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3. FEBRERMEIHONALCHTIHEBY CRIOESER L ATHY L AMENE S ho gy
=iz} 5 malathion & K-1(2-phenyl-4H-1, 3, 2-benzodioxaphosphorin-2-oxide) D3t HEM O
YE FUEGRRIG, FONEETR, MEEZ, IHETHEY (AERAEIEITTIEEL  YIUNREERET
L33YbERD 47, 100 23 2H

1. 7788y FURHYE, W20 T b v ¥ =it 5 malathion ¢ K-1(2-phenyl-4H-1,3, 2-
benzodioxaphosphorin-2-oxide) O ItHVEMOMERRNL 12,

2. in vitro T} 5 EZVER#L (PS) @ cholinesterase jGPEIXIELTHE (SK, R) X b & TEd - 1o,
In vivo 33X T in vitro iti31} 5 malathion $° malaoxon iz X 7 cholinesterase @I,
EHLPED SK, R IIMEZIED PS X L, b L)Y RN iE0 — Bk 5 T 5
LEISNDS, IEHHO K-1izin vivo iz T malathion © cholinesterase FHFIMT 2750 12,
F 12 in vitro OIERITISWT, K-1 OinfAliz malathion % malaoxon @ cholinesterase I3tz
B mfg e e,

3. in vitro TERITINT, IEHHERMD B-naphtyl acetate MK NRY O G 2 PERsE &
b T o 7208, TTHY LAliesd 3 5 MO L RSN EE oM VIEMEHEIR 2 » 2. K-1
ix B-naphtyl acetate ImAfREEFEOMGIFITH - 12,

4, 32P-malathion % MTWEHUHERHE & B2 VER# D malathion [URIER T~ & 2 5, in vive,
in vitro L RMFRBVTI O L OGRUHBEM 5 H, ZoO i carboxyesterase
3T H o1z, AT H S K-1 % #¥P-malathion :RIgmM-$5 &, #EHulk, w72k
TRMIZ VTR INH I KT 5 carboxyesterase (VIO MAMSMD Uz, in vitro 1231 D

3P-malathion O3z K-1 itk b ahis,

zDz k5 K-112 malathion® g5 MRS

D 1-2THh? carboxyesterase R HISEL T AT EMEB 1z,

BEBFHEHIYERIGIC 1) 535 0R DB 2 BITES 2
oHiTiE, FEAIOMERENG X RS DBTIC D0
THEDTAN 25 DTS 5. —RUCIFE D
BEE LTk, SO ERIEOMD, i

A, PEMAOIAIBZIEOMBD 3 S HiF 5N 5,

DB 517 2L IRIDWIFIL pyrethrins T
M350 EAETHD, COBR%, L1
HEAONTOREN, 7 v 2 X0 HEORD, R
MimmhoRI, WKH O RE(|D 5 VEEHRER~ND
pyrethrins OB@EEDO A 22 EEAOTRIiTEIM S
HTMU bshiehs, REA(LFR X REFNIRNe
Pr—y—ic L MBI E D, chETitN
fEMELTAISN TV B HNIIL & A ERSFIOIEET
HOMMCE A EDTHHTEMNSEMITIE TR
(Metcalf; 1967)V,

AU OMLIHZIE, malathion i EPN %1 %

* e, SZERTREGURIETMUIER, Mt
XMEM1, 0007 s

L3EHEMMEE6n 5 L it EPN 5 malathion
FRTEMNARE 2 ¢ 541 &, DDT & DMC %z
3 35N BLG0, WMUDILEMMRIFITARICTE
1T 2 &b 5 RBTHAME DT & U THIER

" BEbNAREYH B, Tl BHEDRHICE HIF

BNHOBYRZZZLIHFALNB NS, A
FibST ~NTOERMERSFCINIEMN 2R3 il s 2
Ly (Hewlett; 1968)2,

Eto et al. (1963) 13z D4 Tsaligenin cyclic
phosphorus esters (LLF SCPE &M%-¢) @ aryl 3%
MHEIXEESUY ali-esterase IR TH D T & b,
Eto et al. (1965)% {37115 & malathion Ed3L))
Pl %4 L, Ohkawa ef al. (1968)%(2 2 DIt A1
fM#% SCPE »3 malathion OMRFAMEHTHS
carboxyesterase %1919 272D Th  LHEL T
3,

ARTR NSO R b &I, FHH LT
mUtz i pong = (Panonychus citri McGregor)
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DL & B2 PERFIT 3517 5 malathion & SCPE
M 1-OTdH» K-1(2-phenyl-4H-1, 3, 2-benzodioxa-
phosphorin-2-oxide) & DI SERITDNT, LTFO
3DV TR U 2 WG T 5.

