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byorganicsolvezlL A certainquantityofthe

extractwasdecomposed quantitativelybylN-

methanolicKOH,andtheamountofKCIwas

determinedbyVolhardmethod.Tムus,tIleportion

ofBHC notdecomposedwasdetermined and

/ ㌔ from these datatIlelleatdecomposition rate

calcutated.

Determination ofBHCexisting in･thetwo

蔚 22 巻-I

componentssyStCmOfBHC-trichlorobenzenecan

b;alsoaccomplishedbythismethod. Theheat

decompositionratecalculatedfrom thequantity

of.BHCcontainedin.theaerosolofBHCsmoke

fumigan!agreed withinaexeperimentalerror

witllthe one ca7culated through quantitative

Idetermimtionofinorganicclllorinegeneratedby

tlleheatdecomposition.
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51. DDT による昆虫神経陰性後電位の増大 殺虫剤の作用機構に関する研究 第 13報 山崎輝
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DDT の作用機構を究明するためには.その作用点である神経の DDT による機能変化を種々の観

点から詳細に調べることが,当面する重要な課忍である. DDT が昆虫神経の陰性後屯位を増大,

延長させることは,筆者らの初期の研究において明らかにされているが, 今回はこの点につきさら/

に詳細な実験を行った.陰性後記位は DDT中毒の河状mより痘学期に至るまでの中お初脚におい

て着るしく増大, 延長し'また低温において症状を皇して.いる虫を高温に移して回役させたもので

も,増大した陰性後磁位は変化しなかった. このような後問位の変化とともに.神経の回役過程も

DDT によって好球され,着るしい過常期を示すようになった.以上の実験結果を既存のデータ■と

照らし合わせて考察した.

A hypothesisconcern三mg tllemodeoftoxic

actionofDDTuponinsectnervewasproposed

inourpreviouspaper32). Therestingpotentials

ofinsectnervesundertileinfluenceofDDT.were

comparedwith thoseofthenervestreatedwith/
nitrogen,Jnetabolicinhibitors,andpotassiumions･

ItwassuggestedthatDDTムasnoeffectontIle

〟restingmetabolism'' ofnervebutaffectstlle

ionicpermeabilityeitherbyadisturban'ceofthe

`̀aciivemetaboliSm''ofthenerveorbyadirect

i)hysicoIChemicalactiononthenervemembrane.

玩 ordertodemonstratethisllypOtIleSis,itis

necessarytoperf()rm amoredetai一ed ana一ysisof

thechangesinnervefunctioncausedbyDDT.

Inoneofourear一ystudiesinwhich theeffects

ofinsecticidesonthespontaneousactivityoftilei
centralnervecordwereexamined, itwasfound

thatDDTmarkedlyaugmentedandpro一ongedtIle

negativeafter-Potential. Evidencewaspresented

ihdlcatingthattheaftez･-potentialsare cTosely
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relatedtotheexcitability.Tilepositiveafler-

Potentialisrelatedtothbdepressionofexcitability

andthenegativeafter-potentialtoaugmentation,

theafter-potentialsaremuch moresensitiveto

-ChangesinenvironmentalfactorstliantileSpike･

potentials, and they may actually be some

manifestationsoftherecoveryprocess. Taking

suchviewsinto~accountitisalsonecessaryto

perform moredetailed analysesof the DDT

induced negative after-potential in order to

understaddtheionicormetaboliceventsoccurring

inanervoussystem.undertheinfluenceofDDT･

TIlispaperwillpresentsomeimportant data

concerningthemodeoEactionofDDT upon

nerVe.

AhlerialsandAlethod8

Insects:Both adultsandlargenympIISOf血e/

Americancockroach,PCriplaneLaamel･むanaL.,

rearedintllelaboratory,wereusedthroughout

theexperiments.SincenodifEererlCeSCOnCerning

theeffectofDDTonthe_actionpotentialwere

foundbetweenadultsandlargenym phs,theresults
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obtainedwillbediscusse(1togetIler.

Nerve preparations:The cockroach cereal

nerve,whichincludesmainlysensorynervefibres

originat王ng王nlhecercus,iscomectedsynaptically

tothegiantaxonsinthesixthabdominalgang一ion,
andthesegiantaxonsruntIlrOughtheabdominal

neryecord,andthenintum eitherhavesyTlaPtic

contactswitllthemotoneuronesintilemeta-,

meso･,orpro-thoracicgangTion,orrundirectly

to thebrain. TlleCruralnerveinc一udeslarge

motoneuroncswhich originate in the'thorac王c

gang一ionandinnervatetilemuSdesoftheleg.

