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PRI B H AL O™, {ROS™ At %,
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Vi, WEINAN M A A Y e e, Tl AR
HHIIBE AL, PR MR LR R AT,
SRR R A Ty, A AT A A R A it
FPIE T —E %y B et 4T A AR
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AT RN o3 TP A AR 2 B . AR A 3 B
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KAEKEEE, W EANEREKE, 55
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WAWE MR E ., LR, SRAMEE
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ENR, DIMREE A S AR E . IREZRTETd
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100 pL, XF P8 20 7% 510.75% NaClIAE# 100 uL, 43
WIFESE12, 24, 48, 96H1168 hitt Hiuke, 44
]S, SERR3 I PAT . SERnd R A,
ANTEME, FHAD A A S USRS AR TR o R E
S5 b L ER I T S BT A FE T O

1.3 EgH iR ARSI & A E N E

BaAL R A S URERT, FIMS-22241
AT ERRR B S, TG ) AR, IR S 0 I
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FIRHT), MABA A BRER K Pk 2 vp i, S
BRIRIG e &h 4 412, se4U T)5, FREGE RS,
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B RV, BT -20 °CHAAE, FTIE bt A AL
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BaE M E 7k SODIE PN R R FH B IEINS 41,
FRREED; CATIE MR E R A e e B vk
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(MDA) 7 2 2 R A I b Z R (TBA)E!N
B 5 & B SE SR I Bradford 77 1", LLE I
% H (Bovineserum albumin, BSAW F
AMRESCOZ FDE AtRiEE H -

14 EEBEXNREESH

o R kA E S 8 FHMS-222 5 i
J& , AR, B I, i A FIDEPC
(. SR B R I i ) /K Ak B i 99 1.5 mL Epfs i,
M 0.4 mL RNAEBUXFRNAiso(TaKaRa/y &),
FEA B T80 CCUKAR AT .

71 4%t 5 AR Cu/Zn-SOD . Mn-SODF
P-actinB S0} D¢ % S RT-qPCRE | #) 5 T E A
G CATHIGPxI) 51 ¥ &% % GenBank H 5 1 61
(Danio rerio) M8 (Cyprinus carpio)it) 3 [F ¥ 51,
HPrimer 5.0 {4415 11 A, 751 %5 $2 38 GenBank
ARG AT G WAL, W A T A R
By A BRA F A R

B RNAR IR Arc-DNA S A& fie I
RNAisoi 71 it B 5 42 O B I 41 21 S RNA, H
JCRNasesK (A4 T A P48 R B A PR 2 \%
fitt, MR E T NANODROP200(Thermo
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2.0), %3 B0 B e L Uk R BV RNA T 5 . ¢ 118
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#z1 ATRT-qPCREIMEAKEEESIYFT
Tab.1 The primers to amplify the antioxidant enzyme genes for RT-qPCR

ENHE-5S BXY

target gene accession no.

519551

primer sequence

p-actin AY690421.1 F: 5“TCACACCTTCTACAACGAGCTGCG-3" R: 5-GAAGCTGTAGCTCTCTCGGTCAG-3'
CulZn-SOD KRO080191 F: 5'-GGTCCGCACTACAACCCTCATA-3" R: 5'-GCCTCCTTTACCCAAGTCATCC-3'
Mn-SOD KMO065388 F: 5'-GGCTTTGATAAGGACAGTGGAA-3" R: 5'-CAGTTTATTTCTTGGCGGCTTG-3’
CAT F: 5'-CCCATCCTGGACTTTCTACAT-3' R: 5" AATTGACAGGGTTTCGGTTC-3’

GPx F: 5-TGAACGGTGTGAACGCC-3" R: 5-TGTTCACCGGACTCCAGAT-3’

LGSk, RVARZR N0 WL, S SEr=4)E T-20 °C
AF& .
RT-qPCRA M| 4 A A B A B A0 2 & 35 &

K HSYBR Green»¢ Jt: i 5 PCRI I & (07 MEBE 2
H)])FlLightCycler® 965 B} ¢ )t i & PCRAX (Fii 1/
Roche/ 7)) 47 96 Y6 72 S PCRAG I o S I £ 44 Al
WA B2 IR 96 ) i i PCRARF & i 45 . LA
2RI H RS A X Rk

