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(1) 153–158, 1997.—To further clarify the inter-
action between opioid and dopaminergic systems, the effects of simultaneous administration of morphine hydrochloride (1.25
or 2.5 mg/kg) and haloperidol (0.1 mg/kg) on aggressive behavior of male mice were explored. Isolated male mice (experi-
mental animals) were confronted in a neutral area with anosmic, group-housed conspecifics (standard opponents) 30 min
after injection of both compounds, and aggression was evaluated by estimation of times allocated to 11 different behavioral
categories. In the first experiment (which functioned as a pilot study), the two doses of morphine were explored. In the sec-
ond one, incorporating a more complete experimental design, only the lowest morphine dose was used and the animals were
preselected by a previous aggression test. In attack behavior, morphine added to haloperidol counteracted, at least partially,
the antiaggressive effect of the neuroleptic. In contrast, the impairing effects of haloperidol on motor activity were increased
by the addition of morphine. These results show that the behavioral effects of dopaminergic antagonists are modulated by
opioid influences and that opiates and dopaminergic agents interact in a different manner on motor and on aggressive
behaviors. © 1997 Elsevier Science Inc.

 

Aggression Morphine Haloperidol Motor activity Reward Mice Dopamine Opiates

 

THE functional interaction of dopaminergic and opioid
systems has become a subject of great interest for many re-
searchers, and a  substantial number of revealing experiments
have been designed with the purpose of understanding the na-
ture of such interaction. The majority of available results sug-
gest that the dopaminergic system mediates several effects of
opioids (5,6,10,36,41,48), especially their reinforcing and psy-
chomotor actions. The strategy most frequently used is to in-
terfere with dopaminergic functioning and observe any changes
that appear in the behavioral effects of the opioid compounds.

Opiate agonists (like morphine, heroin, or 

 

b

 

-endorphin) lo-
cally placed in dopaminergic regions (such as the ventral teg-
mental area or the nucleus accumbens) generally stimulate
motor activity as well as reinforced behaviors. These effects
are blocked not only by opiate antagonists (like naloxone) but

also by dopaminergic antagonists such as haloperidol (16,19,36),
suggesting that, at least partially, these effects of opiates must
be mediated by dopaminergic neurons. Moreover, it has been
shown that lesions in the ventral tegmental area (VTA) or in
the nucleus accumbens (NA) abolish motivational and motor
effects of opiates (38,41).

Spyraki et al. (40), using the conditioning place preference
(CPP) paradigm, observed that the rewarding effects of the 

 

m

 

agonist heroin were attenuated by pretreatment with halo-
peridol and that lesions of the mesolimbic dopaminergic path-
way at the level of the NA also attenuated the heroin-induced
CPP. These data provided direct support for the mesolimbic
pathway as a substrate for opiate reward. In 1988, Shippen-
berg and Herz (36), using selective antagonists for D1 and D2
receptors in a CPP situation, postulated that aversive as well
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as reinforcing motivational states were more related to D1
than to D2 receptors. Furthermore, Acquas et al. (1) showed
that SCH 23390, a selective D1 antagonist, blocked the CPP
induced by morphine. More recently, Shippenberg et al. (35)
confirmed the intervention of the NA in mediating opiate re-
ward, but they could verify only the involvement of D1 recep-
tors. Gerrits et al. (16), using systemic self-administration of
heroin, also found that the selective D1 antagonist SCH 23390
decreased heroin intake, although only at doses that also af-
fect motor behavior. If these results are considered together,
it could be proposed that the stimulation of D1 but not D2 re-
ceptors mediates the rewarding effects of opioids.

On the other hand, Stinus et al. (43) observed that chronic
neuroleptic treatment increased the reinforcing properties of
opiates administered in the NA, but these effects were com-
pletely abolished when the opiates were administered in the
VTA. Likewise, the threshold dose of heroin required to in-
duce CPP was lower in rats chronically treated with neurolep-
tics. This phenomenon was also demonstrated by using other
paradigms, such as heroin-induced intravenous self-adminis-
tration (43). Stinus et al. (43) suggested that chronic neurolep-
tic treatment increases the synaptic biodisponibility of endog-
enous opiates within the NA and that the reinforcing effects
of opiates are mediated by the activation of mesolimbic DA10
neurons in the VTA whereas these effects do not seem to be
dopamine (DA)-dependent in the NA.

Recently, Da Silva Planeta et al. (12), studying the increase
of motor activity and the reinforcing properties of fecanfam-
ine (an indirect dopaminergic agonist), found that these ef-
fects were blocked by D1 dopaminergic antagonists and by
naloxone but not by D2 dopaminergic antagonists. These re-
sults also assign an important role to D1 receptors in mediat-
ing the rewarding and psychomotor effects of opiates.