TlluSaSO-Ca一ledHevationreflex",startingattile

cercus,passingthrough the..cerealnerve, the

giantaxonsandthemotoncurones,andreaching

themusclesofthe一eg,isEormedl7).Thisrenex

system offeredusagoodopportunitytorecord

theaction potentialsoEsinglenervefibresin

s'･Lu, becauseatactilestimulationappliedtt｡(he
cercusevokesa seriesofreilexdischargesin

whichtheactionpotentialsofeachrPotoneurone

caneasilybeobservedseparately.Theaction

potentialsoEthecruralnervewerethusobserved

insL'Eu王nthepresentstudy.Asthegiantaxons

inthenervecordarevery largein diameter

comparedwith otheraxonsinthenervecord,

restingandactionmembranepotentials,recorded

ataTly POinLofthenervecord by meansof′

externalelectrodes'are 一argely due to tIle

membrane potentials originating in the giant

axons約･Theaction potent王a7SoEtheisoTated

nervecordwerea一soobservedinthisstudy.

Treatmentwith DDT :TlleCOCkroacIIWas

topicallytreatedwithDDT,ortilenerveprepa-

rationexcisedfrom theuntreatedcockroachwas

treatedwilhDDTsuspendedRingerso一ution.In

theformc.rcase,purep,p'-DDTacetonesolution

wasappliedtothedorsalsurfaceoEtheabdomen,

andthentllepoisonedcockroacIleSWeredissected

after various lime intervals. Tlle poisoning

symptoms of DDT can bedivided intofive

stages:latentperiod,periodoflocomotorinsta-

bi一ity,convulsiveperiod, para一yticperiod, and

death!87.Sincethelaもttwostagesarenotcaused

byadirectprimaryactionofDDT butarethe

secondarycffcctsofDDTpo;soning判 , onlythe

roachesShowinganyofthefirsttllreeStagesOf

poisoningsymptomswereexamined･Ithasbeen

demonstratedthattheinsecticidalactionofDDT

isstrongeratlow temperaturetllanathigh and

tIlat the poisoning symptoms of DDT are

reversiblewIlenan王nsectpoisonedatlowtemper-

atureistransEcr'redto a higher one. These

phenomenacanclear一ybeexplainedbythehigher

susceptibi一ityoftheinsectnervetoDDT atlow

temperature;thethresholdconcentrationofDDT

E｡,initiationof_repetitive excitationatA low

temperatureislowerthatatahighertempcratureSO'･

Theactionpotentialsofthenervesofroaches

whichhadrecoveredfrom DDT poisoninga一ter

being transferred from alow temperaturetoa

higherOneWerealsomeasured･

DDT suspendedRinger-waspreparedbyan

injectionofp,?I-DDTethanolsolution王ntoRinger

solution.EthanolaloneattileCOnCentrationllSed

hadnoeffectontheactionpotentials.

TheRingersolutionusedwasthesameasthat

described王nourprecedingpaper32)･.

stimulationsandrecordings:Themotoneurone

dischargesinthecruralnervewereelicitedbya

tactilestimlllation ofthe cercus.Tlle action

potentialsofthecruralnerveofthemcta-leg

wererecordediNSiLubymeansofonepairoHine

silverelectrodes,oneofwhicIIWasin contact

with anuninjured一egionoftlle Cruralnerve,

whitetheotherwasincontactwith acutand

crushedregionotthecruralnerveatadistalpart′

ofthecoxa.SinceadetailedanalysigLOftheaction

potentialswasnotintended inthisexpcriment

withthecruralnerve,itwasunnecessarytouse

non-polarizableelectrodes･

Therecording oftheactionpotentialsofthe

nervecordwasmadebymeansofonepairoHine

silver-silver chloridenon-polarizable electrodes

or onepairofZn-ZnSOJRinger-gelatin typeT

non-polarizable electrodes, oneofwhich was

incontactwitllaCentralllninjuredregionofthe

nervecord,wIliletheotherwas!王ncontactwith

the'S王Xthabdominalganglioncrushedwithforecep5･

A sing一eactionpotentialwaselicitedbyasing一e

electricalstimuluswhich wasdelivered to the

anterior peripheralregion of the-nervecord

throughonepairoffinesilverelectrodes. TIle

electricalstimuliwereeitllerCOndenserdischarges
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ordischar丘esfroinanelctronic･stimulatorinter-

1tcnlnginductoridm.L
Intheexperimentfordeterminingtherecovery

curve,twosuccessivecondenser､dischargeswith

varioustimeinteⅣalswereapp一iedtothenerve

cordthrough onepairofstimulatingelectrodes,

如hiletheactionpotentialse'VokedwererecordeLd

asdescribedabove.'AconditioningsI10Ckwas

eitheramaximum ora'supramax王mum.stimulus/

wIl王Iea maximum orajustsupra~-tIlreSl101d

stimuluswasemp一oyedasatestingshock.

