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Abstract: Quantum dots nanoparticles (QDs) and Cu”" may coexist in the liver, threatening human heath based on
the hepatocytotoxicity induced by these two chemicals. In this study, human embryonic hepatocytes (L02) were
used to investigate the effects of low/non-toxic QDs on Cu’"-induced L02 cytotoxicity and the associated mecha-
nism, which may provided a reference for health security and environmental risks assessment of QDs. The results
showed that the addition of QDs greatly improved the individual Cu* -induced cytotoxicity, with cell survival rate
decreased by 26.0% at the highest level, indicating the synergistic effects between these two chemicals. In addition,
the presence of QDs increased the accumulation of Cu®" in the cells, accompanied by the increase of Cu”" detoxifi-
cation-protein including CTR1 and ATP7A expression level, which partly confirm the higher Cu accumulation in
the cells compared to the treatments without QDs addition. Simultaneously, the existence of QDs makes the lactate

dehyfrogenase (LDH) leakage of cells higher than that of single Cu’" treated groups, suggesting that QDs may
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damage the cell membrane, leading to increased accumulation of Cu®" in the cell and the cytotoxicity was thus in-

creased, so the synergistic effects of these two chemicals were observerd.

Keywords: quantum dot nanoparticles; Cu”"; L02 cells; combined toxicity; cell membrane; accumulative capacity

T A (QDs)— ki I ~ VIEE I ~ V jEITH
FA B, AR AR GOK AR A, BT IR AR AR /N (Y
2 ~10 nm), HLF 125 78k B BR BT 9 AR Ry &= 1
Ao QDs DUHFSE 1Y 2 Sk FIUR ) B fff 55 i mi AE
AP IS 2 S T AR P RS B 4 B AR e
4N, QDs i/ INREAR e K Fe 6 T AL T T H R
RGP X (1A QDs MR 5) 15 H A7 PRBE iy FL A ) ot
IR as4A, Helin QDs fiEfg4h & Cu®, Jf H 5
FLEA R R T M VOB R AT B H QDs K
W Cu® e B (1 Jrigste™

il o0 R AR WA E AR A RN Zh il BT Y
o o R, FEUBS S REX) 22
SRS, BRI T 2 W A AL B A 0 2R R
L BRI R A TRl | 2 e S A RN AT L
LT (Zn-SOD) A5 Y 2 (1 0 i B 2L X 7, 22 im i
Z 5P AR 9 S A R R N R S 5 AR AR
JUEH AR T LT TR, Rt & 08 E &
TP Am AR A A, X AR T B AR RS
PIRE A ) = AR FE AR RS JFIEE Cu™' &
BUNEZHSE ., G MERSIHE FAREN, R
ZAARI AR G 1 B3 s 3 3 Cu® 78 IR 9 281 AR
e Je BT

QDs FEA= M) B2 2 1 I 4 ok T 88 2 1 IR 2%
FEMLT ) W EE R R R EN, R
AT Cu®' B HEE . QDs #uE i a] LA
AR N R G2 53 A5 I 2B B AR R 9T
I, QDs Fl Cu® W] BEZEFIE N AL/ H QDs REISLS
A RFEEREE Y Cu' | i QDs E 48 K4 K4 B ik
W25 5y Ge e AR ot ek A 40, I H. QDs 7= A4 11
TEYES A L (ROS)AA M I 400 it B 4 4 1, I8 4 7
FHIAF T REM T QDs BEIRAN M , i f Cu® 2 5 ik
AL, B0 Cu® BRI i, DT A ke 20
BEPEREIN, 51 & IR A5 A XU

AHIFZE FH AT 20 0 (L0240 Jif ) VE A JF U £ 35
RANNE, A QDs BN A KT Cu™ 20 i 75 1 10 2
A5 | A% 5% QDs Xt Cu™ il il &5 AU AU I, %5
M) o] R Ao A AT B 1 3G n ., i — 2B A AN
Cu” IR A RIR AL EIE L, ERY Cu™ &R ok
) 200 LN 35 7 Ak 3 e I 7L R &l (LDH) ) A2

A 5 A0 MBS R , A TE QDs T A 2ok 15 A 41
JG B Cu™ BEA AL, AW 5 7R F A& QDs Al
Cu®" B FEAF X AT IR 9 7T BE B, LS by 40 KA AT
REAGIR A ARG KU PN S 1S %

