
器㍑ゐ“∂α埼yc如才曙～CαJ々β∫βα柁ゐ
2003，25，17¶29

陀0葦e o官brai門Cわ0‡岳n℡㌃9宅GSyS息℡mSi円仁O紳紬℡

官M門G息io門：A『℡V岳ew

取k血miKobayashi物sg才知ね〆軸c如g昭弘挽g〃g作物〆器従ゐ㍑∂α，器紺ゐ〟∂α3好一野方，励α乃）

Itis Ⅵ7idely known that acetylcholine（ÅCh）playsimportant rolesin the centralnervous

SyStem（CNS）as weilasin somatic and autonomic王ⅥOtOr neurOnS．The onset ofstudies on buman

brain cholinerglC SyStemS aS an

1980s，WbeilneurOnlossⅥ7ithiII

The contributions of AChin the

tecbniques，including choline棺1C

tration，a high－per女）rmanCeliquid

essentialcomponentねrlearnlng and memory dates back to the

CbolinerglC SyStemS WaS女）undin patients ofAizheimer，s disease．

CNS to memory processes have beeninvestigated with several

neurq／immuno－tOXin administration，Choline瑠icligand adminis－

Chromatography（HPLC）tec壬1nique，and animmunobistochemical

technique・Brain tissuelesion studies have shown that the hippocampal良）rmation has crucialroles

in various cognitive氏1nCtions・Accordingly，the maJOrlty Of research on cholinergic氏1nCtions has

払cused on the hippocampalcholinerglC SyStem・Recent studies reg訂ding consciousness and

attentionalprocesseshave，howeveちfocused onthebrain ste汀ゝCholinerglC SyStem，aSits ascending

proJeCtions are believed to beinvolvedin conscious awareness・Moreoveちtbe striatalcholinerglC

SyStem has also drawninterest because of the densest distributionin the brain・‡n the present

revie呵the brain cholinergic functionsincluding recent hypotheses concernlng Cholinergic如nctions

inlearnlng and memory processes areintroduced．

臨ey woぎds：ACh，aCetylcholine，CholinerglC SyStem，Striatum，hippocampus，1earnlng，memOry
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Acetylcholine（ACb）is the first cilemical

substance to beident誠ed as a neurot】二anSmitte】二It

如nctions as a neurotransmitterin the myoneural

junction，paraSympathetic ganglia，and central

nervous system．Itis synthesized Ⅵrithin cyto－

plasms fromits antecedents，Choline and acetyl

CoA，and storedin synaptic vesiclesin the size of

30to40nm numerous ofⅥrhich arein the nerve

terminals．In neuronalactivation，a few thousands

Of ACh are released缶om terminals as a quantum

that serves as a minimu．m unit for tbe chemical

transmission．ACh released from terminals bind

postsynaptlC reCeptOrS．ACh also bind to presynap－

tic receptors，prOCeSS Of which血nctions as a part

Of negative
feedback circuit 女）r ACb release．

Acetylchoiinesterase（ACbE）decomposes AChinto

cboline and acetic acid．Choline is takeninto

terminals and re－uSed as ACh’s antecedent．
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Tbe anatomy of t壬Ie Cboli王1ergまC SySte汀1Sis

Summarized by Dekke王1Connor ＆ Thal（1991）．

Mammaユian choli‡ユerglCneurO‡1Sin t壬1e prOSeユ1Cepha－

10n（わrebrain）are genera11y classi缶edinto the

払110Wlng three groups：tbe pr（刀eCtion 缶om the

medialseptalnucleus and the nucleus of the

Verticallimb（diagonalband of‡きroca）to tbe

bippocampus via the fimbria fornix；the pr（力ection

鉦om the nucleus basalis of Meynert（It accounts

ぬr70－80％of the cbolinerglCinnervations
to the

COrteX．Otherlnput
tO the cortex comes 鉦om

neuronsin tbe midbrain reticular system and the

dorsolateralpotine tegmentum）（Vincent，Satoh，

Armstrong＆Fibigeち1983）；and theinterneurons

in the st‡・iatum．

Centralactions of ACh are mediated by both

muscarinic and nicotinic receptors．Muscarinic

receptors are prominent compared
to the nicotinic

in the central nervous system．Muscarinic

receptors activation causes both excitatory and
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inhibitory

e任ects are

muSCarlnlC
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e庄ectsin tbe CNS yet the
わrmer

