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Preparation and cytotoxicity of doxorubicin-containing gold nanoparticles
XU Ziyi, SUN Yuhan, FAN Li, LU Guangzhao, ZHANG Yingnan, ZHANG He(Department of Pharmaceutics, School of Pharmacy,
Naval Medical University, Shanghai 200433, China)

[Abstract] Objective To construct methoxy polyethylene glycol (mPEG) modified gold nanoparticles (AuNPs) loaded
with doxorubicin (DOX) AuNPs-mPEG@DOX in order to reduce the toxicity and side effects of DOX. Methods AuNPs-
mPEG@DOX was prepared and characterized by Z-Average, Zeta potential and UV-Vis spectroscopy. The impact of thiol-linked
DOX (HS-DOX) at various dosage concentrations on the drug adsorption rate and drug loading of AuNPs-mPEG@DOX was
investigated. Furthermore, a HPLC method was developed to accurately determine the content of unadsorbed HS-DOX in AuNPs-
mPEG@DOX. The specificity, linearity, precision, stability and average recovery of this method were thoroughly investigated. The
cytotoxic effect of AuNPs-mPEG@DOX on MCF-10A and MCF-7 cells was evaluated using a CCK-8 assay. Results ~AuNPs-
mPEG@DOX was successfully prepared with Z-Average of (46.12+0.49) nm, Zeta potential of (18.60+1.51) nm and the maximum
absorption wavelength of 530 nm. An efficient HPLC method for the detection of unadsorbed HS-DOX in AuNPs-mPEG@DOX
was devised. The optimal dosage concentration of HS-DOX for AuNPs-mPEG@DOX was determined to be 11.18 pg/ml, resulting
in a drug adsorption rate of (9.21+£2.88)% and a drug loading rate of (2.01+0.62)%. Cytotoxicity experiments demonstrated that
AuNPs-mPEG@DOX significantly reduced the toxic and side effects of DOX on normal breast cells. Additionally, AuNPs-
mPEG@DOX and free DOX exhibited comparable cytotoxic effects on breast tumor cells when DOX concentration was equal to or
greater than 4.75 pmol/L. Conclusion AuNPs-mPEG@DOX effectively reduce the toxicity of DOX, providing a reference for
future research on reducing the toxicity of AuNPs-linked drugs.

[Key words] gold nanoparticles; doxorubicin; breast tumor; toxicity
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ML 1 Z2 BB B0y A FR /A 7] ) ; Zetasizer nano
ZS FUFE SR E BT AL (3 [E] Malvern 24 ) ) 5 1260
Infinity T1 7 155 40 & AH €0 3% 1) (2 B8 42 B 42 A7 B
23 W) 5 UVIS00 % %8 &b ] W, 43 5 o' FE A (Hp [
TECHCOMP A#]) .
1.2 2h3aFeiX Al

S AKAL(20 nm, FE 5 RN AEDBHELA T
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2.1 AuNPs-mPEG@DOX #) 4| & Fo £ AL
2.1.1 AuNPs-mPEG f9l4%

2K % ff: HS-mPEGsg 75 2 & F 1 mg/ml
Y] HS-mPEGsg % ¥, 18] 1 ml AuNPs(50 pg/ml) H
A 5 ul HS-mPEGsk ¥, 4 'C W& 8 h, I H 44
FJGT 4 C. Ll 12000 g B0 10 min, FEH KK
;. HS-mPEGsy 1 iH W, 4K E &
2.12  AuNPs-mPEG@DOX K4

FH 4l 7K 7% ff HS-DOX 15 21 i o0 44.7 ug/ml

i) HS-DOX &7, Bt 4 1 ml AuNPs-mPEG &
TE L, 25 BWEW, A 0.75 ml 4K EES, iNA
0.25 ml HS-DOX /A, 4 'C 5 8h, BLFEHR
ARSI HS-DOX 1 i W, liK d .

