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HOOKS, M. S., D. N. C. JONES, J. B. JUSTICE, JR. AND S. G. HOLTZMAN. Naloxone reduces amphetamine- 
induced stimulation of locomotor activity and in vivo dopamine release in the striatum and nucleus accumbens. PHARMA- 
COL BIOCHEM BEHAV 42(4) 765-770, 1992.-This study tested the possibility that naloxone (NX), an opioid antagonist, 
reduces the behavioral effects of amphetamine (AMPH) in rats by attenuating the dopaminergic response to AMPH. In the 
first experiment, adult, male rats were injected SC with either NX (5.0 mg/kg) or saline and 30 min later received doses of 
AMPH (0.0, 0.1, 0.4, 1.6, and 6.4 mg/kg) cumulatively at 30-min intervals. Gross locomotor counts following AMPH 
administration were significantly lower for rats pretreated with NX than for rats pretreated with saline. In the second 
experiment, the same drug treatments were given while performing microdialysis in either the striatum (STR) or nucleus 
accumbens (NACC). STR rats treated with vehicle showed a larger percentage increase in DA levels following AMPH 
treatment than did NACC rats treated with vehicle. NX pretreatment did not affect dopamine concentrations in either brain 
region. However, compared to pretreatment with saline pretreatment with NX significantly decreased the dopaminergic 
response to AMPH in the STR. There was no difference between the two groups in the peak dopaminergic response to 
AMPH in the NACC, but there was a significant AMPH x treatment x time interaction due to differences between the 
groups during the later portion of the response to 6.4 mg/kg AMPH. There was also a difference in locomotor activity 
following AMPH treatment between NX- and saline-treated subjects during dialysis. These findings suggest that a decrease in 
the dopaminergic response to AMPH is the mechanism by which NX attenuates behavioral stimulant effects of AMPH. In 
addition, there is a difference between the STR and NACC in dopaminergic responsiveness to AMPH. 

Locomotor activity d-Amphetamine Naloxone Dopamine In vivo microdialysis Striatum 
Nucleus accumbens 

NALOXONE and naltrexone are specific and potent opioid 
receptor antagonists. However, these compounds can modify 
the effects of  nonopioid drugs under some circumstances (28). 
For example, there have been a number of reports of  interac- 
tions between naloxone or naltrexone and psychomotor stimu- 
lant drugs, such as amphetamine. These opioid antagonists 
attenuate amphetamine-induced increases in motor activity in 
a variety of  animal species, including mouse, rat, guinea pig, 
and squirrel monkey (1,2,6,13,14,32,34). In the rat, they re- 
duce amphetamine-induced increases in operant responding 
maintained by schedules of food reinforcement (3,12) or 
shock avoidance (14). They also block amphetamine-induced 
increases in rate of  responding for electrical self-stimulation 

of  the brain (10,15), as well as the lowering of  the threshold 
for electrical self-stimulation of the brain produced by am- 
phetamine (9). Naloxone can prevent amphetamine from es- 
tablishing a conditioned place preference in rats (33). 

The psychomotor stimulant properties of  amphetamine 
have been ascribed to the ability of the drug to enhance dopa- 
minergically mediated neurotransmission in the brain, particu- 
larly in the striatum (STR) and nucleus accumbens (NACC) 
08,23,35). The mechanism(s) by which opioid antagonists 
modify the behavioral effects of amphetamine is unclear. Opi- 
oid receptors have been identified on dopaminergic neurons 
of the nigrostriatai and mesolimbic tracts (11,20). This raises 
the possibility that these dopaminergic neurons are under an 
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Medicine, Atlanta, GA 30322. 
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opioidergic influence that can be blocked by appropriate opi- 
old antagonists. If this is indeed the case, opioid antagonists 
might he expected to attenuate the neuronal release of  dopa- 
mine that is induced by amphetamine. The present study was 
designed to examine this possibility using the technique of  
microdialysis. Microdialysis probes were inserted into the STR 
or NACC of  conscious rats. We measured the release of  dopa- 
mine from these regions in response to a range of doses of 
d-amphetamine. The drug was administered by a cumulative 
dosing procedure that enables determination of  a complete 
dose-response function in a single experimental session. The 
dopamine response to amphetamine was compared in rats that 
had been pretreated with either saline or naloxone. Locomotor 
activity was measured concurrently with the microdialysis. 
The dose of  naloxone tested in the microdialysis experiments 
was selected on the basis of  the results of  dose-response deter- 
minations for combinations of naloxone and amphetamine on 
the locomotor activity of a separate group of  untethered and 
otherwise normal rats. 

