
 

Pharmacology Biochemistry and Behavior, Vol. 60, No. 1, pp. 55–60, 1998
© 1998 Elsevier Science Inc.

Printed in the USA. All rights reserved
0091-3057/98 $19.00 

 

1

 

 .00

 

PII S0091-3057(97)00559-5

 

55

 

A Comparison of the Effects of Risperidone, 
Raclopride, and Ritanserin on Intravenous

Self-Administration of 

 

d

 

-Amphetamine

 

PAUL J. FLETCHER

 

Section of Biopsychology, Clarke Institute of Psychiatry, and Departments of Psychiatry and Psychology, 
University of Toronto, 250 College Street, Toronto, Ontario Canada M5T 1R8

 

Received 28 March 1997; Revised 13 August 1997; Accepted 20 August 1997

 

FLETCHER, P. J. 

 

A comparison of the effects of risperidone, raclopride, and ritanserin on intravenous self-administration of

 

d

 

-amphetamine

 

. PHARMACOL BIOCHEM BEHAV 

 

60

 

(1) 55–60, 1998.—These experiments were conducted to examine
the effects of simultaneous blockade of dopamine D

 

2

 

 and 5-hydroxytryptamine

 

2

 

 (5-HT) receptor function on responding for
intravenous infusions of 

 

d

 

-amphetamine. Rats were trained to self-administer 

 

d

 

-amphetamine intravenously according to a
progressive ratio schedule of reinforcement, in which response requirements increased for successive infusions until respond-
ing extinguished. In the first experiment it was shown that increases in the unit infusion dose of 

 

d

 

-amphetamine resulted in an
increase in the number of amphetamine infusions earned. Thus, the strength of responding for 

 

d

 

-amphetamine was linked to
the dose of drug received. The mixed D

 

2

 

 and 5-HT

 

2

 

 receptor antagonist risperidone (0.1, 0.2, and 0.4 mg/kg) reduced re-
sponding for 

 

d

 

-amphetamine (60 

 

m

 

g/kg infusion). The selective D

 

2

 

 antagonist raclopride (0.1, 0.2, and 0.4 mg/kg) also reduced
responding for 

 

d

 

-amphetamine. In contrast, the selective 5-HT

 

2

 

 antagonist ritanserin (0.63, 1.25, and 2.5 mg/kg) failed to alter
amphetamine self-administration. Combined injections of raclopride (0.05 or 0.1 mg/kg) and ritanserin (2.5 mg/kg) were no
more effective than injections of raclopride alone in reducing responding for 

 

d

 

-amphetamine. Overall, these results suggest
that 5-HT

 

2

 

 receptor blockade plays a negligible role in the rewarding effects of 

 

d

 

-amphetamine measured by intravenous
self-administration, and does not contribute to the suppressant effects of risperidone on this behavior. © 1998 Elsevier Sci-
ence Inc.
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IT is well established that the rewarding effects of psychomotor
stimulants such as amphetamine and cocaine are mediated, at
least in part, by increased dopaminergic neurotransmission within
the nucleus accumbens. Thus, depletion of dopamine levels in
the nucleus accumbens following treatment with the neuro-
toxin 6-hydroxydopamine leads to a reduction in self-adminis-
tration of amphetamine (21) and cocaine (34). This manipula-
tion also prevents the development of place preferences for
environments paired with amphetamine (38). Antagonists se-
lective for either dopamine D

 

1

 

 or D

 

2

 

 receptors appear to at-
tenuate the rewarding effects of self-administered cocaine
(3,4,8,14). Similarly, D

 

1

 

 or D

 

2

 

 antagonists block the acquisi-
tion of amphetamine induced place preference, and following
injection into the nucleus accumbens they block the expres-
sion of amphetamine-induced place preference (13). Such re-
sults indicate the involvement of both D

 

1

 

 and D

 

2

 

 receptors in
mediating the rewarding effects of psychomotor stimulants.

A number of other neurotransmitter systems are known to
modulate mesolimbic dopamine function, and to modify the

expression of behaviors mediated by this system. One such
neurotransmitter is serotonin (5-hydroxytryptamine; 5-HT).
At the behavioral level manipulations of serotonin function
have been shown to alter responding for intravenous infusions
of amphetamine and cocaine. Increased 5-HT function has been
shown to reduce responding for both amphetamine (16,35)
and cocaine (5). Conversely, reduced 5-HT function following
treatment with the neurotoxin 5,7-DHT (22) or the nonselec-
tive antagonist metergoline (20) increased responding for
amphetamine. These increased response rates were interpreted
in terms of a reduction in the reinforcing effectiveness of

 

d

 

-amphetamine, because the increased responding resembled
that seen following a lowering of the unit infusion dose. Con-
tradictory to this hypothesis, 5,7-DHT lesions apparently in-
creased the motivation to respond for cocaine when respond-
ing was reinforced according to a progressive ratio schedule
(19). However, because these lesions also increased food rein-
forced responding (33), it is possible that 5-HT depletion sim-
ply results in a generalized facilitation of responding [e.g. (37)].



