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Effect of heavy metals, Hg( I ), Pb(J[ ), and Cd( ][ ) on the activity
of total superoxide dismutase in Calanus sinicus

CHEN Zhi-xin ZHU Li-yan® ZHOU Hao QI Ben-jin LIU Chen

(College of Marine Life Sciences, Ocean University of China, Qingdao 266003)

ABSTRACT Research on the influence of heavy metals and other environmental pollutants
on the antioxidant defense system has become one of the hotspots of ecological toxicology in re-
cent years. Effects of three heavy metal ions, Hg(I ), Pb(Il ), and Cd( I > on the activity of
total superoxide dismutase (T-SOD) in the tissue of Calanus sinicus were examined through
outside body sublethal toxicity testing. The results showed that the T-SOD activity changed
markedly under prolonged exposure to these ions. The activity of T-SOD reached the maximum
at 12 hours, when Hg( ]l ) concentrations were 0. 001 3~0. 005 3 mg/L. When the concentra-
tions of Pb( 1) were 0.468 0, 0.936 0, and 1. 872 0 mg/L, the activity of T-SOD reached the
maximum at 36 h, 24 h, and 12 h, respectively. Effects of Hg( [l ) and Pb(Il ) on the SOD ac-
tivity increased first and then decreased during the prolonged exposure. The activities of SOD
underwent a course of increase-decrease-increase-decrease in the presence of Cd( ][ ). At all the

three concentrations of Cd( ] ), the activity of T-SOD reached the maximum at 12 hours.
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BEAY B SOD) R ZHETAYENNN AL HAKE LBMT — AR SEENMEREES
WEAEY¥EH P B EAEEIFH (Nakao etal.  1995;Wang et al.  1996), SOD Rk B A E FAH
H (O, ) BHEBACR B, WTTT 553 B4 S8 (CAT) 45 b H kit A9 8 (GPX) — B X B#E B O, H, 0, f
OH  &HMEMER . E ik aZE8htiE. E2RBFHEEERSSBUEYARN SOD FE# K, SOD
ERHIES B A REEN — KRN E SRR, EEREKREIPHTREHARFZRTA
KT HEHR(Xu ecal. 1995 PR ES  2003;8 % 2008; 4 MG 2009;4k4E%E 2009, HE
BHENREET NP EEARRE S ANFEMESERAZMEER LB THERER  ABEESR
G EEREENME., TETKBEENGEFEHRERTHREBHE . RERXR M6 RREEEAHARER
WY R EMZ— BP  LERFAXNETEREEN SRR A IFRAANEEHEN, AARER
FREX. BRl. BB EEEANEEADRNEAREEDIEMBEE RO L R A%  1995;
PhFEILAE 2000580 2003 Fh R4 EE  2009) ,(HXTBEE 2 T-SOD B 82w & W38 . A 3C & o sk
A EERPET K BE PRSI T-SOD #3845, B9 T# Heg(ll ) Pb(I1).CA(1)3 M E
SEBEFHEEEATHET KRNI ELBERETL, IRITES B TS Y X R 28 K & 55 N ZALH ,
AR K EZW AR FMRRETR .
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FAEPKERETFTLUART DRTER L M HERAK T BPHEAYRER . ELEHFT 10 L 8RS, F1h
WERBELTER, HROHESRR -HEE EETBHOP LI KFZRE,1020.5 CFYith, LEBEBH A
12hL:12h D, HAFEL = ARBENETS KEE.

1.1.2 B RELBEL5ENK

8 H Pb(NO;), \HgCl, \CdSO, « 8H, O # [E 7™ 43 47 46 , F XL 7K B il ik — & S B e B B9 BRI, (8 F Bt

ABRBAAMABES KT HBENFERERE. SRAMK pH 7.840. 1,4 31.5+0. 1,

1.2 ZBHZE

1.2.1 E2BRAEFEE
L2.1.1 SMFHLr

25K, 4> HE He (D MREEH 0.0. 002 5,0. 00 5,0.01,0.02.,0. 04 mg/L,Pb( I DX 0.1.2.4.8,
16 mg/L,CACTI )M BEE R 0.0.02.0.04.0.08.0.16.0. 32 mg/L, BHLEE 3 MEIT,. BHWAT 12 LhdEHk
F. LRWIA G 24 h#kKk 50%, BKERMES B UMAFEENFRRRE, LMER S5 Y EAER.

