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strain.

For both strains, most of P=O compounds

tested showed low LD.o values in comparison

with P=S compounds, and P=O compounds

showed much lower LD60 values than their P=S

analogues. These facts suggest that the deto

xification before oxidation or activation of P=S

compounds to P=O is an important mechanism

in the organophosphorus-resistance of the green

rice leafhopper.

The two resistant strains showed no cross

resistance to both organochlorine and carbamate

insecticides.
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Introduction

Resistance to malathion in insects such as the

housefly has been extensively studied and its

main mechanism was proved to be the increased

activity of carboxylesterase hydrolyzing carbo

xylic esters of malathion to nontoxic acid meta

bolites. It has been demonstrated in Musca dom

estica'."; Culex tarsalis":", Chrysomya putoria»

and Tribolium casianeum" that carboxylesterase

activity is higher in malathion-resistant strains

than in susceptible ones and that inhibitors of

carboxylesterase exhibit synergistic effect on

toxicity of malathion for the resistant strains.

Moreover, the malathion-resistant strains of these

insects show little cross-resistance to the other

organophosphates having no carboxylic ester",

It has been observed that malathion-resistance

is also developed by selection with the other

organophosphates in Musca domestica" and Blat·

tella germanicar", Such a resistance appeares to

be attributed to another factor different from

188

carboxylesterase.

Kojima et al.1I) showed that in the green rice

leafhopper in vitro degradation rate of malathion

was higher in a malathion-resistant strain than

in a susceptible one and that naled (Dibrorn), an

inhibitor of carboxylesterase, exhibited synergistic

effect on the toxicity of· malathion. They

concluded that the malathion-resistance in this

leafhopper was attributed to the increased activity

of carboxylesterase. On the other hand, it was

shown that nonspecific aliesterase (AliE) activity

hydrolyzing many simple aliphatic and aromatic

esters'v was very high in the resistant leaf

hopper as compared with that in the susceptible

onell , 13- J6) and was linked with the resistance to

malathion'!'. These findings were followed by the

report!", in which an esterase activity hydrolyzing

carbophenoxy malathion (O,O-dimethyl S-(l,2

bis-carbophenoxy) ethyl phosphorodithioate) was

high in the resistant leafhopper, and was inhibited

by a saligenin cyclic phenyl phosphate K2, a
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synergist to malathion. More recently, Miyata

and Saito lll investigated relationships between

AIiE and carboxylesterase in this leafhopper

and discussed the same subject as presented

in this paper.

Results cited above support the conclusion

proposed previously by Kojima et al.1ll However,

most of the resistant leafhoppers recently collec

ted from fields show resistance not only to

malathion at high level but also to many other

organophosphates having no carboxylic ester20,211.

Such resistance patterns in this leafhopper seem

to be a result of selection with various insecti

cides used for control of this leafhopper or other

pests. It is also likely that most of resistant

populations has developed a high level of resist

ance to malathion as a result of selection with

both malathion and the other organophosphates.

The present authors investigated effects of

some synergists on toxicity of malathion and

rnalaoxon, penetration and metabolism of mala

thion, and sensitivity of cholinesterase (ChE) to

malathion and malaoxon in order to clarify mech

anism of the malathion-resistance in the green

rice leafhopper which developed high level of

resistance to various organophosphates.

Materials and Methods

Insect: Two organophosphate-resistant strains

(M and P) and one susceptible strain (S) of the

green rice leafhopper, Nephotettix cinciiceps Uhler,

were used221• Both'M and P strains are derived

from an organophosphate-resistant population

collected at Doi in Ehime prefecture in 1963.

Doi population was divided into two groups, and

selected with malathion or methyl parathion in

this laboratory. M strain selected with malathion

shows 380 times resistance to malathion and P

strain selected with methyl parathion shows 79

times resistance to malathion as compared with

S strain221. The two resistant strains show also

extremely high level of resistance to many other

organophosphates but no cross-resistance to car

bamate lnsectlcldesw. S strain was collected in

Miyagi prefecture in 1969 and has been used as

a standard strain. This strain is high susceptible

to many organophosphates and carbarnatess",

For all experiments, females 4 to 9 days after

emergence were used.

