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ction of dopamine in the nucleus accumbens selectively attenuates

cocaine but not heroin self-administration in rats
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Abstract. The hypothesis that separate neural systems
mcdiale the reinforeing properties of opioid and psychomo-
tor stimulant drugs was tested by cxamining the role of
mesolimbic dopamine (DA) ncurons in malniaining latrave-
nous hcroin and cocaine seif-administration. After Jocal
deslruction of the DA termunals in the nucleus accuinbens
(INAce) with 6-hydroxydopamine (6-OFXIDA), rats trained
to scli-administer cocatne and heroin on slternate days were
obscerved forchangesin their drug-s¢eking behaviors. Postle-

sion responding for cocainc,showed a timic-dependent
decrease or extinclion, whercas heroin self-adminfStration
showed a time-dependent recovery. By the fifth trial postle-
sion, heroin scif-administration had recovered to 76% of
prelesion baselinz levels, but cocaine seif-admiristration had
dropped (o 30% of prelesion bascline rates. Thus. sclective
lesions of the DA terminals in the nucieus accumtens signili-
cantly attcnuate cocaine but not heroin setf-administration.
Thesc data support the hypothesis that independent neural
subtrates arce responsibie for the reinforcing actions of these
two drugs. p

ey words: Cocaine Heroin -~ Sell~administration —
Opiatc — Psychomotor stimulant — Dopamine — Nucleus
accumbens — 6-Hydroxydopamiac — Reinforcement

Evidcnce suggests that operant respon\.ing for IV sclf-ad-
rministration ofp)xc‘*omotor stimulant drugs is n naintained
by the reinforcing properties of these drugs (Pickens and
Harris 196S; Woods and Schuster 1965 ; Dencau et al. 1969;
Thompson and Pickens 1970; Yokcl and Pickens 1973).
Prcvious rescarch  has supported the theory of a
catecholaminergic rolc in the reinforcing properties of
psychomotor stimulants (Pickeus et al. 1978). More
specifically, the reinforcing propertics of psychomotor
stimulants have been linked to the activation of central
DA ncurons and their postsynaptic receptors. When the
synihesis=a[ catecholamines is inhibited by administering
alpha-methyl-para-tyrosinc, an aticnuation of the reinfore-
ing effzcts of psychomotor stimulants occurs (Pickens et al.
1968; Jonsson et at. 1971; Davis and Smith 1973). Further-
mote, low doses of DA antagonists will increase re
sponsc rates for [V injections o m hetamine {Yokel and
Wise 1975, 1976). Y ({km dndﬂ\(\—/wc (1975, 1976) suggcsted
that a partial blockade of DA reeeptors produced a partial
blockade of the reinforcing effects of d-amphcetamine, and
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the apimals are thouzht to compensate for decreases in
the magnuude of “The reinforcer by increasing their scif-
ad;mmslra;.on behavior. The rolz of DA invthe reinforcing
properties of cocaine was extended by the observation that
6-hydrosydopaiuine Jesions of the NAze resulted 1n
exlinction-like respendiag and a significant and long-tasting
reduction n scil-administration .of cocaine oser days
(Reberts eral. 1977, 1950, ..,yn%; ctal. 1979).

However, it is not clear if catecholaminzraic iteurons also
media(® the reinforcing propertics of opioids (Woods and
Schuster {968 Deneau et al. 1969: Thompson and Pickeas
1970; Werner et al. 1976). In a place preference paradiem,
the DA antagonist drugs (haloperidol 2nd pimozide) were
reported to bieck 2 cenditioned p r;e:c preference prodoced
by the reinforcing vroperues of opiowd agonists (Schwariz
anc Merchol 1974; Bezarth and Wise 193t a; Spyraki et ai.
1983). Howevers. a recent report from curiaboratory has
demonstrated that raLsdQ___s_‘_f idministering heroin also
increase responding when pretreated with the opiloid antag-
onist naiirexcne. but do not exhibit 4 similar compensatery
increase ia responding when nretrcated with the DA anrag-
onist «-flupeathixol. Furithermore, pretreatmnent of these
rats with naltrexone cid not increase cocaine reinforced re-
sponding as did preirseoment with z-flupenthixol (Ettenberg
et al. 1982). These results suggested khat separate ucural
substrates are responsibie for the reinforcing actions of her-
oin and cecaine.

