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10. 有機リン殺虫剤の選択的殺虫作用 郡1椛.市等動物およびこん山におけるモチルパラチオン

の活性化について (その 1).深見唄- (理化学研究所段非那-研兜riく)･宍戸.T:(正ri維'nR?<文技術研死所

戊薬科)38.7.26.受理

生体内でパラチオンを17;･性化せしめる実験については数多くの和ぐ:tがTJ:されている.この論文にわい

ては, これ らの実感の追試を. ラッチおj:ぴニカメイチュウを材料として13こない, 新しい知見を

符たので報岱する. ラッチの脇田の切片による活性化は肝および門脇において認められたが, 脳お

よび枚脚の筋肉では認められなかった. つぎに肝臓の細胞分画にわける前性化の実験では, マイク"i=T･
ロ･J-ムにおいで虫も強 く, 上洞がこれにつ5', ミトコンド1)アの両分では認められなかった. ま

たニカメイチ,.クについては; 垣接細胞分所における活性化の実験をおこない, ラッ'テと同じくマ

イクロゾームにおいて認められたが, ミトコンド.)アでは認められなかった. しかしこの際ラッチ

の場合と相違して活性化の条作 における助酵素として ニコチンアマイドアデニンディヌクレオタイ

ドT)ン慨(NADP,;助聯累ⅠⅠ)を必要とした.またこれ ら活性化物はパラオクソンであることをクロ

マ トグラフィーにより同定することができた.

Ethylparathion(0,0-diethyl0-♪-nitrophenyl

thiophosphate).whenagministeredtoanimals.
causesadecreaseinthecl101inesteraselevelsof

bloodandtissueswhichisaccompaniedbytypical

signesofacetylcholinepoISOningdespiteitsweak

potencytoinhibitcholinesterase(ChE)invitro･1,3)
ⅠthasbeensllOWnthat,inthepresenceof

oxygen.ethylparathionwasoxidizedbymam･

malianliverslicestoethylparaoxon(0,0-diethyl

0-♪-nitrophenylphosphate),a highly active

inhibitorofChE.8,8)Thecapacityofthe~liver

preparationtoactivateparathionwascompletely

lostbyhomogeniZation. I)avison2)found-that

activatingcapacityofethylparathioninratliver

'ThisisanaccountofinvestigationsperformedduringhisstayattheDivisionofEntomology,
NationalInstituteofAgriculturalSciences.
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homogenatescouldberestoredby.addingmag,一･≡

nesiumandNAD*alongwithnicotineamide.. い

ThisconversionalSotookplaceinviirointhe i

presenceofseveraltissuesfrom theAmerican

cockro_achunderaerobiccondition･andthere-

actionwascompletelypreventedbyhom,ogenizing

thetissues･7,8)However,.Severalinvestigators

pointedout･thattheactivationofphospborous

insecticidesinthehomogenateofinsecttissues

couldberestoredbyaddingcofactors;0'Brien10)

Couldtosomeextentrestorethecapacityofthe

Americancockroachguthomogenatetoactivate

malathionbyaddingNAP,nicotineamideand

magnesium.

･Fenwickl)reportedthatthehomogenateofthe

locustfatbodyactivatedshradanwithoutexo･

genouscofactorsandthataparticulatefraction

requiredNADPH asacofactorforactivation.

NakatsugawaandDahm9)reportedthatactivation

of'guthion by tissue homogenate from the

AmericancockroachrequiredoxygenandNAI)PH

orothernicotineamideascofactors.

Itremainstobeseenwhetherornotactivation

ofethylparathionoccursininsecthomogenate

inthepresenceofcofactors. Itisthereforeof

greatinteresttoinvestigatethisproblemunder

avarietyofexperimentalconditions.Thepresent

studyisconcernedwiththeactivationofethyl

parathionbyslicesandtissuehomogenateofil
severalorgansoftheratandthericestemborer

larva.

