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S LT 88 7 8 4y €60 0 19 96 P R /K 19 7 5R B
Gyl — b 00 1 1) 4 e 385 R AR, MR (4,95 =
0.79) cm (AT (4.57 £2.02) g, &l LE %5
JBA 0.5 m’ ) PP SR /KA P , 725 % B 200 ~ 300
ind/m’” 7K, R FBUZ R0 UE A ARG K BT F7,24 h 1
LYIFR 9 dJE T IR T, 9 3R 9 R AL T AR AR T
6% o HEAS LG 1 E] B4 K Ui (26.60 £0.82) T,
pH(7.70.1) L1 (36 1) I A AL, If
TERKAF Aol K bR ™ o Rk 956 R
KIS SR, TR 42 om x 58 30.5 cm x 5
30 em ) @ BB (SRR SR I IR
B 20 L) AT, B PR3 20 Bl 175 75 5 4 A
500 L G N BETT .
1.2 F

HgClL I [ 52N Ak ~#150) ), AR . 52
6 T PR 2% U 7K I 1 18— o ok B R
1.3 SMsHEXE

ARG T 9 5 45 R o o He™™ T d vk BE Y [
(96 h5 EILAEFIRAFIE W L) , 7RI 50 5 A
T, 2% 43 X8 Olecilog # ¥ Hg™™ [ [ #k B
0.160,0.250,0. 400,0. 630,0. 790 mg/L 3£ 5 4
WAL o AN — A R AL, B AL
B2 APAT IR SEREE SR . R SRR R
A A SR 1 20 2%, 1SN 32180 R 1 3l
T, LI BGE BT sk R B R
AR D , S8 T 709) FH OGS IO AP IR IR e A e
B 24 /NI — Ko
1.4 #mBeikH & LiEENE

FEAMEREE SR iy Bl -, 4305 0. 000 5,

0.002 5,0.005,0.025 mg/L Hg** K 1T .11 .M.V
ZH M B A B B T (500 L) #EAT B 7 5908, ik —
KRR, BEANEL N A SE 5 1 40 2, 5 48 /)
BRI — IR A BB )E 56 6,12 .24 48
96 /NI, 3 I KA B 3 ~ 5 e fl, T ok
PR R e ) A JHEDE A2, A il k.
4 CTHIE 0. 86% HEHER KRk  JE LS T J5 FH il
¥ 1) Tris-HC1 2% #h ik (0. 01 mol/L Tris, 0. 25
mol/L FERF 0.1 mmol/L EDTA ,pH 7.5) {E KA
AN HAL SRR SIHK BT 4 CTRIVKAR N
2o WA 3 AEATIE

N5 I W e Ve R S0 L ES 0 15 min
(6 000 r/min) , B I35 8 FH 00 8 S Ak ik 1k
fif# ( superoxide dismutase, SOD) . P —. % ( maleic
dialdehyde , MDA ) & Z, Bt iH 8% Fi i ( acetylcho-
linesterase , AChE ) 1% . [F] 20 2 4% 41 2 1) S 4R
i e 3 PGS 00 2 00 P R st e 1
TR I A a7 il e, Herh B R %
DL G-250 3, SOD SR il 5 I W 4 Ak i
w200 MDA SR RS B B2 R (TBA) 307
AChE 3% H] TNB H. 3, 52 B 8 W 0% 1
UV-7504 540 AT UL 406G FETHINAE

Tt 1% 1 BRI S B s S B AR 1 mL
SN SOD 1] #83K 50% Bsf FT % 1 i) SOD it
N—~ SOD % S AL (U) o Hj 2 e H A HE AR
37 CHREL 6 min KA NAR R H 1 wmol FEJ5i
AChE 1 1 & 1547 (U)
1.5 HiEAE
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FE , PR DR 28 T 2 53 A 2% 5 1) ) R 2 - Uk 3 o)
il A 1 S i R 5 2L TRD 540 1) PR P e AR FH

AU B AR

SC =0.1x96 h LCy,

A, SC LA UNE,96 h LC,, hy L1651 iR 4
L35 96 h 5 FEOLIKEE .
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Hof , 8 B RS AU 1 B ZRAORS I 5 — S 42 F) 9 7

