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KNAPP, C. M. AND C. KORNETSKY. Low-dose apomorphine attenuates morphine-induced enhancement of brain stimula- 
tion reward. PHARMACOL BIOCHEM BEHAV 55(l) 87-91, 1996.-Thresholds for brain stimulation reward (BSR) 
delivered to the medial forebrain bundle-lateral hypothalamus were determined by means of a rate free psychophysical 
method. Lower doses of apomorphine (0.5 to 0.2 mg/kg) produced modest elevations in BSR thresholds. A 0.4 mg/kg dose 
of apomorphine resulted in emergence of stereotypic behaviors and the loss of stimulus control. Morphine’s BSR threshold 
lowering effects were. significantly blocked by the concurrent administration of a 0.1 mg/kg dose of apomorphine. These 
results support the hypothesis that presynaptic dopamine neurons are involved in the mediation of morphine’s reinforcing 
effects and that dopamine autoreceptor agonists may be of some use in the pharmacotherapy of opiate abuse. 
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THE administration of morphine (8) and other opiates includ- 
ing buprenorphine (19), nalbuphine (42), pentazocine (41) 
heroin, and 6-acetylmorphine (20) all produce a lowering in 
the threshold for brain stimulation reward (BSR). These ac- 
tions are similar to those of the indirect dopamine agonists 
amfonelic acid (22,26). d-amphetamine (9), cocaine (l), and 
the direct dopamine agonist bromocriptine (27). The thresh- 
old-lowering effects of morphine are potentiated by the coad- 
ministration of either amfonelic acid (22) or d-amphetamine 
(18). These findings are consistent with a dopaminergic-opioid 
system interactions in the reinforcement pathways activated 
by brain stimulation. The finding that depletion of dopamine 
from the VTA attenuates morphine-induced enhancement of 
BSR suggests that the mesolimbic dopamine system is in- 
volved in the mediation of morphine’s reinforcing effects (17). 
This notion is also supported by evidence that infusion of 
morphine into the VTA enhances the effects of BSR (3,43). 
The interaction of opioid and dopaminergic systems within 
the mesolimbic system has become increasingly well character- 
ized. Both the electrophysiologic (16,33) and metabolic activ- 
ity (24) of mesolimbic dopaminergic neurons can be markedly 
increased by treatment with opioid agents such as morphine. 

Dopamine release in the terminal areas of the mesolimbic 
dopamine systems is also enhanced by morphine (6). Notably, 
infusion of morphine into the VTA results in an increase in 
dopamine levels in the nucleus accumbens (31). Secondary 
cells in the VTA that may contain GABA are hyperpolarized 
by m-opioid receptor agonists (23). Microdialysis infusion of 
morphine into the VTA reduces extracellular concentrations 
of gamma aminobutyric acid (GABA) (25). Opioid-induced 
increases in the activity of VTA dopaminergic neurons may 
result from inhibition of interneurons that release GABA to 
tonically suppress dopamine cell firing (23). 

In contrast to the effects of opiates, administration of the 
direct dopamine agonist, apomorphine, causes a decrease in 
the firing activity of dopaminergic neurons located in the VTA 
(13,44) and the evoked release of dopamine in the olfactory 
tubercle (40). Also, apomorphine (0.1 mg/kg) reduces re- 
sponding for rewarding brain stimulation (39). These actions 
may result from the effects of apomorphine at dopamine auto- 
receptors. Administration of a 0.1 mg/kg dose of apomorphine 
can attenuate morphine-induced increases in locomotor activ- 
ity (21). These inhibitory effects of apomorphine are antago- 
nized by the administration of a very low dose of the dopamine 
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antagonist spiperone. Apomorphine’s inhibition of morphine’s 
effects on locomotor activity may reflect apomorphine-induced 
functional antagonism of morphine’s excitatory effects on do- 
paminergic systems. Pretreatment with apomorphine has been 
shown to block morphine from producing increases in the 
dopamine metabolite, dihdroxyphenylacetic acid, in both the 
nucleus accumbens and the olfactory tubercle (34,35). How- 
ever, it must be noted in animals treated with the monoamine 
oxidase inhibitor, pargyline, administration of a 0.5 mg/kg 
dose of apomorphine did not affect increases in the dopamine 
metabolite 3-methoxytyramine in the nucleus accumbens pro- 
duced by treatment with a 3.3 mg/kg dose of morphine (35). 
This result is not consistent with the notion that apomorphine 
antagonizes morphine-induced dopamine release. The effects 
of apomorphine on opiate-induced reinforcement have not 
been extensively examined. A low dose of apomorphine has 
been found to greatly increase the intake of self-administered 
morphine (14). It is not clear if this is the result of the apomor- 
phine’s enhancement or attenuation of morphine’s reinforcing 
effects. To further examine the interaction of morphine and 
apomorphine in central reinforcement systems the effects of 
morphine and apomorphine, alone and in combination. on the 
threshold for rewarding brain stimulation were determined. 

