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IntrodⅦCtion  

Recentstudiesindicatethattheretrosplenialcortex（RS）maycontributeto  

SPatialleamlng andmemory・Inhumans，damage to RS caused anterograde and  

retrogradeamnesiaandspatialdisorientation（Ⅵ11ensteinetal．，1987；Bowersetal．，  

1988；Yasudaetal・，1997；Maeshimaetal・，2001；McDonaldetal・，2001；Magulre，  

2001）・Inaddition，functionalimagingstudiesdemonstratedthatRSwasactivated  

duringperformanCeOfcertainmemorytasks（Maguireetal．，1997；Wiggsetal．，1999；  

Shannon＆Buckner，2004；Wagneretal．，2005），andspatialproblems（Inoetal．，2002；  

Rosenbaumetal．，2004；Wblbersetal．，2004；Spiers＆Maguire，2006）．Inrodents，  

RSlesionsinducedimpalrmentSOfperfbrmanceinspatialmemorytaskssuchasradial  

maze（Vann＆Aggleton，2002，2004），WatermaZe（Sutherlandetal．，1988；Ⅴえnn＆   

Aggleton，2002，2004；Harker＆Whishaw；2004），and obiect－in－Place recognition   

tasks（Ennaceur et al．，1997；Ⅴ加皿＆Aggleton，2002；Parron＆ Save，2004）．   

Immunohistochemicalstudiesoftheexpressionofimmediateearlygeneshaveshown   

thatRSwasactivatedduringperformanCeOfradialmazetask（Ⅴ血netal．，2000a）and   

remotespatialmemorytest（Mavieletal．，2004）・  

RSmightcooperatewiththehippocamPuS（HPC）toengageinspatiallearning  

andmemory．NeuroanatomicalstudieshaverevealedthatRS hasdenserecIPrOCal   

COnneCtionswiththehippocampalformation（Ⅵ）gt，1986；Wyss＆vanGoren，1992；  

Burwell＆Amaral，1998），Which have a centralrolein1eamingand memory・  

Electrophysiologicalstudies showed that bothRS and HPC contain neurons with  

spatialnringproperties：RScontains’headdirectionce11s，thatBrewhenaratisfacing  

aparticulardirection（Chenetal・，1994；Cho＆Sharp，2001），WhileHPCcontains  

‘placece11s，thatdischargewbenaratisinspeci丘cplace（0’Keefe＆Nadel，1978）・  

Inaddition，theneuralactivityofRSa飴ctsthehippocamPalspatialcoding（Cooper＆  

MizumOri，2001），andthehippocampalthetawave activity（Destrade＆Ott，1982；   



Vanderwolfetal．，1985），Whichisthoughttoberelatedtolearningandmemory（Pan＆  

McNaughton，1997；V己rtes，2005）．Furthermore，fbrnixtransectionorHPClesions   

CauSedareductionofc－FosexpressioninRSduringradialmazeperformance（Vannet  

al．，2000b；Albasseretal．，2007）．  

It has been considered that memory function depends on an interaction 

betweenHPCandtheneocorticalareas（e．g．Squire，1992；Eichenbaumetal．，1994；   

NadelandMoscovitch，1997）．Most oftheseperspectives assumedthatlong－term   

memorylSStOredintheneocortex．Thus，RS mightbe oneofthecandidatebrain   

reglOnS that fbrm a network with・hippocampalfbrmationin memoryfunction，   

especiallylnlong－term memOry PrOCeSSlng．However，mOSt Ofprevious studies   

examinedRS－lesionedratsfbrthelearnlngPrOCeSSOfthespatialmemorytasksrather   

thantheretentionofthespatialmemory．Inaddition，therewereftwlesionstudies   

thatdemonstratedtheroleofRSinspatialmemoryprocesses，anddirectlycompared   

the e飴cts oflesions of RSand HPC．Thus，it remains unclear whether RSis   

importantforspatialworkingmemoryand／orspatiallong－termmemOry，andwhether   

therolesofRSandHPCinspatialmemorycouldbeclearlydif托rentiated．Therefbre，  

itisimportanttoinvestigate the retention ofthe spatialmemory to elucidate the  

invoIvementofRSinspatialmemoryprocessesandfunctionalrelevanCebetweenRS   

andHPC．  

HereIcomparedthee蝕ctsofRSandHPClesionsonperformanCeOftwo  

SPatialmemorytasks．ThepresentstudymadedorsalHPClesionssincedorsalHPC  

hasbeenreportedmoreimportantfbrspatialmemorythanVentralHPC（e・g・Pothuizen  

etal．，2004）．Inexperimentl，tOeXaminetherolesofRSandHPCinspatialworking  

memory，Iemployedthe delayednonmatching－tO－Place（DNMTP）task（Sasakiand  

Iwasaki，2003），inwhichanimalswererequiredtomaintaintheinformationduring  

delayperiod，butnotaRerthetrial・Inexperiment2and3，Itestedretrogradeand  

anterogradeamneSice脆ctsofRSandHPClesionson2－armPlacediscriminationto  
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investigate the roleinlong－term memOry（Choand Kesner，1996）・Retrograde  

amnesiaisde丘nedasaninabilitytoremembereventsthatoccurredpr10rtOthebrain   

lesion．On the other hand，anterOgrade arrmesia reftrs to theloss ofmemory fbr  

events and experiences that occurred subsequent to the brain lesion. To test 

retrogradeamnesia（experiment2），animalsweretrainedatdi飴renttimeperiodsprior  

tosurgery，andtheretentiontestwasconductedaftersurgery・Anterogradearrmesia  

（experiment3）was assessed both by post－Surgicalacquisition ofthe2－armPlace  

discriminationandbyretentiontestofthetaskaftervariousretentionintervals・  
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GeneralMethod  

Subjeets  

Experimentally naive male Wistar－Imamichirats（n＝26，22and23in  

experimentl，2and3，reSPeCtively），3－4monthsold（Weighing273－351g），WereuSed  

inthis study・Theyweremaintainedat80－85％oftheirfreefbedingweight，and  

housedindividua11yandkeptona12hrlight－darkcycle・Allbehavioraltestingwas  

conductedduringthelightcycle（08：00－20：00）・Animalexperimentswereapproved  

bytheUniversityorT加kubaCommitteeonAnimalResearch・Aueffbrtsweremade l  

tominimizethenumberofanimalsusedandtheirsu飴ring．  

Appara血s  

Anelevatedeight－armradialmazemadeofgraypolyvlnylchloridewasused・  

It consisted ofan octagonalcentralplatfbrm（35cmin diameter）and eight arms  

（60×12cm）radiating丘omthecentralplatfbrm・Thesidewallofeacharmwas4cm  

high．Afoodwell（3cmindiameterandlcmdeep）forthreefbodpellets（45mgeach，  

Bio－ServInc．，USA）as arewardwas placedlcmfromthe endofeacharm・A  

transparent guillotine doorthat controlledra土S，access to the centralplatformwas  

placed between each armand the centralplatform・There were many kinds of  

extra－maZeCueS（e．g．blackboard，Sheltdesk，etC．）aroundthemazeintheexperiment   

room（2．4×2．4m）．  

SⅦrge工γ  

SurgerywasconductedundersodiumPentObarbitalaneSthesia（40mg／kg，i・P・）  

usingastereotaxicinstrument（DavidKopf；USA）．Withtheskullflat（theincisorbar  

Setat－2．8mm），the bone overlyingirjectionsites was removed・The excitotoxic  

lesionswereproducedbyNlmethyl－D－aSParticacid（NMDA；Sigma，USA），Whichwas  
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dissolvedinO．1Mphosphatebu飴redsaline（PBS；PH7．4）ataconcentrationof10  

