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5x10%,1.11x10°,1.43x10° min~; Xt F IR BB B4 B R 5x10°.5%104.2.5x10°,1.67x10* min™, 96 h LCs {5 Vmax/Km {HAAE
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Desulfuration of Chlorpyrifos, Parathion, and Malathion by Hepatic Cytochrome P450 in Four Species of Fish
BIAN Wen—jie, XU Yan, LI Shao—nan", ZHU Guo-nian

(The Institution of Pesticide and Environmental Toxicology, Zhejiang University, Hangzhou 310029, China )

Abstract: Fish is common in water and is suitable for identifying the presence of chemical pollutants in water bodies. For evaluating efficien—
cy of oxidative metabolism in determination of sensitivity of fish to organothiophosphorus insecticides, in vitro desulfuration of three insecti—
cides, i.e. chlorpyrifos, parathion, and malathion, by hepatic cytochrome P450 was measured using four species of fish, i.e. Danio rerio,
Xiphophorus helleri, Pseudorasbora parva, and Lepomis gibbosus as surrogates, and the activity was compared with sensitivity of correspond—
ing fish towards the insecticides. Result of the study indicated that 96 h LCs, of chlorpyrifos for the Danio rerio, the Xiphophorus helleri, the
Pseudorasbora parva, and the Lepomis gibbosus was estimated to be 1.94, 0.171, 0.027 3 mg+L™" and 0.068 1 mg-L", respectively, and 96 h
LCs, of parathion for the four species of fish was estimated to be 2.6, 0.055 9, 1.78 mg-L™ and 1.02 mg- L, respectively. As for malathion, the
96 h LCy, for the four species of fish was estimated to be 7.07, 0.907, 6.03 mg+L™" and 0.172 mg-L™ respectively. Desulfuration activity of
hepatic cytochrome P450, as scaled with Vmax/Km, was estimated to be 1.67x10% 2x10% 5x10* min~ and 2x10* min~, respectively, for
chlorpyrifos, and the activity was estimated to be 2x10%, 5x10° 1.11x10° min™ and 1.43x10° min™, respectively, for parathion. For malathion
the activity was estimated to be 5x10% 5x10% 2.5%10° min™ and 1.67x10* min™, respectively. A negative correlation was found between LCs,
and Vmax/Km. The value of R* was estimated to be 0.218 1, 0.894 0 and 0.510 1, respectively for chlorpyrifos, parathion, and malathion. Re—
sult of the study suggested that cytochrome P450 played a negative role in creating tolerance of fish to organothiophosphorus insecticides.
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TESUIE X BB A SRR B R ) IR A AL
PRGN, HA MR | B RMEREN, AREE 2
SOETER) 2 TSR & A ETIR o X LE A LBk
ARBFEHFENNTERE T 22 R, 3k AR i
IS GEF XK AR A 7 HE EE

AR PASO REZCHEE, |z TRk
HE SR A RS ) SR HES I A B RE B A
P — L6 A B 2 A BRI RRAY N DRI SR ANBCR R
B HERALE WA YA BACHE, T BZ 5250
TR BN 25 | BR 25 BRI TS R S5 ) A M R AL,

ABIF ST LABE T #1512 £ | S 7 £ A1 K BH 8 A XoF
2, BT A R TRE PASO i 22 %) T RESLME X i
PR BR A 3 Bl A UBEBR BRR A R A R
ZE5t o B ARG I ST E 455, 04T T P4ASO
5 B B RA QI f 28T 25 0 B 7 P B R4 HY)
YEM

1 #REFZE

11 #RE5EF

PRI E BT R Y 97.6%BE AL ZY , 98% Xt ik
JE 251 90.0% Sy i Bl S 245 359 FH AT M W7 KB R A 24
BHE A BR A R4 A5 I 19 99.0% X% B Bihn
T i A 99.0% S hr Bt 5 45 HE 1 #4924 Dr. Ehrenstorfer
GmbH i1 ,99.5% 5 S MARME it . 98.0% Ehhr EHbr
THE LA 99.0% % E WA E T 39 F 35 [F Sigma A H],
99.0% S M. Bt s — 80 br 1 5 1 F 75 80 EHSY 2 H]
99.9% 6,13 F B I F R U & A W EE % H ARG BR A
F399.5% 2. B8 Z Bg 53 B 260 FAT M SUMAL T30
99.9% 4,1 7, i W F 3£ & TEDIA /A 7] 599.9% = ¥4
FEE AP B ol TAU 5 E A AR R 5T
3] 536.5%F B T L B AL TR A R A F
HoAh AR £ 16 B B30 3 A [ P oA
1.2 {328

