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MDL 72222, Ketanserin, and Methysergide
Pretreatments Fail to Alter Breaking Points
on a Progressive Ratio Schedule
Reinforced by Intravenous Cocaine
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LACOSTA, S. AND D. C. S. ROBERTS. MDL 72222, ketanserin, and methysergide pretreatments fail to alter breaking
points on a progressive ratio schedule reinforced by intravenous cocaine. PHARMACOL BIOCHEM BEHAYV 44(1) 161-
165, 1993. — The effects of three serotonin [5-hydroxytryptamine (5-HT)] receptor antagonists on cocaine self-administration
behavior were investigated. Specifically, the effects of MDL 72222 (a specific 5-HT, receptor antagonist), ketanserin (a
specific SHT, receptor antagonist), and methysergide (an aselective 5-HT,/5-HT, receptor antagonist) on the breaking points
reached by rats on a progressive ratio schedule for cocaine reinforcement were examined. Pretreatments with MDL 72222
(7.5-1,920 pg/kg, SC), ketanserin (0.4-6.4 mg/kg, IP), and methysergide (2.5-20 mg/kg, IP) failed to alter breaking points
from baseline values. Although tested at twice the highest doses previously reported to have significant behavioral effects, the
three 5-HT receptor antagonists were without effect. These data suggest that relatively specific blockade of 5-HT receptor
subtypes does not influence the reinforcing effects of cocaine.
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THE importance of dopamine (DA) in the reinforcing effects
of psychomotor stimulant drugs has been well established
(24). More recently, studies have indicated that serotonin [5-
hydroxytryptamine (5-HT)] may also play an important role
in the reinforcing properties of both amphetamine and co-
caine. Increases in the rate of amphetamine self-administra-
tion have been found in rats depleted of forebrain serotonin
following either intraventricular injections of the neurotoxin
5,7-dihydroxytryptamine (5,7-DHT) (16) or 5,7-DHT lesions
of the median forebrain bundle (MFB) (14). Conversely, flu-
oxetine (a 5-HT reuptake inhibitor) (14,20,33), quipazine (a
5-HT receptor agonist) (14), and both systemic (14) and di-
etary (31) pretreatments of L-tryptophan (a 5-HT precursor)
decreased the rate of amphetamine self-administration.

Fewer studies have examined the effects of serotonergic
manipulations on cocaine self-administration although these
data appear to be consistent with the amphetamine work. Spe-
cifically, both repeated (7) and acute (19) pretreatment with
fluoxetine (7,19) or repeated administration of dietary trypto-
phan (8) significantly diminished the rate of cocaine self-
administration.
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Because agonist pretreatments decrease the rate of cocaine
intake, one might predict an increase in the rate of cocaine
self-administration following pretreatment with 5-HT antago-
nists. Unfortunately, the data do not support this hypothesis.
Instead, pretreatment with cinanserin, ritanserin (both 5-HT,
receptor antagonists), or GR23032F (a 5-HT; receptor antago-
nist) failed to alter the rate of cocaine self-administration (18-
20).

In the above-mentioned studies, rate of drug intake was
used as the dependent variable, which in many cases is diffi-
cult to interpret. For example, changes in the rate of drug
intake have been depicted as reflecting both an increase and a
decrease in drug reinforcement (32,34). Further, changes in
an animal’s motivation to self-administer a drug can be de-
tected by alterations in breaking points obtained from a pro-
gressive ratio (PR) schedule even when no changes in rate are
observed (15,23,25,27).

Our lab recently employed a PR schedule of reinforcement
to better assess the role of 5-HT systems in cocaine self-
administration. For example, an increase in breaking points
was found following intracerebral infusions of 5,7-DHT into
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either the MFB or amygdala (15). These findings support the
idea that the motivation to self-administer cocaine is increased
following the removal of 5-HT systems.

