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も同じで,殊に節3令をすぎてからは田平な逓減を見

せ,節2表の瓜後の列にしめしたbの逆対数LB,すな

わちDyar′sconstantが令糊の款が多くなるにしたが

って小になっていることからもうなずかれる.これは

3令をすぎて後における琉打の初圧分布は,かなり相

互に式祝してくるのであろうと推汎されるが,すi実節

2図にしめした雌雄,令数別の琉稲の頻唆分布曲紋を

みれば,3令以後その頭揃は相当程皮重視し,3令ま

ではgl幅の測定値よりする令糊の決定は大休可能であ

ろが,それ以後は不可托であると結論される.マイマ

-イガの大きさは,4令糊以後における脱皮回i'(ひいて

は発育日数の長短,円企記の多少によって決定される

要素が大きいものと考えられる.

摘 要

野辺地系マイマイガの幼虫を,氾皮250,関係湿度

89,00'の環境条件下において,ケヤキの茄をあたえて個

体別に飼育し.その脱皮阿A'Lを検討,あわせてi17Ei蓋の

脱皮忠を材料こして,令期間における成長桜田を考究

した.

1･野辺地系マイマイガは･その幼虫期において甲は

5,6.または7回,一雄は5または6回の脱皮を('りか

えした.

2･頭桁の令期間における成長桜恥も 節3令を境に

して,ことなったふたつの,大体田緑に近い関係をし

めした.

3.gl桁による令糊の決定は,節3令まではお むゝね

可能であるが.それ以後は不可能である.
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TtEsum6

Undertheconstantenvironmentalcondition

of25oand89% relativehunl王dity,thelarvaeoE

theqNoheji''raceofthegypsymoth, LymalZ-

LrL'adLIsf,arL.,wererearedseparatelyOITleaves

ofthezelkova-tree,ZelkovaserraLa Makino.

TheEemalesofthe〃Noheji"raceofthegypsy

motiユmou一ted5,6or7timesintIleirlarva一stage

andthemalesrrwtllted5or6times.Inallthese

casesmentionedabove, there一ations oflog-

W王dthofexuv王aeoHleadcapsu一etoinstarnum-

berwerefoundtoberepresented genera一lyby

twostraightlinesintersectingatapointoEthe

3rdinstar.WeshallbeabletodeterminetIle

instartowllich alarvabelongsby measuring

widtI10fexuviaeofheadcapsu一einthelaTVae

rangingErom thelsHothe3rdiTIStarS,butwe

shallfailtotelltheinstarnumberbythismethod

intllelaⅣaerangingfrom the4th totilelast

instars.
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47･ 昆虫神経の静止電位に及ぼす酸素欠乏,代謝喝書瓢 ,およびDTJTの影響.恐山剤の作

用尉将に関する研死 節12和 山崎輝刃･抱倍敏夫 桝 (東京大学瓜学部STEf虫学研兜宅) 台2.5.9受理
I

DDT による昆虫神経の段位変化がどのような桟椛でもたらされるかを究明するために, ゴキプ.)

･神経の静止TE位に及ぼすDDT の拶繁を,敢宗欠乏あるいは代謝阻告剤の碓哲と比較研究した.そ
の結兄 DDT は代謝阻-2捌 や敢弟;欠乏-O場合のような脱分梅作用を示さず, 超々な原因によって

脱分極された神経の再分柘を抑制する飽きがあることが判明した. 既存の多くのデータや神経代謝

および神経興布の既構と結びつけて考究した結果,DDT は神経の静止代謝には辞書響せず,粥街代

謝への生化学的誰響か,あるいは神経原形質膜へのIB接の物封 ヒ学的作用によって,そのイオン透

過性を変え,校能変化をもたらすものと推論されるに至った.

T九emodeoftoxicactionofDDThasbeen studiedbymanyinvestigatorsalongeitIlerOftIle

*̀Formername,ToshiolsIIn fo170winglines･JLe･･theeffectsofDDTonva｢

*半旧姓,石非 r王ousphysio一ogicalfunctions!ninsec(らandthe
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effects′On themetabolism ofinsects. Ithas

beenclarifiedthatDDTaLlgmentSthe repetitive

･excitability of thenerve resu一ting in llyPer-

excitationof,thenerveatldmuscl,e,thatitstrongly

stimulatestherespirationofinsects,thatitin-

ducestheexhaustionofmetabolitesininsects,

･tllatitdoesnotaffectthecholinesteraseactivity

eitherinvim orinviLT･0,thaトitmayaffectthe

activitiesofsomeoxidasesinvt'Lro,andsoon.

Ithasbeen concludedin ourpreviouspapers

thatan augmentation ofthe repetitiveexcita･I
bilityofthenerve,includingbotht】-esomaand

thea苧On･isaprimaryactionofDDT･ Butthe

knowledgeobtained.up todateeitherbybioI

chemicalstudiesorbyotheronescannotbeused

fortheexp一anationofthecauseofsllChafunc･

tionalchangeintheneⅣe･ In二aSeriesofex･

perimentsweattemptedtofindtheとauseofthe

fuhctionalchangesintheDDT poisonednerve.

Asthefirst占tepintheseーinvestigations,theef-

fectsofDDTon the resting potentialofthe

Pervefibresofthecockroach werestudiedin

comparisonwiththoseofoxygen一ack,metabolic

inhibitors,andpotassiumionsontherestingpoten･

tiaI,forthema王ntenanccoftherestingpotential

wasknownto/dependon themetabolicenergy

inthenerve.

AIaterialsandAIethods

l
･Theabdom王nalnervecordsofadultsofboth

theAmericancockroach,Perip払netaamel･icana

L.andthesmokybrown roach,P.suliginosa

S.wereemployed.Sincethevaluesofthe-res･

､tingpotentialsand the reactionsto thedrugs､

usedin thisexperimentwere similarin both

.species,thedataobtainedwi11bediscussedto一

getller.

TIleexperimentswereperformedduringAugust

andSeptemberatroom temperature.

The.centralnervecordofthe cockioach has

sixgiantaxonswith diametersranging from 20

to45micronsand ten to twelve､axonswitIl

diametersrangingfrprh5to20micronsperleach

connective･EJ)･ The giantaxons originate J･n

thesixthabdominalganglionandeitherconnect

synapticalZywiththemotoneuronesinthemeta-,

mes0-,.or pro-thorac王c ganglion orーConneCt
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directlytothebrain. Theyhavenosynaptic

contactswith otIleraXOnSOn ti一eway from

t先es王Xthabdominalganglidnto thebrainorto

thethoraciPganglia. As 二thesegiantaxonsare

very Tチrge'in diameterwhen compared with

theotheraxonsinthenerv6 cord,･apotential

differencemeasuredfrorrlanypointonthelnerve

cordislargelyPausedbythepotentia一differences

intIlegiantaxons.

