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   Brain metabotropic glutamate receptors (mGluRs) have been
implicatedintheexpressionofsensitizationbyamphetamine(AMPH).It
was previously shown that repeated exposure to AMPH develops
cross-sensitization to the microinjection into the nucleus accumbens
(NAcc) of the broad spectrum mGluR antagonist (RS)-MCPG,
suggesting thatmGluR mediated glutamateneurotransmission in this
site is altered by AMPH pre-exposure.The presentstudy further
examined the contribution of mGluRs to AMPH-induced locomotor
sensitization by measuring their expression levels in various brain
regionsand thecontribution ofgroup Ⅱ mGluRstoAMPH-induced
locomotorsensitizationbothbysystemicinjectionandbyblockingthese
receptors directly in the NAcc.First,rats in differentgroups were
administeredfiveinjectionsofsalineorAMPH (1.5mg/kg,i.p.),one
injectioneverythreetofourdays.Twoweeksafterthelastinjection,
rats locomotor activity was assessed for 2h following a systemic
injectionofeithersalineorLY341495,agroupⅡ mGluR antagonist.



Whensystemicallyinjected,AMPH comparedtosalinepre-exposedrats
showed an enhanced hyper-locomotor activity to LY341495 in a
dose-dependentmanner.Secondly,weexaminedtheexpressionlevelsof
mGluRs by using immunoblotting method.Interestingly,in both the
NAcc and the striatum,expression levelofgroup II(mGluR 2/3)
mGluRsareincreasedinAMPH comparedtosalinepre-exposedrats.
Furthermore,in thestriatum ,expression levelsofgroup Ι mGluRs
(mGluR1and5)areincreasedinAMPH comparedtosalinepre-exposed
rats.However,intheVTA,expressionlevelofallsubtypesofmGluRs
havenotbeenchanged.LastlymicroinjectionofLY341495intotheNAcc
weremadeafterAMPH sensitizationdevelopmentdescribedasabove.It
increaseslocomotoractivity equally inAMPH andsalinepre-exposed
rats.Interestingly,itwaspreviouslyshownbyothersthatmicroinjection
ofarelativelyhighdoseofLY341495(10㎍/0.5㎕/side)intotheNAcc
producedasignificantlydifferentlocomotoractivityinAMPH compared
saline pre-exposed rats.These results suggestthatrepeated AMPH
altersglutamatergicneurotransmissionmediatedbygroupIImGluRsin
theNAcc,butanimalsrequirerelativelyhighamountofantagonistin
theNAcctoproducehyper-locomotioneffect.
Inconclusion,thepresentstudyindicatesthatgroupIImGluRlevels

intheNAccdifferentiallyexpressedwhenAMPH sensitizationdeveloped
andthischangemaycontributetohyper-locomotoractivityproducedby
anantagonisttothesereceptors.Alltogether,theseresultssuggestthat
groupIImGluRsmayposittoplayanimportantroleintheNAccto
regulatetheexpressionofAMPH-inducedbehavioralsensitization.
Key words : metabotropic glutamate receptor(mGluR), nucleus
accumbens(NAcc), amphetamine, ventral tegmental area(VTA),
behavioralsensitization
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III...IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

Repeatedintermittentexposuretopsychomotorstimulantdrugssuch
as amphetamine (AMPH) and cocaine leads to a long lasting
enhancementin locomotorresponding to these drugs,a phenomenon
knownaslocomotorsensitization1.Exposuretosensitizingregimensof
psychomotorstimulantdrugshasalsobeensuggestedtoenhancethe
rewarding or incentive motivationalproperties of these drugs2 as
evidenced by facilitation oftheirsubsequentself-administration3-5 and
enhanced preferences forplaces associated with these drugs6-7.The
nucleusaccumbens(NAcc)isknowntobeanimportantsiteforthe
expressionoflocomotorsensitizationbyAMPH8-9.Itreceivesextensive
dopaminergic innervation from the ventral mesencephalon10 and