1. Malathion, malaoxon (/% = cholinesterase
FLEic s Xz 93k iR OB .

Y Rl {’Eiﬁ;ﬁbi cholinesterase (${F ChE
EHET) THATZEDRONTWAL &b, TiHRY
»FUEYIYE & ChE OBIMRIEHILE O #2195
LCIHERNETS 5. .

_ Asperen and Oppenoorth (1959)® 3, HHEY 7
EHHE LS b N EESED 4 =X (Musca domestica
L.) ®O& v i— 2y ChE OfEHEZUEL, W
FZOTEYIREDS b 12k 3B, FiZ, Bigley and
Plapp (1960)" {3 4 = /< x OHEHiYEZZ & CBSIED
ChE JRPLIEi2I3 & A K288, I FHEHRIERSZYE
AU B - 1 EMEL TV, LDXIR, BlR
BT Y > AHEDIYE & ChE DiGYENE & 13 H
PRIRSWE S Th 5.

—%j, #=%{Ti2 Smissaert (1964)® A3IEHIYEF
NS = (Tetranychus urticae Koch) Tzl
DD LY ChE OEYEIELIE  MIFAUSZYE § (K
Lk, Z0# Voss and Matsumura (1964)913 C
OB TV A, 1o, (UA, FEE(1961)101% 2
B g =0 HE T b ONC IERZPER BRIk ChE
DOIGYEBIT iz o1 & 45 L T s, Lee and
Batham (1966)1% < # =D —7ili (Boophilus micro-
plus) THLMED L OTIXEZYEL b ChE ODJEPENE
HE L, B & DRIGEREE b EHHEL T 5.,

P bib~tck S, F{ ORBEICBNTIRY L #l
HEHE 05 § A5 ChE ATy U TIERHTYEDSTE
UM TH AR bbb, EHMEOMIEEL
T® ChE OIfAlesdd 5 (ERESZ PN 7= 2 ERN

TROTRALHEINTHENENS L ERERT

~X%xZ & Ths (Oppenoorth; 1971)12,
AWYTIE, (T8 LRI, BRI sy
=iz oW ChE jEEEEE, BAEAliCH 9 252, M

RN IC s L3 ORI OB DL THRHE LI,

2. Malathion, malaoxon iz t % ali-esterase DB
s X xRl o

Asperen and Oppenoorth (1959)% 3 17k% Y + HliK
Hitkd 4 =z ig ali-esterase (LT Al-E & [%9)
DIFEEDENT & 25021, He5(1960) 3 2 hbsi
FENRBEFCELL TR IIDTHS D EN I RF%
ST, 0%, —LEOREICXYERL22H%
(Asperen and Oppenoorth ; 1960'9, Oppenoorth
and Asperen; 19611, Asperen; 1964!%), Asperen
et al.; 1965\ 12 &),
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Ali-E OIZEXITH % propyl paraoxon &HAWME
EPN 7z &3 malathion o 55 MRS ZHITEL,
ZhHe malathion LILIWERZ 15T &b
T35 (Oppenoorth and Asperen ; 1961, Ma-
tsumura and Hogendijk; 1964'®), F 1z Plapp et
al. (1963) 3 4 = 3 (Culex tarsalis Coquillett),
4 22T malathion & 3 IWEM %A 25
BY L ROAIE Al-E BT D - 12 2 #E
LT3,

AT, HEHVES X OEREREET in vitro T
13 5 Ali-E &t %, 8B & U T S-naphtyl acetate
o DT R U BRI & O3k IRl B a2
DWTHNI