瓦hteriAlSandMethods

Maleandfemalealbi示'-rats(200-250g)were

sacrificed,andtheslicesand homogenateof

severalorganswereused.′Thehomogenateof′1
thediapausinglarvaeofthericestemborer,

ChiEosuLIPl･CSSaLiscollectedfrom MiyazakiPre･

一ecturewereused.

･EthylparathionwassuppliedfromSumitomo

ChemicalCo.,Ltd.Theinsecticidewaspurified

byshakingwithchloroformandwatercontaining

1% (W/V)Na2COa,dryinganddistillingoffthe

chloroform,andthenbysilicacolumnchromato･

★Thefollowingabbreviationsareusedinthis
paper;NAD,nicotineamide-adeninedinucleotide;
NADH,reducedformofNAD;NADP.nicotinea･
mide･adeninedinucleotidephosphate;NADPH,
reducedformofNADP.
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graphy･IStocksolution.waspreparedbydissolving

the.purifiedjparathionirlabsoluteethanol. The

concentrationofthestocksolutionyas4×10--M

forparathion.Aqueousdilutionofthissolution

wasu.Bedfortheexperiments･NAI)P,NADPH,
NAD and NADH wereobtained from Sigma

ChemicalCo.,Ltd.

PyeParationsubcellularfraclionation:Thetissue
homogematesoftheratandthericestemborer

larvawereusedascell･freehomogenates. The

fractionationofthehomogenateswascarriedout

accordingtoflow･sheetsummarizedinScheme1.

Intherat,liverwasmainlyused,whereasin

insect,thewholebodywashomogenized.All

theprocedureswereconductedattemperatures

notexceeding4oC.

ActivaEionoJ-I)aTaEkionbyintactsticcs:The

slices(700mg.wetweight)ofseveralorgansof

ratwere'incubatedin2.7mlofXrebs･Ringer

phosphatebufferpH7.412)containing0.lmlof

0.3Mglucoseandparathionatafinalconcentration

of4×10一〇M inthepresenceofoxygenfortwo

hoursat370CbyusingtheWarburgapparatus.

Atthi-endofincubationperiod,thesliceswere

homogenizedinthemediumandthesuspension

vascentrifugedat600×gfor10minutes. The

supernatantwas used for anticholinesterase

assay.Controlwasrunbyaddingparathionfrom

thesidearm ofvesselattheendofincubation

periodandbyblockingthereactionbyadding

hotwatertothepreparation.

AcLivationoftlaYaLhfonbyhomogeガate:The

ratliverandinsecthomogenateswereincubated

fortwohoursinthepresenceofoxygenorair

byusingtheWarburgapparatus.Theincubation

mixtureconsistedof2.5mlofcell･freehomogenate,
0.1mlof nicotineamide,0.1mlof5×10-3M

nicotineamide-adeninenucleotide,and0.3mlof

parathionsolution. Attheendofincubation

period,the mixture was rapidly cooled by

immersinginicewater,andsample(0.3ml)was

taken foranticholinesteraseassay. Theex･

perlmentforcontrolwasthesameasthosefor＼
thesliceexperiment.

PaZ,erandcolumnchl･Om-alograZ)hieso/♪araLhion

activatl'oninthehomogenateofratandricestem
borerlarva:Demonstrationofactiveanticholirl･

esterasesubstancein･thehOmOSenateWasCarried
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l;:.I 7g･(fkshweight)ofratliver*I･ ,

maceratedin;aglasshomogenizerwith61m1

3.E｡lisJitoEnA ATE.i.e.r5蒜lu,thi.osn,去aPie2% fSfueC,rO(S,eB
7.4)),andsqueezedthrough:cheesecloth.I

l■･l■:I

!､l

centrifugedat600×gfor5mi nut占srr'' ‥

Supernatant

centrifugedat8,150×gfor10minutes

suspendedin15mlofbuffersolution(0.9%
KCl.0.001M EDTA,0.05M phosphatebuffer
(pH7.4)),andrecentrifugedat8.150×gfor
10minutes

suspendedin15mlofbuffersolution(0.9%

KCl.0.(氾1M EDTA.0.05M phosphatebuffer
(pH7.4)),andrecentrifugedat8.150×gfor
10minutes

dispersedsufficientlyin5mlofbuffersolution
(0･9%KCl,5xlO-3MMgC12.0.05Mphosphate
buffer(pH7.4))