glutamatergicprojectionsdirectlyfrom theprefrontalcortex(PFC)and
limbicstructuressuchasthehippocampalformationandamygdala11-12.
These projections are known to contribute to the expression of
locomotorsensitization.
Metabotropicglutamatereceptors(mGluRs)arewidelyexpressedin

ratbrain,especiallyintheNAcc13-16.ThemGluRsconstituteadiverse
group and differin severalcharacteristicsfrom a majority ofother
knownG protein-coupledreceptors.Untilnow 8subtypesofmGluRs
have been cloned and numbered successively beginning from those
discovered the earliest(mGluR1–mGluR8).Furtherstudies based on
intracellular effects of stimulation of these receptors, on their
pharmacologicalprofileandtheirmutualaminoacidsequencehomology,
allowed forassignmentofindividualmGluR subtypesto threemain
groups17-18.Group Ι includes mGluR1 and mGluR5,group Ⅱ dose
mGluR2andmGluR3,andgroupⅢ dosemGluR4,mGluR6,mGluR7and
mGluR8.
The role of mGluRs in psychostimulant-induced behavioral

sensitization has also been studied.While repeated co-infusion with
AMPH intotheVTA ofthebroadspectrum mGluR antagonist,(RS)-α

-methyl-4-carboxyphenylglycine [(RS)-MCPG], has been shown to
preventthe developmentoflocomotorsensitization by AMPH19,this
antagonistalsoelicitsagreaterlocomotorresponseinAMPH compared
to saline pre-exposed rats when administered intracranially into the
NAcc2weeksafterthelastdrugpre-exposureinjection20.Ithasbeen
suggestedthatthislatterfindingmayreflectacontributionbyGroupⅡ
mGluRsintheNAcctotheexpressionofsensitizationbypsychomotor
stimulantdrugs21.Consistentwiththisview,itwasrecently reported
thattheGroupⅡ mGluR-selectiveantagonistLY341495alsoelicitsa



greaterlocomotorresponseinAMPH comparedtosalinepre-exposed
rats22.Itremains to be directly determined,however,whether the
expressionoflocomotorsensitizationbydrugslikeAMPH ismediated
byNAccgroupIImGluRs.Thereforethepresentstudyexaminedthe
contribution of group Ⅱ mGluRs to AMPH-induced locomotor
sensitizationbyblockingthesereceptorsbothsystemicallyanddirectly
intheNAccandmeasuringtheirexpressionlevelsinthissite.



IIIIII...MMMAAATTTEEERRRIIIAAALLLSSSAAANNNDDDMMMEEETTTHHHOOODDDSSS

111...SSSuuubbbjjjeeeccctttsssaaannndddsssuuurrrgggeeerrryyy
Male Sprague-Dawley rats weighing 250-275 g on arrivalfrom

Samtakowereused.Theywerehousedindividuallyina12hlight/12h
darkcycleroom,withfoodandwateravailableatalltimes.A week
after arrival,rats were anesthetized with ketamine (10 ㎎/㎏ i.p.)
followedbyxylazine(6㎎/㎏ i.p.)andplacedinastereotaxicinstrument
with the incisor bar positioned 5.0 ㎜ above the interauralline
(Pellegrinoetal.,1979).Theywerethenimplantedwithchronicbilateral
guidecannulae(22gauge,PlasticsOne,Roanoke,VA)aimed atthe
NAcc (A/P,+ 3.4;L,± 1.5;D/V,–7.5 from bregma and skull).
Cannulaewereangledat10°totheverticalandpositioned1㎜ above
thefinalinjectionsite.Allcannulaeweresecuredwithdentalacrylic
cementanchored to stainless steelscrews fixed to the skull.After
surgery,28gaugeobturatorswereplacedintheguidecannulaeandrats
werereturnedtotheirhomecagesfora7-10daysrecoveryperiod.

222...DDDrrruuugggsss
   D-Amphetaminesulfate(U.S.P.,USA)wasdissolvedinsterile0.9%
saline.LY341495(ElyLillyResearchLaboratories,Indianapolis,IN,USA)
wasdissolvedin 1.2equivalentofNaOH solution andsmallaliquots
werestored at-70℃.Immediately beforeuse,frozen aliquotsofthe
drugsweredilutedinsterile0.9% saline.