more predominant．Excitatory eだects of

receptor activation are as fo110ⅥrS：Ⅹ

COnductances downin postsynaptlC neurOnS Of

Widespread brain reglOnS；GABAerglCinhibitions

downin presynaptlC ne11rOnS Of the hippocampus；

払cilitation of NMDA receptorsin postsynaptlC

neurons of the hippocampus；and enhanced

ephapticinteractionsin the hippocampus．Inhibi－

tory e鮎cts of muscarinic receptor activation are

SuggeSted as follows：K conductances upin

postsynaptlC neurOnSin the brainstem；Glutamater－

gic EPS‡）s downin presynaptic

hippocampus；and Ca current

hippocampus（whether pre－Or

unknown yet）．On the other

nicotinic receptor activationis

neurons of the

doⅥrn in tbe

post－Synapticis

band，ef絶cts of

not velトinvesti－

gated，yet SO払r they are presumed
to be mainly

excitatory and supposed as follows：nOn－Selective

Cationic conductances upin postsynaptlC neurOnS

Of the splnalcord and brainstem；and glutamater－

glC
EPSPs

upin presynaptic neurons of the

hippocampus（Krnjevic，1993）．

A
possibleinvolvement of the brain cholineト

glC SyStemSin cognltlVe prOCeSSeS has been

SuggeSted since memoryloss of patients with

AIzheimer’s disease was found to show cholinerglC

hypofunction．Patients with AIzheimer’s

ShoⅥr bypofunctionin acetylcholinesterase

activit沸 Choline acetyltransferase（CbAT）

and high a放nity choline uptake（HACU）

Bigl，瀧nnstedt＆Arendt，1985；Coyle，

disease

（AChE）

activit沸

（Arendt，

Price ＆

DelノOng，1983）．Since tlle repOrtS，a Substantial

body
of studies have been carried out with

humans to
show that the centralcholinerglC

SyStemS play criticalrolesinlearnlng and memory

prOCeSSeS・

1．匠a㌻‡y＄紬d毒e＄0閃督M約6宅妻⑳悶⑳官b㌢ai門
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取om the behavioralaspect

techniques，deたcits 払1lowlng

nucle11S basalis of Meynert（the

major cholinergic pr句ections）

employlnglesion

lesions
oぎ the

nucleiorlglnS Of

are babituation，

Classicalconditioning，discrimination（taste aver－

Sion），paSSive and active avoidance，Spatial

alternation，delayed matching to
sample，T－maZe

alternation，CrOSS maZe，StOne maZe，radialarm

maze，hole board food search，Morris water maze，

and timed conditioned responding（Delくker et alリ

1991）．Thus，1esion of the nucleus basalis of

Meynert produces various iくinds oflearnlng

de缶cits．HoweveI；Studies described above are

based on electrolytlC Or radio鉦equencylesions that

its non－Selective e庁ects on other neurotransmitter

SyStemS are SpeCulated．Thus，Studiesわcuslng
On

the brain cholinerglC SyStemS gradua11y shifted
to

the use of neurotoxic excitatory amino acids such

as ibotenic and kainic acids．HoweveI；these

ChemicaltooIs also ca汀y danger to produce non－

Selective e鮎cts．T壬10ughibotenic andl柑inic acids

destroy neuronalperikarya at thelI七ection site

and do not a丘ect the elements passlng tbroudl

tbe area，Wbich also means that these drugs show

non－Selective e鮎cts on otber neurotransmitter

SyStemS Within thei軸ection site except for tbe

neurons passlng tbere．Furthermore，higher doses

Of kainic acidinto the nucleus
basalis

of
Meynert

Can damage the area surrounding t‡1e Ventraland

medialglobus paliidus as wellas the cholinerglC

Cells within tlle nuCleus basalis of Meynert

（Salamone，Beart，Alpert＆Ⅰversen，1984）．Thus，

drugs to produce selective decrease on the brain

CholinerglC

aziridinium

developed．

also carry

neurOnS．

SyStemS

activlt沸 SuCh as ethylcboline mustard

ion（AF64A）and192IgG－SapOrin were

HoⅥ7eVeち these selective toxic drugs

danger女）rits selectivlty On CbolinerglC

Thus，Studies on the brain cbolinerglC

Should be discussed
closely since

accumulated studies have employed variousiくinds

OfcholinerglClesion techniques that migbt be non－

Selective to other neurotransmitter systems．

2．Toxi門admi門i＄宅ra毛ion

2．j．gg砂むゐ♂肋g 〝‡〟ぶgαr♂α若かg滋〝ね椚 わ招
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Ethylcboline
mlユStard aziridinium

is a cholinerglC neurOtOXin that has

a strong toolわr a selectivelesion

neurons・Though tbere are reports

ion（AF64A）

been used as

On CholinerglC

St唱geStingits

non－Selective e鮎cts with doses which werelater

assumed byIianin（1990）to be higher than the

Verylimited rage of dose that could be selective

（nsheち Mantione，Abraham ＆ Hanin，1982；
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Mantione，Zigmond，Fisher＆Hanin，1983），it can