METHOD 

Subjects 

Male rats of  Sprague-Dawley descent (Sasco, Omaha, NE) 
weighing 300-350 g were used in both experiments. Between 
experiments, rats were housed in group cages in a tempera- 
ture-controlled room. Food and water were always present in 
the home cage and a 12 L : 12 D cycle was maintained (lights 
on from 0700-1900 h). Testing was conducted between 0800- 
1500 h. 

Drugs 

Naloxone hydrochloride and d-amphetamine sulfate 
(Sigma Chemical Co., St. Louis, MO) were dissolved in 0.9070 
saline solution and injected SC in a volume of  1.0 ml/kg body 
weight. Drug doses are expressed as the free base. 

Experiment 1 

Apparatus. Motor activity was measured with six two- 
channel Electronic Activity Monitors (No. 31404, Stoelting 
Co., Chicago, IL). A single rat was placed in a polycarbonate 
cage (51 x 41 × 21 cm), which was centered on a sensor plat- 
form within a sound-attenuating chamber that was ventilated 
and illuminated by a small fluorescent bulb. The counting 
thresholds of  each sensor were calibrated with a swinging pen- 
dulum so that one channel measured gross movements in the 
horizontal plane corresponding to locomotion and the other 
channel measured total movements; the difference between 
the two channels represented fine movements. Activity counts 
were recorded by a microcomputer. 

Behavioral methods. All rats were habituated to the test 
chambers for 1 h on each of  the 5 days prior to the start of  
the experiment. On the day of  testing, subjects were injected 
SC with either saline or naloxone (0.2, 1.0, or 5.0 mg/kg). 
Thirty minutes later, all rats were injected with saline, SC, 
and then placed in the test chamber; activity was recorded for 
20 min beginning 10 min later. Rats received additional SC 
injections at 30-min intervals: 0.1, 0.3, 1.2, and 4.8 mg/kg 
d-amphetamine, resulting in cumulative amphetamine doses 
of 0, 0.1, 0.4, 1.6, and 6.4 mg/kg.  In each instance, activity 
was recorded for 20 min commencing l0 min after injection. 

Data analysis. Gross and fine activity counts for the 20- 
min periods were subjected to separate analyses of  variance 

(ANOVAs) with repeated measures; posthoc analysis was per- 
formed, where appropriate,  using Student's t-test corrected 
for multiple pair,  vise comparisons. 

Experiment 2 

Apparatus. Locomotor activity was measured in Plexiglas 
photocell cages (39 x 25 x 34 cm) interfaced to an IBM per- 
sonal computer (16). Dialysis probes were constructed by a 
procedure similar to that described previously (17). Briefly, 
the probe consisted of two sections of fused silica tubing (40 
/~m i.d.; 105 ~m o.d.; Polymicro Technologies, Phoenix, AZ) 
inserted into an 8-mm section of hollow dialysis fiber (220 #m 
o.d.;  6000 MW cutoff; Spectro/Por,  Houston, TX). The ends 
of the dialysis membrane were sealed with polyamide resin 
(Alltech State College, PA). The distance between the inlet 
and outlet tubes was 4 mm for the STR and 2 mm for the 
NACC. A single-channel fluid swivel (5) was connected to the 
inlet flow of the dialysis probe. This allowed the rat to rotate 
freely during testing. The fluid swivel was connected to a 500- 
#l Hamilton syringe via PE-10 tubing. Artificial cerebrospinal 
fluid (CSF) was contained in the perfusion syringe. CSF was 
composed of  145 mM sodium chloride, 2.8 mM potassium 
chloride, 1.2 mM magnesium chloride, 1.2 mM calcium chlo- 
ride, 0.25 mM ascorbic acid, and 5.4 mM glucose, adjusted to 
a pH of 7.2-7.4 with 0.1 M sodium hydroxide. 

