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Influence of Benzo(a) Pyrene on Cytochrome P450 and Antioxidant Enzymes in Earthworms( Eisenia fetida )
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Abstract : Earthworms are common in a wide range of soils and are one of the most suitable bioindicator organisms for identifying the presence
of chemical pollutants in soils. Analyzing P450 enzyme activities in earthworms is a newly developed practice for soil pollution risk assess—
ment. We investigated the effects of benzo(a )pyrene(B(a)P) at different concentrations and exposure times on the biochemical responses of
the Cytochrome P450, superoxide dismutases (SOD ), guaiacol peroxidases (POD), catalase (CAT)and Glutathione —S —transferases (GST )in
the earthworm( Eisenia fetida). Results showed that low concentration of B(a)P(0.1~2.0 mg-kg™), similar to the real contamination condition
of Shenfu irrigation area in Shenyang, caused P450 and SOD to change significantly. SOD increased after the 1st and 3rd day of treatment and
decreased after one and two weeks of treatment. P450 generally exhibited a decrease in activity when treated with 0.1 mg-kg™ B(a)P and in—
creased with higher doses of the pollutant. P450 exhibited a positive dose—response relationship to B(a )P, making it a useful tool for risk as—
sessment work. Change to SOD activities indicated superoxide damage in earthworms. B(a )P caused CAT to change only after 7th days of
treatment, indicating a delayed response of CAT. POD also had significant response in the 7th day and this indicated that B(a)P might dam—
age the antioxidase system. In summary, P450 was more sensitive than the other four indicators and more suitable for the diagnosis of soil pol—
lutants. The sensitivity of the indicators could be ranked in order of most to least effective as follows: PA50>SOD>CAT/POD>GST.
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e 3 R R AEAE B, 2 5 AR Y 60%~80%!", Wil i AR K AL R S B HE
HAERZE T S R grE oy s Y n 4R
e 7 E 89 : 2008-03-28 TRAEPIE ) AbAE A S BRI AR T IR T,

EEWE . 85 SRS & AR (973 )51 B (2004CB418503 ) ; [ {1597 Z W ( Eisenia fetida) R M5 12 {8 F A5
F KRB EEL A H (20777077 ) 5 [F 5 w5 AR5 & S

%) 863 Tl H (2006A A06Z386) AP F1
EEA T F(1982—), 5 WL0IFe , 58 SRS R & I (a) ¥E(B (a) LA 1 R 1Y B0 1 LA B T 7
FHEGI, E-mail:shenglaisuo@gmail com N2 Y L AR 3 5 ¥ e B v ik

BIFAEE . KEIF E-mail: Songyufang@iae.ac.cn



338 T F% .l (Eisenia fetida) A0 2 PASO K3 4 AL 2 % BRAE Mk BE2E 3T (a ) EE BRI

2009 4£2 H

A A SRS W o U BB, SR, LY
A VEHEREIRAR (N BOER R LK™ 55 )L
AT ) B(a)P ¥ e Az 3R i 800 B P i 1, AR
MEXTFREE H IR B2 B(a)P {5 9L i3 = A PR,
I, R B BUBAE W h R iC I B E S R AGR i B(a)P
15 YA SRR L IR T K o

YA to 2 PASO(CYP) /& 5 B 1 M 22 186, |32 47
At TR AR UK A 1 A P 2 B HESh ) 1A N T, P450
AL RS SRIR RN B, A B 2R I 5
AT REDE T HSE 7 TSNS G e A e g A
RV YL 5 PASO & BB ) Z ] 2A 2 A
Kl XA A ] PAS0 il R A8 FR A TR 3 B(a)P
A S EEIIZ WO T REY K PASO HI T/ A= 257
PRSI AR C A OB, SR e W51AN [) T K AR A
Yy, A T P, 17 i 451 R A Y 2H 2 254
R AR TR T4 PASO F5 450 H T 1 5875
YA BT ITIE D o SRAR S R ARSI 3
R PN A T B T b 5] ORI B 2 TR A
A6, BT LA A5] P450 F i il , iz s An T
TR & B(a)P 5 YL AR ST IS W At 7R
J5 i,

A AL W) 15 AL i ( Superoxide dismutases, SOD ) |
1 E ALY (Guaiacol peroxidases, POD) | i &4k AU il
(Catalase, CAT) FIAMEH IKEEFLREF (Glutathione—S—
transferases, GST) — F AR i A5 2558 BRI 58 1 #A
R A RERH T 438 AKIRTS G2 i fitiE
B R 248 e 4 s 3 A B A 500 A LT
Y, R 2R B B(a)P 1875 Y2 Wbk 53 ) 20 i
fixif