HBLT A 7 o Bl R B TR I AR, 5250 £
1) 348 SN T 7 B T S 4 (R AAE AR AL

W S e R S B, i R ME R B 1
LT A5 B AN [R) 2 8 I 0] B 1% 2k M R AE (R
1), Hrip 85X H A2 Feiller 1 1F i 0] {5 R %
753 1 Pearson ¢ REE K B AL T ME R AL S
Jo VR B R] ) AH DG M, T R A O R UG R
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Tab.1 The acute toxicity of Hg’* on the young crimson snapper in different intervals
. NN xR R FHILHKE LC, A X ] GAWE (mg/L
ST (h) B2 i — i B 15 fRFL : ° fi iz (mg/L)
. . . correlation median lethal confidence safe
exposure time probit-regressed equation . . .
coefficient concentration interval concentration
24 Y=6.266 2 +5. 544 5log(x) 0.763 0.591 0.513 ~0.695 0.059
48 Y=6.957 5+5.602 7log(x) 0.904 0.447 0.368 ~0.515 0.045
96 Y=6.679 1 +4.279 8log(x) 0.793 0.405 0.341 ~0.479 0.040
SR KGR (mg/L) 196 b WREEIREE R, N 40, 05 IV 4 SR 1

LC,, <1 JREI#,1 ~100 HE7,100 ~1 000 Jyr
HEF2 M 1000 ~ 10 000 REFEE, >10 000 K% E
oG DR IR B X R A R
2.2 Hg’* x{§FBE SOD MDA Hj$50H

AR ZE T 2550 B8, 4 VR A I oK 2 R
I ] P9 28 f Xt 21 3 64y €6 T IE SOD iR 1152 1)
e B2 57 (P <0.05) o 25 T RWIMIKHK
(1)K 2 52 X6 JIFJIE SOD 11 3% P HL Atk 3% 1 fie 1 1
o SBIEHAERE RN (6 h) XFHIE SOD fiA B i
AR, 2R BT AL T Rl O % SR e 4 1
MR o 12 h B0 B, 24 h {36 AR AL AS B 2
(P>0.05) ., 48 h RICHIHIVER],7E 96 h i Hyifs
FAEMH . SBILTE 6 h TICAIEIAER 12 48 h 2y
HIER 24, 96 h i HAE . BIVIREEATE 6.
24 h RIUCHAEIVER L 7E 12,48,96 h FI AP HILE
L BB R

25 b AR R 0 R 25 5 0 fa (A FFAIE SOD g%
HF AR, Wi U BE (38, ta A AE SOD il
AT 1 HH B S TR SR IR G, R B A v B R
Jipa T RS R G B R I R L

N[ g 2HL A SR ikt £ P24 SOD 3%
P2 LIS 1, 2258 6 h B 45 ¥ B 20 i i ik SOD
it TG 47 LU BRZE A A S 2 T (P <0..01) , R B5R
TN FE SOD 6 M 275 TVEH o e BRI ]
RE , %W AIXT SOD s (115 5 2= 5 . 7F
TRHEE (UNTAL) TR T, FR S5 s I, I 7E 25

48,96 h SOD [ 34K T X R4

4 ANk B R WA R MDA [ A8k L& 2, 7E
SEINE] (6 h) B EE T, N B A K, 041
0052 453475 1R FEE AN 100 5 o 2 3 i ) P S G, 3
WEEINES 1T . V4] MDA & 5E7E 12 .96 h ¥ i 2 T}
B (P<0.05),7F 24 .48 h B B WA T 5
(P>0.05), 7E%:5 6 h i}, [ SOD M ) i 3
AR ZUF 0 3 2 A% , il 5 28 5 i) 11
B, 40 A7 B0 AS [F] R B 4453, SOD [ 41 4R
AEAE A A AT SR Joih 36 % JHF AL 4L ) 55 1, AT
LB BRA G B 1E ) AR A Bl IR Az 2520
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Fig.1 Effects of Hg’* on SOD activities
in the liver of L. erythropterus
Compared with the control using -test, * means P <0. 05, and

% means P <0.01.
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Fig.2 Effects of Hg’* on the content of
MDA in the liver of L. erythropterus

2.3 Hg' %}t SOD MDA [

AN TRV BE R % % %) i SOD . MDA 1) 5% i i,
K3 .E 4, HE 3 A0, 684040 SOD % J1 7+ &,
96 h & W5 E R, ORI R OR 1Y 32 B
Bor H GG E  HE KPR R E ik A
P FEWEZ —, SHF44 MDA & 87281k #
FAH L, 7E96 hoR & EE T, 20 2Ly 52 40 1 P g
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Fig.3 Effects of Hg’* on the SOD activities
in the gill of L. erythropterus
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Fig.4 Effects of Hg’* on the content of MDA
in the gill of L. erythropterus
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S H ORISR R B A K
2.4 Hg'' 3tfm4A4 AChE Ry

