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W OE ORI IE AT A7 R M (CS) TR 2 T A UL AT B R (LA E R ) -b-R AT -0 (L-B A
) (GPG) A LR, il #5 T CS/GPC RAEMIK I WA K. il i 24k CS/GPC WYL L], WF5E T CS Bk A0
GPG AL e iE CS/GPG 3 AR /K VA VLR 2 Y IBC LU v R, O X6 JHORE AR 43 A R 32 T W S 94T T RAE. 7 1 A&
fift K CS SRR A Sy 25K 1 25 ) T =] DE AR (Asp) B 3844, GPG IR SR A S i /K A 25 ) T %5 2% (DOX) By 8 4, i
i 2 G B AR TE n— FORT BB 224 0K F . W 5T T 1200 25 W 0K A R S 25 W R OAT . 2R R, Asp I
DOX #EARYF 25 M ZBERCR , JF B 2 Rl 25 ¥y i B 2515 0 #8 B B2 19 pHL (L 00 o 1%

REEIR SCRME, BOR, Wb A4, 2R A4,

FUHIT, LAZK SR 0 #I0) B) B AT OUL R BE 9 3R 5
PraR 2GR 2 © W 25 W) A T 5 U B R T 2
U AT A A R K L AR S R 2 A B
S B 50 AR . 7RI SRS W A A b ol M
JCIRY) B 21 I R J5E R A 3 K 2 ) R
FA R 17 T 2 A R AR W A
A SR K T R M A DA BB B LA ik B B A
977 BB R A Y BE Be b, DTl 4 245 15 #Y
B 2547 g AT PS5 00 SO R/ R i 1 4 Sl R
JIT T R TR R 2 e

K BERE R — 28 WA 25 W k. B B
A =Y EREE M, H AL B AR K, TR G T
VD9 SR K 245 ) LA K — B8R 73 1 3 1 FIE IR A B
SRR T I BB A S R R
Yef B9 2 R 2 PR p LA R 7 A B3z T 4
B BOEREAR R 5 ROBE I WL Rk 4R
PRES KB A B, 25 W0 R TR bR, 38 o 2 I
F SR W A i TR N 4 5 R A LR O
54 H O A 2 25 0 (0 R RO R 4

FH T 1) 45 245 1) U 43 24 1 22 ok 2590 48
PASIF 5 AT 1) — 7 14 2 By i 0 AR e
B gRZGR R AN LE, B AT LA 50l 3 Y 22 Bl 25 ) B0
SRR RN 24 ) LAGE Y 0 Tk R A B AL
FRAL, FEMAR AR YT ROR . T X 2RIR R R Z R H]
OB B GA R RS R SRR R B
Jin i 9 2 A DALt 5 A 2 R R L AR

XU 82

R, — P FUIE T AE AR I T i A U 424 1A &
F%9 IO FH 32 B — s #9 BR AR T Rl LR ) O A 2
PR 2% B T A g 28 245 207 o 5 OB A TR BT AR S
2R, AT AR RE o HCTE 7K 8 W R A D S B R
PRIt HL A B D ) I 19 B i

XTI PR IS v 28 24 4% 2 D RE AL R/ RUEE Ak
R AR SCRE TR 2 9 B 4 Y T i o A
TOU R U 288 245 1 2% A9 i AR FE 5 v, R
AT IE LA 1R 70 SR ((CS) Rk A 3% T 67 A
iy (9 3R (L4 R ) -0-R S AL W I -0-% (L-45 &
2 ) ( PLGA-b-PPO-b-PLGA, GPG) IR %, il id £ &
AT R SR A X E iiAs 2 CS/GPG R AE 1K
KT WA ZR 0 25 A ORLAR 23 A AR T L R AT T
FAL. AR MCIERN 1, 8 CS BEERAE S 258 7K 1 24 1y Bl
FICAK (Asp) 1) 24, GPG R SRR Jy i K 1 25 1
BT 3R (DOX) (Y 204, i i 22 4 1 2 2% o 5 1 —
ol 37 R 0UE 28 24 1 &%, O 0 1% 2 26 1R &R iR S R
AT J #EAT TR

