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.. Résumé

In the present paper, the authors attempted. to
esitmate the insecticidal effects of the mixtures of

v .DDVP with malatlifon or some other organophos- -
_phorus 1nsect1c1des in emulsions against the adults

of the green rice leafhopper, Nephotettzx bzpuncta-
tus cincticeps Uhler, - by the method of cage test

in laboratory conditions. T
“In this test, the authors prepared original emul-

sions containing malathion, ‘methyl paraoxon, - me-

- thyl parathion; Phosphamidon or CIBA 885 mixed

w1th DDVP m various ratios as shown in Table 1, '

' usmg xylene and an emulsifier and then examined

their knock-down effects to the adults of the green

w25 #—1

12

rice leafhopper after the spraying. The values of
median knock-down time (KTs;) were calculated
from the time-pér cent knock-down curve by probit
method of Bliss,
veness of emulsion. .
The insecticidal effects of mixtures tested aga-
inst the adults of the green -rice leafhopper as
shown in Table 2, were more increased at the cases
‘mixed with DDVP in a certain ratio than the
corresponding  insecticides alone but the effect of
DDVP alone was not so effectwe agamst msect :
- tested.
The degree of 1ncreasmg effectxveness was hxg-
her in the case of the malathion plus DDVP em-

as an indication of the effecti-

. ulsion than in the other combined emulsion and
"the former emulsion showed its highest effective-
ness m the case of ‘the ratio of 4:1, These
results, suggest that DDVP has a certain syner- v

" gistic action for:malathion or some other organo--

- phosphorus insecticides. The notentinted effect
appears to bean mterference w1th the detox1ﬁcat10n
process. : v

‘An investigation was also made of the acute oral
‘and subcutaneous toxicities of various dosages of
malathion, DDVP alone and their mixture in the
ratio of 4 : 1 formulated in emulsion against the
male mouse.  The median lethal dose (LD;y) was
calculated from dosage-mortality curve by the
graphic approximate method of Finney. The acute.

* toxicity of malathion’ plus DDVP emulsion was
about'a 10 times greater than that of the corre- -
sponding dosage of each insecticide alone when
its mixture was administered orally to mouse, but

" no.potentiation was indicated when it administered
subcutaneouslly. )

The Enzymatic Detoxification of Some Organophosphorus Insecticides in the Adults of the
Green Rice Leafhopper, Nephotettix bipunctatus cincticeps Uhler, Especially an Enzyme
" Detoxifying Malathion and Its Inhibition. Ken'ichi Kosma and Tadayoshi Isnizoka (Instituté
for Agrlcultural Chemicals, Toa Noyaku Co LTD., Odawara, Kanagawa). Recelved Dec. 20,

1959 Botyu-Kagaku, 25, 22, 1960 (with. Enghsh résumé 29).
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in vitro W 2 HEBR > 2 7 VEODH, HiE
515 Bf?ﬁtf)lﬂ?ﬁhuﬁ‘lArg L, XohEEHE
BREROB N ZRET s RELRTTHE EELL
hTW5, FHE Cook Bt 7 v 7 FEHIELIC mala-
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PN #FRICHE LA, okt ehehiin
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Cook -
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HE BB 2 7 v HF & DDVP LoRAHH
DIy 7 EY AL ENBAERR, vese
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DDVP o' fi#ic X 57 Tidd & MR Eh 50

T, ANERERTAIORET Ty IRk ESRE

BERBE LT, v e s a4 REOERER
BSHRIIC X D F SRR = X 7 AR RFI DRI S
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Table 1. Common and chemical names of insecticides used in this experiment.
Common name Chemical name

CIBA 885 Unknown chemical structure
DDVP 0, O-dimethyl 0O-2, 2-dichlorovinyl phosphate
malathion 0, O-dimethyl S-(1, 2-dicarboethoxyethyl) phosphorodithiocate
malaoxon 0, O-dimethyl S-(1, 2-dicarboethoxyethyl) phosphorothiolate
methyl paraoxon 0, O-dimethyl  O-p-nitrophenyl phosphate
parathion 0,0-diethyl ~ O-p-nitrophenyl phosphorothioate
paraoxon 0, O-diethyl - * O-p-nitrophenyl phosphate
Phosphamidon * 0, O-dimethyl O-(2-chloro-2-diethylcarbomoyl-1-propen-2yl) phosphate .
Sevin ** 1-naphtyl N-methylcarbamate

* Trademark CIBA Ltd

. ** Trademark Carbide and Carbon Chemlc:al Co.

