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strain of housefly, was studied. The supernatant
from the housefly homogenates degraded diazinon
efficiently in the presence of reduced glutathione.
There was no significant difference between the
rates of diazinon degradation by the supernatant
of Hokota and NAIDM strain, The main degra-
dation products were identified as diethyl phos-

phorothioic acid and S-(2-isopropyl-4-methyl-6-
pyrimidinyl) glutathione. The optimum pH for
diazinon degradation was situated approximately
at 8.5. Diazinon degradation by glutathione-S-
transferase in the supernatant seems not to play

" an important role in the resistance mechanism

of diazinon-resistant Hokota strain.

Studies on the Mechanism of Resistance in Diazinon Resistant Hokota Strain of Houseflies.
1V. Diazinon Metabolism by Mixed-Function Oxidase. Toshio Suono (Laboratory of Applied
Entomology, Faculty of Agriculture, University of Tokyo) Received April 1, 1974. Botyu-
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HUC TEIFA U7z diazinon & diazoxon D microsome ¢ k % {R# %, diazinon EHiPED HMFR
LiEs2ED NAIDM RO 4 = = TH~1z, Diazinon &, NADPH ©7£f£Fic, microsome @
mixed-function oxidase i€ X - T diazoxon & diethyl phosphorothioic acid iZ{{#Fant:, —
7, diazoxon (¥ mixed-function oxidase & & b ¥R D ether TALE DEICRB s,
Diazinon, diazoxon %{R#i-3 5 microsome @ mixed-function oxidase @ iGtEix, $HRDOFH
2 NAIDM FRXbh# 3658, Z 1, mixed-function oxidase @ [AAITH 5 sesamex #5, %%
MHBD A4 = 8= T, diazinon CIHERI 2R C & H» 5, mixed-function oxidase 35, #HROD
diazinon EHIEDHM E L TR ELBEMERIZVTW A L EBHGIIRIZ I,

Diazinon(0, O-diethyl O-(2-isopropyl-4-methyl
-6-pyrimidinyl) phosphorothioate) &tk MR
4 =N DNT, ZOEHIEOE NN LTS,
FORD 4 = /=T, BWD diazinon FHEYELE
TUL, kte, {kWiTsi) 3 diazoxon (O, O-diethyl
O-(2-isopropyl-4-methyl-6-pyrimidinyl) phos-
phate) DERIMA I EWH S I It (EH,
1974a)Y, Wi, #EFR D 4 =/,xxTi, diazoxon
%44 7 phosphatase DIEWEME L, THHHEIT
YEDEATE LT RS ZRHIERIILTHALE (IS
M ahic (EFF, 1974b)2,

AS2ERTId, microsome IZFETET A mixed-func-
tion oxidase (LLF mfo) iz % diazinon, diazoxon
OfRHH %, EHPEOHRITRE SRR T
~, mfo @ diazinon IEHYEEESIC ISV TRIZTRA
oW THRN LI,

MRBIUFHE

A xsix Diazinon EHiH: O HR L ERKD
NAIDM 4 = ¥x % vy, THUL# 4~5 HORE %
SLERiTPEL e,

$tIR%H#l Ethyl-1-1“C-diazinon, ethyl-1-14C-dia-
zoxon : {EAGIFALTEMASILL YBALI., AF
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FFO g iEE kX, Z2HhZzh0.600 mCi/mM, 0.645
mCi/mM Td -7z, Sesamex (2-(3,4-methylene-
dioxyphenyl)-3, 6, 9-trioxaundecane] : LT K5Ik
SRRl & b AR h B2 T,

BE¥E Tsukamoto and Casida (1967)® iz ki
i, 4= xOiciE mio o inhibiter A3{E1E
TAHDT, KRB OA 2V, HikL4 BED
42 N RBDOBER 2D ELY, Z202g % 10ml @
0.25M & 5 B, 0.01M EDTA %atr U > MEZHiIK
(pH 7.4, 0.05M) T, homogenizer % JijLyTHHN
Uiz, B% 7 — ¥ THELIH, 10,0008 T105}
BILLT, mitochondria %2 b fiy, 2oLz
104,000 g T 10§z Uz, Aotz tiiie 1.5%
@ bovin serum albmine fraction V (Armour
Pharmaceutical Co. ) %28tV > BRAZ WK (pH
7.5, 0.05M) (Zf4#) 34, microsome 4}li%{}, T
NRRERKE LI,

