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Kindling of the Interpeduncular Nucleus in Rats
（ラットの脚間核のKindling）
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<Introduction〉

Theroleofthemterpeduncularnucleus（IPN）inseizuremechanismremainsunknown・

Inrats,lesionsoflPNretardedthedevelopmentofamygdala(ＡＭ)kindlingmrats(Acker-

mannandEngel，1978)．G1ucoseutilizationinlPNincreasedduringSoman（potent 

acetylcholinesteraseinhibitor）inducedseizures（McDonougheta1.,1983）orkainicacid 

mducedseizures(ChastainetaL,1987).Dulingacarbachol(acetylcholineagonist）kindled 

selzure，ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，glucoseutilizationinlPNandbrainstemtectumwasreported 

todecrease（Wasterlaineta1.,1981)．InthepostictalphaseofAMkindlmg,ｔｈｅｎeural 

netwolkshkinglPNwasreporｔｅｄｔｏｐｌａｙａｎａｃｔｉｖｅｒｏｌｅｍｔｈｅｍｅｃｈａnismoftermination 

oftheseizure（Ｎａｍｂａｅｔａ1.,1989)．Inthisstudy,toellucidatewhetherlPNiscapable 

ofevokingpropagatedseizureactivity，ｏｒｗｈｅｔｈｅｒｏｒｈｏｗｉｔｐｌａｙｓａｒｏｌｅｉｎｌｉmbic 

seizures,weimtiallyappUedrepeatedelectricalstimulationatanafterdischarges（AD)－ 

mducingmtensitytolPNinrats・Asthestimulationresultedmprog1℃ssivedevelopment

ofADdurationandbehavioralseizures，wesubsequenUyexammedtheeffectofrepeated 

lPNstimulationonAMkindlingdevelopmentintheseanimals． 

<Methods〉

Experimentl：lPNstimuIation 

FourteenmalehoodedadultratsofRoyalVictoriaHospitalstlain（weighing300-

350g)ｗｅｒｅｕｓｅｄ(IPNstimulationgroup,Ｎ＝９；IPNnon-stimulationgroup,Ｎ＝5)．Under 

pentobarbitalanesthesia，bipolarelectrodesmadeoftwistedwire，１２７ａｍｉｎｄｉａｍｅｔｅｒ， 

werestereotaxicaUyimplantedintolPN（5.8mmposteriorfromthebregma,９.Omnfrom 

theskull）ａｎｄｔｈｅｌｅｆｔａｎｄｒｉｇｈｔＡＭ（2.8mposteriorand48mlateralfromthebregma， 
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and95mmfromtheskull）inalltheratsofthenon-stimulatiｏｎａｎｄ７/９ratsofthe 