mg／ml．NMDAwasiqjectedbilaterallyintoeachsiteatarateofO．3pl／minfbrlmin   

（i．e．3LLgOfNMDA）throughastainlesssteelirtiectioncannula（30gauge）connected   

to alOトLIHamiltonsyrlnge．Thecammulawasleftinplacefbr3minateachsite．   

Thelesion coordinates were derived 丘om Paxinos and Ⅵねtson（1998）．The   

StereOtaXic coordinates fbr RSlesions were as fbllows：AP－2．5，LM士0．5（ftom   

bregma），DV－0．7（fromdura）；AP－3．6，LM士0．5，DV－0．7；AP－4．7，LM土0．6，DV   

－l．0；AP－5．8，LM土0．8，DV－1．2；AP－6．9，LM土0．9，DV－1．5；AP－8．0，LM士1．2，DV   

－2．2．ThoseforthedorsalHPClesionswereasfbllows：AP－2．8，LMj＝1．5，DV－3．0；   

AP－3．3，LMj＝2．5，DV－3．3；AP－3．9，LM土2．0，DV－3．3；AP－3．9，LM士3．0，DV－3．0；  

AP－4・5，LM土2・5，DV－3・5；AP－4・5，LM士3・5，DV－3・5・Shamoperatedcontrol  

（Cont）ratsreceivedthesameprocedureasRSordorsalHPClesionexceptthatthey  

WereqeCtedwiththesamevolumeofPBS．  

H施血lo釘r  

Afterthecompletionofbehavioraltests，theratsweredeeplyanesthetizedwith  

SOdium pentobarbital（i・P・），and perfusedintracardinal1y with O．9％saline solution  

followedby10％formalinsolution・Brainswereremovedandpost丘xedinfbrmalin  

SOlutionfor24handthensubmergedina20％sucrosesolution．Coronalsections（40  

Pm）werecutinacryostat（CM3000；Leica，Germany），andstainedwithcresylviolet．  

Whencompleted，SeCtionsfromlesionedandContsu切ectswereexaminedundera  

lightmicroscopetodeteminetheextentofdamage（dennedastissuethatwaseither  

missingornecrotic）．  

mstologiealAn孔吋sis  

ぶ力α椚qPerαねdco乃加わ  

Examination ofthe histologicalmaterials丘om Contanimalsin allthre  
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experimentscon丘rmedthattherewasnodiscernibledamagetoRSorHPCduetoPBS  

iItiection．Smallsuper丘cialdamagetothecorticalmantlecouldbedetectedinsome  

ContsubjectsthatwerelrUeCtedwithPBSinHPC・  

Re加平Je乃ブαJcorreズJg∫わ那  

No substantialdi鮎rences were observed among RSlesionsin allthree  

experiments・Fig・1showsthereconstructionofthelargestandthesmallestextentof  

RSlesionsineachexperiment・Fig・2Adisplaysphotomicrographofarepresentative  

RSlesioninthis study・・Most・RS－lesionedratssustainedbilateraldamageoflarge  

extentofRS．Therewasnodamageextendedtotheposteriorparietalcortex・Sma11  

unilateraldamagetOtheCAIsub丘eldofthedorsalHPCwasobservedin2casesin  

experimentl，andinonecaseinexperiment2・Partialdamagetothemostcaudal  

areaoftheanteriorclngulatecortexoccurredin2casesinexperiment2，andin3cases   

inexperiment3．  

〃如OCα〝甲αJJe∫fo乃∫  

Excitotoxic dorsalHPClesions were comparablein allthree experiments・  

Fig・3illustratesthelargestandsma11estextentofHPClesionsineachexperiment・  

Fig・2BshowsphotomicrographofarepresentativeHPClesioninthisstudy・Most  

HPC－1esionedratshadbilateraldamagetOtheCAl－CA3subneldsofthedorsalHPC  

anddorsaldentategyrus・Thesmallestlesionedanimalsineachexperimentspared  

some bilateralCAIsub且eld．None ofHPC－lesioned rats hadany damage to RS・  

PartialdamagetotheposteriorparietalcortexlocateddorsaltoHPCoccurredin4  

casesinexperimentl，in3casesinexperiment2，andinonecaseinexperiment3・  

SlightbilateraldamagetOthedorsalthalamuSWaSObservedin3casesinexperimentl  

and2，andin2casesinexperiment3．  
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Figurel・Coronalbrainsectionsillustratingtheextentofthelargest（black）  

andsmallest（gray）lesionsofRSineachexperiment．Numbersrepresentthe  

distance（mm）posteriortobregma（Paxinos＆Watson，1998）．  
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Figure3．Coronalbrainsectionsillustratingtheextentofthelargest（black）  

andsmallest（gray）1esionsofHPCineachexperiment．Numbersrepresentthe  

distance（mm）posteriortobregma（Paxinos＆Watson，1998）．  
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Experimentl：Testofdelayednonmatching－tO－Place  

Inthisexperiment，IinvestlgatedtheinvoIvementofRSandHPCinspatial  

working memory employlng delayed nonmatching－tO－Place taskin a radialmaze・  

Thistaskisconsideredtobesuitablefbrexamlnlngthespatialworkingmemory，Since  

itrequlreStheanimalstomaintaintheinformationduringdelayperiod，butnota銃er  

the trial．In addition，this task has some advantagesin thefo1lowlng aSPeCtS   

COmParedtootherworkingmemorytasksemployedbythepreviousstudies（Choetal・，  

1992；ChoandJaffard，1994；LeeandKesner，2002）．First，thistaskcouldminimize   

theproactiveinterftrencesinceeacharmwasusedonlyonceaday，Whileprevious  

studies employing T-maze or Y-maze used repeatedly the same arms within a day. 