2.1.3 KA Zeta HLAL

Bt 1 ml AuNPs, AuNPs-mPEG F1 AuNPs-mPEG-
@DOX VW Ty JR 3C Zeta Hi i A &, {8 1O
K B A3 A AU 58 RLAR T Zeta FB A, A5 RE S I
3.

2.1.4 UV-Vis

2 1 ml AuNPs. AuNPs-mPEG #1 AuNPs-mPEG-
@DOX T gellrp, 45K 400 nm ~ 700 nm,
PLElizR AV R A S A 7 2 LE I TS 8T -
2.2 HS-DOX # 25 & Z4F AuNPs-mPEG@DOX &
M FFe B 2h 2 0¥ R

] 1 ml 50 pg/ml AuNPs HiIA 5 ul HS-mPEGsg
VW, 4 CIFE 8ShaELk B, /il 09375,
0.875. 0.75. 0.5 ml £{i7K #E 8 AuNPs-mPEG, F-53Jil
HIA 0.0625. 0.125, 0.25. 0.5 ml HS-DOX I, 1%
FNBE LG BE 4300 R 2,79 5.59. 11.18, 22.35 pg/ml
IR MR Z, 4 °CWFE 8 h, B0 H VS, Mid &
BB AH € 157 (HPLC) X & WA 7 s, %5
%X HS-DOX # 24 ik &£ ¥} AuNPs-mPEG@DOX I
R R AR 2 R s . BRI ik DL 2,37 T
2.3 HS-DOX &3 547 ik ey & 5
231 fmig&m

fjEFE: Extend-C g #4(4.6 mmx150 mm, 5 pm);
WA 7K (0.1% = e, BERRIE 15 pH 3.0) = &
i&=75 : 25; i : 1.0 ml/min; BEFERE: 10 pl; AE 7R
Z 3 R K : 254 nm.
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X} R ST A PRI HS-DOX 4.47 mg, Jin4ti
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43 ) B MCF-10A 1 MCF-7 40 i, Fil DMEM
TR 1 57 55 4 i %% R 5% 10°* cells/ml, L%
fL 0.1 ml IR i T 96 fLAR, 37 C TR HE
24 ho 43 5 FH AR [A] B8 7K MR B2 1Y) AuNPs-mPEG@-
DOX #1 i B DOX(0.02, 0.06, 0.18, 0.53, 1.58,
4.75. 14.25 umol/L) &b 3 24 h 1 48 h, BEFh 25 H ik
FEEE 3L, H 10% AY CCKS FR S {4 30 min.
25 GuitEodt

SCHRAE R (¥+s) FR. KM GraphPad Prism v9
(San Diego, USA) BT Ge 1530 . PIALIA] HLEK
S Two-Way ANOVA , P<<0.05 1\ K 2% %A 41t
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3.1 AuNPs-mPEG@DOX #j & 4t
3.1.1 AuNPs-mPEG@DOX PRt Ml Zeta HIfL
AuNPs, AuNPs-mPEG #1 AuNPs-mPEG@DOX
HIRIAE 5341 FN Zeta HLO QNFE 1 FT7R, 3 R K BikL
B R AR I T3 R, Zeta HLASE PR 671 FEL fap 2% Ry I HL o7,
R AAE ) K 35 F1 H AL N (46.12£0.49) nm, HLA Ky
(18.60+1.51) mV fJ AuNPs-mPEG@DOX. AuNPs
5 HS-mPEGsy W& J5, #RIFr G IR AR B A A B 2R
2 T EHUC, 3T PEG KBERY AuNPs-mPEG HY
FE AN oy AL, iR HS K, B L far i 20 3% 4 HS-
DOX J&, H TBI5 3 & A 2 Al E L, R ] 2515
F|2f 1E HL AT A G K SOR
%1 AuNPs. AuNPs-mPEG F1 AuNPs-mPEG@DOX H#J
SEARIZFN Zeta AL (n=3)

AR FEPRIAE (nm) SRR ZetalL A (mV)
AuNPs 28312037 0.38£0.02  —25.30+0.99
AuNPs-mPEG 4332140 0.38+0.07  —22.20+0.49
AuNPs-mPEG@DOX  46.12+0.49  0.38+0.04  18.60+1.51