333...IIInnnrrraaacccrrraaannniiiaaalllmmmiiicccrrroooiiinnnjjjeeeccctttiiiooonnnsss
BilateralintracranialmicroinjectionsintotheNAccweremadeinthe



freely moving rat.Injection cannulae (28 gauge)connected to 1 ㎕
syringes(Hamilton,USA)viaPE-20tubingwereinsertedtoadepth1
㎜ below theguidecannulatips.Injectionsweremadeinavolumeof
0.5㎕/sideduring30s.After60stheinjectioncannulaewerewithdrawn,
theobturatorsreplacedandtestingbegunimmediatelybyplacingratsin
theactivityboxes.

444...LLLooocccooommmoootttooorrraaaccctttiiivvviiitttyyy
A bank of12 activity boxes were used to measure locomotor

activity.Eachbox(36×40×26㎝)wasconstructedofopaqueplastic
wallsandatubularstainless-steelfloor.Twophotocells,positioned3.5
㎝ abovethefloorandspacedevenlyalongthelongitudinalaxisofeach
box, estimated horizontal locomotion. Two additional photocells,
positionedonthesidewalls13.5㎝ abovethefloorestimatedrearing.
Separateinterruptionsofphotocellbeamsweredetectedandrecordedvia
anelectricalinterfacebyacomputersituatedinanadjacentroom.

555...IIImmmmmmuuunnnooobbblllooottttttiiinnnggg
Twoweeksafterthelastpre-exposureinjectionofsalineorAMPH,

rats were decapitated,and the brains were rapidly removed and
dissectedintocoronalsectionsonice.Thebrainregionsweredissected
onanice-cooledPlexiglasplate,includingtheventraltegmentalarea,
striatum,andnucleusaccumbens.Braintissueswereimmediatelyfrozen
on dry iceand stored at–70 ℃.They werehomogenized with a
hand-heldtissuegrinderinhomogenizationmedium (0.32M sucrose,2
mM EDTA,1% SDS),subjectedtolow-speedcentrifugation(2000g,to
removeinsolublematerial),andstoredat–20℃.Proteinconcentrations
weredeterminedbytheFolin–Lowryassay23.Samples(5-20mg)of



proteinweresubjectedtosodium dodecylsulfate–polyacrylamidegel(6
–8 %) electrophoresis, transferred to nitrocellulose membranes
electrophoretically,and probed for mGluR subtype levels. Primary
antibodies(UpstateBiotechnology,LakePlacid,NY,USA)againsteach
mGluRsubtypes(mGluR1,mGluR2/3,mGluR4andmGluR5)werediluted
1:1000,1:1300,1:1000,and1:5000,respectively.Labeledproteins
weredetectedusingahorseradishperoxidase-conjugatedanti-rabbitIgG
secondaryantibodydiluted1:5000(Sigma).Theywerevisualizedwith
enhanced chemiluminescence(Amersham Biosciences,Piscataway,NJ).
BandswerevisualizedusingFujifilm imagegaugeandquantifiedbased
ondensitometricvaluesusingFujifilm ScienceLab99L-Processv1.96
software24,andallbandswereexpressedaspercentageofthesaline
controlvalues,afternormalizationwith β-actin.

666...DDDeeesssiiigggnnnaaannndddppprrroooccceeeddduuurrreee
Theexperimentsconsistedofapre-exposurephaseandatestphase

forsensitization.Forpre-exposure,ratswereadministeredeithersaline
orAMPH (1.5㎎/㎏,i.p.)on fiveoccasions,oneinjection every 2-3
days.ThisregimenofAMPH injectionsisknowntoproduceenduring
sensitizationofthelocomotorresponsetoAMPH (RobinsonandBecker,
1986;VezinaandStewart,1989).Immediatelyafterthefirstandfifth
injections,ratswereplacedintheactivity boxesandtheirlocomotor
activity was measured for 2 h.During other injections,locomotor
activitywasnotmeasuredandanimalsfollowingtheseinjectionswere
returned to theirhomecages.Testforsensitization wasmadetwo
weeksafterthelastexposureinjection.Ratswerefirsthabituatedtothe
activity boxesfor1handtheninjectedAMPH (1.5㎎/㎏,i.p.)and
immediatelytheirlocomotoractivityweremeasuredforanadditional2h.