TIleactionpotent王alsrecordedfromthecrural

nervewereamp一ifiedbyaRC-coupledamplifier

withatimeconstantofメ)･25second,andthose

recordedfrom･thenetvもcordJかeridmpliE王edb'y

a RC-co'upledampTifi占rwith二a･time constant

ofll.0secondoraDCamplifier.′Theamp一ified

aciioilpdten-tials wereobservedbymeansofa

catlioderayoscilTムscope.-

ftesults

ActionPotintialoftheCruralNerve

Thetactionpotenlialsr_ecbrdedfromTthecrural

nerve'ofthもriormal･cわckroach.usua一lyshoweda

slightovershoot;Insomecas'esnoovershootwas

observed,how占ver,th-enegativeafter･potential

wastoosinall.tobedetectiもleinanycase(Fig.1).

The.negatiteafterl-potehtialふasadgmentedand

Table1. Theduratiohoftheactionpotentialinthe
cruralnerrveoflhe'cock,oachpoi50nedwith､･DDT.

Temper- Mean

ff･;Tret=enadtieeEtperature a?bOrasi:_ ssyt:ogpfet三∴ ,a:atrcetf;nan. 基 d
vation (msec.)

Controt
Control

516
.
節

1.73
~1.45

1dayat14-170C

2daysat14-17oC

1.dayat14-170Cand
1dayat29oC

5

17
17

17
.17
カ
2

I
H

H
Ej
r
H

l

朗
n

16
93
74
2

3
5
3
4
3
6

4
1
2
1
2
2

(U
6

5
4
7
6

9
1

一4
3
8
4

1dayat14-16oC

1dayaト14-160Cand
1dayat29oC

17
17
17

g
i

Ⅰ
:
:

l

l
I日日

3.88
6.73
2.18

5.54

3
5
1
~
4

83
お
お
､
6

1dayat14-160C 2.63
10.28

1dayat12-140C

2daysat12-140C

1dayat12-140Cand
5一_6hoursat290C

14
14
14
14

29

H
Ej
Ej
Ej

～

2.17
2.97
2.56
2.15

2.28

4
2
4
2

6

52
15
46
26

郎

4110urS′at14-160C
1.5､2IIOtlrSat14～160C′
3110urSat14～16oCand
2hoursat290C
3IIOtlrSat14･ー16oCand
･3hoursat29oC
8hoursat14-16oC

5
5

5

5

5

1
1

1

1

1

I
I

I

l

I

i

l

:

T⊥

日日

4

1

8

9

4

0

1

6

2

4
2

1

2

1

51
58

18

37

13

半Stageofsym ptom
I:latentperiodornosymptom･
lI:ataxiaandscvcrcconvulsiozl

III:completeataxiaandweakconvulsion
I':CompleterecoverytlPOnrisingthetemperature

298



防 虫 科 学 郡 22 巻-Ⅶ
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Fjg11･^cLionpotentlalso川1eCt･uralne一･vcor

thecockroachevokedbyaLaCtilcstjmulation

ortheccrcus.Eachactionpotcntialisnota

compoLmd butasinglcaction potcntialof
cachrnoLoneurOne.

1, LLntrCaLcd, slightposiLivcovershoots,
160;2,70Oc.p･S･Torrecol･d1;3,untrcatcd･
noovershoot;4,1000C･pIS.TorreCOrd 3:

5.1nd6,treated with DDT, laLCrlrperiod,

sljghtly prolonged negaLivcarter･potcnLials,
170;7,aLaxiaandsevereco-1Vulsi0--,prolon-

gedncgaLive<,rter-potenLia1,170;8,1000C･
p.S.(Orrecords5to7;9,weakconvulsion･
markedlyaugmentednegativeartcr･potcntial,
170;10,recovered uponraisingthetcmper-

auu･e,theprolongednegativealtcL･-pOtenLials
arenotrestored,290; ll,ataxiaandsevere

