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Pharmacological stimuli decreasing nucleus accumbens
dopamine can act as positive reinforcers but have a low
addictive potential
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Abstract

Opioid peptides, through p and o receptors, play an important part in reward. In contrast, the role of k receptors
is more controversial. We examined the possible positive reinforcing effects of a selective k agonist, RU 51599,
by studying intravenous self-administration in the rat. The effect of RU 51599 on dopamine release in the
nucleus accumbens was also studied, as opioids and dopamine seem to interact in the mediation of reward. The
behavioural and dopaminergic effects of RU 51599 were compared with those of the p agonist heroin. Rats
self-administered both RU 51599 (6.5, 20 and 60 ug/inj) and heroin (30 ug/inj) at low ratio requirement. When
the ratio requirement, i.e. the number of responses necessary to receive one drug infusion, was increased,
self-administration of RU 51599 rapidly extinguished, whereas self-administration of heroin was maintained.
Intravenous infusion of RU 51599 (100, 200 and 400 ug) dose-dependently decreased (25, 30 and 40%,
respectively) extracellular concentrations of dopamine, as measured by means of microdialysis in freely moving
rats. In contrast, heroin increased accumbens dopamine (130% over baseline). These results indicate that K
receptors, similarly to 4 ones, can mediate positive reinforcing effects of opioid peptides. However, the strength
of the reinforcement is very low for k receptors. This suggests that changes in accumbens dopamine do not
correlate with the capacity of a stimulus to induce reward or aversion. In contrast, a parallel seems to exist
between an increase in accumbens dopamine and the drive to reach or obtain a positive reinforcer.

Introduction

During the last 30 years, a large research effort has been devotadbservations suggest thatand especially opioid receptors are the
to the understanding of the neurobiological substrates of rewardsubstrate of rewarding effects of opioids (for review see Woods &
Comprehension of the physiology of reward is important not only inWinger, 1987a). However, the role of receptors is less clear.
order to understand the biological basis of adaptive behaviour buelective agonists ok receptors have failed to show positive
also the possible substrate of drugs abuse. This research has suggestdforcing effects (Lahti & Collins, 1982; Tang & Collins, 1985;
that opioid peptides are important in the mediation of reward (forWoods & Winger, 1987b) and even have aversive properties in
review see Woods & Winger, 1987a; Ramsey & Van Ree, 1992). Ircertain behavioural tests (Mucha & Herz, 1985; Pfeiffetral.,
general, it is believed that an increase in opioid activity has rewardind 986; Shippenberg & Herz, 1987). Furthermateagonists decrease
or positive-reinforcing effects whereas, a decrease in the action adopamine release in the nucleus accumbens (Di Chiara & Imperato,
these neuropeptides has aversive effects (Stoleretal, 1978;  1988; Spanagett al, 1990), the DA projection area most involved
Mucha & Iversen, 1984; Almariet al., 1987; Hancet al., 1988; for  in reward (Fibiger & Phillips, 1988; Wise & Romprel989). In
review see lversen, 1983; Ramsey & Van Ree, 1992). Opioid peptidesontrast, dynorphins the endogenous opioids that have the highest
seem to interact with the mesolimbic dopaminergic (DA) system inselectivity fork receptors (Chavkiet al., 1982; Corbetet al., 1982;
the modulation of reward, and at least some of these effects of opioidSchulz et al., 1982) have, like the other opioid peptides, positive
are mediated by an activation of DA neurons (Phillips & Le Piane,reinforcing effects (Khazaretal, 1983; Iwamoto, 1988; Stevens
1980; Bozarth & Wise, 1981; Spyralat al, 1983; Cooper, 1991; etal, 1991). Furthermore, selectiveagonists seem to increase the
Shippenberget al, 1993; Altmanet al., 1996). reinforcing properties of other opioid and DA drugs. Thus, their
Different types of opioid receptors are expressed in the centrahdministration induces a shift towards the left of cocaine and heroin
nervous system (Loret al, 1976; Mansouret al., 1987). Several self-administration (Gliclet al., 1995).
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In this report we have extended the study of the role ofceptors  Stereotaxic surgery
in reward by studying possible positive reinforcing effects of a newanimals undergoing stereotaxic surgery for the implantation of a
K agonist, RU 51599 (Hamoet al, 1996) by means of intravenous icrodialysis guide cannula were anaesthetized with sodium
self-administration (SA). These experiments were designed usingenonarbital (50 mg/kg, i.p.) and placed in a stereotaxic apparatus
drug-naive animals and a SA schedule that was characterized by |°¥kopf Instruments, CA, USA) with the incisor bar 5.0 mm above
ratio requirement and by the reinforcement of a response (N0Sne interaural line. The chronic guide cannula (CMA/11, Camegie
pokes) that is spontaneously provided at high rates by rodents. Thigeicine Sweden) was implanted above the nucleus accumbens and

