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ZEH AR (curcumin ) J& 2} 22 0 Jm A W) 2 AR 2K
HBR IR — PR R, SR 22 B R KRR
WHROE L KAV Z LW YA, AR
B AW R Y K R R IS BRI T
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ASCR AFLAC R A BT IE, B 1 HA e e it BE
I3 ARFENE G R A A ) i R RE A A W) AR M S5 0
B E LN 47512 1E T S ( polybutyl cyanoacrylate , PBCA )
VR 2538 3 B B AR, 725 I 58 S A A 3 71
FFEA T BT b 45 T 200nm 2247 AR I F A 119 2
LR M BFIEN IR IE TERAUKRRL (PR ZHR) .
W5E T KLY - Ha A% S R T HL Aef ( Zeta HLAV) , IF
BEET YR LB AN A M Ak HepG2 i T-#Y T 151
1E.

1 #R5FE

1.1 # #

SUPIRFE TR (buty] cyanoacrylate, BCA) HL1k
W AT M = BE A BRA A e B (B S BEE =
85% )W A Sigma 23], 7 Mrafi it 2 05 2K W A [ 25 45 141
AT . N AN HepG2 20 70 IE 5 40
i LO2 20 i phy A S2 36 & 3R . Bo i A N B AR A
(vascular endothelial growth factor, VEGF) %t £ 7% f& Pt
PRI F 2 4 W2 ( cycloxygenase-2, COX-2) % £ v
Pk B R BUE LAY TRARA A $i B-actin
B2 yERENUANE A £ [E Abgent 22 F] . “HUHAR T AL
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SRBATE 2 . — i R PR 28 28 22 B SR R RORE X T 240 e 484 B 140 52 ) 31

Yyt (HRP) bRiC B9 940 % 1eG W A 5% & Santa Cruz 24
Al A A (ECL) IR A 56 [ Pierce 2w, fllfl
P EE (propidium iodide , PT) 14 B At 5T 5k A= W5 A R
FAE/AF] . Hoechest 33258 Il { 3£ [E Acros ATl
1.2 7 &
121 gpkersl 4 RAFVEERGE 28 EM
FeHITEK CBEBC AL 1mg/ml BV, 0. 01 g A7 R B
T pH 2 1.5 11 10ml ERFRAK W P [ P oK: Jok
CEE=1:1(V/V) |, IMA—E BN LR O EIRE
VBT T  FESE PR A5 R TR 1) b 3R A M R i BCA
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B Y B2 AR KL TR W, 28 R B 3 Ok, T
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T/ 0 KO TR B VT R 1 5 ) E R
2% pH 6.2 WIBEEMIF I G, ARK TS, TiESH
T RAE (JEOL 1230) N MEEAURRIE B FRAE . T
IR BT &, NN ZE K B 5 F Zetasizer 1000
HS  REBE 73 A 2 - BPRiAR A 22 03 HIURE o PRI oK
BTR B & =, /1 10 mmol/L NaCl %5 B¢ J5 FH Zetasizer
Nano system HLA7 AT {3 E Zeta HLA o

(2) BB RINE R Z R
KRB 160001/ min B0 30min, /K% 4 K5, IidE L
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LR IRRLIY S
1.2.3  mEFAHEFWE NI 401 bk
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SRR B SR AR T LB 7, WO B0AE R A 40 0 P 1 52
o FEMA 30pg/ml 2 B 3 M B (O — H I IR
fift, HLAR R A ) DMSO 9K B <0. 1% ) 5 Z R AK
KL TR B (K KR RE) , 1597 4h Z )5 T Ry 1

x PBS ¥ 3 ¥, 5 10wg/ml ) Hoechest 33258 =y %
H 1min,1 x PBS ¥ 3 WK JG 1E 246 i 14 8% ( Leica DM
LB2, [ 3 R 2 w)) T WSS H X HepG2 4il i I 25 1
A
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A BB AL 10" A i fL 3 R 96 FLAR Y, AL A&
FR200Wl, i SEm 2 HE A ] ) 4 (5,10,20,30,40,
S0pg/ml) 285 3R DMSO ¥ 22 B 3R 91K RLK I AN
23 AR, B R AR PE R SR 240, BRI A3 6 D
flo VEMIZE AR WFE R TR AL, A0 ] PBS 1 3 Ik, BEAL
T 200l 55 fif 55 55 5k K 20wl MTT %59 (Smg/ml) |, 4
ZilEE 4 h G2 ARETR . NOIRFAL A ER L, AL
A 150 ] ZHIEAR, P23 10 min, (545§ FE 6 o
H 3 #FR Y (multiskan spectrum , 35 [# Electro Thermo 2y
a]) T 570nm K 5E A FLOCRIE, T8 AL 5 0
REFL ARG RE A 43 LU (R A T o

1.2.5 mA@E AN m0E T XaErAN Wi
FH R SCHRAR 18 2 TS B 46 2R, Ve 20,40 g/ml 4 J3E 22
BRI TR N SE G . 28 B RSB R T DMSO
T3] DMEM 35 5% JE A 88 21 I ifs v B2, A Hh DMSO ¢
W <0.1% o BOSEUAE K HepG2 4Aififl, 15 5% 24h
Je 2 L T Ak, PBS YR A M 2 UK, B0 10min,
2B BURHY70% L 4°C [ i3, WAk N 5 O
Yutty 30min, TR ALY ( FACS Calibur, 25 [E BD 2
al) EALRI

