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ABSTRI\CT 

! r,(: pre~ent study Investlgated the neural mechanlsms by whlch 

envlronmental stimuli gUide candltlOned behavlors m the amphetamme 

rondltion('d plac.e preference ((PP) paradlgm. Systemlcally InJected Dl and 

D2 dopamine antagonlsts blocked both acquIsition and expression of the (PP 

t he ~ell'(t1V(' DI antagonlst more effectlvely blocked expression than the 02 

dntagonlsts. The Site of action of the antagonlsts on expression was the 

nllcleu<; accumbens. SystemlCally injected reserpme, but nat Intra-accumbens 

a -MPT mlcrolnJectlons. also blocked the expressIOn of the amphetamme (PP. 

Pre-condltlonmg and post-condltlonm9 electrolytlc or eXCltotoxic leslOns of 

the lateral amygdalOld nucleus Impaired the (PP. It was concluded that the 

effeCl of condltlOned incentlve stimuli IS medlated by a neural system which 

Iflvolves the reserpine-sensitive dopamine pool and the Dl dopamine receptor 

Itl the nucleus accumbens and the lateral amygdalold nucleus. 
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R[SUM[ 

Dans la présente these, les rnecarll~nl{'<' ll{,llrolo~JlqLH'" ,1 tr<\\·t'r<, 

lesquels les stmmll environ nernentaux ~IUldrnt Il'.., (Olllpor teillent <, 

conditIOnnés ont été étudiés dans un paradlgmr où la prcfelr\Hl' pOlir lin 

endrOit partlCull(~r est conditionnée par l'amphetdl1ll'~r (,1Il1plll't.llllllH' 

condltloned place preference ((PP) paradlgrn). L'IIlJl'ctlon ,>y..,tl'llllque d('<, 

antagonistes DI et 02 de la dopamme a bloqué l'a(qlJl~llton <'t l'('xpr<'~<'lOn 

de la (PP. De plu.;, l'antagoniste spéCIfique Dia bloquc 1'{'XrH {''>'>Ion phi'" 

efficacement que l'antagoniste 02. Le site d'aGlon dr~ dntd~J()nl,>tl',> "llr 

l'expression du (PP est situé au nrveau du noyau dCfUmlwl1<,. l '1Ilj('( tlOIl 

systémique de reserptne, mais non les mlrrOIf1Jecllon<; IIltrd d( (ullllw!l<' .1 

-MP1, a bloqué l'expression du CPP de l'amphetdmllH'. Il''> Ip'>IOI1'> 

électrolytiques ou excltotoxlques du noyau latéral dl' l'<lInyqddl,\, ,)Olt dVdllt 

ou après le concltuonnement, ont inhibé le CI'P. On peUl ulIHlur<' que 1(' 

système neurologique à l'onglne l'effect des stimuli II1ccnuh (OIHJllIO!1lW'> 

Implique le compartement dopamine senslblr cl Id r<,,>('rplIlP pt h' 1('( ('rt<'lIl 

dopammerglque DI dans le noyau accumbrllc, et ddn,> Il' nOydll Idt<'I,,1 dt' 

l'amygdala. 
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PRflN 1 

The presence of lJ)ccntlve stul1ull dyndrlll( .tlly OHldlll/t' ,1Il1Illdl" 

behavlor. Incentlve stlrllull not only rllclt dpp/o.lrh bllt dl"ll IIldlll t' 

hyperactlvlty and establtsh new H'<;pO/l<;e<., WtWI1 l'IlVIIOnllH'nt,1I <,{1I111l11 .11 t' 

assoClated wlth IrlCentlves, thev drqulH\ ltH'Se P/OpCrlIP'" 01 lIl<t'/lII\.l' ..,111111111 

(Incentlve learl1lng). l hC're 1<, an dmple' body (lf l'vldl'/lt (' t h.lI 1 Ill' 

neurotransmltter dopamme 15 Involved ln 1r1({~nl1VP Il'dl nmq Ill\' ("p,1( Il Y (lI 

natural Incentlve stimuli to e<;tabllsh IIlCentlVl' Il'drllinq 1<., Plllllllldl{'d hy 

dopamine antagomsts (Benrnger and Phdlrps, 19HO, ~pyrdkl. Ilhlql'r ,lIHI 

Ph""ps, 1982c). and direct phdrmacologlCal clctiVeHlO/l of dOPdI1WH' ,>y<.,t('Ill<" 

estabhshes Incentlve learmng (B<,nll1ger cHle! Hahn. 1 t)H L ()'\VI" ,Hld ')1ll11 h. 

1975. Relcher and Holman, 1977. ~herman. Robel 1 .... Ro"k,Hll .IIHI Ilolllll" •. 

1980. Spyrakl. Flblger and Phllltps. 1982a). How{'Vl'r. litt Il' 1<., known "hollt II\(' 

neural bases of the expressIOn of condltloned Irl(PI1t1w Iwhdvlor. will( Il 1\ 

medlated by the effeets of condilioned II1CCn'!'.l· '>lIfTIull Ill<' PIl'''l'!)1 

investigation IS an attempt to ellHldate thr npurodndtornH ,,1 .\nd 

neurochemlcal mechanlsms of condilloncd 111 ( prlt!vp Iwllclvlor ln t hl' 

amphetamme condltloned place preference (CPP) rMddlqrn. 

The f.rst set of experlmen~s rxamlrH'd IIH' roll''' of dop,lIllllH' pdlhw.lV'. 

and dopamIne receptor~ ln tlH' cdl!-idte/rutdrnprl d/HI nu(h'lI" dC( 1I1ll1)('1l', 11\ 

the amphetamlne CPP. Il was c;hown thdt "y<,tpmH II)JPC 11()1l" of (/Opcllllll\(' 

antagonlsts wlth 11Iglwr afflnlty for D2 than (li r(·(·rICH'. 1,1I1('d ln hlo(~ 

expression of the amphete1nllnl' (PP clt do<,(',> wlllC Il bloc kp<! ,H qUI'oI1 J(l/l, 

whereas systemlc IrlJCctIOIl':> of d ,>('I('Cllve DI dOrdrlll1H' c1nldtjolll<.t bloc h'd 

both acquIsitIOn and c:..rrrc,"lon l'qudlly. flH' <'111' of .If lion of dCJ!l.lIllI!1(' 

antagonlsts on exprp'>Slon wa,> round 10 1)(' ItH' IllHI('U', ,1((llrtllH'II', dlHI nol 



... ~ .. --------------------,----------------------------------------------------------------~ 

the (dlHJdtl'/J1utilmpn. C ontrol ('xp(lmll('nt~ rul('eJ out the ro<,<,liJlllty that 

hlo( kcl(\P 01 expre"'~lOn of the CPP by dopamine antagor1lsts wa~ due ta 

r('du('d lo(omotlOn, an cffect produced by dopa:nlne antagonlsts These 

ImdmCJ'> revralpd for the flrst ume that the mesollmtJlc dopamine projectIOn 

to tlH' nucJC'u,> a((umbens, but not the nlgrostnatal dopamine pathway, IS 

Illvolvpu 111 the ('xpreC;SfOn of the amphetamll1e (PP and that activation of the 

\) 1 UOpdmlne recrptor IS probahly more cntlcal than that of the 02 

dopdmll1e receptor ln medlatlng the effect of condrtloned Itlcentlve stimuli on 

Iwhavlor. 

IIH' second set of expemrlents examllled the Iflvolvement of two 

pharrnd(olo~J/cally distinct dopamtne pools m the expressIOn of the 

dmphrtdmmc (PP. ExpreSSIOn of the amphetamlne (PP was blocked by 

rp<,erpllle. hut Ilot by alpha-rnethyl-DL-para-tyrostne (a -MPT). Control 

p:xprnmpllts .,howed that the doses of reserpme and a -MPT used were 

suffte lent to deplete two pharmacologlcally distinct dopamll1e pools. 

loqetlH'r WH Il the flrst set of expenments that showed that selective 

dopanllrH' rrccptor antagonlsts InJected Into nucleus accumbens blocked 

t'xprc<'<'lon. It wa,> concluded that the blockade of expression of the 

c\tl1plH'tdl1llfH' (PP was due to depletlon of the reserpllle-sens:tlve dopamine 

pool ln the nucleu,> accumbens. ThiS revealed for the flrst ume that 

l 01H11! 100H'd mCrl1tlve behavlor IS medlêl ted by dopamine released from the 

IP<,()rpllH' <'l'Ilc,/tlve dopamine pool. 

ln tlH' laq <,et of expenments, Involvement of Itmblc structures ln the 

<Ul1J1IH'I<1I11I1lC cpp was examl/led. Small electrolyuc leslOns and flber-spanng 

(''\( /toto,ll (N-ml'thyl-(/-aspartlc and (NMDA)) leslons of the lateral 

,lll1yqd,llold nue 1()1I~ 1/11palred the CPP when they were made before 

2 



condltlol1l1lq ln (Ontrd<,(. the CI'P \\.1<' Ilot Illlp,lIIet! hy l'Il'l tl\lIVlll lt-'>I()Jl', ul 

the central or basolateral drnY~Jdalold 1H1(it'U<,. l'ndoPYllfolJll lllllll'U<' III 

ventral hlppocampus. wllich w{'le partly damcl(Jl'd by Nf\1\1/\ Inll'tH'lI Illto tlll' 

lateral amygclalold nucleus RacllofrequPIlCY 1('<,1011<., of Illl' fnllll'\ 11I11llfld iltld 

no effect on the CPP. llu"jr frndllHj<' <'lHjCJC'<"\ t!l,li \IH' I,HI'I,lI ,1I11yqdtllold 

nucleus IS ItlvolvC'c! III {'nher c1CqUI<'ltIOI1 01 r'\pll'<"<'IOl1 01 tlll' .1I11plll>tdtlllrlC 

(PP and that nenl1er acqul~ltlon nor expll'<"<'IOIl of t!ll' dll1phl't.tll1l1H' ( pp 

Involves the central or hasolater cll amygdalot:l nu( leu<., 01 t 11(> tllPPO( dll1rHl" 

accumbens system Subsequent ~xprrtlnent<, <,howC'd th,ll <.,111.111 (,1(,( IlOlyll( 

and large excltotOXIC leslons of thr IclIN", dmyqddlold I1lH/t'II" 11111>,1111>(\ 

expresSIOn of the amphetamtne (PP when t!H'Y WC'IP Illddl' ,tllt'I (()l1dIIIOIlIlHJ 

but before testltlg. r he stratrgy of u<;lnq both typp", of Il'\IOn', OVl'1I ,11111' IIH' 

limitations of lIStn9 eltl1er of the t('chnlqlH'<" diane. ('I('({rnlytt< Il''lIOIl', "H' wpll 

conflnrd anatonllCally, but damagr flbers of D.l<.,<,dtjP, whlll' "x( IIOI!>XI( It''',I()Il', 

spare flbers of passage. hut damdçle a relauvely larejP dU'cl !W( dU',!, Il)(> "JlIl',IlI 

of the Injectee! substance IS uncontrolldblr. By maKIJHj <.,Illdll l'\to( Ilolyll( 

lestons confilled to each suhdlvlslon of thr NMD/\ d,lnlcl<J('d clll'd, \ 111' ( 1111( ,d 

role of IntrlllslC neurons of the laIerai nuelpu ... of IIH' dlllyqdcll.l W,I<" Il'Vl'dll'd 

for the flrst tlmr. 

ln summdry. the Dlec,ent IIlve<;tlçjatlon 1<., \Ill' flrq 10 ('llH Id.ll(' tllI' 1011''' 

of the mesoltmhtc and nlçjrostrlatal dODclrlllrll' c,y<,\t>!11<', IIH' c!OPdIllIlH' 

r(l(('ptors. the donamrrH' pools. dnd Ihr IdlPrcll drnyqt!,IIold Ill!( 1(,(/', III 

condlttoned In(rlltlve hehJvlor rn the (PP pdrddlCJm. r IH''',(' IWW fllHIII1(1" I(',HI 

to the resolutloll of ,>om{' IlIthnto unexpldlll!'d or (onfl\( tlllq ddtd III t 1)(' 

Ilteratl!r(' and 10 the eldhorauol) 01 cl qpnprd! rllot\(,1 of IIH(>nIIV(' 1(·tllllllj(J 



(flAPlIR 1 

AlllrTldh dnnrod( h food. Welter clnd sexual partner~. 1 hese stimuli are 

deflnpd <le:, Incrntlve e:,tlmul! becauc:,e animais naturally apnroach and mall1taln 

(Onl<1(\ wlth tlH'm (Young. 1959). These behavlors makr It nosslble to 

rl1dXHlll/(' (Ontdct Wlt h bloloCjlcally e,>sentlal ')tlmull (Gllckman and Schlff. 

1 <H)7. <.,( hnPlrld. 1(59). In natlnal settrngs. IIlCentive stlrTlull are often 

"hlcldl'n" Ifl cl (onstellatlon of envlronmental stimuli. whlch vary from one 

f>nVlronment ta another. If animais could also maxlmlze contact wlth the 

PflvHonnwntal stfmull that ar(' mast Ilkely to be assoclatecl wlth Itlcentlve 

"tunull. th('lr [hdneeS of slJrvlval would be greatly enhanced. Thus there may 

1)(' an rvolut!onary pre~sure for thls type of adaptlve behavloral modification. 

ln t,Ht. mast ledrnrn9 ln animais oc[urs as a means of maxlmlzlng contact 

wltll IrlfPntlvr stimuli. T herefole. studyrng thls type of learnrng IS a step 

towdrd unucr<;tanumg motivation and learnrng. 

'hl' roll' or c!opof1nf1r rothway,> ln motlval/onal bchav/Ors 

1 he neu rai basl~ of rnotlvatlonal behavlors has been extenslvely 

<,wdIPd. [Mly st udles showed that the hypothalamus IS an Important neural 

<,true\Ure for vanou<; rnotivatlOnal behavlors. LeSions of the lateral 

hypotlldldmlc éHea produc(' aphaglél (Anand and Brobeck, 1951) and adlpslJ 

(Monternurro dnd ~teven5an. 1957). Stimulation of the area mduces 

hYrwrphd~Jld ([)('Iqctclo dnd Anand. 1953, Miller. J 960) and hyperdlpsla (Greer, 

I~,),). tvio~Jl'n50n dnd Stevenson. 1966). 

Ait hOllgh leslons of the lateral hypothalamus r~llably produce aphagla 

dllt! ddIP<,ld. the entlre r('910n IS not mvolved III eatlllg and dnnklng. LeSIOns 

01 tll<' fdl I,HPldl llypotbdl,lI11ll" nrOdule severe aphaglél and adlpslél, LeSions 

.) 



of the rnost 11H'(I", 1 pal t of tlH' Idll'r.1I llypoth.ll.lI11U'" 1I1(1u( 1.' only mllll 

aphagla and adlpslil (Morgane, 19(1), clnd 1t'~lon,> of 11](' nWL!t.ll Pd/ t 01 11H' 

medlal forcbralll bundle COlHSlllg thlough tlll' Idtl'Ial hYPOlhdldlllU'" Il.1V{' huit' 

effeet on food or water Intakr (Morganc, 19(1). Ba~('cI on tl1(''''(' Iln(/IIHI<', 

Morgane (1961) suggested that thr meclldl fOlcbl dlll hl ndl{l 1 ... nnl .\ (11lI< .\1 

element for controlllng fel'dlng and thdt thr ~('verl' <lph"<"I,\ c\lld ,\(IIP"'I,\ 

observed after leslons of the far-Iateral hypothalamus arr dul' 10 1Ill<'lIl11HIOIl 

of the pallidofuyai flbers cOllrslf1g throuqh the Mea. 

Ungerstedt (1971 c) revealed the Involv<:menl ot dopamlll<' Ddt hWdY'" 

cOllrslIlg through the far-Iateral hypothalamus ln c,\tmC} dnd drrnKI:HI 

Aphagra and adrps.a are produced when cJamaçJl' III ( lud('\ tlH' nwdl(t\ par 1 01 

the crus eerebn and the lateral part GI ttH' medl(\\ fordHc\lfl hllllclip 

(Ungerstedt. 1971 c). through wh.ch dopamine pathways [OlHS(' (lJ/H)pr<'({'tlt 

1971 a). Consistent wnh thls. Oltmans and Harvey (1972) .,howrd t hel! ... mdll 

electrolytic leslons to the nlgrostrratal clopamllle pdlhwdy at the Ipwl nf IIH' 

latPral hypothalar.lus produced more severe aphdcJlél .Incl ddIP'>.d thdl1 tho<,(' 

of the medlal forebrarn bundle. They suggested th(lt mile! apll'lIJ1d dnd 

ddlpsla tncluced by the lesions of the medlal forphrarn hundlp arp dlH' to 

nartlal II1terruptlon of the nlgrostnatal dopamln(' pdthwdY· 

The neurotoxln 6-hydroxydopamrrH' (b OIID/\), whl( Il c!eJllplP ... 

dopamll1e ln the calldatf/putamen. nu(leu~ a(e umlwn .... (wd OIf,H tory 

tubercle when rnJected Into the Idteral hypothdl.lmuc, or "lIb.,ldntld tllqrd (\t'-J), 

procluees severe aphagla and adlpsla (rlblger. 11<; and M«(,('('r, If)?), Mdr',hdll. 

Richardson and Teltelbaum. 1974. Unger~l('dt, 1 ~)71 (). h (JIIU/\ dl..,o d('JlI('\('(' 

norepll1ephrrne. But the aphaqra and adlp'>ld do not ,>('('rll lC) h(' du<' 10 Ill/'. 

effen, because 6-0HDA applr('d to an cH('d {dud(1I 10 \tH' "N prl'fpf(·nlldlly 
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depl<'tes nOH'[1lnephnne wlthout producmg aphagla or adlpsla (Ungerstedt, 

1971 c). 

One explanatlOn for aphagla and adlpsla comes from the observatIon 

t hat leslons whlch cause aphagla and ad;psia also produce sensory neglect 

(Marshall and -r eltelbaum, 1974, Marshall, Turner and Teitelbaum, 1971). 

Sen')ory neglect IS [1roduced by leslons of the lateral hypothalamus (Marshall 

and Tenelbaum, 1974, Marshall et aL, 1971) and by treatments affectmg the 

nlgrostriatal dopamine pathway, mcludrng 6-0HDA rnjected mto the SN 

(I-Jungberg and Ungerstedt, 1976b; Marshall and Gotthelf, 1979; Marshall et 

aL, 1974), IntO the caudate/putamen (Marshall, Berrols and Sawyer, 1980), 

near the ongln of the nlgrostnatal and mesolllnblc dopamine pathways 

(Marshall, 1979, Marshall et al., J 980), and Into the mlddle of the dopamine 

pathway at the level of the lateral hypothalamus (Schallert et aL, J 982, 

~challert, Upchurch, Wllcox and Vaughn, 1983). Sensory neglect IS 

amellOrated by a dopamine ~gonlst mjected systemlcally (Marsh'1ll and 

Gotthelf, 1979, Schallert et al., 1983) or Into the caudate/putamen (Marshall 

et aL. 1980). These are the same treatments that amellorate aphagla and 

adipSIJ ln animais wlth leslOns (LJun'lberg and Ungerstedt, 1 976a). The 

sensory deflcit IS reinstated by dopamlf,e antagonrsts ln recovenng animais 

(Marshall 1979). Dunng recovery, animais wlth lateral hypothalamlc leslons 

Stcll t acceptrng highly !Jalatable food on the same day that they show 

orientation to olfactory stimuli and whlsker touch (Marshall et al., 1971). 

I\nllllclb wlth unilateral dopdmme depletlon ln the caudate/putamen do not 

re~p()nd to food and sensory stimuli on the contralateral side of the body 

(lJunqber9 and Ungèrstedt. 1976b). The Impresslve correlation between 

dph,H)I<l1 adlJ1<"ld <Ulel sensory neglect led some to suggest that sensory neglect 
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IS causally Impllcated at least ln the initiai phase of aphaglcl and ,Hhp",,\ 

(Marshall and Teltelbaum, 1974. Marshall et al., 1971). 

The nucleus accumbens, a terminai area of the mesohmbll dOP,\llllIH' 

pathway, IS not dlrectly mvolved ln basIc maintenance of eatm~J and dnnKlI1q. 

6-0HOA lesions affectlng dopamine ln the l1uclrus accumbens dlld olfdnory 

tubercle have Imle effect on feedlng and drinkmg (Robbllls and Kooh. 19HO; 

Ungerstedt, 1971c) or cause hyperphagia (Koob. Riley, ~rnlth and R()hhlll~. 

1978). 

Yet subtle Impalrments are obser\ted ln animais wlth dopanlllw 

depletion in the nucleus accumbens. When normal animais are 91v('11 food 

pellets penodlcally, they tend to dlsplay excessive dnnkinq Immethalely 

followlng food dellvery (Falk, 1971). ThiS food-assoCtatcd ",ul/unolvP" 

dnnkmg is severely Impalred by dopamine depletlon III the nu( lelJ~ 

acc.umbens (Koot' et al., 1978. Mlttleman, Whlshaw, Jones. Koch and Robbm,>. 

1990. Robblns and Koob, 1980). Nucleus accumbens dopamine depl<'tloll 

also suppresses the hyperactlvlty accompanymg food mtake (Koob et al. 

1978) and noardlng. whlch precedes eatlng (Kelley and Stmus, 1985). 

These fll1dmgs are generally IIlterpreted as suggestmg tha\ mrsollml)J( 

dopamine medlates the general "exCltement" that 15 rhardrten')t\( of 

motivatlOnal states (Kelley and StlnUS, 1985. RabbinS and Koob, 1 <)80) It 1<, 

relauvely easy to understand hyperactlvlty as an expre\~lon of t Ill'> 

excitement, but It IS not an easy matter ta explaltl a hlghly orqdol/('d 

behavlor s\lch as h0 ardmg simply Itl these terms. Rather. ltl(H,C fllldtrHJ<' 

mlght be interpreted as suggestmg that the two dopamine <,y<>{pm<, mNlld!p 

two dlstmct phases of motlvated behavlors. In the prrsen«' of food. drllrlhl«, 

move forward. approach. sniff. and, If possible. bnng lhp food to d ',(dl' pld( (' 
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(al1petltlve behavlors) ami then cat or drink (consummatory behavlOrs) 

(CraIg, 1918). It seems that leslons of the mesollmblc dopamine system 

affect a class of behavlors which correspond ta appetltlve behavlors, whereas 

those of thr; nigrostrratal dopamme system affect consummatory behavlOrs. 

Motlvatlonal behavlors depend on internai factors such as hunger and 

thlrst and external factors such as incentlve stimuli. Dopamine systems seem 

to be Involved ln the latter factor. Food depnvatlOn does not actlvate 

dopamine systems (Heffner, Hartman and Selden, 1980). In contrast, when 

anImais al1proJch food and engage in eatmg, dopamine systems are actlvated 

(Blackburn, Phllilps, Jakuvobic and Fiblger. 1986. Ch urch, JUStice and NeIll, 

1987, Heffner et al., 1980. Holmes, Smythe and Storlien, 1989. Radhaklshun, 

van Ree and Westernlk, 1988). 

Other eVldence also suggests that both distal and prOXimal mcentlve 

stimuli requrre normal dopamine functlon to elrert approach and eatmg. Both 

01 and 02 dopamine antagonlsts mcrease the latency of food Intake, which 

reflects approach to food (Koechlmg, Colle and Wise, 1988: WIse and Cole 

1984, Wise and Raptls, ) 986). Dopamine antagoOists also Impair the 

consummatory phase, whlch IS reflected ln the speed of eating after ar1lmals 

make contact wlth food (Koechlmg et al., 1988. Wise and Colle, 1984, WIse 

and Raptls, 1986). This pha~e seems ta be medlated by some process 

generated by stimulation of peripherdl sensory receptors above the stomach 

SHlU rats take sucrose even If It IS completely dramed From the stomach 

through a tube (Geary and Smith, 1985. Schneider, Gibbs and Smith, 1986), 

and dopclmlllr antagofllsts decrease thls sham feedlng (Geary and Smith, 

1985. Schneldrr et al., 1986), 

1 akl'11 t09cther. these data suggest two pOints. Flrst, the mesollmblc 
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and nrgrostrratal dopamllle systems may be essentlal for tlH' dppl'tItIVl' ,llld 

consummatory phases, respect!vely. Second, dopal11l1H' systems sct'1l1 to he 

essentral for rncentlve behavlors, whlch are the aspect') of fllOtlVdtlOlldl 

behaviors Inltlated and maintallled by IIlCentlve stimuli. 1 tm ILled 1'> 

consldered further III the next section. 