1 ZBES

L1 FE#

SERHBE(CS) 2 BEE = 90% , [H 25 4 Al 1k
20 A B2 w5 BT ] DS AR (Asp) |, A Rk 4R
B4 B R 25 A IR Al R BT A R (DOX-
HCL) A AR 5, #7708 1 250 2 /). 2 R iR
B, 4y BT Al 1 25 4 AT Ak AR R A B D5 O Sk
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MR (THE ) FNER 20t , o0 AT 4l [ 25 82 A AL 223X 0
FRL S ), ol R A 4 Ja 4k Tl o 25 R K R
Pt e ER R S LB L P L R ( DMF) |
H L AR ( DMSO) | = Z iz ik TR &L 80 33 8 3 Bt
afi, bR TR A BR A W) 5 W 2 B R A AL M
(NH,-PPO-NH, ,M, =4000) ,Sigma 2\ &) ; = %X,
afi i 4y 0. 99, ifg T rh Bk AL 2

1.2 HmEl&

1.2.1 PLGA-b-PPO-b-PLGA =i By LB W1y &
B

LI NH,-PPO-NH, b K4rF 5] &5, R H 5
TIFRRNL, G h T R (L-F & PR -y- A W g ) -b-5
AALNIE-0-K (L-AF A R-y- A W i) (PBLG-b-
PPO-b-PBLG) = it Be b 54" > i id 7 THF
B B B PBLG | Y 4% W1 5L, il % T PLGA-b-
PPO-b-PLGA =itk Bt L B4y, #% 3L 9% ('H-NMR,
Bruker Avance 500 ) jil] iz 3¢ B iz Bx 2L B ¥y vh PBLG
MR G BEh 27 , JL R Y 43 1 10900. %E K&
% 3% (GPC, Waters 1515 ) il 15 H: 43 ¥ & 43 1ii
(PDI) Hy 1. 13.

1.2.2 7 BMERIK (CS-MPs) By il %

23 1 CS BRI W ) 25 J2 6 40 mg CS ¥ i
FE 15 mL 2 wi% 19 B 12 7K 3 W 75 F 5 8% 10 mg
ZRUER N AE S mL K& F /KPR CS
FWE T 3000 r/min NG 1B FE, IR 2 R IR
B KV W T M CS WS T N o I B 4
h fifi CS Bk EfL. AR E TENETEN 1
KB st i 1) 2 BB .

BT ) DT bR e SR sk (Asp-CS) 1Y il #4502
$ 40 mg (9 CS WEMRTE 15 mL 2 wt% 4 il R K 7%
WP R H] 4 10 mg Z2 R BEIR 1 A1 20 mg Asp ¥
fRTE S mL 2B K RF s CS W& T 3000
r/min NI HE R IR 2 REERR 1/ Asp K W
I I CS W N 58 S e 4 h i 4%
Asp (1) CS (kB fb. AV W& T HE &N
1R B 25U 25 1 2 WS TR B 1 Asp.

1.2.3  GPG JERH 1 %

25 GPG i R W 3% LA T J7 ik il #8526
mg ] GPG — it Bt I W) i % /£ 10 mL DMF/
DMSO 8 &% ) Hh (DMF/DMSO R FL H oy 4/1).
RIGHF XS W E T BT Aerh i ir 3 X, WA 3 =
M GPG JiE AV WL

BT EE R R (DOX-GPG) 1y il 45 & 4% 3 mg
) DOX-HCL Al 6 mg () GPG = iz Bt 3L B ¥y %5 fit

7£ 10 mL DMF/DMSO & & % % o ( DMF/DMSO
R 4/1) SR 5 BTER W M A 0. 05 mL =
MR HF DOX Frdly i R 2 . K X MAE = IR T
PP — 5 TENAEREN 3 X, 153 4
DOX ) GPG JZH i K .

1.2.4  RALfR TR i 3 42

TERE I FET 17 GPG e o %5 W v 2 4% 15 i
CS THERVE WL WA L BR B vk BE 34 0.5 mg/mL.
AW CS/GPG HL ] 4351 & 0/10,0. 25/10,
0.5/10,0.75/10, 1/10, 1.25/10, 1.5/10, 1. 75/
10,2/10 1 10/0.

XU 28 2 52 5 A R I 4 S 9 5 T 5 4
Asp-CS %W 22 12 1% fin 3] DOX-GPG Jigg s ¥ Wi
IRl 1% 7 4 14 HOR 5 4. Wb R A Y i
BREARR MR R 0.5 mg/mL, g Z W CS/
GPG & 1.5/10. FIr 15 %5 W 5 4 FH TR A1 25 ) e il
1.3 tEgEmK
131w

3E O OGRS AL (ALY, CGS-5022F ) Xf =5
H GPG i o %5 Wi, CS i Bk % WL LA & CS/GPG
(CS/GPG 2y 1.5/10) 5 4 1 F& S Ho AR N (Y 2 25
TR R WRLAR 43 A AT RAE.

