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UKAI, M., E. MORI AND T. KAMEYAMA. Discriminative stimulus properties of cocaine in the rat using a two-choice
discrete-trial avoidance paradigm. PHARMACOL BIOCHEM BEHAV 44(4) 907-911, 1993. — The discriminative stimulus
effects of cocaine were studied in rats trained to discriminate 10.0 mg/kg cocaine from vehicle in a shock avoidance paradigm.
Rats used could discriminate 10.0 mg/kg cocaine from vehicle within an average of 20 sessions after the start of discrimination
training. Cocaine produced dose-dependent stimulus effects at 1.0- to 10.0-mg/kg doses. Cocaine (10.0 mg/kg) generalized
to the dopamine reuptake inhibitor 1-[2-[bis(4-fluorophenyl)methoxy]ethyl]-4-(3-phenylpropyl)piperazine 2HCI (GBR 12909)
(30.0 mg/kg), methamphetamine (0.3 mg/kg), apomorphine (0.3 mg/kg), and the D, dopamine agonist quinpirole (0.1 mg/
kg), but not to the D, dopamine agonist SK&F38393 (3.0-30.0 mg/kg). 1-Phenyl-2,3,4,5-tetrahydro-['H]-3-benza-
zepine-7,8-diol HCI (SK&F38393) (10.0 mg/kg) combined with several doses (1.0-10.0 mg/kg) of cocaine shifted the stimulus
generalization curve for cocaine to the left. Haloperidol (0.1 and 0.3 mg/kg), the D, dopamine antagonist 7-chloro-2,3,4,5-
tetrahydro-3-methyl-phenyl-1-H-benzazepine-7-o/ maleate (SCH23390) (0.01-0.3mg/kg), and the D, dopamine antagonist
S(-)-sulpiride (20.0 and 40.0 mg/kg) only partially blocked the stimulus effects of cocaine. Haloperidol (0.3 mg/kg) combined
with SCH23390 (0.03 mg/kg) completely blocked the stimulus effects of cocaine. In addition, haloperidol (0.3 mg/kg)
blocked the stimulus effects of quinpirole (0.1 mg/kg), in common with cocaine. These data suggest that both D, and D,

dopamine receptors contribute to the discriminative stimulus effects of cocaine.

Cocaine Dopamine receptors

Discriminative stimulus effects

Rat

COCAINE is a psychomotor stimulant that has prominent
amphetamine-like subjective effects, resulting in its abuse (8).
Although cocaine blocks the neuronal uptake of monoamine
neurotransmitters including dopamine, norepinephrine, and
serotonin (12,20), most of the behavioral effects of cocaine as
well as other psychomotor stimulants have been attributed to
enhanced activity of dopamine neurons in the CNS (2,17,21).
Drug discrimination procedure has been well established
to clarify subjective effects of drugs (7). Cocaine reportedly
produces stimulus effects in common with the dopamine re-
leaser amphetamine and the dopamine reuptake inhibitor 1-[2-
[bis(4- fluorophenyl ymethoxy ] ethyl] -4-(3 - phenylpropyl) pi-
perazine 2HCI (GBR 12909) (3,4,6,11,14,25). Further, it is
evident that tolerance to the stimulus effects of cocaine devel-
ops after repeated administration of apomorphine in rats (26).
Although dopaminergic mechanisms are thought to underlie
the discriminative stimulus effects of cocaine, the involvement
of receptor subtypes (e.g., D;, D,, and D,) in the effects seems
to be inconclusive. For instance, the D, dopamine agonist
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1-phenyl-2,3,4,5-tetrahydro-['H]-3-benzazepine-7,8-diol HCI
(SK&F38393) sometimes has been found to partially substitute
for cocaine in rats (1,3,25), whereas the D, dopamine antago-
nist 7-chloro-2,3,4,5-tetrahydro-3-methyl-phenyl-1-H-benza-
zepine-7-ol maleate (SCH23390) blocks the cue (1,11). The D,
dopamine agonist quinpirole has little cocaine-like activity in
rhesus monkeys (11) and only partially substitutes for cocaine
in squirrel monkeys (21), although it often has been found to
fully substitute for cocaine in rats (1,3). Quinpirole is often
used as the D, dopamine agonist, but it is reportedly more
selective for D, than D, dopamine receptors (16). Because
neither haloperidol nor spiperone fully inhibits the stimulus
effects of cocaine (1,13), the stimulus effects of cocaine may
be mediated through D, dopamine receptors.