é) TR : v aaary Nep.hotettix bi-
punctaus éincticeps Uhler fReiix, -+ Cic &3
WL EBRUT, R R R PN 0 FRBLELAT

ZEA e IR L R AR CH 5. LR
xR MR L—RC Y < 7 e 2 384 Bk
| OEESHEX DIEHEEAATH S C LATD ST Y,
| BRI, ¥R o XA TRET

% BUMIKTH B OTRISEIEN £, HEMER=
7 MBI RE L TEIRG 5 I TR & O

VWO TZhERIETEmErais e Lz,

9w 7 Rattus norvegicus V3iifRoitD %% H
Wiz, . ‘ ,
3) AP ONARNE v~ egan

A R EPLEAA T ERIUR 3.3 5k (300mg/ml)
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Bi-dmt B % W 25 &1

z@qmm& (0. 150 M-NaCl, 0,040 M-MgCl,,

0 025M -NaHCOy) EMLTESEOHELE, .

v 7 IR BT AR Lo i 2 7

ShFTHRIERR D 20 455t (50mg/mD) o EITAENIK
EIMA TR <BYBILE. ZoRERmicESTL

. ThEeRy FONLRE &bélj\}—‘m%émf, h

%<tb_£ﬁ_tfﬁﬂb,%®ﬁﬁ®~ﬁﬁd§
o TEERIZAW, WMARIIREHES (—5°C) iy
®L, SEZLICHAMZEHLE

4) EEW cmkw“uvzrﬁm$Wﬁm§m

Bz k%5 malathion OFEFHERAO MIFCEWT 5H -

@ Triton X-100 %2 CHERMEETBE AV TER
REML TS, FBHLHPEL LT malathion

HRFCOWT BED activity 2 RiET HAOIE

' ﬁﬁ%ﬁ#br%%]ﬁmnXHmwﬁﬁm2ﬁﬁﬁ
ﬁf&)% &%HWJL?‘(D‘G, C ZCRERBRESGE
¥k Triton X-100 % 2 BV L7 b ORLEFNC L
T X BB L TIHLE L, BARIME 10mg/ml k
L, . S :

'5) B : malathion MEAEEIC XI5 BELR

| O EEERIC 3\ C A %) ethanol i -

XTHIRL, ToSERe HURUREREGERC N

TERRRR LA, LT, BEEfosAkz 0.1

Cml kU RSASBY Y O ethanol 123 0.1ml X

DLW X S Ui, B activity BT ethanol

@%@ﬂtﬁ@ﬂﬁfuﬁéanmmot,
"6) BFETERIONE : malathion 35 X UMUKy Bk

B = 27 v R0 BEEOFEEET 5 S0 mala-

.mwn%m¥$kﬁf6ﬁﬂmmﬂ®m$%mkm

' ~ Cook 517 Fﬁ\,\f- Warburg manometer Hi”zi,‘f@{b :

THELT.

SR A, RISEGo W

C0.5ml Buvh, ERCEEE L0ml IR

W 1.5ml vz, DWTRERA A 5% LEH 95

ROMRD 7 2 RRER ORI L TH ABOELK
LR LI.

’ ﬁﬁﬁa%m37wcmmmﬂuwnrmﬁmmﬂ
Uieob, MUEOEE R EEICHNL TRISZBE L

k. rhwdbx, RISHO pH I 7.6 275, TR

10537 L EEROERID X5 T T 5 COp %30~
mﬁmwﬁu,@tﬁ%&cmuwmlﬁwmm@w
OW/EERIC BRI LT RO SRR, iR

' DHRBMNRE DD THT b RO THELR.
- Malathion FRBREF i35 Al MARRIC

s premcubatlon 35 X ¢X simultaneous administration )

o 2 DORBER V., MHOHHERISTRED
RZCHEL 0.5ml 2vh, ESICEFER 1.0ml
LHEA 0.1ml Lavh, X5 i IURBHIGET
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lAmlz%mLfoa ERBEFATH AL
o, % LOREERIA 2 37.5°C offiAiicvhT
5y 7RRERIC OV TS0, v <y e a3,
ROV TISHIRE L, HERSSE0

- b, (UEQREEZERITRMUTRSEEBL, 5

Hit% €O, %7~ 7 FREMICOVTIE 3030, »

=¥ e a3 FEART OV TIRE0STINE L.

