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SWERDLOW, N. R., M. AMALRIC AND G. F. KOOB. Nuvletts accumbens opiate-dopamine interactions and 
locomotor activation in the rat: Evidence Jor a pre-synaptic locus. PHARMACOL B1OCHEM BEHAV 26~4) 765-769, 
1987.--Locomotor activation produced by the indirect dopamine (DA) agonist amphetamine is reversed by the opiate- 
receptor antagonist naloxone. Since amphetamine-stimulated locomotion results from the release of DA within the nucleus 
accumbens (N.Acc.), it is possible that these effects of naloxone result either from a decrease in the pre-synaptic release of 
DA within the N.Acc. or from a disruption of the effects of DA at, or distal to, the post-synaptic DA receptor. In the 
present study, we investigated the effects of naloxone on the locomotor-activating properties of dopamine injected directly 
into the nucleus accumbens. Naloxone (0-2 mg/kg) had no significant effect of DA-stimulated locomotion; the lowest dose 
of naloxone tested (0.5 mg/kg) was shown to significantly disrupt the locomotor activation produced by amphetamine (0.5 
mg/kg). In separate animals, very high doses of naloxone (5.0 mg/kg) had no significant effect on locomotor activation 
produced by the DA receptor agonist apomorphine in rats following 6-hydroxydopamine (6OHDA) denervation of the 
N.Acc. These results indicate that naloxone must disrupt amphetamine-stimulated locomotion through its action pre- 
synaptic to N.Ac¢. DA receptors. 

Locomotor activity Dopamine Opiates Naloxone Amphetamine Apomorphine 
Nucleus accumbens Behavior 

SEVERAL studies have demonstrated that blockade of through its action post-synaptic to N.Acc.  DA terminal 
central opiate receptors disrupts the locomotor-activating then we would predict that naloxone should have simil: 
propert ies of the indirect DA agonist amphetamine [16,17]. effects on locomotor-activation produced by infusion of D 
Since amphetamine-stimulated locomotion results from the directly into the N.Acc.  Given this mechanism of po,, 
release of DA from pre-synaptic terminals within the. N.Acc.  synaptic opiate-dopamine interactions, we would furth 
[9], there are several potential sites for opiate-DA interac- predict that naloxone should disrupt the locomotc 
tions responsible for this effect of naloxone. First ,  it is possi- activating propert ies of apomorphine following 6OHD~ 
ble that naloxone-blockade of opiate receptors post-synaptic denervation of the N.Acc. ,  since this "supersensitive 
to N.Acc.  DA terminals disrupts amphetamine-stimulated locomotor activity results from apomorphine-stimulation 
locomotion. Such a blockade might occur at opiate receptors post-synaptic DA receptors within the N.Acc.  [9,21]. In tl 
within the N.Acc.  [2, 14, 22], or  within N.Acc.  efferent cir- present experiments,  we tested the effects of naloxone 
cuitry critical to the behavioral expression of amphetamine- locomotor activation in rats following peripheral injection 
stimulated locomotion [3, 18, 22]. amphetamine,  direct injection of DA into the N.Acc. ,  , 

Alternatively,  the ability of nalxone to disrupt peripheral injection of apomorphine following 6OHDA d 
amphetamine-stimulated locomotion might result from nervation of  the N.Acc.  Naloxone significantly disrupted tl 
naloxone-blockade of opiate receptors pre-synaptic to locomotor-activating propert ies of amphetamine, but not 
N.Acc.  DA terminals. For  example,  it has been postulated DA or apomorphine.  These results support the hypothes 
that opiate receptors located on mesolimbic DA terminals that opiate-DA interactions responsible for naloxon 
exert  a tonic facilitatory influence on DA release within the blockade of amphetamine-stimulated locomotion occur at 
N.Acc.  [12]; blockade of these receptors might disrupt locus presynaptic to DA receptors within the N.Acc.  
amphetamine-stimulated locomotion by decreasing the 
amount of pre-synaptic DA released by amphetamine within METHOD 
the N.Acc.  