1.2.6 Western blot ¥ HepG2 4A g5 %] 100mm 3%
FRIL, FE SR BT, 43 I 20 g/ ml (1425 1 2 Uk
NIRERIE T TR 4N K KL 22 85 2K DMSO ¥ LA K 2 38 %
GOKRLAL R 480, Z J5 I 1 x PBS Ve AL 3 U, I ZmH
FlF AR A, A i B EBC 24 (50mmol /L Tris
pH7.5,150mmol/L. NaCl,0.5% Nonidet P40 } 7 [ [if}
TRIRIR AP ) S m e, RIAS BT 42 1 4 40 25 1, DU
EHEFWSE, -20C A7, B 100pg 4 SDS-PAGE
MUK B, e 7% B A IR 2T 2 R K 1, 5% LAR W k3 % il
4] 2h, it A—$it VEGF(1:200) F1 COX-2(1:200)4°C
BFE SR, Z S5 1 x PBST 3 3 ¢, B Smin, FHATA
HRP ARICHY — 4T (1: 5000 ) % IR 4% 92 & 1h, 1 x
PBST ¥t 4 IRBREARE S HY 91, ECL 120 & ot
B3, WS B-actin,

1.2.7  Sit#atr SSREURLIE « brmE2 R
7o ANETEEEPEAL N SPSS 17. 0 1A%, 1 . J5 22
43 H7 (one-way analysis of variance, ANOVA) & 347 Lt
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Fig.1 The size distribution with dynamic light
scattering( a) and the transmission electron

microscopy of nanocurcumin(b)

2.2 3f HepG2 iR E KM HER
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ANTFIHEEE (25 .50 100 g/ ml) HY44K 22 8 3% (L4
KL BE AL ) 23 IR T 1 8 JH- 240 0 5 -0 240 1, 45

R B 25 .50 100 g/ ml 1 44 2K 22 85 28 XF 1E # I 48 il
LO2 g3 240811, 42% 41.95% 86% , i Xt i I8
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TRANKZETE R A IEH A0 I A A SR 9 155 0 T B
A ] 98 HepG2 20 M (9 1 5. o3 4, WF 5K R 3L
25 pg/ml 1 50 pg/ml (409 K 22 88 28 ( LAY AKRL 1 k32
TR AT IE FIF 40 i 102 1Y & 15 (A R 2 BN
11.42% 1 41.95% ) t 25 pg/ml 1 50pg/ml [ 55 2
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e RE AL, A 3450, A A fih S5 %, A ARG, Y
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, ZH YL TF) B384 R, RS BE g A%, IS0, 40 i ] L0 3
%, % Hoechest 33258 JLfa 5, 9 MG T ML %
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Fig. 2 Cytotoxicity of curcumin, nanocurcumin and
empty PBCA-NPs analyzed by MTT assay (n= 6)
Columns, mean; bars, SD,p <0.001 as evaluated

by one-way ANOVA using SPSS 17.0 version

2.3 Xt HepG2 4 i1 ) HA &Y =2 i

IEH A K B HepG2 4fiffl 24h J5 045 G,/G, .S
19 .G,/ M HHY He 143 5K 56.5% 32. 6% .10.9% , %
100 wg/ml (14 R 48 24 1% 5 5025 TN 945 TR 1F T T 49 K Ab 3t
HepG2 4 it 24h J5 , i X 4 A AL 45 G,/G, 91.S 9.
G,/M I FLWI4 51 h 62.1% 29. 1% 8. 84% , 5[4
X HEZHAH TG B 0 1 S 25 7. TR 40 g/ ml JiE
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Fig.3 Cell apoptosis observed by Hoechst
33258 staining (200 x )

(a) Control (b) Empty PBCA-NPs

(¢) Free curcumin ( d) Nanocurcumin

B R LA S 40 g/ ml 440K 22 85 3% ( LAGAAORL I Ik 2
5 5 HepG2 A iiF & 24h J5, 7E Go/G, .S #i4n
L LL B4 BT B, Gy M 0T 20 e 20 A W] i 1 2, 52
G,/M HIRHHA, WA 1.
®1 TRMBEY HepG2 HRaE ML
Table 1 The cell cycle’s distribution change of HepG2

cells caused by different substances

A Go/Gi (%) S(%) Gy/M (%)
X BEZH 56.5 32.6 10.9
25 FI4A K AE 100 g/ ml 62.1 29.1 8.84
£ E 40pg/ml 52.1 28.8 19.1
YK FZE 40pg/ml 49.4 28.5 22.1

2.4 PREFREEFIING HepG2 4 H COX-2
#1 VEGF fy&ix

A3 (cyclooxygenase, COX) & 46/ PUM R &
JSCHT A MR R 114 PR it , 22 50 8 2 2 B Ak Hh B 5% 1 i
FAANMIR T COX-2 B R kARE" 5 —Jr i, %
W AER R (VEGE) TE MR A K 5 el ft vl
BVERT, R4 U VEGE ki . NI 2% %
HEM COX-2 ) VEGF (153 WA 55 G 1L, DA T 52 1l Jie 98
A K 5%,

