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! 
I Abstr;\ct. The hypothesis that s(,';:>a~ate ncw:ll s:'stemsI 

mcui:tle the reinforcing rropenics of opioid and psychomoj 

I 

tor stimulant drugs was tested by e:,\(lmining the ro!~ of
i mesolimbic doprlmine (DA) nellror;s in miiinl:llning intrave
I
, 

nous heroin <Jnd e('cline scif-;ldministr;,ltion. Arl~!' local 
destruction of the Dr'. temlinals i:t the uucleus 2.c::cumbens 
(l\!Aec) with G-hydroxydopamine (G-OHDr\), r;:ts trained 
to selr-~dmjni5lercocaine and l!eroill on :\It(:m3'.e d:lys were 
observeu forehdnges j;llheirdr~~-sccKing1><:1\,\\ iors. rosi.le! 
sion respondiug for cocaine, sho\':cd a ti!ll~-dcrcndentI 
dccreasc or extinction, where~s" heroin s~Jf-adrn:n(str<JtionI 

I	 showcd a t:rnc-depcndcnt rCCo\'cr;. By thc fifth trial postle
! sion, hcroin sclf-adIT'jnistration hZld recovered to 76% of 

rrdesion basdin-.: kvch, but cociliClc s:lf-adminis\!'Z1tion had 
dropped to 30% of preJesion b3sdine rates. Thus. sekclive 
lesions of the DA termin2.is in the OIxieus aCCllmC":llS signifi
cantly atlcn!late cocaine:: bUl not heroin self-administration. 
Thesc data support the bypothesis t~at independent neur<ll 
sublrates are responsible for the reinforcin!; actions of these 
t\\'o drugs. 

J~r\' words: Coca ice - Heroin _. Sclf-2cm;n;stration 
OpiZltc - Psychomotor stimu1!t2.! - Dopor:\lnc - Nucleus 
accllll1bens - 6-Hydroxydopami'Jc - Reinforcement 

Evidcnce suggests that opcrant res[Jonding for IV self-ad
, ministration of p,;ychomotor stimulant drugs is lJ:~linl<lim:d 
,, \ by the reinforcing properties of tbesc:: dr~s (I.:Jd:cns and 
1 HtJJris 1965; Woods and Schuster 1965; Dcne::au el al. 1969; 
I 
I Thompson and Pickens 1970; Yokc! aild ricL'os 1973).
i Prcvio'us rcsea:eh has supported the tbeory of a 
,I catechobminergic role in the reinforcing: prop..:rties of 
I psychomotor stimulants (Pir:keus et al. 1970). More ,I specifically, the reinforcing properties of ;Jsychomotor.! stimubnts n<l\'c becn linkcd to the;: <lclivation of centcitl 
~	 DA neurons Jnu their postsynZl[Jlic recc[Jlors. ,\\'hcntne 

sYn\lJcsi~r c:ltcchobmines is inhibited by ~dministering 

Z1'-rha-methyl-r8.r:1-tyrosinc, an allenuatlOn of the rcinforc
ing eff-:cts of psychomotor stimulants occurs (Pickens et al. 
1968; Jonsson -::t al. 1971; Davis and Smith 1975), Further
mOle, low doses of DA Jntngonists will increase re 
spon~e rates for rv jnje<:li..)n~,g[~")hc(:Jmi:lc (Yokel and 
Wise 19/5, 1976). Yo!-.el ~lIld wisc (1975, 1976) suggested 
tl1;\t :\ pZlrti.d bloebde of D,\ recq)[ors produecd a p:lrti:-tl 
bl"d,ad·..: of lhe reinforcing efkcl, of ri-:.tmphcl;JI'line, ;,lnu 

()/!f',illl r0I",'.<lf /11: G. F. K00h. Di\;~ion or PreclJnil;~l Ncuro~l'i

C/lCC ;Ind [nJ()l;rillology. Scrirl'S Clinic and Rc~c.lr..:h IOdn .. J06iJ6 
North Torrey Pille, Rc;·d. La J()II~. CA 9::'037, ~Sr\ 

the nnim:;ls ue .\.~:;ht to compens:'.!c for cCGc:Jses in 
the rnagnlludr: 0f ,he reinforcer by ii1Cre:'.sing their -,elf
adminislra~:on lxh~\io;-. The rol~ or DA in'the n:-:nforcir.g 
propcrties 01 eoo\\;:;e W2lS eAtecccd by the obSer\':':l!Ol) that ~ 

6-.hyc;ro;<~dop;11;Jin~ .lesions of' the NA:c resulted iii 
e:i'-linction-\ike rCi;>oi1Ging and a sig"ir:e~\T1t ;iI1d :ollg.-ias,l\ng 
reductiOG In s-<:1f-2.dministr3tion ,of e()~:Jinc o',cr cays 
(Reberts ~l ::1:.1917. i9S0; Lyness ct:lL 1979). 