L5 Sttt

SEH s LA P B 65 M 22 (mean+SD)
(n=6)F7r, KU EK Jr 22507 (One-Way ANOVA)
Tukey[C 7, FIHSPSS 2005k 4 #4758 114347
KB P<0.05,

2 4R

2.1 RS IFE T poly I:CRIE S i a7 6 BT R B
MENEEMHT K

KA R 5E7 dJ5 (poly L:CHIFL [B] #4540 h),
T 6 BT R IE SOD . CATHIGPx I 7 725 4k i#a b
oL, Tl 3 1 2 B A O AR S R BRI S S
FEAIK . DO 4 mg/LIR g 76 1 5 3 = 1 H A% i 4
H R (P<0.05); DO 1F12 mg/Lis, P 4R
TR PE TR, I 2R T 1E W W i A 4 6 mg/L;
BE S S RN, BUELEE TS M W R,
1 mg/LFfRAA T2 mg/LIAHE Y (P<0.05),

R4 25 T poly LCHI G , X BEZH (14 51 4
FEER /KO AN [) Bsf 1) 5 Jil FUE SO D 14 il 5 V%5 fift 4L
B A RIS SR e T R BRI %, DO4mg/L
IS PETF R, DO 112 mg/LAf ik R, HANA
Vs fift S04 () SODI 1 HAT I 25 1 22 5 (P<0.05) (]
1), A (S poly 1:C)A [A) I 1] &5 AT B ik
SOD M FEAS [R5 it SR AL I AR fb 4% 57 oAb FRZ
Xof R 4H 22 [] oA, 12124 hitf SODIE 7 k£ i 3%
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X IR (A BE A B A, 7E96H1168 h
ff,  Ab B SODIE P i 2K T X i 40 (P<0.05).
IR BE T poly L:CHIFLE AN [ B[] £ 114 XF
WAL IR E CATIS M A8 1L 5 SOD I P 28 fL AH AL,
Bt R AR, CATIR B THR G RRAE, HA
) 7% fift SR AL [R) CATYG PR B I 35 7 22 57 (P<0.05)
(F12)o Ab B 2 AN [) Bof ) 53 B JBR JIE C AT 14 S48
TEAS[A) %5 A S 4 (R 22 4k 4% 5%, fEDO 1/12 mg/L
ZHCATIE 1 i & K T-DO 4516 mg/L4 (P<0.05),
RE PR FO % FRZHAH LG, 12024 hisF CATIE 25 4k
WoNTOMAE; HBEE R RIEER, 7E48. 9611168 h
A, AbBEZ CATYE M K F X) B4 (P<0.05).
Xof R 20 AN ] B 18] 5 GPx il 1 Bl 7 i 48 25 B
R RAR b s ST R BRI 2 @8 hisl sk, 65
4 mg/L i U2 IR G i 35 28 4k); DO 1H12 mg/L
I GPxi P i 35 A% T 1F % 18 i 41 (P<0.05) . &b
FZH 7 A [ B8] 05GP P s A I il 5 ik 4807 i
WA T A, 48 . 96711168 hil [ 75 i 48 & 1 [
IR T R, ARV A SR O () A B 2 v 22 5
(P<0.05), AbPHAI X R Z A L3, 128124 h
AP Ab S 4% (HFEARTRIGER:, 48, 96H1168 hit,
Ab 35 2H GPx T 1 i 25 % T X6 BE 20 (P<0.05)(#13)

2.2 RS IFE T poly I:CRIE S i a7 4 BT B Bt
MENBEEEMNREET K

RWEFE W p-actin, Cu/Zn-SOD . Mn-SOD .
CATHGPxHE I 4 BE 33 53901 100.8% . 102.6%
96.6% . 104.1%F1104.2%, HJTE90%~110%Z [H],
AT DL 2229k H AR B AR ik i

