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RN E) SOD . CAT A+t H RS ME ( GST) S5 41
SALRERE RS R A B 2, A EL S
PLEAL VR E 2R, KRl SOD. CAT
MDA LB, AW AL B i 200 40 Mo 30
iR, B MK s A R .

ALBPIFRA R E R ARG RE N
FC IS5 AR JHF B it SOD ., CAT 1 MDA R0, 2
T RSB AR AR #UAS B U Y AR FR AL R 4R
{7 2aH Kol , R XA e K e ARRR A,
IR AR E SR ENK T k2 RS R
#o

1 MRSk

1.1 XRY

TLECIREAR, i LB N AR R IR RS
B FRApILA R YT A (SEHT) 484, 72 300 L B9
KHFEF—B, FRENERRBHAE Mk
1,24 h Pk, GHRMRFFE AR, LT, L5
BT 24 h & 1FRE, PRt T4 RREE B
sk — R UF, E R B R IR, FR KK
(8.20 0. 28) cm, FHMATE(19.44 £2.00) g,

See FAACRH FEAMBA(T2 h B M E SRK,
pH (8. 61 = 0. 04); W @ & (DO)
(7.30+0.16) mg/L; KIH(23.29 +0.05)C,
1.2 XWER.IAH SR

%R REHIREA (L 98% ) R
EIRE T ¥k ik TARRAR,; HANCRE
2201) , W TFIT Hoh L4k TH R A B B —H 2
(artprad) | vKERR (4r#iTal) , JosK LB 4rdral)
W T ¥ E 75 £ E, SOD,CAT. MDA fi% 5

SEAEARFIAE W TEREREY TR

PHIEI

2.5 % (M/V) R AR R 4R
FFREL 2. 50 g MBI, BT 5 ¢ MR
2201 P, DA E 15 mL, BB AKERE
100 mL, EEEHIEH 4 TKERTFER.
RIRTHIZE A BE R, BEBR™ .,

B EINT I EEE N (A To
- Bt ) s B Y E LWL (eppendorf 5417-R) 5 &
A ELLHL (L L500) 5 i B RAK Va6 ( L3
% DK-826) ; i - X (_E I FA2104) ; 3 W My
(eppendorf) ; BE A S A (E R 40T ; B
25 E M E R/ JPB-607) ; LB 7K £ & pH

T ( ¥Rk PHSCAN/30)
1.3 XBAF
EraaiRny  BhntasiERch B s —

M R REB AT AL, R, EE
0.01.0.1.0.25.0.5.1 pg/L 5 ¥ B (I 45
BEHEAT 96 h THALES, 36 90 L MBS HT, HK 20
L, TKAEHIF 6 K. #Ri 24 h 2FRFE1T-M 96
h AFRATHE Bk BT Y, IE R SEIR7E e A
P S SR T BE R o AL B AL A S MR
4, YRR 4> 9] 50.1.0. 126.0. 158.0. 2.0. 25
ng/L(24 h):0.1.0.119.0.141.0. 168.0.2 pg/L
(48 h);0.025 1.0.039 8.0. 063 1.0.100.0. 158
pg/L(96 h) ; G-k B 2 N FATH , BT
10 BB, SCEMEAIRE, 8 24 Mok —K &
FrE A, SR WL T G SR B AR B VS S AB LA
TEAEAR , B AR MR (X B AR AR K 5 min
WERMMMANIET) , FksEEpa ngy
B 0 24.48 .96 h WFET-1EH.

BERAENHE  RESMHEFEERELS
5,155 96 h LC,fE % 0.056 2 pg/L,7r ik &
JEEINIZE 3 YR A0.01,0.02 10,04 pe/L,
g R BN AT R E YR, 76,1224 M 48 h
3B R B IR 4H 41, 147 SOD. CAT % A
MDA & &/,

