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Toxic Effect of Nano-ZnO in Liver of Zebrafish
LIU Lin, ZHAO Qun-fen ", JIN Kai-xing, ZHU Shuai-qi, WANG Xiao-fei, LU Jia-yun
(School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: For acute toxicity test, zebrafish were respectively exposed to the different concentrations of nano-ZnO (0, 0.05, 0.1, 5,
10, 25, 50 mg-L™") for 4, 24 and 96 h. The superoxide dismutase(SOD) , malondialdehyde ( MDA) , and catalase (CAT) in the
liver of zebrafish were studied, and the relative expression of Bel-2, Bax, p53 and MDM2 in liver were also determined. Anatomical
structure of the zebrafish liver was determined after exposure to nano-ZnO for 7, 15 and 30 d. Compared with the control group, the
liver of the experimental groups showed obvious difference in following aspects; (D oedema, cytoplastic vacuolation, and pyknotic
nucleus were observed; @) the number of hepatic macrophages deposited and the sinus clearance were increased; 3 the MDA contents
and the activity of SOD were increased; @ however, the activity of CAT was decreased; (5) the mRNA expression level of genes Bax/
Bel-2 ratio and p53 of stressed groups were up-regulated; the mRNA expression level of gene MDM2 down-regulation can be observed
in the low concentration groups while the mRNA expression level of gene MDM2 was up-regulated in the high concentration groups. The
results suggested that, the oxidative damage of nano-ZnO to the zebrafish liver was caused by the increase of oxidative stress, which
made the change of antioxidant enzyme activity, induced the expression of cell apoptosis genetic and cell apoptosis, and caused the
change of organizational structure of liver.
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A, W5 nano-ZnO X 5B £ 19 55 3 5 BE S ik
nano-ZnO XJ 7KK ZEE W RZ IR, AR LIRS
HWIBE St X4 il ad nano-ZnO 5 & BE S IT 40
LN, ST rh e 4 A e T 1 ) 728 Ak R I v g
FH B2 , #8157 nano-Zn0 Z% 7% T X B 5 1 1) 7%
E LIAN nano-ZnO XK A A W52 0 A ZH 41 75 3
FALHS AR

1 #REFEE

1.1 MK

BE S F 7 P R A i, iy 120 d
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mRNA 7347
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Bk,

5t & RT-PCR K FR (20 pl): SYBR
Premix Ex TaqTM IM(2x)10 pL. 1M A2 m 5|44
0.8 pL. cDNA #iffg 2 pL, #MNCH K EBMEE. ¥
WA Ny . FUAEYE 95°C 5 min, 40 MBS (95°C 20
$,57°C 25 5,72°C 25 s) , W45 RS il 45 V5 e 2K
RO 3 ANE AL, AR S s 1 AT
RS A P 1 ot B DA HE B (B BE M 5 2R SR 2 7250k
ST AR I A R AT B R
J7 25T
1.3 SEEBdEry bR

JH SPSS 19.0 St 4 B 854, J7 22 40 B R
One Way ANOVA, LA Tukey’s test ZH HL#; P <
0.05 MW EMZET P<0.01 I EEXET.
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a; XTHRZH,b: 0.05 mg-L ™" ,c: 0.1 mg-L™",d: 5 mg-L~" ,e; 10 mg-L~" f; 25 mg-L~" g; 50 mg-L~'; HC: T4, HS: IF1L5E, HP, AT
M, HM: FFEEZ0M, PN . AZ 48, CV. diiZs iifk, Oe: ZHZUKM, V. 25 3ifk, LM . bk UL 4005 5 w2 s
El 1 nano-ZnO BMEXIHI S & AFARLEHBIZM(H-E, x400)
Fig. 1 Effect of nano-ZnO on structural change in liver of zebrafish ( H&E stain, x400)
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Table 1~ Primers of target and internal control genes

