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Lesions of納e sモ㌢iaモaland hippocampalcわ0‡iner9書C

SyStemS disrupモr∂dia‡arm maze behavior

瀧ke如miKobayashiand T§uneoIwasaki（み5～哀払お〆軸c如g堺挽才〃β巧妙〆乃加点α∂α，乃〝ゐ〟∂α

βαヲ1彷だ，ノ妙α乃）

Tbe e鮎cts ofintra－Striatalandintra－bわpocampaliI勺eCtionsof tbe cholinerglC neurOtOXin，

ethylcholine mustard aziridiniumion（AF64A；2・OnmoylO／パ，5．Onmoリ10／∠1），On retention女）r the

Standard8－拡m radialmaze task were examined．Both striataland hippocampaliTりeCtions
ofAF64A

impaired retention for the standard radialmaze task as compared witb the saline－iI勺eCted control

酢Oup・The results demonstrate tbat both the striataland the bippocampalcbolinerglC SyStemS

COntribute to e抗cient spatiallocalization．The possibility of a如nctionaldissociation between the

two cholinerglC SyStemSis also discussed．

監ey word＄：AF64A striatum hippocampus acetylcholine radialarm mazelearnlng memOry

書nモroducモio門

A number of studies have indicated that

memory processis anintegration ofinformation

mediatedin severalbrain systems that can be

dissociatedin types of memory
Recently；tbeidea

that severalbrain systems function simultaneously

br an e挽cient problem sol11tion has drawn

attention．Anidealsolution of a glVen prOblem

appears
to be d11e tO a

paralleland e放cient use of

pluralin払rmation．Behavioralevidence suggests

that tbe hippocampu．s and

mediate di鮎rent types of

OuSly on tasks uslng

（McDonald＆White，1994）

the striatum of rats

inぬrmation simultane－

Morris water maze

and
8－arm radialmaze

（McDonald ＆ White，1995）．Brainlesion studies

have shown that hippocampallesions resultin

Seriousimpalrmentin spatiallearnlng SuCb as

standard 8一打m radialmaze bebavior（0’Keek ＆

Nadel，1978；01ton ＆ Ⅵ屯rtz，1978；Ⅵね1ker ＆

01ton，1979；Winocu】11980）and Morris water

maze behavior（Morris，Garrud，Rawlins，＆

0’Keefe，1982）．Itis assumed that tasks called

‘spatialtask’（i．e．8一打mradialmaze task，Morris

water maze task）primarily require tbe ability to

localize on tbe basis of visualcues externalto the

organism（Zoladek
＆ Roberts，197B），SO tbe

hippocampusislikely to represent the neural

Substrate that mediates‘allocentric localization，

（Cook ＆ Kesneち1988）．It sbould be noted tbat

animals with striatallesions are not 女）und to be

de五cientin

1980；Cook

White，1989；

At tbe

these tasks（8eckeちWえ1keち＆01ton，

＆ Ⅹesne王；1988；］ねckard，Hirsh，＆

Packard＆Ⅶhite，1990）．

Same time，Striata11esioned animals

are also found to be de点cientin the

task when extramaze cu．es are

（Ⅶinocuち1980；Masuda ＆Iwasaki，

extramaze cues are salient，boweveち

Striatallesions are notimpaired

radialmaze

not salient

1984）．Ⅵrben

animals with

in the task

（Becker et al．，1980；Cook ＆ Kesneち1988；

Packard et al，1989；Packard＆Ⅶhite，1990）．The

discrepancy of these bebavioral

explained by the involvement

localization，in the radialmaze

lines of evidence suggest tbat

involvedin spatiallocalization

‘egocentric

Egocentric

ability to

reference

proposed

evidence may be

Of‘egocentric

behavioこ Some

the striatumis

With respect to

10Calization’（Cook ＆ Kesneち1988）．

10Calization（EL）is suggested to be an

encode and store responses with

to t‡le Organism’s body position．Itis

tbat 良ve
salient attributes cbaracterize

mnemonicin女）rmation for animalmemoryi．e．，

1abeled space，time，a＃ect，SenSOry perCeption，and
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response（Kesner and DiMattia，1987）．ELis