FasdRaagd HBISUE, 8RR
FENT Sl g G SRS AR 5 H P R BUH B MR, H
0.86% T4 3 &R K & B 10% RAHR ST K,
S RAE A & A P T,

AFHENRE 8 SOD.CAT # H MDA &= ¥ &9
aEia BEAEERENEMEHERS,
A E W EHASE M ETME3 ~4 b
WM. SOD L hBZRARELA 1 mL
RI¥ 1 SOD 4] 28 ik F| 50% I i % Bz ¥y SOD
EA—1~ SOD & A 516 (U) IE e R HE I
e B AL, ufi % U/mg prot; CAT & SCRETT
HLAEHT CAT BFP o488 BE R 0. 50 ~
0. 55K o F AL S AT B —~ CAT &)
BN (U)  TEHER A 240 nm FAMrLEENIE , B
fir 25 U/g prot; MDA Wl F R R ALE B
(TBA) %, H{ii 4 nmol/mg prot; & & {5 ¥ &
EENE REHEE, 608 mg/mL prot,

1.4 #EH
SR B4R [ H v R A S R T R R
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BB EE O, &5 %A EXCEL 2007 #i
SPSS 13.0 Sit G741 95% BE R
[, % [ 9 2 B A O R 4 [l 3 R i i &
PR GG, 4 H] 2= 7 0 3 i I ANOVA,S-N-K
A Dunnett TR . FAbME & BEIEIRLLE
£k R o 5 RS T

2 4R

2.1 IHFEBER

By 2 h IHf, B A BAL BT H B P E AR,
15 BB, 4K T AR A 3 2 i s 3o AR 4 A0
XA AT R IEH . B ARNTERAN
B RRSE, BT R AW EN , B R B
2.2 EHERE

EERIRIA, ST IR T R AT R, AR FE 1
R0, BEETR WAL BV B, AR89 5E
TR EH =, 2HENA RO XA 1),

100
HO

oo
= o

FET-HE/%

mortality

b
=

48 16 9.4 .2 10 08 0.6
B SERR B8

logarithm of Lhe concenlralion of DIM

Bl TARSMHERETEREEFRETE
Fig.1 Mortalities of Procambarus clarkii at different
exposure concentrations of DLLM

2 1 N AR T, TR S35 EE vk B 5T 3 - 5
ToRMER AL B F I 578, FRxd B S IR A %
A¥ o mEE AT B ENER, WBHIE
2448 F196 h ¥ LCy, , 431 0. 156.0. 099 3
F0.056 2 pg/L, WMIRLEWEE (SC) &K,
SC=96 h LC,, x0. 1% 314 B F B B X1 7T %
[REAFH L REE R 5. 62 ng/L,

#1 TEMETREAFEYRERKREERN LC,E
Tab.1 LC,, values of DLM to Procambarus clarkii at different exposure times

BtH] Oy 27y HXERH FFFEMAE pg/L) 95% B ( pg/L)
time regression equation R? LCy confidence-interval
24h P =11.085 +7.55C 0.936 ¢ 0. 156 0.141 ~0.170

48 h P=11.420 +6.4C 0.986" " 0.099 3 0.088 9 ~0.111
9 h P =9 710 +3. 765C 0.948 % ¢ 0.056 2 0.047 4 ~0.060 7

HW:"P<0.05, 7" P<0.0L, LUF Rl P. FET-dsi s 1 ; C. R B E M T,
Notes; = P <0.05, " P<0.01,the same as following figures; P; the probability unit of mortality; & the logarithm of concentration of DLM.

2.3 BAXMREKREERNSHT

A ER R AE T, EHA N R
2201 Bh¥E . WIBR AR R —BUZFX
R AR 2201 HE AR AR AT £
SE BN R, 10 3 BR A I A RS B
BT SR 2200 I HEMNHE, &
AN, T BB A JE T 05 0, A %
% H AR B B9 2 W R B B TR B R i A
s .
2.4 REFEHEXTEREZEIAHEER SOD FH
05311

A [F] IR 536 BR v B T X T I PRAT AT T B R
f SOD i 7 s w18 00 L B 2, -8 [A) % MR 21
SODE LM B 44 (P >0.05), FH{EN
(11.11 20.12) U/mg prot; g% B4 55t HE 40
FH Ik SOD {EFRTCEA B AE4L (P >0.05) , PEA 7 )
X [CJREAF AR R 9 SOD {5 HhiRFH B %