HO\\'t'"\"~r, it:5 not C1c:!f ucnt~cholo.lni[;.~r£!:~~ ileurocs ~~so 

media{~ t!le _r;:nfo;-cin~ VGpertics of opioids (\\'006s 2nd 
Scr.u5ter 196.'3: Den~Ju ~l a1. 1969: ThoJnoson and Pid;c:Js 
1970; WeiDer t:! aL 1976). In a pl:lcc prdcre;"cc parZluigm. 
the DA J:Jtagon~s[ C!1Jg's (haloperidol {<nd pimozide) ,H:re 
reported to bie-ck ~ cor.d~~ioned pl~~'::: pr('fcr~nce produced 
by thc- rei"f0rclng ~);l)f'<"ri.ie-s of O;,jOlcl 2.,?oni~ts (Scnwnnz. 
and :.[~rch~\ 197-l; Boune and \,Vise 1981 a; Si'yrZlk; t:t ~i. 

1983). Howe\'e,. 2. r(~enl report from cur'lZlboi3lory l::-ls 
dem:m:.tr;Hc.--d :bJr rats IV ~lf<,d;T)inisl<;,riDg hcr<):n also 
increJse r::srondi;'}g w~en pretr.?ated witl, the OpiOl0 Z1iH3g
or,i,,! r,altrc:l.ene_ but du <10! exhibit a similar compcnsatory 
incrca~e iOJ r~ron(ii['\g \~ ho:-n rretrc';lcd wiTh tbe D/\ i:lnrdg
ooist c:-fiUp<=,lthi:,~oi. FU'lhermorc. prClreatment of lhese 
rats with "Z1ltrn0I1C c:d Dot ioClc:',sc coc"i'nc ,cinrorced re
sponding;;s did P;'C!'-"2 rmeot with :t-f1upcnthixol (Et tenberg 
et 31. 19;)2). These results suggested th2! se[J"rate lIcurnl 
substrates 3re re:.poruiblc for [De reinforcing aet;ons of her
oin and cocaine. 

In the present study, we sought to ebrity ft!rthcr the 
rote of mC$oliruo~e DA neGrOiJS in dr:\g, reinforcemenl by 
examining the ell"ects or DA dCilcrvatioD of the ~Acc on 
he.roio and e()C3in~ sd(admini~tr;;tion Given tn~t the 
mesolir.lbie dop3;:lin~ SYS[C:J1 uppe:HS to tx: critic:l! for 
PS) chomotor sli;:nu!:! "l reinforct':l1len t (Roberts et ,d. 19 ';7, 
1980; LyoC$S et 31. i~,9) allY hYf1o[heses regarding a rc)lc 
for dop:lmin,~ i:-: t~p:oid reiuforcemc:1l would likely locus on 
this same me-soli:.::bic system. This is pJrticularly rele\~nl 

since r:HS ""ill !1l2-inl2in sclf·a-dmi;:islration of i1lorrbnc 
nppiied dirc-ctly into the brain reglon cOl)t:lining the 
m~olirllbic DA cell bod~ the yentrZlI tegmental an·;J. 
(Phillips and LeP8.incfnQ; Boz:Jrlh. Jnd Wisc 1981 h1. The 
present study \\'J5 therefore dir<xted !It detcr.nining \\'hct!JrJ' 
there W:lS a crii.;c;:;l role fo, {he mc:sotimbic D/\ syst~m in 
opioid reinforcement. 

i\I:ttrrials arx! me:hods 

SlIhj<,ClS (lilt! 0P1JOfcJ{:lS 

Malt: Wisl:lr r<lts (S = 13. Chatks River, Killl::ston NY. 
USA)	 weighi ng ~IXl- ~2S g a I the st~Ht of the exrer; IOl'll: 
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scrvc1 ;I~ s\lhit'CI~. To aid :rJiti:l! sL'I:'Jdmini~lr:1tl"Jl acquisi. 
lit)r. ..he .\'-''''' ·i:ltioll 0: In 0fler:1llt rcsf'0i1Se with (~"Ii\'cr) of 
<l p, . jtil'e n;ir,rorccl\~t'nt \':;\s m:lde by tr:lining e"c'h al1im;11 
to k\'cr press !<1r fc10d rcinforccment on :1 eontii1clOUS re
il1:oTcmcr;( ,','lledllk Arter 2 eL!)"s ofeonsiqCllt rC;';l'onding, 
:1r,im:l]; \"cre ,ur>;icdly implanted with ~ ch~0nie silaslie 
jugu:nr \Ti.~~ c:l~lJekf lHlQer 50 mg!kg sodium pentobJrbit31 
;1I'liSn151~. T ,;, techniques used to construct ;1i1d implant 
th:!C2Ib:: cr were:in <:ldapt;ltion of th<:lt of Weeks (1972). The 
c:\ !letef passed SC to~ieee ofmarlcx mesh secured SC oh 
the animal's hack". Tfle C<llheter was permanently connected 
to a swi\'c1 system through a metal spring, which W;JS in turn 
connected to a infusion pump as described by Roberts et 
al. (1977, 1980). Animals were housed individually inside 
Plexiglas oper:JJ1t-eonditiolling e<lges enclosed in sound
attenualed chambers. The subjects were provided with ad 
Jib access to food ;wd water and maintained on a 12-h shifted 
light-dark cycle (lights off from 11: 00 AM to 11: 00 PM). 

