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in April of 1960 and reared successively without
any insecticide exposure. It is considered that
this population had no experience of contact with
malathion in past.

Pure sample of malathion was used for the
present experiment,

A half ;1 of acetone of a given dosage of
malathion was applied topically to the pronotum
of female adult which anaesthetized by refriger-
ation using a micrometer driven syringe.

Experiment was carried out under the condition
kept at 25°C. Mortality count was made at 24
hours after treatment.

The results are summarized as follows:

1) Female adults of the green rice leafhopper
collected in Ko6ti in September 1961, showed more

resistance to malathion than those of Odawara
strain, showing LDg’s were 4.38 and 0.78 ug/g
respectively, namely Koti strain was about 5.6
times resistant to malathion than Qdawara strain.

2) A subcolony divided immediately after
collecting from the original population of Koti
strainand reared without any insecticide pressure,
showed gradual decrease of resistance to mala-
thion, while another subcolony selected with LDy,
of malathion kept the resistance to this compound
consistently.

3) Inthecase of Odawara strain, the population
selected with LDy, of malathion, showed the
tendency of decreasing susceptibility to malathion,
and in the 10th generation about 3. 3 times tolerant
to malathion than the original standard strain.

Mechanism of Resistance to Malathion in the Green Rice Leafhopper, Nephotettix cincticeps.
Ken'ichi Kosina, Tadayoshi Ismizuka and Setuo Kitakara (Institute of Agricultural Chemicals,
Téa Noyaku Co. Ltd., Odawara, Kanagawa). Received Jan. 14, 1963. Botyu-Kagaki, 17, 28,

1963 (With English résumé, 24).
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Table 1. Insecticide susceptibility and esterase activity of malathion susceptible and
resistant strains in female adults of the green rice leafhoppers.?

Malathion susceptibility
Malaoxon susceptibility
Cholinesterase activity?
B-esterase activity®
Cholinesterase sensitivity
B-esterase sensitivity
Carboxyesterase activity®

Phosphatase activity®

LDg (ug/ @) Oct. 1961

LDg, (ug/2) Oct. 1961

for acetylcholine bromide (0.01 M)
for methyl-z-butyrate (0.01 M)
Isy for malaoxon

I, for malaoxon

for malathion (1 mg/flask)

for malaoxon (1 mg/flask)

for paraoxon (1 mg/flask)

Susceptible Resistant
0.003 0.021
0. 009 0,012
114 116
95 157
5.6x1077 5.6x1077
2.6%x1077 1.9x10°7
9 24
0 0
0 0
17 16

for DDVP (1 mg/flask)

1) Enzyme activity was assayed manometrically at pH 7.6 and 37.5°C,,
4) pl. CO./300 mg/60 min.

3) pl CO,/38 mg/30 min.,
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Table 2. Susceptibility .to some organophosphates of carboxyesterase of malathion
susceptible and resistant strains of female adults of the green rice leafhoppers

Inhibitor and ’I_‘ionf\e . ﬁ)’ir:’?‘ugagién :lsa- Per cent mhlbmon in one hour
mount . .

(rg/flask) prel(rzzxg)a)tlon Sub(sx;?/tﬁask) Susceptible Resistant
Malaoxon 10 30 1 40 7 5
Paraoxon 10 30 1 100 100
DDVP 10 ‘ 30 1 79 ' 87
Dibrom 10 30 1 100 7100

cHo S 3% _ cHo f N9
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Fig. 1. Scheme for metabolic pathways and chemical conversions of malathion and its derivatives
in mammals, insects and plants,

1. Cow, dog, rat, mouse,2"50 2. Malathion susceptible M. d. domestica.2?
3. Malathion resistant M. d. domestica®»*? 4, Malathion susceptible C. farsalis.1o?