Second，PreSentationofarmPairswithrandomlyselectedangles（45，90，135，and180  

degrees）could prevent the animals 丘om using a response strategy based on   

PrOPr10CePtlVeCueSOtherthanspatialcues．Third，thistaskcoulddi飴rentiateeach   

trialbyuslngtheprocedurethatanimalswereremovedffomtheapparatusandputin  

thewaitingcageafterthesamplerun（i．e．duringdelayperiod），and，Ontheotherhand，   

Putintheirhomecageafterthechoicerun．  

Behavioralprocedures   

〃b乃椚αJc鋸〃g－わプアαCe附加ん如才〃ブ〃g  

After3daysofhandlingand5daysofhabituationtotheapparatus，therats   

WeretrainedinNMTPtask．Eachtrialofthistaskwascomposedofthesamplerun   

andthechoicerun．AtthesamPlerun，theratwascon丘nedtothecentralplatfbrmfbr   

5secandthenonedoorofeightarmSthatwasrandomlyselectedwasopened，andthe  

ratwas a1lowedto rundowntOthebaitedarm．After consumlngthereward，the   

animalwaspickeduptobetransfbrredtoawaitingcagewhichwasmadeofstainless  

Steel（22×40×20cm），andimmediatelyretumedtothecentralplatformWithallthe  
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doorsclosed．Thenthechoicerunbegan・Atthechoicerun，thedoorsoftwoarms  

wereopenedatonce・Onewasthebaitedarmwhichwasrandomlyselectedfrom  

armsnotpresentedatthesamplerun，andtheotherwasthenon－baitedarmwhichwas  

presentedatthesamplerun・Correctresponsewasde蔦nedaschooslngthefbrmer・  

A氏ereachchoice run，the subiectwasreturnedtothehomecage・Fourtrialswith  

lO－15mininter－trialinterval（ITI）wereconductedeachday，andeacharmwasused   

onceaday．Theanglesmadebypairedarmsatthechoicerunwere45，90，135，and  

180degrees，andeachanglewasusedonceadaylnarandomorderacrosstrainlng  

period・ThetralnlngWaSCOntinueduntiltheratreachedthelearnlngCriterionof22  

COrreCtreSPOnSeSOutOf24successivetrials・  

アrβqPerα加β滋J町gd〃0乃椚α化揖乃g一わザJαCe（D皿卯′e∫J  

Afterreachingthecriterion，theratwasglVenPreOPerativeDNMTPtaskfbr   

12days．TheprocedurewasthesameasNMTPtaskexceptthatthedelaysofO，3，9，   

and27minwererandomlyinterposedinthewaltlngCagebetweenthesamplerunand   

thechoicerun．OnthedayaftercompletionofpreoperativeDNMTPtest，theanimals   

Were aSSigned to RS（n＝8），HPC（n＝9），Or Cont（n＝9）group on the basis of   

PreOPerativescoresonDNMTPtest．  

Po∫桓Perα如eβ〃凡才7ア如才  

Afterlweekrecoveryperiod丘omsurgery，eaChratwasglVenpOStOperative   

DNMTPtestfbr12dayswhichwasidenticaltopreoperativeDNMTPtest．  

Results  

IntheacquisitionofNMTPtask，meantrialstocriterion（土SEM）including24  

Criteriontrialswere48．4土1．82forContgroup，41．0土4．05fbrRSgroup，45．3土2．67  

for HPC group．Aone－Wayanalysis ofvariance（ANOVA）showedno signincant  
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difftrence amongthegroups・Fig・4showsmeanpercentofcorrectresponsesfor  

each grouplnthe preoperative DNMTPtest・A11three groups perfbrmed almost  

lOO％correct at O min delay，and showed a delay－dependent decline of correct  

responses・Atwo－WayANOVArevealedthattherewasaslgnincantmainefftctof  

delay（F（3，69）＝14・23，P＜・001），buttherewasnotasignincantefftctofgroup anda  

groupxdelayinteraction．InthepostoperativeDNMTPtest（Fig・5），ContandRS  

ratsperfbrmedwe11asinthepreoperativeDNMTPtest，WhereasHPCratsshoweda  

remarkable delay－dependent decline of correct responses・A two way ANOVA  

showed signincant main efftcts of group（F（2，23）＝15・24，P＜・001），and delay  

（F（3，69）＝36・24，P＜・001）・A significantinteraction ofgroup x delay（F（6，69）＝10・63，  

P＜．001）was also detected．Furtheranalysis ofsimple main effbcts at each delay  

COnditionrevealedthattherewere slgnincantmaine飽cts ofgroup atdelay9min  

（F（2，92）＝4・19，P＜・05），and27min（F（2，92）＝20・48，P＜・01）・Post－hoccomparisonby a  

Tukey’sHSDtestfbreachdelayindicatedthatHPCgroupshowedsignincantlylower   

levelofcorrectresponses comparedwithContgroup（p＜．05fbreachpair）．There   

WaS nOt a Slgnincant di脆rence ofpercent correct responses among various angle   

COnditionsofarmpalrSinpreoperativeandpostoperativeDNMTPina11groups．  

Discussion  

In DNMTP taskin the radialmaze as atest ofspatialworking memory，  

PerformanceofRSgroupdidnotdifftrfromContgroup，WhileHPCgroupshoweda  

markeddelay－dependentdencit． Theresultsofthepresentstudyareconsistentwith  

a previous studyin which RS－lesioned rats could perform the delayed  

nonmatching－tO－POSitiontaskaccuratelyinanoperantchamber，Whilefbmix－lesioned  

animalswereimpairedinthetask（Neaveetal．，1994）．HPC－lesionedratsperfbrmed  

COmParabletoContratsatshorterdelays（0－3min），butwereincreasinglyimpairedas  

the delayintervalextended・This delay－dependentimpalrment OfHPC groupIS  
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Figure4・MeanpercentcorrectresponsesinpreoperativeDNMTPtestinexperimentl  

（mean±SEM）． Cont＝ratSWithvehicleiIjection；RS＝ratSWithNMDAlesionof  

theretrosplenialcortex；HPC＝ratSwithNMDAlesionofthedorsalhippocampus・  
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Figure5．MeanpercentcorrectresponsesinpostoperativeDNMTPtestinexperimentl  

（mean±SEM）． Cont＝ratSWithvehicleirdection；RS＝ratSWithNMDAlesionof  

theretrosplenialcortex；HPC＝ratSWithNMDAlesionofthedorsalhippocampus．   

AsterisksshowsignificantdiffbrencesfromContgroup（＊p＜．05）．  
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COnSideredtoreflectade丘citofshort－termretentionratherthannon－mnemOnicfhctors，   

Since HPC－1esionedrats did not showanimpalrment at O mindelay．In addition，   

PreViousstudiesreportedthathippocampallesionssparedimmediatememory（Porter  

etal．，2000），andhippocampal－lesionedratscouldperfbrmaswellasintactratswhen   

the delay was O min in delayed nonmatching－tO－POSition or delayed   

nonmatching－tO－SamPle task（Neave et al．，1994；Hampson and Deadwy1er，1998；   

Porteretal．，2000）．  

ThepresentresultofRSgroupandapreviousstudysuggestthatRSdoesnot  

appeartobeinvoIvedinspatialworkingmemory・Incontrast，however，ithasalso  

beenreportedthatRS－lesionedrats showedanimpalrmentinthematching－tO－Place  

taskinthewatermaze（HarkerandWhishaw，2004）． Thedi脆renceofthise飴ctof   

RSlesionsfromthee飽ctsonDNMTPperformanceinthepresentstudyanddelayed  

nonmatching－tO－POSitionperfbrmance（Neave et al．，1994）may comefrom several   

POSSibilities．  

First，in Harker and Vmishaw’s experiment，the rats were trained  

POSt－SurglCally・ TherearereportsthatRS－1esionedanimalstrainedpost－Surgically  

displayedplacenavlgationlearnlngdeficitinthewatermazetask，Whilepre－Surgically  

trainedratsshowedlessimpairmentinthesametaskpostrsurgically（Lukoyanovetal・，  

2005；Cainetal．，2006）． ThissuggeststhatRS－lesionedamimalswerede頁cientin  

abilitytolearnplacenavigationstrategyitselfratherthaninabilityofspatialworking  

memory，Sincespatialworkingmemorywasthoughttoberequiredevenlybothinpre－  

andpost－SurglCaltralnlng．Inthepresentstudy，SubjectsweretrainedDNMTPtask  

befbreRSlesions． Placediscriminationstrategywasalreadylearnedatthetimeof  

Surgery，andthustheseanimals arethoughttohaveavoideddisruptlVee蝕ctofRS   

lesions．  

Second，RSis considered to beinvoIvedin spatialmemory based on  

neuroanatomicalandelectrophysiological負ndings・Inaddition，SeVeralbehavioral  
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Studies suggestedthatRS plays aroleinspatialnavlgationand／orpathintegration  