The present study was designed to further characterize the
discriminative stimulus effects of cocaine with special refer-
ence to dopamine neurons using a two-choice discrete-trial
avoidance paradigm, unlike food reinforcements reported pre-
viously (1,3,13,25). In addition, a shock-avoidance paradigm
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seems more appropriate for the discriminative stimulus effects
of cocaine-like drugs than food reinforcements because co-
caine and amphetamine reduce food intake, leading to the
changes in motivation of animals (8).

METHOD

Animals

Subjects were male Fischer-derived rats (Nihon Charles
River Co. Ltd., Atsugi, Kanagawa, Japan) weighing 210-230
g at the start of discrimination training. Rats were housed in a
ventilated colony room where they had continuous access to
food and water. The lights in the room were illuminated be-
tween 8:00 a.m. and 8:00 p.m.

Drugs

The following drugs were used: cocaine HCl (Shionogi
Co., Ltd., Osaka, Japan); methamphetamine HC] and halo-
peridol (Dainippon Pharmaceutical Co., Ltd., Osaka, Japan);
apomorphine HCI (Sigma Chemical Co., St. Louis, MO); S(-)-
sulpiride, SK&F38393, and GBR 12909 (Research Biochemi-
cals Inc., Natick, MA); quinpirole HCl (Eli Lilly and Co.,
Indianapolis, IN); and SCH23390 (Schering Corp., Bloom-
field, NJ). Doses of cocaine, haloperidol, and S(-)-sulpiride
were expressed in terms of the free base. The others were
expressed in terms of the salt. SK&F38393, SCH23390, and
S(-)-sulpiride were dissolved in 8.5% lactic acid and 1.0 N
sodium hydroxide in 3 : 2 ratio. GBR 12909 was dissolved in
sterile water and the others in 0.9% saline. Cocaine, GBR
12909, S(-)-sulpiride, SCH23390, and haloperidol were given
IP and the others SC. The dopamine antagonists and the oth-
ers were given 60 and 30 min before the session, respectively.
All injections were made in a volume of 1.0 ml/kg body
weight.

Apparatus

The apparatus (25 X 35 X 32 cm) has been described in
detail elsewhere (23,24). Briefly, it has one “starting” lever on
one wall and two “choice” response levers on the wall opposite
to the starting lever. The choice response levers were separated
by a clear Plexiglas partition, 5.0 cm wide, that extended from
the ceiling of the test chamber to 1.0 cm above the grid floor
(Neuroscience Inc., Tokyo, Japan). A constant-current shock
generator (SGC-001, Muromachi Kikai Co., Ltd., Tokyo, Ja-
pan) delivered a scrambled electric shock to the grid floor of
the chamber, which was housed within a ventilated, light-
proof, and sound-attenuating enclosure. Personal computers
(PC-9801, UV2, NEC Corporation, Tokyo, Japan) were used
to control the schedule contingencies.

Procedures

Discrimination training. Rats were trained to discriminate
10.0 mg/kg cocaine from vehicle in a two-choice discrete-trial
avoidance paradigm. The onset of a trial was signalled by the
simultaneous illumination of the house light and the presenta-
tion of white noise. At this time, the rat was required to press
the starting lever mounted on one wall of the test chamber
and then to press one of the two choice levers mounted on the
opposite wall, The first starting response of the trial termi-
nated the white noise and the appropriate choice response
extinguished the house light and ended the trial. Beginning
5.0 s after the onset of the trial, a 1.5- to 3.0-mA shock was
delivered to the grid floor of the chamber every 3.0sin a 0.5-
to 1.0-s pulse until the two-response chain was completed.
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The intertrial interval was 50 s, during which time the chamber
was dimly illuminated by a red light. Experimental sessions
ended after 21 trials or 30 min, whichever came first. The first
trial of each session was considered a “warm-up” and was
excluded from the data analysis. Training sessions were con-
ducted 6 days/week. Either cocaine (10.0 mg/kg) or its vehicle
was injected IP 30 min before each training session. Training
continued until rats could reliably complete at least 18 of 20
trials (i.e., 90% exclusive of the first trial) on the appropriate
choice lever under both conditions.