Insecticide and synergist: Malaoxon was ob

tained by oxidation of malathion with bro

mine-water. Malathion (96?6) and malaoxon thus

obtained were purified by thin-layer chromato

graphy (TLC) on a silica gel plate with the

solvent system of hexane and acetone(l9: 1). Tri

e-cresyl phosphate (TOCP), trlphenyl phosphate

(TPP) and piperonyl butoxide were purchased

from Tokyo Kasei Kogyo Co. Ltd. EPN-oxon

and isopropyl paraoxon were kindly supplied by

Drs. T. Shishido and J. Fukami.

Synthesis of radio-labeled malathion: UP, 35S_

double labeled malathion was synthesized ac

cording to the following equations as reported

by
Casidatu and March et al."): P,S Il,UPOtIUP.S.

"S
~"P."S. CII,OIl , (CII,O)... j,,"SII

~HCOOC.II, "S

CIICOOC,II" (CII,O), "P,"SCIICOOC.II.

ell,COOC,lI,

The labeled malathion was purified by TLC as

mentioned above, and its radiochemical purity

was more than 99% for 32p and 35S, and specific

activity was approximately ImC/mM for 32p and

3mC/mM for 35S at the beginning of the exper

iment.

Synthesis of metabolites of malathion: 0, 0

Dimethyl hydrogen phosphorodithloate, malathion

diacid (O,O-dimethyl S-(l,2-bis-carboxy)ethyl

phosphorodithioate) and malathion monoacid (0,

O-dimethyl S-(I-carboxy-2-carboethoxy) ethyl

phosphorodithioate) were synthesized according

to the method described by March et al.20

O,O-Dimethyl hydrogen phosphorothioate was

synthesized based on the method given by FOSS25I.

Toxicity test: Topical application technique221

was adopted for test of synergists. In simulta

neous application method, an insecticide and a

synergist in acetone were mixed with an appro

priate ratio and O. S/11 of the mixture was applied

on the dorsal surface of the adult anesthetized

with carbon dioxide. In pre-application method,

o. S/ll of acetone solution of a synergist was

applied 60 min before the application of acetone

solution (0. S/l/) of an insecticide. The treated

insects were placed in a plastic case containing

the rice seedlings and kept at 27 ± 1.SoC. Mor-
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tality was counted 24 hr after treatment.

Penetration and metabolism of malathion: A

O.lpl-drop of acetone solution of 32p,35S-labeled

malathion was applied topically on the dorsal

surface of the adult anesthetized with carbon

dioxide. Two dosages were applied:0.1pg at the

low dosage and 1.Opg at the high dosage. The

treated insects were placed in a plastic case

containing the rice seedlings and kept at 27 ± 1.5°

C. Symptom of the treated insects was observed

at various time intervals and then distribution

of radioactivity in external and internal of the

insect body was determined,

The treated insects(70-100 adults for one group)

were rinsed on a funnel with 10ml of toluene

and 1ml of the toluene solution was taken for

radioassay, The activity in toluene was referred

to as the external. The rinsed insects were hom

ogenized in cold 0.23'6 trichloroacetic acid(TCA)

solution (below pH 2) and the homogenates were

centrifuged at 700g for 5 min to remove residue.

The residues were again washed with the TCA

solution. The residues were subjected to com

bustion by nitric acid, followed by perchloric

acid. Resultant solutions were neutralized with

KOH solution and aliquots were taken into vials

for radloassay, The supernatants were combined

and adjusted to pH 7.0 with 0.5 N KOH. Then,

the equal volume of toluene was added to the

solution and shaken vigorously. After centrifuga

tion of the solution, 1ml from toluene fractions

and 2ml from aqueous fractions were taken into

vials and 10ml of toluene-based scintillation fluid

(PPO, 3.75g and PO POP, 0.15g/1) and dioxane

based scintillation fluid (PPO, O.15g and POPOP,

0.15g and naphthalane, 45g/1) were added to

respective vials. Measurement of radioactivity

was conducted by Tricarb liquid scintillation

spectrometer (model 3003).

