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\HSTRACT 

The l'ffccts of fl'pe,I'I'I1, (1 'C~' dail)' C.\pOSlIrl' 10 l'Ilhcl t.1I1 pllH.'h 01 Il'',lram! Slll'~'" (lll 

extracclllllal \)}\ !cvcl·, i Il 1111' __ u<.; aCl'lIlllhl'IlS (NAl'c), prdrunt.1I l'PIle\. (PH '), ,\Ild 

~triatllllJ (STR) wa ... mm' '\ 

clectrochl'lllil'.t1 d. '\t'Cl r" 

consistenLly c1ev"ll'd 1'. 

increases ob~ervl'd III Pt \ l''cre t 

l'IOU'" ral<.; lhlllg hlgh-"'pl'l'd l hrollo.\Illpl'lOlIH'lry, :Ill 

l'he rlr~1 C\.pO"'UfC 10 l'llhel ... lll· ...... fellahl) ,md 

,tracellular "'paCl' 01 NAn', PH', ,Illd STR, tlll' 

l'atcr Illdgllltlldc than IIHN.· Oh"'l'f\ l'd in NAct' alld 

STR. Thc~c data élrc consistent \Vith tho<.;c of prcvioll" ~llIdH'''' "'lIggl.'<.;ung il higlH'1 

respollsivcnc!'.<; of thc mcso-PFC sy<.;tcm to <.;Ire'ls, 1 hm CVl'l. \Vllh Il'pcakd l'\JlO"'lIfl' 

increascs in DA le\'cls clIcited hy Icstralllt \wcalllc pr('2.Il·~..,j\'l'ly largel III NAn', ,lIId 10.1 

lesser exlcnl also ln STR, huI nol in PH' A pO III 01 phi Ill', IIlJcl'led al .llIloll·C~·ptol ... cI('cllve: 

doscs, attefluated tail plllch amI rc~tralllt ... tllllulaled IIICfl' ..... e ... III 1>1\ k\ l'I ... In Nl\l'l' hut Ilot 

in PFC, a findlllg cOI1~ish.·nt \VIth Ihl' drug's actIon on Illlpul ... e-llIl1dlll.ttlllg H'n'plo,,> of 

rneso-NAt'C DA ncurons ,1Ild with thc known abscn~c 01 ... \leh rt'CCplor ... on IlIC<,O PI-<' 1)/\ 

fleurons. That DA was the pnmary contribulor to 11ll' clcctrochcllllcill ~igl1al" W.I<; 

eonfirmed b) the potcntiatlIIg cffeet ofGRR-12909, a <;clcdÎvc DA IIplakc III111ht10l, 011 

re~traint-elicitcd electrochl'mical rc"pOJlSC<, in PFC alld NAl'c 

Takcn logclher, Ihe rc ... ,dl<,; of the pre ... cnl ... tlldy Illdicatc thal wllh rcpc:ltcd cxpmllrt' the 

mesl, -NAcc DA re"'poll<.,e in "lIb<l~UlJcllt C\ po<,urc 10 ..,t re<.,.., 1 <, cnhanccd, The dat il i IIdlcall" 

that thl~ pathway, which i" thought 10 mcdlatc the po.,itivc rClIIforctng cffech of rl'wald ... , i:-

also activated dunng bchaviors motivatcd by avcr..ive .,tlll1lJli, 
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CONJ)ENSE 

l,t"., challgcllll'1l1<., dam, la concentJallOfl cxtraccllulcllre de dopamme mdult p~r l'applicatIon 

CjIIOIJ(JI('IHIl' n~pl-It'l- dl' dellx <,trc<,~t''' exogènt'''' ~Olt UTle contentIOn dc 15 1111 Il Ul('" ou lin 

11I1Iu'1Ill'1l1 d(' 1.1 qucllc de 10 miJlutl'" ont été II1c<'lIré<., aUllIveall du uHlrx préfrontal. du 

rH»).t1l ,H'CllIllhl'll<" el du <.,Inallllli chl'I Il' raI vigIlant au moyen dl' la chr()nOalllpl~r()rJlélne. 

I.l'\ dOIlIH;l'" dl'llHllllrell1 qu';', L, prl'lIl1ère applJeallp/l, Il'-. deu>. ,;tn.',>~l'~ illùul<;cnl une 

:lIIglJll'Ill.IIIOJl dl' 1.1 d\)P;lIlllllC l'xtracl'1ll1lalfl' (1;111" Il'<" tnll'" régl\Hl"', 111.11:- que la répon'ic du 

l'ortcx pr(-ftotltal (,,,1 reldtl\'Cllll'1I1 pill'> grande que l'clics dll nO:é111 al'clIlllbem ct du 

... lrratulll Par coptrc, le ... d()nll~c~ drfllOl1trenl aus'>t ulle "l'n~ibih.,,,ti(ln progressivc de la 

r{-pon .... a la clllltl'nllOIl ail IlI\'C.llI dll Iloyau ;H ClIlllheTl<; ct du <;triatulll avec chaque 

appllcatloJl q\lotldll'IIIH', t.1lle11'" qlle la répoll<'(' du n'rtex préfrontal demeure relatlvcment 

l'OIl:-I.lIltl' Dan,; 1IIH.' deU\lt'llll' ,>érlc d'c,pérlcnce~, " a été oémontrr que l'injcctlon 

d'apolllolphllH', (', dl''; do,>l''' <jlll ... timlllcnt ... élel'livcmcnt le,> aUlo-récepleurs 

dopalllllll'lgHllIC<' "llIlJalodcndntiqllc", IIlhibe illlnivcau dllnoyau accumbclIs, mars non au 

11I\'Call dlll'ortex prdroJllal LI IIbt-latloll accrue de dopallllnc produit par l'application dc 

l'C'" '>tn',>,>c,> , l'l'", dOlllléc~ <,onl cxplHllIrc~ par l'ah~cnce de réceptcurs <,omatodcndrillqucs 

",ur Il'~ lIl'Urnlll'<' dnp.lllllllcrgHlllt''- lIIé<;ol'ortil'aux, Enfin, IIIlC contnbutlon importanle dl' la 

dl1palllllle a élt; COllflll1léc par l'cfll'llacrIitalt'lIrdll CIRI~-12909, lin lIlhiblteur ~électif de 

r{-c.lptul'l' dopanlllll'rgHI"l', ~lIr la IIbélatloll de la dopamine au niw~ll1 du l'ortc>. préfrontal ct 

du IW~ ,Ill .H.'l'lIlllhclJ<; IIldUlt 1'.11 la contcntlon. 1 ;cll~cmhlc de ces ré"l1ltat~ démontrcnt que 

la rcpllll<;e dl''> 11('lIl\llle<; dopamincrgH}llC" qUI Innen'ent Ic noyau accllmbcn~ est 

~l'n~1 hlllSél' par l'appllealilln répétéc d'lin st resse exogène. phénomène qui s'apparente à 



• 

• 

• 

IV 

cchu prodlIIt par l'admilllSlréltlOn répl;tl'l' dt' dlngul''' pSFho-.llIl1l1l.ll1tl· ... ll'1le .... qlll' 

l'amphétamine ct la l'OCallll' Ali III\'eau théorlquc, k .... rl· .... ldlah dl' l'l'lIe dw .. k ,,1I ... nll·nl 1111 

~crl<lill que<;tionneTllcllt cOllcernant l'h) p()thl'~l' \ oulallt qlll' k., Ill'IIJOIW<' dllJl.lIllllh" ~HllIl'''' 

qui mncrvcnt 1(.' noyau aLTumhell<, ~(llllelldl'nt dL' façon spécllïqul' le Il'IlIOll't'IIll'1l1 plNtl1 
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PRE.FACE 

~t'ctl'Hl 1 olthi., the"", 1<, nnllltrodllclion ln Ihe arca of doparninerglc ~)'.,lcm" and Ihcir 

n''>poll<'c 10 '>Irc<, .... , and Ille! udc., an cxtell<'lve <,urvcy (.1 thc Iltcraturc on the cffceh of hoth 

,\('1I1l' {lnd rcpeated CXpO<'lIft' 10 <,Ire,,~ Scctlon 2 presl'nt<; the ratÎonale for <;tudylllg the 

l'liee\<' of rcpeated .... Ire'>'> 011 :l'>L'cndlllg DA system ... Thc ll1l'thodolog.j and rcslIltc;;ofthe 

{"'Pl' 1" 11(' Ilh are out IlIlcd III .,ecllon 3 ,1Ild 4 Secli\H1.5 1 ~ a gcncral dÎ!-lCll~SIOn of the rc<;ulls 

III rdatlolJ to PICVIO\!" IItcralllrl', "" weil a'> ln rcgard!-l ln Jl~ cl ÎIlI C;l 1 impllcatioll" AlI III VIVO 

V'lIt.IIllIlH't nc ('XIH.'rJillcllt., w crc Ill'rfonlled hy Illy~clf. 
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t INTRODUCTION 

We are ail <,ubJected ln \'aryltl~ levr\<; of <,Ire"" fn)1ll a Illlllliwi ()I d,1 ka'llt "('lIrl't''' 1 \lr 

mast of m, brier C\PO<,l1 rt .. ·S \0 mOlll'rall' 11.'1.-1.'1., ni l'Il\ 1 [('lHltl'llt,1I ... IIC"" h"" ,1I\l1l'.lllg, 

pcrformance"l'nhalll'ing cnech ('hrollle 'illl'~" pr ICpl',ltl'd npp<'IIH' 10 Il Il l'n"l' 'iln· ...... 

however. l'an ha\'e dehlllt.ltlllg l'l'l'l'\'!" lllldl'r the"e l'OIHllt IOn.." ... 1 rl'''''' l',111 hl'l'lllllt' .1 

prcClpltatlIIg factor III the dl'\ elopmcllt ot Ilwlllal dl "ordl'P, "'\lL'lI ,1'" dl'JHl''''''''"1l (HII'"LIII .lIld 

Davis. IQR6' Wtliller 19R5: Anl"man. Il)x..+. 1\ lm fil ," 1 '111\1 I.H Jt,lfkn, l'lS21. ""t! 

SChllophrcnia (NH:ho!<,oll and Nelllcld,IC)<j2, Brier Il))-:<)) ~tll,,,,,tlll c\t'Ill', h.l\l'l'Ikch 

on a nurnher of central Ill"UrOChCIIlIC,II"y"te1l1'i 11l,IIhlln).! Iho"t' Ih,,1 L'lIl1.IIIIIl\lll'I\llIephnrll' 

(Alx'rcrOfllble and Jacob,_ 19X7: Adt'IL (Jarcl<\ i'v1.1rqlll'l, Arrn,trlo ,lIId (,l'Ip' IlJSS: I{pth. 

Mcfford and Ban'ha~. 19X21. <'l'rolOnll1 (J(N'plt and Kl'lIl1t.'It.ll)K~, 11111..(11). LI\II}. 

GlowJnskl and Kety. 196R) ,111(\ dopLlIlllnc (AIlt'rcrolllblc. Kl'l.'l c, 1 >lIn<.,( hl.l .lIld /1~1II()lId, 

1989; Dcutch. Tam élnd Roth.19H5: Dunn and hll.'. 19S~) 1 hl' dllT! ul "Irl'''''' Illl n'lilial 

dopamine (DA) pathway" in pélrtl L' li l,Ir 1<; rl'cClVlng:ln Iflcrea"lllg a 1110 li lit (lI attenllon Il 1<, 

alsa the fOClI~ of the prcc.;cnl <,tlIdy, 

Therc arc lhree maJor asccndlllg DA "'y,lcm<, 111 the mammaltall l'entralnerv()u<, "'y"Ic"lIl 

The mgrostrtatal "ystcm COlllpn,c<; DA cclb of the <;lIh~.taTltla ni!!!" l'OIllpalla 111 the 

ventralateral mesencephaloll (()ade~ and Haillday. 1<)x7), '1 hl<, patlm.ay 1 Il Ill'! V:llt.'" ..,tnalUIlI 

(STR) and IS gencrally thought to play (111 Importclnt role III ..,ell<,()ry IImtof IlIlt.'gra'l()1l 

(Wlckens.199(). Renlnger. 19~3; :"tncker and Zlglllond, 1(J7h) I>q..'clll.'r,ltloli ni the 

nigro'itriatal DA pnthwa) aho IInderlle<, thl~ hypokJrlt"tlc <'Yll1ptolm,,1 l'arklll<'OIl\ dl"l'a<,-:' 

(Hornyklewicl amI Kish. 1(86) 

Medial ta the subslantia nlgra J s the ventral tcgmental arca (V 1 A ) wt cre UA fll'UrOn'. 
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forlll Il)(' rnc"ocorllcal and rne<.,ollmhlc systems. The rnesocortlcal system proJccts to 

prctmlltal. LlIlgulall', cntorhll1al and pmform reglOm, of cortcx. functlOnally. the meso

PH' "y<;tcm ha., bl'cn Impllcatcd 10 attentlonal processe" (~Imon and Le Moal. 19871; 

lk-pll'tloll 01 PH' DA. for chample. ha" becn "ho\\ n to Il'ad 10 "pallal alternatlOll deflclts ID 

rat" and monkcy'> (SIIlIOII, Scallon and I,l'Moal. 19RO: 1-3rol.(w"kl. 1-3ro\\ n. Rosvold and 

C'oldm.lll, 197<)) 1 he nH.·..,o-PH· DA pathv.a) 1<., al<.,o rncreél<;lIlgly bl'mg lI11pilcated 10 the 

palhophY<"lologyof ... chl/ophrcm<l Ilor rc\ ICW set' (.iracC'. 1(92) 

'1 hl' 1 lH· ... ollIlIbll' DA "'y<.,tcm Inncr\.t1cs a number of "uhl'ortll'al ref.!lons IIlciuding the 

amygdalold and "cplal Buclel .• , ... weil (le;; the ollactory tubercule and the nuclcu<., accumnens 

(NAcc 1 Me ... olllnhic I)A nl'urons. III parlll'ular thO<"l' thal proJecl 10 NAcc have been the 

10CII'> 01 mllch attentIon A d~ .. fllnctloll 01 the mc<.,o-NAcc DA <;y<,tCIllIS generally thought 

10 1I1lderlll' the pO"'Jtl\'C ,,)mptom" 01 <,chllophrcI1J.1 (Sel' ('nlcc. 1992. for revicw). An 

IInpre<""I\'e al1\lllllll 01 crnpmcal ('\ Idence ha.., ,1150 IInpllCated the mcso-NAcc DA ~ystem él'i 

an IIllcgr,d pelrt (lI Ihe "n l'alled bralll rl'\\:lrd urcUltr)' 'Knoh. 1992: Rompre and WIse. 