be a selective drug for cbolinerglC neurOnSifits

dose and volume are approprlate．AF64A does not

pass through bloodカrain barrieI二 There女）re，itis

necessary
to bei‡カecteddirectlylntO tbe CNS．As

mentioned above，AF64A’s e庁ects vary depending

Onits dose，VOlume，and brain reglOn tO be

lrりeCted so that these ねctors are determined

Carefully based on

AF64A’s afFinity to

high（Hanin，1996）

thatitis qulte

antecedent of ACh．

elaborate pilot experiments．

Choline tlptake sitesis quite

due toits chemicalstructure

Similar to that of choline，

Ifits doseis

be takenintolow a放nity choline

is notinvolvedin the synthesis

Can be non－Selective．There女）re，

that the drug be administeredin

dose to be taken only缶om high

high enot唱h to

uptake site that

Of ACh，AF64A

itis necessary

an approprlate

a払nity choline

uptake site
to
make selectivelesions

on

cbolinerglC neurOnS．AF64Ås toxic efFectis

alleviated andinhibited by a selective blocker of

HACU，hemicholimium－3（HC…3），Which demon－

strates that
AF64A sboⅥrSits e庁ect via HACU．

Hanin（1996）reported that AF64Ås eだect
can be

observed魚・Om48 hr after treatment．Neurochemi－

cale洋ects of AF64A
on the brain cholinerglC

neurons are complex．If administeredinto rat’s

ventricle，ChAT and AChE activities decreasein

the hippocampus，Whereas those activitiesin the

septumincrease・AChE activities are not altered・

伽o nmol of

resultedin as

observed in

treatment but

norma11evel

Striatum，in

approximately

AF64Ainto the rat’s ventricle

lO times of ACbE mRNAlevelas

normal rats 7 days after the

thelevelof mRNA falls to the

in 2 months．In the septum and

contrast，AChE mRNAlevelis

80and67％to normalrats7days

after the treatment，reSpeCtively．Besides，the

leveldoes not falleven 2 months after the

treatment．The di任erence of the mRNAlevelsis

explained that transcrlptlOn Of
AChE and ChATis

impairedin the septum that
AChlevelin the

hippocampus decreases as a consequence
due to

tbe neuralpr（カectionof cbolinerglC neurOnS鉦om

the septum
to tbe hippocampus（Hanin，1996）・

Since AF64Ais a sensitive toolin the senseit

miめt
destroy brain tissues whenits

dose and

volume areinapproprlate，AF64A
has been

1Ⅰ勺eCtedin the ventricle within which cerebrospト

nal凸uid（CSF）helps di軌1Sion ofthe drug．

Ⅵも1sh，Ⅵ1son，Dehaven，Mailman，Fisher ＆

Hanin（1984）investigated the efFect of AF64A on

the acqulSltlOn Of the standard radialmaze task．

Consequently，AF64Ai‡カection into the rats’

ventricleincreased trials to criterion and deterio－

rated the correct choice rate compared to the

COntrOlanimals．Ja汀訂d，Kant，Meyerhoだ＆ Le叩

（1984）measured working and reference memory

COmpOnentS．First，animals were trainedin the

radialmaze taskin which spatially缶Ⅹed four arms

Were baited throughotlt trials．A氏er acqulrlng the

task，AF64A waslI勺eCtedinto the rats’ventricle

and then tested on the same task．Animals treated

With AF64A showed both working memory
errors

to enter previously chosen arms and reference

memory errors to enter nonィewarded arms．

Chrobak，Hanin，Schmechel＆ Ⅵ払1sh（1988）

如rtherinvestlgated tbese worki一喝 and re始rence

memory components．Animals Ⅵrere glVenlhr

delay between fourth and fifth cboicein the

standard radialmaze task．A氏er acqulrlng the

task，AI？64A wasiI七ectedinto rats’ventricle and

then testedin the same task．AF64A treated

animals could not avoid enterlng preViously chosen

arms prior to a delay（working memory error）‥鮎

the same time，these rats were tested on the non－

matching
to

whose
虫ve

COnfiguration．

impaired in

lIカectionof

impalrment

COmpOnent，

perbrmance

matching to

Opello，

investlgated

Sample task uslng the radialmaze

arms were removed to make a T

AF64A treated animals were not

the task．Thus，intraventricular

AF64A caused working memory

Withoutimpalrlng reference memory

Whichis supposed to be necessaryln

of simple discrimination task（non－

Sample task）．

Stackman，Ackerman ＆Ⅵね1sh（1993）

the e＃ect ofintraventricularl軸ection

of AF64A on the Morris water maze task．In the

task，the standard procedurein which
hidden

platform was set at spatially fixed position

tbrougbout trials and the cued procedurein which

escapable plat払rm was attached
to a visualcue

were assigned to animals・AF64A treated animals

tooklonger time toムnd bidden escapable platbrm

in the standard task．In contrast，those animals

were notimpairedinthe cuedversion ofthe task・
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Similar results are reported

Jamsin，Gobert，Hanin ＆

AF64Ainducedimpalrment
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by Goweち Rousseau，

