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A, BRAW A E-KEXROH,FFEBL &M SOD fo CAT F Mt G4k 2 AA
H-BA-A AR A LM EREREGE N, BRI SAHT AR, MNHNS-HE L L0, X5
EMGYEMPE SOD o CAT FBREARZAMRREF T HRANM IR, Tyt heHnun
HBAE—FGEE EXAABRBERNEREET HERE, 5 F G HBR G Bk L8 EF K
T, EAFZRY, oHFLENEREH G CAT ER YAt EIEAE 0. 2~0.4 mg/L 219, & 2+
SOD # W EAaeBMEAL 1.6~3. 2 mg/L 2 M, EREEAUAL AALHFTEFHMNALLEERAY
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Effect of Shengli crude oil on the activities of superoxide dismutase and
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ABSTRACT Under indoor simulation conditions, the effects of various concentrations and
exposure time of Shengli crude oil on the activities of superoxide dismutase (SOD) and catalase

(CAT) in the liver of juvenile Cynoglossus semilaevis were studied. The change of SOD and
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CAT activities versus time showed an increase-decrease-increase trend, and the time for SOD ac-
tivities to reach the peak value was shorter when exposed to the higher concentrations. In terms
of the dose-effect relationship, the activities of SOD and CAT were induced by oil treatment at
the lower concentrations and were suppressed at the higher concentrations. A threshold of toxic
effects of the oil on the organism was observed, below which there was no toxicity, and the ac-
tivities of SOD and CAT recovered to the normal level quickly after being released from the pol-
lution stress. In this study, the threshold for CAT was in the range of 0. 2~0.4 mg/L, and
1. 6~3. 2 mg/L for SOD. Beyond the threshold value, the rate of active oxygen production in-
duced by the petroleum pollutant overtook the anti-oxidation eliminating activity of the defense
system of the organism, incurring damage to the poisoned organism. The response of CAT ac-
tivity to the petroleum pollutant was more sensitive than SOD, indicating that CAT can better
reflect pollution stress and can be a bio-indicator candidate for petroleum pollution.
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HEVE A IS e AT A X R R R 2 —, AR, i LS ey £ 4R H 25 B
LB F B Al (A5 9 v T Y e TR R R BE R RN R L A T W TR AR A K AR TR R R, T
WA S RENEHMAIIGE. KPEERENAMBRETEEEEYER AF EHEEEHED, & 85K,
P (P I 3 SO R AR B A A S R G AR KN . A T Ys e n] | A A A Y (R R R, {8 M S A R R
FLEAEHET & MK E W= . W7 A YA 00 B U (L IR Ml 7K 72 & i &% B, T ELSE o LUGE i B 66
AR, F A X AR R IE H 285 R AAMTROEM . 50T 4 ilis Je b i v A U1 s 3K
MBI, HNINBEF TAEZE AT TR A W (BRI % 1991 S5 1998 Hm A %% 2008;
Eriyamremu et al.  2008) , Wb AE T A 35 AL SR E M 8 B T A il {5 e BE T 2 2t BE SN .

B ML AR 4 A 2 B A o B I3, T P ) 0 T PR KGR R R — R RE B PR T R
Hb Rz M 3R 5E 58 X A AR B o 19 A b 38 B (Cortet 1999; Scott-Fordsmand eral.  2000), H.A, L85
EE N EERIPE — B E 8 (Catalase, CAT) . # A LY 1k B (Superoxide dismutase, SOD) 87—
ERE FHEBREEAEAHE SRBRENRBREN BRERARNZHERE., NN EEE - CRE LEEE
NGRS AR RO (R 3R%E 2002), M35 M A A s E IS 0 e, RS P sl 5 8 T R % 3 8 5 b
BmAERL, B . A MIEN - RAMBEN S FASERFZER. COEERNIZRANEDR
(Stein et al. 1992; Thomas et al. 1993;#3041% 1993,