Anke GL-20G-I1 BV REL.LHL, gl
{8 ; H Az CP=T0MX ¥ VREE Bl ; UV-7504 PC
AT AT, B ER A PR R s Agilent
6890-FPD S AH i , HP1100 =38 AH ik {55
1.3 i@k

B & £ (Danio rerio) . % & 1 (Xiphophorus hel—
leri) W F AU BHLLKIRIE , Z #if (Pseudorasbora par—
va), X FH A (Lepomis gibbosus ) W T M T 4 MLl 2~
W BRI S T . BE S £ 81 R f A A K B £
AR K GEE )43 318 3.0.4.1.5.4.4.4 cm, 3

TRE S HH 0.180,0.828.,1.460,0.904 g, ISFFHIEZ A,
F7E (2221 ) CHIBRS BRK T 2AYI5% 1, A
TEIEH M R 5% i fa g U, e sh 0% , 1
BEE, AL MRS TR AT A AT

1.4 3 fRZ5xT 4 A EEY

KAZLEE R ks, B a2k a it
W AT R K FR R IEISE 3 Fp2y &
6 MRELEE, GAMEE 3 AESE M3, B E
Rk 10 B, R — A IR 255 (5 g
& -80,50 mL PR )%t R .

XoF T D 2 % BE S B R I B R 0.150,
0.300.0.600.1.20.2.40.4.80 mg- L ; X 61| & f (1) vk
# & & 0.005 00,0.010 0,0.020 0,0.040 0.0.080 O
0.160 mg-L™; X 22 18 £ F1 K fH A 344 0.100,0.200.,
0.400.0.800.1.60.3.20 mg- L, F5 500 5124 %o B L A1 £
Wk BE R B 4 0.100.,0.283.0.801.,2.27.6.41,18.2 mg-L;
Xof 621 Jg £ A1 K B £ FY) Mk BE BB R 0.020 0,0.059 2,
0.175.0.519.,1.54.4.54 mg-17'; XJZEFEMA N 0.012 5,
0.025 0.0.050 0,0.100,0.200.0.400 mg- L, Bk
JE 24 % BE S £ (4 vk BE IR E Ol 1.00.1.97.3.88.7.65
15.1.29.7 mg-L™; XF 61| B8 a1 i) ¥k B 52 B 4 0.500.
0.985.1.94.3.82.7.53.14.8 mg-L; Xt 4k 1.59,
2.70.4.59.7.80.13.3.22.6 mg-L"; X A FH £ 4 0.0169.,
0.033 2.,0.065.0.129.0.254.0.501 mg-L",

R TFAE R ET 1 d ffF EMRE, X E R R
B, 24 h HH—PEIFR, IF T REIF RGNS
24.48.72.96 h ic kA BT EY, [FB B BRAE £
1.5 FrAEZARA 3R PASO BE il A& &S

HAHT 1 d 451 MR, B0 ORI AL 5E , T BRH
HH AR A0 T BY RS/ BR, 5 KC1(0.15 mol - L) Y BEFR
ZE Pk (0.1 mol - L™, pH 7.4) 2 & vy 3K , 7E 10 000
g4 CTFE.L 15 min, BUEIFRAE NI
1.6 A GEERSENNE

JHFARoRE (A2 25 B AT € >R F Bradford ¥, A4
ME B BV PR EY,

1.7 BERtrAEMLZ

B3 F Microsoft Excel 2003 #3474 34340 o
HEBE R AR B RN

Y=7.197 9X+0.023 1(R’=0.992 8)