 

56 FLETCHER

Results obtained from other behavioral procedures sug-
gest a role for 5-HT systems, and 5-HT

 

2

 

 receptors in particu-
lar, in mediating psychomotor stimulant drug reward. Thus,
the 5-HT

 

2

 

 receptor antagonist ritanserin has been reported to
preferentially reduce oral cocaine intake (25). Using the con-
ditioned place preference procedure ritanserin was found to
abolish the preference for an environment previously paired
with amphetamine injections (27). These results suggest that
5-HT

 

2

 

 receptors may be important for modulating the reward-
ing effects of psychomotor stimulants, and that ritanserin is
apparently effective at attenuating such reward.

A number of atypical antipsychotic drugs, such as clozapine
and risperidone, are antagonists of both 5-HT

 

2

 

 and D

 

2

 

 dopa-
mine receptors, and evidence suggests that 5-HT

 

2

 

 antagonism
is an important component of the action of atypical antipsy-
chotics [e.g. (18)]. Indeed, 5-HT

 

2

 

 receptor blockade following
treatment with ritanserin has been reported to exhibit some
antipsychotic activity (10,42). In contrast to dopamine D

 

2

 

 an-
tagonists, such drugs have been suggested to exert a more se-
lective influence on mesolimbic dopamine function, and this
had been attributed to their ability to block 5-HT

 

2

 

 receptors
(1,39). Given that blockade of either D

 

2

 

 or 5-HT

 

2

 

 receptors
may alter the rewarding effects of psychomotor stimulants,
which are mediated via the mesolimbic dopamine system, it is of
interest to determine the effects of risperidone on amphet-
amine self-administration. Accordingly, the present study inves-
tigated the effects of mixed D

 

2

 

/5-HT

 

2

 

 receptor blockade in rats
responding for 

 

d

 

-amphetamine delivered under a progressive
ratio schedule of reinforcement (9,31). Following the demon-
stration that risperidone reduced responding for 

 

d

 

-amphet-
amine, the relative contributions of 5-HT

 

2

 

 and D

 

2

 

 receptor
blockade to this effect were examined. This was achieved by
investigating the effects of the relatively specific D

 

2

 

 antagonist
raclopride (26), and the 5-HT

 

2

 

 receptor antagonist ritanserin
(2,6,17), administered either alone or in combination, on in-
travenous amphetamine self-administration.

 

METHOD

 

Subjects

 

Adult male Sprague–Dawley rats weighing 280–340 g at
the time of surgery were housed individually in hanging wire-
mesh cages. Unless otherwise stated, food and water were
freely available. The housing room was maintained at a con-
stant temperature of 22 

 

6

 

 2

 

8

 

C.

 

Surgery

 

Rats were anaesthetised with 45–50 mg/kg sodium pento-
barbital (Somnotol). A catheter constructed of PE tubing and
Silastic tubing was implanted in the right jugular vein. This
catheter was a slightly modified version of the one described
by Corrigall (7). The terminal end of the catheter was a length
of 23 g stainless steel tubing, which was cemented inside a ny-
lon bolt. The catheter exited between the scapulae, and could
be quickly attached and detached from the drug delivery line
by means of a small plastic nut cemented to the end of a stain-
less steel spring protecting the line.

 

Apparatus

 

Testing was conducted in 12 operant chambers measuring
28 cm long, 21 cm wide, and 21 cm high (Med. Associates Inc.,
St. Albans, VT). Each chamber contained a food pellet dis-
penser, two response levers 4.5 cm wide and 7 cm above the
floor of the chamber, and a stimulus light located 6 cm above

each lever. A counterbalanced arm held a fluid swivel above
the ceiling of the chamber. This swivel was attached at one
end by tubing to a syringe mounted on a motor driven syringe
pump (Razel) located outside the chamber. At the other end
of the swivel a length of tubing, encased in a stainless steel
spring, was used to connect the animal’s catheter to the sy-
ringe. Each chamber was illuminated by a house light and
housed in a sound-attenuating box equipped with a ventilat-
ing fan. The apparatus was controlled, and the data collected,
by a 386-SX IBM-type computer.

 

Procedure

 

Prior to surgery rats were food restricted (approximately
15–20 g food per day) and trained to press a lever for 45 mg
food pellets. Initially responses were reinforced according to a
fixed ratio (FR) 1 schedule, and this was raised to FR10 over the
course of 10 days with sessions running for either 30 min or
until 100 pellets had been obtained. Once rats had acquired
the lever pressing response they were given free access to
food for the remainder of the study. Five days following surgery
rats were reintroduced to the operant chambers with the cath-
eter connected to the drug delivery line. Rats were allowed to
respond for infusions (approximately 0.1 ml during 4 s) for

 

d

 

-amphetamine (60 

 

m

 

g/kg) on a FR1 schedule. Each infusion
was signalled by a stimulus light that remained illuminated for
a 20-s time-out period. After several days of stable respond-
ing, a progressive ratio (PR) schedule was implemented (31,
32). On this schedule the number of responses required to
obtain an infusion increased for successive infusions. The
progression was derived from the equation response ratio 

 

5

 

[5 

 

3

 

 e

 

(0.2

 

 

 

3

 

 

 

infusion

 

 

 

no.)