3.1.2  AuNPs-mPEG@DOX Y UV-Vis F&1E

K 1 Frzs, AuNPs, AuNPs-mPEG £l AuNPs-
mPEG@DOX 1 iz K W Wi K 43 5l oh 524, 526,
530 nm, [ & HS-mPEGsy fil HS-DOX # 1& 1ffi |
AuNPs |-, 5 KWW KRk il 20 88, 3R W
mPEGs, Al DOX i#i HS #8MIhi%EHAE AuNPs |,

2;5) 3 5240530 nm
0 0.15 -
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0.05 -
0
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UV-Vis HiZE
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R B 1R AN K AR Y W B R R A, BT
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MR, N3k 2 PR, B HS-DOX 1Y
P20 e P 1 T, AR 1% W 5 5 R 8 2 et A A i
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DOX FZ5 FEAE 11.18 pg/ml i, AuNPs 2 7 ff
AT BE IR B4 A, R REEE 11.18 pg/ml #2454k i H
T4 AuNPs-mPEG@DOX .

2 HS-DOX % 75K EXT AuNPs-mPEG@DOX W% [fZ= 0
HAEMNZM (n=3)

HS-DOX#% 24k i W ot e i DS Hhht
(pg/ml) (ng/ml) (%) (%)
2.79 0.11+0.02 3.96+0.57 0.22+0.03
5.59 0.51+0.16 9.20+2.89 1.02+0.32
11.18 1.03+0.32 9.21+£2.88 2.01+£0.62
22.35 0.92+0.02 4.13£0.09 1.81+0.04

3.3 HS-DOX & i&nytroixid s

HAEERTE LR, LRRY, A
X HS-DOX (il 5 F= A= e ([ 2) o it — 2% 42
HS-DOX &P, 15 4 M [l 0 )7 #  y=17.884 x—
5.3651, 1=0.9999, UiF B % 8 AH €4 33% J5 V4 7E 1.40 ~
2235 pg/ml L BN LR G, %% T
1.40. 5.59, 22.35 pg/ml 3 MK, | E W E AR %
B, W3 3, H RS FE R H [H)RS 2 B 15<2.0%, 4%
ARG E TR o X IR S A A AE 24 h
AT E, H RSD 23051 0.78% #1 1.01%. HS-
DOX ~F- 2 Jin i a1 i %8 4 99.06%, RSD 47 0.83%,
[ISCRAF A EOR (5 4) o G5B R, A 7 2k
BRI, A FHT HS-DOX fY & SAal

HS-DOX
|

ol

ﬂ{z
3
0

_ HS-DOX

i

1.

20 30 40 50 60 70 8.0
HFHI#] (¢/min)

2 HS-DOX Ry &L
e LT HR A 2.8 R 36K .

3 HS-DOX 3 MKERBAMBEHEEE (n=5)

. AT LT
(ng/ml) Fs RSD(%) Tks RSD(%)
1.40 1.4120.02 1.70 1.4140.03 1.79
5.59 5.52+0.08 1.40 5.55+0.10 1.83

22.35 22.37+0.19 0.84 22.36+0.17 0.77

34 A ERATR
AuNPs-mPEG@DOX #1 DOX X} MCF-10A /I
MCF-7 #4fi ffi 1) 24 h F1 48 h T PEVE A 3 s,

#Fz 4 HS-DOX BUfMHEEWE (n=3)

AR (mipg)  MEE(m/ng) JFEAEGmug)  FER(%)
8.12 18.13 10.03 99.75
18.11 10.10 98.65
17.97 9.98 98.40
10.15 2042 10.21 100.59
20.33 10.30 98.82
20.00 10.02 98.33
12.18 21.95 9.95 98.52
22.18 10.20 98.36
22.19 9.99 100.16
SER IR (%) 99.06
RSD(%) 0.83