3. Malathion DR XIFT3EIRIDEY

NE =D 5 fuNIOYTURE 215 L &R
52T LTIV, EC OO v A by
— =D YA I NTESE, HiRIvAL I T ORI
PUBET AT EWVTEL L DL,

BHUTISI A48 Y o FUELTYE OBEDS, iThfil
DR I B D TH B L E3F L OFiicis T
5 IZ I TV 3 (Oppenoorth and Asperen; 196119,
Matsumura and Brown; 196129, Bigley and Plapp;
19622 70 8), —JF, NF=RPBNTH Matsumura
and Voss (1964)2», Voss and Matsumura(1964)23>
X, IR SRR E > @ & = MERIN TS 5ChE
DOIRFNTNT AIEEZIE I T d, FERIONRNA
EMBITV T & 24 L T, Matsumura and
Brown (1961)2 |, 4 = #iz3tvT malathion &
EPN %[MILEEF % & malathion BT &3 WS
NIIEHE, P[] @ carboxyesterase {Q4D
FRATIEDS 1L I o T2 EHEL TV 3,

HKPTIZ, TN =OFBRY SRR b T
CIESHERME G2 5O malathion {R3HE% ik
% LR, 3% (K-1) @ malathion {Uicis
IIT BT DO TRB 21T - TR 2 ST 5.

HHRBIUHZE

TAUNE=;

BEALIZ T no g =i, A LR EHUER
e U TBIER GHRIR AR R BN 5 AT L
12 DTLUTFR EMES), THRERIRUEARR BIEL
fid b AFUI § DTLLTF SK EIER) O 27#E, L&
ZYERFEE LT PSR (AA ISk DB
& H A, phenkaptone EHTYE MIKIEL b HUERIK
U 7oAl Y o FIRRSZVEREE) o 1578, A3 Rik%
BEERL T, &FREHED malathion TS 3 RSVEE
1RCRTEY Th 3,
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Table 1. Susceptibilities of resistant and susceptible strains of the
adult of citrus red mite to malathion.
: Dosage-mortality LC .
Strains regression equation (%“)"' Resistant factor
Ehime (R) Y=5+1,40989 (X-—3.18567) 1.533 102
Shuku (SK) Y=5+1,84663 (X—2.86658) 0.734 49
PS Y=5+2,07220 (X-1.17730) 0.015 1
BB X oA, (5x10-°M), K-1(10-*M) %3 X T¥ malathion (10-‘M)

FERCHERAL 1R BAB L AN RO 3FERIT
&%, malathion; O, O-dimethyl S-(1,2-dicarbo-
ethoxyethyl) phosphorodithioate, malaoxon; O, O-
dimethyl S-(1,2-dicarboethoxyethyl) phosphoro-
thiolate, K-1; 2-phenyl-4H-1, 3, 2-benzodioxaphos-
phorin-2-oxide. V3N b fIRNRIIH0BLL LD § D
Th 5, *P-malathion (2 MHET ¥P-Y L RL HTY
T L b AIRL, 98HBLLE DA EFEMIE 2173

%3 DT, TERMIFOMAHERX 200cpm/pg ThH - 1:.

Cholinesterase {GYEDRE;

in vitro 92Eh: Hestrin (1949)20 [k nrh % N4 =
FitZsy: U1z Motoyama and Saito (1968) 2Dk
REE L TROFHTHUEL 12,

1) MR = % 3x20mm O o HYT (I o 4
No.51) iz AL LI H 7 2T 1 I8 Lk
el 3y s,

2) ThE3x5mm iTMYIL T/SWHERTT (1 X 10cm)
itAh, 1/15M, pH 7.3V o IRz G LT
2.5%10-3M® acetylcholine chloride 0.05ml] ¢ 37°C
T—ENFMIRIG 325, O ARSMREN T =
OEENEN & LT, acetylcholine chloride @& ®D
HERT 2 ARG R 5,

3) K%, hbic hydroxylamine hydrochlo-
ride 7,049 (CM @ hydroxylamine hydro-
chloride & 3.5N @ NaOH % {{{[finpcRtiRa L7z
D) #0.1mlmA 3. T CTHNEMNRERTTIC AT
NE = BBERL I o {% B3R & RITINA 5.

4) 3.5/3N @ HCl % 0.15ml Inx .