convLllsion,marked一yaugmentedandprolong-

cd negativeaFteL.-pOtenLials･290;12,700C･

p･S･forrecords9toll･

prolongedmarkedlyintheDDT poisonedroach

'ltlowtemperature,Measurementsoftheduration

of the action potentia一 revea一ed thatin the

poisortedroachitwasusual一ylongeL･than2milli-

3cconds,Oftenover10milliseconds,whilethat

orLhccontro一ortheutlPOISOnedroachwasl･73

millisccond at16.50(Fig.1). Theresultsare

summarizedin Tablcl. Theabso一utev(1luesof

thedurationo【tlleaCtiorlPOtCntialsweresome-

whatdirrercntineach scrics,butilCOUld bc

clearlyobscrvcdthatLhcdumtionorthefiction

potcnLial was prolongcd in allsttlgCSOrthe

poisonhgSymp10mSC入amined,evenit=hclatent

pcrio(1.13uLnOLendcncyloincreaseindurationas

poisoningprosrcsscdwasobserved･Furthermore,

tJICPrOlon抑 1･1(lionp川… i･,･1､vLlSn一..lint･linctlin

lllCroachil=＼･11iぐIl ll･ぐnH),ItこlLlot･L･Llm･tL1-Iin･
creasingtheLcn叩Ut仙llL,Io29)(l･1JH･i,'rこLbtci)I

TJICactionpotmLhlotLhcnor･11alut-1TL"tL･ttnt､rVC

h;Idarncan(1urLLtiotl0(I.15millisceonrlEt129.

TJIC Same CVOnlS OぐCulrL･(l whL､11 Lhc ;LCLion

poLcnLialorLjlCC川= lnL･rVH VilS rtLCOr(I"1from

onesideol;iPOisOnL､(lroachtnttLlo､vLcml)LraturC.

anddlenWasrCCOt.(lc(l叩 .TinrlOmり-eotl1erSi(lc

ofthesameT･OaChiLrLCrtIIU(lib.lPPCrLrntlCCOrthe

symptomsollrLllSinRlhc LCn.PCr仙1.L･(TEtblc2)･

TheseresultsjndicLILCthatt11LhoL唱llthtISy一一叩LOmS

ofDDT poisoningdisappearsupon .･aising Lhe

.temper(lturC,Lhcmechill､ismortheI)rnl(川抑 i(川or

the.lCtion potcntialisnotalrccLCd byth,-3iLmC

proccdul･e･

Table2. TllerZurTtLionortheactionpoICntifLl
inI)lCCrLI,alncrvcorthecockroachpoiSOnC(I

wiLhDlつT.TheTtCtionpotcntilllw･lSrCC()r(1ぐ(I
at 160 in the krll叩 Ofthe cockro･･tdl

sllOWingLhcsyT叩10m OtatF･Xiaawlscvcrc
coTIVulsion l (I;ly ahCr LrCatmCnt･ TllC

c｡clくrOaChw(lSthenkeptatahigllertCmPCr･

ature, 290, For Idly･ and lho flClion

potcntialwas叩all､recorded aL290intllU

rZght leg after Lhc disappearance orlhc

poISOningsymptomS･

No.

1

2
3

MeiLndurationof(1Ctionpotcnlifll
(mscLC.)(No･ofactionpotcnLiL'lls
measut･cd)
160C
2.41(ll)

10.29(5)

3.28(19)

4 1.89(14)

5 4.46(10)

6 4.40(1)

7 1.90(3)

Mean 4.09
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7

nV
1･
6

T

1

7

8
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3
5

2

3

7

3

Jl.58

ActionPotentialofLhcCcnLralNLlrVCCorfL

A【teL･-POtCnLinl‥AsnlCntionc(lbcrorc･theaction

potenLialSrCCOrdcd inthecentralnervecop(lor

theroachttrclllrgClyduetotheactiorLpOtCnlinlS

of the giEtnt 王tXOnS･ This compound action

potenti･lloftenshowedaslightpositiveovershoot

followinganegativespike･Intheroachpoiso-lCd

withDDT ata一ow tempcrLlturC the.artcr-ncga-

tivityoEtheactionpotcnlilllwasm仰YIL･nte-land

marked一y prolonged, olLCn lasti叩 OVCr 30

mi llisecoTlds(Fig.2).
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曙_漕 iヨ 慢 曙圃
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ドiEf.2. Actionpotentjalsofthecentralnerve

cor(Jorthe cockroach evoked by asingle
sTinlulus11,untre之Ited, sIJ'gl1tPOSitiveover-
sl10(-t.160;2,1000C.p.S.Forrecord1;3,
unlrC.lLC().sliglltPOSitiveovershoot,160;4,
u11日､､(trC(l,nooversl100t,180;5,Ire.ltedwith