5. Malathion resistant C. farsalis’?® 6. Malaoxon resistant C. tarsalis.’?

7. Malathion susceptible N, cincliceps.2? this paper :

8. Malathion resistant N. cincticeps.,This papery 9 Malathion susceptible P. americana2?
10. Malathion susceptible B. germanica.2” 11. Plants.®

——-> identified and suggested paths -----> chemical path343®
--> possible path
©=carboxyesterases (» =phosphatases ©@=oxidative enzymes
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Table 3. Joint toxic action of malathion and Dibrom against female adults of malathion
resistant strain of the green rice leafhoppers, applied topically in acetone.
Ratio of Malathion® (%) ’ 100 8 60 5 40 20 0
mixing Dibrom® (%) | 0 20 40 50 6 8 100
Observed mortality 48 72 86 84 78 58 30
Expected mortality® 48 44 41 39 37 34 30
Potency® ’ .00 164 210 215 211 171 100

1) Y=4.6774+2.790 (X—1.498)
2) Y=4.7257+5.016 (X—2.973)

3) Equation of the level of mortality is ¥Y=0.18X+30, in which Y and X represent mortality and
proportion of the combined insecticide respectively.
4) Divide observed mortality by expected mortality.

Table 4.

Acute toxicity and potentiation of malathion, Dibrom and their mixtures against

mice administrated orally as water emulsions. (E.C. is the abbreviation of emulsifiable

concentrate, )

LDy, (mg/kg) Ratio of expected
Insecticide LDg, to observed
Observed Expected LDy
502 malathion E.C. 347 — —
50% Dibrom E.C. 98 — —
37.5% malathion plus
12.59%; Dibrom mixtures E.C. 57 285 5.0
30% malathion plus
20% Dibrom mixtures E.C. 36 247 - 69
259% malathion plus
259 Dibrom mixtures E.C. 36 223 6.2

paraoxon, DDVP, Dibrom (2§ % W&k % S8k L
TN 24T H D,
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ST 2 P R o B R BIRR LT, - BT
AT ST OB A B R a v Hp R &
L, o ilmTin H\Vi'c’}ﬂﬁ”@n;éh'c’lﬂfuﬂz
TUZHE T DX L ORI X » TEE D & &2
L.

4 oz JRUUZ 35V March3? (3 malathion {{Thg
fEo> Stauffer it S Fkk & b & BRSPS WT
malaoxon % 342 3%
Oppenoorth*® {, malathion i{ %k o Savannah
(Bethesda-45) REECRICA IR E X2, £ LTXD
4317%1x parathion %> Diazinon R JR#t#% parathion >

Diazinon 7 4}#%-+7% phosphatase & [RlfE /3 HRRE

FUNAT L L BR3P, FLTMR LA E
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> THEHAMTARE LW 2P L2, Ziud
malathion #LH¥ED LA T-»: phosphatase Gk
Ok L B-esterase JGHEDQIE FICVINHC G 3 55
HTHDL EBAI,

—7j, Matsumura and Brown®{3 A = s 1 flid
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esterase [EHEDRIARICHRT 5 T L 2R LA, ¥
72kiti- malaoxon DAL MET %5 phosphatase
VRO 2 &, it malaoxon 25T HILHL
PoRiAr T bo B, £ LTEERBICL -
¢, carboxyesterase jG¥EDH1X & malathion HEHY
P& BHUAMZIIEC &F, malathion HEfHifkis 1
OEHESGHET MG LT D LHEFE L 7=,

LA, Ywdaaard g malathion iz
T HIEHHERRNIE, HIMMZIE4 =8z Riltk D L
A4 =20 VOO ZNIZEIT VD,
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AN Ul 7oA, Shii S REEE R RETHH
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% o malaoxon 233 5 IR CFRA E 2R
PLino fo. E T BT I3, malaoxon 1T 5 &2
HRIWIRFE TR D it v, RN TO malathion
@ malaoxon J\@Fu{[f,?aiﬁaﬂj@)' Uz oW iRUIET
QAR

TRy « TRy < U e a a A fERALCIE
OP Yyl iffiE4: & LT carboxyesterase & &b
% o> phosphatase & TE(E) 2% & & 2R Lcas,
S OYERT Z ol malathion {EHi#EIE carboxy-
esterase #itko MME EHERINRE OB L & ERL
7o, Tt RAHEIX S Bk b 3 malathion %
HLPR L, Lo LiliR#E & 4 malaoxon %757
#RUTcHno 7o, T carboxyesterase kJLTIE OYF
REEIToVTIE, MY « DR AMRTIRIHN & A5

e LA

7.