BT ERRIITE E R 0.01~0.1 mg-mL™, AR
MRR A 0.01 mgemL™?,

1.8 P450 Bgxt 3 25y R B4R iGHE A
B 0.1 mL F§W, FINA 0.5 mL % 0.05 mol -L™
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Tris—HCl 28 1% , 53 AN [F] 28 HL3E A R (o
TRBE RESLME DB ), [ R AR O 5.10.20,
50.80.100 pmol - L (AW AAFRH 1 mL 5, 7E1HIR
fEIRIEFRAE (25 C)BIF 3 min, RFHA 0.1 mL 1
mmol - L ) NADPH, FIZrh## RS WA E 1 mL,
25 CHEFF 30 min J5 B, AR BEH9E Hon 0.5
mL FRAMR (6%, VIV )L 1k R INEE e 14
0.5 mL [ ZJEL L5 B Rrmisat i Fom 0.5
mL 7 KA 8 R ) 0.05 mol - L Tris—HCI 2% #hi
LN . AR5, FFIMA 2 mL ZFRZFEEA 1 mL
NaCl(3% ,W/W ), S BB B A 7=, E I T 7EHR G
25 FRIZIYRY 3 min, 7E 3000 r'min”.4 CFE.L> 10
min o IR FEFCAN SR A9 B o3 3 X
ARk B — S M S P AR B A VLA, B 3
L 2.7 2P AR TR, B0 &I LA, F
BAURT: o AR RIAESEIF € T B 2% 1 .,
RO IR, TS HBBE I L L R 5 1
mL, U R

1.9 &Mt

X BB T 55 AR RS A 2% (DAD ) 5 4K
FI45 £ 34 (Hypersil ODS, 5 wm )4.6 mmx250 mm( £
5 :E1922368 ) ; i sl #H B B2/7K =70/30; I K 280 nm;
W 1 mLemin™; R E 20 pL; EiE,

KBS — H g R B SR
(DAD ) ; & F) 45 8,7% 43 (Hypersil ODS, 5 wm)4.6 mmx
250 mm(#:5 : E1922691) ; it 348 B B/0.1% Z BR (W/
W )=90/10; K 290 nm; Fi#E 1 mL-min™; YEEEE 20
pL; =i,

D E TS S KIBESE RN AR (FPD); 5
J&4+ Supelco spb—1701 30 mx0.32 mmx0.25 pm; FiE
F R BE 240 °C; & fRIE EE 100 C; #2 /7 FHE (40 C-
min~ F] 250 °C, %85 0 min,20 °C-min ] 280 C, {4
B 8 min) ; A I ASIELEE 280 C;#EHEE 1 pL,

1.10 7T ER MR X M

HERRFRIN 99% W s (X BB A AL ™4 )
PriEfh 0.002 8 g, BRI T E AR 10 mL, 75
1 mmol - L™ R ¥E i B , FI FH BE B R BRI , 153
50,20,10.,5.1 wmol - L™ ¥ R 5 ¥k BEARAE o YERHFRER
99% FMLARBE— 48 (FEFLMF AR A=Y ) br e
0.003 4 g, HHMEEMITELSRE 10mL, #7151
mmol - L™ AR B, FIR BEZBRFRBEAR, 153
100.10.2.1.0.1 wmol - L f R FN UK BEWRAE . HETAFR
B 98% S5 hr A B ( S hr o B i AQ 3 7= 1 ) A v

0.003 2 g, HAMBIEMIFESRZE 10 mL, 151
mmol - L™ AR BRW,  F A TR R B, 15
#]20.10.5.1.,0.1 pmol - L™ Y RFVMKEFr#E . 7EL
REGERMAT, WES AN R, HkErE
W AN TR AR 2B R AP RM R R, HIE
IEpsx =5 il R

NP V=5 259.2X + 17.49 (R?=0.999 9)

SURERE—4 . Y=1815.9X+487.92(R>=0.999 9)

TR &R V=32 555X +2207.1 (R>=0.999 8)
1.11 #iELIE

Fi Microsoft Excel 2003 %X {4} DPS V3.01 £\
RN SE R B R AT G T T, SR D AR
(mean+SD)ZFE/R,

2 GHRESH

2.1 HieR TR DR HEEEX 3 an sk

AN [F VR P R SR A PR BT T £, 24 . 48.72.96 h J&
) LCs 43 B4 2.94.2.22.2.22 . 1.94 mg-L™; SR
24.48.72.96 h J5 i LCs 43524 0.179.0.175.0.175,
0.171 mg-L™; Zf# % 0.072 0.0.037 5.0.029 1.
0.027 3 mg-L™; K [FHA 4 0.098 0.0.068 1.0.068 1.
0.068 1 mg-L7,

