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r-relationcoe-Lficicnt.isfound tobe0.8901in

-themale,andO･8799in'thcーfelPaleandthe

correlationissignificanttlndcrthelc､,eloffi-1

vcp.erecnt･From theabove･rcsultslthewr_i-1
terisinclinedtoI)elieve-tllatthexktransfor-

mation享nconstrlletingthetimemortalitycu∴

rl･eWhichisadoptedinthepresentstudy,is

j■lStifiedtheoreti■cally･ ､
(4) Thediiferfnccbetween-theresistability

ofthe malea-nd femaleisdistinctly.Th与

maleisLmoreStlSCePtibletoheatthan the

LemalewheLncomparedwiththeirmedianlet-

rhaltimd･llutitisnecessarytodetermine'wh-

etherthe-similar.r_CSultis'expec!ed ornot

lt,ithinthelimitsofexperimentalandsampl-

ingerror,Accordingto~then班thod ofEljss,

.thediscrepan_cy-between･theti血e-mortality
curvesofthetwosexesistested.IthasI)eenfou:

ndthatthez2-I,alueissignificlantfortheTan

g占from 30oC～440Cwhileisnotsignificantl

for4rJoand480.Thedifferencebetweentheresi

stahilitvofmaleandthatoffemale,therefore,

l
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is:TIOtSeen-聖hightcmpcraturc･

-､(-･) Applicahilityof theprcscntlmニthod

(themethodofXhtramsformation) to other

eabCShashceneIL･aJnined-inthecnscoL the

resultsobtainedbysohlePreViouJsrwri(ers;1.C.

,withtheLaztlki-bean､､vec､,ilby Nishika､va,
mosquitolarvabythepresentwriter,therice

･weevilbyTuchiyaand alsobyKohno.Thb

timemortalityct】rl,eSOfthosedatadiffersl-

ightlyaccordingtotheintensityofhe_at･Thesc

asymmctriぐalmortalitycllrVC?'can'beallVayS

transformed into a straightregression line

hyadoptingthelVritersmethodandthecorr-

elationbetweenthechangebftcmpcrattlrCCpef-

ficient与b.and.thatofk inxktrar)storm.ltioTi

ishigh.

Itis･Suggested,theref｡rel.thatthev･1ri;1tion

ofheat･resis･?r)ceofinsectsisrcprcscntc(I

hi.the-normaldistributionwhenxkistaken.lS

thetimeunitontheahscJ.ssaandkillXkind･

idicatesdifferentvalu甲 lVithincrcaslr)gtCm･

perature･

′/
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Tokyo,Japan)ReceivedJune10,1951･Bolyu-KagahlLl苧:130(10う】)

22:殺虫剤の連合作用に関する昆虫毒物学的研究(罪 ,9朝)梓触殺虫剤相互の連合件用

一. 酒井清六 ･佐藤稔 ･小島建一 (農林省虚苑投書折)

接触設虫剤相互の組合せを全般的にm･究した報告は

ない｡ここでは1),接触殺虫剤相互の組合せに与る効

力の雌 ,2),適合作用概念O.把握,3).殺虫機柄の

脈[97,4),混合設虫由の生物検定の確立の目的のために

研究した｡供託昆虫は25.oC.で京大式処方で培頚した

キィ." ヨウジヨサ､バェの払跡超系統 Dyosophila' -
＼

mezanogaster.ーVestl'giaZ,を憶扱6万四附いた-｡突放

は200C位泣浸故法で,2分間霞訳し 処理後30分に
生死の別を較黙した｡突放1.蛸 独翼軸と5iの組合せ? メ

混合菓剤との.2法を施行し,-混合は畢狐に加 ･た時の

両親のMLDの等在廷を定め,-Horsfall(1945)法に .

従って,100,96+10,80+20と70+30,60+40,50+50,

40+60,30,+70,20+80,10+90!100(容量比)に混合し

た｡その結洛 ~単独襲剤では..巧カの臥 ･ものよ(),

1),Pyrethrins,2).ヰllethrinT,3),Rotenone,

4),qよmmaBHC,5),TEPP, 6)Pi,I.DDT;

8),Parathion,.9), 0.0-d阜ethyトo二para-nitro
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p-henylphospha'te,10),DieldTin,ll),NicotineI

(石鹸添加せず)12),lAldrin,13)'Toxaphcnc でI.

あった.clhlordaneは殆んど市カがなかった｡

混合髄剤の芙即 比 こbrMLD の等芯丑を況合

し-,Fl皮実取を行い,円実陵の死亡率水準を求め,A!■′

に各混合比?芙殴位を修正し一各混合比の迩合作FT)の ･

部 面を求め,･カ征をグラフ上に作図した後;･100-50

+50⇒100の力価を Planimeterで総計し,t総計伯を

対数値に変換し組合せ問の連合作mを評価した｡

その結弘 協九 抵抗の両作用が認められたが.1財

苛な作爪は少なく,一一一万的連合作用で相互的iill封切I
はなカニった｡接触設虫剤の組合せによる述合作mには

一定の法則を認め難かった｡この中.協力作川7)位れ

ている組合せは,Toxaphenet Ni.とotinc, l̂drin

+ Nicotine,BHC + Dieldrin,Toxaphenc+

TEP.P,RAenone+ Nicotine,Dieldrin+ Nic･

otinc,OP'･DDT + TEPP,BHC + Nieotine

J.
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の咽畔や.軸足仲川は大きなも甲から 】ミ(,tcponc+

Toxaphcnc;^ldrin･+-PP'DDT. 】iotcnonc+
^ldrきn.Nicotine+･PP′DDT のqL'i塀であった｡

火祝して接触投出m和.77.の紬*'せを苛烈す る と.

