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MACKEY, W B ANDD vaN DERKOOY Neuroleptics block the positive reinforcing effects of amphetamine but not of
morphine as measured by place condiioning PHARMACOL BIOCHEM BEHAV 22(1) 101-105, 1985.—The role of
dopamine brain systems in mediating the rewarding effects of opiates and stimulants was investigated using the conditioned
place preference paradigm The effects of the neuroleptics a-flupentixol (0 8 mg/kg, IP) and halopenidol (1 0 mg/kg, IP)
were tested against the place preferences produced by morphine sulphate (1 0 and 5.0 mg/kg, SC), d-amphetamune sulphate
(1 0 mg/kg, IP) and cocame hydrochlonde (5 0 mg/kg, IP) Amphetamine place preference was successfully blocked but
neuroleptic pretreatment had no effect on the place preferences produced by cocaine and morphine. a-Flupentixol alone
produced no place conditioning These results support the hypothests of dopamine involvement in amphetamine reward

However, morphine reward, as measured by the conditioned place preference paradigm, appears not to be critically

dependent on brain dopamine systems

Reward Morphie Neuroleptics Dopamine

Amphetamine

Cocaine Place conditioning

THERE 1s a great deal of evidence for the involvement of
dopamme 1n the reward produced by many psychoactive
drugs. Most convincing 1n this regard is the evidence for
amphetamine and cocaine [17, 18, 21, 24, 25, 26, 27], two
psychoactive drugs with known agonist effects at dopamine
synapses [13] However, for the opiates, the involvement of
dopamine 1n reward 1s less clear This evidence prnimarily
consists of studies correlating intracranial morphine self-
administration sites in the ventral tegmental area to the loca-
tions of dopamine fields [2, 3, 4] and two place preference
studies 1n which heroin place preference was attenuated by
the neuroleptics pimozide and haloperidol [5,22]. Other
studies find lLittle role for dopamine in morphine reward
[10,19] and nstead implicate other pharmacological systems
[6, 8, 12].

The present experiments were performed to investigate
the effects of the neuroleptics a-flupentixol and halopendol
on the conditioned place preferences produced by morphine,
cocaine, and amphetamine. As a measure of drug reward,
the conditioned place preference paradigm was chosen over
other paradigms because of its sensitivity (particularly with
morphine [15]) and because testing 1s performed drug-free.
Testing in a drug-free state is particularly important since in
other paradigms, m which animals are tested while under the
effects of drugs, interpretation of a drug’s motivational prop-
erties may be confounded by 1ts other effects In our experi-
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ments the motoric effects of neuroleptics (which may have
led to incorrect interpretation of data in at least one study
[12,19]) were avoided by testing drug-free.

We now report that morphine (1.0 and 5.0 mg/kg SC),
cocaine (5.0 mg/kg, IP) and amphetamine (1.0 mg/kg, IP) all
produced significant place preferences, and that am-
phetamine place preference was blocked by a-flupentixol
whereas cocaine and morphme place preferences were not.
These results suggest that dopamine involvement 1s not criti-
cal n opiate reward.

METHOD

Seventy-eight adult male Wistar rats (Charles River)
weighing 250-400 g were used. The rats were housed indi-
vidually throughout all handling and conditjoning procedures
1n a room kept at 22°C and lit from 0900 to 2100 hr. Purina rat
chow and tap water were available ad hb.