777...HHHiiissstttooolllooogggyyy
Aftercompletion ofthe experiments,rats were anesthetized and

perfusedviaintracardiacinfusionofsalineand10% formalin.Brainswere
removedandpostfixedin10% formalin.Coronalsections(40㎛)were
subsequentlystainedwithcresylvioletforverificationofcannulaetip
placements.

888...DDDaaatttaaaaaannnaaalllyyysssiiisss
Immunoblottingdatawereanalyzedwithpairedstudentt-test.Total

locomotoractivity scores (means ± s.e.m.)were analyzed by using
two-way ANOVA withinjectionsandgroupsasfactorsofvariation.
Post-hoctestswereperformedbyusingStudent-Newman-Keuls.



IIIIIIIII...RRReeesssuuullltttsss

111...RRReeepppeeeaaattteeeddd AAAMMMPPPHHH ppprrroooddduuuccceeesss cccrrrooossssss---ssseeennnsssiiitttiiizzzaaatttiiiooonnn tttooo aaa gggrrrooouuuppp ⅡⅡⅡ
mmmGGGllluuuRRRaaannntttaaagggooonnniiissstttLLLYYY333444111444999555iiinnnaaadddooossseee---dddeeepppeeennndddeeennntttmmmaaannnnnneeerrr...

Figure 1 shows locomotor activity counts obtained in rats
pre-exposed 2 weeks earlier to AMPH or saline and tested after
systemicinjectionoftheselectivegroupⅡ mGluRantagonistLY341495.
Whensystemicallyinjected,LY341495producedasignificantincreaseof
locomotioninadose-dependentmanner.TheANOVA conductedonthe
locomotor counts obtained in the firsthour post-injection revealed
significant effects of injection [F(1,51)=35.08, p<0.001], group
[F(2,51)=40.52,p<0.001],and injection x group [F(2,51)=5.60,p<0.01].
Post-hoc test revealed that LY341495 dose-dependently produced
significantlyenhancedincreaseoflocomotioninbothsalineandAMPH
pre-exposed rats(p < 0.001).However,theseeffectswereproduced
significantly greaterin AMPH than saline pre-exposed rats attwo
doses of LY341495 (1 and 3 ㎎/㎏;p < 0.001 and p = 0.001,
respectively).



FFFiiiggguuurrreee111...TheselectivegroupIImGluRantagonistLY341495producesenhanced
increaseoflocomotionwhensystemicallyadministeredtoAMPH comparedto
salinepre-exposedrats.(A)Pre-andpost-injectiontimecourseforlocomotor
activityindifferentgroupsisshownasmeans(+SEM).Ratswereinjectedat
time0.(B)Dataareshownasgroupmeans(+SEM)ofthefirsthourtotal
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222...RRReeepppeeeaaattteeedddAAAMMMPPPHHH aaalllttteeerrrsssttthhheeeeeexxxppprrreeessssssiiiooonnnllleeevvveeelllsssooofffmmmGGGllluuuRRRsssiiinnnttthhheee
NNNAAAccccccaaannndddttthhheeessstttrrriiiaaatttuuummm bbbuuutttnnnoootttiiinnnttthhheeeVVVTTTAAA...

