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FEE . SRR AR IR (Cu™™ ) X8 (Acipenser sinensis Gray ) %1 #1 1) 2 ME TR HEAT 42 40 DFA 5 HRAE 19
SIS EE R 5 0.005 mg/L.0.01 mg/LA10.015 me/L 34~ Cu® " e FE R HEAT 2Pk B 58 5206, DA OF 41 2068 48Tk 4 5 AL il
(SOD) . i AL AU (CAT) A3 Dk H KT AL (GSH-PX) 16 PE PR bR 5T Cu® T Yot h A 4l £ A s BRAE A . 45
FW], Cu® YR T v rp AR B 4 £ AR TR REYE, 24 h 48 h 72 h 196 h LCs) 4314 0.059 32 mg/L.0.034 0 mg/L..
0.028 3 mg/LF10.021 7 mg/L, % 4= JFt ¥ i 490.002 17 mg/L; AS[F]He ¥ Cu™ B g2 1, Fp AR 4 f0 F 40 41 H SOD | CAT,
GSH-PX [ 15 M 76 52 7 24 h I 2 E 4] (P<0.05), 7EALBH 48 h 5 Bl 1% 4 12 W K A2, Bt I SO [, HE R B IR 5
Cu® R S IE MG (P<0.05), F5EIAH, SOD . CAT M GSH-PX iG PEAS (b n] DA e e 65 40 0 7 005 ORI n]
Ffg AR 2 2 KBS PPN I S5 Wi . [ EK = FH#,2010,17 (4): 731-738]
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AL T H Rl P A SRR 2 T, A
PROK B A AN BRI, 7 TS Gk R, XA
TEAEH R 1K A S 3 2 M il ™ B U . AR
Xof F B ROK B K BUIR DU B VLK PRI 3 A
SR, R AR K E Z BRI E N E SR TS
e, Hd Cu Zn  PhAE LR TG Y

rhAEfT (Acipenser sinensis Gray) 3 J& T#HE H |
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FARY B, F2Z A e I S YT BRI
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EAVE

(41.544.0) g M&K (22.7+3.5) em, TEHUA O 2
N R AR TSI, SEEOHT 1 d 45 1R
1.2 EIEHE

S I AR R 4 (CuSO, + 5H,0) K43 #r 4l (1
2542 A1), 256 2 Hi e i B Cu® BT i Ry
1000 mg/L B BE B, 191552 56 K 1 =X 552 56 Pf s B g AH
PR RS, SZETE 80 emx 58 emx 60 em FUER 2,
SR KGR Th AT, SEg K O 28803 d L
Ko S S 18] A R R FHASE 45 X 22 2 BOK 5 73 X
(YSI-ADV6600) W5 I 7K J5t, 7K i 48 A5 : pH 7.0 £ 47,
DO>7.0 mg/L, /K ¥ (20+1) °C, # £ (30+5) mg/L,
S ] A RAFEL AR, B I A B A 5, S
[ ANEE AR
1.3 ZIWH*

AR A A A ™, Sz 6 0 AR O 8 52 06
T8, R A8 2R T R B ) KB L Se i A T S
HEAE0.012 5 mg/L.0.025 mg/L.0.050 mg/L .0.11 mg/L
F10.50 mg/LL, 5 ¥ i il 4 2 AR 3 4 £, %K 24 h,
THRABIR AT 1) Cu® fe KR B 1 100% E5E o
WeRE ., F SIS K A2 5T 2 ¥k B RN 100% BAE
o MR 22 [R5 A5 0 R85 RO ) IR AN 7 A
JOTER VAR B AT, i VA BE 3 1R : O me/1L.0.012 mg/LL,
0.018 mg/L.0.025 mg/L..0.036 mg/1..0.057 mg/L .
0.086 mg/LF10.11 mg/L. HFAMMREEB 24 PAT4L, Fiik
— R AL, BRI T PO AR 6 . 7RSI A
HAT AR EERER . hEEIe , 22 UCRIEOTIC RO H]
WAL RAE TR MUK R B I D SRAE T E

8 LCso 15 T 52 35 J5T £ Vi B 46 FE 24 0 mgy/LL.
0.005 mg/L.0.01 mg/LA10.015 mg/L, [A) A} 531 14~F
T4, B S A EAR T A 14 2 . SE R
TR KRR A A, TERRER 524 h 48 h .72 h Hil
96 hif, B4~ b HZH 433 i 3 B8 ., TS e L
WELLZL, A 5 mL 28R} B0 48, B —20 °CoKAR
1, ME 24 h 48 h .72 h F196 h AS[R] 3k B Ab F 2 Ak
#3448 P SOD . CAT F1 GSH-PX i 1 .
14 AR EREH & REEERNE

FHTIS 4 AR BRER 7K R 25 M, B9 5 PR 1

W5 A5 2 41 27, P e AR 25 R TR 7K 43, FRBGE it
FORE S, F R R A =1 10 A 4 CHUA iy A4 B
K CTEVKI ST AT B T 503K . A1
Y& 5 B O HLAE 4 000 r/min B0 10 min, B 75 98
#H.