I)J)'l',､vc･lkconvu一sion, increased negative
･1rtL:r-POtCntial, 16.50; 6, 1000C.p.S.for
ruor(Ls3LO5;7,we{lkconvulsJ'on,markecHy
hlCrenSt:(lnegativeafter-potential,16.50;8,
50C.l).S.Forrecord7;9,thesameasTeCOrd
7.S)O､vcrsweep;10,50C.p.S.Torrecord
9;rlti.Xi;Land sevc'･e convu一sion, sepzl一･a【ion
I-lLhcsp'kc-potentialandthellegativeLllter-
poICnLi･,Ll, 16.50;12,700C.p.S.forrecord
Ii.
RL!COvCryProcess:Inthenormaloruntreated

llCJ-vC･ こLn action potentialis foHowed by (ln

llbs｡lutc rclractoryperiodandthenbyarelative

l.errこLCtOryPCriod.WllentwoSuccessivem.lXi.llum

oT'SuP･7mlrrlXimum stimu一iwet.ede一iveredtllrOugh

tltcSIWICPai･･ofe一ectrodes,thesecondstimulus

wtLSin(イrcctivealintervalsoflessthanュ.6}2.1

mscc･, Which inclicated theabsoluterefractory

perio(IWhentheinterv<11sbetweenaconditioning

nn(latesting shock were increased by longer

Ll.nntheabso一ute refractory period, thetesting

shock ge一一erated theactionpoten【iaLtlleheight

olWhichgrew asthes110Ckintervzllincreased

profErCSSivcly,andeventual)y attained t】1e一evel

ortl.e ELCtion potentia一evoked by the testing

shocka一one.

八一一exampleofaseriesofsuchoscillogramsis

shownjnFig･3, and also oneofarecover)∫

curveisiHuslratedbyFig.4.

300
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Fig.3. A seriesOfosciHogmmsolLhc
action potentialsevoked bytwo successive
mごIXimum stimuliatvarioustime lntCrV.･Lls
which sho＼vs the{lbsoIuteandlllCrCIaLivc

rerrzlCtOry PeT･jod. Thecentra一nerve cor(1
oftlleunh･eatedcockroach,160.1,acondi･
tjoningstimu一usalone;2,atestingstimLLlus
とllone;3toll,aconditioningalldflLCSlinfI
stimulus;12,1000C.p.S.forrecordsIt｡]l;
13'lnd14,thesameasrecords310ll;15,
1000C.p.S.forrecords13and14.

Whenasubmaximum stimulusis(lPPllC(Ias.1

testhlgShockalterasupramaximum con(llll0ning

stimulus, the supernormalphase, irlLwU･C

present,woulclbedemorlSh･'lted. Inthec.,lS(､Or

the nerve orthe not.malcockroacll,howLIvCr,

the supernotmalphase wasnotobscl･vC(LftSJS

shown by the Series ofoscillogramsa一l(llllC

recoverycLlrVCinFig･5andFig.6rcspeclivcly.

TlleeffectofDDTontherecoveryprocessヽvllS

c一early(lemonstratecLItcaneasllybeobscIVC(Lin

Fig.7 tlrat tlte nerve excised from a DDT

poisoned cockt･oach in which a suhn1,,はilllum

testing stimu一usisapplied to thenerve With

various time intervalsafter a supr･amaximLIm

corldition‖Tgstimulusshowsamarkedsupcrnormal

phase･A recovel･yCurveinthepoisonedncrvcis

plotted inFig.8togerherWithatracingorLhc

negative arler-potentialinduced by the 】つDT

POisoning･ItisevidentfronlSucJleXpe'▲imcnts
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Fig･4･ Recoveryp一･occssortllCgiantncrvc
fibressI10Wjng ljlCabsoluteandLhcre一ative
rcrractoryperioLl, WhichjsdralVnFrom the

s(lmC Cxr)Crimcnt iHuslraLe(Tin Fig.3.
Pcrcentaf;CSOlthespikellejgJllOrthetesting
TCSPOnSCLOthatoftJICCOndiLioning oneis
takenasoI･dinaleS,anC1theinLervalsbetween

theconditioning alldthe testing sl10Ck as
abscissae.

憑 漕 樗

缶 惣 偲

曙 g 笥

Fig･5･ Aseriesorosc川oRramSOfLheacLZ･on
potentialscvokcdby two succcssivcstJ'rnuli

atvarioustimeintervals, Which showsthe

abscncc ol lhc supct･nortllal phase. T)1c

centra一nervecol(IohhcunlrCEltedcockroach,
ユ6〇･ 1, am(Ttxjn.um corl(liLio‖jng sLinlLlZus

alone;2､itlCSLing stimulus()ljustabove

Ihreshol(1alonc;3LO8,L･lcOmIiLio■ljng(～nda

testingstimulus;9,700C.p.S.fora‖records.