Conversely, pretreatment with certain pharmacological
agents has been found to significantly decrease the breaking
points reached by rats self-administering cocaine on a PR
schedule of reinforcement. Specifically, systemic pretreatment
with either fluoxetine (a specific 5-HT reuptake inhibitor) (21)
or L-tryptophan (a 5-HT precursor) (17) diminished breaking
points for cocaine reinforcement.

The above studies using a PR schedule have shown that
stimulation of 5-HT receptors decreases an animal’s motiva-
tion to self-administer cocaine. As a result, it might be pre-
dicted that under a similar reinforcement schedule blockade of
5-HT receptors would diminish the inhibitory effect of these
receptors, thereby increasing the reinforcing efficacy of co-
caine.

The purpose of the present study was to examine the effects
of three 5-HT receptor antagonists on cocaine self-administra-
tion behavior using a PR schedule of reinforcement. Specifi-
cally, the effects of MDL 72222 (a specific 5-HT, receptor
antagonist), ketanserin (a specific 5-HT, receptor antagonist),
and methysergide (an aselective 5-HT,/S-HT, receptor antago-
nist) on breaking points established by rats on a PR schedule
for cocaine reinforcement were investigated.

METHOD

Subjects

Male Wistar rats (Charles River Farms, Quebec, Canada)
weighing approximately 275-300 g at the start of the experi-
ments served as subjects. Rats were individually housed and
maintained on a 12 D: 12 L reversed cycle (lights off 9:30
a.m.-9:30 p.m.). Food and water were freely available.

Apparatus

Plexiglas boxes (25 x 25 x 25 c¢m) served as both animal
housing and testing chambers. Each box was equipped with a
wire grid floor, a removable response lever mounted on one
wall, a stimulus light placed to the left of the lever, and a
water bottle. Rats were surgically implanted with chronically
indwelling jugular cannulae. The cannulae were attached to
tubing encased within a protective spring. The tubing, held in
suspension above the cage by a counterbalance and swivel,
extended to a 10-mi syringe. Infusions of cocaine HCl were
delivered to animals by a Razel syringe driver fitted with a
5-RPM motor. The counterbalanced swivel allowed animals
free movement in the testing chamber. Response monitoring,
infusion delivery, and data recording were controlled by an
IBM-compatible computer.

Procedure

Approximately 1 week following their arrival from the sup-
plier, rats were food deprived for 24 h and then trained to
press a lever for food reward (Noyes pellets) on a fixed ratio
(FR) 1 schedule of reinforcement. Once animals exceeded 100
lever responses in each of two training sessions, they were
anesthetized using sodium pentobarbitol (Somnotol, 60 mg/
kg, IP) and surgically implanted with a chronically indwelling
jugular cannula exiting from the animal’s back at the midsca-
pular region (26). Following cannulation, rats were singly
housed in operant testing chambers.

Initially, rats were postoperatively trained to respond on a
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lever for cocaine infusions on an FR 1 schedule of reinforce-
ment. Specifically, each lever response resulted in the delivery
of a cocaine injection (0.6 mg/0.12 ml saline/injection over
5 s). Concurrent with the start of injection, a stimulus light
was activated that signaled a 20-s postinfusion time-out period
during which time responses produced no programmed conse-
quence. Cocaine self-administration sessions took place for a
5-h period daily. Each session began with the introduction of
the lever into the testing chamber and a “priming” injection.

After a rat achieved a constant rate of responding on an
FR 1 schedule of reinforcement (a minimum of 3 consecutive
days in which the total number of daily infusions varied no
more than 10%), a PR schedule was imposed. In accordance
with this schedule, the first lever response of the session re-
sulted in a drug infusion while the response requirements
required to obtain subsequent infusions were incremented fol-
lowing the progression: 2, 4, 6, 9, 12, 15, 20, 25, 32, 40, 50,
62, 77, 95, 118, 145, 178, 219, 268, 328, 402, 492, 603. The
initial ratio was reset to 1 at the beginning of each session.