The hypothesis that morphine administration activates the
dopaminergic pathways enhancing locomotor activity is sus-
tained by numerous results. Morphine-induced locomotion is
depressed after pretreatment with the dopaminergic antago-
nist spiperone or with the agonist apomorphine, which inhib-
its presynaptically dopaminergic neurons (17). Morphine in-
jected in the VTA increases locomotion, an action that is
blocked by systemic administration of either naloxone or ha-
loperidol (19). Moreover, the increase in motor activity in-
duced by injection of morphine in the NA is blocked by pre-
treatment with a D1 antagonist (SCH 23390) or with a
predominantly D2 dopaminergic antagonist like haloperidol
(26,27) or by lesions of the NA with 6-OHDA (42). Neverthe-
less, some authors have failed to confirm this result. Kalivas et
al. (21) found that microinjection of DALA (an enkephalin
analogue) into the VTA produced an increase in locomotion
that was antagonized by neuroleptic administration (fluphena-
zine) in the NA, but when DALA and fluphenazine were both
injected into the NA, the neuroleptic compound failed to
block this behavioral response. Likewise, Vaccarino et al. (45)
found that heroin-induced locomotion was not blocked by the
dopaminergic antagonist 

 

a

 

-flupenthixol or by 6-OHDA le-
sions of the NA.

All of these results illustrate that dopaminergic activity
seems instrumental in mediating the effects of opioid com-
pounds, but this interaction also functions the other way
around. Layer et al. (25) applied two DA agonists (

 

d

 

-amphet-
amine and dopamine) in the NA and obtained an increase in
locomotor activity. The response was cancelled when the
drugs were coadministered with morphine.

The interaction between dopaminergic and opioid systems
has been little explored in behaviors other than reinforcement

and motility. Few experiments have been carried out in the
field of aggression. Gianutsos and Lal, in 1978 (15), observed
that apomorphine-induced aggression was blocked by mor-
phine. In morphine withdrawal studies, dopaminergic antago-
nists decreased aggression (15,24) whereas dopaminergic ago-
nists increased it (22). On the other hand, Tidey and Miczek
(44) did not find this increase in aggression produced by mor-
phine withdrawal when selective dopaminergic agonists were
administered. Winslow and Miczek (47), using the resident–
intruder paradigm in male mice, studied the interaction be-
tween an opiate antagonist (naltrexone) and a dopaminergic
agonist (amphetamine). Naltrexone increased the disruptive
effect of amphetamine on aggressive behavior but also blocked
its stimulant effects on locomotor activity.

It seems clear that opiates and the dopaminergic system in-
teract in a different way on aggressive and motor behaviors.
With the purpose of looking into this interaction further, we
administered an opiate agonist (morphine) and a dopaminer-
gic antagonist (haloperidol) and studied their effects on ag-
gressive behavior and motor activity. Numerous researchers
have used a wide range of doses of haloperidol in aggression
experiments with mice (2,29,30), the results of which show an
unmistakably antiaggressive action of this neuroleptic. In the
present study, a relatively low dose of the butyrophenone (0.1
mg/kg), which had previously shown clear antiaggressive ef-
fects but a moderate depressing action on motor activity
(29,33), was used after carrying out a pilot experiment that
confirmed these expectations.

The two morphine doses used (1.25 and 2.5 mg/kg) were
initially selected because in a previous study they had been
found to reduce aggression (14). Although in this experiment
they did not show a clear antiaggressive action, the results
proved them to be of great help in the task of exploring the
nature of the opioid–dopaminergic interaction.

 

METHODS

 

Subjects

First experiment.  

 

Forty-eight OF.1 albino male mice (Lab-
oratorios IFFA CREDO, Barcelona) 42 days old were housed
under standard laboratory conditions: constant temperature
(21

 

°

 

C), a reverse light schedule (white lights on 0730–1930 h),
and food and water available ad lib, except during behavioral
testing. All animals underwent an adaptation period of 30
days before experimental treatments were applied. Half were
individually housed in transparent plastic cages (24 

 

3

 

 13.5 

 

3

 

13 cm) and employed as experimental animals. The remain-
der were housed in groups of five to be used as standard op-
ponents and were made temporarily anosmic by intranasal la-
vage with a 4% zinc sulphate solution on the day before
testing (37). Such animals provoke aggressive behavior in iso-
lated aggressive mice (7) but do not initiate attack.

 

Second experiment. 