DIssociation of the appetltlve and consummatorv dopaHllt7c \v\tclm 

Supporting the notion that the mesollmblc and nrgrostrratdl dopal1lll11' 

systems mediate appetitlve and consummatory mccntlvp behavlors, 

respect!vely, dIrect pharmacologrcal activation of these dOpclnlllH' sy~t('m,> 

Induce behaviors whlch resemble the respective Irlccntlv(' hehavICH<'. 

MicrolllJections of dopamrne agollists Into the taudate/ru ldnll'n Ifldu( (1 

gnawlllg and licklng (Costall, Naylor and Neumeycr, 1975. Costall, Naylor and 

Olley, 1972). Lesions of the caudate/putamen abohsh qnawlflCj cHld Ilckmg 

IIlduced by systemic injections of dopamine dgonlsts (rog. Randrup <Inti 

Pakkenberg, 1970, Fuxe and Ungerstedt, 1970). Direct appllldtlOn of 

dopamine agonlsts Illto the nucleus accumbens IIlduce') Intense downwcHd 

sniffll1g and hyperactlvity (Costall and Naylor, 1975. 1976, Jalkson. I\ndpn 

and Dahlstrom, 1975; PIJungberg and van Kossum, 1973). Ilyperarl/vlty clnd 

downward snlfflng induced by systemlc injections of amphetamrne are 

blocked by 6-0HDA leslons of the nucleus accumbens (Costclll, Mdrsuen. 

Naylor and ChrIStopher, 1977, Fmk and Smith, 1980, Kelly and Ivpr\en, 1 <J7(>. 

Kelly, Seviour and Iversen, '975). Dopdmrne deplNIOtl rn llH' 

caudate/putamen abolishes stlmulant-Induced gndwrnq dtld Irckrnq, and thdt 

of the nucleus accumbens aboltshe') ~tlmulélnt-rndut('d downward snlfflrH) 

and hyperactlvlty (Costall, Naylo( and Owen, 1977, Imk <HHJ ~mrt h, 1 (JgO, 
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Kelly dnel Iver<,en, 1976, Kelly et al., 1975). 

1 hese behavioral effects of stimulants and dopamme agonlsts are 

brought about by blndmg of endogenous dopamine or dopamine agonlsts to 

dopamine rereptors. Naturally, dopamine receptor antagonlsts black these 

behavloral effects (Randrup, Munkvad and Udsen, 1963, Anden, Butcher, 

Corroell, Fuxc and Ungerstedt, 1970, Costall and Naylor, 1976, Janssen and 

Van Bever, 1978, Randrup and Mun kvad, 1967, Randrup et al., 1963). 

It IS agam noteworthy that snlffmg and locomotor actlvlty are parts of 

appetltlve Incentlve behavlOrs and gnawmg and "cklng are parts of 

cansummatory Incentlve behavlors. 

f~olcs of 01 and 02 dopamIne receptors 

Taklng advantage of the recent development of selective DI and 02 

dopamme receptor agonists and antagonlsts, studles have funher revealed 

the roles of dopamine receptor subtypes ln these behavlOrs. Gnawmg and 

lickmg are not Induced by either selective Dior D2 agontsts alone (Braun and 

Chase. 1986, Johansson, Levin, Gunne and Elltson, 1987, Molloy and 

Waddington, 1983, 1984, 1985a). Only when both selective DI and D2 

agonlsts are glven ln combmatlon are these behavlOrs mduced (Arnt, Hyttel 

and perrgaard, 1987, Dall'Ollo, Gandolfl. Vacchen, Roncada and Montanaro, 

'988. White, Bednarz, Wachtel, HJorth and Brooderson, 1988). Gnawmg and 

"cklng mduced by dopamine receptor agon/sts or stimulants are blocked by 

enher selective 0 J or 02 ant.::lgonists (Arnt, 1985; Arnt et al., 1987, 

Chnstlnsen, Arnt. Hyttel, Larsen and Svedsen, 1984, Mailman, Schultz, LeWIS, 

Staplrs. Rollema and Dehaven. J 984). These observations suggest some 

~ynerglstlC Interaction of DI and 02 dopamine receptors ln ellCltmg gnawlng 
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and Itckll1g (Arnt, 1985; Arnt et al., 1987, Braun and Chase, 19Hb. Melshlll.lIlO 

and Waddmgton. 1986, pugh, O'Boyle, Molloy and Waddington, 19H5. Whltl' et 

al., 1988). 

Hyperactlvlty and downward snlffmg scem to be dlfferentldlly 

dependent on dopamine DI and 02 receptors. SystemlC II1J('UIOI1S of D2 

agonlsts alone produce hyperactlvlty and downward slllffmÇJ (I\mt, Boqc<.,o, 

Hyttel and Meler, 1988, Chnstensen e: al., 1984, D~II'Ollo et dl., 19HH, 

Dall'Oho, Roncada, Vacchen, Gandolfl and Montanaro, 1989, Jackson clll\.! 

Hashizume, 1986, Jenkms and Jackson, 1986, Mashurano and WaddIJ1~lton, 

1986, Molloy, O'Boyle, pugh and Wadr!mgton, 1986, Pugh et al., 19H5. White N 

al., 1988). When Inlected systemlcally, selective DI dopamine agonlsts do Ilot 

mduce hyperact!vlty or downward snlffmg (Arnt et al, 1987. Dall'Ollo Pl .lI., 

1988, Mashurano and Waddl!lgton, 1986). The behavlors mduct'd by selrnlv(' 

02 dopamine agonlsts are blocked by both DI (Breese and Mueller, 19Wi. 

Chnstensen et al., 1984, Dall'Ollo et al., 1989; Jackson and Ha<;!llzume, 19H6. 

Molloy et al., 1986, Molloy and Waddmgton, 1985a,b, Pugh et al., 1985) "nd 

D2 dopamine antagonlsts (Breese and Mueller, 1985, ChnstensP!l et dL, 198'1. 

Dall'Ollo et aL, 1989, Jackson and Hashizume, 1987; Molloy et al., 1 ~86. Puqh 

et al., 1985). These data are consistent wnh the hypothesis that stll11uldtHHl 

of the dopamme 02 receptor IS essentlal ta mduce downward <'nJfflll<J MId 

hyperactlvlty and that tonlc stimulation of th(' DI dopamine' f(1('ntor Pfldhl('''' 

the 02 receptor-medlated behaviors Uackson and HashLlurnp, 1 <)Hb. JcI( k..,ol1. 

Jenklns and Ross, 1988. Mashurano and Waddington, 1 ()Hf>. MoiioV ,lIld 

Waddington, 1984, 1985a,b. Waddington, 1986. White et aL, 1 <)f)H). 

Although the effects of systemlCally I!lJcClpd DI and DL dqolll',t " .Incl 

antagonlsts are stralghtforwa rd, some eVldcf1(' que<,uom t hl' propo<,!'d 
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endhhnq role of the 01 dopamine rec.eptor. When rnjected mto the nucleus 

duumbens, enher selective 01 or 02 agonlsts alone rnduce hyperactlvlty 

(Urcher and Jackson, 1989. Freedman. Walt and Woodruff, 1979). This 

tndlcates that stimulation of the Dl dopamme receptor m the nucleus 

accumbens rnduces locomotor activJty. Interestmgly, If endogenous 

dopamine 15 removcd by dopamine depletlOn, mlCrornjectlons of Dl or D2 

dgonists alone rnto nucleus aecumbens no longer mduce the behavlors 

(Dreher and Jackson, 1989), suggestrng that both the DI and D2 dopamme 

rcceptors lJ1 the nucleus accumbens possess the enablrng as weil as the 

rnducing role. The faet that systemlcally Injected Dl agonlsts are unable to 

rnduce the bchavlors mlght be due to thelr weak ablhty to penetrate the 

blood~brarn barrler (Oreher and Jackson. 1989). 

7 he interpretation of hehavlOrs medwted hy dopamtnerglc actIvatIOn 

Thrre has been much speculation about why dopamrnerglC activation 

c.auses these behavlors. One hypothesls IS that, slrlce stimulation of the 

('xtrapyramldal motor system mduces these behaviors, they are purely motor 

responses (Anden et a!., 1970. Fuxe and Ungerstedt, 1970). This explanatlon 

IS probably Ilot true for several reasons. One IS that amphetamme-induced 

stereotyped head movements ale dramatlcally decreased by bllndfoldmg 

(Stevens, IJvermore and Cronan, 1977). If stereotypies were purely motor 

H'sponscs they would be express~d Independently of sensory rnputs. The 

Importance of sensory mputs as a determmant of stereotyped behavlOrs was 

fun her substantrated by the flndrng thar, when treated wlth apomorphine, 

rdts whlch show cloekwlse rotation along the outeredge of a donut-shaped 

tdhll' ('>..!llblt (()urllerclockwlse rotatIon along the rnner edge of the table (Plsa 
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and Szechtman, 1986). Agall1, these allllllais ale Ilot <"Imply (',hlhlll/HI .1 

pecullar response, but are respondll1g to partlcular sen<,ory ~ttmllil. (;1\'l'l1 

that sensory mputs are a criucal determlllant of stereotyrwd bl'hdVIOI \, Il 

seems ta be dlfflcult to conceptualtze stereotyped behavlors cl'" pu ft' motol 

responses. 

Another hypothesis IS that stereotypies are IIldu({'d by cl( (Ic/l'nlcll 

conditlOnll1g. It has been noted that any glven behavlor 111 whl( Il anll11tlh dll' 

engaged Just before amphetarrll'le effects take place tends to he H1 J1(,<llr<.J <111<.1 

that that behavior develops into a stereotypy (ElIlI1wood, 1971, IIIII1wood <lIld 

Kllbey, 1975). Accordmg to thls hypothesis the topograJ1hy 1<, a( udl'ntc\lIy 

selected From speCles-speClflc respOll5es, and ItS frequency m\f('a<,e<, dup te 

the rell1forctng effect of amphetamme. A number of II1vest!qêltor<, h.tw ldK('n 

thls pOSItion (Elltnwood, 1971. Ellinwood and Kllbey, 1975. Rohblt1<" 197(>). 

What 15 dlfflcult ta explam by thls hypothesls. how('y('r, IS the do<,(' 

dependency of the topography of stereotypies. Rats. for exarnple, ch<,pldY 

gnawmg and IlCkmg whenever they are glven hlgh do')('<, of dOJ1arnrrH' 

agonlsts (Randrup and Munkvad, 1967. Randrup et aL, 19(3) But hec<w<,e 

the frequency of occurrence of spontaneous gnawlllg and Ilcklnq 1') ('xtrpt1wly 

low 111 expenmental settlngs, It IS hlghly unllkely that wtH'ncvpr dlllmal<. df(' 

to be glven hlgh doses of dopamine agonlst... lhey drr prHjd(jNI Hl 

spontaneous gnawtng or "ckmg. Furthermore, therp 1" cl<>ar (,vldpfl( p t hd! dn 

ongolOg behavlor can be dlsrupted. rather thdn strrnqlherH'd. by d dOram"H' 

agonrst (Szechtman, 1986). 

The topography mlght be better understood If ()Il(> (Orl'>ldprc, IIH' 

neuroanatomlcal basls of stereotypIes. ~t('r('ot yrl(><) are Ilot cl c)tnquldr ('y('nl 

From a neuroanatomlcal pomt of Ylcw. ~le('olypl('<' rlwdltllP(\ by IIH' 
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'. 

nlqroc,trlatal dopamme system resemble consummatory mcentlve behavlOrs. 

1 hase medlated by the mesolimblC dopamine system resemble appetitive 

Incentlve behavlors. Together with the flndlngs that low level dopammerg/C 

act/vatlon exaggerates feedlng ln the presence of food (Dobrzanski and 

Doqgett. 1976. Evans and Vaccanno, 1986, 1987, 1990. Holtzman, 1974. 

Wlnn, Williams and Herberg, 1982) and that leslons of the two dopamine 

systems affect the two distinct aspects of incentlve behavlOrs (Kelley and 

~tInUS, 1985. Ungerstl:';dt, 1971 c), It mlght be suggested thal drug-rnduced 

stereotYPIes reflect two distinct types of exaggerated Incentlve behavlOrs: 

exagqerated appetltlve Incentlve behavlors such as downward snffftng and 

hyprractlvlty and exaggerated consummatory rncentlve behavlOrs such as 

"cklng and gnawmg. 

'he mie o( dopamine systems ln the acqUIsItIOn of Incentlve learntng 

AnImais exhlblt a vanety of behavlorill changes which are brought 

about by pamng neutral sensory stimuli wlth Incentlve stimuli, and these 

have been demonstrated m several dlfferent expenmental paradlgms. Neutral 

stimuli whose presence IS correlated wlth that of Incentlve stimuli acqUlre the 

property of Incentlve stImuli to establtsh and mamtatn a response 

(comiitlOned re,"forcement paradlgm). The property of tncentlve stImuli to 

Irlduce behavloral actIVation IS acqulred by neutral stimuli (condltloned 

lowrl1otor c1ctlvatlon (CLA) paradlgm). rhe property of mcentlve stimuli to 

IIHluCt' dpproach and marntallled contact is shown ln the autoshaplng and 

(ondttloned place preference «(PP) paradlgms. These paradlgms d" follow 

tlll' pnl1nplr of classlcal condltlonlng neutral stimuli are palred wlth 

1I1(('nttVr <.,tll11ulI tnclepelldently of responses. Some property of the tncent/ve 
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stimuli IS acqUired by ongmally neut! al sensoly <"unlulI, whrdl t 1H'1l IWnHllt.' 

condltloned IncerHlve stImuli (Brndra, 19(9). 1 he~e typ{'~ of {I,l" ... r{ ,li 

condltlonlng have been ca lied Il1Centlve learrllnq (Benlllg!'!. lIofflll,lll dml 

Mazurskl, 1989). 

Natural rncentive stImuli such as food illlcl water e ... tdbll ... h (OllllltIOIH'd 

rernforcers (Benrnger and Phtlllps. 1980: HIll, 1970, Robblll<', 1 q 7H), 

condltloned locomotor actlvlty (Brndra and Palfal, 1967), cluto<,har>1I19 (Brown 

and Jenkins, 1968; Leslle. Boakes, Lrnaza and RldÇJers, 1979, Pet('!~on, I\c"ll. 

Frommer and Hearst, 1972) and CPPs (Pa PP. 1988, Sr>yrakl, FII11qer dnd 

Philllps, 1982c; Tombaugh, Grandmalson and ZltO. 1982). Clven that ((\(ltrdl 

dopéllnine systems play an Important role ln Incentlve behavlor~, 0!1(' rlllqht 

suspect that dopamine IS also Involved ln rncentJve learnlll~) Wllh ndllHdl 

rncentlve stimuli. ThIs conjecture IS supported by the fan theu dopamllH' 

antagonists block establishment by food of a condltloned rernfoH rr (BenrrHj<'r 

and Phllllps, 1980) and a CPP (Spyrakl et aL, 1982c). 

Direct pharmacologlcal actIvation of dopamme systems al<,o 

establishes Incentlve learnrng. Condltloned remforcers are estdblr<;tH'd by 

apomorphrne (DavIs and SmIth, 1977), plrlbedll (DavIs and Smith, 1977), and 

amphetamtne (DavIs and Smith, 1975). CLAs are e<;tdhlr.,hed by 

amphetamtne (Benrnger and Hahn, 1983. Cold et al., 1988, PI( kPfl'l dnd 

Crowder, 1967, SChlff, 1982, SChlff, Bridger, ~harr>le')s and KrnÇJ, 1 <JHO. Illvm 

and Rech, 1973) and (Qcarne (Barr, Sharpless, Cooper, ~(hltf, Pprpc!p,> and 

Bndger, 1983). CPPs are estab"~hed by amphetamlne (R(,ldH'r dnù lIolmclrl, 

1977; Sherman, Roberts, Roskam and Holman, 1980), (0(\111(' (MlH hd, van ùpr 

Kooy, O'Shaughnessy and Bucenlcks, 1 ()82. ~r>yrakl pt dl.. 1 ()Xb), 

methylphenldate (Martln-Iver~on, Ortmar.n and f rbrCjN, 19H5. Mllhdfll. M.ntlrl 
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Ivpr,>on, Ph""p,> and r-Iblger, 1986), apomorphine (Spyrakl et al., 1982a), 

bromorrrptrne (Hoffman, Dlckson and Benrnger, 1988), and nomlfenslne 

(Martrn-Iverson et al., 1985). Dopamine antagonlsts block estab!lshment of 

condltlon{'d rernforcers by apomorphrne and piribedil (DavIs and ')mlth, 

1977), establishment of amphcamrne CLA (Bemnger and Hahn, 1983: 

Poncelet, Dangoumau, Soubrre and Simon, J 987), and establishment of 

amphetamme CPPs (Hoffman and Benrnger, J 989, Mltham et al., J 986: 

Spyrakl et al., 1982a). 

Site of actIOn. The neural bases of rncentlve learnrng have been studled 

rn the Cpp p2rad,gm, and the site of action of amphetamlne rn thls paradlgm 

has been extenslvely tnvestlgated. Dopamme depletion ln the nucleus 

accumbens blocks the establishment of CPPs by systemlcally admlnlstered 

amphetamine (Spyrakl et al., 1982a). AmphetamIne estabhshes CPPs when 

II1Jrcted mto the nucleus accumbens, but not Into the amygdala, 

caudatpjputamen, or medlal frontal cortex «(arr and White, J 983, J 986). 

The effen of rntra-accumbens amphetamme is attenuated by simuitaneous 

Intra-accumbens adminIstration of a dopamine receptor antagonlst (Aullsl 

and Hoebel, 1983). These data clearly suggest that amphetamtne tnteracts 

wlth the mesollmblc dopamine pathway m the nucleus accumbens to 

rstabltsh CPPs. 

Cocaine inJected Into the nucleus accumbens estabhshes a (PP, and 

thls cpp IS antagonlzed by cO-adminIstration of a dopamine antagonlst IntO 

the nucleus accumbcns (Aults' and Hoebel, J 983). Yet systemlcally tnJected 

dOpdrllmC antagolllsts do n(lt block CPPs Induced by systemlc cocame 

II1J('ctlOns (MarKey and van der Kooy, 1985. Spyrakl et al., 1982b). Dopamme 

dl'pll'tlon III the nucleus accumbens by 77 percent has no effect on cocalne 
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CPPs (Spyrakl et al.. 1982b). On the othrr h.lnd. <lnlm,lh \\'Ith "li ( \1(111 Il'''tOIl'' 

of the medlal prefrontal cotte:.... ëlllother tal~}et 01 tlll' /lll">nlllllhit dOP.!llltlH' 

pathway, develop cocarne condltlOIH'd pla((> aV{'I~I()11 <lt tlll' '>,1111(' <.10"'(' tl1dt 

produces (PPs ln normal alllmais. and anundl" wltll 1('~lon<, 01 ltll' Olhlt,II,lJ1d 

precentral cortex do not develop any place conditlolllnq Wllh «()(tlIIW {h",\(. 

Nonneman, Nlesewander. Landers and Bardo, 19H91. 1 hr<,(' ... tl/dlt' .... hOWPvt'l. 

pose procedural as weil as IntNpretatlve problel11s. Ilr ... t. {O( dlnt' Il1ll'( tPd 

IIlto liucleus accllmbens mlght spread to adjacent Meas. Iim (tlll/lot IH' lull'l! 

out llnless It IS demonstrated that mlcrornJcctlollS of [()(dltH' II){O ddl,H t'Ill 

areas do not establlsh (l'l's. ~econd, regardltlq tlH' IdCk of dll l'llp( t 01 

dopamll1e depletlon III the nucleus acctJmben~ on COrc1lJH' ( PP .... Il \!lould Iw 

noted that dopamrne release remarns normal LInt" dpplpllOIl 1<, mor!' t h,ln <J() 

% (Robbrnson and Whlshaw, 1988. Zhang et al. 1 QHB). IllIrc!. t IH' ('fft,( t <, 01 

leslons of the frontal cortex on coca/ne CPPs should <11"0 Iw Illlprprl'IPd wlth 

caution. SIIl(e suetlon leslOns are not speClflc to dopamuH' Il'rmllldl', 111 IIH' 

area. The leslons mlght affect flbers of passaqe or proj('ctIOIl\ ln tlll' nu< 1(lll\ 

aceumbens. thereby secondanly IIlterfenng wnh the ec,tdbll"hnwlll of «J( .1111<' 

CPPs. In faet. I,~slons of the prefrontal cortex produce scnc,ory lH'qll"({ {W("I< Il 

and Stuttervl!ie. 1958), whlch mlght prevent Cpp" From d('wloPIIHj 'hu", t tH' 

site of actron af cocalne remallls obscurr. 

Methylphenldate cstabllshes a (PP (Marlin-lvNc,on ('1 ,II. 1 <)H1, Mit hdfll 

et al.. 1986). -, h,':. (PP IS unaffpcted by thl' dopamulP n'( ('ptor .tntdqorlf<.1 

halapendol (Mnhanl ('t al.. 1986) or 15 hlorkpd only hy .1 11Iqh do'.!' of 

halopendol (Martln-Iverson et al.. 1986). 6-0t IDA 1('''lon" of t Il(' 1111( 1(·11'. 

a<..cumbens hdve no effect on thls (PP (Martin Iv('r"on <'I dl. IC)K'l) 1111' ',111' 

of action of nwt hylphrnldate rpmaln':. ulldptprnll rwt! 
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( f<('( ('ptOY ,;ubtY(i(''î. Whlle the site of actIon of stimulants remarns 

{'IU"IV(~ exc('pl for amphetamrne, some progress has been made ln 

unùpr<,lanùlnq how tlH' two dopamtne receptor subtypes are rnvolved ln the 

{'t,ldhll<,hmprlt of Jrlcpnttve learntng. Systemlcally admrnlstered D2 agonlsts 

('<"dl1l1<,h (ondltlon{'d rClnforcers (DavIs and Smith, 1977). Systemlcally 

dclrnlrll<,ter('d D2, but not DI agonlsts, estabhsh CPPs (Hoffman and Bentnger, 

1988, 1989). Both DI and D2 dopamine antagonlsts black the establishment 

of dmphetamlllc CPPs (Hoffman and Benrnger, 1989, Leone and DIChlara, 

1987, Marttn-Iverson et al., 19i)S, Mlthanl et al., 1986, Spyraki et al., 1982a) 

and the establishment of CPPs oy 02 dopamine agonlsts (Hoffman and 

Bcnmger, 1989). fhcse ftndtngs led sorne Investlgators to conclude that 

<;tlmulatlOn of the 02 receptor IS essentlal for the establishment of the 

londltlonlng and that tonie activatIOn of the DI receptor IS necessary for the 

effect of 02 dopamllle receptor stimulatIon (Hoffman and Berl/nger, 1989). 

rhls, however, mU'it be taken wlth caution because both 01 and 02 

dopamine agonlsts establlsh CPPs when InJected into the nucleus accumbens 

(White, Packard and Hlrol, ln press). 

1 })(' yole or doranllne systems m the e,\preSSlOn of mcentlve learnmg 

ItHerlllve learnrng dlso has a phase whlch occurs rn the absence of 

1I11ronditlOned InŒntlve stimuli or drugs anImais learn a new response, 

l'xlllblt (lA and exhlblt a CPP. If only condltloned Incentlve stimuli are 

pfl'<,ent. 1 hls aspect of IIlcentive learnmg has not been the subJect of much 

~tudy .• wd the role of dopamine 111 Il IS far from clear. 

011(' 1111(' of ('vldence 5tron~lly Impllcates dopamine release ln the 

Illl( Il'u", ,1( (limhen" ln tlH' expression of Ulcentrve learnll1g, whlch IS Inltlated 
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and gUlded by conchtloned II1centlve stimuli. WIH'1l dllllllal.., ,Hl' l'nq,l'let! III 

condltloned amphetamme locomotor actlvlty 111 the absence 01 tlH' ~tmllll,ll1t. 

dopamme metabohsm IS elevated 111 the nucleus aCCllmb('n~ (SetHII. \l)H,l. 

Schlff et al.. 1980). When animais approach and sniff condltloned I/lU'lltIVt' 

stimuli, an Increase m dopamme metabollsm 15 ohservee! 111 the IlUt Il'u". 

accumbens (Blackbu rn, Phllhps, Jakuvoblc and Ilblq('r. \l)W)). 