B 24 h WL R K EFECAE O St LM BRI E S M E LS B BT /KR K 96 h LB E
(96 h-LCso), 43+ 51F Hg(1l) 0.010 6 mg/L,Pb(I1)3.743 9 mg/L,Cd*" 0.055 1 mg/L,
l.2.1.2 WHEILHFEMHZER

AL ER LCEM 1/8 /4 M1/ 2 B EEBRBLRANTEWRELE R . B LR E RN
BV M BARBIMES)BE T

LB AR B2 S I AN 100 ml B9 BERR, A HEA i 30 R Yifb g F BT KB REK. £
M), R 24 h#oK 50%, WK G HEME SR AR SR BIRE, RSB 5L R .
1.2.2 THERZUBBRERLYG EHNE



#5018 MR #E%  He(D . PhC D WCACTD St sp A4 0k & 548 R AL M B 1k B 95 1k A9 5% iy 101

LI FIRE M 12.24.36.48.72 h N & 32 £1 LWIEEH Hg(I).Pb(1).Cd( I ) RE
gﬁgﬂcpmmgxﬂj Vﬁﬂﬁi(ﬁ B(J ,:Piﬁﬁﬂ(ﬁ (Eizﬂj Table 1 Concentrations of Hg( [ ), Pb(II ) and Cd(II ) in the experiment
VEE 0.3 mg) ’Eﬂibu}\ 10 ,f%{jgﬂiﬁﬁj(% FLBREF &k ERE Concentration gradient (mg/L)
Eppendorf 4th %5 JF 4 CRAE . ol Heay mets on o s
EM(?’G%{:F‘FEE?E&&@ 10 min,3 000 r/min Hg(Il) 0 0.001 3 0.002 7 0.005 3
B 10 min, B EE R . HIS R L HA 5% PbCID 0 0.4680 0.9360 1.8720
HAFEASEMAAS Y 1Ll (T-SOD) CdCID 0 0.006 9 0.0138 0.0276

1.2.3 BREZ4G&3THMEF &k

FRABEASENRX &AL 06 LB P T, RNEHE: LaF RS ARAZFEFBE(—CONH) K
thEWIEESHERFERIER ERECR S, FRANGEREN., BEAESFHAFEZRE(—CONH—)#
REEI RN, SHEARGBEEEAMF.

\ = _ M=zE® OD{E—%H 0D s
HAAR . 1% & (mg/mD) — e h OD A= 2 OB M o 22 4 g (me/mb)

1.2.4 %AW H ALK (T-SOD) 690 & 7 &%

SR S E AL B G2 SOD M Z RN & (B A Y TR FONE . W= 6 FHE . f i 5
B REENEABEEN RS BEAAEFAHEO, ) o HENEREREERE AR AFERATE
PR LT 65, M OD {8, 44 Firh A SOD B, NI BEME AR EA & — M EER, I8 B ViR
WD, B I S B R RO E R T X B (L A W O, B A B R B SOD /I,

HAUA) 3 T-SOD By . f mg HLUEATE 1 ml KL H SOD M) F ik 50 % B B 5t 1 9 SOD &

% 14~ SOD ¥ 1 L4 ().
‘ e , _ XHIRFLIGRE — W5 AL OB | B B
HH AR MR S% R T-SOD I J1 (U/mg prov) === eyt +500 X HpE e+

HLAPEHSE (mg prot/mlD)

1.2.5 #4E% 54
K] SPSS 13. 0 # 3 SL i B kAT s N &£ 7 150

00.001 3mg/L

= 0. /L
ZAHI (ANOVA) , #5258 %, W A LSD 4k g1 '%gﬁ&
2.2 o X B8 Control
. # 3 00
S 22 w0
2 #® % 2 30 2
2t il
0 12 24 36 48 T2
2.1 Hg(1I )Xﬁﬂhﬁfﬁ*%?ﬁ%ﬂ!qﬂ EBEAYEL HUA¥ B 18] Experimental time (h)
&% (T-SOD) & /1By &