（Cooper and Mizumori，1999，2001；Whishaw et al・，2001）・ Although the  

matching－tO－Placetaskmighthavehighlydemandedspatialnavigationabilityofrats，  

DNMTPtaskinthepresentstudyisthoughttorequiretheabilityofdiscriminatingarm  

positionsbasedonspatialcuesaroundthemaze，andthustheanimalsweredemanded  

relativelyless spatialnavigation and／or pathintegrationin this task・Delayed  

nonmatching－tO－POSitioninanoperantchamber（Neaveetal・，1994）isnotthoughtto  

haverequiredspatialnavlgation，either．Therefbre，itisplausiblethatRS－lesioned  

ratswereimpairedonlyinthemAtChing－tO－Placeinthewatermaze，andnotimpaired  

in the present DNMTP task and delayed nonmatching－tO－pOSitionin an operant   

chamber．  

Third，di飽renceoftheextentoflesionsshouldbeconsideredasfactorsthat   

might have caused the difftrent results． Harker andWhishaw（2004）conducted   

moreextensiveRSlesionsthanNeaveetal．（1994）．Itissuggestedthatcaudalarea   

Of RSis moreimportantfor the perfbrmance of spatialmemory tasks（Vann＆   

Aggleton，2002，2004；unn et al．，2003）． The RSlesionsin the present study，   

however，WaSmOreeXtenSivethanthoseinNeaveetal．’sexperiment，andlargerpartof   

RSwasdamaged． Nevertheless，theDNMTPperformancewasnotimpairedatall，   

SuggeStlng that caudalarea ofRSis not necessarilylmPOrtantfor spatialworking   

memory，andthustheabove－mentionedtwopossibilitiesaremoreplausiblethanthe   

third one tointerpret theinconsistency ofprevious studies． Thken together，the   

PreSentreSults suggestthatRSisnotimportantfbrspatialworkingmemory，While  

HPCplaysacriticalroleinit．  
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Experimcnt2：Testofretrogradeamnesiaofplacediscrimination  

Inthisexperiment，Iexaminedretrograde amnesic efftcts ofRS andHPC  

lesionson2－armplacediscriminationtoinvestlgatetheroleinlong－termmemOry・In  

this task，animals can acqulre a Place discriminationwithin a day，While previous  

StudiesemploylngOtherspatialmemorytaskssuchasradialmazetaskorwatermaze  

tasktookseveraldaystotraintheanimals．Thus，thistaskhastheadvantageofbeing  

ableto trainanimalsatthe speci丘cdayandatseveraltimepolntSPr10rtO Surgery・  

Since the aim of the present stiidy was to investigate the retention rather than 

acqulSltlOn，2－armPlacediscriminationtaskwasconsideredtobesuitablefbrtheaim  

Ofthisstudy．Inaddition，SincethistaskutilizesfburarmpalrS，ltCOuldtrainandtest  

animalswithdi蝕rentepisodes（Orinformation）inthesameexperimentalenvironment・  

Thus，the present experiment could employ a within－Su切ect design that could  

minimize theindividualdifftrence，although most previous studies used a   

between－Subjectdesign．  

Behavioralprocedures（Fig．6）  

Fortheplacediscriminationtask，PalrSOffburadjacentarmsoutofeightarms   

WereuSed（namedPl－P4inatrainedorder）．Thesearmpairsdif托redamongsu句ects．   

Onearmofeachpairwasalwaysbaitedasapositivearm（S＋），Whereastheotherwas   

notbaitedthroughoutexperimentasanegativearm（S－）．ThepositionofS＋arm（i．e．   

lef［orright）wascounterbalancedacrossarmpairsandlesiongroups．  

Eachtrialbeganbyopenlngbothdoorsofthearmpalrafteracon茄nementof   

thesu切ectintothecentralplatformfor20sec．IftheratrandowntotheS＋arm，it   

COuldgetthereward（correctresponse）．IftheratrandowntOanarmendofthearm   

Palr，theratwaspickedupandimmediatelyreturnedtothecentralplatfbrm．Aftera   

20－SeCCOn丘nement（i・e．ITI），thesamepairofdoorswerereopenedfbrthenexttrial．  
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Figure6．Testprocedureofretrogradeamnesia（Experiment2）usingtwo－armPlace  

discriminationtaskinaradialmaze．S＋andS－rePreSentalways－baitedandalways－unbaited  

arms，reSPeCtively PltoP4denotetheorderofacqulSltlOninplacediscriminationtrainlng．  

SubjectswerepreliminarytrainedPlandP2indiscriminationtrainlngin2days．Oneweek  

afterP2acqulSltlOn，ratSWeretrainedP3andP44weeksorldaybefbresurgery；reSPeCtively．  

One week after surgery，they were glVen retention test fbr P3and P4withinaday．  

ThearmpalrSandS＋armsweredif托rentamongsubjects．  
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Byuslngthislengthofconfinementtime，Icouldpreventanimalsfromdeveloplnga  

bias suchthatwhenthe doorwas opened，theirorientationwasnotrandom，Since  

animalsdidnotremainstationaryfbr20secandmovedaroundinthecentralplatform・  

Thus，animalscouldnotusearesponse／cuestrategyandIcouldtestspatialmemoryln  

thistask．Eachsessionconsistedof12consecutivetrialsandtheinter－SeSSioninterval   

waslO－20min．Theanimalsreceivedcontinuoustrainlnglnadayuntiltheyreached  

theleamlngCriterionofllormorecorrectresponsesinonesession・Inretentiontest，  

Onlyonesessionunderthesameprocedurewasconducted・  

PreJf椚わ7αり〆αCeゐcrブ椚≠乃αrわ乃加ゎf乃g  

After3daysofhandlingand5daysofhabituationtotheapparatus，eaChrat   

WaStrainedPlandP2within2days．These2palrSWereuSedfbrtrainlngOfthetask   

itselfandtheywerenotusedfbrtheretentiontest．  

Preqperα加eαCす〟ねfJわ〃  

One week a鮎r P2acqulSltlOn，the animals were trained P3and P4for   

acqulSltlOn．P3wastrained4weeksbeforesurgery，andP4wasldaybefbresurgery．   

OnthenextdayofP4acquisition，theanimalswereassignedtoRS（n＝8），HPC（n＝7），   

OrCont（n＝7）grouponthebasisofsessionstocriterioninP3andP4．  

点eね乃Jブ0乃ね∫J  

Afterlweekrecoveryperiod ffomsurgery，they were glVenretentiontest   

（12trials）of P3 and P4 within a day． The order of P3 and P4 test was   

counterbalanced．  

Results  

In preoperative acquisitionin experiment2，allsubjects acquired place  
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discriminationofP3andP4at4weeksorldaybefbre surgery．Meannumberof   

