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48 h . PEOz-NH,
1 ( ) 3496 cm™' —NH
Bruker vector 22 ( Bruker 1 637 ¢cm ™! EOz
)  AVANCE-600 ( TMS 1
Bruker ) Waters 1515 547 em™' —NH o
( Waters ) JEM-1200EX "H-NMR ( 600 MHz DMSO-d,) 5 3.4
( ) @ Nicomp380 Z300044K  (m PEOz—NH, —CH,CH,—) 2.1 ~2.4
HI12 5 ZetaBRAL T GHRMBIRA R EMRA (br s PEOz—NH, —CH,—)  L1(s
BIRAF)  UV-9100 ( PEOz—NH, —CH,) .
) DFY-5L/ ( GPC) 5 296
30 ( ) 1.17,
1Y922D ( 2.1.2 ( CSMS)
) FA1104 ( (MS) 0.4 g(3 mmol) \N-
) DF401B ( 0.3 ¢g(4.5 mmol) 30 mL
) ZRD6-B ( DMSO 13- ) 3-
) o ( EDC) 0.86 g( 4.5 mmol)
2-  2- (EOz 8 h, o
) ( MeOTs Sigma (CS)5 g( 0.1 mmol)
) ( 0.50 48 h
x10° 95% 60% 50 C o
) ( 87.2% . CSMS ( )
> 98.0% 3427 em™  O—H 2876 cm ™!
HF070312 C—H 1 741 em™!
) EDC( ) 1 659 ¢cm ™' 1 601 cm™'
( 1323 em™! 1154 cm™!
081008 3 500) DMEM C—0—=C 1079¢em™  C—O0
( GIBCO Grand Island NY USA) ( . "HANMR (600 MHz DMSO-d,)
) o 52.06(s —COCH,) .3.22( s
CH) .3.40(s CH
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MeOTs 0.202 5 ¢ 80 (0. 12 mmol) 72 ho
C 24 h PEOz 6.5%
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11 :pH (2- 2- ) - - 831
( PEOzg-CSMS) 6.2 g( 0.1 mmol) 30 3 mL
mL 0.22 g( 4.5 mmol) 0.1 mol-L™' 10 mL 37 C
12 h. . 2 he 480 nm
2.1 g( 30 pmol) \EDC 0.29 g( 1.5 mmol) o
30 mL DMSO 0.54 g =m,/m, x 100% . m,
(1 mmol) 24 h. (mg) m,
o (mg) o
IR( ) ( DMSO-,)
. ( ) 1.
3300 em™'\2 400 ~3 400 ¢cm~'.1 530 ¢cm ™! 1 mg ;
—NH .—OH —NH 2 mg o
1734 em™ —C=N (
) 1630 1640 cm™' .
—C=N 1154 em™  C—0—C .
1 079 e¢m™ C—O0 o
"HNMR (600 MHz DMSO-d,) 53.4
(m PEOz—NH, —CH,CH,—) .2.1~2.4 o
(br s PEOz—NH, —CH,—) . 1.1 (s DMSO
PEOz—NH, —CH,) .1.12  2.65(s DOX 20 mg 1 mg
(i —CH,;) .3.22 (s —CH—) . o
3.97(s DOX 4 - CH,;) \4.05 ~5.0(br s PEOzg-CS-Hyz-DOX
—CH—) .5.28( s DOX 4.2% o

H4%) 7.63(s DOX H2) 7.9(brs DOX
HA 3) . IR
o 1
2.2
PEOz-g-CS-Hyz-DOX(
) - PEOz—g-CSMS (
) 2 mL, DMSO
0.45 pm PEOz—g-CS-
Hyz-DOX PEOz—g-CSMS/DOX
2.3
0.45 pm
3 mL DMSO
10 mL 480 nm
( entrapment efficiency EE) ( load-
ing content LC) =m,/m, x
100% ; =m,/(m; +m;) x100% .
m, (mg) m,
(mg) my (mg) -