The potential differenc甲 ･between a central

iminjuredregionofthenervecor'dand､acut

peripheralenddippedintoRinger-isotonic･KCI

solu'tionwere-meastlred. Thesepotentialdif-

ferences,undoubtedly,donotindicatetheab-

so一uteva一uesoftherestingpotential,howevei,
itissufficient'tocわmparetherelativechanges

intheTestingpotentialu.ldervariムusenviron-

mentalconditions. With thiseasymethodof

resting､potentialmeasurement王t-isveryconve･

nienttoperform manyexperiments,andonecan

measureseveralpreparationssuccessive一y.

-Itmay bepossibletomeasurethepotential

difference by anotherarrangementofexternal

electrodes. WIlenboth electrodesare located

inuninjuredregionsofanerve,andthedrugto

betestedisappliedtooneregion,thepotential

differencesprodllCedbytheactionofthedrug

00neasilybemeasured. ･Oneadvantageofthis

method isthatthecontrol＼valuecanbetaken

from thesameneⅣe,but,adisadvantageistllat

theoriginalrestingpotentialcannotbemeasured

sinceonlypotentialdifferencesaremeasTlredby

thismethod. Howeversince,itisnecessaiyfor

theelectrodestob-ewidelys_eparated･ thecock･

roachnervei占tooshortforthismethod tobe

utilized.

Afterexcisionofan/abdominalnervecordfrom

aroach,adhering-tissueswereremovedascom-

plete】yaspossib一einordertominimizetheshort

circuiteffectinthemeasurementoftheresting

potential.

TlleactualmetllOdofrestingpotentialmeasure一

mentusedinthisstudywassimilartothatde-

scribedbyShanes& Brown (1942). Several

nervecordpreparationsweresoakedinRinger′s

so一utionsuccessive一y,andallpreparations,usually

sixtoten nervecords,foronecourseofthe
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h a
Fig.1.Thenervechamberandthearrange一
mentofthee一ectrodes.Explanationseetext.

experimentJWeremountedatthesametimeon

theelectrodesina bakeliteHnerveHIchamber

(Fig.1). Thecentraluninjuredregionofeach

nervewas享ncontactwithRinger,withorwith-

out drugs,h oneend ofa U･shaped glass

tube,a,havinganinnerdiameteroEabout3.5

,mm. TheotherendofeacIlglasstubelayout-

sidethechamberandwasincontactelectrically

with theRinger-isotonicKCIso一ution,C,by

meatlSOfaUIShapedg一asstube,b,comta王ning

Ringer-agar.TheisotonicKCIsolution,C,had

electricalcontactwith saturated KCIsolution,

e,bymeaTISOfa'U-shapedglasstube,d,~con･

tainingsaturatedKCl-agar,andthelattersolu･

lioninモum was-connected toasaturatedKCl

typecalomele一ectrode,f. TIlとcutperipheral

endsofa一lnerveswere'dippedintoalongcom-

montrough,g,LilTedwith theRitlger-isotonlc

KC1Solution,leadingtoasmalltrough,i,byaU-

shapedglasstube,h･A U-shapedghsstubecon･

tainingsaturatedKCl-agar,]',providedclectrical

contactbetweenthistrough,i,andthe saturated

KCIsolution,k,whichinturnwasconnectedto

theothersaturatedKCltypeCal(imelelectrode,

鰐 22 巻-I

I.SuccessivemeasurementsofthereStingーpotenこ

tialcouldbeperformedbysuccessivetransfersof

theU･shapedglasstube,b.

Thepotentialdifferencewasmeasuredw王血 a

potent王ometeremployingareflectiontypegalvano･

meter,havingasensitivityof6･6×10-9A,asa

nullpointinstrument.Atmaximum sensitivity,

thepotentialcouldbedeLterminedwithinO･lmV･

A Ringer･soakedcottonthreadwasemployedfor

themeasurement､ofthe.potentialdifferencenotI
der王vedfrom nervebutfrom electricalcircuits,

thevalueofwhichwassubtractedfrom theap-

parentrestingpotentia7softhenerves. Aninlet,

m,andanoutlet,n,ofgaseswereattachedlo

thechamber. Inordertofacilitatethediffusion

ofgastothene/Eves,thecehtraluninjuredregion

of飴ChnervewasputonaRinger･soaked filter

strip,1-2mm wide,One end ofwhich was

dippedintotheendoftheU-shapedglasstube,

a,whiletheotherendofwhicIIWasputOn a

pillowmadebytheg一assrod,0. Thechamber

wascoveredwithaglassp一ate,inordertopre･

ventdesiccationofthenervesandtopermitthe

admissionofgases.

Twomethodsofdrllgapp一icationwereem-

ployed. OnewastIleloca一app一icationofthe

drug containing Ringersolutiontol九ecentral

uninjuredregionof山enerveafterawithdrawal

ofnon-drug containingRingerfrom theouter

cutendoftheU-shapedglasstube,a,theother

methodwasthesoaking6fthewho一enervecord

Eorsometime王ndrugc6ntaining Ringerbefore

mounting the nerve cord ontheelectrodes.

Tムeformermethod Willbe ca一ledthe`̀Iocal

applicat王onmethod",the latter,theHsoak王ng
method".

Commercialnitrogenwasledthrough alkali･

pyrogarol solutionsin orderto eliminate the

smallamountoroxygencontained,andinturn

wasledthrougha70cm columnofwaterin or-

derlosaturateitwithmoisture. Commercial

oxygenwasdiz･ect1y]edthrough anothercolumn

ofwater. Aflerbeingsaturatedwithwaterthe

oxygenandnitrogenwereboth attachedtothe

inletofthechamber. _

Cathodalcurrentwasapplied to the nerve

through silver･silver chloride non-polariZ:able

261



防 虫 科 学

electrodes,oneofwhichwasdipped into the

commonisotonicKCIsolut王on,C,asacathode,

andtheotherinthesmalltrough,i,asananode.

TムeRinger′ssolutionusedistileSameaStllat

describedinourpreviouspaper91㌧153.9mM NaCl,
2.6mM KC】,and 1.8mM CAClヱperliterwere

added･to50cc.ofamixturelotbuffer soluti.n

containingM/15Na2HPOland M/15KH2POJ,

whicllresultedinafinalpH of7.2. The

concentrationsofcations.weretllereforeasfol･

lows:･159.6mM Na+,3.1mM K十,and1.8mM
Ca廿perliter.

p,p′-DDT,meth'oxyanalogueofDDTorme･

thoxychlor･ethoxギ analogueofDDT･andγ･

BHC weretested∴ ThesuspensionofitlSeC･

tic王demadebyaninjectionofthbdrug acetone

solutionintoRingerwasapplied. Thecontrol･

experlmentsproved.thatacetoneRingerhadno

effectontherestingpotentialofthenerve. The

metabolicinhib王torstestedweresodiummonoiodo.

acetate･Sodium fluorideandpotassium cyanide.,

TheseweredisolvedinRingersolution. The

substrateswllichareknowntobeut王h'zedingly･

colysisorrespiration were･alsotested,i.e.,

glucose,sucrose,sodium pyruvateandsodium

lactate･ Thesewerea一sodJ･soIved in/Ringer
50lutiom

neSults

RestingPotential

Tムeresting potent王al oftilenOmalnerve

which wasmountedaftersoaking in Ringer′S

1 2 3 1 う bHR -

Fig.2.Anoxictdepolarizationoftilenorma一
nerves. A solid linewith dosed circles
showsnoovershootafterarcadmissionof

oxygen (Sep.2,28.50)IwhiZcabroken one

withopencirclesshowsanovershoot(Sep.3,
29.50).
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solutionforafewllOurS,rosegradua一lyandat-

tainedthemaximumvalue,thiswasfollowedby

agradua一declineaftermaintenanceofaplateau

forsometime(Fig.2)./Themaximum resting

potentialsobtained aresummarizedinTable1.