Ⅵblfert（1989）tbat

is
notlimited

to the

radialmaze behavior but generalin spatialtasks・

Intraventricularlrづection of AF64A mainly

a庁ects the septo－hippocampalcholinerglC
neurOnS

（Fisheちet al．，1982）．The虫ndings above suggest

that the septo－hippocampal cholinerglC SyStem

plays a criticalrolein spatiallearnlr唱．態t，Since

it
wasi由ectedin
that AF64A had

brain to show tbe

closer examination

the ventricle，itis presumable

di軌1Sed throughout the whole

eだects described above．′払 a

Of cholinerglC neurOnSin eacb

reglOn Of the CNS，direct administration of AF64A

into the higbly responsible area払rlearnlng and

memory such as tbe hippocampus and stria紬mis

necessary．Howeveち direct administration tech－

nlque has not been completed yet with regard to

itslI勺eCtion dose and volume，SO Only a few

Studies adapted the technique．R）r eXample，Bail沸

0verstreet ＆ Crocker（1986）i‡カected AF64A

directlyinto the hippocampus and
bund that the

druglmpaired both acquisition and retention ofthe

passive avoidancelearnlng．As 良）r

howeveち mOSt Studies with direct

technique focused on motor or

鮎nctions（Sandberg，Hanin，Rsher＆

Sandberg，Sandberg ＆ Coyle，1984；

the striatum，

administration

motivational

Coyle，1984；

Stwertka ＆

01son，1986；Dawson，Dawson，Rlloux＆Ⅵなmsley

198B；Meana，Jobansson，Herrera－Marscbitz，0’Con－

noち Goiny，

1992；Zhou，

regardless of

demonstrated

Pa沌inson，取edilOlm ＆ Ungerstadt，

brain re酢OnS

necessary to

Zbang，Connell＆ Ⅶeiss，1993）

its criticalrolesin cognitive function

in tissuelesion studies．Thereわre，

COntainlng CholinerglC neurOnS are

beinvestigated employlng the

tecbnique of direct AF64Ai‡七ection．Tben agaln，

1njection
dose of AF64A should be determined

Care良111y

Thus，Kobayashi（2000）employed the tech－

nlque Of direct AF64Ainjection，and ねund that

botb striataland hippocampaliI勺eCtions of
AF64A

impaired the radialarm maze behavioこIn addition，

the reduction of the striatalACh resultedin an

impairmentin
egocentriclocalization（EL）behavior

Which appears to be mainly due to the de畠citin

encoding of tile EL－taSl（－SOlving strateg洪Wbereas

tbe reduction of hippocampalAChlead to a

seriousimpairment of allocentriclocalization（AL）

behavior whicb may result壬rom the
ddicitin botb

retrievaland encoding of the Aしtask－SOlving

strategy（KobayashiandIwasaki，2000）・ELis

illustrated as a spatiallocalization technique to

localize

themselves depending on

whereas AL is the

themselves

Based on

prOCeSSlng

localization，

glC SyStemS

regardless of

animals’body position，

technique to localize

their body position．

the idea that

of EL and

parallelin払rmation

AL support spatial

tbe striataland hippocampalcholiner－

appear
to function simultaneously that

each function of both systemsisindispensable
for

an e放cient performancein spatiallocalization．

2．2．ぜ92な払ぶ轡〃タ・g招

Recently，animlnunOtOXin192IgG－SapOrinis

employed to destroy the basalforebrain cholinerglC

SyStemS．192IgG－SapOrinis taken缶om p75－nerVe

groⅥrthねctor receptors by endocytosis and shoⅥ7S

its toxic e鮎ct a氏er axonaltransport．Howeveちits

selective eだectislimited to tbe basalforebrain

CholinerglC SyStemS Since p75－nerVe grOWthねctor

receptors are not foundin the striatum and the

nucleus accumbens（Pappas，Davidson，Fbrtin，

Na11atbamb沸 Park，Mohr ＆ Wile洪1996）．Its

Selectivity and eだects are quite high that alarge

body of studies on the brain cholinergic久1nCtion

inlearnlng
and memoryil那e

been

With 192 IgG－SapOrin．Dornan，

Ⅵnkleち Hickman，Bannon，Decker

（1997）investigated t†le eだect of192

carried otlt

McCampbell，

＆ Gunther

IgG－SapOrin

1Ⅰ勺eCtioninヒO the medialseptalarea，nuCleus

basalis magnocellularis，and both two reglOnS On

the Morris water maze and radialarm maze tasks．

They女）und a mildimpalrmentin the radialmaze

behavior but noimpalrmentin the Morris Ⅵrater

maze behavio王二Janis，GlasieちFulop＆Stein（1998）

reported thatintraseptallnjections of192IgG－

SapOrin resultedin deficits for strategy selection

in spatialmemory tasks．Animals were trained on

払e standard radialmaze taslく and then glVen

温和eCtions of tbe druginto the medialseptum and

Verticallimb of the diagonalband．Animals were

then retested postoperatively on the radialmaze

task・Consequentl沸animalsiIカectedⅥrith192IgG－

SapOrinin the medialseptum wereimpairedin
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allocentric strategleS tOlocate the spatialgoal．In

addition，those septallesioned animals showed

egocentric strategyln the Morris water maze that

WaS 如rther tested．Leanza，MartinezSerrano ＆

Bjorklund（1998）also 女）und alonglasting，

Substantialimpalrmentin both the acquisition of

Spatialreference memoryin the Morris water

maze task and delay－dependent short－term mem－

Ory performancein delayed matching－tO－pOSition

task in rats iI七ected witb192IgG－SapOrin

intraventricularlyJohnson，Zambon＆Gibbs（2002）

also reported that selectivelesion of cholinerglC

neuronsin the medialseptum by192IgG－SapOrin

resultedinimpalrmentin a delayed matcbing to

position（DMTP）taskusingT－maZe・MaleSprague－

Dawley rats were trainedin a standard matching

to position paradigm where animals are required

to choose theidenticalarm as the one‘chosen’in

a わrced choice trialon T－maZe．Prior to the

bebavioraltestlng，animals underwent surgery for

192IgG－SapOrin treatmentsin which eitberlower

（0．22／ノg）orbigher（1・0〃g）dose of the drug

waslnjected．In
the forced cboice trial，animals

had only to choose one

because only the brced

and the other
arm was

dooこ Then animals were

arm out of

‘cboice’arm

closed Ⅵrith a

returned to a

two arms

WaS Open

guillotine

Start aエーm

to make the second choice（test trial）where
two

choice arms were open．Animals received8trial

palrS per day
As a result，192IgG－SapOrin

impaired the DMTP acqtlisition
dose dependently・

DMTP task can be considered as a spatial

working memory task，in the polnt that animals

are required
to rotate ti－emSelves between the

brced and test trials tlSlng eXtramaZe Visual

stimulus and working memory，SO these studies

suggest that the basalforebrain cholinerglC

systems play a criticalrolein spatialworking

memory
On tbe other hand，thereis

a report that

192IgG－SapOriniI七ectionresultedin no cognltlVe

impalrment・Chappell，McMahan，Chiba ＆ Gal－

1agber（1998）investigated the e鮎ct ofintraseptal

lnjectionof192IgG－SapOrin
on the spatialworking

memorytask uslngthe radialarm maze andfound

noimpalrment COmpared
to the controlanimals

even when delays ranglngなom60s to8br were

imposed within a trial・

Thus，there has been both findings on the
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eだect of192IgG－SapOrinlI勺eCtion suggestlng nO

