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PSR % W AS49 st P-5-FU #= 5-FU #9320 3% A 0 209 £ 3. ¥ 5440 fe
ASGPR % &-1% % )G Bt tn fiu 3t P-5-FU 4= 5-FU # B IRS AL A A 20 £ 5], £ R &
RIS R B AT T4 F M e &) & A 6 e

KW R K AT ; HepG2 ; ASGPR ; $e 151 46 25 1K &

FE 4K S R4 X ERFRIRED . B

In vitro Evaluation of Pectin Nanoparticles Targeting Effect
for Hepatocellular Carcinoma Cells

WANG Yan-mei, LI Na-mei, LIU Ge-sha, HE Dong-xiu, TANG Guo-tao,
LEI Xiao-yong, YAN Feng-xiang, YU Cui-yun*

(Institute of Pharmacy & Pharmacology , Department of Pharmacy, University of South China,
Hengyang , Hunan 421001 , China)

Abstract ; Natural polysaccharide with good biocompatibility and biodegradability is always

used as drug delivery system which offered numerous advantages, including reducing side
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effects, prolonging duration time, retaining drug bioactivity, and thus improving the thera-
peutic efficiency. This study aimed to propose a targeting human hepatocellular carcinoma
cells (HepG2) drug delivery system based on pectin nanoparticles whose chains have a
large number of galactose residues and evaluate their targeting effect on HepG2 cells. Cyto-
toxicity study( MTT) in HepG2 and A549 cell lines demonstrates that the resulting 5-flu-
orouracil (5-FU) -loaded nanoparticles are more potent in killing cancer cells with over-ex-
pressed asialoglycoprotein receptor ( ASGPR) on their surface, compared to free drug.
While 5-FU- loaded nanoparticles can also inhibit the proliferation of A549 cells in a dose-
dependent way , but there is no significant difference compared with free 5-FU. Cellular up-
take of 5-FU and P-5-FU by HepG2,A549 cells was detected by High Performance Liquid
Chromatography ( HPLC). The HPLC results illustrate that the HepG-2 cells can uptake
more P-5-FU than free 5-FU, while co-incubated with galactose the HepG-2 cells has a rel-
atively low uptake rate compared with P-5-FU and was closely comparable to that of free 5-
FU. But the amount of 5-FU and P-5-FU in A549 cells was almost the same ,when co-incu-
bated with galactose for 2h the amount of uptake of the two cell line also has no significant
difference. The results indicate that the additional galactose competes with the “galactose
residues” in the pectin-based nanoparticles for binding to HepG2 cells, thus affects signifi-
cantly the targeting efficacy of nanoparticles. However,no obvious difference was observed
for A549 cells under the same condition. The overall results confirm the targeting efficacy

of pectin-based nanoparticles towards HepG2 cells.
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JREAER A AL 45 2 T b A 2 R VR A AR 1 2 1R R
KT AS549 JitidEs 40 M2 AL 1 A ASGPR 3R
IR, SOAR B ST A8 T AS49 Jili i 4 B A A
HepG?2 JH-Ji 200 114 X BEHe 147 440 4/ 1% 440 i 53 1
1 it 5 H R B 1] P R AR

1 SEEGHER Ay

1.1 UE5EF

HP-1100 B S 880800 (A5 (£ EZHERA
F ) S-SR WEE (5-FU ), S (- Sigma 2\
P9135 Mw = 1.18 x10°g/mol, £ & BOGE
W ) A (LR Z ) SRS (Kt
BLERCA R F] ). MTT( 3£ Amresco A H]) , 4
i (RHERHERRA BRA F ), DMEM K37 3 (55
Hyclone 23wl ), J& 48 MLIE (3£ [E Gibeo A ),
HepG2 A JH¥ 241 M bk ( i 2B i Bh 2= i 52 Bt )
AS49 N Jififi A bk (AR 2% 242 5 A ARl 22
B P im 3 PR A AT AR L) A R 1 o
Mrai.
1.2 RREHANKNFHHE RIEBHE.