TIlemaximum restingpotentialsIladatendency

to decrease･Erom thebeginningofSeptember

even attemperaturesashigh ､as30odaringthe

experiments. Tiletemperaturesdropped､atnight

duringSeptemberatthough temperatureswereas

high as300duringthedaytimewhentheex-

perimentswere∫performed. HenceLtheoily

possiblereasonfortiledecreaseinthepotential

isaloweringoftherearingtemperatureatnight.

EffectsofOxygenLack

An an?又icdepolarizationwasinducedbyacon･
tinuouspassageofnitrogenthrough thenerve

chamber(Fig.2). The,depolarizationwasrapid
l

duringtheinitialphasewhich wasfollowedby

aslowsecondaryphase,andllSuallyattainedtlte

maximum valuewithin30to 60minuteswith-

drawalofoxygen,amountingabout50percent

oftherestingpotential(Table1). Theminimum

potentialremainingaftertheanoxicdepolar王2:ation

willbetalled 〃minimum restingpotential".

Sincetherestingpotentialdeclinedgradua一lyfor

alongperiodoftimeevenwithpresenceofoxy-

gen,thepercentagesof the minimum Testing

potentialto both theresting potentialimme-

diate一ybeforetheadmissionofnitrogenand tile

restingpotentialdetermined･byanextrapohtion

ofseveralpo.tentialva一ues measuredat30to

60minutesbeforetheadmissionofnitrogenPr

.̀̀standardrestingJpotential''werecalculated.

A readm王ssionofoxygenorairat･any time

brou申taboutarapidreturnoftherestingpo･
ten血Itothenormallevel,orarepolarization,

frequentlyshowinganovershooiofthepotentia一

(Fig.2).

whennitrogenwasintrLoducedintothechambe.′

soonafteran/attainingofthemaximum resting

potential.theminimum restingpotentialduring

af10Ⅹia,interふsofthepercentagetothestand-

ard restingpotentiaL showedanear一y constant

Valueoffrom40to60pertentina一lexperiments.

AfterprogressionoftlleT血turaldec一ineoftlle

restingpotentia一,asecondadmissionofnitrogen
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Table1.AnoxicdepolarizatidnofthenerLvefibres.Meanvalues(mV).

わThemaチimumrestingpotentialobtainedinoxygenorairaftermountingthenerveontheelectrodes･
2'Therestingpotentialdeterminedbyanextrapolationof'seveialpotentialvaluesmeasured30to

60minutesbeforetheonsetJOfdepolarization.

3)Theminimum restingpotentialremainingafterdepolarization.

Fig.3.Anoxicdepolarizationsofthe normal
ncrve,showingadecreaseddegreeofdepol
larizationafteranatllraldec一ineoflIleTeSting

potential.Åug.6,30.50.

broughtaboutasmal一erdepolarizationtllandid

thefirst,maintainingaconstantnon-depolari2:ed

potentia一. Asaresultofthisthepercentageof

theratiobetweentlleminimllm reStillgpotential

duringthesecondanoxiaandtlleStandardresting

potentia一-wasl一igherthanthatofthefirstanoxia

(Fig.3,Table1). Theseresultsindicatethat

thenatuTaldeclineoftheTesting potentialoc-

curringinoxygenorairislargely,duetothe

depressionofallanOXiasensitivefractiotlOfthe

Testingpotent王al.

Theanoxiasensitivefractionoftheresting

＼Potentialwi11becalled"aerobicrestingpotential:'.
andtheotheroranoxicinsensitivefractionHati-

aerobicrestingpotential". Theaerobicandthe

anaerobicrestingpotentialseachcomposedibout

halfofthetotalrestingpotential.

EEfectsofSubstrates

Sinceithasbeenclarifiedbytheabovemen-

tionedexperimentstIlatmetabo一icenergyisre-

quiredforthemaintenanceoftheresting poten-

tial,Severaldifferentsllbstrateswere appliedto

thenerve･ Aftersoakingthenerves享n either

0.1M glucose,0.1M sllCrOSe,0.02M sodium

pyruvate,or0.02M sodiullllactatefor60of90

minutes,therestingpotentialsanditsreactions
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Tよble2.EEEectsoEsubstratesonlierestingpotentia一. Meanva一ues(mV).
ForexphtntionsseeTable1.

toanoxiawereexamined.■Thesesubstratesdid

notaffectーtheresting potentialortheanふXic

depolar王左ation(Table′2).

EfEectsofMetabolicInl1ib王tors I

Sodiuhmonoiodoacetate(IAA): Theresting

potentialofthenervewasmeasured去fter.soak-

ing itEoronLellOurin 0.0001M,0.001M,or

0.005M IAARinger.0.0001M IAAhadlittleor

noeffect;′therestingpotential increasedtothe

maximumvaluewhichwasfollowedbyagradual

declineas王nthecaseoEthecontrolnerve.0.001M

IAA▲hadaslightdepressantraction;thenerve

treatedwith0.001M IAA showedmuch一essin-

creaseinpotentialaftermountingitontheelec-

afterthemaximum valuewas-reached.0.005M
IAAhadamuchstrongerdepressantactionthan

0.001M. T王lerestingpotentia一′Valuesofthe

nervestreatedwJ'tllIAAforfivehoursareshown

i一lTable3.

The localapp一ication ofIAA alsobrought

Table3.Effectsofmonoiodoacetateonthe

rもStingpotentiaT. Soakingmethod.Mean
values(mV).Åug.14,290.Forexplanations
seeTable1.

2年

NV
～O

JO

30

20

K)

0

I 2 ) J ～ b 7 8HR

Fig･4･Effectsofmonoiodoacetate (IAA)

applicationふさthod.A solidlincwilhclosed
circ]eSSllOWSthecontrolnerve,'abroken
onewi(hopencirclesthenervetreatedwith
0.001M IAA at the firstarrow,and a
dotted onewith trianglesthenervetreated
witll0.002M NaF,atthefirstarrow,and
thenwith 0.003M NaFatthesecondarrow

Sep.27,22.50.

aboutdepo7arizationofthenervewitlllonglatent

periods(Fig.4).