METHOD 

Bipolar stainless steel electrodes (0.13 mm in diameter and 
insulated at the tips) were stereotactically implanted bilater- 
ally in the lateral hypothalamic region of the medial forebrain 
bundle (MFB-LH) of 5 male F-344 albino rats (300 g), (Charles 
River Laboratories, Wilmington, MA). Surgical anesthesia 
was produced by systemic administration of xylazine (13 mg/ 
kg) and ketamine (87 mgikg). MFB-LH coordinates were 4.0 
mm posterior to bregma, 1.4 mm lateral to the midline suture, 
and 8.5 mm ventral to the skull surface. Behavioral testing 
was begun approximately 1 week after surgery. Animals were 
maintained on a 12 L:12 D cycle, tested during the light cycle, 
housed individually in stainless steel cages, and had ad lib 
access to food and water. 

The electrode that produced appetitive behavior at the 
lowest current intensity and had the least or no motor artifact 
was used in this experiment. Rats were trained and tested in 
a plastic chamber (20 X 20 X 35 cm). A wheel manipulandum 
was located within one wall of the test chamber. Immediate 
delivery of a stimulation occurred when the wheel was rotated 
one-quarter of a turn. A constant current stimulator (Sunrise 
Systems, Pembroke MA) was used to deliver the biphasic 
symmetrical pulses. Each stimulus consisted of a SOO-ms train 
with a pulse width of 0.2 ms and a delay of 0.2 ms between 
the positive and negative pulses at a frequency of 160 Hz. 

Thresholds were determined by a rate-independent, dis- 
crete trial procedure using a modification of the psychophysi- 
cal method of limits (7,28,29,32). 

Rats required approximately six l-h training sessions to 
learn the task and approximately four additional sessions for 
establishment of a stable threshold level, whereupon BSR 
thresholds were determined after saline injections for 5 days 
before drug treatments were initiated. At least 72 h was al- 
lowed to elapse between drug treatment days. 

Drug Preparation and Administration 

All injections were administered subcutaneously in vol- 
umes of 1 ml/kg. Morphine sulfate and apomorphine (Sigma 
Chemical Company, St. Louis, MO) both were dissolved in 

normal saline. Sodium metabisulfate was added to apomor- 
phine solutions in sufficient amounts to produce solutions 
with a 0.1% concentration of this antioxidant. Apomorphine 
solutions were discarded 72 h after their preparation. 

In the first experiment animals were injected with either 
apomorphine or saline. The postsessions were started 5 min 
after drug and saline injections. The doses of apomorphine 
tested ranged between 0.05 and 0.4 mg/kg and the sequence 
of doses was balanced among animals. 

In the second set of trials, four of the animals used in the 
first experiment received injections of either morphine sulfate 
or saline and 5 min later were injected with either apomor- 
phine or saline. Animals in this experiment were treated with 
only the following treatment combinations: morphine-saline, 
morphine-apomorphine, and saline-saline. The postsession 
was started 5 min after administration of the second agent. 
The doses of morphine administered were 0.5, 1.0, 2.0, and 
4.0 mgikg. These doses of morphine were administered both 
alone and in combination with a 0.1 mgikg dose of apo- 
morphine. 

Data Analysis 

Threshold values were calculated for both the preinjection 
and the postinjection sessions, with the difference between 
the two scores taken as the dependent measure (post-pre). 
These difference scores were transformed to standard scores 
(z-scores) based on the mean and standard deviation of the 
difference scores for all saline days. A minimum of 20 control 
scores for each animal were used for determining each z-score 
value. For an individual animal a z-score of + 1.96 or greater 
(95% confidence limits) was preselected as the level of sig- 
nificance. 

Histology 

At the completion of the experiments, the animals were 
killed with an overdose of pentobarbital and perfused intracar- 
dially with saline followed by formalin. The brains were then 
removed from the skull, fixed, embedded. and sliced at 40 p. 
Mounted sections were stained with cresyl violet and 1~x01 
fast blue and examined under a light microscope to determine 
the placement of electrode tips. 