BFoFEAN 2 MENRISERY BV CEEEE

EFR SO MBIV R TERT R ETh ok, B
BELOFHLRBOPKR CARR CRRISEBRONSE |

WCHEK 0.5ml LFHEA] 0.1ml 2\vh, E=ICE
FIK 1.0ml & RRFEGEK L4ml 2vhizob,
EREANATHAGHR UL, LT, REHERE
37.5°C iEEKBIVRT 03B LoD,
HORTIE E BN EHCRMUTRISZ AL,

FaETH CO, RNEOHIED BE L AR CIEL
i o - '

= B & B .
1) 5 7FEEOEKEESINRIC X 5 H MR
2 7 MVREFIOBFMFRG, & <1 malathion FRHEEE
Fo activity & L OHFEIZOWT..
ﬁﬂ@ﬁ&k;ar@t%ﬁﬁmuﬁzioﬁbr

“Bbb, WEEEEO activity WHESR =25 VB
KIOBERIC Lo TENFIh R EERBE LR TS

T ERHEEL, %X®5bH malathion W55
rﬁmﬁwmmﬁw&®%mbmmwrkrﬁé b
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Table 2. Rates of enzymatic detoxification of

o malathlon and some other organophosphorus

insecticides by the living ground-tissue solutxon

" from the rat livers.

‘ . Act1v1ty
Substrate * CO,/. Ratio
100 mg/hr)

malathion 1957 10
malaoxon ' 155 0.079
CIBA 885 - 0.042
DDVP 3. |- 0.019°
- methyl paraoxon 8 0. 004
paraoxon - - .| 0 0 .

* Final ooncentratlon. 1 mg/ml
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Fig. 1. Inhxbltxon of enzymatic detoxification

of malathion in the living ground-tissue -solu-
tion of the rat livers by some insecticides.
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EROCHRLEET 5 L LRTERLDOT, Vv
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DEEZWL,ITU XS ER-AT.

ZFORERT LA ILOMY T, BBz
AMREFNCK T DY < o a g, REEFHRET

WORBIEMIL T » 7 IFEERHRE T OB L[

CRRCTERC Ko TRRY, T ol IO BRI RIT)]
%&Emrmmabﬁaaﬁmﬁﬁahrwa L
SURER W,

F I BIOA 5‘:‘;!4%1”1117“ vy naansg Rl
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* Table 4.

Table 3. - Rates of enzymatic detoxification of
malathion and some other . organophosphorus
insecticides by the living ground-tissue solution
of the adults of green rice leafhopper, Nepho-
tettix bipunctatus cincticeps Uhler.

Activity
Substrate *- (ul. COy/ Ratio
100 mg/hr)
DDVP 18.3 2.15
CIBA 885 16.0 1.88.
_ malathion 8.5 1.00
methyl paraoxon 4.7 0.55
malaoxon - - | . 0 0.
Phosphamidon . 0 0
parathion ' S0 - | o
paraoxon - N 0

* Final concentration, 1 mg. /ml.

7 FEEMISEMAC B0 X 5 75 malathion 12 45
DIMVERAAEHERR D Shitho s, v=y
o 3 3,354 RO RIKIZ X 5 malathion @
BERNIRTEC T 5 B ER o ST 55
BRI e R0 LT, v maang ik
7JTWMDE%mIrubﬁbﬂofhm%er
w5, : .

lnhibition of enzymatic detoxification
of malathion in the living ground-tissue solu-
tion of the adults of the green rice leafhopper,
Nephotettix bipunctatus cincticeps Uhler. In-
hibitors added to enzyme for 30 minutes before

malathion (final concentration at 1 mg/ml) was
added.

Inhibitor * incugaht%ix (gnin.) ‘ Pi’:{xig?txilgn‘)f
DDVP 60 - T 70.3
paraoxon 60 © 57.8
malaoxon 60 40.3
Sevin 60 : 0

* 0.033 pg/mg of tissue.

3) Vv&na:n4ﬁm®ﬁﬁﬁmﬁﬂﬁklé
malathion OfFHiicK3 5 DDVP o E{EM

M 35V THH 511 malathion & DDVP 2o

SHFORHEEM LI L, malathion DY~
aang RRICHTs 20 2 8y LI~ WBAER |
BRI LI LR HE U, CORROEMBSRE
B ER TS, @QRRULEERERIC L VAL
H7 T &<, () malathion FRHRFFICHT5 DDVP
oY UL, ) DDVP SRS 5 mala- .
thion (&% & in vivo ‘Ci3 malathion ER{t¥) ol