Table 1 Influence of DOX amount on the encapsulation
of DOX in polymeric micelles
1

m( DOX) /mg EE/% LC/%

0.5 80. 82 3.84

1.0 59.35 5.62

2.0 26. 34 5.01
2.4 N zeta
1%

o Nicomp380
0 JEM

-1200EX

( 2):PEOzg-CSMS/DOX

(132.1 £6.9) nm PEOzg-CS-Hyz-DOX
(129.4 £3.4) nm

0 PSS-

PEOz-g-CSMS/DOX
-16. 15 mV

NICOMP380 ZLS

zeta

PEOzg
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® Pt
N :
HyC S-CH; + \(_7 acetonitrile O%Et

1
(poly(2-ethy1-2-oxazoline),PEOZ)

HOOCH,COH,C
CS EDC.NHS EDC-NHS
. _
Carboxymethyl chitosan ‘mono-methyl succmate. n 1
NH,
NHCOCHQCH2COOCH3
(CSMS)

N ] NH,NH,
A 1
NH;
NHCOCHZCH2COOCH3

(PEOz-g-CSMS)

H,C HNOCH,COH,C OH2C
N - EDC

, DOX
NH,
NHCOCH2CH2COOCH3

(PEOz—g-CSMS-NHNHz)

H,C 1\ /\1/HNOCH2COH2C OHZC
N z

(PEOz-g-CS-Hyz-DOX)

Fig.1 The synthetic route of PEOz-g-CS-Hyz-DOX
1 PEOzg-CS-HyzDOX

-CSMS zeta PEOz—¢-CS-Hyz-DOX 3.
PEOz—g-

CSMS DOX o PEOz—g-CS-Hyz- 120 nm

DOX zeta -2.52 mV, o

PEOz—g-CSMS/DOX o
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Fig.2 The size and size distribution of PEOz-g-CSMS/DOX micelles ( A) and PEOzg-CS-Hyz-DOX micelles ( B)
2 PEOzg-CSMS (A) PEOzg-CS-Hyz-DOX
(B)