SeSSionstolearningcriterion（j＝SEM）includingcriterionsessionfbrP3andP4were   

l．91j＝0．12，andl．60土0．15，reSpeCtively．Atwo－Way ANOVAshowedthatthere   

Were nO Slgnincant difEtrences among three groups and between two palrS Of   

training－1esionintervals（i．e．P3andP4）．Fig．7showsmeanpercentageofcorrect   

responsesinretentiontestateachtraining－lesioninterval・Contratsperfbrmedwell   

inretentiontest，andthecorrectresponses declinedinaccordancewiththeinterval   

length．Conversely，bothlesiongroupsshowedamarkedimpalrmentatbothlday   

and4weekintervals．Atwo－WayANOVAshowedaslgni丘cantmainefftctofgroup  

（F（2，19）＝13・84，P＜・001）・PosthocanalysisbyaTukey’sHSDtestindicatedthatscores  

OfbothRSandHPCgroupsweresignincantlylowerthanthatofContgroup（p＜・05）・  

AlthoughRSgroupwassomewhatbetterthanHPCgroup，therewasnotaslgnincant  

difftrence between two groupsin bothintervalconditions・There was neither  

Slgni丘cantmaine鮎ctofintervalnorinteractionbetweenlesion xintervale飴cts・  

SincetheretentionperfbrmanceinFig・7wasbasedonal112trialswithreinforcement，  

Ialsoanalyzedtheanimals’correctresponseinthe且rsttrialofthetestasanaccurate  

measure ofretrograde amnesia． As shownin Tablel，PerCent animals which  

showedacorrectchoiceinthenrsttrialofretentiontestalmostparalleledthescoresof   

WholethesessioninFig．7．  

Discussion  

In experiment2，bothRS andHPC groups showeda severeimpalrmentOf  

perfbrmanceinpostoperativeretentiontest・Thecorrectresponses ofbothlesion  

groupswereverypoor（51－61％）irrespectiveofthelengthoftraining－1esioninterval・  

Analysisofthefirsttrialresponsesinretentiontest（Thblel）alsoshowedalmostthe  

samelevelsofcorrectresponsesineachgroup，althoughitcouldnotprovidestatistical  

supportbecauseofsma11groupsizes・Thus，bothlesiongroupsshowedasevereand  
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Figure7．Meanpercentcorrectresponses（士SEM）inretentiontest（12consecutive  

trials）inexperiment2．Cont＝ratSWithvehicleiqjection；RS＝ratSWithNMDAlesion  

Oftheretrosplenialcortex；HPC＝ratSWithNMDAlesionofthedorsalhippocampus・  
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「hblel  

Thenurhberofratsineachgroupthatchosethecorrect  

armOnthe丘rsttrialofretentiontest  

Trainlng－1esioninterval  
Group   

1d  4wk  

Cont  7／7（100％）  

RS  4／8（50％）  

HPC  3／7（43％）  

5／7（71％）  

5／8（63％）  

4／7（57％）  

Cont＝ratSwithvehicleiIt］eCtion；RS＝ratSWithNMDA  

lesionoftheretrosplenialcortex；IiPC＝ratSWithNMDA  

lesionofthedorsalhippocampus．  
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temporallyungradedretrogradeamnesiaofplacediscrimination■  

RetrogradeamnesicefftctofHPClesionshavebeenrepeatedlyinvestigatedin  

varioustasks，howeverthedi脆rentpatternsofresults havebeenreported． Some   

studiesshowedthatHPClesions causedtemporally gradedretrogradeamnesia（e・g・   

Kimetal．，1995；Clarketal．，2002），Whichisthephenomenonofpremorbidmemory   

losswherebyinfbrmationacquiredrecentlyismoreimpairedthanthatacquiredmore  

remotely． Thehypothesisbasedonthispatternof負ndingsproposedthatHPCmight  

haveatime－1imitedroleinretentionandretrievalofmemoryuntiltheconsolidationis   

COmPlete，aRerwhichmemoriesbecomegraduallyindependentofHPC，andstoredin  

the neocortex（Squire and AIvalez，1995；Franklandand Bontempi，2005）・ The   

other studies showed that HPC lesions induced temporally ungraded retrograde 

amnesia（e．g．Mumbyetal．，1999；Lehmannetal．，2007），inwhichbothrecentand   

remotememoriesacquiredprlOrtOlesionwereimpairedequally． Thisphenomenon   

hasledtothepropositionthatHPCcancontributeinde魚nitelytomemorystorageand   

retrieval（NadelandMoscovitch，1997；Rosenbaumetal．，2001）．  

Thepresentresultsareconsistentwiththelattermodelpattern，andsuggestthat   

HPCisimportantfbrbothrecentandremotespatialmemory． Thus，HPCmightbe   

invoIvedin allstages of spatiallong－term memOry PrOCeSSeS Whichinclude   

COnSOlidation，StOrage and retrieval． Nevertheless，this does not mean thatIcan   

totally rule outthe possibilitythat HPCisinvoIvedinmemory onlyfor alimited  

periodoftimeafterlearnlng．First，brainimagingstudiesusing［14c］2－deoxyglucose  

uptakeandZif268expressionteclmiquehaveshownthatremotespatialmemorycould  

becomeindependentofHPCwiththepassageoftime（Bontempietal．，1999；Maviel  

etal・，2004；FranklandandBontempi，2005）．  

Second，mOSt Of previous studies uslng SPatialmemory tasks reported  

temporallyungradedretrogradeamnesiaafterHPClesions（e．g．Bolhuisetal．，1994；  

Martinetal・，2005），Whileinnon－SPatialmemorytaskssuchassocialtransmissionof  
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fbodprefbrence（Clark et al．，2002）HPC－lesioned rats showedtemporally graded  