 

 

 

2 

 

5], and yielded response ratios of
1,2,4,6,9,12,15,20,25, 32,40,50,62,77,95,118, etc. Sessions lasted
until a period of 1 h elapsed without an infusion, or were a
maximum of 5 h in length. The number of infusions before this
breaking point was recorded.

 

Experimental Details

 

Five experiments were conducted.
Nine rats were used to examine the effects of varying the

dose of amphetamine on breaking points. These rats were
trained to self-administer 60 

 

m

 

g/kg/infusion 

 

d

 

-amphetamine in
daily sessions according to the PR schedule. Once responding
was stable, defined as 

 

6

 

3 infusions across 3 successive days,
the dose of 

 

d

 

-amphetamine was then varied (0, 15, 30, 60, 120

 

m

 

g/kg/infusion) in a randomized order and breaking points
determined. In between each test day rats were maintained on
the 60 

 

m

 

g/kg dose.
For the remaining four experiments involving antagonist

pretreatment a pool of 12 rats was used with each rat partici-
pating in a maximum of three experiments. The infusion dose
of 

 

d

 

-amphetamine was 60 

 

m

 

g/kg throughout. The effects of
risperidone (0.1, 0.2, and 0.4 mg/kg SC, 30 min prior to test-
ing) raclopride (0.1, 0.2, and 0.4 mg/kg SC, 30 min prior to
testing) and ritanserin (0.63, 1.25, and 2.5 mg/kg SC, 1 h prior
to testing) were examined. For each rat a dose–response
curve to each drug was completed before the next drug was
tested. At least 3 days intervened between each test dose, and
a minimum of 5 days elapsed before a new drug was tested.
The order of testing each drug, or drug combination, was ran-
domized for each rat. Following completion of these experi-
ments the effects of combining ritanserin (2.5 mg/kg SC) and
raclopride (0.05 and 0.1 mg/kg SC) were examined. In this
study rats were tested six times with 0, 0.05, and 0.1 mg/kg
raclopride in combination with 0 or 2.5 mg/kg ritanserin. Ri-
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2
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2
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tanserin was injected 1 h before raclopride which was given 30
min before the self-administration session. The order of test-
ing was randomized for each animal.

 

Drugs

 

Risperidone (Janssen) and raclopride (Astra) were dis-
solved in saline; ritanserin (RBI) was dissolved in a few drops
of glacial acetic acid and 20% propylene glycol, with sonica-
tion. The appropriate vehicle solutions were used for control
injections. All drugs were administered in a volume of 1 ml/
kg. 

 

d

 

-Amphetamine sulfate (Bureau of Drug Surveillance,
Ottawa, Ontario) was dissolved in sterile 0.9% saline.

 

Data Analysis

 

The number of infusions obtained in both the 

 

d

 

-amphet-
amine and antagonist dose–response curves were analyzed us-
ing one-way analysis of variance with repeated measures. Post
hoc comparisons against the control mean were made using
Dunnett’s test. For the 

 

d

 

-amphetamine dose–response curve a
number of other parameters were analyzed, including the
number of responses emitted, the session length (incorporat-
ing the 1-h break-point criterion), and the mean interinfusion
interval. This latter value was calculated after omitting the
first and last interinfusion interval (9). The data were ana-
lyzed by one-way analysis of variance followed where appro-
priate by either Dunnett’s test for comparisons against a con-
trol mean, or Tukey’s test for pairwise comparisons. The
number of infusions earned in the raclopride 

 

1

 

 ritanserin
study was analyzed using two-way analysis of variance with
repeated measures on both factors (raclopride dose and ri-
tanserin dose).

 

RESULTS

 

Figure 1 shows the effects of varying the infusion dose of

 

d

 

-amphetamine on the number of infusions earned. A signifi-
cant main effect of dose 

 

F

 

(4,32) 

 

5

 

 26.96, 

 

p

 

 

 

,

 

 0.001 confirmed
that the number of infusions earned increased with increasing
dose of 

 

d

 

-amphetamine. The number of infusions earned ap-
peared to reach a maximal level at a unit dose of 60 

 

m

 

g/kg/
infusion because a doubling of this unit dose failed to induce a
significant increase in responding. The number of infusions
taken was significantly greater as the dose per infusion in-

creased, except for the two highest doses. Table 1 shows sev-
eral other parameters of 

 

d

 

-amphetamine self-administration
under the PR schedule. Increases in dose resulted in higher
ratios completed, longer mean interinfusions intervals, and an
increase in session length before a period of 1 h without an
earned infusion. For the measures of mean interinfusion in-
terval and session length post hoc analyses using Tukey’s test
showed that the values obtained when the infusion dose was
120 

 

m

 

g/kg were significantly higher than those obtained with
an infusion dose of 60 

 

m

 

g/kg.
Figure 2 illustrates the effects of risperidone, raclopride,

and ritanserin on the number of 

 

d

 

-amphetamine infusions
earned. A significant main effect of dose, 

 

F

 

(3, 21) 

 

5

 

 3.99, 

 

p

 

 

 

5

 

0.02 was found, with all three doses of risperidone significantly
reducing the number of infusions of 

 

d

 

-amphetamine. Al-
though there was a trend towards an increase in the latency to
obtain the first 

 

d

 

-amphetamine infusion this was not signifi-
cantly altered by risperidone, 

 

F

 

(3, 21) 

 

5

 

 1.91, 

 

p

 

 

 

.