 

One hundred twenty OF.1 albino male
mice (Laboratorios IFFA CREDO) 21 days old were used.
The housing conditions and preexperimental treatment were
similar to those described above.

 

Drug Treatments and Experimental Design

First experiment. 

 

Morphine hydrochloride (Laboratorios Al-
caliber, Toledo, Spain), haloperidol

 

®

 

 (Laboratorios Latino),
and physiological saline (0.9% NaCl) were used in this experi-
ment. Drugs were diluted in physiological saline (0.1 mg/ml)
and administered intraperitoneally.

Animals were allocated to one of three groups (

 

n

 

 

 

5

 

 8): one
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control and two experimental. Experimental groups received
simultaneously morphine plus haloperidol in two separate in-
jections. One experimental group received 1.25 mg/kg of mor-
phine plus 0.1 mg/kg of haloperidol (M1 

 

1

 

 H). The other ex-
perimental group received 2.5 mg/kg of morphine plus 0.1 mg/
kg of haloperidol (M2 

 

1

 

 H). The control group received two
injections of physiological saline (V 

 

1

 

 V).

 

Second experiment. 

 

Four groups of animals were used: one
control and three experimental. The control group received
two doses of physiological saline (V 

 

1

 

 V). The first experi-
mental  group received 1.25 mg/kg of morphine plus physio-
logical saline (V 

 

1

 

 M1). The second experimental group re-
ceived 0.1 mg/kg of haloperidol plus physiological saline (V 

 

1

 

H), and the third group received 1.25 mg/kg of morphine plus
0.1 mg/kg of haloperidol (M1 

 

1

 

 H). All animals were injected
only once, although the syringe was changed to administer the
two different compounds.

In this experiment, animals underwent a previous aggres-
sion test with an anosmic opponent; subjects not showing any
aggressive behavior were excluded.

 

Social Encounters

 

Behaviors were evaluated 30 min after the last injection.
After treatment, an experimental animal and a standard op-
ponent confronted each other in a neutral cage for 10 min. All
tests were carried out under white illumination between the
second and fifth hour of the dark phase of the light/dark cycle.
The animals were allowed 1 min of adaptation to the neutral
cage before the encounter, during which time they were sepa-
rated by means of a plastic barrier. Encounters were video-
taped with a Panasonic VHS camera.

 

Behavioral Analysis

 

The videotapes were analyzed using a microprocessor
(Commodore 64 computer) and a custom-developed program
(8) that facilitated estimation of times allocated to 11 broad
functional categories of behavior. Each category included a
collection of different postures and elements. The names of
categories are the following: body care, digging, nonsocial ex-
ploration, explore from a distance, social investigation, threat
(aggressive groom, sideways offensive, upright offensive, tail
rattle), attack (charge, lunge, attack, chase), avoidance/flee,
defensive/submissive, sexual, and immobility. A detailed de-
scription of all elements can be found in Brain et al. (8) and
Martínez et al. (28).

 

Statistical Analysis

 

Data were initially analyzed using the Kruskal–Wallis test.
For the behavioral categories in which this test was signifi-
cant, differences between control and experimental groups in
accumulated times were then examined by the two-tailed
Mann–Whitney 

 

U

 

-test.

 

RESULTS

 

First Experiment

 

Table 1 illustrates medians (with ranges) of accumulated
times allocated to the 11 broad categories described above.
Both groups of animals treated with haloperidol showed a sig-
nificant (U 

 

5

 

 1.0 and 0.0 for M1 

 

1

 

 H and M2 

 

1

 

 H, respec-
tively, 

 

p

 

 

 

,

 

 0.001) increase in the time allocated to immobility
behaviors with respect to the control animals. The group
treated with haloperidol plus the higher dose of morphine

showed a significant (

 

U

 

 

 

5

 

 11, 

 

p

 

 

 

,

 

 0.02) decrease in the time
allocated to nonsocial exploration with respect to the other
two groups. No changes were observed in offensive behaviors
(threat and attack) in either experimental group with respect
to controls.

 

Second Experiment

 

Table 2 illustrates medians (with ranges) of  accumulated
times allocated to the 11 behavioral categories. Animals
treated with haloperidol plus saline showed a significant (

 

U

 

 

 

5

 

9.5, 

 

p

 

 

 

,

 

 0.002) decrease in the time allocated to attack behav-
iors with respect to the other three groups. Immobility was
significantly (

 

U

 

 

 

5

 

 0.0, 

 

p

 

 

 

,

 

 0.002) increased in the two groups
treated with haloperidol plus saline. Nonsocial exploration
significantly (

 

U

 

 

 

5

 

 26, 

 

p

 

 

 

,

 

 0.02) decreased in the group treated
simultaneously with haloperidol and morphine. Neither mor-
phine with saline nor morphine with haloperidol decreased at-
tack behavior. Threat behavior was not significantly modified
in any of the four groups studied.