BEBRMORE 50 pg @ MC-diazinon i MC-
diazoxone % 0.1ml ® n-hexane KA L, 15ml
D=7 5 2aik AN, hexane 2 I B2k
1 ml OFHHE, 1mM @ NADPH %4, 27°C T,
75 R2a%iRE 5 UKL 2K incubate Uiz, B
ST 1, RS0 3 ml DTk EMA, 78U
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1z ether 275 ml %2 i 3 [EHHI U 22, /K430, ether
AWO—IEM D, ZhFnfaEmttenaLr:.
Ether 4}ilitz, 2g DEKMERF bV YA RINA,

deepfreezer (—15°C) uz 1 RIFIL T, WKL,

BiZKU 12 ether 4}k, SRURKGHMNT, ether %
x4, Riic, LRto n-hexane £ MMA T, TLC
DU E LI, .

ROSR, B TLC: IX.0.25mm o silica
gel G (Merck #t%Y) [D#fF1% 110°C TIERGHEYELL
U, acetone, n-hexane (2:3) TERBEL Tz, Radio-
autography : BB UM Fv— hg, X # film

(BL+EII7 1 Voo, EHRA) 200, 65
Ty 1 AR RigL, AL YC ofifie
e iz, BHIEOFESHRBIN AT OM 2 b
XY, ZOBAEIGE R MR L. 14U
column chromatography : JkiATED{SHHYIE, Plapp
and Casida (1958)9 %L T4 38 column
chromatography TRl5zUTz, 100~200 4 » & . D
Dowex 1-X8 4 4 L A#kilIR50g 2Nk 1.5cm O
yuw MIRFETAL, RO % A Teradient
ik bIEm LI

(I) pH2 HCI 500m!{~pH 1 HCI 500m!/

(I) pH1 HCI 200m/~1 N HCI 200m/
I 10ml O3 L, &0 & Y 2ml 2ILY,
HustEmtE ez LIz, £z, A EH O diethyl
phosphorothioic acid (ELF DEPTA), diethyl
phosphoric acid (ELF DEPA) %A T cochromato-
graphy %1372 - 128&1, &2WL D Iml 20D,
BHERETHER LI, Allen O BT Y v 2HnsE
iz,

HEREERORE KiErEEIL, 328 0.5 ~2m!
2REM/ 4 7 VIZAR, dioxane Ry v FL— 44—
(PPO 10g, DMPOPOP 0.25g, naphthalene 100g
it dioxane ZIMA T 1lizd3) % inzts. Ether
AT STEM < 4 7 M ER]0. 5~2ml 2 AN, ether
RHEFEXIRTH 5 toluene Ry v Fr—%~ (PPO
4g, DMPOPOP 0.1g % 11 o toluene iZ{FH>9)
15ml %2jnitc, TLC i 6o X1 silica
gel xR/ 4 7 VIZAR, 16ml @ toluene F{riv
vFLV—2—RMAl, 4% R chromatography
X S TRshIRENL, 2ml % JERl 4 7T
A#f, toluene-Triton iy v+ —4— (PPO 5g,
DMPOPOP 0.3g, toluene 667 ml, Triton X-100
33ml) At BMREEIERkS v P L - o
VAR bR A= —THHELT, _

RAOEHORE 7pg/fly OIKIRT, sesamex O
acetone ¥i%, MERHOBIERBINTMEEL, 30 3%
ICTSEMBED diazinon (D acetone X% Mz

Solvent front

piazinn @ . ‘ .
@]
. 0
Diazoxon ® -
0
0
Origin o
NADPH + - 4+ -
Strain HOKOTA NAIDM
Fig. 1. Autoradiogram showing production of

ether extractable metabolite of ethyl-
HC-diazinon by microsomes from the
abdomens of HOKOTA and NAIDM
strain, The developer for TLC was
n-hexane and acetone (3:2).