retrogradeamnesia・IhypothesizethatHPCplays animportantrole notonlyln  

spatialmemorybutalsoinon－1inespatialinfbrmationprocessing（0つKeefbandNadel，  

1978；Poucet et al．，2003）． Since spatialmemory tasks requlre On－1ine spatial  

infbrmationprocesslngaSWellasspatialmemory，HPClesionscoulddisturbthetask  

perfbrmance even after alimited period oftime，and thus produced temporally  

ungradedretrogradeamnesia・Basedonthisview，OnemayOrmaynOtObservea  

temporallygradedretrogradeamnesiadependingonthedetailsofthetestsituation・  

However，the second possibilityis notfu11y applicablein this study，Sincein  

ExperimentlHPC－lesionedratscouldperfbrmwellatthedelayofOand3minin  

postoperativeDNMTPtask・TAkentogether，temPOra11yungradedretrogradeamnesia  

Obtainedinthepresentstudysuggeststhelong－1astingHPCcontributiontomemory   

fbrmation，although another possibilitythat HPC has atime－1imited rolein spatia1   

long－termmemOryCOuldnotbefu11yexcluded．  

ConcemlngthefunctionofRS，Ihavefbundevidencefortemporallyungraded   

retrogradearrmesiainducedbythelesionofthisareafbrthenrsttime． Theresult   

SuggeStSthepossibilitythatRSisneededinde茄nitelyfbrspatia1long－termmemOry．   

However，lnCreaSedZif268expressioninRShasbeenreportedifanimalsweretested   

30days，butnotlday，aftertraininglna玉．ve－armradialmazeasareftrencememory   

task（Mavielet al．，2004），and this patternOfexpression wasin contrast to the   

expressioninHPC． Thus，itseemsthatRShasatime－1imitedroleinspatialmemory，  

andisimportantfbrremotememory，butnotfbrrecentmemory．Ontheotherhand，  

RScontainscellswithstrongspatialcorrelation（Chenetal・，1994；Cho and Sharp，  

2001），andthissuggeststhatRSisnecessaryforon－1inespatialinformationprocessing  

toperfbrmSPatialtasksaswellasHPC；thepresentresultcouldbeduetothedeficitof  

SPatialprocesslngltSelfduringretentiontestaswellasthede蔦citofspatialmemory・  

However，Since RS－1esioned rats could perhrm wellin postoperative DNMTPin  
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Experimentl，thisexplanationmightbeinapplicableinthisstudy・Thkentogether，  

the present results suggest that RS might contribute to both recent and remote  

memories acquired prlOr tOlesions・ However，furtherinvestlgationis needed  

whetherthe same kind ofresults wouldbe obtained evenifnon－SPatialtasks were   

tested．  
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Experiment3：Testofanterogradeamnesiaofplacediscrimination  

Inthisexperiment，IexaminedanterogradeamnesicefftctsofRSandHPC   

lesionson2－armPlacediscriminationtoinvestigatetheroleofthesebrainreglOnSin  

long－termmemOry．Asdescribedabove，Iemployed2－armPlacediscriminationtask  

since this task couldtrainanimals atthe specincday and examinethe retentionat   

SeVeraltimepointsaftersurgery，emPloylngaWithin－Su切ectdesign．  

Behavioralprocedures（Fig・8）   

アreJ加血αサ〆αCe成一crわ血αJわ円什α血刀g  

Theprocedureofplacediscriminationwassameasinexperiment2・After3  

daysofhandlingand5daysofhabituationtotheapparatus，theratsweretrainedPI  

Withinaday．PIwasusedfbrtralnlngOfthetaskitselfanditwasnotusedfbrthe  

retentiontest．OnthenextdayofPlacqulSlt10n，theanimalswereasslgnedtoRS   

（n＝8），HPC（n＝7），OrCont（n＝8）grouponthebasisofsessionstocriterioninPl・  

Po∫叫Perα蜘eαCす〟i∫f如乃α乃dreJe乃Jわ〃Je∫J  

Af‡erlweek recovery periodfrom surgery，they were glVen aCquisition  

training ofP2－P4within a day．After acquisition ofthesepalrS，1，2，Or4week  

intervalwasinterposed，andone ofthesepairs was tested fbrretention（12trials），  

respectively．The asslgnment Of whichintervalwasinterposedfor P2－P4was  

counterbalanced．  

Results  

In preoperative place discrimination trainlngln eXPeriment3，animals  

acquiredPIplacediscriminationtaskin6．4土0・3sessions（mean土SEM）including  
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Fig11re8．Testprocedureofanterogradeamnesia（Experiment3）usingtwo－armPlace  

discriminationtaskinaradialmaze．S＋andS－rePreSentalways－baitedandalways－unbaited  

arms，reSPeCtively PltoP4denotetheorderofacqulSlt10ninplacediscriminationtrainlng・  

RatsweretrainedPlonthepreviousdayofsurgery・Af［erlweekrecoveryperiod，  

the animalswere glVen aCqulSltlOn trainlngfor P2to P4withina daylAReracqulSition  

OfthesepalrS，1，2，Or4weekintervalwasinterposed，andoneofthesepalrS WaS teSted  

fbr retention，reSPeCtively．ThearmpalrSandS＋armsweredi飴rentamongsl呵ects・  
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the criterionsession・ Therewas notaslgnincantdifftrence amongthree groups・  

Fig・9showsmeannumberofsessionstolearnlngCriterionofP2－P4inpostoperative  

acqulSltlOn・AllgroupsofanimalscouldacqulreP2－P4placediscrimination，andthe  

numberofsessionstocriterionwassmallerinallthreegroupsthanthatofpreoperative  

acqulSltlOnOfPl・RS rats acquiredthesepalrSaS fastas Contrats，WhileHPC  

animalsrequiredmore sessionstocriterionforeachpalraSCOmParedto Contrats・  

A one－Way ANOVAfor each arm palr Showed signincant main efftcts of group  

（F（2，20）＝4．74，P＜・05fbr P2；F（2，20）＝7・84，P＜・01for P3；F（2，20）＝3・92，P＜・05for P4）・  

PosthocanalysisbyaTukey’sHSDtestineachpalrreVealedthatHPCgroup，butnot  

RSgroup，neededmoresessionstocriterioncomparedtoContgrouplnallthreepalrS  

（p＜．05fbrP2andP4；P＜・01forP3）・  

Fig・10showsmeanpercentageofcorrectresponsesateachretentioninterval  

in retention test・ The correct responsesin Cont and RS group declined as the  

retentionintervalextended，and RS rats showed a more accelerated decline．   

Conversely，HPCrats’perfbrmancewasatabout70％1evelirrespectiveoftheretention  

interval． Atwo－WayANOVAshowedsignincantmaine脆ctsofgroup（F（2，20）＝3・96，  

P＜．05）andretentioninterval（F（2，40）＝10・43，P＜・01），and a signi丘cantinteraction of  

group x retentioninterval（F（4，40）＝3・13，P＜・05）・Further analyses ofsimple main  

efftctsateachretentionintervalrevealedthattherewere slgnificantmainef托cts of  

groupatlweek（F（2，60）＝3・83，P＜・05）and4weeks（F（2，60）＝4・84，P＜・05）・Posthoc  

COmParison by a Tukey’s HSD testfbr each retentionintervalindicated that HPC  

animalsinlweekintervalwaslowerthanContanimals（p＜．05），andRSgroupin4   

WeekintervalwaslowerthanContgroup（p＜．05）．Ialsoanalyzedthenrstchoice   

responseinretentiontestasinexperiment2． Similarto the scores based onthe   

Whole retention test trials，COrreCt reSPOnSeSin RS group tended to decrease as   

retentionintervalprolonged，WhilethoseinHPCgroupremainedstableirrespectiveof   

retentionintervals（「hble2）． FurthermOre，Ⅰanalyzedifthere was a slgmificant  
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Figure9．Meannumberofsessionstocriterion（土SEM）inP2toP4acquisitionin  

experiment3． Asterisks show significant dif托rencesfrom Cont group（＊p＜．05，  

＊＊p＜．01）．Cont＝ratSWithvehicleinjection；RS＝ratSWithNMDAlesionofthe  

retrosplenialcortex；HPC＝ratSWithNMDAlesionofthedorsalhippocampus．  
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Figure10．Meanpercentcorrectresponses（士SEM）inretentiontest（12consecutive  

trials）in experiment3．Asterisks show signincant diffbrences丘om Cont group  

（＊p＜．05）．Cont＝ratSWithvehicleiIかCtion；RS＝ratSWithNMDAlesionofthe  

retrosplenialcortex；HPC＝ratSWithNMDAlesionofthedorsalhippocamPuS・  
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1もble2  

