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34 KopE o R 45 %

T Tz SRy, REC A
5T 2 B SEU AL B S 22 R i 1 7 A e ke e
FHOG, (H B AL A 58 42 1 W

i F AR (Hy0,) & —Ff EZ A ROS, FEHL
NG e RS A R, TS EN
BT, BEBT. @KL G PR ERAE , XL K
JUEE R AR BRI, HLO, #E)T I A
A PRI A B 4 Ak I 8 AR Ak A 43 S e A A B
AN R, ALY & BRI T, Hy0,
WREAE L h WARAT W el , 12 h J5 v B il oy
— 2 P A S 5K H,0, 22 B B[] E A 1 he

W ( Carassius auratus) 52 3% |8 5 2 1) 28 5 f4
g, WRMAEAET | P s T EE R
SFESE R R R MR R T 2
Pl R I RB 15 SR N ROS AE AL, 5178 A Ak 1 %
Bk B SR A S A R BT R BOMLAA A
FEIITRE, BRZFPIRE I, AR T K™
B B B A e o PR, A S LA AR A A 5 X
%, DL H00 1E N AL I 5 T 50, IR R A AL
WO 8.2 S g R AL BE I 2, Ol G ik £
25 A AV IO RS2 I K T A DG 95 o B A LR AR B

1 MBS IE

1.1 SCIg#t Rt

H,0, (30%, 4+ A7 &l) W VL 95 JL 3k A ) 4
ARy A B AR B IH R EE (TC). H il — g
(TG). H%FE (GLU), MVEwERRN (ACP). Bk
WEIR I (AKP). A JF A BEH K (GSH). Ak
Yy AL (SOD) AL BT E AL HE 1 (T-AOC) 57 &
WA T A TR T, N (MDA)
it E AL S (CAT) I & B 38 = RAEYH AR

W AT L E AR YR A FRA A
1.2 WK RIAFEE

S5 T FH [P 20K 5T (50 + 3)g] H
IR 7R BRI 5T BE TR K B 5T O BRI, 7R
K FR 08 2 G5 77 2 J8 DAGE I S0 3R BE [ fa T
{RAL250 L, 7K (26 +£2) °C, pH 6.8~7.5, f#
> 6.0 mg/L]l, B WM, B M R
(28.0% HE T . 6.0% J5 7 . 12.0% £F 4 F1 15.0%
Koyy, BR2IK,

Vo BEBERL oY I 4 41, 4 B 88 TR W e &
) HyO, 1, W& BE 4351 0(2 I X IR AL). 0.25,
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0.50 F1 1.00 mmol/L, %K% 1 h(9:00—10:00),
HWEETd, HY430EMm, 24 EE ., BRI
WL 3 b ) ek B G ff PR LR A BB N . 7 d
Jo, AFABEPLEIEC 10 B fn, PRI SR S I
WAL, sy B g . s IS %, fiE
FETE—80 °C % 111,

1.3 FfikigtrlE

HAFERRTC, TG, GLU, MDA, AKP, ACP,
CAT. GSH. SOD FiI T-AOC % fifi Ffj AH 1 4 46 I
WANEME , W S B a8 . &
JF I (cortisol) FIFLAR (LA) i i i Bk 4 32 (ELISA)
PO E e A SR AN LR B A B AL
SRIG R I AKE & . A5 i & LU HRP A5 iC BT
&, 37°CHE 1 h, WREKSKEHITRA, 7
450 nm P T E FEIOG B IR R EE
1.4 K EE PCR(QRT-PCR) #&M

St T U 46 21 24 100 mg, i F§ RNAiso Plus
(TaKaRa, j(iii:‘) ﬁtil( IJ;]:/‘\EEE:XE'\ RNA, {M%ﬁ ODzso/zgo
B (1.8~2.1), FFilH RNA ¥ . HU 1 pg RNA,
FIH PrimeScript™ RT i (TaKaRa) #1752 5% 5%,
FFA B cDNA, FLHRAE 7 3 A & i .