Procedure 

Four day;; after implantation, each subject W:JS allowcd 
access for 3 h (commencing. 2 h after lights out) to one of 
tw'o levcrs mOLJnled on either the ieft or right side of the front 
wall of the C:lge. A kve ~ press deli vercd a O.l-en 1iIJ t ,'J venous 
illiusion of either cocaine (0.75 mg/kg injection) or heroin 
(0.06 mg/kg injection) into the right external jugubr vein of 
the rat. These doses were chosen because they were 
approxirnalely equi-ericctive ED50 doses for each drug for 
numbers of >:~.:sions self-Jdministered over a given session 
(for cOGline, see Thompson and Pid.:ens 1970; for heroin. 
see deWit and Sl~wart 1983). In addition, this dose ratio of 

,12.5: 1.0 coc:1in.ejhcroin, is similar to that reported by others 
using an a\(eflJa\jve measure of teinforcement, place p;-efer
ence conditioni:tg (Spyraki et a1. 1982, 1933). in this place 
conditioning study, the respective dose of cocaine and heroin 
ne~ded to produce a robust place preference (an approxi
mate doubling of preconditioning preference) are 5.0 and 
0.5 mgikg or a ratio of 10: 1. 

Both drugs were randomly assigned so 1hat onc-..l:lalf of 
the animals had initial experience with heroin and one-half 
had cocaine as the first drug. The drugs were dissolved in 
0.9% physiologic saline'and were infuscd over a period of 

.4 s. The following day, the rats were given access to th~ lever 
not us~d on the preceding day. This !c\'er when d~pressed 

"'"	 delivtred In infusion of the drug not Jdminislerect oD the 
previous day. This aliernating drug self-odministr;\lion pro
cedure was continued until ~tablc intake and t).tr::lion on 
both drugs had occurred. For eneh rat, each drug WilS 

pclivered Vla a given lever (left or right), and a c~lorcd 
light (rcd or yellow) was used as a constant discriminative 
stimulus thal was turned on at the onset of the infusion and 
remained on for 20 s. During the drug infusion periods, the 
!c'ter y.'as ii1<l:::tive [0 pre'..ent the possit::;,y of continuoL:s 
infusion and overdose. Visu3l cues for drugs and levers for 
drugs were randomly paired. 

Animals that showed stable basclines over 3 days with 
each drug (i.e., those rats that varied less than 20% of the 
mean for Llny individual trial) were given an intracerebral 
injcction of either 6-hydroxydopamine (6-0HDA) or vehicle' 
into the NAce. For this surgery the drug-lrilined animals 
were anesthetizcd with SO-mg/kg sodium pentobarbital in
j:::.c:!S<i.J.r. The animal's head was positioned in a Kopf 
stereotaxic instrumcnt and given a biJaterai injection of 

, 
\ 
\/ 

6-011D:\ (3 ~lg/2 p!, dosage expressed :1$ the fre<.:: b<lse) in \ 
0.9% rhys:ologic s;t\ine conl;linil1g a 0.1 ·m:; ';n1 concentra I 
tion of ascorbic :\cid ;JS all antioxid;\nt. The tol<ll injection 1 
volume \\'<lS ::: iii on eacn side and was injeeled Jt a rale of \ 
1 III O\'er "25 mill. Injections \\"ere m:IGe :rl'll1 pump-Driven, 
10 iJll-bmdtoll s:ri:~::;c" lh:ough;J 30-r~!uge sl3il1lcss sleel 
canmJ!;l. The injector W:lS left in place for 1 min to aJlow for 
dispersion of the 6-0HDA. Stereotaxic coordinates were 
with the toolh bar situated 5 mm abo\'e the interaural Iioe: 
3.0 mm anterior to bregma, 1.7 rom !:Itera! to the midline, 
and 7.8 mm below the skull surf2ce at the [)ointct pCI,etra
tion. Nine rJlS were injected with 6-0HDA :md fOLJr others 
were injected wilh the saline :Jscorbic vehicle. I . 