Il)X9. WI..,e.19H91 1 hc..,e DA Ill'lIron~ arc thollghl to regulatc behavlors !llotlvated by a 

nllmbl'r ot rC\\(JHllnp ~tIJllllh. Includll1g Ilatllrall~ occlIrnng re\' .. ard~ <;lIch as food and a 

"l'''\uall) rl'ceptIH' matc (MItchell and Stcv.aJ1, 1989, 19c)()' HamIlton and BOlélrth, 1988: 

(,ralton and WI"l'. 1<.J8H. Jend, Gratton and Wise. 1986: Geary and Snllth. 1985: 

r,J hcrgcn and Cagglllla. 1(73). and drllgs commonly ahll<;cd by humal15 slIch as 

:lmphetallllllc and L'OL'<lIl1l' (WIS(' Ballcn. ('mlClon and TroJI11;!I. 1992. Koon.I992. Wise 

and Bn/,lrth. 1987: Y nl-.el .lnd WII.,C. 19751. nplatt''i 1 I-:ttcnbcrg, Peltl. Hloom and Koob. 

Il)H2. Bl)/arth and W,,,c. 1l}~11. and cthaTlol (\\'CI5"'. Hurd. lJngerstcdt. Marcou. Plotsky 

and Koob. Il)92. Pierrer and Stlm~lln. 19~), ln addlllOn tü acttng as posItIve rcmforcers, 

thl'SC and il van et) of other rl'\\anhng stlTllllll have lT1 common the property of sttmulating 

---------------------~ ~~~-----~ 
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the meso-NAcc DA path\\ '1)'. For c'\amplc, lllcrcasrd DA rcka<;L' \11 NAl'(' 1" cllClll'd b, 

presenting anImais \\ Ith Inod or ~ex.-relatl'd ClIl'S (Mltdll'II .1IId l ;rallon, 1\)9 1, 1(>92, 

Mitchell and Stc\\art. 19(0), and by II1Jl'<:tIOIl<; 01 l'OC:lIIlC (Kah\'a~ and D\lII) , I{)~N: 

Dlchlara and Impcralo. 1(88), amphl'tanllTlC (Rohlll..,OIl and ('amp. 1990. Ikmandl'I, l,l'l' 

and Hocbcl. 1987), oplale" l Kall\a". Duffy, Abhold and Ddl'-. Il)&~) ,lIld elh.IIHlI (WCI"". 

Hurd, lJilgcrstedt Markoll, Plot"k) cllld KOllb, 19(2) Al'cllldlllgh, I)A depktlllg le..,IOllS 

of the NAcc a<; \ .. cll a~ locallllJcctlOTl 01 DA Ic\.'cplol hlocl.l'l'" \\ dl III/11h11 kl'dlllg .ml! malt

copulatory beh,\\ lors (l-'orc..'man ,1l1d H,1l1, 1l)~7. Hlunddl and Lllh,llll. It>7H. l )ngl'r..,ledl, 

1971) as Wt'Il a<; mtravenou,> <;elf-:ldn1l1l1<,lralloll of cocallle (Rt,bert~ and Kooh. 19H2, 

Roberts, Kooh. Klonoff alld hhlgcr. 19HO). amphelallllllt.' (Lyncs". !-tll'dle ,lIId MOOl'l'. 

1979) and herolT1 (Spyrakl. hbigcr and Phllltp<" 19X3) Il 1.., l'rom thc..,e and olhe, <'lIll1l.tr 

lincs of cVldcllce that the DA hypoth('sl<; of rl'\\ anl l'lllcrgl'd ln ,1.., ..,llIlpl".." lorlll Ih" 

hypolhesis pOSII~ lhat Iflcrca..,cd IIlc'io-NAl'c DA llellrolramml..,..,1011 ,.., ail lI11port.llll, Il Ilot 

nccessary. central l'vent for pO<;III\T rClllforcl'llll'nt (lj hl'ha\'lol' (Kooh. Il)92. WI'>l'.19Xl), 

Wise and BOlarth, 1987; hblger <Incl l'Ill 1 Itp"', 1 (JH6. W,<,C, 1(78). Although tlw. 

hypothesi~ ha~ gamet! acccptancl' ovcr the pa..,t 10 year~ Iht're ha" bcen éI growlIlg IIII111ber 

of discordant tllldmgs lhat have called 11<; \labdlty 1TI10 quc<,IIOTl ()ne partlclllarly 

troublesome fmdlOg IS that stre..,,,ful ..,tlmulJ (eg !oohhocl., rc..,trélltlt), \'vhlch do Ilot cxluhll 

posItive relllforcing propcrllc<;. a\<'0 stllnulatc !ll(",O NAt' DA 1ll'1I10lrall<'III1<;"'lOn 

(Abercrombie et al., 1989: Clau<,tre, Rlvy, DClll1ls (Illd ~calt()n. 1986, Ikllich ct .d. 19X5; 

Watanabe.1984; htdda. ArglOlas. Mel,.." Il.,<,an, Onall and ('c..,..,a, 1978) 

Imt!al eVldcnce suggc<,tcd that the mc<,o-Pl-'C DA <"y<.,tcm wa" comparatlvely more 

responslve 10 aclIvatlOn by aCUle strc~~ than othcr DA pathway~ (ThJt~rry, Ta..,"tn, Blanc 

and GloWInskl, 1976). Anllnals in thls ~tudy were cxposed to intermittent fo()t~hoà, thcn 
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JrTll1lcdJéltely dccapltatcd élftcr \\:hlch tl,>,>ue levels of DA and it5 primar) metabolite.3.4-

dl hydroxyphcnylaccllc aCICj ([)()PAC) werc mca'iurcd. The author<; rcportcd a 60% 

dccrca..,e lJl Il'>'>uc Il'vel<., of DA m PH' and CI 2S~ decrea<,c lJl NAcc DA Icvcl<;, mdlcalmg 

<Ill IIH.'rca,>c Ifl 1 lA IIldllallOf} III Ihc<,c rcglOm The~c author,> lélter rcportcd that cxpo<;urc to 

loohhock <;tre,><., <.,eleLllvl'ly IIlcrea<.,cd mc<,o·PH· DA utdl:téltlon a~ rellccted hy an II1crease 

III the [)()PAC/UA ratio. whlch the author .... argued 10 hl' a hctter IIlde\ of DA turnover 

(Lavldle. '1 a<.,sln. Thierry. Hlanc. Henl'. Harthelemy and GIO\\!Jnskl. 1978). l hl::' fillding 

wa~ l"kcII to <,uggc .... t that '>tre<, .... "l'Iel.'llvely <!cllvalc<, the mc<;ü·PFC DA <;ystcm. EVidence 

01 .,clecllve actlvatlOlI 01 the mc<.,o-P~'(' DA pathway has heen ohtalllcd undcr a vanety of 

nther ~trc ........ condJlloll" 1 hl' an\logcl1Ic beta-carbollllc compound FCi 71.+2 (a partial 

hCIl/odJa/t'\)Jlle IIlVl'r'>e af!ollIQ) whlch 1'> Ihnught 10 cau<;c an dn\lel)-Itke "tate 111 rat 

(McC,rego! ,lIld Atrell'> 1990. l)orO\\. Horm .. ..,h.I. Pa<;chelh.e. Amlll and Braestrup. 1983), 

ha~ oecTl ~h()\\llln "cll'CIIVd) 11Icrca~c I)A turnover 111 p~C \ BraJberry. Lon and Roth, 

1991: 'l'am and ROlh. 1 ()K.'\: although Brcldbcrry lI. al. dld not 1001-. at NAcc). while food 

dcpnvatloll <.,tle'>~ ha,> hl'cn rcportcd tu rc"ult ln Increa~cd DOPAC levels only In PFe 

(( ·arl,>on. Hernd .. Balnl and tillc". 19R7). A '>ckctl\e lIlcn.'ase JI) meso-PH~ DOPAC and 

hOl11ovalllllH.' al'ld dIVA) Il'\c!'' ha~ al,>o IK'Cllllbserved III anlInals tha! \Vere mercly 

expo<;ed 10 nlller anllllal" n'CCI\ IIlg foot<;hock. '>\lggc~llllg the meso-PFC system can be 

.".'Ilvated hy p'»'Chogelllc ~trl'''~ (Kaneylll-.l. Yoh.oo. Tsuda. Yoshlda. MllUkl. Yamada and 

l'ana"". 19(1) 

The Idea that the mcso-Pt-'C system IS the only DA pathway responsivc to stress has 

hren qm'stloned. 11l)\\ l'ver. b) a nUlllber of In"cstlgalor<; (Roth. Tam. Ida. Yang and 

1 kUll'h. 19&\: 1 klllch. Bean. HISSl'lt~. Ncmeroff, RohblOS and Roth. :987: Deutch et. al.. 

19X) Thesl' allthor<, ~lIggt'sted that whlle onl)' tht' lllcso-PFC DA system IS actlvated by 

Illlid <;tres"c~. lIll're;\<;l'J neurotran<;IllISS10n 111 the meso-NAc<.: and mgrostnatal systems can 
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also occur when arllmals arc slIbJccted to more SC\ cre stresses. ror c\ampll·. nl'utch l't al 

(\985. 1987) found that whde footshock 1ll1('n"llll'~ of 0 2 10 04:', mA l'k"atl'd 1)( )PA(' 

level" only III PFC'. fooHhod. IIlten'\ltll'S ahm c OA5 mA 11H.'rcao.;l'd 1)( lPA( , le, l'h III holh 

NAcc and PFC (bul not III STR). The Idca 01 rq.! 1\ Hl a 1 dlfft.'fl·nl'l'~ lTl Ihl' thle"lwld lm 

activation by footshoCI\ .,tres~ IS slIpporled b) a gond Illlllllwr (lI othl'I "tmlle" (Sorg and 

Kalivas. 1991: DlIllfl, 1988: Claustre ct. al .. 1986: I)cuteh l'I al, 19~5, t Icrlllan, 

Guillonneau, Dantzer. Sçatton, S~rnt'rd.llan-Rouqll\cr and I.e Moal, ICJ~2; Rt'llIhaltl. 

Bannon and ROlh, 1982: !--adda cl. al , 197X: 11~<;an, Arglola\, hHlda. St'Ir,' alld (Il·\~a. 

1979: La\'iellc et. al., 19781 Whtll' Dunn (I()XH) and Dculeh l'I al, (IQX5) nh~l'n'l'd 

selective activatIOn of the l11e~o-PJ-(' DA "y"ll'm al very low "hod Il1ll'Il"llle" (0 IX ""li 

O.2mA, re')pectl\ el)'). Sorg anJ Kaltva<.; (1991 ) rl'porlel! IIIrr'.'a<,ed DA !'cka"l' III NAl'c 01 

animais subJccted t(l ')trongcr (0 55 mA) foohhock and 11I<'Tt.'",>rd I1A 111"11,111011 III NAce 

(and PFC but not STR) wa~ obsc!'vcd by othe!' ... only whcll lon\ldl'!'dhly more "l'ver/.' 

footshock ( 15-2.0 mA) wa<, lI~ed 'r he rcsult" 01 Ihc<,!.' ,>Iutlle,> "uggl',,1 that Illl",() NAcc 

DA neurons are rc~poflsl\'C' ln footshod., and pre<,ulIlahly otlll'r "Irl's",or ... , bill al fllten<';IIIl'<, 

conslderably grealer lhan necc<,sary 10 actlvalc Ihe me<;o-PH' UA pathway 

ln the sWdles discu~.,(>d ahove the effeet ... of <;trc<,s on (,clltlal DA "y<,lelll<, wer..' 

determlTlcd with post-mortcm mca<,ures. Whtlc thl<; approach ha<, provlded ""etui 

informatIOn, the extent to whlch rehaille rncasurcmenl<, of extran'lIular I('\'l'I" of IraJl<;nllllcr" 

or transmltter relea')l' can bl' dcnved from po<,t-Illortem ;I<,<,a)'<, ()f IlItléll'ellular Icvet... df 

transmi tters and mctabolt te~ ha .. al wa y\ hcen .1 Illatter of "ollle "'pee Il 1 a IJOII (Soarc ... -de 

Silva, 1987). SOIllC have challcnged Ihe contentloJ} thal "lll'ratIOIl<' ln lite ratIo of 

intracellular tran~mltter<; to metabolltc Icvel<, l'an accurately rc1lccl <:hange<, in 

monoamlOerglc neurotransmlS510n (COmJm~!'loflg, 1985) and Il ha~ been <,ugge<;led by 



• 

• 

• 

6 

other., thal the.,c and .,Imllar types of po.,t mortcm measures are relatl\'cly poor indices of 

slre~'i mduced Incrca~c., Ifl DA actlvlty C1mperato. PlIgltsl-Allegra. Zocchl. Scrocco. 