procedure seems very sensitive for detecting positive-reinforcing,, ared 2 mm above the location of the probe tip, at an angle of
effects of pharmacological compounds. For example, positive reinfor-_ go using the following coordinates: AR 3.5, L + ’1_9 V —6.5

cing effects of amphetamine were revealed within the first session gf,ative to the bregma and surface of the skull (Pellegrtal
testing (Piazza&t al., 1989). This seems an important methodological1979). The guide cannula was secured in place with the use of

point in the case ok agonists. Indeed, positive reinforcing effects giainjess steel screws and dental cement, and its removable stainless

of these compounds have only been studied using either animal§ee) stylet was left in place to prevent clogging. Animals were then
previously trained with other drugs or in complex self-administration|of 1o recover for at least 1 week before undergoing surgery for the
procedures (for example see Lahti & Collins, 1982; Tang & comns*implantation of the intravenous catheter.

1985; Woods & Winger, 1987b) that might have masked the proper
weak reinforcing effects ok agonists. The effects of RU 51599 on
DA release in the nucleus accumbens were also studied by means
microdialysis in freely moving animals. Accumbens DA was studiedFor intravenous drug administration, intracardiac silastic catheters
as this DA projection site seems the most involved in opioid-mediatedDow Corning, Midland, MI, USA) were implanted under ether
reward. The DA and behavioural effects of RU 51599 were compare@naesthesia. The catheter (#0 dead volume) was inserted in the
with those of thau agonist heroin. right auricle through the external jugular vein, passed under the skin
and fixed in the mid-scapular region. Animals were allowed to recover

. at least 1 week before the start of either the SA or the microdialysis
Materials and methods experiment.

I(;?plantation of catheters for intravenous administration

General methods

Subiects Intravenous self-administration
: Daily sessions were performed for 1 h during the dark period (13.00 h).

Male Sprague—Dawley rats (Iffa Credo; Lyon, France) weighing 300-a¢ the start of each session, the external end of the catheter was
320 g were used. Animals were individually housed under a 12: 12 Rynnected to a pump-driven syringe and the catheter filled with the
dark/light cycle (lights off at 12 a.m.) and with constant temperaturedrug to be self-administered. The SA cage {335 cm floor area,
(22 °C) and humidity (66%). Animals haatl libitum access to food 50 cm high, Imetronics, Bordeaux, France) had two holes placed
and water upon arrival. After at least 1 week of acclimatization tosymmetrically in the centre of two opposite walls. When the animal
the animal facilities, their body weight was progressively brought oinoquced its nose (nose-poke) in one of the holes (defined as active),
90% of their initial weight by decre_asing the daily ration_ of food. i switched on the pump which delivered a @D injection (inj) of a
Food was given at 16.00 h, and animals were food restricted for afjyen solution for 2 s. Subsequent nose-pokes during this period had
least 12 Qays before thg start of experiments, then and maintained fﬂb effects on the injection pump, but were recorded. Nose-pokes in
the duration of the studies. the other hole (defined as inactive) had no effects at any time. The
number of nose-pokes in both holes and the number of injections
Constitution of experimental groups were recorded throughout the experiments. At the end of each session,