The place conditioning procedures used were very similar
to those used by Mucha et al [15]. Briefly, conditioning took
place for each rat in one of two boxes which differed in
colour, texture and smell. One had black walls and a black
Plexiglas floor which was wiped with a 2% vinegar solution
Just prior to placing each rat inside 1t. The other box had
white walls and a wood chip floor which gave off a slight
smell of wood. Each rat received ingjections of a drug on one
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day and vehicle on the next and this continued for a total of
six days. Only six days were used to mimimize tolerance to
the neuroleptics When injected with the drug (morphine,
amphetamine or cocaine) a rat was placed immediately in
one of the boxes and on alternate days, when njected with
saline vehicle, 1t was placed in the other box Each pairing
lasted 30 minutes The order of drug and vehicle presentation
and the choice of which environment rats recerved drug in-
Jections 1n was counterbalanced for the rats in each group
On the seventh day each rat was placed into a larger,
rectangular test box which consisted of environments similar
to the conditioning boxes at each end separated by a smaller
grey area (‘‘neutral zone’’) The time that each rat spent on
each of the two ends was recorded over a ten minute period
We tested three drugs (morphine sulphate, cocaine hy-
drochlonde and d-amphetamine sulphate) for their ability to
produce place preferences The effect of neuroleptics flupen-
tixol and/or haloperidol) were tested against each of these
drugs In the first experiment two groups of rats (n=6) were
given saline vehicle mnjections 2 5 hours prior to injections of
1 0 mg/kg or 5 0 mg/kg morphine sulphate SC on the opiate
painng days On alternate days they received two vehicle
control 1njections 2 5 hours and immediately before being
placed into the other box To test the effect of neuroleptics on
the morphine conditioning two other groups were treated as
above except that a 08 mgkg IP dose of a-
flupentixol was given instead of the vehicle 2 5 hours prior to
each of the six conditioning trials Neuroleptic injection was
given prior to both drug and vehicle conditioning trials n
order to maximize its pharmacological blockade properties
and minimize any possible motivational properties of
neuroleptics which could be specifically paired with one en-
vironment The pretreatment time of 2 5 hours was chosen
so that the peak neuroleptic effect would occur when the test
drug of interest was administered [9] More recent evidence
suggests that four hours may be required for a-flupentixol to
reach peak effectiveness, but other studies and our own ob-
servations confirm that at this high dose the a-flupentixol is
very effective 2 5 hours post-injection [7] In order to test if
a-flupentixol 1itself produced place conditioning, an addi-
tional group of rats (n=6) was run This group received
a-flupentixol 2 5 hours before being placed in one box and on
alternate days received saline vehicle 2 5 hours before being
placed 1n the other conditioning box Each day these rats
recerved saline vehicle injections just prior to bemng placed in
a conditioning box
In the second experiment one group of rats (n=8) was
given 1 0 mg/kg SC morphine and a second group (n=8) was
treated 1dentically but with a 1 0 mg/kg IP dose of haloperi-
dol 2 5 hours prior to each conditioning trial Our third and
fourth experiments were tdentical to the one above but used
d-amphetamine sulphate (1 0 mg/kg, IP) and cocaine hydro-
chlonde (5 0 mg/kg, IP) respectively to establish a place
preference and 0 8 mg/kg a-flupentixol to attempt to block 1t
The data were analyzed for effects of the test drug and
effects of the neuroleptic using analyses of variance and a
students 7-test m one instance The accepted level of sigmifi-
cance was p<0 05 Analyses of vartance were used on the
assumption that the time spent on one side of the test box
dunng the 10 min test period was independent of the time
spent on the opposite side This assumption was possible
because during the test each rat could also spend time 1n the
grey ‘‘neutral zone’’ and, therefore, time spent on one side
of the test box did not necessanly predict time spent on the
other side
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FIG 1 Conditioned place preference in groups of rats receiving
erther saline (n=6) or 0 8 mg/kg IP a-flupentixol (n=6) injections 2 5
hours pror to injections of morphine (1 0 or 5 0 mg/kg SC) One
group (n=6) received a-flupentixol only Data represent mean
difference+S E M 1n time that each group spent on the drug paired
side of the test box vs the time spent on the vehicle paired side

RESULTS
Morphine

Figure 1 shows the conditioned place preference
produced 1n groups of rats given morphine alone (1 0 or 50
mg/kg, SC) or given morphine 2 5 hours after injection with
a-flupentixol (0.8 mg/kg, IP) The final group shown was
inyected with a-flupentixol only Rats injected with morphine
showed typical catelepsy which was quickly overcome when
they were startled or touched o-Flupentixol produced a
substantial immobihity 2 5 hours post-injection which was
not affected by startling or touching Rats injected with both
drugs were 1dentical in appearance to a-flupentixol only in-
Jected rats ANOVA showed that 1 0 mg/kg SC morphine
resulted tn more time spent on the drug paired than vehicle
paired side of the test box, F(1,10)=23 75, p<0 01 No sigmfi-
cant effect of a-flupentixol on this place conditioning was seen,
F(1,10)=0 89, p>0 25, and no interaction was found to exist
between the effects of morphine and the a-flupentixol,
F(1,10)=3 32, p>0 10 Similarly, the 5 0 mg/kg dose of mor-
phine produced place preferences, F(1,10)=8 39, p<0 01
No significant effect was seen for a-flupentixol,
F(1,10)=0 70, p>0 25, and no interaction was seen between
the two drugs, F(1,10)=0 005, p>0.25 The group of rats
given only a-flupentixol showed no place conditiomng at all,
1(6)=0 815, p>0 05

Figure 2 shows the conditioned place preference
produced 1n a group of rats given morphine (1 0 mg/kg, SC)
and a group of rats iyected with haloperidol (1 0 mg/kg, IP)
2 5 hours prior to receiving morphine Halopendol mnjected
rats appeared 1dentical to a-flupentixol imjected rats Again
morphine produced place preferences, F(1,14)=9 37,
p<001 Pretreatment with haloperidol failed to have any
significant effect itself on place conditioming, F(1,14)=3 60,
p>0 10, and there was no significant interaction between the
two drugs, F(1,14)=1 95, p>0 05