('a.,('1I1II and Angelllccl,II)()O; Aocrcromolt' et al .. 1(89), ,'ht'fc arc, IOdced. a nllmbcr of 

prohlem,> III InterprctlIIg data from po,>t-morlcm "tlldle~, LavIClle et. al. (\978). for 

cXéllllplc. ob,>cr"cd a foot"'/10d, lIldl1ccd trlcrca ... c 10 the DOPAC/DA ratio in PFe but not ln 

NAn.' or S'/I~ whert' both /)()PA(' and DA Icvel<; Iflerca'ied by l'quai proportIon", Thesc 

allthor ... Jrltcrprelcd Ihclr d,lIa ae., IlHi!catlng a ... clcctlve IIlcreac.,e III DA lurnover III PFC by 

... Ire,>,> WllIle élll e!l'vallon 01 IlltraL'Clluldf ()()PA( 'Il'vele., rclatnc 10 thŒC of DA 1'> IIsually 

a<;c.,onaled Wllh Incrca<,,('d DA rclea,>c. the contC'ntlon hy thl'~l' aulhorc., thal concorl1lttant 

c1cvallon<; of hoth DA and DOPA( " as \\;<1<., JnLllld III NAcc. arc phYSIOloglcally lITelcvant IS 

dchatahlc, InterpretatIon (lJ r{,~lIlt~ of po<"! llIortcrn stuthc,> ..., made eH'1l more problcmattc 

hy l'YJ(h.·ncl' 01 ilia ...... " C relca ... l' of DA and nllwr mOlloamlllC'" Immccltatl'l) followlIlg death 

(\all Vcidhul/l'lI. hell ... ll,l Boer ,tilt! We ... ten!l"-. 1990: (;onl.alc/-Mora, Mélldment, 

(illadaillpe ,1II11 Ma .... 19~(») SIIlCt' Ihl' Illten al betw/:,('Il decapllatlOn and freeZing of bram 

tl~"IIl' "'lIge~ 'rol!l 1·3 millull'" (Pal\..ovll/, 1973). It 1'" more than IJ"-cly that tntracellular 

leVt'J<.; of tran<;lIl1ltcr <llId I1lctaholtte havl' already brcn <aglllfïcantly altcrcd bcforc the tIssue 

l'an hl' pmpl'rly "Ion~d, '1 he<.,c and ~Imdar olher consIderatIons more than an}thll1g cise, 

have cau"t'd the l'ffl'ch of "Ire'i<; 011 central DA systems to he rc-examrned \VIth newly 

devcl opt'd 111 \ 1 \'0 t('('h III qucs 

Mlelndlal~~I" and \ olt a III llIl.'t ne techllIques altow quantItatIve and, in the case of 

\'oltamIlH-'try. rapld IlICa<"UlCllll'nt of c\.traccllular trallsmlttcr and metabollte levels in 

l'Oll~l'JOII" :lllllllaJc., ()\ L'rail. the re~lIlt~ of III VIVO stlldlCS ha\e rcvcalcd thal 'itrc~s causes a 

morl' generait/cd actl\ ,Illon of aSCl'ndlIIg DAel'glc systems, mcludtng the nigrostnatal DA 

system than \\a~ sugge'itcd h) the data from post-mortem studles (Abt'ïcrombie et. al .. 
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1989: Knott. Brannan, Andre'vs, Togasakl, Y ollng, Malü'r ,lIltl Y ahr, 1l)~6, Kt.'lIt'r, 

Stricker and Zlgmond, 1983, but sel' Heye~" Garnetl ,md Co.lles, 1')&") HlHH'\l'r. III 

agreement \'vllh posl-mortcl1l e'penment,> the data obt.utled l'rom ;1\\ a "-t' illlIlllab also 

mdlcatc Ihat the I11cso-PFC DA ,,)stcrn is comparatlHly more rt'sponsl\'(' 10 slrt.'ss than the 

meso-NAcc and IlIgrostriatal DA pathway!-> (lmpt'rato. PUgll"l Allt.-gla. Casoltlll and 

Angelllcci. 1991; Ahercromhlc ct ai ,llJR9) Nonethcless, a .. wa" Ihe ('a'le \\ Ilh po'll

mortcm studies. IIlCOn~l"tcnt fllldlllg'> havc hcen rcporlcd III ... Iudu.'s u"lIlg III \'1\\1 ddt'cllon 

methods. for c:-.alllple, Bertolllccl-D'AnglO, Serrano and Sra\. : 1990) and 1 )'AnglO, 

Serrano. Rn y and Scatton (l9R7) fl'ported elcctrochclI1lcal cVldcncc 01 Inerc,l"'l'ct 

extraccllular DOPAC levcls In NAcc bUI not III PH' dunng tall pllu:h sIres ... , ,Uld 01 il 

comparativel) greater IOcrcasc ln DOPAC I('vcl~ ln NAcl' than III PH' dUflng 

immoblhzatton sIre'>". III çontra~l, tad pll1<.'h wa<; rccentl) Icpnrll'd III a nllcrodlalysl~ ... tlldy 

to e\cvatc DA leve\s ln Pre hUI to not affect tho<,c ln NAcc (Cl'ncl, KalclI. M.llldd ,lIId 

Bjorklund, 1992) Thu .. , ,\-Iule r(''>llll<, denved lrom III VI\'O dell'cllOIl Illl'Ihod<., :!rgllt' lIIore 

strongly for a stllllulnnt ejfCd t)f !-.In's<; 011 me<;o-NAcc and IlIglo<.,tnalall >A "'1'<.,1('111<" thall 

do those from posl-morlern ... tudie", they arc b) no Illean<; CO/JII>l'llilIg. 

The majonly of prevlOlIs sludics have charactcnl.cd the re~pon<,c 01 central I)A 

pathways 10 a ~lI1gle exposure to ~tress ln rcalllY, howcvcr, wc arc more olten Ihan not 

exposed 10 the same <;Iressflll COIl(!ttIOIlS repl'atcdly. 1 hu ... , the Important que.,lloll would 

be if and ho\\- the ... tre.,s rc"pon<,e of DA palhway-. change<, wlth rcpe;tled exp0<"lIre Thcrc 

IS tncreaslIlg cVldencc that thc rc"p()Jl<;c 01 rnc~()-NAcc DA Ilcuror!<-; tn " Wldl' range of 

stimuli IS p!a<.;llc. Mitchell and Gralton ( 1991. 1<)<")2). lor cXflfllple, <.,howed Ihat DA rclca ... e 

eiicitcd 111 NAcc 1" progre~~lvcly cllhanced wllh C<l(~ dally ex/)o<,ufC 10 <,cxllally relevant 

stimuli. Stimulant drllg~ 'luch as cocatne and amphetarnlTlc and opwtc ...... uch a ... morphHlc 
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and hcrolJl <;harc wlth "trc..,,, the ablllty to <.;tlmulatc fOlward locomotIOn and increase DA 

rclca ... c lJl NAn' (~org, 1992: Lcylon and Stcwart. 1990; Bradbcrry and Roth, 1989; 

Kallva ... , DlIffy, Abhold and Ddh, 1<)&,: Pen" and ZJhlll~(,r. 19H7. RohlO<;on, Angus and 

Becher, 19X5; Ku/(:cn..,kl. 19H3), and a number of 'ltudlc<" have shown [hat thc acutc 

'ltuIIlIlanl cfll'cl of Ihc,>e drllg<, 1<' cnhallccd wlth rcpcalcd, IIltcnlllttcnt admllll<;tratlOll Thu~ 

when IIIJCclcd t'vl'ry day, or cvery other day Ihl' aeu!c locomotor "[IJDulant cl'fcct of l'oeame 

and (llIlphetammc, for m ... wncc, IIH:rca<;c<, or SCII~IIIZC<;. BehavlOral sl'n ... lIllatlOn la drugs 

ha., hecn .,hown 10 bc long lasllllg, If Ilot permancnt, <.;en<;ltI7ed rc<..,pon<;es are still 

oho;crved alter mOllth<, (lf wlthdrawal frolll the drug (Kall\'a,> and Duff) , 1 ()90: Petit, Pan, 

P.lr~()II<; and JU ... tICt" 19<)0. Robm<,on, Jllr~oll, Renncll, and HCllgtcn. 19~: Peris and 

Zahlll~l'r. 1()X7. Stl'W.u! alld Ve/lua. 19H7. 1(0hlll<;011 and Becker. 19S6: I-Ic r rnan cl al.. 

19H--t. Anldm,lIJ ,lIId hl hier 1'>7l ) Scg,t1 and Mandel. I<)j .. -l). J--lIrthennore IlclIrochemieal 

<.,(\lllle ... han' prO\ I{!ed ..,trollg l'vldcllec that Iwha\'lOral ... en<;lllIallon 1<; accompanled by an 

Increa~l'd ~l'IlSIIIVI!y or Ihl' IlIl'~o·NAcc DA "'ySll'ill to the <;tlTlllllalll acllon of Ihl~se drugs: 

DA n·lea ... e clll'lll'd III NAcc hy coeaille, amphctaminc or morphine 1<; potenttated wlth 

fl'Iwatl'd "dlllllll ... lralllHl of the<;c compounds (Sorg, 1992: Kaljva~ and Stewart, 1991: 

K:t1IV.1S and Dun). 1()90: R()h\ll~()n, .Iursen, Bennett and Rcntgen 19R8; Robinson and 

Hede r. Il)H6). 

Inll'n.· ... llIlgl}. Il ha ... hcen shown that repcalcd cxposurc 10 slress laler scnsltll.CS anunals 

to the acllOI1 of sllIllulanl drugs on heha\'ior and DA relcase III NA cc (for revicws sec 

Kaltv:\s and Ste\\art, 1991: Roblllson, 19&\. Stewarl and Vell na. 1(}8g: RoblIIson and 

Hl'l'kN, 199b). ror l'Xamplc, M.lcLennan and Maler (1083) round cnhanccd 10coOlolor 

acll\ Ily III Il,.,P(Hl''C 10 (,'l'Caille III prcvlOlI ... l) <,tres<;ed r,lls. \\ hile Snrg (1992) rcported that 

It'Iwatcd foo .... ho,., <''''n'''III/('d hOlh NAcc and PFC nA rclea<..,e ellclled by cocalne 

admil1l!'-Ir:.lllon. Rcpcatcd <;Ire~., has brell shown to later {'nhance amphctamli1e-induccd 
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locomotion (Hahn. ZacharKo and Anisman. 1c)~6: Herman et. al., 19~..f: Anll'Iman and 

Chiodo, 1983; Anlclman and Elchlcr, 1(79). rot,lttnn lRnhll1.,on l'l. al.. \9~'s), .tnd 

stereol)'py (Anisman. Hahn. Hoffman and Zacharkn. 1(85), and an l·nh.lIlccllll·nl \,1' 

amphetamine mduced DA re\case has hren ohserved. lI/ \'/lro. l'rom <.,tllatu11\ ot "In's"l'd 

animais (WlIcox. RoblHson and Beckel, 1(86). Therc IS O1lso l'vldel":\.' th.lt repe.lll·d 

administration of !o.lImulanl drllgs \"1" cnhancc the DA actlvallng propt.'rta'" ot ail acute 

exposurc to stress. KalIvas and DuiT) (1989) reporled th.1l PI('VIOII~ treatnll'llt wlth lepealcd 

COCallle rcsulted III enhanced DA llletah()lt~l1l III PfC and NA~'l' III re .... poll .... i.' 10 al'lIle 

footshocl\. A sllllllar enhancl'Illent or <.,Irc..,s eltl'iled Incrl·a<.,i.'~ III DA IlIrtHl\ 1.'1 h., .... hl'l'Il 

observed follo\\<lllg rrpeatcd amphctamlnc adllllnl'\lralion (Rnhlll<.,oll, Ikd,CI, YOllng, A"" 
and Caslenada. 1(87). Olhers have shO\\ Il Ihal a single npo<"lIre 10 ..,Irl'<"'" 1<" ~lIl1lcll'nt 10 

alter the DAerglc rc<;pon..,c to lalcr adnlllll<;lralioll of pharmacologlc,lI agl·nl .... kIlO\\ Il 10 

possess DA agoTllst or antagolll"t propCrtlCS (Anlelmiln. ('agglllia. KOl'ml, Kllop!. Meyer. 

Edward'i and Barry. 1991; Alltdm"n and Caggutla. 1()<jO) hllally, Kallv;!,., and J)lIlfy 

(l9R9) found that rcpc.ltcd. once datly e\posllrc 10 loohhod .. <'\IC~<" IC'illllcd III ail gn,,,ter 

incrcase in DA tumover III the PH' and the NAcc (bill Ilot the STR) UpOIl <.,1I1)<,(,·qIlCI11 

application of footshock when comparcd 10 anHllnl, thal had nol prevl<>lI<.,I) hcen <.,hoc..:kcd. 

Taken together, the rcsult~ ot thc~c stlldlC<' sugge~t that thc l'flect" of hchavl\)Jally rl'levanl 

stimulI on meso-NAcc DA neurotranSlnI<;<"lon hccoJl\e "tronger wllh repcall'd prc"l'nlalloll 

Thus, whde slre<,stul <,111111111 may 111111ally only l'ilcii a "rnalllnCfca<.,c lTl rnc..,o·NAcc DA 

activity, thc,c fmdlllg<., .,uggc<,1 that the rc<.,pon'w of thl<" .,y .... tclll progrc<,.,lvcl y IlICre;t<;e<., 

wilh each sllbscqucl'l cxpo'iurc to <,trcc.,~. More Importanll\'. Il appcar,> Ihat Ihc <.,clI<.,lllIrng 

effect of repeated exposure to sIre"" generallLc<, 10 other 'itl Illul 1. 
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2 RATIONALE 

l he ex lent 10 whlch repcatcd cxposure to a ~tress can mfluence behavlOra l 'csponses to 

sllb<,cqucnl .. Ire,,<, or 10 olher type ... of "tllnuli ha .. Important Implications, The InteractIOn 

bctwccn drugo.; 01 ahu'ic and sIres,> al the lcvel of Ihe me<;o- NAcc DA system ~uggests that 

rcpeall'd expo,>urc 10 <,trc,><;ful ('()ll(htJOn~ may play an Important rolc ln Ihe dc\'elopment of 

c()lJlplll~ivc drllg taklng hy hllJl1an~, and that long-term lise of !llIel! drug'> leads la 

profolllld change<, III Ihe heh,1\ 10 ra 1 r~<,pon..,e to cnvlronmenlal "Irt'<,~e<., Thrrr IS clinlcal 

cVldl'lIl'e <"\lgge~llIlg Ihal expo,>urc 10 ,>tre<,.., may prel'Ipllale or cxaccrbale patholaglcal 

lwhavlOrs a~<;()Claled wllh DA dysfullcllOIl Thl' po,\lllve symplollls of ~chlzophrema. for 

exalllplr, arc gt'l1erally cOIl<'Hlcll'd to leflecl an hypere ... ponsivl'nec;~ of mcsalimbic DA 

lIellroll~. and Il appcar<, thal ..,c1l1/ophrenlc<, not onl)' have ail abnoJ'lllaL or exaggcrated, 

n:<,pon<,l' ln ..,Irl'<,'" (NH:holvHl and NCllfeld. 1992: f-<l110011. 1996). but that the ris"- of relapse 

l', cllncl.ltcd \VIth Ihl' IH'lghlelluj rc~.pol1<"IVII)' of Ihe~c patlenl~ ln stres'- (Nicholson and 

NCllfeld.I<)92. ('rllell ,1Ild Haron. 19R4). Strl'SSfllllife cvents arc also thought to be both 

pn."llJ sp(J~lIlg a IId pre", 1 pitallllg faclors 1 Il depressi on: previolls ~trcssflll evenls have been 

~howlI 10 rl'sull 111 ail IIlcrcased ~usl.'eptlhi"ly 10 deprc~sion. or acute stress-mduced 

depre!->!->lol1 (Hrc~I,1lI and Davis, 1986: AllI~lllan. 1984: Anisman and Zacharko, 1982), 

The piC .;cnt ~hldy 111:1) also <;hed morc IIghl on our Cllrrent lInder<;tandmg of meso-NAcc 

DA flll1CllOI1, 'l'lm, DA <;y..,tl'l1l has bl'cll <,Irollgly implJcated III Ihe c0ntrol of beh(l\'iors 

llIollvated b~ rt'ward., (for rt'\ !C\'" "el' WI~C et al.. 1992: Knob, 1992. WI<"C. 1989. 1978: 