WeexaminedthecontributionofgroupⅡ mGluRstoAMPH-induced
locomotor sensitization by measuring their expression levels in the
nucleusaccumbens(NAcc),striatum andventraltegmentalarea(VTA).
Ratsindifferentgroupswereadministeredfiveinjectionsofsalineor
AMPH (1.5㎎/㎏,i.p),oneinjection every two tothreedays.Two
weeksafter,ratsweredecapitatedandNAcc,striatum andVTA were
punchedoutandfrozen.ProteinswereisolatedandWesternblotswere
performedwithantibodiesfordifferentsubtypesofmGluRs(groupI,II,
III).IntheNAcc,expressionlevelsofgroupIImGluRsaresignificantly
increasedinAMPH comparedtosalinepre-exposedrats(Fig.2).Inthe
striatum,furthermore,chronic AMPH administrationproducesachange
intheexpressionlevelsofgroupⅠandⅡ mGluRs(Fig.3)but,inthe
VTA,anotherimportantregion foraddiction,expression levelforall
subtypesofmGluRshavenotbeenchanged(Fig.4).



FFFiiiggguuurrreee 222... Repeated AMPH produces a change in the expression levels of 

mGluR2/3 in the nucleus accumbens. Immunoblot(A) and quantitative 

densitometric measurements of  mGluR levels(B) in the NAcc of rats 

decapitated 2 weeks after AMPH or sal pre-exposure. The numbers in each 

bar graph is the number of determination in each group. *, p<0.05, compared 

the saline to AMPH groups using Student's t-test
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FFFiiiggguuurrreee333...RepeatedAMPH producesachangeintheexpressionlevelofgroup
ⅠandⅡmGluRsinthestriatum.Immunoblot(A)andquantitativedensitometric
measurementsof mGluRlevels(B)inthestriatum ofratsdecapitated2weeks
afterAMPH orsalpre-exposure.*,p<0.05,***,p < 0.001,compared the 

saline to AMPH groups using  Student's t-test
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FFFiiiggguuurrreee444...RepeatedAMPH didnotalterintheexpressionlevelofallsubtypes
of mGluRs in the VTA. Immunoblot(A) and quantitative densitometric
measurementsof mGluR levels(B)intheVTA ofratsdecapitated2weeks
afterAMPH orsalpre-exposure.
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333...LLLYYY333444111444999555iiinnncccrrreeeaaassseeessslllooocccooommmoootttooorrraaaccctttiiivvviiitttyyy eeeqqquuuaaallllllyyy iiinnn AAAMMMPPPHHH aaannnddd
sssaaallliiinnneeeppprrreee---eeexxxpppooossseeedddrrraaatttsss...

When challenged with LY341495 (0.1,0.5,2.5㎍/0.5㎕/side)in the
NAcc2weeksfollowing thelastdrug pre-exposureinjection,itwas
foundthatthisselectivegroupⅡ mGluRantagonistproducedincreased
locomotion(Fig.5).However,nosignificantdifferencebetweensaline
andAMPH pre-exposedratswasobservedinarangeofdoseweused.
NoneoftheANOVA conductedonthepresentlocomotordatarevealed
atanytimeasignificantdifferencebetweengroups,indicatingthatprior
exposuretoAMPH didnotaffectthesubsequentlocomotorresponsesto
NAccLY341495inthisdoseranges.



FFFiiiggguuurrreee555...TheselectivegroupIImGluRantagonistLY341495producesincreased
locomotionwheninjectedintotheNAccofAMPH pre-exposedrats.(A)Pre-
and postinjection time course forlocomotoractivity in differentgroups is
shownasmeans(+SEM).Ratswereinjectedattime0.(B)Dataareshown
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asgroupmeans(+SEM)ofthefirsthourtotalactivitycounts.Noneofthe
ANOVA conductedonthesedataatanytimedetectedsignificantdifferences
betweengroups.

444...HHHiiissstttooolllooogggyyy

Ofthetotalof44ratstested,onlyratwithinjectioncannulatips
locatedbilaterallyintheNAccwereincludedinthedataanalyses.No
neuronaldamage was observed other than the mechanicaldamage
producedbytheinsertionofthecannulas.



IIIVVV...DDDiiissscccuuussssssiiiooonnn

The present results demonstrate that repeated AMPH produces
cross-sensitization to a group IImGluR antagonistLY341495 in a
dose-dependent manner.Furthermore,repeated exposure to AMPH
produced marked alterations in the expression level of mGluRs.
Together,theseresultsfurthersupportthenotionthatrepeatedAMPH
mayalterglutamatergicneurotransmissionmediatedbygroupIImGluRs
intheNAcc.