Complement mg these fmdmgs. It was shawn that the expH's'>lon of ,Ill 

amphetamll1e CLA was abollshed by 6-0HDA leslons ot the IlUc!PU<, 

accumbens (Gold et al., 1988). Vet another hne of eVldente SlH!(j(''>l ,) <ln 

entlrely orposlte conclUSion. Benmger and Hahn (1983) reported thdt 

plmozlde had no effeet on the expressIOn of amrhetamme CLA at a do..,(' 

whlch completely blocked uncondltloned amphetarnlfle-Inducrd IOr0l110l01 

actlvlty. Based on thls fmdlllg, Benmger (1983) suqgcsted that dOpdnmH' 1<, 

an essentlal neurotransmltter to establlsh learnin9 ln genrral. but that (JIJ(' 

estabhshed, learned behaviors are expressed independently of dopamllH' 

functlOll. The rf'ason for thls dlscrepancy IS addressed ln the prpsrnt the<,I'>. 

USlllg the conditloned remforcement paradlgm, Hill (1970) round thdt 

respondlllg slistamed by a condltlOned relnforrcr alone was mark('dly 

potentiated by the stlmuiant plpradrol. In the absence of d c.ondlt lorH'd 

relllforcer, the stnnulant reduced respondlng. l hu~, thr druq <,pempd 10 

tnteract wlth the condltloned rernforcer rather than wlth q('nrrdl rnotor 

respondlng. Extendlng these frndrngs, Robbrns and hIc, (ollpdÇJuP<, ..,howpu 

that whereas plpradrol and methylphenloate relrably potentldt<,d fP<,rondtnq 

acqUired by a condltloned remforcer, ottler stImulants such a<, dmptH'tdnltnP, 

cocatne, and nornlfensllle dld not (Robblns, 1978. Robhlrl <', Wat<,on. (,d',krn 

and Ennls, 1983). 
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J hese flndmgs ralse two questions. Frrst, it IS not clear If dopamine 

relcase normally medlates the effect of condltloned rernforcers slnce 

stlmulant-rnduced dopamine release might artlflCially augment the effeet of 

condltloned rernforcers. Alternatlvely, stimulants mlght exaggerate 

pndoqcnous dopamine release whlch normally medlates the effect of 

tondltloned rernforcers. The former posslbrllty was supported by the findmg 

that 6-0HOA leslons of the nucleus accumbens had no effect on the 

acquisition of lever-pressmg by a condltioned rernforcer whlle the lesions 

blocked the potentlaung effect of a stimulant (Taylor and Robblns, 1986). 

Accordrng ta thls, endogenous dopamine do es not normally medlate the 

abllity of condrtloned relnforcf:lrs to estabIJsh a new response, but If released 

by stimulants, It potentlates the effect of condltlOned rernforcers. 

1 he second questIon is concerned wlth the dlfferentlal effects of 

several stimulants. Interestlngly, the effecttve stimulants seem ta Interact 

wlth the reserpine-sensitive dopamrne pool whtle the rneffectlve stimulants 

IIlteract wlth the a -MPT-sensltlve dopamrne pool (Glowmskl, 1973, Scheel

Kruger. 1971). Taylor and Rabbin'" (1984, 1986), however, showed that 

mlcrornlectlons of amphetamlne rnto the nucleus rtccumbens potentlated the 

acquIsitIOn of respondrng by a condltlOned relnforcer. This suggests that the 

weak effect of systemlc amphetamrne mlght be due tn some averSlve 

penpheral effects (Taylor and Robbrns, 1984). Yet thelr data actually show 

that the amplitude of the potentlation by intra-accumbens amphetamrne 15 

far less than that obtarned by systemlc pipradrol (Robbrns et al., 1983) and IS 

111 faet comparable ta that obtarned by systemlc amphetamme (Robbms et 

aL. 1983. 1 aylor and Robbllls. 1984. 1986). It IS, therefore, undenlable that 

dll1plH'tclIl1I1H' ,wei plpracilol exert differentlal effects due to some unknown 
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factor(s) other than penpheral effects. It ÎS unclear why the two typ('~ (lI 

stimulants exert the dlfferent effects. Certamly thesc swdles plovld(' rllOI(' 

questions than conclusions. These questions are addressed 111 the' 1)1('<;('111 

thesis. 

Neuroanatomv of basa! gang/la 

The neuroanatomical structures 111 que~tloll, IIH' cauddlr/puldllH'1l ,l/ld 

the nucleus accumbens, have much ln common. One could r<,qdfLl IIH'<'(' two 

telencephalrc structures as two parallel systems. Wc have s{'('n how IIH'Y 

differ From behavloral points of vlew ln the prevlou~ se(tIOIl~. <,hdll 1l0W 

revÎew the neuroanatomlcal Itterature to tllustrate how llH'y drlf('1 

neuroanatomlcally. The parallel nature of the caudate/pulcHlwn ,Ille! IllI' 

nucleus accumbens IS best Illustrated by thelr conrwcllons wilh ollw( bl,1I11 

structu res. 

Both the caudate/putamen and the nucleus accumncn<, r('( ('IV(' 

dopamrnerglc innervation from the mldbram. The projection PdttPrtl 1<, 

topographlcally organized (Fallon, 1988)' ventral SN and ventrolatNal V<'rllrdl 

tegmental area (VTA) send dopammerglC flbers 10 the lélUdd!( ,Jl!t(I!lH'!l 

(Fallon, Riley and Moore, 1978), and dorsomedlal SN and dor<)<tI V 1/\ <'('IHI 

dopammerglc axons to the nucleus accumben~ (Fallon and Moor(', 197H, 

Simon, LeMoal and Calas, 1979). 

ln pnnClple, cortical projections to the calidate/putdowll (uld t h(' 

nucleus accumbens marntarn a topographlcal order ')() that (ortl( dl ,Ir('<!'. hdW 

connections wnh Immedlately adjacent areas ln the CaUdd!p/putdrrH'1l dlHI 

the nucleus accumben~. 

Neocortex, Sensorrmotor, visual, clnd auclltory (ortl( ('<, proJ<'( t t() lllf' 
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.. 
dor~olateral, dorsomedlal and posteroventral caudate/putamen, respectlvely 

(MtGeorge and Faull, 1989; Webster, 1961). 

Mesocortex. The cmgulate complex of the medlal mesocortex 

rnnervates the nucleus accumbens and medlal caudate/putamen, and another 

structure of the medlal mesocortex, the medial frontal cortex, glves nse to 

axons to the nucleus accumbens and the olfactory tubercle (Beckstead, 1979; 

Domeslck, 1969, Leonard, 1969, McGeorge and Faull, 1989; Phllhpson and 

Gnfflths, 1985). The lateral me~ocortex, such as the sulcal, agranular rnsular, 

and penrhlnal areas, proJects to the medlal caudate/putamen, the nucleus 

accumbens, and the olfactory tubercle (Reckstead, 1979, Leonard, 1969; 

McGeorge and Faull, 1989, Ph,ll,pson and Grifflths, 1985). 

Paleocortex. The paleocortex glves nse to axons to the 

caudatc/putamen and the nucleus accumbens rn a medlally skewed fashlon: 

the entorhrnal cortex to the ventromedlal caudate/putamen and the nucleus 

accumbens (Haberly and Priee, 1978; Kelley and Domeslck, 1982; KraynJak, 

Melbach and Siegel, 1981, Luskrn and Priee, 1983; McGeorge and Faull, 1989; 

Phrlhpson and Gnfflths, 1985), the pyriform cortex to the medlal 

caudate/putamen, the nucleus accumbens, and the olfactory tubercle 

(Haberly and Priee, 1978; Lushkrn and Prrce, 1983, McGeorge and Faull, 1989, 

Pm.c, 1973), and the amygdala ta the nucleus accumbens and the entire 

caudate/putamen except the dorsolateral sector (DeOlmos, 1972, DeOlmos 

and Ingt am. 1972. Kelley, Domesick and Nauta, 1982; lushkin and Pnee, 1983; 

Krettek and Pnee, 1978, McGeorge and Faull, 1989; Phrlhpson and Gnfflths, 

1985, Veelllng, Cornehssen and lIeven, 1980). 

Arch/corte.>.. The archlcortex, compnsrng the sublculum and t{1e 

h'l1pocaml1l1s, rnnervates the nucleus accumben<; and the rostromedlal 
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caudate/putamen (Helmer and Wilson, 1975. Kelley and [)OIllC<"I( h. 19H2. 

Kretteek and Priee, 1978: Ralsman, Cowan and Powell. 19b6. ~1('Çl('1. 1 dll1ÇJN 

and Ohgaml, 1974; Swanson and Cowan, 1975, 1977). 

The data clearly show slightly overlapplng projection patt('II1<, of IIH' 

neocortex and Ilmblc systems to basal ganglta. Whlle the neoeoltex P'O/l'( h 

to the caudate/putamen, ItmblC systems glve rlSC to axons 10 tlH' 

ante'romedlal caudate/putamen. nucleus aecumbens anù olfclClory tubcJ( 1('. 

ln fact, the very parallel nature led some to suggest the antcIOml'lII.l1 

caudate/putamen, nucleus accumben 5, and olfaetory tuberclc br (allrd 

ventral stnatum and the rest of the eaudate/putamen ùorsal ,>tn.\tlllll 

(Helmer, Switzer and Van Hoesen, 1982). 

FunctlOnal,nteraction of hasal ganglla and IImblc systems 

BehavlOral studles have shown functlonal eonneetlorb bClWe('n Ill<' 

basal ganglla and Irmbic systems. Evidence eXlsts that the basal ~Janqlld ar(' 

functionally Irnked to twO limblc structures. the hlppocampu<, and the 

amygdala. 

Hlppocampus. Mogenson and Nlelsen (1984) show('(J tlldt 

hyperaetlvity Induced by injectIOns of a chollOcrgle agonl<;t IrHO t tH' 

hlppocampus was blocked by mlcroinJections of a glutamlrH'nJ!( anlagorll'>t 

lOto the Ipsllateral nucleus accumbens. mlcrotnjectlons of the antdqonl')l<, lOlO 

the contralateral nucleus accumbens were wlthout effrct. )IrH (' d mdJor 

component of the hippocampal-accumbens pathway IS qltJtdmlnNql( 

(Fon num. Karlsen, Matthe-Sorenssen, Skrede and Walaa,>, 1979. Wdlad<" 1 <JH /), 

thls fmdmg mlght suggest a functional role of the 11IppOtampdl-éH (umbpn<, 

pathway ln appetltlve Jncentlve behavlors. Ilowever, Il 1<, nol (IPM If Ill1' 
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hyperactlvlty they produce has any relevance to the locomotor actlvlty 

Iflvolved ln mcentlve behavlOrs. 

Much clearer behavlOral eVldence for a hlppocampal/accumbens 

interaction IS the report that food-associated adJunctive dnnklng behavlor 

was reduced not only by 6-0HDA leslOns of the nucleus accumbens but also 

by asplranve leslons of the hlppocampus (Mlttleman et al., 1990). This 

slJgge~ts that the hlppocampus and the nucleus accumbens Jomtly 

partlclpate in expressmg thls experimentally-mduced behavlor. 

EVIJence also suggests that the hippocampal/accumbens system IS 

Involved ln learnmg. Animais with electrolytlC leslons of the nucleus 

accumbens or the fornlx/flmbna show Impalred acquIsition ln a MOrris water 

maze task (Sutherland and Rodnguez, 1989), which IS sensitive to 

hlppocampal leslOns (Morrrs, Garrud, Rawlms and O'Keefe, J 982). Ibotenic 

aCld lesions of the nucleus accumbens produce deflCits ln a Morris water 

maze and spatial T"maze tasks (Annett, McGregor and Robbms, 1989). These 

result~ suggest that the hlppocampal-accumbens pathway plays an 

Important role ln acquIsItion of learnmg whlCh IS mediated by the 

hlJ1Pocampus. 

"1 here IS Intle information on how the hippocampallaccumbens system 

IS Involved ln Incentlve learnlng. This Issue IS dealt with m the present thesls. 

Amygdafa. The IIterature shows that the basal gangIJa and the 

clmygdala have overlappmg functlons. Simrlar ta the effects of 

pharmacologlcal activation of dopamine systems m the basal ganglla, 

{'Iectncal stlmulatron of the lateral or basolateral nucleus of the amygdala 

mduccs sllifflng, "cklng, and chewmg (Magnus and Larnmers, J 956: Shealy 

cH1d l'eele. 1957. UrslIl and Kaada. 1960). Just as dopammerglC activatIOn of 
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unilateral caudate/putamen causes rontralateral turnlllq (Llnql'I~t(\dt. Iq71 hl. 

50 does stimulation of unilateral amygddla (Magnus and LlIl1I1WI.... 1 'l'lb. 

Shearly and Peele, 1957; Ursin and Kaada. 1960). Smlliar to lIIlIl,\l('r<l1 

dopamme depletion III the caudate/putamen. unilateral 1e<'lon~ of tilt' 

amygdala produce somatosensory neglen on the contralateldl ~Id{' of tht' 

body (Turner, 1973). 

Motivanonal behaviors such as eatlng and dnnklllq, wlllch ,Hl' 

abolished by dopamme depletlon of the caudate/putamen (Flblqer Pt dl.. 

1973, Marshall et aL, 1974; Ungerstedt, 197Ic), are dlsrupted by leSIOIl\ of tlH' 

amygdala in a more subtil' way. Kluver and Bucy (1937, 1939) rpportpt! 1 h,H 

monkeys wlth leslons of the temporal lobe showed mad('quclte 1Il(('nttvp 

behavlors. The monkeys trred to l'at any obJect at hand c1lu.I dPfJrOdC Iwel 

obJects whlch they normally aVOIded. Subsequent studles rCVPdll'd th"t 

leslons of the amygdala alone produced these symptoms (SchrclIH'r dnd 

Kltng, 1953, 1956). Based on these ftndlllgs, Gloor (1972) suggestt'd thd[ [IH' 

amygdala IS a part of the neural system through whlCh ongtnally neutrdl 

stimuli acqUire motlvatlOnal slgnlflCance. 

Overlapptng functlons are also eVldent tn learnmg. r urner (197 n 
reported a study which clearly Illustrates a funct!onal hnk Iwtw('cn ttH' 

caudate/putamen and the amygdala. Animais wlth ullllaterdl amyqddlcl 

leslons learn to turn theli heads ipstlaterally III order to turn off c,ho( k 

regardless of whlch slde of the body shock IS applted to. 1 he ammcll\ dho 

learn to turn thelr heads to the contralateral side when .,hock le, dPl1ltrd to 

the Ipsllateral side of the body. However, the anlmdl., (dnnot Ipenn 

contralateral head turntng ln response 10 shoc.k dppltC'd to th(' (ontrcllatprcll 

slde. This 15 not a motor deflClt, hecause thr alllmdls Me (cll1dhlp 01 tlHnlllC! 
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t hplr hPdd') ln both directions. Nenher IS the deflclt sensory ln nature. 5lnCe 

the antmals respond to shock applted to elther Sldt' of the body. ThIs ralses 

thr po~slblhty that the amygdalold complex 10 each hemlsphere IS IOvolved 

ln ')C'n50nmotor learnlng wlthln the same hemisphere. What IS remarkable ln 

thl'> ~tudy 15 the demonstratlon that a sensonmotor functlOn which IS 

mpdlatrd by the caudate/putamen (Marshall and Teltelbaum, 1974; Marshall 

C't al., 1971) IS re-represented ln the amygdala and that this re-representatlon 

accommodates flexible changes. 

The amygdala mlght also medlate some aspect of mcentlve learning. 

ln the condltloned remforcement paradlgm, excitotoxlC lesions of the 

amygdala ImpaIr acqUIsition of lever-pressmg supported by a condltioned 

rClnforcer (Cador, Robblns and Everrtt, 1989a) and retentlon of the response 

sustamcd by a condltloned relnforcer (Eventt et al., 1989a). The Impalrments 

are amellorated by amphetamlne Infusions mto the nucleus accumbens 

(Cador et al., 1989. Eventt et al., 1989a). Although these studles are 

suggestive. uncertalnty remams. First. amygdala lestons produced only mild 

tmpalrmrnts ln these studles. ThiS mlght be due to the faet that the 

paradlgm relies heavlly on response learnmg, Nhich IS not Impalred by 

amygdala leslons (Kemble and Beckman, 1970. Schwartzbaum, 1960). 

I\lternatlvely. the location of the leslons mlght be mappropnate. In these 

stLJdles, the eXCltotoxln was InJected Into the basolateral nucleus of the 

amygdala. Veto damage was found m the basolateral nucleus, the central 

nuclcus. and lateral nucleus (Cado r et al., 1989. Everttt et aL, 1989a, b). It IS 

not (Icar wtllch of these damaged subdiVISion may have been responslble for 

the ddlc!ts observed. 
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The present study 

The Ilterature shows that dopamllle systl'ms Mr rnvolved III Ill( ('l1tlVl' 

learnlng. SlIlce the site of action of arnphetamll1e III estclbllshlllÇ) d (1'1' 1" 

reasonably weil chal actenzed, thls paradlgm <;eerns to br d lIsl'ful ll1o(\('1 lO 

study the functlonal role of the rnesollmhlc dOpc1l1lllle systelll III Ill< PIHIVt' 

learnlng. USlng the (PP paracltgm. the present study rnv('Stl~}dt('S "'l'VPI.\I 

unclarrfjed aspects of thls form of Incentlve learnin9. One 15 IIlVOIWIlW Il 1 of 

dopamine 111 the expression of the amphetamme (PP. 1 her" Il.\,> hCl'1l no 

study dealll1g wlth thls Issue, and some indirect eVldenr(' suçJ(jrSl\ wnfllnlllq 

hypotheses (Benrnger and Hahn, 1983. Gold et al., 1989. -Iaylor and Rohhll' .... 

1986). The flrst set of expenments was concernru wlth thl\ 1 ... c:,lH'. 

The second Issue rnvestrgated IS the roles of the two nhdri11d(oloq/(dlly 

d,strnct dopamine pools. Although It seems cleal that amphetdmllle rntpr,l( t·) 

with the a ·MPT-sensltlve dopamine pool (Scheel-Kruger, 1971). Il renldlll ... 

unclear what role, If any, IS played by the other, reserpille scn<;ltlV<', pool III 

the amphetamrne (PP. The effects of a ·MPT and reserpllle on the expH· ...... lon 

of the amphetamllle (PP were examrned. 

The thlrd set of expenments examll1ed the IIlvolvement of Irrnlw 

systems III the amphetamll1e (PP, The hlppocampus ancl t IH' nue I('u', 

accumbens seem to be JOlntly rnvolved rn ac.cumben<;-m('dldt('d hPlldvlor 

(Mlttleman et al., 1990) and hlppocampal-type learnrnq (I\nnpll et dl.. 1 <)B'). 

Sutherland and Rodnguez, 1989). Yet Iittie IS known ahout rolr'\ of t III'> 

system ln Incentlve learmng. EVidence also eXI<;t~ c:,uÇJCJP\t IIlq t hdt t hl' 

amygdala Interacts wnh the nucleus Jcc.umbens wlth resp('( t ln 11H' l'ffp( 1 of 

condltloned Incentlve stimuli ((aclor ('t al., 198<). (ventt rI dl., 1 <)()<jtl) (,1V<'!1 
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thp hptcrogenclty of the amygdalold nuclel (deOlmos, Alheld and Beltramlno. 

1985), Il seems necessary to Invesugate the functlonal raies of distinct 

amygdalold nudcl ln rncentlve learmng. Therefore, the effects of leslons to 

amygclalold subdivIsions were also exammed. 
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CHAPllR 2 

GENERAL Mn HODS 

Subjects 

The subJects were 691 expenmentally !laIVe, male 1 onq 1 VellJ'. 1 dl '> 

purchased from Charles River Canada, St-Constant, Qucb('(, w(\lqhlllq Irom 

275 to 310 9 at the start of the experrments. l he arwnals wPle lIH.hvldudlly 

housed wlth food and water avarlable ad libitum. 

Apparatus 

CondltlOned place preference 

The CPP apparatus was made of wood, wtth a Plexlgla,> r ronl wclii. Il 

conslsted of three dlfferent compartments, lWO of whlch were IdPllll( dl III 

size (45 x 45 x 30 cm). One compartment was palnted white and hdd wood 

chips on a smooth floor. The other was palnted black wlth white vert!< -II 

stnpes and had a floor of wlre mesh. A few drops of vinegdr (1 ml 2% a«~t I( 

aCld) were placed on the floor of thls compartment below the Wlr(' m(H)h. 

These two compartments were completely separated from eac.h üllwr hy d 

wooden partition. The entrance ta each compartment was at the r('df of t IH' 

apparatus, Immedlately adjacent to the partition. An unpamt<'d t unlH'1 O() x 

18 x 20cm), protrudmg from the rear of the large compartme'nt'), (onn('(\('(\ 

the two entrances. On condltionmg days the entrance<, to the tunnpl w('rp 

blocked. The entrances were open on the pre-(lxposure and le,>t ddY'>. In 

prevlous studles, It has been demonstrated that, on a group ha'>I'>, rd!'> do nOl 

exhlblt a natural preference for elther large compartmprlt of Iim dppclrdlll', 

(Carr and White, 1983. ClarK(', White and hanklm, 1990). 

29 



1 owmotor actlvlry 

Lotomotor actlvny was measured ln three Identlcal open-fIeld boxes 

(-11 x 41 x 28 cm) constructed of PlexIglas. The floars had nrne 3 cm hales ln 

them. Elght photocell beams, 4 ln each direction located 3 cm above the 

floor, partltloned the box IntO 25 ce Ils. The total number of photobeam 

interruptIons durrng a test was taken as the locomotor actlvlty score. 

Cannulae 

GUIde cannulae were made From 20 ga (0.7 mm outer dlameter) 

hypodermlc needles. The plastIC hubs were removed, and the needles were 

(ut to a length of 12.2 mm. Inner cannulae, used for mlcrornjectlons, were 

made from 30 ga needles. They were cut to a length of approxlmately 30.0 

mm and bent 50 that the tip of the Inner cannulae extended beyond the tlp 

of the guide cannulae by 2.5 mm for rntra-accumbens injectIons or 0.5 mm 

for Intrcl-caudate/putamen injections. The inner cannulae were attached to a 

5.0 uillamliton syrrnge wlth PE 10 tubrng. 

Electrodes 

NIchrome electrodes (0.25 mm rn dlameter) wlth enamel Insulatlon 

were lIsed for electrolytlc leslons. The tlpS (0.8 mm) of the electrodes were 

decoated wlth Strrp X (GC Electronlcs). 

Pi ocedu res 

Condt((oncd place preference 

The proc('dure requlred 6 seSSions. On sessIon 1 the rats were glven a 

10 mm prl'-expo~ure perrod each one was allowed to move freely ln the 
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three cOrllpartments of the test appar.Hll\ JIll' 11t'\1 .~ "l"""'OIl" IIll IUlil'd " 

pamngs wlth d -amphetamlne (2,0 IllÇ)/"q, ~.(.) ,md 2 P,IIIIIHj" \VIt Il '>,llllll' 

(J.O ml/kg, s.e.). Animais ln each group were r dlldoll1ly d.,\H!lwd ln t IH' (l'II., 

of a 2 x 2 factonal deSIgn. One factor WdS p.ltrlllCj (OIl1(1,lItllH'llt (hl.\(" 01 

white), and the other was II1jectlon orcier. liaI! 01 tlll' ,,\{\ (('U'lv('d 

amphetamlne tnjectlons before eX!10Sl1re 10 the wllltl' (Omp,lItllH'llt .• 1Ild tlH' 

other half recerved amphetamll1e InJections lwlorr {'XPO"llll' ln tlH' hl,H k 

compartment. W.thin each of these subgloups, hait 01 tlH' l,II<., Il'( ('Ivpd (1 

-amphetamtne injectIons on even numberrcl <;e~<;lons cllld "dltnp 1I1/1'( 11011" 011 

odd nl1mbered seSSIons, the pattern Wc1S rever<,rcl lor t IH' /(11l1,1I1l1ll<J l.lt <, ln 

ail (PP experrments, elght or more rats wert' u<,ed for ('d( ft qroUf) lllt· 

animais -.vere placed Into the apprOprtclte (Ornpdftllwnl ImIllP(/,,,tt'ly "It(·, 

recelvll1g subcutaneous injections of amphrtamllw or <,,,IIIH'. <1IHII('11 Ihpl(' fOI 

30 mll1. The cntrances to the compartment<, WPf{' blocke(\ <,0 th,lI tlH' 

anImais were confrned to the com!1artments. 