Pilosphatase EHET OV T, DDVP 053 % % filigt
FHREFUCOVTIET & 7o, % OTEHEVITIREEN

TR Y FRN - F2. % LT paraoxon > malaoxon
DI OVTIE, COERITL BWIHETIE
WREE LUGET I leh s i,

Jeizfiidvic X 54z, Asperen and Oppenoorth
L2340 YR IL L7 OP BHIEEHIME 4 =Nz DD
B-esterase il (methyl-p-butyrate /K5 fRi&-
) DL TBI%E, Bigley and Plapp® it X - T4
INETHEINTA, SO 4o paraoxon £> ma-
laoxon /g ¥ ORUTANC T 5 182 PEIE S R#EE R R
HETR DI, s ¥ wa Uz Drosophila
melerogester 1235\ C 11, B-esterase Offi{k»:DDT,
BHC, parathion iz UCA8RIEH IR L 72O T N T
Yutnk 1oL T & 3R <, TP T R4
WLISTHE DIANT LIRS 53, E72hs 62
201 = 4 2 4 HYio parathionf{Tidk & B-esterase
TEVE & BRIV O & AL 2 £ L CMatsumu-
ra and Brown®?{3 4 = 7 ® 1 o ghdicd malathion
LHEOWIIZ IV T, B-esterase fGiEs' R ifk &
S Tk & AT NN e Wiz L 2 ds ), mala-
thion 12 S T#E X H REBFICHVTH M SIS
ZERLE. Ao aaands old, T
& LT methyl-z-butyrate & malathion % {, %\ 72

%, HRFOFHEIWFLORTTIONMCLSH
X h RAFICH VT > 720 L5 12 malaoxon
T 2 KA OGZYEE, methyl-n-butyrate %)%
FTe LB, M 18R X 51, WRHETHR
A EERB B B A o 72h%, malathion 23EFTE L
AL, 23T kO, SHREEXL b RARK
CEWTREROISSZEENRVHRI 2R L. Lichis
T, Z o methyl-z-butyrate & malathion & H{—
WIS Lo THBXNTV 5 L 0BTV
Asperen?, Asperen and Oppenoorth® (x4 x /¥ =iz

3P L LTI 57 % carboxylic ester hydrolase
ﬁzmuLTﬁT7‘a#ﬁerwa.itm%m
PETURRBDETSSWEN - TIHOTHMHTHDLD
C, AHROTRI X > TREROHETTHY WL D X T,
Visth 7, B-esterase &3, JEfTIo carboxylic
esters LM HREAMOTEL T LD L LT, Eie
carboxyesterase &3, 7% carboxylic ester il
LY LR OW AW 230 & LTS
T 5D,

LBt 22X 5z, malathion 253883 5 BEHRED
mE, EROREORKIC X > TRED, Tibb,
#12 /i malathion O RO REER LA,
OP Fsflicnt LCIEZHED 4 o = [REEICISWVT
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V¥, malathion %4373 % phosphatase {Efin3, =
YAME 4 x5 D 1 ORIV T, carboxy-
esterase {fNBHETH B,

vEyTxTY EF e N3 TH T Y RATIE phos-
phatase » carboxyesterase {ifT & pilg&s LV 20,
L2 L malathion o UCifiEnHiEd 5L, 4
N RHUCHE, malaoxon #43%1 % phosphatase

NEASEE Y, 4 a0 1HOYRPLy v aa
a4 RETIE, carboxyesterase DAL LoD
LD L% 5ILD, March™ 3 %12 malathion ®
MYGEEIZ S T2 weak link®0 22, WALTPOLE
& malathion (3 LT #EHiEDIE Lo 4 = N ]
MOMBWELT, BFLLACTRWERLELS, Y~
yaaang G4 = b0 1 Bomoaicid,
MU link 2% 2 128 Ly,

OP Buli RUGHIHE B D BRI L LT, 1) i’f pSstd
¥arT 2) OP Byl ty ol -3) futiidiesknio
Ygid, HEHUEEAT %] & B LT o THBRD 5
MEZENETH 5.,

S F /NS - AR 3, malathion 12584 7x
carboxyesterase B3] (Bxif, DDVP) %l

% 2 &iZX» T malathion 32y < 7w a ang ]
JlL. %$ LT malathion o> Rydi))% i\‘ﬁﬁ THZERT