BEHRREIMER

B 5-FU FIESLGRAL T 10 1 2%, RAF , 2K 24
i, A3 58 N AR AP R R R AT R A A 22 T Y
.
1.3 MTT &# 5-FU P-5-FU &% BHKKF

Xt e 25 240 B Y 165 5E 400 114 R

BOW B4 K1) HepG2 P40 S AS49 Jifi
FEAMM , W ST 35, 0. 25% S Ak, A2 il
TH IS FR ML IR TH AL, TSGR LS ] 200 i 235
JEZE 5 x 10*/mL, RS 5 R 96 FLAR,
fL 200 pL, & F 5% CO, .37 CHIBEFHIESR,24 h
JaW SRR SR, A BN 5-FU Ml P-5-FU fi 8%
Fie, ¥ 5.1.7.0.56,0. 19.0. 0063, 0. 0021 .
0.0007 mmol/L &5 7 /¥ B Je X B4, B4 3 A~
SEAL. GREEE T 5% CO, .37 CHIBEAI R 97,48 h
J&  BALIA 5 mg/mL MTT 20 L, BEAG #EERE 557
4 h 5, W3 B3, BALIA 150 L DMSO, & %
10 min Z35P (045 &) 78 0 AR 50, FHRHRASCR:
AL F I 570 nm BEMRICME , #eaTHR B
AR R % = (XFIR4] oD {H - 44
2540 OD {H ) /% B4 OD {H x 100% , 3 J SPSS
18.0 114 5-FU ) P-5-FU X} HepG2 JT-J& 2 it Kz
A549 JitiEE 2R L) 1C50 fH.

1.4 HPLC 73E#M HepG2 K A549 ZHAANT 5-
FU & P-5-FU BYiREUE R

141 A EC

5-Fu /KB E R 10 o/ L BRI A, 5-
BrU FH/KHECK 0.5 o/L B .
1.4.2 4525 Jbe i R AR

BOW B4 K1) HepG2 TR 40 Kz AS49 Jii
FEANM , W 3755 2590, 0. 25% JBEHET Ak, % 1
TH IS FR ML 1R Ak, i 040 A2 8 94 20 g
B IRIRIRA) S HE 1 x 10°/FLIN B B4R T 6 fL
M, LR IR 2 mL, BT 5% €O, 37 C I
FARESR, B 2 d BRI — IR, B A0 B EE ALY
JGHR. SEI I UR T 24 h T A B IR 4 2
HI 1 h, BRI, 5 PBS vk 2 kAR
JIA 1 mL HBSS( 53 —41 i A 800 mmol/1. f)2f
FLBE, MEC K FLBE X HepG2he AS549 7 i 2 fitg %ot
P-5-FU MHEHUW I ) , 78 37 CHFHE 120 min. T
F W, A 355 0.5 mM/L Y 5-FU il P-5-
FU 1) HBSS, 43 57E 120 min B, (%455 A% IRZL)
W 250 TR, A ) HBSS Uk 3 1k, 4%
JE A 200 pl B 7K, A - 80 BEvKFE IR AF,
w3 AEAL.
1.4.3  FESAHT

o 3% 55 F . 6 3% # . Kromasil C18 8 3% 4%
(4.6 mm x200 mm,5 pm); FEhAH: ZE-K (1k
TR 5:99) ; Wi 0. 9 mL/min; A i I K .
265 nm; MR . =R,

RESRALBE BERE SN — 80 FE VKAR B, 2 B R
Al 3 YR S An i, IR S L 12 000 o/ min B0
15 min, B3 200 wL JITPIFR(0. 05 ¢/L)20 uL A
1 mL 2R W, gl A 4 min, 4 000 r/min &5 >
10 min, LR L Hg )2, B AWK T, 58 H 50 wL
TLSIAH 20 pL JEFE.
1.4.4  FrofEfhZenygsr

BOW B4 K1) HepG2 TR 40 K2 AS49 Jii
FEANM , W 3755 5890, 0. 25% JBEHEE Ak, % 1
TH IS FRIZE 1R Ak, i 040 A2 8 94 240
W RIRIRA 1 x 10°/m® BB EHERT 6
LA, B2 200 L A 0 R A AL ISR, B0 B T
JA 5-FU bR W, il M B2l 0.5.2.5,
10,100 pg/mL PR FE M AOEREGE “1.4.3 ¥
AL DL HPLC Rzl o 5-FU & &, filfE bR
ek, A 3 HEAL.
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2 EREGHE

REEBAMKN TS, RIE, BB E,

BEER ARIMER
BEGYURABLT W 7k RIES #iZj it
F 3R T RN S IR AR IR A 2 Wi A ikt
AEFIRB T 37.7% , 825 28. 14% , It HAEF
pH =7. 4 By P T H 2 B BRI 1) 4 R R
B 1 R R R T 1385 S H B BE A, L TEM
HLBRZE R AT DL Y, SR 9 K T (1) - ki A%
1E 40 — 80 nm 2 JH].