stimulationgroup・Ｉｎｔｈｅｒｅｍａｉｎｉｎｇ２ｒａｔｓｏｆｔｈｅｓｔｉｍｕｌationgroup，surfaceelectrodes

(stainlesssteelscrews）wereimplantedintotheskulloverthebilateralsensorimotor 

areas,ａｎｄthebipolarelectrodesdescribedabovewereinsertedintothelPNanｄｌｅｆｔＡＭ・

Twoweeksaftertheoperation,ADthresholdwasdeterminedatlPNmthestimulation 

group・IPNwasstimulatedinitiallyforlseｃａｔ２０ｑｕＡ（60Hzbiphasicsinewave)．ＩｆＡＤ

ｗａｓｎｏｔｉｎｄｕｃｅｄ，thecurrentwasincreasedby200ａＡｓｔｅｐｓａｔ＞１０minintervalsup 

to800aA、OnceADwasinduced，thestimulationintensitywasrepeatedlydelivered

until5consecutivegeneranzedtomc-clonicseizuｒｅｓｏｒｌ５ｔｉｍｅｓｏｆＡＤｗｅｒｅｐｒｏｄｕｃｅｄ 

ｌｆtheintensitycouldnotproduceADduringtheprocess，theintensitywasraisedin 

thefollowingorder；１０００ﾉCzA／１sec,６００浬Ａ／２sec,８００｣(ＬＡ／２sec，１０００座Ａ／2sec,８００ﾉｕＡ

/3sec,ａｎｄｌＯＯｑｕＡ／３sec． 

Experiment2：ａｍｙｇｄａＩａｋｉｎｄＩｉｎｇ 

ＯｎｔｈｅｄａｙｆｏｌｌｏｗingthelaststimulationoflPN，animalsreceiveddanystimulation 

totheleftAM(thepIimarysite,ＰＳ)atADthresholdwhichwasdeterminedbybeginning 

at5quAwitha25ノリAstepmcreaseatlOmininterstimulusmtervals・StimulationtoAM

wasrepeateduntilfiveconsecutivestage5seizures（describedlater）wereobserved、

Afterarestintervalof24hours,ｔｈｅｒｉｇｈｔＡＭ（thesecondarysite,ＳＳ）kindlingbegan 

inamanneridenticaｌｔｏｔｈａｔｏｆＰＳｋｉｎｄｌｉｎｇＦｉｎａｌｌｙ，２４hoursafterthecompletion 

ofSSkindling，PSkindlingwasretested、Ratswhichreceivedthesamehandlingas

thestimulationgroupreceived，withoutlPNstimulation，wereusedasthelPNnon-

stimulatioｎｇroupThekindledseizureswereclassifiedbyamodificationofRacme（1972)， 

asfollows；stage１，rhythmicmouthandfacialmovementｓ；stage２，rhythmichead 

noddmg；stage３，unnateralfOrelimbclonus；stage４，bnateralfOrelimbclonusand１℃anng； 

stage５，falling 

UponcompletionofExperiment2，theanimalsweredeeplyanesthetizedandtheir 

brainwereperfused,seriallysectioned（４０皿)，andstainedbycresylviolet．

<Results〉

Experimentl 

TheinitialADthreshoｌｄａｔＩＰＮｗａｓ４００－８００ﾉ(LＡ（mean60quA)／1sec,ａｎｄｔｈｅｌａｓｔ 
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thresholdwas600-1000（mean889IuA)／１－３sec（ｍｅａｎ1.7sec)．ThusADthreshold 