Amphetamine

Figure 3 shows the conditioned place preferences
produced m a group of rats given amphetamime (1 0 mg/kg,
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FIG 2 Conditioned place preferences n groups of rats receiving
either saline (n=8) or 1 0 mg/kg IP haloperidol (n=8) injections 2 5
hours prior to imjection with morphine (1 0 mg/kg SC) Data repre-
sent mean differences=S E M 1n time that each group spent on the
drug paired side of the test box vs the time spent on the vehicle
paired side

IP) and a group of rats injected with a-flupentixol (0.8 mg/kg,
IP) 2.5 hours prior to receiving amphetamine. Amphetamine
mjected rats showed hyperactivity and explored their en-
vironments much more than vehicle njected rats. On the
early conditioning trials the behaviour of the amphetamine
mjected rats that were pretreated with a-flupentixol seemed
identical to their behaviour when they were mjected with
a-flupentixol only. However, by the final amphetamine
conditioning day, the rats mjected with amphetamine and
a-flupentixol were slightly more active than when mjected
with a-flupentixol only, suggesting that tolerance was be-
ginning to develop to the a-flupentixol. Like morphine, am-
phetamine was seen to produce a significant place prefer-
ence, F(1,14)=7 94, p<0 05 a-Flupentixol, however, signif-
icantly nteracted with amphetamine, F(1,14)=11 89,
p<0.01, and seemed to completely ehminate the place pref-
erence caused by amphetamine alone

Cocaine

Figure 4 shows the conditioned place preferences
produced mn a group of rats given cocaine (5 0 mg/kg, IP) and
a group of rats injected with a-flupentixol (0 8 mg/kg, IP) 2.5
hours prior to receiving cocaine. Rats injected with cocaine
behaved 1dentically to amphetamine injected rats Cocaine
alone produced place preferences, F(1,14)=22.06, p<<0 01,
and no effect of a-flupentixol, F(1,14)=0.003, p>0.05, or
mteraction between the drugs, F(1,14)=0.99, p>0.05, was
found.

DISCUSSION

The present results confirm the results of previous studies
showing conditioned place preference produced by mor-
phine [5,15], amphetamine [21] and cocaine [20]. Also con-
firmed was the effective neuroleptic blockade of am-
phetamine but not cocaine mduced place preference [20,21].
This supports the widely held view that amphetamine reward
1s mediated by a dopaminergic substrate [21, 24, 25, 26, 27]
but fails to support this same view for cocaine. This failure to
implicate dopamine 1n cocaine reward stands n stark con-
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FIG 3 Conditioned place preference produced in a group of rats
(n=8) receiving saline mjection 2 5 hours prior to d-amphetamine
mjection (1 0 mg/kg IP) but not in the group receiving 0.8 mg/kg IP
a-flupentixol (n=8) prior to d-amphetamine Data represent mean
difference+=S E M 1n time that each group spent on the drug paired
side of the test box vs the time spent on the paired side. The astensk
indicates a sigmficant block of place preference by a-flupentixol
(p<<0 01)
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FIG 4 Conditioned place preferences in groups of rats receiving
either saline (n=8) or 0 8 mg/kg IP a-flupentixol (n=8) mjections 2 5
hours prior to mjection with cocaine (5 0 mg/kg SC) Data represent
mean difference+S E M 1n time that each group spent on the drug
paired side of the test box vs the time spent on the vehicle pared
side

trast to experiments in the intravenous self-administration
literature [24, 26, 27] An explanation for the apparent lack of
neuroleptic effect on cocaine place preference was put forth
by the group who first observed this effect They suggested
that place conditionming with cocaine 1s the result of cocaine’s
dopamine mediated central stimulant effects and also of co-
came’s local anesthetic properties which are not dopamine
mediated [20] To test this they attempted place conditioning
with procaine, a local anesthetic presumably with no central
stimulant effects at the doses used Since positive place
conditioning was obtained with procaine they hypothesized
that the central rewarding effects of cocaine were indeed
blocked by neuroleptic treatment and that the place prefer-
ences still seen were the result of cocaine’s local anesthetic
properties [20]. However, 1t 1s not clear why these local
anesthetic properties do not maintain normal response rates
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after neuroleptics 1 the cocamne Intravenous self-
admmistration paradigm and why much higher doses of
procaine than cocaine were needed to produce place prefer-
ences since procatne 1s at least as effective as cocame 1n
producing local anesthesia [16]. Moreover, if the central as-
pects of cocame reward were blocked by neuroleptic pre-
treatment then one may have expected to see at least an
attenuation of place preference conditioning This, however,
was not seen in either the former [20] or the present study.