In the present study, we sought to clarify further the
role of mesolimbic DA meurons in drug reinforcement by
examining the eflects of DA dencrvation of the NAcc on
heroin aad cocaine sel-adminisiration. Given that the
mcsolimbxc dopamiine systern appears to be crinical for
psychomotor sumulant reinforcement (Roberts et 21, {977,
1980; Lyness et al. {979) any hypotheses regarding a role
for dopaminz 1z opioid reinforcement would likely focus on
this same mesolmbic system. This is particnlarly relevant
since rais will meintain self-administzation of morphine
appiied directly into the brain region containing the
mesolimbic DA cell bodies, the ventral teginental area
(Phillips and LePaing~ {980 Bozarth and Wisc 1981b). The
present study was therefore directed 2t determining whether
therd was a criveal role for the meselimbic DA system in
opioid reinforcement. ’

Minterials and methods
Subjects and apparaius

Male Wistar rats (N = 13, Charles River, Kingston NY,
USA) weighing 200225 g at the start of the experiinent
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served as subjects. To aid itial self-administration acquisi-
Lion. the assncintion of an operant response with delivery of
a pusitive reloforcement vas made by training cach animal

to lever press for food reinforcement on a continuocus re-
inforcement schedule Aflter 2 days of consistent responding,
animals were surgically implanted with a chronic silastic
jugular vein catheter under 50 mg/kg sedium pentobarbital
an esia. The tc#hmqucs used to construct and implant
the catheter were anadaptation of that of Weeks {1972). The
catheter passed SC o a picce of marlex mesh sccured SC oh
the animal’'s back’ The catheter was permancntly connected
to a swivel system through a metal spring, which was in turn
connccled to a infusion pump as described by Roberts et
al. (1977, 1980). Animals were housed individually inside
Plexiglas operunt-conditioning cages enclosed in sound-
attenuated chambers. The subjects were provided with ad
lib access to food and water and maintained on a 12-h shifted
light-dark cycle (lights off from 11:00 AM to 11:00 PM).

Procedure

Four days after implantation, cach subject was allowed
access for 3 h (commencing 2 h after Jights out) to one of
two levers mounted on cither the ieft or right side of the front
wall of the cage. A lever press delivered a 8. 1-mn] intravenous
i:fusion of either cocaine (0.75 mg/kg injection) or heroin
(0.06 mg/kg injection) into the right external jugular vein of
the rat. These doses were chosen because they were
approximately equi-effective ED50 doses for ecach drug for
numbers of {2Tusions self-administered over a given session
{for cocaine, sec Thompson and Pickens 1970; for heroin,
sce deWit and Stewait 1983). In addition, this dose ratio of
.12.5:1.0 cocaing/heroin, is similar to that reported by others
using an alternative measure of reinforcement, place prefer-
ence conditioning (Spyraki ¢t al. 1982, 1983). In this place
conditioning study, the respective dose of cocaine and heroin
nceded to produce a robust place preference (an approxi-
mate doubling of preconditioning preference) are 5.0 and

0.5 mg/kg or a ratio of 10:1.

Both drugs were randomly assigned so that one-halfl of
the animals had initial experience with beroin and one-half
had cocaine as the {irst drug. The drugs were dissolved in
0.9% physiologic saline’and were inlused over a period of
4 5. The following day, the rats were given access to the lever
not used on the preeeding day. This Jever when depressed

= delivered an infusion of the drug not adininistered on the
previous day. This allernating drug self-administration pro-
cedurc was continued until stable intake and tjtrztion on
both drugs had occurred. For cach rat, cach drug was
delivered via a given lever (left or right), and a colored
light (red or yellow) was used as a constaat discriminative
stimulus that was turned on at the onset of the infusion and
remained on for 20 s. During the drug infusion periods, the
lever was inactive to prevent the possitility of continuous
infusion and overdose. Visual cues for drugs and levers [or
drugs were randomly paired.

Animals that showed stable baselines over 3 days with
cach drug (i.e., those rats that varied less than 20% of the
mean for any mdw:dual trial) were given an mtr"ccrebral
injection of either 6-hydroxydopamine (6-OIHDA) or vehicle!
into the NAcc. For this surgery the drug-irained animals
were anesthetized with 50-mg/kg sodium pentobarbital in-
jected IP. The animal’s head was positioned in a Kopf
sicreolaxic instrument and given a bilateral injection of

6-OHDA (8 12/ !, dosage expressed as the [ree base) in
0.9% physiolagic suline containing a 0.1-mu'ml concentra-
tion of ascorbic acid as an antioxidunt. The total injection
volume was 2 1l on cach side and was iniceled at a rate of
! over 2 5 min. Infections were made from pump-driven,
10 pl Hamulton syringes, through a 30-guouge stainless steel
cannula, The injector was leftin place fof { min to allow for
dispersion of the 6-OHDA. Stereotaxic coordinates were
with the tooth bar situated 5 mm above the interaural line:
3.0 mm anterior to bregma, 1.7 mm lateral to the midhpe,
and 7.8 mm below the skull $urface at the pointof penctra-
tion. Nine rats were injected with 6-OH DA and four others
were injected with the saline ascorbic vehicle.