- ok PLO. O
gé 2 o1 control
st P o7l vehiclo
~ 10 . oW BET DIMT
R g 5 2 o3R)% 1T DLMIT
z2 Ag ? =3/ DLHIIL
g3 ¢ 24

W] /h time

B2 REHEER/FEEIER SOD BEiE KM
Fig.2 Effects of deltamethrim on SOD activities in

hepatopancreas in Procambarus clarkii

ma; VR A RR AR .6 h 5, LM SOD & 1
—EREMIHE;12 h j5, 4 FH SOD ¥4 F
-, Bk DX B 4 SOD {H ;24 b )5, 4k
B4 SOD 15 R EE, BE T RA 24 h
P 3 MR SOD 15 4 5% 4 M e F ¥R
BEP>0.05);48 h J5, ¥4 SOD #§ HFE A
SHA A, S5 A A ,0.01,0.02 pwe/L ¥
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JE4] SOD ¥% 14y B FRE T 60.38 % (P <0.01)
fM45.60 % (P <0.01) , 2R 8%, M EFHRE
B, & E R E T 24 h,S0D FHBRA—
SE R RN — AR ) BREXIRA
HkERARE; #5548 h j5 SOD FE HJRBMT
e, 25T XA 41 SOD A, MBHAE 48 h j5
U SOD 15 1% JH
2.5 REFEMBRKEZIRAER CAT F7H
AR

WG EEA B T X 7 B TR AR A R A
H CAT FE RGO ILE 3, mE 3 7T, &5
FERHE] A 3 BE4H CAT ERH B (P >0.05);
VER X BE 40 5 2 B 4L M B CAT AR G HA B35 4k
(P>0.05) , 5 ¥ 3 %t 72 BC SR B R JFF B g w1
CAT{& AW A BEW; ZWFHERE.6h
G &Y CAT 3% 7 Z R H, k73 IR
$H:12 h )5, &4L8E 4 CAT 75 5 ;24 h )5, &b
HH CAT G AR R T X RARNKF, 27
He St B84 CAT {f b7+ 7 70. 98 % ,73. 05 % #
66.67 % , 25 BFE (P <0.01) ,BEFXWEF| 7|
BN ; 48 h 5, F M EE A CAT § F1KF
W24 hih PRI S, SHIRAHTZRAEE,
DI EGERFY, BEERREG, T IRREIR
JRIR A CAT 7§ 1 &4 T 4T SOD pAE4b HE
(P& TFF),H24 hj5,CAT FHIRE
ERTRRAAY, KR ETERAE 24 0 )5,
FRigME D CAT & 1S

=5 P<0. 01

aXF B contral
o578 vehicle
eI DIM]

o TT DLMTT
Y FETIT DLMITT

CATHE 71/ (U/g)
CAT activities
crhohmzB8R

WEl/h Lime

3 RNFEERTEC/REIRTERAR CAT AR R
Fig.3 Effects of deltamethrim on CAT activities
in hepatopancreas in Procambarus clarkii

2.6 REVEXNEREEWTRR MDA 28
R

AT B B A R 3 ET AT pd R RS AT AT R AR
F MDA 5 BRI R 40 &l 4 AT IR, &0
Bl S H MDA S 2 LA B A (P >0.05);
¥R R4 S IR AHAE [ MDA & B TCHT B AR AL

(P>0.05) , 1B 7] ol 7 EC S M JHF 1 it o 1
MDA §EBRAABEH; RASEHEEGC LT,
0.01 pg/L¥EFEH MDA FBIIBAR, 2R E
(P <0.01), 0.02 F10.04 png/L¥k B4 MDA
et B B TR A, KR 0. 04 py/L WK
H, 2R3 4 MDA &I 1.98 ff, 2R B F
(P<0.05);12 b J§ ,MDA &84 A K, ST
R4, 0.02 we/L ¥ fE4H MDA & & R ER4
81.76 15, £ R BE (P <0.05) ;24 h J§, B4
FH MDA BB PR, ENR TYRA, 2R
AR F, TR EALRER FrFE{K;48 h A,
EMEEH MDA STRER LA, ZRFEE,
R EY WA BN REL RSP MDA &
S5 TR, SR B AL T HR o AR
A5 HLAHE B B = A E AL R