111...CCChhhaaannngggeeeoooffflllooocccooommmoootttooorrraaaccctttiiivvviiitttyyybbbyyybbbllloooccckkkaaadddeeeooofffgggrrrooouuupppIIIIIImmmGGGllluuuRRR,,,
LLLYYY333444111444999555,,, iiinnnttthhheeeAAAMMMPPPHHH---ppprrreee---eeexxxpppooossseeedddrrraaatttsss...

Ithas already been shown that(RS)-MCPG has no effecton
locomotoractivitywhenitisinjectedaloneintotheNAccofdrug-naive
rats20,25.Interestingly,however,injectionof(RS)-MCPG intotheNAcc
producedincreasedlocomotoractivity in AMPH-pre-exposedrats20.It
wassuggestedthatthisfindingmayreflectaroleforgroupIImGluR
autoreceptors21.Supportingthis,itwasrecentlyreportedthatgroupII
mGluR-selective antagonistLY341495 dose-dependently increased the
locomotor activity withoutany pre-exposure26 and italso elicits a
greaterlocomotorresponseinAMPH comparedtosalinepre-exposed
rats22.Thepresentstudy confirmed and extended these findings by
using twodosesofLY341495(1or3㎎/㎏,i.p.).Whensystemically
injected,LY341495producedasignificantincreaseoflocomotion in a
dose-dependentmanner.Moreimportantly,systemicLY341495produced
agreaterhyper-locomotioninAMPH comparedtosalinepre-exposed
rats.ThesefindingssuggestthatgroupIImGluRplayanimportantrole



intheexpressionofAMPH-inducedsensitization.

222...RRReeepppeeeaaattteeedddAAAMMMPPPHHH aaalllttteeerrrsssttthhheeeeeexxxppprrreeessssssiiiooonnnllleeevvveeelllsssooofffmmmGGGllluuuRRRsssiiinnnttthhheee
NNNAAAccccccaaannndddttthhheeessstttrrriiiaaatttuuummm bbbuuutttnnnoootttiiinnnttthhheeeVVVTTTAAA...

Figure 1. shows that repeated exposure to AMPH develops
cross-sensitization to the systemic injection ofthe group IImGluR
antagonist LY341495, suggesting that group II mGluR mediated
glutamate neurotransmission is altered by AMPH pre-exposure.The
presentstudyfurtherexaminedthecontributionofgroupIImGluRsto
AMPH-induced locomotorsensitization by measuring theirexpression
levelsintheNAcc,striatum andVTA.Itwasreportedthatallsubtypes
ofmGluRs are expressed in these brain areas in rat13-16.Previous
studies have shown that repeated AMPH reduced mGluR5 mRNA
expressionlevelinstriatum andNAcc27.Andchroniccocaineproduced
anenduringreductioninmGluR2/3functionintheNAcc28.Unlikewith
previousstudies,thepresentimmunoblottingstudyfoundthatrepeated
AMPH producedincreaseintheexpressionlevelsofgroupIImGluR
(mGluR2/3)intheNAcc,group Ι (mGluR1and5)and groupIImGluR
inthestriatum,whileanymGluRsubtypesdidnotsignificantlychange
intheVTA inAMPH pre-exposedrat.Thediscrepanciesamongthese
studiesmayresultfrom suchexperimentaldifferencesasdoses,routeof
administration,treatmentschedule,length ofwithdrawal,brain area
examined.However,thepresentdataareconsistentwithsomeofthe
previouslyobservedchangesinextracellularglutamatelevelsassociated
with repeated cocaine administration. For example, the repeated
administrationofcocainehasbeenshownthatbasalpre-injectionlevels
ofextracellularglutamatein theNAcchavereduced29-30.Also,while



AMPH acutelyincreasedglutamateoverflow intheNAcc31-32,thiseffect
was sensitized in rats pre-exposed to AMPH two weeks earlier33.
Therefore,asin thepresentstudy,theup-regulation ofmGluR 2/3
receptorsintheNAccandstriatum mayreflectthechangesresulted
from thecompensatoryresponsesafterchronicAMPH pre-exposure.

