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PEATYE o IRANSEEG 7 R AuNP ZbFZH EPT ALBRZH  EPT-AuNP AbFRZH FIZS (% IR 4E ¥ HUVEC  HepG2 40 43 SIHERN T 96
AR, 5535 24 h JE & 2H 50 AN A AuNP ¥ EPI & EPI-AuNP 757 FITG I35 55 35 W 200 pL, 4ESL35 9% 24 h J5 . MTT [0
KN HUVEC HepG2 A A A73R s 20 4h-1] WA Y6 e BE VLRI 45 A P EPT AR R , [ 4528 ) 2840 ] Wi s
AuNP 5 RIS 520 nm 20, Tfif EPI-AuNP 7E 525 nm 2t EPI (100 mg/L) %658 B 4 195.2 + 7.5; EPI-AuNP 25 16.4 +
5.0,P=0.000, AuNP B FI5Ki12 K Zeta HLE 7050« (14.34 £ 0.75) nm, (=21.19 + 0.64)mV ; EPI-AuNP 7 : (18.54 + 1.84)nm
(-15.34 £ 0.72)mV,P<0.01, KHNSZH  MTT oAk 45 1 /R EPT AR HL4H HUVEC  HepG2 4 A (1) 2E 77543 5k (29.25 +
1.59)% . (71.10 + 4.16)% ; EPI-AuNP AbFEZH . (21.29 + 1.51)% . (43.82 + 2.21)%,P=0.000, [%5i&] WEh4 L EPI-AuNP &£ &
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In Vitro Antitumor Effects of Epirubicin-nanogold Compounds

ZHAO Xiao-xu', PAN Yun-long'*, HU Yang-zhi', QIN Li*>, DING Hui', WU Qin'
(1.Department of General Surgery, First Affiliated Hospital of Jinan University, Guangzhou 510630, China; 2.Department of
Histology and Embryology , Medical College of Jinan University, Guangzhou 510632, China)

Abstract: [Objective] To observe the in vitro antitumor effects of epirubicin-nanogold compounds (EPI-AuNP). [ Methods] EPI-
AuNP was prepared by chemosynthesis and investigated using UV-Vis spectrophotometer, fluorescence studies, dynamic light
scattering, and zeta potential. Human umbilical vein endothelial cells (HUVEC) and HepG2 cells were divided into 4 groups: AuNP
treatment group, EPI treatment group, EPI-AuNP treatment group and control group. After seeded in 96-well plate and cultured for
24 h separately, HUVEC and HepG2 cells were treated with 200 L of AuNP,EPI, EPI-AuNP, and serum-free medium, respectively.
Inhibition effect of each group on the HUVEC and HepG2 cells was assessed using MTT colorimetric method.  UV-Vis
spectrophotometer was applied to detect the cells epirubicin accumulation of different groups. [Results] A red shift in the SPR band
maxima in the EPI-AuNP spectrum (Amax~525 nm) as compared with the spectrum of AuNP alone (Amax~520 nm) ; The fluorescence
intensity of EPI (100 mg /L) was (195.2 + 7.5) and EPI-AuNP was (16.4 + 5.0),P=0.000. The hydrodynamic diameter of AuNP
was (14.34 + 0.75) nm while EPI-AuNP was (18.54 + 1.84) nm. Meanwhile, the zeta potential of AuNP was (-21.19 + 0.64) mV
while EPI- AuNP was (-15.34 = 0.72) mV,P<0.01. The HUVEC survival rate of EPI-AuNP treatment group [ (21.29 + 1.51)% ]
was lower than the EPI group [ (29.25 £ 1.59)% ]. The HepG2 cells survival rate of EPI-AuNP treatment group [ (43.82 = 2.21)% |
was lower than the EPI group [ (71.10 = 4.16)% |, P<0.01. [ Conclusions] EPI-AuNP has been synthesized and indicated enhanced
drug potency in vitro by MTT assay.
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%qui(epimbicin,]ﬂpl)jﬂ%:{ﬁ%‘f@ﬁ%’é?ﬁ
BT A R TR 1Ry b A A (H R
P T g 22 B Gk — 2l PR Y AT
P m EPL A HE ) M 2R B ST i D )
AR, YK AR 2 ) e Sl SLER AL 158 ) i
TR EPL 2% TR A I 2 gy K 324
ARG, % ARG AT IR S EPLEE R, MOAT DLSE K
A oA i B ] DT AR e 25 T R K
(gold nanoparticles, AuNP) J& H42/F 1 ~ 100 nm
G 0RE, B AR WA vELr (B dE R R
Tl oy T AP ER] AuNP A5 H
A PR I A AR, AL R AuNP 7]
PAZE G U N BB N7 (VEGF165) R IF R 45 45
7 a5, BV HLOTG 2 1A VEGFR2 , 1 1T 41 ] i 83 1.
BN B AT A e AR ), 5 4h AuNP A DL i
PR B e G a5 5 T as S hi i
ALY, 2N AuNP B2 RGeS IZ R G R
AT LA IR i AR i, AT AT A & | ki 2
B SPUIRVE R ARSI b IR T & A K
G - R W5 R 3 25 R 4 (epirubicin-nanogold
compounds, EPI-AuNP) , A& #h W28 H % A B & ik
N4 (human umbilical vein endothelial cells,
HUVEC) , A JH98 4016 (HepG2 ) 1) 3 58 410 i 7 1
g e — 20 W R A N 228 S e R A R At
SRR

