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2017) 1/40 1/10 1/5 1/2 96h (LCso)
(Cyprinus carpio)
S s 1.3 Aroclor 1242

Aroclor 1242
20 78 156  390pg/L ,

PCBs , DMSO
) , , 3 ,
, 20 24h
Aroclor 1242( PCBs ) 3 6 9 SOD  CAT
PCBs MDA
[ (superoxide dismutase, (78 156  390pg/L),

SOD) (catalase, CAT)] 8 DMSO ,
( malonydialdehyde, MDA) Cu/Zn-SOD
(Cu/Zn-SOD  Mn-SOD CAT) Mn-SOD CAT HSP70 Nrf2

HSP70 Nrf2 AhR2 AhR2

, , 14 SOD CAT MDA
3,
1 )
1.1 , 4°C
(C. carpio) lg
, (11.5+0.5)cm, 10mL , (g): (mL)=1:9
(61.6£10.5)g 7 2/3 (4°C)
(0.01mol/L , 0.0lmol/L Tris-HC1, 0.0001mol/L
1d , Na,EDTA, 0.14mol/L NaCl, pH 7.4) ,
8000—10000r/min 3min,
90L (60cmx*50cm*30cm), 1/3 ,
3 ,pH 7.0 , , 10%
(24+1)°C 10% 4°C
1.2 Aroclor 1242 12000g 15min, SOD CAT
Aroclor 1242 0.05% MDA
(DMSO0) SOD SOD ( ) ,
5 1 , ( , , )
3 , 10 S SOD U/mg prot, U
12 24 48 72 96h , mg ImL SOD 50%
, ( , SOD :
SODIT (Ui pmt)_[xﬂﬁ%ﬂ&ﬁﬁﬁTiﬂﬂ%%“&ﬁ%ﬁ)[ SRR ]
Xt B IROL L x 50% OREAR x 2123 P 2 1 75 fiE (mg prot/mL)
CAT CAT , U/mg prot, U . mg

( 5 ) ) CAT 1 HmOl H202
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271 x (R HE IO FE — DISE WO RE)
60 x IR x 4124 P 2R 1174 )% (mg prot/mL)
MDA MDA (TBA ) , , MDA nmol/mg prot MDA
( b b )

CATi JJ(U/mg prot )=

M58 G RE — N2 28 A B8 AL 10nmol/mL
MDA%\%(nmol/mgprot):(u\Jxea&7‘6& (JJIELEIE&J'CEJ[ FRIERE 49K 1 (10nmol/mL) ]

PRUERT RO — brdEAS I WOGEE )\ ArIIFE A 8 1K B (mg prot/mL)

1.5 RNA cDNA PCR , SYBR,
EasyPure® RNA kit B-actin, PCR 1
RNA: 1.4, RNA Cu/Zn-SOD( ,2008) Mn-SOD( ,2008)
TransGen Biotech EasyPure® RNA kit CAT( , 2008) HSP70( , 2010)
RNA Nrf2(Jiang et al, 2015) AhR2(Du et al, 2016)
18S 28S rRNA , 20uL: 2xChamQ SYBR Color qPCR Master Mix
A260nm/A280nm 1.8—2.0, 10.0uL, Primer 1(20umol/L) 0.25uL, Primer
RNA ¢DNA 2(20pmol/L) 0.25pL, Template DNA/cDNA 1pL,
TransScript® One-Step gDNA Removal and c¢cDNA ddH0 8.5uL $95°C 30s; 95°C 10s,
Synthesis SuperMix (55—60°C) 45s, 40 ,
1.6 ; 3

2—AACT

PCR LightCycler®480

x1 EEPCREANMERRIIMESR
Tab.l1 Genes and Primers used for quantitative real-time PCR