Rompre .l1Id W!<'l" 19X9) ln Ih "'Imple<;t forrn. thl' pre\'aJlmg hypothc~i~ IS that the ablhly 

to l'IlclllI1lTCaM.'d nA releasl' III NAcc (and forward. cxplorallve locomotIOn) IS a defining 

propcr1y or rewardmg stlllluh, Thal a\'crsi\'e stimuli ~uch :1S footshock or restramt seem to 
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also have thls property has ob\'ious important thcoretlcatlmplH.'allons and tht.'rl'lo!\' l\'qulH'" 

further stlld)'. 

ln the present study wc charach.'rtlCd the cffcCb on c"tr,H.'l'llular DA Il" d, ln NAn:, 

PFC and STR of repeated once datly exposlIrc to t'ltl1l'r tail p111ch or rl'~Ir:llnt "Ire"" l1l 

freely-behaving animais usmg hlgh spccd chronoalllpt.'rometry, an dt.'c\nK'ht'lIllcal octct.'tlon 

technique, Apomorph\l1e, a Illlxed DI/D2 rcct.'ptor ,lgOlllSI. and (,BR· 12909. a "cll't.'tIH' 

DA uptake inhlbltor, were llscd to cOl1ftnn that slres,,-eltclted lfllTl'a"l'" 111 t'Icrtrodll'Illlcai 

signais were due to incrca~cs in cXlraedlllldr DA conel'nlratlon 
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3 METHODS 

Amll/u/\ al/d \ltr~erv' 

Mail" Long-h'an ... raIs (100-350g, Charles River, SI. Constant. Qucbec) were each 

Implallted, IIl1der <,od 1l1J1 1 pentobarbltal ancsthcsJa (50mg/kg 1 P ) \VIth a voltammetric 

ekellodc (lllIIed .lll'llher Ihe NAcc (n=-3Ü), STR (n=IO) or PFe (11=30) and \VIth Cl Ag/AgCl 

rcferrnre clcctrode and a ... Ialllle .... ; ~teel ground wlre. Wlth the IIIClsor bar adJlIsted to 

mamlalll Ihe ... klll! hon:tonlal [Illd 1J ... lIlg bregma and the cortical surface as refercll\.c pOlllts, 

the ... Ien'otaxlt' l'oordl nale ... Wl'rt' a~ followf>: NAcc' A.P =+ 1.6m01, Lat.= 1.6mm, 

D,V - 741ll1ll: S Iï~ A.P. ~ fi 6111111, Lat =2.0n:rn, j) V =4.51ll1l1, Pre· A.P =+3.4mm. 

l,al :-0 RIllIll, D V. -=-l6mm (PaxlIlo", and W;lI<;on, 19X6) The refercnce and )2.round \\ ire., 

weil' Implanled If} the 1J)c.,dalcral and (()J)lralalcral panetal cortex, respcctlvely. The 

nlllllalllrc plll cOIIIll'clor, ... olùcred ln Ihe clet'! rochcllllcal and rcfcrcncc electrodes and to the 

grOlllld Wlrl''> w('re IIl"cr1cd 11110 a pla~llc ,>tnp conncctor whll.'h wa ... "ccureel and anchored 

wllh acryllc denlal cement to l'ive stainlesc., "Ieel skull <;crews emhcdded 111 Ihe cranlUm. 

The .lIlilllab \\t'rc hOli"cd ~lI1gly on a 12hr IIght/dark schedule (hghts on at 0800hrs), with 

food :lnd watcr a\'aallhlc ml IIhltum 

ln \'/\'(I t'II', II (JI heill/('a/ !n1'1!J(ld\ 

The vollallllllelnr elcdrode COl1sl'\ted of threc JOllm diameter carbon fi bers that cxtended 

50 100Jll1l bcyond the tir of a pullcd glass capIllary. The carbon fiher hundlc wa., tïxed in 

Ihe cal'I liaI) \\ tlh a drop of r.po,yllte and , .. a., coated \Vith Nation (AIClnchl, a polymer that 

reduce<; the contI iblltlon to Ihe cleclrochclllIcal signai of anions ~lIch as ascorbic acid (AA) 

and IlH.' pnllHlf) DA Illct.l boit 1 l' . .1.4 dlhydrox) phcnylaccl1c and (DOPAC). The electrode" 

wen.' calabratcd pnor 10 Implantallon for thelr ~cn'Iti\'lty to DA and for thcli seledlvity for 

nA .lg:lIl1~1 Ai\. Ali calibratIon" \vere perfoflllcd at 2SP (' III 0 1 M pho"phate buffered 
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• saline (pH=7.4) contalOing a ti,rd concentratIOn l250jllll) nI' AA tl) mllllle bl,lIn 

extracellular concentrations. Only c\l'ctrode~ c\lllhlllng li 11111l1ll1ll11l nA to AA ratio nt 

1000: J and a highly \inear re"pon~r (r >.9(7) to Inl'rca"lIIg l'Olll'l'ntiatioll" 01 DA wcre 

used. Electrochellllcal rncasliremcnts \Verc perlormed u"lIlg a I1lll'Wl'lllllp"tt'r l'llntrolll-d 

high-speed chronoampnometric apparatu" (IVEC-5. Mel! Sy~tel11" ('mp .. (fll'l'nvall'. 

NY), An oxidallon pOlclilial of +0.55 V, wlth rc~pect 10 the Il't'cfl'Ilt'e l'ketro<!t', '\.:1'" 

applied 10 the electrodc lor IOOms al li rate of 5H,. 'l'hl' "UIll of" dlgltl/l'd nXHlall\'l' qdt'" 

was graphl(',lIly dl"playcd on a \ Ideo 1l10llltOl al ,\ raie 01 1 11/. l'hl' ledlll'11011 l'\IfH'lIt 

generated when the potentlal wa~ rl'tllrncd to rl'"tlng le\l'I (() () V lor 1001\1,) \Va ... dlgill/t'd 

and summed III the ~arne manner and "erveti as ,III IIldcx 10 Idellt Il) 1 hl' elect wall 1 Vl' "Ill'l'Il''' 

undergol11g O\ldatlOl1. Wllh the Nafion-coated carb(\11 liher cll'clrodl'''' lI',l'd III the pre<;l'Ilt 

study and al a samphng raIl' of 5 H/, the magnitude of tlw redut'lloll clIln'nl for DA 1" hO 

• 80% of the OXldatlon cUfll'1I1 (n.'thl\ Ob-OH) ((irallon. Hotkr ,lIId (,nhardt, 19H9\. 

PrcviOllS wor"- ha" ~h()wn thal the oXldatlon or AA 1'" vlrlually 1 m"\'cr<"1 hlt- (rcd'ox -CU»), 

whereas that 01 DOPAC 1" almosl l'nlm'I) revcr"'lble (rcd.ox=-O 9-1 0) wlllie Ihe ll'dHCIIOI\ 

10 oxidatlon ratios for norcplflephnne and <.,crotomll arc OA-O,5 and 0 1-0.2 re ... pe('llvely 

Thus the slmullal1l'Oll~ mOl1ltonng of both the oXldatllvl and reduclloll c"rren\<" a<,soclal('d 

\\1 ith the elcctrochenllcal rcactlOn provjdc~ an on-linc melhod of delcrlllllling Ihl' 

neurochcmictll idenllty of the predominant elcctrnactlve SpCCIC~ contnbllling 10 the <;lgII<JI. 

Te'lting proct'Jun.:\: 

Two to threc days arter surgery, the al1lmals were placcd in thc rccoHIJng chamhcr alld 

connected 10 thc recordlllg apparatu<; Via a shlcldcd cable and a low IInpl'dancc 11111111 

channel commUlalor (Alrflytc. Ray0nnc, NJ). The primary <'Ignal amplifier wa ... conll('c\ed 

directly onto the élmrnal's ckctrode connector to mlllllnil.e cxtrancou,> c1eclncalllllerlcrcncc 

• 
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f~()llowJl}g il 1 hr pCrlod ullnng which base~me clectrochemical data wcre obtamed, each 

iI/lIl1lal wa" 'iUbJecled to cllher Lail pinch or rcstrallll stress. Tari pmeh "trcss \\-as IIlduccû 

by placlIlg a wooden cJolhe"'pin 2em from the ba"c of the tall for JO nllnS, while rcstrmnt 

~trl'''''' wa~ JIIc1l1ccd hy Immohtllllng the anImai for 15mll15 ma polyethylcne foam padded 

jat'kct made of wlre Illl",h hcld togcthcr hy Velcro "traps Each anllnal v"as subJccted to 

ollly olle typc 01 "tl(,"" ollce a day lor 5 con\ecutlvc days. Elcclrochc/ntcal recordlllgs were 

pcrlormed dllllng .lOd aftcl the pcnod of ~trc.,., untl! the electrochclnll'al "'Ignals retumcd ln 

b""cllfle kwh Addltlollal dllllllab wcre Irnplantcd \\I,lh elccLrodcs wllhm NAcc or Pre to 

tc~t Ihe cfrcct~ of apolllorphlllc, a 111lxed DI /D2 rcceptor agolll"L and GRR-12909. a 

sl'lt'ctlH' DA IIptak(' hlnd,cr. AllImab of the tir"t group \\Cre ~uhJl'ctl'd on fOllr <hlfercnt 

<lay.., to .,tre~., alollc, "Iress 15 Illlllutcs followlIlg adlllllllstratioll of apomorphllle (50 and 

J()()jlg/"g, .... c ) and of an l'quai volulllc of "'(JIIfIC ( 1 ml/kg t. Anl/nal" of the "l'cond group 

n'l'CI v('d 011 dlill'Icnt day" Ci BR .129(1) (5 and 1 Omg/kg, l.p ) and "chicle 6() mlflute" prIor 

10 the J)l'rIod of <,Irl'''''' (laJl plllCh or restralnt). The order of the trcatnH'Il!~ \'va<; counter

balalu:l'd to redller the efreet 01 rcpeatcd dady ~tre~". At the end (If the experimcnts ail 

éllIl/llab were clecply anesthetl7ed with sodium pcntonarhltal (7Smg/kg i.p.) and 

transcardrally Iwrfus(.'(\ with 1071, l'on11<\IIn. The hrallls were rcmoved and were later shced 

in .JOJlIll sectIOn" for venficatlon of clectrodc placements 
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4 RESUl:rS 

Effect.\ (~t R~J1t!(lf~d Sil eH 

The change!. 111 the c\cctrnchemlcal signais n.'l· )Idcd ln PH', NAù: ,lIld S'I R dllllilg l',ll'h I\t 

5 ~unsccullve l)Hce-daily cxpù~ure~ tù lè<;(latnl ,lIld lad plIll'h "tll· ...... ,Ill' "11111111,11 lit'" III 

Figure 1. The c\eclluchcllllC.l1 dal,1 .lll' C\I" ~:-'~èd ,1:-' I\lèdlt cll,lIlgl'''' 1 Il DA l'OIlÙ'IIII,IIIOII .1'" ,1 

fUllction l.f eal..h InllJllle of Icstlalll( VI Î,"1 pllllh :-.lll· ....... A ... l"ll Ill' ... el'II, lIlt.·IH'.,k .tlllpllltHk 

of the e1cdlochclHlL'itl <;igllals dll'itnl li)' 1\:~lIdllll III NAcl' Ill'ldllll' IHugll· ...... l\cl} l,tI~\'1 \1;1111 

each J<iily exposlal\;. A SlIllil,II, but Ics~ uldelly Jail y l'ulldllù'llIeIlÎ \JI 1l· ... II.1I1I1 l·II\.Ill't! 

inclcases uf clcclll)chemÎcdl s'gnab WctS abù ICl'lllded il! STR Nu ... udl 1'1I1l.llIl ~'Illl'III \1;,1:-' 

eVldent in PFC dUl'lng thr.:- .C;;,ltiiIIlÎ pl'IIUd. llu",c\.l'I lll'\J1I Ir.:-Il·,hl' Il \Jill tltl' Il'''ÎI,IIIII 

appa'êtllis cl furthcl IIlUect:,r.:- III the dl:'l'Îllllhl'mlc,1I "Iglle!! w,,:-, ull ... et h'" 1111'1 (',1111" dllaYl'" 

illcleasC was IcI.cly obscl\lcd III NAll .lIld S'l R. Ilglllc 2 ... I,u\\<:-, i1.l· 1I11.'<l1l lh,lIlgl'''' III 

signab re\"o,deJ in PFC on Jay l ,1I1d da) 5 lltlllllg tl.c 15111111 IC ... t',HIII \ll.IIIJ ..... \\<dl ..... 

durillg the 15 mm Immediatel} rollowlIlg tcnlllilaiion of Ic~trallli. A ... l'ail Ill' "l'l'Il, Ihl' 

amplitude dthe ddclycd iIlUl:êt<,c: 1:-' glèil\er on day.5 will'Il l'ompan:d 10 day 1 

III (:uIilP,IIISUIl lü lestralllt, tall pinch dJl:ltcJ cOIl~ldel,tllly ~11I.llIe. IIIUCd-'l ... III illl' 

electlucht:tllll,i11 sÎglictls Il. NAl..l ,lIld STR, but .... Illllia. Illl'j\' .. "r.:-:-> .11 PI (' Nil Ill,,, h,l .... d,,) 

lü-dei)' dldllgC:' Îu l,III pillch-dll..iled :->Ign,d~ \\<clC ubwlved. al "1\llIgh ... lgll.ll ... Il'l\lldl..lllli 

PFe ull dit)' 1 tendcd tu bc slllcîllei 111,'1l lho ... c Il'clllded "" -'\lb"Clplclll Inl d.:y .... Wlll·ll·a ... 

the amplituJe ùf tad pll1ch clicited ...,igll,.b III S rR IcnJeJ to dClICct:-.t.: "clIl" ... lc.,1 ddy'" 

Figulc 3 ~lImmal Î/CS lhe ;;,ldtlsticitl clllc1ly~.-' uf IC:-.tlclllll- ,1110 lail 1'1111.1. lIldlll..l'd LlliIlIg\."" 

in ~ignab rccolded wllhlll NAœ, PFC and STR Dlffcrence,> bctweclI rcgloll'> (l'H', 

NAcc. STR) and k:-.i Jdy (Day 1 vcr~lI<' Day 5) in the cli1lplltUOL ,llld Juratlon (JI .,lll..," 

elicited ~ignéllc; ",er~ .sAamlneJ uSlng two-wély analy~c" of vafl<llH.e (ANOVA) ..... ,th 
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rcpCHlcd fllca<,ure<,. and J ukey\ po<,l-hoc test. Measure<, of ~Ignal amplitude and duratlOn 

wcr(' ohlamcd (hrcctly from cach cl('ctrochernlcal record Pca"- amplltudc \\.'é1"> detïned as 

the rnaxJlnal IOCTca<'t' aho\'c ba"clJnc (If Ihe cleclrochemu:al <'1~Jlal dunng the JO 111In (t::\11 

plllch) or 15 JIlIn (rc<,lr<lllll) pcnod of "trc<,<,. wherca,,> duratlon wa" dcfmcd <1<., the lime the 

<"Ignal rCJIlallled ahove IM<;ellOc '1 hc rc<,tilt<, of thc analy<,e~ of the ma,JOlUm amplitude and 

Ihe durallon oj rc'.lralllt and of tall pmch-Induccd Iflcrea<;e<; III cl<.'clrochcll1lcal ~lgnah are 

<,ullllllan/cd III hgun: ~ 1 h('<,c rC<,lIlt<; rc\'calcd d ">lgTllflcant clfeel nf le<,! da) (t 1.12 = 

<) 16.12 < 0011.011 the amplitude of re<'\ralllt-ellcltcd <.,lg.1al<., hllt 110 <"Iglllficant effcct of 

reglOn q~ 2.12 161.12 > () (5) or rcglon hy da) InteractIon (t 2. 12 = 073.12 > 0.05). 