1.3.2 SR L7 AL

¥ CS/GPG RL Lt 43 5% 0/10,0.5/10,1.0/
10,1.5/10,1.75/10 1 10/0 fiy 8 % Wi JH 25 55
FOKFRE L AL, AR SVIE WA R B W E Y h
0.25 mg/mL, 2k H] £ 3% 4 2 5% H 3K A (Malvern,,
zetasizer 3000HS) Jl] %& £ #5425k 114 2 T FE 57 .
1.3.3 JEHLERAE

K F 45 ¥ 4% (HITACHI, S-4800 ) M. £¢ DOX-
GPG 3, Asp-CS fi Bk L & Asp-CS/DOX-GPG &
B AR B A W R VA VR n B4 R O AR =
TR T A S A S R AT SR
1.3.4 2y M bR e

Asp-CS # 2 & 1Y I & 2L 2 mL Asp-CS {3k
VW, A 8 mL 0. 1 mol/L () HCI, 348 75 52 7% 30
min ISR CS ffk. W W 24 h (259 5¢ 4
WS, B0 B E W 5 A ok ok AR
(SHIMADZU ,UV-2550) {ll] &8 Asp 7 296 nm At f
WA, AR 48 AF . B9 A v 238 ) Asp B BE
33 CS Bk ' N 15.7% , [ EH KK
31.8%.

DOX-GPG # 25 & 19 Ml & J& I 2 mL DOX-
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GPG G I W, A 8 mL (%) DMF, 388 75 7% %% 30
min DLAE SR, B 2590 FH 5840 o 6 AY
M7 DOX 7E 485 nm Ab (1) W (B, AR 418 A8 1 1) b
HEM LRI DOX ¥k i, 15 5] GPG i ot 1) 2%,
24 18.4% U EFE N 45.1% .

HE MR E AL T .

HAR(%) =
BRA LY
RAZYI T + B
Y B

WEHF(%) = fﬁigggggg x 100% (2)
1.4 SN TR

431K 3 mL Asp-CS 3 Bk %8 i , DOX-GPG Ji
FE W R Asp-CS/DOX-GPG W E 25 2 & 1k &
VEWE T BT A8, A 10 mL A [E pH {H 1 5%
PR W R R TR R 37°C 5 0k 90 1/ min
(A48 R PN IR AT IR A1 24 0 88 S 560 o W0 % o
T 05 25 9 )RR, IR b TS AR R BURT 1Y
F RS W TR AN SO BE T A2 Asp 7E 296 nm
K DOX 7E 485 nm Ab ) W WA, 5 A5 o il 28 2E 17
R N T AR U RSP /7 0 T 10 < V]
YRR T

2 #RE5iTR

2.1 REBREKHEBERITANHR

CS RULIAHE T ARG W), 5 A RERNE
FEHLWAT, [ Al 52 K IE i 9 o Bk 23 75 T A L IE
HLAT 5 T GPG % B I SR W o, 52 45 19 2 oy Al
FRIEH) PLGA §iE B LAY , DA I 8 TR ) 2 1 4 A7
B AT X AR R R SRR L CS B FL GPG B
23 DR w5 FEL A PR CE VR R, AT R O R
K. 7E3& 24 CS/GPG FELL T, X P AP sk i vt I 20
P I AR E W RO RRE 3R A AR B9 K s 2R
VEFER) CS/GPG L LU AN A 24, B Al A R4 1R RS
1 A, B AR AR T L AT B9 2 X (R /D A RO
T, AW ATV, | 1 PR 52 CS/GPG
RAERK A, Hh CS/GPC B N 2 = 4 7
%k 0/10,0.25/10,0.5/10,0.75/10, 1.0/10

x 100% (1)

1.25/10,1.5/10,1.75/10,2/10 F1 10/0. i & 1
Al LU R CS ¥ W 1$%H3J?5EE’J&?§
B PR 28532 1 7 A W DG 2E T 2 A5 9 0 B B L. X

VLT CS R BOR 5 GPG o 23 i i # vl ﬁéﬂzz
T RAOM R R A AT A A 2 7 2R D, T CS
TR 5 Ak 10 E — 5 994 o 687 3R 4 A R B2 99 O A i 2
PR A URE. 1 A R Y CS/GPG
e b R B AR A5 81 T 3R 1. 3 CS/GPG i /T
ST 1.5/10 WF,CS/GPG JEAE MR K i W 1A & < 3]

