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1.3 SWHE

AMFHTRSRMEEEEE AR Y
Py A TS A, H il 24 h 2 FBFETSA 96 h
SERAFTE M Cu® " R BEVE Bl . AR5 16 BL 3 [l P 4%
SRR BE T 6 ) Cu® T Yk EE4L 0.200.0. 299 |
0.450.0.670.1.000 1 1.210 mg/L, % 1 4~ X} &
MR 3 AT, BT AT 10 BAf, L
2296 h, B 24 h TR G E A S0 25, B IR
12 WL ERIE 55 4 #0110 3% 2l AR D0 A ep J 0E 4R, JF Je
B 7t FE TN AC o T T 1% s o A FH 38 38 4 i
KM TCR N . Geit 48 196 h (YILTIF N

L1 o g 0B M BB S R UL it 6 4
Cu’ " F| 541 0.200.0.299 .0.450.0.670 1. 000 F
1.210 mg/L #4752 55 , LARD U ¥ 7K 20 4R S X
B BRI BB R 1 3 P AT, B P AT 10 B4, G R
48 hJ5 , 45 vk B4 Hicfa 3 R, BT R ML o] 4% I
WA R A E G S AL A TR,
R v [ W[ E 1S ming Hi QOG0 G 6
1 min, A Giemsa 44§ 44 {8 20 min, F 7K 85 5 ik
LM R, AT . BT AR TS, B A
REHLUREE S 11 2 000 A~ DL b 20 4 il , i sk B A
1% BA% i 0 240 M A, O R H B8 0 i B Y 4L
A0 A28 S i 20 M AT AR B RO R L
BB E BRI T 003 (%) Hom o

SOD .CAT #= GPX i 1% 45 & TE T %
ST 6 BRI 45 PRI B AR TR A R O T v
FRICAH LT i, A 9 f5 AR 4 CHi i 0.86%
) A= BRER K, VKK 8 i 45 i 10% /Y21 9,2 500 ~
3 000 r/min 0> 10 min, B F 5w AH Tl E . @
A ALY AL (SOD) (i %8 b & ( CAT) F1 4 it
R 48 A6 P il ( GPX) 1140 2 e B P e A i A
PSS B i SOD (g ni: ) (CAT (Af Wy )6 ) ik
G GPX (a] WLkt ) 36 B 430 a2 o
1.4 HESWRLRK

A B 2 11 {8 + PR 2% (mean + SD) £
7RI T SPSS 16. 0 Xt T A BiE #4773, R I B4k
PR B 48 1 96 h Y2 38L& (48 h LCy, K
96 h LC,,) , %41 SC =96 h LC,, x0.1, FJH
KT 77 2 %3 #r (One-Way ANOVA) ff) Duncan’ s
multiple 75X SOD CAT GPX i M:iF1 741 [H] 2% 57 i
FERS . E X P <0.05 NEFEE,

T 2 = Tl A i 0/ W 28 21 A il S B x
1 000%o

W5 R = A% 5 (RO R Ah ) 4t i 550/ W %5¢

LTI M R E x 1 000%0
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1 CO' BHEHESESETRER
Tab.1 Acute toxicity of Cu’* on juvenile P. argenteus

Tk BE/ (mg/L) BET-2/% mortality EEICU E/ (mg/L) LCs, L4 RS/ (mg/L)
concentration 48 h 96 h 48 h 96 h safety concentration
0 0+0 0=+0
0.200 00 00
0.299 00 13.33 £5.77
0.450 6.67 +5.77 33.33 £5.77 0.860 0.770 0.077
0.670 26.67 £5.77 40.00 +10.00
1.000 66.67 £5.77 73.33 £5.77
1.210 73.33 £5.77 96.67 £5.77

R2 Cu'" BB 48 h FIREEL AT BAK ML R (%) RIZFE F (%)

Tab.2 Erythrocyte micronucleus rates(%c) and nuclear abnormal rates( %o ) of P. argenteus induced by Cu’* in 48 h