DrosoP/LF.laに対して,I)icldrin,Nicotin,TEPP,

nIICの取に,これらの卿 佃と仙洞とを細分せると協

力仰 は;発現し易く,その他の13捌 ま薪.1~ん ど悪衣な

く.由い抵抗作TTは する｡この小 丘O-tenone との紬

介せは一帯熟 ･｡素描 的には軽い協力作mから由い招

抗作mまでありこれによって強力な効果を新 手するち

七は閃難である｡･

. INTRODUく:TJON I

The)'ointtoxicactior!of､insecticidesisa

fun!amentalproblem ininsecttoxicologyand

theiractioriis.llsoimportantfromapracticalヽ
l･iewpoint.Today,afelYinsecticidesareused

sir)Sly,Whiletheymustbeusedin'mixedtoget-

h-crforyariopsreユSOnS･Intemctionsoftenoccur

I)etween variouscomponents, sometimeshy

design,sometimesbyaccident.Theseinteractior)s

canhedassified irito two categories,syn-

erglSmandantagonisnl.nut,thesecategories~

arehazya.ndincomplete.Clhrk(1933,37),Bliss

(1939),Finney(1942,47),Placket't皮Hewlett

(朗8.50)andWadley(1945,49)havepublished

paper,Sonthestatisticalinvestigations deal-

ingwithjointtoxicaction.Horsf-all(194.-')has

recentlypublisheda.book on thetoxicology､
ofLungiぐid占in､vhichhepr?posed'thatthejoin- 1ー

toxicactioncanbeclassifiedintoioIJrCate一

Criesaccording toitsactio事l;r.Potentiated

synergJSm,II.Supplementary synerglSm,Ill.

Potentiatedantagonism,and IV.St!bstractive
aptagonism･

■Recentlylthe~probl'em､ o f t h ejointJtoxic
I. I .actionofinsecticidesI-asv erye x tensil,elybeen

rcvic､vcdI,ySakai■(1949 , 1 0 5 0 ) , ■ムnPof●thc

presentatJthors･Hestu d ie d t h e jointtoxic ･

action]光tWeen MonochlorI)も n z c n a ndChloro-
f'ormandproposedtheid e a o p p o sin g tOtheLAu-
gcr',stheoryofDDTfromth e st andpointof

theircombination･.RecentlylSakaiandhis

Còworkcrs(1931)studiedeL･perimcntallythe
jointtoxicactionoE.some.soapsforPyrethl.Tinsusingthe･1(ltllt-ofthericewccvil,Sl'10-
♪lLiL,JS0,y～～L7eL･Thepotcncics_OfthejointtoxicactiontoeachmiXture.wereexpress号d

●
J
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intlleOrderofeffectivene5Sashfollows:1)60% 二

Sot.lpplusdO,Q.'Sodium carbonAte,2)'60% Soap

plus40,0., Cascin, 3)60,oi Soよp plui′40%

Dentonitc, 4)Soap alone,and5)､60% Soap

plus40% SodiumsulPhatc.Inthecaseofthe

60,00/So叩 plus 40,00'Sodium carbonate,theI

highest potcncy･ofJo王nttoxic .lCtion w.lS

sholVnatthepointofcqllalproporHonsof
tlVO●agents.･

Thepresentin叩Sttigaiionattemptstodemon-

stratethejoint toxicaction bctwcerlLSOme

ofthecontactinsecticides.,Mucheffortshal･e

beendonebymany insecttoxicologistsfor

discovcrlng tlletheory on thecombinations.

ofcontactinsecticides.Toxicologie.lliill･eStil

gationsonset,eralc(Jml)inations betlVeenとon-

tactinsecticideshavPbeen rep(,r上ed-byGnLa-

dinger& Corュ(1932),Lepclly&′Sullil,an(1936).

Lilley(1943)IMoTison(1913)･Turner&Sa.tnders

(1917).Siegler皮13owcn(19471,ATcdler&Cham-

berlin(lDi8),Sun(1948),Fransen(1948),Medles_-

&Tll(,mPSOn(1019)･lndAhy?randhisco,γorkers ､
(1959)･Intheseinyestigations･)10lVC､･CT0'nly
limited combinationst)I contactJr)scCticides

I
Weremade･Tl-cprcscntWork ll.lSLollowlng

Pu.rPOSeS･'to el'tend the cLfcetilpCnCSs for

pradticalapplication,tocst.lbl王shthemethod

ofbiologicala/ssaysofcombined JnscetiCides,
tofindthemodeofactionofinscctiL:i°e.

Thcauthors.wishtoexpresstheirgratitude -

toDoctorS･UtidaIProfesorofentomologyt;

KyotoUniversity卜forhishelp and advice

gil,enthem during thecourse ofthepresent

investigation.TheAuthors･arealsoindebted

to Di】･ector･A･Kamito,Agricultllral.Cheユ㌔
mic.llsInspectionStatiol､MinistryofAgri-

culturC良F:･}restry.lndtoMrl.Toshioka,400th

Mcd.Gen.L;th..Withol.tt MrN.Ilatni.'s

kindnessthisp叩erCOl山Inotbeen published

in＼EzlglishlangllagC.

