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IZENWASSER, 8. AND C. KORNETSKY. The effect of amfonelic acid or nisoxetine in combination with morphine on
brain-stimulation reward. PHARMACOL BIOCHEM BEHAV 32(4) 983-986, 1989. —Many drugs of abuse, including stimulants
such as cocaine and amphetamine, and opioids like morphine and heroin, will lower the threshold at which rats will work to receive
electrical stimulation to the medial forebrain bundle-lateral hypothalamic region (MFB-LH). This effect is even greater when the two
classes of drugs are coadministered. The underlying mechanisms by which this occurs are not completely understood, however there
is considerable evidence suggesting that the catecholamines play a major role in mediating the reinforcing effects of these drugs. The
present study was conducted to investigate the effects of amfonelic acid, an indirect dopamine agonist, and nisoxetine, a highly
selective norepinephrine uptake blocker, alone and in combination with morphine, on the reward threshold for rewarding electrical
intracranial stimulation. As in previous studies, morphine, as well as amfonelic acid, lowered the reward threshold with the amfonelic
acid causing greater threshold lowerings than that of morphine. When a low (ineffective) dose of amfonelic acid was administered
concomitantly with morphine, the threshold lowerings observed were larger than those seen with either drug alone and were often more
than additive. Nisoxetine alone had no effect on the reward threshold and produced inconsistent results when combined with morphine.
These findings support the thesis that amfonelic acid has abuse potential, and that its reinforcing effects may, in fact, be even greater
than that of the opioids. Further, these results support the hypothesis that dopamine plays a more critical role in mediating
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brain-stimulation reward than dose norepinephrine.

Brain-stimulation reward Amfonelic acid Nisoxetine

Morphine

IT has been suggested by a number of investigators that the
reinforcing effects of a variety of abuse substances, specifically
the psychomotor stimulants and the opioids, are a direct result of
the activation of those brain areas that subserve intracranial
self-stimulation (ICS) (13). Psychomotor stimulants, such as
cocaine (10) and d-amphetamine (11), which increase activity of
catecholamines at postsynaptic receptors, lower the threshold and
increase response rate for ICS (35). Conversely, drugs which
antagonize catecholamine activity attenuate ICS behavior. For
example, haloperidol (9), chlorpromazine (12) and pimozide (5)
raise the threshold (5,9) or decrease response rate for ICS (38,40).
Similarly, synthesis inhibition by alpha-methyl-p-tyrosine (37)
and lesions of terminal areas by 6-OHDA (6) attenuate ICS
behavior.

Like the stimulants, opiates such as morphine (24) and heroin
(16) lower the reward threshold. Whether there is a common
pathway by which these effects are produced, or whether the two

classes of drugs act via different mechanisms to produce reinforce-
ment, is unknown. Although the opiate antagonist naloxone blocks
the threshold lowering effects of cocaine (3) and d-amphetamine
(11), and the combined administration of d-amphetamine and
morphine results in a greater threshold lowering than seen with
either drug alone (17), evidence suggesting a different mechanism
is given by the finding that 6-OHDA lesions of the nucleus
accumbens will block the self administration of cocaine, but not
heroin (28). However, clinical subjects to whom combinations of
d-amphetamine and morphine were administered report a greater
degree of euphoria than with either drug alone (18). Although
these findings suggest an interaction between opioid and cate-
cholaminergic systems in mediating central reward, it is difficult
to draw conclusions about the mechanism by which this potenti-
ation occurs because d-amphetamine does not act selectively on a
single neurotransmitter system.

The present study was conducted to investigate the roles that
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norepinephrine and dopamine play in mediating the d-amphet-
amine-morphine interaction. The effects of amfonelic acid and
nisoxetine alone and in combination with morphine on brain-
stimulation reward were studied. Amfonelic acid is an indirect
dopamine agonist which facilitates the release of dopamine from
the presynaptic neuron (32). It will also by itself lower the
threshold for rewarding brain stimulation (21). It is unlike d-
amphetamine in that its actions are attenuated by reserpine
pretreatment suggesting that it is causing the release of pooled
dopamine rather than newly synthesized transmitter (1,2). Further,
it appears to exert no effect on either norepinephrine (23) or
serotonin metabolism (36) at doses below 2.0 mg/kg. Nisoxetine is
a highly selective inhibitor of norepinephrine uptake (41,42). It
increases the amount of norepinephrine in the synapse and thus the
amount available for binding to the postsynaptic receptors. It has
been shown to have little or no effect on dopamine or serotonin,
except at doses much higher than needed to block reuptake of
norepinephrine (42). Thus, because of amfonelic acid and nisox-
etine’s high degree of selectivity for dopamine and noradrenergic
neurons, respectively, these drugs were used to study the role
which dopamine and/or norepinephrine play in mediating the
potentiation by d-amphetamine of the threshold lowering effect of
morphine.

