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B OE: AR ERE (Co) f48 (Cd) 15 Yoot B fa s 78 48 B2 W, AR B 5 F1) I 32 i 98O & & PCR
(QRT-PCREEAR , S 7E R EI T (2.4.6.8 ) BAF F 8 B Cu?t (0. 10.0. 20.0. 40.0. 60.0. 80
mg/L)F1 Cd#* (0. 05,0, 10,0, 20,0, 30,0. 40 mg/ L) BHE T, B FHEF 3 fAMBEN Z—AHRAN
E-1B.AGBAE-S MAGRN E-10 RN KRB R HNTI. KBS R DR, W TR R EMK R 5
Cu*+ 52 (0. 60.0. 80 mg/L, 8 d)F1 Cd*+ Z8& (0. 20.0. 30.0. 40 mg/L, 8 d)F , B 15 Bk o (0 11 40
A-FE-1B. A4IHA R -8 FIALDEAF-10 ZPRXE S5 R4 b B 3 i (P<0. 06) 5 7E 0. 80 mg/L
Cu™*,0.30,0. 40 mg/L C&" R 58 T I fa T A 41 A F-18 R RIKE, AR FE 0. 60,0. 80
mg/L Cu** RB T HEMFHES AN E-8 MAZRN E-10 WENREE, HFEE R TR A
INTIZEFR, B3 8 d B MENREEY B ETTH 2 d B (P<0. 05) , ARBFFHR T R HEREM
KEFRIE Cu** \Cd™ BRSO A B = A IR N, A — S EA R E LB A S L

SR T A

KR A AR A B B AR 05 4R

HEDHES: Q786 XEFRIRAE: A

NEHS: 1003-1111(2019)02-0220-06

BEE TR AR, RENESBEFTURA
TP WA FK B A K 3, XK 3 A S PR AR 1 A
TIERER. KRS, BESRETFEEET
JRRF, REWIFHEYESE, FEIEWEHEA
AERKEER, FELFEANME, AR ERE
BERAEE 2R EARNEMES., HRIFK
AR, FELRPALKERE, FRELBEX
ARMTHEAEEEFEENEN., EE&BH
(CwRARNFEHHETRZ —, WA= F
I AR, (HS B MHE AR E R EE
A, &HRGaRMNma Y68, KRR EREE N
ML RRWE, BELRRCHREYILE
EDFLRZ—, HEHERR, EEEN G E
BU AT X 20 7 A T R O B L Al A ) 2 RN, 3B
ARKHANRERARE, N HERKRKRE k4
B3 R,

B 11 (Ctenopharyngodon idellus) =3 E ¥ E
HRAK AL, A RENKZAZ —, RATHE
WEEMEZ -, BEFBETHANY . BFE
REANHR FBEEPEEFRME BEFIUR.

W B 2018-05-09; {&[E HHP: 2018-07-16.

AT EF BR B 1R T T, B RIFFK AR E S
BRERNEANEEMMBOTREEBES R
B (EKIF IR E 2 R AR A R R
BRI LA I %ok JHL 4 08 2 DR 3R 3K H) B2 WAy 34 R DL 3 3
£E FBBFOKEF ARG EEK Cu™ f C& 25
XEEERAR T 3 Mg EE—AY R -
13 H 4 A -8 Fl 41N 10 E P RIKK R
M, AR R BT B 4 JB ) £ 2R K SR BE TR A HIL R 4R A4t
2%,

1 #RE5F*

L1 R EfmsFEEH

BRI AW EH S TS, K 6. 01,0
em JRFEE(10. 01, 0) g, EWEHFF 7 d JFiHfT
RE, RBEALEN 100 cm X 50 em X 40 cm #) 200
L 3BK A, BROUK 100 L, jrf 10 B, KRB
B R /N BB AR L A, VAR R > 9 mg/ L, BRG]
A 121 ¢ 12D, KM (26 +2) °C,pH 7~8, &
AR MBS mER 1~2 &K, 3F R o E R R IE &
FefE,

HLETE . WEHEF TS ARE R FFIME (13A240509).
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1.2 HEEBELH