5) Ferric chloride OEEHE: ¥ (0.37/2M, Ferric
chloride 0.1 N, HCI Z%3¥%) % 0.1ml jnzx, 43¢
ANTIIE > TV B acetylcholine ZYEa x5,

6) Z41%3,000 r. p. m-TIOSMELIMMEL TR
LAY, EEIsoda—~~xo b (0.2ml %)
iz e bXmikait (Shimazu spectronic 20) % [T
T540mp THAL, BGEEICDWT acetylcholine
OFHEMED &R acetylcholine %5115,

T2 PBMIRERTIL, 2)THX10-3M (D acetylcholine
chloride &P Cmalathion (10-*M), malaoxon

&K-1(10-‘M), malaoxon(5x10-:M) £ K-1(10-‘M)
OLRBAW(W/W), ch b DHITfNE acetone T
IBIRL, BINOTMEICT 5 I3 &RIKIC TR,
Z ORBITO acetone FYFIL 0.02% LT Th b U
e Xz Pmaca 3. ) 2 HRBALIE
PN 2 RG RSE S 4x e,

In vivo 25k In vivo 1Ti3) 2 MLEREACIE ma-
lathion #3X}7* K-1 0 50%%L#1 (malathion 33}k 7¢
K-1%2px 3% b D502% A acetone: benzene: Newcol-
863%=10:10:1 T 550%L71) DO.05% KM X
Oz2h b DRAW R BRI 121, 25°CT 2RI
HLZDHE in vitro REATHR~IZTNUZHE ChE
EYEDRITE 2 EL 12, '

Ali-esterase TEDNGE;

Asperen (1962)2, Smissaert (1965)2"’, Motoyama
and Saito (1968)2% & DHFUHITHL RO X 5 i1LfTi
Ste. RGN ¥ =151% 5X5mm Do g Glike
#% No.51) ET#H 5 A% FAVT B B U2 BRI
3es, Zhez, Hb6LUY acetone THEMLLTE
X 1/15M, pH7.0 0V > BRIE WIIK TR LIz 5%
10-*M D S-naphtyl acetate (acetone 5%%547) 3ml
L27°CT23TIRIG 3¢5, [H# 1 % naphthanil
diazo blue BHIDKki#¥K & 5% lauryl sulfuric acid
sodium HIDKIHHE% 2:5 OHIAITE Uik £0. 45
ml MATHRGIVS, theirsodr.—Ry b2
i 5 TIEMH 2T (Shimazu spectronic 20) 7T 555m
o THad 5,

P RERDI AL, BT L Smi, pH 7.0T2043 1
MRS 21580, ZRITIETT (10-3M) 1.5ml %ZinA
TUTFRCIML 22,

FRAN CALRER

In vivo JUR:IRES, 3RIE (1965)* FTIRIT L 12d8
WD & Sitfiis -1z, P-malathion @ 50 %L
(32P-malathion %[ 7% b D 509%%3 acetone: ben-
zene: Newcol-863%=10:10:1 T 3 50 % L) D
1,000 {535 % T # LI 4 2 2 WTHEREL 72 MERREN &
=255licy v NAF IR AV 4 —Tillfid 5. 2
% 25°C TN, ~<——su=<bs'3
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Aok GREEoHE No.51A, 2.8X40cm) DT
¥5ati% HWTT b, Bigley and Plapp
(1962)20 DFEIT UTzps - T acetonitrile : 7k : am-
monia 7k=85:15:1 (V/V) T 25cm [BEIL, Aloka
WAz (BN V59 FR—=—Ju2 b TS50 H
BHE L CRAEERWET 5. COL 5L THRE
Utz malathion O3#Y, RI3FEDIIEMER 2T
iT Bigley and Plapp (1962)20 #3417 Rf {fi%
BEILUTRELIR.

In vivo DK-1iT t A [HEHER T, %2P-malathion
& K-1 (*¥P-malathion & [{ U50% SLALAR) DEAW
{malathion: 0.05%, K-1: 0.05%, 84 1:1(V/V))
2IBAML, EATHBCRELT:,

In vitro P2Ek: malathion O FY, KOO
HlE 2 ST AICDIRRO T E LT 12,

DN 5= 20024~V 254 FZ5Z2OFE
T, pH 7.3 0V U FRHIEEK 0. 1ml TH 7 24 %]
WTHH URER I 21E 5. .

2) L DEIHIK 40 2/ NRERSIC & Y, in vivo TH]
Wiz &) 1 #2P-malathion M50% 3D 8% 10-M 7K
BBzA, 3TPC TIRIGEI S, COLs
malathion @ F1 K 73 f# %A 5 129z 2P-malathion
1203 OUERYT 2 R IRFE T 5.