B H M Cynoglossus semilaevis F—M KB Z RERYEIRESAZL,JE S H Pleuronectiformes. & )
Cynoglossidae, fA FR408E .4 5k B H K IR A, EF 04 T #0080l uk, B A o B, P sk 4 A
BRIE B SE BTN & SRR B HETHL A 7 b — MO L R R X R (S EELE 2007, HETERREE
WHNE XE MG R EE S e B RS mMAHRIRE. RLERAEHKEMESE R TER
] 2% 28 MRk B A [B) 4 FH B 18 R D RO X2 0 T da gl FFAE CAT A SOD (R, 8 7E N F/RKFE LT
ST VR 5 A T T ekt R AT TR A R SRR PR O, 020 W O R S P AL T R G X A TS Y B N ATL R SR g —
R E AL B 1E A A 2895 4 09 A W b i 0 B T AT MR SR L SR VT L,
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1.2 KEMBREFEG

SCHG BT A ATl S e AR B LR AR E R E R . LR AR S A T 2009 4 12 AR
A FILAREH T EEKARAR KB IESR BREEER, 2K 20.0220.46 cm, (& HE 72.16£0. 64 g, FLWHT
THA 80 LG /KM/KIEFA T INFE 14d, LK /KN EF K IE A RIGK, S0 B4 3, £ B2 31.08+0. 18, pH
g 8.05+0. 03, RN 20. 540.43 C,ELTLR . HHKE N 100%, H WG FE B 8L AR &E
B OE RS\ IR B ARA A, HREMIR. &G NGE T B I B MMER /N5
R AT IE

1.3 LEET

1.3.1 wHEFRGHMERXBRRGRE

FRIBUMEFJE G 5 ¢ Z2 4, IMA L IEE /K2 500 ml B TREAHESTIELKRS 2 h AGTEERTFHFE 2 b,
FT R EBCEZ U T B BAE N SR BAG AR P HE., ELE LR BRIEUHR S EBH RS,
1.3.2 RKB#R#HERE

PATERALMEAFRMN LR ERE - CREFLEEE BB RS RE WA E S5k 0.1.0.2,
0.4.,0.8.1.6.3. 2 mg/L(Z M EFK ¥ K B4R #E GB11607-89 H1 BT #LE A9 A A W BEE K 0. 05 mg/L,6 MU
AW AR HESE BRI 2.4.8.16.32.64 £5) , B H 7 F-4600 5% 56 38 {3 00 2 £ W A2t 56 W 10 vl ok o, L AR 81
Bi# OB I ALTE Y (GB17378. 4-2007) A1 Fr AR 5E B 7 B i#F 47 . AR 5744 0 : A =310 nm, Ag, =365 nmy,
1.3.3 KERMEHKERAREEL

Ui e R AR 7 AL B 10 B H S 1A X A, A 6 i, Wt iE 3 F
frefl . FISRA IR R B ERAN KRR 25 L, A LRI B PRER S, KRN 20.34£0.47 C, &
B 1d 4 Rk B (0 37 6 B0 W, 43 B 48 1.2.4.8.15 RIUEE , B JE 5 i F 8340 fa 3 B R 2 R & i 5 YL i
H WK P RSEB T 16,18 REUEE, IR 4 ARG # B 2 K PTG MRS L. 27
e W B gl T HURE S RN TARDRE A LG i ] 18d, HAR KM 5P &4~

1.4 FmBHALE

Wk E SR B R, 2R E AT K E e, HIB IR TRk A R EREBGER . AR
HAHE 9 AR AEREER KO 920, KIESIRE T 4 CHRMET &0 (5 000 r/min, 10 min), K _EiE®H
AEFERKE R 10 UHA SR RESNERR 2UHAAS R AT CAT MMM E I YHASE R TEAS
#.S0D 15 e E .

1.5 ALEBERES=ERBEENNE

P EASENNER LDk, I CAT.SOD 3& ¥ B &, 3 5% F R’ R 2 A 94 5 244t
BTN &, N IRIES RiE BT, HP, CAT iFHF AT ROt E, 810 H U/meg & H; SOD #EHik:
K FH B A AL B AE VR B E LN E meg AV A 1ml KA SOD #4235 50 26 B B XF B 1K)
SOD &R 14~ SOD 1 184 (U/mg FEHD.