CS content increase

NN N

cs
Ll

"‘ﬂﬂ!LJl_'_f

Fig. 1 Photographs of CS/GPG mixture

From left to right, the ratios of CS/GPG are 0/10,0.25/10,
0.5/10, 0.75/10, 1.0/10, 1.25/10, 1.5/10, 1.75/10,
2/10 and 10/0,respectively

K B A WO 6 B X GPG SR, CS Bk

I CS/GPG A4 (14 JURE K /N 43 A3 i T ik — 2
M RAE, A5 R E 2 fros. Bl R, Rom BOkL
SRR T 2 AR B 2 (a) S GPG R IR Y
WOt SRS R AR 4 A B, GPG IR R, £ 59 nm
A, HAor A s (4w 4 PDL=0. 10) ;1717 38 i
iﬁi&iﬁf%ﬂ%m CS TR R, 2924 177 nm , Fi
o3 A ML 9E (PD1 =0.25) , anf& 2(b) fros. K 2
(¢) & CS/GPG 41K (CS/GPG =1.5/10) (f ki
7oA B AR RLAR 4> A AR % (PDI =0.50) ,
WOk R F E BT 50 nm B 4 um 2 H], & R
() R, 29k 364 nm. & i CS/GPG B 4 K Bi 12 4y
MARTER R 2 A LT ILA i (1) 7 CS/
GPG RAEMIF WM R P, % REMK T CS 5 GPG
B R AETLE AN A, &l CS/GPG 14 £ #& A ki 42 &
PLBE 3 A0 B RFAE 5 (2) CS/GPG R Ak h CS fifk
ARG MR R Y GPC & &IE MM

Table 1 Sample state of CS/GPG mixture with CS/GPG ratios respectively at 0/10,0.25/10,0.5/10,0.75/10,1.0/10,1.25/10,1.5/10,

1.75/10,2/10 and 10/0

CS/GPG CS/GPG CS/GPG CS/GPG CS/GPG CS/GPG CS/GPG CS/GPG

Sample GPG CS
0.25/10 0.5/10 0.75/10 1/10 1.25/10 1.5/10 1.75/10 2/10

State TS® TS® TS® BA® BA® BA® BA® CL* PR TS*

* TS transparent solution; ” BA: blue appearance;° CL; cloudy solution;

4 PR precipitation
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RN A2 585 (3) K R A7 25 19 GPG X R
FETE  AEA5 TR AR 14 43 A1 A2 58

R T it — ST CS KA GPG g i L
HATE M AR R I Z5 40, R 1 £ 3 40 B s
WKALKEASTR] CS/GPG it b FIE M AR R ) %
1f] zeta FLAZHEAT T 20 8, A5 R WNE 3 iR, zeta
HL 7 A 3 2 AH 5 B R 2 Ok B i AR E 2
22 V) FE B 2% B W L B B AT 2 THT T A R T 1)
L. 4l GPG IR ALY zeta HLALAE - 52 mV 247,
M4l CS IR zeta LA FE 22 mV 245, fifidF CS

GPG a

1.0

0.8

0.6

0.4

Relative intensity

0.2

TR N2 GPG AT W b, IR AR &R b R AR
BRI zeta B L CS/GPG =0.5/10 B ) — 45
mV & ¥ #% 48 & CS/GPG = 1.75/10 B} Y - 17
mV. X ULH] CS k5 GPG i o al i i i L 1 41
IR CS/GPC H A 1K &, flifs 2 & I & £
zeta HLUAL Y 26 X {ELBE CS 35 38 A9 38 i s /1. e
Sh TERS L B AU R b A UL AT Y GPGBRR
AL IE HLAT Y CS ek, fli 7 CS/GPC A AR
F1% 242 THT HL A 52 B 9 ML

Relative intensity

Relative intensity

CS/GPG = 1.5/10

raunl 1
10°

10" 100 10°

<Ry> (nm)