1 ##H57*

1.1 # #

LB R (EP1) A 32 [ Sigma 24 /] 7=, 40K
4 (AuNP) A AT 45 & R S B 1R R il
B o bl , W1 25 4 A Ak a0 A BR A F
RPMI-1640 5557 | L- A ML 5 5 R MR R
I F 35 [E Hyclone 28 F] ; M199 5352 . JiG 2k 1L
IH B E BN Gibeo 23 &l 7= i ,MTT (DY HF BE A
RsER ) 2 DMSO (- H FEFAN ) S 35 [ Sigma 723 H)
PR, SRR KRR . AN A R HepG2
AR A7, AN BE R K R 40 L (HUVEC) A 5
R EREFR, SIAAROEHEIHL (BI9000AT) 4y 3 E
Brookhaven 2% & ;= fif 5 4540 -] WLy 66 O
(Lambda 45) & 3€ [# PerkinElmer 2 & ;= & 5 i 5
L, 7 5 8% (TECNAI 10) 2 Philips 2 7 77 & 5 42
P Z IIRERR X (safire 1) 4 3E [ Bio-Rad 2 7]

7 FHOCHERRAR R Costar BFFRAR
12 AuNP HIERERETE

BATRAEA SRR, WA AR
SR Au® B FE R Au®, A BT A LA 28 5
FKALHE 5 mL #7284 (38.8 mmol /L) Jill A 2 s
(%) 50 mL 4442 (1 mmol/L) VWit , F 4 4t
W, WA MR, AuNP RIS, BHIEE
M, 0.22 wm JEAS U8, T 4 CTEBLIIM IR A7
28 S 53 fe - B U8 (TEM) AR 4h -] DL 4y
JEEEET (UV-Vis) X Ht A7 45
1.3 EPI-AuNP E&EBARK

A S 19 AuNP %W 4 mL, 8 20K # ¢
% 8 mL, H 1 mol/L NaOH & W1 pH A 8.0 (R ¥
SR 255, SR IMA — & W1 EPL ¥ 2
mL, B THHIRASS3RK (120 r/min) 37 Cid &, &
J& 20 000 r/min (r = 6.4) B .0 40 min, 7+ £ b
W, 1 0.01mol /L PB Wtk 3 ¥k, BB Pk
3 WJE B 45 1) EPL-AuNP &2 T 0.01 mol/L PB
W H
1.4 EPI-AuUNP E&kBI%E