 

 0.1. Latency
values in seconds were: saline 26.3 

 

6

 

 3.4; 0.1 mg/kg: 57.0 

 

6

FIG. 1. The effects of varying the unit dose on the number of
intravenous infusions of d-amphetamine (n 5 9). Sal 5 saline. *p ,
0.05, **p , 0.01 compared to saline treatment.

 

TABLE 1

 

PARAMETERS OF

 

d

 

-AMPHETAMINE SELF-ADMINISTRATION ON A PROGRESSIVE RATIO SCHEDULE

Parameter

Dose of 

 

d

 

-Amphetamine (

 

m

 

g/kg/inf.)

Sal 15 30 60 120 F ratio (

 

df

 

)

 

Highest ratio completed* 6.2
(1.6)

16.4§
(5.1)

38.2¶
(13.3)

97.7¶
(25.9)

103.4¶
(28.1)

10.3
(4,32)

Mean inter infusion interval(s)† ND 387.2
(71.6)

523.1
(63)

680.7
(88.0)

1066.6
(112.6)

26.9
(3,24)

Session length (min)‡ 24.5
(13.4)

60.2§
(12.8)

126.0¶
(18.7)

180.7¶
(16.5)

220.8¶
(18.3)

20.7
(4,32)

Values represent the mean values (

 

6

 

SEM) from nine rats.
*Highest ratio completed.
†Mean infusion interval is the mean of all interinfusion intervals after excluding the first and last intervals 

[see(9)]. See test for statistical details.
‡Session length is the time elapsed from the beginning of the session until the last infusion was obtained.
ND—not determined.
§

 

p

 

 

 

,

 

 0.05, ¶

 

p

 

 

 

,

 

 0.01—compared to saline.
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15.2; 0.2 mg/kg: 47.6 

 

6

 

 19.6; 0.4 mg/kg: 98.9 

 

6

 

 35.6. Raclo-
pride also significantly reduced responding for 

 

d

 

-amphet-
amine, 

 

F

 

(3, 21) 

 

5

 

 11.86, 

 

p

 

 

 

,

 

 0.0001, and, again, all doses were
effective. Latencies to obtain the first 

 

d

 

-amphetamine infu-
sion were: saline: 35.1 

 

6

 

 7.6; 0.1 mg/kg: 88.1 

 

6

 

 42.4; 0.2 mg/kg:
67.4 

 

6 30.2; 0.4 mg/kg: 68.6 6 13.7. These differences were not
significant, F(3, 21) 5 0.67, p . 0.1, nor was a significant effect
observed when the data were analyzed following a square-
root transformation. Ritanserin did not alter responding for
d-amphetamine, F(3, 18) , 1, NS) at any of the doses tested.
Again, latencies to respond for the first d-amphetamine infu-
sion were not significantly changed by ritanserin, F(3, 18) 5
0.35, p . 0.1: vehicle: 33.7 6 5.8; 0.63 mg/kg: 24.3 6 6.3; 1.25
mg/kg: 32.7 6 6.5; 2.5 mg/kg: 31.7 6 10.6.

The effects of combined raclopride plus ritanserin are shown
in Fig. 3. Two-way analysis of variance showed that overall re-
sponding was reduced by raclopride, F(2, 14) 5 10.59 p , 0.002.
Neither the main effect of ritanserin, F(1, 7) , 1, NS, nor the
ritanserin 3 raclopride interaction, F(2, 14) , 1, NS, were sig-
nificant. Post hoc tests showed that the lower dose of raclo-
pride did not affect the number of d-amphetamine infusions, and
that the 0.1 mg/kg dose reduced responding to 62% of control
levels. The effects of raclopride were not altered by ritanserin.

DISCUSSION

The results of the first experiment demonstrate that rats
will respond for d-amphetamine according to a PR schedule
of reinforcement. The break point (i.e., the number of infu-
sions earned) varied as a function of dose, with increases in
dose up to 60 mg/kg/infusion resulting in increased break
points. A further doubling of the dose of d-amphetamine did
not increase the number of infusions earned. However, at this
dose the interinfusion interval was significantly increased, as
was the session length before the breaking-point criterion was
reached. This suggests that had a longer criterion length than
1 h been used, greater breaking points may have been reached
at this higher dose. A similar dose–response relationship for
d-amphetamine using the same progressive ratio schedule has

been described previously (31), and the finding of an increase
in interinfusion interval with increasing doses of d-amphet-
amine is consistent with the pattern observed using a fixed ra-
tio schedule of drug delivery (30).