Card ul e\altunatlon of the data <;lIggc<,t<" howc\'er. that much of the dlftcrence between 

day 1 and day .s 1<" duc ln the Increa<;c 111 amphtud<.' of '>Ignab recorded ln NAcc. The 

AN< )VA palorlllt'd on the duratlOn of rc,,>tralflt-chclt<.'d <;Ignah. rClOforee" thls ImpreSSIOn 

rC\l'.tltng.t <"lgnJ1ll'allt rqZlon h~ da),,> InteractIOn t2. J2= L~J6.12<O.OI.and 

"'1 glll 11l'.I1l1 mal Il en l'l'\<. 01 rq!,HlIl. 0:.: 2, 12 --:- S 71, 12 < ().'~ 1 ), and of te,>' day. (t l, 12 = 

14 4S. V ~- () () 1) III"'l'~ '<, po">!· hol' te'il <., rl'\ ca kd that rc<.,tramt -c ft clled IIlcrea~es recorded 

III PH' on dd} 1 \'.l'rC <"Igmfll'antly longer la<.,tmg than tho<;e rccorded 111 NAcc and STR. 

Howl'wr. Oi. (\,1) 5lhl' dllratlol1 of mcn'asc'" rccorded ln the J reglOl'}~ dld Ilot differ. Post

hoc Il'<,t.., abo re\ l'dled th.lI the duratlon of re~tratrlt-c"cltcd IIlcrca'>cs In NAcc were 

~Iglllfll'antly longer 011 day .s than 011 da) 1: there "\cre no ~Iglldïcant differcnccs between 

day 1 and da) S Incrl'a"c" III PH' and S'I R 

1 \\ 0-\\ a) A N()V A pl'r1url1lcd on the amplitude of tall pinch-elIelted <;Ignals revealed a 

"'lglllfl\.',Hlt reglon hy tc"! d(1) InteractIon ct 2. 12:= 4.22.12 < 0 05l. and a slgnifleant mam 

dkel nt' rl'glon (t 2. 12 -:: X 34. V < 0(1) Tukey's post-hoc tc~t Jfl(hcated a 'ilgnIfïcalltl} 

gre,ltl'r IIlCfl'élSC of tati-plIlch elIl'lled signaIs ln PFC as compared 10 NAee and STR on day 
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1, and a significant decrease in the amplitude nI' sign.lh. Clll'lll'd III STR ~'" d.l) ." l'llll\pan'd 

to day J. Analy~ls of the duratlOl1 of tai 1 plllch l'llel leu ta gnal', ft.'H'.lkd 110 SI gllllïl':lni 1ll.1I11 

cffccts of rcgion (f 2. \2 =: .655.12> 0.05), ksi da) ct 1. \2 =: .4.."'-",l! -> 0051 ,Ill.! 110 

significant rcgion b) tcst day IIlteraetlOn (t 2, 12 = 3.64.12 '> 0.05. Rqlfl'sl'ntallVl' 

e1ectrochemH:al records obtained dUTlng repcatcd rcstralllt strcs-; III NÂl'I..' and PI'(' ail' 

shawn in Figure...t. 

EjjC('I\ (I} ;\.pOI1l0rpfllne 

Two-way ANOV/\s \'dth repcated rnea~;urcs WCf{' pl>rforlllcd 10 eomparl' Ilu.' rlfl'l.'h 01 

APa (50 and 100 Ilg/J...g) and vchicle (trcatment) 011 the maximum alllplltude alld durallOll 

(FIgure 5) of tml pllleh- and restramt-chcited SIgnais in NAcc and PH' (ll'glOlI). Tht' 

analysi~ rcvcaled a slgniricant rcgion by treatlllcnt inlt.'racllOll. ct 2. 16 "-.N 27.1! < 0.0\), 

• and sigl1lflcant main l'tTeets of trcalmcnt (r 2.16 =: -1-5.31.12 ~- (),()I), alld rcglOll IL l, X -

56.4-1-.12< 0.01) dl] tbe amplitude of n.':,tralllt dll'Ited "Igllal" A TlIkcy pu',l hoc tl",t 

lIldicnted that APc) al buth du:~e', (50 and 100 Jlg/kg) ',lglllflclIltly attellu.llcd thl' aillpllllldl' 

of the electrochemical slgnab rccorded ln NAn: whell cOlllpared ln the ..,almc conlrol. The 

post-hoc annly~l~ alsa revealed lhat APO al both d()~c:, "'Ignllll'antly atlcnuated the 

amplitude of sJgnab reeorded In NA cc whcn cOll1parcd to tho<;c rccordcd III PH '. l'hl' 

analysis of the duratloll of rc~tralnt"chcltcd ~lgnal', rccordcd III NAee and PH' rcvcalcd a 

sigmflcant reglon by lreatrncnl InteractIOn (t 2, If) == .., R2, 12 <é 0.05), alld a \lglIIf jeallt 

mmn cfrcct of tn:almcnt, It 2, If) ::.: h.35, 12 < 0.(1) ,lIld 01 rcglOll (1. l, p, ~ S P,X, li'

O.OS). Rc~ult, of the po~t hoc le..,1 IIldlcated thLlt AJ>O pretrcatmcnt (50f4g .lIld IOOpg/kl1) 

• 
caused a sigmficant reductlOn 111 the duratlOll of Illcrca"c', III NAcc hut not III pf'C whcll 

cornpared to .,alinc, and that both dose,; produccd a ',Ignlfïcanlly greatcr cffect III NAcc 
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wh en (;()f1Iparcd 10 Pf--c. The anaIF,I') of the cffcct~ of APO on thc amplitude oftail-pinch 

cllcllcd IIlLTCU\C'i III NAn: alld PH' rcvcaled a slgmlïcanl malll cffeet oftreatmcnt <E 2. 16 

= 7 ()4, 12 < 0.01), huI no cffcd of rcgloB or trcalment hy rcglOn mleraction. Analysis of 

simple cllcet'. llHhcalcd a ~lglllfïcallt cffcct of APO at the hlgh but not the low dose; the 

cullap"ed meau amplitude of ',Ignab rccordcd in NAcc and rFC followll1g Injection of 

IOOJlg/kg of APO \\ Cl', "Iglllflcantly lo\\'cr [han the corrcspomhng eollap',cd means in the 

'iaIIlH: cOlldltion VI<,uallll:,pec!lOfl of the data ,>uggc:,t~. howc\'cr, that II1crcuscs in Nl\cc 

wcn: !IIort' <,trollgl)' attl'Illlatcd than thO',c 111 rFC. Similar [(";nlts .. verc obtaincd l'rom thc 

ll11al1",I"ol AP() cffCl'h on the durallon of tall plllch ('llClled lIlefeaSf:'S. Therc was a 

sigllIlicanl cffcl'l of trcatment <.t 2,16 = 9.86,12< 0.(1) but not of feglOn and no rcglon by 

tl'l'alment illtCrfH:llon: ',Jmplt- cffcct~ analy'>ls rcvealed an cfreet of APO ~t the hlgh but nol 

tht.' lo .. \' do<;('. Herc again, Il nppear~ that tilt.' trcatlnent cffccl I~ duc mmtl)' to an attcnllation 

of ~;ignals rccorded :n NJ\cc. Flgllle 6 \hO\v~ rcpreselltativc clectrot'hcl1l1cal records of the 

elfed:-: 01 Ai~) III NA"T and Pf--C (hgUfc 6). 

J~l/('d\ oJ GBR 12<)(J'} 

'l'Ill' cffl'cts of GBR 12909 prl'treatment on 'itrcss-induccd elcctrochen1lcal si gnals in NAcc 

élnd PFC are slIlllmarllcd III FIgure 7. Two-way l\NOVA.;; \Vere prrlormed 10 test the 

dTects 01 tht' drug pretrl'.ltnll'l1t on the amplitude and duratlOl1 of rcstralllt IIlduccd increases 

in cll'ctrodll'IllJl'al slgn,ll" recorded III NAn: and PFC(rcgioll) Slgnifïcant mmn cffcets of 

drug Irl'atllll'Ilt '\l're IOlllld 011 ho:h the ,1l11plltude ct 2. 14 = .s.J7, 12 <- 0.05), and the 

dur,lllOn lI' 2, 14 -= ().59. P < 0.01) of rc~,trHl nt clicltcd :,Ignab al the IOmg/kg dose. 

Ho\\ l'nf no ~~ignllïcal1t d'fcl'l of fcgioll and no reglOn hy trcatment interaction were found 

al t Ill'; dO~l' on ri t hl'f amplI t ud\.' (reg,lOIl; .t 2, 14 = 1.99. 12 > 0.05, i nteraet ion; .t 2, 14 = 
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1.94. Il> 0.05) mduratioll(region:f2. 14= 198. IP 005. inlt'r.tl.'tion:t2. 1·1:..1.~2 . 

.Il> 0.05). Representati"c clcl'trochelllll.'at records of slress chclted i IIt'1'ca-;cs fnllowing 

GBR 12909 administration arc prescnlcd in figure R. 

Figurc 9 show~ Ihe avcrage ratio of the rcdul'tioll and o".lualloIl nllrt'nl" fI .. ·collbl III 

NAcc, PFe and STR during rc<;tralllt on day'" 1. 3. and 5. A\l'an he ... l'I'II, th:.: !1l't\\'l'l'll 

days variations in rcd:ox ratIOs of rccordmg<; III NAcc alld STH fang"-' t'Will appW\llll.lld) 

0.6 to ] .0, whi le those in PFC rangc from 0 R tn 1 .0. The sl'ale on 1 ht' nghl "'Hle III t hl' 

figure serves 10 fnclicatc the range of red:ox ratios for cle~'lr()al'tIVl' SPl'l'Il''' lhat l'an hl' 

oxidized al the applicd pOlcntlal ll<;cd. 

Figure 10 <;ho\ ... s the reslllt~ of the hi.,tologll'al analy~I". The damage produl'l'd by the 1 i P 

of vol ta 111 Illct rie ekctrouc<; lI11planlcd 111 NAl'l' \"a~ confilH'd to the :III'a lIledlal tll IIH' 

antenor comm i~"lIrl' \\- hcrcas ~lnatal plac(,lllcnt~ \VCfI' locate!! III thL" 1111'111 a 1 .11111 l't'nI rai 

aspect ofthls structure. PFC placemcnt<; wcrc locaîcd mcdiall)' ln thL" t'orpll'" callo'>1I1l1 dt 

the levc\ of the i nfratimbic cortex . 
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Fig. 3. Bet\\een-day and bct\',een-rcglOn comparison of mean peak increase and mean duration (+ 1 S E. M.) of 

eIectrochelnJcal slgnal<; ellclted by the Ist and 5th e\.posure to restramt and tad pmch stress. Astensks (*) denote 

significant difference~ (P < (01) \\ ithin reglon \\ hen compared to day 1. Crosses (~.) dcnote significant dlfferences 
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micromolar change~ ln DA conccntratlOJL The Icngth of the horil.Olltal bar IIIH\cr Ihe record 

corresponds to the duratloll of restramt. 
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5, 11'~pl'l'I1\'1'Iy) or It·"II,lIllt (11=5 .ml! S) 15 minule" aCter injectIon of apomorphine (APO: 

50.\IId 100 IIgI"g .... l' ) .1IId ",dlIlC A\tel'l!--"" (~ ) dellote a slgniflcanl effcl'l of APO (P < 

0(1) \\ Itilln ,\ Il'l'onilng "Ill' will'Il c011lparcd 10 "allIIe. Cros ... e~ U) liellolc "'Ignificant 

dlfft·lt·I\l'l· ... t P .... 0.(5) hl'!\\ l'en PI'C ,\lit! NAn: 10 the efrech nt APO. ASlcrisb (li') abovc 

hun/ontal b.lI Indll'.Itl· .\ "'lgnitÏl'ant errect or APO on the collapsed IlICêlllS of NAcc and PFC 
gn\llp'" for A 1'0 (100 lig/\...g) and ,-,,!Jnl' . 
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hg. 7 Ml'lIll perel'nl l'hangl'~ (t 1 S. E. M.) from ba<;cltnc in the magnitude (top) and 

dUfatlO1l (hnttom) of clel'troehcmical ~Igllats in NAcl' (n=5) and PFC (n=..j.) elicited hy 
t'l'~tralllt .;trl'S'; 1'0110\\ Illg prelrcatment \VIth (IBR-12909 ((/BR: 5 and 10 mg/k.g i. p.) and 

s.llillt.'. Aslcn ... k ... ahll\'l' hnrl/onlal bar~ IJ1(lIcalt' ~Ignificallt diffcrl'llCeS of the collapscd 
IllCall~ (of ll'(' and NAl'l').lt IOmg/kg CiHR-12909 as compared 10 saline . 
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hg. ') A \'t,.'ragl' (-t 1 S ~:. M.) ratlO"- 01 rcducllOlI and oXldation currents recorded in 

NAn' (II---.s 1. PI'(' (n-=5) and S rR (11==5) 01 ani mals <;ubjectcd to repcated daily restrainl. 