ARSI LR F % W W) ( Eisenia fetida) R i34 4=
Yy, R RREE A A, Db 051 Ok A 4 65 2R
P450 & it BB FR (SOD . POD (CAT)LA Kz GST i
MYeMFEFR, AT T 13 B(a)P 2588 5B A0 -
ROCHRMITE, [FI R T AR P450 S HAB LA
FRARRE TR B 75 Y Wy W R, B AR AR
B (a)P {5444 2585 PR 12 Wi S S B0 AR 40 , i oAy 552
Hb -3 A AT B WA 1 ik

1 #MR57FE

L1 25 5a il

B(a)P 14T Aldrich 23] (FEF ) ; 4 I % H & H
5% S sE i G-250(3Hr el ) ¥ T 1 T3 CO
W TP B ARt 1 99.99% ; HoA 2 it 241 i g

I3 ATl

20%H MW ;0.15 mol - L™ KC1A R ; 2I 9K G2 i
(250 mmol - L j### , 50 mmol - L Tris pH 7.5, Immol - L
DTT, 1 mmol - L' EDTA ) ; %1% 5% #pi% (250 mmol - L7 Ji
i ,50 mmol + L™ Tris pH 7.5,1 mmol - L DTT, 1 mmol - L
EDTA,20%H7H1 ) -
12 UERiEHE

By UV2550 SAMSOEHR ML H Az CP.
SOMX it HE A B oML s B S0 I8 s AR BRI AR KA
1.3 X5 T An 5|

IR E IS Eiseniafetida) W [ b S5 F i 5| ik
PR CRHE) . HEH] 2~3 % K 300~500 mg, i A FF
rp el ., HHER A PR B B A
SIS 0~20 em RAE T T35, FMEMERT LK 1,

1l T Ep R R

Table 1 Physical and chemical properties of test soils
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Table 2 Recovery of amended Benzo(a )pyrene from soil(n=3)
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Figure 1 CytP450 contents of earthworm with exposure
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Figure2 Activities of GST enzyme of earthworm with Benzo(a )Pyrene
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Figure3 Activities of CAT enzyme of earthworm with Benzo(a )Pyrene
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Figure4 Activities of POD enzyme of earthworm with Benzo(a )Pyrene
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Figure 5 Activities of SOD enzyme of earthworm with Benzo(a )Pyrene

B(a)P AEFRALH SOD HFHES 4B P0.05).
3 e

ISR E T PRI (a) BE R SE BRI
HHEPRERIERON &, 22 0l WL, 13 B(a)P iRl
HIE 59.3%~73.6%2Z[0] , 3% 5 1 R B(a)P (11
BHEFA G, REFFMII TR, MRS 2855
FEIIr T KN Ko T BRI 5~6 R ZHT5
JEAE -3 b R B FH AR L 25 520 T A mT S U 5%
5, FENCRALEY, X nT B X R A A LTS
L IHE LA R A 0 i R 22—

t I 1 P450 TEPE A LR LA ) B(a)P
AR K S AR 1 LA e ) R D 1 A S A R
FH o 35 HAMMTFFE 0 25 AR U225, FRARMRAEIF T
BH,0.1 mg-keg™ F1 1.0 mg-keg 'B(a)P & &5 X} i 15
Annetocin Fii AL KRB A B % FIRER ,B(a)P
XiF i 451 A B A 52 L AR B DR B, B 1 ]
I, B(a)P 5§& 5 P450 H M2 (B 1A7E— & 17 i -3%
NG ZR AFRMAR 1k sh MR KA T B, vT L
LA B 7 T AR IS 25 S A T R

e Se B(a)P WM B (a)P K ML
(0.05 pg L), JLFAE TR, N ILAR AT s X 37 1 A=
PR - 58 B(a)P FEAEHE il 0] B, 5225 PAS0 1
NS R, CYPASO il 22 S AR I 2l 3R BE
Al fig5 30 Z ) T B G XT B(a)P AL 1 R
HEHRARTRA K, BFERE R 2E L P s AR 25 Yo )
Xof A A 5O 1 — R WO =X, A BT B 7
IOV IFUN o

f & 1AL ,0.1 1 0.5 mg kg AR M E B(a)P
Jpia T PASO TEPEFAIC, 50 BRAH F R R4 K, L 0.1
mg-kg'B(a)P 8 T WIE N, 53 518 37% 44% 1