The slxth sessIOn was the te~t clay. No amptH'tamrne Wc\" 111/<,( Il'd. dml 

the entrances to the compartmenls were open. 1 he dlllmdl ... W('r!' pl(I('d Inl') 

the tunnel and allowed to move freely III the tlHl'e (Om!1drtnwnt<, lor 20 Illin 

The amount of tlme spent III each of the two larw (OrnncHlnwnt', w" .. 

recorded. This procedure normally prodll((,~ d rohll<,t (PP WII h 

amphetamme antmals normally spencl approxlmately SO ';1," 20 'j{" ,IIHI ~() ';l., 

of the total test tlme III the amphetamllH'-!1(l!rPc.! (ompcntnwrlt. "diIlW n,IIr1'lI 

compartment. and the tunnel, respeclIvely. 

Locomotor acttvlty 

1 ocomotor anlvlly was medc,uIl'd fOI lO min ,dtl'! dlll!11dl c, \'1.('1(' pl <Il (·tI 
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1/110 ttH' to(omotor actlvlty hoxes. Details of the (1rocedures ale descr'bed m 

Pdch cxpenmcnt. 

~tdtl,>tI( al Andlysls 

ln the CPP paradlgm, animais could spend tlme III elther of the two 

larq!' (ompdrtments or the tunnel on the test day. Thus, tlme spent III one of 

1 tH' Iwo Idf(je (ompartments dld not necessanly affect tlme spent ln the other 

of ItH' t wo large compartments. However, slIlce each Indlvldual anImai spent 

lime m both compartments, the compartment factor was considered to be a 

rerwated measure. Two-way ANOVAs wlth planned compansons were 

dpphpd lO ume spent ln the amphetamllle palred and unpalred 

rompartments. Thus the mdependent vanables were groups and 

rompartments (repe:ated measure), and the dependent varrable was tlme. 

t wo types ot planned compansonc; were applled. One was a companson 

between lime spent III the paired and unpalred compartments for each 

çjroup. ThiS assessed the eXistence or absence of place condltloning for 

mdlvldual groups. The other was a companson between groups uSlllg the 

UIllC dlfferr/lces obtamed by subtractmg tlme spent ln the unpalred 

compart ment From that spent in the palred compartment. ThiS analysis was 

u,>ed to eXdrmne If a glven group differed From a con' roi group. 

locomotor actlvlty data were analyzed using ANOVAs. When a tlme 

(our<\c WdS analyzed, the ANOVA was followed by post-hoc tests (Scheffe 

mrthod). 

d-I\mphetamme Sulphate 

d -Amphetamine sulphate (Smith, Kline and French, Canada) was 

dl,>~olved III rhY<"lologlCal saline as 2.0 mg of salt/ml of the solution and 
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InJected slIbclltaneollsly on the /Jack. In ail l'xperllllt'rHs. thl' do'>l' u,>ed \\1.1'> 

2.0 mg/ky. 



CHAPTER 3 

I\cqul~ltlon of the amphetamlne CPP IS blocked by both selective Dl 

(Hoffmdn and BenlOger, 1989; Leone and DIChlara, 1987) and D2 (Hoffman 

and Bpnmger, 1989, Spyrakl et al., 1982a) dopamine antagonlsts, and 

pharmacologlcal activation of elther dopamine receptor subtype ln the 

nut!pus accumbens establlshes CPPs (White et al. In press). These flndings 

,>uggest that a (PP IS established by activation of elther receptor subtype 

provlded the other subtype IS at least tonlCally actlvated by endogenous 

dopamine. However, httle IS known about how the two types of dopamine 

receptors are Involved in the expressIOn of the amphetamme CPP. Aiso 

unknown IS the mvolvement of the nlgrostnatal dopamine system ln CPP 

expression on the test day. The flOdmgs that dopamme depletion m the 

lIucleus accumbens attenuated the amphetamine CPP (Spyrakl et al., 1982a) 

and that mlCromjectlons of amphetamme Inta nucleus accumbens (Aullsl and 

Iloe'Jel, 1983: Carr and White, \983, 1986), but not IntO caudate/putamen 

(Carr and White, 1983, 1986), establish CPPs do Ilot rule out the posslbllity 

that c>..prcsslOn of the amphetamlne (PP Involves the nigrostnatal dopamine 

pdthway. 

The present set of expenments was deslgned to investlgate the raies of 

dopamine receptor subtypes and of the nlqrastnatal and mesolimblc 

dopamllle pathways in both the acquisition and expression of the 

,Hllphetamlrle CPP. Flrst, the blocking effects of systemlC 01 and D2 

dopamine antagonlsts on acquIsItion and expressIOn of the amphetamme (PP 

Wl'I e examlllcd. Second, selective Dior 02 antagonlsts were mJected into 

IlU( \l'US dccumbens or caudate/putamen pnor ta testmg ta examme the 

/t'I,ltIVP /o\('s of the [) 1 and 02 receptors of these two areas lf1 the expresSIOn 
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of the amphetamine CPP. Tlmd, sodium pentobarbltal wa~ lI~ed to ('\dmIIH' 

the effeet of reduced aetlvity levels on expression of the cpp d~ d control for 

antagonlst-induced motor Impalrmenr. Fourth, leSlOns W('f{' rnad<.' III tht' 

dorsal eaudate/putamen, the main target area of the flIgrostnatal dOPéllllllH' 

pathway. 

Expenment 1 

This experiment examlned the eHects of systemically IIlICC H'd s{'I{'( tlve 

01 and 02 dopamine antagonlsts on the acqUIsition and the (lXpn.'\\IOn of 

the amphetamme CPP. 

Method 

Procedure. Two sets of groups (n=8 for each group) WNe u\('d. One 

set of groups underwent the expenmental procedure of the CPP, IHH aho 

recelved dopamine antagonlst injections before each of the four c.onulllonuHJ 

seSSIOns, but not before the test sessIon. The ottler set was 91ven antaqonl\t 

Injections before the test seSSIOn, but not befon~ the comhuonrng \ec,<'lon\. 

The mtervals between Injections and the condltlOnmg or t('st c,r"c,ICHlC, WPH' 

30 mm for SCH23390 (0.02-0.16 mg/kg), 150 min for a -flup('nthlxol (0.2-1 () 

mg/kg), 45 mm for metoclopramlue (1.2)-20 mg/kg), dnd (JO mm for 

sulpmde (10-160 mg/kg). The antagorllSts w('re ddmml\tE'r{'u 

Irlt rapento neally. 

Drugs. SCH23390 (Schenng Corp.), Cf -flupenthlxol <Inti 

metoclopramlde (Nordlc Laboratortes Ine.) were dl<;solvrd ln "dit rH'. )ulplm!p 

(Research BlOchemlcals Ine.) was dlssolved ln 0.1 N /lC 1 dnd {lIlulPd 'Nllh 
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dl<,tlllcd water. Ail the antagonlsts were adJusted to pH 6.5-7.0 with sodium 

hydroxlde. 

Rc<,ult <; 

Figure shows the effects of dopamine antagonists on acquisition and 

('xpre~~/On of the amphetamine (PP. The control group showed a robust 

condltlollrd place preference (p<0.05). For clarity the figure shows the tlme 

dlfference obtamed by subtractmg the amount of time spent \Il the sallne

palrcd compartment From that spent in the amphetamme-paired 

compartment. It 15 eVldent that as doses of the antagonlsts Increased the 

lime dlfferences between the amphetamine-paired and salme-palred 

rompartments decreased. 

SCH23390. Both acquisition and expression of the (PP were blocked at 

approxlmately eqUlvalent doses of this antagomst. As the figure reveals, the 

lime dlfferences approached zero as the doses mcreased. 0.16 mg/kg (the 

11Ighcst dose used) of the drug b10cked both processes equlpotently. For the 

groups given SCH23390 before the condltloning seSSIOns, planned 

compansons showed that there were significant differences between tlme 

spent m the paired and unpair~d compartments at 0.04 mg/kg 

(F(I,3S)==14.J7, p<O.OJ) and 0.08 mg/kg (F(I,35)=4.88, p<0.05). These 

dlffcrences were not slgnrf,cant at O. J 2 mg/kg (F(1,35)=3.36, p>O.05) and 

0.16 mg/kg (F(I,35)=0.7J, p>O.OS). The ume dlfference of the rontrol group 

bet w<.>cn the two large compartments was signlflcantly dlfferent from that of 

ttH' 0.12 mg/kg group (F(I.70}=IS.S8, p<O.OJ) and that of the 0.16 mg/kg 

group (HI.70)=c32.86. p<O.O 1). For the groups glven thls drug before testmg. 

there wrre slgnlflCant dlfferences between time spent in the palred and 
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Figure J 

Dose response curves companng the ('ffects of dopamine !('«'pto! 

antagonists on the acquIsition and the expression of tht' dmphetall1llle 

CPP. The ordlnate 'TIME DIFFERENCE' IS the mean dlfference bClW('('il tlll' 

amount of tlme the rats in each group spent ln the palreu and lHlpalll'd 

compartments, the tlme dlfference was obtalfled by subtraCtlll~J urne 

spent in the u npaired compartment from i.hat spent 111 the p,ur('d 

compartment for each group. SCH23390 (cross), a -flupl'nllllxol 

(dlamond), metoclopramlde (square) and sulplride (tnançJle). l he <;olld 

lines represent the groups that recelved the ant<l90nlst~, Iw(o! (' 

condltlonll19 sessIOns and the broken Imes represent the qroup<, lhdl 

recetved the antagontsts before tesnng. The dotted hOriZOnldl ltJH' 

represents the mean tlme dtff<.>rence for the control group, the ~I:M of thlc, 

group is mdlcated on the left side. For SCH23390, pre-conuttlontnç) do<,('<, 

were 0.04, 0.08, 0.12, and 0.16 mg/kg; pre-testmg doses wcre O.OL, 0.0-1, 

0.08, 0.12, and 0.16 mg/kg. For a -flupenthlxol, pre-conuttlOnmçj do,>('<, 

were 0.2, 0.4, and 0.8 mg/kg, pre-testlng doses were 0.2, 004, O.H, dnd 1.0 

mg/kg. For metoclopramtde, pre-conditlOnmg doses were 1.2S, L.S, 1.0, 

and 10 mg/kg, pre-testtng doses were J .25, 2.5, 5.0, la, dlH.1 20 mq/kç}. 

For sulpmde, pre·condltlontng doses were 10, 20, 40, and HO mq/kq. pr(' 

testmg doses were 10, 20,40, 80, 120, and 160 mg/kg. !\<;ten<;k<; Incllc dtC' 

the dose of each drug whteh blocked acquIsItIon but not ('xr>re<,'>lon. 
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unpalred compartments at 0.02 mg/kg (F( 1,42}=4.69, p<O.OS), o.().t Il1q/"~J 

(F(l,42)=4.S4, p<O.OS), 0.08 mg/kg (F(l,42)""9.S4, p,O.OI), and 0.12. rnqlk~J 

(F(l,42)=4.38, p<O.OS), but not at 0.16 mg/kg (F(I,42)=0.67, p>O.OS). Ill{' 

time dlfference of the 0.16 mg/kg group was slgnlflcantly dlfferent From th.H 

of the control group (F( l ,84)== 13.16, p<O.O 1). 

a-FIupenthlxol. Both acquIsition and expres~lon wrre blocked by th, ... 

antagonlst; higher doses were requlred to block expression than to block 

acquIsition. For the groups glven this drug before the condltlonrng seS~IOIlS, 

planned compansons revealed that there were slgmflcant dlfterencc'i Iwtw('pn 

time spent in the palred and unpalred compartments at 0.2 mq/kq 

(F(l,28)==12.30, p<O.Ol), but not at 0.4 mg/kg (F(I,28)e=0.74, p>O.ûS) élnd O.H 

mg/kg (F(l ,28)=2.55, p>O.OS). The tlme dlfference of the control ~Jrollp Wd'" 

signlflcantly dlfferent From that of the 0.4 mg/kg group (F (1 ,56)=.~ I.H), 

p<O.OI) and that of the 0.8 mg/kg group (F(I,56)=91.65, p<O.OI). lor ttH' 

groups glven thls drug before the test seSSion, there were ~lyrllflcdl1t 

differences between tlme spent ln the palred and unpalred compartment\ a( 

0.2 mg/kg (F(I,34)=S.II, p<O.OS) and 0.4 mg/kg (F(I,34)=7.65, p<O.OI), hut 

not at 0.8 mg/kg (F (1,34)=0.82, p>O.OS) and 1.0 mg/kg (F (1,31\) 0.02. 

p>O.OS). The lime dlfference of the control group was slgrHflcantly dlffen'nt 

from that of the 0.8 mg/kg group (F(1,68)=5.11, p<0.05) alld that of (IH' 1.0 

mg/kg group (F(I,68)=17.60, p<O.OI). A slgnlflcant rrghtward .,hdt of ttH' 

antagonist curves from acquisition to cxpre<;\lon 15 eVldrn«'d by t Il<' 

dlfferentlal effects of 004 mg/kg (the ~econd lowcst dose) on (.1( qUI"llI<HI <Inti 

expression. rhfS dose blocked acquIsition but Ilot expres')f()rl. 

Me toclopramlde. For the groups that recclved thl'> druq h('for(' !tH' 

condltlonmg seSSions, there wC're slylllfllant dlff<'rpn(('c, hptw('('n tlnW ·.P('1I1 
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m the palred and unpalred compartments at 1.25 mg/kg (F(1,35)==-17.18, 

p<O.OI), 2.5 mg/kg (F(J,35)=12.00, p<O.OI), and 5.0 mg/kg (F(1,35)=6.64, 

p<O.05), but not at JO mg/kg (F (J ,35)::-·0.52, p>0.05). The time dlfference for 

the control group was signlflcantly dlfferent From that of the 10 mg/kg 

qroup (F(I,70)=73.93, p<O.Ol). For the test day groups, there were 

signlflcant dlfferences between tlme spent rn the paired and unpalred 

compartments at 1.25 mg/kg (F(I,42)=7.14, p<0.05), 5.0 mg/kg 

(F(I,42)=9.95, p<O.OI) and 10.0 mg/kg (F(I,42)=:19.27, p<O.OI), but not at 

2.5 mg/kg (F(I,42)=3.77, p>O.OS) and 20 mg/kg (F(1,42)=0.49, p>O.OS). The 

lime dlfference for the control group was slgnificantly dlfferent from that of 

the 20 mg/kg group (F( 1 ,84)= 13.69, p<O.O 1), but not from that of the 2.5 

mg/kg group (F(I,84)=2.09, p>0.05). The hlghest pre-condltlOnmg dose (l0 

mq/kg) blocked acquIsition but not expresSIOn. 

Sulpmde. For the groups that recelved thls drug before the 

condltlonmg seSSIOns, there were slgmflcant differences between tlme spent 

lt1 the palred and unpalred compartments al 10 mg/kg (F( 1,35)=6.43, 

p<0.05) and 20 mg/kg (F(I,3S)=6.79, p<O.OS), but not at 40 mg/kg 

(F( 1 ,35)=d.47, p>O,05) and 80 mg/kg (F(l,35)=0.19, p>0.05). The tlme 

dlfference for the control group was slgnlflcantly dlfferent From that of the 

40 mg/kg group (F(1,70)=4.82, p<0.05) and that of the 80 mg/kg group 

(f(I,70)=23.99. p<O.OI). For the qroups that recelved this drug before the 

('st seSSion, there were slgmflCant dlfferences between tlme spent ln the 

p<Hred and unpalred compartments at 10 mg/kg (F(J,49)= 1 0.39, p<O.OI). 20 

mg/kg (F(I,49)=6.81, p<0.05), 40 mg/kg (F(I ,49)=9.31, p<O.O 1), 80 mg/kg 

(H 1,49)= 12.99, p<O.O 1), and 120 mg/kg (F (J ,49)=4.39, p<0.05), but not at 

1 GO mgAg (F (1.49)=0.02, p>0.05). The tlme dlfference for the control group 
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was slgnlflcantly dlfferent from that of the 160 mg/kg woup (1 (l,l)B) )·I.7b. 

p<O.Ol). 80 mg/kg of sulplride completely blod.ccI acquISition but Ilot 

expression. 

When glven before the test session. ail the antaÇlolllst<., PO({'fltl.ltl'd 

expressIOn of the amphetamine CPP at certain doses. Howevel, IWIll' of t IH' 

potentiated preferences was slgmflCantly dlffcrent from tht' prl'ft'll'lHl' 

observed for the control group, except for the 10 mg/k9 metoc lopl dn1ld{' 

group (F(l ,84)=8.94, p<O.O 1). 

Visual observation revealed that ail tht' dopamlnr .1l1t<19011'<.,I<., 

decreased locomotIOn. It is unllkely that the blockade of aeqlJl~ltlon Wd~ duc' 

ta thls effect of the antagonlsts, however, slIlee simple IIlhlhll1<Hl of 

locomotion does not prevent the establishment of the JmplH'ldlnllH' (PP 

(Carr, Phllilps and Flblger. 1988). At the same tune. the natlHl' of t Iw 

expressIOn blockade remains unclear It IS unknown how reùu(ed lo(omotlon 

affects the expressIOn of the CPP. ThiS Issue IS dealt wlth III 1 Xpl'rtllWI11<., 2 

and 3. 

ln summary, the data show that SCH23390 blocked Jequl<'lllon dlltl 

expression wlthin slmliar dose ranges, but that the expressIOn-bloc klllq do<,(' 

ranges of the other antagonlsts were conslderably hlqher t hein tlH' 

acquisltlOn-blocklllg dose ranges. 

Expenment 2 

Srnce studles have shown that the mesollmblc l!0J1dnlII1P c.,y<,IPm 

proJectmg ta the nucleus accumbens medlatcc; ë\cqul<;\tIO!l of IIH' 

amphetamme CPP (Carr and White. 1983. 1986. ~pyrJkl et dl. 1 ()H2e1), Il l', 
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most IIkely that dopamine receptors ln the nucleus accumbens are the site of 

action of the antagonists on acquIsition. The site of action of the antagonlsts 

on expression remalns unclear, however. Also, the posslbillty eXlsts that the 

expresSIOn blockade was simply due to decreased locomotion produced by 

the antagonlsts. In thls expenment, the eHects of SCH23390 and sulpmde 

InJected Jnto the nucleus accumbens or the caudate/putamen on expression 

of t,e amphetamlne (PP were compared in arder to reveal the site of action 

of the antagonlsts on expression of the amphetamme (PP. A control 

experiment examlned the degree of locomotor inhibitIOn produced by Intra

accumbens mlCroinJectlOns of the doses of the two antagonists whlch 

b!ocked the expression of the (PP. 

Method 

Surgery. Using standard stereotaxic techniques, rats were bllaterally 

Implanted wlth guide cannulae under 65 mg/kg sodIum pentobarbltal 

anesthesla (A + 1.7, L:+-1.5, V:-4.5mm) (Paxinos and Watson, 1982). The gUide 

cannulae were filled wlth Insect pinS (00) cut to the length of the gUide 

cannulae. Testrng began after a one week recovery penod. 

Procedure. Two sets of groups (n=8 for each group) were used ln the 

cpp paradlgm. One set of groups received btlateral mlcrainjectlons of vehlcle, 

5CII23390 (0.000 1, 0.001 or 0.01 ug/slde), or sul pinde (0.01 ar 0.1 ug/side) 

mtn the nuclrus accumbens before testrng. The ottler set of groups recelved 

whlclr. SClI23390 (0.01 ug/slde), or sulptnde (0.1 ug/slde) bllaterally Inta 

tlh' (c1udale/putamen before testrng. 

lhlng dlff(,Jt'rH animais (n=6-8 for each group), vehlcle, SCH23390 
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(0.01 ug/slde), or sulpmde (0.1 ug/slde) were bllatt'I ally IIlJl'( tl'd Il1tO llH' 

nucleus accumbens to examllle thelr effens on spontal1(,oLJ~ lm OlllotOI 

actlvlty. 

Nucleus accumbens injections were made by lISlng mner C dlllllll.lc tllal 

extended 2.5 mm below the tlp of the gUide cannular, to coOrdmal('<' (/\ '-1.7, 

L +-1.5, V -7.0mm). Caudate/putamen injections wer(' matit' lI~II1~J 11111('1 

cannulae that extended O.S mm below the tlp of the qUlde (annulëH" 10 

coordinates (A:+ 1.7. L:+-I.5, V·-S.Omm). 

After the inner cannulae were Inserted mto the gUIde cannul<H', the 

drugs were dehvered over a 30 sec penod. The Inner call1lulae werp left III 

place for a further 60 sec. Testing began after a further 90 ~eL 

Histology. After the completlon of trstmy, dtm.ldl:. were pcrfu"PlI wl\h 

saline and subsequently formol saline through the hPMt. Bralll<, W('r(' 

removed and stored ln formol saline. The brams were ~e( tloned wllh 30 UIll 

sllces. They were then stamed wnh thlonm. 

Drugs. SCH 23390 (Schenng Corp.) was dissolved ln ~alll1e. ~ulplrld{' 

(Research Blochemlcals Ine.) was dlssolved ln 0.1 N flCl dnd dduted Will! 

dlstilled water. The antagonlsts were adJusted to pH 6.S-7.n wlth <'Odllltll 

hydroxide. 

Results 

Figure 2 shows the locations of the tlps of the mner cdnnuld(' for thp 

mtra-accumbens (A) and IIltra-caudate/putamen (B) ~Jroupc,. 1 tH' ddtd !rom 

animais whlch recelved mlCrotnJectlons oUlslde th(' nue I<'u,> a( (Umhl'n<, or 

caudate/putamen were ellmtnated from the andly,)ls. Anlmdl<, w{'rc' rl'( rUltl'{\ 
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FIgure 2 

The locatIons of the tips of the mner cannulae for the tntra

accumbens groups (A) and rntra-caudate/putamen (B) groups. 
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unul the rounterbalanced design of the condltloned place preference was 

Jchlcveù. 

r he behavloral data are shown m Figure 3. The control group showed 

a robu<>t condltloned place preference (p<O.O 1). 0.01 ug of SCH23390 and 

0.1 uq of o:;ulplflde InJected Into the nucleus accumbens on the test day 

(ompletrly blocked the expression of the amphetamlne CPP. 

For 5(1-123390. there were slgmficant differences between tlme spent in 

the palred and unpalred compartments at 0.0001 ug (F(I,27)=11.72, p<O.OI) 

and 0.001 ug (F(I.27)=4.SS. p<O.OS). but not at 0.01 ug (F(l,27)=O.02, 

\1>0.05). lhe tlme dlfference of the control group was slgnlficantly dlfferent 

from that of the 0.01 ug SCH23390 group (F(l,S4)=20.04, p<O.OI). For the 

~ulplnde-treated groups. there were no slgniflCant dlfferences between tlme 

spern m the palred and unpalred compartments at 0.01 ug (F(l,20)= 1.52, 

\1>0.05) and 0.1 ug (F( 1 ,20)=0.02. p>0.05). The tlme dlfference of the 

control was signlflCantly dlfferent From that of the 0.1 ug sulprnde group 

(F(1,40)=18.87. p<O.OI), but not From that of the 0.01 ug group 

(F(1.40)=3.82. \1>0.05). As the figure reveals, 0.01 ug ofSCH23390 and 0.1 u

q of sulpmde completely blocked expression of the amphetamlne CPP. 

l'he doses of SCH23390 and sulplnde whlch eompletely blocked the 

expressIOn of the amphetamme CPP had no effeet on this condltlOned 

brhdvlor when they were InJected mto the caudate/putamen (Figure 4). 