With both the neuroleptics a-flupentixol and haloperidol
we obtained no attenuation of the conditioned place prefer-
ences produced by morphine In fact in one group we
seemed to get a potentiation of conditiomng with
a-flupentixol pretreatment although this was not statistically
significant (see Fig 1). The failure to block the reinforcing
effects of morphine with neuroleptics 1s particularly striking
given the low doses of morphine used (Just above the
threshold doses for producing morphine SC place prefer-
ences [14], Bechara and van der Kooy, unpublished obser-
vations) and the high doses of neuroleptics used (which did
block amphetamine place preference)

Our nability to block morphine conditioned place prefer-
ence with neuroleptics 1s in contrast to earher studies show-
ing pimozide and haloperidol attenuation of heroin induced
place condittoning [5,22] In one of these studies [22], how-
ever clear place preferences were evident even after haloper-
1dol One possibility for this discrepancy may be differences
in the drugs used wmn each study although we believe 1t un-
likely that morphine and heromn would act via different
pharmacological substrates and also unlikely that there 1s
any significant difference 1n the effectiveness of dopamine
blockade by the neuroleptics at the high doses used Another
possible explanation may mvolve differences between the
versions of the conditioned place preference paradigm used
Our version (the ‘‘balanced’ version) involves complete
counterbalancing of the order of morphine presentations and
the environment morphine 1s paired with This 1s possible
because prior studies have established that the two environ-
ments we use are equally preferable to well handled rats [15]
The *‘unbalanced’ version, on the other hand, employs two
environments (one of which 1s greatly preferred by naive
rats) and pawrs the non-preferred side with the drug under
mvestigation for all of the rats n the study {5, 20, 21, 22] A
recent investigation [14] examining this version of the para-
digm 1n measuring morphine reward suggests that something
more than the rewarding effects of morphine 1s measured
(possibly an anti-anxiety effect [21]) Whether or not these
differences are sufficient to explan the differences in
neuroleptic effect 1s at present unknown. It should be noted
however, that our results with amphetamine and cocaine
were 1dentical with previous studies which employed the
‘‘unbalanced’’ version of the paradigm [20,21]

Given our results with cocaine and the explanation pro-
posed by others [20] of why neuroleptics do not block co-
camne induced place conditioning, it seems possible that our
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results with morphine could be via a similar mechanism (1 e
neuroleptic pretreatment may have blocked the central re-
warding effects of morphine but spared a peripheral non-
dopaminergic opiate system which was itself able to cause a
place preference) This appears unhkely, however, given re-
cent results from our lab demonstrating that the peripheral
effects of opiates are in fact aversive and that peripherally
acting opiate antagomsts are rewarding [1] If dopamine
blockade was preventing morphine’s central effects and leav-
ing the peripheral systems unaffected, then one would ex-
pect a place avordance instead of the observed place prefer-
ence

A further possible explanation for our ability to block
amphetamme but not morphine place preference with
neuroleptics hes in the different time courses of the two
drugs Since the effects of morphine last considerably longer
than amphetamme’s effects, 1t 1s conceivable that mor-
phine’s effects may have outlasted the effects of the
neuroleptics used If this were the case, and morphine re-
ward was indeed blocked by neuroleptic pretreatment, con-
ditioning to morphine’s rewarding aspects could still have
occurred after the neuroleptics had worn off and produced
similar place preferences to those rats recerving only mor-
phine This 1s unlikely, however, because the neuroleptics
used act for many hours and the morphine injections were
given at or even shghtly before the peak neuroleptic effect
(see Method section) This explanation 1s also unlikely since
morphine place perferences are successfully blocked by
naloxone which has a much shorter time course than mor-
phine 1tself [15] Furthermore, near the end of our am-
phetamine experiments there was some evidence that the
locomotor effects of amphetamine were starting to partially
overcome neuroleptic blockade, and yet a complete block of
amphetamine place preference was seen

Although several studies support the view that opiate re-
ward 1s mediated by dopaminergic substrates and in particu-
lar the cells of the ventral tegmental area [2, 3. 4, 12], some
of these studies have been challenged and other studies show
no dopamine involvement at all [6, 8, 10, 19] For example,
self-admimistration of morphine was decreased by preimjec-
tion with halopendol and this was taken as evidence for a
potentiation of reward [12] Results from another investiga-
tion, however, suggest this to be the result of neuroleptic
motor impairment [19] In conclusion, morphine reward as
measured by the conditioned place preference paradigm 1s
not affected by pretreatment with either a-flupentixol or hal-
operidol Amphetamine reward 1s blocked by neuroleptic
pretreatment These results suggest that there may be a criti-
cal dopaminergic Iink in amphetamine but not opiate reward
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