N [R)VR BE N B i A PR B T £, 24 .48.72.96 h J&
) LCs 433K 2.78.2.63.2.63.2.60 mg-L" ; IR
24 48.72.96 h J5 i) LCs 43 5 A 0.062 5.0.058 3.
0.057 2,0.055 9 mg-L™'; FZFEN 2.25.1.86,1.83,
1.78 mg- L K FHA K 1.74.1.14.1.02.1.02 mg- L ,

ANEVHR B SRR B AL BB T 4,24 .48.72.96 h
Ja B9 LCs 2 5211.5,10.4.8.45.7.07 mg- L™ ; & B fa
24.48.72.96 h J5 i LCs 43 51 2 2.04.1.97.0.945
0.907 mg-L; ZEffaF 14.8.8.86.7.00.6.03 mg-L;
KFHF % 0.281.0.193.0.172.0.172 mg- L,

AR RO . X B S SR A B A BB
fa., SREM., EiEfa N KM, 96 h J5 =1 R
LCso( HBIEUR )R 1 Pron . AL 3 FhAZ%t 4 Fif
1 96 h LCso ¥FATE B E M 22 7 (P<0.05)  BRFEIEXT BE
Dt ) LCs .35 5 T A 3 Fhfa, XHER MM LCsy
B/ MR BE D A ) LCs B, N8R MK i
1% ; SRR X BE D # ( LCso B , R IR SR Rl
St KM,
2.2 faFF4RRE AR P4SO X R ZGHI4R i
2.2.1 fafFAffL . PASO X 25 A4

B o4 51 R £ 3 e AR K A B O B A
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ARG EEFE A B AT B — S VR LA 1,

Bl 182, BRS wmol L7 B MGIEMA F
Feli £ FIACPH £ 5% 100 pumol - L B 61] & £ 1 FH #a i
XA LR ICR B 2 RN, 4 R A e
F PA50 TEAEALAS R MR B B AU i A S A b o — 4
s, A —E AR EZE R BE, AR
2N B 2 R B 2 (P<0.05) , 3t B 76 R 16 Ik B S el
W, BEE I 35 SE R B A3, P i S AR — 4R
4Rt AF D 3

A R B A BRSO HE (nmol -
min-mg™)= PRI AL PR R/ (RN B [RIXERVR ), AT 40
TEARBIGE P PASO BAE LKLY AE BU™ 1B AR i 1
B V=X E R A M — A S S R A B iR
(30 minxfECRLARIIVR BE ) o X RN T V R YIHR E
SAESUEI S, 7T LATR B E SN K R B R o X

Lineweaver-Burk 72, RIEHE D GlREMA FiEMA
A BH £ A4 FF 40 (2. 28 P450 Xt AS Rk BE A B 8L AY
tEAv I, DA Lineweaver-Burk FERAER, K& 2 fr
e B, SlEM ., FRafKHalfapa®
PA50 {4 BEFEME A S PR 1 5 FR 53 R «
Y=6x10"X+0.2124 (R?=0.9472)
Y=5x10"X+0.039 0 (R?=0.9805)
Y=2x10"X+0.1777 (R*>=0.9811)
Y=5x10"X+0.650 4 (R?=0.9562)
HTEKEY fh EREMEIHER 1/Vmax, 7E
X i F#REE A4 XHEN 1/Km, AT AT AT Vmax/Km=H.
LRIRAEIE AR AR N B LR 5k
6x107°.5x107,2x1075.5x107, NI Vmax/Km {EHI KNy
HA 1.67x10* 2x10*,5x10*.2x10* min™!, BIZEfEM>K
FHEa =8| A>3,

R 1 BN IR DRREE N EMEBILRE

Table 1 Regression equations and median lethal concentrations after 96 h exposure duration to chlorpyrifos,

parathion and malathion respectively

A FhHER P HHFEUE LCs/mg L 95% 8 {5 Fi/mg - L
FEACIRYBE Y=3.898 7+3.835 4X 0.981 9 1.94a 1.56~2.61
FIBI R A Y=11.959 2+9.083 2X 0.999 9 0.171b -