PI,HlnC'c! cornpansons revealed that there were slgniflcant dlfferences between 

tII11t' "pent III the palred and unpalred compartments for the vehlcle 

(1(1.21)-"'7.70. p<0.05). SCH2J390 (F(1.21)=14.89. p<O.OI), and sulpinde 

(\ ( 1.2. 1 )-=9.28. p<O.O 1) groups. The tlme difference of the control was not 

(lIffPH'nt from th,ll of the ~CH23390 (F(1.42)=3.64. p>0.05) or sulpJrlde 
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Figure 3 

Effects of SCH 23390 (0.000 1. 0.00 1 dncl 0.0 1 uq/<,Idt» ,111(1 

sulplride (0.0 J and 0.1 ug/side) InJected into the nucleus élCUll11lw!l<' on 

the expressIon of amphetamme CPP. l he ordlnate rE.'prp<,ent., t IH' t 1I1l(' 

spent ln the two large compartments. PAIRED SIDL dmphetdIl1I11C-p,lIr{'d 

compartment, UNPAIRED SIDE sahne-palred companment. 1 tH' numbel<' 

above the columns are the dlfferences ln tlme (rn s{'cond~) "pen t III t tH' 

two large compartments. 
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Figure 4 

Effects of vehlcle, SCH23390 (0.01 ug/slde), and 'i1l1rmldr (0.1 LI 

g/slde) rnjected rnto the caudate/putamen on the rxpIP<;<"'OIl of t Il(' 

amphetamrne (PP. 
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Figure 5 

Effects of mlcrOInJections of vehlCle. SCH23390 (0.01 uq/sldp). ,ml! 

sulpmde (0.1 ug/slde) IntO nucleus accumbens on <'pontcllH'Oll\ 

locomotor actlvlty. 
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(F(1,42)=0.23, p>O.O~) group. 1 hese data II1dlcate that II1ll'(IIOI1'> ni 

dopamine receptor antagollists Into the calldate/putanWI1 have no citee l 011 

expression of the CPP and that the blockade of expre~<"lon 01 tlH' 

amphetamme (PP by întra-accumbens I11lcroulJectlOrlS of Stll2 3 ~90 01 

sulpmde IS not due to spread of the drugs II1to the cauda«>/putdrnen. 

ln the expenment on spontaneous locomotor actlvlly, I1lIClOIll/<,( lion,> 

of the hlghest doses of SCH23390 and sulpmde rnto the nl/cleue; cln umbl'n<., 

suppressed actlvlty to 53 and 36 % of the level of the no-treatl11l'nt ~JIOllp. 

respectlvely (Figure 5). A one-way ANOVA revealed that the dru~J effre t Wtl<, 

slgl1lflCant (F(3,22)= 14.41, p<O.O 1). 

Expenment 3 

ln both Expenments 1 and 2, InJectlon~ of SCH23 390 ~Hld ,>ulrmld(' 

reduced spontaneous locomotor activlty and blocked the cxpH>e;<'HHl of tlll' 

(PP. The posslbllity eXlsts that the blockade of expression of the 

amphetamll1e CPP IS due to thls reductlon of motor actlvlty. 10 e<;tabl,<,h the 

effect of thls type of behavloral change on the CPP, the effecls of <,odltllTl 

pentobarbltal on spontaneous locomotor actlvlty and the exprc<'<;lon of 1tH' 

amphetamlne CPP were examll1ed. 

Methods 

Procedure. Flve groups of anlmal<; (n - 3-12) W('r<' qlwll <'Odill/Tl 

pentobarbnal (0.0, 10, 15, 17.5. or 20 mg/kg, 1 p.) and pld«'d Into 11H' J( 1lvI1y 

boxes \0 mm later. Spontaneous locomotor act/vit y Wd'> nWd'>lJf('d for 20 

min. Another two groups (n=8 for t'och) rpcPlved ('11h('r whlcl!' or IIH' do'.!' 

of sodIUm p~rttobarbltal (17.5 mg/kg), wllIch produc ('(/ 1 he 'HlnW (\f'(jn'(' of 

S3 



( 
rpdu( lion of spontaneous locomotor actlvlty as mtra-accumbens injections of 

"ulplrlùe, 1 0 min before the test session of the (PP. 

lJrugs. Sodium pentobarbnal was dlssolved in a solution of 10 % 

pt hdnol ln !l0 % propylene glycol. 

Re<,ults 

Sodium pentobarbltal decreased spontaneous locomotor actlvlty in a 

dose-dependent manner (Figure 6). A one-way ANOVA showed a slgmf/cant 

group cffect (F(4.J8)=6.62, p<O.OI). 17.5 mg/kg of sodium pentobarbital 

decreased spontaneous locomotor actlvity to 37 % of control. 

When thls dose of sodium pentobarbltal was g/ven before testing for 

the CpP. allimais showed normal (PPs (Figure 7). Planned compansons using 

qroups as one factor and compartments as the other (repeated facter) 

showed that there were slgmflCant dlfferences between tlme spent in the 

palred and unpa/red compartments for the veh/cle- (F(I,J4)=11.61, p<O.OI) 

and pentobarbltal- (F(I,14)=16.77, p<O.OI) treated groups. The tlme 

dlffcrencc of the pentobarb/tal-treated group was not statlstlCally dlfferent 

f rom that of the control group (F(I,28)=0.19, p>0.05). These ftndinys 

sUt)ql'st that drllg-prodllced decreases ln spontaneous locomotion do not, ln 

,wei of themselves. affect the expressIOn of amphetamine (PP. 

l '\IWIII1Wllt <1 

Ill(' Icsults of Experrment 2 showed that mlcrOlnJectlons of the 

dOPdlllll1l' antaqollists IntO the caudate/putamen dld not Impa/r expression of 
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Figure 6 

Effects of sodium pentobarbnal (0.0. 10. J 5. 17.). d/Hl 20 mq/kq. 

i.p.) on spontaneous locomotor actlvlty. 
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Figure 7 

Effect of sodium pentobarbltal (17.5 mçj/kg, I.p.) on th<.' (,XpH',><,,JOIl 

of the amphetamrne (PP. Sodium pentobarbltal was ÇJlven 1 () Illl!l hrforp 

the test session. 
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the amphetamlne (PP, suggEstrng that the Illgrostllatal dop,lIlllfll' ~y<.,lt'fll 1 ... 

not Involved 111 thls behavlor. ThiS expenment examll1e<.l the t'fh'( t (lI 

substantlal damage to the dorsal caudate/putamell 011 tll(' ,1l1lplH'I,1l1llIH' ( pp 

ln order to conflrm tl1ls conclusion. 

Methods 

Procedure. One group of rats (11--,12) H'u'lved bd,ltt'r dl pll'( l IOlyl I( 

leslons (2.5 mA for 20 sec.) of the cauuate/putan1l'11 (/\ 1 1.0, 1 1 2.0, 

V -S.Smtn); the other (n=8) recelved sham leslons. /\ftN <;lllyCly, tlH' dIHI11"I<,' 

welghts were monltored, and they were fed Wl't mash I1lIX('(\ wlth <'lH IO<,t' 

At the end of a 1 week recovery seSSIOn, therr was no ~1~lnlfJ(dnt dlllelPllu' 

between the mean welghts of the group wlth l('slOn<, (I\VC'IdCJ(' ) 1 (}.O q, 

SEM=4.2) and of the group wlth sham les Ions (/\verdge---~22.1 q, )1 M t1 1), 

After the recovery penod, the (PP expenment began. 

Results 

The extent of leslons IS shown 111 Figure 8. They were marnly (onlll1('<.1 

to the dorsal section of the caudate/putamen. 

Electrolytlc leslons of the dorsal caudate/putamen potent ltitet! t IH' 

amphetamrne (PP (Figure 9). A two-way ANOVA wlth plannr(\ (OmpcHl,>on<, 

showed that there were ~Igrllflcant dlfferenres III ume <,ppnl III IIH' Iwo 

compartments for the control group (F( 1,18)= 1 1.30, p<O.O 1) ,wei 101 Il)(' 

lesJOned group (F(I,18)=31.96, p<OOI). lhe lime d,fferen(> for Ih('I(",folH'd 

group was slgnlflcantly dlHerent trom that for tlH' (outrol qroup 

(F(I,36)=8.79, p<O.OI). 



FIÇJure 8 

l he extent of electrolyttc lestons of the dorsal caudate/putamen. 

{ he shade Indlcates the maximum extent of alliesions ln ail rats. 

GO 



r-

1') (, 
----

'\i(1 
, . 
------- ---

/ 

--~ ~ -

1 1 J 
-_..-----, .-----,-

.. ---. , 111--

'- l' - / 
~~--~~ 



rrÇJure 9 

Effects of electrolytrc leslons of the dorsal caudate/putamen on the 

amphctamme (PP. Sham sham lesloned group, Lesion dorsal 

(audate/putamen leslOned group. 
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Ille prc"cnt set of expenments show that systemically InJected 

"p!e( live DI and 02 dopami ne antagonlsts have dlfferent effeets on the 

d( tllIl"lllon dnd thr expressIon of the amphetamme (PP. The selectIve DI 

<lnl dCjOI1I<,t ~CH2B90 blocked acqUlsltlO/1 and expression wlülln simllar close 

rdnq<H). 1 he antaqonlsts wlth 11Igh affl/1lty for D2 dopamIne receptors had no 

('11('( t on eXllresslon al doses whlch completely blocked acquIsition. Yet 

t1/qhpr dosc<; of thcse D2 antagonlsts bloeked expressIOn. MlCrolnJections of 

)Cl12 ~ 190 or ,>ulplndr Into the nucleus aecumbens also blocked expression of 

the dmph(,larnme Cpp, mlcrOInJeClions of the antagonlsts Irlto the 

(tlud,l!{'/pu tarnrn wpre wlthout effeet. Ailhough Intra-aeeumben s 

1ll1( rOIl1j('lllon~ of SCH23390 and sulplnde reduced spontaneous locomotor 

tI( t1vlly, sodium pentobarbltal (17.5 mg/kg) produeecl the same degree of 

rl'duc tlon of "po'ltancolls locomotor act/vit y wlthout havlng an effect on the 

{·xprp.,"ICHl of the amphetamlne (PP. rlflally, electrolytlc leslOns of the dorsal 

(dlld,lIp/putiln" n patentlated the amphctamlne (PP. 

AClJLII~/tJ()t1 of the amphctammc CPP 

I\lthOlJC)h ampl1etamlne mduces dopaminE' release uncondltlOn,llly ln 

ltH' Jlucl{'lJ~ il«umb('ns and caudate/putamen (Butcher, Falrbrother. Kelly and 

1\1 hut hnott. 19HH. 1 eVlel and CUlbert, 1987. Wood, Kim and Marien. 1987), 

dOP<lIll1lH' rpll'<1<;e 111 the caue/atP/putamen dacs not ~cem to be relevant ta 

d( ljUI"ltlOl1 of thr dmptH'tarrmc (PP stnce leslans of the dorsal 

(duddl('f plll,un{'n f<ldcd to If1lpalr the amp rlet<1mmC (PP ln the p:-es(-'nt ~tudy. 

IOql'tl1l'f wlth Pf('VIOllS clrnlOnstfat/DnS that (Iopamme (leplet/on ln the 

IH\( leu ... dC llJl11~WnS clltenuatcc! the arnphetamlne (PP (Spyrak, et al.. 19~2a) 

b·l 



and that mlcrolnJectlons of amphetdnwl(' mto lluL!l'lJ', ,H (lI/llIWIl'>. hlll Ilot 

Into caudate/putamen. estabhsh CPPs (Au 1151 and 1 1 ()('Iwl 1 <JH~. l- ,II' ,\Ild 

White. 1983, 1986). the mesohrnblc dopa/mne <"y<,t('/ll Ifl IIH' Ill/dt'l/<" 

accumbens seems to be il crlucal neural <;ystem for tll(' l'<.tdhll<,l1fl1l'1l1 01 tlll .... 

type of learnlng. 

The selecllvlty of the antaqonlsts to dOPdlllllH' rl'cpptm<, 1<, m.llIlI,\IIH'd 

wlthtn the dose ranges usecJ ln the acquIsitIOn dnd ('XPH'<.,<.,IOIl p.u t <, 01 th 1<' 

study (Andersen. 1988. Andersen. Nlclsen. Gronvald .111(1 BrdP<,tlllp. I\)Hh). 

Although SCH23390 also b,nds to 5HT-2 I('ceptor<; (B,<,(/lOlf. 1I1'IIlIH h. 

Sonntag and Krauss. 1986. HICks. ~eho('maker and 1 anqpr. IlJH,l). IIH' hloc ~1fl<1 

effecl of SCH23390 on the amphetamlne cpp doc .. not <'l'pm tel 1)(' duc' 10 thl\ 

action of thls drug. Flrst. depletton of serOlonl/l ln Ihl' IllHh'lI', cHCllIllIH'Il<' 

has no effeet on the amphetamlne CPP (Spyrahl. Norlllko,>, ("\I,,rlC>pollloli .oHI 

Daifotls. 1988). Second. the doses of SCH23390 1I<,('c! Hl th!' PIP\PIlI "tudy 

have no effect on SHT-2 blndlng slles (BI<;choff pt JI.. ! <)IHl) or on ~III 

mecJlated behavlors (pugh et al. 1985). Thus, the pr('~{'nt ftrldlllq thdl bot Il 

DI and D2 dopamine antagonlsts blocked acquIsition "uqqp,>l<, thdt d( Uv.!t 1(l1l 

of both DI and D2 dopamine leceptors IS reqUlrrd for the p"t"hll<,hnwllt of 

the amphetamlne (PP. f/1ls IS (onsl~tent wnh preVIOllc, C,tUt!II'<' <,!lOWIIl<j t bd! 

the establishment of the amphetdmrnc cpp WdC, bloc ked by ~(1I2) )q() 

(Hoffman and Benll1ger. 1989. Leone and ()IChldrd. 1<)~7). a flllr)('lltlllyol 

(MacKay and van der Kooy. 19H5). and metoclopr.tmlc!C' Olof frndll d rHI 

Benrnger, 1989). 

One pOSSible expia nation of the J1re,>('nt Ilndlnt)<., 1<' bd<)('(\ upon tllC' 

facts that metoclopramlde establlshes (PP" Oloflmdtl cUlt! 1~(·nlll(Jl'r. 1 (JX(J) 

and SCH23390 establlshes condltlOrH'd pldcr dV('rWH)<" ( PA'» (<.,llIPI>(·nl)('r<) 

() 5 
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,wu 1I('r/, 1987, 1988). I-Iowever, ln the present studies, the antagonrsts were 

qlven hefore hoth amphetamine-parrrng and salrne-palnng sesslons_ Even If 

mptoc!opramlde establlshed a Cpp, It would have been added to bath 

wndltror1\, and the amphetamrne-pa/red compartment would still have been 

unlque!y patrrd wnh the amphetamtne effect. In this hypothetlcal Situation, 

dlltmdls mlght still be expected to choose the amphetamrne-metoclopramlde 

patred compdrtment over the metoclopramlde paired compartment If the 

C:PP-rstdbllshrng cffen of amphetamine was not blocked by the antagonrst. 

Slmrlculy, If SCH23390 Sim ply produced a CPA wlthout blocklng the effeet of 

dmph('{clmrne, animais might be expected ta choase the amphetamrne

~CH2B90 palred compartment over the salrne-SCH23390 palred 

fompclllment. 1 he argument that CPPs or CPAs produced by the antagonlsts 

(dnllot explaln the bloekade of the amphetamrne CPP IS further strengthened 

by eVldpnce that the dose af a -flupenthlxol whtch eompletely blocked the 

estahllshmrnt of the amphetamrne (PP ln thls study does not produce a CPP 

or CPA (Maekay and Van der Kooy, 1985). Thus, It seems that both DI and 

02 dopamine antagonlsts dlrectly antagol1tze the action of amphetamlne. 

f .\prr\\lOn of the omphetammc cpp 

Sy~t(,ll1rrally IIIJected dopamine antagonls ts blocked expression of 

PI('vlou<,ly p<;tclhlr..,lll'd drllphetamrnr CPPs when glven on the test day. 

MI(lOlll!l'ttIOIlS of ~(1/23390 cine! sulplrrde Into the nucleus aceumbens, but 

Ilot tlll' (duddte/ putdmen. a/so blocked thls behavlor. It IS unllkely that the 

,1I1l,\(JOIl I..,(c., hlo(~('d thls condltloned behavlOr simply by Impalrrng 

JWrfOII11,1I1Cl' l\ithoLJ9h nllUOll1Jectlons of SCH23390 or sulplrrde reduced 

I()(0I110(I0I1. Ihe ",lI1l<' cI(lql('{l of motor retardatlOll produlPcJ by sodium 
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pentobarbltal had no effect on the e\pre~SI(Hl of t Il{' .1I11plll'tdllll/ll' (1'1'. "'IIHl' 

sodium pentobarbltal produces stronÇJ clverSlve l'ftl'U'" nwa"'lIIl'd III tht' pl.\( l' 

condltlOnmg paradlgm (Mucha and Iverst~n, 19S·l), tlll' flndlllq th.lt tlm drllq 

InJected on the test day had no ('ffect on expression of tlll' tllllplH't.lflllfll' ( PP 

also mdlcates that the blod.ade ot thr l'XpreSWHl of tilt' (PP hy tlll' 

antagonrsts was not due ta clny dv('r~lve l'lll'( t ... they 1111qht h,lV(' 

(Shlppenberg and Herz. 1987, 1988). Togethrr wnh tlH' flmhnq lh.ll I('\lon ... 

of the dorsal caudate/putamen dld not Impair the arnph<'tclnlllH' CpP. ft ldn 

be concluded that dopamine released from the mesolrmt)l(. ratlH'r theln tlll' 

ntgrostnatal, dopamine p"t-hway has a crucial role 111 expres<)lI1q tlw t 1'1'. 

The data also reveal dlfferent effects of "yst('rnlc d!ly 111)('( t{'d 1.,( Il 

23390 and the other antagonlsts. Whde the ni clntdqonl"'\ w, .... ('qudlly 

effective III bloc king the acqUIsition and expressIon of the dmplH'ldf1lIlH' ( 1'1' 

wlthlll the dose range that marntalns scleclIvlly for (hl' 1)1 dop,lIllllH' 

receptor (Andersen, 1988), hlgher doses of tlH' ollH'r dnldqOIlI'>l ... w('/P 

reqUlred ta black expression than acquIsition. 1 he Idtter druq., .,hdrP IIH' 

property of hlgher afftnlty ta the D2 than the DI dopamlllc rru'pt(H ln VIVO. 

a -flupenthlxol and sulplnde ha\e 2 and 7 limes hlqlwr dff rnll y for 1)2 

receptors than DI receptors. respectlvely (I\ndPfwrl, Il)88, WtlddllHj\On dllli 

O'Boyle, 1989). These ratJo~ cOlflclde aprnoxlmatply' wlth tlH' d('(jn'(' 01 t l)(' 

rlghtward shift of the antagofllsrn curvcs tram d(qUI"I!tOIl 10 ('xprp'>'>'O/l 

H Igure 1). for examplc. OA mg/kq dml 0.8 mq/kq 01 lA flurH'nt 11Ixol 

produced complete blockadp of tlw dCqulc,lIlon tlntl ('yrHP<,<,IOtl 01 Ill(' 

amphetamme (PP. r<>speclIvely. Sillet' tlH' hlç)h dw)p" of IIH' Dt tlntdqOI1I',t', 

used 111 thl,) stucly rndy blnd to [) 1 re( t'DIOr., tr1 VIVO (I\ndpr',pll. 1 ()88). 1 iH' 

observrd blocklll9 effpCl ') of tlH' hl~Jh do<,('" 01 1 hl' 1)1 cllll,I(JOIlI',\ '. O!l 



1 

(,XfJrI''>'>lrHl mllJht be due to blockade of DI dopamine receptars. If the 

blockade of the expre<;slon of the (PP by systemlc sulpmde was due ta 

blockade of (J 1 dopamine receptors, then the blockade of the expression of 

the dmphetamlne CPP by Intra-accumbcn~ InJer.:tlons of sulpmde mlght also 

have bcpn duc to thls drug's bmdmg ta the DI dopamine receptor ln the 

nucleuc, dc(umbens. 

ln summary, the data ln thls (hapter suggest that the acquIsitIOn of the 

dmphetamlnc (PP relies on co-activation of DI and D2 dopamine receptors. 

1 xpresslon of thls condltlOned behavlOr is more effectlvely blocked by the DI 

dopamln(> r('('ptor antagonlst than the antagonlsts wlth hlgher affrnlty for 

1)2 than DI receptors. This might suggest that the expression of the 

drnphet,lInrrw (PP 15 medlated by activation of DI. rather than 02, dopamine 

rp«'plOrs. lIowever, the po~slbllity that activation of nucleus accumbens D2 

dOPdllllnP rp(pptors IS also reqUired for expression cannat be ruled out on the 

bdSI':. of the dvatlable data. 
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CHAP rE:R 4 

The eXistence of two dopamine pools has been s1I9geS(NI on t IH' 

grounds that a -MPT and reserl1me exert cMferential eff('ets on '>tllllllldlH 

tnduced behavlOrs. The tyrosine hydroxylase Inhlbnor a -Mf> r l'ftp( !l\lply 

blocks behavloral activation mdllced by amphrtamllH'. Il hd'> d Wl' ,~ 01 no 

effect on behavloral activation prodllced by plpradrol (Sdw{'I-Kr UlI('I, 1 q 71) 

The veslcle depletor reserpftle blocks the behavloral effec.t 01 plPltlllrol. bUI 

not of amphetamll1e (Scheel-Kruger, 1971). Thus Il mdy 1)(' (hdl 

amphetamme acts to release dopamll1e from the pool whlch 1') d('rH'I1t!Pllt 011 

a constant supply of newly syntheslzed dopamll1e, whlle pl prtltl 1 01 d( t\ !O 

release dopamine from the veslcle pool (Glowll1~kl. 1970. 1 <)73). 

Accordmgly, It can be hypotheslZl:~d that dmplwtanlilW IIldu( ('" 

dopamll1e release from the a -MPT-sensltlvp dOPdlllllW pool wlH'11 

establlshlng a CPP. The flrst set of expenments ln Chal1lpr 3 "lHIIJ('''1 1\l,1I 

expressIOn of the amphetamlne (PP ln the ahsence of amplH'ldllllllP d\<'O 

II1volves dopamme release. ThiS ralses the question of whlc Il pool 1" IflvolVl'd 

ln thls dopamine release. In thls chapter. thls que<.,t\on 1" 11lV('''II</tlIPc! hy 

examlnll1g the effects of a -MPT and reserpll1(~ on PXPIP"'>IOI1 of Ilw 

amphetamme CPP. 

Expenment 5 

This expenment testpu the hYl101 h('<,I<, t hdl t IH' dOl1dnWH' n'( ('plol 

activation medlatlng ('Xl1rrSSlon of t IH' dmptwtdmlrw (PP l', pl OcllH (·d lJy 

dopamine released From the a MPI ,)PIlSllive dOndmlrH' 1100\ 111',1, 1111' 

effects of mtra-accumbenc, a -MPI tlljNt/on on drnntH'ldfllllll' tllHI plfnddtol 

Inclllced lo( omotor dCllvlty wer(' eX,Ulllll('d, <Incl d do,,(' 01 u MP 1 will( Il 

V) 



(omplptply hlocked amphetamme-, but not plpradrol-mduced locomotor 

actlvlly was Idenufled. Second, the effect of thls dose of a -MPT on 

expr<}c,~lon of the amphetamme CPP was determmed by Injectmg It mto 

nucleus accumbens on the test day of the CPP paradlgm. 

)urycry. )lereotaxlc surgery uSlng standard techniques was performed 

undpr 65 mg/kg sodium pentobarbnal anesthesla on rats to Implant the 

qllldr cannular. USlng the atlas of Paxmos and Watson (1982), the gUide 

(dllnul,\(' WNe Jlmed at coordmates (A + 1.7, L +-1.5, V -4.5mm). The gUIde 

(annulae werr filled wlth Insect pins (00) cut to the length of the gUide 

[annul,H'. J he expenment started after a one-week recovery penod. 

Procedure. SIX 910ups of rats were used for the locomotor actlvlty 

(·;"'p(·nment. 1 hree of the SIX groups were llsed for testmg the effect of mtra-

dU tllllh(lns a MPT mlcrolnJections (J 10 ug/slde) on amphetamme (2.0 

rn~J/k~J, s.c.}-II1e!uced locomotor actlvlty. These groups recelved enher vehlcle-

.\l1lplH'tdmilW (n=5), a -MPT-amphetamme (n=5), or vehlCle-vehlcle (n=5) 

llt'dtment. l he ottler tlnee groups were usee! for testlng the effect of mtra

d« ulllbens a -MPl mlCrOInJectlons (1 10 ug/slde) on plpradrol (25 mg/kg, 

".c.) ,nduced locomotor aOlvlty. These received elther vehlcle-plpradrol 

(II Sl, a -MP1-plpradrol (n=-5), or vehlcle-velmle (n==5) treatment. Ail rats 

1('«'lvpd bddtPlal mlcromjectlons of a -MPl or Ils vehlcle (phosphate buffer) 

followed 3 mlll Idter by systemlc IrljeCtfOns of the stimulants or thelr vehlCles. 

