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H5HRSFR/ANAE i 9 Zn* A X, Ferndndez
GOSN, AKZnO . Zn® REXT £ 240 il = A
FHEMEM, JRZaOH LFHFEMEN, MAERELN
SR, HOKZnO . HHZnOF H 1 Zn* S
PR REPE R EHLH . WienchZE W HLE T 48K
ZnOMIH ML ZnOXS 7K & (Daphnia) 1) S RIS P 7
PE, S5 B, 9K AERERTEE 90 K b R TG
R, SMESLIe kBN BE R U R S 1 Zn* R
o Wong% 58 & BLAN K ZnOXT K A8 9y 1) B 1
FERHPKZaOB M Zn* 51 . Hs A b
FEH R IR ZnOXT B L £0 i BEPEAE /N T8
ZnOWikr, Zhu S R 45 R B R, K ZnORELL
BEAR AR B XK S A B . ZEDF TR 4K ZnORI
7N ZnCLXT BE Sy £f1 (Danio rerio)JE I ) 2514 /E
H R BN K ZnO By F PR RGN 32 28 i R Y
o’ RAEY, JERA2FH AR, 91K ZnOM A=
PREPEA 2R B T B Zn® T i B 2 1k
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S, GUORAONRER T —EEH, IR
() Zn* I & 52 2R BE9IK ZoOs | I FEHEAE P,

YK AR B T 2AT AR A AR PR AR K
M A, 5 A5 F A B AE B ERE S
o2z RN AN BB AR, K ZnOiE A
ARG, R A IS T LS
AT RAERN, 7S AT EA B H 2 (react-
ive oxygen species, ROS), Mjid & =4 JROSH]
RE WAL A B P A A pL g, 510 Sk
W, AR A K R T LKAEMILEE, B
SEAY R AR BT, 5 Y A Y B B
U 2 RN A A, AW IR ALE TS G i
BT ZHROS, BEBIN A BhUAL RGN
A, AR 2 E PR R G bR S
AR BN, RS VE A, XK
TS Y SRR O N R, RT R R T Py A
15 YR BLBE TR 15 e ks A, B
KRR BE D 1 2R 4, W9k ZnO . F
HLZnO . ZnSOXF HATIE . i A i 2 20 v it 450 £k
A (CAT). HFMeHAK(GSH) . A bt H K6 % %
i (GST). PR A H 3L (ROS)EH M, HAEYN
KZnO. H HLZnOM ZnSO, N BKE T i 5 Ak 1 i 7%
PERISRE , I 40K Zn Oy 5 M AE FH -5 H RS ik
) Zn> FIAR BRI OC R

1 MRS A

1.1 SCIG#t R

BUAF: 85 CLBE S 00 T T i R AL S 4,
% 120 dZE 47, PR R (3.00+0.6) cm, 5N
(0.36+0.1) g, SEHGHTYNFRET d (YIF7 8 H] TCBE 5 fa
FET), PNFEHAK R B R AN A 5 SR G A W g
K12h, JKiE(26£0.5) °C, SR/ B EE 16 h:
8h, g HBE2R (AW —R), WMk B HE
MY RRE

4K Zn0O (25 £2) nmll F T M K9 K R
HIRAF, #MZnO. ZnSOM N3Hral, T4
LA (CAT) . A MEH IK(GSH) . & bt H Ik i 5%
FE W (GST). ROSIAF & H pg nt @B T
G -

1.2 HMHiRE

ST A1 BE S A 43 51K A 10 mg/LAN K ZnO |
HWHMZnO . ZnSO,, X MRZH R HBES MM A KK,
HH3INF17. FEMESLK S MGB/T13276-1991,

KRS R A, KE LR 5T 2
MUK aREED gff, SCHFARE .,

1.3 PSS IRERRANE

TEALPRA | 2470196 hif, g 21 Bl L35 HL S 2 B
hfr, 7 BOKEBE D A E S O E . B
B2, VAR PHER KR, UEARTL T K A BRI
H, MATEAY0.86%4 BlEh /K (HLRE - A
ERIK=1:9), VKKV (8 FH R P ke A i il iR SO
HAFT 2 AR A, 4°C, 2000 r/mini
010 min, B i #EFFGSH, ROSH 2 M CAT,
GSTIE M, H AR A 42 B o 8 il ) & 16
MBHEAT, BB 2 % D e e .
14 WS EATRRIEEREFRIZFANE