B EVE R AR 1 I SR P s
Fo a1, SOD M SR HT i RS e Ak vk itk 1 Oy v —
FEREEE , CATIE R — M 6, GSH-PX
FERHS,5 - U AR IR (DTNB) L3k, ik
FIL 0 1 g 5t AR ) T AR T, R &
ULHIHETT . SOD G M 5y 8 o R 2 e VR H
7E 1 mL S, SOD 4l 323551 50% s A% 1z )
SOD 4 TANTE P B (U); GSH-PX I P B 5 L
LA SR A, B e R AR B s i 7R AT
it S0 AR & H GSH R BE AR 1 wmol/L Ay 11 I
A (U); CAT Bl I P 5 SR B2 e R
FEFD A B FAA 1 ol 1 HLO, 11t h 14N TG 1k B
£z (U)s
1.5 #ELIE

R PR G (Karber) ' 314211 24 h 48 h 72 h
96 h [ LCso LA B2 1gL.Cso 19 95% 1] {55 BR , 5 56 T~ R 5%
AR AR AR LA 20 TR T e e P8 PP 48 Ak JBE XL, oK
HHAET - B MR AL 50 Y Y X5 [l
T, 424 =96 h LGy, x0.1; SOD, CAT F1 GSH-PX
W N 3 UK, P 3 Uk EE A2 S Y S B K 1Y)
SEREEAT RT3, S AT 85 Tk P A L2 5 0] R A ) 2
CATE G

2 HBRE5SH

2.1 HAEE34 &R EAEIK

AR A RN IR] B LY Cu® RIS
[FIRE B B R BEAEAR , FE R W LA, e 4 £ A 2%
Fe 4~ 6 hG THR IR R R, RN R 2
WrE UK A RE ST, S SRR , AR AT K
MR, 2> BT HE S sl b LA, B, B
PR EL, Sl DTAUKE, 5 ~ 10 s J5 1K 52 iz 3 fig
TR EAR R ANTA , 68 B AR WA R R,
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WIS« HS AR A 1) TR SO IS e AR A ) 2 733

JiK, B AR 822 E A TR G 2RY) . FREgUh
I 5 Wesh 2815 2208, Sk sl R ) B R, 8 55 e 3
HRARASNG | B Sz B RE T, W R RN eI, AT
I THBRET I, B Je S EMETTS , I BE T 5 i Hh AR %))
o, RIUFREM A PR 1 IR R IR e
B FE I AR I s TEARVR BE A, 32Xy 4t TE 2
#5 50 ~ 58 h & B rh R dE AR, — HorpBg, IR R B
[FIRESEAR o
22 Cu'' MR HanaESsy

ANTRIHe B Cu " 282 N RIS, FR ARt 4 6 Y 5E
ToAEM L2 1, 0.1 mg/LZH 24 h N 4FFET 5 0.076 me/L
ZH72 h P 4> 3B A6 75 0.053 mg/L 2196 h 4> %R 4L 15
0.0360 mg/L2H 24 hFF 3 i B 5L 72,0.017 3 mg/LFl
0.012 mg/L41 72 h i EFET,

P Karber J5 FE X S B0 45 b1 748 1AL #E, 75

T2 B0 VR R X B T BB R B A A TR U Ty
T2, 3K 124 h 48 h .72 h 196 h 114 LCs, 15 52 95% B 15
X[, FHZE AT 96 h Ly x0.1 58 I 224 He i
90.002 17 mg/L, HZE R I 2,
2.3 Cu*' xfehEs3 40 fa TR SOD . CAT #1 GSH-PX
EE R0

TEAS TR Cu™ 35 W B 75 24 W )i, 5 X6F TR 21 il 7% e
(633.85+5.37) UFH L, A IFZHZLSOD T B 5
K, v B R B 31 (599.28 +7.03) UL (560.45+6.28) U Fll
(505.95+9.71) U, H FR#ERLEE 5 Cu” Ab v 3 5 1A
K (R°=0.9883), #=#%48hJ, ¥k £ 2H (0.005 mg/L)
JHFLHZLSOD TG PR ZE WK A, F T3 (667.30+£6.34) U,
AT X AT 1, Bl S T o, A S g 4 — B
I RS 1 LR R FH R f0 2 5 i R 4
Cu” W PE T TR A a3 (B 1),