The concentration of dopamine was measured with high- 
performance liquid chromatography using electrochemical de- 
tection (HPLC-ED) as described previously (25). A 0.5-~1 vol- 
ume of  perfusate was injected on a 0.5-mm i.d. HPLC column 
(5 #M C-18 ODS-2 stationary phase). Electrochemical detec- 
tion of  dopamine was accomplished with an amperometric 
detector (model 400, EG&G Princeton Applied Research, 
Princeton, N J) with an applied potential of  +700 mV vs. an 
Ag/AgCI reference electrode. 

Surgery. Rats were anesthetized with 50 mg/kg IP sodium 
pentobarbital (Nembutal). Subjects were placed in a stereo- 
taxic frame (David Kopf, Tujunga, CA), and a stainless steel 
guide cannula (20 g; Plastics One, Roanoke, VA) was lowered 
to access either the STR or NACC. The stereotaxic coordi- 
nates for the STR were AP +2.5 from bregma, lat 2.7 (equal 
number on each side), DV - 2 . 7  from dura with the incisor 
bar set at + 5 mm (24). The stereotaxic coordinates for the 
NACC were AP + 3.4 from bregma, lat 1.7 (equal number on 
each side), DV - 5.5 from dura with the incisor bar set at +5  
mm (24). The guide cannulae were secured in place with the 
use of skull screws and dental cement. Intramuscular penicillin 
(60,000 U) was administered immediately following surgery. 
A recovery period of 7-8 days was allowed following surgery 
before dialysis was performed. 

Behavior and microdialysis. The day before microdialysis 
was performed, subjects were placed in the photocell cages at 
1400 h and allowed to habituate. Subjects had free access to 
food and water. At 1900 h, the dialysis probe was implanted 
and flow initiated at 0.1 t~l/min. This was to allow subjects to 
become habituated to the dialysis probe assembly and levels 
of  dopamine to return to baseline after the disturbance caused 
by probe implantation. Following probe implantation, lights 
were turned off to maintain the rat's normal circadian rhythm. 
At 0700 h the following day, lights were turned on, food 
removed, and the perfusate flow rate increased to 0.60 t~l/ 
min. Dialysate samples were subsequently collected every 10 
min and injected directly onto the HPLC. Locomotor activity 
was monitored simultaneously in 10-rain bins. 

In the test cage, subjects were administered either naloxone 
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(5.0 mg/kg) or saline after three consecutive dialysis samples 
varied less than 10% in peak height. Rats received additional 
SC injections at 30-min intervals: 0.1, 0.3, 1.2, and 4.8 mg/ 
kg d-amphetamine, resulting in cumulative amphetamine 
doses of 0, 0.1, 0.4, 1.6, and 6.4 mg/kg as in Experiment 1. 
Dialysate dopamine concentration and locomotor activity was 
monitored until 1 h after administration of the final cumula- 
tive dose of  amphetamine. 

Histology. At the end of the experiment, rats were anesthe- 
tized with chloral hydrate (400 mg/kg) and perfused first with 
50 ml 0.9°/0 saline and then 50 ml 10% formalin. Coronal 
sections (75 ,m)  were cut on a freezing microtome following 
fixation. Each section through the area of  interest and associ- 
ated structures was mounted on a glass slide and stained with 
thionine for determination of  cannulae placements. 

Data analysis. Locomotor activity counts and dialysate do- 
pamine concentrations (expressed as % baseline) were sub- 
jected to ANOVA with repeated measures; Newman-Keuls 
posthoc tests were performed where appropriate. The three 
time points that preceded drug administration served as the 
baseline. 