111(' cHen of 1 10 ug of a -MPT on expression of the amphetamlrle CPP 

Wd" .11"0 tr"lcL! Wlth cllffrrenr animai.,. Two groups (N = 13 and 8) recelved 

IIHI,\ d( (lIllllw!l<, HlJ('( 1I0n~ of a -"'11'1 or ilS vehlcle 3 mm before the CPP test. 
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Nucleus accumbens InjectIOns werr madr by lISIl1~l 11l11l'1 l.\llIHlI.H' th.lI 

extended 2.5 mm below the tlp of the gUIde cannlliae. to (OOldll1dt~' ... (1\ 1 1.7. 

L +-1.5. V -l.Omm). After the ml1er cannulae were trls('rt('d IrHo tht' qUldt' 

cannulae the drug or vehlcle was dellvered OVN a 30 <)('( pt>r!od 1 hl' 11lIH'1 

cannulae were left 111 place for a fllrther 60 sec 1 estlllq lW(j.\1l ,lItt'l .1 Ililthel 

90 sec. Thus the mterval between the onset of mlcrOIl\j('( tlon<., .l/ld \('<'I11HI 

WdS 3 mm. 

Histology. After the complet Ion of behavlOral testll1q. llH' dlll/Helh Wl'J(' 

perfused wlth saline and formol saline. The brdlrls werf' reIllOVl'l!, <,IIl l'd, ,lIld 

stall1ed wlth thlOl1l11. 

Orugs. Plpradrol was dl550lved III dllutpu propylellP qly( 01. ,\I(1h" 

Methyl-DL-para-tyrosrne ( a -MPT) (Sigma ChellllLal Comp,lJ)y) w" ... dl ...... oIVl'd 

111 phosphatt buffer as 220 mg/ml of the solution. a MI' 1 or plw\phtl\(· 

buffer was brlaterally mJected Il1to nucleus accumbens III d VOlllllH' of () l) u 

I/slde. 

Results 

Figure la shows the location of tr,è tlp'> of thl' Itll1('r (dIlIlUI.ll' 1 hl' 

locations were confmed to the nucleus actumbrlls Hl ,III (d<'('<' tf<,('(/ lrJ Ill(' 

data analysis. 

Figure 1 1 shows the effects of II1tra-atcumbens Inl<'( t 10 Il'. 01 0 Mt> 1 Oll 

amphetamrne(A)- and plf)rdUrol(B)- mdll((~d lo[ornotor d( tlvlty Whrl(' a 

-MPT-treated animais dld not show amphelamrrH' mdu('d loc ortlotor dC IIVlt y. 

they showed a conslclerabl(' amount of plpradrollndu('d IOC0n1010r dC llvlly 

ror the arnphetamll1P qroups, d two Wdy AN( NA Wlt Il qfOUp'. d', fJfH' 
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IIÇ1lHP 10 

Bram sections showmg the locattons of the tlpS of the mner 

(dnnulae. 
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1 
\ 
l 

fIgure 1 J 

Effens of mtra-accumbens injectIOns of a -MPT (1 10 ug/slde) on 

amphetamme- (A) and plpradrol- (B) mduced locomotor actlvity. V 

vehlcle, AMPH amphetamtne, AMPT a -MPT, PIP pipradrol. 
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f(H tor dnd Intprvdlc, d"> the' othcr (repeated measure) revealed a slgnlflcant 

Intprd( Hon l'ffell (1 (b.J 3)==-4.84. p<O.O 1). One-way ANOVAs applled to each 

Interval "how('d that there were s.gn.flcant group effects at the flrst 

(1 (2.11) 1096. p<O.OI), second (F(2,11)=4.01. p<0.05), third (F(2,11)=5.35. 

rv:0.05). tlnd fourtll (F(2,11)=11.25, p<O.OI) mtervals. Scheffe tests revealed 

lhat th(' a MPT -amphetammc and vehlCle-vehlcle groups dld :lot dlffer at the 

':.('(ond (1 (2.11)=--i.95, p>0.05). thlrd (F(2,11)=0.03, p>0.05), and fourth 

(1 (2.1 1)= 0.27. p>0.05) mtervals. At the f,rst mterval, the photocell count of 

t tH' a MP 1 -amphetamme group was slgnlflcantly lower than that of the 

vplllc le-vrlll(lr group (F(2.1 1) = J 509, p<O.O 1). The a -MPT-amphetamlne 

qrOUf) 'lhowcd SI9111f lCélntly lower locomotor actlvlty counts than the vehlcle

dmphetamme group at the flrst (r(2,11)=17.11, p<O.OI), th.rd (F(2.11)=8.80. 

f)<O.05). and fourth (F (2.1 J)= 15.32, p<O.f) 1) Hltervals. At the ~econd mterval. 

llH'rp wa') no slgnlf.cant dlfference r ..:tween the two qroups (F(2, Il )=7.37, 

p>O.05). 

1\ two-way ANOVA appllecl to the plpradrol groups showed that there 

Wd':. cl 'l1t}/lIflc.an! Interaction effect (F(6,36)=5.03, p<O.Ol). One-way ANOVAs 

H'vpalPd !hat the qroup ('ffect was not slgnlflcant at the f,rst (F(2,12):=3.37. 

p>().O')) <1I1d second (F(2.12):o-O 71, p>O.OS) mtervals. S.gmflcant group 

pffl'(!'> WP'P {ound ,11 the thlrd (F(2.12)=8.48, p<O.Ol) and fourth 

(1 (2.12) ~1.,)3. p<O.O 1) IIHervals Scheffe tests showed that the a -MPT

I1lpl.1dlol 9'OUP dlci Ilot dlffcr from the vehlcle-plpraclrol group at the thnd 

(1 (2.12) 1 1 q. p .... 0.(5) clnd fOllrth (f (2. J 2)= 1.86. p>O.OS) mtervals. The CI 

MI' 1 IHPlddrol 91011r dllcl t"c vclllcle-vrll/fJe group dlffered at the thml 

(1 V.12) H.3b. p<O.t)~) .Incl fourth (f(2.12)-=-8.47, p<0.05) Illtervals. 

1 hp"ll' '"ldmq'> dIt' (OnSI':.tl'llt wlth the hypothesls that a -MPT and 
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amphetamlne aet on the Sclme dopamine pool. 

On the (PP test day, both the a -Mf> rand whlele qlOUp<" l',llIl"tl'd 

robust CPPs (Figure 12). A two-way ANOVA wlth groups <1<; Olll' IcH tOI <llld 

compartments as the other (repeated measure) H'Wdkd th.!t th(' 

compartment factor was the only slgnlflcéll1t effec t (1 (l, 1'1) b.70, 11<00')). 

Further analysis by planned comparlSons rewaled thdt thr tml<' drffp'~'IH{, of 

the control group was not statrstlcally dlfferrnt From thdt of the Cl MI' 1 

group (F(I,28)=0.34, p>O.OS). Therefore, the close of a -MPl thclt (olllplt'tt'ly 

blocked amphetamme-rnduced locomotor dCtrVlty !lad no <'fIN{ O/l t'Xpll'<'<"IOIl 

of the amphetamrne CPP. 

Expertment 6 

This expenment tested the hypothesl~ that expn'<'<'lon of \ IH' 

amphetamlne (PP IS medlated by dopamine relea~e f rom t tH' r(H,(' 1 fllllP 

sensitive pool. Flrst, the effect of reserplne on the pxprec;slon of t IH' ( PP W,I') 

exammed Second, the effect of reserplne on amphrt,H111IlP cll1d plflr "dlol 

Induced locomotor actlvlty was rnvestlgated. -r hls tpst hehdvioi cllly d<,<,('''',('c! 

the avarlabllrty of the a -MPT-sensltlve and rescrpllH' <'l'I1<'ltlV<' pool" dl{('1 

reserprne treatments. Thlrd. the cffert of r(lC)erpIlW on (dl<'( IHlldllllll<' 

concentrations ln the nuc!pus aecumben<, Wd<, a<,c,p<,<,pd by hlql1 IWrforllldlH (' 

"quld ehromatography (HPLC) ana 1ysl'l 10 dPlprlllllH' tlH' dVdddhrllly (JI 

eatecholamllles ln the nucleus d(( umhpnc:, ,lft('r rc'"prp"u' tH'(ltnH'llt') 

Method 

f'rocedure. In the (PP pcHadlgm (N 0 for (><1(/1 qr(JlIfl', rCWrplll(' (II(), 

2.0. 4 O. élnd 6.0 mg/kg. 5 (.) Wc\" m)pc tl'l! il hour') ciller t hl' Id',l ((IIHIII IO/l/lH/ 
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4 

1 J( III H' 1 2. 

1 ffpCl ~ of 0. -MPl (1 10 ug/slde) mlcrolnJectlons Into nucleus 

dCfurn!wnc:, on the ('xprl'S~lOn of the amphetamme (PP. 
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'>{''>'>Ion 1 hl' Jmmdls were tested 48 hours later. 

1\ ,:>tngle dose of reserplne (6.0 mg/kg) was used to determme the 

(·ffpLt of thls drug on amphetamlne (2.0 mg/kg, s.e.)- and plpradrol (25 

mq/kq, s.c.)-tnduced locomotor actlvlty. Forty-elght hours after systemlc 

rp':>Prpmc mJectlOns, the effects of the stimulants and thelr vehlcles on 

ICH omotor dctlvlty were tested. Three groups recelved elther vehldr.

drnptH'tamme (n== 13), reserptne-amphetamme (n=6), or vehlcle-vehlc\e (n=7) 

W·dtmpnt. Another three groups recelved enher vehlcle-plpradrol (n=4), 

rp<,prpJrlP-plpradrol (n=4). or vehlCle-vehlcle (n=4) treatment. 

CHC< holdmmc deplellon ln the nucleus accumbens mduced by 

re<,erprrw (00, 1.0, 2_0, 4.0, and 6.0 mg/kg, s.c.) was determlned. The drug 

Wd'> IrlWn('c/ "18 hours before the an Imals (n= 29) were decilpltated wlth a 

gulllotlllc. 1 hl'Ir braltls were removed, and a section between approxlmately 

,2.7 mm and -t0.7 mm ln the antenor-posterror plane (Paxlnos and Watson. 

1<)82) was cut uSlng a cooled cutter on a cold plate. A plece of tissue 1.5 

mm ln dlameter conslstmg solely of nucleus accumbens was punched out of 

('drh <'Ide of the section uStng a modlfled syringe barrel. After homogemzmg, 

tlH' <'<lInplc<, werr analyzed by HPLC. 

11ll' tl<,,:>ur samplrs were homogerllzed ln a volume of solvent 

(On<,I'>tIlHJ of 1)) ul of U.I M perchlonc acrd contallllng 50 mg/I EDTA and 15 

ulof dlhydroxybl'tl7ylarnlne hydrochlonde (OH8A). 1 he homogenate WdS 

u'ntn!tH/pc! lOI 1') mm al 15,000 RPM at O°c. 2U or 25 ul of tlle eluate was 

1Ilf('< tpc! by .ln dutOnldW sdmple II1JC'ctor (ShItl1aclslI. Sil-GA AutolnJector) Inta 

tlll' (hloll1dtoqrdph wlth cl 2 ml/mm flow rdte. IlrctrochernlCal detectlon was 

hy Arnpl'llHlll'trIC c!etPCtot 1 C-·1H Œloanalytlcal Systems) wlth an appllecl 

\olt.HW 01 () b~O 'Il(' mobllp phcl~l' WclS 0 1 M ~Oclll/Cll acetate and 0.02 M 
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Cltnc aCid wlth pH aclJlJstcd to 4 wnh qlacl,ll ,H rtlt ,H Id. O.o.'t\\ <'mllllrt1 O( 1 Vi 

sulfate, 50 mg/I EDT A al d 2% of methdllol WNl' dddl'(l. 1 )()pd 1ll1lH'. 

norepinephnne. and DHBA were Identlflrd by compal/nq 1l'1('l1tIOIl llIlH''' (lI 

thelr peaks to those of the standards. Standald CUIVPc., wer{' «tI< ul<llt'd 110111 

SIX internai standards whlch consl~tctl of [)IIBI\, <'1\ {O/l({'ntl<ltlon .... ni 

dopdmlne, and SIX concentrations of nOr('pIIlCph/lIH'. (Oll«'ntldllon .... ni 

sample dopamine and noreptnephrllle were c')tllndwc! from th(' (1l1Vl'<' .\11<1 

expressed as nmollg wet tissue welght. 

Drugs. Reserpine (Sigma) Wei') dls<,olvecl III <le l'tH d( Id ,\Iltl dllll{(·d Wlt Il 

dlstilled water. as 1.0.2.0, and 3.0 m~)/rnl of tlH' c.,oluttoll IIH' <,ol!ltIOIl'. Wl'((' 

adJusted wlth sodium hydroxldc to pli -1 lor IIH' -i.n I11q/kq ,lIld h () mq, kt) 

doses. the Süluilons werc sub< utdneou<,ly 111 IN led III ,\ voltlllH' (JI ,1 () IllI/k!) 

The other doses. 1.0 and 2.0 mg/Kq. werc II1JP< I('dm (\ volllJlw of 1 () ml/kq. 

Results 

Figure 1") shows that re')erplnc prodlJ('d cl doc.,!' dl'p('mh'llt r('c/lI< 11011 

of expressIon of the ampl1etamlflc (PP /\ Iwo Wdy AN()V/\ wllh pldlllll'd 

cornpartsotls revealed that thrre was a ,)Iqnlflcdnt dtff('r('IH(' 1H'IW('('n II/Ill' 

spent III the two companm<,ntc, for tl1(' velll< Il' trl'dtl'cI <jIOUf) (1 (I,lB) ) /1. 

p<0.05). the dlfferencer; were nOI <,Iqn!ft< dllt dt 2. () Illq/kq (1 (I,lH) ! ()/, 

p>0.05). tl.O mç)/kÇJ (H l ,2B)--0 2'). p>O OS). dlld (d) mq/kq (1 (1 ,!H) 0.1 '1. 

p>0.05). r he tlme dlfferencp of tlH' (olHrol q r OlJl1 Wd<, '.I<jnrlICdfltlv dll'('lt'nt 

From that of tlle 4.U mc)/kq (jIOUp (1 (I.Sh) 1) 10. rvO.OI) dlltl tlldl nltll" Id) 

mg/Kg çjroup (1 (1.56)- 27.8B, p<O.O 1). bUI IlOl ! rom 1 b,lI (JI tl](' ! () Illq/~ q 

group (1 (1.56)--3.2c). pA)'()5). 

1 he do',e of rt'"pr pln(' (() (J mq/kq). witt( Il e ompl{·t('ly hloe ~ (·rI 111(· 
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Ilqurp 13 

Effects of systemlC reserplne (0.0. 2.0. 4.0, and 6.0 mg/kg, s.e.) 

Inj('( lions on the expressIOn of the amphetamme (PP. 
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pxpr(''>'>lOn of t h(> amph('{amlrlC (PP, exertecl dlfferentlal effects on 

amphetdmlnr- (~Igure 14-A) and plpradrol- (Figure 14-B) mduced locomotor 

actlvlty. RC'iNpmC enher had no effect on or potentlated amphetamrne

mdl/ceci locomotor actlVlty, but completely blocked plpradrol-mduced 

lo( omotor actlVlty. 

I-or the amphetamme group~, a two-way ANOVA showed a slgmflcant 

Interaction elfect (F(6,69)= 12.18, p<O.O 1). One-way ANOVAs showed that the 

group cffeet was slgnlflcant at the flrst (F(2,23)=4A8, p<0.05). thlrd 

(1 (2,21)=-1 ~.86, p<O.O 1), and fou rt h (F(2,2 3)= 1 0041, p<O.O 1) mtervals. but not 

dt the second IIlterval (F(2.23)=2.19, p>0.05). Scheffe tests revealed that at 

the flfst Hllcrval the reserpme-amphetamme group slgnlflcantly dlfferrd from 

the vehlcle-dmphetamme group (F(2,23)=8.80, p<0.05), but not From the 

vehlc\l::-vehlcle group (F(2,23)=4.46. p>0.05). At the ttmd mterval, the 

r('<;rrpme-amphetamlne group had a slgnlflcantly hlgher photocell count than 

lhr vrhlcle-amphetamme group (F(2.23)= 15.52. p<O.O 1) and the vehlcle

vehtrlc group (F(2,23)=26.69. p<O.O 1). At the fourth Interval, the reserpme

amphetamllle was dlfferent From the vehlcle-vehlcle group (F(2.23)= 18.72. 

p<O.O 1), but not From the vehlcle-amphetamme group (F (2.23)=2.18. 

p>O.O'). 

1 or the plpradrol groups. a two-way ANOVA showed a slgnlflcant 

111 Il'' ~ln IOIl effen (f-(6.27)=). 72, p<O.O 1). One-way ANOVAs revealed 

~Iqll"'(dnt qrollp rffrcts dt ttle flrst (F(2,9)=47.89. p<O.OI). second 

(1 (l.t)) 10.01. p<O.l) 1). ttwcl (1 (2,9)=12.81. p<O.OI), and fourth (F(Z,9)=8.43. 

p,--O 0 1) Il1tervdl<;. 5chcffr tests showed that there were no slgnlflcant 

ddfl'rl'IHt''> Iwtw(I(,11 tlw rc<,rrpllH' (1lpradrol and vrhlcle-vehlcle group~ al the 

'.l'( ond (1 (l.t)) O.QS, p>O 0')). tl1l1d (F(2.9)--=0 31. p>0.05). and fourth 

~,1 



Figure 14 

Hfects of systemlc reserpme (6.0 mg/k~J. S.L) lrl)('ctl(Hl<' CJlI 

amphetamme- (A) and plpradrol- (B) mduced locomotor d( tlvlty. V 

vehlcle. AMPH amphetamlne. RES reSrrplrH'. PlI' plprddrol. 



... eoo 
A) AMPHETAMINE 

700 

fi) ... 600 
Z 
:;:) 
0 500 
(..) 

..J 400 

..J 
W 
(..) 300 
0 
t-
0 :r: 200 

Il. 
100 

0 
0 1 0 

TIME (MIN) 

900 

800 
B) PIPRADROL 

CI) 700 1-
Z 
:::;) 600 
0 
(J 

500 
-' 
-' 
W 400 
(.) e 300 

0 
::z:: 200 • 
Cl. 

100 c 

0 
0 1 0 

TIME (MIN) 

---------------~~-

• 
• 
1:1 

v - PIP 

RES- PIP 

V·V 

V· AMPH 

RES· AMPH 

V-V 

20 

20 



r--------------------- -- -- - -- - -- - -- -- ---------..... 

(F(2.9)=Z.68. p>O 05) Intervdls. I\t the flr<.t Illte/\'.11. tht' flH'I'IPlll\' plPl,lllrol 

group showed a slgnlfleantly lower photon'" (()unt [h,1n the \t'Il/( Il' will( Il' 

group (F(2,9)=40.21. p<O.OI). -'here weil' '>lqlldlldl1t dlll('I('I1«('<.,I)('[w('('11 tlll' 

reserpme-plpradrol and vrhlcle-plpradrol ~J!nllp,> IH th(' fll'>t (1 (2.<)) 92.bb. 

p<O.OI). second (r(2.9)=1823. p<O.OI). dtHl thlld (1 (2,Q) Ihld. p·,(l.Ol) 

mtervals. The dlfferenee was not ~tatl<;tI(cllly ~lqlllfl(dlH .l! tlH' jOllllh Il1t\'lv,\1 

(F(2.9)==5.96, p>0.05). 

Figure 15 shows the eHeets of 1 {'<.,('l 111/1<' on C ,It(·( hol,llllllH' 

concentrations ln the nucleus accumbcns. R('<.,prpltH' deplt>t('(\ dOj)dlllll1t' ,lIld 

norepmephnne ln a dose-dependent fashlon. 11lt' dr( rl'd'>t''> W('f(' ('\POIH'Il[I<l1. 

ft was slgnlflCant for bath dopamlllc (1 ('U4) ) 1 ()t;, p<().() 1) ,\rHl 

norepmephnne (F (3.18)= 7.1 l, p<O.O 1). 

DISCUSSion 

Reserpll1e dld not attenuate amphetamlllc-mdu( ('(1 loc o!1lolor d( 1 IVII y. 

but completely blocked plprddrol-mduced locomotor d([lvlt y. 1111<, l', 

consistent wlth neurochemlcal and behavloral datd showlIlq thdt tll(' <'1 flux 01 

dopamllle by amphetamme IS not affected (CallawdY, Ku( /(,Il,>kl .11\(.1 I..,P<J" l, 

1989) or IS enhanced by reserpll1(, (ChllJeh and MO(HP, Ill!S) h'<Hlinq ICI 

enhanced arnphetarnlll~ locomotor st!mulatlon ()tolk dnel I{PI h, J<H)7, 1 ()(,H) 

ln COl1trast, microinJectlons of a -MPT IIlto the nue I('ll~ d( (lIml){,lI~ bloc kPc! 

amphetamille-induced locomotor actlvlty whrll' <'j1drlrHj cl (CH1',I<!('rdlJl(' 

amount of pipradrol-illduced locomotor actlvlty. 111('<'(' flrlcllllq<, ',uppor! Ill<' 

hypothesis that amphetamme releases dOpclmlnl' from thl' 0 MFI ',('!l'dllV(' 

pool and that plpradrol Induces dopamlnp rpll'J'>p f rom 1 hl' f(",('rj1Itl(' 

sensitive pool (Glowlnsk, 1970, 1971)( hepl-KnH)I'Y, 1 <) Il) 
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1 1~)lJr(' 15 

Effects of reserprne (0.0, 1.0, 2.0, 4.0, and 6.0 mg/kg, s.c.) on the 

ratccholammc concentrations 10 the nucleus accumbens. Dopamine (A) 

and norepmcphnne(B) depletlon are shawn. 
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Reserpme blocked the expression of thc amphctc1Il1IIlC CI'P 111 cl do<.,t' 

dependent manner, and the dose of reserprne whlch romplctcly blad,ccl 

expression dld not block amphetamllle-lIlcluced lucomotol clct Ivrty 

(Experrment 6). Reserpine depletes monoamllles IIlcludrnq caIClholdmllH'~ 

(Experiment 6) and serotonrn (Werner, 1980). It 15 unllkely, hOWCVl'I, thelt tlH' 

expression of the amphetamrne CPP 15 medlated by systcms otlH'r th.Hl 

dopamrne. Flrst, as shown ln Chapter 3, selective dopamllH' dlltcl~Jonl,>t·, 

blocked expression. This tends to rule out the possible IIlvolve nll' Il 1 ot 

noreplnephrine and serotonin pools that are senSItive ta re<;{'rplIl{). ~(>col1d, 

leslons of the serotonerglc system rn the nuc/rus accumlwn5 Wit Il 

5,7-dihydroxytryptamme do not affect the amphctamlllc cpp (Spyr dkl et dl., 

1988), mdlCatmg that the serotonm system rn the nucleu,> il« umben<; 1'> 

rnvolved III nelther acquIsition nor expression of the amphetamrne CPP. 

a -MPT dld not affect expression of the amphetamrne CPP at t Il<' doc:,(' 

which blocked amphetamrne-rnduced locomotor actlvlty. Althouqh a -MI' 1 

decreases the concentration of a -MPT-sensltrve dOpdmllH.' and 

norepll1eph rlne, nelther catecholamine 111 the a -MP r-sensltlve pool 5('rl11,> ln 

be necessary for the expression of the CPP. ThiS conclusion IS ,>upportpd hy 

the fll1drng that even though amphetamll1e-mduced locomotor an IVlty Wei'> 

rntact after reserpllle treatment, the expression of the CPP Wd'> (Omplplply 

blocked by reserpine. 