Treatment with risperidone resulted in a reduction in the
number of d-amphetamine infusions. This effect was also ob-
served with raclopride but not with ritanserin. Risperidone is
an antagonist at D2 and 5-HT2 receptors (18), whereas raclopride
and ritanserin show selectivity for the D2 (18,28) and 5-HT2
receptors (2,17), respectively. At the doses of risperidone used
in these studies, behavioral tests have shown that this com-
pound is an effective antagonist of both D2 and 5-HT2 recep-
tors (24). Given the lack of effect of ritanserin on responding
for amphetamine, it would appear that 5-HT2 receptor block-
age does not contribute to the ability of risperidone to reduce
responding for d-amphetamine. Further evidence for this
comes from the results of the study combining raclopride with
ritanserin. These results showed that the ability of raclopride
to alter responding for d-amphetamine was not changed by
cotreatment with ritanserin. This lack of interaction was ob-
served at a dose of raclopride (0.05 mg/kg), that by itself,
failed to alter responding for d-amphetamine, as well as at a
dose (0.1 mg/kg) that induced an approximate 40% reduction
in responding for d-amphetamine.

Ritanserin has been found to alter the firing rate of mid-
brain dopamine cells (1,36,41) and to induce modest increases
in dopamine release in the nucleus accumbens (1). More im-
portantly, ritanserin has been found to potentiate the effects
of raclopride on burst-firing rate of dopaminergic cells in the
ventral tegmental area, but not the substantia nigra, and on
extracellular concentrations of dopamine in the nucleus ac-
cumbens, but not the dorsal striatum (1). Thus, it has been
proposed that a combination of 5-HT2/D2 receptor blockade
selectively influences the mesolimbic dopaminergic system,
and that this is an important mechanism for the mode of ac-
tion of atypical antipsychotic drugs (1,39). Behaviorally, ri-
tanserin has also been found to potentiate the effects of ra-
clopride on the consumption of weak and strong sucrose
solutions (26). These results were also interpreted as being in-
dicative of a selective action on mesolimbic dopamine sys-
tems. However, because raclopride alters sucrose consump-

FIG. 2. The effects of various doses of risperidone (n 5 8), raclopride
(n 5 8), or ritanserin (n 5 7) on responding for intravenous infusions
of d-amphetamine. Sal 5 saline, Veh 5 vehicle. *p , 0.05 compared
to Sal; **p , 0.01 compared to Sal.

FIG. 3. The effects of combing 2.5 mg/kg ritanserin (Rit) or vehicle
(Veh) with raclopride or saline (Sal) on responding for intravenous
infusions of d-amphetamine (n 5 8). **p , 0.01 compared to
appropriate saline-treated condition.
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tion following injection into other dopaminergic terminal
areas including the anterodorsal striatum and amygdala (29),
it is possible that one or more of these sites is responsible for
mediating the synergistic effects of raclopride and ritanserin
on sucrose intake.

If 5-HT2 receptor blockade selectively enhances the effects
of D2 receptor blockade on the functioning of mesolimbic
dopamine system, then it would be predicted that behaviors
mediated predominantly by the mesolimbic dopamine system
should be especially sensitive to combined 5-HT2 and D2 re-
ceptor blockade. Amphetamine self-administration is medi-
ated principally by enhanced dopaminergic neurotransmission
in the nucleus accumbens [e.g., (21)]. The fact that ritanserin
failed to alter d-amphetamine self-administration, or to enhance
the suppressant effect of raclopride, argues strongly against
an interaction of these two receptors at the level of the me-
solimbic dopamine system. Responding for brain stimulation
reward (BSR) derived from ventral tegmental area electrodes,
as well as amphetamine-induced facilitation of responding for
BSR also involve activation of mesolimbic dopamine neurons
[reviewed in (43)]. In tests of BSR, risperidone and selective
D2 antagonists reduced the reinforcing efficacy of BSR and
reversed amphetamine’s facilitatory effect on this behavior
(11,40). Antagonism of 5-HT2 receptors did not alter baseline
responding for BSR nor the facilitating effect of amphet-
amine. When given in combination with D2 antagonists 5-HT2
antagonists did not modify the effects of D2 receptor block-
ade (40). This pattern of results is similar to that obtained for
d-amphetamine self-administration in the present studies.
Thus, using two positively reinforced operant procedures
that involve activation of the mesolimbic dopamine system,
it has been shown that 5-HT2 receptor blockade has negligi-
ble effects on the rewarding effects of d-amphetamine, nor
does it appear to alter the behavioral effects of D2 receptor
blockade.