UM [A] % B AuNP  EPI-AuNP 59 . D3h &
FEHHL (DLS ) X HoAT AR AL HEA TG ; @Zeta HL
DAL Zeta HLAZ AR AL ; B 58 Ah-1T L 43 60 B
TH(UV-Vis) WM OGRS A TR, 5348, FIL A 4
P K Z I BEREFRY (safire 11) (B4E B K 500 nm,
RETPEA 560 nm) XFAH R B EPL EPI-AuNP %
W BEEA TR
1.5 EPI-AuNP & & & Xt A B %8 Bk N K 40 Al
(HUVEC) By % i
1.5.1 HUVEC #94 & 34 BUARER B 7= B dt
P R I s E 7 A K EE>20 em, TR
N PBS G MR e i s , K J R DK 7 g e
AR EENEA 2.5 o/L BEEFETTIH AL, 10 min J5
WA I i K T AR, 1000 r/min(r = 16.1 em) B0
10 min, R 5725 B, % HUVEC A T84
K F2 3 (M199+100 mL/L G2 1L ), 37 °C AR
I3EL 5% CO, SEFRFERE R AR 4 M A= K AB 1, 2 ~
3d i 1k, RARES 3 AR AT AT SE5
1.52 MTT )& k4m 828 HUVEC #9 £ 4% 52
947N AuNP AbFE4] EPI 4bFRZH EPI-AuNP 4b B
HFNZS (X R A 6 A~ E L, HUVEC LU 5x
10° A~/ FL4EF T 96 FLHR, 1557 24 h J5 4414350
A 1 pg/L AuNP .2 mg/L EPI, % 2 mg/L EPI /1]
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EPI-AuNP & AN JC LS H5 SR 200 WL, 4R 23557
24 h, SLEZERT 4 h, BALIMA 0.5% MTT %)
20 pL, 4 h J5552% LW, A DMSO 150 pL/
fL. FHZ D REREARA (I & P K 570 nm, S K
630 nm ) IS BE (A MH, A AFR (%) =( S5
H A fH/XHIRZH A {H)x100%, DL FS2E A 3 Ik,
1.53 ¥9F-T R4 kK EHF (UV-Vis) #&nl
HUVEC A EPI #9 8K F  SCE4 54 EPI Ab 3
21 FIl EPI-AuNP Zb B2l | Bl 6 MR L, ¥
HUVEC LA 1x10° ~/4LF0F 6 fLHR, 355224 h )5
FA I EPLEW (10 mg/L) F1 EPI-AuNP
I (T AHRIMEEE EPL) | mL, #1555 2 h J5¥
20 if P JE R AL, B 1.5 mL EP 45 85,0 (2 000
r/min,r = 15.9 min),0.1 mol/L PBS V3 WwEFHF
7, 1% Triton X-100(100 pL) Z# 40, UV-Vis
H 480nm AW BE (A) MRS EPL ¥k FE-WOG B bR
HEM 215 440 HUVEC 409 89 EPT AR ER &
1.6 EPI-AuNP £ &3+ HepG2 4 f #9540
1.6.1 HepG2 fmpe ey 3z fliH & 100 mL/L i
AU . HRER Ix10°U/L, #E% R 100 mg/L Y
RPMI-1640 15 3% HepG2 40,2 d B EF F W 1
Ko 1§ HepG2 4H M4 ik 55 72 M IS 1Y) 80% ~ 90%
J& , TR IR

1.6.2 MTT b & ik 4 m) & 40 HepG2 %0 L ¢ 4 75
FOSIKGrA AuNP Zb B4 EPI 4 HE 4] EPI-
AuNP Kb BEEH FN 7S (A0 IRAL, Adiik 6 MR AL,
HepG2 A LA 5x10° A~/FLEEFP T 96 FLR, K%
24 h J52r B A 10 peg/L AuNP ¥ ¥ .20 mg/L
EPI AW . & 20 mg/L EPI B EPI-AuNP ¥ A1 G

A

0D Value

MLTE R IR 200 pl, kS R5 5% 24 h, MTT bk
K45 2H HepG2 40 A4 AE 7%
1.6.3 UV-Vis % HepG2 %82 A EPI 49 R &