L el L,
ﬁmwkmunur,%ﬁaurmhmmnmmﬁ
w4t aa a4 file carboxyesterase flEHI & L
<C Dibrom 22 DDVP X b3 kctefliz o &2H
-7 X BITHEMIAENC X - €, malathion & DDVP
DOERAEA](1:1) X b malathion & Dibrom ORAH
Q1) DA TH S LR WR L,

JGi malathion O WHIIHIOHTEIHEIHCISVTEE
AZE by T\ %, Oppencorth and Asperen
4, Dresden, Oppenoorth and Asperen!? |3 n-
propyl paraoxon »: malathion O fIHl & LT
malathion $EhifEds X ORESZHE 4 = 8 o REsiTH LT
{IRThs e e@s L, EHE D13, malathion &
Dibrom O 324 %7 malathion #EH#ESs X OS24
xR U 4 B /e synergism 2R3 2 &,
¥ fomalathion Shifkds X ONGR2YHEY < e a anxg
R4 N RRUIX LT n-propyl paraoxon X iso-
propyl paraoxon »: malathion O JIFIE LCHL)
Th5 EeMWE LI (CRIEE). Plapp and Eddy*?
% malathion #EHi#EDs X OUERZEE 4 =24 2 h
D 1HEOHRITH L THLHEOMM= 27 VE, flx
¥, triphenyl phosphate, tributyl phosphorotri-
thioate, tribufyl phosphorotrithioate 33, malathion
ORI HEET L & 284 L7 & 72 Jones,

Garman and Dichinson'® {34 =/,Xx, #4 A& =
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Tetranychus lelarius,
Macrosiphum pisi,

VALY FHATT I LY
AALD 1T Murgantia
histrionica, Anasa tristis, Mexican bean beetle,
Epilachna varivestis 123} LT malathion & %o
carbamate, carbonate ester » OREAFIAHEE:
JBERT 2R LT s,

FHELE, ZORREFANC, BAMRHGORS
% malathion & DDVP, Piperonyl butoxide, tri-

o-cresyl phosphate (P4 FIliz TOCP & L%,

trimethyl phosphate, triethyl phosphate, tripheny!
phosphate, tributyl phosphate, Phenylcarbamide,
XOC (O) NHPh (X 12 H, 3-%7:1% 4-NO,Ph, 2-, 3-
F72i3 4-CIPh), RHE, 74 RHK, 74 IREBGAL D
AHEATAAZTML, MEBFHEICE » malathion
HEHEEY < 770 a a5 MRS 2 R R 2
B L7cat, HERoO#5U42 malathion & Dibrom
L OREAFLANCED L ORI s 72,

P EIGRA 7 B x4 5 malathion & phosphate
ester & OMAGENOTIE 3, malathion iz EPN
Eiilb- T, FRRBEMEESTS5 E, wiEo
LT malathion ®EARINT 2 2 &, 2 LT oM
AfEHE EPN o X 5 2c#6i3% 1 > phosphate
ester T4, TOCP @ X 5 78k /1% 4 727\ phos-
phate ester T4, 45315 & \5, Frawley, Fuyat,
Hagan, Blake and Fitzhugh'?£>Murphy, Anderson
and DuBois®® o #1&1z i1 2.

% U 2 OMATHER OB 2 malathiond 43 gt
jif (carboxyesterase 1)) »* phosphate ester iz}
> THIEEND LD LHEL STV 5152, Cagida®
13, =9 A>T, malathion {z34 % phosphate
ester DI &, B-esterase Y & iz i3
HLBRODD LR UL, Lk T, X0
DRy« BEPURAG L7 X 512, malathion 2 carbo-
xyesterase FHZIFIZ UL 7= Ravioxd LTkt
BIEMZRT LA, WHAETCH LT hilitks
3%, CoOHEHIZEHF 5 malathion & Dibrom
Red#odaicd, <o R LTx oty E
o7, TOHER, DL ELHDEEITE OP fhiAl
T3 % BROLH#EO RN 2 BRI oGt ol

k- THRL S e Ry L OTH D, L
LdH< ETHRAOHIGHMEHT LT, siFlay
DENEE O VRIS RO RICH TR E
ThHsT Lz Eiiaw,

i -
1) v eaa,x4 o malathionizil 2 iEHHE:

OB E, FAED R B[k /NAEED S Rfkr 1
HUVT U — v TV TRIERHEIC X YRR L e,
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2) AT X 5 malaoxon T3 % A2
PERMREEC R D R A<, BB TiE malaoxon
12 UCRXARN R R S e 72, L LIREED
malathion % malaoxon iZiG¥EAL T 5T iRICD
VTR ST,

3) M:kHticisveT, cholinesterase o i PEIE X2
malaoxon 1254 -+ H WG ZPHIE R G S ST L TRD
BULP SYA S/ NP A

) BRSNS WTIETTE U Cmethyl-z-butyrate
& malathion # 3 H 7ot &, MR HEOEER
WFRONTIONEL S fﬁ:l D R J/EEIZIVTEY
Mo fz. L7 L malaoxon I3 5 L OS2
methyl-n-butyrate #ILFl& LI MREET
A EXRMA SN f22%, malathion 23877
L7 &icia S T X b R REICH W TREHOER
G wEirIZ AR L, Lichis T, 0 methyl-n~
butyrate & malathion OZHENN—EIH X DL D
PEPEVIFETI V.

5) H:fsticdsvT, R R#EIE S Rtk D mala-
thion 232123 -+255%, WiskEHEE 1 malaoxon %
DR UKW EETRL, v=yaaangRho
malathion #{LHi#El3 malathion #5342 carboxy-
esterase FHRIEDWIKICIORE+S L D LT L7z,

6) T EYPFiZ 35\ T3, malaoxon, paraoxon,
DDVP /g & %53%-+% phosphatase FR¥EIIHINL T

vtk Sicilbivs, LaL, DDVPase Bt o
phosphatase JEVEIZ & OFERIZ L H W A2 TiLETIRRIE
TED- T

7y IRESIZE VT, iRBED carboxyesterase
JIi3 paraoxon, malaoxon, DDVP, Dibrom iZ X - T
12z X41%. % LT carboxyesterase ¢» paraoxon,
DDVP, Dibrom =+ 5 2 WAt CRIA K2
By S ivinino 725t malaoxon ot LTIE R Rk
o carboxyesterase At S RN FILL D2
AEWEI A b,

8) R R#Kizx T2 malathion & Dibrom oOiftéy
WEMZ, SORFREMIEC X b LSRR, Be
A3 50 1 50 OBEITIRE D synergism %75 L7,

9) Malathion & Dibrom ®REESIAD < ¥ Aizxt
T WHER SO IC X 5 T LS HR, Dibrom
13 malathion m)lfE% potentiation L7-,
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Résumé

Biochemical aspects on malathion resistance of
the green rice leafhopper, Nephotemx cincticeps
Uhler, were studied manometncally in vitro.

The insects used in this experiments were the
same as the description in the previous paper.?®
That is, malathion resistant strain of the green
rice leafhopper was collected in September, 1961,
in Nangoku, Koti prefecture where malathion
has become to be ineffective to control this pest
and reared successively from generation to gener-
ation at To6a Agricultural Chemicals Institute
with the selection of LDy of malathion corre-
sponding to each generation. The susceptible
strain used for comparison was collected at Kozu,
Odawara, Kanagawa prefecture in April, 1960,
and reared successively without exposure to imy
insecticide. This population had no experience
of contacting with malathion until that time.
The former strain had 5.6 times resistance to
malathion compared with the latter strain when
they were applied topically with acetone.

The results of experiment are summarized as

" follows:

1) At this stage of investigation, the cross
resistance to malaoxon can not be recognized in
the malathion resistant strain. But, the difference
in the active rate of malathion to malaoxon in
vivo was not found obviously between the both
strains,

2) Cholinesterase activity in susceptible strain
was nearly equal to that of resistant strains in
vitro, and also, any difference could not be
recognized in the sensitivity - to malaoxon of
cholinesterase between both strains.