. . the catheter was filled with 1Q@L of a heparin—streptokinase solution
As it has been shown that locomotor response to novelty is correlate(clO and 3000 IU, respectively) to prevent clogging

to the reinforcing and DA effects of drugs (Piazeal., 1989; Hooks
etal, 1991; RougeéPontetal, 1993), we ensured a homogeneous
distribution of this factor throughout the different experimental groups.
For this purpose, on the morning prior to the start of the foodTwo days before the microdialysis test, a dialysis probe (CMA/11,
restriction procedure, animals were tested for their response to novelt§. mm cuprophane membrane length, Carnegie Medicine, Stockholm,
Locomotor activity was tested in circular corridors (10 cm wide andSweden) was inserted through the guide cannula, and animals returned
70 cm in diameter) between 08.00 and 10.00 h by means of fouto their home cage. For each probe, thevitro recovery had been
photoelectric cells placed at the perpendicular axis of the apparatugetermined before its implantation in order to homogenize this factor
Animals were then evenly distributed among the different groupghroughout the groups. On the day of testing, each animal was
according to their score accumulated over the 2 h of testing. transferred to the dialysis cage (3232 X 22 cm), the probe was
connected to a pump-driven (Harvard 22, Harvard Apparatus, South
Natick, MA, USA) syringe via a two-channel swivel, and the perfusion
started immediately at a flow rate ofy@/min. The perfusion fluid

All drugs for intravenous administration were freshly prepared inwas a modified artificial cerebrospinal fluid containing (im)nNacl,
sterile 0.9% NaCl solution. RU 51599trgnsN-2,3,-dihydro  145; CaC}, 1.2; KCI, 2.7; MgC}, 1.0; NaHPOy/NaH,PQ,, 0.2
2(1-pyrrolidinyl)1H-inden-1-yl/n-methyl-3-nitrobenzene  acetamide (buffer) at pH 7.4. Dialysate samples were collected inudGample
hydrochloride) was kindly donated by Roussel Uclaf (Romanville,loops and injected with a fully automated on-line system (Rheodyne
France) and doses expressed as RU 51599 base. Heroin HZ125 in combination with a sample/event controller Touzart et
(Francopia, Gentilly, France) was used and doses were expressed Matignon, Cowtaboeuf, France) into the HPLC system consisting of
the salt of the drug. a Shimadzu LC-9A pump and an analytical column (Hypersil BDS-

Microdialysis

Drugs
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C18, 3um, 100X 4.6 mm, Touzart et Matignon, France). The mobile (three injections). The loading dose is the quantity of drug that is
phase was delivered at a constant rate of 0.9 mL/min, and consistedpidly self-administered at the beginning of the SA session. The first
of a sodium phosphate buffer (75#ncontaining 2Qum of EDTA, 5 min of the session were used to calculate the loading dose.

1.5 mv of sodium dodecyl sulphate, 1QM/L of triethylamine, 15%

methanol and 13% of acetonitrile, pH 5.6. A model 5020 guard cellStatistical analyses

was positioned before the automatic injector to oxidize-&it75 mV.

A 5011 Analytical Cell was placed after the column. The first
electrode oxidized at 350 mV and the second reduced at — 260 mV
to quantify only dopamine. A coulometric detector (Coulochem I,
ESA, Bedford, MA, USA) was used to detect DA. Signals were
recorded with a D2000 Mega integrator (Merck, Nogent-sur-Maine
France). The retention time of dopamine was 7.5 min and the detecti
limit of this compound during the assay was of 0.5 pgi0 At

Data were analysed with analysis of varianeaqva) for repeated
measures. For the analysis of SA, the dose of the drug was considered
a between-group factor, and the hole (active or inactive) as the first
within-group factor and the different days of testing as the second
within-group factor. Basal levels of DA (in pg/40.) were analysed
‘considering the dose as a between-group factor and the mean of the
st three samples before the intravenous injection as the dependent
variable. Drug-induced changes in DA were analysed as a percentage

3\;::] i?))(/j?u:wo;r)]:er:?oebaerr;)(ijtacl)fa:]hdepz):ﬁjigrgfgﬁsr?;sr d\i’;ﬁ;ewi?]aggt;i“éf baseline values. Dose was the between-group factor and the time
. . ost-injection the within-group factoPost hoctests (Newman—
0.9% NaCl solution followed by 200 mL of 4% formaldehyde solution. E ) group (

X . . . uls) were used where appropriate.
Brains were removed and the precise location the cannula determlnecf" ) pprop
100pum thionine-stained coronal sections. Only animals with correctly

placed probes were included in the statistical analyses. Results

Acquisition of intravenous self-administration

Procedures Figure 1 shows that the agonist RU 51599 induced self-administra-
Acquisition of intravenous self-administration tion (hole effect,Fy ;o= 27.47,P < 0.001) and that this effect was