Four days following lesion the subjects were aliowed to
resume the alternating schedule of administration described
above. The “extinciion-tike™ effect previously observed with
NAcc6-OHDA lesionsis notevident on the day immediately
after the lesion (Roberts et al. 1977, 1980); therefore, in the
present study, the animals were tested after 4 days postlesion,
similar to Mhat émpioyed in Roberts et a). 1980. i

Data analysis

For each drug the untransformed data for the number of
injections per session were subjected to a one-way analysis
of variance with repeated measures an one factor. ladividual
means comparisons to the prelesion bascline were made
with Dunnett’s ¢-test. Individual animals’ postlesion intike
baselines of cocaine and heroin were also analyzed by
calculating percent change from each of the individual base-
line levels on the last drug trial preceding the lesion. These
percent valucs were subjected to a two-way analysis of vari-
ance with repeated measures on both faclors. Similar ana-
lyses were performed on ARC sin-transtormed data to con-
trof for a possible skewed distribution of scores due to the
percentage measure. However, the ARC sin-transformed .
scores did not differ significantly {rom £ scores of the raw
data, thus suggesting that these sammples were not drawn
from such a skewed d'strib;\lion Here, paired r-lests were
used for individual means compmlsons

Because of the lengtn of time required to comolete the
eApcnmcm aninals did not always maintain stable postle-
sion self-administration (duc to cannula leaks or blockages)
and had to be dropped from the study. As a result only
animals that compieted at leuast five postsurgery trials on
cach drug (a minimum of 24 days of scli-admiunistration ~
including baseline prelesion) were used in the data analysis,
and five postsurgery trials on each drug were established
arbitrarily as the termination point of the experiment.
Suspected cannula leaks were tested by examining the ani-
mal’s susceptibility to 10-mg sodium pentobarbital
anesthesia applied through the cannula. Anhmals (V¥ = 24)
were initally trained and reached baseline criteria. Of those,
11 had cannula breaks before reaching five trials postsurgery
on both drugs. Of the 13 rats that completed five trials (ten
days) postiesion on cach drug. three NAce lesion rats were
continued [or five trials more on both drugs (20 days).

Dissection and biochemical assay

At the end of behavioral testing, lesion and sham rats were
killed by Jecapitation and the brains dissected on ice. the

olfactory tubercle was removed by a freehand horizontal cut
along the lateral olfactory tract, The subscquent dissection
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involved taking three coronal cuts, using o wire
icer starting 3 mm from the tip of the frontal peole
and 1r-"lum g this as the first slice. The three coronal stices
7 mm, and 4 nun in succession rom anterior (0
: i our pieces were dissecled on ice {rom these
slices, frozen on dry ice, and subsequently stored at

caron al
— 40 C until thawed for the catecholamine deteriminations,

The Jrontal corlex was dissected from the miost anterior
lice, and the nucleuts accumbens and anterior steiatum were
crnoved from the second coronal sltice {Konig arnd Klippe!
1970). The posterior striatum was dissected from tie dorsat
part of the anterior surface of the third coronal cut.
Dopamine and norepinephrine tevels were delermined using
high pressuc liquid chromatography with clectrochemical
deteetion (Felice ¢t al. 1978). For cach lesion animal, one
unoperated,
ficed at the same time Jor dclermination of conirol
catecholamine levels. One jesion rat died of unknown causes
while being held before kiiling and thus is not included in
the results. The brochemical results were analyzed with a
orie-factor analysis of variance, and individual means were
compared with the Newman Keuls a posteriori test.

Resulls ‘

The effccts of 6-OHDA injections into the NAcc on coecaine
and heroip scif-administration are shown in Figs. 1 and 2.
The time course cffeets of 6-OHDASNAcc lesions ¢n cogaine
and hcroin self-administration are shown in Fig. 1, Signifi-
cant differences {rom the first trial preceding the lesion were
scen on the {irst heroin trial postlesion and on all five postle-
sion cocaine triais (P < 0.05, df = 40, Dunnctt’s  statistic),
The injual depression in responsc rates appeared cither to
be an cffect of the surgical procedure or the interruption in
testing, since a simsilar transient decrement (20%) was also
observed in the sham-operated controls (see [Fig.- 2 top).