Four dnys following lesion the subjects were allo\\"ed to 
r~sume the alternnling schedule ot administratioD described 
above. The "extinction-like" effect previously observed wilh 
NAcc 6-0HDA lesions is not evident on lhe day immediately 
after the lesion (Roberts et al. 1977, 1920); therefore, in the 
present study, the anirn3.1s were tested after J, d3Ys posllesion_. 
similar to mat Glllployed in Roberts et aI. 1980. I I 

f . Data analysis	 I 

For e:lch drug the llTilransformcd data for the numocr of 
injections per session were subjected to a one-way analysis 
ofvari3nce \;:ith repe~:tcd :neQsures Oil Oile factor.lndividuaJ 
means comparisons to the prelc~ion baseline were m<1de 
with Dunnelt's I-lest. lndi\"idunl anim:lls' postlcsion intake 
b3selines of cocJine and heroin I\"ere ,1lso 3nalyzed by 
calculating percent change f.om e,leh 0: lhe individual base
line levels on th~ last drug trial preceding the lcsioiJ. These 
percent values I\'ere subjected to a t\\"o-\\"ay :lnalysi:, of vnri
ance with repealed measures on both f;Jctors. Simibr ana
lyses were performed on ARC sin-tran,Corl11ed data to con
Hot for a poss!oie SKewed dislributioll of scores due to the 
percentage measure. However, {hc ARC sin-tr3n$fonned F,---.. 
scores did not differ significantly trom F scores of the raw 
d3.ta, thus suggesting th<lt these samrks were not dr2.··,\·!1 
from scl{;h a skewed distrihulion. Here, i!<1ired f-lests wcre 
used for indi\ iJunl means c~njparisons. . . 

Because of the lenl'.th of time required to comDlete tbe 
experiment. animals did not a]w;1Ys 111aint;1in stab1~ postle
sion self-administratioll (due to canou\a leaks or blockages) 
and had to bc dropped irom the stuJy. As a result only 
anirnJ1s that COT1l!J/c'tcct ilt lc:\st five postsllrgcry trials Oll 
each drug (a mil1ij-:lum of 24 days ot sclC-;Jdl'ninistration .' 
including baseline prelcsion) were used in the dat<l 3.nalysis, 
and five postsl1rgery trials 0[1 each drug were estl1blished 
arbitrarily as the lennir,ation pOInt of the expefiment. 
Suspected car-nub leaks were tested by eX:lll1ir;ing the ani
mJl's suseeplibility to 10-mg sodium pentobarbitill 
anesthesia applied through the cannuLl. A"imil)s (N = 2-1) 
were initially trained and reached baseline eriteri3. Of those, 
1J had cannula bre<lKs D(;fore re:lChing fivc trials po:>lsurgery 
on both drugs. Of the 13 rats tll:!t completed five trials (ten 
days) postlesion Oil e'neh drug. three NAce lesion rats were 
continued for five triJls more on both drugs (20 dJYs). I 

Dissection and biochemical assay 

At the end of bel1<lvioral testing. lesion <lnd sham r:Its were 

t 

! 
killed by J:::capl£ation :lnd the brains dissected on icc. the 
olfactory tubercle \\"2S remo\'ed by a fr\:e!l;md horizont,,! cut 

I 
along the lateral olfactory trnC[, The subSe'lUenl disscction t 

1 
J 
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; Q~:t:;;~lr~ :I,yoh'eo l:1king three cnronal cuts, u,ill!:, :\ wire 
-:~Ln ~l'~cr st:lrlil~g 3 mm from tll,: tip of the frol1t,l! pole 

;1 J irll;llldii,g this <IS the first slice, The three coron:.tl slicc3 
\\'~r~ 3 nml, 1 mm, and 4 mm in Sllcec~.,iOll from :\I1~Crlor' to 
rasl r;or. four pieces wcre dissecled on icc from these 
enron:J slice,. frozen on dry icc, ;}nd sUDsequernly stored at 

)"C 11 .til thawed for the catechobmine deterl~lin:llions, 

'TIle J'r ntai corlex was di;,seeted from the most <lntCiior 
rliee, ]nd the rluclclls ,v:cumbens ,\nd <Interior stri<llum \\'cre 
c:noved from llC second coronal slice (Konig ar:c K1irpe! 

i97Q). The posterior striatum lVa..s cJ[ssecteJ from the dors:l! 
p;1 rt oj the <Interior surface of the th1rd COroi,:I) cut. 
Dopamine and norcpinerhrinc levels were rleLermined llsing 
high pressue liquid chrom"toGr:tphy \vith electrochcmic.JI 
detection (Felice et <I!. 1978). For e:lch lesion animal, one 
lIl1operated, experimentally naive iiltermate W<'lS S:.lui-. 
Gced <It the same time jor deLermination of control 
calecholrlmi ne levels. One lesi on ra t died of unknown cn uses 
\\'lde being held before ki!ling and thus is not included in 
the results, The biochemicnl resulls were analyzed with a 
o 'Ie-factor <lJ1<t)ysis of v2rianee, and individual meuns were 
compared with the Newman Keuls <I posteriori test. 