Theanox王cdep91ar王zationofthenervessoaked

foronehourhIAARingerwasmeasured. One

such experimentisillustrated byFig.5,and

resultsareindicatedinTable4.,- Theanoxic

depoTar王zat王onbecamemuchlessWhenthedecrease
1

oftherestingpotentialwasbrought.aboutbya

prolonged action ofIAA, butme anaerobic

resting potentia一remained constantunless the

totalrestingpotentialde;linedmarkedlyasinthe

caseofthehigherconcentrationofIAA,0.002M.
Theseresultsindicatethatthe70werconcentra.

t王on90fIAA,0･OOOIM and 0.001M,large7y
depresstheaerobicreStingpotenthl,whilethe

higI】erconcentrationOHAA,0･002M,00mplelely

㌔I
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Tab一e4.Anoxicdepolarizationofthenervetreatedwithmonoiodoacetate(IAA).
Soakingmet110d.Meanva一ues(mV).ForexplanalionsseeTable1.

★60mittafterN2.

L 2 1 4 う 6 HR

Fig.15.Anoxicdepo]ar王zationofthenerves

treatedwithIAA.Soakingmethod.Aso一id
]inewith c一osed circ一esshowsthecontrol

nerve,abrokenonewith opencirclesthe
nervesoakedfor1hourin0.0001M IAん a
dottedonewith(riangTes(henervesoaked

in0.001MIAA,andabrokenonewi(hsquares
thenervesoakedin0.002M IAA.Åug.25,320.

depressestheaeiobicrestingpotentialandpartly

depressestheanaerobicone.

Thepresenceofa.02M sodium pyruvateor

0.02M sodiumlactateinRingerdidnotalterthe

depressa;teffectofIAA (Table4).

･sodiumflu-oride(NaF):Th占restingpotential

otnervewasmeasuredaftersoakingitforone

hourin0.01M,0.02M,or0.03M NapRinger.

Themaximumrestingpotentiaトwashardlyaト

fectedby0.01M NaF,wasslightlydeprtssedby

0.02M Nap,andwasdepressedtoabout50per

centby 0.03M.NaF'(Table5). Thelocal
application of0.02M Nap alsobroughtabout

thedepolarizationoftheneⅣe. Buttheme･

chanismofNapdepolarizationmustJbedifferent

fromtllatOfIAA,becausenolatentperiodwas

observedwithNaF(FJ'g.4).

Theanox王cdepolari之ationofthenervesoaked

Table 5.Anoxic depotarization oftilenervetreated with sodium fluoride.
Soaking･method.Meanva一ues(mV).AtJg.28,330.ForexplanationsseeTable
1.
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Fig.6.Anoxicdepolarizationofthenerves
treatedwithNap.Soakingmethod.Aso一id
linewitll､dosedcirclesshowsthecontrol

nerve,abrokenonewith bpencircles,the
nervesoakedfor1I10urin0.02M NaF,and

adottedonelVitlltriang一es,thenervesoaked

in0.03M Nap.Åug.28,330.

MV
う0

40

30

20

10

0
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Fig.7.EffectofKCN ontherestingpoten･
tial. Localapplication method. A solid
linewith closed circlesshows the nerve

treated with 0.0005M KCN and then

returned to Ringer,andabrokenonewith
opencirclestheneⅣetreatedwith0.00005M

KCNandthenreturnedtoRinger.Sep.20,
220.

foronehourinNaF Ringerwasdifferentfrom

thatofthe~nervetreatedwithIAARinger(Fig.
6,Table5).ITIl王scouldeasilybeobservedin

themuchmoredepolari2:ednervesoakedinthe

high concentrationofNap,_0.03M. h con-

sequenceofthisthepercentageoftheratioof

theminimum restingpotentialduringanoxiato

thestandard restingpotentialshowedaboutthe

samevallleaSthatofthecontrol･ 一Both the
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8erOl)icandtheRTlaerObicrestingpotentialsmust

bedepolar王zedequallybytlle.actionofNaF.

WiththehigherconcentrationofNaF,0.03M,

therepolar,'2ationafterthe!eadmissionofoxygen
wasincomplete.

Potassium c_yanide (KCN): Onlythelocal
application method wasemployed. A rapid

depolarizat王onwasproducedbyahapplicationof

0.00005M,0.0005M,or0.0025M KCN Ringer,but

there､wasatendencytoTeCOVerinspiteofthe

presenceofKCN (Fig.7). Anovershootofthe

resting potentialbeyond thenomAlleve一was

oftenobs,erved､asisshown王nFig.7 1n this

caseadeclineofthepotentialwasbroughtabout

afteran attainmentofthemaximum value.

LikeNap,KCNsI10Wednolatentperiod. The

perceJltageOftheratiooftheminimum resting

potentialtothestandardrestingpotentialshowed

arelatiもelyh王gh value,about80percent(Tab一e

6).
Effectsoflnsecticides

p,p′-DDT:The′localapp一icationof5×1016M

Table6.Effectsofpotassium cyanideonthe

resting potential(mV)ISep.,20,220･For
exp7anationsseeTable1.
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DDTRingerforSevera一hours.hadnoeffecton

therestingpotentialorontheanoxic,depolar王za･

lion(Fig.8,Tab7e7).

MV

60

50

10

30

20

K1

0 2 3 4 う 6 IHR

Fig.8.Effectofp,p′-DDTontheresting
potentialand tIle anOXic depolaTization.
Localapp一ication method. A so一id line
withclosedcirc一esshowsth色controlnerve,
add a brokeTIOne with opencirclesthe
nervctreatedwith･5×10-6M DDT.Sep.1,
280. ＼

Theeffectsofsoakingtilenervefor3to4

hoursin5×10-5M DDT Ringerontheresting

potentialandtheanoxicdepolarizationwereex-

am王med. Theresting potentialofthe neⅣe

justmountedontileelectrodes.aftersoakingit

inDDT Ringerwassmallerthanthatof~the)
control. Therateofincreaseintheresting

potentialand the maximum resting potential

reachedwerealsosmaller. ThepercentageoE

theratioofthemin王mum restingpotentialdur-

inganoxiatothestandardrestingpotentialwas

2 3 4 ～ bHR

Fig.9.Anoxicdepolarizationofthenerves
treatedwithp,p′-DDTandγ-BHC.Soaking
method..A solid linewithc一osed circles

showstileCOntrOlneⅣe,abrokenonewitIl

open circlestheneⅣesoakedfor3hours
in5×10｣;M DDT,anda.dottedonewitI l

trianglestheneⅣesoakedin5×10~5M BHC.

Sep.2,28.50.

aboutthesameva一ueas､thatofthecontro一(Fig.