Four different groups of animals were allowed to self-administer onglependent on the dose used (helelose interactionF; 0 = 3.62,

of three different doses of RU 51599 (Gu8/inj, n = 7; 20ug/inj, tPh< 0'?4)' (h)vler the 5 _day]f of Ilest':r_lgk,] th(ihnumtlaer of ngse-pfokes n
n = 8; or 60ug/inj, n = 8) or heroin (3Qug/inj, n = 6) over a period € active hole was signiicantly nigher than theé number ot nose-

- . . : kes in the inactive one for all doses tested (hole effegk =
of 5 days. A fixed ratio (FR) of 1 (FR1) was used for this study, i.e. PO ) - _ )
the animals had to do one nose-poke to obtain one injection. In thié‘r"%‘P < 0.002F, 7 = 13.38,P < 0.008 and~, 7 = 9.00,P < 0.02

case, the comparison of the number of nose-pokes between the acti d 6.5, 20 anci G%glgjiS;egsgictlvely). tF(thrthe_rmor(te,dtBe gose—_
and inactive holes was used to attest self-administration. A giveﬁeSponse curve tor presented an inverte Shape, 1.e.

group was considered to develop self-administration when the numbéEe number of injections increased between the low \@/nj) and

of nose-pokes in the active hole was significantly higher than th% € me_dlum dose (299/.an) and d|m|n|shed_ when the dos_e was
number of nose-pokes in the inactive one urther increased (6Qg/inj). Such a shape, typical of SA experiments,

is clearly shown in Fig. 2 that represents the mean of the number of
o _ ) . ) . injections over the last 3 days of testing for each dose. In our
Self-administration under an intersession progressive ratio SChedm%xperimental conditions, heroin also induced acquisition of SA as
This phase started after the acquisition phase and lasted 9 days. Owérown by the higher number of nose-pokes in the active hole
this period of time, the ratio (number of nose-pokes) required tocompared with the inactive one (hole effégts = 41.73,P < 0.001).
obtain one injection was progressively increased from sessions one
to eight. The following schedule was used: FR3 (3 days), FR5 (4 days¥elf-administration under an intersession progressive ratio
and FR8 (2 days). In this phase of the test, the modifications of thechedule
number of nose-pokes in the active hole and injections were used ¥vhen the ratio to obtain the drug was increased, all animals self-
attest the strength of drug reinforcement, the prediction being that iidministering RU 51599 showed a progressive decrease in SA
a drug has strong reinforcing properties, then SA behaviour isehaviour (Fig. 3). Thus, the number of nose-pokes in the active hole
maintained constant even when the ratio to obtain the drug isind the number of injections decreased throughout the sessions (days
increased. Owing to catheter failure, the number of animals thagffect, nose-pokesE3 201 = 5.10, P < 0.001; injections:Fy3 201 =
remained in this study was= 5, 6 and 7 for the RU 51599 groups 13.65,P < 0.001] and this for all the doses tested. The extinction of
(6.5, 20 and 6Qug/inj, respectively), anth = 5 for heroin. SA under the progressive ratio schedule was directly related to the
dose of RU 51599 (Fig. 4). Thus, the higher the dose of RU 51599
Extracellular concentrations of dopamine in the nucleus accumbengised, the greater the percentage decrease in responding over the

On the day of the microdialysis experiment, animals were placed iP"°9"€ssive ratio schedule (§@/inj vs. 6.5ug/inj, P <0.05). A

the dialysis cage at 12 p.m. and perfusion started immediatel;}.jecrease in SA behaviour in response to the increase in ratio was

Following at least three consecutive dialysate samples which va\rieapec'fIC to t.heK agonist. In fact, for heroin OppOS'.t e results were
for less than 10% between each other (baseline value), the anima??served.(':'g'?)' Thus, the number of nose-pokes increased with the
received an intravenous injection of one of three doses of RU 5159dhcrease in rath (days effed¥,13:52= 5'.18’ P < 0.001), whereas the
100pg (n = 4), 200ug (n = 5), 400ug (n = 5) or of heroin 9ug number of self-injections remained fairly constant.