MATERIALSAND METfIODs.I

The]'nsectusedistheAdultofthel･eStigial

form ofDrosophl'zamezahogasterivhichisrearT
ed.with artificialculturもmtdiA in-a milk

bnttlcL80ccundei･constanttemperatdreof25oc.TheculturemediiJmper･bottie占dnsisEsoEiIYatCr,301cc;POtaio,15gr.;Isucrose,2gr.;
agar-agar, 0･45gr,;.andpeptor).0.3gr.The

131
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vestigialform̀ isconvenient･astestinseetlbe･

causetheformIcannotLITduringobservation;
Thetotal'numberoftested.fliesusedabout50,
Loo°.

.IThefollowid'gInsecticides,whichareha†ing

,thefollowingpercentagesoLa'ctiveingredi･

ent岳;W占re_tcstもd:0.5% Pyreihrins2.0% Rote-

noile,40.9%･Nicotine, 0.5% Allethrin,10%

Gamma131IC,10% PP'-DDT,10% OP′-DDT,

21.8% A.ldrin,2J.4% Dieldrin';50% Toxaphe-

nc.and3716% TEPP･ Eaとhoftheseinsecti-

cidesis.emulsifiedorismaddinwater苧Oluble

･form,一i占′dilLuted･more thad 10times for

tlsingth乍eXPerimcnts･Theimmersion method

isused fortheprcser)t investigation.The

i甲merSionprocedureisasfollows･Fiftyiri-

sectsare'placedina glass cylinderof13･3

ccWirehcttingonthebothendsarefast占ned

withrubberbands.ThediluteddruglSPOur･

cdihthetesttubesof1.7cmindiameterandof

17cminlength.Thedrugismaintainedatcon-
stanttcmperAtureof20ocina-waterbath.

Tht;immersiontimeis2 minutes.′Afterthe

trcこItmCnt,theinsectsare＼placedquicklyon

filterpaper.Thell.theinsects_areatoncetrarlS-

rcrrcd inartincubater under the constant

terppcraturやOf30oC･TheperぐentageSOfmor･
talitv-arcexamined30minutesafterthetreat-

mellt･一.
Inthelcaseofexperimenton.Variousmix-

turesoLiachlthecombinatioI10ftyro_insecti-

cidesisbasedolithemedian lethal dose of

.e?ch･whichisthepointlofanequitoxicdose･

Inpragice,theexperimenterpreparesinsecti-
cidalfluid o.flthemedi云nlethaldoseofeaeh･

Theワhc･takesthe､testmiⅩturesasthefoil
loIVingformulations;･oLnc ins e c ticidealone,
90% ofonepluslox oftheothe rinsecticide,

＼
SOX plus20%,70% plus.SOX,60% plus40%,
50% plllS50%,40% plus60%, 30% pll】S70%,
芦0%.plds80%,10% plus90% チPd anotムer
in主ed i占idealone(ratio by vol叩 e).

LT he btheipointsJfor thetestmixturesare●
s.ihlilarto,thoseofalone/ After experiments,
there}ultsoliiained areaI】alysed Pya~mathe-
maticalexaminationconcerning thejointtoxT
■■
lCaction.

RE'sULTSlop.TESTS

13三三

ノ
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Theres-ultg-ofexper享ments'on､ainsecticide

alone,aregivenintablet.DataoLthe･ex-

･perimentindosage-mortalityrelationforcAch

insecticideiscalculatedbythefollowir)gequal

事ion,Y-5+h(X一夏),whet?Yisthenidrtalityin

Probit,Ⅹisthelogarithm of.theconcentra一

･tion,bisLtheslopeoflineanld-豆isthemcこ

diAnlethaldoseinlogarithm.

Tablel･ Comparative.~toxicity.ofthirtEe-n

contactinsecticidesagainstt!1e,POmaCefly.
/

Insecticide Percent MLD
of
active,?i

-3Rr言Isample

Provisional

regzession

equati｡n*

Pyrethrins t0.5

Rotenone 2.0

0.00068 Y1-5'+4.00(Ⅹ+0.17)

o'.00340JY--5+6.67(X-0.63)

Nicotinc 40.9 _0.68160 Y;=5+1.54(X-2.bO)

Allethrin√ 0･5

㍗BIiC 10.0

PP′-DDT 10.0

0P′-DDT 10.0

Aldrin ･ 21.8

Dieldrin 20.4

0.00176 Y-5十4.17(X-0.24)

0･し013写り Y--5+2･94(X-1.14)

0.01960:Y-5十4.76(.Y-1.36)

0.･02659.Y-5+5･Ou(･Y-1･43)/
0･7250 q Y-5+3･85(Ⅹ-2･80)

0.52500-Y-5+10.OαK-2.72)

Toxaphenc,50･0 . 1･99500tY-5+.2･91(Xl3･30)

TEPP 37･9 - 0･01480 1Y-5十年･88(Ⅹ-1･17)

paraoxon一ュo.0 ./0.23900 Y-75+4.55(Ⅹ-2.4r,)

'paraoxon is0,-0-dietlly1-0-par;I-nitro･

phenylphospllate.