1.6 #HELAE

SLEYES BEITA T AR, BRI M EIE Y N W E T R M2 (Means ESD) (n=23), $4EH SPSS 13.0
(Statistical Package for Social Sciences) 4t i1 3K #4147 5 25 43 #1 (ANOVA) , I HI ¥l £ & e 850 #r¥k (LSD
POMBMEARN NARMEREEN, P<0.05 HERBFH,P<0.01 AERKEZE.
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2 GBRE5HW

2.1 MMEMXEBESYEFE CAT FEIEMNR M

Mz 1FAR.0.1 mg/LWEH  RHEFH 1.2 48 KW EHMGAFE CAT EHEEMHEXEEER
(P>0.05),8 15 REEFE®H T MEA(P<0.05), 0.2 mg/LEEA, LHEGH 4 REAB--TRESE . RBEES
FXTHBLH (P<C0.01) , %5 8 KusA T (P<<0.05),48 15 REFEFMHE(P<0.05), 0.4 mg/L WRIEFEH,F 1.2,
4 KEW|EGhEAFE CAT S A LR EZERF(P>>0.05),5 8 X CAT ittt i35/ T3 B4 (P<
0.01), 0.8 mg/L ¥BEH ,CAT AN 2 REA - EIEERE TR FH 1 REBERE. REE 8 Xik
HEEE BEFESTHBAP<0.01), 1.6.3. 2mg/L WEHK CAT [HFHEAEA B EH 1 XRIPKE
B H L AR B 3 S T AR (P<T0. 01, Bl S B AIR, 855 4 KBRS RME , @ & K T X5 B4 (P<0. 05), MAEF[A]-
BN e BT AE XA Y o FR b, R i 4 R CAT B RERT ] Sk B A s - - FFE s, |
Wi E % R R RO 3G I, B = (E A B (] SR AT . DA B ARONE O R A AT, ZE B YL FE L R v, 2 0T B 4 AT i
CAT it B BEIMMMERE AT BT ENH LR,

# 1 BEFIE I B E 4 S AFAE CAT Bt R BRI CF- 2 i + e 2)
Table 1 Effect of Shengli crude oil on the activity of CAT in the liver of juvenile Cynoglossus semilaevis (Means = SD)

GRLE CAT # J1 CAT activity(U/mg % 1)
Petroleum concentration

(mg/L) 1d 2d 1d 8d 15d
0 3. 4840. 38 3.2740. 10 3.38740.25 3.7140. 66 3.7840. 70
0.1 3.2240.93 3.7740. 36 2.0340.22 3.1340.68 5.014+ 0. 76
0.2 3.16+0. 94 3.08%0.75 4,590, 29° 4. 21240, 972 5.234-0. 93"
0.4 3.2140.18 3.410.43 3.2740. 87 5.5140. 90" 4. 6740, 42
0.8 3.294-0. 95 5.210. 320 1.7140. 18 9. 610, 520 4.42+0. 50
1.6 5.45+£0. 58> 2.30+0. 32% 1.524+0. 457 1.88+0.74 4.9840.91
3.2 4. 32£0. 20 3.74+0. 36 1.2870. 31" 1.55+£0. 70 4.2640. 50

Hoa BRARFRRERBRASWBHZAFELSHFLR(P<0.05); bXRHBEXR(P<0.0D. FH
Note: a. significant difference between the treatment and the control group (P<Z0.05); b. highly significant difference between the treatment

and the control group (P<C0. 01). Same in the following tables and figures

WE 1 pTaR, 5 B i M BR S5 X CAT 1§ H
BW.0.1.0.2 mg/L WREEHAALSE 16 X(E IHBME
1D A 18 K (1B F 3 CAT WMk & 3 1L
KV, 5XMBAARGFAREER , RIMLKEHL
EA A RBE A b REERERG. 0.4.0.8,
1.6 mg/L¥REEHES 18 RUFIEB 5 3d) CAT

a a16d

CATY P CAT activity (U/mg)

15 5 % B AELAE AE 1B % % 5 (P<0.05),3. 2 mg/L LA

WEHASE 18 KRUEFBEIHE 3d) CAT §E#: 5t K Z Petroleum concentration (mg/L)