9,Table8). Thesereslllts･indicatethatboth

theaerobicandtheanaerobicrestingpotentials

areeqllallydepolarizedbythesoaking iIIDDT

Ringer.

Inordertoexamin-ebyanotherway whether

ornot･DDT actsupon the depolarizalion and

tIlerepOlarization processes,acathodalcurrent

wasappliedtothenervetreatedwithDDTRin一

ger(Fig.10,Table9). Both themagnitude

MV

50

10

〉0

20

K)

0
I 2 ) 4 う 6 THR

､Fig.10.Effectofacathodalcurrentontlle
TeSting potential.A solidlinewith closed
circlesshowsthecontrolnerve,andabroken
･one with opencirclesthe neⅣe locally
trcatcdwith 5×10｣;M p,p′-DDT.Scp.24,
240.

andrateoHhedepolarizationcausedbythecath-

odalcurrentand tile_maximum repolar王Zユー王on

potentialafterremovalofthe'current'wer.enot

a一teredinthepresenceofDDT.However,therate

ofrepolariZ;ationaftertheremovalofthecurrent

wasmuchdecreasedundertheinfluenceofDDT.

DDTanalogtleS:＼Theeffectsof5×10-5Mme-
thoxychlorandethoxyana一ogueofp,p'-DDT on

therestingpotentialwerethesameasthoseof

DDT(Table8).

･/-BHC:Soakingthenervefor3to4hours

in5×10-5M y-BHCRinger･hadnoeffect?nthe

restingpotentialofthenerve,ontherateof王n-＼
creaseintherestingpotentialaftermounting,

ontllemaximum restingpotentialattained,or

ontheanox王cdepolarization(Fig.9,Table8).

EfrectsofPotassiumTons

ltllaSlongbeenknOwn thatpotassium ions

induceadepolarizationofnerveandmusclelO,1･7,63).

Potassl'umdepolarizationisnotcausedbymeta-

_bolicdisturbancesin tIlenerveaSinthecase
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Tab一e7.An oxicdepolan'zationofthenervetreatedwithDDT.Localapplication
method.Meanvalues(mV).ForexplanationsseeTable1.

Table8.Anox王cdepolarizationofthenervetreatedwithDDT,I)DTanalogues,

Table9.Depolarimtion-byacathodalcurrentofthenervetreatedwithDDT.
Localapplication method.Mean､values(mV). For.explm ationsseeTablel.

268



防 虫 科 学 煎 22 巻一丁 ＼

Table10.Anoxicdepolar王zationofthenervetreatedwithK-richRinger.Soaking

method.Meanvalues(mV).Sep.4,310.ForexplanationsseeTable1.

OHAAandNaFbutiscausedbyachangein

theconcentration.gradientoutsideandinsideof

thenervefibres. Therestingpotentialofthe

nervesoaked Eor 3 hoursin potassium-rich

Ringer (15mM K+) wasdepressed (Fi迄.ll,

Table10)メbutthepercentageofthcratioof

Fig.ll.Anoxicdepolari2:ationoEthenerve

treatedwithK-richRinger.Soakingmethod.
A so一id一inewithc一osedcirclesshowstile

ncrvesoakedfor3hoursinnormalRinger
●(3･lmM 冗), and abrokenonewithopen
circlcsthenervesoakedin15mM 冗 Ringqr.
Sep.4,310.

the minimum resting potential during anoxia

tothestandardrestingpotentialwasaboutequal

totI一atOfthecontro一nefVe.･ TlleSeresultsin_

dicatethatpotassium ioムsequal]y depressthe

aerob王Cand inaerobicfractionsoftlleresting

polentia1.

DJ'scu8Sion

ThemodeofproductionPfbioelectricpoten-

tialsinnerveandmusc7ehaslongbeenstudiedby

manyinvestigatorssinceanionichypothesiswas

firstproposedbyBemstein(1902).Atpre;ent,

thesodium theoryprc!posedbyHodgkin(1951)

isthemostvaluableoneandiswidelyaccepted.

Tilerestingpotentialcanbeexplainedbythis

sodiumtheory. Therestingmembraneisreadily

permeab一etoboth potassiumand chlorideions,
butissparinglypermeabletosoditm ions.Since

anactivesodiumpumpmecllaniSm removesSO-

dium ionsfrom theinteriorasfastastheydif-

fusein,theconcentrationofsodium ionsinside

thenerveEibre王smuchlowerthanthatofsol

dium ionsoutsidethenervefibre. Asacon･

sequenceofthissodium distributionandofa

high internalconcentrationofimpermeableani/

ons,suchasareprovidedbyglutamicandas･

particacids,thepotassiumandchlorideionsare

distrilmtedveryunequa17yunderthec?nditionof

Donnan equilibrium. Theinternalpotassium

00ntentismuchgreaterthantheexternal,while

thechlorideioncontentisgreateroutsidethe

nervethaninside. Theresting'Potentiat,E,
beingthepotentialobtaining王naDonnanequi-

1ibz.ium,isrelatedtotherelativeconcentration

ofpotassium orchlorideion占bytheequation:

〔Cl〕｡
､ E'-葦 logc思 .-早 -oge同
〔K〕iand〔K〕Obeinginternalandepernalpotas.-
Sitlm COnCentrationrespective一y,〔C】〕jand 〔C1〕O
jnternalandextermlchlorideconcentrationre･

spectively,R,tllegasCOnStant,T, absolute

lemperature,andF,Faraday. Becausetheex-

cisednervesarenolongerinasteadystate,the

abovementionedequationscannotbeappliedto

them. Hodgkitl& Kat2:(1949)propo､sed a

slightlymodifiedequationfornerveswhich are

inanon-steadystate,andtheirobservedresting

polentia]swereingoodagreementwilh thatof

theircalculatedvalues.

lThus,restingpotentialscartbeexp一ainedde-

finitelyin termsofionic concentration gra-

dients. Furthermore,manystudiesprovedthe
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importanceofmetabo一icenergy in tllehainte一

れanceoftherestingpotential. Forexample,

nerveandmusc一ecan bedepolarized byanoxia

andmetabo一icinhibitor'ssuchascyanide,mono-

iodoacetate,sodium fluoride,orsodium azide16,17･

23･39,42･45,70,72).Depolarizationcan alsobecaused

ininsectnerve′bylackofoxygenandmetabo一ic

inhibitorsasisshownin tilepresenteXperi･

ments. Butastohow metabdlism relatesto.

themaintenanceoftherestingpotentialisnot

c一ear. Thesodium pumpmechanism and the

potassium retentionforce,whichretainsthepo-

tassium ionsinside the nervefibreagainsta
1

concentrationgradient,both mayoperatewith

metabolicenergy29.67,69,711.

Therelationshipbetween'theresting potential

andthemetabolism inthenervewillfirsrbe

discussedintheTightof･thepresentexperiments.