Results 

Tile effects of G-OHDA injections il1to the NAcc on cocaine 
and heroin self-administration arc shown in Figs. 1 and 2. 
The lime course effccts of 6-0H D~NAcc lesions en cop inc 
(lnd heroin self-adrninislwtion arc shown in Fig. 1, Signifi
cant differences from the first trial preceding the lesion were 
seen on !he first heroin trial postlesion and on all five postlc
s i0n coc<line triais (P < 0.05, dj = 40, Dunnelt's I st<Itistic), 
Tile initial depression ill respollse r::Iles appear~d eilhtr to 
be an effect of lhe surgical procedure or the interruption in 
testing, sine': a ,il11ibr transient decrement (20%) was als,) 
obsl:rvecl in the sham-oper<lted controls (see fig.·2 top). 

To compare the two trealments over time post!esion, the 
scores were transformed to percent of bJscli,1C 2.nd then 
subjected to an analysis of variance (Fig 2 bOU,)m). The 6
O~!.DA lesions initially produced an attenuation in both 
cocaine and hero! n self-ad ministr<l [i on on the ti rst selt'-ad
ministr3tion trial postlesion. SubsequenLly, heroin 
m<lintained responding, but with a time-dependent recovery, 
gr2dually increasing to 76% of prclcsion b"sclinc levels on 
average; in contr:lst, cocaine responding continued to 
cleerease ovcr trials (overall group effect: F = 6.925, 
rtf: = 1,8, P < 0.05; group x trials inter:tctiol1: F = 3.302, 
elf = 4,32. P < 0.05; and with ARC sin tr;tnsfOrmation 
(F= 10.483, dj= 1,8, P < 0,05; F= 3.410, dJ= 4,32, 
!' < 0.05, rcspcclively). By the fifth trial postiesion, cocaine 
self-adminislration rales were reduced to 30% of prelcslon 
baseline kvds, and this percent change was significantly 
dirre,enl from that jor heroin rates (P < 0.05, indIvidual 
mC:lns comparisons on the fifth tri:1i using a p:tired !-lest, 
t = 2.63, dJ = 8). This dccrc,l,e also did not recover in the 
three ralS-UUlt werc continued for five 11I0re cocainc tri:.Jls 
(10 (b)·~). For the sh:1l11-operatcd rats, there was no signifi
cant differcnee in the re~ronse bet\Veen cocaine :t:ld heroin 
posllrsion (~cc Fig. 2 top). Analysis of va.iance revealed no 
group effect nor gr.oup x time inlcnction (F < 1). However, 
there \\'as a significant inerc,lsc in rc~ronding ov\;r lime in 
t10th groups (F = 4.817, dF= 4.:24. P < 0.05). 

To clill1in;lk the possibility that [he group differences in 
baseline ra t~s of responcii ng for posllcsion hcroi n <ll)d 
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Fig, 1. Actual numtx:r ofk\er presse~ over the firsl flye lria:s pust.le
sion far cocaine and heGin seif-:J.drnin:stralian. ,..lstcrisks indicatc 
significant diITcrenccc rrOi~1 tl~c !irsllri:1l pre-ceding lesian (P < 0.05, 
Jj'= ..0, using Dunnell's rstatistie), Verrica/barsrcpresenl standard 
error af the mean 
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Fig. 2. Top: Percenl of rresurr,ery cocaine and heroin incak-: ovcr 
the first fiye trials poq!csion far the r:11s re-cci,i;1g Sh.Hll lcsi(ln~, 
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posllcsian for r:lts reet;;, ing ~",I\CC 6-0, rO,'\ lesion. Cocail~c rc
sponJing sho\\cJ a tli,I! J':rCl1cknt J,'Cil',\SC, where,\s hCn'!'l ,<,;If
administr:ltion showed ~1 lri.d·ccp<:;1denl rccovery 1'('01.<11 iJ..'.-s rc
pre~enl ,,1~lndJrd crrN of the Tile;1n, As/prisk inJic:a(e~ signiric:lll{ 
din'crcr,ec be(wc~n Inc two drug~ P < 0.05, p~j,cd r,tC'St 
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fig.31\, n. Titralion resrO:1>e rccords for IV heroin ilrod cocaine self·administration ofral no.lO, pre- and pos\ksion. Note the extinction·like 
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an initial uepression of responding \1:lS follolled by 3 general recovery of heroin sdf-3Ul\linistra lioll 
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cocaine could explaiI) tbe treatment effects, individual re
sponse records were examined for those animals displaying 
approximately equal prelesion response rales for cocaiue 
and heroin infusions. In three such animals. heroin r~sponses 