Em5#5-3

B EH G5 2214 573" B KR/ C
T ”
Bel-2 NML001030253. 2 GAAGGCATCOCAACCTCCATICR) s
oy G, «
Mo ARO10255. 1 ATAAGOTOCOCAGTCCTICE(R) s
Bax AF3I0IS. 1 FCOGCTOAAGATTAGAGTIOTTI(P) s

) BB 2.2 nano-ZnO Xt 55 £f AT 2H 20 A= FRIE R Y 52 )

2.1 nano-ZnO X B Eh£0 1721 2R fift 35 25 ¥4 14 52 W)

nano-ZnO & &5 Xt B £ - 20 20 25 ¥4 ) 52 )
K1 B TR (a-1., a-2 ., a-3) P F4 510 15
5], ARBEAZ A 40 A T ke | 2[R S R | s
A7, 40 i B 2 HE B TE R (FF AR ), AT 1l 52
(FFRBEM 2B ICA S RIBREN, HA /D& AT
EWEAIIEAEAE (a-2). SZAH AL 7 d J5 5050
0,10 mg-L~" 1 25 mg- L~ 40 F 40 2070 B 40 it
SEMPRIE K (e-1, £-1),5 mg-L "1 50 mg-L~"4H
HH A0 5 7 451, T R Y A0 A (R 2 i
fB) ML (d-1, g-1), @K E (10, 25,50 mg-L™")
LAFLL 2P BV ] B 2 (e-1 ~g-1),0. 1
mg- L~ PN AR SZ 301, A AZ 0 O, I 4 i 2 =
WAL & (e-1),10 mg-L ™" 20 I 144 JF 20 i
44 (e-1). 403 15 d 5,5 mg-L™", 25
mg- L~ 4L BFLAILUK M (d-2 | £-2) ,5 mg- L4
JHF 200 i 52 [ B 4 R (d-2) ,0. 05 mg- L™ 20 JiT- 40 i
MO 25 W Ak (b-2), BR 7 Mk B (25 mg-L7™', 50
mg- L") 2 AN H b S 56 21 1 B v 4 i 3 2 B4
(b-2 ~e-2) , (10 mg-L~" 25 mg-L ") 4T
2L (e-2 ., £-2),50 mg-L ™" 41 38 20 AT 4
LR AR AR IR (g-2) . 4552 30 d 5, & ab B
AT IE W A M P G 2 FE SR AL (BR S
mg- L~ 4140 ) 359 B 40 A 40 B i 2 2, R0 F AR
2 A0 A% (MBS M0k ) BRA (-3 | -3 M e-3 ~
g-3),0.1, 10 f% 25 mg- L ™" 4 i i 4 fifd 552 1) Bl 4%
K(e-3, e3, £-3) ,7E5 mg- L~ AFLHLRIBEA K
AR B 1 U ZUK M (d-3) , 17 50 mg- L7
LA 0 43 T 240 A% 10 4 728 /0 | 9k L 2400 i 0 I I 4
M Z LA (g-3).

2.2.1 nano-ZnO X BE L FH SOD {14 A9 52 M

W 2 Fis , SCB Ll BE S AR SOD {1434
O TXTEL. B4 h, 96 h 5, WK N 25 mg-L!
2H 50T RRZH 1Y) 22 S A B 35 (P < 0.01) , 43531 g X R
4. 15 f5 . 3.6 15 ; AbBH 24 h, HE N 50 mg-L~
2H SOD I Pk BB K, R HRAL 1Y 5. 5 4%

200

O 4h %
7 160 | M 24h N
£ Q96 h a §
o 120 ¢ §
= 80} s
?} 40 | §
o [N AR
0 0.05 0.1 5 10 25 50
e fE/mg-L™!
#: P<0.05, % % ;. P<0.01, FI[A
B2 D &ERTH SOD FEiEMEH
Fig. 2 Changes of SOD activity in zebrafish liver
2.2.2 nano-ZnO XJBHEE fa iFr MDA &)1k

I 3 AT, S AR 2 B ) £ AT MDA 553
T R, HOAE W BE (50 mg-L7) 4 b i
MDA & &t e K. 7EAR MR B (0.05 mg-L™", 0.1
mg- L") ZHATFLHZ T MDA &80 I, Yk i Ny
10 mg-L™" ., 50 mg-L~" B Bl 25 Ab BT E] ) 2E 4 MDA