~ 210 $=5: PLO. 01;%:P<0. 05
%05 oXf#i control
:T ‘; 8 i) vehicle
EE 6 a5 DLMT
= = 4 sy AEIT DLMTT
m 2 e I DM
@s 2
250

= 6 12 : 48

IA]/h time

Hd4 R\ KR EIERE MDA & 2B
Fig.4 Effects of deltamethrim on MDA in
hepatopancreas in Procambarus clarkii
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3.1 REREMIEHEY

WHEEER AR AR S Y AR K F 5
HiE,BXEER T B, B ERAGTEERN
BRI HEM L, W% T IR 2609 35 PO
S AEN BRRAD>, BHEUERN, FEX
A A BB TR . BIE B RS I
i IR LA BRI H8  , K h R MR 2R AE
BB K IR B, 5 R SR B, AR H R
i AR, W2, MR R 7 B DR R, 24 h
BHE S 3G EE N H A B AT ( Maecrobrachium, nipponen-
sis) B LCs 4y 0. 14 pg/L, B H AFHHEX 3 k&
SRR EAER AR (0. 001,0. 005.,0. 025 pg/L)
A B A 8, [58R o Bl E T 84. 5% .
86. 7% M 92.8% , FEERRLF 24 h FHRFFHE
R 78 QR AR LC;, 25 0. 156 peg/L, HBHZ /G
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15 minJF 45, SFBREIE T A5 R K48 B e s),
RE LR PEIER, AR A R 528 s
MRS S A — B, B AP BRI, %7
B E BT T AKITEE, AF R B Rl A i 2
FEEANGE, TEETEERAEEEN KT,
Fh/N Y Y SRR T RO % B R B [T R AR
( Macrobrachium rosenbergii ) &l 1K i) & e 75 #E %%
BELERBIR,20 CHRMET, EHIShER 24 h
EC,, & 0.035 ~0. 08 pg/L;30 CT&H4F,24 h
EC,, 4 0.028 ~0.050 pg/L, iIAFE—% & B
i IR T X A BB 2 E TS, BT
BB Sk, T 2 AR, S IRE T
A ECRFEAEPIY 3 Rl 2 % 72 ECJEER IR 48 h
AR SRR 2.5 % EFSER M IR
JEEUF(20.7 1. 07 g)24 h 148 h ¥ LCy 43 5
% 0.22 #10.19 pg/L, ZAE % 0. 043 pg/L,
R EE 24 h #7148 h iy LC,, 435 50. 156 0
0. 099 3 pwe/LAHILE &, W RERA [6 By 5 55
B ARFEM R &0 LI A R 1858 5 P A
BERSPRERAFEARBENZRYE, &
A AR AR TN AR K A S B, WL K
ZRRIRLER X AR 96 h LC,, IhAFEE =
1 ~2 ANYEFE ™, X TLUF R AR B AR
3.2 REFEMNEREZGARRELEHEHE
FIERRI R

TG REZ6 h J5,50D F1 CAT & 1 ER52 )
i, MAD & 8 8 TH 5, 33 14 3 42 I 18] Y R
A5 v DL T PR R B AR R Y B B R &, 5
AN IR AL, A A MR S A T R B A T —
ERERS, X 5 4A s EEE TR
it 45 e i) Py i R e O TR BT v B B B S A AT 5 12
h J5,SOD 1 CAT #3580 W #i 1% S, SOD k& 3!
XTIR KT, CAT &7 L A% , MDA & B4k
AR UL A B A = A T — e B3
B, AP 4k F Ig SR L AL R A% 24 b J5, SOD H
CAT {if 73 F#TE , MDA S BN i TR, 8
YEXTHRLH K, 5 R 4R R SOD #1 CAT 7 24 h it
RETHAABIER, BFREANED HE,BR
e R EREL, MDA S B TFE; AMA 48 h
J& ,80D 1 CAT #& H B F R, HF 0.01 g/L
W SOD 1 CAT ¥ A BH B AR T X3 4,0. 02
F10.04 pg/L HREEZH SOD 1 CAT 3 A7 H 24 h
At BH 5B T P, B AR R B 4H K, KA MDA 5