ThemeanvalueoftherestingpotenEialsofthe

roachnerves王S40.8mV/(range.29.7-51.4mV)

asisshowninTable1. AlthougIlthisvalue

undoubtedTydoesnotshowanabsolutevalueof

therestingpotential,thismayberelativelyclose

totheabsoluteva一ue,､becausethe?bsoluterest-

ingpotentialsofthenervesdeterminedinother

anima一ssI10W thefollowing values: thegiant

axonofsquid(Lollgo),61mVIO)or62mV28),that

ofanotllefsqムid(Sepia),62mV81),thatofcrab

(Homarus),62mV27):and themyelinatednerve

fibreoffrog(Rane!)71mV31,32).Tllereasonthat

relatively high valuesoftheresting potential

couldbeobtainedintllerOaCIlbyexternalelect-

rodesmaybeas follows: thegiantaxonsare

muchlargerthantheotheraxonsin thenerve

cortd,andthelargerthediameteroftheaxon

orthesmallertheshortcircuit,thelargerthe

potentialwllich canberecorded.

Therestingpotentialoftheroach nervecord

declinesrapid一ywhennitrogenisintroducedinto

thenervechamber,landattainsaminimum value

within30to60minutes. Tllisdecl三meofthe

potentialin the cockroachismorerapid than

thatillthefrognerveJ5,72).Th占diEEerenceinthe

diameterofthenervetrunk,orofthethickness

andpropertyofthenervesheatllmaydetermine

differencesindiffusion ratesofgaseslllrOugh

thenervemembrane.
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Theresting-potentialcanbedividedintotwo

fractions:anaerobicrestingpotentialwhichis

depolaTizedbyanoxiadec一ines~gradual】yfora

long'periodof◆t王mein oxygenorair,andan

anaerobicrestingpotentia一wIlich isnotdepoト

arizedI?yanoxiaissustainedforalongperiod

oftimeinthesameconditions. Eachcomposes

aboutha一ftlletotalrestingpotentia一.

Thereasonfortheineffectivenessofseveral

substratesonboththerestingpotentialandthe

anoxicdepolarizationremainsunknown. Two

alternativeexplanationsmaybeapplied: either

thenervemembranea一eimpepneabletothesub･

Stratesorthesubstratescannotbelitilizedas

sourcesofenergy.

Themodeoftlledepolariz王ngactionofIAA

′andNapmaybedifferentinsomeaspects･ The

lowerconcentrationsofIAA,0.0001M and0.001M,
largelydepolarizetheaerobicrestingpotential,

I
wI一ilethehigherconcentration, 0.002M,com･

pletelydepolarizestheaerobicandpart一y-depo･

larizestheanaerobicfractionoftherestingpo-

tential. Thethresholdconcentra'tionoENaFthat

producesdepolarization ishighertllan thatof

IAA･showinga.valueofO･02M･ FurEllermOre･
NaF depolarizesboth theaerobicand thean-

aerobic resting potentialsequally.even atthe

thresllOldconcentration. TムesedifferencesCan

beexpectedasthemodeofinhibitionofenzymes

bythesetwoinhibitorsisdifferent･ However,

furtherexplanatibnsofthesephenomenacannot

beproposedatthepresenttime.

DepolarizationbytheKCN treatmentoccurs

veryrapid一y,-buttoalesserdegreethan､that

causedbyoxygenlack.IFurtllermOre,Iapartial

recovery oftherestingpotentialisfrequently

observedin spiteofthepresenceofKCN in′
Ringer,sl10Wing adifferencefrom eitherthe

IAA and Nap induced depolarization ofthe

insectnerveorthedepolari2;ationofthenerve Of

other animals producedby.KCN45･87). TIleSe

actions ofKCN cannot beattributed to the

effectofK+,because the concentration's of

KCN usedarevery low.

Asisexpectedfrom the∫(Jrmerreportson

otheranimals4.9,10,14,32,43,45,63,73,71),thenerveof

the cockroach is also depolarized by the
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potasssium･ricIIRinger. This depolarization

may notbeduetoametal)olicdisluTbancebut一

maybeduetothechangeinthepotassium ion

concentration gradientinside and outside the

nervefibres. Therefore,anequaldepressionof

therestingpotentialinbotl一山eaerobicandthe

anaerobicfractionsisbroughtabout.

Thusithasbeenclarifiedthatthenervefibres

oftlleCOCkroach reqlliremetabo一icenergyfor

themaintenanceoftherestingpotential. Intlle

fol一owingseveralparagraphswewillreviewlher

modeoftoxicactionofDDT,andthenwill

discussthecauseofthefunctionalchangesin

theTlerVeunderthcinfluenceofDDT.･

TheeffectsofDDT on.th-evariousfunctions

ofnervehavebeenstudiedbymanyinvestigators

anditwasclarifiedthatanaugmentationofthe

repetitive-excitabilityofthenerveisamostim･

portュntprimaryactio'nofDDT13,18,56･57,66･88-93).

TlleeffectsofDDTonsomemetaboliccycles

have also､been studied,especially on several

oxidasesanddehydrogenases. Buttheresults

obtainedareconflicting;some-investigatorsre-

ported the inhibitorytaction6f DDT on the

activityofsuccinoxidaseorcytochromeoxjdase

1,35,47･51,53･60･61),Somereported theaccelerating

actionofDDTupotlOXidaseSlJ,atld othersre-

ported thatDDTIladnoeffectonsllCCinoxidase,
cytochromeo女王dase,ordehydrogenases6･15･36β7･

4U,48,75).Careful considerationofthedifferences

i一lthe experimental conditions described in

the abovementionedreportssuggeststhatDDT

mayaffecttheoxidaseactivity undersomein

vl'Lroconditions,i.C.,with lligherconcen･

tration50fDDT orwith suitablesolvents～of

DDT, While DDT cannotaffecttheoxidase

activityinvivoexceptthatduringthelaterstage

ofDDTpoisoningtheox王dasemaybedepressed.

InthelaterstageoEpoisoning,notoulyoxidases

but als'o other enZymeS may be secondariTy

depressed･ In spite of many accumulated

dataconcerned with the enzym aticactionsof

DDT on themuscleoronthewholeinsect

body, noenzymaticexperimentstoexplainthe

Eunctionalchanges王nthe nervecausedbyDDT

havebccnundertakentodateupon theinsect

nerve.

節 22巻一丁

TheeffectsoEDDTonthecarbonlcanhydrase

activity80)andonthephosphatemetabo一ism59･78･

79)werealsostudied,butnoconclllSionscouldbe

drawnaboutthecauseoEthefunctionalchanges

in the nerve. Since cholinesteraseactivity is

nohaEfectddbyDDTbothz'nvivoandI'nvz'Lro

5162･77,82.83),thehyperexcitability ofthe nerve

broughtaboutbytheactionofDDT mustbe

quitedifferentinnaturefrom thatbioughtabout

bytlleOrganOpl10SpllateS,parathionandTEPP･.