METHOD
Testing Procedures and Data Analysis

Four male albino F-344 rats (Charles River Laboratories) each
weighing approximately 300 grams were used in this experiment.
Methods of electrode implantation, training, determination of
reward thresholds and histological procedures are the same as
those described in the preceding paper (21).

Experiment 1

Animals were injected intraperitoneally with either amfonelic
acid or saline, followed immediately by a subcutaneous injection
of either morphine or saline. Amfonelic acid was prepared as
previously described (21).

Experiment 2

Animals were injected intraperitoneally with either nisoxetine
hydrochloride (Lilly Pharmaceuticals Company) or saline, fol-
lowed 5 minutes later by a subcutaneous injection of either
morphine or saline. Nisoxetine hydrochloride was dissolved in
isotonic saline.

RESULTS
Experiment 1

Table 1 shows the mean pre-saline threshold in wA plus the
post minus pre-saline threshold difference and its standard devia-
tion for each animal. z-Scores after drug treatment were based on
these difference scores.

Figure 1 shows the mean (n=4) effect of 0.063 to 0.50 mgrkg
amfonelic acid alone on the reward threshold. All animals showed
a significant (p<<0.05) dose-dependent lowering of the threshold
for rewarding brain stimulation following administration of am-
fonelic acid. Figure 2 shows the effect of morphine alone and in
combination with an ineffective dose of amfonelic acid (0.063
mg/kg). Morphine alone lowered the reward threshold and when it
was administered concomitantly with amfonelic acid, a greater
lowering was seen. The magnitude of this effect always exceeded
that observed with either drug alone and was often more than
additive. The mean prethreshold in A for each of the test animals
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TABLE 1

THE MEAN PRE-SALINE THRESHOLD AND POST MINUS PRE-SALINE
THRESHOLD DIFFERENCE = SD FOR EACH ANIMAL IN pA

Pre-saline Post Minus Pre-saline
Animal Threshold Difference * SD*
301 57.9 7.1 = 4.9*
325 56.0 7.8 + 5.7
306 25.8 03 %34
304 28.3 5.3 =27

*z-Scores after drug treatment for each animal are based on these
difference scores.

as well as their change score (+SD) is given in the table.

Experiment 2

The mean (n = 4) effect of 1.25 to 20.0 mg/kg of nisoxetine on
the reward threshold is shown in Fig. 3. Nisoxetine alone had no
significant effect on the threshold. However, it did vary in
different animals with two animals showing a lowering and two
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FIG. 1. Mean standard score (z-score) changes in the reward threshold
from pre- to post-amfonelic acid for four animals. A z-score of *+ 2 (shaded
area) indicates the 95% confidence limits.
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FIG. 2. Mean standard score (z-score) changes in the reward threshold for
pre- to postdrug for morphine alone (circles) and in combination with
0.063 mg/kg amfonelic acid (squares) for four animatls.
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FIG. 3. Mean SEM standard score (z-score) changes in reward threshold
from pre- to post-nisoxetine for four animals.

having no effect. Similarly, the effect of nisoxetine on morphine’s
lowering of the reward threshold was also variable (Fig. 4). In two
animals the thresholds following the combination of these drugs
were lower than those seen with morphine alone. In one, mor-
phine’s effect was not as great at 1.0 mg/kg when administered
with nisoxetine, but there seemed to be little or no difference at the
other doses of morphine. In one there were no differences between
the effect of morphine alone and in combination with nisoxetine.

Histology

Histological examination revealed that the tips of the stimulat-
ing electrodes were located in the lateral hypothalamic region of
the medial forebrain bundle.