atIpNtendedtoincreaseslightly（nosignificance；Wilcoxononesampletest)． 

ＴｈｅｌｎｅａｎｎｕｍｂｅｒｏｆＡＤｉｎｄｕｃｅｄｂｙｌＰＮstimulationwasla3（１１－１５times)．Ｔｈｅ 

ＡＤｄｕｒａｔｉｏｎａｔｌＰＮｗａｓｍａｒｋｅｄｌｙｐrolongedasthenumberofADmcreaseｄ；themitial 

andthelastmeanADdurationwere59sec（３－１４sec）ａｎｄ34.7sec（１４－９０sec)， 

respectively（ｐ＜０.O1byWilcoxononesampletest)． 

Sevenof9animalsshowedthedevelopementofbehavioralseizures，aswellasthe 

prolongationofADduration，inthefollowingorder；ｃｌａｓｓｌ，motorarrestwithtonic 

extensionofneckandbilatemlfOrelimbs;classngeneralizedbisynchronoustonicseizures 

consistingoftoniｃｆｌｅｘｉｏｎｏｆｎｅｃｋａｎｄｔｒunk，tonicextensionofforelimbs，andpartial 

orcompleteextentionofhindlimbs［intworatsthetonicseizurewerefollowedby 

limbickindling-ukeseizures（LKS）thatwereequivalenttostagesl-2ofAMkindnng 

seizures］；classlll,classlIfollowedbybisynchronousclonicseizures［ｉｎｔｈｅｔｗｏｒａｔｓ 

ｍｅｎｓｉｏｎｅｄａｂｏｖｅｔｈｅｔonic-clonicseizureswerefollowedbyLKSwhicheVolvedto 

secondarilygeneralizedseizuresequivalenttostage5ofAMkindlingseizures)]・The

remaining2/９ｒａｔｓｓｔａｙｅｄａｔｃｌａｓｓｌｂｕｔｓｈｏｗｅｄａｐｒolongationofADduration・Ｆｉｇ．

１dipictsthetypicaldevelopmentofseizuresmducedbylPNstimulation・ADpropagated

moreextensivelyastheseizureclassprogressed，ｎａｍｅｌｙ；classＩ，ADappearedmainly 

mlPN；ＩＬＡＤｉｎＩＰＮａｎｄＡＭ；ａｎｄ111,Ａ，ｉｎｌＰＮ,AMandsensorimotorareas（the 

latterdataobtainedfromtworatswithsurfaceelectrodesofsensorimotorareas)． 

Experiment2 

TablelshowsaprofileofAMkindlinｇｉｎｔｈｅｌＰＮｓｔｉｍｕｌａｔｉｏｎａｎｄｎｏｎ－ｓｔｉlnulation 

groupTheADthresholdatＰＳ，ＳＳ,andPSretested（PSR）betweenthetwogroups 

wasnotstatisticallysignificant・Thestimulationgroupreachedstage5significantlyfaster

thanthenon-stimulationgroupmPSkindung,whiletherewasnosignificantdifference 

inthenumberofstimulationｓｔｏｒｅａｃｈｓｔａｇｅ５ｍＳＳａｎｄＰＳＲｋｉｎｄＵｎｇbetweenthese 

groupsNosignificantgroupdifferencewasfoundinADdurationatfirststage5of 

PS，ＳＳ，ａｎｄPSRkindlmgThestimulationgroup，ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,hadasignificantly 

higherincidenceofratswhichexhibitedalonglossofposturalcontrolwithgeneralized 

tonicseizures（＞４sec,range５－２０sec）ascomparedwiththenon-stimulationgroup 

atstage5ofaUthekindling． 
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Histologicalexaminationshowedthattheelectrodetipswereinthemtendedstructules． 

<Discussion〉

ThisstudydemonstratedthatrepeatedIPNstimulationproducedtheprogressivechange 

ofmotorseizulesandpropagationofADtopreviouslynon-involvedstructures（ＡＭ 

/sensorimotorcortices)．Inourpreliminarystudy,thebehavioralandelectrographical 

changeseliCitedbythelPNstimulationpersistedl4daysafterthelaststimulation， 

namely；ratswithconsecutiveclasslnseizuresshowedthesameseizureafterarest 

intervalofl4days（ChibaandWada,unpublisheddata)．Thesefindingssuggestthat 

lPNiscapableofnotonlyevokingpropagatedseizureactivitybutalsokindling 

Neuroanatomicalstudieslwealeｄｔｈａｔｍｔｈｅｒａｔｔｈｅｍａｊｏｒｐ1℃jectionstolPNoliginated 
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Fig.１ AtypicalseizuredeveIopmentinducedbytheinterpeduncularnucleusstimula-

tion､Ｔｈｅｒａｔｈａｄａｔｏｔａｌｏｆｌｌｔｉｍｅｓｏｆａｆｔｅrdischarges（AD)．Ａ（1st,６００ＵＡ 

/1sec),motorarrest,ＡＤ＝８sec；Ｂ(3rd,６００１｣1Ａ／1sec)，ageneralizedtonicseizure， 

ＡＤ＝１０sec；Ｃ（7th，１０００Ｍ／１sec)，ａｇｅneralizedtonic-clonicseizure，ＡＤ＝ 
22sec；，（１１th，１０００１｣A)，ａｇｅneraIizedtonic-cIonicseizure,ＡＤ＝４２sec、lPN
interpeduncuIarnucleus；ＬＡＭ，leftamygdala；ＲＡＭ，rightamygdala． 
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fromtheraphenuclei，dorsaltegmentalnucleus，medialhabenularnucleus，andnucleus 