2.1

100KV X 48000

REREMANFRRERR
Fig.1 TEM images of pectin based nanospheres

E1

2.2 5-FU K P-5-FU %t HepG2 BFREZAAEFN A549
it 25 £ R R 1 SE 3 40 46 A

AT R MTT %487 5-FU P-5-FU K&
25 AR BT X HepG2 JHHE 4N ML A1 AS49 filidé 4
JHLEA) S IR . 25 KRR S 3R 2 9k
AL BEARTR] AN RV B 19 25 1 90 K ORE 34 R % 1
s 200 B 7 A 00 AR P e v TR B 25 1 A KOk X
HepG2 Fll A549 2 ffl~F- X530 i 25350 by 4. 07 % Fl
10.07% , 2 2715 19 b 200 JHO 7 o A 8 10 25 1 4K
i Ab I 48 h 5 A A B BT ] A 0 SR
FYARRLT BA R A YA 2

K 3 £RIME 5-FU & P-5-FU % HepG2 K
AS49 W 98 440 A 10 14 A 4 . TR 3A 3
B P-5-FU X} HepG2 4 fig i34 58 H A BH W 40 il 7
FH(p<0.05), H 254K, /E % 5-FU B
T BEGE  WE 3B FB P-5-FU Ml 5-FU %} A549 4f
MaXEFE IR HIVE A, AR ULBH 22 5] (p >0.05). A
1 P 3 0] LUE H, % HepG2 40 i 1fii 7 , P-5-FU
) 1C50 {HEUF B 5-FU /) 1C50 BH s/ 1 %
A549 il 1 &, P-5-FU ¥ 1C50 18 5% & 5-FU

2013 4£3 H
4 1C50 fE=Z [E] I J0 .25 22 5+

1507
ES 1004
%
Mg
H
% 50

O_ T T
control HepG2 control A549
B2 =z B KH T A B e 20 B ik B S5 SR 4 6 4E

Fig.2 The inhibition rate of blank nanoparticles

on HepG2 and A549 cells

1.0 HepG2(P<0.05)
0.81
L 0.6
iy
=
= 0.4+ — 5-FU
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0.0 T T T 1
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1.0 1 A549(P>0.05)
0.8 1
X
< 0.6 1
oy
= 041
0.2 1
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3 5-FU & P-5-FU %t 7[5 Bhyes 40 R ik 9

HEIEMFIER (A-B) (n=3)

Fig.3 The inhibition rate of 5-FU and P-5-FU

on HepG2 and AS549 cells

£ 1 5-FU K P-5-FU 33 7[5 g 4R Rk 9 1CS0 1B
Table 1 The IC50 of 5-FU and P-5-FU on

HepG2 and A549 cells

1C50/(mol - L™")

HepG2 A549
5-FU  0.45x107* £0.4339 0.44 x107° +0.07308
P-5-FU 0.17 x107* £0.4269 0.52 x10~° +0.0393
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2.3 FRAEBMIZMIEL

B HepG2 J A549 75 AR, 73 A A &
FUARAETR I, T« FE S AR B I0 R AR A B AE. Lidn
MO 5-Fu FRITHR RE S A bR, Rl P 5 AR
WA TR RRL L (B A R AL s, A5 1A 5 2 LIS 4.

10 —— A549

54 —=— HepG2

T 1
0 50 100 150
WE/(ngemL)

4 5-FU 7£ HepG2 4HHi&#0 A549 20 A% + 89
FRAEEZ (n =3)
Fig.4 Calibration curves of 5-FU in HepG2 and
A549 cytosol

B & 5-Fu 7E HepG2 2 A549 25 15 4 &
% B 3 AR EEAORE S, oAb BRS FERE I E H

] H PR E R/ NT 5% , L3R 2.