25

D O 4h
o0 %
E20r moun
= o
E__lS- Fl 96 h sy g
= .
<z 10 ¢ *k r :
- *

0 - - - . . -

0 0.05 0.1 10 25

] 5
e /mg- L™
3 BS &R MDA FEMNENL
Fig. 3 Changes of MDA contents in zebrafish liver
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SEEW BT, L 96 h B, R (50
mg- L") 4UFHEH MDA & & IAE K, B X R4l 1Y
3 £
2.2.3 nano-ZnO X BE A FH CAT 614 A9 521
M 4 HRE Y SEE A BE S fa i CAT Ji5 PRI
FXHRLL, Ab 3 4 h, FEHRBE R 10 mg- L~ B R4 40
W CAT 6 P B AR (2 X BB 67% ) ; #5824 h
B CAT TR A TR, ZR AR E (P >
0.05); 96 h I 7E 0. 1 mg-L~" 4T CAT 1% A A%
(FEXTIEZ 69% ) .
80

O4hN 24h Pl 96h

% % (% ‘ |
” r% |
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5
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s 2
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Fig. 4 Changes of CAT activity in zebrafish liver

2.3 nano-ZnO XJEEE £ A 1 58 DR A R i
2.3.1 nano-ZnO XJEEE A AT Bel-2 JEPH 15200

5 Fi7R A nZnO X BEE € AEH Bel-2 mRNA
ik WS, 5 X A A L, W EE D 0.05
mg-L’1 L0.1 mg-L71§ﬂ$ Bcl-2 mRNA FiAEW T
EFFE(P<0.01) , KA1 Bel-2 mRNA 3
AR BT AL FE 24 h WRIE R 50 mg- L' 4l
Bel-2 mRNA (33K Bl 3 T (P <0.01) 2%
HRZH 1 20 1.

12 EX3
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=
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Ed
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Fig. 5 Effects of the nano-ZnO of Bcl-2 in zebrafish liver

2.3.2  nano-ZnO X BEE A HE A Bax F P 452 10
B AR Bax mRNA ik &= a9 7284k (an
6), 5 X BELLAH HE, BRAKHE B (0.05 mg-L™', 0.1
mg- L") A HFHEF Bax mRNA Fik 80 i FREAE (P
<0.01) 7, HA345 40 7 Bax mRNA Fik &35 X

. Hp WE RS mg-L™', 10 mg-L ™" 41 Bax
mRNA ZRik i fifi b B[] 0 A T3 0 764 b, 24
h Eﬂ‘, Wl 25 mg-L_I . 50 mg-L_] B HF ' Bax
mRNA FIRF AW 3% = T X 4 (P <0.01), H
W HE N 25 mg-L ™'l Bax mRNA By AR AR K,
Gy AR HEAL 1 28 £% | 23 £

35

O 41 ey
ﬁ MR
¥ 25t @9%h N\ by
= 20 + § Q
E N N
z 5 NN
z . N N
= o) /BN
g sl \’ '\’ ::? h

NN VLW
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HefiE/me-L™!
6 nano-ZnO FiEXIHE DS & FFAE & Bax BIF200
Fig. 6 Effects of the nano-ZnO of Bax in zebrafish liver
2.3.3 nano-ZnO X BE £ FFEH p53 JE R A2k

K7 MHFHEH pS3 mRNA i F kA8 1k , 525
HAFAE Y pS3 mRNA AR AR E TS 1 4
h, 96 h i, JFlEH p53 mRNA FAE LT EE T
W, 582 4 h, WKIE K 25 mg- L~ IHIFET p53 mRNA
FR IR R, EXT RN 14.9 £%; AbBE 24 h
i, B nano-ZnO ¥& BE (W3 INAFIE f pS3 1Y 23k &
B, B2 — MR ECR, FE 50 mg- LB, BED
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