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3% REFEREZEMAMS. AR, Bk
R SRR Ak 2 iiih 2 ig B ), &
REBLEEEKPEZ ), SRS E KR iR, 1t
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P2l 2 BT VE FPLEI AR, of
E—EBE LG 2 25 2500 7= A DR,
DOX il PTX BEATEIT A FhER LR m R e
IR R AL TAMEZ G . FEIRE L,
DOX FH PTX MR SR TIEREAE R & 28 07 TH AR IIE
SLRA LRI, 24 A TR E 1
PRGN N, Chen Uit —FP LA
P105-DOX BB EHIEZ PTX B
W(PF-DP), fkMNAY AT 455970, PF-DP 7£
TN P 3L 8% DOX Al PTX 254, HAG R IFHY
HUBIRIR.

AL DOX Il PTX Wiz, LIRIRZER
BE—ZRRE AR EOR, X TSI RE I A
AACHIEBE(Oxdex), SRJGIGDUREZHMT 22 L pH 5
A I Eh A ERE D] Oxdex T FEEL, &
AR AR B BE P R 2 (Oxdex-DOX). H1F Oxdex-
DOX AXGEMEAL A, FEHHRE A ZH3ETE I
W, % PTX RUELECIRNAEZ, 32 I,
SCPLDOX 5 PTX Hy3kigi%. Oxdex-DOX HA pH
SR, IR EEAE R S T, SR
DOX Fl PTX 2§45 F-.

1 RIS

1.1 XA 5 RH

HIBEBEMW 570kDa). 1-Z3E-3-(3- HIHLE
FePIFERAL EIZ(EDC-HCDHE T Sigma Aldrich
(St. Louis, US). R 24 TAL LA R
HARA T, BRI (NalO,) . N-FR LS e
(NHS)I T NIFT 2= A R A R]. PTX T Pa %
ITAEY TREAR AT, BRE " 81(Na,HPO,) |
R — S BI(NaH PO, I T 25 Ak 22 A TR
Z3 ).
12 RAHREHGH &

FAHIRBER T B 2SR 18], BRIRED
PRATF: 1.00 g #ZRBEAT 30mL £E1K, 0.60 g
NalOy(Fi SR HE 5 SRR I 21 1:0.5)
BT 20mL KETOK, B ERE, EiRFESLN
FE24h )5, MIN 0.60 g N =%, dRE4dE 15 min 5
1S ILRR. RN R E s TE R 8~12
kDa [ZENTAEH, R F/KEN 72h, Hohif—
POK. BB R TR, BRA a2 R=wo"

K 75.4%).
1.3 RAFRAE-FTEE 69 ER

FREL 0.80 g EAL AT FBES T 50 mL — H FLIEAN
(DMSOYH, TitHHEfEE M. FR 0.10 ¢ IhERRT R
#F 20mL DMSO H1, I 15 uL B =2 0%, =i
THEFE 4h JEIL RIS EIHENE] Oxdex B DMSO
TRh, SRR Y 24 h. FHEAVEREEB R
YT 8~12 kDa BB ENT 4 d, B
WA TR, 3745 Oxdex-DOX B AMIGFER 62.7%).
KNG, TRV R R e B,
1.4 33 2 5 &k (Oxdex-DOX/PTX)# 45K,

Oxdex-DOX BETEIEH HAHFETE R, FF
BENGUKTEZ Y. S STR19189 771, 6l & e i)
7138 DOX il PTX FIWEZIHR. BAREREL SR
T FREL 24 mg Oxdex-DOX 14 mg PTX & F 3 mL
DMSO H, i idt, SRETHME] 15mL BEEREh
ZZIPIER(0.01 M, pH 7.4) ", 4REEHE 6h. FHRA
WIS BIEE > T8 8~12kDa HEHTARH%E
B 4d, KRB TR, S5 Oxdex-DOX/
PTX(FEHR 73.2%). BN LT FEFTEEIE. Oxdex-
DOX/PTX JZHH DOX A% 2h &l 7ot
FETHIE. HARERAER TR : i —E &Y Oxdex-
DOX/PTX #ZGHCHRET DMSO, M) 594 nm ALK
FIWZSERE(E. XHHR DOX MIbREMZITE Oxdex-
DOX/PTX Z 2GR ) DOX & &. PTX iz &
i LC-20AT S0 AHEIEIE, K Oxdex-
DOX/PTX MR T Z Mg, 46227 nm TS
M PTX, HHEPTX#HZiE. HAE=GRARHY
2 i B AR IR ST ) < 100 %
1.5 Z&MBMERERAE
1.5.1 £r9h &3 (FTIR) % #7