KA BT df5, Cu/Zn-SOD. Mn-SODFI
GPxSEFITEDO 4 mg/LI it 25 /55 T 1F 5 VS iff 4020 6 mg/L
(P<0.05); Cu/Zn-SODFIGPx#EDO 1512 mg/Li} &
ik KT IR 5 % A 41 (P<0.05), Mn-SOD
FCATILAEDO 1 mg/LE i I T 1E 5 V4 i e 41 (P<
0.05)([K14),
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=g =< 50
K& 150 E
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B 1 REIFE T poly L:CRIF & A EI AT B AT SODE 1 Tt
1.6mg/L, 2.4mg/L, 3.2mg/L, 4.1 mg/L; *AH [F] ¥ AR 403 B2 A I B] Ak B8 20 G2 5 poly 1:C) 55 AH W4 AT (1 418 0.75%NaCl) 2 8] A 2 3%
P22 57 (P<0.05); AN [ K5 7 BE % X AL AL [] — INF IR] g AN [7) 98 9 S0 9 P2 1) A7 A Sk 3 22 57 (P<0.05); - AN [l /N5 7 BERR g A B AL A7 [7) — I
[ia) SN [ ¥ it S0V 8 ) A7 1E S8 35 72 57 (P<0.05), R [l
Fig. 1 The changes of SOD activities in hepatopancreas of C. auratus after poly I: C injection in hypoxia

1.6 mg/L, 2.4 mg/L, 3.2 mg/L, 4.1 mg/L, *.significant differences in SOD activities between the infected and control groups at the same time point and
same dissolved oxygen level (P<0.05); significantly different between the different dissolved oxygen levels at the same time point present with different

capital letters in the control and with different lowercase letters in the infected groups (P< 0.05), the same below

I SE R EE F poly LCHI LS AR IS B LW Cu/Zn-SOD mRNAK A RAE 12 hit}, 6714 mg/L
) JET FE 0 BE S AL il 356 R Cu/Zn-SOD . CATRIGPx i A 4135 3 = T 211 mg/Lis i S 41(P<0.05);
mRNAF X ek m bl A Vo i 8 S PR AN FRAR(ELS). #E24. 48, 961168 hils bl i fif 4 7 = PR AT K
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g;z 500 - 3 a é‘g; 500
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w8 W
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2 2
G i
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1 2 3 4 1 2 3 4
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;_“% 500 gg 400 | B .
= = *
gua 400 B . ;" C 5/“8 350 N a D
3 b D # g 300 b i
:g 300 & :g 250 ¢ 3
A
& B 100
=) 100 ) 5
0 - : : ‘ 0 4 ‘
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K T K

dissolved oxygen levels

dissolved oxygen levels

&2 EEIFE Tpoly LCHIH EH TSI AT BRI CATA M T L

Fig.2 The changes of CAT activities in hepatopancreas of C. auratus after poly I:C infection in hypoxia

B E R (P<0.05), SXTH4IMI L, 12, 247148
hif DO 6714 mg/L4 i 3 FF 155 (P<0.05), 24, 48,
9641168 hitf DO 1 mg/L4H & 2 %A% (P<0.05), A
5 18] 55 Mn-SODF 35 H 7EDO 614 mg/LZH ¥ i
# DO 1 mg/LZ (P<0.05); SXIHELIAHLL, ML
FCu/Zn-SOD, 12, 24F148 hitf DO 64114 mg/L4 i
FFH 5 (P<0.05), 24, 48, 96f1168 hiff DO
1 mg/L4H B EREAL(P<0.05),

http://www.scxuebao.cn

CAT mRNAZR Ik fit Bl i S O i B AR T
W, SXTRRZAAILL, 12, 24148 hATDO 6 mg/L4
2 TF R (P<0.05), 24, 48, 96F1168 hifDO
1 mg/LA i FEAIL(P<0.05),