･T<_仙
仙
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bll

+ll

dO

2U
lu

O

-lu

-2fl

i; b lu lヱ lト日, lさ ゴー,エゴ _･lll･11,.叩l

Fig･6･ Rccovc.･yprocesso川 1Cgi(,tntnet.vc

ribrcsshowingtJICabsenceoflhcsupcrnol.mal
pJIcISC, which is drawn from the Same

expcriment川ust,･arcd in Fig･5, supcI･im-
posinganormzllacLio-1POlentialupon it.

Perccntagesofthespikeheightofthetesting

response to tl-(TttOllhcconditiotlingoneis
r(lkenasordinaLCS..lndtheintervalsbchvccn

tJleCOnditioni叩 untlthetesting shockas

abscjssacrordrawi叩 theTCCOVeryprocess.
Thcbroke-1linesho､vsthelevclorresponse
byatestingshock王Llone. Fordt･awing the

actionpotcnLial,lllCSpikeheightist(1kCn.lS
ol･dinzLteSこIndtIICtineaftertheonscLorLhc

actionpotentifLlasabscissae.

that'ln incrcascin LhCnegativeahCr-POtCnlial

inducedby DDT isaccompaniedhyanincI･CaSC

inthesupcrnormEllphase.

】)iscllSSion

ThenatureOftheaEtel･-POterltialshilVC Wi(lcly

beeninvestigatedirLbothLhcmycIJlnate(1alldthe

non･myeliIlated lTCrVC rib■cs, an(1 the datEI

accumulated have jn(LiぐIttC(l so111C jml)OrLfLnt

features(lSrOllows:

A parTtl1clism hchvccn Lhc tlrtCr･POtUntiilIiln(l

LhcrecoveryphasecILnbcm.1(lcLosonlCĈ･tCnL;

the (lur(LLiorlOfLllC nCgaLivcilrtC r-POLt3nlialjs

nlatChc(1by the dur.TLlion olthe suPCrnOlmill

phase,tlndtIはLOrlhcpositivealtcr-potcnLi.ltis

maLChc(IbylhaLOfthesubnormalphtlSel.6.りリ1J

ThencgaLivcartcrpotcnlialwasshowntobcvery

sensiLivc 10 CIlangeSjn v.ll･ious (jnVironmcnLat

lacLOrS;iLis{Jeprt2SSCdcarHerthan lhCSPikc･

potentialwhct=hcncrvcisplacc(ljnaIIi,nviron-

mentlacking oxygen oliscxposc(ILO Ci日.bon

mollOXidel,6,ll.15,2))･,it is casily tleprcssc(1by
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暦 日 歴 i

[三 相∃醒
値 だヨl蟹i
値 僅 l蟹i
隠田 t蟹ヨ

甲腿 甲
ドif!.7 ^ scrleSOfoscillogramsoftheactlOn
poIL･nLiillsevoked bytwosuccessivestimuH
tllv.･lrious(lmeintervills, lVhichshowsboth
IIIL3illCrLlnSe in thenegativear【er-potential
fH(1Lhcpresenceofthe supernormalI-1laSe･

Tl一ccentralnervecordorH1eDDT-treated
cockro;lChshowlngataXhandscvcLCCOrlVu1-
sir川. 16.50, 1, a maximum COnditioning
sLiMLllusalone;2,atestingstimulusoEjust
fthOVCLhrcshold alone;3lo6,conditiomng
【Ln(I:Itesting stimulus; 7,700C･p･S.foL･
r(こく)rtlqHo6;8to17,thesameELS.'eCOt.ds
:ho6;18,50C.p.S.rollrecords8Lo17･

X
ltllJ

l.In

uヽ
:∩

l川

~I‖

llI

:lH

'jlJ

lり

●● ●● ●●●●●●● ●● ●●●●

ceI･t.linnflrCOtics, i.C.,proc<line, coc(line,urc-

thane,oretllergaSq.ll.'-"-')A, itis＼･cl.ySCl-SitiveLo
chこIllgCSinpH, beingdcprcssc(LbyLln incrcasc

inpH,aIILlaugmcntcL)byadec)･cascinpLIIJ･T3);