RESULTS 

Experiment 1 

The cumulative administration of amphetamine (0.1-6.4 
mg/kg,  SC) caused a dose-dependent increase in the locomo- 
tor activity of rats pretreated with saline and rats pretreated 
with 5.0 mg/kg naloxone (Fig. 1). This was demonstrated by 
significant increases in both the gross, F(4, 88) = 35.06, p 
< 0.0001, and fine, F(4, 88) = 27.45, p < 0.0001, motor ac- 
tivity counts. Pretreatment with naloxone at either 0.2 or 1.0 
mg/kg had no significant influence upon the increase in motor 
activity induced by amphetamine (data not shown). However, 
administration of  a higher dose of  naloxone, 5.0 mg/kg,  at- 
tenuated significantly the amphetamine-induced increase in 
gross locomotor counts, F(1, 22) = 11.61,p < 0.01. Posthoc 
analysis revealed significant differences between rats pre- 
treated with 5.0 mg/kg naloxone and those with saline follow- 
ing 0.4 and 1.6 mg/kg amphetamine; gross counts were re- 
duced from 550 + 85 and 1,245 + 104, respectively, in 
saline-pretreated rats to 223 + 50 (p < 0.05) and 837 + 119 
(p < 0.01) in naloxone-pretreated animals (Fig. 1). Naloxone 
(5.0 mg/kg) did not significantly alter the fine motor activity 
response to amphetamine, F( I ,  22) = 0.089, n.s. A separate 
analysis revealed a naloxone-induced reduction in locomotor 
activity following saline injection. For example, the gross lo- 
comotor counts were reduced from 154 + 18 for the saline 
group to 37 ± 8 for animals pretreated with 5.0 mg/kg nalox- 
one (p < 0.05, two-tailed t-test). 

Experiment 2 

Dialysis overall. When subjects from both the STR (n = 
16) and NACC (n = 12) were analyzed together, there was a 
lower dialysate dopamine concentration after amphetamine 
treatment in subjects administered naloxone compared to 
those receiving saline, F(16, 27) = 7.02, p < 0.02. The dif- 
ference between saline- and naloxone-treated subjects was de- 
pendent upon the dose of  d-amphetamine administered, as 
shown by a naloxone x amphetamine interaction, F(7, 644) 
= 7.643, p < 0.0001. This response differed across time, as 
reflected by a naloxone x amphetamine x time interaction, 
F(14, 48) = 3.95,p < 0.0001. 

As expected, ANOVA revealed a difference in dopamine 
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FIG, 1. Naloxone, 5.0 mg/kg, attenuates the locomotor response of 
rats to amphetamine. Rats were injected SC with either saline or 
naloxone, then 30 rain later received an SC injection of saline (points 
above SAL). Thereafter, at 30-rain intervals rats were injected SC 
with the indicated cumulative doses of amphetamine. Activity was 
recorded for 20-rain periods, beginning 10 rain after each injection. 
Shown are the mean + SEM. (n = 12) counts per 20 min for: (A) 
gross movements corresponding to locomotion and (B) fine move- 
ments. Significant differences from the corresponding point of rats 
pretreated with saline are indicated by *(/7 < 0.05) and **(p < 0.01). 

dialysate concentration as a function of amphetamine treat- 
ment, F(7, 644) = 62.8, p < 0.0001. Rats responded differ- 
ently across time following amphetamine, as indicated by an 
amphetamine x time interaction, F(14, 48) = 29.00, p < 
0.0001. Posthoc analysis showed that the 1.6-mg/kg cumula- 
tive amphetamine dose produced increases in dopamine con- 
centration over baseline, naloxone, or saline treatment and 
0.0, 0.1, and 0.4 mg/kg amphetamine (p < 0.01 for each 
comparison). The 6.4-mg/kg dose produced increases over 
baseline, saline, or naloxone and 0.0, 0.1, 0.4, and 1.6 mg/kg 
amphetamine (17 < 0.01 for each comparison). 