CEo2o00YIRREIOLNG,
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Fig. 2. Effect of DDVP on the malathion
detoxifying enzyme in the living ground-tissue
solution of the adults of the green' rice lea-
fhopper, Nephotettix bipunctatus cincticeps
Uhler. DDVP (final concentration, 4.0 pg/-
ml) preincubated for 30 minutes with the
enzyme before adding of malathion" (ﬁnal
" concentration, 1.0 mg/ml)
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I
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Flg 3. Effect of malaoxon on the DDVP
detoxifying enzyme in the living ground-tissue
solution of the adults of the green rice leaf--
_hopper, Nephotettix bipunctatus cincticeps
Uhler, Malaoxon (final concentration, 4.0 g
/ml) preincubated for 30 minutes with the

‘enzyme before adding of DDVP (final concent-

‘ration, 1.0 mg/ml).’
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Fig. 4. Correlation between the degree of
inhibition of enzymatic detoxification of mala-
‘thion and inhibitory activity of inhibitors in
the living ground-tissué solution of the adults
of the green rice leafhopper, Nephotettix bz-
punctatus cincticeps Uhler. - .
Above, .paraoxon
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BT SRESA—DLOTH I EPRY
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ZORBROFERIIBSFEOEH T, Y=Faaan-

4 RO EKRLIEBPKIZ X 5 methyl paraoxon 35 -
X U'DDVP o5ER & methyl paraoxon+DDVP 2,
AV FEER % HiZl, methyl paraoxon+DDVP .
RADOZRLL (A) ThThBBOBEOFEL.,
ORCGE LUNEIRLDRERIC I D DO TH Y, (B)
SEtomL M THNIR—BRCXEL0THD

Table 5. - Competition on the enzymatic detoxification of DDVP and methyl paraoxon in the
living ground-tissue solution of thé adults of the green rice leafthopper, Nephotetiix bipun-

_ ctatus cincticeps Uhler

] - Rate of hydrolysis
Substrate * . (ul €0O,/100 mg /hr)
A) ‘ o (A)+(B) (A)+(B)
(A) . (B) . A) (B> (determined) (calculated)
DDVP methyl paraoxon. | 13.0 6.7 15.6 19.7

* Final concentration, 1 mg/ml

LiEEhs, R IhE, (A) 0EXRE
fZxi, methyl paraoxon4+DDVP BAFIOWGHIVE
JHESH OISR 2 7 MR 5 DD
VP @ “&h&EV GED) L 530 Tho L E
x2bh5, '

_in vivo XV in vitro WEWT HEEER =257
CVEHFIEERC Ko O, FEEE R 5 HHI,

PERD L DMEH I X THESIhTWS, Thbo
BRI X 50X L LT P-S, P-O, P-F, 5\
12 P-C 0B ThHoT, Zheh dialkyl pho-

sphoric acid ester 357 alcohol ¥ 7<% phenol % .

BT 5. % ofle LT DFPY, TEPPH™,
paraoxon’%®, parathion®”, O-ethyl dimethylpho-
sphoroamidocyanidate (tabun)™ .3 X% N-N-bisdi-
. methyl phosphoroamide fluoridate?® i)’*éi] Sh T
%. Mounter and Whittaken® ¥ X ¢ Aldridge® |3
MILFUC DT, Metcalf SOEEAICOWT, F7H
Bl 2 7 0 BRI B ORI oW TR
IR EZ T > TDH A, EERES ’cfﬁﬁﬁimzx

F B TR PORMGA L R A ROE

fELi 3% MENIR dD OB abhd X5
iwizot:. BIXIE, March 51, Cook B 35Xt
Cook and Yip'®{¥ malathion {Z->\C, Arther and
Casida® 5 X% Metcalf 043 Dipterex: O\,
O’Brien 5 3 acethion oWTEh Fh Eh iz
WIEEtFo TWwhH,

X 51z Plapp and Ca51da3°’ 5¢ dlalkyl aryl pho~
sphorothioates ZownT alkyl phosphate #2ift (11D
%0, Fhit-aryl phosphate AR L alternative

RHLOTHD LIEEL TS, (D HXT (D)
B OB RRTTEER - 2 7 v RARIORIGEE

BT 50 EE X LNER SR TS

Malathion’ o {REEIZ2 VW TiX J::a@ March
519 35 XU O'Brien®™ i3 % { OBFEHIT X h ¥
REOE WD 5 BIEBES R Sh, brETLE
R WESPOFEN DS, | 4 .