Bi & 5-Fu 7E HepG2 2 AS49 %5 4 41 i 7
I s 3 VR EE BYAE A, DA IS €53 i i AR
IR DA 28 4 BB 2 A 045 1Y) €0 5 06 1T AR, 75 [m]
MR BT 85% , L3k 2.

2.4 HepG2 K A549 #lfaxt 5-FU & P-55-FU i
REVE R

52 R F HPLC ¥ DU 2 W3 40 L % 5-FU il
P-5-FU MUHEHUE AL, FZLBE AT 5 ASGPR 455, 5
Gk Al ASGPR 575 2 FUBE OB B9 25 /1.
T BAE P-5-FU 1 5-FU 5 HepG2 401 AY%E &
WSS ASGPR /547 ¢, B2k 3Lk B in
A& HepG2 ZHInl A549 40ffL 6 FLARH, Filif A
AR ASGPR M 454 0 53, SR 5 BN P-5-
FU(G-P-5-FU) F1 5-FU. W&l 5 ffi7R. HepG2 X P-
5-FU B4R 2 5-FU 89 2. 1 45, 7 A 7Lp
J& ,P-5-FU 5 HepG2 40045 & 2 i 3 1A%, HL
5 5-FU RO 022 5. 10 AS49 40 %} P-5-FU
FS-FU SEICBA B 5 i) 22 500 1 > 2L 0% o A
P-5-FU 1 5-FU 5 A549 4 ()45 4 H 35 JC 520
DL E4ESRIGEM | P-5-FU 5 HepG2 U454 AY
PR i@t ASGPR A iR A2 S LAY

%*2 5-FUEAREYEREHHERE L%
Table 2 Calibration curves of 5-FU in HepG2 and A549 cytosol

A IIEST 2L r H N RSD H [a] RSD R )i

HepG2 y =0. 1314x - 0. 0707 0.5 ~200 0.999 5 1.538% 0.1711% 92.65%

A549 y =0.1318x +0. 0142 0.5 ~100 0.999 9 0.544% 2.086% 87.77%

R IR P-5-FU X} 2635 ASGPR ) i ag 2 fifd v]

2 e A9 REAT R, T REA L2 5-FU K LI 10°F

, <P e T A% 5 3 50 R4 400 ML 6 7 9 ASGPR. %

S ? 33 A1 52 A 5 T A 0 e B

X VO X

%’ s 7 %%§ 3 45 i

£ %¢§ %%§ AR ASGPR A SH L R F AL [ 25 1

Il 7 N ROFE O35 TR AL 5-FU 4PKH

' 1 2 3 12 3 T R R G K B A R AR B KRR

5 HepG2 K A549 A%t 5-FU & P-5-FU f91BEX f= A AR R b R AR HE Sk S B T S A ) A A

B R E 2 HEX AR X P-5-FU BE A #00
(rn=3)1:5-FU 2:P-5-FU 3:G-P-5-FU
Fig.5 The amount of cellular uptake of 5-FU and
P-5-FU by HepG2 and A549 cells and the effect of
glactose on the cell uptake of 5-FU and P-5-FU

KE T H X HepG2 4 Mg (7 ASGPR ZZ 1K) #ll
AS49 4L ( A ASGPR SZ A ) (1 38 5l 41 1 5 K
VR 40 L AR o SR G e 40 DK 2 24 4 R 1) B8 BTG 1O
SCEFRH] P-5-FU 5 HepG2 44 & B Em
T 5-FU; 1 &5 AS49 A 25 & 8 JCIX 51 ; 1
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24 HepG2 410 F 18 (1) ASGPR % 2= 2L W 75141 11
J5,P-5-FU 5 HepG2 AL, & i W& K, 5
5-FU M4 & i SEA M0 Y. IESE T P-5-FU 2 5%
YRR T I ZLIEFR L, nT 8% HepG2 4 i
R ASGPR F 52 PE IR 5], BE SR 5 56 4% 25 40 oK
7T ELA T B0 1) TR A0 M A R 3 I R
YRR AR R — A 1) 05 1 25 0 1 38 3R 0
FLA ARG 1 o7 FH T 5.
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