Discrimination testing. Drug test sessions were conducted
provided rats satisfied the performance criterion in two con-
secutive training sessions. During test sessions, both choice
levers were activated so that a response on either choice lever
after the starting response terminated the trial. Test sessions
and training sessions were identical in all other aspects except
for combination test with SK&F38393 plus cocaine. When
SK&F38393 and cocaine were concomitantly administered, a
cumulative dosing procedure was employed. On the test day,
rats were injected with SK&F38393 (10.0 mg/kg) and cocaine
(1.0 mg/kg) and placed in the chamber 10 min later to start
the first test session. After completion of the 30-min test ses-
sion, rats were removed to their home cage and injected with
cocaine before the start of the next test session 10 min later.
Test sessions were conducted in this manner with increasing
doses of cocaine until rats completed at least 18 of 20 trials on
the cocaine-appropriate lever.

Data Analysis

The data were analyzed in terms of the number of trials
completed on the cocaine-appropriate lever. Trials completed
on the vehicle-appropriate lever were recorded but are not
shown in the figures. All animals used completed all trials of
every session. A dose of test drug was considered to produce
discriminative stimulus effects comparable to those produced
by the training dose (10.0 mg/kg) of cocaine if a rat completed
at least 18 of 20 trials on the cocaine-appropriate lever. A
dose of test drug was considered to antagonize stimulus effects
comparable to those produced by the training dose (10.0 mg/
kg) of cocaine if a rat completed at least 18 of 20 trials on the
vehicle-appropriate lever. The dose-response curves for the
effects of cocaine (1.0-10.0 mg/kg) alone and its combination

Tnals to cocamne lever

Dose of cocaine (mg/kg)

FIG. 1. Dose-response curves for discriminative stimulus effects of
cocaine in the rat trained to discriminate 10 mg/kg cocaine from
vehicle (V). Data are reported as the number of trials of a 20-trial
session completed on the cocaine-appropriate lever. The remaining
trials were completed on the vehicle-appropriate lever and are not
shown. The broken horizontal lines at 18 and 2 responses represent the
criteria for cocaine- and vehicle-appropriate responding, respectively,
during training sessions. Symbols denote the mean + SE of 10 rats.
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FIG. 2. Discriminative stimulus effects of graded doses of GBR
12909, methamphetamine, and apomorphine in rats trained to dis-
criminate 10 mg/kg cocaine (C) from vehicle (V). Symbols denote the
mean + SE of § rats. Other details are the same as in Fig. 1.

with SK&F38393 (10.0 mg/kg) were analyzed statistically by
means of a two-factor analysis of variance (ANOVA), while
the cumulative starting response latency by means of a one-
factor ANOVA followed by the Newman-Keuls method for
multiple comparisons (27).

RESULTS

We at first trained 26 rats to discriminate 10.0 mg/kg co-
caine from vehicle but discarded 7 rats from the study within
20 sessions because of their poor performance. Although sev-
eral sessions for “shaping” with vehicle injections were not
included, the stimulus effects of cocaine were established in
an average of 20 sessions after the start of discrimination
training and well maintained thereafter by the continuation of
discrimination training between test sessions. A 1.0-mg/kg
dose of cocaine did not engender responding appropriate for
cocaine cue. Increasing the dose to 3.0 mg/kg produced par-
tial stimulus effects. A training dose (10.0 mg/kg) of cocaine
produced cocaine-appropriate responding (Fig. 1).