DISCUSSION

As in previous studies (24), morphine lowered the threshold for
rewarding brain stimulation to the MFB-LH. Amfonelic acid,
when administered by itself, also caused threshold lowerings and
these were greater than those seen with morphine alone. When a
dose of amfonelic acid which alone caused no significant change
in the reward threshold was administered concomitantly with
morphine, the threshold lowerings observed were of a greater
magnitude than with either drug alone, and were often more than
additive.

4
2_
w /
£ o ]
(&) / Morphine
» 1@ L N2V
.- Morphine + ~ - ]
2.5 mg/kg NSX
-6 o—p—————— " T v
0.5 1.0 2.0 4.0

DOSE MORPHINE (mg/kg)

FIG. 4. Mean standard score (z-score) changes in reward threshold from
pre- to postdrug for morphine alone (circles) and in combination with 2.5
mg/kg nisoxetine (squares) for four animals.
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The results of the effects of amfonelic acid are in accord with
previous findings (21), in that they suggest that amfonelic acid had
abuse potential. The threshold changes seen are similar to those
seen with many drugs of abuse, including stimulants such as
cocaine (10) and d-amphetamine (11) and opioids like morphine
(24) or heroin (16). Additionally, the magnitude of the threshold
lowerings following amfonelic acid suggest that this drug may be
even more reinforcing than either morphine or heroin.

Nisoxetine, on the other hand, did not yield consistent results
across either animals or drug dose. Alone, it either lowered or had
no effect on the reward threshold and when administered together
with morphine, nisoxetine either attenuated, potentiated or had no
effect on morphine’s threshold lowering effect.

These results suport the hypothesis that dopamine plays a
critical role in mediating brain-stimulation reward. The finding
that a dopamine agonist in combination with morphine produces
threshold lowerings greater than those seen with either drug alone
suggests an opioid-dopaminergic interaction. The question still
exists, however, as to whether facilitation of brain-stimulation
reward by drugs of abuse is via activation of endogenous opioid or
dopamine containing neurons. The use of naloxone to distinguish
between opioid and catecholamine systems has yielded mixed
results. It has been reported that naloxone either has no effect on
(22,39) or decreases (4,34) response rates for self-stimulation. It
has also been shown to have no effect on brain-stimulation reward
thresholds following either chronic (26) or acute (11) administra-
tion. Studies using dopaminergic drugs, however, have yielded
more consistent results. Dopamine antagonists such as haloperidol
(9,38), pimozide (5, 38, 40), and chlorpromazine (12) increase
threshold or decrease response rates for ICS.

Evidence of opioid modulation of dopamine neurons is also
consistent with the idea that brain-stimulation reward is mediated
via dopaminergic activity. Reports that there are opiate receptors
localized on presynaptic dopamine neurons which appear to play a
role in regulating the synthesis and release of dopamine (29-31),
and that there is increased turnover of DA following morphine
administration (8,33), suggests that the opioids may influence
brain-stimulation reward via modulation of dopamine neurons. A
number of other studies also provide evidence of opioid modula-
tion of dopaminergic activity. It has been shown that morphine or
DALA (a synthetic enkephalin analog) (27) produces an increase
in locomotor activity when administered into the ventral tegmental
area (7). This is antagonized either by administration of fluphena-
zine (19) or destruction of dopamine terminals in the nucleus
accumbens with 6-OHDA (20). Furthermore, while amfonelic
acid, like d-amphetamine. increases the amount of dopamine
released per impulse, it also decreases the firing rate of dopamin-
ergic neurons (14). Morphine, on the other hand, increases cell
firing rates (25). thus making it likely that the coadministration of
these two drugs would result in an even greater release of
dopamine into the synapse than would be seen with either drug
alone. In summary, it appears that amfonelic acid has abuse
potential. These results further suggest that dopamine may play a
more critical role than norepinephrine in modulating opiate-
induced reinforcement. Based on these findings, it is likely that the
potentiation of the lowering of the reward threshold observed
following combinations of morphine and d-amphetamine are due
to increased dopaminergic and not noradrenergic activity. Thus it
seems likely that the reinforcing effects of opioid drugs may be the
result of their regulation of mesolimbic dopamine activity, and not
due to changes in noradrenergic activity.
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