A B
Fig.3 TEM photograph of PEOz-g-CSMS/DOX micelles ( A) and PEOz-g-CS-Hyz-DOX micelles
3 PEOzg-CSMS (A) PEOzg-CS-Hyz-DOX
2.5 pH
2 3 mL
80 mLpH 7.4.6.5.4.0 1.2 o
37 C 30 remin"' 100
3mL pH 3
iy 80
o = @
)
5 ?30 60
=]
pH 2 28 40
< =
— O
o ER-"
g 20
PEOz—g-CSMS/DOX 6
4 - pH 7.4 0 20 40 60 80 100
96 h t/h
58.3% A—pH 1.2; m—pH 4.0; x—pH 6.5, e—pH 7. 4
° pH 6.5 Fig.4 Release behaviors of DOX from PEOz-g-CSMS/
pH pH DOX polymeric micelles in vitro under different pH con-
o pH ditions
4.0 4 PEOz-g-CSMS
96 h 89% . PEOz—g-CSMS/DOX pH
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PEOz-g-CS-Hyz-DOX 6. pH 7.4 PEOz—g-
5 o 5 CSMS/DOX PEOz—g-CS-Hyz-DOX
pH DOX
PEOz—g¢-CS 3 o PEOz-
g-CSMS/DOX PEOz—g-
. pH CS-Hyz-DOX o
o pH 7.4 100
96 h 13.03% b
: pH 40 & %0 -I—T
96 h § 60 bey T
64.39% pH 7.4 .§ 10| b Fﬁﬂ ﬁ_)ﬂ
o PEOz—g-CS-Hyz-DOX ;-b; a
0 0.5 I 5 I 50 I 100 I 200
’ p/(mg * L)
" 100 a—P<0.05,PEOz-g-CS-Hyz-DOX vs.DOX (one-way
S analysis of variance test); b—P<0.05, PEOz-g-CS-
ERS 80 Hyz-DOX vs.PEOz-g-CSMS/DOX group; [1—DOX;
E’DE) 60 O0—PEOz-g-CSMS/DOX; @—PEOz-g-CS-Hyz-DOX
b g Fig. 6 The cell cytotoxicity of PEOzg-CSMS/DOX and
% g 40 PEOz-g-CS-Hyz-DOX against MCF- cells the cells were
g & 20 incubated for 24 h
3 6 . PEOzg¢-CSMS/DOX  PEOz-g-CS-Hyz-
0 20 40 60 80 100 DOX MCF-7  24n
t/h 2.7
m—pH 1.2, e—pH4.0; x—pH 6.5, A—pH 7.4 MCF-7 1 x
Fig.5 Release behaviors of DOX from PEOz¢-CS-Hyz—  10° 12
DOX polymeric micelles ir vitro under different pH con— 10 mg+L~" PEOzg¢-CSMS/DOX
ditions <PEOz-g-CS-Hyz-DOX
5 PEOz-g-CS-Hyz-DOX ( DMEM ) 37 C
pH 0.5.1.0.1.5.2.0.3.0 4.0 h.
2.6 MCF~ 4 C PBS( pH 7.2)
3 100 plL 2.
MCF4 50 cellsep L.~ 3 min PBS
96 37 C. 5% ( 25 s
CO, 24 h PEOz¢- 35s 100 W 5 min) 15 000 r*min "' 10
CSMS/DOX + PEOz¢-CS-Hyz-DOX min 497 nm-
DOX 200 pL DOX 555 nm
10.5.5.50.100 200 mg+L~'. . 7 3
6 DMEM o 0.5 h
200 plL 5% CO, N PEOz-g-CS-Hyz-DOX o
37 «C 24 h 5 gL' MTT
20 pL 4 h 2
DMSO 150 pL 10 min 492 nm o PEOzg-CSMS/DOX
oD o 24 h MTT PEOz-g-CS-Hyz-DOX
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Fig.7 Cellular uptake efficiency of DOX mediate by
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Preparation and characteristics of poly( 2-ethyl2-ox-
azoline) -chitosan-doxorubicin polymeric micelles

HU Haiyang SUN Yan KANG Shuang-ming ZHAO Xiudi QIAO Ming=i CHEN Da-wei
( School of Pharmacy Shenyang Pharmaceutical University Shenyang 110016 China)

Abstract: Objective To synthesize poly ( 2-ethyl2-oxazoline) -chitosan-doxorubicin ( PEOz-g-CS-Hyz-
DOX) and study the characteristics the inhibition effects and cellular uptake of the pH sensitive amphiphilic
copolymer micelles. Methods The morphology diameter and surface potential of the micelles were character—
ized by transmission electron microscopy( TEM) dynamic light scattering( DLS) and zeta potential analy—
zer respectively. The in vitro release behavior of DOX from polymeric micelles was investigated using dialy—
sis method. The cellular uptake of polymeric micelles were inveatigated. Results The synthesized polymers
were characterized by FTAR '"H-NMR. The results indicated that drugdoaded amount and entrapment effi—
ciency of the PEOz—g-CSMS/DOX micelles was 5. 62% and 59. 35% respectively. The drugdoaded amount
and grafting rate of PEOz-g-CS-Hyz-DOX were 4% and 61.5% respectively. The micelle was globular—
shaped and had small diameter with a narrow size distribution. The pH-sensitive drug release behavior of the
micelles was pH dependent. The cytotoxic against MCF- cells in vitro and cellular uptake of PEOz-g-CS—
Hyz-DOX were stronger than the PEOz—g-CSMS/DOX micelles and DOX solution. Conclusions It can be
concluded that the copolymer micelles using chitosan carrier by chemical acylhydrazone releasing drug may
be applied as promising drug delivery system for anti+tumor drugs.

Key words: doxorubicin; pH sensitive; poly( 2-ethyl2-oxazoline) ( PEOz) ; chitosan; amphiphilic copolymer

micelles; cellular uptake