3) RG# chloroform T3 EHHML, KW (4
f#42), chloroform fii 4y (R4ARY) 2Z2hsh
Bloikmic e 3,

)z ZnoHliic 6% KOH 23u4mA, it
MO TIOR3 1ts, By R2any
vE— (2a=2Vv Ty no8) THREGHERNET 3,

K-1itk » malathion O{VYHIHHEATIE, 3%
& ARSI AL 12 BEKHY 40p) i ¥P-malathion &
K-1 oI35 (@ malathion: 8 X10-¢M, K-1:10-3M,
® malathion: 8x10-‘M, K-1: 5x10~‘M, B4k
Bugthd 1:1(V/V)) % 2000 AR Uz

%1z malathion DY 2RAET B0, i
vivo DREMERISHALU TROT &L 1578 -1z,

D) #fERhiN % = 250 55 % 0.05ml D Y o BT &G
PH 7.3T#H I APRITTREML, BRI %2ES.

2) L DEFHHE 20pd % INABRSICE b, 509 %2P-
malathion FLHID1. 5x 10-3M k3K 10 21 #.37°C
T 1RG5,

) FIGH, OB ER~—2 o ekt HE
v No.51A, 2.8X40cm) OEAIZ: Yoy b
TDlT 5.

LU in vivo SEER & FEARICALERL 7L,

PLHRERDB AL, HRCIB U iRk ¥P-
malathion & K-1DE 4% (malathion: 1.5x10-°M,
K-1: 2x10-3M, A& 1:1 (V/V)] % 2 g
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1. Malathion, malaoxon @ cholinesterase I3
4 KTl
3RHED T N F =it} 5 ChE FEPEIE & Bk
L, BUCRIO BAfRE, 81, 2R TElh Th
5. LOERFFTTE, D OTRIBRZIED

DX biEMERIX{ED 5 12, In vitro [T} A mala-
thion, malaoxon ¢ ChE JHZ3, 53, 4K LR

N (o}
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| /
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E 0.04 | / '
Q004 o
Z (S
3 | o)
Z ()
< 002} )
= O
g L.
. " 2 1
10 30 50 70

Enzyme concentration (No. of mite/0.05ml)
Fig. 1. Relation between enzyme concentration
and cholinesterase activity.

(@: R strain, J: SK strain,

QO: PS strain)
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002}
./
o
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Fig. 2. Relation between incubation time and

cholinesterase activity, (@: R strain,
: SK strain, Q: PS strain)



Bi m ®

Inhibition in Probit
g 3
O,
\'\ \
N

6 5 4
Molar concentration of malathion in pl
Fig. 3. In vitro cholinesterase inhibition by
malathion (@: R strain, (p: SK strain,

O: PS strain)
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Fig. 4. In vitro cholinesterase inhibition by

malaoxon (@: R strain, (§: SK strain,
O: PS strain)

Ulcilib Ch », YRS TIZ malathion, mala-
oxon Wiz U T il R ~aga TS
#, ZO¥3 malaoxon Y b malathion Thih
-1z, In vitro, in vive {T31} 5 malathion, mala-
oxon 3Lkt HMITH S K-1 @ ChE DI 2,
IFWRTAMY ThH 3,

2. Malathion, malaoxon iz X % ali-esterase [fl
e SRSt Iy )iz

In vitro iT3313 5 3ITHED AL-E JRIELE oW
IFETROC R T4 ROR LI, EiC in vitro
KB 2 SNSRI Al-E [0S 4 3aTi L

¥ 38 Bl

Table 2. In vitro cholinesterase inhibition by
malathion, malaoxon, K-1 and their -
mixtures.

— 2
Inhibitors (%t?‘i;g) Inhibition (%)
R SK PS
1. Malathion(10-*M) 21.7 17.8 23.5
2. K-1(10-M) 23.9 20.0 30.0
3. Malathion(10-*M)

: K-1(10-*M) 1:1 41.3 37.8 50.0
4, Malaoxon(5x10-*M) 44,4 46.5 52.3
5. K-1(5x10-¢M) 8.8 11.1 25.0
6. Malaoxon(5x10-M)

: K-1(5x10-*M) 1:1 48.9 55.8 65.9

Table 3. In vivo cholinesterase inhibition by
malathion, K-1 and their mixture.