Taken together, these fmdlllgs clearly suggest that thp ('xpre<,<,lon of 

the amphetamme CPP IS medlated by dopamllle release from the n'c:,erpIllP 

senSitIve pool ln the nucleus accumbens. Glven that dmpheldmllle rnler<H 1<) 

wlth the a -MPT-sensltlve dopamine pool It was an unexpPClPu fln(J!nq Ih<ll 

the expression of the CPP was blocked hy r('serprnr rathrr thtHl hy 0 MP ,. 
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-, ~lI', fmdlng sugqests that although the establishment of the CPP depends 

upon dopamine released from the a -MPT-sensltive pool. the expression of the 

(PP on the test day de pends upon dopamine released from the reserpine

senSItive pool. Therefore. In the case of the amphetamine CPP. dlfferent 

mechanisms may produce dopamme reJease on the condltloning and test 

day'i. 
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CHAPl ER 5 

The prevlous two chapters revealed the cr/tlcal Iole 01 the 1lH.'~olul1bll 

dopamrne projectIOn to the nucleus accumbens 111 the expr(,S~IOIl of tlw 

amphetamlne CPP. The nucleus accumbens IS a target of rnas~lve cllfcrt.'l1ts 

From the prefrontal (Beckstead. 1979. Phllhpson and Gllfflths. 198)) <lm\ 

entorhrnal (Kraynlak et al., 1981; Phllilpson and Gnfflths. 1985. ~or{,Il"'l'n <lllli 

Wmer. 1983) cortlces, the sublculum (Kelley and Domesicl<. 19H2: PIIlIlIP~OIl 

and Crlfflths, 1985; Swanson and Cowan. 1977), the h1r>pocdll1r>uc:; (Krllpy ~lI1c1 

Domeslck, 1982; Phlillpson and Gnfflths. 1985. Ralsman et al.. 1966. ~I('(WI (II 

aL, 1974; Swanson and Cowan, 1977), and the amygdala (Krllry ct dL. 1 ~H~2. 

Phllirpson and Grifflths, 1985). Behavloral studies have also shawn funnlollcll 

connections between the basal ganglJa and IJmbrc syst('mc; (/\nrH'tt et dl.. 

1989, Cador et aL, 1989, Eventt et aL, 1989a. Magnus and LammN':., 1 ~»)(). 

Mrttleman et al., 1990; Shealy and Peele, 1957. Turner, 1970, Ur<;in and Kdadcl, 

1960). Glven the anatomlcal and behavloral eVldencc, som<' Irnk bet W(,P!l 

IImbrc systems and dopamine systems ln the basal ganglra ml9ht ('XI" t lor 

the (PP. 

The present study was deslgned ta rnvestlgate rnvolvem('nt of IIH' 

hlppocampal system and the amygdala ln the amphetamlnc CPP. ~Irl( e 1 Il!' 

hlppocampus and sublculum prOJect to the nucleu!> accumben~ throuqh Ill<' 

fornlx/flrnbrra (Kelley and Damesrck, J 982, Raisrnan ct aL, /966, )w<.ul<,eHl 

and Cowan, 1977, Totterdell and Smith, 1989) and 1('<,lon<, of t IH' 

fornrx/flmbrra and the hlppocampus produce similar deflClt<, ln rdt':. III nldny 

expenments Uarrard, J978a, b). leslons were made ta th,!> flbpr bunclle. 1 tH' 

other structure studled, the amygdala. IS made up of h('lprOlj<,rwou':. nue 1('1 

Most workers studyrng the behavloral roles of t hr amyqdald hdVC' Il'.I't! IC",IOrl', 

92 



\0 the ha'lolatcral c0mplcx and ItS adjacent areas ln rats (Cador et al., 1989, 

Lventt et aL, 1989a, ~utherland and McDona'd, 1990) and gross 

amyqdalectomy ln monkeys Uanes and Mishkm, 1972; Murray and tvllshkin, 

1~85, Parkinson, Murray and Mlshkin, 1988; Zola-Morgan, SqUire and Amaral, 

1985). Because amygdalold nuclel have different projections (de Olmos, 

Alhfld and Beltramino, 1985), small electrolytlC leslons were made to elther 

the central nucleus, basolateral nucleus, or lateral nucleus of the amygdala. 

~lnce the lateral nucleus leslons appeared ta attenuate the (PP and this 

nucleus IS surrounded by flbers of pas~age whlch are functlOnally unrelated 

lO H, leslons were made to the lateral nucleus uSlng the eXCItotoxm N-methyl

d-aspartlc aCld (NMOA), which destroys IntnnslC neurons. but not flbers of 

passage (Mayer and Westbraok, 1987). Two addltional areas, the 

endopynform nucleus and ventral hlppocampus. whlch were affected by 

NMO/\ lesions of the lateral nucleus, were also electrolytrcally damaged. 

Lxpenment 7 

This expenment was designed to determlne Involvement of the 

Ilippocampus and the amygdala ln the amphetamlne (PP. 

Method. 

Suygerv. Lesions were made 1 week before the (PP procedure began. 

Rats were anesthetlzed wlth 65 mg/kg of sodium pentobarbltal and 

<,ubJcttcd to leslons uSlng standard stereotaxlc techniques, wlth coordlnates 

bd~('(1 on th(' atlas of Paxlnos and Watson (1982). 

rtlC tlnee amygdaloid nuclel and thelr two adjacent structures were 

('cl( h damagcd electrolytlcally. Seven groups, each conslstlng of elght rats, 
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recelved bllateral electrolyw- leslOns of the latt'r,ll (/\ - ~),1 l ') ),V l') ')111111), 

central (A:-2.3,L·+-4.5,V.-8.5 mm), or basolat{,l al (A -2.0.1 l ').D,V lUlllll11) 

nucleus of amygdala, erdopynform nucleus (A.-4.3,L 1--b.O.V 0.)111111), or 

ventral hlppocampus (A -4.8,L·+-S.S,V·-8.0mm)- The leslon n,li .1111('1('1" weI (' 

1.5 mA for 20 sec. 

Pilot studles revealed that radlofrequency leslons pl Odlll pd !llOIt' 

complete damage to forlllx/flmbna than electrolytll leslon~. 1 hl'IPI Oll', IIH' 

forn ix/fimbria (A:-1.5,L·+-1.0 and +-2.2,V.-4.5mm) was damaq('(1 bllaH'1 cilly by 

radiofrequency leslons. The parameters were 6 mA for 40 sec. 

Two groups (n= 12 or 8) recelved bllateral injections of NM()/\ (0.2) M 

ln phosphate buffer, pH 7.0) or vehlcle into the lateral nll( 1(,1I~ 01 111<' 

amygdala. Cannulae loaded wlth elther NMDA or pho~nhat(' blillpr w/.'rp 

lowered to the lateral nucleus (A·-3.5,L +-S.5,V·-8.0mm). The C,ollitlon,> (O. ~ ut) 

were IIlfused over a 330 sec penod b'y a Harvard mllllpump, ,111(\ tlH' (clIlIlUI,l{' 

were left in posItion for a further 120 sec. Aftcr surgery, the IC~lolH'd alHm.l'" 

were monitored. When early slgns of eplleptlc seizure wcr<' notcd, dlklluondl 

InjectIOns of sodIum pentobarbltal (3.25 mg) were glven. 

Histology. After compleuon of behavloral te'>l1nlj, tlH' dlllrll,tI .. WPr(' 

kllled wnh an overdose of chloral hydrate, thclr bramc, wprp rplllovpd, Iw'lI III 

formol saline, sllced, and stallled wlth Luxol fast hlup cHld nputrdl n'cf 

Results 

Histology. The extent of each of the "IX 1(''>lon" 1" ,,!1own Hl IIl}tH<' 1 () 

Electrolyuc leslOns aimed at the lateral nu(leu~ of the dmyqù,tld proùu( ('d 

damage to the mlddle and postenor pdrts of thl" nu( l('lJ" 111 dll (ct'>I'" In cl fpw 



r IÇjlHC 16 

Llectrolytlc and radlo-frequency leslons of Ilmblc structures. The 

shaded areas represent the maximum extent of ail leslons ln ail rats. 
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(.1<.,(',>. tll!' 1(''>lons rxtended Il1tO the endopynform nucleuc, [('sions almed at 

thl' (('ntral amygdalold nucleus were well-conflned ta thls structure ln ail 

(dSec,. [p'>lons almed at the basolateral amygdalold nucleus mostly damaged 

the mlddlp and postenor parts of thls nucleus and the basomedlal nucleus. 

r hrs{' 1('''lons dld not extend mto the lateral nucleus of the amygdala. 

1 (1<"lonc; of the endopynform nucleus damaged ~8stertor parts of the nucleus. 

whlch are located posterolaterally ta the lateral nucleus of the amygdala. 

r he lec,lons dld not extend to the lateral amygdalold nucleus or the 

basolateral nucleus of amygdala. Lesions almed at the ventral hlppocampus. 

wlllc/l IS locatrd rosteromedlally ta the lateral amygdalold nucleus. procluced 

damage ln ventrolateral parts of the structure. Radlofrequency leslons of the 

fornlx/flmbna produced substantlal damage to the target. The cortex and 

tlngulum were also damaged ln some of the cases. 

figure 17 shows the extent of NMOA leslons almed at the lateral 

nucleus of the amygdala. There was substantlal neuronal cell damage ln the 

lateral nucleus Hl ail cases. Most rats also had substantlal damage ta the 

basolateréll nucleus. In sorne of these cases, the lesions extended te the 

bac,omedlal nucleus btlaterally or u ntlaterally. In ail cases, the endopynform 

nucleus was damdged. A few rats had partial damage ta the central nucleus. 

Ihe dorsolateral p,:ut of the pllmary olfactory cortex was damaged III a few 

rdt~. In ail Cdses. a part of the hlppocampus located posteromedlally ta the 

IcllPral nucleu <; across the lateral ventrlcle was also damaged. This damaged 

clH'd (orresponclecl ta the part of the ventral hlppocampus damaged by 

('!ectrolytrc leslons. 

Rrprrselltc1t1ve photom,r j0graphs are shawn ln Flgur~ 18. The control 

hrdlll (1 r(jure 181\) ~hows well-deltneated lateral, basolateral, and 
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FlglHe 17 

The extcnt of NMDA Icslons of the laH'ral I1Uc!PUC, of tlw ,1Inyqd,t1tl, 



'. 

1 



r 

FIÇJure 18 

Representative braln srct!on<; s!1owlI1q ttH' rxlent of NMn/\ Il'''IOIl'' 

cf the lateral nucleus of amY9daia 1 hr drrow" (\('1111('<11(' IIH' .d(('( \('d 

areas whlch showed cell 1055 and rxten<,lv(' ~111()<'I<' f\) (0111101, ln 1.l!<Jl' 

(eslon. and C) small leslon. 
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endopynform nuclel ln the postCllOI lllny~)dala. wlmll ,lit' "IIIIUIIIllIl'd hy .1 

layer of cell bodies of the pnmaly olfactolY (ortl'x. 1 hl' k"ll)\wcI ,lIl',\" 

(Figures 18-8 and C) are charactellzed by nruronal (cil lo~c;, dppl'dIIlH) ,1" p.lll' 

areas and extensive gllosls appeann0 as IIltensely clark ,lr('d" Dul' ln IIH'''(' 

changes, cllStlllctlons amonq nuclel Me blurrecl. In tlH' (,l~(' of d I,uljl' 1('''1011 

(Figure 18-8), the damaç)ed area coverec! thr I,\lrr dl al1d IM,,()I,ll('1 dl 

amygdalold nllclel, endopynform nucleus, part of the (1r1111dry Olfd( tory 

cortex, and the posterolateral cortical amyç)dalOid nucleu'i. ~lll,lli 1{,"lon" 

(Figure 1 SoC) damaged the lateral nucleus of amygdala SUb'ildlltlcllly ,l/lel Il'' 

adjacent nuclel sllghtly. 

ln summary, the electrolytlc leslons werr weil (ol1f1rwc! lO IIH'1r 

Intended target areas of the amygdala. t\IMDA ll'slons produc{'d rH'llrOI1'" (pli 

damage affectlllg the lateral, central, basolateral, and bd<;omeclldl ,Ullyqc!,1I0ld 

nue/el, endopYflform nucleus, and ventral hlppocampus. 1 hu'i 1 !J(',>t' t wo 

leslon techniques achleved complementary effecte:,. HpctrolytIC 1{'"1011,, 

achleved good reglOnal 10cahLatlon. NMDA lestons damaqpd lH'llrOndl (pli 

bodies, but not fi bers of passage. 

BehavlOr. Figure 19 shows the effeets of the<)e Il'slOl1'> 011 IIH' 

amphetamrne CPP. For the electrolytlc and radlOfrequency 1('"lon<, (lICJllrP 

19-A), a two-way ANOVA wlth planned comp,msons r{'w,dpc! '>ICj Il" IC <lllt 

dlfferences between the amount of lime spent ln ttH' palrpd dnd Unpdlrl'd 

compartments for the control (H l ,49)= 1 1.81, p<O.() 1). ('ntrell IlUC le'II', 

(F(1,49)=5.59, p<0.05), basolateral nucleu~ (H l ,49)- 1 S.7), rv(J (J 1). 

endopyrrform nucleus (F( 1 ,49)= 14.38, p<O.O 1), vent f,ll hlppOf dlllpW, 

(F( 1,49)=4.73, p<0.05), and fornlx/flmbrld (1 (1 ,ti f»_ -7. ')2, prO.O 1) qroup", 

There was no '>lgl1lflcant dlfferencc ln t1mf' sprnt ln the' two (Ornpdrtnwnl'. 
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Figure 19 

A) Effects of pre-conditionmg leslons of the limbic structures on 

the amphetamlfle CPP. CONT Control, LN: Lateral nucleus, CN· Central 

nucleus, BLN. Basolateral nucleus, EN. Endopynform nucleus, VH: Ventral 

I1lppocampus, F/F Fornix/fimbna. 

B) Effect of pre-conditlonmg NMDA leslons of the lateral nucleus of 

amygdala on the amphetamme CPP. SHAM: Vehicle-mfused group, NMDA 

NMDA-mfused group. 
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for the> lateral nucleus group (F( 1 ,49)= 1.30, p>0.05). The ume dlfference of 

the lateral nucleus group was slgnlflcantly dlfferent from that of the control 

group (F( 1,98)= 18.99, p<O.O 1). The blockade was obtained as a result of 

decreased tlme spent ln the amphetamine-paired compartment and mcreased 

tlme sppnt m the amphetamme-unpalred compartment. The control and the 

lateral nucleus groups spent 26.1 and 33 % of the total test tlme ln the 

tunnel, respectlvely. 

The effect of NMDA leslons of the lateral nucleus of the amygdala on 

the amphetamltle (PP IS shown Itl Figure 19-B. Planned compansons revealed 

that ume spent 1/1 the amphetamme-palred compartment was slgmflcantly 

dlfferent From that spent m the amphetamme-unpalred compartment for the 

sham group (F( 1,14)=5.70, p<O.OS), but not for the group wlth the NMDA 

leslons (F( 1,14)=0.54, p>0.05). The tlme dlfference of the control was 

slgmflCantly dlfferent From that of the NMDA-Iesloned group (F(I,28)=9.33, 

p<O.O 1). The control and the NMDA-Iesloned groups spent 36.6 and 38.4 % of 

the total test tlme ln the tunnel, respectlvely. 

These fltldltlgs clearly Imphcate the lateral nucleus of the amygdala ln 

the medlatlon of the amphetamme (PP. However, as the leslons were made 

before condition mg, the present flndmgs do not permit a conclUSion about 

possible dlfferences Itl the Itlvolvement of the lateral nucleus of the amygdala 

rn acquIsition or expression. 

Exprrrment 8 

ThiS cxpenment was designed to examine the effects of electrolytlc 

dnd NMDA leslons of the lateral nucleus of the amygdala on the expression of 

ttH' amphetamme (PP. 
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Method 

Animais were operatecl 24 hours after the la,>t C0l1dltl0l111l9 ~('<'~Inll ,1Ild 

tested after a 1 week recovery pellod. Two groups of al1lnlab Il'(('IWel l'111ll'1 

sham or eleetrolytlc leslons of the lateral nucleus of the dnlygd,ll.l. I\noll1('1 

two groups recelved bllateral injections of NMD/\ (0.25 M III pho~phdl<' buff('I, 

pH 7.0) or vehlcle into the lateral nucfeus of the amygdald. 1 I1p ~lJrql( ,li .111(/ 

histologlcal procedures were Identlcal to thase descrrbed 111 lxpPlIlllcnl 7. 

Results 

The electrolytlc (Figure 20) and NMDA (Figure 21) leslons WPIl' 

comparable to those of Expenment 7. 

Eleetrolyue lesions of the lateral nucleus attenuated the {'xrne"'~lon 01 

the (PP (Figure 22-A). Planned compansons showed that tlwrp wa'l cl 

signiflcant dlfference between time spent rn the palr('d and unp,ured 

eompartments for the sham group (F( 1,14)=7.45, p<0.05), but not for the 

lesioned group (F( 1,14)= 1.70, p>0.05). The tlme dlfference of the .,hdlll 

group was slgnlfleantly dlfferent from that of the leslonpd ~Jroup 

(F(I,28)=7.49, p<0.05). The control and the lesloned groups spent 2S.7 dnd 

25.9 % of the total test time rn the tunnel, respectlvely. 

The NMDA leslons also attenuated the expression of the cpp (11~JlH(, 

22-8). Planned eompansons revealed a slgnrfleant dlffNence b<'lWP{'n lIm(' 

spent III the amphetamrne-palred and unpaired compartments for tlH' control 

(F(I,19)=10.60, p<O.01), but not for the NMDA-Iesloned group (1 (1,19) -175, 

p>O.05). The tlme dlfferenee of the control was slgnrflcantly d,ff{'rpnt f rom 

that of the NMDA-Iesloned group (F(I,38}=8.43, p<O.OI). HH' (ontrol and ttH' 

NMDA-Iesloned groups spent 25.8 and 36.1 % of the toldl 1('<,1 tlnw III ItH' 
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Figure 20 

The maximum extent of post-conditioning electrolytlc lesions of 

the lateral nucleus of the amygdala ln ail the rats. 

107 



LATERAL NUCLEUS 



Figure 21 

The extent of post-condltloning NMDA leslons of the lateral 

nucleus of the amygdala. 
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1/9ure 22 

Effects of post-cond/tlonlng A) electrolytic and B) NMDA leslOns of 

the lateral nucleus of amygdala on the exprE.<;,)lon of the amphetamme 

(PP. A) SHAM' Sham-operated group, E-LESION. Elec.trolytlc leslon group. 

B) SHI\M Vehicle-mfused group, NMDA NMDA-Infus\~d group. 
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tu n n('l, r(·,>pC'ulvely. 

1 )If)( u'>'>lOn 

f h(' pre<;ent set of expenments shows that the amphetamme (PP was 

dttPIlUdtpd hy pre-condltlonlng electrolytlc or NMDA leslons of the lateral 

nu( h'u,> of thr amyqcJala, but not by electrolytlc leslons of ItS adjacent areas 

or by rddlofrt>qurllcy leslons of the forlllx/flmbna. Funhermore, when the 

latprdl nue Ipus of the amygdala was damaged by electrolytlc or NMDA leslons 

dh{'r (ollllluonmg, animais falled to express amphetamme (PPs. Although 

N Mf)1\ 1('<;lons almed at the lateral nucleus of the amygdala also affected {he 

(l'ntrdl, basolatPral, and basomechal amygdalold nuclel, endopynform 

nue leu,>, and ventral hlppocampus, electrolytlc lesions conflned ta each of 

i 1)('5(' st run ures procluced no Impalrillents. 

r he fll1cllng that pre-conditlonlllg leslons of the lateral nucleus 

dtterHlc\ted the amphetamllle (PP does not necessanly provlde clear eVldence 

that thls nucleus IS Involved ln acquIsItion because pre-condltlonmg leslons 

woulcl dffect both acqUisItion and expression, and post-condltloning /eslons, 

wlllc/1 c\ffect expression only, attenuated the (PP. Nevertheless these results 

r1<.'arly show that mtnnslC neurons of the lateral nucleus of the amygclala 

lllecl,atr the expres~loll of the amphetamme (PP and suggest that the central, 

bclsolat<.'ral. and basomedlal amygdalOld nuclel, the endopynform nucleus, 

.Incl the 11IppOCampcl/-accumbells projectIOn are probab/y not IIlvolved ln 

ll1eclldtl1l9 acquIsition or expression of thls behavlor. 

~lnce amygclala leslOns are known to affect behaviors norma"y 

rxlllbited Ifl the prpsence of novel stimuli (Nachman and Ashe, 1974, Pemado

Mdnldllo, 1988. Roiis and Roi/s, 1973), the posslbllity that the (PP measures 
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responses to novelty whlcl1 were ellllllllé\tl'd by le\IOI1<; ot tlll' 1,llpr,11 IlUt Il'u" 

must be cfJnsldered. If. by sorne ullknoWIl nWlhanrsrn. ampht'tdlllllH' ,l{ !{'d 

to preserve the novelty of the stimuli ln the p,med cornpartn1l'llt. tlll' dru,! 

might proc/uce a preference for thl<; compartnwilt ovpr IIH' li Il 11.11 r pl! 

compartment (Scoles and Siegel, 1986), slmply hecau<.,e r ,H " {pnel ln l'\plol{' 

novel stimuli (Bardo, Nelsewander and Plercr, 19H9). Ilowl'VPI, <.,111< {' 

amygdala leslons potentlate thls telldency to explore nowl ~tlmlllJ (Nd( hmdll 

and Ashe, 1974. Pe!nado·Manzano. 1988, Rails and RolI~, 1973), and tlH' l'llp( t 

of the lesions ln the present study was a reductlon Hl prC'fNrll{{', thl'> (dnnClI 

be the explanatlon of the obselved effects. l he notion thd{ IIH H'd\pd 

tendency to explore novel strmull IS not the cau':lC of tlH' blorkdde of tilt' ( pp 

IS furthei supported by the fmdmg that thr blo{ kdde Wd" 1101 dLH' {O 

rncreased ume spent III the tu nnel, to whlch anlmdl':l wpre eX(lo\('d only 0Il( ('. 

the élmount of tlme spent ln the tunnel on the test day ranqru bPlw('Prl 2.~.1 

and 36.6 % for the control groups and betwepn 25.9 and 38.'1 % (or {IH' IdIPI,,1 

nUClèUS groups. 

An alternative posslblllty IS that amphetamrne, aq,ull hy "0111(' 

unknown mechanlsm. mlght rncrease the famillarrty of tlH' '>llmulr ln IIH' 

palred compartment (Swerdlow and Konb, 1 98tl) leadm(} 111(' cHlHlldl'> 1 () 

avold the unpalred compartment because of ft-:,ophobld for tlH' rpldllwly 1(,,,,) 

famr/lar stimuli ln that compartment. However, the ftln thdt thp dnrllldl., hdd 

experrenced 3 sessions of exposure ta the unp<lIrpc! (Ompclrlm('ll' !wlor!' th(' 

test trral make~ it hlghly unllkely that the I('vpl of Ilowlly «'rH(',,('nIP<! hy 

these stimuli wou Id be hlgh enough 10 IflULJ((' fH'ophobld ln (,t( 1. cl', 

conultlonrng progresseu, animais often layon IIH' b('lIy 111 Ill!' UIlPdlrt·d 

compartment and showed no rH'ophohlc rp'>(l(Hl"(·". '>li CJ(j('"1 IrHl 1 Il.! l "l('y clICl 
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not rwr('IVP the unpdlred compartment as nove!. Therefore, It seems very 

unllkely thdt the efïects of amygdala leslons on responses ta novelty can 

expldln the fmdmgs of the present expenments. 

1 here are several other possible explanatlons for the nature of the 

dp(l( Il ohserved ln the present expenment. The deflclt could be due ta an 

IrTlp(urmrnt of perception of the sensory stimuli, Impamnent of the effect of 

amphctammc, and/or Impalrment of ac.qulSltion and expressIOn of 

(ondltlonlng. 

Although amygdala leslOns produce "psychlc blrndness", wh Ich Implles 

ITHJJ<;rnmmate hehavlors taward abjects III the envlronment (Kluver and Bucy, 

1 <) 17, 1939, Schrelller and Khng, 1953, 1956), It should be noted that "psychlc 

blllldnrsÇ I~ clearly dlstlngUishable from purely perceptual blindness. 

/\nlmals wnh total amygdalectomy r!early locate environ mental stimuli and 

obJects (Kluver and Bucy, 1937, 1939; Schremer and Kling, 19SC) and show 

normal vlsual aCUIty (Kluver and Bucy, 1937, 1939). Moreover, les IOns of the 

Idtrral nucleus of the amygdala do not produce somatosensory neglect 

(lurnrr, 1973). 