R4 GenBank 1 B & 1 Bel-23& A ¥ 51 |
BaxJEH ¥ H . IL-65E ¥ 5 Fl TNF-o3E K ¥ 51
FHBE 4045 % He N B-actin N Z, it Bel-2.
Bax. IL-6. TNF-aflf-actinE K514 (#1),

®1 BWEERASEERSY

Tab.1 Primers of target and internal control genes

NN =] 0,
FEH 1E [ 5| #forward 5'-3' Jﬂklmfi/ C
gene J% 7] 5] Preverse 5'-3' anneaiing
temperature
; ACCACCACAGCCGAAAGAG (F) %
Practin ( GCAACGGAAACGCTCA (R)
el ATGTGCGTGGAAAGCGTCAAC (F) s
GAAGGCATCCCAACCTCCATT (R)
5 CGATACGGGCAGTGGCA (R) s
ax TCGGCTGAAGATTAGAGTTGTTT (F)
L6 TCCTGTCTGCTACACTGGCTAC (R) I
GAGACTCTTTACGTCCACATCCT (F)
npy  TCAGTGCAATCCGCTCAATC (R) s

GTCTGTGCCCAGTCTGTCTCC (F)

%6 E HPCR (RT-PCR) W & % (20 pL):
SYBR Premix Ex TagTM Il (2x)10 pL. 1F [ } J [if]
5147450.8 uL. cDNAREMR2 pL, #hJCHE K 2 B A
o, P71 S5 P PE95 °C 5 min; 95 °CAEE
20s, 57 °CiBk 25s, 72°C #Eff25s, 401
W, RS RE w2, A RO 534
SEAT R HEBR AR FH A i A AR 384 1A TE A
A () B P X R
1.5 HIERAIE

S5 E i DLV 35 B hR E 25 (mean+SD) 2K &
N, B R FSPSS 19. 0% 4 HE A7 B IR & 5 224>
M1 (One-Way ANOVA), F#LILSD#ffT L i,
AR P<O.0SHIFA7E S E 22 7, P<O.010F FA 7R
BEER.
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2 4k

21 MAKZnO. EHMZnO. ZnSOM KL & &
A CATE MRS

S 20 BE 0 JHF A R CATIE 2 24K T X R
H(E 1-a), AbFE4 DI, SCHGZHCATIH M5 % I
FHEG 36 M KM IR 98K ZnO>ZnSO > #L
Zn0O, H P4k zn0O. ZnSO A4t PR 4 B 5 0 T i
HCATIG PEIR B 2 2 /K- (P<0.01), TI7EALFH24 h
if, X ZnSO4% B CATE PE M 1 K T % B 4l
(P<0.01). # M ZnO¥ KX b CATIE 1 & 1
B 520 (P>0.05), Ab¥PE4. 24 hif, 44KkZnO,
ZnSO Kb R BE 5 40 figg rh CATIE P34 = 4 IR 4
(Kl1-b), Hr gk ZnO%% 5 4 hisf i th CATIE P ik
Pl KAE, AXIEAM9216.87%, fE96 hitf, 5
X RRAIAR EL, SC 43 5 fa i i CATTG PR3 T
XL, Hidh ZnSO,uh H 4 CATIE M b B 2 BRI
(P<0.01), MAbFH4. 247196 h, SZE 4 BE 5 fh
HFICATIE MR LTHE FREMEH & 1-0), H
o, SR, BEDfa R EE T 4K Zn0 24
his, 88 P CATTE M & R (P<0.01), K EIX)
WEZH 19137.59%; 7196 hif ] & 35 M [ (P<0.01),
LR Xt B9 61.63%

