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FRENCH, D. AND J. M. WITKIN. Effects of the dopamine release inhibitor, CGS 107468, on the locomotor stimulant
and discriminative stimulus effects of cocaine and methamphetamine. PHARMACOL BIOCHEM BEHAYV 46(4) 989-993,
1993. — CGS 10746B or 5-(4-methyl-1 piperazinyl)-imadazo[2,1-b]1,3,5]benzothiadiazepine maleate is a clozapine analog that,
unlike clozapine, produces decreases in neostriatal dopamine release without changing dopamine metabolism or occupying
D, receptors. CGS 10746B also blocks neuronal impulse flow. The ability of this atypical antipsychotic candidate to alter the
discriminative stimulus effects induced by cocaine or methamphetamine in rats or the stimulation of locomotor activity in
mice was evaluated. A range of doses of CGS 10746B was tested against maximally effective doses of the psychomotor
stimulants. Although CGS 10746B completely blocked the locomotor stimulant effects of cocaine and methamphetamine, it
also decreased spontaneous activity in mice over the same dose range. Rats were trained to discriminate 10 mg/kg cocaine or
1 mg/kg methamphetamine from saline. The discriminative stimulus effects of cocaine or methamphetamine were not blocked
by CGS 10746B. Thus, in contrast to other potential atypical antipsychotic compounds (e.g., D, receptor antagonists), CGS

10746B does not appear to produce selective blockade of these behavioral effects of psychomotor stimulant compounds.
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DOPAMINE receptor antagonists have been suggested as po-
tential treatment agents for cocaine abuse [cf. (16,24,28)].
Preclinical and clinical evaluation of these compounds, how-
ever, has suggested that they may have limited efficacy, lack
behavioral selectivity, and produce side effects (16,24). For
example, the dopamine D, receptor blocker and antipsychotic,
haloperidol, does not block the locomotor stimulant effects
of cocaine at doses below those that have marked sedative
effects of their own (18). Haloperidol also does not consis-
tently attenuate the discriminative stimulus effects of cocaine
(3,9,15,25). Moreover, the neurological side effects of long-

term treatment with haloperidol have been well documented
[cf. (2)). In contrast, certain novel potential antipsychotic
drugs have been shown to block the locomotor stimulant ef-
fects and the discriminative stimulus effects of cocaine (5,
10,18,26).

CGS 10746B or 5-(4-methyl-1 piperazinyl)-imadazo[2,1-
b]1,3,5]benzothiadiazepine maleate is a clozapine analog with
potential antipsychotic activity (1). Unlike clozapine, behav-
iorally active doses of CGS 10746B produce decreases in
neostriatal dopamine release without changing dopamine me-
tabolism or occupying D, receptors (1). CGS 10746B, like
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v-butyrolactone, blocks neuronal impulse flow; however, the
mechanisms by which these two compounds produce this ef-
fect appear to differ (1,27). CGS 10746B blocks apomorphine-
induced climbing at lower doses than those that block apo-
morphine-induced stereotypies, a profile resembling other
atypical antipsychotics (1). This finding and other pharmaco-
logical data suggest that CGS 10746B would have a lower
extrapyramidal side effect profile than typical antipsychotic
drugs (1). Recently, CGS 10746B has been shown to block the
conditioned place preference produced by the psychomotor
stimulant cathinone [cited in (6)], suggesting that this com-
pound attenuates the reinforcing effects of psychomotor stim-
ulant drugs.

We evaluated CGS 10746B as a potential blocker of the
locomotor stimulant and discriminative stimulus effects of co-
caine. Since cocaine produces dopamine release through an
impulse-dependent process (4), while the dopamine-releasing
effects of the amphetamines are independent of impulse flow
(8), we compared the ability of CGS 10746B to block behav-
ioral effects of cocaine and methamphetamine.