W54t CuSO, « 5H, O 1 CdCL, » 2. 5H,0 F
EBEFREHK L ¢/L FER. RREZRE KR
PR Cu™ R E YR BE<C0. 01 mg/L DA K Cd* f
BREWREE<0. 005 mg/L, E& @ Cu®™ 1 Cd** 235l
BET S MRBWEMRE. Cu NEEWREHRE
4391 0. 10.0. 20,0, 40,0. 60,0. 80 mg/LUKK N H
Z WK B o So 1V B B R BE Y 10.,20,40,60, 80
£5) s CA2 ¥ BBV BEAR BE 43 3] A 0. 05.,0. 10,0, 20,
0. 30.,0. 40 mg/LUKIK kB Z ¥V AK Bbm #E S 1 i
B 10,20,40,60.80 %), XA A FM
CuSO, * 5H,0 #1 CdCl, « 2. 5H,0,Cu?* #1 C&*
BREWRERILL 0. 00 mg/L 3, HIHHE, H#kK 1
W Cu** 1 CIF W R B WR B R IFRE . I 5l
T2E 2.4.6 d F1 8 d JFEEE MG IHAFIXT A
FEPLSR4E 5 BiAR A, KKAMEH, RUH EABER
iSRS P, RARER GG BT KE
—80 ‘CIR-#.
1.3 RNA#H

ARG & Total RNA kit II (Omega 22 5)) K
VLB IR BUA-Ab FH 4 B 4 B R 50 8 RNA, Fl
F NanoDrop 2000c % & 28 5M 43 Y6 S8 B i (Ther-
mo, EEDWE RNA W& B M, FFMH 1.5%

DRPEARGE B B KAl RNA W58,
1.4 £t ER PCR

i Fl PrimeScript®@RT reagent Kit with gD-
NA Eraser(TaKaRa) 230 & 0 % H & 5 RNA #
FIREFRR N, HRERKE —4 DNA BT
—20 CH4-7#. R Primer Premier 5. 0 #&i&3
ATENTOLER PCR WRFERETIYWER D5
B ETRE W E R AT IR ETFEEE L 4Y
BARGEEH L DNAFEE, U -AshBEAER
ey WS HE N, ] CFX96 S2a52% PCR £l &
45 (Bio-Rad, USA) #1 SYBR® Premix Ex Tag™ [I
(TaKaRa, X 3% ) i ) # 17 5€ i} %20t & & PCR,
PCR MR (25 pL) A : SYBR®Premix Ex Taq
I 12.5 pL, EFH5144 1. 0 ul, cDNA £4R2. 0
pl,ddH: 0 8.5 pl, RMFRFH: 95 CTHIAM 30
5395 C 5 5,60 °C 30 s,3t 40 MEFH ., B MEAE
BINER RE 7k iRREA S 3 /A
YA R EE AN RIAE.
L5 sk

BERPAE P SRR R, RABEER
J5 B2 TR KR, R SPSS 20. 0 it
TR G, fitEBEFEEKFRER
0. 05,

£ 1 EKHERER PCRIIWFF

S1ER 514FFI(5">3") &5 PR /bp
IL-18-F AAGCAGCGGATCTCCTCGT JQ692172.1 93
IL-18R AAGAACCCCCTTGAACCCA
IL-8F AGGTCTGGGTGTAGATCCACGCTG EU047717. 1 137
IL-8-R TTAGTGTGAAAACTCACATGATCTCT
IL-10-F AAAATCCCTTTGAGTTTGCCAC JQ768312.1 172
IL-10-R CCAGCCATCATCCAATCCAC
Bractin-I¥ CCTTCTTGGGTAGGAGTCTTG M25013. 1 221
Bractin-R AGAGTATTTACGCTCAGGTGGG

I S HAFK IL 7 A 3 » Bractin 27 BALBIEA.