GPx mRNAZ 35 1t BV i S0 PR AR BN
MEiash, SXPMEAAELL, 12, 24, 48F196 hilf DO
6 mg/L4H B & T (P<0.05), 24, 48, 96411168 h
A DO1F12 mg/LZH )t 2 {I% T X i 26 (P<0.05).
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E 3 RS IFE Tpoly L:CRIH S EH A AT FR AE GPxSE M T 1k

Fig.3 The changes of GPx activities in hepatopancreas of C. auratus after poly I:C infection in hypoxia

2.3 (RS IFE T poly L:CHIBH = i AT 8 AT & A
A_BEETHK

THL AT S50 IR FUE MDA 75 i 3% it 48 7 i [
YK 8.3 T (P<0.05). IR IAEE T poly LCHI
Jii AN TR) BsF [i) 55, L T 680 P 9 AUE MDA 75 5 i 775 it
B FRARAR IR .35 T (P<0.05)(K16) o [] — I 1]
A — T 48 S5 1F T poly 1:CAL B 2H BT B JIF MDA

B T IR 4 (P<0.05),

3.1 RS IFE T polyl: Col 5 vt 3L 57T ) AT Fik Ak
=R AL Al DA

IS TR e fa AR PR AL B i RE T, TS
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Fig.4 The mRNA relative expression levels of
antioxidant enzyme genes in hepatopancreas of
C. auratus in hypoxia
1.Cu/Zn-SOD, 2.Mn-SOD, 3. CAT, 4.GPx. *. represents the significant

difference(P< 0.05), compared with the average expression level at
6 mg/L

‘u/Zn-SOD
N o6 mg/Le4 mg/Le2 mg/Lal mg/L
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JHFJBR PR 47T 4R A Tl 35 P I A A AR 0 R A 2
BT R FER IS e AREKF-(DO 4 mgll),
JHF g JFE 0 4 A T 9% 1 S v T O R U S AU
7R AR S K AT S B SA AR B R PR T, LA
T BR 2 AR 4 A ik, DT A AR 4 £ 17 3
5% ; FEMRSEUKT(DO 1FI2 mg/L), Hi A 1L
W PE AR T A, DU AATE PE
REA S IR JBE I 7 BRROSIWBE 71 F R, F= A&k
B3, AT OMDAR R o A HF 5T P IR 48 B 35
N MDA i R TR R A AR SR T X
— 45 . DITENFIE & IR S R 5 T R Sk e i i
(Leporinus macrocephalus)™" i g i SODE P il
CATIF 1 W 25 FEAR s RS PR 5T T 20 95 1 A
(Piaractus mesoootamicus)™"VFI & [X iy 3 il
(Perccottus glenii) ™ JH [ IECATIE P F GPx{ 14 &
FREAR, XLWPRAT R S AD AR A
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oo ===
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[i] = I 160 R[] 8 A0 5 o I 6 4 AT PR IF mRINA TR 3K o 5 XU 1o %38 s b B 4 5 A0 0 o) TR 41 1) B A 88 3% 1k 22 S (P <0.05); ] — I

Ve AN T 0 A ) LA 38 22 S AR TR AN ' 7 B 7R (P<0.05)

Fig. 5 The expression changes of antioxidant enzyme genes in hepatopancreas of

C. auratus after poly I:C infection in hypoxia

The average mRNA expression level in the control at same time point and at same dissolved oxygen level was defined as 1. *represents significant

difference in expression levels between the infected group and the control (P<0.05); significant differences in the expression between the different

dissolved oxygen levels at the same time point are indicated with different lowercase letters (P< 0.05)
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Fig. 6 The changes of MDA contents in hepatopancreas of C. auratus after poly I:C infection in hypoxia

A, X — A2 5 A ) i A AR E T B
SEACBEE PRI AR AE AL, R TR AL A fE mRNA
KGR F BUKP 32 AR IR L2 BUAR AL,

http://www.scxuebao.cn



1838 Ko %R 40 %

AT 4 D0 A BF 5 T 0 AL B Y TR, 2 T
mRNAZ A KR, B W £ A s,

IR IR EE R 7 S poly 1:CJ a8l J1F Jif fE Bt
AACEE TG PE 7R (127124 hy K Z @ T X R4,
B I () SiE K BT R, 7E48 . 9641168 hitf i %
T X AL, %W poly LCHIEL 5 5191 ] 5 & iHin]
R P A 7= A SR AR I 38, 8 P SR AL T
DAk poly 1:Cil A 1) A0 A0 7 38 bk 30 5 {FL B 5
() A8 A <, YL ] 0 JBR AR 3 BR ROS BE J1 sk 55
ROSELE M, M bia Ll RZg, FEPLAL
it 105 P AT, SR AR B = MDA B = .