Typically, rats will respond during the first 3 h of a session
but fail to respond during the last 2 h, when the requirements
imposed by the PR schedule become too demanding. A rat
was assumed to have reached its breaking point if it failed to
obtain an infusion for a 1-h period. In this case, the breaking
point was defined as the last increment in the schedule com-
pleted prior to a 1-h period of nonreinforcement. This break-
ing point served as the dependent measure.

Pretreatments

Once a rat had established a consistent baseline level of
responding on a PR schedule of reinforcement for 3 consecu-
tive days, it was placed into one of three 5-HT receptor antag-
onist drug pretreatment experiments:

1. MDL 72222: (1.5, 15, 30, 60, 120, 960, or 1,920 ug/kg,
SC) 30 min prior to testing.

2. Ketanserin: (0.4, 0.8, 1.6, 3.2, or 6.4 mg/kg, IP) 1 h prior
to testing.

3. Methysergide: (vehicle, 2.5, 5, 10, or 20 mg/kg, IP) 1 h
prior to testing.

In each experiment, five animals were tested at each dose.
Animals were replaced in the event of illness or cannula fail-
ure. As a result, not all rats received all doses of drug. All
drug doses were administered in a counterbalanced fashion.
Animals in the methysergide study also received a vehicle in-
jection of distilled water (1 ml/kg). Rats were required to
reestablish a stable daily breaking point for 3 days before
being given the next dose of drug.

Drugs

Cocaine HCI, supplied by NIDA (Bethesda, MD), was pre-
pared in a vehicle solution of 0.9% saline. MDL 72222 [Re-
search Biochemicals, Inc. (RBI), Natick, MA] was dissolved
in one drop of glacial acetic acid and taken to volume with
distilled water. The final solution was adjusted to a pH of 5-6
with 1 N NaOH. Ketanserin (RBI) was dissolved in 0.9%
saline. Methysergide (Sandoz Canada, Inc., Dorval, Quebec,
Canada) was dissolved in three to five drops of HCI and taken
to volume with distilled water. The final solution was adjusted
to a pH of 5-6 with 1 N NaOH. All three 5-HT receptor
antagonists were injected in a volume of 1.0 ml/kg body
weight.
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Statistical Analyses

All analyses were performed on the breaking points. Mean
breaking points established following drug pretreatment were
compared with those established the day previous to testing
using a two-way (treatment X dose) repeated-measures analy-
sis of variance (ANOVA). Treatment served as the within-
subjects measure and dose as the between-subjects measure,

RESULTS

Figures 1, 2, and 3 show the effects of MDL 72222, ketans-
erin, and methysergide, respectively, on the breaking points
achieved by rats self-administering cocaine on a PR schedule
of reinforcement. Analysis using a repeated two-way ANOVA
revealed no significant main effects of treatment or dose and
no significant treatment x dose interactions of either MDL
72222 [treatment, F(1, 28) < 1, NS, dose, F(6, 28) < 1, NS,
treatment X dose, F(6, 28) < 1, NS] or methysergide [treat-
ment, F(1, 20) < 1, NS, dose, F(4, 20) < 1, NS, treatment
X dose, F(4, 20) < 1, NS]. Similar analysis revealed a signifi-
cant main effect of treatment within animals for ketanserin,
F(1, 20) = 6.05, p < 0.05. This significant treatment effect
is probably not related to ketanserin but to the handling of
animals because no main effect of dose, F(4, 20) < 1, NS, or
treatment x dose interactions, F(4, 20) < 1, NS, were evi-
dent. In addition to breaking points, both the response rate
and time of establishing breaking point remained unchanged
following 5-HT antagonist pretreatments as compared to
baseline values (data not shown).