AR 24 h BHD B T, SRR A R
48 h ST A 4 H ] 7 P JEUROUR BB I AL
BEE 7, S A H hEERARS %, MDA &8
T, T FG AR e B, WA BRI,
7oK AR S L AU B AR D TR 5, IR vk
BN T S BR C R B AR MU IS P Ak, Ak
WTE L BN, AR R R A, A%
T F 0 1 ) B 1 3] B RSB

HAT, B Pt v B AT A AL e R 4
HMEFHRENTELE R F m. ERE
SR T RS EET (20" # O ) Xk
AT EALRE R A R, 45 R F 0 7010 5
IFHi S &8 Zo* F1 O S E S B IS RMER NR
Mo T R MR X YL A AR R, B A S
BT 48 h g2k BEFRAREOAE 4k, AT LAE
77 427 4 [6) P T 45T 30 R 52 VT A o 0 G TR B
R R, MR SRS . XAST4R
ot 7 EC SRR 7 A 1 7 PR R 522 R ) TR 4
45 S R, 5 IS SRR R T DA 2 21 d B
Yk Zo® B , H SOD . CAT S LBt 7
AF G A, MDA F B4 H) (1 ) AFHH,{HIE
FIN R B RS T B, BT X IR K, W
T R A AL R GBS AN Zn™ T &t 7R
SRIEEIHE RN, = IR EEUR
I 2 WTMAR B

4 Hie

AR EE RN, 5 IR IRE AR TR S 3B
MEUREM YR, EFFE T, AR R
FLIRFEAREFRR, FWIMEE; 5 —Fd,
BT F IR B AR 29 PR SR 20 = B AR, B
K A B SRR AT R A AR R EY.
XA R, R —Fi A e 4 v AR B A
(e ) SRR A4 , T 96 15 7 WA o ¥ e R T
AR S E— X FFRF, & — R
HEEXE,

BEE:

[1] Ett#y, 3heF a=z8, % cdigmzeim]. i
B AL Tk 1 ARt , 2008 : 317 - 329.

(2] BERA R, HEE,F. RN RE
WL ch B PR AR T]. REFFER,
2007, 9(3) : 200 —-214.

[3] Shafer T J,Meyer D A,Crofton K M. Developmental



738

v S ¢

34 %

[4]

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

(13]

(14]

neurotoXicity of pyrethroid insecitides; critical
teview and future research Needs [ J]. Enviton
Health Perspect, 2005,113(2) : 123 —136.
FOHEE, RS GET . F. HBAERT S
BRI YN E 2 TH[T]. R8T,
1997, 10(3) :30 -35.

FH%, AEN R, RRFMENEAFHNS
Pt tkRs 1], AFL 1998, 3:11 - 12,
R X FF, 5. ST Be X oA I S
FHEPISELT]. RIFERFFR, 2006, 25(1) .
200 - 203,

B, 8, BB, . SE S5k T
JiE LDH [l T. 6§ #0 1 #& GOT. SOD % # 9 28 4L
[T]. &e75mEEHR ,2009,4(1) :87 - 92,

Rk, FEM, HME KELPY (EEMS
%) [M]. Jbnl P ERL IR, 1996 349,
BEAM, R, FRT. WEREIFEREZE R
BB [T] KL KEER(BRR), 2006, 4
(3):179-182,

HALAEE,ZE. % RIUEX IR RE IR
FEARIBISE T]. shifyafde a5, 2008, 43(2) .21 -
27.

EARE TR e, O, . O Mg MR
FAFp 2R R[], kR, 2007, 27
(5):93 —-95.

BB M. BAF R AN 0 i R 2T
PR AF IS AL N AT [T]. KR,
2004, 11{4); 318 -323.

TEUENE  EEIS AR, F. BORFER T LG IRET
ATtk R [ ], AR R 55, 2008,25(4) 81 -84,
Fu, ok adEAEYENERIESNH
[M]. dbx B, 2002.1 -24.