MR S EE A, A TB Green™ Pre-
mix Ex Tag™ 1 (TaKaRa) #£ 17 qPCR X Vi o X hi
& & 4 25.0 uL: TB Green™ Premix Ex Tag™ 1I
125uL, F. T#E7I¥4 1.0 L, ddH,08.5uL,
cDNA BiAz 2.0 uLo i 55 FilAE M 95 °C 30 s;
M 95°C 5 s, B AKIEM 60 °C30s, 40 MEH,
Ph B-actin fE NS, M 2729 kM i+ B A
FE A X Rk . HARIERFE ST R 1,
1.5 HESH

T A S0 B0 4 B SPSS 20.0 46 R AT 43
Br, & 40 B 22 7 H BN 20
(ANOVA) #Zb 3, Ff 47 Duncan [CZ H K5,
EMIOKTR 0.05, BT A 5L 5 45 R O Y 45
1R (meantSE) £ /R .

2 R

2.1 SN BMESE WIEFRI RN

H,0, ##% 7d 5, 0.25. 0.50 F1 1.00 mmol/L
H,0, &b 3 20 # 1fi, %5 GLU. Bz i BRI LA & HE 1Y
WBEE T2 A% R4 (P<0.05), JFE LT e
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Tab.1 The primers sequences used in qRT-PCR

ElEvEY SIFHI(5-3") B FAS
primers primer sequences(5'-3") GenBank no.
c-lzm-F ATGAAGGTGACTATTGCTGTCTTG AB027305.1
c-lzm-R GCCAACTGAGAATCCCTCAAAG
c3-F GATTGCTATGCAGGAGGCCA ABO016215
c3-R TCATCGCAACAGCGTAAGGA
hep-F GTTCCCTTCACACAGCAGACT KC795559.1
hep-R ATGCCAGGGGATTGGTTTGT
hsp70-F GTATCAGGGAGGGATGCCAG IN544930.1
hsp70-R ATGAAAGACAAAGTGACAAGTCCA
hsp90-F GGATGGTCTGGCAACATGGAA KT985294.1
hsp90-R AAGAGCACCACGGCTAAATCT
cypla-F AGATCGGAATGGACCGAACG AB048939.1
cypla-R GAAGGACGAATGGCGGAAGA
cyp3a-F ACAATCTGGCAACCAACCCA GU046696.1
cyp3a-R CTTCATAGTCCACCGGAGCC
cyplb-F CATGACCCGACCAAATGGGA AB048942.2
cyplb-R CCAGCAAGGAGGTGAAGAGG
p-actin-F TTGCTCCCTCCACCATGAAG M24113.1
p-actin-R ACTCCTGCTTGCTGATCCAC

o, TG & & UAE 0.50 mmol/L H,0, 4 H i % =
T2 4l (P<0.05), TC 7% & 7F 45 4 1) 34 6 1 3%
25 (Bl 1),

2.2 FALREA M B R AR B OE 1 A0 2

H,0, #: 5% 7 d &, 1L 375 B R A 05 1 48 A
ANEBRETE . S AXBAMEL, 1.00 mmol/L
H,0, 4k ¥ I 2 2 & 6% 1 75 ACP fl1 AKP 15 %
(P<0.05), Tfii 0.25 1 0.50 mmol/L H,0, 4k B 21 J&
BEZS (K2).

23 SN EMFRELEDZME

B H,O, WREE M T, 1T CAT WPk R
TR, T GSH. T-AOC Fl MDA &t 2 I F+
. H CAT & PEFE 0.50 A1 1.00 mmol/L H,0,
Ab BRI 2 IR (P<0.05); GSH % & 7E 1.00
mmol/L H,0, 4k B4 1 i 3% T 5 (P<0.05); MDA
& HETE 0.50 1 1.00 mmol/L H,0, Ab B 21 h i 2 Tt
i (P<0.05); T-AOC %% & 7£ 0.25. 0.50 fil 1.00
mmol/L H,0, Zb ¥4 v g 3 T (P<0.05); 1fii SOD
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I PELE A5 AR BRAL R G BTS2 AR 1 (4] 3)
24 SR EERT B E L RE N EIR