2 & R

2.1 HfEEATHEPAARNEIBERE
)=

7£0.80 mg/L Cu*" ZFET,8 d REEANEA
ERFAgBEN R 1IBERNELERERT 245
B4 (P<C0. 05); FEH A& TR B WRBE W Cu*™ T
F,2.4.6.8 d REBAM AT AHRAE1
HEEXRIEH LB EEZR(P>0.05) (K la),
6 diit,0. 40,0. 60 mg/L B FE4 M E AT+ 540
MAE-13 EEFRRE B E = T RA(P<0.05);
7E 8 d B+, 0. 60.0. 80 mg/L Cu’t BEEH W4T

MHFAARAR-IREFAREBEEE S T R4
(P<C0.05);7F 2.4 d B, S REWRE Cu*" RERAN
HAERPAEREN R 1R EERIE S RAH
T B EZE R (P>0.05),

7E£0.05 mg/L CETRET,S d REAME M
BHEFAARNR-IBEFARIERERT 44
B4 (P<C0. 05) ;7E 0. 20.,0. 30,0. 40 mg/L Cd?+ &
BT,.8 dEZBRAMNEATRSP AHRAR-18 EH
RBERERT 2.4.6 d BBEHA(P<0.05); 7
0.10 mg/L C&** B#FET,2.4.6.8 d REAMNEA
BERF RN R-1IBERAREEN TR EER
(P>0.05) (& 1b), 7£ 6 d i,0. 40 mg/L Cd*" #



222 K F #H F

EoRLE

BHAMNEATRPOERN R 1R EFARIEDE
= X B84 (P<<0. 05) ; 7E 8 d A}, 0. 20,0, 30,0, 40
mg/L C&* ZREANEATRP RN R-18 £
HEXEWEER T RAP<0.05);7F 2.4 d
B, & EWRE Cd BB A MR AP 4N
R 1IPBERARIESHRAM LY LB EZR (P>

0.05),

0 0.10 0.20 0.40 0.60 0.80
Cu” iRk /mg = L'

20 32y

He

0.5

EI 40 M A1 35 - 1B mRNASHST R IEH
= ;

0.0

b
20r 4O 24 %
[ 4d
= 6d
157 mm 8d

aaa al
1.0
0.5
0.0

1 FERRRE Cu*t 1 C+ R B Ef B
B4 &-18 EERENRM
AR/NEFRRER—REREWRE N A RS RN [ 42 62
RBEP<0.05), HE/NEFHRRERRNEE(P>0.05);
» RERFA—BRNENARRBRREREFASS RAMLER

BE(P<0. 05). HAmE M.

2.2 HAMENEATES RN E-S EERE
)= AU

#£0.10 mg/L Cu*" B F,8 d RBAMEA
BHEPAYARENMESEFNRLEREST 2 d5E
4 (P<C0.05);7F 0. 40 mg/L Ci*" #FET,8 d &
AMEATFRPAARN RS EEAREIERES
T 2.4.6 d FEH(P<C0. 05);7E 0. 60,0, 80 mg/L
Cu* ZFET,4.6.8 d BREANE AT HP 4
NESEFNRLERER T 2 d B2RBHAPL
0.05);7F 0. 20 mg/L Cu*™ 2% F,2.4.6.8 d &
AMEAFRPOARN RS EFREENLE

T*

b abd ,aa |
.05 0.10 0.20 0.30 0.40
Cd” iRk /mg « L'

B 40 B A - 18 mRN AN R B

FEER(P>0.05) (A& 2a), F£ 4.6 d At,0. 60,0. 80
mg/L Cu"* BBAMEATRP A4BEN RS &
R ik B 15 5 T B4 (P<<0. 05) ;7 8 d B,
0. 40,0. 60.0. 80 mg/L Cu?* ZFE4 W2 a5k
HY4RN RS ZRRXENEE S TXRA (P
0.05),