Thenumberofratsineachgroupthatchosethecorrectarmonthe  

丘rsttrialofretentiontest  

Retentioninterval  
Group  

1wk  2wk  4wk  

Cont  6／8（75％）  

RS  6／8（75％）   

HPC  3／7（43％）  

6／8（75％）  

3／8（38％）   

4／7（57％）  

6／8（75％）  

5／8（63％）   

5／7（71％）  

Cont＝ratSwidlVehiclehtiection；RS＝ratSWithNMIhlesionofthere血SPlenial  

COrteX；HPC＝ratSWithNMDAlesionofthedorsalhippocampus．  
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increase ofcorrectchoicewithinthesession（Fig．11），Sincewithin－SeSSionlearning   

COuld produce highlevelofperfbrmanceirrespective ofwhether animals retained   

informationwhicharmwasbaited． TheperformanCeOfbothlesiongroups，aSWe11   

asContgroup，WaSalmostthesameextentinthe丘rstandsecond6trialsatallinterval   

conditions．Student，st－teStbetweenthe且rstandsecondhalvesshowedtherewereno   

Slgnincantdi鮎rencesofpercentcorrectresponsesfbral11esiongroupsatallretention   

intervals．The correct responses of Cont rats declined as the retentioninterval   

extended，Whilethenumberofanimalswhichshowedacorrectchoiceinthe且rsttrial   

Ofretention test was constant at difEtrent retentionintervals．With regardto this   

discrepancy，lt SeemS that the correct perfbrmance of Cont ratsimproved during  

retentiontestatlweekinterval，Whileitdidnotameliorateat4weeksinterval．A   

PreViousstudyreportedthataremindertreatmentsuchasre－eXPOSlngtheanimalsto  

thecontextualorapparatuscuesincreasedtestperfbrmance，Whenthistreatmentwas  

employed10days，butnot6weeksafterleaming（Martinetal・，2005）・Thus，the  

resultofContgroupinthisstudymightbeduetothiskindofameliorationefftct，Since  

inthis studytheretentionwastestedbyasessioncontalnlng12consecutivetrials・  

However，Within－SeSSionleamlng OfContgroupwas notdetectedwhenthecorrect   

responseswereanalyzedinthenrstandsecond6trials（Fig・11）・  

Discussion  

Inexperiment3，Clearlydi飴rentpatternSOfanterogradeamnesiabetweenRS  

andHPCgroupswereobserved・Inpostoperativeplacediscriminationtraining，a11  

threegroupscouldacqulreP2－P4，andneededlesssessionstoacqulrethemthanto  

acqulrePlinpreoperativetraining・・Thissuggeststhatallgroupsofanimalscould  

retainthepre－SurgicallyacquiredmemoryofhowtosoIvetheproblemintheqpparatus・  

However，OnlyHPC－lesionedratstooksignincantlymore sessionstocriterionthan  

Contgroup・ThisisconsistentwithapreviousstudyinwhichHPC－1esionedrats  
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Figure11．Meanpercentcorrectresponses（土SEM）inthenrstandsecondhalves（6  

trials）ofretentiontestateachretentionintervalinexperiment3．Cont＝ratSWith  

VehiclelqeCtion；RS＝ratSwithNMDAlesionofthe r血OSPlenialcortex；HPC＝ratS  

WithNMDAlesionofthedorsalhippocampus．  
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Wereimpairedtolearnplacediscriminationofanewarmpair（Choetal．，1995）．In   

Orderto acqulrePlacediscriminationinthepresentstudy，Su句ectsmighthavebeen  

requiredtomaintaininfbrmationwhicharmwasbaitedduringtrainlng・ Therefore，  

HPCratsmighthaveadifncultyinmaintainingthisinformationevenfbralimited，  

short period oftraining session（up to10－20min）．Thus，these animals showed   

anterogradeamnesia，althoughthede且citwasnotso severe．Conversely，RS group   

COuld acqulre P2－P4 as fast as Cont group． Previous studies reported that   

RS－lesionedratswhichhadpreoperativetralnlngShowedmildimpalrmentCOmPared   

to thosewithoutpreoperative training（Lukoyanov etal．，2005；Cain et al．，2006）・   

Thus，SinceinthepresentexperimentIconductedpreoperativetrainlnguSlngdi蝕rent  

alternatives，RS－lesioned rats might have been able to perfbrm nomallyin   

POStOPerativeplacediscriminationtrainlng・  

Inretentiontestofpostoperativelyacquireddiscrimination（Fig・10，1もble2），  

COrreCt Perfbrmance ofCont animals showed a gradualdecrease as the retention  

intervalincreased・ RS group showed a remarkable retentioninterval－dependent  

impalrment・It must be noticed that RS－lesioned rats completely failed to  

discriminateadjacenttwoarmsthattheylearned4weeksbefbre，althoughtheycould  

discriminateothera句acenttwoarmsalmosttothesameextentasContanimalsifthey  

learneditlweekbefore．ThispattemofimpalrmentStrOnglysuggeststhattherole  

ofRSinspatialmemoryrequiredfbrthistaskchangesdependingonthetimeafter  

acqulSlt10n・Thepresentresultsmightreflectade丘citoflong－termStOrageand／or  

retrievalafterlong－termStOrage，SinceperformanCeOfRSanimalswasimpairedonly  

withalongretentioninterval・Thismaybeconsistentwiththe丘ndingthatthe  

expressionofZif268waselevatedinRSafterthetestofremotespatialmemory，but  

notofrecentmemory（Mavieletal．，2004）・RSisproposedasacandidatebrain  

reg10nthatfbrmSanetWOrkwithhippocampalformationinmemoryfunction，SinceRS  

has dense neuralconnections with hippocamPalformation・Consistentwiththis  
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View，thepresentresultsuggeststhatRSmaycontributetoamorepermanentstoreof  