B & R T A IR AR SRR R, TR
Jr, H Bruker Equinox 55 FTIR £LAMGIEA 447
1.5.2 e R 4 R E el 2

DI A ZEOEEE, HPEEIEILNIE Oxdex-
DOX Kl 558 By e (CMO)™). W BB AL P )
dr, B R 107 mol- L AU, 7 AIFSEL 20 uL i%
FEWIINE] 8 A 10 mL AR a3 IE/ NI, Pz
T WETEE 10°~0.5 mg'mL" — RFAE K
JER) Oxdex-DOX % 2 mL, RUKIIA Lk 10
mL R EA/NEESEY, IHRAYEEHEER TR
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¥ 1h. H Cary Eclipse Z¢ 6184 (Varian, US) R4
REYIE AR SR, A KA 3350m,
SR 350~500 nm, 1% R S 4 T4 B
WER S 2.50m. 43 Alidsk 372 5 383 nm AbAY
KITEIREE L3, Lgs.

1.5.3 #4942 (TEM) £ AE

S%H JEOL 1011 BUE S HLESMZE Oxdex-DOX

HI Oxdex-DOX/PTX & GWIHAHIETEN. HE &Y
B 4> BOR TS CE RIS N b, TR, H 0.5% 18

I3t RAS SN =P =S

1.5.4 RAMIK RALIZ A0 MK,

% H] Zetasizer (Nano Series, Malvern Instruments,
UK TR A . A S ik ok 0.1
mg'mL'].

1.5.5 R H A

BRI RSN REA T R AEAE] pH (1)
PBS(SAR 4L 0.1 % H75E-80) Bk L BEh 22 nhidi
AT, DIASRIE S A H A R 2 o s, HAR R
YEINTF: ¥ Oxdex-DOX/PTX HZ5 o8 /B8 T
PBS(10 mmol-L™", pH 7.4)%, JBiE«E 4 1 mg'mL".
SRIGEL 1 mL AR W 3 28 7E 2 A4 b (MW CO
8~12kDa), I HET 10mL AN AYZ Pk %
B, AKIEORIR 37 °C; FEFUE [ B8] [a] bE DRSS
WG 2 mL B, MBI 2 mL #EELE i
B 2 mL B0 P& S G A i b R
i DOX M EBHABK 494nm, wARLEH K
594 nm, PEAETEEY A 10 nm); H LC-20AT S5508K
AT (Shimadzu, Kyoto, Japan; SPD-M20A 15l
2%, C18 ¥ 150 x 4.6 mm, 5 pm){E 227 nm AL E %
W PTX MR, omjﬁHﬁZH* HE— K (A
H 44:28:28), A 1.0 mL-min™.

2 #HR5IE

2.1 E4% Oxdex-DOX #54-5%,

Oxdex-DOX WY& GEARMNE 1 PR, WHLL
SR 2) ERTLAES), 1413 om™ HZEIRER)
fHgEIRENE, 1617 cm™ VA EIREIVUHE(C=N) BRI
WP 2826 cm™ Fl 2715cem™ 4k Oxdex "EEHRL(
C-H fh4aiRahgR C-H T‘nﬁ;i}&zjﬂﬁbrﬁw%/—\xxm%
THIe, RIS R R3] T E L RE S 5T
L.