7£0.05 mg/L CET ZET,8 d BRAMNFEA
BREFH4ERN RS ERNELBREERT 4 dBE
2 (P<<0. 05);7F 0. 10 mg/L Cd** ZfET,6.8 d &
BHAMEATRPAARN RS EFNREERE
BT 2.4 d BFE4H(P<0.05);7E 0. 20,0, 30 mg/L
Cd& #ET,6 d REHAMNE AT AN K-
SEFRABEERT 2.4 d BEH(P<C0.05);7E
0.40 mg/L C&" #BET,2.4.6.8 d REHMNE A
BHEFH4ERA RS EFAELEYXEEEZR P
>0. 05) (& 2b), 7E 2.4 d B}, 0. 30,0. 40 mg/L
Co ZBRANFEATRP RN RS HERL
BB 25 T RA(P<0.05); 7 6.8 d B,
0. 05.0. 10,0. 20.,0. 30.0. 40 mg/L Cd+ R B4
HEEREPHARANES ZEARLENEERT
St B 4H (P<<0. 05),

a
30r

. 3 2d
]]IH-] *
=) 3 4d . a
= Em 8d aa a
= 20F T T
Z

g aaa bb? b

o Ta b
B 1.0
&=
2
5
i

O L
. 0.20 0.40 0.60 0.80
Cu™ TR /mg « L™
b
20r 3 24d % * *
* a

i D44, 3% Tab .dx L als
= 0= 6d Fbl b aal]2
ﬁl_s--Sd " by 1 II
= ab g b ll

= ToFl 1O

% aaaa l I

= 1.0

hed

J%/b%(

5 03

=

5

i
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CA iHIRkE /mg L'

2 TERBRE Cutf CI RBWEE EEH
B41 M4 &-8 EERREHH M
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2.3 HAmNEATRPAERASE-10EF/E
)= |

7£ 0. 60 mg/L Cu*" & T,8 d REAMNEA
BHREAFEHERENE-10ERREIBEEERT 2.4.6
d BEFEH (P<<0.05);7E 0. 80 mg/L Cu*" ZFE T, 6.
8 d REAMNEATRSPOHMAE-10 EE RS
BREST 2 dRF4H(P<0.05);0,10,0. 20,
0.40 mg/L Cu*!* ZETF,2.4.6.8 d REHANEA
Bl A4REA R 10 EFRRAEBEY LB EER P
>0, 05) (&l 3a), 7£ 6 d B, 0. 80 mg/L Cu®*™ &
HAMEATFRPHARANE10EERIERES
FXf B4 (P<<0. 05);7F 8 d i, 0. 60,0. 80 mg/L
Cu* ZBAMEAT RS HARA K10 BEFEERSE
ERERTARAP<0.05) ;7 2.4 dit, BRE
W Ch" ZBANEAT RS A4 A R-10 £
HELESBAMHEY LR EZRP>0.05),

a

20 O 24 *
2 0 4d 2L
® = 6d a
Z 15 -8d ab
> boll b
% aaa aaa
g 1.0
=
=
= 05
5
il

0.0

0.60 0.80
Cu™ RN /mg+ L'
b

20r3 24 "
MH 3 4d . a *
@’ 0= 6d e . a*
z L5 mmsd ol 5
= b 1 bb
% 2a,a aa b0l T T T
£ L0
=
&S 05
=
5
Nii

0.0 L

0 0.05 0.10 0.20 0.30 0.40
C& =ik /mg« L'

3 FAREERRE Cu*™ 1 C+ BB Efa EHEH
B 40 A4 %-10 ZEER X R M

7£0.20 mg/L C&* ZET,8 d REANEA
B AABEAE-1I0ZRFNREIBEETT 2.4 d
REH(P<C0.05);7F 0. 30,0. 40 mg/L C&T ZE
T,6 d ZFRANTEATRP AN E-10 ZER
BEYMBERT 2.4.8 d BEH(P<C0. 05); 7

0.05,0. 10 mg/L Cd2T BET,2.4.6.8 d BELAM
HAERPAERAR-10 BEFRRBEN TBEE
S(P>0.05) (A 3b), 7 6.8 d B¥,0. 20,0. 30,
0.40 mg/L Cd*" ZEEHAME A T H A4 H -
10 EERIFEX B E = T3 R (P<0. 05) ;7 2,
4 dBf, FREWRE CET REBEHNEATHRS A4
HAE-1I0BRFARIESVRAMHLEYLEEER
(P>0, 05),