 

DISCUSSION

 

The most obvious finding of this study is that opiates and
dopaminergic agents interact in a different way on motor and
aggressive behaviors. In aggressive behavior, morphine ad-
ministered with haloperidol counteracts, at least partially, the
clear antiaggressive effect of the neuroleptic. On the contrary,
the impairing effects of haloperidol on motor activity are in-
creased by the addition of morphine.

In agreement with our findings, a number of papers have
pointed out this dissociation between antiaggressive and mo-

TABLE 1

 

FIRST EXPERIMENT: MEDIANS ALLOCATED
TO 11 CATEGORIES OF BEHAVIOR

Behavioral Category V 

 

1

 

 V M1 

 

1

 

 H M2 

 

1

 

 H

 

Body care 8 5 2
(1–11) (0–13) (0–35)

Digging* 8 5 1†
(1–25) (2–14) (0–11)

Nonsocial exploration* 325 318 221†
(270–440) (246–354) (70–346)

Explore from a distance 49 54 27
(12–65) (6–86) (11–92)

Social investigation 77 35 27
(22–203) (13–94) (5–211)

Threat 46 48 37
(10–134) (6–154) (0–101)

Attack 29 17 14
(1–103) (0–57) (0–31)

Avoidance/flee 0 0 0
(0–6) (0–2) (0–4)

Defensive/submissive 0 0 0
(0–0) (0–0) (0–0)

Sexual 0 0 0
(0–0) (0–0) (0–0)

Immobility** 4 106†† 212††
(1–15) (13–225) (61–469)

Medians of accumulated times (in s) with ranges allocated to 11
categories of behavior. Kruskal–Wallis test shows significant variance
at *

 

p

 

 

 

,

 

 0.05 or **

 

p

 

 

 

,

 

 0.001. Differs from controls on two-tailed
Mann–Whitney U-test at †

 

p

 

 

 

,

 

 0.02 or ††

 

p

 

 

 

,

 

 0.001.
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tor effects. Winslow and Miczek (47) found that, when given
to mice, the opioid antagonist naloxone increased the antiag-
gressive action of amphetamine (a dopaminergic agonist) but
blocked its stimulant effects on motor activity. In a similar di-
rection, Cunningham and Kelley (11) found that opiates stim-
ulated activity when infused into the NA (which is a major
target of dopaminergic neurons) but did not affect response
for conditioning reward. For these authors, the data demon-
strate an important dissociation of the effects of opiates on
motor activity and on reward.

Studying morphine withdrawal, Tidey and Miczeck (44)
found a clear dissociation between the time course of changes
in motor activities and in aggressive behaviors. In withdrawal,
frequency of attack was increased, and this effect persisted at
least 4 days. In contrast, increase in motor activities was
greatly diminished within the first 24 h. Moreover, 

 

d

 

-amphet-
amine maintained the elevated level of aggressive behavior
but increased locomotion in morphine-withdrawn mice. A
similar dissociation, affecting only haloperidol, was found by
Navarro et al. (30). They observed that the motor but not the
antiagressive effects of haloperidol developed tolerance to re-
peated daily injections of the drug (0.4 mg/kg).

The underlying question in the interpretation of all these
experiments is, of course, the relationship between the
dopaminergic and the opioid systems. Given the complexity
of their anatomical and functional connections and our defi-
cient knowledge of them, the scope of the conclusions obtained
by studying the overall effects of neurochemical compounds
on behavior must be necessarily quite limited. Nevertheless,
some interesting comments can be made on the peculiarities
of this relationship in aggressive as well as in motor behaviors.

With regard to aggressive behavior, it is believed that spe-
cific activation of dopaminergic transmission in the  mesolim-
bic system is a common mechanism for the reinforcing prop-
erties of drugs of abuse (34,39). Aggression, considered as a
reinforcing process (32), like eating or sexual behavior, would
stimulate brain areas related to the reward system, most prob-
ably dopaminergic pathways, which could sufficiently explain
why a dopaminergic antagonist like haloperidol exerts power-
ful antiaggressive effects (29). In the conditions of our experi-
ment, when morphine was administered in addition to halo-
peridol, it partially antagonized the antiaggressive effects of
the neuroleptic. (In contrast, morphine alone did not show
any effect on aggressive behavior.) This antagonistic action of
morphine on the effects of haloperidol can be explained
through its facilitatory role in DA transmission. It is known
that morphine increases DA release and turnover in many ce-
rebral areas (5,13,36), such as the VTA or substantia nigra,
probably using intermediate GABAergic neurons (18). Thus,
morphine (at these low doses) would stimulate the reinforcing
system, enough at least to counteract the inhibiting effects of
haloperidol on aggression.