The lack of effect of ritanserin on responding for amphet-
amine is consistent with the finding that another 5-HT2 antag-
onist, ketanserin, failed to alter cocaine self-administration
(15). However, these results contrast with the observation
that ritanserin attenuated a conditioned place preference for
environments paired with amphetamine (27). This effect was
interpreted within the context of ritanserin attenuating the re-
warding effects of amphetamine. An extension of this inter-
pretation is that 5-HT2 receptors “may mediate some of the
rewarding effects of amphetamine” (27). The finding that ri-
tanserin failed to alter operant responding for d-amphet-
amine, which presumably directly measures the primary rein-
forcing effects of amphetamine, contradicts this hypothesis.
Instead, it is likely that the effects of ritanserin in the place
preference procedure may involve some other mechanism. A
major component of place preference learning involves the
learned association between the rewarding properties of the
drug and the environmental cues in which the drug is experi-
enced. Ritanserin has been shown to interfere with associative
learning. Specifically, this drug was found to retard acquisi-
tion of the conditioned nictitating membrane response in rab-
bits (12). Consequently, it may be possible to reconcile the

differing effects of ritanserin on d-amphetamine self-adminis-
tration and place preference learning (27) by postulating that
the primary effect of ritanserin is to disrupt the formation of
stimulus-reward associations, which play a prominent role in
place preference conditioning, but only a minor, if any, role in
maintaining established responding on a progressive ratio
schedule of drug reinforcement. Further evidence to support
this view is the finding that ritanserin also blocks or attenuates
conditioned place preferences elicited by other unconditioned
stimuli (morphine and diazepam), with differing pharmaco-
logical activities from amphetamine (27). A recent study (23)
showing that rats treated with ritanserin fail to learn a condi-
tioned odor preference is also consistent with the view that
5-HT2 receptor antagonism disrupts associative learning.

When dopamine antagonists are given to animals respond-
ing for intravenous infusions of psychomotor stimulants under
fixed ratio schedules, with small time-out periods, increased
responding is frequently observed (3,4,8,14). This effect has
been interpreted in terms of a compensatory response to
overcome the effects of dopamine receptor blockade. A re-
cent report, however, demonstrated that raclopride did not al-
ter fixed-ratio responding for cocaine (4). This observation is
potentially important in two respects. First, because response
rates were unchanged, it shows that raclopride does not seri-
ously affect motor performance. This is further corroborated
by the fact that in the present experiments raclopride, as well
as risperidone, did not significantly alter the mean latency to
begin responding for d-amphetamine. Secondly, the lack of ef-
fect of raclopride on fixed-ratio responding implies that raclo-
pride, in contrast to other D2 receptor antagonists (3,4,8,14),
may not alter the reinforcing efficacy of cocaine. However, in
the present experiments raclopride reduced breaking points for
amphetamine, indicating that this drug does apparently re-
duce the motivation to self-administer d-amphetamine.

In summary, these results show that risperidone and raclo-
pride reduce responding for intravenous infusions of d-amphet-
amine under a progressive ratio schedule of reinforcement. In
the case of risperidone, blockade of 5-HT2 receptors does not
appear to play a role in this behavioral response; furthermore,
5-HT2 receptor blockade alone does not alter the reinforcing
efficacy of d-amphetamine. Neurochemical and electrophysi-
ological results indicate that low levels of D2 dopamine recep-
tor blockade may exert a preferential effect on the function-
ing of the mesolimbic dopamine system when 5-HT2 receptors
are simultaneously blocked (1,39). However, the results of the
present study, together with those obtained using a BSR pro-
cedure (10,37), have not provided evidence that this addi-
tional influence of 5-HT2 receptor blockade translates into
significant behavioral effects when the mesolimbic dopamine
system is activated.

ACKNOWLEDGEMENTS

This work was supported by an operating grant from the Medical
Research Council of Canada. The author is a Career Scientist of the
Ontario Ministry of Health. Risperidone and raclopride were gener-
ous gifts of Janssen and Astra, respectively.

REFERENCES

1. Andersson, J. L.; Nomikos, G. G.; Marcus, M.; Hertel, P.; Mathe,
J. M.; Svensson, T. H.: Ritanserin potentiates the stimulatory
effects of raclopride on neuronal activity and dopamine release
selectively in the mesolimbic dopaminergic system. Naunyn
Schmeidebergs Arch. Pharmacol. 352:374–385; 1995.

2. Awouters, F.; Niemegeers, C. J. E.; Megens, A. A. H. P.; Meert,
T. F.; Janssen, A. J.: Pharmacological profile of ritanserin: A very
specific central serotonin S2-antagonist. Drug Dev. Res. 15:61–
73; 1988.

3. Britton, D. R.; Cruzon, P.; MacKenzie, R. G.; Kebabian, J. W.;



60 FLETCHER

Williams, J. E. G.; Kerkman, D.: Evidence for involvement of
both D1 and D2 receptors in maintaining cocaine self-administra-
tion. Pharmacol. Biochem. Behav. 39:911–915; 1991.

4. Caine, S. B.; Koob, G. F.: Effects of dopamine D1 and D2 antag-
onists on cocaine self-administration under different schedules of
reinforcement in the rat. J. Pharmacol. Exp. Ther. 270:209–218;
1994.

5. Carroll, M. E.; Lac, S. T.; Asencio, M.; Kragh, R.: Fluoxetine
reduces intravenous cocaine self-administration in rats. Pharma-
col. Biochem. Behav. 35:237–244; 1990.