I宣 上

discarded

Supernatant

Supernatant

Supernatant

centrifugedat54,500×g
for60minutes

Mitochondrialfraction Ⅰ宣
suspendedin15mlofbuffersolution(0.9%
KCl,5×10ー3MMgCl2,0.05Mphosphatebuffer
(pH7.4)),andrecentrifugedat145,(X氾Xgfor
30minutes

dispersedsufficientlyin5mlofbuffersolutio!l
(0.9%KCl,5×10~3MMgCl2,0.05M phosphate
buffer(pH7.4))

J壷 r

恒 nftGI
Clearsupernatant

Microsomefraction
★ Theprocedureforthepreparationofsubcellularfractionofinsecthomogenatewasalmost

thesameasthatoftheratliverexceptthat22gofthefreshweightofthericestem borer
washomogenizedinaboutfourtimesbody

SchemeI.Theflow･sheetofsubcellular

outbysilicicacidcolumnandreversedpaper

chromatography.

Sl'h'cicqcfdcolzLmnChromatograPhy:3gofsilic

acid wasmixed with3mlof90% methanol

(methanol･water9:1)and15mlofmobilesolvent

(〟-hexane･benzol(85:15)mixturesaturatedwith

90% methanol)inabeaker. Themixturewas

pouredintoa1x30cm chromatographiccolumn･

Pressureof0.5to1lb/in2wasappliedforafew

minutes.Thepressurewasreleased,theeffluent

Weightofthesamesolution

fractionationofthehomogenateofratliver.

collectedwasusedtorinsethebeakerandthe

sideofthecolumn PressureofO.5to1lbwas

appliedagainuntilthesurfaceofthemobile

solventreachedthetopofthesilicicacidlayer.

Thesampletobechromatographedwasdissolved

inasmallvolumeofthemobilesolvent. One

mlofthesamplesolutionwasplaced on the

columnwithoutdisturbingthesurfaceofsilicic

acid. Thepressurewasapplieduntilthelevel

6fthesamplesolutionreachedthetopofsilicic
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acid. Thewallofthecolumnwasrinsedwith

afewmlofmobilesolvent,早ndthepressure･

wasappliedagain争ndreleasedwhenthesurface
ofthenlobilesolJehtreachedthetopofcolumn.

[

30mlmobilesoIJeh'twasthenaddedunderpres･

sure.2mlofeffluentperfractionwascollected･

ReveyscdZ･hasc♪aPeychl･OmatOgraJlhy:Toyo

No.50filterpaperwasdippedina40% of

mineraloilinI卜hexane.Thepaperwasblotted

betweentwosheetsofabsorbentpapertoremove

excesssolution,andplacedintheairfor1hour･

Afterthesamplesolutionwasapplied,chromato･

graphywascarried outusing the following

solvent,theupperphaseofamixtureof1part

chloroform,2partsacetone,2partsethylalcohol

and4partswater.

Estcrascdciermination:Theanticholinesterase

assaywascarriedoutmanometricallyat370Cin

anatmosphereof5% carbondioxideand95%

nitrogen. Readingoveraperiodof30minutes

wereusedtocalculatepercent･inhibitionofChE.

ThecontentsoftheWarburg flask wereas

follows;0.3mlofthesampletobeassayed,1ml

ofChl;preparation,0.7mlRingersolutioninthe

maincompartment,and0.5mlof0.06M acetyle･

C1101inebromideintlleSidearm. TheChE

preparationwaspreparedbyhomogenizingthe

headsoEthehouseflies.MuscadomesLica,inthe

above･mentionedRingersolutionintheproportion

oflongperml,filteringthehomogenatethrough

acottonplugandcentrifugingapproximately

600×gfor10minutes. Thesupernatantfluid

wasusedastheChEsourse. Thecompositions

ofRingersolutionwere0.15M NaClandO･05M

MgCl2.