METHOD

Locomotor Activity

Experimentally naive, male Swiss Webster (SW) mice
(Charles River, Wilmington, MA), between 10 and 12 weeks
old (30-40 g), were housed five to a cage in a temperature-
controlled vivarium with a 12L : 12D cycle; experiments were
conducted during the light phase of the cycle (~ 1000-1300 h)
in a dimly lit room. The mice were injected (IP) with CGS
10746B and placed back in their home cage. Thirty minutes
later, the mice were injected (IP) with either cocaine or meth-
amphetamine. After the second injection, the animals were
placed in a 40 cm® Digiscan activity monitor (Omnitech Elec-
tronics, Columbus, OH). The activity levels for each subject
were then recorded for 30 min. Each dose of CGS 10746B
was evaluated simultaneously in groups (n = 5) of saline and
in cocaine- or methamphetamine-treated mice using the same
drug solutions, Mice were used only once.

Drug Discrimination

Sixteen adult male Sprague-Dawley rats (Charles River)
were used. All were maintained at 350 g and kept in individual
cages. The rats were housed using a 12L : 12D cycle, and ex-
periments were conducted during the light phase (~ 1000 h).
Ten rats were trained to discriminate methamphetamine, while
six were trained to discriminate cocaine. All animals received
other test compounds before receiving CGS 10746B, and no
animal was tested with the CGS 10746B compound unless first
demonstrating stable discriminative performances.

Experiments were conducted in operant-conditioning test
chambers (BRS/LVE, model RTC-022) as described pre-
viously (25). Separate groups of rats (n = 5-11) were trained
to discriminate 10 mg/kg cocaine or 1 mg/kg methamphet-
amine from saline. During drug discrimination training, the
lights above both levers were illuminated. When given a drug,
responses on only one lever produced food (45-mg pellets,
BioServe); following saline administration, responses on the
opposite lever produced food. The lever correlated with drug
administration was counterbalanced across subjects in each
group. A 5-min timeout occurred at the beginning of the ses-
sion; during timeout the chamber was dark and responding
had no scheduled consequences. After the timeout period, the
house light and lights above both response levers were illumi-
nated, and 20 consecutive responses on the appropriate lever
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were required for food presentation. Responses on the alter-
nate lever reset the response requirement to 20. Timeout peri-
ods of 20 s followed each food delivery, and sessions lasted
until 20 food pellets had been presented or 20 min, whichever
occurred first.

Test sessions in which responding on either lever produced
food were conducted following sessions in which greater than
85% of responses occurred on the injection-appropriate lever
both prior to the first food presentation and during the entire
training session. CGS 10746B was given 30 min prior to test
sessions in which saline was given, to evaluate its effectiveness
in producing responding similar to each of the training drugs.
Test sessions with the training drugs were also conducted regu-
larly during these experiments to establish control values
against which to compare the effects of CGS 10746B. In addi-
tion, CGS 10746B was given 30 min prior to the training doses
of cocaine or methamphetamine to assess the potential to
block the discriminative stimulus effects of these drugs. Typi-
cally, injections of CGS 10746B were studied no more than
twice/week and only if responding met the 85% criteria during
the preceding experimental session.

Drugs

(—)-Cocaine HCIl (Mallinckrodt) and (+)-methampheta-
mine HCI (Sigma Chemical Co.) were dissolved in 0.9% NaCl
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FIG. 1. Effects of CGS 10746B alone (O) or in conjunction with 30
mg/kg cocaine or 3 mg/kg methamphetamine (@) on locomotor ac-
tivity of mice. Points above C represent effects of saline + saline
(O) or saline + cocaine or methamphetamine (@). CGS 10746B was
given 30 min prior to either saline, cocaine, or methamphetamine
injections. Drug effects are mean + SEM of at least five mice. *p
< 0.05; **p < 0.01, Dunnett’s test compared to respective controls
(dose-effect functions compared to data point above C with the same
symbol; points above C also compared with each other).
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FIG. 2. Effects of CGS 10746B alone (O) or in conjunction 10 mg/kg cocaine or 1 mg/kg methamphetamine
(@) in rats discriminating 10 mg/kg cocaine from saline. Top panel: effects on the percentage of cocaine-lever
responses; bottom panel: response rates as a percent of control values. Points above C represent effects of
saline (O), 10 mg/kg cocaine, or 1 mg/kg methamphetamine alone (@). CGS 10746B was given 30 min prior
to either saline, cocaine, or methamphetamine injections. Drug effects were evaluated in at least six rats and are
shown as mean + SEM. In cases where response rates were reduced to 85% of control values or greater, data
on the percent cocaine-lever responses were derived from values in at least three rats. *p < 0.05; **p < 0.01,

Dunnett’s test compared to respective controls.