DISCUSSION

Pretreatments with MDL 72222 (7.5-1,920 ug/kg, SO),
ketanserin (0.4-6.4 mg/kg, IP), or methysergide (2.5-20 mg/
kg, IP) failed to alter the breaking points reached by rats
self-administering cocaine on a PR schedule of reinforcement
from baseline values. These data suggest that the relatively
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FIG. 1. Effect of MDL 72222 pretreatment on the breaking points
reached by rats self-administering cocaine on a PR schedule of rein-
forcement. The mean (+ SEM) breaking point values following pre-
treatment with MDL 72222 (7.5, 15, 30, 60, 120, 960, or 1,920 ug/kg,
SC) are shown. Five rats were tested at each dose. All values are
expressed in terms of percent of baseline performance. The SE bars
refer to the mean SEMs for each dose group.
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FIG. 2. Effect of ketanserin pretreatment on the breaking points
reached by rats self-administering cocaine on a PR schedule of rein-
forcement. The mean (+ SEM) breaking point values following pre-
treatment with ketanserin (0.4, 0.8, 1.6, 3.2, or 6.4 mg/kg, IP) are
shown. Five rats were tested at each dose. All values are expressed in
terms of percent of baseline performance. The SE bars refer to the
mean SEMs for each dose group.

specific blockade of 5-HT receptor subtypes does not influ-
ence the reinforcing effects of cocaine.

Several studies employing the PR schedule of reinforce-
ment have demonstrated an important, albeit inhibitory, role
for 5-HT in cocaine reinforcement. For example, increases in
breaking points have resulted from bilateral 5,7-DHT lesions
of both the MFB and amygdala (15). Thus, the motivation to
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FIG. 3. Effect of methysergide pretreatment on the breaking points
reached by rats self-administering cocaine on a PR schedule of rein-
forcement. The mean (+ SEM) breaking point values following pre-
treatment with methysergide (2.5, 5, 10, or 20 mg/kg, IP) and vehicle
(1 ml/kg) are shown. Five rats were tested at each dose. All values are
expressed in terms of percent of baseline performance. The SE bars
refer to the mean SEMs for each dose group.
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self-administer cocaine appears to increase following removal
of 5-HT systems. These findings are consistent with other
5-HT lesion studies, which have reported increases in the rate
of amphetamine intake following either intraventricular injec-
tions of 5,7-DHT (16) or 5,7-DHT lesions of the MFB (14).

Conversely, the motivation to self-administer cocaine
seems to diminish following stimulation of 5-HT receptors.
Fluoxetine (21) and L-tryptophan (17) pretreatments signifi-
cantly decrease the breaking points reached by rats self-admin-
istering cocaine on a PR schedule of reinforcement. These
data are supported by studies reporting a decrease in the rate
of both cocaine and amphetamine intake following either flu-
oxetine (7,19,20), dietary L-tryptophan (8,31), systemic L-
tryptophan (14), or quipazine (14) pretreatments.

A significant role for 5-HT in cocaine reinforcement is also
evident from the receptor binding studies of Ritz et al. (22).
Specifically, these researchers revealed a negative relationship
between the reinforcing efficacy of cocaine analogs in self-
administration studies and their binding potencies at 5-HT
reuptake sites.

In summary, the above data suggest that 5-HT plays an
important, possibly inhibitory, role in cocaine reinforcement.
As a result, it might be predicted that the blockade of 5-HT
receptors would diminish the adverse effect of 5-HT, thereby
increasing the reinforcing efficacy of cocaine. The findings of
this study do not support this hypothesis because the relatively
specific blockade of 5-HT receptor subtypes failed to alter
cocaine’s reinforcing properties. Our findings are consistent
with those of three studies that report the inability of cinan-
serin (a 5-HT, receptor antagonist) (17), ritanserin (a 5-HT,
receptor antagonist) (16), or GR23032F (a 5-HT, receptor an-
tagonist) (15) pretreatments to alter the rate of cocaine self-
administration in rats.

It might be argued that the PR schedule is insensitive to
changes in drug reinforcement. However, the PR schedule
used in this study has been shown to be sensitive to changes in
drug dose and a variety of pharmacological manipulations
and neurotoxic lesions (15,17,21,23,25,27).

