly( L-Alanine acid) ( PEG-PLGA-PLAA ), was prepared by N-carboxyl anhydride ring-
opening polymerization and acidic hydrolysis. It was found that this amphiphilic copolymer can self-assemble
into micelles in aqueous solution. The PLAA ,PLGA and mPEG segments serve as a hydrophobic core,a pH-
responsive shell and a hydrophilic corona,respectively. The morphology and properties of the micelles such as
pH sensitivity , zeta potential, secondary structure and mean diameter were investigated. Doxorubicin ( DOX)
was encapsulated into the micelles to explore the release profiles, which exhibited in vitro pH-dependence. In
acidic environment, with the formation of «a-helix secondary structure of poly ( L-glutamic acid) segments, the
PLGA segments in the triblock copolymers shrank and relocated in the micelles to trigger the release of drugs.
As a result,these DOX-loaded polymeric micelles showed rapid release of DOX from the micelles in weakly
acidic environments (pH =5.5) but very slow release under physiological condition (pH =7.4).
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