Or milderimpalrment and seriousimpalrmentSin

Variouslearnlng Situations．Here，it should be

noted that the eだect of192IgG－SapOrinislimited

to tbe

SyStemS

are not

SyStemS

basal女）rebrainlesion and cholinerglC

in tbe striatum and nucleus accumbens

destroyed．Itis presumed that cholinerglC

如nctionin a complementary manner

among severalreglOn－involved cholinerglC SyStemS

aslearnlng taSks become more complex．The

Morris water maze and radialarm maze tasks

may requlre plurallearnlng如nctions such as EL

and
AL as described previously，Spared compensa－

tory task solving strategy might help perform the

task without seriousimpalrment．Thus，those no

Or milder deムcits may have been observedin such

tasks．Another suggestionis that the cholinerglC

SyStemSin the basal女）rebrain appear to be

regulated by GABAergic and glutamaterglClnputS

（Pepeu＆Blandina，1998）and cognitive如nctions

as spatialworking memory are not seriously

impaired aslong as a part ofinteraction among

pluralneurotransmitter systemsis spared．Re－

Cently，GABAerglC SyStemSin the basalforebrain

have also been the 女）CuS regarding cognitive

如nctions represented by spatialworking memor洪

it may be tbat non－CholinerglC SyStemS also

contribute to the spatialperformance eitberin

essentialor compensatory way192IgG－SapOrin

treatment does not a鮎ctlevels of GABA and

glutamate wbenl‡勺eCted with an appropriate
dose，

soit may also account for the previous no or

milder
de畠cits．

3．L岳9amd admini＄忠r急患i¢門

Gammon ＆ Thomas（1980）investigated

e鮎ct of cholinerglC agOnist physostlgmine

enbance centralcholinergic
tone byinhibiting

catabolic enzyme ACbE and わund that
one

active avoidance
learnlng WaS ねcilitated

the

tbat

the

Way

by

physostigmineinjection．Meyers＆Domono（1964）

1rりeCted muscarinic receptor antagonist scopola－

mine and女）und that the druglmpaired spontane－

ous alternationin the passive avoidancelearnlng・

Wbitehouse（1964）払und that muscarinic receptor

antagonist atroplne
impaired the continuous

discriminationlearnlng．Scopolamine ⅥraS 血rther
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tested byⅦatts，Stevens＆Robinson（1981）that