6. Colpaert, F. C.; Meert, T. F.; Niemegeers, C. J. E.; Janssen, P. A. J.:
Behavioral and 5-HT antagonist effects of ritanserin: A pure and
selective antagonist of LSD discrimination in rat. Psychopharma-
cology (Berlin) 86:45–54; 1985.

7. Corrigall, W. A.: A rodent model for nicotine self-administration.
In: Boulton, A. A.; Baker, G. B.; Wu, P. H., eds. Neuromethods,
vol. 24: Animal models of drug addiction. Clifton, NJ: The
Humana Press Inc.; 1994:315–344.

8. Corrigall, W. A.,; Coen, K. M.: Cocaine self-administration is
increased by both D1 and D2 dopamine antagonists. Pharmacol.
Biochem. Behav. 39:799–802; 1991.

9. Depoortere, R. Y.; Li, D. H.; Lane, J. D.; Emmett-Oglesby, M. W.:
Parameters of self-administration of cocaine in rats under a progres-
sive ratio schedule. Pharmacol. Biochem. Behav. 45:539–548; 1993.

10. Duinkerke, S. J.; Botter, P. A.; Jansen, A. A. I.; Van Dongen,
P. A. M.; Van Haaften, A. J.; Boom, A. J.; Van Laarhoven,
J. H. M.; Busard, H. L. S. M.: Ritanserin, a selective 5-HT2/1c
antagonist and negative symptoms in schizophrenia a placebo-
controlled double-blind trial. Br. J. Psychiatry 163:451–455; 1993.

11. Frank, R. A.; Tsibulsky, V.; Grocki, S.; Dashevsky, B.; Kehne, J. H.;
Schmidt, C. J.; Sorensen, S. M.: Mixed D2/5-HT2A antagonism of
amphetamine-induced facilitation of brain stimulation reward.
Pharmacol. Biochem. Behav. 52:799–804; 1995.

12. Harvey, J. A.: Serotonergic regulation of associative learning.
Behav. Brain Res. 73:47–50; 1996.

13. Hiroi, N.; White, N. M.: The amphetamine conditioned place
preference: Differential involvement of dopamine receptor sub-
types and two dopaminergic terminal areas. Brain Res. 552:141–
152; 1991.

14. Hubner, C. B.; Moreton, J. E.: Effects of selective D1 and D2
dopamine antagonists on cocaine self-administration in the rat.
Psychopharmacology (Berlin) 105:151–156: 1991.

15. Lacosta, S.; Roberts, D. C. S.: MDL 72222, ketanserin and methy-
sergide pretreatments fail to alter breaking points on a progres-
sive ratio schedule reinforced by intravenous cocaine. Pharmacol.
Biochem. Behav. 44:161–165; 1993.

16. Leccese, A. P.; Lyness, W. H.: The effects of putative 5-hydrox-
ytryptamine receptor active agents on d-amphetamine self-
administration in control rats and rats with 5,7-dihydrox-
ytryptamine median forebrain. Brain Res. 303:153–162; 1984.

17. Leysen, J. E.; Gommeren, W.; Van Gompel, P.; Wynants, J.; Jan-
ssen, P. F. M.; Laduron, P. M.: Receptor-binding properties in
vitro and in vivo of ritanserin: A very potent and long acting sero-
tonin-S2 antagonist. Mol. Pharmacol. 27:600–611; 1985.

18. Leysen, J. E.; Janssen, P. M. F.; Schotte, A.; Luyten, W. H. M. L.;
Megens, A. A. H. P.: Interaction of antipsychotic drugs with neu-
rotransmitter receptor sites in vitro and in vivo in relation to
pharmacological and clinical effects: Role of 5-HT2 receptors.
Psychopharmacology (Berlin) 112:S40–S54; 1993.

19. Loh, E. A.; Roberts, D. C. S.: Break-points on a progressive ratio
schedule reinforced by intavenous cocaine increase following
depletion of forebrain serotonin. Psychopharmacology (Berlin)
101:262–266; 1990.

20. Lyness, W. H.; Moore, K. E.: Increased self-administration of
d-amphetamine by rats pretreated with meterogoline. Pharmacol.
Biochem. Behav. 18:721–724; 1983.

21. Lyness, W. H.; Friedle, N. M.; Moore, K. E.: Destruction of
dopaminergic nerve terminals in nucleus accumbens: Effects on
d-amphetamine self-administration. Pharmacol. Biochem. Behav.
11:553–556; 1979.

22. Lyness, W. H., Friedle, N. M.; Moore, K. E.: Increased self-
administration of d-amphetamine after destruction of 5-hydroxy-

tryptaminergic neurons. Pharmacol. Biochem. Behav. 12:937–
941; 1980.

23. McLean, J. H.; Darby-King, A.; Hodge, E.: 5-HT2 receptor
involvement in conditioned olfactory learning in the neonate rat
pup. Behav. Neurosci. 110: 1426–1434; 1996.