RESIJLTS 

For the trials when apomorphine alone was administered 
the mean of the mean presaline thresholds for each animal 
was 55.0 p,a. The mean of the mean post minus presaline 
difference was 4.3 p.a and the mean of the individual standard 
deviations used to compute z-scores was 5.6 pa. For morphine 
and morphine-apomorphine combination trials the mean pre- 
saline threshold was 53.7 ba, the mean difference value was 
5.3 ka, and the mean of individual standard deviation was 
also 5.3 p.a. 

Figure 1 summarizes the effects of 0.05, 0.1, and 0.2 mgi 
kg of apomorphine in the five animals. As shown, all the doses 
tested decreased the sensitivity (raised the threshold) of the 
rats to rewarding intracranial stimulation with statistical sig- 
nificance found at the 0.05 and 0.2 mgikg doses. 

Although 0.4 mg/kg of apomorphine was administered to 
all of the animals. none of the rats were able to maintain the 
experimental schedule at this dose. Four animals stayed in 
one area of the test chamber where they continuously sniffed 
and gnawed at the bars on the floor of the test chamber. The 
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FIG. 1. Mean z-score changes in the threshold for brain stimulation 
reward after the administration of apomorphine (APO) to five ani- 
mals. A z-score change of one is equivalent to a 5.6 ka change in 
current level. Saline treatment z-scores = 0. *p < 0.05, saline vs. APO. 

fifth animal rapidly spun the wheel manipulandum before and 
after the start of the test session. 

The effects of morphine (0.5,1.0,2.0, and 4.0 mg/kg) alone 
and in combination with 0.1 mg/kg apomorphine was deter- 
mined in four of the five animals used in the apomorphine 
alone experiment. The mean z-scores for animals treated with 
morphine and morphine in combination with apomorphine 
are shown in Fig. 2. As indicated, the mean BSR thresholds 
were significantly less than those obtained after saline treat- 
ment following the administration of 1.0 mg/kg, t(3) = 12.8, 
p = 0.001, and 4.0 mg/kg, t(3) = 10.2, p = 0.002, of morphine 
to animals. The threshold change after 2.0 mg/kg of morphine 
compared to the threshold after saline treatment approached 
the significance range, f(3) = 3.13, p = 0.052. 

With the exception of the 4 mg/kg dose of morphine in 
one animal, the coadministration of apomorphine blocked the 
threshold lowering effects of morphine in all four test animals 
at every effective dose. Repeated measures ANOVA indicates 
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FIG. 2. Mean z-scores changes in BSR thresholds after the adminis- 
tration of morphine (MS) alone and in combination with apomorphine 
(APO) 0.1 mg/kg. A z-score change of one is equivalent to 5.3 Fa 
change in current levels. Saline treatment z-score = 0. *p < 0.05, 
saline vs. MS +p < 0.05, MS vs. MS + APO. 

that there was a significant difference in the effects of mor- 
phine treatment alone as compared to those of morphine- 
apomorphine combinations, F(1) = 16.49, p = 0.027. Signifi- 
cant dose treatment interaction effects were not found, F(3) = 
0.76, p = 0.54. When results for specific doses of morphine 
were compared the mean threshold obtained for the 1.0 mg/ 
kg dose of morphine was significantly lower than was the one 
determined for the combination of this dose of morphine with 
apomorphine, t(3) = 8.16, p = 0.004. 

Histological examination showed that all electrode tips 
were placed in the caudal aspect of the lateral hypothalamus. 

DISCUSSION 

Studies of the effects of apomorphine on rates of re- 
sponding for rewarding brain stimulation do not provide a 
clear picture of the nature of apomorphine’s effects on reward 
processes. Rates of responding for BSR have been both de- 
creased and increased following apomorphine administration 
or shown to increase or decrease depending on the current 
intensity and drug dose (4,5,30). At high current intensities 
rates of responding for rewarding stimulation have been re- 
duced by treatment with a 0.2 mg/kg dose of apomorphine 
while response rates were increased by this treatment at low 
current intensities. These results may be related to a loss of 
stimulus control that results in the flattening of the response- 
current intensity curve. Alternatively, they may reflect apo- 
morphine-induced enhancement of the reinforcing effects of 
low currents and simultaneous reduction in the high current re- 
inforcement. 

Administration of a 0.1 mg/kg dose of apomorphine in- 
creases rates of responding for BSR to above those observed 
after saline treatment in animals with 6-hydroxydopamine le- 
sions of the nucleus accumbens (39). This result suggests that 
apomorphine, at this dose, can activate reward pathways in 
which presynaptic dopamine neurons have been destroyed. 