1 ## 57 % (Materials and methods)
1.1 SEspel
1.1.1  Zifakk

S i B9 N VR BT 400 i (L0240 ff ) i 1+ R
2B AR
1.1.2 it

ToK EACE, 4314, W A Sigma i F] A A
DMEM 1% 77 3£ F G 4 1L 75 W 1 35 [ Gibeo® 23 7 ;
MTT Cell Proliferation Assay Kit i) H Jbt 5 &5t A= )
RHEABRA ] ; Cyto Tox 96% = Jilt 54 40 it 25 46
3R 7 & W [ 35 [F Promega 2\ F]; & F 4. CdTe-
MPAGitFE N R) 48 2 B T R 244k T 22 B & i,
B MPA , B A& 3.7 nm, K206, TE KA A B &
S KN 628 nm, ) T MR E R 5.8 x107°
mol-L™" i ¥k N 0.64 mg-mL™", 7F pH {f 6 ~
12 JERINERE , AT RS WS 2% 3G, A& il 2
DR T EELEAL DL 2B AR
1.1.3 %%

UV7500 5£5h-nl WG RE T, bl R SR
BHEA R A F] 3 F7000 B 585856154, H A H 322
] ; Tecnai G2 20 BUiE 5 B4R (TEM), 2 B FEI Al ;
Malvern Zetasizer Nano ZS 90 %Y zfj 75 6 81 &1 4%
(DLS), % [ B /R LR AT FRZA ] 57700 7845 8 71k
JE(ICP-MS) Y , 35 [# Agilent /A 7] ; Molecular Ima-
ger ChemiDoc™ XRS" imaging System % it i 1% %
4t , BIO-RAD /A 7 ; BioTek Synergy2 £ 3] fig iff #1:
1%, 3% [E BioTek A H],

1.2 SEg Tk
1.2.1 QDs FESFRAE

FESRTE TAEHLA A 200 kV HIE TEM &4
I UVT500 5e5h-A1 WG RETHAEERE 1 em (DL
T 0 A A 2R A OGS TE F7000 AYZEY
TR B E . R H S B EHUHEXT QDs 7K &
RARHEA TN E , W E S5 4R 25°C, B AR 90°, 0
P 633 nm,
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1.2.2 MGk

LO2 Zf i H] DMEM #5575 FE 0 A 10% A9 i 4R 1l
75 (FBS)TE 37 °C JZJE 4 95% Fl1 5% i CO, &4 F
Big% .

FHARTRI R BE A Cu®* (0.5 ,10 .20 £1 40 pg-mL™")
VWML S QDs(200 wg-mL YA b BN, 1Y
7224 hJa , HHT &5 7, QDs M 10 mg-mL™"
TG LT P 355 35 32 F ol ) B VR R A5 31, Cu® IR TN
TC B Sl K BE 169 30 mg - mL ™ BB RS 3)
1.2.3  MTT 300 40 A7 05 %

TBORT B30 A 4 1A 40 7t 42 F T 96 L AR (10° A -
FL7Y), RE TR A BE | s SR, A LI Cu™
8% QDs-Cu™ 135353 Cu® W 43 51k 0.5 .10 .20
140 pg-mL™", QDs I E N 200 pg-mL™", &4~
FIHEEE 3 NELET 5% CO, HiFrfRi#24 h
SRS TR R WU 21 U NE Y [ /N =
Fr B R, DA 10% BEMETE (MTT)(S
mg-mL ™)) DMEM £;3:5(JC FBS), 4k£E K535 4 h
J& , 72 MTT %, B — F 5E 2R (DMS0) 150
wL &, FoAr R 2 48 (i F &S i o0 e i e,
BioTek Synergy2 2 DIRERGEAR I E 7E 490 nm I K
A P IR E FEEL, Bf E AH YT T Cu® Bl kb BE 4, QDs
AT 102 21 B A7 5 Ay s i e
1.2.4 LDH B A

BORT B50A K 1 40 e 2 A0 T 96 FL AR (10* A -
LYY, 40 BEJS  $E$E 0,10 .20 140 pgemL™
) Cu® Bph K 5 200 pg-mL™" #Y QDs B4 4b 3
41 24 h, AR HE Cyto Tox 96 ® A il 514 40 ity 25 M
o 3 ) 6 S 5 A0 BB AR, FH G AR [ AE 490 nm
T B
1.2.5 SR H AR FH Bk SE 465 (Western blot)