MPPL T, WAL 4 =32, 27°C ifdfFiL, 24
IRk EdR 23R Tz, Sesamex D 3LHEHIL %}
5295172, Sun and Johnson (1960a, b)*® MJj
iz & - T Cotoxicity Coefficient Z5IH{U T2,

B S

Diazinon Oft#® NADPH % nx 12050 &,
diazinon X microsome 4EIC L > TIUMaN, 72
@ ether AIAMED E R YN diazoxon TH o1t
(i1 ). Diazoxon LAz d 4 D ether 1fi7tED
RUYBEES 203, FARtOT-DRIHERSYE 2 WS
HLEMTEY, KIZDLEMLEIETAC LD
T X7, -1z, Diazinon 5 diazoxon ~D{UHE
NADPH %3 $ 505, mfo Oxicks b0

The effect of NADPH on the formation
of metabolic products of ethyl-1“C-
diazinon by microsomes from the
abdomens of HOKOTA and NAIDM
strain,

Table 1.

Metabolite

£2/20 abdomens/2 hr

HOKOTA NAIDM

None NADPH*

(C:H;0).,PSOH 0.61  5.85 0. 45 1.77
Diazoxon - 0.24 1.80 °  0.16 0.57

* Final concentration of NADPH was 10-*M.
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None NADPH*



BF B B ¥ & 39 %Il

15
=1 [
= 1 .60
=
S o ] 'E
J 2
\ q1.-.40
Sor .
‘R 1.0
8
. .
LR w
80 90 100
Fraction  No.
Fig. 2. lon-exchange column chromatography of water soluble metabolites

of ethyl-C-diazinon by microsomes from the abdomens of HOKOTA
strain in the presence of NADPH., To the solution to be chromato-
graphed was added authentic diethyl phosphorothioic acid.

L#EA N, Diazinon OAKIUL, #ERT,

NAIDM RoD#y 3 5%7R L, mio O ESVHERT

NAIDM R W &E2RL TS (EB1H).
KIFAYEIRBIE 4 4 3R chromatography T &

solvent front

b, DEPTA ¢ HEE3hic (¥2K). Diazinon @
DEPTA ~O{t#liz NADPH %z 3 ¢iAT 2L
Ebb, TORMGE mio TS TIFEbITNAEL
ERUISHTHS (I1%). Mo kX3 diazinon
@ DEPTA ~D53RiL b $HARTIE NAIDMAR LY
ESR I S A

Diazoxon DL Diazoxon |3 4 x/Xx® micro-
some 43T & - T ether TIIAYED Y metabolite
C &, Ko fRgimicfiahs (3N,

Diazoxon . . ' . 2 FUTRUILE S 1T, ether AIYEYED metabolite
Cit, HEHiYE#MmR, B32¥ED NAIDM RO R
Metabolite ¢ O 0 & b, NADPHO IRIMC & » TERIDHINT 5, %2
hwz, diazoxon @ metabolite C ~D{tHHE, mfo
0 0 .
‘ Table 2. The effect of NADPH on the formation
origin - . of metabolic products of ethyl-1C-
diazoxon by microsomes from the ab-
NADPH + _ + _ dom.ens of HOKOTA and NAIDM
strain,
Strain HOKOTA NAIDM #8/20 abdomens/2 hr
Fig. 3 Autoradiogram showing production of' Metabolite HOKOTA NAIDM
. 3. ‘ "
) ether extractable metabolites of ethyl- None NADPH* None NADPH
HC-diazoxon by microsomes from the . (C,H,0),POOH 2.41 2.89 2.4 2,84
abdomens of HOKOTA and NAIDM  pretapolite C 0.22 413 0.12 0.63

strain. The developer for TLC was #-
hexane and acetone (3:2).