Scall' on the nl!llI .... 1liL' IIHliL'atl.'s the range of red:ox ratios [(,r clectroactive species that are 

n\.idllahle .ll tlll' appllcd potenttalu"l'd III the pre~l'nt "tudy. Note that acro~s flve day!> of 

tl'''111l1! tlll' r.ltlll~ ('l'Ill.lln \\ Ilhm the range associatcd \\ ith the oXldatlon of DA and Its 
1llc..'t.111I,11Itl' 1)()Pi\(' 



• 

• 

• 

1 

1 

l 
\,/ 

\ 
\' 

- -------

/ 

~---~---

! 
( 

" , 

J \ 
l , 

, 1 , , , , 
, 1 

\ 
'\ 

-------

• 
.... 1 ", ,; \/ 

• _/ 

) ~'Y" ' ". " -, , 

~---_/ 

/ 

.. • • • 
• . , .' . , 

" .... 

, 
\ 

1 
... 1 

....... 1 

• 

• .. , 1 .. ',' 
'1 

29 

\ 

/ 

Fig. IO Hislologlcal rcco\l<;lrucllon of vollalllnlclllc c1cclrodc pl cll'l'IlH' III , III NAIl' ,lIld 

STR (IOp). and PFC (hollom) of animai ... rcpcatcdly <'lIbJcctcd 10 lad plllch ("lied l'Irel( .. ) (II 

restrallli (l'jllet! <'quarc<,) .,trc<,~. rnangle., rcprc,>clll NAcc alld PI'(' ekclrocle plaCCtlll'lIl<, (lI 

animal" Il,>ed 10 le"t the cffcct,> ofap0n!orphmc 011 lad (>Iflch (nghl) and rl"<,lrallli l'lltiled 

(Ieft) '>Igllal", /-:Iectrode placemcllt., ln (iRR, J2S1(j()c\.pCflllll'1I1<. \Vcre IOlllld 10 hl' wllhlll 

the areile.; mdlcalcd hy other placement<. 11111<,1 ralce! hcrc, and Iheretore 1 or ( lanly .Hl' II()I 

'ihown. 
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5 IHSCUSSION 

The re,>ulh of thc pre"cnt "tully IIldlcate thal "Ires,> <;tunulates the accumulation of an 

elcclroactlve '>perie" ln the l'xtracellular "pace of NAcc, PFC and STR, anù th al the 

magJlllllde of 1111'> accumlilation depcnd" 10 a "Igllllïcant cxlcnt on the number of previous 

expo"un· ... to "tn:<,,> and on the type of "Ire,,'> u<,cd. ln VI\'O clcctrochcmicaltcchnique<; do 

not ;tllo\\' thc ell'ctroHctivl' pCCIC<' conlnbutlllg 10 the "Ignat 10 he posltlvety Idcnlificd. 

Howcvcr, the pre<,enl data arc con<,i"lcnt wlth a m,üor contrihutlon of dopamme (DA) to the 

<;Ire""ellcltcd Il)('rensc,, III c\cctrochcrnical <;Ignal~ recorded in these arcas. There are 

<,everallllle" or c\'lilencc tn <'lIpport thl .... 

Wlth the dllOnO(ll1lperonH.'tnc 11'chl1lque Il ... cd III the prescnt <;tud), the potential hetween 

the rcconllll)!. and refcrcllcc elec:trodc<, 1" momcntanly Incrca"cd to a Ic\'cl al whlch the 

nl'UlOchl'nllcal 01 11l1I.·rc<,t 1<, O:\IJllcd, and then r('tul11ed to re"tmg lcvr\. The rapid change 

III potl'lItltll thu,> alto\\-<; the mca<;llreI1lCn{ of hoth O\ldatlOn ,1Ild rcdllctlon cllrrent~ (lf the 

prl'dol1llllalll c1eL'ln>.lctlve specie<., III the c\tracclluLlr space. While "l'veral constltllents of 

Ihl' l'\traCl'lllilar <,p.lel' are o\J(h/ahlc al the arrlled potenlIal u<,cd, thcse ail dlffer III the 

l'\lt'nt 10 \\ 11Il'11 thl'~ ale rcdlll'cd. Ihll ... thl' mag.nitude of the reductlon current III relation to 

that tll thl' 0\1 dal 1(\11 currclll (rCductlol1 o\ldallOI1 ratiO, or rcd.o>. ratio) I~ lllllqllC for c:tl'h 

COIll\HllIIlll It h,l'" hl'CII "hm\ Il prc\ l\lu"l) (Gratton cl al . 19R9) that rl'd.o'i. ratIO" of 0.0-

o X .Irl· typlcall) nhlalllcd \\ hen DA 1'> the pnmar) <..'ontnhutor to the electrochcmlcal ~Ignal. 

rtlL' O\Id.ltiOIl of (hh) dro\) rhl'nylal'etll' .. cid ( DOrA('), the pnmar) lIIetahol i te of DA, is 

almo"t l'ntm'I) rl'\cr~lbll' (rl'd:ox = 0.9 to 1.0), \\ herea~ that of ascorbic aCld is virtually 

Irre\ l'r~lbk (rl'd'l)\ ::-: (0). Sl'rotonin (5-l-fI'l and norepillephrilll' (NE), IWO other 

l'Il'ctroal'll\'t' "l't'l'Il''> pn'<;ent 111 NAcc and STR at relatively lowcr concentrations than DA 

hm l' rt'd:o\ rallu<; nI' 0.1-0.2 ,lOd () 4-05, rcspectlvrly. In the present study, the rcd:ox 
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ratios measured during the ma,illlllm rcspon"l' tn strc~<; rangl'd l'rom 06-1 n, IlHltcalin).'. 

that the elcctrochcmical signais c1icttcd hy "tre<;<; rctlcct an incrl',N'd .Ivallthtlit) of DA and 

prohably abo of DOPAC at the <;urface of the \ollamml'tnl' ekl'lrudl', L'Pl'lIl1ll'nls in 

anesthetill'd (Gralton et al, 19HR; (~l'rhardt et al, 19~h) and rCl'l'lItly rlt.'l'I) llt.'ha\'lIIg 

aI~jmals (Mitchell and Gr <ltton, 1991. 19(2) have l'onfïrmcd Ihe lI"efI1IrH'~" of red 0\ ratIO" 

ln identifying Ihe <.,pecle .... hl'mg measllrt.'d 

Thal the l'Ieclrochemlc,l! <;Ignal" rellected the o\ldallllll (lI DA 1" .. ho "lIgge'oll'tJ h) Ih.' 

faet that apomorphllle (APO), a fll'xed DI/In receplol agolll"l, "lglIIlll':Inll) .lllt'Illlaied Ihl' 

inerea<;e<., III signal<., eltcited in NAcc by tari plIlch and rc"lraint "tre<;" The Inlllhilory t'llt'd 

of APa i<; mosl 1tkcl) duc 10 the drllg'<; action al DA :111 10 rC<.'l'pl or ~lll''o, Me"o NAcl' 1 lA 

neurons possess tluee typl'<; of alltoreccptor~: rl'Il'ase and "Ylllh, <;1<; nwdlllallllg n'cl'phH" 

located on nerve terminais, and lmpul<;e-regulating rcl't' pl Of<. on DA n'If !lOt!ll'<; alld 

dcndrite~ (Chiodo, Hannon, (iran', Roth .lTld HUllllcy, 19H4). Thl'<"c alllorl'cl.'plor<, plOVldl' 

ncgatlve fl'l'dh'ld. clJntrol o\'cr DA ncurot ra n .... 1l1 1 <'''1 011 , Incrl'a"cd DA al ,11I1(III'I'l'pltll "IIl'<, 

rl'slIlt~ III compell<.,alor) dcLTca .... e .... In flrlllg, rclea .... c and <.,Ylllhc<,I", whell.'a" dl'l"fc;t<.,c<., III 

extracellular DA l'é1u<;e cornpl'nsatory IIICreé\<.,C<, If) thl'<.,e proce"<.,c,, AI dml''' .... llllllar to 

those lIscd in the present sludy, APO has heen <,hown 10 have a Iligher afflnlly lor 

somatodendritic than po<;t-synaptic DA rcccplor<;, and Ihll'o 10 <.,electlvely Illlllhll 

c;pontaneolls DA cell finng (Sklrholl, (iracc and HUlIlICy, l<n9) Adlllllll<,lrall<Hl 01 <'llIlIlar 

low dose" of /\1'0 cali al<,o cau<;c a dl'crca ... e ln the alJlOllllt of DA rt'Iefl"ed wllh each "l'tlOIl 

potential (Tllnmcrman, DunoeoVlch, We'otl'rlnk, De VrJl''>, J l'J)pn and Horn, 1 ()X<», 

presumably h) an actIOn of the drug al relea<.,c llIodlilallng rccl'plor<., l'II DA termlllal<, 

(Skirboll ct. al., 19R9), Thu,> thc,>e findlllg<; "'lIgg~<.,1 thal thl' InhJl>llory cffeel of AI'() on 

stress-elicited incrcascs in thc clcctrochernlcal <"Ignab rcncch a rcdllction HI thc excllahllJly 
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and firmg rate or me~o-NAcc DA ccII,>, and possibly also a compensatory decrease in the 

amollnt ofaxonal DA release. 

(Jnlike NAcL', ... tre,> ... -cllclted ~Ignal,> ln Pre werc no! attenuated by APO. The 

dlrrerentlal errccl~ or APO on Ihe mec;o-PFC and mcso-NAcc DA neurons likely reflects 

knowll phY<"lOloglcal dJlTcrcncc'> hetwccn thcc;e systems Although mc~o-PH-' DA neurons 

pos ... c ...... re!ca,>c ll10dlllallllg reccrtor~, IInli\..c lI1eso-NAcc nellron,> the) do not appcar to 

have IlIlpuhl'-reglllatlllg reccplor ... (Wolf. (,alloway and Roth, 19H6) Thu,> <;tres~-elJcited 

IIH:re:t'>C'> III 1lll'''O 1'1,(' DA ccII fmng \\ould not he cxpcctcd 10 he afkctcl' hy APO. 

Allhollgh Il len1aIIl ... lo hl' tc ... ted (IIrcelly. Ihe rael Ihat APO railel! to allclluate ,>lrc~,-lIldllced 

"'Ignah ln PH' .. ho IIHlIcatc ... that 1I11plll'>t'- rather th an relea<;c-rnodulatlng rcceptors 

1l1l'(lIaled Ihe /11ll1hllory l'ffect ... 01 the drllg on the "tIC~~ rc"pOI1~l' ill NAcc: c;uggcsling, 

.dhell IIldlrec\ly, that "'rc~~ Incrca~c<; DA relca~e by Ulcreil'-.lng tlte rmng rate of DA 

nCllron~ '1 hl'rc arc l'l'W ... tmlle'> on the l'rrcel,> of <;tn.''',> on DA ccII finng. Strc ... ~-il1dllced 

Ch:llIgl''i 111 Ilnng rall'~ \)1 A9 DA nCllron,> ha\'c hecTl ob<;cr\'cd 111 ane~lhctll.cd ral'-. (ChlOdo, 

Anll'llll:Jn. (·.I~glld:l and 1_IIlt'berry. 1(79). III IC<"POII<;C 10 tail plllch 5()fi;, of Idcnl1flcd DA 

IIl'Uroll~ dl·cfl·a ... ed IhL'1I frnng laIe. \\ hdc 5(Y); "howed an IfIcrea,>cd firrllg raIe. Trulson 

and l'rl·II ...... It·1 (19H-l) ... hmved Inclca<;ccl rmng ID Idcnllficd A JO DA ncuron"i in cats III a 

l'Olldillolled elllollOIl.11 H''ipOn~e (CER) paradigm, \"hile Klaytkin (l9XH) reported increased 

tïnng III DAergll' and lIon-DAerglt' AI 0 t'cil ... ,vith a brIef expo<;lIfL' 10 lall plllch. 

AIIl'lllall\ el). the fallure nI AP() 10 bloc\.. Ihe '>Ires,> rl'''ponsc III PH' may mdicate lhat 

ail {'leclrncht.'ll1lc.11 "',WCll'<" (llhel Ihan Ih,lI or DA \\las re ... pon'>lhlc for the elcctrochemic~!1 

slgllab (lb<"l'f\ ed III thl<" rcgloll Ho\\ l'\'cr, thl., ("plan.llron cOlllcl nol al'collnt for the fact 

Ihat CiBR 12(J\N .. 1 hlghl) <;clecIIH' DA lIpta"-e rnhihltor, do,>c-dependcntly potentiated 

re<;lrarnl l.·lrl'lll'd signai" in NAcc <IS \\ ell as Pre. Ta\..en togclher, thesc resulls strongly 
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suggest that tail pinch- and rl''\traint-cltl'itcd increast.'''i in 'agnal ... l'l'conk'lI III NAcl'. PH' 

and STR rl'nect pnmaril) incrrasl's 111 c\tracl'llular DA kwh. 1l1l'~l' fll1dlll~'" ,Ill' gl'Ill'rally 

consistent with pre\ iOll"i l'l'ports of rc"tralllt strl'ss-lIldul.'l'd Illl'rC,I"'C" III l'\II,Il'cllul,lI I)A 

levcls in NAcc and PFC (lmpcrato d. al., 1992, 1991: W.llall,llw. 19X-l). ,1" wl'II ,IS \\ ilh 

those of increa~ed DA nl·urotran ... nlI"SIOIl III ft.· ... PlHl"l· 10 olher 1) Pl''' 01 stn'SMlI'" (Solg, 

1992; Abercromhie el al ,19H9. Roth et ,II .Il)~. Iklltrh ct. al , 19X5. 19X7. Clallstll' t'l. 

al., 1986; Knoll et :11. 19X6; Keller ct. al . i9R'. l'or c\afllpk ... ). 

The pre ... enl dal.) imllcatt' Ihat. 1I11II:1l1y. fll(· ... O PH' nl'lIIon .. :lIe morc 1l'''POII''I\'l' 10 the 

stimulant effcct of "tn.'"'' Ihan arc 111<.'''0 NAcc or Iligl'll'o\natal DA nl·lIron". the III";t 

exposure to elther re~trall1t or tad plllch stre .... c:lu"ed a grealcr 1Il1'lt.'a"e III nA levl'ls III PH' 

than in NA cc or STR Icvels of DA The durat)on of rc"tralllt-lI1duced inCft'.'''c .. III PH' 1 >A 

levels on day ) .Ior e"ample, \Va ... more Ihall threc tllll('''' glcalcl Ih.1II thmc l'IlCllnlll1 NArc 

and STR, and the amplitudc of the fir,,1 tad pll\ch -l'licltl'd DA rl'lea\l' III PH' \\'a ... Iwo tlllll'" 

greatcr than tho"l' recordcd III NAcc or SIR. The\l' Ic ... ull .... Ire III gl·Ill'I.ti aglcl'llH'nl \\-Ilh 

those of most pre\'lou ... 1 n \'1\ 0 (1 mpl'I ,Itn cl al. 1992, 1991. AbcrclolllhH' ('1 al. I,)~N) and 

post-mortcm (Rolh et. al ,19~; DcUlch et. al , 19X~; I.avlellc et al.,197H: ï Illerry cl .11. 