ofthediagonalbandofBroca（Marchandeta1.,1980；ConstabileandFlumerfelt，１９８１； 

Sutherland，１９８２；ＨａｍｉｎｅｔａＬ，１９８４；WoolfandButcher，１９８５；Ｓｈｉｂａｔａｅｔａ1.,1986； 

Nieuwenhuyseta1.,1991)，whilelPNprojectedtotheraphe,adjacentreticularfOrmation， 

dorsaltegmentalnucleus，metencephaliccentralgray，hippocampus，andseptum 

(Sutherland，１９８２；ShibataandSuzuki，１９８４；GroenewegenetaL1986；Nieuwenhuys 

eta1.,1991)Fromthesefactsitmaybededucedthatsomeofthesestructuresconnected 

withlPNshouldbeinvolvedinthedevelopmentoflPNkindledseizuｪｅｓ・

RatswithlPNstimulationshowedgenemlizedconvulsionsconsistingoftonicflexion 

ofneckandtrunk，tonicextensionoffOrenmbs，andpartialorcompletetomcextension 

ofhindlimbs・Thisconfigurationofthegeneralizedconvulsionsisremniscentofthat

ofgeneralizedseizurestriggeredelectricallyfromthemesencephalicreticularformation 

(KIeindlereta1.,1958;Ｂｅｒｇｍａｎｎｅｔａ1.,1981；Ｂｕｒｎｈａｍｅｔａ1.,1981；Ｍａｔｏｎｅｔａ1.,1992)． 

FurtheImore,inratdoIsaltegmentum（ｔｈｅｍesencephalicreticularfolmation）kindling 

mwhichelectlicalstimulationswereapplieddailyfor40dayｓｔｏｔｈｅ１℃ticularformation 

ofthemesencephalonatthethresholdintensitynecｅｓｓａｒｙｔｏｅｌｉｃｉｔａｎＥＥＧａｎｄｔｏｍｃ 

ｓｅｉｚureresponse，theinitialtonicseizuresevolvedintotonic-clonicfitswithbnateral 

myocloniasfollowingthetonicphase；insomeanimals，thetonicseizu1℃ｓｗｅｒｅｆｏＵｏｗｅｄ 
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Tａｂｌｅｌ KindlingprofileoftheinterpedunｃｕｌａｒｎｕｃＩｅｕｓｓｔｉｍｕｌａｔｉｏｎａｎｄｎｏｎ－ 

stimulationgroups・Valuesaremeans（numbersinparentheses；range)．ａ,＞

4sec（range；５－２０sec).＊，ｐ＜OO1byMann-WhitneyUtest;**，ｐ＜０．０１by 
X2-test・ADafterdischarges;ADT,ADthreshold;PS,primaⅣsite;SS,
secondarysite；ＰＳＲ，primaⅣsiteretested． 
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byoccasionalmastication,ａｎｄｃｌｏｎｉｃｊｅｒｋｓｏｆｔｈｅｆａｃｅａｎｄｔｈｅｆorelimbs（ＭａｔｏｎｅｔａＬ， 

1992)．AsimilarprofileoftheseizuredevelopmentwasobservedinlPNkindledrats・

Onthebasisofthesefindings,itisassumedthatlPNkindhnginvolvesthemesencephalic 

reticularformationindirectorindirectway，ａｎｄｔｈａｔｔｈｅｓｅｔｗｏｋｉｎｄｌｉｎｇｆｒｏｍｔｈｅ 

mesencephalicreticularformatioｎａｎｄｌＰＮｈａｖｅａｃommonneuronalsubstrateinthe 

seizuredevelopment・However，therearesomediscrepanciesbetweｅｎｔｈｅｍ，whichare

probablyrelatedtodifferentbrainstemstructuresinvolvedintheinitiationoftheseizures： 