Cu®* ¥/ (mg/L) WA LA WAZAE /A B A A W% 2/ %o KSR MR Yo BB R %o
concentration - ‘(:ells micronucleus nuclear micronucleus nuclear total nuclear
of Cu?* cell abnormal cell rates abnormal rates abnormal rates
0 9 330 10 44 1.070 4.720 5.790
0.200 10 850 17 55 1.570 5.700 7.270
0.299 12 550 42 100 3.340 7.960 11.310
0.450 11 340 52 96 4.590 8.470 13.050
0.670 10 280 136 320 13.230 31.130 44.360
1.000 9432 54 154 5.730 16.330 22.050
1.210 9 570 88 121 9.200 12.640 21.840

R F) 2, 0 BRZH P-4 08 R 43. 96 U/mg; 5 B A
Cu® " ¥ Ji 19 38 i, SOD i ¥ &2 | Jh 4 #, I 7
Cu " ¥l 0.299 mg/L B35 3 i K {H, y 70. 65
U/mg, 3 & T HAWEH (P <0.05), ZJ5
SOD i 1t X Rl Cu® " ¥ i i 8 il s B 1K, 7 Cu®”
el 1,210 mg/L B 3k 2 5 /IME, O 40. 722 U/
2 mg B 5% A 25 R AR E(P>0.05) (& 2),

) ’éﬁ 8 80 c

35 @A 60

& .o
= >
H B

— Wy 220

B 3 0

0 0.200 0.299 0.450 0.670 1.000 1.210
Cu* ¥ / (mg/L)
concentration of Cu?*
4 B2 RERECC FHE48h/T

SREZLN B FFA L SOD KyiF ik

B 1 Cu' e 48 h F4REEH & T MMM RIERE  mEAEE
AN FER R R A BEME2ZF (P <0.05), TH

IoEwaa; T R I SO V. &5k

. 2+
WM. VRGN s VL 00 VI K B Fig.2 Effects of Cu”" stress 48 h on

Fig.1 Micronucleus erythrocyte and nuclear abnormal activity of SOD in P. argenteus

erythrocyte of P. argenteus induced by Cu’* in 48 h bars with different letters differ significantly (P < 0. 05), the

I . normal erythrocyte; II . single micronucleus erythrocyte; III . same as the following

double micronucleus erythrocyte; IV. nuclear concave 2.4 CUZ * X‘I%E ﬁg H:FZE. glnx CAT iﬁ 'I‘i‘t E"] 1%2 ur"]

erythrocyte; V. nuclear convex erythrocyte; VI. dual core %E@Eléj]@ CAT (ﬁ'rﬁ;é\wi‘@%f)@jﬂ%ﬁ)ﬁ%

erythrocyte; V. nuclear abnormal position E"J%% Xd_ i Qﬂﬂﬂ 417.28 U/mg X JH:E %% cu®t {;&
2.3 Cu’" xt$REEFTLH L SOD EHHI M BER I IN, CAT JF P I3, I AE Cu®' Wk Ny

REEL) fa I SOD it B ik BRI MSETHE  0.450 mg/L Bk 54 kAl 533.17 U/mg, 5%t
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MR 22 5 3% (P <0.05) ; Z 5 ki Cu’ " Wi ik —
AN CAT 36 ¥k R R, I 46 Cu® " #JEE 1.210
mg/L WK F R/ ME , Jy 234.24 U/mg, 5% g4 2%
S #E(P<0.05) (K 3),
2.5 Cu’" x$REEATALR GPX FFHER M

B AT UE  Cu® 4R B8 &)t iFIE GPX
TR B R R, KBl R ST G B
Fadh X B 41 77.83 U/mg; M5 B Cu® " Wi
P3G I, BR T 0. 670 mg/L ZH A B Gl T B Ah 3
B GPX G M3 B F T IF 1 Cu’”
WS Ay 1.000 mg/L A A Fl i KAH, fy 202.91 U/
mg, i T A 4L (P <0.05) , 35 3 % B8
41 2.61 fif 3 ZJ5 24 Cu’ " e EEHE I 1.210 mg/
L B, GPX (& PEREALE] H A 31.09 U/mg, 2% /)
TXIHRZH (P <0.05) (K 4)