If naloxone disrupts amphetamine-stimulated locomotion Thirty-two male albino Wistar  rats (200-250 g, Chad~ 
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FIG. I. Locomotor activity in animals following injection of amphetamine (0.5 
mg/kg SC). Animals had been pre-injected with either saline (open circles) or 0.5 
mg/kg NAL (solid circles). *p<0.05, two-way ANOVA with repeated measures on 
time. 

River Labs.) were housed in groups of three, exposed to a animals were then immediately injected with apomorphil 
normal 12-hr light-dark cycle with free access to food and (0.1 mg/kg in saline with 0.1 mg/ml ascorbic acid; subcutan 
water,  and handled for three min each within three days of ous injection volume 1 ml/kg) and returned to the photoc~ 
shipment arrival, cages where their locomotor activity was measured for ! 

One week after shipment arrival, twenty animals were min. On the second test day, this procedure was repeate, 
anesthetized with pentobarbital  (50 mg/kg, IP) and placed in except animals that had received saline now receiv~ 
a Kopf  stereotaxic instrument with toothbar 5 mm above the naloxone, and vice versa. This dose of apomorphine h~ 
interaural line. One group of  rats (n= 14) received bilateral been shown to significantly potentiate locomotor activity 
infusion of 6OHDA (8/zg/2/zl, expressed as free base in 0.1 N.Acc.  6OHDA-injected rats [20]. 
mg/ml ascorbic acid in saline) through 30 ga cannulae at a Animals that were implanted with bilateral cannul,' 
rate of 1 /zl/3 min aimed at coordinates (from bregma) aimed above the N.Acc.  were tested on four separate day 
AP+ 3.2. L _  1.7, D V - 7 . 8  (from skull). A second group of with test days separated by three non-test days. On each te 
rats (n=6) was implanted with bilateral 23 ga 10 mm steel day, animals were habituated to the photocell  cages for ! 
cannulae aimed 3 mm above the N.Acc.  at coordinates (from min, and then injected with one of four doses of  naloxone ( 
bregma) AP+3.2,  L -  + 1.7, D V - 4 . 8  (from skull), which were 0.5, 1.0 or 2.0 mg/kg SC). All animals received each dose ,  
fastened with dental cement and filled with wire stylets, naloxone only once, and the order of doses over  test da,. 

One week after surgery, all operated animals and a third was randomized in each animal to control for potential ord, 
group of  unoperated animals (n= 12) were familiarized indi- effects of repeated injections. Following treatment wi 
vidually to previously-described [6] photocell cages for 180 naloxone, all animals were injected with 40 ~g DA (20 ~zg p, 
min. Each cage measured 36x 25 × 20 cm with twin photocell  side in I ~zl saline vehicle with 0.1 mg/ml ascorbic acid) at 
beams across the long axis 2 cm above the cage floor, rate of  1/.t/2 rain, and returned to the photocell  cages whe: 

One day later, all unoperated animals were habituated to their activity was measured for 180 rain. This dose of D 
the photocell cages for 90 rain. Unoperated animals were was chosen since it has been shown to produce a reliab 
injected with naloxone (0.5 mg/kg SC in saline vehicle at a increase in rat locomotor activity [11]. 
volume of 1 ml/kg; n=6) or saline vehicle (n=6); all animals Following completion of  behavioral testing, animals i~ 
were then injected with d-amphetamine sulfate (0.5 mg/kg planted with intracerebral cannulae were sacrificed by ove 
SC in saline vehicle at a volume of  1 ml/kg; doses calculated dose of pentobarbital,  and perfused through the heart wi~ 
as salt) and returned to the photocell cages, where their ac- cold 10% formalin/saline. The brains were removed and 30 
tivity was measured for 180 min. This dose of  amphetamine frozen sections ,sere cut in a frontal plane using a rota] 
was chosen since it has been shown to produce a robust microtome and stained with cresyl violet. Cannulae sit~ 
increase in rat pliotocell activity [6]; the dose of naloxone were assessed without knowledge of the behavioral result 
tested has previously been shown to significantly disrupt 
amphetamine-stimulated locomotor activity [17]. 