The classical impairing effects of haloperidol on motor ac-
tivity (9) are reflected in our results by the increased immobil-
ity of the group treated only with haloperidol. On the other
hand, morphine at low doses does not impair motor behavior
but even increases it (31), although at high doses it has been
described to decrease motility. In our results, as could be ex-
pected, the animals treated with morphine showed no in-
crease in immobility.

These effects of morphine on motor activity are generally
related to its action on the dopaminergic system, especially on

TABLE 2

 

SECOND EXPERIMENT: MEDIANS ALLOCATED
TO 11 CATEGORIES OF BEHAVIOR

Behavioral Category V 

 

1

 

 V V 

 

1

 

 H V 

 

1

 

 M1 M1 

 

1

 

 H

 

Body care 5 12 6 10
(0–121) (0–26) (0–41) (0–25)

Digging* 0 3 1 1
(0–2) (0–16) (0–22) (0–19)

Nonsocial exploration* 372 329 387 282†
(100–467) (58–439) (249–446) (108–424)

Explore from a distance 18 19 22 27
(7–119) (2–67) (6–34) (1–63)

Social investigation 15 30 18 16
(0–345) (0–109) (0–48) (0–69)

Threat 58 16 47 50
(17–93) (0–72) (18–105) (1–122)

Attack** 95 9†† 71 38
(2–159) (0–26) (27–151) (0–106)

Avoidance/flee 0 0 0 0
(0–0) (0–0) (0–0) (0–0)

Defensive/submissive 0 0 0 0
(0–0) (0–0) (0–0) (0–0)

Sexual 0 0 0 0
(0–0) (0–0) (0–0) (0–0)

Immobility** 0 80†† 0 143††
(0–9) (18–534) (0–95) (32–264)

Medians of accumulated times (in s) with ranges allocated to 11 categories of
behavior. Kruskal–Wallis test shows significant variance at *

 

p

 

 

 

,

 

 0.05 or **

 

p

 

 

 

,

 

0.001. Differs from controls on two-tailed Mann–Whitney 

 

U

 

-test at †

 

p

 

 

 

,

 

 0.02 or
††

 

p

 

 

 

,

 

 0.002.
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its mesolimbic and nigrostriatal portions. Microinjections of
morphine in the VTA produce an increase in locomotor activ-
ity similar to that observed following systemic administration
of DA agonists (20). Moreover, in the experiments of Iwa-
moto (17), opioid-induced locomotion was disrupted by both
presynaptic (apomorphine) and postsynaptic (spiperone)
dopaminergic inhibitors. Both D

 

1

 

 and D

 

2

 

 DA receptors seem
to be involved in this mediation (3), although some research-
ers accept only the participation of the D

 

1

 

 receptor (46). From
these experimental results it could be expected that coadmin-
istration of morphine with haloperidol would counteract the
haloperidol-induced immobility. However, this was not the
case. Morphine not only failed to decrease immobility but, on
the contrary, it increased it, although not significantly. Our re-
sults are in agreement with those of Kiritsy-Roy, Standish,
and Cass Tery (23), who found that DA D

 

1

 

 as well as D

 

2

 

 an-
tagonists administered in combination with morphine pro-
duced a powerful catalepsy. Neither of these two types of re-

ceptor antagonist alone nor morphine alone (12 mg/kg)
produced a remarkable catalepsy. It is thought that opioid cir-
cuits in the striatum reduce nigrostriatal DA neurotransmis-
sion by presynaptic inhibition of DA release (4), thus inhibit-
ing motor behavior. The mutual potentiation of morphine and
haloperidol in the inhibition of motility is corroborated by the
decrease found in nonsocial exploration, a typical motor be-
havior that occurred  only when the two drugs were adminis-
tered together.

In conclusion, the relationship between dopaminergic and
opioid systems could be explained through a triangular inter-
action involving opioids, the dopaminergic system, and behav-
ior. Opiates could produce their effects on behavior either di-
rectly or with the intervention of the dopaminergic system.
On the other hand, the behavioral effects of dopamine could
also be influenced (in a positive or negative way, depending
on each particular behavior) by the existing opioid tone, which
is the main conclusion of our experiment.
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