Hg®* a6 T 21668 165 64 i 41 27 2, 1k J0 ok 1 ity
PG PEAR A LI 5. ZH 20 AChE 3 % i) S 4 AR
LR 5 5% 6 h B, ffixi AChE V& 1 i 32 417 il
(P>0.05),12 h ZEEI ik B2 20 @ E 3, 5
TV 36% ; [ %% 55 I (8] 1Y ZE 4, 24 h f ik
AChE [{i M52 BN [RIFL B Al (P >0.05) , 5
1T IV 25 4 i 2853 51 2 38% ,28% . 48 h 96 h
IR R 14% ~24% 12% ~17% . MK 5
ORI HY & I ] Bl o vk 2 2H 450 o, G 48 h 5
4,96 h 55 41, 3 ] fig 5 R AR 25 5 sl s
B R AR A G

Do
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'E OXfH control O | WM S M @IV
e} * Ak
am 15r A
05 sk M
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-2 \\g
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Fig.5 Effects of Hg’* on the activity of AChE in the

brain of crimson snapper L. erythropterus
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WFFERB o B 7 %) 21 41 88 40y £ 09 75 14
Jil 7,96 h 12 AU 0. 040 mg/Lo il K5
i SR IR FLVFHE 4 0. 000 5 mg/L, ] L
LT BE T BN HO SR I 52 PR o AR SCHE B LI
BOLH LI, LAY AR bR AE fie =i SRR R
5 1 WBE AL, WESEAEA TR BE 5 e i T fa ik iy
PrAA AL R Gema R B
3.1 RfaERENENIERIR T

I LS SRR R d =R R N iR
SRS L R ACEIRIN, X S B
PYEAT T SRR . e S S RN )
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PR BRI 4, 3K 6 3 T 4TI RE X JR DNA
24 g B A B ML, M S LR LA S AL
BRI, SOD Jg 7K A £ W Hi B AL 15 47 T 1
HEA ST Z —, 7T AR A 8 i A=
EhR. CABTIE R, B AL 1 & G sy o
P95 YL B T 2 26 Bt , 33k e 8 AL B 8 2R 4t
AT S A E R A AR 8 AR R A A B9 1E A
HHEDF IR B 2 —

B e e 3 ) T R 30t 2 S 1 2 Y
AT R B AR AR AT S B £
RIEH MR INRE AT 0 AR RIS I 800 I
AT LRI F0 W A0 5 R AR ke .
PR IR SRRl 0 B0 RN 5 P IR
SRR VB, AR R A . Mg i A fb &
P TR A T R T 5 A R A
PEAE PTG R 2 T R PR 5 106 6 i) S I , 16
TR FUR AR R 2 e TR A T, SR
W R, Y TR R AT R LA
Ik Bt AR A B R BE DT ) 422 52 e S 400 Y 453 495 14
TR

i R 78 2 R P B R 43 A B
FRRL | M5 2 05 IO 14 R o FA0 R ) a4k 75 007 T
WRSEA 8 Ao A W58 26 W, 76 7R 22 5% 45 S i )
(6 h) N, £LSEH BRJITIE SOD i .35 Tk , it
JUE 245495 F L B 3R S L BT 4 (L MDA & 853 )
Wi S FE I H] (9 2 K , SOD 3 457 51| — 5 FL BE 1
J], T MDA f)5 52 87 75, W2 3R
[FIRERE 7o BRI, o vk B OR 2 6 5 38 i
X SOD 3 1 77 A 5 A o, L ok JEF iy 458 447t %
Koo HEHBLLLUE Y, H TR K A TR B HEA
K 1 5 3, SOD i G ¥ £ A B Th s bl
TR I [B] ) ZE S , MDA 5 5 35 T i, R 2H
BUIRZ B[R FE BE 47, HLOR 22 88 T B 5632 3
BE RS REE6 h ih)  ERFR 12 h /E
HRFHLUA TR Z R B IE ., h T A RS
SEARNT TR 5 Y 5 | ke 1 3o S Ak Y — b 1z, AN AE
— 5 T BB AL R, W2 175 B ] F A, e A g
SOD [l 15 “ ) 24 45 300 39 i , 33 7 32 40
il , 25 WUIE H R ASTS sh b2 B 52, Kk A
SE BRI, 32 R TS Y I, B e T 5 2 41
SRS E R, LU IR 5B 42
3.2 3ffAL AChE HIEIH

FRAELNR NI AT — T LA > JIFE > i >

T > i > PEf . X 5L R DIREEE 1 ( - SH, -
NH,, —COOH, - OH) & & & A 5%, 1 iX £L ) fig
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(acetylcoholine , Ach) T £¢ 1 Ach X JH B 5 57 {4
P26t VE T DR EE SR 2 v Bl iR 3 1) RAEPE , 53 Ak
X RRZE T A GBS 5 i A T B A 2L
TER™ .

