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Abstract: This study was conducted to produce pectin-doxorubicin conjugate (PDC) nanosuspensions by
high-pressure homogenization, and investigating the physico-chemical properties, the cumulative release rate
in vitro and in vivo, and the anti-tumor activity. The major production parameters such as pressure, cycle
numbers and types of stabilizers on the mean particle size and polydispersity index (PI) of PDC nanosuspensions
were investigated. The cumulative release rate in phosphate buffer saline (PBS) at pH 5.1 or 7.0 were studied.
The concentration of doxorubicin (DOX) in plasma of rabbit were recorded after intraperitoneal injection of
PDC nanosuspensions (DOX was equivalent to 10 mg-kg ™) or DOX (10 mg-kg ™). We established an animal
model of the nude mice with SKOV; cell, and injected the PDC nanosuspensions (DOX was equivalent to 10,
5, 2.5 mg-kg™) in the first day, and observed the growth state of nude mice. The particle size of PDC
nanosuspensions was 118.8+£6.93 nm, Pl was 0.14+0.03, as well as the zeta potential was —27.2+0.36 mV.
It shows that no drug release was found in PBS at pH 7.4. About 40% cumulative release was determined

: 2016-04-16; 1 2016-04-29.
: (2011ZX09102-001).
* Tel / Fax: 86-28-85503334, E-mail: pharmmateceo@aliyun.com.cn

DOI: 10.16438/j.0513-4870.2016-0357


www.willnano.cn
www.willnano.cn

- 1477 -

in PBS at 5.1 after 30 h.
than that of DOX group.
ascites tumor and burrknot.

The concentration of DOX in plasma of PDC group was 60 ng-mL™*
Compared with control group, high-dose-group decreased the weight of nude mice’s
PDC nanosuspensions can inhibit the growth of SKOV; cell line in nude mice.

, and was lower

In summary, PDC nanosuspensions are target-specific drugs with high efficiency and low toxicity in the ascites

cancer model.
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Scheme 1 The synthetic formula of the pectin-doxorubicin
(DOX) conjugate nanosuspensions (PDC)

[10, 11],
, ’ [12-14] , ,
PDC
[15], ,
SKOV; '
F6/10-8G (
); NanoGenizer (J5
RN A LD BARE BR A7), %
Nicomp380 Z3000 (F5 M LA K AEMEARA R A
A); TU-1810S (
)i H-600 ( );
( Mw 3 500, Sigma ); Agilent
1260 [ ( ) ]
PDC
, DOX
: (E80,
Lipoid GmbH ); 188 (F68,
BASF ); -K30 (PVPK30,
); (CMC-Na,
); 400 (PEG 400),
(SDS) ( );
2- -B- (2-HP-4-CD, Aladdin industrial
corporation); , (DMSO) (
); (
); (

BALB/c (nu/nu) ,
( ) . scxk


www.willnano.cn
www.willnano.cn

- 1478 -

Acta Pharmaceutica Sinica 2016, 51 (9): 14761482

() 2013-24, :sexk () 2013-14
SKOV, (
) 122%2 60%
SPF
PDC 10 mg PDC
, 10 mL, 25000
r-mint 5 min
, 110 MPa 25 min,
PDC
0.05% 0.1% 0.5% 1% 2% ES80
PEG400 F68 PVPK30 CMC-Na 2-HP-p-CD,
(polydispersity
index, PI) , , 5 10 15
10 PDC,
) , 80 110
40 180 MPa ,
5 10 15 20 25 30 35 ,
Pl
zeta ,
1 ,  ZerasizerNano ZS90
Pl , 3,
3 PDC
, , 5
10 15 30 Pl zeta
PDC
PDC , ,
(TEM) 6.0x10*
75 kV

: ZORBAX SB-Aq C18

1 250 mmx4.6 mm, 5 um : SDS
(SDS1.44 ¢ 0.68 mL 500 mL)
472 47.2 5.6 (VIv) :1.0 mL-min?,
125 : DAD, : 254 nm,
120 pL
DOX , HPLC ,
(Y1) (X2) ,
DMSO (1 49, viv) ,

DOX , (520 nm)
, (Y2) (X2)
3
PDC , 20000 r-mint 10
min, , HPLC , DOX
(B), DOX 10.0556 min,
PDC , 20 min
, DOX
PDC 1mL, DMSO
50 mL, DMSO ,
520 nm ,
DOX (D) PDC (%) =
(D-B)/Ex100 ( E PDC )
PDC PBS ,
DOX , , HPLC ,
(Y3) (X3) ,
PDC (20 mg-mL*
25.3% DOX 0.2%) 1 mL  5mg-mL*DOX
1 mL , 40 mL pH
74 51 PBS , : 37
120 r-mint 05 2 4 6 8 24 32 48
72 h 0.5 mL, , HPLC
, DOX (A)
37 PBS PDC
DOX , DOX 0.2%,
DOX PDC , (%) =
A/(PDC x + DOX )
PDC
, DOX , :
1mL, (200 pg-mL ™)
20 pL , ( - 3 1, v)
1 mL, 10 min, —80 20 min,
12000 r-min* 10 min,
1, 2 , 40
, 1 mL ,
( ), HPLC
(Y) DOX (X)
( DOX
),
DOX 10 mg-kg %,
37 PDC (20 mg-mL*
25.3% DOX 0.2%)  DOX ,
5 20 40 60 90 120 180 240 300