2.2 #KZnO. EMZnO. ZnSO MWL & K
4N GSHE E/VE

2K ZnO . HHZnO. ZnSOMi T, K5
b I . R 4% 4 4P GSHA B 19 38 4k i
N, Gk ZnO4h B4 BE ) fa i AE H GSH Y = 4%
F X HR A (&2-a), HZEALEE4 F196 hivf, 22 74%
3 (P<0.01), FEALFEWI (4 )R ik 2 e /ME,
R Xt R 963.31%. #&#296 hi5, ZnSO,.
FRZnOAb PR 21 5 5 £ JHF Ik P GSH A it A AR 1 X 1R
4, HZERARFEEP>0.05), SHEAML, 2
24 hivf, 29K ZnOFI ZnSO A 3 21375 S B o) fo
1 th GSH & 1 i 12 3 T4 &1 (P<0.01), 4351 Ay X B
H1.25F 13645, MALEE96 hf5, 44°KZnOFI
ZnSO, 5L 5 4 L T B K, H ZnSO,5L 5
2H R B i KT (P<0.05)(K12-b) . 4B FR IR M4 h,
24 hitf, Z0KZnO. H HLZnOAL B 41 B 1 £ g p
GSH 2 ¥ 15 T X B4 (K12-¢). #£96 hivf, SCH
R GSHE JEAT PTREAL, #4541 GSHAY & it
W R K ZnO>ZnSO,>H FLZnO, (HALYI K ZnOAb
H g 2 BEAIR(P<0.05).
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Fig. 1 Changes of CAT activity in the liver,
intestine and gill of zebrafish

(a) liver, (b) intestine, (c) gill; * indicates significant difference among
treatments at 0.05 level., ** indicates significant differences among treat-

ments at 0.01 level

2.3 NAKZnO. EMZnO. ZnSO NI & &
Oh GST A HI 22

e T KZnO, ¥ HZnO. ZnSO, F I BE
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%
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10
0
24 96
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treatment time

©

GSH % /(mg/g protein)
GSH content

2 HDEMHE. . BPGSHEEXZK
@IFIE, (0)7, (c)fif: *RoR % 4bHLH] % 5t &3 (P<0.05), **&
TN Ak PR 2 S R B 2 (P<0.01)

Fig. 2 Changes of GSH contents in the liver,

intestine and gill of zebrafish

(a)liver, (b)intestine, (c)gill; * indicates significant difference among
treatments at 0.05 level., ** indicates significant differences among treat-

ments at 0.01 level

I FAE . A RIS 2 20 GSTIE 1 10 A8 A 45 SR
R, SXTREAAHEE, 4bH24. 96 hitf, 49°KZnO
MZnSO,¥i% S GSTIHE M i 35 T+ = (P<0.01),
1M H ZnSO 40 324 hisf i1 H GSTHG 4 ik 2 5%

K, HXTHEZHK128.95%, & HLZnOAL P 4H AL 1E
J% 7596 hiS X GSTIE PEA W W5z, 1 2% T %
HEOK O (P<0.05)(K13-a). S HRAIAHEL, AbPE4h,
24 hikf, S0 A BE I fa i GSTIE P 34 5 X i
H(E3-b), HHPAKZnO, ¥ I ZnOkE FEIA7E24 h
IF s F de K, A A X BRZH ) 1.52011.544% . Bl
E PRI R RELS , FEFE96 hitf, &AL HEZH rh 5
g h GSTIG PR B M T B, & 20 GSTI i M
KKK K ZnSO>HK ZnO>4 L ZnO., R4 .
24 WG, AKZnO. B ML ZnOAb B 4 B 5 £
GSTI M4 f 3 5 T X R4 (813-¢), H. 324l
oA B ZnOLt B 24 hitf GSTIE 5 B i K, M xt
W2 121.94%, ALFR96 hif, 44K ZnO. ZnSO,HI
B AL ZnOAb B S BUGS T MM i 25K T % BE 4
JKF-(P<0.01),

24 #AKZnO. EMZnO. ZnSO N WO & K
(HLAPROSE E R

S50 21 rp B H £0 1 JIE  ROS B it ¥ TR
W 2H (1K1 4-a), AbBHRAFN24 hisf, Fifi 5 Ak A a] () ZE
K, SCEOA FAE R ROST BB Wi, Z#£96 h,
Y42k Zn0O. ZnSO M HZnOAL B ZH FROSF &
i E TR (P<0.01), 203 X R4 1.37. 1.16F01
1.175% . 991K ZnO . ZnSOF1% HLZnOAb 38 20 B
7 P ROSE & 1 5 T X IR 41 (K 4-b), AbFR4 .
24196 h, S5XTMAMMLIL, 49°KkZnO. ZnSO,
Y15 3 W P ROS & i i) i 2 T R (P<0.01), kb3
4. 24 hitf, 2564 FhZnSO ML S ROSF 1 13k
Bk, MAERTEIC G, KZnOA BEL] A F
K XA, SR T E P ROSE Y
T, B AR IR & YK ZnO>ZnSO,> 5
Zn0O, H 45 kb PR BE 5 £0 8 rh ROS & it Pifi %5 %5 2
R[] %) 364 fm 1 32 b (Bl 4-c) o B M ZnOAL 3
4. 24 hifROSE H A BT B 284k, {XAE
96 h/F ROSF it ik 2 /=5 T X%t B4 7K F- (P<0.05).