itisalsovery se■lSitivetochangesin l)OlaSSiLIm

a,ld calcium concentration in the surroun(ling

medium, beil一gusuallydepressedbyanincrease

inpotassiumconcentration,andusual一yaL唱nlCnLC(i

by("lincrcaseincalcium concentL･LlLionIrItlT-'1-～

ThenegativeafleLI-pOtentialsinanykin(Lorncrvc

aI･euSua"yaugmentedau°markedlypl･olongcLlhy

treatmentWithvcratlinee/'･S･n･1川-IlM ･7)

sincethereisnodoubtthateachactionpotcnLirtl

ObservedintJleCrLlralnetvcisnotTtCOmPOun(1

butasingleone,anaLlgmentationElndi一P.OIon一

gationoFthenegiltiveartcr-potcnlhlobscrvc(Iin

theDDT treatednerveisnotduetoasmoothhlF

summationoEthe repetitivearte■-(lisch'l一･f:CSllur

isdueLoanactualhCl▲CaSeinthencFllLivc;lltcT.-

potentiaレ However, adetai一edani-Iysisohl､C

shapeorthe actionpotentialcannotI-cma(lcin

theexperiments､vitlltlleCruralnerve,bccこtuSCtllC

shapeoftheactionpotentialshowssomevElT･ialions

eveninlhccontrolcxpeL･iments,an(1°lsobcclluSC

anactionpotentialrccoL･dedWithcIYLCrnLllc1cc-

trodesundotlbtedlydocsnotshowitsLICLu㌻llshat-e

andlleightbutonlyl･Clativeones･Itwl.silCluLIHy

observedthattllCdurtltionofthcとICtionpoICntiill

w(lS SOmeWhatincI.eased whentlle nCl･VCWits

slightlydessicated･

Thejncl･eaSeintilenegativearteTIPOtCnli;llor

__+________●___
I t5 b lり II L･l LGJヽ 30 ヱ'1亡It36 3b303284 3C3b ･も0 43 lt l･t' ･lb5Umscc.

JTig･8･ Recoveryproces亨ofthegiantnervefibresortheDDT-tL'eatedcockro,lClldeveloping
;LLaXiaandsevereconvulslOn ､､11ich showsamarkedsupernormalph,lSe.Thisis(1rELWnfrom
thcsameexperimentiHusLratedinFig･7, superimposing an actioIIPOtentiaIWithprolonged
negativeafter-potentialcausedbytheDDT treatmentuponit.BothabscissaandordinとItCare
LheSameaSthoseOrFig.6.
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theiIISCCtnCrVt3bylrclltmCntWithDDThnSnever

bcchrcporlc(Ibcrorc.OnTyinthecrztbnervewas

such zIChangeillthencgzttivcLlftcr･potentjal

ohscrvc(InftcrtreLltmCntWithDDTn),butinthe

squidghntEtXOnitwasnotfoundafterlhcsame

trcatmcnt的.

IThe supernormal phase Which cannot be

observed in theuntreated nerve iS markedly

increasedbytreatmentwithDDTandshowsgood

ngreementwith the course oftheincreased

negativeafter･potential.Suchparallelismbetween

theafter･potent王alandtherecoveryphaseisalso

foundi一lthenerveofotheranimalsasdescribed.

Inthe7J'ghtofsuch conSiderationSaSthese,

theaugmenta(ionandprolongationofthenegative

ztfter-potentialbyDDT poisoningmustafforda

veryimportantkeypointin thesolutionofthe

modeofactionofDDTonnerve.Ontheother

hand,ithasalreadybeendemonstratedthatDDT
J

affectsseveralothercharacters of the nerve

function;itaugmentstherepetitiveexcitability

inboththesomaandtheaxon7,20.27･31);theaction

oEDDTontherepetitiveexcitabilityismarked7yt

enhancedbythelovteringofthecalcium concent･

ration in the surrounding med王um7); italso

inducesrepetitivedischargesinthesensorynerve

cellsl.･.18･m ;it王ncreasesthespontaneousactivity

王nthenervecord9,31);anditevidentlydecreases

therateofrepolarizationofacockroachnerve

whichhassufferedalonglastingdepoTarizatiotl

byexposuretoapro一ongedcathodalcurrent3=).

Inspite oftheaccumulation ofsuch data,

correlations0rCausalrelationsh王psbetweensuch

changes in nervous functi(ln are not C一ear;

furthermore,therearesomediscrepanciesbetween

data.A loweringofthecalcium concentrationin

thesurroundingmedium actssynergisticalTyon

theDDT inducedrepetitiveexcitationsl, white

allincreasingofthecalcium concentrationcauses

theaugment.ltio-nofthenegativeaftcr･potcntial

h tllCVCrLcbratellnimals7,10,]1.22-217.Inlhcinsect

ncrvc. howcvcr, DDT EICtually incrcaseS the
ncgiltivctLf(cr･potentiEIl.