(5" 3)
Cu/Zn-SOD Cu/Zn superoxide F: TGGCGAAGAAGGCTGTTTGT
dismutase R: TTCACTGGAGACCCGTCACT
Mn-SOD Mn superoxide F: CTGCCTGACCTTCCATACGA
B dismutase R: CCTTAGCCAGTGCCTCTTGATA
CAT Catal F: CTGGAAGTGGAATCCGTTTG
atatase R: CGACCTCAGCGAAATAGTTG
. F: CCC CTG TCC CTG GGTATT G
HSP70 heat shock protein 70 R: CAC CAG GCT GGT TGT CTG AGT
N2 nuclear factor erythroid 2-related F: TTCCCGCTGGTTTACCTTAC
factor 2 R: CGTTTCTTCTGCTTGTCTTT
F: ATTCCCTTCCTCAAAAACCGT
AhR2 Aryl hydrocarbon receptor 2 R: AGTCCAGGATTGGCAGCGT
1.7 2.2 Aroclor 1242 SOD
+ (Mean+Standard 1 , Aroclor 1242
deviation) , SPSS17.0 SOD
, Dunnett’s >
test s SOD
P<0.05 , P<0.01 (P>0.05), (DMSO)
SOD
) , 20pg/L Aroclor 1242 SOD
3 6 b
2.1 Aroclor 1242 18.9% 26.7% (P<0.05); 156ng/L
Aroclor1242 s SOD 3 6 R
2 31.9% 29.2% (P<0.05); 390pug/L

Aroclor1242 96h 780pg/L SOD 3 6 9
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, 35.5% 35.1% (P<0.05)  20.7% :
(P<0.01) , SOD

F2 AFRIRETRE Aroclor1242 EE AN TIER

Tab.2 The mortality of C. carpio under exposure to different concentrations of Aroclor1242 in different durations

(ng/L) (24h) (48h) (96h)
30 10 0 0 0
50 10 0 0 1
100 10 0 1 2
200 10 1 0 2
500 10 1 3 3
1000 10 3 5 6
2000 10 10 10 10
MDA
mm NiR =3 20 pg/L 156 pg/L
= 140 @z DMSO T 78 pg/l 390 pg/L (P>0.05); 78pg/L MDA
a ) 3 6 9 ; 156pug/L
E) 120 T - 5 ug
S 100 = = MDA
i 80 " =7 ., = , 548% 583%  56.9%
€ 60 = = (P<0.05); 390pg/L MDA
g = = 77.5% (P<0.05) 92.1%
g 2 = = (P<0.01)  65.1% (P<0.05)
X 6 9 80
6918 (d) mm B =320 pg/l 156 pg/L
= &= DMSO mm 78 pg/L 390 pg/L
1 Aroclor 1242 SOD o *x ¥
2 60 I.T
£ =l
Fig.1 Effects of different concentrations of Aroclor 1242 on =) = T
SOD activity in liver tissue of C. carpio | = =
4o 40 = = L
2.3 Aroclor 1242 CAT & = %; -7 %
> = = —
2 , Aroclor 1242 W 20 = = =
CAT i3] = E B
2= = B
, 20 78pg/L = = =
0 = =
CAT 3 , 3 6 9
978 (d)
44.1% 46.8% (P<0.05) 9
CAT S , 78ug/L 2 Aroclor 1242 CAT
CAT 24.1% (P<0.05),
Fig.2 Effects of different concentrations of Aroclor 1242 on
156pug/L CAT CAT activity in liver tissue of C. carpio
23.2% (P<0.05), 390ng/L CAT
30.4% (P<0.01) , 2.5 Aroclor 1242
CAT ,
4 Aroclor 1242 8d
78 156  390pg/L
2.4 Aroclor 1242 MDA Aroclor 1242 Cu/Zn-SOD mRNA
Aroclor 1242 MDA 48% 57% T76%( 4a, P<0.05)

3 , 20pg/L , 156 390ug/L Aroclor 1242
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Mn-SOD mRNA
4b, P<0.05)
CAT mRNA

37%  58%(
, 78ug/L Aroclor 1242
56%( 4c, P<0.05),
156pg/L Aroclor 1242
80%(  4d,
HSP70 mRNA

HSP70 mRNA
P<0.05), 390pg/L Aroclor 1242

90% (P<0.01) 4e ,
Nrf2 mRNA

390ug/L Aroclor 1242

50%

156

, 18ug/L
120%, 156
mRNA
4f , ,
1242 AhR2 mRNA
80% (P<0.05)

Nrf2
70% (P<0.05)

390ug/L Aroclor
52%

-
(&,
Q

-
o

YR 78 1;36 390
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I
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o
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Fig.3 Effects of different concentrations of Aroclor 1242 on
MDA content in liver tissue of C. carpio
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3.1 Aroclor 1242