were distinctly rugher than coc<1ine responses postlesion, 
demonstrating an absolute as well as relative difference in 
respo<lding. 

Examination of responding postlesion using the eyent 
recorder charts (Esterline Angus) showed differences io the 
paltern between cocaine and heroin maintained responding. 
Whereas cocain·~ responding of(en showed extinctionlike 
bursts, p,lfticularly at the beginning of a session, heroin 
responding continued with a regular spacing of fcspor.ses 
(Fig. 3). The bursts in responding observed with cocaine 
seen at the beginning of a session are sirr.clar to those 
observed during extinction where saline is subslituted for 
the cocaine; thus, they may reOect the non rewarding proper
ties of cocaine postlesion. The regular spacing of heroin 
lever pressing posllesjon WZlS difficult to distinguish from 
pre!esion responding with the possible exCep(iOD of more of 
a tendency to respond in bursLS (see Fig. 3). Whether this 
pattern rcnec[s a partial dccrease in the reinforcing proper
ties of heroi n or anal te ration in the ability of the ra t \0 move 
about (given the decreased locomotor behavior observed in 

rats in operant situations follo\\ing NAcc 6-0HDA lesions; 
. Robbins et aL 19S3) is udno\\1'! at this lime. 

The 6-0HDA lesion resultcd in a 9,1% dCfJletion of DA 
in the NAcc, but no significant d~cr(~se in the anterior 
striatum (Table 1). DOPAC le\cls foJlo\',ed the same pattern 
as DA, but Dorepinephrice lc\els ;lC(U:1!!Y increased iu both 
regions comp:1red to unoperated controls; however, jf the 
sham-operated·arumals 3re used as lhe appropriate control 
group, norcpinepbricc in tbe NAcc ;lc(ually was decreased 
in the lesion group by 51 %. The four sham-opcrated animals 
showed similar values as the controls, except in the NAcc 
where there was an ac(ual increJse in DA, DO PAC, and 
norepinephrine (Table 1), Thi" i~erc:1<;c rnJ.y n:nect some 
sprouting or otrer neurochem.ic~l compensation following 
the sham-injectiott damage. 

Discussion 

TIle prcscnt study was designed to examine the spccificity 
with \-\'bich the destruction of a major terminal field of the 
mesolimbic DA projlXlion '.'.ould alter self-administration 
of either cocaine or heroin in rats. An important factor in 
the present study was thaI effccts of C-<lch lesion could be 

,~ 
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T<lbk 1. Levels of D...... DOP/,C. aDd norerincphrtnc following 
6-0IlDA lesio Ie; 0 Ihl: NAcc (ng,'mg protcln, mCJn ± St-:~,l) 

NAcc Antcrior 
stnJIUm 

DA
 
Unopcratcd conlrol, (N = 8)
 
Sham ksion (N "" 4)
 
6-0I1D/\ lesion (N.= 8)
 
Lesion percent of cODtrol
 

DOP/\C
 
Unoper;lted controls (N = 8)
 
Sham lesion (N = 4)
 
(i-O rJD/\ lesion (N = 8)
 
Lesion perceDI of eonlrol
 

Norepinephrine
 
Unorcrated controls (N = 9)
 
Sham lesion (N == 4)
 
6·0H DA lesion U'-/ == 9)
 
Lesion percent of conlrol
 

54.7 ± 3.3 107.7 ± 5.7 
75.3 ±3.6' 102.8 ± 0.8 

3.5 ±O.61;- 90.5 ± 13.8 
6% 84% 

13.4 ±Ll 54.7 ± 3.8 
21.3 ± 43' 35.3 ± 7.4 

-' 0.2 ± 0.1 * 36.3 7.1..L 

J% 66% 

1.344 ± 0.34 0.7J ± 0.18 
4.03 ± 1.20" 0.94 ± 0.16 
1.9i ± 0.4S~~ 0.80 ± 0.23 
1.47% 113% 

.* SigJljgific~nlly ditTcrcnl from unop~!'alcd controls. l' < 0.05 
Ne\\'l1lan·Kc·ul, test 