AR ARG R B R R, B R A
TR FOBT 0L A= AR P, 0 00078 A B 30y 4 7]
M5 A LR AR 4, FErp {45 COX-2 il VEGE,

Western blot Z5H B, K22 B R 20pg/ml (LAY
HALRHETHED) AL P HepG2 2 )iy 48h Ji5 EA A4 T
COX-2 I VEGF ik, i3 5 22 2 A B UL I8 AR
AVE AR S (18 4) o BERERATX M ARG 1)
T T I TE F A 1 SR R PR IR IE T BRI 22 TR N
KAARGFHU PR T 28 R A e

3 3 i

e SIEESEIEYIE S 3 VA KYE S 1 NN

3 —actin

B4 Western blot # 2= # = 5 4K
Z£#ZXFESH COX-2 f1 VEGF Tif

Fig. 4 Effect of curcumin and nanocurcumin on
cyclooxygenase-2 and VEGF levels as

assessed by Western blot analysis
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BERMU AN =
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TFW ST A= Wy e Ak, AT AT 2808 o A 0 3 5 [ I e
TR K BRI 5 Tk B RE R K AL )Z , 25
RE LA M b A0 A 422 ik, Sk 25 M g il ™ . H
B 252 h A2 Bk A BHR 22, G5 IR ik L 24
EKowmar T RS A BRI N MR KR (Poly
alkylcyanocraylate , PACA ) {1 T 7] A= ¥ R& it S L AE SR}
ek A IS P ) 22 A P S Ay o P At 50 i s EL LAY
RIS AIA KA R L 2k T 30 4F (9 R R 3k 55 3R 4
FEN IR Be T 29 K kL ( PACA nanoparticles, PACA-NPs )
B AN AR B AAAT 50 19 B Sl T8 1 1P ) 590 9 A
PESEE 20 AL, T HAIESE PACA-NPs J2& H R0 % n] e i
Mg 57 B ( BBB) (9 KR Z —. BT PACA TEIR A 1Y
e i 3o 88 55 e B 1190 1 B8 B B, M 7 A B I
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Antiproliferative Effect of a Novel Cationic Nanocurcumin on Human
Hepatocellular Carcinoma of HepG2 Cells
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HUANG Bo-yun® ZHAO Jin-feng'~
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Abstract Curcumin, obtained from the rhizomes of Curcuma longa L. , Zingiberaceae (turmeric) , are the
most widely used phytoconstituent in food industry and recently for its therapeutic activity. It has very wide
spectrum of therapeutic use like in inflammation, psoriasis and various tumors. But its highly lipophilic nature
and very poor bioavailability hampers its therapeutic usefulness. The synthesized cationic poly ( butyl )
cyanoacrylate ( PBCA ) nanoparticles are coated with chitosan encapsulated formulation of curcumin-
nanocurcumin. The particle size and zeta potential of prepared nanocurcumin was about 250nm and + 37.3 mV.
The TEM study revealed the spherical nature of the prepared nanoparticles along with confirmation of particle
size. MTT was used to assay the biologic activities of nanocurcumin and its anti-proliferative effect. Human
hepatocellular carcinoma ( HepG2) cells were treated with different concentration of nanocurcumin, curcumin and
empty PBCA nanoparticles for 24h. MTT test showed that nanocurcumin was cytotoxic to HepG2 cells, the
number of the apoptosis cell line increased. The inhibitory effect of nanocurcumin on cell growth was in a dose-
dependent manner. Cell apoptosis percentage was gradually increased along with nanocurmumin concentration
rising. The apoptosis rate for 5, 10, 20, 30, 40 and 50 wg/ml is about 13.65% , 33.11% , 43.45% , 67.93% ,
77.79% and 91.5% respectively. It shows obvious statistical difference against normal HepG2 cells. While the
empty PBCA nanoparticles exhibit a low cytotoxicity to HepG2 cells. The morphologic alteration of HepG2 cells
after treatment of nanocurcumin was observed under fluorescent microscope. When treated with nanocurcumin for
4h or longer time at 30pg/ml, HepG2 cells turned to circle, fell down from wall, and proliferated slowly.
According to flow cytometry, after treatment with nanocurcumin, HepG2 cells were observed to block cell cycle in
G2/M phase. Nanocurcumin has been shown to inhibit angiogenic biomarkers, vascular endothelial growth factor
(VEGF) and cyclooxygenase-2 ( COX-2) expression. Nanocurcumin’ s mechanisms of action on liver cancer
cells mirror that of free curcumin. Therefore, this kind of nanocurcumin could be used as a candidate for
hepatocellular carcinoma (HCC) in the future. Nanocurcumin also provides an opportunity to expand the clinical
application of this efficient agent by enabling ready aqueous dispersion. Future studies utilizing nanocurcumin are
warranted in pre-clinical in vivo models of cancer and other diseases.
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