STR dialysis. There was an overall smaller dopaminergic 
response in STR rats treated with naloxone compared to those 
treated with saline, F( I ,  15) = 5.97, p < 0.05 (Fig. 2A). No 
difference existed in dialysate dopamine concentration during 
the baseline period between rats treated with saline (0.148 + 
0.011 pmol/~d) and rats treated with naloxone (0.149 + 0.012 
pmol//~l), F(I ,  15) = 0.01, n.s. There was an effect with am- 
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FIG. 2. Naloxone, 5.0 mg/kg, attenuates both the dopaminergic and 
locomotor responses of rats to amphetamine during microdialysis. 
Rats were injected SC with either saline or naloxone (NX) 30 rain 
after measurements began, then 30 min later received an SC injection 
of saline (0.0). Thereafter, at 30-rain intervals rats were injected SC 
with the indicated cumulative doses of amphetamine: 0.1, 0.4, 1.6, 
and 6.4 mg/kg. Dialysates and locomotor activity counts were col- 
lected over 10-rain intervals. Each point is a mean ± SEM for: (A) 
dopamine content of dialysates from striatum (STR; n = 8/point), 
expressed as a percent of predrug basal concentration (the three points 
from 0-30 min that preceded the injections of saline or naloxone); 
(B) dopamine content of dialysates from nucleus accumbens (NACC; 
n = 6/point), expressed as a percent of predrug basal concentration; 
(C) locomotor activity counts for rats from both dialysis groups (n 
= 14/point). 

phetamine treatment,  as revealed by a main effect o f  amphet-  
amine, F(7, 368) = 37.78, p < 0.0001. The response to am- 
phetamine varied across time, as shown by an amphetamine 
× time interaction in STR rats, F(14, 28) = 16.76, p < 
0.0001. The greater dopaminergic  response in subjects treated 
with saline compared to subjects treated with naloxone was 
dependent upon the dose o f  amphetamine,  as revealed by a 
naloxone x amphetamine  interaction, F(7, 368) = 6.18, p 
< 0.0001. There was no difference between naloxone- and 

saline-treated subjects during the baseline period, the 30 min 
following naloxone injection, or following 0.0, 0.1, or  0.4 
m g / k g  amphetamine.  There was less of  a dopaminergic re- 
sponse in naloxone-treated subjects following 1.6, F(1, 15) 
= 4.52, p < 0.05, and 6.4, F(I ,  15) = 6.93, p < 0.02, m g /  
kg amphetamine.  This is illustrated by the fact that at 30 min 
following the 6.4 mg/kg  dose of  amphetamine saline rats were 
at 3,488 ± 726°7o baseline dopamine while naloxone-treated 
subjects were at only 5007o of  this levels at 1,748 ± 37207o 
baseline dopamine.  In addition, there was a naloxone x am- 
phetamine x time interaction, F(14, 28) = 1.99, p < 0.02. 

N,4CC dialysis. Amphetamine treatment increased dialy- 
sate dopamine concentration in a dose-dependent manner in 
N A C C  rats, F(7, 276) = 31.94, p < 0.0001 (Fig. 2B). No 
difference existed in basal dialysate dopamine concentration 
between rats treated with saline (0.081 ± 0.007 pmol /# l )  and 
those treated with naloxone (0.079 ± 0.008 pmol//zl) during 
the baseline period, F(1, 15) = 0.01, n.s. The effect o f  nalox- 
one treatment was not as great on N A C C  dopamine response, 
as shown by the fact there was not an overall difference be- 
tween subjects treated with naloxone and those treated with 
saline, F ( l ,  l l )  = 1.15, n.s., or a naloxone × amphetamine 
interaction, F(7, 276) = 1.80, n.s. There was, however, a 
difference across time following amphetamine between nalox- 
one- and saline-treated rats, as shown by a naloxone 
x amphetamine x time interaction, F(14, 20) = 3.41, p < 
0.0001. 