2.5 KZnO. EMZnO. ZnSO XKL &K
He0h Bel 2 EFRIEZEN M

2K ZnO. HHZnO., ZnSOMLF R, KD
i JFRE . B NS A% 41 20 Bel-2 mRNAZR 35 12 1)
AL GE R BN, SRR, K ZnOFIE L
ZnOS BUFIE 1 Bel-2 mRNAM) Fik & 2 b
(K15-a). HAFALFRO6 hif, 442K ZnOAL BELH 1 Bel-
2 mRNARF R 0 3 T+ (P<0.01), ZEXTHEZ
M)1.441% . AbFE4 | 24 hitp, 255250 4 BE 5 fa i h

http://www.scxuebao.cn
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3 HMD&RE. M. @PGSTEMEL
@FTHE, (0, (c)ills *FRoR 4 4L EL ] 2 7 35 (P<0.05), **&
TR &4 PR 2 S AR B 3 (P<0.01)

Fig. 3 Changes of GST activities in the liver, intestine
and gill of zebrafish

(a)liver, (b)intestine, (c)gill; * indicates significant difference among
treatments at 0.05 level., ** indicates significant differences among treat-

ments at 0.01 level

Bcl-2 mRNAZR 35 2 Y 5 T X BE4H (K] 5-b) ., Bl 7%
R IER 296 h, JFHEH Bel-2 mRNAFK L&
B EABEE, HhgKkZnOb B H H Y Bcl-2
mRNA 5 i 1 2% = T X UK (P<0.05). 1
AR A (4 h), XK ZnOAh B4 8 Bel-2
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TR % Kb B 7 S R 2 (P<0.01)

Fig. 4 Changes of ROS contents in the liver, intestine
and gill of zebrafish

(a)liver, (b)intestine, (c)gill; * indicates significant difference among
treatments at 0.05 level., ** indicates significant differences among treat-

ments at 0.01 level

mRNAR) %35 5 5 T X B2 (K 5-c). % §224 h
JFi . ZnSO,MIH M ZnOAb B4 Bel-2 mRNAFY) 2 3k
W% ETH(P<0.01). 7EARIHO6 hitf, 4 kb3
4HBcl-2 mRNAZE K B IE(E T X B4, 2% AR50
#(P>0.05).
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ESs WI&EATAE. BA. 2R B2BERERIEAET L
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Fig. 5 Changes of Bcl-2 gene expressions in the liver,
intestine and gill of zebrafish

(a)liver, (b)intestine, (c)gill; * indicates significant difference among
treatments at 0.05 level., ** indicates significant differences among treat-

ments at 0.01 level

2.6 HKZnO. EMZnO. ZnSO N WML & &
4R 40 BaxE F RIAE I

YKZnO, HHZnO, ZnSOMH T, KL
A I . RIS 4 2 Bax mRNAZR A Y

ARfb iR, AbBER4 | 24 FI196 hitt, S AL AR
f) Bax mRNAZ ik 5 £ 5 T X% B2 (Kl 6-a), Horf
Y4 K ZnO¥ % T Bax mRNAE LB B E T+ E
(P<0.01), HYE96 hif ik Bl KAE, XA MY
12.791% o % HLZnOAL BE 41 W 7E 24 ik # i 3% {2 ik
T HFWEH Bax mRNAK K (P<0.01), AbHi4, 24h
F, 4% 5256 240 BE 5 48 % o Bax mRNAZ ik & 5%
WL A e i 3 22 57 (P>0.05) (K1 6-b) . % #596 h
J&, ZnSO,MIH HZnOAL # 4] Bel-2 mRNAK) 3
TR MR 3G 0 I T RR AL, R R R 2 N
K ZnO>ZnSO>¥H M ZnO., ZnSOH1H HLZnOX 5
L 1 8 Bax mRNA R A & TG i 35 52 1 (P>0.05)
(El6-c)o SXTHEAHEL, 4bH4hif, Z99KZnOE S
Bax mRNAZR Ik i i) 3 F+ 5 (P<0.05), 7E96 hik F|
e i 3 /K F-(P<0.01),