®1 AEKECC REARRREN PEGHEHTET R
Tab.1 Acute toxicity of Cu’" to juvenile Chinese sturgeon %
R/ (mg - 1) ZRFEITIA] /h Exposure time
Concentration 24 48 7 9%
0.0120 0 0 5.56 16.7
0.0173 0 0 11.1 333
0.0250 0 27.8 444 61.1
0.0360 11.1 50.0 72.2 83.3
0.0530 27.4 61.1 83.3 100
0.0760 50.0 77.8 100 —
0.1100 100 — — —
0.0000 0 0 0 0
e " AR 4 o T2 FRAE T
Note: “—" denotes all juvenile were died.

R2 Cu' s34 fa BMERKMEE AT

Tab.2 Linear regression analysis of Cu®" toxicity on juvenile Chinese sturgeon

SR [E] /h Epys PS4 Loy 95% EAEXE/ (mg - L) G/ (mg - L)
. . . > LCs/(mg - L) . . ;
Exposure time ~ Regression equation R 95% confidence interval Safe concentration
24 ¥=6.948x+13.615 0.928 0.0606 0.0489 ~ 0.0759 0.00217
48 y=2.673x+8.754 0.981 0.0414 0.0315 ~ 0.0545
72 y=3.767x+11.099 0.950 0.0289 0.0224 ~ 0.0372
96 y=5.512x+14.260 0.964 0.0217 0.0168 ~ 0.0280

T y: PETRMEAR AL x: Cu W BEXTHL.

Note: “y” signifies probit of mortality; “x” signifies logarithm of copper ion concentration.
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Fig. 1 Changes of SOD activity with exposure time in liver tissue of Chinese sturgeon

Under the same exposure time, different letters mean significant difference with control (P<0.05).

H AE 45 4y 0 7 Cu® " ) 7K R A B 24 Wi, T
L CAT I PEBEE 76 Cu™ W B34 I 1 2% F
K, 3 5 T [ 310 (553.67+4.29) U . (513.15+5.08) U
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K2 A F 22T CAT I MR A 3 s (R 25 £k
Pl ] — 2 S IR AR 7 RER R SR IR 2257 235 (P<0.05).
Fig.2  Changes of CAT activities with exposure time in liver tissue of Chinese sturgeon

Under the same exposure time, different letters mean significant difference with control (P<0.05).

FECu” V5 Y B g v, ARSI 21 20 GSH-PX
I PEFEAL PR 24 Wi B 3 TR, R AR S G YR
RIEAE (R=09929), £ ULE 3, 48 hift,0.005 mg/L41
it 15 714 (0.70+0.058) U, f. 35 55 T % HR 4 (P<0.05),
0.01 mg/L41 4 (0.63£0.048) U, it # F [ (P<0.05),
0.015 mg/L. 4 (0.66+0.065) U, 5 X} BRI AT B 3 4 5%
(P>0.05),72 h 54525041 B3 T % (P<0.05),

3 itig

31 RESHERHREERK

TAEEILf Cu® T AR RE O £ |
8- BT IR W LR B, LK e B | i R
PRIXE , ™ o A 25 LA T, R WA Al Re i3 1 rh AR g
4t Y B P BRIV P A R G Z B, X 5 HAD



g kAR S T R AR A ) SRR O ST S AR R R Y S 735
09
0.8 0 mg/LL
o7 B 0.005 mg/L.
EH = B80.01 mg/L
=E 06 8 0.015 mg/L.
v 2
é E 0.5
T 04 n=3
=% 03 745D
wn O
S 02

0.1
0

24 48

72 96

SEFEIE] h Exposure time

E3  rpAREG 44 GSH-PX 3 M: fifi b FR ] () A8 Ak,
&I i) — 22 g o ) T AN i) 7 B R 5 6 FR 2 22 57 B 2 (P <<0.05).

Fig. 3 Changes of GSH-PX activity with exposure time in liver tissue of Chinese sturgeon

Under the same exposure time, different letters mean significant difference with control (P<0.03).

