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Abstract

Clorgyline (1.0 mg/kg/day) administered via osmotic minipumps blocked the development of locomotor sensitization to the
dopamine receptor agonist quinpirole (0.5 mg/kg every 3 days for 8 injections). In male rats already well sensitized to quinpirole, the
continuous infusion of clorgyline (1.0 mg/kg/day for 28 days) produced a progressive decline in locomotor activity, despite a continued
regimen of quinpirole injections (0.5 mg/kg every 3 days). It is suggested that the development, as well as the maintenance, of locomotor
sensitization to quinpirole is modulated by the activation of an monoamine oxidase inhibitor-sensitive site. This site may be a dopamine
D, receptor-linked monoamine oxidase inhibitor-displaceable quinpirole binding site, the enzyme monoamine oxidase-A, or other

clorgyline binding sites. © 1997 Elsevier Science B.V.
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1. Introduction

Repeated administration of the dopamine stimulants
amphetamine (Segal and Schuckit, 1983), apomorphine
(Mattingly and Gotsick, 1989), bromocriptine (Hoffman
and Wise, 1992), and quinpirole (Szechtman et al., 1994b),
results in behavioral sensitization; that is, a progressive
augmentation of the motor response to subseguent injec-
tions (Robinson and Becker, 1986). Although the develop-
ment and expression of sensitization appears to be related
to an increase in the somatodentritic release of dopamine
in the ventral tegmental area and of dopamine transmission
in the striatum and nucleus accumbens (Kalivas and Stew-
art, 1991), a recent report has opened the possibility that,
at least for quinpirole, a novel binding site may be impli-
cated in the process of sensitization. Specifically, in vitro
findings have demonstrated that monoamine oxidase in-
hibitors such as clorgyline inhibit the binding of quinpi-
role, but not that of the dopamine D, receptor antagonist,
spiperone, in rat striatal membranes (Levant et al., 1993,
1996). These findings suggest that monoamine oxidase
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inhibitors possess a unique affinity for a novel binding site
within the striatum that is either labeled by quinpirole or
which modulates quinpirole binding at dopamine D,-like
receptors (Levant et a., 1993, 1996) and which, we sug-
gest, may be involved in sensitization. Indeed, the present
report demonstrates that chronic clorgyline not only blocks
the development of locomotor sensitization to quinpirole,
but also partially reverses sensitization, once established.

2. Materials and methods

Three groups of male hooded Long-Evans rats (Charles
River, Canada; weighing 150-175 g at the start of the
experiment) received 8 injections of quinpirole (0.5 mg/kg,
s.c., every three days) according to a protocol that has been
shown to reliably induce a stable level of locomotor
sensitization (Szechtman et al., 1994a,b). Two of the three
groups of rats received a continuous infusion of clorgyline
(0.2 mg/kg/day, n=4 or 1.0 mg/kg/day, n = 6) for 28
days via subcutaneously implanted Alzet 2ML4 osmotic
minipumps (Alza, Palo Alto, CA), while the third group
(quinpirole-Control group, n = 6) underwent sham surgery.
Filling concentrations for the minipumps were determined
using the method described by Greenshaw (1986). The 1
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mg/kg,/day dose of clorgyline has been previously shown
to inhibit monoamine oxidase-A activity by 100% and
attenuate the acute behavioral effects of a low dose of
quinpirole (Allison et al., 1995). Immediately following
each quinpirole injection, animals were placed in auto-
mated activity monitors (Omnitech Electronics, Columbus,
OH) and their locomotor activity recorded for 90 min. The
osmotic minipumps were explanted after the 8th injection,
and one week later al groups received a challenge injec-
tion of quinpirole (0.5 mg/kg, s.c.) and their locomotor
activity was recorded for 90 min. Furthermore, a savings
paradigm was employed to probe for any latent sensitiza-
tion in the chlorgyline pretreated groups. All groups con-
tinued to receive injections of quinpirole (0.5 mg/kg,
every three days), and the number of injections needed to
bring the clorgyline pretreated animals to the sensitized
level of locomotion was monitored.