SOD

>

2014) SOD
0,, H,0, CAT

hioneperoxidase, GPx)

( , 2012;
, 20pg/L

>

Stebbing(1982)

2018) (
SOD

E)

, SOD

CAT

( ,2014)

CAT 3
Aroclor1242
SOD
H,0, ,
H,0, H,O0

CAT

(Zhang et al,

H,0,
(Glutat-
, 2014) ,
SOD
, SOD
b ( b
, 2002)

78 156 390ug/L

(3 6 )

, SOD
, SOD ,

Yoka
, CAT
,20  78ug/L

HZOZ’
CAT

0, SOD,

>

(MDA), MDA
(Brucka-
Jastrzebska, 2010; Liu et al, 2016) ,
, Aroclor 1242

MDA s Aroclor 1242

MDA
3.2 Aroclor 1242

(2015) 1.0mg/L
, SOD CAT GPx
, (78 156
390pg/L)  Aroclor 1242 8 ,
Cu/Zn-SOD Mn-SOD CAT mRNA
: (CAT)
— (Heat Shock Proteins, HSPs)
10 ,
HSP90 HSP70 HSP60 4
, HSP70
(2010) ,
428 42.8 428ug/L
, HSP70 mRNA
, P<0.05 (2004) , 40d
Pb>" Cd*” , HSP70
(P<0.05), cd* 0.2mg/L
HSP70 )
156pg/L  390pg/L Aroclor 1242 8 ,

HSP70 mRNA ,
Aroclor 1242 ,
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AhR2 Nrf2
( ,2010; ,
5 s , 2004. Zn
2014) AhR2 , Aroclor 1242 HSP70 ’
AhR2 , 2 23(3): 441—443
, CYPIA s R , 2011. -LR
( » 2005; ,2012)  Nrf2 ,30(8): 1521—1525
i s s , 2009.
KEAP1(Kelch-like ECH-associated protein 1) , , 28(11):
50—53, 77
, , 2005. IE
Keap1-Nrf2 , Nrf2 , 19(1): 67—69
> > , 2016.
2, , ,
29(6): 12—16
:CYPIA GST ( ,2013; ,2016) 2017
R Nrf2 AhR2 Aroclor 1242 % . , 47(1):
66—70
, 2008.
(156 390ug/L), Nrf2 )
AhR2 , , 2013. fify
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, 2014,
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OXIDATIVE STRESS IN LIVER OF CYPRINUS CARPIOIO EXPOSED TO PCBS
AROCLOR 1242

WANG Ren-Jun, WANG Jian-Guo, DING Ning, SUN Meng, GAO Pei-Ke
(College of Life Sciences, Qufu Normal University, Qufu 273165, China)

Abstract We investigated the effects of polychlorinated biphenyls Aroclor 1242 on the oxidative stress of Cyprinus
carpioio liver under static water exposure in the laboratory. The activities of antioxidant enzymes (SOD, CAT), content of
lipid peroxidation products (MDA), expression of genes encoding Cu/Zn-SOD, Mn-SOD, and CAT, heat shock protein 70
(HSP70), nuclear factor erythroid 2-related factor 2 (Nrf2), and Aryl hydrocarbon receptor 2 (AhR2) were analyzed. The
results show that Aroclor 1242 changed significantly the SOD and CAT activities in the liver, showing promotion at low
concentration and inhibition at high concentration. Aroclor 1242 significantly increased MDA content in the liver tissue.
Compared to the control, the MDA content was 77.5% higher in the liver exposed to 390ug/L for three days, indicating that
Aroclor 1242 induced strong lipid peroxidation. After exposure to medium-high concentrations of Aroclor 1242 (78, 156,
and 390pg/L) for 8 days, the expression of antioxidant enzyme encoding gene Cu/Zn-SOD, Mn-SOD, CAT, heat shock
protein 70 (HSP70), and Nrf2 and AhR2 genes were down-regulated in the liver tissue of the carp. Collectively, this study
revealed the influences of Aroclor 1242 on oxidative stress of Cyprinus carpioio liver from the perspectives of enzyme and
gene transcription levels.

Key words Polychlorinated biphenyls; C. carpio; oxidative stress; lipid peroxidation; gene expression