the antagonist hadits e任ectin decreaslng COrreCt

Cboices and retardedlearnlngln aCqulSltlOn Of the

radial maze tasi（．

impaired retention of

maze task（Hiraga ＆

novel muscarinic M2

机1rthermore， SCOpOlamine

the standard 8－arm radial

Iwasaki，1984）．Recently；

receptor antagonist，SCH

57790 was found toincrease ACh releasein the

CNS
andimprove cognitive performance．Care沸

Billard，BinchⅢ，Coben－Ⅶi11iams，Crosby；Grzelak，

Guzilく，Kozlowski，LoⅥre，Pond，「托desco，鞄tkins

＆ Co放n（2001）reported that SCH 57790（0．ト

10mg推g，p．0．）produced dose－dependent ACh

releasein the hippocampus，COrteX，and striatu，m，

and evenlower dose（0．003－1．Omg稚g）of t‡le

drugimproved performance of passive avoidance

learnlngln ratS．The apparatus consisted of black

and clear chambers

幻00r
Of the black

Sbock generatoェIn

placedin thelight

COnneCted by a doorway and a

Chamber was connected to a

tbe tralnlng SeSSion，ratS Were

Chamber and enterlng the dark

Chamber resultedin an electric shock．恥enty－bur

hrlateI；the time for each animalto move 免・om

thelight chamberinto the dark cbamber（step－

througblatency）was recorded．SCH57790 sig－

nificantlylnCreaSed the mean step－throughlatency

Whether glVen before of after the training session．

Similar results were obtainedin tbe same study

that SC壬i57790improved cognitive per女）rmanCe

employing working：memOry Operant taSk（畠Ⅹed

ratio discrimination witb titrating delay）in squirrel

monkeys，SuggeStlng that M2 reCeptOr blockade

improves cognitive performance．

These
series of pharmacolo由calstudies

have

provided evidence that tbe brain cholinerglC

SyStemS，although not speci丘ed the re即On

involved，playlmpOrtant
rOlesin certain types of

learnlng and memory The山nction subserved by

the brain cholinerglC SyStemSis stillunder

COntrOVerSy They may be one or more of

disruption of behavioralinbibition，WOrking mem－

Or洪 reference memor洪 attention，mOVement and

Strategy Selection，and stimulus processlng・

Howeveち Dunnett ＆ Rbiger（1993）pointed out

thatitis virtually uncertain tbat cholinerglC

mechanisms areinvolvedin a disparate variety of

the CNS functions
and that antトmuscarinic

induced de鮎its are multiply determined，Since

CholinerglC neurOnSinnervate virtually the entire

neur弧is and muscarinic receptors are also

distributed tbrolユgbotlt the CNS．Tberebre，tho11gh

muscarinic agents can undoubtedly a庁ect the

acquisition and performance of a broad spectrum

Of acquired bebavi叫CholinerglC anatOmyindicates

that attempts at unitary accounts regarding the

basis of such e鮎cts cannot be justi丘ed．Thus，

Since the drugs were administered systemicall沸it

isimpossible tolocalize the responsible choliner－

glC neurOnSin the brain 良）r theselearnlng

behavioこ Oneinterestlng Study employlngloca1

1igand administration techniqueis by Ragozzino

and Tzavos（2002）on e鮎cts of scopolamine

lI勺eCtion into the dorsomedial striatum on

acqulSltlOn Or reVerSallearnlng Of response

discrimination．The
apparatus usedin the study

WaS a CrOSS－maZe．In tbe acquisition phase，

animalslearned to make either right orleft turn

forlO consecutive correct choices．In the reversal

learnlng
phase，animals were required

to
perform

the task employlng theidenticaltask solvi一昭

Strategy eXCept that they had to make a turn to

the opposite direction なom that required during

the acquisition phase・Eight／∠g Of scopolamine

produced a reversal（but not acquisition）1earning

de良cit，SuggeStlng aninability tolearn the neⅥr

Strategy Thus，mOre Studies employlnglocal

in血sion studies are expected to clarify reglOn－

SpeCific cholinerglC function regarding cognitive

prOCeSSeS．

4．A9ing

Geriatric diseases accompany the decline of

CholinerglC aCtivities，Which drewinterests of

researchers to
accumulate findings showing critical

roles of cholinerglC SyStemSinlearnlng and

memory Dekker et al．（1991）summarized the

geriatric memory dys氏1nCtion based on the

CholinergicilypOtbesis of geriatric memory 払nc－

tion by Barutus，Dean，Beer＆Lippa（1982）as

払110WS：a decreasein ぬrebrain choline聯C

parameters was foundin patients with AIzheimer，s

disease；pOStmOrtem
analysis of tbe brains of

patients with senile dementia revealed a declinein

COrticalcholinerglC aCtivity which correlated w血

earlier mentaltest scores；Cellsin the NBMin
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human may selectively degeneratein