Fig. 2

The observation angle was 90°

TEHE 0T, [R) Fhr far (%) 2R A A o kK fig
i 40 S 0 P HE T VR TR 0B 8 1 /K TR AR 3% 5 T
MAEZARZ O ACHT 5 b r A A 2R R A B, 23
r TSR P A T K 3R T ) P A T 7 P HE R AR
S, M A A SR T R T A 4 6 (B 3k AN B (/T
17 mV) KRR BT A, Y
CS/GPG (W A F 1.5/10 Bf,CS 5 GPG JE i
FR) R A A 3 ThT R 57 %) 405 o {38 /0N, DT il 2 5 1
AR AVITE; T CS/GPG W /N T 2T 1.5/
10 B, CS T Bk i A X & 8/, S CS/GPG
B AR S THT HL A 18 A8 X (EBOR (R T 24 mV) |, AL It
TEi% CS/GPG L L [l N, W6 3 23R w] LUJE A

<R, > distributions of (a) GPG micelles, (b) CS nano-spheres and (c¢) CS/GPG conjugation (CS/GPG =1.5/10)

ENEGRER.
2.2 HYEHEORIREFILE

PISRPE GPG ik Br Ak Sy ] i iod 1 41 % AR
AL G KV 251 DOX I A3 28 o, T 5 7K %5 1
254 Asp By CS V5 W1 5 15 W S 1Bk S 7 T B 3
LRI ACER . R K AR A — 5 1 LI IRIR 3R
T A IE R i B Asp-CS 12 1 45 6 fif (9 DOX-
GPG I 238 i # 8 B 2 2E T Bl Asp-CS/DOX-GPG
WHE G E 5 & . DOX-GPG i H |, Asp-CS {5k
il Asp-CS/DOX-GPG & 4 1 & 19 T¥ 55 45 44 W i
i SEM AT, AT RN 4 fios. 18 4 (a) 12
A2 DOX-GPG JiE S JE 5 11 ). DOX-GPG 2%
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25+ 5

Zeta potential (mV)

1 1 1 1 1 1
0/10  0.5/10 1.0/10 1.5/10 1.75/10 10/0
CS/GPG (W)

Fig. 3 Zeta potential of CS/GPG conjugations as a
function of the ratio of CS/GPG

24 Jig R IS A BRAR, SR -, BLARAE 100
~ 120 nm 2647 38 8 5 WS TR SO ] 45 1 Asp-CS
TER , RECR BRI IE S, 3% 1w 8500 LR, B
FE210nm A A7, HIE S an &4 (b) i . B4 ()

BRI Asp-CS/DOX-GPG W E #2585 & 1k &
B SEM B& F-. 1 & Br 7 , Asp-CS/DOX-GPG W i
W AR R O R IE B, ISR I
A 24 o RORI 5 s R R RUEE 29 0 1 pum. Asp-
CS/DOX-GPG & & 4 F 11 2 1 M B , L 2% 180 ¥t &
KT 19 BLARFE 100 nm A2 Ay [ s, R AT] tho a a 9
HHHESS X DOX-GPG 2 24 ik o . Asp-CS f £k LA
K Asp-CS/DOX-GPG XL %k 25 & & 1k & 1Y ki 1%
Gy A IEAT T AT 45 R, DOX-GPG JiZ 3R, Asp-
CS 1Bk F1 Asp-CS/DOX-GPG & &K & 1 R, 43 3
63179 F1 376 nm, 2k 25 {K 5 (1) 53 5 46 £ PDI
S 0.12,0. 28 F10.52. 5545 (1 # AR L, &
R R T B WA ) 2 2 AR s A B, HL A A
175 0 5 G IO 1) 25 1 AR AR AL (DL B 2) . ik e 3
ST 0 3 25 5 55 45l Pl O 58 30 1) 3 24 1A
OB K /NS A — 3

Fig. 4 SEM photographs of (a) DOX-loaded GPG micelles, (b) Asp-loaded CS nanoparticles and (¢) Asp-CS/DOX-GPG dual-drug loaded

conjugates

2.3 HNAHBHIE

B, A R B4l ) Asp-CS Fl DOX-GPG #;
2R R RSN BEZGAT N AT T I, B 5 (a) 2
Asp-CS BRI B2 M1 2. Asp I REAT W B pH
(B0 B P, FEECR B S 5 pH (B /0N T3 K. 7E
pH =5.5 W54 T , Asp 7E 24 h N8 R X 2
Kk BHES F LAY CS FE R P 25 14 7 i 71k, Jf-
1o i R R A P A A5 058 e ) 445 45 A ) LR G K
AT A1 75 245 ) 11 TR 3030 T A i, R 24 3 R i 2
KU 5 (b) & DOX-GPG i o A 8% 24 iih £k
DOX (B AT A B pH ) o7 M, R il ok o
WRE pH {E A I8/INTHE K (AN 5 (b)) i 2 K ok
b pH A 1251k, GPG B o A1 ) PLGA % Bt A4
G255 WBECYE 258 19 JC R [T ( random-coil ) %5 745
SRR ST RIE Y a-BR5E 25 44 (a-helix) | fii 15
PLGA # BUR A P . PLGA 52 J2 19 4 B 5 23 X
Jie R A 7 A — s AR L, Tl A5 PPO. N %