(n = 5) orsaline (| = 4), in a 100uL volume. Extracellular concentra- ) o

tions of DA were monitored for 3 subsequent hours. The low dose&Xtracellular concentrations of dopamine in the nucleus

of RU 51599 was chosen because it corresponded to the mean of tRgcumbens

loading dose (five injections) observed during self-administration ofBaseline values (in pg/40L) did not differ between the five experi-

the medium dose (20g/inj) of this compound. Similarly, the dose mental groups (group effedg, 453 = 0.07,P > 0.98) and their mean

of heroin corresponded to the mean of the loading dose for this drugias 4.3+ 0.8 pg/40uL. Comparison of the percentage changes in
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Fic. 1. Self-administration of RU 51599 (6.5, 20

v and 60ug/inj) and heroin (3@Qg/inj) during the
o ﬁwf:(l:\;s/e?mgle <O inactive hole A inactive hole O inactive hole vaUiSitiOﬂ phase- All animals carried out SA.
ol 1t it 1L 140 thus (top panels), the number of nose-pokes in
the active hole was significantly higher than the
20 {1 1t 11 130 number of nose-pokes in the inactive one. The

number of self-injections for each dose of RU
51599 tested and for heroin are shown in the

20 F 1 F 1 1 r 120
bottom panels.
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Fic. 3. Self-administration of RU 51599 (6.5, 20 and |&§)inj) and heroin

(30 pg/inj) during the intersession progressive ratio schedule. The number of

nose-pokes is matched to the number of self-injections for each ratio

requirement (mean over the last 2 days of testing for each ratio). The increase
in ratio produced a progressive decrease in SA behaviour for animals self-
Fic. 2. Dose-dependent self-administration of RU 51599 during the acquisitioradministering RU 51599, whereas this behaviour remained stable for animals
phase. The mean number of self-injections (averaged over the last 3 days sélf-administering heroin. Thus, the number of nose-pokes and self-injections
the acquisition phase) presents and inverted U shape. Thus, the number @écreased for all the RU 51599 groups in a ratio-dependent manner; in
self-injections increased between the low (Gd) and the medium dose contrast, the number of nose-pokes increased in parallel to the increase in
(20 pg) and diminished when the dose was further increaseqig$o ratio for the heroin group to maintain a stable drug intake.

0

DA after RU 51599 and saline injections revealed a significant overalppserved, the mean decrease in DA levels was 25, 30, and 40% for
difference between these groups [treatment effégl;,=44.00, doses 100, 200 and 4@, respectively (Fig. 5, central panel).

P < 0.001),post hocanalysis showing that all the doses of RU 51599  The effects of heroin were opposite to those of RU 51599. The
were significantly different from saline (saline vs. 100, 200 andcomparison of the percentage change in DA before and after the
400ug of RU 51599,P < 0.001 in all cases). Thus, an analysis injection of heroin (the first three time point in each case) indicated
including the three RU 51599 groups and comparing percentagg significant increase in DA concentration after this drug (injection
changes in DA over the three time points before and after the injectiogffect, F14=317.87,P < 0.001). Heroin-induced increase in DA
indicated a significant decrease in DA after RU 51599 (injectionyas significantly higher than the one induced by the saline injection,
effect, Fy 1= 206.7, P <0.001). In contrast, a similar analysis as revealed by the between-group comparison of the percentage
performed on the results obtained after the saline injection indicateghange in DA after the two injections (treatment effégty = 194.09,

a slight but significant increase in DA after this treatment (injectionp < 0.001). Over the first hour, the mean increase over baseline was

effect, Fy 3= 84.11,P < 0.01) (Fig. 5, left panel). The comparison apout 130% for heroin and 15% for saline (Fig. 5, right panel).
of the percentage change in DA after the injection of RU 51599