DeLcrml'naLiono′totalnityogen:Theamount

oftotalnitrogeninthetissuehomogenatewas

determined by micro･Kjeldahlmethod,after

digestionbysulfuricacid･

Re8ult8AndDi8Cu88ion

ProdtLCtiom oEAnticholine8ter88e 8tlt柑tAnCe

from ethylprathiorLbySliceincubation:The

slicesofseveralorgansofratwereimmersedin

thepresenceofoxygeninaRingersolutionto

whichethylalcoholsolutionofpurifiedethyl

parathionwasaddedtogiveafinalcon'centration

of4×10-1M. TheresultsaregiveninTable1.

､
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Withthehnincubatedparathionnoappreciable

inhibitionofChEwasobtained.Howとver.with

thesolutionsincubatedwith'therattissues.high

degreesofChE inhibition.i?Fcured･'indicating
productionofcompoundswithhigh inhibitory.I 】
activity.Theorganseffectivetoactivatepara･

thionweretheliverandkidney. Themuscle

andbrainwereinactive,Theseresultsagreed

withthoseobtainedbyGageOandMetcalf&

March8)withtheslicesoftheratliver.

Table1. Activationofparathionbytheslicesof
severalorgansofrat.

Addi;ion i?nhhOfieiitnee;(!ke,IdCI:n:ctr.efns:eidbdiit患oornn

Reaction:Parathion(0.3mlof4×10-8M)was
addedto;theslices(0.7g)inasolutionconsisting
of2.6mlofKrebs･Ringersolution(pH7.4)and
0.lmlof3xlO-1M glucoseinthepresenceof

oxygenat37oC.
★Thisexperimentwasrunbyaddingparathion

fromthesidearmattheendoftheincubation

Production ofAnticholine8ter88e 8ub8tanCe

frompArathionbyratliverhomogen&te:Since

bomogenateisaheterogenoussystem,anattempt

wasmadetolocali2:edactivityinthesubcellular

fractionationofthehomogenate. Davison2)has

reportedthatneitherthecellsandnucleinorthe

mitochondriainthehomogenateofratliver

activatedschradanorparathion,andthatthe

majorpartOftheactivity remained in the

supernatantand microsome･ Themicrosome

fractionwasfurtherseparatedintomicrosome

andaclearsupernatant,butneitherfractionwas

asefficientaloneasthetwofractionstogetller.

Moreover,hefoundthatadditionofnicotineamide

wasnecessaryfortheconversionofparathion,
whichwasconsiderablyenhancedifHAD was

added.

'Activationofpatathionbyratliverhomogenate

wasstudiedbythesamemethodasdescribedby
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Table2. Activationofparathionbyratliverhomogenate.1

I Addition FperfngatbiCtP.oiin(eat,erasel ll'nCLiebaaiSi;dO:;iP.denureC;on上 I ..Nmg,0･,Ou

Nil

Mitochondrja

cofactor+NAD(02)★
cofactor+打AD(air)…

Microsome

cofactor+NAD(02)
cofactor+対AD(air)

cofactor十NADH(air)

Supernatant

cofactor+打AD(air)

6.0

6.1

6.1

97.0

98.0

97.0

57.0

0.1

0.1

91.0

92.0

91.0

51.0

12

12

2.9

1

1

4.5

Each3mlofincubationmixturecontained2.5mlofhomogenateandtheindicatedconcentrations
of:4×10~一M parathion,1.7×10-4M nicotineamide-adeninenucleotideand8×10ー2M nicotineamide.

Incubation:2hours･at37.C･:
*Inthepresenceofoxygen.
… Inthepresenceofair.