There are several possible reasons why 5-HT lesions might
increase the reinforcing effect of cocaine while 5-HT antago-
nists have no effect. First, 5-HT lesions and 5-HT antagonist
pretreatments do not inhibit 5-HT function in either the same
manner or extent. For example, while 5-HT lesions result in
the chronic and nonspecific destruction of 5-HT functioning,
the 5-HT antagonist pretreatments employed in this study
were acute and relatively specific to the 5-HT receptor sub-
types. As a result, possibly the chronic rather than acute
blockade of 5-HT receptor subtypes is necessary to alter co-
caine’s reinforcing properties.

Second, evidence suggests that 5-HT lesions may result in
compensatory changes in other neurotransmitter systems such
as dopamine (30). It is possible, then, that increases in the
motivation to self-administer cocaine following 5-HT lesions
may be due to an indirect change in DA function and not the
attenuation of 5-HT function.

Alternatively, it may be argued that the failure to find a
significant effect of 5-HT antagonist pretreatments on cocaine
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self-administration behavior results from employing insuffi-
cient doses. This seems unlikely, however, because doses simi-
lar to those used in this study have been employed successfully
in other behavioral studies (3,6,10,12,14,28,29).

Significant behavioral effects of MDL 72222 have been
reported with doses as low as 30 ug/kg although other studies
have used doses as high as 1 mg/kg (13). At a relatively low
dose, MDL 72222 (30 ng/kg) has been effective in blocking
morphine-, nicotine- (2,6), and MDMA-induced place prefer-
ence (3) and reducing the effects of naloxone, picrotoxin, and
phencyclidine (PCP) in drug-induced place aversion tests (1).

Ketanserin has been shown to produce significant behav-
ioral effects at a dose of 3.2 mg/kg. Specifically, a significant
reduction in lysergic acid diethylamide (LSD) self-administra-
tion behavior has been found following pretreatment with 3.2
mg/kg ketanserin while even lower doses of the drug (0.2-1.6
mg/kg), dose dependently reduced lever responding for LSD
by blocking the LSD cue (10). Similar doses have also been
found to attenuate the behavioral side effects induced by both
L-5-HTP and 5-Me-ODMT pretreatments (28).

Studies have reported significant behavioral effects of
methysergide at doses as low as 2.5-10 mg/kg. At this dose
range, methysergide significantly augments MDMA-induced
locomotor hyperactivity (12). Similarly, at a dose of 10 mg/
kg methysergide significantly attenuates amphetamine self-
administration (14) and potentiates the rate-increasing effect
of amphetamine on self-stimulation behavior (29).

We examined the effects of MDL 72222, ketanserin, and
methysergide at doses ranging from 15-1,920 ug/kg, 0.4-6.4
mg/kg, and 2.5-20 mg/kg, respectively. Although tested at
twice the highest dose reported to have significant behavioral
effects, each drug pretreatment failed to significantly alter
cocaine reinforcement from baseline levels.

The inability to find a significant change in cocaine self-
administration behavior following pretreatment with 5-HT
antagonists may have resulted from using inappropriate drug
pretreatment intervals. The injection times employed in this
study have been based upon those used successfully in other
behavioral studies (3,6,10,14). We acknowledge the fact that
in our experiments the breaking point is not established for
approximately 2 h into the self-administration session. There-
fore, it is possible that the time course of drug actions for
the three 5-HT antagonists tested were ineffective within this
experimental paradigm.

In summary, it appears that relatively specific, acute block-
ade of 5-HT,, 5-HT,, and 5-HT, receptor subtypes does not
influence the reinforcing effects of cocaine. Thus, possibly
either the blockade of other 5-HT receptor subtypes, simulta-
neous blockade of all 5-HT subtypes, or chronic blockade of
one or more 5-HT subtypes may be required to alter cocaine
reinforcement.
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