SR B EZER(P<0.01) . T5 44 %t 4 ¥ iy

SR MBI AR kg TRPREREER SR cATER
Fig.1 Activity of CAT in the liver of juvenile C. semilaevis

/;-E *ﬁfim ’ zg%ﬂj}jﬂ% B’%}ﬁ mﬁﬁﬁf‘mf@ IVRE@J ik after releasing from the pollution stress
KT, BB EERE . AR KEN CAT &%
BIMK ZAE DLAFAE 22 5 53X 3R B V5 Y Wy 0o 2 0 (0 140 B P 8000 A7 A — 8 B BR(EL , 34 95 2 b A 0 R 4 1 ) A e ML A B
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TE B BE ST B, AR A U B R R S, B (E AR BR S e B A S AR CAT WMt A REK B B IE# K¥. 7EA
LY ME M TE 0. 2~0. 4 mg/L 2214,

EBTERRELET. DKEHBEEERZSHHEF KT R AR, MKE 3d 5 6 Ik E4HEE

R ZHIME . SWREAT S EE . XU CAT ZHEMEH B A K& B v Xt B LS X S LB 1S

PHEHRITHE A
2.2 MFEBXEBRESLY A SOD FEHZM

WnF 2 PFR,0.1.0. 2 mg/L WREH RF/GH 1.2.8.15 REBFHL AN SOD G SXTRA T8 F
LRB(P>0.05).F 4 KXHEBEEFXHRHA(P<0.01), 0.4.0.8 mg/L WA, Y 4 15 118 F 65 40 & T iE
SOD HHERART.FE 4 RBAN -1 EHRE.EMHEAEREELER(P<0.01), &5 T, 8 1sd ik E 5.
1. 6.3. 2 mg/L WJEFH SOD & M2 {55 op M B 3 S AN AT (8], 1H 2 3K B /e 0 B A9 BsF [RT SR T 61 45 3. 2mg /L ¥R
B A 2 Kt SOD GRS BREME. S HAER B EFER(P<0.0D), i HESBHHALLK,6
e 5 2H WO T PR AR AL I AR RS 88 0, 8 BA T BB 2 B T AL P BT LAk 9 A R 4 LAt R A i A A B TT RS B TR
HE o i B A A UE AL & ) B RE AR, (5 4R B P B RN L B B TE MR BRI . AAB BRI N 56 R AT AT E R A
P, Wl S R4 A AT AT SOD JF M A ] Bk 2 A - F S, B E 2 S Emm,
HELEE R EIRET. M BN S R8T, R H 8 SOD EHERE AR ER . BRERXELREN
IRV BE 5 5 L e VR 0 R B e AR

®2 BERIEHT R E LS AT SOD 7 M BRI COF B + F k2O
Table 2 Effect of Shengli crude oil on the activity of SOD in the liver of juvenile C. semilaevis (Mcans + SD)

AR B SOD % 41 SOD activity(U/mg % [1)
Petroleum concentration
(mg/L) 1d 2d 4d 8d 15d
0 41.274+1.71 68.92+0. 39 68.73+2. 85 68.32+4.56 87.9048. 87
0.1 43.95+1.70 70.51+%5.30 81.80k1. 10" 76.66+x11.71 87.71+2. 29
0.2 36.88148. 04 74. 76 8. 22 83.40+E6. 79k 69.25+8.76 86. 00 2. 40
0.4 4]1.88+1.48 77.42+2.25 81.46+8.41P 49, 90 3. 65° 88.42+8. 82
0.8 43.9040.73 75.95+5.01 97.31+£2.02b 61.67+1.14 89.61£2.29
1.6 42.8245. 30 77.02+2.20 100. 58+3. 48P 74.93+0. 59 85.621E2.47
3.2 38.44+4.21 137. 42410, 45° 65.28+0. 67 53.42-£7.702 84.28+0. 50
i 2 BT 75 Y W AR IR X SOD T 1 i 5% E
W :0. 1.0. 2,0. 4 mg/L WAL 16 K (42 (BRI 2
Ja 1d) FI%E 18 K (4% 1R 3 J& 3d) SOD i PE K &2 3 :
TE WK, 55 B R AP 7E 32 5, 2 W (o FE g
VAT LA REE A EERMEHSH. 0.8, Z
1.6 mg/L WBEALLES 16 K (2 LB IR 1d) SOD S q
EHEREES TYHEA(P<0.01),HIES 18 R 3 O 0T 02 04 08 15 32