*YisthemortalityinProbit,Ⅹistheloga-

rithmrof'･〔(Con?entrJatio-n)×103〕 ･
′

As showninktable1,Pyrcthrins'wQrCmark-

edly m oretoxicthantheothei･insccticidcs.It
isinterestirig.tonotethatAlletbrinismore

toxicthan_theothersyntheticinsecticidesas

regardtoMLD value!･Onthebasis.oLthe

掴LDvalues,Rotenone,､GammaBHC.TEPP,

PP′二DDT,OP′-DDTandParathionlVeregene･

rallymoretoxictllalltheothers.Althougll

ChlordanelVaSteStedirトthepresentinvesti由一

tionlitwasnottoxicagainstthepomacc･

fュy.Thetoxicitiestoeachcontact'insecticide

in descending order of'cLlcctivcncss arc

expressed asfollows.1)Pyret上lriIIS2)Alle-
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tllrin.3)】ミotcnoTle,4)Gammar!liC,r,)TT:PP,
o) pp′-DDT,7) 01'′-DDT.S) Par.ltMoふ.9)

I-･lraPXOn' 10) I)icldrln･･11) NIcotlnc･】2)

l̂thin,an(I13).ToxtlPhcnc･̀

Wheneffectil･enCSSiscx.lmlncdTJythefoト

loIVlngequation,theorderof crfL･Ctll･CneSS

difLersfrom the.lhove.

PracticalMLD=

PerぐentOfactive
Ingredientofsample

MedianlethaldgSe-(%)

AccordingI(IthepracticalMLDinthispaper,
theorderofeffectiveness1,eqomesasfolloWs'

1)TEPP,2)Pyrethrins,3)GammaBHC,4)Ro-

tenone,a)PP′-DDT,6)OP′JDDT,77Allethrin,8)

Parathion,9)Nicotine,10).D王eldrin,ll)0,0-

di叫 y1-0-paraT'nitrophenylphosphate,12)^1-

drinl,and_13)Toxaphene.Generallyspeakihg.
itissholVnthatsuchresidualinsecticidesas

Chlordane,Aldrin,Dieldrinarenotexpecteg

tohemorと tOXicinrapidityan'dtheyfirealso

considcrahlylessrcbiduallytoxicJh.inthelVell

knolVnSynthet)'c inse'ctieidessllCh a.S DDT

ILr)dnHC.Usingthercslllt.qdescriT)e(Iabove,
theftlll(llVingexperiments(lnCnmbinedinsecti-

cideswerecarried-out.

MATHEMATICALEXAMINAT10N

Intheel'pcrimentsonmixedinsecticidesthe

resultsobtair)ed wereanalysedhythefollow-

ingexaminations.Whenwccometo.lnalyscthe

interactionoftwo insecticidesActingjointly,
WemLIStknow the dos.1gC-mortality cllrVe

foreachinsectici(lesepar:ltClythen-LD-50can

hcc.llculatedfrorr)thiscurl,e.･
＼

Innext,wepreparel･arioustestm'xtures

lronjaI)-oreresultsandobtain themortality～
forthetestmiⅩtu,eiofeach.If7inseclicides
aとtalone withoutexperimentalerrors,the

morhlitvmusttheoreticallyhcthemorhlity

oE50percentTInpractice,itismrc.thatthe

resultdocsnotincludel･ar王ouscxpcr王mental

errors.IntllCsecond･cxpcriment.t7･.cmortality

I)sualyll"ctuatesムroすndthele､･elof50pet二
cent.Thedeta-from various′mixturesofeach

canhc.itbcapprtli占cdgmphically.The.YIJXis

rcprescntstTt.emortalitiesal】d theX-axistheI
proportionsofinsecticides.loneinsecticideat

節 一16現

tTl_Cleft,theotherinsecticl【lcattllCright.The

straightlit,e'connectinkthetlY?POlnts6日 he

mortalityofeachinsecticidealon.eis t̀o be

usedits;Ilevelofmortality･Ifthe.experi1--eht~

doesl】Otincludeanyerror,thelevelーofmorta-

litylYjllnothaヽ･cthe･dcpeofllne･'̂sthe

lc､･clofnT･OrtLll王ty hLIStheslopeJnpmetieal

tbstlthecqu･llionof lct･cliscnlcllLhlcd as

fOll(Iws.

Y-.1Ⅹ土b.whereY isthe mdrtalit),,.Ti'■is
J I

･theproportionofoneinsccllcjdcandthezero

pointon'thegraphisattherightofX axis･

The ass'ump}ion thatthe variation of the

mortalityforeachinsecticide;1loneisdircc卜

lyproportion･11totheprcヽ･iousdataLsccmsre-

1atil･elyreLISOnahleiftheslopeofthedosafrC-

mor.hlitylineoLll-cfirstJin日 Sparauelto
thesecondlineinthecnscoE.i.lmCinsceticidc.

lftbe年SSumPtionisrccofrnized.theslopeof

thelevelofmorttal王ty77)ay 1)etransferredby

thefollotyingctllclll."i･･n'･- -品 ,:-here5｡-/
isthetIICOretic.llmort.llity lVllen thesecoTl(1

expcrimcnthSnot.lnyC:YPCrimelltalcTrOrand

anyslopeofthelcyclofmortality,LM is･the

～thcorctic.llv.llllCOfthetestmixtllreS.Ofeach

onthelcvclofmortnlityandERistheex-

pcri-cntLllcrror･Pc-且等 投 もvhereMO is
thcexperimentall･Clucof･tllCteStmi '̂tllreSOf

eachandPcJ'SthFPOtCnCyOfthejointtoxic

act･･on-･From A,.刈･cequ･ltions,Pc-詣 Tftt･C･
valueofPcis2.theinter.lCtionhchvccne.lCh

isthemaximumsynerglSm.lfthev･lllleisI,
theiinteraction occurswitho17tSynergISm Of

ar,tagoni言miIfvalt1号･iszero'thcinteraction･
ismaximltm antagonism.