B & DOX ¥ J& Y 3% i LA K 24 ¥ VE FH B[R] 4 4
MCF-10A F1 MCF-7 2 Mo i £7 35 R B Bl . 724
[d] DOX #JE# T, AuNPs-mPEG@DOX [ii#5 DOX
XoF TF 5 FLIR 20 L MCF-10A 19 75 M4 BH B KR AIK,
Al R #)/ DOX B &IE Y H i . 4 DOX ¥
J&<4.75 umol/L V£ H F L Bt 9 40 is MCF-7 B, ¥iff
B DOX £ HH b AuNPs-mPEG@DOX i . i1 2
JfL 2 PEAE H; 78 DOX ¥k B =4.75 pmol/L 1Y 1% 1
T, AuNPs-mPEG@DOX 555 DOX K i 2
SRRV ER . 253 DOX BT AuNPs
L BT Au-S SEEAAAE, DL PEG IR BEOR 3
YEH], DOX 55 20 H i) 24 i T AR /)N, AT AP %
IR AR B RIAE T o BB T I TeE 240 ) o ) B R
JER, RF#KA AuNPs-mPEG@DOX #3725 DOX
AN AR 1l I RN 0 B AL, e R iR R, 5 DOX
i 9e 4 LR A A A 2
4 g

DOX £ 73 98 4 M i) 1] ot S5 4 ML Y
TEH 4, i ) S b I L R TR
BHEERR B EARN R RN . AR, Bl i E s
G5, B AR AR I 2 8k, s A ATy
HhES. A4S T2 DOX #Y mPEG M4k
AuNPs-mPEG@DOX, 7424 (46.1240.49) nm, H
£ A (18.60+1.51) mV, i KWW I+ A 530 nm.
WA ST T R T4 AuNPs-mPEG@DOX A
fif HS-DOX 5 2 i) HPLC J7 1%, 7E HS-DOX # 2}
WEEA 11.18 pg/ml B A e R MR FZk 2. %
YK AARBE N A DOX X 1E H FLAR 40 1 2 Rl
YEHL, HSHEEIA S — (I, A 5172 DOX A
(] £ fieb e 400 LS AR D, W I 26T & AuNPs 3% 4%
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DOX

3 AuNPs-mPEG@DOX F03i558 DOX 43 3%T MCF-10A 1 MCF-7 #5149 24 h 70 48 h ARt

AMCF-10A ) 24 h 40/ 8;E; B.MCF-10A 19 48 h Al 1:; C.MCF-7 ¥ 24 h 4iffiEEM:; D.MCF-7 [ 48 h Al agt:
*P<0.05, “P<0.01, ""P<0.001, 5 DOX 4 14

DOX WM IRYT IT R B T B AF A BERT

Y AR DA A S SRR 38 A e 2 210 e PN 24
YRR E ek > 22 RIAVE Y B 243842 . AuNPs 7
R TCAILGA AR 8 —Ffr, PRt R PR a3z 1
T2 % . M2 W FAa Y 4k, B AuNPs A
B S5 ] AR DOX #ERIMEH, B FT3# 3 7E AuNPs
FIEAB i AZ B 1h WO AU TR 2 8 IR A Ak
B ) 1R 2 L, 90 DOX X TE 200 it 1Y) 45
5 BT IR A7 A R AR PR, 3 Ak e 15 7R )
B DOX %4 T AuNPs |, Wik pH!'™, i 3k
it U0 15 KT 1) GSHY Y A5 R 8 43 2 AR RUSF R/
F1 DOX B, $& 5 251 24 40 K JURL e g SR A7 & FR
i, R PR E - . Ak, ] R DOX
F1 Varlitinib 55 PEGAuNPs 45 & U7, 3k 1 58 DOX
XoT et TeA 20 A P A oV T, A AEROGT T B 40 A P ke
AR AuNPs 2k DOX [7] B e A% 25 M 04 SR m
HATC 8 205, (A HR AR KN 2R T HL far LS
FIE AR A R 2 X A= 0 43 A 0 A L 8 A 52
AuNPs FK1HA BRI e Sk rgdi a it K, AKX
M S A AR A5 [ LA T B T 2 1Y
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