IR IR BE T poly T:CHfil 34 f H Vo 68 J1F Jif A Bt
A AL L D] () mRNAA X 26 3k 1 5 PUBE A it R &
AR AL R . ARF5EH, DO 6 mg/L(IE
H AT )14 mg/LOWAREU/K T )4 Cu/Zn-SOD mRNA
FIAE D ERE T2/ mg/LUKE)4, Mn-SOD
mRNAF K B WA LGS, DFoE & AR A AT
T % (Hypophthalmichthys molitrix)> it & Ik Cu/Zn-
SODMIMn-SOD mRNAZ ik & B FRAL, S5 AN
FReE R —2, 1 4fpoly :.CJ5 DO 6 mg/L(IE & &
AL, NPT A AL I mRNA R A 2 5 T
XIR4AL; DO 1812 mg/L(fi %) 4H b it 8 AL i A
mRNAZ ik i 8T X B4, UL IE 1A fif S
T S poly LCJE HT & AL B HE I mRNAFH X} & 35 1
Fhi, PrEER GRS L, PR RS, D
HEHUE B 2SI A s AR AR BE R U S poly
LCE YL E AL mRNAEL L E ML, ©Rpoly
LCH IEAIR AR B T BT AL BFmRNA R A &= 19 T
B, X —AF b 5 IR R85 F poly LCHE S 4 bi %A
PO G PE R AR fb b A — B, RN E IR T
] S0 U X6 B 2 AL poly T:CHill 3 i) bt S Ak
B e TR

3.2 RS IFIE T polyl: CRI Xt H 5T &8 BT Bk AR
MDA %2 1[5

RAIRE T, 4 A S s, Sk
i A A FH 2 SR I AR Al I 12 5 Pl 5 B A 2 BRIV
W IR, IR TR EREZ AW/ T, S5
ROS™ AT, 51 B AR Y, ISR ROS
e %, B A SIEEREE S, ZRIIROSHE S
AL IR WA oy, BRI e R, =
R E A &R MDAZROSIH i Az
Py e Z2 AN MR T R 51 5 i o aed S B i i
AR Ry, ] AR A SRR

http://www.scxuebao.cn

20 Jf S AL AL Y R

AW, AT R E MDA 5 i Bl
fiff S0 B A AR T A, R WK AR 4R N MDA
PR L, B REAR AR E R R, MDA R
TN, R R 20 A2 5 ) A AT
W 5% 2 8 AR SR 45 R T 5 E B 34 1 2V g Ok g i ot
SAALY AR, SARLEE R %, IRER
BF, SRR YIpoly 1:CJ5 IF B IEMDA
it B I v T R (S AR R K ), R IR AER
B2 N U S poly 1:CRI 5 | i L Jo] 6 AT g A & A ™ &0
(AL, A AR B