({ﬁ’%ﬂ: BE v S 3d) SOD 3% /& EINS w K. 3.2 T i K Z Petroleum concentration (mg/L)
mg/L MJEHAFELS 16 KRUFIEBWE 1D ME 18 X B2 95 Y0 R T K 1 E S 4 fU P AE SOD i #:
(ZFBEME 3)SOD iEHE S XTI HR B E S TX  Fig.2  Activity of SOD in the liver of juvenile C. semilaevis
BREH (P<C0.0), JsYLBhiAM G . AEWE 4 SOD after releasing from the pollution stress
MHENKE BN TEES , XRHT LR LT
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B VERON A TE — 22 WO BRAA , 24 35 Yo 3oh A oy e A VB PR xod DL A 35 2 B 7 B A W 0 1 B P g B B A B 5
B G AP SOD IE MR BERE BIIE K- TEA SR P BE R 7E 1. 6~3. 2 mg/1. Z[H].

3 Tt

3.1 BERRmX B ESL S CAT B AR M

HEAMEHCAD EFETEYRNNEFTEEZN A M HEGERE. TSR ERIE LY
(GPX)E—REBRREAYEABEABERHETFARZ OO FARNSELE(HO) , BMEEE WD
HENMGBMASE T SAEEMA . SAEYERLTIEEM RS, YL N E B R e R RN, B . B &%
SR EMBIE B AREN AR AN AEEERG NS ENNEMBEETR. BXKSE
(2008) W 7% T I vk B s e st 0 CAT W54 B9 2, &5 5 RO, IR VR J3 P4 R0 82 0. 1~ 1. Omg/L) Xf ) #1
BFARE . RE AL CAT G 7= A SRR T & MR B4R (5. 0~10. 0 mg/ L) XX LA AR E CAT &
e W EAER .

AL AN AT RRBELRE D, 6 AUk B 4 Al X i SR gh TR CAT & M 5% i) 7 &34
PR FHERMEEAS SRENMH LR, CEHBESRERENA S . AV ERECRENR
RHEFEFRNRGRAFESRLEEWEMREN . AHBERENERAE -ENENEN, EBSRN
PR MBI EERENARBTA G, RIES RN U KM E S RRENF EmREE, A8 88
() 25 22 R A Xt 5 G (038 7 A B0 5 00 P R 7 56 B 9 S it AR 0 B RN B AR, B S R R AT RE KO,
A Z =B, S 8 K CAT G4 A #1,0. 2,0. 4,0. 8mg/L My A MK B XS CAT A EERE
FILCAT $Ethn ;s YAk g R 1. 6.3. 2mg/L i 8B T2 ROV BIE, A Z 2™ B0 F, S BN KA
ST, CAT iEHERRAR, KRB IP SN . 555 LM % H BEAE 0. 8~1. 6mg/L A ik EZ .

3.2 HMAEMMERERHEFE SOD FENHIE

SOD FZ 5345 T MK AL R R R BT o, BB E R B T R AL RN — K & B RE , B HUR B3 AL
MEREVLCBHZ —, HEADERHRAYERNTSRENEEE 8 dE, REENE B R4,
MU SR B i X 2 AN A g R A i AR T AR PR B 8 AR A 2R . 7EAE R T SR L5 Y
TER R BT A AR, & 7= AR IR IE PR A K B s & Oy JOH H, O, %5, iX #3% M 4 X n] i DNA My
W IR R AL BEER R IE SR, TS R AL BUR B, 8 X i PR =k Rk SOD B HEEFEER
YER (RS0 1995), MEARBFSS B, SOD Bt 5 4: Y i) G Re K -2 I A8 06 , o] B 1B 18 HE AR R AE R pLE
EESHREHER . EEERBIERBOESE 2003, HiG LR B THLAIH A BB G REE T (Fh R 1%
2000), BAMWBIREY  KREAZRFETENR (D SOD FHEHEY B EFEFGL % 2001);Morris(1987)
35 IR, 5 YL In] i o B A 4 B A SOD 35 4% Bb 2 75 e Va1 3 B A= A RS SOD JE & .