3 a0 i) Y=8.892 3+2.489 4X 0.950 8 0.027 3d 0.017 4~0.036 6

FERL/ K B £ Y=16.645 1+9.980 7X 0.996 6 0.068 1c -

SR BE Y=-1.355 5+15.336 8X 0.997 5 2.60a ~

XA E Y=11.139 4+4.902 5X 0.964 8 0.055 9d 0.045 5~0.078 4

VU EiTE T o Y=1.008 9+15.987 8X 0.995 2 1.78b ~

X B/ B £ Y=4.937 4+5.889 3X 0.986 2 1.02¢ 0.854~1.45
DRI A Y=0.478 6+6.451 1X 0.983 9 7.07a 6.16~8.66
SRR R A Y=5.272 9+6.458 5X 0.968 9 0.907b 0.778~1.04
R Y=2.064 4+3.761 8X 0.921 8 6.03ab 5.15~7.06
ILRIBR B K FH Y=6.844 4+2.410 0X 0.985 4 0.172¢ 0.132~0.271

T A R A AR AR (n=3) ; Al — R B /NG TR RIZORTE 0.05 K FEFAEE , R ADuncan ZE L, TR

40 a
ik
35r MOxos
1 30} EsiRE
% s OFHA
E [ Bkma
% 20 b
Sl b Z
4 10} d %
i ey d e[ 7 Z
/7 /7
olcbolrtrrn Al b % %
5 10 20 50 100

JEYIHE & /wmol - L

B 1 AE & EER P45 X EIEME B H AR i
Figure 1 Chlorpyrifos desulfuration catalyzed by hepatic microsomal cytochrome P450 enzyme system in different fish
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14+ HIFASAE B R 53 00K -
ol & EAE Y=5x10"X +0.349 1 (R*=0.9721)
Sl
1o} A ki Y=2x10°X +0.017 1 (R*=0.9651)
R Y=9x10°X +0.3797 (R’=0.9818)
Ll Y=7x10X +0.023 7 (R*=0.9992)
I Fh ] 4 L0, R £ T B A B
L 5x107%,2x10,9x10°,7x10, A [&] f4 £ I X 17 1)
. Vmax/Km fEHIF/ NI 2x10°,5x10°,1.11x10%,1.43x

0 50000 100000 150000 200000 250000
S7/mol™-L

E2 #5& EHE K& RIEER P45 L H5tiR
Lineweaver—Burk F1&

Figure 2 Lineweaver—Burk equation of chlorpyrifos desulfuration
catalyzed by hepatic microsomal cytochrome P450 enzyme system
in Danio rerio . Xiphophorus helleriPseudorasbora parva and
Lepomis gibbosus

2.2.2 fafiF4f e PASO XX BB AL

BEThfa S A | F Rl A X K BH £ oA B B
ARG B A O S VR B L 3,

Bl 3 Bon,4 P PR P450 e AR
W FE ST RS AL A X B A R P, X R A A R
EZ5 B, BIEIE RN HEE 25 B3 (P<0.05), 3 A
FEARHR BE BT (5~50 wmol - L), B & IR M G AVE B (1
e, PR AR R AR N, e R R A
(80~100 pumol - L), =YX} A AR BESE MRN8 ,
[ 2 TR, 2 100 wmol - L B, 21 B8 £ i i et 12 4
PR EE T R E R,

FREBE L) a6 2 Far 22 i R K FH 4 %) 40
8 F PASO XiF AS [F) ¥k B 14 X B B %) 1 b s s, LA
Lineweaver—Burk JEXAER], tnE 4 fis . BEDhfa 61

10° min™, B B> K PHfA>FE A >BE D,
223 faffF4f a2 P450 Xt DhrmimsngFeit

KDt SR A | F R A KK BH ok (A Bt
AR SRR AR AR S P A A MR L S

Bl 5 8~ ,4 FifafF iR P450 LA
W B ORI (b b DR E B RS AR P, DAY
ERBEEFEE, RN EFEEREE (P<

121

| emaE s
08 o
ol AKHIf

(oFi1)z2%:]

, —0 ;

0 50000 100000 150000 200000 250000
S7/mol™*-L

B4 30& 86 KAEESEEF P450 17

Lineweaver-Burk F#2

Figure 4 Lineweaver—Burk equation of parathion desulfuration

catalyzed by hepatic microsomal cytochrome P450 enzyme system

in Danio rerio  Xiphophorus helleri.Pseudorasbora parva and

Lepomis gibbosus
Bt FFEAEMKHEFAEAE PASO AL HsE

60 -
a
MxDHE a 7
L0 BoRe ) %
D 40 OZ%E#a a b P %
2 B . 27 77 7
g Xk 7 % %
L -
v d |77/ v
: s o zzz g
= 207 b d[ % Z
L, v M zz zzz zz
- 7 7 7
c a2 b ded 77 % % 7
0 M . 7y . /B 7