AChE 5 1715 T R ZHEW AN, F 78 20
22 50 A A FH ik SO0 HESh 4 1) AChE
AT 2 P A M 75 Y iR 45 45 . £l AChE
15 1 B2 AL RE R BUR s K e A PR 25 A7
FEM T R AEAL AT LR BIRIAT A 1) £ R S
BT, DR R 1 Y A s i ) B T A

HH BRI R Al 22 R e A — o I 4
FAEM o ARSI R TCHLR Z2 % 6 h X 1 28 fiki 4
21 AChE JE PRI W52 (P >0.05) , 8 K
WIZ %8 12 h X} AChE  — & Wi E M  FiE
e Fa I A Y HE 1S (24 ~ 96 h) , AChE [ i ¥ 52 5
AN TR FE B4 A, 2 B SR JBikaE € ) # i 2H 2R 1
WABIIRE AR TR, A A E R S g b AR
BN RSN, H AR R AT AR S A G, i A
RPN TC ML R % Ak A HIL KR 19 B LA 75 3F — 25
S

g5 b R AR T 2168 T 4)) 45 4 S S
PS4, S 1 AT AN ] B[R] B X 7 15 % 1 i)
JNF, XoF XA S m A o B A AL BT e AP R
o BRI ARMK B R R 68 T, f AR n i
AL ZR G AR F I [B] P BRI 2 15185 5, A B AR 3
YERT, X B 45345 (6 h Z247) KL X % 46 1
(12 hZ2A7) 76 12 h AT X i AR pl 2 R e 7 A
RO o R, 7 N 3K S A R AR AR S R AR
P HEAC S BT RE BRI, 2% D8 38 LA A5 ] B, A
Mg m AT SEdE . AR 2R ik &
YR A B TS L Y R G B PR OT:
P H AR A B R, S A R A E TS
Priiia s, s E] REAE H— R A 0w 1 DL B K
PRS2 b 35 Ny PR 558 1) A8, AT 75 S A T 2 Y
EBREASESRE TG, UBRKRES RN
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Effects of mercury exposure on the antioxidant enzymes
and acetylcholinesterase activities in the young crimson
snapper ( Lutjanus erythropterus)

WANG Xue-feng'**, CHEN Hai-gang', CAI Wen-gui', QIN Jie-fang'*, JIA Xiao-ping'*

(1. Key Lab of Fishery Ecology and Environment ,Guangdong Province ,Key Field Observational and Experimental Station for
Fisheries Resources and Environment of South China Sea ,Ministry of Agriculiure ,South China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences ,Guangzhou 510300, China;

2. Fisheries College ,Guangdong Ocean University , Zhanjiang 524088 , China;

3. College of Marine Sciences ,Shanghai Ocean University ,Shanghai 201306, China )

Abstract; To understand the response of fish antioxidant defense and neural system to mercury exposure,
studies were conducted in laboratory between 26 and 29 C on the acute toxicity and exposed effects on
antioxidant enzymes and AChE activities in the young crimson snapper, Lutjanus erythropterus Bloch, of an
average weight of (4.57 £2.02) g and body length(4.95 +0.79) cm. Using static renewal method ,the results
showed that the safe concentration of mercury chloride for the young crimson snapper was 0. 040 mg/L. The
enzymes activities were evaluated under four sublethal concentrations (0. 000 5 mg/L,0.002 5 mg/L,0. 005
mg/L and 0.025 mg/L Hg”" ). The tissues( gill and liver) were tested for SOD, MDA activity and the brain
for AChE after 6 h,12 h,24 h,48 h and 96 h exposure, respectively. The results showed that hepatic SOD
activities had significant increase on 6 h exposure (P <0.05). With the increase of mercury concentration, the
hepatic SOD activities were inhibited or induced, which showed the disturbance of fish metabolism. And the
branchial SOD activities were also significantly elevated. The variation of MDA content exhibited that the gill
was impaired on 6 h exposure, while the hepatic tissue was detected to be impaired on 12 h. The AChE
activities in the brain had no significant decrease (P >0.05)on 6 h exposure. However, it decreased with the
induction rate of 36% on 12 h exposure. When the fish were exposed longer time, the inhibition rates were
28% —38% ,14% —24% and 12% —17% on 24 h,48 h and 96 h exposure in concentrations respectively.
Key words: Lutjanus erythropterus; heavy metal; superoxide dismutase; maleic dialdehyde ( MDA ) ;
acetylcholinesterase ( AChE) ; antioxidant
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