Senile dementla；Similarities have

between thelearnlng and memory

seenin seniIe dementia and those

patients with

been shown

impalrmentS

producesin

young human subjects
by anti－Cholinergic drugs；

Cholinomimetic drugs can

Capabilitiesin patients of senile

T壬1ere are mOre 点ndings

Show critical‡・01es of the

enbance memory

dementia．

uslng a王Iimals to

brain cholinerglC

SyStemSinlearnlng and memory．Aged mice witb

impaired performance on the radialarm maze task

ShoⅥ7ed a s唱n泊ca壬1t decreaseiilACbleveis

related to
normalaglngin tbe striatum and

hippocampus（Ikegami，Sbumiya ＆ Kawamura，

1992）．Cholineacetyltransferase activity

CreaSedin the verticaldi喝Onalband

dentate gyrus，and striatum of aged

learnlng de缶citsin the radialmaze

Hearns，1990）．Fisheち Chen，Gage ＆

was de－

nucleus，

rats with

（Luine ＆

Bjorklund

（1992）evaluated the performancein the Morris

Water maZein rats with the age of3，12，18，24，

30 months and tbeir ChAT activities and number

Of the neuro－grOWth一転ctor（NGF）－pOSitive neurons

in the medialseptum，Verticaldiagonalband

nucleus，nuCleus basalis magnocel王ularlS，and

Striatum．As a result，8，45，53，and more than90

％ of rats with12－，18－，24－，and
30－mOntb－01d

rats showed retardationin per払rmance of the

task，and these animals’C壬IAT activities and NGぎー

positive neurons were slgnificantlylower tban

those with no retardationin the task．Dunbaち

Rylett，Schmidt，Sinclair＆Williams（1993）ねund

that tぬe壬ユippocampalChAT activity correiates witb

Spatiallearnl一喝in aged rats．They trained aged

animals in the Morris water maze task and

measured Cb〟r activities and uptakelevelsin

HACU site．Consequently，better performance

COrrelated with higher
Ch〟r

activities and
higber

uptakelevelsin HACU site・

Recent studies

decline of cognltlVe

broader spectrum of

Stemmelin，Lazarus，

investigatlng age related

performance focused on

neurotransmitter systems．

Kelche ＆ Cassel（2000）

investigated cholinerglC and monoaminerglC

changesin the comparison of26－mOnth－Old and3－

month－01d Long－Evance ねmale rats・Behavioral

parameter
was also evaluated uslng the Morris

water maze・Aged rats showed reduction of

Choline acetyltrans打erase－pOSitive neuronsin the

nucleus basalis of magnocellularis and striatum．

Aging also a庁ected concentrations of ACh，

noreplnephrine and serotoninin the striatum，

SerOtOninin the occlpitalcortex，dopamine and

noreplnephrinein the dorsalhippocampus，and

noreplnephrinein the ventralhippocampus．The

托duction ofcbolinerglC markerandACh concentra－

tionin the striatum，aS Wellas concentration of

SerOtOninin the striatum，SerOtOnin and norepト

nephrinein the dorsalhippocampus，nOreplneph－

rine in the 払）ntparietal cortex a王1d otber

functionalmarkers were shown to have correlation

With the water maze perbrmance．

These

levels ね1l

retardation

CholinerglC

畠ndings suggest that the良）rebrain ACh

through 喝1ng，Which may cause the

in performlng Spatia11earnlng taSks．

SyStemSin the hippocampal女）rmation

and striatum are assumed to play a criticalrolein

Spatia11earnlng SuCh as the radialarm maze

behavior and the Morris water maze behavioち SO

CholinerglC SyStemSin tbe forebrain are assumed

to play

of these

of brain

without

COgnitive

Criticalrolesin spatiallearnlng，yet mOSt

茄ndings only suggested theinvolvement

CholinerglC SyStemSin cognitive processes

SpeCifying brain

de茄cits through

tant alterations of various

in severalbrain regiOnS，

reglOn．In addition，

aglnginvolve concomト

neurochemicalsystems

SO Cioser experimental

Studies are necessary to clarify speci良c cholinerglC

如nctionsin cognitive process regarding each brain

reg10n・

5－ Func忠io門 0督ex帥ns岳c a門di門をr竜nsic

Cわ0宅iner9‡C neurOn＄

The possibility of tbe dissociable免1nCtions of

the brain cholinerglC SyStemS COuld be elucidated

by the 払nctionaldissociation ofintrinsic and

extrinsic cholinerglC neurOnS．Asわr tbe hippocam－

palsystems，the septo－hi押OCampalcholinerglC

prqjection
bas drawn maJOr attention witb regard

tolearnlng and memory 九1nCtions・Most of the

hippocampalcbolinerglC terminals originatein the

medialseptum－diagonalband complex，but some

conceivabiy may orlglnate 丘om theintrinsic

cholinergic neurons（Amaral＆Kurz，1985）based

onimmunohistocbemicalstudies．1ゐn
der Zee ＆
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Luiten（1999）hypothesized，aCCOrding to the