3 it i

AR, K P=FRFE L 2 R R A 2k & A5
AT IR AR RS T, B R T b A = B
KEFME, WERENREZ —RE TR A
FER AR A HE AR B K BT K AR SR AR K 3RS YR B
INE, KRB R BB B, B, BR KR 5
YEFKAEFHNES B FERARN AR
FHFMENUR, SRR AR AP AR E g
BWEEENEN. FHEEAREENRESRE, I
SR JEORTS Je 4 P R 38 < 05 ' Ok 7= A4 4 L Y e
A SRR T, T XA AT R AT, A4
MARRAKPH - REBENGERT, EEHE
Y= A3 E T 2SR 4 — 2R IR+, B
T HRAE i A4 =4 N 4R IRl R HEVE L, B
DHAEE. 65, BERIE B HALERNES
S50gei@Tr i R AR NS RNY, EER, A
RN RIEAAREENREARE 7, ER3)
LIS, FHAAE SR R P SRR B T A4 -
1M AgnfaA -2 A4 B4 A4 A
R8I A4 A R-100 e K HH , X 8k 5 40
M BRGNS R EEEENIEH.
3.1 AT AN K18 E EH e A
HTFHRBEL

AN R-1 RERIBME G RIE RN F&
REERNARE T, 2EERNREMN—BEHRX
JNE B I8 PEGER N AP R R s At 40 B BT AR
k. EWASIYFERIA 11 FAGEBRNE-1 ZE
B SE AN R -lo. A4 BEAE-13. A 411
A E-lra. HA A K18 A4 AN E-1F5 M4
JAE-33 N HERAEARPF RERT A4H
AR-1B AL A R-18M, RREHR T Cu?t
o Cd BB AT A4 E-18 EERIRK
B, SRR, Y Cu R CE REDE 8 d i,
0. 60,0. 80 mg/L Cu*t £ 4.0. 20,0. 30,0, 40
mg/L C&* BBEAN T AT R+ A4RAR-18 &
A B B E R T X A (P<C0. 05), YL K it
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6] = R B WK BE [ Cu?t i Cd*+ B8, X B A f) ' Ak
WL T —E RGBT B A A A A R R R
N, HRIEMEE TR E-IBHERREE
SBEE TR TR 2 1 400 P BB 11
3.2 FATHEPA4EAER-S EE S FmEE
TRFRBEL

F4 A K-8 BB A MR RAEHE F, 2 —F
CXC Rtk 40 i B3 7, o Fpoker 290 B g sk o
YRR T 40 BB A A fE R, (3] i B R 3 i 4 A=
B # R/ meEmWEERNY., Ags
E-S AT RAE R L, WHRPHRE —EWIKEE
AR, AR, B S A4 A RS EEE
BEERRREREMBERKBREIK Cut 2B T
(0. 40 mg/1.,8 d;0. 60 mg/1.,4.6.8 d;0. 80 mg/L,
4.6.8 ) BE TN A P<0. 05), 7 CL #
BT . ERENE®RK 6.8 DN, FREWREAN
RN RS ERRBLEN BER TXH AP
0. 05) ,{BFFE B E MR BF Cd®t (0. 30,0. 40 mg/L) &
BT R 2.4 di}, HARA RS RERKE
O BEE T3 (P<<0.05), Pl Eg5RUIH,
A4 A K-8 E MR CEF R BE X
Cu™ R N, XA R & H T C& X &4
MR Cu™ iR, CdT WRE L Cu BEWE
£ 5 AR 5 S PR B, AT S R B A A
B0 R A B SRAE S
3.3 HAFHET AR E-10 2 H A4 ME
T RRBEL