H)0, 8 7dJ5, S AXRAMIL, I
JIE T CAT 35 PEAE 3 4> HyO, 40 FH2H Hrd4 oK H 31
754k, {H 0.25 F1 0.50 mmol/L H,0, ZH 1 CAT
I E B # KT 1.00 mmol/L 4 (P<0.05), 5251
XF B4 AH 1, 0.50 F 1.00 mmol/L H,0, &b ¥ 2H
FRRAR T W E 240 20 GSH 7 i (P<0.05); Tfii
1.00 mmol/L H,0, 4b P 40 & 3 Ft 25 1 0 fT- i 41 21
1 MDA % & (P<0.05). IAMFAEZH 21+ T-AOC
IKSEALAE 0.25 mmol/L H,O, 4b ¥R 4H W 3 55 T-25 14
XF B4 (P<0.05); 1 SOD {if £ 7E 4% He B 40 rh 1 ok
L 2 R (K 4).

25 SR AT & % P450 B (CYP) 1L
R IR = E R (HSPs) HHXE A E

SR T I L e B SR I N (evpla
cyplb. cyp3a. hsp70 Fl hsp90) [5Rik . K& H,0,
S RN BB, IR
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Fig. 1 Effects of different H,O, concentrations on serum biochemical parameters of C. carpio

Different small letters indicate significant difference (P<0.05), the same below

HE 21

PR =

1.00 mmol/L 41 . 3 /& F 25 A X (P<0.05); 1M
cyplb Fik i AR A EH, 7E 1.00 mmol/L ZH 4b
2 AR (1 5-a, ¢)(P<0.05), cyp3a Tk
S EAE TR S, B 52 0 B AR
H TG 3 22 57 (] 5-b)o hsp70 Fl hsp90 3 3k it 7E
0.50 #11.00 mmol/L H,0, 41 i & 5 25 FAXHIRAL (P<
0.05), [FIHT Asp70 FIKEAE 0.25 mmol/L H,0, ZH 1
3 B (& 5-d, e)(P<0.05),

2.6 FLRIMATEE %X R ERIAHF

H,0, 2% 7d )5, S04 AH SCHE D W g 3k
KB HE A XA, B K A
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(hep) FA X} 3¢ 35 H #E 0.50 A1 1.00 mmol/L H,0, 4k
PR B 2 F U (18] 6-a)(P<0.05); #MA 3 F A (c3)
AR FIBETE 3 4> Hy0, AbBRA] I 3 1 (& 6-b)
(P<0.05); % T il & R (c-Iyz) AR X 2635 7 0.25
1 1.00 mmol/L H,0, &b ¥R AL i 2 T & (K 6-¢)(P<
0.05)

it
S0 R A 88 4 3B R AU S RO R2 M

L3 A= A F8 AR 7T LSz e £ 4 4 £ BREAR A
ForbofidE . AR . LA R BT BE A S 2 K
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Fig. 2 Effects of different H,O, concentrations on serum phosphatase activities in C. carpio
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Fig.3 Effects of different H,O, concentrations on serum antioxdative capacity in C. carpio
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Fig. 4 Effects of different H,O, concentrations on liver antioxdative capacity in C. carpio

N OK T B AT SRR AR, BERR IR, KRN
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Bt e Zsh MR W a AT S0 R
e EE . LA, TC Fl TG iy T M A B 5% 4%