iabeied as theinteraction between these spatial

and response attributes（Potegal，1982）．Masuda

and Iwasaki（1984）discussed that rats were

impairedin the radialmaze task because the

task’s feature of reduced visualcues required

animals to tlSe kinesthetic and／or vestibular

（egocentric）cues rather than extramaze cues．Itis

1ikely that e放cient

learnlr唱 reSults

processlng Of both

since tbereis no

poor conditionsin

are more empirical

performancein the radialmaze

たom a parallelin女）rmation

allocentric and egocentric cues

boundary between salient and

terms of availabie cues．Tbeェ・e

SuppOrt for tbeinvolvement of

the striatumin EL．Rats
with striatallesions are

impaired in deiayed response and deiayed

alternation（Divac，Rosvold，＆ Szwarcbart，1967；

Oberg and Divac，1979；Sandberg，Lehmann，＆

Rbigeち1978）in which the ability of ELis

SuggeSted
to be required（Cook＆Kesneち1988）．

Striatallesions alsoimpaired the perぬrmance on

tbe return血■Om a paSSive transport task，in wbicb

animals are required to find the goalspout on t壬1e

basis of vestibular feedback（Abraham，Potegal，＆

Milleち1983）．Andit should also be noted that

hippocampallesioned animals are not found to be

de茄cientin tileSe taSks（Abra壬1am et al．，1983）

托om the aspect of neurotran＄mitter systems，

brain cholinerglC SyStemS are also known to

COntrib11te tOlearnlng and memory processes．A

possibleinvolvement of brain cholinerglC SyStemS

in cognitive 如nction has been
suggested since

memoryloss of patients with AIzheimer’s disease

WaS found to correlate with cholinergic hypo如nc－

tion（Coyle，Price，＆DeLong，1983；Arendt，Bigl，

Tbnnstedt，＆Arendt，1985）．There are substantial

pbarmacologicalevidence suggestlng Criticalroles

Of brain cbolinerglC SyStemSinlearnlng and

me汀10ry prOCeSSeS．Those studies were ＄umma－

rized by Kobayashi（2003），SO they are not

reviewed‡1ere，butit s壬10uld be noted that studies

On the brain neurotransmitter systemsin specific

brain reglOnS SuCb as the hippocampus and

Striatum are necessa叩TiluS，the oわjectiveof
the

present study was toinvestigate the di＃erential

involvement of tbe striatal and bippocampal

CholinerglC neuralsystemsin spatialIoca王ization

uslng8一打m radialmaze．The selectivelesions of

hippocampalor striatalcholinerglC neurOnS Were

Carried out uslngintra壬1ippocampalorintrastriatal

l‡カectionsof AF64A，reSpeCtively．Ⅶe hypothesized

that bothintrahippocampalandintrastriataliI勺eC－

tions wouldimpalr radialmaze behavi拡

Gen¢ralM¢納od

ぷ〟杉gcね

The
su切ects

were male Wistar－Imamicbirats

（250to350g），individually housedina temperature－

COntrOlled colony room on a12：12－hourligbトdark

CyCle．Lig‡1tSin the colo壬1y rOOm Wereillumi王Iated

なom8a．m．to8p．m．Animals were glVen ad－1ib

access to wateこ

ノ吻α㌢αg〟ぶ
The apparatus were an elevated（50cm above

the 批）Or）8－arm radialmaze made of gray

Plexiglas．Eacb arm measured60×12cm，and the

diameter of the hexagonalcenter plat女）rm WaS34

Cm．甘ansparent Plexiglas guillotine doors sepa－

rated arms なom the center plat女）rm．The food

CupS（3．O cmin diameteち1．O cm deep）at the

distalend of each arm served as reward－Wells．

The brightness of the center plat払rm was2101Ⅹ．

Tbe maze was su汀Ounded by severaiextramaze

CueS fixed throug壬10ut the experiment．

βr轡

The drug was

iumion（AF64A）．

met壬10d of RsbeI；

（1982）with some

ethylcholine mustard aziridin－

AF64A was
prepared by a

Mantione，Abraham，and Hanin

modi点cation．The acetylcholine

hydrocIlloride（Research BiochemicalInc．，MA．）

WaS dissolvedin disti11ed water and
was

aヰjusted
to pHll．3－11．7with8N andlN NaOH．Tben

the solution was maintained witbin the same pH－

range 女）r 30
min．Subsequently；the pH ⅥraS

reduced to about5．O witb6N andlN HCl，and

血aliy
adjtlSted

to pH7．4Ⅵ7itb NaHCO3aqtleOuS

solution．

nmol／〃1

kept at

within6

Rnalconcentrations of AF64A were O．20

and O．50 nmol／〃1・The soltltion was

4℃ untilinjection，tbat
was conducted

加東ter preparation．

ぶ〟曙g甲

Bebre su瑠er洪 animals were anestbetized
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With 40
m〆kg sodium pentobarbital．AF64A or