333...LLLYYY333444111444999555iiinnncccrrreeeaaassseeessslllooocccooommmoootttooorrraaaccctttiiivvviiitttyyyeeeqqquuuaaallllllyyyiiinnnAAAMMMPPPHHH aaannnddd
sssaaallliiinnneeeppprrreee---eeexxxpppooossseeedddrrraaatttsss...

Figure1.showsthatAMPH compared to salinepre-exposed rat
showedanenhancehyper-locomotoractivitytoLY341495(1or3㎎/㎏,
i.p.)inadose-dependentmanner.Thepresentstudyfurtherexamined
the contribution of group II mGluRs to AMPH-induced locomotor
sensitizationbyblockingthesereceptorsdirectlyintheNAcc.Consistent
withpreviousdatafrom systemicchallenge,LY341495(0.1,0.5,2.5㎍
/0.5㎕/side)increasedlocomotoractivitywheninjectedintotheNAccin
adose-dependentmanner,however,no significantdifferencebetween
salineandAMPH pre-exposedratswasobservedinarangeofdoses
weused.Interestingly,itwaspreviouslyshownthatNAccLY341495
producedasignificantlydifferentlocomotoractivityinAMPH compared
tosalinepre-exposedratswhengivenatamuchhigherdose(10㎍/0.5
㎕/side)34.Together,thesefindingssuggestthatrepeatedAMPH alters
glutamatergicneurotransmission mediatedby groupIImGluRsin the
NAcc,butthey requirerelatively high amountofantagonistin the
NAcctoproducehyper-locomotioneffect.



VVV...CCCooonnncccllluuusssiiiooonnn

We investigated the role ofthe NAcc group IImGluRs in the
expressionofAMPH-inducedbehavioralsensitizationbymeasuringthe
locomotoractivity aftersystemicormicroinjection into theNAccof
group IImGluR antagonist LY341495andtheirexpressionlevelsin
theAMPH sensitizedratbrain.Theresultsobtainedaresummarizedas
follows.

1.RepeatedAMPH producescross-sensitizationtoagroup IImGluR
antagonist LY341495inadose-dependentmanner.

2.IntheNAcc,expressionlevelsofgroupII(mGluR2/3)mGluR are
increasedinAMPHcomparedtosalinepre-exposedrats.

3.Inthestriatum,expressionlevelsofgroup Ι (mGluR1and5)andII
(mGluR2/3)subtypesofthmGluR areincreasedinAMPH comparedto
salinepre-exposedrats.

4.IntheVTA,expressionlevelofallsubtypesofmGluRshavenot
beenchanged.

5.LY341495increaseslocomotoractivityequallyinAMPH andsaline
pre-exposedrats.

ThesefindingsindicatethatrepeatedAMPH produceshyper-locomotion
toagroup IImGluRantagonist LY341495,andthisbehavioralchange
may resultfrom thealteredglutamatergicneurotransmission mediated
bygroupIImGluRsintheNAcc.
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AAAbbbssstttrrraaacccttt(((iiinnnKKKooorrreeeaaannn)))

암암암페페페타타타민민민에에에 의의의한한한 행행행동동동과과과민민민반반반응응응 형형형성성성 시시시 유유유도도도되되되는는는 대대대뇌뇌뇌 GGGrrrooouuupppⅡⅡⅡ
mmmGGGllluuuRRR의의의 발발발현현현의의의 차차차이이이와와와 그그그에에에 따따따른른른 행행행동동동의의의 변변변화화화