Remained portions of the toluene fractions were

concentrated to a small volume and the concen

trate was chrornatcgraphed on silica gel plates

with the solvent system of hexane and acetone

(19: 1). Radioautograms of the TLC plates were

prepared by the conventional method. Malathion

and malaoxon on the plate were identified by

co-chromatography with the authentic compounds.

Radioactive portions on the plate were scraped
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and their radioactivities were determined.

The aqueous fractions were subjected to an

ion-exchange chromatography on Dowex 1-X8 and

gradient elution with ascending concentrations

of hydrochloric acid26) was conducted as shown

in Fig. 3. Monoacid and diacid of malathion were

identified by co-chromatography with the authen

tic compounds. Although other metabolites could

not be identified, 0, O-dimethyl hydrogen pho

sphorothioate and O,O-dimethyl hydrogen pho

sphorodithioate were confirmed to be eluted in

gradient III and IV, respectively.

In vitro degradation of malathion: Females

were homogenized in 1/15 M phosphate buffer

pH 7.2 (20 adults/ml) in a glass homogenizer.

The homogenate was centrifuged at 20,OOOg for

20 min. The supernatant liquid and the crude

homogenate were used as ane nzyrne source.

Four ml of the enzyme solution equivalent

to 80 females and 20pg of malathion dissolved

in 10pl of ethanol were taken in a test tube,

and incubated at 30°C for 2 hr. Malathion in

the incubation mixture was extracted 3 times

with 4ml of hexane. The extracts were concen

trated to 1 or 2ml and malathion was determined

by gas chromatography. Operational conditions

of gas chromatography were as follows: appara

tus, Shimadzu GC-5A; detector, flame photome

tric detector (P filter); column, pyrex column

(3mm9 x 1m) packed with 1096 Silicone DC-200

coated on 60-80 mesh Gas-chromQ; column tem

perature, 205°C; flow rate of carrier gas (N2),

eOml/min.

Sensitivity of CIzE to malathion and malaoxon:

Females were homogenized in 1/15 M phosphate

buffer pH 7.2 (10 adults/ml). The homogenate

was centrifuged at 700g for 10 min and the

supernatant liquid was used as an enzyme

source. For determination' of ChE activity, 1ml

of the enzyme solution and 1ml of 0.004 Mace

tylcholine bromide were taken in a test tube and

incubated at 37°C for 40 min. The residual ace

tylcholine was determined by the Hestrin method

as described in the previous paper!", For deter

mination of sensitivity of ChE, an appropriate

amount of an inhibitor in acetone was taken in

a test tube and 1ml of the enzyme solution was

added after the evaporation of acetone. After pre-
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incubation at 37°C for 30 min, the substrate was

added to determine the residual ChE actlvltv!",

Results

Effects of synergists on toxicity of malathion

and malaoxon

Effects of some synergists to malathion and

malaoxon for S, M and P strains are shown in

Table 1. Plperonyl butoxide exhibited high anta

gonistic effect to malathion for all three strains

tested. TPP showed synergistic effect to mala

thion for M and P strains but not for S strain.

Any distinct effect of TOCP to malathion was

not found for the three strains. EPN-oxon and

isopropyl paraoxon markedly synerglzed the toxi

city of malathion, especially isopropyl paraoxon

for M and P strains. Any effect of piperonyl

butoxide and TPP on the toxicity of mala oxon

was not found for the resistant strains.

Penetration and metabolism of malathion

Distribution of radioactivity and mortality in

S, M and P strains at various time intervals after

topical application of 32p, 3~S-labeled malathion

are shown in Fig. 1. As radioactivity of 32p

decayed during the preparation of radioautograms

of TLC plates, Fig. 1 is shown on the basis of

3~S. Total recovery includes radioactivities in the

external, the toluene and aqueous fractions, and

the unextractable residue. Radioactivity remained

in plastic case was excluded. Radioactivities of

the residues were below 2-3;'6 of the applied

dosage and were omitted in Figv L

Disappearance rate of malathion from the sur

face of insects was faster at the low dosage

(0. lpg/insect) than at the high dosage (1. Opg/

insect). At 1 hr after application, 30;'6 of the

applied dosage remained at the low dosage,

whereas 70-80;'6 was recovered at the high dos

age. Any difference was not observed in the

disappearance rate of malathion among S, M

and P strains, regardless of applied dosages. S

Table 1. Effects of synergists on toxicity of malathion and malaoxon
for S, M and P strains.