TIJ.thetllird.qIagc,thePcI,.llllCSOfthetc.qt

rmixtur占.q.Irer)loHcdonanothci･graphicpllPCr.

'̂seriesof PcvallICS:trC COnneCtt･(I lVith

straightline.TheY-axisonthegmphrepresent.q

thepotenclesofthejointtoxicactionltndthe

-Xゝaxi●sthe,proportionsofinsecticides･IThe

polygonalareaofconneetir)gaseriesofPcvalue

･-ismeasuredwithaplanimetet. n̂ arbitrary

thcasurJmen-tofaplanimeter.1苧uSed toindi-

catethedegreeofjoint'toxicactionas.deter-

minedhyinSpgction･T'hepolygonalareaindi-

トCateSthesum ofallpotcr)C王esofthe test

mixturesofeach.ThemeasllrementOfaplanime-
!
133
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teristraT】Sfbrmedtothetheoretical Valueof
′′

theSum.

WhenX-axisrepresentstheproportion of
onc･insecticidealoneandthe interactionbc-

twLeenteach insecticideoccur亨Withoutsyner-･ ヽ

gism ofal-tagOnishl,1×100･viZ･･(poien_cy of
JoirZt､toxieaction)･×●(a)1combinationsbetwささn

･cachつ,thetheorelticalvdlucof thp sum is

100.

From abovereason,

cc I (I0

measurementofanarbitraryplan.lmetr'y
lVhcntheinteractionoccur.sIYithout

synerglSm Orantag｡nispltI

lVhcrc CcisacorrcctcdrOeffjcient,theniea-

surcmcntofplar)imetrybetweentwo insecti･

eidcsiscorrectedtothetheoreticalvaluebv

. thccorrectedcoeffidentand.thentransformed

I()1(lgarithm

hg(p1an(it-hect諾eT,seYtTeT !iocth,ax,C･cl)I‥ lU-01ノ･
-Log-100-･SPc,

whcrcSPcisthもlogarithm ofthesumofall

･potcndcsof･theimiXturcsl妃tlV読ntlVOinscctト

＼ .cLdcLq･IEsynergism hasoccurrcdI SPcrepre-

scntsaplusvaltle,75utifantaをonisnihasoccur-
rcd,SPcreprcse_ntsan)主nusvalue.Iftheintc-

ractlonhas occurred l¢ithout sym rgism or

antagonism,SPcrepresentszcqovalue.

NUMERICALEXAMfILE

･･ Thea7mveproceduresmaybeappliedtothe

dataontheinteractionbetween GammaBHC
､

andNicotine･Twoprovisior)alregressionequa-

tionsforBHC and Nicotinewerecalculated

.tSfollows

BHC .:Y-5+2.舶 (Xl1.14)

Nicot享nc:Y--5+1･51(Ⅹ-2.30)ヽ
T heMLDof BHC was0.01380% and the

MLD ofNicotinewa,sO･6816%･Onthebasis

ofthoseMLDvalues'theexperimenterprcpa,red
thete:stmixtl】TeSOfeach.Theresultsobtained

Aregll･enintable12.

ThestTaigh!linecormectir)普.66% (BHC alone)

and52.8%(Nicotinealolne)′isth.elevelofmor-

tality66% and52･8% mustbe50%inthctheo-

retiCalvalues･Thele､,elofmortality.ヽvasY-

0･132X+52･8WhereXZ'StheplroportionofBHC

andY isthemortality.ThetheoreticalI,nlucsし
ofthetestmixturesonthelevelofmortality

ar_e given 5n table2･Fromtheequation of

pc-詣 thepotenciesiscalculatedasgiven

in table2.A~sericsofpptCnCieswereplottdon

thegraphicpaperasshowninFig.3.

Thepolygonalareameasured､Withaplanime-

terwas6550.m,ポ ･Whentheintcractior)㌔occurs

withoutsyn-ergismorantagonism,themcasurc-

mcnti'S5900mm! From above reasor), rthc

corrected coefficient-is･嘉 viz･蒜 ･Thetheo-
retical valueol)tainedwas13land then

工･oi(蕊 )- Log131-Log]00=ゴ+0.11727.

tInconclusion,the ･ヽalueofjointtoxicaction

between BHC and Nicotine was+0.71727
I●

1Vhichisasynergisticvalue

RESULTS･FORCOMBINED

TOXICANTS

Thisinvestigationattemptedtodemonstrate-

thejointtoxic.actiori of 5l combinations

between contact insecticidels･ Thepotencies

areillustratedinFig.ltoFig.]5.

AsdiscussedhyHorsfall(1945),the difEi-･

cultyIVithallthistheoryisthatseldomlya

simplesagorasimplebulgeisobtaiTICd･ln ､

our experime熟 sl themixtures.actedeffective-

ly as synergisni ill0neさaseorantagonism in～

Table2 Vari･,usI,aluesappliedtothe.calculation on thqinteractioribetween
Gam maB‖C.oandNicotine,
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Table.3･TheequatJonoftheretelofmoTtlity.connectingthet､vopointsofthenor- A

I.lljty･ttc･tchirisccticidcalone.