FE1IPFERRARFEZARRERBE (P<0.05)
£y el T-SOD 1§ H SRS % FF S TRMY Note; Different letters within each block indicate
AR AL BB 1),12 h 3k B A A8 536 h BHE Mk EH significant difference (P<C0. 05)
[He( ¥ 0. 001 3 mg/L]®AR FF, B2 F B 1 Hg(IHXHEFRKEFHAP T-SOD & 1 & m
o - b ig. fect of on the activi f total superoxide
XA A (P<0. 05), SCRMIIE ey |0 Tect of FBCID o the seivity of roral superoxid
20 T-SOD i Jy 5 X B AH b 22 7 ;B 2% (P<C0. 05),

dismutase in C. sinicus

2.2 Pb( I )3r&#kZAR T EERN YLK E (T-SOD) & N R G

mE 2 B, ZWw a4 T-SOD & B R % LT R FRAZELEE, Kbk EH Pb(IDHEL 872 0
mg/L14E 12h BEFE .55 105. 98 U/mg, B/m R, 72 h 8FFEE 11. 46 U/mg, 5P REIEEH[PbCI)D
WREE0.936 0 mg/LIEBELES ., LRPIMELIKEA T-SOD i 1 53 B4 AH L 2% 7 B 2 (P<0. 05),
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2.3 Cd(I)xfeBkBAHRA T BBENLYIE L E(T-SOD)iFE KRG

BREH T-SODEHEXREA FTHR.ALA BTITREATAEEE D, PEEEHACAI KE
0.013 8 mg/L)]# 12h BEAHE LB 81.80 U/mg;3 NMEEHA 2 h i EBEXER . SN BAMHIILERE
F(P<C0.05), LB MM Bk R T-SOD F Hh 5 BAML 2R 8 # (P<0.05),
150r a0.006 9mg/L

50.013 8mg/L
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B2 Pb(ID)XTHER K ZHL B T-SOD & S %W B3 CAN3Hedrk HHL F T-SOD i& 51 W E 1
Fig. 2 Effect of PbC(II) on the activity of total superoxide Fig. 3 Effect of Cd(II) on the activity of total superoxide

dismutase in C. sinicus dismutase in C. sinicus
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AT M %3 SOD LK (McCord ez al.  1969),SOD MBFSS sl h T AW ¥ IS IREZ —.
SOD & —YIHAA YRR A 2 P HUE R Z O E N —Fh SR RN EYARNRR S 5 R E
5HBATHELE. SHESCBEOMEREEDIETELREOTRAR, 110604 Wik e & e A X &PLH
WARAR I, H A BB R A S R A S Y & A fAb i, RIF 2 B SR = F LR —F It E LS .

R BFHYES WS BN E KBS ARSI E, RN FY XA (Murado et al.
2007), NEFE IKENESBENSEHKEYHEY XN ERNAFER. BME,Calll)Zad 1) .CdACID
A PhCI ) X 6807 B L 88 A0 LY 20 40 SOD JE H s m AL, B 5 & 8 B PR EE RS, SOD ek LA
EAE  ETERABH G =% 2008, NESTEF Litopenaeus vannamei BSEE M ,Zn( ]I ) (<10 mg/
L), CA(II) (<0. 25 mg/L) X FLANIEXTIF & 44188 B SOD & M R K 2B A& 5 TR
HORAEE 2005, FHEAN PO Zn( BB IUEVLHYF Crassostrea rivularis S3FH L IRE L SOD
1% AR A B B -0 2 R I 2 AL CuC TDH ST AL AR A SOD i FE S E- RN EMPLRBILRASE