1）theinitialbehavioralsymptomwastonicseizuresinthereticularformationkmdUnｇ 

ｗｈｉｌｅｉｔｗａｓｍｏｔｏｒａｒｒｅｓｔｗｉｔｈｔｏｍｃextensionofneckandbilateralforelimbsinIPN 

kindling；ａｎｄ２）highvoltageepileptiformdischargesinAMwerenotdetectedduling 

thetonicseizurestriggeredfromthemesencephalicreticularformatio、（Burnhamet

a1.,1981）whereasthedischargesinAMwereobservedduringthetonicseizureselicited 

bylPNstimulation・

Ｉｎｏｕｒｓｔｕｄｙ，IPNkindledratsreachedstage5significantlyfasterthanthenon-

stiｍｕｌａｔｉｏｎｇｍｕｐｉｎＰＳｋｍｄｌｍｇ､ＴｈｅＩＰＮｋｉｎｄｌｅｄｇｒｏｕｐａｌｓｏｈａｄａｓｉｇｍficantlyhigher 

mcidenceofratswhichexhibitedalonglossofposturalcontrolwithtomcseizures（＞ 

4sec）ascomparedwiththenon-stimulationgroupmstage5seizuresofanykindung 

ThesefmdingssuggestthatAMkindlingmakesuseoftheproconvulsantneuroplastic 

changesmthebrainstemsubstratethathavebeenalreadyestablishedbylPNkindlmg 

ThispositivetransfereffectfromlPNｔｏＡＭｓｕｐｐortstheviewthatmainlyvertical 

mtherthanholizontalpathwaysofthepropagationofepileptiformdischargesarecrucial 

forthedevelopmentofkindling（WadaandSato，1974,1975；ＷａｄａａｎｄＯｓａｗａ，１９７６； 

Cain,1985;Ｒａｃｍｅｅｔａ1.,1986).HowlPNplaysaroleinlimbicseizmes,however,nemalns 

unknown・ConsideringthefactthatlesionsoflPNretardeddevelopmentofAMkmdled

seizuresbutdidnotpreventastage5seizure（Ａｃｋｅｒｍａｎｎｅｔａ1.,1978)，ＩＰＮｄｏｅｓｎｏｔ 

ａｐｐｅａｒｔｏｂｅｐａｒｔｏｆａｃｒｕcialseizure-conductingpathway・Instead，IPNislikelyto

participateintheseizure-regulatingsystem， 

Inconclusion，weobservedthatrepeatedelectricalstimulationofIPNresultedinthe 

progressivechangeofmotorseizuresandpropagationofADtopreviouslynon-mvolved 

structures,suggestingthatlPNwascapableofkindling、IPNkindhngplayedafacilitory

roleinsubsequentamygdalakindling． 
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Summary 

KindlingofthelnterpeduncularNucleusinRats 

ShigeruChibaDandJuhnA・Wada2）

'）DepartmentofPsychiatryandNeurology，AsahikawaMedicalCollege，Asahikawa 

O7aJapan 

2）NeurosciencesandNeurology，HealthSciencesCentreHospital，Universityof 

BritishColumbia，Vancouver，Ｂ・ＣＶ６Ｔ２Ａ１，Canada

ToeUucidatetheroleoftheinterpeduncularnucleus（IPN）intheseizuremechanism， 

weexalninedtheeffectofrepeatedelectricalstimulationofPNonthebehavioraland 

electrographicalseizulesinrats（Ｎ＝９).IPNwasstimulateddailyatanafterdischarges-

mducingthreshold（４００－１０００“，１－３sec)．TherepeatedappearanceofAD（１１－１５ 

times)resultedmthedevelopmentoftheADdulation(9/９rats)andbehavioralseizures 

(7/９rats）ofwhichfmalformwasgeneralizedtonic-clomcseizuresorthosefonowed 

bylimbickindhg-1ikeseizures・Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，ratswithPNstimulationshowed

asignificantlymoreeasilyinducedamygdalakindlingandhadasignificantlyhigher 

mcidenceofratswhichexhibitedalonglossofposturalcontrolwithtomcselzuIes（＞ 

４sec）ascomparedwithratswithoutlPNstimulation（Ｎ＝５)．Thesefindingssuggest 
｢；｡ 

、Pbo

thatlPNiscapableofevokingseizureactivityandkindling（IPNkindling)，ａｎｄｔｈａｔ 

ＡＭｋｉｎｄｌｉｎｇｍａｋｅｓｕｓｅｏｆｔｈｅproconvulsantneuroplasticchangesinthebrainstem 

substratethathavebeenalreadyestablishedbylPNkmdling． 

－５３－ 
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