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

BT AR, HET, % ARKS TRIEHE
B S EEEELT]. Wk, 2007,
37(2) :48 -52.

R, ThE YISOR. MR R E BT R
HEwRRERGPET]. R AR 248 2007,
26 (#47)) .68 - 71.

T AR E. KHIEPE SRk
REM SRR [T]. £AHESIR, 2008, 3
(4): 410 —415.

Bk EEPR, RS, F. EEN KRR
GIFSHERERRT]. RILAEFER(EH
KR, 2006, 3(4); 183 —184.

KB, R, WA EEE(M]. KRR
oSz A, 1993, 252 — 260,

T, PR W R R E3AE (2 &) &
BRI KA R O L L[ T]. R K2R
( QERFI2208) 1997, 18.98 —103.

Hohg REX,FTHH, &% PEHBRVTETERD
rshE R BT ILI]. MR SR EE Y
#,1997, 3(2):168 —171.

W R B, % SRR D KR
MFEE R FE(T]. K403, 2008, (6).16 -
18.

EREAEE BB SRR RAH KL
WSTR[ T]. AR 5EE 2005, 26
(10); 14 -19.

ERAE T, ELF. REE 20 R RRE
SFILH R AR IR ) ] A SR A
B4R 2007 ,23(4) :67 - 71

AR A B % AREEERER
B EABRENER[T]. R UVFER¥%
1§ ,2007,26(4) ;1356 — 1360.



5 AR, % RSN T KRB R0 S L aE R R 739

Oxidative stress of deltamethrin to the liver of
crayfish ( Procambarus clarkii)

WEI Hua'*, WU Nan', SHEN Hong”, CHENG Yong-xu', WU Ting-ting
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Mudbeach Instituie of Biological Resource Exploitation, Shanghai 202150, China)

Abstract; Deltamethrin ( DLM) , one of the regular pyrethroid pesticides, has toxical effects on aquatic
animals after entering the natural water due to human activities. As a large-sized crustacean species,
crayfish ( Procarmbarus clarkii) is an important link of eco-system of the water. In order to understand the
toxical effects and mechanism of DLM on P. clarkii, an acute semi-static toxic test was carried out, and the
oxidative stress relative indicators [ activities of superoxide dismutase { SOD ), catalase ( CAT) and
concentrations of malondialdehyde { MDA) in hepatopancreas] were examined at intervals (0,6,12 and 24
h) after being treated with DLM ( with the concentration of 0. 01, 0. 02 and 0. 04 ug/L) by
spectrophotometry. LC;, values of DLM for P. clarkii in 24, 48 and 96 h were 0. 156 0,0.099 3 and 0. 056
2 pg/L, respectively; and its safe concentration was 5. 62 ng/L. In all groups treated with DLM, the
oxidative stress relative indicators varied. The activities of SOD and CAT showed the similar variation
during the treatments; inhibition-induction-inhibition , while the levels of MDA were higher in all treated
groups than that in the control group. After 6 h treated with DLM, MDA level in the group of 0.01 pg/L
was significantly higher than that in the control group{ P <0.01),1.98 times higher in the group of 0. 04
ng/L than that in the control group( P <0.05) ; After 12 h treated with DLM, MDA level was 1. 76 times
higher in the group of 0.02 pg/L than that in the control group( P <0.05). The activities of CAT of three
treated groups were 70.98% ,73. 05% and 66.67% respectively higher than the control group after 24 h
DLM treated( P <(.01) ; After 48 h treated with DLM, SOD activities decreased by 60.38% and 45. 60%
in the groups of 0.01 and 0. 02 pg/L, respectively (P <0.01). The three different treated groups did not
show apparent dose-dependent effects. The results provide evidences that DLLM performed an extremely
high toxical effect on P. clarkii and may play its adverse role through an oxidative damage pathway within
48 h. P. clarkii could be used as a bio-indicator to the pyrethroid pesticides pollution in the water as it is
highly sensitive to pyrethroids.

Key words; crayfish ( Procambarus clarkii) ; deltamethrin ( DLM ) ; acute toxity; superoxide dismutase
(SOD) ; catalase (CAT) ; malondialdehyde( MDA )
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