(saline). CGS 10746B (Ciby Geigy Corp.) was dissolved in
distilled water. Drugs were injected IP in a volume of 1 ml/kg
(rats) or 10 ml/kg (mice). Doses are expressed as the drug
forms noted above.

Data Analysis

Rates of responding and the percentage of responses on
the cocaine- or methamphetamine-appropriate lever were ob-
tained for individual animals. The percentage of responses on
the drug-appropriate lever was not considered reliable if the
overall rate of responding was reduced by 85% or greater,
compared to saline controls, in individual animals; therefore,
these data were not used in the calculation of the dose-effect
curves for discriminative stimulus effects. Dose-effect func-
tions were analyzed using data from the linear portion of the
curves using standard bioassay analysis of variance (ANOVA)
techniques (14,22). Individual contrasts were evaluated with
two-tailed Dunnett’s test.

RESULTS

CGS 10746B did not decrease spontaneous locomotor ac-
tivity in mice (i.e., in saline-pretreated mice) until doses of 30
mg/kg and higher. At 100 mg/kg, activity was profoundly
suppressed (Fig. 1, open circles). Administration of 30 mg/kg

cocaine produced fourfold increases in locomotor activity
(Fig. 1; compare unconnected circles above C). CGS 10746B
attenuated the stimulatory effects of cocaine (Fig. 1, filled
circles) but only at doses that also decreased spontaneous ac-
tivity. EDy, values for the suppressant effects of CGS 10746B
on spontaneous- and cocaine-stimulated locomotor activity
were 24.67 (95% confidence limits: 16.29-37.38) and 17.63
(9.1-34.13), respectively.

Locomotor activity experiments with methamphetamine
revealed qualitatively similar effects of CGS 10746B. In these
experiments, 3 mg/kg methamphetamine increased locomotor
activity to about the same extent as 30 mg/kg cocaine (Fig. 1,
filled circle above C). CGS 10746B decreased both spontane-
ous (Fig. 1, open circles) and methamphetamine-stimulated
(Fig. 1, filled circles) locomotor activity at comparable doses.
EDs, values for the suppressant effects of CGS 10746B on
spontaneous and methamphetamine-stimulated locomotor ac-
tivity were 19.57 (95% confidence limits: 14.30-26.79) and
10.32 (2.04-52.16), respectively.

Group data indicated that CGS 10746B did not signifi-
cantly block the discriminative stimulus effects of cocaine
(Fig. 2, top panel, filled circles). However, CGS 10746B did
completely block this behavioral effect of cocaine in one rat
at 10, 17, and 30 mg/kg; no blockade was observed in the
other animals. When given alone, CGS 10746B did not substi-
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tute for cocaine (Fig. 2, unfilled circles). Response rates were
reduced somewhat more when CGS 10746B was given alone
than when it was given in combination with cocaine (Fig. 2,
bottom panel).

CGS 10746B also did not significantly block the discrimi-
native stimulus effects of methamphetamine when evaluated
in groups of rats (Fig. 2, top panel, filled circles). However,
at doses of 3-17 mg/kg, CGS 10746B partially or completely
blocked the discriminative stimulus effects of methamphet-
amine in one or two rats out of the eight tested. CGS 10746B
did not produce methamphetamine-appropriate responses
(Fig. 2, unfilled circles). Response rates were decreased some-
what more by CGS 10746B alone than when CGS 10746B was
given in conjunction with methamphetamine (Fig. 2, bottom
panel).