2P EEE B 0 2 A ME T 4 rh R A L
SIS EE ARG AR AR B Al R A G K P4k S
I, 03710 d 5 R 50% fE A BET . AT LA 2 55 G
[y AR B4 £ B AR Sr RERS AAE (R A B 2 3]
Co’ M EMEM, AT AW A , T 8UR W5t
T, X s e 4y R A AR — L
AR BT ARG LUS , — 53 T A IR
WA AR E 5 AL LA A L 75—
AW 5 i3 b AR LD Bk G AL s S
2S5 , 3 ARG YA R AR N R B — e
JE Bl
3.2 Cu’ M &etd s TR K R &R EEM
2 A A I BN I LT B T R SR R Y
TG P R A SR %) 2H S8 , R /K R s e
SRy T 4 2, S A AR A v B
AW A A E R, 25 DR bR, S BUH R AR AR
KA RO s AR IS 284, 7K Sk Tl R it BB s, DA
(DI RSN iRAEEEAS 7 v AN D R4 e SO E= 2 5y A
AW BT RIIER D TR Cu® X AR
BT , TN K F R s E R4 B T A B B W5
M) , 7 HHVES B -1 S A B R A U A K
B i g, B R L R AN R B D, A
[T i e N N R Ot 1% 127,33
0.11 mg/L,24 h g A gy o e T, b 85k
0.036 mg/L L) |, % 0.076 0 mg/L,24 h P h 46 4y 1

HFLAET,0.025 mg/L I} 48 h IHFHAET-,0.017 3 mg/L
B} 72 h HHBRAET-,0.012 mg/L A 96 h tH BLAE T, e HH
BB OENEFEEN FEREARNE S, E
SRENEMBZR —EMBREZ G, KR EWESRE
B TR TE G R B A A

BRI S REPEVE F AT AR 28 bk
FHRIY 96 h LCsy 709 49% (3)™, rh il /K Sk
Y R ) B 1 AV ROV 4 0.01 mg/L AR S23:
ST A Xof v A B 4 £ 1) 22 4V FE 5 0.002 17 mg/L,
TE I T [ M K B o, AT D0 rh AR 4 £ X 1Y
T 2 P A5 AR, r T B e A AR R S A5 T LAAE SR AR
Prep AR 2 W A TS IR . R KRS
VLR UFEE R R Bt VLT AHR YT 4V T BOK 5 e
AR W 235 SR WY, FE R a5 RV A VLB iy H 4
JEATS QbR BRI R 1.5 A5 0.4 4% U
VLR HAB VLB AT REA HAD V5 Yeir FAAE . XKW
Aefit SR BRI LA SN T B FE it 4 £ R Tl i
ST R R, AT BE A6 X 25 Y W 0 U, It
RN 5 A T B, X VLV 5 75 e R
IZMNGRAE B, Ry A3 K AR AR W IR PRI R A i
EEE37S

T 2 ) 3 e FH OB 1 AR A | 25 26 1 I A B
S, BT R R 0.7 ~ 0.8 me/L (B {5 1] B}
550 AR TR A VE D, ARS8 Cu® ™ X h A2 1 4))
0114 22 42 vk A 0.002 17 mg/L, 31 580 A 2 4 A
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Tab.3 Toxicity criteria of toxic substances on fish f21]
22 Class
i H Item —
J7 Extreme i High 15 Middle &7 Low
o*/(mg- L") <0.1 0.1-1 1-10 >10.0
R B T2 R 96 h (1) LG5, 1

*The mass concentration of the LCs, value of 96 h.

0.008 53 mg/L, A b I 34 5 FH A A% 2 Wk B i & T
Cu’ " X AR BG4y 0 (1) 22 4 BE , T BE 2 i Uk A
53 1) 15, DRIk, Xof H #5173l 47 18 A7
MR .

ARSI DA 4 A ) R AR A IR, R
T A JE X h ARG )t s (A oA
TEZ P SR , ] REAFAE SRR R sl v >,
Y3 AN, 43 T AL PR RE 28 % E 4 JR IS AL,
ERRE R AR pH R A A PR e o 4
JE AP AT e A s, DR I 2 A AR R - 5
BB S E R 2 — R
3.3 Cu*'xirhiEE3 4 TR S AL EEE RIS

PUA R PRI R G Ae 4E R R A B SRR
W77 4 EERVER P, SOD ., CAT, GSH-PX
SEEHES YR PRI B S, TEIE A
THOLT WU BT R R 5t e A SOt BR AR N
AYFBEIH R F A 3 (0,) AL EE (10,) R Ak 3t
(—OH) AT H,0, %516 M A 5, (-4 3 32 A h 3%
0% (BFENLIRSZ T 4wV I 2 S e i
HEATE A B T LSRRG M E AR T, i S
P e 2 R KA T, 5 R AR P R AR
FAR W R & A IR ook S8 Ak, i ke 24 i A LA = A 7
FELEIPY, Y 4 0 4b T CuSO, 15 Y ER B,
Cu’" HE A AREHA N5, HIFAE4L 4 SOD |, CAT,
GSH-PX I 4 37 5] . 3 i, HoAm i F E 5 Cu® 1Y
JoF e R R IS 1A 2 TE A G, SR T Cu® 8K
F 3= A 2 Z USSR R e 32 B 0, i 4
) H R HE RS, DT & 4 440 1) g o 5k
SAACIR G, MR A P BT R GE T 5 R 2
g B e A P B R B A