Combination Ⅰ･:qll.1tjon of
thelcvcloE
nlOrtIllity井

Combination Equationof
thelevelofI

mortality*

Table4.Thelogarithmicl･alueofjoidtLIoxjcactionhctlVCCnCOntnCt'inscctici(lcs. ./

Combination LLog.val u e

Combination
LO打.Value

Nicotine･Toxaphene
NiCOtinc､Aldrin

ToxapheneTEPP
NicotineRotenIlne
NicotineDieldrin
OP′DDTTEPp
NicotineBHC
AllethrinBHC ･
AldrinI3HC
PPtDDT
Dieldrin
Dieldrill
I)ieldrin
Jlicotinc
PP'DDT

Allethrin
PP′DDT
TEPP .
OP′DDT
Allettlrin
TEPP

Judrir)̂ llethrin
7)主el(trim
llotenone
I)ieldrin
Nicotine
Ttotcnonc
PI)'7)7)T
ToxLIPhcne~Allcthrin
l̂dTinOP′DDT

OP′DT)TIHIC

PyretllrJ'nS
Dicュ(lrin
Aldrin
Pvrcthrins

OP'T)T)T
Pyrcthrins

+0.27875
+0.23553
+0.2304iI)
+0.21484
+0.10590
+0.川部6
+0.14922
+0.11727
+0.11060
+0.10721+0.10721

+0.】0721
十0.10037
+0.10037
+0.00342
+0.0809J
I+0.08636
+0.07555+0.07555

十0.01703
+0.00BGO
+0.00860
-0.00436
-0.00877-0.00877

-0.01144

RotenoncTT:PP
pyrcthrinsIM C ･I
]ミotenonePyTethrins
NicotineOP′DDT.
PP′DDTOP̀DDT

2FlとPh?irt写yEr;tphrinS
PyrethrinsTEPP
Toxapher)eBHC
Dieldrin.Allethrin
TlHCTF.PP
Toy.TtPheneOP'Dr)T
OP′DDT^llethrin
RotcnonenHC LI
Toxaphenel'yTtttllrin.s
NicotineTEPP
PP'DDTBHC
AldTinPytethri11主
RotenonePp′DDT
PyrethrinsAllethrin
RoterloneAllethrin
NicotinePP̀DDT
穴otenoneAldrin
l̂drinPP'DDT

To;mpheneRoten9ne

慌

器

m
m
仰
㈹
仰
州
m
州
m
洲
洲
器

器

g
.:r･:･#

Jm
E:

●
●
●
_
●
■
1
●
●
●
●
■
●
■
■
●
■
■
■
●
●
●
◆
●
■

0
0
0
0
0
0
nU
〈U
O
O
O
O
O
O
O
O
O
O
O
O
nU
O
nU
O
O

一
一
･二

I
J
-
1
L
I
I
-
J
J
,I
J
H

J
l
二

H

I

～.Xofthecqtlationrepresentstheproportionofthecombinedinsecticideattheleftside.
1
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thea.tTlerCaSe･Thispeangthat-syliergism

mayoccuratsomerelAtiveproportionsofthe

insecticidesandantagonism atotl-erpropor-

tions..ThelogaJithmiC.vlaluesof5lcombina-

tionshetwe_ep:contactlJnsecticidesare'given -
intユble4andillustrated in Fig.1andFig二

-15.-Fig.16illustratessynerglSm andFig･17

illustrates antagonism.∫ln Fig.16and 17,
ーtheY-axisrcpresent芦thelogarithmicI.alues

andtheX-axisthemolecillariveightofinsecti-I

cidcこ■Th6 upperlaxis'of′X ＼expr由sesthe

comhined･insecticide of thehighermolecul

lar二Weight.and thelower,axisthatofthe

loIYermolecularweight.

In'ourexperimentslthe,logarithmic values

ofagiveninsecticide☆hich'coml)inedvarious

insecticides,Vaiicdfrom:minusvalues･to･plu苧

vallleS.As-shownintable4,thesyncrgistic

ralucsWere22combinationsand the anlago-

nistic.ヽ･alucsWPre29combinationsinallthe-

tcstedcombination-. l̂thuughantagt)rlis'm has

ノ

節 16 班

OcctlrrCd motethan.synL･rglSm,the intera･

ctionsindicatedneithermlLrked'占ynerglSm.nor

markedantqgonism･Ontjl占basisofthe:loga-

rithmic.value, thesynergismto-each com･･1
binationwereexpressd.inthe-orderofcfLctti-

veness'asfollows:

Toxaph与rlePlus.NicotincIAldrin plusNi-

cotine,BHCplusDicldrin,TEPP pltJsToxa-

pheneIRotenone,plusNieotineIDicldrin.plus

NicotineITEPPplus'OPIDDTIDHC plusNi-

cotine;BHC plusAllethrin and liHC plus

Aldrin.