To compare the (wo treatments over time postiesion, the
scores were transformed to percent of bascline and then
subjected to an analysis of variance (Fig 2 botiom). The 6-
OfIDA lesions initially produced an attenuation in both
cocaine and heroin self-administration on the first self-ad-
ministration  trial  posticsion.  Subsequently, heroin
maintained responding. bul with a time-dependent recovery,
eradually increasing to 76% of prelesion baseline levels on
average; in contrast, cocajne responding continued to
deerease over trials (overall group eflect: = 6.925,
dfi =18, P < 0.05; group x trials interaction: & = 3.302,
df = 432, P < 0.05; and with ARC sin transfSrmation
(F = 10.483, df = 1,8, P < 0.05; F = 3.410, df = 4,32,
P < 0.05, rcspucllvcly). By the fifth trial posticsion, cocaine
seif-administration rates were reduced to 30% of prelesion
baseline levels, and this percent chunge was significantly
different from that for heroin rates (P < 0.05, individual
means comparisons on the {ifth trial using a paired /-test,
! = 2.63, df = 8). This decreuse also did not recover in the
three rals. dmt were continued for five more cocaine trials
(10 day s) For the sham-operated rats, there was no signifi-
cant difference in the response between cocaine and heroin
postlesion (sec Fig. 2 top). Analysis of variance revealed no
group effect nor group x time interaction (£ < 1). However
there was a significant increase in responding over time in
both groups (77 = 4.817, df = 4.24. P < 0.05).

To climinate the powbxhty that the group differences in

bascline rates of responding for postlesion hrrom and

experunentally naive littermate was sacri-.
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Fig. 1. Actual number of lever presses over the ficst five (riais postic-
sion for cocainc and heroin scif-adeministration. Asterisks indicate
significant dilTerencee frorm the fizst trinl preceding lesion (£ < 0.05,
df = 40, using Dunnctt’s ¢ statistic). Verrical bars represent standard
error of the mean
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Fig. 2. Top: Percent of presurgery cocaine and heroin intake over
the first five tials postlesion for the rats receiving sham lesions,
Both cocaine and herom increased significantly overtime {scv (ext).
I’crr:‘m! buars represent standard crror of the mean. Busrom: Percent
ol prelRsion cocaine and heroin intake over the first five tnals
postlesion for rats receiving WAce 6-OHFDA lesion. Cocaine re-
sponding showed a trial dependent deercase, whereas heroin self-
administration showed a trial-dependent recovery Tertical hars ve-
present stundard cerror of the mican. Asrerisk indicates significant
difference between the two drugs £ < 0.05, paired 7-test
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Fig.3A, B. Titration response records for I'V heroin and cocaine self-administration of rat no. 10, pre- and postlesion. Note the extinction-like

response on (he first cocaine postlesion trial. followed by gencral response cessalion on (he remaining cocaine trials postlesion. In this rat” ~

an initial depression of responding was followed by 2 general recovery of heroin self-2dministration
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cocaine could explain the treatment effects, individual re-
sponse records were examined for those animals displaying
approximately equal prelesion response rates for cocaine
and heroin infiisions. In three such animals. heroin responses
were distinctly higher than cocalne responses postlesion,
demonstrating an absolute as well as refative difference in
responding. -

Examination of responding postlesion using the event
recorder charts (Esterline Angus) showed differences 1o the
pattern between cocaine and heroin maintained responding.
Whereas cocaine responding often showed extincliouhke
bursts, particularly at the beginning of a session, heroin
responding continued with a regular spacing of resporses
(Fig. 3). The bursts in respoading observed with cocaine
seen at the beginning of a session are similar to those
observed during extinction where saline is subsututed for
the cocaine; thus, they may reflect the nonrewarding proper-
ties of cocaine postlesion. The regular spacing of heroin
tever pressing postlesion was difficult to distinguish from
prelesion responding with the possible exception of more of
a tendency to respond in bursts (see Fig. 3). Whether this
pattern re(lects a partial decrease in the reinforcing broper-
ties of heroin or an alteration in the ability of the rat to move
aboul (given the decrcased locomotor behavior observed in
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rats in operant situations following NAcc 6-OHDA lesions;
- Robbins et al. 1983} 1s unknown at this time.