•• Signifie<\nlly difTcrer.l from sham lesion ralS, P < 0.05 Ncwm<lo, 
KellIs test 

measured on the two indei'endent drug variabks ::tlmost 
simultaneously. Thus, diiTerentf~.tl cfre~ts could Rot be 
attributed to disoimilar DA depletion lcvels, si;1cc for each 
subject, the lesion had specific effects on the self-administra
tion of cocaine and heroin, which were compared within 
individuals 1O prelcsioCl r:lies. Such DA lesions produced 
a time-dependent deereDse in cocaine sclf-admini~trat[on. 

whereas responding for heroin steadily approDched control 
levels. Thus, these resulls have direClimrlic3tions as to the 
neural subslrates responsible for the reinforcing properties 
of both p;;ychomolor slimulants and opioids and suggest 
th~t the reinforcing properties of heroin arc at some point 
independent of the dupamiuergic neural systems medi::lting 
lhe reinforcing properties of cocaine. 

A diCferentiation of substrates for the reinforcing proper
ties of opioids and psychomotor stimul,:nts is consistent with 
the results of many phumacoiogie studies. For example, DA 
nnlagonists block intravenous psychomotor stiml,iant self
administration and opioid antagonists have similar effects 
on heroin reinforced responding (Goldberg et a1. 1971; 
riogel and Wise 1975, 197G; \Veeks and CQl1ins 1976; Dc 
Wit and Wise 1977). Moreover, opioid antagon-;-sts do not 
prevent the sclf-administra{ion of cocaine, <lDct DA 
antagonists do not block heroin reinforced self-admlnistr;;
lion except at motor imp<liring doses (Etlenberg et ,d. !982). 
The presenl study using a within-subjects design und a 
neurochcmicalJ)' specific lesion lends furthcr specificity to 
this distinclion. 

The rats also showed a significant change in the pattern 
and -fCg1.rh~ ri ly of postiesion responding. r rcsumJbiy aftcr 
the lesion, the animals havc to lcMI1 lh~ll on o:Je day their 
responsc will no longer produce reinforcement (cocaine self
administration) and the next day respon<;e will have reinforc
ing consequences (heroin $elf-;ldl1linislralion). An eX:lmple 
of this is seen in J-'ig. 3.ln [hisc;l$C, when the anim~\l first seLf
:HlminislCl'cd cocaine [lost!csio;1 ~1:I CXtiilelion-li\.-c response 
Occurred (fig. 3, first cocaine trial [losllcsion). On the 

17\ 

following U::lY no r('sr,')~lJing for hc[oi" W:1S sc-.:n until the 
fin<ll hour of the tCSI rcriod (Fig. 3. first heroin \rial postk
sion). H crvi n-rei nforecd respond ing. howevcr, recovered in 
this particular rat to levels above prelcslon [::ltes 'and a 
ternl,orai pattern of responding was mJint:lined. One could 
hypothesize that the a:timal reccived inadequate reinforce
menton the first self·::tdministration trial postkslon ,md thus 
carried this experience on to the next day's tri,\!. Note the 
regular titr::ltion of responses on the remaining heroin tri<lls 
(Fig. 3, bottom). Curiously, for this anim:ll more heroin 
responses were m:tde at each bout. where<:ls cocaine-re
inforced responding w::ts irregular throughout all rem<lining 
seSSlons. 

Commensura te wi lh this hypothesis. some of the COGli DC 

rcsponding Oll postlesion tri<:lls 3. 4, and 5 eouid perh<:lrs 
be explained by reinforcement r:::ceived when responding for 
heroin.of the alternate days, thus crenting a delayed extinc- / 
tion effect on coenine reinforced responding. If this hvpo
thesis were true, responses for tbe reinforcing elTects of 
cocaine would decrc2.se slowly over time. IildeeJ.'in the time 
frame of this study, animals showcd a consistent decline in 
postlesioll responding for cocaine, whereas heroin re
inforced respOilses were obsen-ed \0 increase towards preo[l- I>

cra Ii ve levels. 
While the present results arc consistent with the hypoth

esis that DA in the region ofNAcc medi::ltes tbe relnrorcing 
eiTects of coca inc, se\'eral other possibili,ies must be con
sidered.--first, it could be argued that a lesion-induced 
potentiation of the reini'orcing elTccts of coca inc was respon
sible for reduced self-administration rates. This view is 
unlikely because lesioned animals failed to tlnintaiu time
dependent or titrated responding throughout each session 
(Fig. 3). Second, it is possible that 6-0HDA induced lesions 
crea(eu motor deficits that disrupled the !ever press respond
ing (Fibiger et a1. 1976); however, 6-0HDA, leSIons or the 
NA'cc have been reported to havc only transient effects in 
animals responding for food and no effect on apomorphine 
self-administration (Roberts et a!. 1977, Robbins et a!. 1983). 
Third, it is possible that destruction of the DA temlinals in ... j 