Manner of application" LD~o (pg/g) Cotoxicity coefficient**
Compound and ratio of compounds

in the mixture S M P S M P

malathion 0.94 271 52.0
malaoxon 0.56 4.55 2.93
EPN-oxon 0.58 13.3 71. 4
isopropyl paraoxon 2.86 27.8 38. 7

malathion simultaneous application
-l-piperonyl 1: 4 153 34.0

butoxide 1: 0.4 408 66.4
pre-application 8.5 466 188 11.1 58.2 27. 7

malathion pre-application 0.82 242 58.7 115 112 88.6
+TOCP

malathion pre-application 0.83 97.5 18.8 113 278 277
+TPP

malathion simultaneous application
+EPN-oxon 1 : 1 0.68 12.7 18.4 105 200 328

malathion simultaneous application
+ isopropyl 1 : 1 5. 75 2.88 876 1540

paraoxon 1: 4 0.82 2t8

mala oxon simultaneous application
-l-piperonyl 1: 10 4.00 3.44 114 85.2

putoxide
malaoxon simultaneous application

+TPP 1 : 10 4.25 107

* In pre-application.B Ilg of a synergist per female which causes no poisoning, was applied
60 min before the application of an insecticide.

** Cotoxicity coefficients were calculated by the equation of Sun and Johnsonw,
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dosage (1. 0 fig / insect) .
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s t ra in was para lyzed or im mo bi lized with in 1 hr

bu t a ny poisoni ng was not obse r ved in i\I a nd P

s t rai ns in th e ea r ly s lag' a fte r t reatment. T hese

* Am ount of mal a ox on co uld be det er m ined onlv
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Num ber of fr action

Fi g. 3. Ion-e xch a ng e ch ro matogra m of th e
aq ueo us me ta bolit es on Dow cx 1- X8.
Th e sa m ple is th e metabolites in S
s t ra in vl h r a fter t op ical applicat ion
of mal a t h ion ( 1. 0 fl!( pe r fema le ) .
1\ se ri es of g rad ie nt ·lut ion is as
foll ow ing as descr ibed by Kr ueg er a nd
O'Br ien" ' . T hree hu ndred nil of each
g ra die nt e lua nt was used . Grad ient
I : II C I pll 1. 5/ HC I pH 1. Grad ient
I I: IIC I pll 2 + methanol (l + o1 ) / HC I
p I( 1+ me t ha nol (I + 4) . Gradi ent III :
HCl pll I + me tha nol (I + 3)/HCl 1 N
+ me t ha nol (1+ :1), Grad ient IV: HCl
1 N +acet on e (l + 3) / HC l conc. + H20
+ ace tone ( 1+ 1+ 6) .
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• Pre-incubation with an inhibitor for 30 min at
37·C.

Table 4. Sensitivity of ChE in S, M and P strains
to malathion and malaoxon",

Table 3. Degradation of malathion by homo
genates of Sand M strains.

IGO (M)
Inhibitor

S M P

malathion 2.2xlO-· 2. 2x 10-' 2.2xlO-·

malaoxon 8. 5x 10-8 1.3xlO-1 1.Ox 10-1

A typical pattern or ion-exchange ch rornato

gram of the aqueous metabolites is shown in Fig.

3. Peak 1 and 2 were identified to be monoacid

and diacid of malathion, respectively, though in

Fig.3 diacid was not found. Other metabolites

were not identified but O,O-dimethyl hydrogen

phosphorothioate and O,O-dimethyl hydrogen

phosphorodlthioate were confirmed to be eluted

in gradient III and IV, respectively. The main

aqueous metabolite was the monoacid in the

early stage after treatment. The other metabo

lites eluted in gradient III and IV appeared 1-2

hr after treatment, and increased gradually. How

ever, any significant difference was not found

in the patterns of chromatogams among S, M and

P strains, regardless of applied dosages.