5 10 20 50 80 100
AUk B/ pamol - L

B 3 AE&FAMEER P45 X HmB R B F I 5

Figure 3 Parathion desulfuration catalyzed by hepatic microsomal cytochrome P450 enzyme system in different fish
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0.05), JEHAERIWKELEIN, BEERYEERY
T, 7= v B AR 3 A

HRYEBE 58 | ) 2 £ 22 o R K PR 8 %) T 48 P
B3R PASO XA [F Mk BE A S hr B A i AL S, LA
Lineweaver—Burk JE XA, Wi & 6 fin . B8
Bt FEREAFKHEFAEAR PAS0 b SHiEm
BRAIAL I EE R 5 30 H

Y=2x10"X + 0.860 2 (R*=0.996 4)

Y=2x10"X + 0.0412 (R*=0.9946)

Y=4x10X +0.024 1 (R=0.9771)

Y=6x10-X +0.024 1 (R>=0.987 1)

S TR] ) £ X6 IO ) 2R LR 43 ) R 2x1074.2x
107°.4x107*.,6x107, Rt , AN [R] A4 £ BT % 7 49 Vmax/Km
(BB RN R 5%10°.5x104,2.5%10°,1.67x10* min™,
BV BH 2> 8 £ >BF T 1 > AR

90r

g0 ®EHEMA
70 O3S
ASIRMA

60
50
40
30
20
10|

O X

V~*/nmol ™+ min - mg

00 50000 100000 150000 200000 250000
S*/mol™*-L
E 6 3o& £/HE KHEaXKIEER PASOREN DR b
Lineweaver—-Burk 518
Figure 6 Lineweaver-Burk Equation of malathion desulfuration
catalyzed by hepatic microsomal cytochrome P450 enzyme system

in Danio rerio, Xiphophorus helleri, Pseudorasbora parva and

3 itig

Y ta R P450 RIEAE N AMEA = YA T AR
FAMARRI Z RF5 . R SRS T HE 4t
& P450 S5ZIF5RIRE RIEMEN LR, SGREH
E—EMRETEN, HREESHER P450 S &2
BB IEAX, BEBEEES RN 5 HEE P450 &
HOHRAHHABMFE- BN KR, FEFEN
YA IE| A 03 PAS0 ST AL 2R N I VR RO
EE A N B R B, F8 bR USSR R I P450>
SOD>CAT/POD>GST, ASCHIR TRt Sl %
Tt K KB AT (A P4S0 X FEFEM . SRR K
DR BRI BE ST . LARTAATTRFSE P450 X34
5215 Y i) AR B SR B K R B 3R K 5085 K
HE Vmax KRN PA50 XFIEET5 S i B i,
35 M Johannes ZEMB B 9T 5 1, % F Vmax/Km
AT 2R LR [F 4 3R P450 X S AE IR 2Y
RG2S Bk Vmax [ B ERAE RN A5 K
BE, T Km W8T B SRR EMAES), JEH Km
1B 5 KPR EMBE SR e, B SRR R
oL o SR A RE T

4 Fpfa JIF A L3R P40 Bl 2 % B2 SE BB A A 1t
B Vmax/Km i R/ A ZE > KHE >8] B A>3 D
i, P 4 Frfa 43R PASO B R X 2R SE IR T AR
RETRE ST, AR K, DR, Bk 4 Fhésts
FUME R R AT A= M B TR, BT AXT #EAE
WP AT RE 7 AR DU %o} B S AR ) T 52 B T I/ RS , A
I ) LCso MR/, X 5 AR SCHFSY 1) F S ) 2 Tl £
B LCs /)N, XTBED AR LCs e K —EN H P H LR
PEAHR TN

L is gibb
PO LI00SUS Y=-7 868.8X+31 015,R=(0.218 1)
351
ol DXDfE .
. @ SR . —
= Bp Ox@a % y
E ol BAHA Z 7
2 b % 77
Bl a 7 7
¥ 7 Z N7
T o zz -7 zz
/. /s /.
b 7 d 7 d 7
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Figure 5 Malathion desulfuration catalyzed by hepatic microsomal cytochrome P450 enzyme system in different fish
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