YA SR A AL P R LDH S256, 45 T 25 Wy Ak 3
24 h J5 BT UK, AR AT TV 1Y PBS (7% & 11 B 41
) E VA 2 ¥, hn 5 mL ¥ PBS ¥ER, 4
T A AN, 4 °C 300 xg B0 5 min, & B
W, M1 mL G20 24 % W, 7K 5 min,4 °C |
16 000xg #.0> 5 min, B I ¥, BSA 1E N HEE ),
5 T W T TN B P MR S i AR 1 ARG
I 100 °C FEHAE S min, - 80 CAH,

145 8% ~10% iy SDS-PAGE Jii&, bk, L8O V
FL R LUK, T 257 LA 20 B ISR 43, B 31 120 'V,
P B B B AR 3B 1 em A2 A5 P IR IF T AR L IR
HLI M E) 350 mA  NC JBERIR T F2 B 1 ~2 h ]

5% WIS Wk Y TBST I W == IR EHAT 2 b, it i
) —PLEFE L] 1:1 000 FBE) 5 B 098 H R 25
4,4 CWE R, TBST WIREE—PL, I b —$t
(Kb 1:1 000 Fike), = iR FEHEBEE 1 h, TBST ik
3 WA BCL Wt JFFE B AR R 48 b Wiy, JF
FIFH Tmage J A4 M 45 451 O K BE(H, LA GAP-
DH KNS H 4418 A B AR,
1.2.6 4Py Cu® & kil

A RERD T 6 FLHR(10° A~ FL7"), Ak B o 3 []
b K538 24 h ), B0 5 min(S 000 r-min'), il 5%
B B T OAFL A i PBS 2% vhil vk 2 Ik
DR 25 40 i 2% 1 4% B8 1Y Cu®', 200 pL f% Tritonx-
100(0.5% Joz 2 ¥ B ) W AL P AR S A, 48
MLFFTAN = 20 °C A VKA I 52 VR 2 58 24
B0 10 min(10 000 r-min™"), B b1 R FH KA
JRF RSO T 7, U FRAE 28 (GE PR £8)324.7 nm Ky
G3HTEk, F ICP-MS AR Cu® W FE , B4~ SE 50 3
A7,
1.2.7 Seitsrthr

B LA B £ bR o 2 (x+ ) FoR, W ] Origin7.5
AR A T B R 3R 7 2250 T RN T-test Ky, * %
REL P<0.05 BI5E FESA BEE, 3% QDs-
Cu™ B A& Ab BLAE &% A EL T B 0k cu™ Ak B A 22
ERTE

2 453 (Results)
2.1 QDs gk HyRAE

WE 1(a) s, A Y T 5 CdTe-MPA 442K
BT RS 5] KECR B E 38R AR 40 2 ~
10 nm, DLS %5 % /8 QDs /K& HKi42H 100 nm £
L ERE W h A B R, iR 8 5 (B 1
(b)) ; AT WL 15 7A A QDs #E 530 nm PAF
WS (] 1(c)) 5 2865 BE E 610 nm 22 47 35 31 14
(& 1(d)),
2.2 QDs X Cu 1753 (14 4H I 5 1 5 1

FH MTT 52 56 #0120 % 25 28 AL R W4k QDs X
C' AT, 4558 %W,QDs fEH 24 h
J&i, % LO2 4 A 2 1 A, SR AY 200 g - mL™
QDs 4IBBLRLAIN 3.6% (£ 1); A FH R Cu®
LB 24 h Bl A 3G K A i B BE ) B
TR, SRR K AR 5200 pg-mL™' QDs HYAMA
AE W E S Cu® B ERE, b i s R R S T
26.0% , KIHPHREIEHI(E 2(a)).
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Statistics Graph (1 measurements)
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1 EF 5 (QDs) HRAFR AL
1 : CdTe-MPA QDs ) TEM [£l(a); CdTe-MPA QDs [ 3h 25 G HU (DLS)FAE(b);
QDs [N (c); QDs IFEELTE(d), CdTe-MPA QDs SZ I MRALE Y CdTe -+ £,

Fig. 1

Characterization of quantum dots (QDs) and fluorescence spectra

Note: TEM of CdTe-MPA QDs (a); Dynamic light scattering (DLS) analysis of CdTe-MPA QDs (b); Ultraviolet absorption spectra
of QDs (c); Fluorescence spectra of QDs (d). CdTe-MPA QDs represents mercaptopropionic acid-coated CdTe QDs.