TbeantagonislⅥ eXpreSSedin descending

orderasfolloIVS:

1ミotenonleplus←ToxapheneIPPIDDT plus

Aldrin,-AldTiTiplus.Roten6ne,PP'DDT plllS

Nicotine,Allethrinplus Rotenone,Allethrin

plus̀Pyrethrins,PP'JDDTplusRotenone,Pyrc-

thrin苧PlusAldrin.13HCplusPP!DI)T an(le

TEPPplusNicotine･Ataglanc.eoftheresults'
theinteraction -may-be expected to 'shoヽⅤ

Fiかre_ItoFigtLrelS･Potencyof･･thejointto女icactionbet,vcencontactipsecticides･

Y-axisrep托SCntS･the.potencyofthejointtoxicactionand X-akisrepresentsthe

proportl'onoLinsecticide･TheupperproportionofX-axisrepresentsthe proportion

oftheinsecticideonleftsideandthelowerproportionthe.proportionofthe･inscCti･

･cideonriglltSide. ､

･-A-line:- l D-line:.-･-IC-line: 丁･-･-ID-line:一丁･IE-line:･----iF-1jne'･

-I-+-4)- -/

Fig.1,A':BHC-Pyrethrins,D:BHC-Rotenone,C:13HC⊥Toxaphenc

Fig.2,A.･BHC-Oi''DDT,73:BHC-TEPP,C:riHC-̂ llcthrin,,D:BHC-PP'DDT

Fig･3,A:BHC-Aldrin,B:lm C-Dicldrir),C:IlHC-Nicotine,D:Pyrethrins-ToL'ar,1-cn千

,E:Pyrethrif1-TEPP,F:Pyrethrins-Aldrin _

Fig.4ト^:Pyrcthrins-Rotenone,B:Pyrcthrins-OP'DDT,C:Pyrethrins-Allethrin

Fig.5,A:Pyrethrir)S-Dieldriz1,,13:pPyrethiir)S-Nicotine,C:Pyrethrins-PP'DDT .

Fig.6,A:Rotenone-Toxaphene,D:Rotenor)e-OP'D7)T,C:Rotenone-TEPP

Filfg'.78',̂̂ :.:PtTOi:TnopnhCe-nDeieidErin;,BB::Ri二.eenid.nnee二"崇dOiiinn;'C告 .Rxoat;::nns:fl'e?h?iTn高 ｡tenone_.′
Allethrin

-Fig.9.A:OP'DDT二TEPP,-B:Toxaphene-Nicotine,C.:OP'DDT-NieotineiU:Toxaphe-

ne-Op-'DDT,E:OP'DDT-Allethrin

Fig.10,A:OP_'DDT-PP'DDTT,B:OP'DDT-Aldrin,C:OP'DDT-Dieldrin

Fig･11,A.:TEPP-Allethr阜t]ll3'･TEPPIAldrin,C:TEPP-.Dieldrin

Fig.12{A;TEPP-Nieotine{B:TEPP-PP'DDT,C:Dieldrin-PP'DDT

Fig.13,A:Allethrin-Aldrir),D:AlIethrin-Dieldrin,C:Aldrin-Dleldrin

Fig.14,A:Dicldrin-Nicotine,7r:rAldrltnこNicotinc,-C :Nicotine-PP'DDTi-D:A:Aldrin･

PP_'DDT

Fig.15,A:Allethrin-Nicotine,B:Allethrin-PP'DDT
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2 ､ 5 .8 .2
●8 ･ 5 ∴ 2 ●B

1

aslightsynergism ifone-insecticide~cornbin-

cb Dieldrin, Nicotine,TEPP or･I3HC. In＼

conclu占ionitmayI)C､statedthatthe50inttoxic

actionbetweencontaとtinseeticidesis from a

sJ肘 ltSynerglSm tOa■slight-antagonism and

th.ltthecombinationsbetweeneachdonotin-
,′

(Hc.l上e.theexpectedmarkedincreaseofeLrcct-

1VCnCSS.

DISCUSSION

∫一ltheIYriter'soplnl.On',thejointtoxicaction

is limited to the phen?menon between t､vo

き 昌 蔓普 毒 害 j 汗

◆●.I

◆●.1

◆●t

●

■lI

●●I

■●l

ヽ..__

S 夏至 重;日 雪目 喜

Figtlre16･ThelogarithmicvaluesoLsyn-

crgisniof22combinationsbetweencontact

insecticides. I

.Y-axisrepresents,thelogarithmicvalueand

X-axisthemolecularweightofinsecticide.

:ThetlpperaxisofX representsthe corn-

hinedinsecticideofthe higI埠rmOlectJlar

Wcightpnd thelower-axis thatofthe

lowermolecularweight.I

138
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0rmofeinsecticideswhichactprhysiologically

intheinternallocus'ofinsectbodyand whi-

chdonotreactchemically ouLtoftheinsect

body･･lnth*cpresentcase.we/donotconsider
the.chemicalreaction占betwecn twoinsccti-

･cidesbecauseourinvestigationisina.prelimi-

･narystage.wealsoregardainsecticideeムn-

,tainingvariousca_Triersandone･toxicant･It

ノ sclear,･'np-ractice･thattIICjoihttoxicl.ae-
tionocchrs.betweenan activelngrCdicntand

,ヽariouscarriers.IflYefindastriking intcra-
1

ction,we･shouldstudythesequestions.

Inthe■field ofpharmacology,BiirgillaS

saidthatpotentiated actioncan ワccurwhcp

thepoISOnSreactWith each othertoacta

I
I

′′

一l§【(1
TOXAPNJ.I(

'〇一E)○rL
DtELDt-I

AL.DJtL_

○■.'b].

pp
EI雪｢

p

YLETFL■lr

AJJLEゴ言t■●

■JlE,

TBPP

.

Fignre-17･Thelog.arithmicvaluesofanta-

gonism Of29combinationsbehveencol】taCt

insecticides.

TheYarldX-axisaresimilarto Figure
16.