Both the'increaseinoxygenconsumptionof

the I)DT poisoned insect7.8,24･叫46･52)and the

markedmetabo一icexhaustioninitll'46.50,58)must

haveresultedfrom violentmuscularactivityand

mustbeamanifestationofthesecondaryaction

ofDDT.

Theabovementioned reportsdonot'propose

any explanations of the cause of functional

changesinthenervepoisonedwithDDT. Any

enzymaticactionsofDDT cannotbere一ated to

thecIlangeSinthefunctionsoftheI-erVe･ The

presentexperimentsindicatethatthemodeof

actionofDDT onthenerveisquitedifferentin

naturefrom thatofbothmetabolicinhibitor?and

potassium ions.

ThelocalapplicationofDDTRingeronthe

roach nerve cord affects neither tlle･resting

potentia一northeanoxicdepolar;zation. These

resultsareingoodagreementwiththoseoftlle

crab (LL'bz'nt'a)n'erve66),indl'cating that DDT

doesnotaffectthemetabolism sustaining･the

resting potential. Thesoaking ofthenerves

forseveralhoursinDDT Ringer,however,
sI10WSSOmeeffects:anincreaseintIleTaleOf

the depolarization occurs dllring the soaking

period,and a slowing in the'rateofthere-

polar王zationisbroughtaboutaftermountingthe

nerveontheelectrodes. Thedepolari2;ation of

thenormal cockroach nervebroughtaboutby

soaking thenerveinRingermaybecausedby

eitheHhelackofoxygenortlleCathodalcurrent

providedbythecutendsofthenerve;.wllenan

injurycurrentflowsinwardlyacrossthecutend

ofthenerveandoutwardlyacrosstheintactre-

gionofthenerve,lhe王ntactregionofthenerve

mustbeslowlydcpolarized. Thepossibilitythat

thecauseofdepolariZ:ationistheTackofoxygen
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wasexcludedby theexperimentsinwhich the

nerveswerekeptonRinger-soakedfilterpaper

forsevera一hours;theyweredepolar王2:edtothe

samedegreeasthecontrolssoakedinRinger.

Therepolarization ofthe nerveaftermounting

mu'stbebroughtaboutbyarem?vatoramarked

depressionofthecathodalcurrentcausedbya

decrease'inthesllOrtCircuitoutsidethenerve.

Whatevertheproperexplanationmaybe,itcan

bepostlllatedthatDDTalsoaffectstherateof

depolarization.oriepohrizationbroughtaboutby

otherways,i:e.,artificially applied cathodal

currenL Aswasdescribed in theforegoing

Section,DDTslowstherateoftherepolarization

alteraremovalofthecathodalcurrent,butit

hasnoeffectontherateofthe depolarization

bytIleCathodalcurrent.

TIleSeObservationsareveryinterestingforthey

haiesomesimi一aritytoanincreaseandprolon-

gationofthenegativeafter-potentialcaused by

DDT and reported earlier33.叫. Inorder to

discussthepossibleeventsoccurring underthe

influenceofDDT,awidely accepted excitation

theory,thesodium tlleOry25).willbecitedhere

brieflytoexplaintheactionpotential. Thenerve

membranebecomeshighlyand selective一y･per一

meabletosodium ionswhenastimulusoEany

kindisappliedtothen.erve･ Therefore,sodium

ionsenterintothenerveace-ordingtothecon-

centrationgradient,estab一ishing.an equilibrium

potential,

ENa=葦 loge7両万一
〔Na〕i

TIlisequilibrium potentialbringsabouta･de-

polarizationandareversaloftIlemembranepoten-

tial Sinceanincreaseinthemembraneper-

meability topotassium ionsoccurssoonafter,

thereversed membranepotentialisrepolarized

rapidlytp tilenormalleveL Theseprocesses

canberecordedasanaction potentia一., The

sodium ionsenteredintothenerもefibreduring

theexcitationarepumpedoutbyanenergydriven

sodium pumpmechanism,and也epotassiumions

flowedoutareabsorbedbyanactivemetabolic
force25.29,69,71).

BasedllPOnthisltheory,theincreaseandpro-

longationoftllenegativeafter･p?tentialmaybe

272

expla王ncdintermsoEthechangesiIltherateof

ioni占movementacrossthenervemembrane.

Theslowingof therepolarizationafterare-

mova一ofthecatI10dalcurrentundertheinfluence

ofDDTmaybeexplainedintermsofadepres-

sionofpotassium absorption, ･becausethedepo･

7arizat王onproducedbythecathodal cllrrentmust

becaused byaleakageofthepotassium ioTIS

from insidetilenervefibre. Tムesechangesin

therateofionicmovementmulStbecausedeither

bythephysico-chemicalactionsofDDT t!pon

thenervemembrane.bringingaboutthechanges

in theionicpermeability,orbymeactionsof

DDTrontilemetabolism relatingstrictlytothe

excitationprocess,forexample,tileSOdiumpump

orthepotassium ietentionmechatlism. These

relationsCana150bediscussedfromanotherpoint

ofview. Nervemetabolism canbedividedinto

twocategories:anactivemetabo一ism acting dト

rectlyandstrictlyontheexcitationprocess,and

arestingmetabo一ism actingonthemaintenance

oftherestingpotential. Tllisideaissupported

bymanyexperimentswhichindicatedifferentor

specificactionsofvariousmetabolicinhibitorsand

narcoticsoTl.eachtypeofmetabo一ism. Forex-

amp一e,sodium azide,wIlichdoesnotb一ockcon-

ductioninlowerconcentrations,hasnoeffecton

therateofoxygenconsumptionoftheresting'

nerve,butitdepressestheincreaseintherateoE

oxygenconsumptionduringactivityoftllenerve.

MetIlylfluoroacetatelュas an Opposite effect,

depressing山erateofoxygenconsumptionofthe

restingnerve,whilekeepingthatoftheactive

stateundlanged12).Chloretoneinl1ibitstherateof

oxygen uptakein both theresting andactive

nerves,buttheinl1ibitionisgreaterintheactive

nerve5).Severa一narcotics,atlowerconcentrations

donotaffecttherateofrespirationofbrainslices,
blltdoinIlibittheTa一eOfrespirationinbrain

s一iceswllicIIWereelectrical】ytetanized49). From

theabovementionedresultsatlddiscussions,it

canbeconcludedtllatDDT doesnotaffectthe

restingmetabolism ofthenerve..Tlleenergy

forthesodiumpllmp′andtllepotassiumretention

mechanism maybesuppliedbytheactive.mata-
bolism.

Sincenarcotics,whichinhibitthcactivemeta-
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boli;m ofnerveasdcscribcdabove,decrca,ethe

ionicpermeabilityofthenervenlembrane2,1!),20,

22･30･64･65･68),tlleremaybeacorre一ationbetween

the increase in the ionic pem eability which

occursduring excitation and theactivemeta-

boh'sm ofthenerve･ Baseduponthesepoints

ofview･itcanbesupposed thatDDT actson

theactivemetabolism ofthenerve,and王taffects

eithertheionicpermeabiHty inactivestateor

thesodium pump and the potassium retention

mecIlanism.