Davison.2)Itwasfoundthatthemitochondria

didnotactivateparathion,a血OughthemitO-

chondiradidoxidizeseveralcompoundsofthe

TCAcyclewhichwereaddedtothemedium.The

majorpartoftheactivityremainedinthewashed

microsomeandsupernatantafterremovalof

mitocl10ndria. A fraction moreeffectivefor

activatiomwasthewashedmicrosome(Table2).

TheessentialadditiveswereNAP,buttheaddition

ofNADH tomicrosomewas also effective.

0'Brjenll)ShowedthattoactivateparathionNADH

wasmoreeffectivethanNAP inthewashed

microsomepreparationofratliverhomogenate,

and thatu中g asystem containing washed
microsome.NADH,magnesiumandnicotineamide,

thefollowingphosphorothionateswereactivated;

Table3. Activationofparathionbywholehomogenate●ofricestem borerlarvae.

Addition ▲
Percentcholinesteraseinhibition(形)

Increasepercentinhibitionduetoaddition
Nil

Mitochondria

cofactor+NAD-p-S(air)～

cofactor+打AD(air)

cofactor+NAD(02)
cofactor+NADP(02)

Microsome

coEactor+NAD-p-S(air)+
cofactor+NAD(air)

cofactor+NADP(air)

cofactor+NADP-p-S(air)★
cofactor+NADP(air)

Superpatant
cofactor+NAD(air)

6.5

0
2.0

1.4

2.0

5

0

0

05
3

02

1

6

9

ll.2

5

5

1

5

5

0

5

5

5

6

4

5

4

6

9

7

6

5

+

+

+

+

+

5

8

3.5

Nmg/0.1064

3

3

3

4

1

1

1

4

1

1

1

1

1

l

1

8

8

4

4

4

5

5

ll.2

TheincubationmixtureswerethesameasshowninTable2. *Afterincubatingthereaction
mixturefor2hours,parathionwasaddedfromthesidearm.
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parathion,Co-Ral,malathion,lGut.hion,IEPN,

diazinon,Potasan,Ronnel,and･thethionoanalog

ofTetram. Thisobservatibdwasinagreement

.withtheresultsasshownin.Table.2.1I.Howeyer,
itremainstobeexploredwhethertheessential

cofactorforactivationofettlyl･parathionisNAD
orNADH.

PrやdtLCtion.ofAnticholineBter88e Bub8t&nCe

LrompArAtlliombyirLSeCtRon,ogenzLte:Although

tissuesoftheratwerenotequallyeffectiveto

activateparathionininsect,almostalltissues

convertedparathion.ltOparaOXOn.8.)Becauseof

smallsizeofthericestemborer,homogenateof

thewholebodywasused.Theresultsaregivenin

Table3.Theactivationsystemofparathionwas

foundinthewashedmicrosomeasinthecaseof

mammal.HAD wasnoteffectiveascofactor

when added tomitochondria,microsomeand

supernatanL Ontheotherhand,NADP was

necessary fortheactivation ofparathion in

microsome.NADPhadnoeffectinmitochondria.

althoughseveralsubstratesoftheTCA cycle
wereoxidizedinthem. Theseresultsarecon･

sistentwiththoseofactivationofSchradanand

Guthionbyinsecthomogenatementionedabove.1,9)

However,itremainestobeseenwhetherthe

essentialcofactorinparathionconversionisNADP

orNADPH. Itissuggestedthattheactivating

systemsaredifferentbetweeninsectandmammal

inthattheyrequiredifferentcofactors.