∫
g 1 .iZ,



地 点 科-

di鮎renttypeofrecepterandthatndditil･eaC一

･ t王on(tflムー･supplcmcntary.In°SUI).'traclivc'ac･

tion.lrC-ぐ･lllcd hyHorSE.111)Canoccur,when

thepoisonsreacttogetherto acta sl'milar

typoofrc∝pter･

,.Theimportantpointoftheprcscntpaper
istodis'cusswhetherlheintcraetionsbeいycen

contact insectiとides .'trc stlpPIcmcntal or

potentiatinglivhilewe?void discussing the

abol･equestions.

∴-suMt如ARY .

ThepresentauthorsattempteTdt'o demonst-

ratetheJ-ointtox:Cactionbetweensel･eralcon-

tactinsecticides.Theinsectusedf一)rtestlVaS

thei･cstigialform ofthepomacefly,Dros.o'

L･hz'tamelanogaster,lVhich was reared ll,ith

arti6cialmedia.inamilkbottleunderConstant

tempemtureof25oC･The numbers oL'･Ries

tcsted.wereabout59,000intotal.･

0.5% Pyrethrin5,2.0% Rbtcnone!40･9,Oof

Nicotine,0.5,0iAllethrin,10,00/Gamma.BIIC,

10,00'PP'DDT,10,00/OP'DDT.21.8,0D/Aldrin,

21.4,0./Dieldrin,53% Tox.lPhene,and'37.9%/

TEPP,eachoEthese.in'S占cticidesiscmulsi-

'£edorniadesolulJIetowater.Theimmersion

rnethodlVaSusedinthepresentinl･eStigation･

Theimmersiontimewas2minute s ーllnderthe

constnnttemperatureムf20oC.Thepercentages,I
ofmortalitylVereeXamined30mihut加 fter

thctreatment.Thecombinationoftwoinsecti-

eidcswasbasedon the.median let.haldose

Whichislhcpointof･aeqllitoxicdose･The

testmixturesllrCrCaSI()llows:oneinsecticide

alone,90% of-one.pluslO% ortheotller▼
in.qecticide,80% plus20%,70% plus30%.60'oo/

･Iplus 40%,50% plus50%,40% plus.60%,30%

plu畠70,a./,20% plusS0%,10% plu s90% and

F′ thm thehtl-erinsecticidealone･(ratioZ,yv_Oll

llme).･

Inexperimentsoninsecticidealone,Pyrc-

thrinslrCremarkcdly'morctoxic than the

othcrinscctieidcs.Itisintcrcst王ngtonotethtlt

-̂ 11cthrjnWasmoretoxicthantheothersyn-

thcticinsccticidel.qnsregard toMLD l･alues.

OntheI).lSisoftheMLT).thetoxiciticsto

each contactinsceticidcWcrC CXprCSSCd in

I,rderofeErcetiycncssasfoll0､､･S.1)Pyrcthrins,
2)Allcthrin,,3)Rotenonc. 4)Gamma BITC,

＼
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5)TJ=PP,6)PP'DDT17)OP'DpT,8)Parathi-

on･tJ)0･0-diethy1-0-parュ-nit'rof,hcnylphos-
phatc.lO.DieldrJn,】1)Nicotine,12)AIdrin and､

13)Toxaphcnc･AlthoughChlordanelVaS.teStCd

inthepresentin､･cstl'gatibn,itwasnottoTic

againstthep.omacefly･ ●

^fterexperim?ntsonth'etest､mixtures,the

restntsoT)tainedwereanalysed hJ･ashortcut

mathematical､exaihination.Jfhe interaction,

of a gll血 'insecticide ~coml)iiled 'other

inlsecti占idesi･arigdfrothminus而 ICStOPlus

i,alues.Thes_vnergisticvalueswere-22combi-

nations.and the.antagonistic/､,alueswere

29coml,in'ationsinよ11thetestmixtures･An-

tagonismphasoFeurrCdmorethansynergism,I

､､'hHetheinteractionsindicやedneithermark･

e_ds'ynergism normarked･lntagOnism･ 'Jhe
syr)ergism toeachcomhinntlolりyereexpressed

intheorderofeLrectil･enCSSIISfolloIVS:Toxa-

pheneplusNicotine,AIdrin plusNicotine,
BIIC.plusDieldrin,.TEPP plusToxaphene,

Rotenone.plusNicotinc･DJcldrinpll】SNil(-tine･
TEPP plusOP'DDT,71ITC I-lllS Nieot:ne,
nHCplus^llcthrin ･lnd TIIIC plus^l(lrin･

I Theantagonism lVereCXpreSSedJentheorder

ofhighl･alue.lSfollows:RotenoncpltlCToxa-′

pheneI PP'Dr)T rlus^ldrjnl^ldrinplus

Rotcnone,PP'DDT pltlsNicotine,Alletl-rim

plusRotenonc.̂ llethr王nr,lusP.vrethrins･PP'

DDTpluslミotenone,PyrcthrinsplusAldrin,
BIIC.plus･PP'DDTandTEPPplus､Nicotineナ/

' Ataglanceof theresults,an intcraeti(jn

showing_aslightsyncrgism/ifoneinsecticide
combinesDieldrin,Nicotine,TEPP orBHC

maybe,expとcted.

InconclusionitmaybestntcdthatthejL-int

toxlcaction hctwccncunt.tCtinsect王cidcs is

from aslightsynergism toaslizIhtant･lgOni-

sm and thatthecomhin;ltionshcいYe叩 enCh

donotitldicatctheexpected mnrkcd increase

ofeffectiveness.
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