TIleOtherpossibleeffectofDDT isa direct

physicoIChemicalactiononthe nervemembrane

asmentionedear】ier･ ThecIlangeSintheionic

permeabilityofthemembranemustbenecessarily

inducedbysuchadirectactionofDbT. This

ideaissupportedbytheexperimentsalready re-

ported92)which clarified thatDDT acted more

strong一yontheinsectneⅣeat1- ertemperature

thanathl'ghertemperature. IfDDT had acted

ontheenzym atI.Creactions,itseffectswouldbe

strongeratthehighertemperaturethanFt･the

一owerone･ Furthermore,ifan adsorption of

DDT onthespecialstructureofthenervemem-

bmnewereaprimaryandimportantevent,DDT

wouldbeeffectiveatthelowertemperaturethan

atthehigherone.

ThevarioustheoriesoEtheactionofDDT

去nditsrelationwithm'etabolism andfunction of

thenerveisillustratedschematicallyinFig.12.

Based on thishypothesisitcan be claimed

thatDDT actsonthenervousfunctionbyeven-

tuallychangl'ngthemechanismoftheionictrans-

feracrossthemembran?･ Itremal･nstobesolved

&hetherDDT di･sturbstheactl･vemetabolism o,

itaffectsthe membrane physico-chemical-y.

Directdeterminationoftheionicpermeabilityof

nervemembranepoisonedwithDDThasnotbeen

m-ade. Tobias(19･18)on一y repb.ted that･th｡

sodium contentoEtheroachnervecordpoisoned

with DDT increased･ Thisresultcan clear7y

beexp一ainedbythepresenthypo血esis.

IThishypothesiscan bedemonstrated bythe

applicationofseveralmethods,forexample,the

directm甲Sure血entsoftherestingandtheaction

potentialsofthenervefibre26･41),orthe direct

measurementsoftheionicfluxesacrossthemen-
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brancbythetracers,Na21andK4238).Experiments

usingtilefolmermethodarebeingconducted in

ourlaboratory.
I

Su-mary r

Theeffectsofp,p′-DDT,itsethoxyanalogue,

methoxychlor,andy-BHContherestingpotential

ofthe cockroachnervecordhave beenstudied

andcomparedwiththoseofoxygenlack, meta-

bolicinhibitorS,andpotassium ions.

1.Therestillgpotential,apotentiald王ffercnce

betweenanuninjuredcentralregionofthenerve

and a cutperipheral end soaked in Ringcr･

isotonicKCIsolution,attainstllemeanValueof

40.8mV.

2.T】lerestingpotentialI一aSatendencytodec･ ～

linewhentherearingtemperatureoftheroaches

islowered.-

3.Therestingpotentialdeclinesrapid一y when

nlErogen isintroduced into thenervechamber,

attaining 血emaximum valueof50percentof

therestingpotentialwithin30to60 minutes.

Thepotentialretumstothe normalleve一very

rapidlyona readmissionofoxygとnorair,and

often showsanovershoot~ofthepotential･ ATl

anoxia-sensitivefractionoftheresting potential

wasnamed〟aerobicrestingpotehtial",whilean

anoxia-insensitive fraction,〟anaerobic resting

potentialn･

,4.Theaerobicresting potentia一dech'nesgra-1

duallyinoxyf;enOrairoveralongperiodoftime,
buttheanaerobiconeismaintainedataconstant

level.

5.Sodium pyruvate,_sodium lactate,glucose

andsucrosehavenoeffecto血therestingpoten-

tialandtheanoxicdepolarization.

6.ThenerveisdcpolarizedwhethertheTierve

issoakedinmonoiodoacetateso一utionortllenerve

iSlocallytreatedwithit. Lowerconcentrations

ofrpono王odoacetatedepolarizelargelytheaerobic

restingpotential,WhileIligllerCOnCentrationcom-1

pletely depolari2:eStheaerobicresting potentia一

andpart一ydepolaTizestheanaerobicrestingpoten-

tial. Thepresenceofsodium pyruvateorso:

dium lactatein theso一utiondoesnotalterthe

effectproducedbymonoiodoacetate.

7･Sodium fluoridealso depolarizesthenerve

･273
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Permeability
81

Resting
Metabolism

､ :-1i-=T

Resting RestingS(ate

MernbraPe 〆/
Polenlial

Active
Metabolism

(NaPump
K Rotention

Fig.12.Suggestedrelationshipbetweenmetabolism and

functionintilenerやe,andthepossiblepointsofaction
ofDDT. ､

whもther'thesoakirLg Orthe localapplication

methodisapplied. Abovethresholdconcentra-

tions,itequallydepolari2:eSboththeaerobicand

theanaerobicrestingpotentials.

8.A 一ocalapplicationofKCN bringsabout

adepolarization,which王sfollowedfrequent一yI)y

apartialrepolarization.

9.p,p'･DDT hasno effecton the resting

potentialand the anoxic depoIariZ;ationwhen

loca一lyapplied∴

10.p,p'･DDT showssomeeffects'whenthe

nerveiSSOakedforseveralI10urSinDDTRinger:

the＼nerve is much more depolarizedin the

presenceofDDT whileitissoak王ng王n･Ringer,
.andtherateoftherepolarizationbroughtabout

aftermounting iton theelectrodesdecreases.

SuchadepolarizatioTlinthepresenceofDDTis

broughtaboutbyanequaldepressionofboth

theaerob王candthe･anaerobicrestingpotentials.

11.p,p′-DDThasnoeffectonthedepolari-

2:ationproducedbyacathodalcurrent,buts一ows

therateoftherepolari2:ationafterremovalofthe

current.

12･Ethoxyanalogueofp,p′･DDTandmethoxy-

chlorhavethesameeffectasthatofDDT on

therestingpotentialatidtheanoxicdepolar王Zation.

γ-BHChasnoeffectuponthem.

13.15mM 冗+bringsaboutadepolari之ation.

Itdepolarizesboththeaerobicandtheana9rObic

restingpotentialsequa一ly.

14.Thesedatawerediscussedinthelightof

tlleknowledgeofmetabolismandfunctionofthe

274
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nerveandtheeffectsofDDT on

thenervousfunctionandmetabolism

ininsectsobtained to date. A

hypothesiswasproposed which is､

show'ninFig.12. ItwasSuggested

tIlatDDTaffectsthenervefunction

bychangingtheionicpermeabi一ity

ofthenervemembrane,andthat

sucha changein permeability is

causedbyeithertheactionofDDT

on theactivemetabolism of the

nerveorthedirectphysico-chemi-

calaction ofDDTon thenerve

memわ一ane.
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