Some researchers have found that animals treated with 
apomorphine will continue pressing on levers even after the 
delivery of rewarding stimulation has been discontinued (4). 
These findings might be attributable to the development of 
stereotypic behaviors in animals treated with apomorphine or 
to some other drug-induced disruption of behavioral regula- 
tion. In this investigation all animals exhibited some form of 
stereotypic behavior at the highest apomorphine dose tested 
(0.4 mg/kg), a dose that may be acting at both pre- and postsyn- 
aptic dopamine receptor sites. With the loss of stimulus control 
it is no longer possible to assess the effects of a drug on reward 
processes. In the present experiment, BSR thresholds were 
either elevated or remained unchanged after the administra- 
tion of apomorphine at doses (0.2 mg/kg and lower) that did 
not cause a loss of stimulus control. In another study in which 
pulse frequencies at 50% of maximal response rates were 
used as threshold values, the intraperitoneal administration 
of apomorphine at doses of 0.3 and 1 mglkg produced a drop 
in thresholds to below levels obtained with vehicle injection 
(12). Administration of bromocriptine, which like apomor- 
phine is a direct dopamine agonist, also has been found to 
lower BSR thresholds at doses at which stimulus control was 
maintained (27). 

There was trend in this investigation for low doses of apo- 
morphine to produce modest elevations in the BSR threshold. 
Low doses of apomorphine have also been shown to produce 
small increases in pulse frequency thresholds (12). Other re- 
ports indicate that treatment with low doses of apomorphine 
and selective dopamine autoreceptor agonists 3-PPP and TL- 
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99 to reduce rates of responding for rewarding stimulation 
delivered to the medial septal areas (15) and the lateral hypo- 
thalamus (11,30). These results suggest that stimulation of 
dopamine autoreceptors can antagonize the reinforcing effects 
of intracranial self-stimulation. 

Animals will self-administer apomorphine (2,45) and kainic 
lesions of the nucleus accumbens disrupts apomorphine self- 
administration, indicating that the mesolimbic system is a ma- 
jor site of this drug’s reinforcing actions (46). One report 
indicates that during initial screening sessions apomorphine 
self-administration resulted in the emergence of stereotypic 
behaviors consisting of either bar biting or rapid lever pressing 

in about 50% of test animals (46). These observations indicate 

that apomorphine, at higher doses, may not be particularly 

selective in its effects on reinforcement systems as compared 
to its actions on systems that regulate motor behaviors. 

The finding that low doses of apomorphine blocked mor- 
phine’s threshold lowering effects is consistent with the hy- 
pothesis that morphine’s reinforcing actions are mediated by 
dopaminergic mechanisms. Also compatible with this idea is 
evidence that morphine, when infused into the VTA, reversed 
elevations in BSR thresholds produced by administration of 
the dopamine receptor antagonist pimozide (37). Some self- 
administration studies, however, provide evidence that dopa- 
mine systems are not involved in the mediation of the reinforc- 
ing effects of opiates. Treatment with the dopamine-blocking 
agent alpha-flupenthixol was found to have no effect on heroin 
self-administration (10). Depletion of dopamine from the nu- 
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cleus accumbens, in one study, also has been shown to not 
alter patterns of heroin self-administration (36). In another 
investigation, however, depletion of dopamine from the nu- 
cleus accumbens resulted in a rightward shift in the dose rate 
of the response curve for morphine (38) suggesting a compen- 
satory increase in rates of morphine self-administration in 
response to a decrease in the reinforcing effects of this drug. 

Because low-dose apomorphine produced elevations in 
BSR thresholds, apomorphine’s attenuation of morphine’s 
threshold lowering effects might simply reflect the additive 
effects of these agents at two essentially independent sites. The 
mean elevations in the reward thresholds observed following 
apomorphine administration, however, were markedly smaller 
than were the mean reductions in thresholds that were pro- 
duced by morphine treatments. Thus, a simple additive rela- 
tionship between the effects of morphine and apomorphine 
on BSR may not exist. 

The results of this experiment indicate that the rewarding 
effects of opiates, as measured by BSR. can be attenuated by 
the concurrent administration of a dopamine autoreceptor 
agonist and, consequently, are consistent with the hypothesis 
that presynaptic dopamine neurons are involved in the media- 
tion of opiate-induced reinforcement. They also suggest that 
dopamine autoreceptor agonists may be of some use in the 
pharmacotherapy of opiate abuse. 
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