Saline waslI勺eCted bilaterallylntO the striatum or

bippocampus
uslng Standard stereotaxic techniques

together with the stereotaxic atlas of払Ⅹinos and

V鞄tson（1986）・Coordinates ねr
striataliIづection

Were AP＝＋0．7 mm 丘・om bregma，ML＝±2．8

mm，DV＝－4．6 mm 丘om dura
and tbose 女）r

bippocampaliI勺eCtion were AP＝…3．8 mm from

bregma，ML＝士2．7
mm，DV＝¶2．8 mm 血・Om

dura．The solutions werelI勺eCtedin a volume of

5／パ 0Ver 5 min througb a Hamilton synnge，

Whicb wasleftin place払r additiona15min beぬre

Withdrawalfor su銭cient d政1Sionofthe血ug・

助わ吻

A氏erbebavioraltesting（26daysa氏ersurgery），

animals were anesthetized withlOO mg稚g sodium

pentobarbitaland perfused with O．02ガphosphate

bu鮎red
saline（PBS，pH 7．4）bllowed by a

伝Ⅹative containlng4％paraぬrmaldehyde andO．29ら

plCric acid bu鮎red to pH 7．4 by O．1戯r

pbosphate bu鮎r（PB）．Brains were removed and

furtherimmersedin the fixative女）r One day．The

brains were placedin O．1朋■PB containlng20％

sucrose at4℃払r2days．熊ozen coronalsections

（20／Jm）were cut witb cryostat microtome．The

SeCtions were washed out su放ciently with O．1彪r

PBS and storedldayin O．1ガPBS containlng

O．1％甘iton－Ⅹat4℃．

R）r AChE－Stainlng，tbe brain sections were

WaShed out witb O．1〟maleic acid bu飴r（MAB：

pH 6．0）andincubated with O．1ガ MAB

COntaining36／∠〟acetylthiocholineiodide，5〃朋－

potassium ferrlCyanide，30／∠ノばcopper suぬte and

50／J〟sodium citrate at room temperature 良）r

30min．After theincubation，the sections were

WaShed out with甘is－HClbuだer（50mM，pH7．6）

and placedin Tヒis－HClbu鮎r containlng O．02 ％

3，3’－diaminobenzidine and O．3％ammonium nickel

Suぬte．Thenimmediately；30％
bydrogen

perox－

ide（H202）was addedinto this solution at tbe rate

Of15／ノ1perlOO ml，yielding a clear stainlng

pattern of
AChE－pOSitive neⅣe elements．Stained

brain sections were examined under alight

microscope．

励ゐαγわrαJpr〃Cg血柁

Animals were redlユCed to75－85ウらof their ad－

1ib feeding weights prlOr tO bebavioraltralnlng・5

rats were placed on the maze for30minutes on3

COnSeCutive days and a110Wed to explore the maze

With the払od（45mgわod pellets X20）available．

Tben
eachratwasindividuallyplacedontbemaze

わr the next

maze withlO

On day6．On

run down all

2 consecutive days to explore tbe

払od pe11ets・Acquisition trials began

each trial，animals were
allowed to

8arms to obtain the food pellets．

The rat w・aS
placedin tbe center plat女）rm Witb all

guillotine doors closed．The trialstarted wben the

doors were opened．Vhen the rat returned to the

Center platbrm かom the arm after obtainlng a

ぬod pellet，it was con点nedin the center platbrm

ねr2 s，and then allthe doors were re－Opened

払r the rat to make the next cboice．The trial

ended when al18pellets had been consumed，10

min had elapsed，Or16 choices had been made．

Allthe
choices and tbe time to complete a trial

Were reCOrded・One trialwas carried out per day

廿aining continued untiltbe animals reached the

Criterion：atleast7co汀eCt Choices out of tbe魚rst

eigbt choices on 5 consecutive days．Ⅶithin 4

days after reaching the criterion，the animals were