SIS 2H 43 i EPL AL #E4H Fl EPI- AuNP 4Zb#E4 |
BB 6 NE AL, B HepG2 41 LL 1x10° 4~/FLFh
T 6 fLtl ., Kid% 24 h 55415000 A EPL 3 )
(20 mg/L) A1 EPI-AuNP ¥ (& AR ¥ B EPI) 1
mlL, 4kZERE5E 2 h J5 HEREE LA, A 1.5
mL EP & B0 (2 000 r/min,r = 15.9 ¢cm 5 min) ,
0.1 mol/L PBS ¥t 3 ¥k J5 5+ L7 , 1% Triton X-100
(100 L) Z 40 M, UV-Vis K:3004% 20 HepG2 4 i
N EPI R &
1.7 SEitESHh

K SPSS 13.0 #AF #1753 41 . St Bk

X +s Fern, X RNEALA] A 58 A AL T TORE
Jr 22 Mk e s WAL Z (8] FLBCR FH A ST AR AR ¢
KB, P<0.05 #anERAGIEE L,
2 # R
AuNP W& R R ETE
i 3 37 5 H - R OB (TEM) W 31 (18] 1A) .
AuNP R 2 BRIE | K/NA)  BARTE 15 nm 247,
BT 5 S 40-0] W O35 (UV-Vis) ik 7R AuNP
1) e K WOETE 520 nm 20 (] 1B)
2.2 EPI-AUNP E5EHERKEETE
2.2.1 I ILBRE  AuNP ) R s
7E 520 nm &b, 1 EPI-AuNP 85 R W sAE 525
nm Ab | % R ZEF% (5 nm) /& H T EPL
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Fig.1 TEM micrograph(A) and UV-visible absorption spectra(B) of gold nanoparticles

A showed 15 nm spherical gold nanoparticles with a nearly uniform particle size distribution. Bar: 40 nm. B showed the observed absorption peak

of AuNP was at 520 nm.
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BT AuNP FEHEAS T AuNP (4> HLH 8, )4 32
B AuNP 55 EPI & /EARES (K 2),

—— AunP
—— EP1-AuNp

555555555566

B 2 AuNP F EPI-AuNP 925 —T] DL BRI S 1%
Fig.2 UV-visible absorption spectra of AuNP and EPI-AuNP
UV-visible spectra showing the change in absorbance and shift in

Amax of gold nanoparticles after incubation with epirubicin.

222 RIEFRFHLER ZLEREKLLE EPI A
AuNP RERA S A M HEEFE, KN AuNP Al L)
X EPL A& H 9G4 TA 204K  EPL (100 mg/L)
2% 500 nm P KR S5 T LAFE 560 nm 4 A &
B, BB N 195.2 + 7.5, Mi %k 4 AuNP
AL 5 EPL Y H 22 [R]AH B AR 6 2
AR BN - EPI-AuNP [ 75 658 2N 16.4 + 5.0,
1=62.619, P=0.000, 2 R A4 it E X (K 3),

2.2.3  FHAMEKS(DLS) M AuNP F= EPI-
AuNP # #2 42 AuNP WXk 120 (14.34 =

2501

200 T

H

150 1T

Intensity {(a.u)

100 +
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EPI EP1-AuNP

B 3 EPIfl EPI-AuNP B35 38 5
Fig.3 The fluorescence intensity of of AuNP and EPI-
AuNP
Epirubicin was highly fluorescent but with the addition of gold

nanoparticles, quenching of fluorescence was observed. ¥ +s,n = 10

0.75)nm, EPI-AuNP B2k 488 (18.54 + 1.84)
nm,1=-4.722,P=0.005, 2R HGIFE X (£ 1),
2.2.4 Zeta WM LE R AuNP [f) Zeta L1
K (=21.19 + 0.64)mV ; EPI-AuNP [ Zeta HL{v Ky
(-15.34 + 0.72)mV ,1=—13.543, P=0.000, 22 % A 5¢
NES -9