24. Meert, T. F., DeHaes, P. L. A. J.; Vermote, P. C. M.; Janseen,
P. A. J.: Pharmacological validation of ritanserin and risperidone
in the drug discrimination test procedure in the rat. Drug Dev.
Res. 19:353–373; 1990.

25. Meert, T. F.; Janssen, P. A. J.: Ritanserin, a new therapeutic
approach for drug abuse. Part 2: Effects on cocaine. Drug Dev.
Res. 25:39–53; 1992.

26. Montgomery, A. M. J.; Suri, A.: Potentiation of the effects of
raclopride on sucrose consumption by the 5-HT2 antagonist
ritanserin. Psychopharmacology (Berlin) 123:98–102; 1996.

27. Nomikos, G. G.; Spyraki, C.: Effects of ritanserin on the reward-
ing properties of d-amphetamine, morphine and diazepam
revealed by conditioned place preference in rats. Pharmacol. Bio-
chem. Behav. 30:853–858; 1988.

28. Ogren, S. O.; Hall, H.; Kohler, C.; Magnusson, O; Sjostrand, S. O.:
The selective dopamine D2 receptor antagonist raclopride discrim-
inates between dopamine-mediated motor functions. Psychophar-
macology (Berlin) 90:287–294; 1986.

29. Phillips, G.; Willner, P.; Muscat, R.: Anatomical substrates for
neuroleptic-induced reward attenuation and neuroleptic-induced
response decrement. Behav. Pharmacol. 2:129–141; 1991.

30. Pickens, R.; Harris, W. C.: Self-administration of d-amphetamine
by rats. Psychopharmacology (Berlin) 12:158–163; 1968.

31. Richardson, N. R.; Roberts, D. C. S.: Progressive ratio schedules
in drug self-administration studies in rats: A method to evaluate
reinforcing efficacy. J. Neurosci. Methods 66:1–11; 1996.

32. Roberts, D. C. S.; Loh, E. A.; Vickers, G.: Self-administration of
cocaine on a progressive ratio schedule in rats: Dose–response
relationship and effect of haloperidol pretreatment. Psychophar-
macology (Berlin) 97:535–538; 1989.

33. Roberts, D. C. S.; Loh, E. A.; Baker, G. B.; Vickers, G.: Lesions
of central serotonin systems affect responding on a progressive
ratio schedule reinforced either by intravenous cocaine or by
food. Pharmacol. Biochem. Behav. 49:177–182; 1994.

34. Roberts, D. C. S.; Corcoran, M. E.; Fibiger, H. C.: On the role of
ascending catecholaminergic systems in intravenous self-adminis-
tration of cocaine. Pharmacol. Biochem. Behav. 6:615–620; 1977.

35. Smith, F. L.; Yu, D. S. L.; Smith, D. G.; Leccese, A. P.; Lyness,
W. H.: Dietary tryptophan supplements attenuate amphetamine
self-administration in the rat. Pharmacol. Biochem. Behav. 25:849–
855; 1986.

36. Sorensen, S. M.; Humphreys, T. M.; Taylor, V. L.; Schmidt, C. J.:
5-HT2 receptor angatonists reverse amphetamine induced slow-
ing of dopaminergic neurons by interfering with stimulated
dopamine synthesis. J. Pharmacol. Exp. Ther. 260:872–878; 1992.

37. Soubrie, P.: Reconciling the role of central serotonin neurons in
human and animal behavior. Behav. Brain Sci. 9:319–364; 1986.

38. Spyraki, C.; Fibiger, H. C.; Phillips, A. G.: Dopaminergic sub-
strates of amphetamine-induced place preference conditioning.
Brain Res. 253:185–193; 1992.

39. Svensson, T. H.; Mathe, J. M.; Andersson, J. L.; Nomikos, G. G.;
Hildebrand, B. E.; Marcus, M.: Mode of action of atypical neuro-
leptics in relation to the phencyclidine model of schizophrenia:
Role of 5-HT2 receptor and a1-adrenoceptor antagonism. J. Clin.
Psychopharmacol. 15(Suppl. 1): 11S–18S; 1995.

40. Tsibulsky, V.; Dashevsky, B.; Frank, R. A.: D42 and 5-HT2 modu-
lation of psychostimulant-induced facilitation of brain stimula-
tion reward. Drug Dev. Res. 34:297–305; 1995.

41. Ugedo, L.; Grenhoff, J.; Svensson, T. H.: Ritanserin, a 5-HT2 recep-
tor antagonist, activates midbrain dopamine neurons by blocking
serotonergic inhibition. Psychopharmacology (Berlin) 98:45–50;
1989.

42. Wiesel, F.-A.; Nordstrom, A.-L.; Farde, L.; Eriksson, B.: An open
clinical and biochemical study of ritanserin in acute patients with
schizophrenia. Psychopharmacology (Berlin) 114:31–38; 1994.

43. Wise, R. A.; Rompre, P.-P.: Brain dopamine and reward. Annu.
Rev. Psychol. 40:191–225; 1989.