5 28 455 2 1] AR

B2 % 341

58%  MER S MR EE T, PAS0 15 M R B S T i
P LA R PASO B2 EZE R, 2 5%
Tl PGP RN AR AL B e AR R N AR R
I, P450 5 /e AR E 14678 B(a)P #EEEYS
AR R

GST M5t i) i BB )5 B Bz —,
BRI BEH K (GSH) FsE B E RS 45 A
2 BOKIE AL S WHE B RS, B E
W AERRAE YR IR E A, B A P R sz 4
5>, B(a)P ST, GST IGPERR I 25 5 (8] 2)
FEH RIS 21T B(a)P JBipaen oA i i ke 1] A 8 2%
(3 EAL G . HA A X 5] GST 595 Y My g
WO WS R W, GST Xt V5 Yo 49 114 i Jof A SR
Saint-Denis %5 M 85717 B(a)P 375 Y42 W
WF5E 8w R E B(a)P 5 AR WA E] GST 1h 4 1Y
B FARES, HAF 5T @R GST AL B AR ML
Ribera A\ 752X GST 1GPEEA B>,
AT, GST 1% 5 22305 Y Wit i i, 6 R 5
W] ) SRACE AN A D12, il A5 ) RS e e T
GST A% 1, 45 5 B/ . 7E 0~0.96 mg kg™ BE15 YL i
FF,GST 7655 3 d FIEH 14 d 43Rl RIS 2 09 s
SRR, (HAEEE 1d, 55 7 d NS5 %R 3 2
S, HASE U222, nf 0l GST X B(a)P K HAhZ
TSRS YL e o M N EEAR

CAT 7] A5 3078 bR A= ik 3 et o AU AL &, 4
A N AL E A . CAT TP AEIRIG ISR 7 d 7=
A B AL X UEI CAT 5 X E B (a)P (0
IO ELA SRR CRIERS 7 d FF g 1o ) F1 B B (R 7
d B ICHT IR ) o Y5 G 5 A Mk o 15 4
PO A BE AT o] UL, B(a) P BRI A 3 1 e 5]
Pt AL A R A L 3 S e AT il — B0, ik
PAERIMETE R, M ls] CAT AAE RIS (91 (55 1.3
) XFIE B a A B e N 7R R (7 14 DT
FaSE , AT 0L CAT 1EPEXS AN [R] 22 34855 4 B @R i o, ATl
AR TR 56 Ko H Al 3 56 45 S He 5T WL CAT X B(a)P
IR RN B TE BB, X — B S = 3 1 MR 55
T W4 o

sk E LS R s, dE. AR T, MK
POD i E PEAEIRIR 1955 7 d EAT W 25 ma ™, ik 54
R POD 7RI ES 3 d 90 R E S s G
i 22 (&l 4), 3 FEB B(a)P X POD il i) 38 51 5%
N EE EETTRR,

f & 3 A& 4 1] UL, CAT F1 POD JEMAESS 3 d

PRI NARAESE B()P P F Thim , MK E T A
PR S (R B2, [ 3 18 4) . Gastaldi
U7 SOREESERiNp e VRS NIZ:S €11k e
Qe 57 IS W AR 3 (P

SOD i Me— L 02 A i3 N R P RIS A AL
RS Y- 20 PN 9 PR 4R E SRR R (Reactive Oxygen
Species, ROS)BYVERT o FHS T Y i AR Je AR sz e A= 4
BT E AL RE S, & 5 Hh SOD Ay ARk A # R
B(a)P I RELS A 1 HLAAL I REE 2R A5 405 . AT IS
FRAE B S HAWTS G aa T R £ T SOD
RS P e 7 R SRR, LR BRI S S AR e 4
XA AR,

4 Z5ig

P450 F1 SOD X} B(a)P % &5 Wi i # fUEk , CAT,
POD LU GST USPER 22 o A HR sk AR -
P450>SOD>CAT/POD>GST,

LEA A SSERT T AR 1 RIS 25 R
N, AT () R BN ASFER TR

ZEFTHIHEAT RO R S P4SO X +HETE | BERTAES
BRI Z IS, At — DR S ] PAS0 F5 bRt
IR it 22 R 5 J ¥ Y i 17 A B B AT, A ke
P450 VE Ry #8314 3875 Yo AR S iR b g it T
A

Sk

[1] Bouche A. Earthworm species and ecotoxicological studies[C].//Greig—
Smith P W, Becker H, Edwards P J, et al. Ecotoxicology of earthworms.
Intercept, Andover, UK, 1992.20-35.