COmputationalmodelof‡寸asselmo（1995），that ACh

払nctions as a
modulator regulating thelevelof

intrinsically orlginating versus extrinsic originatlng

Signaltransduction（i．e．signaltransduction arising

丘omlocalcircuits versus afFerent，aSCending

pr（わectionnuclei），and switcbing
the hippocampus

and neocortex なom recall（retrieval）tolearning

（encoding）mode，reSpeCtively．

CbolinerglC neurOnS in the

neocortex both contribute
to

and could be di鮎rentiated with

Tbey suggest that

hippocampus
and

Spatiallocalization

regard tolearnlng

（encoding）and recall（retrieval）processes．The

hypotheticaldynamics are as 良）110WS：a Statein

Which newinformationis

levelof extrinsic cholinerglC

Which tbis in女）rmation is

Cal枇etrieval（high activity

Cholinergic 畠bers）．The way

StOred（high activity

五bers）and a statein

reactivated for re－

1evel of intrinsic

ACh exerts a shift

towardslearning（encoding）is byinhibiting

transmitter release fねmintrinsic，10Calムbers

tbrough activation of their presynaptlC muSCarinic

ACh receptors，and activatlng pOStSyエーaptic muscaト

inic ACb receptors on the target neurons by

Whichinput transねr 払）m eXtrinsic 茄bersis

ねcilitated．

On the other hand，there are many brain

reglOnSincluding choline瑠1Clocalcircuit neurons

SuCh as the striatum，nuCleus accumbens，01払ctory

tubercle，amygdala，hippocampus，and neocortex

（Ⅶ001f，1991）and Ⅵ1n der Zee ＆ Luiten（1999）

Claimed thatintrinsiclocalcbolinergic肋ers also

play a criticalrolein memory Kobayasbiand

Iwasaki（2000）bund that tbe striatalcholinergic

SyStem COntributes to acquisition processin

egocentriclocalization，SuggeStlng thatintrinsic

localcircuit of cholinerglC neurOnSin the striatum

also play slgn泊cant rolesin certain kinds of

COgnitive processes．

6．8閃電e『aC宅io閃0官ÅG約wi納⑳奄わer

門eM㌻0奄㌻a門＄mi電電℡㌢＄y＄電℡m＄

Thereis
also growlng eVidence suggesting

the criticalrelationship between ACh
and other

neurotransmitter systems with regard to memory

如nction（Levin ＆Rose，1992）．The septalarea

receives dopaminerglC，nOradrenerglC，SerOtOnerglC，

and cholinergic aだerents 免■Om SeVeralbrainstem

StruCtureS（Costa，Panula，Thompson ＆ Chene沸

1983；Lindvall＆Stenevi，1978；Mesulam，Mufson，

Ⅶainer＆Levey1983）and glutamate，GABA，DA，

noreplnepbrine and a few peptides have been

SuggeSted
to beinvolvedin the septalregulation

Of hippocampalcholinergic activity（Costa et al．，

1983；Dekker ＆ McGaugh，1991）．mrthermore，

Nilsson，Leanza ＆ Bj6rklund（1992）suggested

tbat especially catecholaminerglC and serotonerglC

SyStemS Subserve a criticalrolein regulating septo－

hippocampalcbolinerglC aCtivlty Notewortby sug－

gestion on cholinerglC function is done by

Kr咄evic（1993）that ACh plays a criticalrolein

theinitiation oflong－term pOtentiation（Ⅰ∫P）．He

assumes the 女）110Wlng tbree di触rent ways

througb which ACh a触ctsI∫P The 丘rstis

through the ci101inerglC SuppreSSion of K currents

that oppose cellular depolarization．The secondis

by the reduction ofinhibitory synapticlnputS；

most types of stimulation that activate excitatory

lnput also bringinto action powerfulinhibitory

SynapSeS（througb feedback or feedforward patb－

WayS）．The tbirdis a muscarinic facilitation of

糊DA－eVOked currents．Thus，bippocampalcho－

1inerglC SyStem may鮎nction under theinteraction

With other‡1e11rOtranSmitter systems，

As わr tbe striatalcholinerglC SyStem，they

areintrinsically organized（Ⅵbolf＆ButcheI；1981）

and bave drawn little attention in
terms

of

learnlng
and memory Recentl沸 howeveち ACb－

dopamineinteraction has been aわcus ofinterest．

Severalstudies have suggested theinvolvement of

the nlgrOStriatalI）A pathwayinlearnlng and

memory processes（Carr ＆ White，1984；Neill，

Boggan＆Gross‡nan，1974；Viaud＆Ⅶhite，1989；

White，1988；Ⅶhite＆Majoち1978；Zis，Fibiger＆

Philips，1974）．The striatum receives dense

dopaminerglCinnervations
via the nlgrOStriatalDA

pathⅥra訪Originatingin tbe substantia nigra（Moore

＆ 8100m，1978），StrOngly suggesting that DA

SyStemS through the pathway beinvolvedin

iearnlng and memory．Consolo，Girotti，Zambelli，

Russi，Benzi，and Bertoelli（1993）

the striatalcholinerglC aCtivlty

払cilitated by
stimulation of Dl

inhibited by direct stimulation of

酌1rthermore，Zhou，Liang ＆ Dani

reported that

is indirectly

receptors and

D2 reCeptOrS．

（2001）report
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tbat nicontinic antagonist or depletion of endoge－

nous ACh in the striatum decreased evoked

dopamine release by 90 ％，SuggeSting that

CholinerglC SyStemS Witbin the striatum play a

Criticalrolein regulating dopamine releasein the

Striatum．There are more studies stlggeSting the

interaction of ACh and dopaminein the striatum

（Suzui（i，Miura，Nisbimura ＆ Aosaki，200ユ；

払rtridge，Apparsundaram，Gerbardt，Ronesi＆

Lovingeち 2002），SuppOrting tbeidea tbat both

Choiine曙1C and dopaminerglC SyStemSin 払e

Striatum contribute to certain types oflearnlng

and memory process．

戯由c〟ざざわ邦

In the present review，Studies on the brain

CholinerglC SyStemS regarding cognitive ぬnctions

areintroduced．It should be noted here tbat the

brain cholinerglC SyStemS have been discussed

Witb regard to their rolesin the process of

attention or consciousness as wellaslearnlng and

memory Tbe series of studies bave beeユ1Carried

Out 良om pathologicaland psycbopharmacological

aspectin human．Perr沸 Ⅴね1keち Grace ＆ Perry

（1999）reviewed roles of the brain choiinergic

SyStemSin consciousness．They suggested tbat

the brain c‡101inerglC SyStemS play a criticalrolein

Selective attention，Whichis an essentialcompo－

nent of conscious awareness．Parkinson’s
diseases

include de茄citsin pedunculopontine（PPN）choliner－

glC aCtivity．Patients witb dementia with
Lewy

bodies also sbow similar REM deficits resulting

缶om PPN cholinergic bypofunction．In addition，

they experience visualhallucinations，and the

hypo如nctionis suggested
to be associated with

redtまCtions in‡ユeOCOrticai ACbィelated activity．

AIzheimer’s disease patients also sbow explicit

memory and REM disorder characterized
as

decreased REM duration and denslty and

increased REMlatenc沸Which may result from tbe

basalforebrain ACbィelated neuropathology These

studies Ⅵrere Carried out based on theidea that

the brain cholinerglC SyStemS play a criticalrole

as a neuromodulat拡 Such studiesinvestigatlng

the brain cholinergic function as a neuromodulator

are，howeveち yet tO demonstrate Ⅵ7betber tbose

deficits in selective attention or conscious

awareness cause cognitive de良cits．Still，itis

25

presumable tbat those de畠citsin consciousness

a鮎ct v拡ious cognltlVe prOCeSSeS．

As 女）r Studies on tbe brain

SyStemS regarding tbeir functions on

processes，mOStissues sti11remain

regardless of the tremendous amount

except for tbe 払ct that the brain

CholinerglC

COgnitive

uncertain

Of studies

CbolinerglC

SyStemS play some rolesin v訂ious cognitive

processes・Still，tbe brain cholinerglC SyStemS are

nolonger regarded as a slngle function carrieちbut

pl叩rOまes depending on specはc鮎nctions of each

reglOn Ofthe brain even though how ACh systems

are involved in
eacb reglOn’s 血1nCtionisin

question yet．One of the recent questionsis‡10W

they areinvolvedin cognitive processes regarding

interactions with other neurotransmitter systems．

Are they essential良）r COgnitive processes or do

they work as a neuromodulator that helps other

neurotransmitters such as NMDA，SerOtOnin，and

dopaminein a complementary manner？Allthese

questions
are stillunderinvestigation．Function of

extrinsic andintrinsic cilOline】溜ユC neurO】1S eSpe－

Cially within the septo－hippocampalpathⅥ7aylS One

Of the recentissues ofinterest．Itis presumable

that pr由ections
between pluralbrain reg王0王1S SuCb

as the
septo止ippocampalprojection play

a critical

rolein encoding processin memory and such

Studies uponinteractions amongvarious neurotrans－

mitter systems bave been accumulated promptly

At tbe same time，it bas been demonstrated that

localcbolinerglCinterneurons such as tbe striatal

CbolinerglC neurOnS play a criticalrolein certain

learnlng Situations，SOitis necessary that the

brain cbolinerglC SyStemS beinvestlgated adoptlng

Various experimentaltechniques to clarify eacb

brain regユOn’s cboline瑠ic function．
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