the NAcc attenuates self-administration of botle cocaine and 
heroin, but thJt heroin is reacquircd due to the dnlg's analge/ 
sic properties (i.e., heroir; may reduce the pain or discomfor~ 

resulting from the 6-0HDA lesion but cocaine docs not). 
AI though no such differen tial cITects wcrc observed in the 
sham-orer2,led rats of the present study, the best test for lhis 
hypothesis ,,;ould be to pair cocaine wilil a nonanalgesic 
self-administered drug in the same experimental design. A 
more likely possibility is that by destroying DA tenninals in 
the 'region of the NAec, one climin<:ltes some of the 
pharmacologic sites through which the <Jclion of cocaine is 
mediated, thereby ieducing its rcinfoiTing propenies. 

The observ~ltion of a decrease (<lpproxlJllalely 20%) in
 
hero! noma in tai ned rcspond ing posllcsion might be interpret·
 
cd as ~l partial decr"ase in the reinforcing properties of
 
beroin. Consistent with this hYPoJhesis \5:" recent observa

tion tlwt conditioned plJee prefercnce produced by heroin
 
can be attenuated by approxim,ltely 30% with a similRr
 
NAcc lesion (Spy,:tki et:11. 1983). Howc.''I-:r. given the curi

ous problem tha l coe::li ne-i nduecd pl:1ce preference C:I nnol
 
be :'o!tciluatcd by ncuroleplics or NAcc lesions (Spyraki ct
 
al. 19R2): interpret~ltions b..lsed on.this p::r,ldigl1l must for
 
the moment be m~1tlc with c.lU{ion. lndeed. ,lD ,1ltcrn:lle
 
exrl:lII~\tion for the decre:lse in heroin m:lintained rC5pond

ing in the iJresellt stedy is lint des<.:truetion of the presYlJap

., 
(, 
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lie P' 1','rminJls in the NAIT 3Ctl!Jlly incrc.l~ the reiniNc
;fig rr,")p,'r,I~" 01 heroin. Ttm h\P0thC"SlS is t>2.<.cd on the 
monotonic i!]\c'fse lunction rcl:Jiing df1.J~ dose to sdl-3dmin
islr"liorl ~2!C lor stimubnts 3nd Opi3t~ Cr:lOmp50,[l :lnd 
Pickcn5 1970, Schuster and Thom~on 1969) and the 
:lS;;.t pilon lh.ll our dose is IOC;:llc-d in the middle 01 this 
fune[ on \ Dc Wit and S te\\ an 19S3. also preliminary dose
ri'S~On5C studics in our bbof:nory supporr this hypothesis). 
On1:' dose-response sludirs or more sophisticatcd me-asures 
01 drug reinlorcement can resohe this question. 

Sevcr<J.1 31kmaliycs c.'tjst that could c:\piaio bow the rc
inlorcing n::J.lure 01 various drugs are neuraDy mediated. 
First. reinforcing 9ropcrlies 01 ~\l dru~s could be ultim::l\cly /' 
meJiated by one neurotransmitter system in series with other. 
neural systcms (Wise 19S0). In tills C3S-e. 30 independent 
variable that arleets one drug or patbl\ay sbou!d si.nJ.i1arly 
aiTect the- other. Second, reiolorc-ing properties of specific 
drugs could be mcdiated 'i3 S]X6llc neurotransmitter 
completely independent- but pJralk! lO e2ch OthCL 10 this 
case. an "cricn that affects on~ d,ug sbould not similarly 
a n-ecl olhers. Th.i I'd, reinforcing actions of a gi \ en d rug could 
be mediated by :c.ler3ctions of bolo IYP<:-s. For nample, as 
with the motor C:'\;Cit3lion produceD by opioid pcptides, tbe 
reinforcing pr0per1ies of opioids may t'<C mediatc-D by opioid 
receptors in series \\'itb ar,,j iLl,jejJ'-Cnoeut oftte midbrain DA 
S) stems (J oyee et al. FI31). IDOC-cd. the rc-sul\s Irom the 
present stud} supron a para\icl ~:-po;hc""is: at some !evel 
opioid reinforcement is mediated Ly s:stems separate Irom 

psVCnOTTJOLOr sti.mulant reioSorC"Cmc:nL The identificatiGn of 
the specific receptors and rJeuro.:-heT1"U~l s)stems involved 
i,n ;hi- reinforcing pro~rlY or opioiJs is the: ch:Jiieoge of 
future r.::se:lfch. 
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