SOD Bk O; M 5 H S BMIEHA X A SRR, M4 W2 505 5 3 55 8 i, SOD & fE1E
7 5 10 2452 3 B R 50 5% sl AL, SOD R E RS FAMB N ETRMERE AT SREY RN GE
(FEWLA%E 20000, XEARLES 6 MEFEHMT R BN KRB FERMKREE S ERENH SRR —
.

SOD &M FRAATESE 15 KAMXE 1| RABRKKTE . X AT fe 2o F H B IE 2 WD, YURHEE 57 M a3
B ST SOD PR A, I B9 CAT T AH b » SOD 15 P 5 PUAR B 38 58 iUk . B ABE 5 2 5%
B A EE K . SOD E B R Fa s i .

3.3 SODM CATIEIDAWMESREMHEERYWHIITHESH

205 Y B KRB (8 A2 23 07 D7 1 BE SR U Vs B M O R S R B B (R HE LUPP Al X S IS R W
P LAFETE AR TS S My 0 Kk A2 AR W O B8 PERON B 8 B BOE B BE (LC )M PN AR (EEHE 1998) , i 7
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1T 25T AP i T Yoy 22 R 2 LR B i [l A T AR 0k, IR I FG 22 SR R ¥ IT M 5 40 . s e
KEEFRGE A TREAETFR, I 5 ANRATEHE A, i H a2 K BT eE R Bu&. fF Baikiks
B Z R E M E AR A RS HEHEITEC 2 AW 2R E, A KRS E LR SRR E 8
T2 N T A AT B A A, AT DA PO SR A S vy AR A B AR A AR B R T VA B 5E ¥ e e R 2K 4 R
15 Qe 3ot A WY W B R AAONE AP AE —E B BRE . 7 XA RME N HLIACOR S A v 3 R R, 75 e R A R U L BE R TR Bk
EFNEHKF . FEARSLZE D, A 75 Y1 & 4 T AE CAT 5 #E2 w3 i BI(E 1E 0. 2~0. 4 mg/L Z 8], ifi X}
SOD & P Wi B BBLAE 1. 6~3. 2 mg/L Z (8], BT RAFEML B LA b 3 B A1 i 75 4 S BOLAA ™ Az 75 8 S50 3 2
T HLAA ST A B 18 R G 93 BR BB 0 AR AR ) o - s, AL R AR RO . 1 A S AT E CAT 15 ¢
X A T 5 G W B AR X T SOD BE AN , BT LA BE B ik H 215 o SR Ak 35 S B B8

15 YR T, BT A T I M AR B () A A T A AL B AR R — MER AT AU M . Wenning 45 (1988) fF
RTIENREET 129~514mg/L A FAS 36 h WHLABIEER 2L, K B HHE AR CAT Al SOD & H1E 6~
12 h F 2, £ 24h WARE SIS RAKT . B HFQOODBIR T RIMIRMBRET 30 g/L A IF () EH
SRS TG AR AL, R I SOD G S 3 RSB KIE MG &P M. AARLRP . BRET 3.2 mg/L
FECI R BE b 0 R A, U CAT IR ME7ESS 1 R B s (8, Bl i A, 72 165d I 3GR B — 1 s
WE(E 5 17 SOD YE MM AESS 2 Kk B mmfE. ML ESTSE T LA B A A E— 1 S d B, %2
FPIR A0, 75 R M RRE LR s S Bl — 3 =, B AT 5T TS 3 b T b S Ak B IS M AR
TG B Wy 6 A b R I T e 2 R LAt T B A S TR K S S A B R AR (B B3R TG (DA 5 45 B B
S LA B FA BT 484k T RE Tl A~ BB 480t 2 g E B 1 K T

2 * x W

DET EFHR AEERBNAY.F B 2007 B FHSRTITNM AR ERER TR, B SWIE,38(3):240~243

FRFE. 1998, RIR IR K AR A W I B AR B BB 1T, PR WIS B R R L 10(3) 21 ~25
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