Animals that received N.Acc.  6OHDA injections were RESULTS 
tested on two days,  separated by three non-test days. On The locomotor activating properties of amphetamine 
each test day,  animals were habituated to the photocell cages saline- and naloxone-pretreated animals are seen in Fig. 
for 90 min. On the first test day, one half of the animals were , Two-way analysis of variance (ANOVA) with repeat~ 
treated with naloxone (5.0 mg/kg SC) or saline vehicle: all measures on time revealed that naloxone-injected anima 
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activating properties of amphetamine in the rat result fro 
600 ~ the release of DA from pre-s~,naptic terminals within t] 

2ooo l receptors. Thus, amphetamine-stimulated locomotor activi 
~ is disrupted by destruction of mesolimbic DA-containing c, 
.~ bodies within the ventral tegmental nucleus (VTA) wi 

~000~- 6OHDA [10], by destruction of pre-synaptic DA termin~ 
within the N.Acc. with 6OHDA [6.9], by blockade of po: 

.~ 400 sa/,~ ~a/o, on~ synaptic DA receptors within the N.Acc. with neurolepl 
agents [13,14], or by destruction of cell bodies within tl 

= r, ; Saline N.Acc. that are believed to support the post-synaptic E 
"~ d ~ \ ~ - ' ~  Naloxooe fS m#/kg, receptors [8]. 

While these dopaminergic substrates .of amphetamin 
~ \  \ stimulated locomotion have been thoroughly described, it 

less clear where opiate-DA interactions might occur to 
~_ \ ~  count for the ability of naloxone to disrupt the locomot( 

activating properties of amphetamine. As in the striatum [! 
~= 200 ~ opiate receptors in N.Acc. may be located on intrin., 

~ neurons since a proportion of them remain after destructi~ 
~= 200 

~ x ~ x  of the dopaminergic innervation [12], and it is believed tl~ 
opiates exert their behaviorally-activating and positi~ 
reinforcing properties through their action on these intrin., 

~ ~ N.Acc. opiate receptors [19]. Other opiate receptors ha 
~ v ,o been localized within the ventral globus pallidus, in a regiq 

that receives N.Acc. efferent enkephalinergic fibers [3,Z 
I i t , I ~ ~ ~ L Infusion of enkephalin compounds into this pallidal regi, 10 20 30 40 50 60 70 80 90 

stimulates locomotor activation in rats [7]. It is thus co 
Time (min) ceivable that naloxone might disrupt amphetamin 

FIG. 2. Locomotor activity in N. Acc. 6OHDA-lesioned animals stimulated locomotion through blockade of these or oth 
following injection with apomorphine (0.1 mg/kg SC). Animals had opiate receptors distal to the site of DA release within tl 
been pre-injected with either saline (solid circles) or 5 mg/kg NAL N.Acc. 
topen circles). Our present results, however, indicate instead that t 

critical opiate-DA interactions responsible for the ability 
naloxone to disrupt amphetamine-stimulated locomoti, 