2.7 #AKZnO. EMZnO. ZnSO N WML &K
(LN IL-6F F 3R IA = HIE2 M

gKZnO . HHZnO. ZnSON} BE L i i
JE . R4 2 21 IL-6 mRNAZE A 5 (5% 0 i 7
&SI 2 JFIE R IL-6 mRNAZR AT 195 T 0 R4
(Kl 7-a), AbFR4 hEF, SXFHRAAHLIL, IL-6 mRNA
Pk g B R 3 = T UK (P<0.01) . 7E24 h
B, 49KZnO. ZnSOMbFEZHIL-6 mRNAZ ik &1
IR EN AR, 4300 0 ) BT 13.864% F19.124%
WL ZnOKt B J5 IL-6 mRNA % ik & 0 25 T % B
4, ZRAREFEP>0.05), 4H4, 24F196 hif,
YK ZnOAb FR 20 i h IL-6 mRNA S 35 B 0 i 3%
KT X BOK - (P<0.01)(K1 7-b), 4b¥H4, 24h, 5
XFHRAI G, ZnSO MbFEZH P IL-6 mRNA % ik &
BTG, k8 EKFE(P<0.05), 41K
ZnO. ZnSO,.  MZnO¥JRESE T 5 i HH 1L-6
mRNAZ L7 Fi# (8 7-c), (HZnSO,. # HLZnOkb
T A 5 00 AN B . (P>0.05), X448k ZnOAL 4 h5|
AL HE A IL-6 mRNAFR 1A & ) 3% = T X B (P<
0.05),

2.8 ZAKZnO. EMZnO. ZnSO N WML &K
(40 Fh TNF-0 EEFRIAE RIS

Y KZnO, HHZnO., ZnSOZHE T X HE L
fo AL L i RIS ZH 2L TNF-0. mRNAZR A & 1Y
AL (E8), AbFR4 hEF, 49KZnO. # M ZnO.
ZnSO A0 B A FF E H TNF-0 mRNAZ 35 /1 1 1
(#18-a), HAP4ikZnO, ZnSOALBRLAW B & &
FXF R4 (P<0.01), ZFE24 b5, HMZnOWiFE T

http://www.scxuebao.cn
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Fig. 6 Changes of Bax gene expressions in the liver,
intestine and gill of zebrafish

(a)liver, (b)intestine, (c)gill; * indicates significant difference among
treatments at 0.05 level., ** indicates significant differences among treat-

ments at 0.01 level
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ments at 0.01 level
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Comparative toxicity effect of nano-ZnQO, bulk-ZnO, and
ZnSQO, on oxidative stress in zebrafish(Danio rerio)

LAN Lizhen, LIULin, MA Ningning, YE Zhuangxin, ZHAO Qunfen"
(College of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: In order to explore the toxicity of nano ZnO and its relationship with the release of Zn*" and its own
characteristics, zebrafish were exposed to the nano-ZnO, bulk-ZnO, and ZnSO, suspension for 4, 24 and 96 hours
by using the acute toxicity test, and the glutathione-s-transferase (GST), catalase (CAT), and the levels of gluta-
thione (GSH) and reactive oxygen species (ROS), the relative expression levels of Bax, Bel-2, TNF- alpha and IL-
6 in liver, intestine and gill of zebrafish were measured. The objective of this study was to compare the the strength
of oxidative stress effects of nano-ZnO, bulk-ZnO and ZnSO, in zebrafish, and discuss whether the toxicity of
nano-ZnO is related to the releasing Zn** or nanoparticles itself. Results showed that nano-ZnO, bulk-ZnO, and
ZnSO, can cause oxidative stress in the tissues of zebrafish, and the nano-ZnO induced more oxidative damage
than the other two forms of zinc. Consequently, we can conclude that the toxicity of nano-ZnO was higher than
that of bulk-ZnO and ZnSO, on oxidative stress in zebrafish and the toxicity of nano-ZnO was mainly attributed to

the nanoparticles itself.
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