indicated that the decrease in DA induced by this drug was dOSBiSCUSSiOH

dependent (dose effedt; 1; = 4.08,P < 0.05), as revealed byfost

hoc analysis, the effects of the lower dose of RU 51599 wereOur results show that both (RU51599) andi (heroin) agonists can
significantly different from those of the highest onE < 0.05). have positive reinforcing effects in the context of an SA tesindp
During the first hour in which the maximal effect of the drugs are agonists, however, differed in the strength of reinforcement. Indeed,
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decrease in self-administration of RU 51599 Furthermore, as othes agonists, RU 51599 decreases extracellular
function of dose ] concentrations of DA and induces place aversion (M. Marinelli, A.
] Dekeyne, C. Oberlander, M. Le Moal, H. Simon, P.V. Piazza,
unpublished observations). It is possible that the condition we used
for the SA acquisition study may have explained the weak reinforcing
effects of RU 51599. Indeed, in our paradigm, we reinforced a
spontaneously highly expressed behaviour (nose-pokes); animals had
no previous experience of operant training and a low schedule of
reinforcement was used. In contrast, most studies on SAagfonists
have used learned responses, induced by training animals with
other drugs (Woods & Winger, 1987b), or high ratio schedules of
reinforcement (Lahti & Collins, 1982; Tang & Collins, 1985). In
those conditions reinforcing propertiestofigonists are probably not
E strong enough to be revealed.
E 1 R 51599 (6.5 gyin) ] The results of the acquisition phase also suggest that reward and
10 E- S Efgt:;::ﬁ E aversion are not necessarily linked to parallel changes in accumbens
0 J DA. Indeed, an increase in accumbens DA has been previously
Fic. 4. Variation in SA of RU 51599 under the progressive ratio schedule.2SSociated with an increase in diverse pleasurable effects, whereas
The decrease (percentage of number of responses in the active hole at FR8 decrease has been associated with dysphoria and anhedonia or
with respect to the number of responses at FR1) was directly related to th@ith the reduction of the ‘hedonic’ value of psychoactive drugs, brain
dose of_RU 51599. Thus, the higher the dose, the greater the decrease é’ﬁmulation and palatable foods (Wise & Bozarth, 1985; Wise, 1985;
responding. Bozarth, 1991; Funadet al., 1993). However, this does not seem to
be the case, as RU 51599 dose-dependently reduced DA levels in the
nucleus accumbens and, in spite of this, its positive reinforcing effects
when the work necessary to obtain one injection was increased, S8uggest that it can act as a rewarding stimulus.
was maintained only for heroin. Finally, the two compounds also The results of the progressive ratio schedule support the idea (for
profoundly differ in their DA effects, as RU51599 decreased extracelteview see Robinson & Berridge, 1993; Berridge, 1996; Di Chiara,
lular concentrations of DA in the nucleus accumbens, whereas heroihi998), that DA plays a part in mediating the motivational drive that
increased them. leads to the search for reinforcing stimuli. Thus, the propensity to
The findings of the present experiments show that seleetive work at obtaining the reinforcer was positively correlated to drug-
agonists can have positive reinforcing effects. Thus, SA of RU 51599nduced changes in extracellular concentrations of accumbens DA.
in the acquisition phase had two important criteria which were usedror heroin, which increased DA release in the nucleus accumbens,
to define a drug as a positive reinforcer in this context. First, a higheanimals readily increased the amount of responses required by the
number of nose-pokes in the active hole was observed, which showsogressive ratio schedule in order to maintain a constant level of
that the stimulus is actually able to increase the probability ofSA. In contrast, for RU 51599, that dose-dependently decreased DA
appearance of a response. Second, an inverted U-shaped dogselease, SA rapidly extinguished when the amount of work to obtain
response function was observed, with a peak for the middle dosé¢he drug was increased. The apparent direct relationship between the
This shape is typical of SA experiments: animals do not self-motivational drive for the reinforcer and accumbens DA is backed
administer too low a dose that is not reinforcing enough, and try tdy the fact that during the progressive ratio schedule, the decrease in
maintain an optimum level of reinforcement by decreasing theresponding was directly related to the dose of RU 51599. That is,
responding when the dose is too high (for example, see Derainie the higher the dose of self-administered RU 51599, and consequently
etal, 1989). probably the greater the decrease in DA release, the lower the work
Despite such clear positive reinforcing effects, RU 51599 wasthe animal was ready to provide to obtain an infusion of the drug.
revealed as a very weak reinforcer, as responding was not maintainedIt could be argued that the changes in DA observed during the
once the ratio requirement to obtain the drug was increased. Thisicrodialysis experiment, in which the drugs were non-contingently
observation suggests that, as for otkeagonists (Woods & Winger, administered, and the ones actually taking place during SA are
1987a; Ramsey & Van Ree, 1992), RU 51599 should be devoid oflifferent. The only strongest evidence supporting this idea is the
addictive properties. Indeed, for addictive drugs, such as heroin iobservation made by Hembgt al. (1995) that during heroin SA
the present experiment, an increase in ratio is followed by a paralledxtracellular concentration of DA in the nucleus accumbens does not
increase in responding. In this respect, studies using progressive rafiocrease (Hembyet al., 1995). In fact, other research groups have
schedules have shown that animals can provide up to hundreds ptiblished opposite results and consistently found an increase in
responses to obtain a single injection of either cocaine or heroimxtracellular DA during heroin SA (Kiyatkiet al., 1993; Wiseet al.,
(Robertset al.,, 1989; Roberts & Bennet, 1993). 1995; Xiet al., 1998). These discrepancies suggest that it is probably
This is the first time, to our knowledge, thakaagonist has been more the location of the microdialysis probe than the mode of infusion
shown to induce SA. Although Khazeet al. (1983) had reported (contingent/non-contingent) which determine a change in DA levels.
that dynorphin maintains self-administration in rats trained to self-Thus, it has been recently shown that in response to the intravenous
administer morphine, most studies report thatgonists are not self- infusion of low doses of opioid drugs significant changes in DA are
administered (Lahti & Collins, 1982; Tang & Collins, 1985; Woods largely restricted to the shell of the nucleus accumbens (Pontieri
& Winger, 1987b). It is unlikely that differences between our resultset al, 1995; Tandat al., 1997).
and those of the literature are due to a non-selectivity of RU 51599. A selective implication of DA in mediating the motivational
The selectivity fork receptors of RU 51599 is comparable with the properties of reinforcing stimuli is confirmed by different experimental
one of the classically usedagonist, U 50488 (Hamoet al,, 1996).  evidence (for review see Berridge, 1996). For example, a lesion of