DISCUSSION

In the present study, CGS 10746B attenuated the increases
in locomotor activity produced by cocaine or methamphet-
amine only at doses that also decreased spontaneous locomo-
tor activity in mice. This nonselective blockade has also been
reported with typical antipsychotic agents as well as with other
atypical antipsychotic drugs like clozapine (5,18). In contrast,
other putative antipsychotic compounds have been shown to
block the locomotor stimulant effects of cocaine or amphet-
amines at doses that do not significantly suppress spontaneous
locomotion. These include the dopamine D, antagonist SCH
23390, but not the D, antagonist (— )-sulpiride (5), and several
sigma ligands including BMY 14802, rimcazole, and NPC
16377 (18,26). A cogent explanation for the lack of selectivity
of CGS 10746B is not readily apparent. Haloperidol is a more
selective inhibitor of apomorphine-induced climbing than
CGS 10746B; it blocks climbing at doses at least 83 times
lower than those exhibiting sedation (as measured by the trac-
tion response), whereas the selectivity of CGS 10746B is only
on the order of 2.5 by the same route (1).

CGS 10746B was ineffective in significantly altering the
discriminative stimulus of either cocaine or methamphet-
amine. Nonetheless, behaviorally active doses were studied as
revealed by the decreases in rates of responding. Although
higher doses of CGS 107846B did block the discriminative
stimulus effects of these psychomotor stimulants in individual
rats, the effect was not dose dependent. However, there was
a tendency for cocaine and methamphetamine to block the
rate-suppressant effects of CGS 10746B, an effect of cocaine
reported in experiments on schedule-controlled behavior [cf.
(23)]. As noted in the Introduction, typical antipsychotics
have also not been shown to markedly or consistently block
the discriminative stimulus effects of cocaine, but have gener-
ally shown good efficacy as blockers of the discriminative
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stimulus effects of amphetamines [cf. (9,19,20)]. Atypical an-
tipsychotics such as molindone and clozapine have been
shown to block the discriminative stimulus effects of d-
amphetamine (20). In contrast, the sigma ligand NPC 16377,
which blocks the locomotor stimulant effects of cocaine, did
not block the discriminative stimulus effects of cocaine or
methamphetamine (26). Other potential antipsychotic drugs
like SCH 23390 (3,5,7,25) or the sigma ligand Dup 734 (10)
have been shown to block both behavioral effects in rodents.

While the lack of selectivity of CGS 10746B in the locomo-
tor activity experiments may be partly related to the small
separation in the dopamine-blocking vs. the sedative effects
of CGS 10746B (1), this does not likely account for the lack
of efficacy of CGS 10746B in the drug discrimination experi-
ments where sedative-like effects can be measured separately
from the control of behavior by drug injections. Opposing
behavioral effects of CGS 10746B also do not appear to be
responsible for the blockade by CGS 10746B of the condi-
tioned place preference induced by the psychomotor stimulant
cathinone [cited in (6)]. In that experiment, conditioned place
preference was blocked by doses of CGS 10746B that did not
produce the opposing conditioned place aversion (M. D.
Schechter, personal communication).

y-Butyrolactone has been shown to decrease the outflow
of dopamine induced by cocaine, but not d-amphetamine, in
the nucleus accumbens of freely moving rats (8). This terminal
area of the mesolimbic dopamine system has been thought to
be involved in the reinforcing effects of stimulant compounds
(13) as well the locomotor stimulant (11) and discriminative
stimulus effects of these drugs (12). Although CGS 10746B,
like y-butyrolactone, also blocks neuronal impulse flow, CGS
10746B did not selectively block the behavioral effects of co-
caine or methamphetamine in the present study. Regardless
of the ultimate explanation for these findings, the dopamine
release inhibitor CGS 10746B does not, in our hands, appear
to be a viable candidate for further consideration as a treat-
ment agent for cocaine or amphetamine abuse.

(While the present article was under review, Schechter et
al. {Pharmacol. Biochem. Behav. 44:661-664; 1993] reported
that CGS 10746B [20-40 mg/kg] dose-dependently blocked
the discriminative stimulus effects of 10 mg/kg cocaine in
rats. These results and those reporting blockade of the dis-
criminative stimulus effects of d-amphetamine by CGS
10746B (21) are at odds with the present data; we have, at
present, no definitive explanation for this discrepancy.)
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