2006) , XLEPFFL KA, HE B FIYEALN SOD itk — BRI AL IE R FMHIEN

BB, Hg(IDD A PhCIND X HEF KE SOD JEHMRN S F R IR S RHELL, £LEBIRITHKRE
A (] VG BB P, R AR K Bt He (I JPhCID By 85 P AE FH S R B B XA 800, 46 12 h Bk Bl {4
#K % T-SOD m Ak Bk Bor e BT 5 RS (B 1.8 2), TTLUAK, T4 R & 76 4 o E
A K & T-SOD i J1 32 BRI A G {0 R 15 iU &, T /5 FE A& SE 30 B ] B K, i ¥R 41 T-SOD 15 44 52 2 40
#l, AT {#E SOD 3% S F %, SOD ANRE KB ERR =AW A &, B EHEEGF; MREE LR E 4 T-SOD
W RN 2 B R &S S R R4 — 3, T-SOD i 1 F M 3832 Bl M A ds % .

AL, CAAD X 4 k% T-SOD i EmEL EA G PR . B EA B TFTRAIABEEE 3. 12h
i T-SOD §&# EF+, 43k Mix 5 HedD JPbADZE 12 h i T-SOD i P A 7 5 B K A R 9 B340 % A 30T o
Cd BEMERIELFILE T EMEGFHEERNF R IR S, AHRER & CAADF _NEFHELEHN, CuZn
SOD Hf) Zn 3 =S MEBUL B BT CuCd-SOD(Huang ef al.  2006),S0D ¥ A E O F &M ML B
HEEMMEHATMARBE M FE. B4, CAAD X% 4K 1 4 B 5 & 11 (Metallothionein, MT) & LB A&
HEL-HG@MNELE 20000, AL P CAADRBRHY, PEFKFZL T-SOD HEHk LA, MATEES CdiER
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MT &A K. BEE BN B B +E8E, MT 95 B, i MT & RT3 5 Cd &, W T iE Cd xt
SOD Wt #| Ve . [Fad,MT B & A& H BB AER,MT M2 8 B RS RRALE, W Eml T A
HEEXT SOD il (& EHEE 1999, E—EBE FEE T CAUDWHFEEM . XBATAER S (36,48 h)SOD
DS T BANER., X 5EREHEEEM Oreochromis mossambicus 76 5 mg/L {1 CAD R FERZ|E 7.15 d
i, HC A RE AN AE B SOD 3 #4773 825 5 F 0 AL A B 9 45 SR AH 26l (Basha et al. 2003),

£2 XRARRESEKKEFE(GB 3097-1997) H Lk &

Table 2 Comparison of the minimurm concentrations of the ions used in the experiment with sea water quality standards

— * b ¥ .2 T = T 1B T
< 52 50 A 3§?§7J<7KFE$T?E KW AOK B HE ,,__%’é?ﬁmﬂdﬁtzﬂﬁ D4 25 3 7K K R b o
HEE o - First class sea Second class sea water Third class sea water Fourth class sea water
Minimum concentration ) . . A
Heavy metal (mg/L> water quality standard quality standard quality standard quality standard

8 (mg/L) (mg/L) (mg/L) (mg/L)
Hg 0.001 3 0.000 05 0.000 2 0.000 5 N/A
Pb 0.486 0 0. 001 0. 005 0.010 0. 050
Cd 0.006 9 0. 001 0. 005 0.010 N/A

Cd.Pb 1 Cd 3 FpIn R K P ELUMEFLE. R 2 Fin, Bk Pboh, He il Cd IREEREEZR=
FUG AR BARHERT , Xt AR KR T-SOD WS s R R, R ZHAEM ., XRWAT LT KEEIRE
TSR BMAEREYZ — N ESRBEIREHUR R ER He Cd M54 SOD i 1 KA
63X HE K SOD 75 #: 5 2R AUV g K fA T e s I 4 prde it 1l etk . (ARSI SOD mHAREARE,
MAR RN R EE, MKRESRITHR R EH A Z—, Bl SOD 75 AR A 4E o i3 3 W U6 5 i 7T 47
WA THE - LPIRIEE. A ELREE FERAXNPFETKETEAEECAT FHA B,
BTt — 050, LU 0 B S R X A R 28 i A 2 T 4R LT 5 BT R RO BHE .
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