4 i

AV A X Y 0 P g A e S Ak 7 4 K 7 AR
HEE , WAREKTF(DO 4 mg/L) R, ]
JHF T I e 400 Tt 3% 1 AT RN AR X6 3 1% 5t 4 ]
T R ARAR S A B ) AR 20 o AIEEUKF-(DO 1FI
2mg/L) T, P LEEIEPE I mRNAZ A & AL,
WoRBUEAB K TR, A BUR AR Y
RRE, BB E AL P MDA 3 & . fIKE A
5 R 95 B A W poly T:Co 38 o TH: JoT 0T i U ¢
AL PE FImRNAR A 7 W E LT X, N
TEESERERS TR, WA T E
fpoly 1:C i 35 B AR 1 VL IAT S0 g Ak i 42 £k B 47
RET, Il T HAAAR U R, R IR AT B
AV TEC g 0T Jer 1 937 A0 RE T, M X e I B
B, BT AMRE S, Y HAM T4 mg/L
B, R IR R a2 L g, (AR AT
U 0 28 R A AL N e, o A A
A AR T, DA T ARG £ 28 1Y) 4 928 B ) O 0l 55
X JE R B AR AR 7 o PR, TR KT SR S PR AR
PR, VAR AR T4 mg/LINE B i T Sl 1
ML, S8 A

SE R :

[1] Lushchak V I, Bagnyukova T V. Effects of different
environmental oxygen levels on free radical processes in
fish[J]. Comparative Biochemistry and Physiology-Part
B: Biochemistry and Molecular Biology, 2006, 144(3):
283-289. DOTI: 10.1016/j.cbpb.2006.02.014.

[2] B, ¥R, AR ARV S AL S AL 0] i A
oo BERARHIAI AL NI SE R (7], K7™ 24, 2015,
39(5): 679-690.



12 4

A, S5 RAEERIE T poly LCH O T ST T JUE HE 41 By 7 £ 52 Tl 1839

[10]

Liu X J, Huang G Q, Peng Y H. Effect of variation of
different dissolved oxygen on the growth, energy
metabolism and oxidative stress of Mugil cephalus[J].
Journal of Fisheries of China, 2015, 39(5): 679-690 (in
Chinese).

Ortuiio J, Esteban M A, Meseguer J. Lack of effect of
combining different stressors on innate immune
responses of seabream (Sparus aurata L.)[J]. Veterinary
Immunology and Immunopathology, 2002, 84(1-2): 17-
27.DOI: 10.1016/S0165-2427(01)00387-7.

Welker T L, Mcnulty S T, Klesius P H. Effect of
sublethal hypoxia on the immune response and
susceptibility of channel catfish, Ictalurus punctatus, to
enteric septicemia[J]. Journal of the World Aquaculture
Society, 2007, 38(1): 12-23. DOI: 10.1111/j.1749-
7345.2006.00069.x.

Nikinmaa M. Oxygen-dependent cellular functions—why
fishes and their aquatic environment are a prime choice
of study[J]. Comparative Biochemistry and Physiology-
Part A: Molecular & Integrative Physiology, 2002,
133(1): 1-16. DOI: 10.1016/S1095-6433(02)00132-0.
Wu R S S. Hypoxia: from molecular responses to eco-
system responses[J]. Marine Pollution Bulletin, 2002, 45
(1-12): 35-45. DOI: 10.1016/S0025-326X(02)00061-9.
JEEDIR, R ER . BRTL = A P EE 7K ™ FRIE A K PR B
IREmA[0]. LKA E 2R (A AR BHERR), 2004, 43(5):
103-106.

Zhou J F, Wen Y M. Effects of fish aquaculture on water
environment in the Zhujiang River delta[J]. Acta
Scientiarum Naturalium Universitatis Sunyatseni, 2004,
43(5): 103-106 (in Chinese).

Hoffman D L, Salter J D, Brookes P S. Response of
mitochondrial reactive oxygen species generation to
steady-state oxygen tension: implications for hypoxic
cell signaling[J]. American Journal of Physiology-Heart
and Circulatory Physiology, 2007, 292(1): H101-H108.
DOI: 10.1152/ajpheart.00699.2006.

Halliwell B, Gutteridge J] M C. Free radicals in biology
and medicine[J]. Journal of Free Radicals in Biology &
Medicine, 1985, 1(4): 331-332. DOI: 10.1016/0748-
5514(85)90140-0.

Martinez-Alvarez R M, Morales A E, Sanz A.
Antioxidant defenses in fish: biotic and abiotic

factors[J]. Reviews in Fish biology and Fisheries, 2005,

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

15(1-2): 75-88. DOI: 10.1007/s11160-005-7846-4.
Lesser M P. Oxidative stress in marine environments:
biochemistry and physiological ecology[J]. Annual
Review of Physiology, 2006, 68(1): 253-278. DOI:
10.1146/annurev.physiol.68.040104.110001.