2B EARTE | 2 R R A Bl /)N, DOX 75 LA AR
DS R R R R TSR B 25 O e B
g3t AR pH {E F 9 DOX-GPG i 3 (1 ki 42 725 1k
BEAT 30T, 45 R W i R R 1 R, W\ pH =8.2
N4 80 nm 22 47 [ % pH =5.5 WY 48 nm 47,
MTHESE T PLGA 7€ JZ2 5 BOTE B M 2% 15 T Y45 %
A = AR B RAE . OF B, B F PLGA #5BOE 1k
) a-BRE S5 4 o W, 52 2 B By BT — i i &8
) 1 T A 2 FRAR ™ 7 M A% 2 T T B L
WA TR ), DTl A R 5 2= B A AR W 4
X 245 B TR I BELAVE FEAS K. PR itk DOXC ) g i 3
SRR pH AU/ NI RS K. 53 A1, FRAT 7 i 4 1 A
FE A L DOX ¥ fif B2 B pH RS T 152 o B 24
A1 0 B9 82 W A K, A pH RO R, A T
pH {t T~ DOX (1 B i ok 5 1 A8 AR AR /N7 3k 13 1
DOX 2547 N i pH i B P 3 22 il GPG iR
1 pH BUSEMES R .
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wl® R AR D DOX M ZR R B 8. h T s
VS WAR Z& ) DOX i # AR /Iy, % DOX-GPG/ Asp-
= 75f CS #2451k 2 1 B 2547 K AR, LU 259 3%
V ol i) 8 2 AR X 0 O L RO 1 B A 1A R
2 B AT 26 ik 3 0T B P T PO R 24 S0 A L A
E st Aop om €3 Asp T 7, DOX [y B R B GPG #5245 I sk 1A
o pH=73 R BT F W (0T BRI B NS £ 32
e o T 5 PR L0 5 (1) GPG I 48 1 3 Y 32
R ik B SR 1 4 0 R L 8 R R
- {5 25 0 B /N, AR B AT e K Y B 24
100 F 1. LS CS sk i i A, B 24 R 0 22 K R
_ sl Bl &5 (2) 76 Asp-CS/DOX-GPG {1k & 1, k & 1
S GPG iz e 45 A CS Bk 1 26 1 11 AN 2 4 3
2 sof AR IR GPG 4R 25 I o A7) P04 55 41 57 B fil
E x| g Do tom G SUR2ET M 5 AR GPG 425 AR
oL o piog2 1001
(I) 2|4 4|8 7|2 9|6 1|20 1;14 1|68 = 75}
Time (h) g:/
Fig. 5 Drug release profiles of (a) Asp from CS nano- % 0r
spheres and (b) DOX from GPG micelles at 37°C with gﬁ 55k Asp from CS/GPG —o— pH = 5.5
various pH values o pH =73
0F —&—pH=28.2
HT UL LI, ik — 225 5 T3 P R 325 0 24 48 72 9 120 144 168
BRI o H 425 i Asp-CS/DOX-GPG XY Time (h)
TG IR R 1R 2547 . R CS/GPG = 1.5/10 0ol ®
[1] CS/GPG 541k % , 1 00T 20 24 1 % 6 ¥ i
SV VR 1A I L 90 BT P LA 5 o TR 3R 2 i L34 Asp- S
CS/DOX-GPG XU i 24 A 5 1y B 25l 2k el 6 i 2 sl
5. KRS LU, Asp (181 6 (a) ) 1 DOX (] 6 e
(b)) MREZ54T AR LA pH {E M 14, P F 25 ) 5 st DOX from CS/GPG —o— PH = 5.5
e B 6 6 B pH (P AU T 398 K i 55 ol Zﬁﬂ ;;
% 11 L2 T 2R (0 R 25 B P A — B (LR S) L ik e
) 245 4 2 A o P 1 L T R T 225 4 4 1 Time (h)