A WS X0 REITH 1 5 malathion
OFFREE LI B DT k—Ho T DO—
WTHY, T T malathion o FHEREHS: Bl
SICFET B HBNCOVTRET S £ LIt
W5y 7 IFRHERE SRR E DT,

Tz Cook 511035 Xt* Murphy and DuBois®
v malathion DRSNS MEHEURR =27 v

BRI Ko THLEE SN, TOEEET ChE [

HEMIFLL, &< P=0O{tABEWTHEET
HBHELTVD, Lichio T, LIEREATHI: mala-
thion 35 Xt% malaoxon #Bx< FHMEEE =2 7 n B
BUFOREVE, malathion FRERERE &R HESRIC

X5b0THBHT EEEERL, Ty THER XUV
o aang REoEKIRBEIRICEIP LL 2
DI TENTET 5. ' )

592 % XU 3O #5544 5 malathion Y
%5 v 7 FFBENEP R OREE D TR T D
HZOREL, Y= e aag REERERENRIKO
% L E 2 EE5 T 100mg/hr %) BFERIHON
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Resumé

The préént' investlgatlons ‘were aEtempted to

and some other organophosphorus insecticides in
the adults of the green rice leafhopper, Nephotettix
bipunctatus. cincticeps Uhler, in comparison with

" the livers of rat, Rattus norvegicus.

The enzymatic activity was determmed by the
Warburg manometric method accordmg to the pro-
cedure of Cook et al.!®, except for the substrate
solution was made by dissolving it in 2% Triton
X-100 in the bicarbonate buffer, and the reaction
was measured at 37.5°C. The following substances
were used as substrates or inhibitors ; malathion,
malaoxon,, DDVP, methyl paraoxon, paraoxon,
parathion, Phosphamidon, CIBA 885 and Sevin,

“which were purified from the samples of technical
grade materials by column chromatography or
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crysﬁllisation.
Results indicated that the living ground-tissue
solution of the adult green rice l&fhoppers and the

rat livers contain at least two typvs ‘of enzymes\-

which hydrolyze malathion and other : organophos-

phorus insecticides, sinc'é‘.‘the enzymatic hydrolysis

of malathion is strongly inhibited by other organo-
phosphorus insecticides. The authors observed that
~.one enzyme in the living ground-tissue solutions of

rat livers and of adult leafhoppers could hydrol-

yze DDVP,. methyl. paraoxon and CIBA 885 but
not paraoxon, parathion and Phosphamxdon This
enzyme is probably -identical with the already
described A-esterase.

_ The activity of enzyme detoxifying malafhion

was higher in the case of rat livers than in adult
leafhoppers, for ' the  volume of CO, evolved -for
100 mg. of living ground-tissue solution per hour,
was ‘about 230 times ‘grevater in the former than
in the latter. 4 '

" In the #n vitro tests on the inhibition of enzymatic
detoxification, inhibited
" powerfully .or almost completely the enzymes de-

toxifying rhalathion in both rat livers and in adult

paraoxon. and DDVP

' leafhoppers 1\f they are incubated with the enzyme
for 50 minutes before malathion is’ added, or if
they are added simultaneously with malathion.
Sevin, however, did not inhibit the detoxifying
action ‘of the enzyme in adult leafhoppers.’

- In one hand, there were some different results

¥ o 25 %1

in rat livers,” that is, inhibitions were shown by
testing with preincubation administration methods,
but no inhibitions with simultaneous administration.

.Mala_loxon had .g';'eater inhibitory effect for the
_enzyme in adult leafhoppers than for that in rat

livers. Therefore, it appears that the enzyme which

.. detoxifies malathion in various species of ‘animals
may differ considerably in its properties, espécially .

in the susceptibility to’'malaoxon.

. In the prévious paper, the authors reported' on

the insecticidal effects of the mixtures of DDVP
with malathion and some other. organophosphorus
_inseéticides in emulsions to the adults of green

-rice 'leafhopper in laboratory cage conditions. In
~ these experiments the' authors recognized -that
DDVP have a potential action for knock-down
-effeéts_of malathion and some other organophos-

phorus insecticides.

In order to prove the mechanism of this pheno-

menon, the authors studied on the interference of

-enzymatic dotoxiﬁcation of malathion and other
Vorganophosphorus_ insecticides “caused by DDVP,.
‘From the results obtained, it comes to conclusion
that a‘part of mechanisms for knock-down effects_ .

of - above-mentioned mixtu;és' against the adult

green rice leafthoppers is due, to the inhibition of -

‘enzymatic._detoxiﬁéation of malathion caused by
DDVP, or the competition of some organophos-

-phorus insecticide and DDVP for the same active

centers of a single detoxifying enzyme.’

'The Effects of ‘Activity of Human Plasma Cholinesterase and Conversion of Inhibitors in '

vitro on the Enzymatic Determination of Organophosphorus Ihsgcticides.
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