1976, for cxampll'<"') ~tlldlCS indicating a hlghl'r re~p()n~lvlty of the Illc~()-PH' 1 >A \y',1l'1l1 10 

a variety of "trcs.,flll <.,IInHlII. We cali only .. peculate <1<., to the rCéI\OIl\ why the IIIl'<.,O 1'1'(' 

DA ~yslcm appcar<; illllially to he Illore rl''''poll<';1 ve ln <.Ire"" Ihan Ihl' lIIe<,o NAcl' .tnd 

nigro<;triatal DA "y<,,\cllI<.,. ft may It'nec!, a ... '-Oille have \lIgge<.,ted. Ihe ddlerelln", III 

autorecl'ptor rq~\Ilation hetwl'cn thc<.,c "},,telll ... (Hnllnoll, hCl'lllan, ('fllmlo. BlIlllWy and 

Roth, 19H71 Strc""-Induced rc\ca ... c of <"olllatodCIl(h itll' DA Vvould a<.ll Volte 11II(>1I1"l' 

rcgulating n>cl'plor., on Illl'<.,o-NAcc and nigro"trialal DA neuron ... , re<.,llIlllIg III a 

compensatory reduclion of fïring and a dal11pcncd rc~poll<;l' to contlllucd CXpO<"llrC 10 <,Ire<.,<.,. 
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If thl~ ''l, III fact, what 1" occurring lhen the Illgher responslveness of mcso-PFC DA 

neurone, ln .,Irc<;., rnay ari~c from thèir lack of implll~e-reglllatmg receptors. Indeed, the 

hlghcr ba.,al firing rate,> and Incrca,>cd DA turnover .,l'cn 111 mC50-PFr: neuron<; has bcen 

allnbulcd to t"l'Ir lact.. of Impul"e-rcglllating rl'l'eplor') (B<lnnon et al., 19H7). These 

dif f crCIICl'" m.l)' <ll.,o ltn<lerllc the UI ffcrent potcntiall ng effccb 0/ (iBI<-12909 Although 

DA reuptake Illhlbllion CnIMIll'l'd the rc~tralOl-lI1dul'ed mcrea~l'~ III extracclllliar DA in PFC 

alld NAcc, tht· amplitude of the.,e signai,> WdS pOlcntlélted 10 a greatcr extent in NAcc 

(000%) Ihan III PH' (200%) wlll1e the rev~r~l' \\-as truc for Ihe duration of thcse signais 

(PI--C=5()()();(I, NAcc 200'/'r»). The rl'a<;on~ for thl<; d,ffcrenl'c arc not clear Nonethelcss 

(jHI< 12<)09 would Iw l'xpected 10 aho IIlcreasl' the levcls of dendntl('ally-rcleased DA, 

1IIIIIIHllng linllg 01 Illl''''O NAcl' hUI not n1(~ ... o-Pf--C DA ncuron~ Ihrough activation of 

ImpIII.,c rl'glllatlllg Il'l'l'plors, thll~ redllclIlg the durallon of the ~tress-ehcited signaIs in 

NAl.'c relallve 10 Iho<.,c III PH' 

ln Ihe prc<.,t.'1l1 ~Iudy DA levt.'\~ in NAcc and STR lIsually returned to baseline levels 

hl~forc Ihl' ('nd of the ..,tre'iS pcnod 011 day 1. whcreas Ihose in Pre remained above 

hascline 1l'\'('I" long .lftcr the end of Ihe slr(;'~s penod hlfthermore, upon termination of 

rec.;trallll .,lrl'''''.1 fUllhcl IIIl'!e:l"e III DA Ic\c!., W(\., reçorded tTl Ptc: this erfcct. however, 

was ob<;cn'('d 011 onl) olle OCC(\'>IOII III one r,ll III frotll holh NAcc and STR. Other 111 VIVO 

Sllldll'S have Il'poltt'd <;11l1i1ar po<.;t-'ilres'i IIlcreascs III extraccllular DA in pf--e as weil as 10 

NAn' (Imfwralo l'LaI., 1992.19(1). Thl<; findlllg ~lIgge~t~ lhat thc Idea of'preferential' or 

'''c!l'clt\'(.'' acllvatlOn of PFC by stress actually rcflel'fs the III1lItation of post-mortem 

measurcments of tlsslle DA leveb: post-morl('1l1 as~ays would more readil)' dctect the 

long-la<;ling lIll'fcasl'~ III DA Incb in pH-' than Ihe transICnt IIlcreases III NAc(' and STR. 

TIH' ill<.'fC<lSl' III stfldlal DA lL\'d~ III re~pon~c 10 the fir,>t c"p0'iure to re'itr,tint stress and 

to il Il'ssl'r l"tenl, 14111 pIIK'h stress in the present study is IlOt surprising: lIlcreases III striatal 
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DA have been previollsly reported by investigators llsing in "1"0 lechlllquc<, (f\hcrcwmhil' 

et. al.. 1989: Knott ct. al.. 1986. Keller et. al.. 19HJ. huI ~l'l' He)'l'<; l'I .11 , I<)HH) 

However. In the present c"periment 110 oh\'loll" (hffcrenl'l'<' Wl're ob,,('n cd hl't\\ l'l'II 11ll' 

NAcc and STR responses to Ihe 1 si cxposure 10 l'Ilher t.1I1 l'wl'h or Il·~trallll. \\ hen'"" tl'l'Cilt 

rnicrodialy~t" expenmenh reported ellher a slgmficalllly <;Illalkr <,Irt':-. ... n· ... \HHI<;e III STR 

than in NAcc (AbrrcromblC ct al. 19R9) or IlO rc"pllll"e III S l'I~ .l! .Ill (lmpcrato l'I al.. 

1989,19(1), Wc l'an only "pcculalc a" 10 the Il'a''OIl'' for thl<' ddterellcc ()II(' pO<'<'lhlltly 1<' 

the fact thal the dCII~lty of DA lr<ln"portcr "lit'" l, "Ighct III ST!.:. Ih.11I III NAcl' ( 'a,,~. 

Gerhardt, Mayfïcld. Curella. Zahnl"cr. 19<)2: Sc.\llol1. \)\lhol<'. J)lIbol'()\ Ich, 1.,lhlll<"l'r and 

Foge,1985). Il I1lcly oc thal Ihc grcatcl Jlumbl'I of IIpl.l\o,e "Ill' ... lor DA III S'I\~ 11I\lIt... Ihe 

lime for reœntly rcleased DA ln dltfll~c (\('ro,,~ thc memhrane of the dlal}"I'> prohe. In 

support of thi s hypolhesi s, Kccf e. St nd.l'r, Z, gmond amI A heruolllh: (' (ll)l)O) ob,,('rved 

greater stres~-Inducl'd incrca,c<, III cXlracellular ,>tnatal DA III :lllImal<, \'dlh parllal () 

hydroxydopamlllc IC<,lOn" than III ",halll-le<'lolled animal<, '1 hl' ,lIIth()r<, .ttlnhllt\·d till" 

differencc to the redllccd number of uptake '>llt', III Ihe dcnnelvatl'd ,tll.ltUIlI and 10 Ihl' 

resulting decreasc 11\ c1e<-lrance of nA from the cxlracl'lIl1lar "pace The 11I~h dcn<.,tly III 

uptake dIes 111 the STR, ho'Wcvcr, would pre<;umahly be le,>" of il faclor wlwlI rapld 

dctection techmques, slich as chronoamperornclry an' Il,,ed 10 mOnllor exlracelllliar /)A 

levels. 

The present rcsult<; IIldicatc that the magTlllllde of rc,>lrallll-cllnled elevallo",> ln DA 

levels ln NAcc. and to a Ic,>scr cxlcnt ITl STR. 1I\(:rea<,l'<' wllh <lady 1(',llng ï hc 

reductlOn:oxJ(latloll rallo~ of ..,ignah rccordcd III NA cc and STR \ .... ere 10llnd 10 rc III il "' 

within the range cxpccted for DA acro..,s the live day'> 01 1(',>1 mg (figure <), IlHhcaltllg thal Il 

was the extracellular accumulation of DA \\Ihlch wa<, progrc<''>lvcly cnhallccd wllh cadi 
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datly cxpo"urc 10 f(·"lraIllL and not thal of anothcr clectroactlve species. Scnsltization Ql 

mc~()-NA('(: lIl'lIrotr;lI1"ml"'~I()n Wllh n'pcatcd ..,Irc"" ha,> heen rcpol1ed prcvJOu~ly (Kalivas 

and J)uffy, I(M» 1 hal thl' {'ffcCh of rc .. .trarnt "Ire".., were more potentl) enhallced ln NAcc 

than III Sl R wlth rcpcalcd tc<.,llll!! '" COll\l<,lcllt wlth rccent vo!tammctnc cvidence showlIlg 

Ihat rcpealcd prt.",cnt.IIH)n 01 a Iléllurally-occurrng rcwardlng "'Iimulu<, cnhanccs DA 

ovcrllm\ IlIto Ihe t'xlral'clllliar <'pacc III NAcc bllt not in STR, wherc thc ,1I1lplrlude of 

relea~l'd I)A Il'Il<let! 10 decrca..,c \\ Ilh rcpcalcd Ic<,lmg (Mitchell and Ciraltol!, 19(1). The 

cflt,ct.., nI rl'pcalcd rc"lfillnl Olll'\ll,ICl'lluLII I{'\el.., of DA III NA cc arc al<,o consl"tenl with 

thO'il' oh..,l'rwd follo\Vlng rcpcalcd .Idrlllnl"trallOll 01 Cl nUlllbcr of dlllg" Ihat cnhance DA 

Ill'urolrall"IllI".,IOll DOpaJl1I1H' rclea<,t.' and DA-dependenl locolllolor aCllvlty elicltcd by 

OPI()\(j<, nr p"ycho<,I'lI1ul,lIIh arc ~clI"'llI/l'd \Vllh rcpcaled adrnllll'\lratinn of thc<;c drugs 

(Sorg and /("IIv:\<" 1991' KalJ\a.., et (II. 19HR~ KtaytJ...\lI, 19~: Robinson and Rel'kcr. 

1%6; ltthll ri ,II 1()S6~ Anlelman. bchkr, Hlack and Kocan. 19S0) ln addition, cros<;

st.'n~lllIaIHl\I Ol'Cllr" hrtwl'en "Irc".., and (lplale,", (\ .l'j'ton ,Ind Stewart 1990, Kaln'a" and 

Ahhold. 19X7L COC,IIBe (Sorg and Kall\'a"'. 1(91) and amphctamlllc (Rohrn~on. 1988; 

Herlllan el al.. 19H<~). Rt'IW,lted t'\.posurl' 10 .,tres,> latt.'r cnhaTlcc~ Il1c<,o-NAcc DA rclcasc 

as weil a" hlL'(ll1llltor aetlvlly elll'iled by l'ocarnc. opléltcs (lnd p~ycho~trmulant~ (Sorg, 1992~ 

Lcyloll and Slew<lfl, I(NO: Hahn ct al. 19Ro: Robrn'\on ct al .. 1985: Herman ct. al., 

19l-W), and Il'IWdll'd adlllllll<;tralion nI' llll' ... e dmg<, "CIl'\llllCS Illcso-NAcc DA fUBcllOn to the 

'ltllllulan! dkl'I of "lIb"C(I',elll ..,Irc<,,, (Sorg. 1992' Kali\'a~ and Duffy. 19891. Taken 

t"griller Ihl' pll'<'l'nl Il'~lllh alld Ihnse of prevlOus ..,tudIC!\ <'lIggc,,1 Ihal wlth rcpeated 

adllllllhlr.lllOll, <,trt.'S'" "harc" wllh a numbcr of drug.., ahlhed h) hllman" the abllity to 

rncrease 111l' n's\xlll'llvily of the m~so-NAcc system 10 further "'limulatlOll. 

III l'onlras! 10 the fl'sults of Ihis and olher stutiles, Imperato cl. al. (1992) recently 
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reported a progressive decreasc III DA releasc in NA('c III rc"pnn"c 10 rl'pl'.Iled ollCt' dmly 

restrai nt for 60 mi nutes; 1 hesc a uthors LII kd tn ob"crve all~ lIll'rl':ISl' III 1 he.' DAl·rgh.' 

response 10 the thlrd and ail <:;ub"equenl (',\pn..,lIre.., 10 rl·..,trainl ... Irc"s, The rt·.I,(II1'" f\\r tlll' 

difference betwcen Ihe prc~enl re~lIlts .l11d thosc of Imper.lIo l'I .11 q9(2) rl'lll.lIn, 101 Ihe 

moment. a matter of speculatlOll. Il 1'" pO"~lhlc thallhe dlffcrl'nt dlll.ltlon~ of rl'..,twIIII ((lO 

versus 15 minutes) cOlhrihuled 10 Ihe dl<"L'ordalll lindlll!!.". HlI\\l'\'{·I •• I "'''llllar 

enhancement \Vas oh<;erved Whl'Il alllnlal~ were re<.,(lallled UIlCl' da"y for ~() Illlllllll'''' (dal., 

not shown). A lrollhling a"'pecl of the ~lUd} hy Imper.IlO cl .11 (1992)..., Ih.1I l'.Idl d.llly 

response to ~Irc..,s \\a ... mOllltorl'd ",ith the ..,ame Illicrudl.tly..,..., prn!l(' Il h,l', !WCIl wdl 

docuJl1cnted Ihat the recovery of Ill'lIrolran'>lIllIlc.·r .... IIldlldlllg DA. dllllllll..,ht'", dlalll.IIIL'ally 

when the prohe I.e: ... ht'CII III the br~lIn for 1lI00e than Ihrl'e-four day ... ( 'amI' alld Rohlll'>Oll, 

1992). III thelr ... tuay. Illlpcrato el. al alll'lllplCd 10 addn'..,,, thl" 1""11(' h)' ..,hOWllIg Ihal 

halopendol. (l DA J'('ccplor alllagolll'it, producc.., "III\IIar, \-lIllIally l<Iclllle.II, IIIClca"e'" III 

DA, DOPAC, and HYA on the l'if. 5th and IOth d.I)'" •• flcr Implallt.IIIOII, "'"ggl'~llIIg Ihal 

DA recovery by litc prnl',_, doc" Ilot dllllllll ... h ovcr "'l'veral day' III the hr,1l11 Il mvl'V l'J', 

recent sludlc'i have showll thal a <.,inglc InJection of <,alllle. a <;Irl, ... ..,fui <,ilIlWltl", t'nhalll'et! 

haloperidol-mùuced calalepsy 14 day ... laler (Antelman, ('aggulla. Km'all, Meyer, 1 ~dward" 

and Barry. 1991), and Ihallen day~ aftcr a 'imglc <;hort-la ... llIlg l'xpo..,lIrc (10 1lI111l11e'>j tn il 

novel environmcnt, <lnothcr 'Nell known ~Irc..,<;or. DA relea"e t'llcltt'd lit NAcc hy 

haloperidol .... enhanccd (Antclman, Kocall. Knopf, I-~dward" and (';Iggllda, 1()<)2) 

Further, a slIlglc Injection of halppcndo! rc ... ultcd III ail t'nhanct'd cat.lkptlc re<"poll ... c 10 

subsequent halopendol ItlJcctlon 10 day ... I.lter 1 Alllclmafl. Kmall, I:dward." KIlOpl, Perd 

and Stiller. 19H61, Thc~c fllldlng'i ..,uggc<;1 that a bnel expo<"lIre 10 ... Ire ... .,. ml'lll(lIl1g Ihal 

produced hy ail Introperilollcal II1JeclIon, or IJljccllon of halopcndol Ihclf, i ... tapanle of 
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Incrca~H1g the re"pon<;c of mc<;o-NAcc neurons to future administration of haloperidol. 