[2] Didden Wam. Ecology of terrestrial Enchytraeidae[]]. Pedobiologia,
1993,37:2-29.

[3] Van Brummelen T. Distribution and ecotoxicology of PAHs in forest soil[D].
PhD Thesis. University of Amsterdam, 1995.

[4] OECD, Organization for Economic Co-operation and Development. Test
207 : Earthworm, acute toxicity tests| R]//Organization for Economic
Co—operation and Development(Ed. ), OECD Guidelines for Testing of
Chemicals, 1984.

[5] ISO, Standard number No. 11268-2. Soil quality: effects of pollutants on
earthworms ( Eisenia fetida). Part 11. Method for the determination of ef—
fects on reproduction[R]. International Standard Organization, Geneva,
Switzerland, 1998.

[6] Zheng S, et al. Annetocin and TCTP expressions in the earthworm Eise—
nia fetida exposed to PAHs in artificial soil[]]. Ecotoxicol Environ Safe,
2007, doi: 10. 1016/j. ecoenv. 2007. 10. 025M.

[7] Hodgson E. Microsomal monooxygenase[C]//Kurkurt GA, Gillbert LI,

eds. Comprehensive insect physiology, biochemistry and pharmacology,



342 T F% .l (Eisenia fetida) A0 2 PASO K3 4 AL 22 % BRAE Mk BE2E 3T (a ) EE B MR I3

2009 4£2 H

11. Oxford : Pergamon, 1985: 225-321.

(8] BRALHE, Vo RIS A4S t )y HUN RS RE 1R A LU0 Al )] A 41,
2000, 20(2):299-303.

QIU Xing—hui, LENG Xin—fu. The tissue distribution of monooxygenase
activities of cotton bollworm ( Helicoverpa armigera)[J]. Acta Ecologica
Sinica. 2000, 20(2):299-303.

[9] Marina Camatini, Patrizia Bonfanti, Anita Colombo, et al. Molecular ap—
proaches to evaluate pollutants[J]. Chemosphere, 1998, 37 (14-15).
2717-2738.

[10] Aline Y O Matsuo, Evan P Gallagher, Mary Trute, et al. Characteriza—
tion of phase I biotransformation enzymes in coho salmon (On—
corhynchus kisutch) [J]. Comparative Biochemistry and Physiology,
Part C, 2008:147(1):78-84.

[11] Tommy Andersson, Lars Forlin. Regulation of the cytochrome P450 en—
zyme system in fish[J]. A quatic Toxicology,1992,24(1-2):1-19.

[12] Zhang Wei, Song Yu—fang, Sun Tie—heng. Earthworm cytochrome P450
determination and application as a biomarker for diagnosing PAH expo—
sure[J]. JEM, 2006(8) :963-967.

[13] Rajesh Kumar Tewari, Praveen Kumar, Parma Nand Sharma. Antioxi—
dant responses to enhanced generation of superoxide anion radical and
hydrogen peroxide in the copper—stressed mulberry plants[J]. Planta,
2006, 223:1145-1153.

[14] Luo Y, Zang Y, Zhong Y. Toxicological study of two novel pesticides on
earthworm, Eiseniafoetida[J]. Cherrwsphere, 1999, 39(13):2347-2356.

[15] 5Kk B, PRARTE. M2k BI04 (M. (5 =10, dbat. %

R, 2003:123-124.
ZHANG Zhi-liang, QU Wei—qing. Guidebook of phyto—physiology ex—
periments[M]. Beijing: Higher Ecucation Press, 2003:123-124.

[16] #RBEde, e L, RENIES. 1 A U R L B M i 22 S0l
JEREME)] FAFEA#, 1997, 16(1):73-76.

XU Jing-bo, YUAN Xiao—fan, LANG Pei—zhen. Ultro spectrom test of su—
peroxide dismutases|J]. Environmental Chemistry, 1997,16(1).73-76.

[17] Omura T, Sato R. The carbon monoxide-binding pigment of liver mi—
crosomes[J]. Journ Biol Chem, 1964, 239(7).2370-237.

[18] 5K A, AR Ty, PMKHT , S5 M| 40 i (5 3% P450 2 Wbsic or ik

BFSEI.FREEREY:, 2006, 27(8) : 1636-1642.
ZHANG Wei, SONG Yu-fang, SUN Tie—heng, et al. Establishment of
method for cytochrome P450 of earthworms (Eisenia fetida) as a
biomarker{J]. Chinese Journal of Environmental Science ,2006,27(8):
1636-1642.