1 hr effect of amphetamme m releaslllg dopamine and establlshlng the 

cpp do('s Ilot dlrectly Involve the amygdala. Although dopamine terminais 

die presrllt ln the amyydala, they are dlstnbuted ln the central nucleus, and 

tlll' othrl nuclel have extremely low concentrations of dopamine (Ben-An, 

Ilqlllond clnd Moore, 1975). Although systèmlcally InJected amphetamme 

would (l( t on dopamine termmals 111 the nucleus accumbens as weIl as the 

<1 IllY9dct Id, the fact that 6-0HDA leslons of nucleus accumbens attenuate the 

cpp Indu(cd by '/stemlC injectIOns of amphetamlne (Spyrakl et aL, 1982a) 

<'lHj(Je<,tc., tl1(n dOpclnlllH' release m the amygdala IS not sufflclent ta establish 
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CPPs. Furthermore. mlcrolnJections of amphetalllll1e .ullll'd .Il t IH' (l'rllr .11 

nucleus of the amygdala do not establlsl1 (PP~ tCarr and Whll .... 1 q~b). ,llltl 

mlcrolnJections of amphrtamme Into nucleus accumbrn<, aIl' <'llfllll('111 10 

establish (PPs (Carr and White. 1983. 1986). 111l'sr fll1cllng<; <"lI~Jq('<,( 1 Il.11 

dopamine release ln the amygdala IS not a necessary event for ('<,t,lhllt.,IIIIHI 

the (PP. Thus. the deflclt obselved ln the present stlldy 1<; proh.\hly !lot dUt, 

to an Impalred amphetamlne effect per se. 

The remallling explanatlOn for the effect of lateral amyqcldlol(J IHI< Il'ut., 

leslOns observed ln the present study 15 that they dlsrupted dCqUI<,1I101l 

and/or expression of m€:mory Involved 10 this c.ondltlonlnq. l ,>l1dll fllrtlH'1 

dlscuss thls Issue ln the General DISCUSSion. 

It should be noted that 111 no case was a complete hIO(k"c\(' of t IH' ( pp 

observed, evell though groups of animais wlth lateral nuLlell<' 1{'<;IOIl'> dlcl Ilot 

show statlstically slgnlflcant CPPs. This mrght be dut' to ttl\' tel< 1 Ihcll IIH' 

olfactory system redundantly glves flse to direct and indirect pro/<,( lIoll" ln 

almost ail amygdalold nuclel (deOlmos et aL, 1985. SWlt7er, d('()lrno,> ,\/lei 

Helmer. 1985). Due to this redundancy. the lateral nucleu<,-Ipslon('(\ <1!lIIll,II'. 

may hav~ been able ta Identlfy the drug-palred odor. whde tlH'Y wprc ullclhl(' 

to Identlfy the drug-palred visudi and somatosensory stimulI. 1 tH' "lHVIVcll of 

some conditlonlllg to the olfactory stimuli III the apparalU~ 1<, cl pO',"lblp 

explanatlon for the smalt. though Inslgnlflcant. CPPs that ppr<,I,,1 ,t!I('r Ill<' 

lateral nucleus leslons. 



CHAPTER 6 

GENERAL DISCUSSION 

7 he neural basls of the amphetamtne CPP 

Thcrc IS !lttle doubt that sorne effect of amphetamme establishes a 

Cpp. Prevlous studles have provlded ample eVldence that thls ~ffect is 

medlated by dopamine release in the nucleus accumbens (Aullsl and Hoebel, 

1983. Carr and White. 1983, 1986. Spyrakl et al., 1982a). At the same time, 

there ha~ been !lttle attention pald to the neural basis for the expressIOn of 

the CPP, whlch occurs ln the absence of amphetamll1e durmg the test session. 

rhe present investigation provldes new Information about the raies of the 

nlgrostnatal and meso!lmhlc dopamll1e systems, dopamll1e receptor 

subtypes, dopamme pool~, and Ilmblc system 111 thls condltioned behavlor. 

Nlgrostnatal and mesollmblc dopamine systems. The nlgrostriatal 

dopamll1e system does not seem to have any role 111 elther acquIsitIOn or 

expressIOn of the amphetamme CPP. Pre-condltloning leslons of the dorsal 

caudate/plltamen dld not Impair the amphetamme CPP (Expenment 4). This 

IS consistent wlth prevlolls fmdll1gs that mlcrolnJectlons of amphetamme into 

caudate/putamen fall to establ1sh a CPP (Carr and White, 1983, 1986). The 

flndlllg that mlcromJectlons of dopamllle antagolllsts mto the 

caudate/putamen had no effect on expression (Expenment 2) complements 

thls by suggestlllg that the expressIOn of the amphet,lmlne CPP does not 

IIlvolve the rllgrostnatal dopamine system. 

On the other hand, the present stlldy shows the critical role of the 

meso!lmblc dopamine system for the expression of the 3.mphetamllle CPP. 

MIClOIl1Jections of dopamine antago/llsts IIltO nucleus accumbens abohshed 
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expression (Expenment 2), whlch was Ilot due to Irdu(t'd drtlvlty It'wl" 

(Experiment 3) or spread of dopamllle antagonlSl~ IIHo the (aUdat('/plltd/ll{\1l 

(Experiments 2 and 4). Thus, wh~n animais explrss ail Jmphetallllllc CPP III 

the absence of amphetamme, dopamine release and dopamllH' r('crplOi 

activation ln the nucleus accumbens seem to be crltlcal. 

Dopamine receptor subtypes. Prevlolls stlldles havr show Il t"eH tlH' 

acquisition or the amphetamme CPP IS blocked by systcmlcally In)cctt\d 1) 1 

(Hoffman and Beninger, 1989, Leone and DIChlara, 1987) or 02 (lloffman 

and Benll1ger, 1989; Spyrakl et aL, 1982a) dopamine a ntdÇJolllstS. The result\ 

of Experiment 1 are consistent wlth thls Ime of eVldence both selectlv(' [) 1 

and 02 dopamme antagonlsts blocked acquIsitIOn of the amphctamllH' CFP ln 

a dose-dependent fashlOn. Although blockade of elt!1rr recrrHor \ubtypr IS 

suffiClent to antagolllze the CPP-establlshlng cffen of amphetamlllC', CPP\ MP 

estabhshed by systemlcally mJected 02 but not 01 dopammp agolllsls 

(Hoffman and Benll1ger, 1988). This mlght simply be duc lo tlH' rrlauve 

Inabihty of DI agonlsts to cross the blood-bralll barncr. smce ml( rotnjeclIolls 

of either 0) or 02 dopamine agoillsts Into nucleus accumbens c<..tahll~h cpp" 

(White, Packard and Hlrol, 111 press). Taken togcther, It mlgln hl' tone Iuclccl 

that a (PP IS establlshed when two dopamine rcceptor subtyrws are .cl( tlvdtcd 

with at least one of the subtypes ln a state of supernormdl c\tUvatlon. 

The results of Experiment 1 further showed that the /) 1 dopamine 

receptor antagonist effectlvely blocked both acquISItion and exrr<''>'>lon of the 

amphetamllle CPP, but that the antagonlsts wlth hlCjllPr affllllty for tlH' IJ2 

than the DI dopamine receptor dld not block eXrre~SJ(Hl dt doc)e~ thelt 

blocked acquIsition, suggestlllg that DI reccptor actlVdtlon Indy he' morp 

Important for expressIOn of the amphetamlllc CPP. 
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Dopamine pools. The results ln Chapter 4 demonstrated that a -MPT 

and rcserpmc blocked amphetamlne- and pipradrol-mduced locomotor 

actlvlty, respectlvely and that reserplne, but not a -MPT, blocked the 

expres,)lon of the amphetamme CPP. This suggests that dopamme release 

From the rc')('rplne-scnsltive pool IS a cntical event for the expression of the 

amphetamme CPP. Glven that amphetamme seems to estabhsh a CPP by 

releasmg dopamine flom the a -MPT-sensitlve pool, It might be that the two 

dopamine pools are dlfferentlally mvolved Hl acquIsition and expression of 

the Cpp_ 

Involvement of IJmblc systems. The fmdlngs m Chapter 5 provide 

Information about the Involvement of IrmblC structures in the amphetamine 

CPP. Complete leslons of the fornlx/flmbrra had no effect on the 

amphetamme CPP (Expenment 7), suggesting that the hlppocampal

accumbens system IS not involved ln the CPP. In contrast, electrolytlc lesions 

of the lateral amygdaloid nucleus, but not the central or basolateral 

amygdalold nucleus, Impalred the amphetamme CPP (Expenment 7). NMDA 

rnJected into the lateral amygdalold nucleus produced substlntlal neuronal 

ccII damage m the reglon and Impalred the amphetamme CPP (Experrment 

7). Furthermore, post-condltlonrng electrolytic and NMOA leslons of the 

lateral amygdalold nucleus Impall ed the expression of the amphetamme CPP. 

1 hus, Il can be concluded that the expresSion of the amphetamine CPP --at 

least the version used ln the present study-- mvolves mtnnslC neurons of the 

latpral amygrlalold nucleus. 
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Neural mechamsms of acquISItIOn of mcentlve Icarmng 

ln thls section, 1 shall disCllss how a eompletely Ultellldi aOlon 01 

amphetamme (dopamme release 111 the nucleus accurnben~) (\~tahlls tll'\ 

condltloned approach toward external stimuli and l1ypotheslzr abolit pO~~lhl(' 

underlying neural events for the acquIsition of ÎnŒntlVe learnll1g. 

An expia nation of the mechanlsm for the establishment of cl CPP 

towards an external stimulus by dopamine release 1/1 the nucleus c1fClllnlwll'l 

can begin by consldermg the faet that the presence of il natural Illccntive 

stimulus such as food actlvates the mesolimblC dopamrnerglc nroj('ctlon ta 

the nucleus accumbens (Blackburn et aL. 1986. Heffner et a!., 1980. llolmes ('t 

aL, 1989; Radhaklshun et al., 1988). Incentlve behavlors are faClhlaled hy 

amphetamme inJected Into the nucleus accumben~ (Evans and Vel{( anno, 

1986, 1990), and depletlon of accumhf'ns clopamllle abohstlPs JppetltlVl' 

rncentive behaviors (Kef/ey and StlllUS, 1985: Koob et al., 1978/. MoreoVl'r, 

direct pharmacolaglcal activation of the mesohmblC dopamine ',ystPnl 

produces behaviors remmlscent of appetltlve mcentlve bel1avlorc, (lostdll (mcl 

Naylor. 1975, 1976. Jackson et aL, 1975; PIJnenberg and Van Rossum, 1 <)n). 

and these drug-mduced behavlors are abohshed by depletlOn of dopamlnp ln 

the nucleus accumbens (Costall et aL, 1977; FlIlk and Smith, 1980. Kellv (lI1d 

Iversen. 1976; Kelly et al., 1975). Thus, stimulants seem to produ(' apnrOd( h 

toward external stimuli by mimlCkrng the effeet of natural rncentlV(> c,t Imull 

at a neurallevel. 

The presence of natural !ncentiv€ stimuli cause~ the establl,>hment of 

CPPs (Papp, 1988. Spyrakl et al., 1982c; Tombaugh et aL, 1982), and t hl') I~ 

prevented by a systemlcally inJectrd dorammc antagonl<,t (~pyrdkl Pt dl, 

1982c). It IS not known whlch dopamlllc system 1'> ultl(dl for (PP,> 
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(',>tabllshed wnh natural Incentlve stimuli. Nonetheless, glven that 

pharmacologlCal activation of the mesolimbic dopamine system reliably 

establlshes CPPs (Aullsl and Hoebel, 1983; Carr and White, 1983, 1986), it IS 

IIkrly that this dopamine system is also Involved m the establishment of CPPs 

wlth natural Incentlve stimulI. 

1 hls suggests that the way ln whlch animais respond ta origmally 

n('utral sensory stimuli IS altered in a similar manner If the mesolimblc 

dopa mille system IS awvated elther by natural incentlve stimuli or by 

stimulants. Through thls process, sensory stimuli mlght acquire the 

propertles of mcentlve stimuli ta rnduce approach, evoke hyperactlvity, and 

rstabllsh and marntarn responses. 

It IS worth mentlonrng that the eXistence of such a learning process has 

prevlously been suggested (Bindra, 1969,1972,1974, 1978; Bolles, 1972). It 

has also been postulated that such learnmg relies on the amygdala Uones and 

Mlshkm, 1972). 

A vanety of behavloral tasks have been used to assess the mnemonlc 

raie of the amygdala ln mast paradigms, animais are required to 

thscrimmate among stimuli, ta respond dlfferentlally to stimuli, and, in sa me 

cases, ta reverse what t!ley have learned Uones and Mlshkm, 1972, Pemado

Manzano, \987, \988. 1989, 1990. Splegler and Mlshkm, 1981). These tasks 

may mvolve dIscrIminatIon, reversai, and ail the possible assoCiatIve Imkages 

plOposed by [stes (1969)" stlmulus-reward, response-reward, and stimulus

response. Although amygdala leslons produce Impalrments on these tasks 

Uones and Mlshkm, 1972. Pemado-Manzano, 1987, 1988, J 989. J 990; Splegler 

and Mlc;hkln. 198\). the large number of variables Involved ln the paradlgms 

u'>l'd Ipaves us unable ta mterpret these Impalrments ln terms of a defiClt ta a 
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single process, such as the one by whlCh neutral stimuli b(lCOllll' .\\"0( Idtt'c1 

with Incentlve stimuli. 

ln contrast, tncentlve learnrng paradlgms serm ta pravld(' .lll Idl'dl 

expenmental settrng ta test hypatheses concerning the roll' of lh~ dIl1Y9d"l" 

ln such an association process. The CPP paradlgm. for eXdlllplr, IIlvolv('~ 

pairtngs of neutral sensory stimuli wlth incentlve stimuli tndepl'Il(/rntly of .ln 

animal's responses. The ftndrng that pre-conditlontng leslon<; of the I,HPldl 

amygdaloid nucleus Impaired the CPP (Chapter 5) IS therefore «()n",~tent WH Il 

the notion the amygdala IS IIlvo/ved tn the aSSOCIation of I1rlltrd/ ~('n<;OIy 

stimuli with tncentlve stimuli, althollgh t hls frndlllg does not 1I11CQUIVOC ally 

show that the defIClt was due to Impaired acquIsItion of such cl I{'MI111HI 

process. Nonetheless, the lateral amygdalOld nuc!{'u<; IS ,111 ('X( dlenl 

candidate structure for the acquisition process slnce ail scnsory modahtlc" 

have neu roanatomlcal access ta It (deO/mas et al., 1985, -, urnN, 1 <)81, lurn('r 

and Zimmer, 1984, SWltzer et al., 1985). The preCIse way 111 whl( h t IH' 

mesoltmbic dopamine system and the lateral amygdalold nuclrus rntera( t to 

establtsh incentive learnrng rematns to be establlshed. 

Possible mechamsms of expressIOn of mcentlVe learmng 

Whlle the neural basls of the acquisItion of Incentlve learnll1tj rpmdlll<, 

relatlvely unclear except for the role of the mesollmblc dopdmllH' W<,lprn. 1111' 

present study IS partlcularly informatIVe ln eluCldatrnq the rH'ur,t1 

mechanisms for the expression of thls type of learnlny. 1 tH' pxpn",')lon of 

tncentlve learnrng, whlch IS rnlttated by the effeet of rondltloned Ill! PIllIV(' 

stimuli, seems to be mediated by the reserpine-sensitive dopdmll1<' pool. t IH' 

DI dopamine receptor ln the nucleus accumbens, dnd the Idlpretl drnyqddlold 
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nurleus. 

-r hls suggests the possible Involvement of a neuroanatomlcal system 

revealed by recent anatomlcal and neurochemical studles. The amygdaloid 

projectIOn to the nucleus accumbens is mamly directed to the stnosomes 

(Raqsdale and Grayblel, J 988), an area of the caudate/putamen and nucleus 

accumbens charactenzed by weaker acetylcholmestrase actlvity than the 

extra-stnosomal matnx (Graybiel and Ragsdale, J 978). Dopamme terminais 

whlch are not senSitive to a -MPT (Oison, Selger and Fuxe, 1972) are also 

dlstnbuted ln the striosomes (Ferrante and Kowall, 1987, Grayblel, 1984; 

Grayblel, Nastuk and Agld, 1987, Jlmenez-Costellonos and Grayblel, J 987). 

Compared ta the extra-stnosomal matnx, the stnosomes have hlgher DI 

(Besson, Grayblel and Nastuk, 1988) and lower D2 dopamine receptor 

densitles Uoyce, Sapp and Marshall, 1986; LOOPUIJt, Sebens and Korf, 1987). 

Although the stnosomal organlzatlon ln the nucleus accumbens IS not as 

clear as It 15 ln the caudate/putamen, the amyqdalOld projection to the 

stnosomes in the nucleus accumbens mlght be a route through whlch 

conditioned rncentlve stimuli mfluence behavior. 

It remalOs unclear exactly how thls route medlates the expression of 

conditroned Incentlve behaviors. One pOSSible mechanism could be that 

memory of the altered mcentlve values of ongmally neutral sensory stimuli 

stored ln or around the lateral amygdalOld nucleus 15 act!vated when animais 

encounter condltloned mcentlve stimuli, and thls causes activation of the 

terminais of mesollmblc dopaminE' neurons through the projectIOn from the 

lateral amygdalold nucleus ta the nue/eus accumbens. Alternatlvely, 

condltlOned incentlve stimuli may act dlrectly to mcrease dopamme release m 

the Ilucleus accumbens, and thls dopamine release may add hlgh mcentlve 
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value ta Signais concernmg neutral sensory stlllluli sent frolll !IH' I,\tl'r,ll 

amygdalold nucleus ta the nucleus accumbens. 

ln the ease of the amphetamrne (PP, the a MP1-sPIlSIt!VP and 

reserpine-sensitive dopamme pools seem ta be mvolvE.'d Hl acquIsItion (wd 

expression, respectlvely. It mlght be that thls relalionsillp also hol(h wlwll 

natural unconditloned and condltlOned rncentlve stimuli exert t helr l'I fc( \'.,. 

Thus, it may be that the hypothetleal effect of the rnput from the dmY~Jddld 

promotes dopamllle release From the reserpme-sensltlve pool when slç)ll.1l1lnq 

the presence of eondltioned rneentlve stimuli. Ftlrther resear(h Will Iw 

requlred to test thls hypothesls. 

It has been suggested that the amygdala is IIlvolved Hl the prou"",,, by 

whlch sensory stimuli are monrtored based on past experrpfl(p of tbplr 

motlvatlonal slgnrfleance (Gloor et al., 1981). The present rnVC.,Ugduon 

conslderably extends thls vlew by suggestrng that the effect of mndrtlOlH'u 

incentlve stimuli might be medlated by the lateral amY9daioid nuc!ru<,

striosomal accumbens unit. 

ImplIcatIOns of the neural mechamsm for other mecnt/ve Icarn/ng 

The neu rai mechanism suggested above explams a numhpr of fmdIlHJ<) 

on the effect of condltloned mcentlve stimuli m other form<, of m( rrlllV<' 

learning. 

07 and 02 dopamine receptors. Ir has heen ~lJgq('st('d tbdt one!' 

establlshed, amphetamme condltloned behavlors are expre~spd Indpppndpntly 

of dopamine funetlons (Benlnger, 1983) on the ground thdt a do<,p of 

plmoZide whlCh completely blocks amphetamme uncondluorH'cI loromotor 

actlvity has no effect on the condltloned lo(omotor anlvlty (( 11\) (BpnHllj<,r 
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and Hahn, 1983). 

The studles consistent wlth thls suggestion used 02 dopamine 

antagonlsts such as plmozlde and halopendol (Bentnger and Hahn 1983: HlrOl 

and White, 1989, Poncelet et aL, 1987, Schlff, 1982). These drugs have a 

tllgher affmlty for D2 than 01 receptors ln VIVO (Andersen, 1988, Waddington 

and O'Boyle, 1989). The present study suggests that thelr fallure to block the 

expression of amphetamme condltloned behavlors may be due to the weak 

effect of these antagonlsts on 01 receptors. Thus, the pre~ent flndings cali 

Into question the notion that condltlOned behavlOrs can be expressed even 

when dopammergic functlOn IS dlsrupted and provlde ()n explanatlon as to 

why accumbens dopamine depletlon abollshes the expression of 

amphetamlne (LA (Gold et aL, 1988) whtle some neuroleptlcs at certain 

doses do not. 

Two dopamine pools. It has been shown that plpradrol and 

methylphemdate potentlate the response acquisition supported by a 

condltloned remfor,_er more effectlvely than amphetamlne (Robblns, 1978; 

Robbms et aL, 1983). Glven that a condltloned reinforcer IS, ln fact, a 

condltloned Incentlve stimulus, the dlfferent effects of these two classes of 

stimulants mlght be explalned ln Itght of the hypothesls that the reserptne

senSitIve pool, wlth whlch plpradrol and methylphenldate tnteract, IS involved 

ln the effects of condltloned tncenttve stimuli. 

The role of the lateral amygdalOid nucleus. It has been reported that 

excltotoXIC leslons of the basolateral nucleus of the amygdala Impalred the 

ablltty of condltioned reinforcers ta establrsh a new response (Cador et aL, 

1989) and to matntaln an rstabltshed response (Eventt et aL, 1989a). These 

fllldlllgs are IIlCOnslstcnt wlth the present ftndtng that the effect of a 
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condltloned Incentlve stimulus depends on the I<\tel dl cll11yqd"lold Illllll'u<, It 

IS unllkely that thls dlscrepancy IS due to dlfferenct.'s betwl'cn the cOlllhllolH'd 

reinforcement and CPP paradlgms because the same groun of 11lVl'\tlt)dtOI <, 

al 50 showed that Iboterllc aCld II1Jected II1tO the basolaterdl fluclpus produ«'cJ 

Impalrment 111 the expression of a food cpp (Eventt et cl\.. 19H9b). 1 hl\ 1 <\I<\('~ 

the posslbllity that the basolateral and lateral Illldei of t IH' drnyqdclld ,li (' 

II1volved 111 II1centive learnll1g wlth natural mcentlvr c,tll11ulI (wei 

amphetamll1e, respectlvely. 

Another possible explanatlon for the dlscrepancy IS basrd on tlH' fdet 

that eXCItotoXIC leslons cannat be confll1ed to a sll1gle nueleu\ III t IH' 

amygdala. The hlstologlcal data of Cador et al. (1989) and tventt Pt dl. 

(19R9a, b) show that thelr leslOns Impll1ged on the central, ha\olatNal. 

basomedlal, and lateral nudel of the amygdala. The IInpalrment found III 

those studles mlght, therefore, be due to leslons of the lateral nucleus of tlH' 

amygdala. In faet, recent fllldll1gs show that the food CPP 1') Impalred hy 

smalt electrolytlc leslOns confrned to the lateral nucleus of the amY~Jdala and 

by NMDA II1Jected II1tO (but not eonfll1ed ta) the lateral amygdalOld nlJcI(,lI~ 

(Hlrol, McDonald and White, 1990). 

Impltcat/On for stimulant self-admmistratlOn m humans 

Accordrng ta the present hypothesl~, approach to a urug-pdlred 

envlronment IS medlated by a slmllar neural l'vent to that producpu hy th(' 

acute amphetamll1e effect. Thus, the present study sU9gest5 tlH' vlew t hdt 

drug-seeklng behavlors are produced because drug-as~oclated envlronm('ntdl 

stimuli mlmlC acute drug actions (Stewart, deWlt and Elkplhoom, 19R!). 

If. as suggested by the present II1veStigatlon, tOndlll(HlIng 1'> cl fdftor ln 
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humdn c,lImulant self-administration, an effective treatment would be an 

extinction procedure. Addlcts mlght qUlckly stop drug-seeklllg behavlors If 

they were exposed ta the condltloned IIlcentive stimuli assoclated wlth thelr 

drug-taklllg behavlor whlle the reserpllle-SenSltlve dopamine pool was 

depleted by reserpllle, a treatment whlch would effectlvely ellmlllate the 

action of the condltloned IIlCentlve stimuli. 

-, he present IIlvestlgatlon aiso provldes a new perspective on drug

seeklng behavior. In the present thesls, 1 have argued that amphetamllle 

actlvates the mesollmblc dopamllle system, whlch normally medlates natural 

IIlcenllve behavlors. 511lce activation of the mesollmblc dopamllle system by 

amphNdmllle would be far greater III amplitude than that produced by 

natural Illcerltlve stimuli, the drug mlght act at a neural level as though It had 

an extremely hlgh value for survlval. It IS lronlC that amphetamllle 

cframatlcally reduces the chances of an IIldlvldual's survlval at a behavloral 

level. 
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