600
o
§ 500 b
= % 400
% E 300
Zz
g £ 200
<
g 100
’ 0
0 0.200 0.299 0.450 0.670 1.000 1.210
Cu™ WK / (mg/L)
concentration of Cu?*
B3 AERE Cu’ i 48 h 5
SREEY & FTALR K CAT F
Fig.3 Effects of Cu’"stress 48 h on
activity of CAT in P. argenteus
250
Eﬁ%g‘) X 200
E 22150
g% £ 100
& S 5

(=]

0 0.200 0.299 0.450 0.670 1.000 1.210
Cu ¥ / (mg/L)

concentration of Cu®*

4 FERE Co’ fpiB 48 h |5
$RER4) & BT A0 GPX &1
Fig.4 Effects of Cu’" stress 48 h on
activity of GPX in P. argenteus

3 e

3.1 Cu'" MREMNBSHNRRERE
e A= ARG s TR T T R 22— ) A X

E-FMEERENESE. FOLEE " mE
Cu® " HLA5 Uk [ 26 19 RS b L & S 8UE Wi
Tt % P 55 213 B0 0 R, 32 SR IR A R 1Y
SRR AR S G PR B &) ) p B AR DA T
X, KA 722 WSS N B 2 E A
P — > B R A L R MR B ) B A E T R
X8 3% A 5 2 RE 7 A T A AR, T 5 G 2 BB 2
#lo 1H Granmo 2™ % i Cu** X} #% f4 ( Gadus
morhual) W 5 5 T W 80 248 52 0 A K, 3 46 B[]
— T R B TR A [ W A ) B 1 O AN [ £ 2K T
22 FRR . ARLIRAFE Cu® 4RSS 96 h LCy, Ny
0.770 mg/L, &4 R 0.077 mg/L AR5 B ik 2%
Wy Ot £ 28 2k B P A Ay bR e T A, Qo
Xof 8 R 4 £ 5L J 3, DR TR AR BE 77 4 P Xt CuSO, 45
250y 1 ol T 428 A & vk BE T L DAY . AR S
R REEOLR E ML W T R —E SRS
PORESTINE R, SEPRK IR 2 %, o4
J@ X SR R 2 K IR RV 2 W AL LA R
Y R 52, 45 pH JCHLBA B85+ K Rl B2 H
fth 428 B T s A Bt 2 o iy s
3.2 Cu' ' SREEMBERZREROEM
TR AR 0 B A 2 A I A B ) BT (AN A e
I 0 790 25 ) X A= 0y 400 D gk A 451 ) — SRR A
e SRR 0 A O ST 0 T A K 8
15 Y e 0 28 FEPE RO, A B SR B A n] DR
BT HE S B BLAR e iR £  DNA & il ZK L
SESEORDL . RS RS KB Cu’ T RS H
ML IR E5 45, 5 A R AL , (o 1E e R 17 400 JHd
S0 200 0 e €0 e BEL BT T 77 A R, A S e 4 R
F W] Cu’ " RER AR B8 A1 JE I 21 40 i 7 A 1% LA
K2 R R w, BA U B0 7E .
Wi Cu’* W HE A3 I, R 60 2T 40 I % R B
WY BT RS Cu® Uk B E— A5 50, %
2 MR E RN T X AR H T Cu vk E
o e I, 3 A Lk A0 Y TR Sy s g,
SECEA MO S SR R A AE T T L
FIE K RAE e W E L 2 U A B R 2 R 2
P 3T RE AR W Cu " 40 S T 1Y i
JE o BCHMYAZ R AL ¢ A2 A AP Y, 1
fE Cu’" Y £ 4y 0. 670 mg/L i H Bl i K AH, 1 HL
A0 AH ] e B2 AL R A% S 80 0l e T O R ok
B A e BF 5T Ot % H A # U 1 ( Nibea
Japonica) fYA% L5 1 i AR Pl R B T X A LA,
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N 52 & DNA BEHLHE AL, X T
TR IR — I Ry & B AT 38t A% 2 M 0 1 S BT 3
FUA gt A2 1 P 11 490 J5T S A, 455 Y €5 (K I 28450 1 7
TRBEF , G (0 U BB 228500 4T B e €8 44 7 2 1) TC 4 24
KL R WO /N B T 477 K 2 790 DU 5T 277 i 24
Sl R R R R NG SR A N €
TH AR R B A B SR F , i AR Cu® X
e o [N 97 1R B A XU BEE
3.3 Cu’* 3f4R#E SOD.CAT #1 GPX & I &0