In vitro degradation of malathion

Degradation of malathion by hornogenates of

Sand M strains is shown in Table 3. The degra

dation activities by supernatant liquid of homo

genates were 2-3 times higher than those by

crude homogenates in both strains. The activity

in M strain was twice that in S strain, regardless

of enzyme sources.

Sensitivity of ChE to malathion and malaoxon

It has been reported in the previous paperUl

that ChE activities of M and P strains are

higher than that of S strain. However, sensltlvi

ty of ChE to malathion or malaoxon was not dif

ferent among M, P and S strains as shown in

Table 4. Sensitivity of ChE in this leafhopper

to malaoxon was approximately 1000 times higher

than that to malathion.

In this study, any significant difference was

not found in either penetration of malathion or

sensitivity of ChE to malathion and malaoxon

among S, M and P strains. It has been demon

strated by Hama and Iwata21,30,31) that the altered

ChE, which was found in the multi-resistant

Although many factors such as cuticular pene

tration, activation and detoxication of insecticides,

and sensitivity of target sites to insecticides are

involved in, insecticide-resistance, increased ac

tivity of degradation is known to be the predomi

nant factor in most of organophosphate-resist

ance of insects!".

Discussion

5.4
10.2

2.8

7.0

Degraded malathion"
______. (/tgt _

S M

observations suggest that penetration of mala

thion is merely physicochemical phenomenon, and

is not affected by poisoning of the leafhopper.

Radioactivity of the toluene fraction in S strain

was twice those of M and P strains at the low

dosage. Radioactivity of the aqueous fraction

increased gradually, except those in M and P

strains at the low dosage. The total recovery of

radioactivity in M and P strains decreased grad

ually, though the recovery in S strain was almost

constant. These results suggest that metabolites

of malathion are steadily excreted in M and P

strains but in S strain excretion of metabolites

probably decreases or ceases after poisoning,

resulting in the accumulation of aqueous metabo

lites in the body.

Radioautograms of TLC of the toluene fraction

at the high dosage are shown in Fig. 2. A clear

cut spot of malathion (Rf value, O.67) was detec

ted in all three strains tested. Another distinct

spot of malaoxon (Rf value, O. 18) was detected

only in S strain but not in either M or P strains.

Amonuts of malathion and malaoxon calculated

on the basis of radioactivities of the TLC plates

are shown in Table 2.

crude homogenate
supernatant liquid··

Enzyme solution

• Incubation of 4 ml enzyme solution equivalent
to 80 females with 20 flg of malathion for 2
hr at 30·C.

•• Supernatant liquid of crude homogenates
obtained by centrifugation at 20,ooog for 20
min.
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strains of the leafhopper, is less sensitive to

carbamates, participates mostly in the carbama

te-resistance and partially in the resistance to

some organophosphates including' malathion.

However, sensitivities of ChEs of I'll and P strains

to malathion or malaoxon were the same as that

of S strain. Therefore, neither penetration of

malathion nor alteration of ChE contributes to

the malathion-resistance in 1\1 and P strains.

Malathion was metabolized relatively quickly

both in vivo and in vitro in all strains tested,

though degradation activity of malathion in I'll

and P strains was twice that in S strain. Mala

thion was metabolized mainly to its monocar

boxylic acid in all three strains in the early

stage after treatment. It was also shown in this

study that TPP. and EPN-oxon known as carbo

xylesterase inhibitors synergized malathion for

I'll and P strains but not for S strain. Therefore,

high activity of carboxylesterase is an important

factor of the malathion·resistance in I'll and P

strains.

Metabolites eluted in gradient III and IVap

peared 1-2 hr after treatment and increased grad

ually. This result suggests that other enzymes

than carboxylesterase also participate in' the

degradation of malathion. However, a significant

difference was not found in the pattern of aque

ous metabolites among the three strains.

As shown in Fig. 2 and Table 2, malaoxon was

evidently accumulated in the body of S strain

but not detected in either I'll or P resistant str

ains. It is well known that organophosphates

having P=S bond are oxidized to phosphates

having P=O bond, potent anticholinesterase age

nts. In the green rice leafhopper, anticholineste

rase activity of malaoxon was shown to be 1000

times higher than that of malathion (Table 4).