(

H B
@O+ NalO, 2—0 Ot

0
(b) 3 to1
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8 OH O O
O oH S 2—0 Qo}
X Yo @ o yen
T H O CH, =
© O OH O » 5
2 HCTOAH o [ 2’0} 0 OHO O
HO i, ()
HOH.COC oy &1, T
DOX Oxdex Oxdex-DOX
© - .
’\/\/ + - -
= — 2
Oxdex DOX Oxdex-DOX
! '
SLiES H' aAY (c.
_—

0 ! A
W . W
1 (a)Oxdex, (b)Oxdex-DOX Fl(c)Oxdex-DOX/PTX ER R
AR BERAYBERTER
DOX |

Oxdex-DOX

SR/ (a.u.)

141347

4 000 SSJOO 3()JOO 25100 2(;00 15100 1600 S(J)O
WAem!
2 Oxdex, DOX #1 Oxdex-DOX HIZL Sy it B
22 RAEWVIERTIYHBKZ G RAE
FETNIREBRNE Oxdex-DOX ) CMC
{H. BEW/KEEAE 372 1 383 nm Ab7EEam )
A (370 1383) SR G R EERY = R 00lE 3 P, il
% Oxdex-DOX REWINNRIEZREW K, Lo/
WEETRE, &P S Y1248 sUBI A Oxdex-
DOX ) CMC {8, £1°4 0.18 mg-mL™"; HTF#2h5ik
RIENBMENG, R RHALE SR EWH —
TERFRAER], KA CMC (B T2 dih 5
= 3. Oxdex-DOX ZEHEHFIZE, PTX BRI AR,
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3 (a)Oxdex-DOX AR HH EERIHT S % 51 ik,

(b)) HIBELLES Oxdex-DOX iR EXTEI~ &
K 4 Fi7s. Oxdex-DOX F:LL pH UL 5
Oxdex Fl DOX £y, HAT pH BUSHE. AR pH
B, AR K, Kl S()FR, H pH A
FHAAE(T AR 6.5 Fl 5.0 I, Oxdex- DOX BEHTRE
2 (198 £ 10)nm 4351|3455 (251+10)H1 (341 15)
nm. X2&KATEMR pH ST, WHEEATRE W
Z, 5l Oxdex-DOX WCHVAKEFLMR. 1k PTX
J&i, Oxdex-DOX/PTX KEHCKIAZHH WAE A, MA(198+
1014 %364 +23)nm([& 5(b)).

(2)0xdex-DOX |
[ i L 2
° 2 .
‘ -
Mo
500 nm*

(b)Oxdex-DOX/PTX o
Y *

a’ ' ®

4 BEHEE
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(a) -
—a— pH=74
—e— pH=6.5
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33
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(b) —a— Oxdex-DOX
—o— Oxdex-DOX/PTX