theinfbrmationinthecorticalarea．  

Conversely，HPC－lesionedratsperformedthetaskatthesamelevelregardless  

Oftheretentioninterval・Accordingly，COrreCtperformancelevelofHPCgroupwas  

inftriortothatofContgroupwhentestedlweekaftertrainlng，Whileitwasalmostthe  

SameaS Contgroupwhentested4weeksaftertralnlng． Thisresultsuggeststhat  

HPC might have moreimportant role fbr recent memory rather than fbr remote   

memory・In addition，the perfbrmanCe OfHPC groupln retentiontest was clearly   

difftrentfrom that of RS group． This might reflect thefunctionaldi脆rence   

betweenRSandHPCinspatiallon針termmemOry，andsuggeststhepossibilitythatthe   

relativeimportanceofRSandHPCfunctionhadchangedastimepassed． However，   

itshouldbeconsideredthattheperformanceofHPCgroupdidnotshowanygradient   

asretentionintervalincreased，anditwasabout70％correctlevel，butnot50％level，   

bothinthe shortestandthelongestretentionintervals．Itshouldbenoticedthat   

HPC－lesionedratscouldacqulrethediscriminationofallthreearmpalrSWithoutintact   

dorsalHPCfunction． Although theleamlng WaS Slower than Cont animals，   

HPC－lesioned animals could acqulre the task，SuggeSting that other brainreg10nS，   

includingresidualHPCareas，mighthavecompensatedfbrthelesioneddorsalHPC・   

One may suppose that within－SeSSionlearnlngin retention test could produce   

Perfbrmance above chanceleveland a nat gradient amnesia・ However，the  

Slgnincantincreaseofcorrectperfbrmancewithinthesessionwasnotobservedinall  

retentionintervals（Fig．11）． Thus，thispossibilitycouldnotexplainresultsofHPC  

groupinthepresentstudy・ThereasonwhyHPCgroupcouldmaintain70％1evel  

PerfbrmanCeatallintervalsdespitethelossofsu臨cientHPCfunctionisnotclearat  

PreSent・However，myViewthatresidualHPCorotherbrainreg10nSmighthave  

COmPenSatedforthe HPCfunctionmaypartly explaintheseresults・Inorderto  

SOIvethisproblem，furtherstudyemploylngadditionallesiongroupswillbeneeded・  
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GeneralI）isc11SSion  

ThepresentstudyaimedtorevealtheroleofRSinspatialmemory・Based  

on theprevious studies and memory models thathave beenproposed，itcould be  

hypothesizedthatRSmightbeinvolvedinspatia1long－termmemOryPrOCeSSeS，and  

thefunctionofRSmightbedifftrentfromthatofHPC．  

Themain負ndingsofthepresentstudywere（1）RS－lesionedratsperfbrmed   

We11inDNMTPtask，WhileHPC－lesionedratsshowedaremarkabledelay－dependent   

impalrment．（2）Inretentiontestofpreoperatively acquiredplace discrimination，  

bothRSandHPClesionsproducedtemporallyungradedretrogradeamnesia．（3）By   

COntraSt，animals with theselesions revealed a difftrent pattern of anterograde   

amnesia：RS－1esionedrats showedretentioninterval－dependent anterograde arrmesia   

PrOducingaslgnincantimpalrmentCOmParedwithContgroupatthelongestinterval，  

Whileperfbrmance ofHPC－lesionedrats didnotchange dependingontheretention  

intervalyieldingaslgnincantdifftrencewithContgroupattheshortestinterval・  

In accordance with the above－mentioned hypothesis，these results of the   

PreSent Study suggest that RS and HPC have difEtrent rolesin spatialmemory  

PrOCeSSeS． RS might have moreimportant roleinlongLterm memOry PrOCeSSeS，  

especia11yinremotememory，ratherthanspatialworkingmemory，WhereasHPCmight  

beinvoIvedinspatialworkingmemory，andalsointheprocessofspatiallong－term   

memOry・  

Ithas beenunclear whichbrainreglOnisimportantfbrlong－termmemOry  

PrOCeSSlng・SinceRS－1esionedratsshowedbothretrogradeandanterOgradearrmesia  

Ofspatialmemoryinthepresentstudy，itissuggestedthatRSisoneofthecandidate  

brainreglOnWhichhasanimportantroleinspatiallong－termmemOryPrOCeSS・In  

addition，thepresentresultscon丘rmedtheinvoIvementofHPCinspatia1long－term  

memoryln aCCOrdanCeWiththe previous studies・Therefbre，RSandHPC might  
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interactwitheachother．BasedontheresultsofExperiment3，theinvoIvementofRS  

in spatiallong－term memOry mightbe di飴rentfrom that ofHPC・Onepossible  

mechanismis that theinformation whichis temporarily storedin HPC might be   

transftrredtoRSasalong－termmemOry．However，WhethertheinvolvementofHPC   

in spatiallong－termmemOrylStime－1imitedornotwasnotclearlyrevealedinthis  

Study． Furthermore，RS－lesioned rats showed animpalrmentirrespective of   

remoteness ofmemoryin Experiment2，While they showed a de負cit when tested   

remotely，butnotrecently，afterlearnlnginExperiment3．Thisdiscrepancyshouldbe   

SOIvedbyadditionalexperiments．  

Tb elucidatethememoryfunctionofRS andRS－HPCinteractioninspatial   

long－termmemOryPrOCeSS，furtherstudywillbeneeded・AlthoughImerelyfbcused  

inthisstudyonthecomparisonofthememoryfunctionofRSandHPC，Ishouldtake  

intoaccountthememoryfunctionofotherbrainreglOnSSuChastheentorhinalcortex  

andtheperirhinalcortexinthefuture，SincetheseareashavedenserecIPrOCalneural  

connectionsbothwithRSandHPC．  
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Summary  

IinvestlgatedtheefEbctsofbilateralexcitotoxiclesionsoftheratretrosplenial  

cortex（RS）andhippocampus（HPC）onperfbrmanCeinspatialmemorytasksusinga  

radialmaze．Inexperimentl，animalsweretestedindelayednonmatching－tO－Place   

taskasatestofworkingmemory． RS－lesionedratscouldperformthistaskaswell   

as sham－Operated controIs（Cont），While HPC－1esioned rats showed a remarkable  

delay－dependentdeclineofcorrectperfbrmance・Inexperiment2，tOinvestlgatethe  
■■■■  

invoIvementinlong－termmemOry，retrOgradeandanterogradeamnesiceffbctsofRS  

andHPClesionson2－armPlacediscriminationwereexamined・Totestretrograde  

amnesla，ratSWeretrainedonplacediscrimination4weeksorldaybeforesurgery・In  

retention test conductedlweek after surgery，both RS and HPC groups showed  

temporallyungradedretrogradeamnesia・Tbtestanterogradearrmesia，animalswere  

trainedlweeka氏ersurgerytodiscriminatethreearmPalrSSuCCeSSivelywithinaday，  

andthenafterinterpositionofl，2，Or4weekinterval，OneOfthesepalrSreSpeCtively  

was testedfor retention．RS－lesioned rats could acqulre three arm palrS Ofplace  

discriminations as fast as Cont animals，butshowed aretentioninterval－dependent  

impalrmentinretentiontest・Conversely，HPC－1esionedratstooksignincantlymore  

sessionstoacqulretheplacediscriminationsthanContgroup，andtheirretentiontest  

perfbrmance was about70％correctperformance regardless ofretentioninterval・  

ResultssuggestthatRSandHPCmighthavedifEbrentrolesinspatialmemory，andRS  

mightbeimportantfbrlong－termmemOryPrOCeSSeS，andnotfbrspatialworking   

memOry・  
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