To determine the effect of clorgyline on sensitized
locomotion, quinpirole-sensitized rats received a subcuta
neous infusion of clorgyline (1.0 mg/kg/day for 28 days,
n=6) and 8 injections of quinpirole, while a comparison
group was administered quinpirole only (n = 10). Animals
from the previous study were used, but reassigned into the
appropriate groups and the experimental protocol remained
unchanged.

3. Results

As shown in Fig. 1 (Ieft), quinpirole produced robust
sensitization in the quinpirole-Control group, as evidenced
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Fig. 1. The effect of chronic treatment with clorgyline on the develop-
ment, expression and maintenance of locomotor sensitization induced by
quinpirole. Clorgyline was continuously administered via osmotic
minipumps a a dose of either 0.2 mg,/kg,/day (low) or 1 mg,/kg/day
(high). Injection 4&5 refers to the mean of performance on injections 4
and 5. Bars represent mean+ SEM. * p < 0.05 compared to performance
at quinpirole Injection 1; t-test.

by a 5-fold increase in locomotor activity on injection 8,
compared to the acute quinpirole injection. Moreover,
although the low clorgyline dose was ineffective, the higher
dose of clorgyline (1.0 mg/kg/day), fully blocked the
induction of quinpirole sensitization.

A week following the explantation of the minipumps,
all groups received an injection of quinpirole. The quinpi-
role-Control group locomoted significantly more than the
group of rats previoudly treated with the high dose of
clorgyline (548.2 + 8.8 m vs. 1445+ 4.9 m, p= 0.002,
t-test). Furthermore, animals pretreated with clorgyline
required 8 to 9 additional quinpirole injections to reach the
same level of sensitization as that shown by the
quinpirole-Control group, which corresponds to the num-
ber of injections that naive rats require to achieve a stable
level of locomotor sensitization (see Fig. 1; Szechtman et
al., 1994a,b). Together, these findings suggest that clorgy-
line blocked the development of locomotor sensitization to
quinpirole, and not merely its expression.

Fig. 1 (right) shows that clorgyline induced a decline in
sensitized locomotion, but it took 19 days of clorgyline
treatment (7th injection of quinpirole) before the level of
locomotor activity was found to decrease significantly
compared to the animals performance at the beginning of
treatment.

4, Discussion

The findings of this study demonstrate that the continu-
ous administration of clorgyline not only blocked the
development of locomotor sensitization to quinpirole, but
also attenuated a well established sensitization. The fact
that the latter effect of clorgyline was delayed and not
immediate, suggests that the attenuation of sensitization
was probably a time-dependent process induced by clorgy-
line and that the maintenance of sensitization to quinpirole
is an active process. To our knowledge, a progressive
reversal of locomotor sensitization has not been reported
before.

The effects of clorgyline on locomotor sensitization
may reflect an interaction with the monoamine oxidase
inhibitor-displaceable quinpirole binding site identified by
Levant et al. (1993, 1996). However, the present findings
do not rule out the possibility that the critical action of
clorgyline on sensitization may be via the inhibition of
monoamine oxidase-A, or the down-regulation of imidazo-
line | -preferring receptors (Allison et al., 1995; Alemany
et al., 1995; Lione et al., 1996) or other clorgyline binding
sites (Levant et a., 1996). To distinguish among these
possible sites of action, it will be necessary to investigate
the effect of site-selective monoamine oxidase inhibitors
on quinpirole-induced sensitization. Nevertheless, regard-
less of which alternative proves to be correct, the demon-
stration that a monoamine oxidase inhibitor-type drug
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blocks the development and attenuates the
expression /maintenance of quinpirole-induced locomotor
sensitization, opens a potentially novel pathway to investi-
gate the mechanism of sensitization.
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