Inhibition (%)
R SK PS

Concentration (%)

Inhibitors !sprayed on citrus

red mite
Malathion 0.05 9.6 3.4 40.5
K-1 0.05 50.0 45.2 56.8
Malathion 0.05
: K-1(1:1) 0.05 65.2 52,4 81.1

Table 4. In vitro ali-esterase (8-naphtyl acetate
hydrolyzing enzyme) activity of three
strains of citrus red mite,

Strains Activity (0.D.)
R 0.3284+0.0018
SK 0.5413+£0. 0025
PS 0. 2549 +0. 0067

1z, FEMIOR BT, (X2 OFEIMTRbLLT
»Ha.

3. Malathion {3z Xix33t RS

In vivo 2EE; In vivo BT B I HNFT=0D
3, 240%[#%® malathion {WYts L ZhicB XITT

Table 5. In vitro ali-esterase (S-naphtyl acetate
hydrolyzing enzyme) inhibition by

malathion, malaoxon, K-1 and their

mixtures.
. Ratio Inhibition (%)

Inhibitors W/Wy| R SK PS
1. Malathion (10-*M) 10.8 12,1 15.1
2, Malaoxon (10-%M) 75.0 77.0 78.1
3.K-1(10-M) 65.9 72.6 74.7

4. Malathion (10-*M)
: K-1(10-°M) 1:1 | 87.8 86.6 89.4

5. Malaxon (10-*M)

: K-1(10-"M) 1:1 | 88.7 89.7 90.4
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Table 6. In vivo metabolism of 32P-malathion and its inhibition by synergist, K-1,
at 3hrs. after treatment in three strains of citrus red mite.
Radioactivities (%)
R SK PS
**Mala- **Mala- **Mala-
Metabolites Rf *Mala- thion *Mala- thion *Mala- thion
thion + K-1 thion + K-1 thion + K-1
1. Phosphoric acid 0.00
Dimethyl phosohoric acid 0.06 5.0 6.1 7.0 4.4 5.4 7.0
2, Carboxyesterase products
Di-carboxylic acid 0.11 - 5,9 6.8 8.0 11.6 7.3 5.6
Mono-carboxylic acid 0. 22 12.0 12.0 9.4 12.1 8.8 6.1
(Total) (18.0) (18.8) (17.4) (23.7) (16.1) 1.7
3. Phosphatase products :
Dimethyl phosphorothioate 0.41 11.0 9.0 13.5 12.1 12,0 10.2
Dimethyl phosphorodithioate  0.57 13.8 7.1 11.1 10.2 7.4 4.4
(Total) (24.8) (16.1) (24.6) (22.3) (19.4) (14.6)
4. Unknown 0.82 13.8 13.0 15.0 15.1 12.6 16.1
5. Malathion, Malaoxon 1.00 38.5 45.9 35.9 38.7 46.5 51.6
* Malathion (0.05%) ** Malathion (0.05%) + K-1 (0.05%)
Table 7. In vivo metabolism of 32P-malathion and its inhibition by synergist, K-1,
at 24 hrs. after treatment in three strains of citrus red mite,
Radioactivities (%)
R SK PS
**Mala- **Mala- **Mala-
Metabolites Rf *Mala- thion *Mala- thion *Mala- thion
thion + K-1 thion + K-1 thion + K-1
1. Phosphoric acid 0.00
Dimethyl phosphoric acid 0.06 %7 . 32 169 5.1 207 3.1
2. Carboxyesterase products
Di-carboxylic acid 0.11 15.1 7.0 21.4 9.0 18.6 10.0
Mono-carboxylic acid 0.22 24.7 11.2 21.8 11.1 4.3 10.3
(Total) (39.8) (18.2) (43.2) (20.1) (22.9) (20. 3),
3. Phosphatase products
Dimethyl phosphorothioate 0.41 12.3 19.1 21.4 12.1 21.4 10.0
Dimethyl phosphorodithioate  0.57 4.8 3.7 2.0 6.2 11.4 7.0
(Total) (17.1) (22.8) (23.4) (18.3) (32.8) (17.0)
4. Unknown 0.82 8.2 10.7 4.8 12,5 1.4 10.9
5. Malathion, Malaoxon 1.00 8.2 18.1 11.7 19.0 12.1 21.8