asslgned to one of the followlng5groups：Striatal

AF64A 2 nmoト（striata12 nmolgroup：N＝9），

StriatalAF64A5nmoト（Striata15nmolgroup：N＝

9），hippocampalAF64A 2
nmoト（bippocampa12

nmolgroup：N＝10），hippocampalAF64A5nmoト

（hippocampa15 nmolgroup：N＝7），and saline

（control酢Oup：N＝9）group．The surgery was

COnductedin the procedure described previously二

Animals were glVen 4 days 女）r reCOVery；and

retention trials started．The procedlユre Of the

retention trails，run for12days，WaSidenticalto

those oftbe acq11isition trials．

陀℡＄u柁＄

取ぬゐね 扮gおァわ用

Mean number of trials to
rereach the

Criterionin the retention trialsis shownin Fig．1．

Most of the controlgroup rereached the criterion

Within 5 daysincluding 5 days of tbe criterion

period，Whereas a11the AF64A－treated groups took

more trials compared to the controlgroup．An

ANOⅥ1comp11ted on the data on Rg．1

revealed a signi点cant group eぽect［F（4，39）＝5．91，
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p＜．01］．Post hoc tests using ′mkey－Kramer’s

method si10Wed that tbe striata12nmoト（p＜．01），

striata15 nmol－（p＜．01），hippocampa12 nmol－

（p＜．01），andhippocampa15nmol－（p＜．05）酢Oup

took slgnificantly more trials to rereacb the

Criterionin relation to the controlgroup．

肋椚あg㌢（げCbァプ・gCgCゐβわg方

円g．2shows tbe retention data for allgroups．

Rats
with striataland

hippocampallesion were

both severelyimpaired on the retention of tbis

task．An ANOⅥ1with repeated measures on the

datain Fig．2indicated a slgnificant main eだect of

酢OupS【F（4，29）＝12．01，p＜．01］，a Significant

e＃ect of blocks［F（2，8）＝45．94，p＜．01〕，and no

Slgnificantinteraction between groups and trials

［F（8，58）＝1．55，n．S．】．Posthoc tests using nlkey－

Kramer’s method sbowed that the striata12 nmoト

（p＜．05），Striata15nmol－（p＜．01），hippocampa12

nmoト（p＜．05），and bippocampa15nmoト（p＜．01）

groups were slgnificantly poorin their per女）rm－

ancein relation to the controlgroup．

腰〟〝乃～乃g耶椚g

ng．3 shows the mean running time spent
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Fig．1Mean trials to criterion（±S．E．M．）ねrall

groupsin the retention trials of standard 8一

打m radialmaze task．Datain the茄ve days

Of the criterion trials are notincluded． Sal：

Salineirづection group（N＝9）；
AF64Ai叫ection group（2nmo1
5nmolgroup：N＝9）；Hip：

AF64Ainjection group（2nmo1
5nmol酢Oup：N＝刀．＊＊P＜．01，

pared to Sal．

Str：Striatal

group：N＝9；

hippocampal

酢Oup：N＝10；

＊P＜．05com－

per choice
for a11groups・No statistically

slgn泊cant di鮎rences among grotlpS Were fbundin

this measure．

肋わわ紗

Histologicalexamination

positive dense terminalsin

hippocampus were obseⅣed

animals，Whereas those

revealed that AChE－

the striatum and t‡le

in the saline－injected
AChE－pOSitive dense

terminals around syrlnge traCtSin the striatum
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Fig．2 Mean correct choices（±S．E．M．）ねr all

酢OupSin the retention of standard 8…訂m

radialmaze task．See Fig．1for further

information．
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andin the bippocampus were