Differences between regions in dopamine dialysate re- 
sponse. The STR showed a larger dopaminergic response 
compared to the NACC,  as revealed by a main effect of  re- 
gion, F ( l ,  27) = 5.09, p < 0.05. This difference was depen- 
dent upon amphetamine treatment,  as shown by a region x 
amphetamine interaction, F(7, 644) = 4.10, p < 0.0005. The 
two regions responded differently following amphetamine 
across time, as indicated by a region × amphetamine × time 
interaction, F(14, 48) = 1.86, p < 0.05. In subjects pre- 
treated with saline, no differences between regions were ob- 
served in the time following 0.0 m g / k g  amphetamine,  F( I ,  
13) = 0.01, n.s. The greater dopaminergic responses in STR 
rats compared to N A C C  rats was dependent upon amphet-  
amine dose, as revealed by a region × amphetamine interac- 
tion, F(7, 322) = 3.91, p < 0.001. This difference was most 
pronounced 30 min following the 6 .4-mg/kg cumulative dose, 
as STR rats showed almost twice the increase in basal dopa- 
mine (3,488 ± 72607o of  baseline) compared to N A C C  rats 
(1,883 ± 184% of  baseline). If  subjects were treated with nal- 
oxone, no differences in 07o baseline increases in dopamine 
were observed between STR and N A C C  following administra- 
tion of  amphetamine,  as revealed by the lack of  a region × 
amphetamine interaction in naloxone-treated rats (compare 
naloxone STR in Fig. 2A with naloxone N A C C  in Fig. 2B), 
F(I, 14) = 0.81, n.s. 

Locomotor activity in dialyzed rats. There was no overall 
difference in locomotor  response between rats with STR 
probes and those with N A C C  probes F(1, 27) = 3.28, n.s. 
Therefore,  data from the two groups were combined and are 
displayed in Fig. 2C. There was no overall difference in loco- 
motor  activity between naloxone- and saline-treated rats, F( I ,  
27) = 2.87, n.s. Locomotor  activity changed with differing 
amphetamine doses, F(7, 644) = 15.95, p < 0.0001. There 
was a difference between naloxone- and saline-treated rats 
that was dependent upon dose of  amphetamine administered, 
as shown by a naloxone x amphetamine interaction, F(7, 
644), p < 0.0005. This is evident by the fact that peak loco- 
motor  activity was more than twice as high in saline-treated 
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rats (29 =1= 8) compared to naloxone-treated rats (13 =t: 7). In 
addition, there was a shift to the right of  locomotor activity, 
as revealed by both a naloxone × time interaction, F(2, 168) 
= 11.73, p < 0.0001, and a naloxone × amphetamine × 
time interaction, F(14, 48) = 1.94, p < 0.05. 

DISCUSSION 

The results of  these experiments show that naloxone atten- 
uates not only the locomotor response of  rats to amphetamine 
but the dopaminergic response as well. The latter effect of 
naloxone was more prominent in the STR than in the NACC. 
This first in vivo confirmation of the suppression by naloxone 
of a drug-elicited dopaminergic response provides further evi- 
dence for the hypothesis that the dopaminergic response to 
amphetamine is regulated by endogenous opioid systems. In 
addition, these results indicate that in rats not treated with 
naloxone the STR has a larger dopaminergic response to am- 
phetamine than does the NACC. 

It is well established that systemic administration of  amphe- 
tamine increases extracellular dopamine in a dose-dependent 
manner in both the STR and NACC (7,26,29). The present ex- 
periment demonstrated a dose-dependent increase in extracellu- 
lar dopamine in both the STR and NACC using a cumulative 
dosing protocol. There were no differences in the extracellular 
dopamine levels in the STR or NACC of  saline-treated rats fol- 
lowing saline administration. However, the increase in extracei- 
lular dopamine subsequent to amphetamine treatment was 
much greater in the STR than in the NACC. This is in contrast 
with previous reports of  either a greater increase in dopamine 
levels in the NACC than in the STR (7) or no difference between 
the regions in dopaminergic responsiveness (27). 