iR B A LA LR Ok BT SOD
CAT D) )z GPX SE4T  Ab i , 1 46 [ BE 4k 47 o 14
AR T (0, ) filid AL & (H,0,) KF )£
R RSB, Cut iR G 8 &) T
SOD .CAT F1 GPX {148 b A A K BOM ], 6 422 5
Tt PR A2 AL #e , ol B 1 S 30 b A8 DL
{1 4 400 2 TR 7 AN 6 AR B 26 AR UK B Ay Cu®
XL S B 175 4 P 1 i B 11 Cu® X R
Akt A2 40 A8 P, L AW AR X oF
( Paralichthys olivaceus) 1l ( Carassius auratus)
YA LB RBFSE (75 H [ RE A9 45 5L, Stebbing ' 411
XML E SO A YR R A RN T
PR A Sy A e B B Cu® ol £ k7 A 1
MBS LA ST S AL M R 5, B S AR T
Z AL, 7Y Cu* R E S — B TR G, falk
PAAERTE RS A S T B B R P e AR BE
3, PR 240 1 7 AR A ) 396 19 495 3 200 T 45 4
BT, PRI P S ] s

SOD \CAT Fil GPX 172 14 1 4l #y £ 2L 511)
RO S F , TRUR A 4 4 L Al 4 T AT X 8
15 YL B2 AT LLIA A S A= W0 35 B ) ) it 52 1918, R
b 1 IX AN 52 (o (R I Tt ) 356 P T R B AR,
R R OB BT IR o T AR I 5 45 SR 2 1
SOD ,CAT #l GPX # [ %} Cu®" ()it 57 B {H £ A~ HH
[A], 4354 0.299 .0. 450 #1 1.000 mg/L, 7] Df & i
SOD % Cu” " i} 2 8 {E e Ik, B} SOD X} Cu’" i3
e 73 R R ) BUER A TT DR R O AR O R
IRARFIRHI R g Cu®* 75 e, 2846 R4 FERF 5T
SR i TR fhe X 9 11 355 470 4 A 8 P 0 75 1 2R ALY
SEIR B YA g Y SOD I 1 Al LA g £ 2
T A B — A AR AR TR bR, DRI A T R A K
Cu®" 5 Y k4% SOD 1 Ry /R B 4T
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Effcts of Cu®* on acute toxicity, blood cell nuclear abnormal and
antioxidant enzyme activity of Pampus argenteus

ZHOU Jiankai, XU Shanliang * , QIU Chenggong, CHEN Ping, FANG Zengbing, WANG Tengfei
(Key Laboratory of Applied Marine Biotechnology ,Ministry of Education
School of Marine Sciences,Ningbo University ,Ningbo 315211, China)

Abstract; An acute exposure experiment of copper on Pampus argenteus was carried out in a static biological
test method. The abnormal rates of micronucleus and nucleus in peripheral blood cell, and the activities of
antioxidant enzymes ( SOD, CAT, GPX) in liver were determined under different copper concentrations. The
results showed that the 48 h and 96 h median lethal concentrations of copper were 0. 835 mg/L and 0.543 mg/
L respectively,and the safe concentration of the metal was 0. 054 mg/L. Copper was a drastic toxicant of
Pampus argenteus, which indicated obvious dosage-effect relations with micronucleus rates and nuclear
abnormal rates. Nuclear anomalies rates were generally higher than the micronucleus rates under the same
concentration of copper; Activities of SOD,CAT and GPX changed greatly in the test groups which represented
a tendency as increasing firstly and then decreasing from low concentration to high concentration. Antioxidant
enzyme activity indicated parabolic dosage-effect relations. The changes of micronucleus rates, nuclear
abnormal rates and the antioxidant enzyme activities ( SOD, CAT, GPX ) indicated the damage degree of
Pampus argenteus by Cu’" . The SOD can also sensitively indicate early copper pollution of low concentration.
Key words: Pampus argenteus; Cu’’ ; micronucleus rate; nuclear abnormal rate; antioxidant enzyme
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