% 1 AuNP 7 EPI-AnNP §9if & #11% (nm) F0
Zeta BB (mV)
Table 1 The hydrodynamic diameter and zeta potential

of AuNP and EPI-AuNP (xxs)
Nanoparticles AuNP EPI-AuNP
Hydrodynamic diameter/nm 14.34 £ 0.75 18.54 + 1.84"
Zeta potential /mV -21.19 £ 0.64 -15.34 £ 0.72%

1) compared with AuNP, P < 0.01; 2) compared with AuNP,P <
0.01. pH = 8.0

2.3 AuNP_.EPI #1 EPI-AuNP £ &%t HUVEC
RIS

23.1 MTT 2% WK 4R, S5XF 8,
AuNP (1 pg/L) RN HUVEC B 2E 773 LIC R
(1=—0.180, P=0.861) ; EP1(2 mg/L) &b ¥4 HUVEC
IAAEZR K (29.25 £ 1.59)% ,1=46.992 , P=0.000;
EPI-AuNP 4t ¥E4H HUVEC BY/EER Ky (21.29 =
1.51)%, SXFHE4] LA K& EPI AbBRAE AR EE, Xt
HUVEC AEfF R i m ¥ A Gt %8 L (1=
52.773,P=0.000;¢=8.868 , P=0.000) .

120 +
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HUVECs Viability (%)
£ =)
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[s=]
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T

0 N

Control ~ AuNp EFI  EPI-AuNP

B4 FEZMLER HUVEC HEFR
Fig.4 The HUVEC viability of different groups with
MTT assay
Data were presented as X = s from 3 independent experiments.
Comparing EPI-AuNP treatment group with the control group and EPI

treatment group, the HUVEC viability was significantly different (P <
0.0l).n=06
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232 UV-Vis &R K5 BxRTH5Y 0 H A
HUVEC 4HifiN EPL AR & EPT AFHAT . (1.19+
0.17)g; EPI-AuNP 4b B4 . (2.61+0.55)g,1=-6.101,
P=0.000, 2 A G2 L,
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Fig.5 The epirubicin accumulation of HUVEC of two
groups tested by UV-Vis
Data were presented as x =5 ,n=06. The EPI-AuNP treatment group

had the maximal cells accumulation of epirubicin (P < 0.01).

2.4 EPI-AuNP £ &34 HepG2 £H A 59 %2 im
2.4.1 MTT %R K 6 iR S5xF R4 AH AL,
AuNP (10 pg/L) W% HepG2 40 MY AE A7 R A
S (1=1.401,P=0.192), EPI (20 mg/L) Ab ¥ 4
HepG2 4l il 1 A= £ % R (71.10 £ 4.16)% ,t =
14.195,P=0.000, EPI-AuNP AbFR4] HepG2 ZJAY
AR A (43.82 + 2.21) %, BB AL T X HE 4L A EPL
AbFLH (1=38.962, P=0.000;:=14.203 , P=0.000) ,
242 UV-Vis 2R [ 7 /R 1744 HepG2 4
MIPY EPT AR5 EPT AR . (1.72 + 0.13) pg;
EPI-AuNP 4ZbBi4H . (3.65 + 0.20) g, t=—19.976, P=
0.000, 25 A gt 2 XL,

3 9 #

AU B L) G R T 9K G- R R 2
Z 40 (EPI-AuNP) ; D% b~ 1] WL OG5 (& 2)
7R EPI-AuNP %8 AuNP fe KW IS & 4085 (5
nm) , IR KIS I 2T 8% 02t 1 EPT B I B el AR
T AuNP RTHAA HLUH L, KB AuNP 5 EPL A4
BREERT, QUK TS EPT AT AuNP
RE A & I E LT B, A AuNP 7] LIXT EPI
KA TA R K L EPL (100 mg/L) £ 500

120+

HepG2 Cella Viability / %
=23
=
'
T

Control AuNP EP1 EPI-AuNP

B6 TEZYWALERE HepG2 MM ETR
Fig.6 The HepG2 cells viability of different groups with
MTT assay
Data were presented as ¥ + s from 3 independent experiments.
Comparing EPI-AuNP treatment group with the control group and EPI
treatment group , the HepG2 cells viability was significantly different (P
<0.01).x+s5,n=6
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EPI EPI-AuNP