%F,E%E (9 pH o R P AT SR BE B DR B L Ah,
FRER T Asp BIBERCE R 5 Asp-CS R R A L
S/ (UL S () ). X 2 il T U e S M B
FABLAY CS fRekom i #5 iy A 424 Bl oK i 1
HLAT 1 GPG B oA 3, {45 25 W) 9 HiC A9 3 18 A2
7 YRR R B 2 KK TR 181 6 (b) 1, DOX
TERE 25910 (1) 245 ) 5 B¢ 42 W & T DOX-GPG %24
PR X AT EJE T 12§l % DOX-GPG/Asp-CS &
AR A P, A B A ER 2 59 DOX-GPG IR
BRI, W85y DOX HUSCY HUE] TR & b,

Fig. 6 Drug release profiles of (a) Asp and (b) DOX
from CS/GPG dual-drug loaded system at 37°C  with

various pH values

CS 55 GPG L1 25 ) JF e U WL ELA MR
WE’JXXE%J‘CW%?Eﬁﬁ%%iﬁfi%%A%Lﬁg
G F 1A R AR i R R LB an & 7
JER B K251 DOX 1 53l W1 9 4 %< 9
HTE R A TR T (9 GPG 4K IR i 5% 7K
PEZ5 Y Asp D03 3o 5 980 S MK 5 oy 4 L 7 3% 1
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N W Self-assembly ‘%
" *

DOX and GPG

*

A Emulsion
A

A :
crosslink

&
+ ++ * &

A
ASP and CS

}—7 First assembly

Dox rele'lsc

\. _ ’\Asp release

_;
.;
J'

Electrostatic 23
assembly *

Second assembly 4—-'

Fig. 7 Schematic representation of the multi-step self-assembly process for the Asp-CS/DOX-GPG dual-

drug loaded system
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DUAL DRUG DELIVERY SYSTEM FROM MULTI-STEP SELF-ASSEMBLED
POLYELECTROLYTE NANOPARTICLES

WEI Lan, CAI Chunhua, LIN Jiaping

( Shanghai Key Laboratory of Advanced Polymeric Materials, School of Materials Science and Engineering ,

East China University of Science and Technology, Shanghai 200237)

Abstract Self-assembly of chitosan (CS) particles and poly ( L-glutamic acid) -b-poly ( propylene oxide ) -b-
poly ( L-glutamic acid) ( GPG) triblock copolymer micelles was investigated. The CS particles are cationic
hydrogels, while the GPG micelles have anionic poly ( L-glutamic acid) shells. Therefore, the two kinds of
polyelectrolyte particles can electrostatic self-assemble into microscopic CS/GPG conjugates. The CS/GPG ratio
range for the CS particles and GPG micelles to electrostatic self-assemble into a sustained CS/GPG conjugates
solution was established. The CS/GPG conjugates were prepared by dropping CS particle solution into GPG
micelle solution under stirring, with the CS/GPG ratio of 0.25/10,0.5/10,0.75/10, 1.0/10, 1.25/10,
1.5/10,1.75/10 and 2/10. The CS/GPG conjugates are stable in water when the CS/GPG ratio is equal or
less than 1. 5/10. The particle size distribution of GPG micelles, CS particles, and CS/GPG conjugates were
determined by the dynamic light scattering. GPG micelles show a narrow distribution with the average R, of 59
nm , while the CS particles and CS/GPG conjugates show much broaden distributions with the R, of 177 nm and
364 nm respectively. Zeta potential tests show that the GPG micelles exhibit surface negative charge of —52
mV and the CS particles exhibit surface positive charge of 22 mV. The surface charge of CS/GPG conjugates
are negative and the average absolute value of the surface charge decreases with increasing CS amount. In vitro
drug release behaviors of the Aspirin ( Asp)-loaded CS particles, Doxorubicin ( DOX) -loaded GPG micelles
and the Asp-CS/DOX-GPG conjugates (CS/GPG =1.5/10) were studied as a function of pH value. Both Asp
and DOX show pH sensitive release behaviors in all the three drug-loaded systems. Moreover, the release rate of
Asp shows a dramatic decrease in the Asp-CS/DOX-GPG system ,as compared with the Asp-CS nanoparticles.

Keywords Chitosan, Micelles, Electrostatic self-assembly, Multi-step self-assembly, Dual-drug delivery