82

* Final concentration of NADPH was 10-3M,
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kREByDEZL LN, Diazoxon 2IEITE LYy
4 d, diazinon %35TLE Loy & iRz, mfo ik
NAIDM & & b #1157 T iG#: %75 U 2. Shishido
et al. (1972)" 13, 5 » 5ONFM microsome IZTA{E
3% mfo »3, diazoxon % hydroxy diazoxon (O,
O-diethyl O-(2-2'-hydroxy-2’-propyl)-4-methyl-

6-pyrimidinyl) phosphate) i3 ¢ & 2R LI,

4 XD microsome Tk 5 TS5z diazoxon
DORHY metabolite C 35, 2 TLC @ Rf 5
hydroxy diazoxon T WA XV, AT
2ETRIBES g1z, Metabolite C OYEEMSR
#7212, diazoxon @ metabolite C ~D{RHIH3,
TEHEOHIBE UT, 0k ez Tnsg
», RNTERZ, ST, ]

KIAYEDIRAMME, 4+ > 22k chromatography
itk b, DEPA Effszants (454[X). Microsome
2llic & 5T, diazoxon & NADPH %inz/z{ T
Aoz bAREN, $1, NADPH %Ini T8 0t
BaEhHERLIZL ((i2K). Thid, microsome
NEiT X 5 diazoxon (O DEPA A4, E& UL
T phosphatase itk b, mfo RHF HhRERFH%
FILU TN E2RLTN B,

Sesamex D H{EMA Sesamex XHHFOA =
N T, diazinon (T3t 1B AR, diazinon
LDy Z-3iT{EF3wic ((I34K). UL»L, NAIDM
RIENUTIE, 57 RN ERI s 51,

{4

Table 3. Synergistic cffect of sesamex with
diazinon appliced topically to HOKOTA
and NAIDM strain.

Diazinon LDg(sg/female fly)

Strain

Alone With sesamex*
HOKOTA 1.51 0.49 (3.08)**
NAIDM 0.041 0. 048 (0. 85)**

* Sesamex was applied at the dose of 7pug/female
fly 30 min before diazinon application.
** Cotoxicity coefficient.

B £®.

4 3T microsome K{EFET % mfo itk 5T,
diazinon |} diazoxon" & DEPTA c{{#ixh,
diazinon {EHYED R TI, BEZHORBICHAT,
mfo OFPENRN (Yang ef al., 19718; Lewis and
Sawicki, 19719), MMARTH, diazinon 2 {3 3
mfo OGYER, 182D NAIDM ik b &8
Wishicanis, LhU, MEHYERMIZE 5 mio
vk k513, diazinon @ DEPTA ~Ofitili% (et
3 &Lz, diazinon » 5, Zd#Y 1,000 {5Dit
cholinesterase Y% {52 diazoxon ~ODGYE(LD
s L 2igd s, 2hwa, mfo iifko R
s, fEhitko 4 2oyt e 5T, 2 DA TRIIC
AT D EXHMTT & 78L,  Sesamex 1%, FRNIFR
D4 = RLRINT, diazinon gt %L,

{C
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Fig. 4. Jlon-exchange column chromatography for water soluble metaboliies of

ethyl-1C-diazoxon by microsomes from the abdomens of HOKOTA
strain in the presence of NADPH, To the solution to be chromato-
graphed was added authentic diethyl phosphoric acid.
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Z®M LDy ’E’ff@-&lllﬁ.—ft‘éﬂ't. Sesamex 13 & D
methylendioxyphenyl 3% % £> pyrethroid ®3th
#liz mfo %242 (Casida, 1970)!9, Sesamex
& oT mio BT IN, Zhick > THHRD
LDy METF LIz &3, mio iEWOLRPSHERA

I AN QEFACHTIRINTWIZL & 2BIRL T 5,

ZhWwi, #HERICB 5 mio FEHEOLFIZ, dia-
zinon HEPIHEOBUE & UTHESEHE2LTWAL L
Mrimani, '