3) Hydrolase activity of resistant strain was
higher than that of susceptible strain, and in both
cases, methyl-n-butyrate and malathion were
used as substrate. When methyl-z-butyrate was
used as substrate, however, there was little
difference in sensitivity of hydrolase against
malaoxon between both strains. When malathion
was used as substrate, susceptibility to hydrolase
of resistant strain was' lower than that of -

susceptible strain. Accordingly, it was not clear
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whether this methyl-n-butyrate and malathion
were hydrolyzed by a single enzyme. As pointed
out by Asperen and Oppenoorth'® in the
housefly, there are more than two kinds of
carboxylic ester hydrolases having different
characteristics, and the characteristics of hydro-
lase have overlapping substrate specificities.
Furthermore, until being clear the characteristic
of enzyme, authors would like to consider that, as
they are very complicated, the so-called B-esterase
shows the activity of enzyme which hydrolyzes
carboxylic esters of non-insecticidal properties,
and also carboxyesterase means the activity of
enzyme which hydrolyzes insecticides containing
carboxylic ester.

4) Resistant strain hydrolyzed malathion in
vitro more rapidly than susceptible strain, but
both strains did not hydrolyze malaoxon, and also,
these results suggest that the resistance to
malathion in this insect is correspondiﬁg to the
increase of carboxyesterase activity hydrolyzing
malathion.

5) At this stage of investigation, it was con-
sidered that activities of phosphatases hydrolyzing
malaoxon(malaoxonases), paraoxon (paraoxonases)
and DDVP(DDVPases)did not increasein resistant
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strain. Malaoxonase and paraoxonase activities,
however, could not be measured in both strains
by the analytical method used in this experiment.
DDVPase activity did not show any difference
between the both strains iz vitro.

6) Carboxyesterase actions of both strains in
vitro were inhibited by inhibitors such as para-
oxon, malaoxon, DDVP and Dibrom. The sensi-
tivities of carboxyesterase to paraoxon, DDVP
and Dibrom did not show any difference between
the both strains, but the carboxyesterase of
resistant’ strain had more resistance to malaoxon
than that of susceptible strain, as pointed out
above.

7) Remarkable synergism was recognized when
malathion and Dibrom was applied jointly to
female adults of resistant strain. The maximum
synergism was obtained in a mixture of malathion
and Dibrom in the ratio of 1:1,

8) At the same time, Dibrom potentiated the
oral toxicity of malathion to mice when malathion
and Dibrom administrated jointly as water
emulsion. The degrees of potentiation were 5.0,
6.9and 6.2 in the 75:25, 60:40 and 50:50 mixtures
of malathion and Dibrom respectively.
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#i% phenyl N-methyl carbamate il R %
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Position isomerism in relation to activity of
. substituted-phenyl N-methyl carbamates.

R. L. Metcalf, J. R. Fukuto, and M. Y. Winton.

J. Econ. Ent. 55 889. (1962)

PESEOTHFE ¢l ELHR phenyl N-methyl carbamate
(AT PNMC & B 1) 0Bt /v, —Aic meta, ortho,
para, DIFfFIZHH DL INTV D, L LHs,
alkoxy-PNMC AT i3 o-isopropoxy-PNMC o
X 5 7z ortho Fifikss, Th 0 meta FHRIkL b §
W RS £ D, PNMC ko bl
EBUIE MR DL, 9 (2o 5 bfgita
) o PNMC ke &IRL, £hoo, ZHoR
BT 248 chE {130 s sl v TRES L 7.

HHEEZE
Tz L 00 PNMC Rzt CiIi 5

NTWHhs, —fFCiE, #2415 phenol &3iiflo> 50
%methyl-isocyanate &% b= o IEERZ VT
100°C ¢k L TARL, 1957 carbamates
1X skellysolve B {2 hexane %/ S5 L 72 £ Dl
ARIEE LT, 72 & 213 m-iodophenol {3 m-amino
phenol 7> & diazonium [} {k % & T, o-cyclo
pentyloxy phenol {1 pyrocatecol & cyclopentyl
bromide 7% Klarmann o)/ji¢aIRLA. s
{¥v 1L {, N-methyl carbamate ester & L-CJc#t
SHFtic X DRI,

iz 3o i chE {EJoMiE: 4,
Fukuto, Kolbezen o Jjikiz X - 7z,

ZO#R, PHISbh TV 7e T T < HidiclE
EEhD 3080 oh R bk,

% B®

Cabamates }ZRH1D chE 234 5%5'171’:1"]511%"%“'6
b T, MR O, RESORSRIEAEE LT
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