• Thu." the lack of any change 'n rc~ronsivcne<;s to mtermittent <;y<;temic injection., of 

halopendol rcportcd h) IlIlpcrato et al. (992) i<; al odd~ \\ Ith data mdlcatmg an cnhanced 

DA f('~p()n~lvl'nl''''\ \Vllh a \tr1llIal" trcalment. Il rnay he. then, that the result<. ohtallled by 

Impcralo and l'ollcagllc<" do III fact reflec:t é\ dll11l1lle.,hed DA rel'mery by the I11lcrodialysis 

probe, rather than \lIpport Ihe Ilotlon of It~ long-term patene) III SItu, 

lInhkl' what wa~ oh<.,en cd 111 NAcc, repeatcd rc'ltramt "Ire<;s did not rcsult in a 

progre.,<.,lve cllhaneelllcnt of l'xtlal'clllliar DA Icvcle., 111 l'Fe dllring the 15 mlllllte stress 

intcrval. Howev('r, a fllltht'r IIlCreae.,c in <"Igllal" III Pi-'C wa<, ohscrvcd upon tcrmlllation of 

tht.' rl'~trallJt pcnod, ,lIld It \Va\ thc\c pO<.,t-<.,tICS<" IJ)crea<.,e<., that aehen'cd glrater, although 

Ilot e.,tatl\lIc.llly .... Igntliranl. amplitude .... ,Ino ... <; the 1'1\'(' day .... l)f lestmg The kw ~llJdlc~ that 

have n,llIlIlIed tht' effcct<., 01 lepeated c.,trl'<"" on PH' DA relea~c ... ugge .... t thal rcpeatcd or 

• ehrorlll' ... tre ....... IlW) "'l'n<;ltlll' 1l1l'~o-PH' DA nellrotran~ml<;~lon I.ong-term I~olatloll <,tress 

ha ... hl'CII "howll ln lncrea~l' tyrosllle hydroxylasc actl\:jly III Pre (TOrii, 1(82), and 

1{ldwrdsoll (19}W) round a ~Igllllicalll Il1crcasc in post-mortem le"rls of forcbrain DA in 

allIlllab rcpt'dtcdly expo<;cd to ree.,t ra III 1 ~Ircs~ (olle hOUï dail)' for live days) compared to 

tho",c Il't'l'I\ Illg .Il'ott' (l)J1l' d,I)') fl'~tlall1l. 

It 1 ... pn ... ..,lhle lhal the day-Io-dd~ enhanccmcnl of post-stress IIlCrCHse<; of meso-PFC DA 

Ileumm-, "'l'en IlIlhl' pre~l'nt <;!udy 1l1a~ aetually retlect, in part, a Illercaslllg conlnbutlOn of 

nOfl'plllcphn ne (N~:) rathl'r Ihan DA Thcrt' 1 ... :1 sllh~tantlal noradrent'rgic mTlcrvation in the 

PFC «i"l\ Ill. :9~5)' ,\Ill! 11Igh('1 t'oltlcal NE levds have bccn rcportcd JI1 slresscd é1mmals 

(RossellI. Port,ls. Parll, C.lrhoJll and Cicssa, 1990, Irwin, Ahltmalt.l and AJ1l<;man, 1986), 

and ,;ollle l'ndellce ~lIggcsts a <;(,I1"'lllIat 1011 of ('()rt Ical NE actl VI ty arter c hrol1ic st ress 

(Adel!. CiarCia-Marqul'l, Arrnano and nC(pl, 19R8; Irwin ct. al. 1986) '1'0 what cxtent NE 

• 111:1\ Iw l'lllltllhutIlH! 10 Ihe ~Ignal IS not dear: the red:ox ratios thouoh, suooest it is 
- v ~ eo 0'"' 
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minimal. As ln NAcc and STR, the red:o\ ratios rrmal1lcd withm the range aso;onatcd with 

DA across the five days of te"ting l--urtherlllOll', re"tralllt-clicltl'd IlIl'rl'aSl'~ \H'n.' rOllnd 10 

be markedly potentialcd b~ sdt'c(J\'c UA uplake hlockade 

ln contrast to rl'slrallll repcated l'\po~lIrl' 10 lad pml..'h {hd nol rl'~lIlt III ail t'n halll'\.'111 l'nt of 

electrochemical 'Ignal.., III NAcc; r<lll1l'r. tht'rc \\ .. " ,1 t('ndl'IH.'~ tnwald.., a det'rt'a'l' ln ..,In':-,<.; 

elicited signab with lepc,ltl'd le..,llIIg 'l'hl.., Irend \\ ,l, llHlIt.' l'\'Idl'lIt 1lI S rR \\ ht'fl' tlll' d"y 10 

day decrea"e III the ll1a~mlude of lad plllCh-c1ll'lled "Igllal.., ,\l'hel\ l'd ..,1.111<,1Il',d ... lglllftC,IIlC{', 

Whi Ic ather IIlve<.;11 gal or ... haw reporlcd 1 hal m!ld t,Ill pllleh "l'mlll Il'''' 1 hC11 ;1I111l1,11 ... 10 11ll' 

locomotor stimulant cftcct of ê1lllphetallllllc. and viù' ver..,,, (Anll'llllan. behkr, Blac" alld 

Kocan. 1980). It appcar" Ihat th • .., type of ..,Ircss I~ Ilot ..,lIfllCJcnlly POll'1I1 1\1 ,>\.'1)"'11111.' I)A 

release on It~ own. 

Thc exact IllCChalllsm'> that control the devclopmellt 01 ..,cn'>ltllalwJl of DA 1ll'lIron'> ~o a 

given stimuli are presently un"nown, although lIIrre.I<;lng l'V ukIl I..'t.' pOln!'> tu Iht' VIA a" il 

critical ~lte for the inductIon of "cn<.;lll/ed he 11<1 \ loral IC'>pOIl<'I''> 10 drug<, th.lt I.ll dilate Illl"O 

NAcc DA nClIrolran<.,ml"<"101l hee rC\'IC\\ by Kallv<l<, alld Sll'w.lrf, I()(JI) /\nollll.'r 

potentially Important "'Ite 1<., PH' Il ha" a!<;o been ..,hown th,t! dl'plellOn 01 PH' DA will 

result in enhanccd "l'n<.,Hllation produccd hy n.'pc,lt cd adlllllll<'" rallon of pha rlll,ll'ologlcal 

and cnvironmcnlal <.,timllll Mitchell and (,ration (\992), for l'xample, IOlllld Ihat wllll,· 

scnsitization of mc..,o· NAn: <lcll\'lly occlIrrcd \VIth rcpciltcd eXI)()<.,llrc 10 '>ndl," \llfactory 

cue", tht<., ~ell<"11I/,ltlOlI \'> as huthel cllhan( cd III ,1111 ma'" pll'vlo\l,>ly dcpletcd 01 1)/\ III PH' 

Furthermorc, Ihey rl'portee! thal rcpeatcd d:lJly prc,>entatlOll of a p.datable lood rl",lIlted III 

relatively <"1Il111ar IIlcrcasc<., <lero"" tc~tlng ua)'''' 01 extrall'llular DA III NAcc, hllt Ihat the 

food-elicited DA relca<.,c was progre ...... lvcly cnhanccd III anln1,d" dcpll'tcd {JI DA III PH'. 

Dopamllle depletion ln PFC ha" also hcen "hown 10 enhancc ooth thc locol1lotor re"pon<,c 
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alter rcpcatcd arnphetaminc (Hanb and (iratton, 1992; Hannon and Roth, 1983), as weil as 

cxtra(:clllliar DA Icvch IJI NAcc (Bank.., and CiraÎIOTI. 1992). The data of Mitchell and 

(irallo/l (1992) are partlclIlarly III te rc..,t III g. In thc l'onlcxl of Ihe prco;cnt ~tudy. The laek of 

.,cn,>,tlled DA Il'Ica,>c wlth n:pe,llcd food prc<,cntallon Ihey ob<;crved ln mtact am mals is 

'>lfnil"r 10 Ihe lack (lf ,>cn'>I!I/allol] to lad plllch III the preo;cllt expenment, ~llgge<;tmg that 

Il'pcaled lall plllch cOllld ,>cn'>lll/e NA cc DA nellr()lran~ml'><;lon \Jl PFC-lc.,loncd alIImals. 

"he ... c <ldla I,lkell logelhcr ..,ugge<,llhat alteratlOn<, lf1 Ille~()-PFC DA :lcll\'ll) or a ~y~lcm 

who<"c adn'lly 1'" dCpl'lIdcllt Oll Illc ... n PH' DA. Illa) IInt/elllt.' JJl parI Ihe developmenl of 

scn'>ltl/all/cd IllC,>o NA cc rc<,p0!l<;c<, ln ('J1vJr<Hlmental c\lld pharmacologlcal <;lllllul!. One 

~lIch O!ltput pathway Irom P~·C may Involvc excllalory clflllDO aCld., (EAA). 

NellroanaloJlllc" and tlllC! IraclIlg ~Iudlcs have found eVldcncc 1'01 an r,AA mpul from PFC 

pro.fl'cllIIg to Ihe NAcc a<, wdl <1'-0 the VTA (Sesack.. Dt'utch, Roth and Runne)'. 1989; 

Chri<,tlt.'. Bndge, Jallll'!'> alld Relire 19R5; (Îm'itl(', Jamc<; and RCclrl, 19R5, Walaa~, 1981). 

Tlwre 1" c\'ldcIICl' thal ~:AA<, l'an ... lllllttlate the Illc-.o-NAcl' patin'. a)' at the Ic\'cl of thc ccII 

hodll'<; III 1 Ill" V 1 A (K,dJ\:a". DuIT)' and Hamm" 19~9) and terJllIllab m NAcc (JOIlC'i. Snell 

and .Ipllll<,on, 19R7) Bilateral IrI.ll'cllOIl 01 arnphctammc mto l'Fe, for cxamplc, dccreil,ed 

lllt' locOll1olor hypcrac\l\'Jly prodllced by IIltra-NAcc ampht.'latl1lne, whlle InjectIOn of the 

J) 1 tlntagolll.,t, SCH -23390, IlIln PH' further en hanced the JIlcrc<l~ed locomntor rcsponsc 

ln IIlIra NAn' amphclalllllH.' (VC/llla, Blanc. (ilm\-tn,>J.,.i and Ta'i'illl, 19(1), Dopamine 

dt'pll'llllg Ie'illlll<' 01 Ihe PH' h.l\ e lwcll <.,llOWIl to potcllItalt' Ihe mcrea<,ed DA lllrnover in 

NAc~' produl'cd hy Il\oh110C" ,llcs<, (DcUll'h, Clark and ROlh, 199{) l he mcchani'irn by 

\\ hll'h Ihl' Inlllhitory lllflut'nCl' 01 PH' on DA rclca'it' III NAcL' 1<; redlll'cd ""'Ith repealed 

'itre<;s h,,~ yct ln lw Idl'llltfïcd. The abllll) of PH' acll"lt)' to Jllodulalc ,>uhcortll'al activlty 

ma) dl'l'rca~c as a rl'~lIlt of .\ n'dllctlnn III thl' efft'clivencss of the meso-PFC DA pathway; 
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this possibility 15 suggested hy tl'sion studics of the PFC DA innervation HllW('\'l'r. sinn' 

results of the present <;tuÙ) If1dlcatl~ that the DA reSpOI1Sl' in Pre Il) rC ... lralllt dlll'S IInl 

change wlth rl'peated dmty te~ting. \\ htlc thal 111 NAcc Il1l'r~'aSt's. it "'Cl'm ... Il''l'I~ lh.1I tlH.' 

develo~lnen' of SCllSlli/atlO1l ln NAcc rcflt.'l'!' •• change III Ihe mc,o-PH' DA "~"'Il'Ill; 11ll' 

present data howc\'cr do nnt rule out the po<,,,htllt) nI •• del'rc, .... e 111 IH) ... ' \) Ilaplll' DA 

receptor affinity or den"ll)' !Tl PH' ('onvcl""l'ly the me"o-NAcl' tcnlllnal ... ilia)' thl'I\l~d\'l'~ 

become mort' rc~lx)Jlsive to a dcsccnding c\cllalory Input from PH' dUllng ~l'll'>Itl/"IIOn 

ln conclusIOn the findings reported in this tht'si" havc a Ilumlwr or Implication,. Tht., 

fact that meso-NAcc DA nClIrolransnllSSlon .,cn"tlllc" 10 thl' "tllHulallt l'lied of .,ollle typl· ... 

of stresses a<; Il doc" to Ihat of drug~ cOlllnHlllly .Ibll ... cd hy hlllll.lIl'" IlIlpltcatc ... 

environrncntal <;trc"~c" in thc developllll'llt of dru!!, addlcllOIl and III Ihl' frequclll relap'c 

experienccd by fOOllcr ad,hl!:> dunng Ihe 1IlIIIai penod of "bstlnCIll'l' 

The pre~ent result" al"o rat~e" Important question ... about the Î<ka that Ihe lIle ... o NAn' 

DA pathway is a cntical componenl of the circultry that control'> hclwvlOrs motlvalcd hy 

rewards. The fact that the mcso-NAcc DA system is actlvatcd by rcwarding " .. weil a ... 

aversive stmmh suggcsts that It rnediates bchaviors l1lotivated hy any hchavlOrally rdevant 

stimuli . 
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