Of the striataト2nmol and

animals，reSpeCtively In some

2nmoトand 5nmoト酢Oup，

1ateralventdcle ⅥraS Observed．

damagesin tbe striatum and

decreasedin many

bippocampaト2nmol

animals of striatal＿

dilatation of tbe

Non－SpeC泊c tissue

bippocampus we托

detectedin many of the striata15 nmoland

bippocampa15nmolanimals，reSpeCtively・

Discu＄＄ion

2nmoレ10／パofAF64A，thelower dosein the

present experiment，reSultedin selectivelesions

Of tbe cbolinerglC neurOnS aS COmpared with the

bigher dose（5 nmoylO／∠1）．5 nmolof AF64A，

Which resultedin non－SpeCi虫c tissue damages

訂Ound the syrlnge traCtSin many animals，CannOt

be regarded as an appropriate dose for the

Selectivelesionin the present study Considering

the bebavioraldata
of the striataland bippocampa1

2 nmolgroups，both striataland bippocampal

Cholinergic systems seem to play criticalrolesin8－

arm radialarm maze bebavioェIntrastriataland

intrabippocampalAF64AiIカections were followed

by theimpairments similartothoseわundfollowlng

either striatalor hippocampalnon－Selective tissue

damages（Winocuち1980；Masuda＆Iwasaki，1984）．

At tbe same time，the present

hypothesis tbatthe hippocampal

areinvolvedin certain kinds of

and provided 払rtber evidence

results support the

CholinerglCneurOnS

COgnitive processes

that not only the

bippocampalbut also the striatalcholinerglC neural

SyStemS COntribute to the e放cient radialmaze

bebavioI二

Botbintrastriatal

tions of AF64A did

Altbougb some studies

Or mOtivationalactivity

andintrabippocampal軸ec肘

not aだect runnlng time．

SuggeSt Changesin motoric

ね110Wing striatal（D6br6ss洪

Svendsen，＆ Donnet，1995）and hippocampal

（Douglas＆Isaacson，1964；Jarrard，1968；Jarrard，

1973）1esions，the

bippocampal－1esion

Changesin motoric

AF64A employedin

no orlittle e鮎cts

present data of striataトand

酢Oup ねiled to sbow notable

activity Thus，the dose of

tbe present study may bave

On these bebavioralcompo－

nents．Inaddition，anyObservablemotoricdi＃e托nCeS

Were nOt払und according
to overallimpressionin

tbe testlng period．

Both tbe striataland hippocampal

SyStemS are Sbown to
playimportant

Spatiallocalization，yet eaCb 免1nCtion

Cboline曙1C neuralsystems cannot be

CholinerglC

rolesin

of these

discussed

なom tbe results obtainedin the present study

According tolesion studies（McDonald ＆Wbite，

1994；McDonald＆Vbite，1995）and the cu汀ent

results，itislikely tbat animals may pedorm

Spatialtasks uslng pluralinformation．Rlrthermore，

the striatum and the bippocampus have been

Sbown to
subserve EL－（Cook ＆ Kesneち1988；

Kesnerand DiMattia，1987；払tegal，1982）andAL一

（0’Keeねand Nadel，1978；01ton＆恥rtz，1978；

Walker ＆ 01ton，1979；Winoc叫1980）behavioち

respectively Thus，itis possible tbat tbe striatal

and hippocampalcholinerglC SyStemS also play

Criticalrolesin EL
and AL behavior and tbese

two systems function
simultaneously br an

e銑cient perfbrmance of the radialmaze task．

Therefore，a di鮎rentialinvolvement of striataland

bippocampalcholine瑠1C neuralsystemsin spatial

localization uslng EL and AL tasks should be

fばtberinvestlgated．

In addition，it should be noted that the

COnCentration of AF64A should be determined

Care如11y not to cause non－SpeC娩c tissue damages．

In the present stu軸
2

nmolof
AF64A

could

resultin qulte Selectivelesions of tbe cholinerglC

SyStemS，yet tbe e鮎ct of AF64A waslimited to

around synnge tracts．於om the results of AChE

Staining，itislikely that AF64A a任ects only

around syrlnge traCtS WhenlI勺eCtedinto brain

tissues．There女）re，i叫ectionmethod should also be

devised regarding tbe number ofirわectionsites．

In conclusion，bothintrastriatalandintrabippo－

Campal AF64A iIづectionresulted in severe

impalrementSin the radialarm maze task．Tbese

results demonstrate that both the striatal and

hippocampalcholinerglC SyStemS COntribute to the

radialmaze behavioこ Rlrthermore，aCCOrding to

numerous reports on the striataland hippocampal

如nctions 血●om the pbysicaltissuelesion studies，

the striataland hippocampalcholinerglC neural

SyStemS appear tO function simultaneously t壬1at

each 如nction of themisindispensable 女）r an

e放cient solutionin atleast certainlearnlng

Situationsincluding spatiallocalization．
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