The dopamine reuptake inhibitor GBR 12909 (3.0 mg/kg)
produced vehicle-appropriate responding, but increasing the
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FIG. 3. Discriminative stimulus effects of graded doses of
SK&F38393 and quinpirole in rats trained to discriminate 10 mg/kg
cocaine (C) from vehicle (V). Symbols denote the mean + SE of 5
rats. Other details are the same as in Fig. 1.

dose to 30.0 mg/kg produced cocaine-appropriate responding
(Fig. 2). Methamphetamine (0.3 mg/kg) and apomorphine
(0.3 mg/kg) produced responding appropriate for the cocaine
cue (Fig. 2).

The highest dose (30.0 mg/kg) of the D, dopamine agonist
SK&F38393 that could be tested produced partial cocaine-
appropriate responding, whereas the D, dopamine agonist
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FIG. 4. Discriminative stimulus effects of cocaine and of its combi-
nation with 10 mg/kg SK&F38393 in rats trained to discriminate 10
mg/kg cocaine from vehicle (V). Symbols denote the mean + SE
(n = 4) of cocaine-appropriate responding observed after cocaine
alone (O) or SK&F38393 (10 mg/kg) plus cocaine (@). SK&F, 10
mg/kg SK&F38393 alone. ANOVA indicates a significant difference
(p < 0.05) between cocaine alone and SK&F38393 plus cocaine.
Other details are the same as in Fig. 1.
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quinpirole (0.1 mg/kg) produced almost complete cocaine-
appropriate responding (Fig. 3).

The dose-response curve for cocaine (1.0-10.0 mg/kg)
shifted to the left by coadministration of a certain dose (10.0
mg/kg) of SK&F38393, although the shift was of a nonparaliel
nature (Fig. 4).

Haloperido! (0.3 mg/kg), the D, dopamine antagonist
SCH23390 (0.3 mg/kg), and the D, dopamine antagonist S(-)-
sulpiride (40.0 mg/kg) only partially reduced cocaine-appropri-
ate responding (Fig. 5), while the higher doses of dopamine an-
tagonists disrupted lever-pressing behavior. Haloperidol (0.3
mg/kg) combined with SCH23390 (0.03 mg/kg) completely
blocked the stimulus effects of cocaine (Fig. 6). In addition,
haloperidol (0.3 mg/kg) attenuated cocaine-like stimulus ef-
fects of quinpirole (0.1 mg/kg) by more than 90% (data not
shown).

ANOVA revealed significant (p < 0.05) changes in the cu-
mulative starting response latency after administration of
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FIG. 5. Discriminative stimulus effects of cocaine and of its combi-
nation with graded doses of haloperidol, SCH23390, and S(-)-sulpir-
ide in rats trained to discriminate 10 mg/kg cocaine (C) from vehicle
(V). HAL, 0.3 mg/kg haloperidol alone; SCH, 0.3 mg/kg SCH23390
alone; SUL, 40 mg/kg S(-)-sulpiride alone. Symbols denote the mean
+ SE of 5-9 rats. Other details are the same as in Fig. 1.

UKAI, MORI AND KAMEYAMA

520’—0

s

2

@

£

5 ol

o

o

8

F ot o ©

! i — L 1

C Vv HAL 0.010.03
Dose of SCH 23390 (mg/kg)

FIG. 6. Discriminative stimulus effects of cocaine and its combina-
tion with haloperidol plus graded doses of SCH23390 in rats trained
to discriminate 10 mg/kg cocaine (C) from vehicle (V). Symbols de-
note the mean + SE of § rats. Other details are the same as in Fig. 1.

some drugs, although all of the rats used in generalization
and antagonism tests completed every 30-min session. The
response latency of rats was decreased after injection of co-
caine (3.0 and 10.0 mg/kg), methamphetamine (0.1 and 0.3
mg/kg), apomorphine (0.1 and 0.3 mg/kg), and quinpirole
(0.1 mg/kg), while it was elevated after haloperidol (0.3 mg/
kg) and haloperidol (0.3 mg/kg) plus SCH23390 (0.03 mg/kg)
plus cocaine (10.0 mg/kg).