% of nose-pokes at FR8 vs at FR1

© 1998 European Neuroscience AssociatiBaropean Journal of Neuroscienct0, 3269-3275



3274 M. Marinelliet al.
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Fic. 5. Effects of the intravenous administration of RU 51599 (100, 200 andugfOheroin (90ug) or saline on extracellular concentrations of DA in the
nucleus accumbens. Intravenous administration of RU 51599 induced a decrease in extracellular concentrations of DA compared with intravenous administrat
of saline (left panel). This decrease in DA was dose-dependent (central panel). Thus over the first hour, the mean decrease in accumbens DA was of 25, 30
40% for doses 100, 200 and 40§ of RU 51599, respectively. In contrast to RU 51599, heroin induced a marked increase in accumbens DA (right panel).

mid-brain DA neurons does not modify the hedonic or aversivethis non-habituating increase in extracellular concentration of DA

reactions of rats to sweet or bitter solutions, as measured with th#hat the addictive potential of drugs have been attributed (Di Chiara,
taste reactivity test, which does not require approach behaviout998). Our results showing that positive reinforcing effects of a given

(Berridgeet al., 1989), whereas it modifies the amount of palatablecompound are independent of an increase in DA but that the strength
food taken (Salamonet al., 1991; Cousingt al, 1993). In parallel, of its reinforcing effect is related to the release of this neurotransmitter
lesion of mesencephalic DA neurons seems to have a higher impacomplement and are in line with this hypothesis.

on appetitive than on consumatory behaviours (for review see Robbins In conclusion, our results show that an increase in accumbens DA
& Everitt, 1996). Appetitive behaviours include the behaviouralis not a necessary condition for a stimulus to act as a positive
sequences that lead to a reinforcer, whereas consumatory behaviouesnforcer. Indeed, even a stimulus that actually decreases DA can
are those performed in its presence, e.g. eating or sexual mountirtgave positive reinforcing effects. In contrast, a parallel seems to exist
(Robbins & Everitt, 1996). Finally, using high-speed chronoampero-between an increase in the release of DA and the motivation to reach
metry it has been shown that DA-related oxidation current starts t@r obtain a positive reinforcer.

increase just before the animals initiate responding (lever pressing)
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