Demon8trAtion oEpctiye Amticholine8tera8e

BubBtAnCe8bycolumnAmdpperchromatogrAphy:

Warburgflaskscontaining4×10~5Mand4×10~6M

purifiedparathionandthewashedmicrosome

preparedfromhomogenatesoftheratliverand

the.borerlarvaewithcofactorsbereincubated

at37oCinthepresenceofairfortwohours.In

mammal,NAD wasused ascofactorand in

insectNADPwasused. Controlflaskswithout

themicrosomewerealsorun. Attheendof

incubationperiod,thecohtentsofeachflaskwere

extracted with chloroform. The chloroform

e羊traCtSWereとvaporatedinvacuo.Theresidue

wasdissolvedinn-hexane･benzen(85:15)solution

forsilicicacidcolumnchromatography.Onthe

otherhand.theresidueofthechloroformextracts

waspartitionedbetweenacetonitrileandI卜hexane

fortheeliminationoffatsandwaxes.8)The

由

acetonitfilellayer,'eontainingparathion･rand･.its

activatedFp_roduct:was･separatid,andthehrevapo･

rated･ Theresiduewasdissolv'edinmethyl

alcoholforpaperchromatography･･Thesample

solutionwasputinthecolumn. Eachfraction

wasexamined by′Ayerell･Norris method and

anticholinesterase assay･l･IBy Averell･Norris

method,twopeakswerefound/oneofthem

beingidenticalwith parathionandotherwith

paraoxon.Byanticholinesteraseassay,thedegree
ofenzymaticinhibitionwashighatthepositionof

paraoxon,whereasnoinhibitionoccurredforthe

otherfraction(Fig.1.)Thesamplesolutions

00
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‖
‖
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)
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o!)!q
!qtz!
凹
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Fig.1. Columnchromatographyonsilicacidof
theactivationproductbyparathioninthewashed
microsomeofthehomogenatesofratliverand
ricestemborerlarva..Stationaryphase:methanoレ
water(9:1);Mobilephase:benzene-A-hexane(Ⅰ5:85).

I
lIArAthJOn

+
トtlCT･osonle

0 0 0
1'･X)ll叩tlenOl

0
0 0.5 1.0

Fig･2. Reversedphasepaperchromatography
ofactivationproductinthewashedmicrosomeof
thehomogenatesofratliverandricestemborer
larva. Solventsystem: chloroform･ethanol･
acetone･water(0.5:1:1:4)/40% mineraloil.



防 虫 科 学 第 28 巻｢Ⅱ

･were.appliedto:the■,papertreatedwithmineral

oiい Afterascendingchromatographythepapers

･were･sprayed-with5percentaqueoussodium

bydroxideandheatingatlO5oCfortenminute

forcolourdevelopment. Underthiscondition

thephわsphateestersand♪-nitrophenolproduced

deepyellowwhichwasindicativeof♪-nitrophenate

ion.Thechloroformextractsofthecontrolflasks

producedonlyasinglespot,Rf-0.02.However.
thechloroform extractoftheflaskscontaining

themicrosomeofhomogenateproducedthree

spots,Rf-0.02(parathion),Rf-0.48andRf-0.67･

TheRfvaluesfortwouppersp?tswereidentical

withthecontrolspotsofparaoxon(Rf-0.48)and

♪-nitrophenol(Rf-0.67) providing additional

evidenceofenzymaticoxidationofparathionto

paraoxon.(Fig.2.)

Summ&ry

Activation~oiethylparathion(0,0-diethyl

b-p-nitrophenylthiophosphate)byslicesand

tissuehomogenatesofseveralorgansoftherat

andlarvaoftheri占estemborer,ChilosuL'Prcssalis

hasbeeninvestigated.

1. Ethylparathionwasoxidizedinvitrobythe

slicesofthekidneyandlivertoapowerful

inhibitorofcholinesterase.

2. Theactivatingsystemoftheratliverhomo･

genatewaslocatedinthewashedmicrosomeand

supernatantfraction.NADwasnecessaryforthis

COnVerS10n.

3. Theactivationsystem intlleWholebody,
homogenateoftheborerlarvaeexistedinthe

washedmicrosomeasintheratliver.However,
itwasnotHADbutNADPthatwaseffectiveas

cofactorofthis.conversion･

4. Bysilicacolumnandreversedphasepaper

GhromatDgraphy,.theAactiveE.anticholinesterase

substancein-thelmicrosomewastidentified.as

paraoxon.■ E iJ I J
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