The differences in reports of the responsiveness of  these 
two structures to amphetamine treatment might be explained 
by the differences in the methodologies employed. The trans-  

striatal probes utilized by Di Chiara and Imperato (7) sample 
from different portions of  the STR and NACC than the verti- 
cal probes used in the present study and that of  Robinson 
et al. (27); the apparent discrepancies between studies might 
represent differences in responsiveness within the different 
parts of the STR. Perhaps more importantly, in the present 
study rats underwent surgery for placement of the guide can- 
nulae at least 1 week prior to the experiment and the dialysis 
probe was simply inserted into the guide cannulae 12 h before 
testing without the need for anesthesia or further surgery. This 
contrasts with the methods employed by these other investiga- 
tors (7,27), who surgically implanted the dialysis probes into 
anesthetized rats directly into the brain structure being moni- 
tored less than 24 h prior to testing. The trauma from such 
surgery might well affect the pharmacological responsiveness 
of the tissue after only 24 h. Alternatively, the differences in 
results among studies may be a consequence of differences in 
the methods of drug administration. In the present study, 
amphetamine was administered using a cumulative dosing reg- 
imen whereas single doses of amphetamine were administered 
in the other studies (7,27). 

However, the major finding of this study was that a dose 
of the opioid antagonist, naioxone, which attenuated the loco- 
motor response of  untethered rats to amphetamine, also atten- 
uated both the amphetamine-induced increases in locomotor 

activity and in extracellular dopamine in the dialysate of  teth- 
ered rats. This provides the first in vivo neurochemical corre- 
late to the well-documented ability of  naloxone and naltrexone 
to attenuate behavioral effects of  amphetamine (see the intro- 
ductory section). 

Opioid agonists have been shown to affect levels of extra- 
cellular dopamine in the STR and NACC, presumably by act- 
ing on the dense populations of opioid receptors that have 
been identified in the nigrostriatal and mesolimbic regions of  
the brain (11,20,36). For example, #- and 6-opioid agonists 
increase the levels of extracellular dopamine in these two re- 
gions following systemic or intracerebral administration (7, 
8,19,30,31), effects that are blocked by opioid antagonists 
(7,30). In contrast, K-opioid agonists decrease the neuronal 
release of dopamine (7,21,36). Naloxone could attenuate am- 
phetamine-stimulated release of dopamine by blocking #- or 
b-opioid receptors, thereby eliminating direct and/or  indirect 
opioidergic modulation of  dopaminergic neurons. The rela- 
tively high doses of naloxone usually necessary to attenuate 
behavioral effects of  amphetamine suggests that naloxone is 
interacting with opioid receptors other than/~. 

The use of a relatively high dose of  naloxone in this study, 
5.0 mg/kg,  may have been necessitated by the length of  the 
cumulative dosing protocol, 3.0-3.5 h, and the short plasma 
half-life of  naloxone in the rat, approximately 30 rain (4,22). 
In shorter procedures, the minimum dose of naloxone for 
attenuating behavioral effects of amphetamine in the rat has 
ranged from 0.02 mg/kg (33) to 4.0 mg/kg (9), possibly re- 
flecting, in part, the different sensitivities of  the different de- 
pendent behavioral measures. 

The 5.0-mg/kg dose of naloxone significantly reduced the 
baseline locomotor activity of  rats in Experiment 1. This result 
raises the possibility that the attenuation of effects of amphet- 
amine by naloxone is merely the consequence of  a nonspecific 
behavioral depression. However, several points argue against 
this possibility. First, although naloxone reduced the amphe- 
tamine-stimulated increases in extracellular dopamine it had 
no effect on baseline dopamine levels prior to the administra- 
tion of  amphetamine. Second, naloxone did not reduce the 
baseline locomotor activity of tethered rats in Experiment 2. 
Third, in the same animals in which gross movements were 
reduced by naloxone fine movements were unaffected. 
Fourth, under conditions similar to those of the present study 
naloxone decreased baseline locomotor activity but did not 
modify the stimulant effect of cocaine (Jones and Holtzman, 
in preparation). Therefore, it appears that the ability of nalox- 
one to attenuate behavioral and neurochemical responses 
to amphetamine is the consequence of  a specific interaction 
between naloxone and opioid systems that modulate the 
neuronal substrates mediating those responses. The results of 
this study provide the first direct evidence of a neurochemical 
basis for the ability of opioid antagonists to attenuate behav- 
ioral effects of amphetamine-type psychomotor stimulant 
drugs. 
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