T AR R S A5 A AL 1 A A AR
B 2(b)), 45 A MTT 5286 —2, XFHEZH KN
IEH Y L02 40, 2 238, BAT e84 A%, I
HArerE f BR S WAR b, X T Cu™ Ab B4
1M, QDs [ A E 41 il 57 2 5 i B i 1% . 7
AR T AT UL T A AR e B A
V) SIS 2 A A 406 /0N 0 4T A e 4 45 4% b R
M5 IEAAEL

2.3 QDs K Cu®* X2 a5t i 52 iy

I E LDH B3k %58 QDs Xof 4 i 5 i)
WERVER , DD 40 M s LB R 18] 3 AT, AN
[FIWEE Cu® AbFEZHFE A 200 pg-mL™" QDs J&,
T A LDH B in, A& Cu® kb P ) i i
B, LDH B4R A s B, Gk 6 % B AL
il QDs(200 pg-mL ™ )AZLFRZH  LDH B 5 3 5
T 2.8% ;A 200 wg-mL™' QDs J5 , HHXt T Bl

#&1 QDs 7 Cu*Xf L02 4 ia75E L a2 0h

Table 1  Effects of QDs and Cu’" on the survival rate of L02 cells
244 -1 ; Cu**+QDs(200 pg-mL™") i
Cu®" W/ (p.g-mL™") Cu?* A RLAE T /% AN FAE T SR AR /%

Cu?" concentration Survival rate of Cu®*

YA AT /%

Survival rate of Cu?"+QDs

The change of

the survival rate/%

Apg-mL™") treaments/%
(200 pg-mL™") treatments/%
0 100.0 964 36
5 930 79.7 133
10 83.7 66.5 172
20 599 339 260
8.6 142

40 228
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@~ - Cu** (b) 10x
B =100 — Cu?+QDs (200 pg-mL ") '
&g %1
e § 80 Control
=3 ol
"E i\o/ 60
% z 40
o -
i . . A , Cu
= 8 00 10 20 30 40 50
F Cu*¥R)%/(ngmL™)

Cu?* concentration/(pg-mL™)

100 pm

20% 10 20%
QDs
100 pm : 100 um 100 pm
Cu2+
+
QDs
100 pm 100 um 100 um

E2 QDs WMAX Cu* iFSHMMmSHERNIm
. Cu® Ml QDs-Cu®" AbFEXS LO2 A5 R AU (a) ; Cu® (10 pg-mL™") QDs(200 pg-mL™")
2 QDs(200 pg-mL™ KA Cu?*(10 pg-mL™ )ALFLA4IIETE &2k (b).,
Fig.2 Effect of QDs on Cu’"-induced cell viability decrease

Note: Effect of Cu*" and QDs-Cu®" treatment on the survival rate of L02 cells (a); Morphological changes of cells treated

with Cu?" (10 wg-mL™") and QDs (200 pg-mL™") and QDs (200 wg-mL™") combined with Cu?>*(10 wg-mL™") (b).

*

100r =3 QD(0 pgmL™)
Z2 QD(200 pg'mL™)

9 7
iZm

Cu K% /(ug'mL™)
Cu?* concentration/(pg-mL™")
3 Cu"BMREE QDs Xf L02 FF48Aa
ZLERRN S B8 ( LDH ) BRI S0
Fig. 3 Effects of Cu’ alone and combined with QDs
on lactate dehyfrogenase (LDH) release from L02 hepatocytes

80

40F

LDHE %/ %
LDH release rate/%

20f

IR

10 wg - mL™" Cu™ kb ¥ 40, LDH B i R80T
23.6%
2.4 YiffaN Co® S RAEL

J T HE—E AR QDs 1 HIAHE e 41 i 7 M
BN, FH ICP-MS UG 0 21 i 9 52 B Cu®* & i, i
&l 4w ORI BE Cu® BE A QDs(200 wg-mL ™ )fE
FIT L02 41}l 24 h 5, 4RI B A AL Cu® 3
FREEHG I, AR X % B2, Bl QDs(200 pg-mL™)
AN Co™ S BT 6.4% ; MXTF Bl Cu* (10
pwg-mL )4, A QDs(200 wg-mL™")J5, Cu* 41 iy
SRV B BN T 431.8% .
2.5 Cu™ffaEE IR

Western blot A5l Cu® KR f##EFE 11 ATPTA |
ATP7B K CTRI Fik 0L, &I EE A (1 R 5 HY

W
(=
1

QD(200 pg'mL™)

M -

“Lowm VA LA VA
0 10 20 40

Cu? ¥/ (pgmL™)
Cu?" concentration/(pg-mL™)

IS
=
T

w2
(=]
T

N3
(=]
T

—_
(=
T

Cu B FURE/(ugmL )
Intracellular Cu?* concentration/(pg-mL™)