DISCUSSION

Average training sessions to reach criterion for discrimina-
tion were about 20 and the discrimination was stable thereafter,
although the rats employed in this study may not be representa-
tive of the population because 7 of 26 were discarded during
training sessions. The training sessions by using a shock avoid-
ance paradigm were shorter than those by using food reinforce-
ments (3,4). Moreover, the stimulus effects of cocaine were dose
dependent, in common with food reinforcement.

The present result showing that the dopamine reuptake
inhibitor GBR 12909 generalized to the cocaine cue in rats is
consistent with that reported previously using food reinforce-
ments in rats and rhesus monkeys (11,25). Because metham-
phetamine, a dopamine releaser, and apomorphine, a nonse-
lective dopamine agonist, also generalized to the cocaine cue,
it is likely that the discriminative stimulus effects of a 10.0-mg/
kg dose of cocaine are mediated through the activation of dopa-
minergic neuronal systems. The above results correspond with
the dopaminergic involvement in tolerance to the discriminative
stimulus properties of cocaine (10.0 mg/kg) in rats (26).

The D, dopamine agonist quinpirole totally generalized to
the cocaine cue, whereas the D, dopamine agonist SK&F38393
only partially generalized to the cue. These findings are consis-
tent with those by using full D, agonists such as dihydrexidine
and SK&F81297, as well as food reinforcements, in rats and
monkeys (20,25). In the present study, SK&F38393 (10.0 mg/
kg) shifted the dose~response curve for cocaine to the left, al-
though the shift was of a nonparallel nature. The result is not in
accordance with that reported lately, in which SK&F38393 (10.0
mg/kg) fails to influence the dose-response function of cocaine
(3). The discrepancy between them may be due to the different
experimental conditions. For example, there exist a) shock
avoidance vs. food reinforcement, b) Fischer vs. Sprague-
Dawley rats, and c) drug administration at 30 vs. 15 min prior
to sessions. On the other hand, SK&F38393 (0.5-10.0 mg/kg)
reportedly shifts the dose-response curve for the discriminative
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stimulus effects of amphetamine to the left (19). Because am-
phetamine produces interoceptive cues similar to those of co-
caine (5,9,13,18), it is highly possible that the discriminative
stimulus effects of cocaine are enhanced by the D, dopamine
agonist. In other words, the stimulation of D, dopamine re-
ceptors themselves might not be sufficient to mimic the stimu-
lant cue but would be necessary for enabling the interoceptive
state (3). It has been reported that the nonselective dopamine
antagonists haloperidol and spiperone do not fully block the
cocaine cue (1,3,13). The present results indicate that haloperi-
dol, the D, dopamine antagonist SCH23390, and the D, dopa-
mine antagonist S(-)-sulpiride only partially attenuated the ef-
fects of cocaine, while SCH23390 appears to have potent
antagonistic properties against the stimulus effects of cocaine
in different studies reported to date (1,3,10). Although halo-
peridol is considered a nonselective dopamine antagonist, it
has relatively low affinity for D, dopamine receptors (15). In
addition, haloperidol has reportedly more potent affinity for
D, dopamine receptors than S(-)-sulpiride (16). To effectively
block both D, and D, dopamine receptors, haloperidol should
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be combined with SCH23390. In fact, haloperidol (0.3 mg/kg)
plus SCH23390 (0.03 mg/kg) completely blocked the stimulus
effects of cocaine. These results indicate that both D, and D,
dopamine receptors contribute to the discriminative stimulus
effects of cocaine.

It has been reported that quinpirole is more selective for
D, than D, dopamine receptors (16). Because quinpirole (0.1
mg/kg) produced responding appropriate for cocaine, it is
possible that the stimulus properties of cocaine are mediated
via D, dopamine receptors. Haloperidol (0.3 mg/kg), possess-
ing approximately 20-fold selectivity for D, over D, dopamine
receptors (16), inhibited the stimulus effects of quinpirole (0.1
mg/kg), in common with cocaine, thus suggesting that D,
dopamine receptors do not play a major role in the stimulus
effects of cocaine.
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