SOD V5 0, R ) HH A BATE A G52
WF5T 2B, A4 Wik 2 B B 1 5% 38 B, SOD
PEAEAT T 5 111 >4 32 21 5 B 36 5% W aa s, SOD &
3 HRRAIC, A A A B Rt T 1 A, DT 3
HE RS2 B D, A S gh SRR & B, AR e
FES G R, AR Ed 4t FALZL N B SOD 6 1 i 2%
TFiE, 3 Fh B4 5 Beaumont 25 ™ B 5% 25 F 25401,
Stebbing ™ A, BEWIEARUR B T B X AL 4,
JEHAETCTE I BL T W R N, A X — IR
“TEYISTRN . BIHETCA LR, VF2PEIE, <R
PRLAF RO HAT P =R Cu® I T, h g
fid &y £ JHF 2L 20 9 SOD I A 35 1 T B, BRI
Cu® JHME T SOD 1% P A R AIC, 3 1 rh A B 4 £ 1) 0%
PR EAR T B Cu® ) i 4 £ 7 5 Y
FEFHZ —, [FFE, CAT. GSH-PX i f
T2 R AR A, 78 CuSO, Ab L 24 h G M SR T R,
CAT. GSH-PX 7£ 24 ~ 48 h A7 [ THEa %, B J5 X B %
N RE A T A A B RS [R] A AE K, AR T A7 4
E W

ARWFFE LI, 2 AEEF LT 0.005 me/L Cu®' I,
BSRANSIHET (LR P R it 1 2 Bl Ak JER s (] S22
LT — RNV, T e, SR J5 k2 T
SR HRATE M, UG SRl HAR AR B 5 b B
CuSO, i i i B 52 TEAH DG, I AT DAGIESE, B s AL il
SOD . CAT Fl GSH-PX i M i AR A 150 AT LA s g A
i 4y £ 52 A5 O AR FE . SOD ., CAT A1 GSH-PX Ay
TR PR ST BRI, 7 C® BBE T, BB BRIA Py I
T AT PR AR, AT MR AP A, DR AP BS54, A
A S WITE— & R EE b G2 A s T A S e, (H X
PR AT — e (R ik S R Bt 15 e vk 3 1Y)
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Effects of antioxidant enzyme in liver and acute toxicity of Cu’ on
Jjuvenile Chinese sturgeon

YAO Zhifeng"?, ZHANG Longzhen'?, ZHUANG Ping', HUANG Xiaorong'*, YAN Shiwei’

(1. Key and Open Ecological Laboratory of Marine and Estuary, Ministry of Agriculture of China, East China Sea fisheries research
institute, Chinese academy of fishery sciences, Shanghai 200090, China; 2. College of fisheries and life, Shanghai Ocean University,
Shanghai 201306 , China; 3. Faculty of Life Science and Technology, Dalian Fisheries University , Dalian 116023, China)

Abstract: The acute toxicity of Cu’" and the changes of antioxidant enzyme of Chinese sturgeon (Acipenser sinensis
Gray ) were studied by the static test method. According to this LCs,, the experiment concentrations of CuSO, were set
up at 0,0.005 mg/L.,0.01 mg/L. and 0.015 mg/L. and the exposure time were set up at 24 h,48 h,72 h and 96 h. The
results showed that copper was a drastic toxicant; the 24 h,48 h,72 h and 96 h median lethal concentrations of copper
were 0.0593 2 mg/L.,0.034 0 mg/L.,0.028 3 mg/L. and 0.021 7 mg/L respectively, the safe concentration of these metal
was 0.002 17 mg/L.. The activities of SOD, CAT and GSH-PX in the liver tissues of Chinese Sturgeon were restrained
obviously within 24 h, but the activities recovered gradually from24 to 48 h, the activities decreased after 48 h, and
it was lower than that of the control group. The changes of the activities of SOD, CAT and GSH-PX indicated the
damage degree of Chinese Sturgeon by Cu”". [Journal of Fishery Sciences of China,2010,17 (4): 731-738]
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