The 6-OHDA lesion resulted in a 94% depletion of DA
in the NAcc, but no significant decrease in the antenior
stoatum (Table 1). DOPAC levels followed the same pattern
as DA, but norepinephrine levels actually increased in both
regions compared to unoperated controls; however, if the
sham-operated animals are used as the appropnate control
group, noreptnephrine in the NAcc actually 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 actual increase in DA, DOPAC, and
norcpinephrine (Table ). This inerease may refllect some
sprouting or otker peurcchemical compensation following
the sham-injectiot damage.

Discussion

The present study was designed to examine the specificity
with which the destruction of a major terminal field of the
mesolimbic DA projection would alter self~administration
of either cocaine or heroin in rats. An important factor in
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Tahle 1. Levels of [0A, DOPAC. and norepineplirine following
6-O11DA lesians of 1he NAce (ng/mg protein, mean + SEX)

NAcc Anterior
stratum

DA
Unoperated controls (¥ = 8) 547 +£3.3 107.7 4+ 5.7
Sham lesion (N = 4) 753 4367 1028 + 0.8
6-O11DA lesion (N, = 8) 3.5 +0.46° 90.5 +13.3
Lesion percent of control 6% 84%
DOPAC
Unoperated controls (N = 8) 134 1.1 | 547 + 3.8
Sham lesion (AN = 4) 213 443~ 353 4+ 74
6-OHV DA leston (N = 8) 02 +£0.1* 363 + 7.1
Lesion percent of control 1% 66%
Norepinephrine
Unoperated controls (¥ = 9y  1.344 +0.34 0.7l + 0.18
Sham icsion (¥ = 4) 4.03 £1.20% 0.94 + 0.16
6-OHDA lesion (N = 9) 1.97 £048=% 080+ 0.23
Lesion percent of control 1.47% 113%

-* Signigificantly different [rom unoperated conirols, P < 0.05
Newiman-Kculs test

#* Significantly different from sham lesion rats, P < 0.05 Newman-
Keuls test

measured on the two independent drug variables almost
simultaneously. Thus, diffcrenttal effects could rot be
attributed to dissimilar DA depletion levels, since for cach
subject, the lesion had specific effects on the self-administra-
tion of cocaine and heroin, which were compared within
individuvals o prelesion rates. Such DA lesions produced
a time-dependent decrease in cocaine sclf-adminisiration.
whereas responding for heroin steadily approached control
levels. Thus, these resulls have dirétt implications as to the
neural substrates responsible for the reinforcing propertic
ol both psychomolor stimulants and opioids and suggest
that the reinforcing propertics of heroin arc at some point
independent of the dopamivcergic neural systems mediating
the reinforcing properties of cocaine.

A differecntiation of substrates for the reinforcing proper-
ties of opioids and psychomotor stimulants is consisient with
the results of many pharmacologic studies. Forexample, DA
antagonists block intravenous psychomotor stimuiant seif-
administration and oploid antagonists have similar effects
on hcrotn reinforced responding (Goldberg et al. 1971;
IYogel and Wise 1975, 1976; Weeks and Collins 1976; Dc
Wit and Wise 1977). Moreover, opioid antagonisis do not
prevent the scif-administration of cocaine, and DA
antagonists do not block heroin reinforced sell-admunistra-
tion except at motor impairing doses (Ettenberg et al. 1982).
The present study using a within-subjects design and a
neurochemically specific lesion lends further specificity to
this distinclion.

The rats also showed a significant change in the pattern
and-regutdtity of postiesion responding. Presumably after
the lesion, the animals have to fearn that on one day their
responsc will no fonger produce reinforcement (cocaine self-
administration) and the next day response will have reinfore-
Ing conscquences (heroin self-administration). An exaniple
of thisis scenin Fig. 3. In thiscase, when the antmal first self-
administered cocuine postlesion an extinction-like response
occurred (Fig. 3, first cocaine trial postlesion). On ihe

IR

following dav no responding for heroin was seen until the
final hour of the test period (Fig. 3. first heroin trial postle-
sion). Heroin-reinforced responding, however, recovered in
this particular rat to levels above prelcsion rates and a
temporal pattern of responding was maintained. One could
hypothesize that the animal reccived inadequate reinforce-
ment on the {irst self-administration trial postlesion and thus
carried this experience on to the next day’s trial. Note the
regular titration of responscs on the remaining heroin irals
(Fig. 3, bottom). Curiously, for this animal more heroin
rcsponscs were made at each bout. whercas cocaine-re-
inforced responding was irregular throughout all remaining
sessions.,

Commensurate with this hypothesis, some of the cocaine
responding on postlesion trials 3. 4, and § could perhaps
be explained by reinforcemeat received when responding for
heroin.of the alternate days, thus creating a delayed extine- ~
tion cffect on cocaine reinforced responding. If this hvpo-
thesis were true, responses for the rcinforcing effects of
cocaine would decrease slowly over time. Indeed,'in the time
frame of this study, animals showcd a consistent decline in
postlesion responding for cocaine, whereas heroin re-
inforced responses were observed to increase towards preop-
erative levels.