www.willnano.cn
www.willnano.cn

- 1479 -

360 min , 2500 r-min* : ; F68
10 min, 1mL, PVPK30 2-HP-4-CD
, HPLC , DOX PDC 300 nm , , 1
DOX DOX 0.2%, , 15 PVPK30
DOX PDC 589.9+13.3 nm,
DOX, DOX - ; 2-HP-p-CD 711.3 %
PDC 35.3 nm, , ) ;
PDC SKOV; F68 285.4+ 8.7 nm,
BALB/c (nu/nu) 40 2x10° 15 281.4+9.2 nm, ,
SKOV; , 7 5 , , , , F68
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( DOX 10 mg-kg'l); PDC ( DOX , 1
5 mg-kg!); PDC ( DOX 2.5 mg-kg™ , ,
( 5 mg-kg'l) 110 MPa, 25 , 117.0+£13.2
, 7 , 28 , nm, PI 0.113 +0.054; ,
: . , P :
( 25 , Pl 0.2,
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PDC 118.8+6.93 nm, PI 0.14+0.03,
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Pl ; PDC
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Figure 1 Effect of different stabilizers on the mean particle size and polydispersity index (Pl) of PDC.

The concentration of E80 / %

The concentration of 2-HP-$-CD / %

a: Polyethylene glycol 400

(PEG 400); b: Poloxamer188 (F68); c: Polyvinylpyrrolidone (PVPK30); d: Sodium carboxyl methyl cellulose (CMC-Na); e: Lipoid (E80);

f: (2-Hydroxypropyl)-g-cyclodextrin (2-HP-$-CD).

n=3, Xz*s
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Table 1 Effects of different stabilizers on the stability of PDC under ambient temperature for 15 days. n=3, X s
Compound . Zeta potential Particle size/nm
mv od 5d 10d 15d
0.1% F68 0.261 + 0.06 —27.0£03 285.4+8.7 2762 £11.1 309.5 +12.3 281.4+9.2
0.5% PVPK30 0.340 + 0.037 234102 357.3+£11.6 398.8 + 15.3 379.5 + 6.4 589.9 + 13.3
0.1% 2-HP-$-CD 0.138 £ 0.029 —22+0.2 267.8+9.8 3512+ 175 462.4 +16.8 711.3+35.3
a 4001 N ET(})OMI\Z; (R®=0.9998), DMSO
HE ] = siox :Y,=51.2730X,+0.0885 (R*=0.9999)
8 3 PDC 249% 253% 25.8%,
e DOX DOX 0.3%
5 10 02% 02%,  DOX , PDC
oL | | DOX
5 10 15 20 25 30 35
i Cycle numbers - 5 PDC
- .——f\/\ finibpaly PBS : Y3=0.0125X3+0.0056
8 180MPa (R?=0.9996) pH 7.4 ,DOX 10h
=0 , 70% ,PDC
109 pH 51 ,PDC 30 h ,
0.05 40%, 4
0.00 : ; . . ; .
5 10 15 20 25 30 35 -
Cycle numbers S —e— PDC pH=5.1
Figure 2 I_Ef‘fect_of homogenizati(_)n pressure and cycle numbers o 60 : P})‘éf(i‘;;i
on the particle size(a) and polydispersity index (Pl, b) of the 12
pectin-doxorubicin conjugate nanosuspensions. n=3, X s § 40 1
35 20 1
—27.2+0.36 mV, 0 , £
O
) ' ; 30 ¢ 0 10 20 30 40
178.1£14.65 nm, , Time / h
, 30 Figure 4 The release profile of PDC and DOX in phosphate
buffered saline (PBS) at pH 5.1 or 7.4
3 PDC
PDC , 6 PDC
100 nm , 3 i : Y4=0.0007X,—0.0047,
4 PDC R°=0.9996 , DOX DOX 5
L ¥,=00257 X, +0.0074 ™" Lugml™ ,2h 60 ng-mL"*
PDC DOX 200 ng-mL*
, 60 ng-mL*
, , , PDC
DOX DOX , DOX
, 5
7 PDC SKOV;

PDC 0
0.90+0.74 2.02+0.63 g, 0.22+0.13
0.58+0.58 1.18+0.28 g; DOX

Figure 3 Transmission electron microscope imaging of PDC 0.18+0.16 g, 0.17+0.12 g;
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400
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Figure 5 The drug concentration-time curve of DOX. Injected
with PDC (DOX was equivalent to 10 mg-kg™) and DOX (10
mg-kg™), observed the concentration of DOX in plasma for
360 min

2.36+0.43 g, 1.20£0.24¢g
3 ,
PDC ,
DOX .3
(P<0.01) , PDC
DOX 05¢g 1.8 g,
( 32 9)
(P <0.01), ,
DOX PDC , DOX
: , 2

Table 2 Effect of PDC on the SKOV3; model of nude mice.

n=3, x+s. P<0.05 “P<0.01 vs control group; “P <0.05,
#P<0.01 vs DOX group
el Burrknot Ascites tumor Body weight
Group/mg-kg 9 /9 change/g
Control 5 1.20+0.24 2.36 +0.43 3.2
DOX 5 0.17 +0.12" 0.18+0.16™ -1.8"
PDC 25 1.18 + 0.28" 2.02 +0.63* 27
5 0.58 + 0.58™ 0.90 + 0.747* 16
10 0.22 +0.13"™ 0" 05"
PDC
) , PDC
, Ostwald-Freundlich ,
0.5% F68 (w/v),
[16] 30
PDC pH5.1 ,

40%, pH 7.4
, , PDC
pH 7
: pH (pH 5),
PDC
6h ,PDC DOX
DOX PDC DOX
, , PDC
SKOV;
, DOX
, PDC ,
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