RER, NRWE H0, AT, #Hi0E
TG. GLU. LA FlpZ sy i 25 F v, RWIA L
o7 e AL ™ A S 20 R, I R I A
{18 T e 22 WAL A A I IR A8 T 75 B AR R Y
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VR QRS R SRR DA g = 1 R
£14% CYPs Fl HSPs, CYPs j&—FhZ Dy AL,
CYPla, CYP3a fil CYP1b & HA F 2 3 MV,
AU . AR AR YIS o 0 A i
KEAEN, CAREN, 20N Y
W 4w . BURHRIAR 25 45 3 T 5§ £ 2K CYPla
W, i opla 235 BIEY, KREWFEH, 41
it 2 CYP1b 5K ROS 9 7= A4 15 5 fk 25 VT A
X, cyplb Fik BT 5] ROS LR, [ 2
il cyp 16 2% 3k W) ] 9 42 ML A4 7™ A= 84k Nz 3
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Fig.5 Effects of different H,O, concentrations on the mRNA levels of stress related genes in the liver of C. carpio
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Fig. 6 Effects of different H,O, concentrations on the relative expression levels of

immune related genes in the liver of C. carpio
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ARG E T T, 1 BUBR G S T & AR R,
ACP Fil AKP J& i R f 2 1y R Fe SR e I+,
RE M R N BRAZ AR B R, 76 S e I h
R R EL IR, g™ o L8, K
QAWM S FEET T AE AR N ACP Fl AKP i
PERAFRBERN LIS, AR R BN,
1.00 mmol/L H,0, #b f 41 & 3 41 & 7 6 1fiL ¥ ACP
HAKPHG P, 28 B — 5 0 B 1) 41k 0 35 2 (4L
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Antioxidative status and immune response in common carp (Cyprinus carpio)
under oxidative stress

HEQin', JIARui*, CAOLiping*, DU Jinliang*’, GU Zhengyan',
JENEY Galina*, XU Pao ">, YIN Guojun "***

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China;
2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs,
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China;
3. International Joint Research Laboratory for Fish Immunopharmacology, Freshwater Fisheries Research Center,
Chinese Academy of Fishery Sciences, Wuxi 214081, China,
4. National Agricultural Research Center, Research Institute for Fisheries and Aquaculture, Szarvas 5440, Hungary)

Abstract: In aquaculture, fish inevitably suffers from a variety of stressors, leading to stress response, especially
oxidative stress. In fish, oxidative stress is related to the occurrence and progress of many diseases, but it is in the
absence of direct evidences regarding pathogenic mechanism of oxidative stress. Therefore, the aim of this study
was to investigate the antioxidative status and immune responses in common carp (Cyprinus carpio) under oxidat-
ive stress. The fish were exposed to four concentrations of H,0, (0, 0.25, 0.50 and 1.00 mmol/L) for 1 h per day
for 7 days. After 7 days of exposure, we collected the blood and liver tissues to determine biochemical parameters
and genes expression. The data showed that the levels of cortisol and lactic acid (LA) in H,0, treatments were sig-
nificantly higher than those of the control group. The activities of alkaline phosphatase (AKP) and acid phos-
phatase (ACP) were also significantly increased in 1.00 mmol/L H,0, group. In serum, 0.50 and 1.00 mmol/L
H,0, exposure markedly enhanced the levels of malondialdehyde (MDA) and total antioxidant capacity (T-AOC),
but decreased the levels of catalase (CAT) and glutathione (GSH). In liver, 1.00 mmol/L H,0, exposure obviously
decreased the level of GSH, but enhanced MDA formation. Meanwhile, the genes expression data showed that
1.00 mmol/L H,0, exposure up-regulated the cytochrome p450 (cypla) transcription and down-regulated the
cyp1b transcription in the liver. Additionally, the mRNA levels of ¢3, c-lyz, hep and heat shock proteins (4sp70 and
hsp90) in the liver were significantly up-regulated by 0.50 and 1.00 mmol/L H,O, exposure. In conclusion, oxidat-
ive stress can induce stress response and lipid peroxidation, impair antioxidant ability, and initiate immune
response in C. carpio. These data might contribute to understanding pathogenic mechanism of oxidative stress, and
provide theoretical reference for the prevention of diseases associated with oxidative stress in fish.

Key words: Cyprinus carpio; hydrogen peroxide; oxidative stress; antioxidative capacity; immune responses; gene
expression
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