Leveelahti L, Rytkonen K T, Renshaw G M C, et al.
Revisiting redox-active antioxidant defenses in response
to hypoxic challenge in both hypoxia-tolerant and
hypoxia-sensitive fish species[J]. Fish Physiology and
Biochemistry, 2014, 40(1): 183-191. DOI: 10.1007/
$10695-013-9835-1.

Lushchak V I, Bagnyukova T V, Lushchak O V, et al.
Hypoxia and recovery perturb free radical processes and
antioxidant potential in common carp (Cyprinus carpio)
tissues[J]. The International Journal of Biochemistry &
Cell Biology, 2005, 37(6): 1319-1330. DOI: 10.1016/
j-biocel.2005.01.006.

PR, B, TS, A5 O3RN S I
FIEM AL SOD LG 1 [I]. & iR, 2011, 32(6):
237-241.

Xu D, Zhao J, Huang H C, ef al. Determination of SOD
specific activity in animal and plant tissues by improved
xanthine oxidase method[J]. Food Science, 2011, 32(6):
237-241 (in Chinese).

IR, AL, BRI . 3 S A S Ik B i 4o
(KIS EEN 2 [J]. FREEAL2E, 1997, 16(1): 73-76.
Xu J B, Yuan X F, Lang P Z. The determination of
enzymic activity and its inhibition on catalase by
ultraviolet spectrophotometry[J]. Environmental
Chemistry, 1997, 16(1): 73-76(in Chinese).

Hafeman D G, Sunde R A, Hoekstra W G. Effect of
dietary selenium on erythrocyte and liver glutathione
peroxidase in the rat[J]. The Journal of Nutrition, 1974,
104(5): 580-587.

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction[J].
Analytical Biochemistry, 1979, 95(2): 351-358. DOL:
10.1016/0003-2697(79)90738-3.

Bradford M M. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding[J]. Analytical
Biochemistry, 1976, 72(1-2): 248-256. DOI: 10.1016/
0003-2697(76)90527-3.

Fr P, B 1 CuZnSOD HIMnSODHE [ 1) 5 I & Foxof

http://www.scxuebao.cn



1840

Ko AR

40 %

[20]

[21]

(22]

g 7K I W R [D]. 37 2 RS ITTE K 2%, 2015.
Qiao D.The copper zinc superoxide dismutase and
manganese superoxide dismutase from Qihe crucian carp
Carassiu sauratus: molecular cloning, characterization
and response to Aeromonas hydrophila infection[D].
Xinxiang: Henan Normal University, 2015 (in Chinese).
Riffel A P K, Garcia L O, Finamor I A, et al. Redox
profile in liver of Leporinus macrocephalus exposed to
different dissolved oxygen levels[J]. Fish Physiology and
Biochemistry, 2011, 38(3): 797-805. DOI: 10.1007/
$10695-011-9563-3.

Sampaio F G, de Lima Boijink C, Oba E T, et al.
Antioxidant defenses and biochemical changes in pacu
(Piaractus mesopotamicus) in response to single and
combined copper and hypoxia exposure[J]. Comparative
Biochemistry and Physiology-Part C: Toxicology &
Pharmacology, 2008, 147(1): 43-51. DOI: 10.1016/
j-cbpc.2007.07.009.

Lushchak V I, Bagnyukova T V. Hypoxia induces

http://www.scxuebao.cn

[23]

[24]

[25]

oxidative stress in tissues of a goby, the rotan Perccottus
glenii[J]. Comparative Biochemistry and Physiology-
Part B: Biochemistry and Molecular Biology, 2007,
148(4): 390-397. DOI: 10.1016/j.cbpb. 2007.07.007.
Zhang Z W, Li Z, Liang H W, et al. Molecular cloning
and differential expression patterns of copper/zinc
superoxide dismutase and manganese superoxide
dismutase in Hypophthalmichthys molitrix[J]. Fish &
Shellfish Immunology, 2011, 30(2): 473-479. DOI:
10.1016/.£51.2010.11.003.