While the present results arc consistent with the hypoth-
esis that DA in the region of NAcc mediates the reinforcing
effects of cocaing, several other possibilitics must be con-
sidered. First, it could be argucd that a lesion-induced
potentiation of the reinforcing effects of cocaine was respon-
sible for reduced sclf-administration rates, This view is
unlikely because lesioned animals failed to mamntain time-
dependent or titrated responding throughout each session
(Fig. 3). Second, it is possible that 6-OHDA induced lesions
creaced motor delicits that disrupted the lever press respond-
ing (Fibiger et al. 1976); however, 6-OHDA  lesions of the
NAce have been reported to have only transicnt cffects in
animals responding for food and no cffect on apomorpnine
self-administration (Robertsetal. 1977, Robbinsetal. 1983).

[ Third, it is possible that destruction of the DA terminals in
the NAcc attenuates self-administration of both cocaine and
herain, but that heroinis reacquired duc to the drug’s analges”
sic properties (i.c., heroin may reduce the pain or discom{ort
resulting from the 6-OHDA lesion bul cocaine ddes not).
Although no such differential cffccts were observed in the
sham-operated rats of the present study, thie best test for this
hypothesis would be to pair cocaine with a nonanalucsic
self-administered drug in the same cxperimentat design. A
more likely possibility ts that by destroying DA terminals in
the rcgion of the NAcc, one celiminates some of the
pharmacologic sites through which the action of cocaine is

nediated, thereby ieducing 1ts reinforcing properties.,

The obscrvation of a decrease (approximately 20%%) in
heroin-maintained responding postlesion might be interpret-
ed as a partial decrease in the reinforcing propertics of
heroin. Consistent with this hypothesis 1z a recent observa-
tion that conditioned place preference produced by heroin
can be attenuated by approximatety 30% with a similar
NAcc lesion (Spyraki ot o, 1983). Howeyver, given the curt-
ous problem that cocaine-induced place preference cannol
be sdtenuated by neuroleptics or NAce lesions (Spyraki et
al. 1982): interpretiations based on this paradigm must for
the moment be mude with caution. Indeed. an alternate
explanation for the decrecasce in heroin maintained respond-
ing in the present study 1s that desctruetion of the presvnap-
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ic 74 terminals in the NAce actuallvinereases the reinfore-
;ng proferacs of keroin. This hypothesis is ba<ed on the

ticinverse functionrelating drug dose to self-admin-

15 'io:| rate for stimulants and opiates (Thompsep and
?:c}\na 1970, Schuster and Thompson 1969) and the
assumnlion that our dose is located in the middle of this

function «De Wit and Stewart {983, ajso preliminary dose-
response studics in our laboratory support this hypothesis).
Only dose-response studies or more sophisticated measures
of drug reinforcement can resolve this question.

Several alternatives exdst that could explain how the re-
inforcing nature of vamous drugs are neurally mediated.
First. reinforcing oroperties of 21l drugs could be

neural systems (Wise 1980). In this case, ap independent
vanable that affects one drug or pathway should similarly
affect the other. Second, reinforcing properties of specific
drugs could be mecdiated via specific pcurotransmitter
completely independent. but parallel 10 each other. Io this
case, an action that a{fects one drug should pot similarly
afTect others. Third, reinforcing actions of a glven drug could
be mediated by interactions of both 1vpes. For cxample, as
with the motor excitation preduced by opioid pepudes, the
reinforcing properties of oploids may be mediated by opioid
receptors in series Witk and iadependent of the midbrain DA
ssstems (Jovee et al. 1981). Todeed. the resulis from the
present study support a paralicl hyvpothesis: at some fevel
opioid reinforcement 1s mediated by systems separate {rom
psychomotor stimulani reinforcerment. The idzantification of
the specific receptors and neurochemical systems involved
in this reinforcing property of opiolds is the chailense of
future research.
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