HBL42/nm
5 (2)Oxdex-DOX ZEAR[E pH THIRIZ 575,
(b)Oxdex-DOX fa % PTX BIERIFIEZE{L

2.3 Oxdex-DOX/PTX # 2 B Ak 25 M BARAT H
H DOX b 2|45 Oxdex-DOX H1
DOX W EHR 24.9%, BERZHKHE Oxdex-
DOX/PTX iKW H DOX HIZ 284 13.6%. HERK
WAHPRE 2RI Oxdex-DOX/PTX BEHH PTX
B EA 40.9%. h T IRRE S PR E 25
FARRTT0E, AR RAFIIASEAE 37 CF pHAE
415.0, 6.5, 7.4 BZZMPEHT, 58T Oxdex-DOX/
PTX W ARAEAE] pH {E T DOX Fl PTX Ak
AN REA TR, HRTREZGhZnE 6 PR, 4
REHH DOX Fll PTX 2 R4y #RAE M2 25 o h
SERETIUNR, AMEERIH RN RIS, B
FEARREI A BT pHAEL 2 P2 RO EE # 2 hn
PR IX R PR DAy B B B R 3R R AR ) SR T I
HAY pH M B0, SRR pHAE S AFRE, &AW
H, BB R RS, FESAS T Oxdex-DOX
B2, AR IR FUf, bR TR PTX B3
. Hrp DOX WRBSCHE BEARR e, FEA4E3 pH
7.4 54T, DOX TE 92.5 hist iy 2RS4 25.8%,
PTX 894 3.6%. K80 pH {EFE %R 6.5 1 5.0
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B, DOX 7E 92.5 h B i) REVEEICE 50514 31.8%F1
79.3% (%l 6(a)). PTX RSO R Ml R B
pH B FERm PR, 7EMKpHAE 6.5 F15.08, 92.5h
W PTX 1) R 7304 4.5%F1 6.3%([&] 6(b)).
PTX 2Pz 8 v R IR A R AR H
AMTEREHAZ N K XIS, T DOX Al PTX AOPTIE
YERBLEIAE, DOX Fl PTX 2Rt X fh A ]
e AR AR I RO TE T A R P AR
SR 2RI, DOX MURBEHIGHE BT, DOX HRN EIE4H
Ha DNA H, 5|40 T, & SPUEEH.
TEL 24 5 1, DOX R, M2 ) PTX
YUBZIIRLIE RO RS, BN R, e
PTX e ESPusiEH. s, HTMEALARF
TEH 2R IG pH AR FRAMER 52, DOX HI PTX
2RI pH a6 T A R A
B, 1% pH BUBHNEE 2T T & S g 2
[ BRIk R

g0 (@DOX

70 —_— pH:7.4
—e— pH=6.5

60 —a— pH=5.0

50
40
30

LN el

10
O 1 1 1 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70 80 90 100
I T8)/h
70 (bPTX
6 —-—pH:7.4
—e— pH=6.5
5 —&— pH=5.0

R %
~

0 ]IO 2|O 3IO 4|0 5J0 6J0 7J0 8J0 9b 160
i fE)/h
6 AR pH T DOX F1 PTX BYMHME R B £
3 #ig

AU AT AT EL, % T pH R
JSZH) RIS, 3 pH BRI By bl 25 2%

2o+ 5EAE RIS &, &b ER-A0k
RPN 1. AT 25> TAOKIE P REDS B
AT ISR B A IR K 2. RFh2
PRSP RS R A SAZREAE B2 O
YIRENE SR, HFRARIASE pH [HRENR 2 Fihgh
PRV RECE RE, SCBLZ M2 bR Y . A
TRZHZURATIR pH (EAYAEPRORTRE A5, %A,
JEAR B X FMIE pH (B A& 2GR RA T Aot T e
HI6)T BARBRE X, o TR B bR 2
Yk &,
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pH-triggered doxorubicin and paclitaxel co-delivery micellar system

for anticancer drug delivery

NIU Li-jing, LI Bo-wen, QIU Qian-kun, RAN Jia, ZHAO Ling—ling*, LIANG Hong-ze
( School of Materials Science and Chemical Engineering, Ningbo University, Ningbo 315211, China )

Abstract: pH-sensitive and dual-drug loaded micelles for anticancer drug delivery are prepared based on

aldehyde dextran according to the special physiological microenvironment of tumor tissue. Oxdex-DOX

conjugates are firstly synthesized by conjugating DOX with the polymer chain of oxide dextran through

pH-sensitive imine bond. The prodrug conjugates can assemble and form micelles in water, and hydrophobic
drugs such as paclitaxel (PTX) can be loaded in the core of micelles to form dual-drug loaded micelles for the
synergistic treatment of cancer. FTIR, and 'H NMR and dynamic light scattering are used to characterize the
structure and property of the micelles. /n vitro drug release shows that both DOX and PTX may release from the
dual-drug loaded micelles for several days, and release rate of both drugs may be accelerated by lowering the

media pH from 7.4 to 6.5 and 5.0. Due to the lower pH value of tumor tissue than normal tissue, the pH triggered

drug release from the micelles is more conducive for cancer treatment.
Key words: DOX; PTX; micelles; pH-sensitive; drug release
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