showed a significantly decreased locomotor response to am- occur pre-synaptic to the site of amph.etamine-stimulated E 
phetamine, F(1,11)=6.17, p<0.05, with no significant treat- release in the N.Acc. Thus, while we confirmed previo 
merit (naloxone) x time interaction, F(17,204)=1.35. NS. In reports that naloxone blocks amphetamine-stimulat 
contrast, locomotor activation following treatment with locomotor activity [16,17], locomotion stimulated by dire 
apomorphine in N.Acc. 6OHDA-injected animals was not activation of N.Acc. DA receptors with DA or apomorphi 
significantly decreased by a dose of naloxone ten times great- is not disrupted by naioxone. Likely sites for this naioxo 
er than that which blocked amphetamine-stimulated action thus include opiate receptors localized , 
locomotion, F(1,13)<l, NS, with no significant treatment × dopaminergic N.Acc. afferent fibers or those localized , 
time interaction, F(8,224)<1, NS (Fig. 2). Infusion of 40/zg DA-contained cell bodies within the VTA [12]. Sin 
DA into the N.Acc. produced a robust increase in locomotor amphetamine-stimulated DA release in acute preparations 
activity equivalent to that produced by 0.5 mg/kg of am- independent of neuronal impulse activity [5], it is unlike 
phetamine (above). The effects of naloxone on intra-N.Acc, that the observed effects of naloxone result from its acti, 
DA-stimulated locomotion were analyzed using a two-way on DA cell bodies in the VTA. A more plausible hypothe~ 
ANOVA with repeated measures on dose and time. is that naloxone disrupts amphetamine-stimulated iocom 
Naloxone did not significantly decrease locomotor activation tion through its action on opiate receptors located on or ne 
produced by injection of DA into the N.Acc. .  F(3,15)=2.04, pre-synaptic DA terminals within the N.Acc, and that bloc 
NS. with no dose x time interaction, F(51,255)< 1, NS (Fig. ade of these receptors decreases the amount of DA releas 
3). These effects of repeated DA injections demonstrated by amphetamine. Such a hypothesis might best be studi 
substantial variability within and between subjects (Fig. 3), using direct measurement of DA release within the N.Ac 
but in contrast to the inhibitory effect of naloxone on am- In earlier reports from our laboratory [1,17], we suggest 
phetamine locomotion, the only (non-significant)trend evi- that opiate receptors located on cells within the N.Ac 
dent from these results is actually a naloxone-enhancement might be a critical substrate for the locomotor-activati 
of DA-stimulated locomotion, properties of opiate agonists. Thus, heroin-stimulat 

Histological analysis of cannula placement revealed a rel- locomotion is reversed by direct injection of low doses 
atively localized distribution of  injection sites within the methyl-naioxonium HCI into the N.Acc. [1], but it is 
N.Acc. (Fig. 4). No injection sites were localized outside of antagonized by destruction of N.Acc. afferent DA fib¢ 
the N.Acc. .  nor was significant damage noted to surrounding [19]. Heroin-locomotion is not reversed by sub-catalep: 
structures, doses of DA receptor-antagonists [19], further suggestin~ 

dissociation between N.Acc. afferent DA systems and t 
DISCUSSION substrates for opiate-activation. Together with our curre 

Numerous studies have confirmed that the locomotor- results, these observations suggest that pre- and po 
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FIG. 3. Locomotor activity in animals following injection of DA (20/zg/side) into 
the N.Acc. Animals had been pre-injected with one of four doses (0, 0.5, 1.0, 2.0 
mg/kg SC) of NAL. 
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FIG. 4. Distribution of cannulae injection sites within the N.Acc. 
CA--anterior commissure: CC--corpus caUosum: CPU--caudate 
putamen. Numbers identify particular test animal. Figure adapted 
from Paxinos. G. and C. Watson, The Rat Brain in Stereotaxic 
Coordinates. Academic Press Inc. (New York. NY) 1982 (Fig. 11-12). 

synaptic mesolimbic opiate receptors serve distinct func- and herein. Opiate receptors located on cells within t 
tions. Pre-synaptic opiate receptors located on N.Acc. affer- N.Acc, ,  however, might mediate the direct activating pr( 
ent DA fibers might impose a modulatory influence on DA erties of opiate agonists such as heroin. While these pre- a 
release within the N.Acc. ,  and thus account for the post-synaptic influences are dissociable experimentally, it 
naloxone-amphetamine interaction reported elsewhere [16,17] likely that they function in concert in the intact organism 
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