El4 QDs-Cu™BtAXT L02 AR A Cu™ SEHIZ I
Fig. 4 Effect of QDs-Cu’" combination

on Cu’* content in L0O2 hepatocytes

I, G IE B T, Cu® 7 20 A Py 25 AR s
B, X A B EE A R BN, 5 QDs (200
wg - mL ™) AT BEXT 40 o B = A KA S 3 Cu™ E
X —HEMIAH—2, @il 5 Al 10 pg-mL™ Cu™
A 200 pg-mL™ QDs ZbBEZ , AHXFF Bl Cu® 4b
PRZH i 2R M 3R I8 AN [F) A2 B Hb 3G i, ATPTA R H
MY 133.6% ,CTRI I T 573%

3 132 ( Discussion)

T QDs T RARAR/INZY 2 ~ 10 nm), 32/
RS 2500 RN 2 T RA N 25 1) g ), A8 AR 22000 7 i)
[, AR R 2 R RGO M R 2 — B
AR Y BE N AS AT SBE A M T Ok B0 BT HE i Y 1
It i EOR BH AR L T A AR IR R
AR 2 A% 3 RO L AR 8% 5 7 TD 1) g FH AT g AT R
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1 2 3 4
@ w B . ata
ATP7B
— CTRI1
- GENS WS W GAPDH
()
— 6r (b — 25
25 2515
}g“a ) % E“a 1.0
£ 2205
TE & 00
0O 1 2 3 4 5 01 2 3 4 5
Zpil 434
Groups Groups

B5 Cu”fEEEHA ATPIAATP7B & CTR1 EAKRIX
 Cu? fREEAR 1Y Western blot 25 F(a); ANFIALEERT ATPTA FRikHIRE
i(b); ANFIZLHERS CTRI FEkRUEEMC), 1. ¥HIRAL,2. Cu® (10 pg-mL™),
3. Cu*"(10 pg-mL™")+QDs(200 pg-mL™"),4. QDsR00 pg-mL™"),
Fig. 5 Expression of Cu®" detoxification protein
ATP7A, ATP7B and CTRI1
Note: Western blot results of Cu** detoxification protein (a); Effects of
different treatments on ATP7A expression (b); Effect of different
treatments on CTRI expression (c). 1. Control; 2. Cu?*"(10 pg-mL™");
3. Cu®* (10 wg-mL™)+QDs(200 pg-mL™'); 4. QDs(200 wg-mL™").

QDs MR E R Rocha % HIER] T QDs fE{£
NP A FIEE, T Tl A [ 4R 3
SRR R B Cu® BB TS g, IF HAE I AR LT ICER
t EFE L TR FTLL, QDs Al Cu™ M A 7
PERE A A0 R S AL ER DL K 7 4 4 it 1 F 9% S5O
HhE

QDs FEMEALHE P A — -3 o 1 1 U7 (ROS)
SN M R IR (50 45 40 e %) o e A I R0
A, Cu™ LT IR AN ISR 1 B BV E FH |, 5 A it AL 08 30T
A Re R HEEE M T G S A0 Y DR SR B A FH AR XS
¥ QDs W3R, A T QDs M« HHBI” fEH , (115 Cu®' fig
S RET AN, AR AR Y Cu® B BRGNS 204 i 5
PERE TN

—JBEINT T, A0 AR A X N ) 4 J S 1 ) R SR i
B, S B R EERE o cu® A R
SRR E 1 ATPTA ATP7B J CTRI &1, W
fift B 2R 1 7E QDs A J& , 3 15 5 6 SE 38 i, 156 B
QDs MY ARE B Cu™ & BLUE A3, 5 20 75 8
PyZRIR I, 400 B B EIFEAR Cu® FE B, DA
Zwp Cu* HORMFEEER . L, G TJEH QDs 1k
k7 QDs 5 Cu*' WE A B EA LW,

QDs & J# K 200 wg-mL ™" BF, L02 4 i 3 48 %

H3.6% ., Cu” WM 10 wg-mL ™ B, 102 40t
FH163% ,4HA 200 pg-mL™ QDs i, B R
H33.5% 4 T 17.2% , Ui QDs A1 Cu™ B i A
AB2XT 102 4= A= #E , I H. QDs it AR Cu®
V1 L02 41 i 0 HL AT 5 3 D[R] VR R 4 i s 5
NG S ) LDH 3800, Cu®* (4 % 75 8 11 1
T, 3XEW] QDs Xt Cu® 75 5 L02 4 At 51 38 i Ay 1L
P AT BB M T BRI A AR 3 Cu® B AR
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