<지도교수 김 정 훈>

연세대학교 대학원 의과학과

장 주 경

중독을 일으키는 여러 가지 약물 가운데에는 정신흥분제가 있는데,이런
약물(e.g.AMPH,cocaine)에 반복적 그리고 간헐적으로 노출 되었을 때 그
약물에 대한 특이한 행동 반응이 증가되는 행동과민반응(behavioral
sensitization)이 나타날 수 있고,이는 약물 중독의 모델로 사용한다.이런
약물 중독은 뇌의 보상 체계의 질병으로 여겨지는데 특히 측좌핵(NAcc)의
glutamatergicneurotransmission이 도파민과 함께 정신흥분제에 대한 행동
과민반응의 발달(development)과 발현(expression)에 매우 중요한 역할을
한다고 알려져 있다.그러므로 본 연구에서는 약물 중독에서 중요하게 여겨
지는 mGluR의 기능에 대하여 알아보고자 하였다.이전 연구에서 broad
spectrum mGluRantagonist인 MCPG를 측좌핵 내에 acute하게 주입 하였
을 때는 행동의 변화가 없지만,복측피개(VTA)에 AMPH과 함께 반복적으
로 주입하였을 때 AMPH에 의한 locomotorsensitization의 발달을 막았으
며,AMPH를 미리 처리한 후 2주 뒤에 측좌핵 내로 MCPG를 직접 주입하
였을 때 locomotorresponse가 크게 증가함을 관찰하였다 .이는 뇌에서의
mGluR에 의해 매개되는 신경전달이 AMPH에 의해 어떤 변화가 일어났을
가능성을 보여준다.따라서 이번 연구에서는 1)백서에게 AMPH을 반복적
간헐적으로 복강으로 전 처리한 뒤 약물 없는 기간(withdrawalperiod)을
거치고 나서,groupⅡ mGluR-selectiveantagonist인 LY341495를(3mg/kg)
복강에 주입하였을 때 어떤 행동의 변화가 나타나는지,2)그리고 중독에



있어 중요한 뇌의 부분인 측좌핵에 직접 LY341495를(0.1,0.5,2.5㎍/0.5㎕
/side)주입하였을 때는 같은 반응이 일어나는지 알아보고,마지막으로 3)
이런 약물 중독에 의해 뇌에서 일어나는 mGluR에 의한 신경전달의 변화를
알아보기 위해 saline에 대해서 AMPH 전 처리 그룹의 측좌핵(NAcc),선조
체(striatum), 복측피개(VTA)에서 달라진 mGluR의 양적 변화를
immunoblotting방법을 통하여 체계적으로 조사하였다.
이상의 실험 과정을 통하여 AMPH을 전 처리한 집단에서 saline전 처

리한 집단에 비하여 LY341495에 대하여 농도에 따라 행동반응이 현저하게
증가하였다.이러한 결과는 AMPH 전 처리에 의해서 mGluR에 의해 매개
되는 glutamate의 신경전달에 변화가 생겼을 것을 시사한다.다음으로 중독
에 주요한 부위인 측좌핵,선조체,복측피개에서의 mGluR의 발현 정도는
측좌핵에서는 groupⅡ mGluR이 선조체에서는 groupⅠ과 Ⅱ mGluR의
발현이 각각 AMPH을 전 처리한 그룹에서 증가하였고,복측피개에서는
mGluR의 발현의 변화는 관찰되지 않았다.마지막으로 이러한 효과가 약물
보상 체계의 주요한 부위인 측좌핵에 의하여 직접 매개되는지 알아보기 위
하여 AMPH을 전 처리한 뒤 LY341495로 측좌핵 내로 직접 microinjection
하였을 때 농도에 따라 행동 반응이 증가하였으나 AMPH 과 saline집단간
의 차이는 보이지 않았다.그러나 흥미롭게도 상대적으로 매우 높은 농도로
주었을 때 행동반응이 증가된다는 보고가 있어 측좌핵 내의 group Ⅱ
mGluR의 양적 변화가 이들 수용체의 antagonist에 의해 나타나는 행동 변
화에 관련이 있음을 시사한다.이상의 결과를 통하여 반복적인 AMPH은
측좌핵에서 groupⅡ mGluR을 통한 glutamatergicneurontransmission을
바꾸는 것을 보여준다.

핵심 되는 말 :Metabotropicglutamatereceptor(mGluR),측좌핵,복
측피개,암페타민,행동과민반응
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