H4A 10 NFR 40 B 7 & Bl BE F
&5 R AE KNI BB G2 M8 R AE, X HLR LR (R E
AR A B A ER . A4l
F-10 mRNA FR I3 I w] 9l R 5E B, ZARR
REGR B B T8I R e . ARB S, BREK
BEA B 8] ¥y Cu®™ 2 5% (0. 60 mg/L, 8 d;0. 80
mg/L,6.8 d), LA J% & i & ¥ BF (0. 20,0. 30,0. 40
mg/L) FHK B} [R] (6.8 d) By Cd** SRR 35 5 4 ' )k
FHARAE-10 BRERFERE ST RHAP<
0. 05) , 3% A B8 2 & WE 40 B T 9 il Fn 2 4 Cu® .
Cd** BFEXT ' I T 3 B B9 R E R T KB A R E
YA F-10 FrE
3.4 HEATFHPAHRNEERNRLIRSHME
ESEISEL AP SES

TEARBFSE 1, 7F 0. 80 mg/L Cu?t, 0. 30,0, 40
mg/L C* BRBETHEATRPAMERNR-18E
HELE, LLRTE 0. 60.0. 80 mg/L Cu* ZETH
HaERR AN E-S AN E-10 ZEE

KB, YR E 2 5 O IR B B 0T B B T R, FESR 8 d
AHABR A, A7ES 8 dIfWERERENEZE
BT 2 daf(P<<0.05), XHERYHAERRE
WEK C BB THAARNR-18. A4 RN &R
8 FIHLIMAR-10 XFRLBE, U RERREWRE
CHRBTHHARMR-IBERREE . BHS5R
B EERH —ENEMHRELR, HRAEHLEF —
SERBRRE M . X ATRER BN Cu®t il Cd 258
BT AR K , B AR R 32 B A R 5 A ™ B, LR
NGt R, A 4 B P A R AR 4% R R T
R TE R E F e,

4 %

B2 AR A L5t E & PCR 9128047
T REATERARFGR A T, B A B So B A0
BF—HR4EAR-13. A4 AR -8 FiH 4
R-10 MERFIXBEHRML, AR REN, BEE
WEEARI A Cu®* 0 Cd** RS T+
KA R-13. H A B A R-8 F A 41 A %10
HERFRBBENM, HRREWRER C" #ET
KA R-13. H A B A R-8 F A 41 A %10
PUE R REWRE Co 25 T RAARAR-18 Z£H
RILBEA R EEREIE. ABIRSRNE
SLRABI R E &R X AR H B R LS, BRI
BEERAM T RERGUR N BEE T 2A,
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Effects of Copper and Cadmium on Expression of Three Interleukin Genes
in Kidney of Grass Carp Ctenopharyngodon idellus

JIANG Hongxia, LING Jiebin, YE Kaijia, LI Xuejun
( College of Fisheries, Henan Normal University, Xinxiang 453007, China )

Abstract: In this study, quantitative Real-time fluorescence PCR was applied to detect expressions of three
interleukins (interleukin-18, interleukin-8 and interleukin-10) genes in kidney of grass carp Crenopharyng-
odon idellus exposed to different concentrations of Cu?t (0. 10, 0. 20, 0. 40, 0. 60 and 0. 80 mg/L) or Cd*"
(0. 05, 0.10, 0. 20, 0.30 and 0. 40 mg/L) for 2, 4, 6 and 8 days, respectively, in order to investigate the
effect of copper (Cu) and cadmium (Cd) pollutions in water on the immune system of grass carp. The re-
sults showed that there was significantly increase in expressions of interleukin-18, interleukin-8 and inter-
leukin-10 genes in kidney of grass carp exposed to high concentrations of Cu?* (0. 60 and 0. 80 mg/L) and
Cd?* (0. 20, 0. 30 and 0. 40 mg/L) long periods (8 days) compared with the control group (P<C0. 05). The
expression level of interleukin-18 gene in grass carp exposed to 0. 80 mg/L Cu®*" or 0. 30 and 0. 40 mg/L
Cd**, and interleukin-8 and interleukin-10 genes in grass carp exposed to 0. 60 and 0. 80 mg/L Cu®** were
all shown to be increased with prolonged exposure time, significantly higher on day 8 than those on day 2
(P<C0.05). The findings indicated that high concentrations of Cu?* and Cd?** exposure for long period in-
duced inflammation in kidney of grass carp, which provide the foundation for further research on mecha-

nism of immune toxicity of heavy metals to fish.
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