Therefore, it is evident that intoxication and

decease in the leafhopper applied with malathion

are directly affected by the amount of malaoxon

accumulated at the target site. Consequently,

malathlon-resistancc in I'll and P strains is attrib

uted to extremely small amount of malaoxon.

Such an instance has been demonstrated in the

resistance of Musca domestlca to malathion" and

diazinon32,33> , and Gil/ex tarsalis to malathlorr'-".

From viewpoint of activation and detoxication

of malathion, accumulation of malaoxon at the

target site may be affected by the following

three factors: 1) activation rate of malathion to

malaoxon, 2) degradation rate of malaoxon, and

3) degradation rate of malathion.

The above two factors, 1) and 2), relating

directly to the accumulation of malaoxon were

not elucidated in this study. Since piperonyl

butoxide exhibited antagonistic effect to mala·

thion for all strains tested, it is probable that

malathion is converted to malaoxon by mixed

function oxidases in this leafhopper.

As described in the previous paper22>, both I'll

and P strains are characterized by more than 100

times resistance to many organophosphates having

P=S bond but lower resistance to phosphates

having P=O bond. In comparison of the resist·

ance patterns of 1\1 and P strains to the P=O

compounds, I'll strain is somewhat more resistant

to malaoxon, vamidothion and Fujithion (S-(p

chlorophenyl) 0, O-dimethyl phosphorothiolate)

than P strain, but conversely the level of resist

ance to methyl paraoxon, paraoxon, fenitrothion

oxon and EPN-oxon is extremely higher in P

strain than in I'll strain22>. From these results, it

is possible that I'll and P strains may degrade

the P=O compounds, if so, more than one enzyme

will be involved in the degradation. Degradation

of malaoxon undoubtedly affects the malathion

resistance. It has been reported that malaoxon

is degraded in the resistant insectsl.3,~,lo.34,3~),but

not in the green rice leafhopper!", Main and

Dauterrnan"? showed that carboxylesterase from

rat liver hydrolyzed malaoxon, and was simulta·

neously irreversibly inhibited by phosphorylation.

Considering malaoxon the actual toxicant of

malathion, a small degradation of malaoxon may

be important, as well as a large degradation of

malathion. Then degradation of malaoxon in this

leafhopper needs to be investigated details.

Finally, degradation rate of malathion affects

indirectly accumulation of malaoxon, i. e., high

degradation rate of malathion results in decrease

of the substrate malathion on the reaction of

activation. This factor has been already discussed

above.

On the whole, the degradation activity of mala

thion in I'll and P strains was at most twice that
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in S strain both in vivo and in vitro, and syner

gistic effects of TOCP, TPP and EPN-oxon to

malathion were not clear-cut as compared with

those in the other malathion·resistant insects.

Besides, it was shown22,371 that in this leafhopper

selection with malathion resulted in inducing a

high levels of resistance to many other organo

phosphate. In these regards, extremely small

amount of mala oxon in the resistant leafhopper

seems not to be explained solely by the increased

activity of carboxylesterase. It is probable that

the hydrolysis of malathion by carboxylesterase

and other factor(s) such as degradation of mala

oxon may be responsible for small amount of

malaoxon or high level of malathion-resistance

in the leafhopper.
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Summary

In order to clarify mechanism of the malathi

on-resistance in the green rice leafhopper, effects

of some synergists, penetration and metabolism

of malathion, and sensitivity of ChE were deter

mined using two organophosphate-resistant strains

(M and P) and one susceptible strain (S).

Any distinct difference was not found in pene

tration of malathion and sensitivity of ChE to

malathion and malaoxon among S, M and P

strains.

Although malathion was metabolized relatively

quickly to aqueous metabolites in the three strains

both in vivo and in vitro, the degradation activity

in M and P strains was twice that in S strain.

The main aqueous metabolite was malathion

monoacid. Other unknown metabolites appeared

1-2 hr after treatment and increased gradually,

but a distinct difference was not found in the

patterns of aqueous metabolites among S, M and

P strains.

Malaoxon was evidently accumulated in the

body of S strain but not detected in M and P

strains. Consequently, extremely small amount

of malaoxon in the resistant strains was explain

able to the resistance to malathion in these

resistant leafhoppers.
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