[19] Silvia M Contreras —Ramos, Dioselina A lvarez —Bernal, Luc Den—
dooven. Eisenia fetida increased removal of polycyclic aromatic hydro—
carbons from soil[J]. Environmental Pollution, 2006, 141 :396-401.

[20] Sverdrup L E, Nielsen T, Krogh P H. Soil ecotoxicity of polycyclic aro—
matic hydrocarbons in relation to soil sorption, lipophilicity, and water
solubility[]]. Environ Sci Technol, 2002, 36:2429-2435.

[21] Song Y F, Jing X, Fleischmann S, et al. Comparative study of extraction
methods for the determination of PAHs from contaminated soils and
sediments[]J]. Chemosphere, 2002, 48:993-1001.

2215k B, RETT, IMRHT, S5 FEFIEEX U] (Eisenia fetida) 40 {4
F P450 F AL 2R 2] A5 fk2¢, 2007, 26(2) :202-206.

ZHANG Wei, SONG Yu —fang, SUN Tie —heng, et al. Influence of
Phenanthrene and Pyrene on cytochrome P450 and antioxidant en —
zymes in earthworms ( Eisenia fetida)[J]. Environmental Chemistry,
2007, 26(2):202-206.

(23] 5k Fi, AR FIF, IMKHT, 5. IR A TS Y B A e
BR8] AR 252741, 2007, 18(9):2097-2103.

ZHANG Wei, SONG Yu —fang, SUN Tie —heng, et al. Efects of low
dosage pyrene pollution on biochemical characters of earthworm (Eise—
nia fetida)in soil[J]. Chinese Journal of Applied Ecology, 2007, 18(9):

2097-2103.

[24] George S G. Enzymology and molecular biology of phase I xenobiotic—
conjugating enzymes in fish[C]//Malins DC, Ostrander GK (Eds. ),
Aquatic toxicology, molecular, biochemical and cellular perspectives.
Lewis Publishers, CRC press, 1994: 37-85.

[25] Saint-Denis, Narbonne J F, Arnaud C, et al. Biochemical responses of
the earthworm Eisenia fetida andreiexposed to contaminated artificial
soil ; effects of benzo(a)pyrene[]]. Soil Biology and Biochemistry, 1999,
31:1837-1846.

[26] Ribera D, Narbonne J F, Arnaud C, et al. Biochemical responses of the
earthworm Eisenia fetida andrei exposed to contaminated artificial soil,
effects of carbaryl [J]. Soil Biology & Biochemistry, 2001, 331123 -
1130.

[27] Nusetti O, Zapata—Vivenes E, Esclapes M M, et al. Antioxidant en—
zymes and tissue regeneration in Eurythoe complanata (Polychaeta:
Amphinomidae )exposed to used vehicle crankcase oil [J]. Arch Environ
Contam Toxicol, 2005, 48.:509-514.

[28] Gao Yu—hong, Sun Zhen—jun, Liu Yan—qin, et al. Effect of albendazole
anthelmintics on the enzyme activities of different tissue regions in
Eisenia fetida [J]. European Journal of Soil Biology, 2007, 43:5246—
S251.

[29] Laura Gastaldi, Elia Ranzato, Flavia Capri, et al. Application of a
biomarker battery for the evaluation of the sublethal effects of pollu—
tants in the earthworm Eisenia Andrei|]]. Comparative Biochemusiry
and Phystiology, Part C, 2007, 146:398-405.

[30] Stefan I Liochev, Askar R Kuchumov, Serge N Vinogradov, et al. Su—
peroxide dismutase activity in the giant hemoglobin of the earthworm,
Lumbricus terrestris|J|. Archives of Biochemistry and Biophysics, 1996,
330(2):281-284.

B #, A, 55 2891 () XS R LR 5T A b H Ik
IR JE TR A ARBERR, 2001, 40(5) : 1095-1099.
FENG Tao, ZHENG Wei—yun, et al. Effect of benzo (a)pyrene on con—
tents of reduced —glutathione in the liver of Boleophthalmus pec—
tinirostris[J]. Journal of Xiamen University( Natural Science ), 2001, 40
(5):1095-1099.

(32115 ¥, FBIL 2, 5 8T (a) BEXS g £ JHEHIE RN B S5 S AU A3
IR RS Y LEEWETE [T NI AR 252441, 2001, 12(3) : 422-424.
FENG Tao, ZHENG Wei—yun, et al. Effect of benzo (a)pyrene on con—
tents of reduced—glutathione in the liver and ovary of Boleophthalmus
pectinirostris|J]. Chinese Journal of Applied Ecology, 2001, 12(3):
422-424.