1̂thoughtheincre'lSCinboth the rcpetit王ve

excitttbih.tyLln(Ithesponttmcousactivityunder

thc王nrZucnccorDDTsuggcsE9SOmCCloserelation

betweenthem,noconclusiveevidenceiSaVaihble

£

ntthe prc5enttimcnJ.'[11e J'ncrcase in the

:net?:tniven,霊ern-port,co7慧 lctnltl.C.otLFnl.aycoufr:ecn:oI:.r,i:

suggcstSSOmCC1osccor 【ion.

SuchchangcSirltherccovcryproccSSaSan

incrcasc in the ncgnl王ve nrtcr-potcntiLtl, lhc

dclaycdrcpolarization,zlnd the王ncreaSCinthe

supernormalphase. maybc王nduccdcithcrbyzl

dislurban.ceoflthemetabolism concernedorby

an alteration oftheionicpermeabilitylofthe

nervemembrane.Inordertoc一arifythemechanism

ofincreasein thenegative after-potentialby

DDT,itisnPCeSSarytOeXa中netheeffectof

variousenvironmentalfactors,stlChaspotassium

andcalcium concentrations, pH,electrdtonus,

andmetabolicinh王bitorson thenegativeafter-

potential王nducedby.DDT. Onthe,otherhand,

it王salso necessary lp Eind the relationship

betweenthenegativeafter･potentialinducedby

DDT and thezlugmentat王On oftherepetitive

excitabHityinthenerveunderthe,influenceoE

DDTinordertocl'lriEythe.mechan王Sm Ofthe

unstabilizingactionofDDT.̀ Anotherapproach

totheseproblemsisbyrecordingtheelectro･

tonicpotentiaTsofthencrvctrcntcdwith DDT.
becausethee7ectrotonicpolcntialcloselycorrelates

withtheresistanceofthencrvcmcmbmTIC.Some

oftheseexper王mcntshnvc81rcadybccnperformed

andwillbepublislledsoon.

Theincreasednegativea一ter-potentialinduced

byDDTisneverrestored tothenorma一一evel

evenifthepoisonedcockroach recoversfrom

the.Sym ptomsafterariseinthetempc,rature･

Thisineffectiveness0fthetemperature王svery

surprising, becausetheunslabilizingILCtionoE

DDTwasfoundtobemuch strongerntlower

temperature930･nJ

Sunltunry

The cffcctsofDDT onthenegativeafter-

potcnthltLndtllerecoveryprocessOEthecockroach

ncrvcwcrc王nvestigtttcdusinganampliferandan

oscHloscopc.

Inthecruratnerve of the DDT poisoned

cockroach,thencL,.ltivcEtftcr･potcnth]wasaug･

mentedandprolonged mElrkedTy inLtnyOfthe

threeearlierstagesofpoisoningsymptomsatlow

temperaturestosuchaextentthattheduration
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of'theactionpotentialwatsgreaterthan2mi11i-

seconds.oftenover10milliseconds.ThedtIration･

oftheactionpotentialintheunpoisoned cock-

roach was1.73mi11isecond at16.50.h the

cruralnerveofthecocktoachwhichhadrecovered

from tllepoisoningsymptomsafterraising theL

tcmpcrilLureto290,thenegativeafter-potential

wasnCVCrdecreased.

In the centralnerve cord ofthepoisoned

cockroachorinthenervecordtreatedwithDDT

afLcrcxcisionfrom theuntreatedcockroach,the

negativeafter-potentialwasalsoaugmentedand

pro一ongedmarked一yoftenlasti鴫 morethan30

milliseconds.

AILhough thenormalortheuntreatidnerve

neversI10WedasupernormalpllaSe,theneⅣe

cxcILscd from the DDT poisoned cockroach

s110Wedamarkedlyincreasedsupernormalphase.

TlleSèreSultswerediscussedinthe一ightof

ourprcccdingpapersandtileliteratureconcerning

thcmodeoEactionofDDT andthenatureof

theaELcr･potentialinthenerve.

WtBarcgreatelyindebtedtoProf.T.Wakaba･

yashi, Physiologica一Institute, University of
Tokyo.forIllskindsuggestionsinperforming

tlliSWOrk',andalsotoDr.M,Sherman,Hawaii
University,forhiskindcriticism.

TJlisrcscarchwassupportedinpartbyagrant

from tht=MinistryofAgricultureandForestry.
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