Lushchak V 1. Environmentally induced oxidative stress
in aquatic animals[J]. Aquatic Toxicology, 2011, 101(1):
13-30. DOI: 10.1016/j.aquatox.2010.10.006.

Giil S, Belge-Kurutas E, Yildiz E, et al. Pollution
correlated modifications of liver antioxidant systems and
histopathology of fish (Cyprinidae) living in Seyhan
Dam Lake, Turkey[J]. Environment International, 2004,
30(5): 605-609. DOIi: 10.1016/s0160-4120(03)00059-x.



124 AT, S5 MRSUEREE T poly LCHIRHOXT L o Y JFT [ HUE 70 A i 47 ) i 1841

Effect on antioxidant defense in hepatopancreas of
Carassius auratus after poly I:C injection under hypoxia

ZHAO Yanjing, DI Guilan, KONG Xianghui, ZHANG lJie,
LILi, NIE Guoxing, LI Xuejun
(College of Fisheries, Henan Normal University, Xinxiang 453007, China)

Abstract: A natural triploid Qihe crucian carp, Carassius auratus, is an important commercial fish, with the twice
thickness of common crucian carp in the back. Hypoxia always produces the important effects on fish
physiological and biochemical function and immune protection, and assessing the effect of poly I: C stimulation on
antioxidant defense in fish under hypoxia is helpful to understand the oxidative stress and immune ability, as well
as the susceptibility to pathogen in fish under hypoxia. The experimental fish, with the body weight of (23£2) g,
and the body length of (11£1) cm were cultivated at different dissolved oxygen levels (6, 4, 2 and 1 mg/L)
respectively for 7 days. Then, each fish was injected 2 mg/mL poly I: C 100 pL in the treated group and was
injected 0.75% NaCl 100pL in the control group. The activities of superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx) and the mRNA relative expression of Cu/Zn-SOD, Mn-SOD, CAT and GPx, as well
as the content of malondialdehyde (MDA), were measured after injection at 0, 12, 24, 48, 96 and 168 h. The
activities of antioxidant enzymes and the levels of mRNA expression in hepatopancreas of fish, under hypoxia for
7 days, were more significantly increased at DO 4 mg/L than at the normal DO 6 mg/L. It implies that fish can
reduce the adverse effects at low oxygen level to a certain degree. The activities and the mRNA relative expression
of SOD, CAT, GPx in hepatopancreas were more significantly decreased at DO 1 and 2 mg/L than at 6 mg/L. It
was suggested that the capacities of antioxidant defense decreased under hypoxia and showed that oxidative stress
occurred when the generation rate of ROS exceeded the removal rate, and lead to the accumulation of MDA, a
lipid peroxidation product, in hepatopancreas. Therefore, the content of MDA increased with the decreasing of
dissolved oxygen concentration. After poly I: C stimulation in hypoxia, antioxidant enzyme activities and mRNA
relative expression levels were significantly reduced, compared to the corresponding control, at 48, 96 and 168 h.
It is indicated that antioxidant defense ability was reduced in hepatopancreas of C. auratus after poly I: C infection
in hypoxia and then caused serious oxidative stress. MDA content was significantly higher in the treated group
than that in the control group. It was implied that oxidative stress was intensified in hepatopancreas of C. auratus
after poly I: C injection in hypoxia. In this study, it is demonstrated that the antioxidant defense ability decreased
under hypoxia and caused oxidative stress. Pathogenic analogues poly I: C stimulation under hypoxia condition
could further weaken antioxidant defense ability and aggravate the degree of oxygen stress. In the cultivation of C.
auratus, when DO decreased to less than 4 mg/L, dissolve oxygen should be supplemented and increased to

maintain the normal level of antioxidant defense in fish.
Key words: Carassius auratus; hypoxia; poly I: C; oxidative stress; antioxidant defense
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