*Malathion (0.05%)

RLUTHA3,

7RI
hThHs, NBuS3RBUTEV, RETEZ OB T

In vitro ER; S3RY), RADORE KT 5
12ic chloroform Tilith UTc#4H4s X AR LT
1372 5 1z K-1ORJIH ORI 8 FiTRTMY T
H5, AR NIERGEZ 100 L LIz E S D3
—trF—UTRULTH S, KB 2 KRBT, i
2 OMHMTEDbLTH S, RYYHEDIY, <
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**Malathion (0.05%) -+ K-1 (0.05%)

K-1 OfEMIe g 2RSSR, Y6,

Table 8. In vitro inhibition of 3%2P-malathion
degradation by synergist (K-1) in the
homogenates of citrus red mite.

Degradation (%)
Strain
Control K-1(5x10-*M) K-1(10-2M)
R 42,4 37.9 18.3
SK 32.5 30.7 12.1
PS 21.7 10.1 0.0
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Table 9. In vitro metabolism of 3P-malathion and its inhibition by synergist,
K-1, in three strains of citrus red mite,
Radioactivities (%)
R SK PS
''''''' **Mala **Mala- **Mala-
Metabolites Rf *Mala- thion *Mala thion *Mala- thion
thion + K-1 thion + K-1 thion + K-1
1. Phosphoric acid 0.00
Dimethyl phosphoric acid 0.06 9.6 4.6 9.4 8.5 3.8 .9
2. Carboxyesterase products .
Di-carboxylic acid 0.11 6.9 4.6 7.9 5.1 4.4 4.1
Mono-carboxylic acid 0.22 9.0 6.8 8.2 4.2 7.4 3.1
(Total) (15.9) (11.4) (16.1) (9.3) (11. 8) (7.2)
3. Phosphatase products
Dimethyl phosphorothioate 0.41 3.9 3.5 2.5 3.1 6.3 3.9
Dimethyl phosphorodithioate  0.57 8.9 10.2 9.7 11,5 8.3 9.3
(Total) (12.8) (13.7) (13.2) (14, 6) (14.6) (13.2)
4, Unknown 0.82 17.3 16.3 16.1 16.5 13.0 8.1
5. Malathion, Malaoxon 1.00 44.3 53.9 45,2 51.1 56. 7 63.7

*Malathion (1.5x10-3M), **Malathion (1.5x10-3M) + K-1 (2.0x10-*M)
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5ic, R<SK<PS ONuciftEizEL, D D
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Summary

1. Mecchanism of synergistic action of K-1_(2-
phenyl-4H-1, 3, 2-benzodioxaphosphorin-2-oxide)
with malathion was examined in organophos-
phate-resistant and -susceptible strains of citrus
red mite.

2. The cholinesterase activity of susceptible
strain (PS) was higher than that of resistant
strains (SK and R), and the susceptibilities of
cholinesterase in SK and K strains were lower
than those of PS strain against malaoxon and
malathion. It is suggested that organophosphate
resistance of citrus red mite is partly due to the
decreased sensitivity of cholinesterase to organo-
phosphates.

In vivo experiment, K-1 potentiated the choline-
sterase inhibition of malathion. In vitro experi-
ment, the inhibition of cholinesterase by K-1 was
additive inhibition of malathion and malaoxon.

3. In vitro experiment, the activities of g-
naphtyl acetate hydrolyzing enzymes of resistant
strains were higher than those of susceptible
strain. But there was no relationship between
the susceptibilitiecs to organophosphates and
the activities of g-naphtyl acetate hydrolyzing
enzymes.

4. In vivo and in vitro experiments, the break-
down activities of 3P-malathion in organophos-
phate-resistant and -susceptible strains revealed
that the resistant strains (SK and R) were
superior in the ability to detoxify malathion as
compared with that of the susceptible strain (PS).
In the caée of malathion breakdown, the differ-
ence in the amount of carboxyesterase products
was found among strains.

The amounts of carboxyesterase products were
decreased by K-1 treatment in both resistant and
susceptible strains. It was supposed that K-1
inhibit the carboxyesterase, one of the breakdown
enzymes of malathion,
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