4 8z diazinon HEHFHEDOEMEE LT, kD4
SOEHNBAILN TS, (1) D diazinon &R
YEDUETF (Krueger ef al., 1960'; Forgash et al.,
1962)12>, (2) Diazoxon #%43f#9 % phosphatase {&
Yk 5 (Oppenocorth and Asperen, 1961)1%, (3)
Mfo E¥ED LR (Yang ef al,, 19719 ; Lewis and
Sawicki, 1971)®, (4) Diazinon % 43§45 gluta-
thione-S-transferase {fGifk D k5 (Lewis and Sa-
wicki, 1971)», zh6OHEED 5 5, HHEROD A=
T T, diazoxon %434 % phosphatase jE¥E
DR (EEF, 1974b)® & mfo OGO EAVIESE
Ok & LTI s 2L T3, B oddiazinon
TRYEDIEFIX, diazinon 3EHIVED B E L TIRAD

W g 2 4o U T B0 XI5V (IETF, 1974a)2,

1, SEHMFTIsLTid, glutathione-S-transferase
itk % diazinon Ok, EHEOBKE LTIZX
AR Ao LTz (GERF, 1974¢)10,

W ADI O TR b - e R R L
WSBIV) SR EE, FUMRALNIBE, B clig%
VRV 63 AV A Ul (=i DT AN e e ol L2 G C LS LT
IAT=E AV ER 47 RGUE TN 1) & 3 28

x L

1) IEFHR : 45T, 24, 249 (1974a).

2) IEEpHek : P, 39, 54 (1974bh).

3) Tsukamoto, M. and J.E, Casida: J, econ.
Entomol., 60, 617 (1967).

4) Plapp, F.W., Jr. and J.E. Casida: Analyt.
Chem., 30, 1622 (1958).

5) Sun, Y. and E. R. Johnson: J. Agr. Food
Chem., 8, 261 (1960a). .

6) Sun, Y. and E.R. Johnson: [.econ. Entomol.,
53, 887 (1960b). ,

7) Shishido, T., K. Usui and J. Fukami: Pesticide
Biochem. Physiol., 2, 27 (1972).

8) Yang, R.S., E. Hodgson and W.C. Dauter-
man: J. Agr. Food Chem., 19, 14 (1971).

9) Lewis, J.B. and R. M. Sawicki: Pesticide
Biochem. Physiol., 1, 275 (1971),

10) Casida, J.E.: J. Agr. Food Chem., 18, 753
(1970).
11) Krueger, H.R., R.D.O'Brien and W.C.bau-
terman: J.econ. Entomol., 53, 25 (1960).
12) Forgash, A.J., B.J. Cook and R.C. Riley: J.
econ. Entomol., 55, 544 (1962).

13) Oppenoorth, F.J.and K.van Asperen: Enf.
exp. appl., 4, 311 (1961).

14) ETHe : Pkl . 39, 75 (1974c). -

Summary

The metabolism of ethyl-¥C-diazinon and
-diazoxon was studied using microsomes from
the abdomens of diazinon-resistant Hokota strain
and -susceptible NAIDM strain of housefljes.
Diazinon was metaholized to diazoxon and diethyl
phosphrothioic acid, by the microsomal mixed-
function oxidase which required NADPH, Resis-
tant Hokota strain possessed higher activity for
mixed-function oxidase.

Sesamex synergized diazinon against Hokota
strain, but not against NAIDM strain. Synergistic
effect of sesamex against Hokota strain suggests
that the mixed-function oxidase is one of the
important factors in the mechanism of resistance.
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Attraction of the Male Pink Bollworm Moth
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U, propylure, deet i%, U &7 # 3 &L QUIA
VlHPICRR I NS, N4 T v 4 THHICER
BERIBP S ER|ELR. UbL, bhvbhid,
Hummel 6 D03 ¥ 7. vxy ((Z, 2)-, (Z, E)-
7, 11-hexadecadien-1-0l acetate) IFER T x-3°iT,
propylure, deet Z2HREIALIc. COZ2DREYE
FHREB THLIZEINERRU TV 3,

(BHEIE=)