E7 AEZESZ HepG2 4R EPI HIFAEE
Fig.7 The epirubicin accumulation of HepG2 cells of two
groups tested by UV-Vis
Data were presented as mean+SD,n=6. The EPI-AuNP treatment

group had the maximal cells accumulation of epirubicin(P<0.01)

nm PR ETE 560 nm KA L P, HOHE
SREECN 195.2 £ 7.5, M45A 19 AuNP 1] LLidEt 5 EPI
(1) HL - 22 [) A AR X 2@ e 7 A 3 K R
EPI-AuNP {75608 A 16.4 £ 5.0,P < 0.01 (&
3),ZEEESL T EPL 5 AuNP RIS &, IF A
HEE G Ui, @ sh ARt
$HY (DLS) # AuNP F1 EPI-AuNP A4S (%
1), 855 40°F . AuNP [ F- 340042k (14.34 £ 0.75)
nm, EPI-AuNP -5 424 (18.54 + 1.84)nm, P<
0.01, kiR B A8 A AT L Ty T Sk # it . D EPL
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P AuNP 3R T 1 W A R AR 3 ;. @ EPL 431
WA | R AL T LA B TR A B
BT B AU T2, #80 EPL-AuNP FRiR100,
(4) Zeta HAAAKZIN 25 3 7R . AuNP 1Y) Zeta HELAV
H(=21.19 + 0.64)mV , 3% f& K - . AuNP & Bt 72
o SRR R R AR A SEAE AuNP R, By 1k
FHEZRAE B AuNP MIFRE R, PR A 5 &
3N FRHE (pKal=3.13,pKa2 =4.76, pKa3=6.40) , 1F
pH=8.0 My¥ 5 L BT F-fL My 7 LA . EPI-AuNP
1 Zeta HLAZ K (-15.34 + 0.72)mV , H: Zeta HL( 42
XS AuNP /)N, 2B EPT BN 45 A7 AuNP &
[l

EPI-AuNP X} HUVEC % HepG2 4l Jit ¥ 4 B
B EAE  EPT AR 4] HUVEC  HepG2 21
JH B 2B A Ay R (29.25 + 1.59)% | (71.10 +
4.16)% ; EPI-AuNP 4Zb#ZH HUVEC HepG2 2 fifl 1Y
HEAERR K (21.29 + 1.51)% (43.82 £ 2.21)% , Hi#%
EPI %} HUVEC A HepG2 4 Jitl A= 1 3 4 5% Wi 24 L
B L(P<0.01) & 5.7 435 78 1 EPL,
EPI-AuNP 4k ¥ 4] HUVEC il HepG2 41 Jifi P EPI
()RR EPL AEFRZE . (1.19 = 0.17)pg. (1.72 +
0.13) wg; EPI-AuNP 4 B4 . (2.61 = 0.55)pg. (3.65
+0.20)pg, P<0.01, X/ZMH T AuNP AT S5HUVEC
HepG2 21 M B 2 (1 AH BLVE T, 2 2k 40 i % EPI-
AuNP N FAERT, 3800 EPT 7640 i 3 AY B 4
[] i 3E 6 EPL 76 4 M DG R A, R 2590
199, P A AR o2

ARSI A 8T EPL-AuNP, 3% HiAAR At
FgaVE FHIEAT T 01255, 45 RAFSEIZ 0K 82
RGN HUVEC HepG2 41 g 34 47 384 5 31 1] 18
FH, HIZmsIE SR T EPT, H FEHLH . EPI-
AuNP & & & AT LI il HUVEC \HepG2 4 il X
EPL N AR, [k s G L7 200 B P DR i
FER LN 2P ], SN EPT A AL
W BE DT i 472 T 5 P 200 L 6 9 0 o 1 FH 20, i
A &b 52 5 9iF 52 EPI-AuNP & & & %I HUVEC
HepG2 4 M35 AT BEFHAMHIVE R, HE AR A oy
A Z SRR, HARRN SIS A TiE— 2
5%
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