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Abstract

The noncompetitive NMDA receptor antagonist MK801 (dizocilpine) produces behavioral stimulation mediated, in part, through indirect
activation of the dopamine (DA) system. Previous reports indicate that D2/3 agonists inhibit MK801-induced stereotypies; however, it is
unclear if these agonists also attenuate MK801-induced locomotion. As such, the ability of the D2/3 agonists, quinelorane and quinpirole,
and the partial D3 agonist, BP897, to attenuate the locomotor activating effects of MK801 was examined in mice. MK801 (0.1-1.0 mg/kg)
produced a biphasic effect on total distance traveled with the intermediate dose of 0.3 mg/kg producing the greatest stimulation. The increase
in MK801-induced total distance traveled was attenuated by the coadministration of quinelorane and quinpirole at doses that alone had no
effect on activity. Similarly, the partial D3 agonist, BP897, blocked the effects of MK801. The D3-preferring antagonist, nafadotride,
reversed the attenuation of quinelorane and partially reversed the attenuation of quinpirole. The D2-preferring antagonist, eticlopride,
reversed the attenuating effects of quinelorane, but was not effective against quinpirole. Nafadotride and eticlopride were ineffective against
the attenuating effects of BP897 on MK801-induced locomotion. Because BP897 is a partial agonist it was tested against quinelorane/
MKS801 and quinpirole/MK801 combinations. BP§897 reversed the attenuating effects of quinelorane, but not those of quinpirole on MK801°s
effects. These results demonstrate that the DA system, through D2/3 receptor activation, modulates the locomotor activating effects produced

by noncompetitive NMDA receptor blockade.
© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

There is considerable evidence that several neurotrans-
mitter systems can indirectly modulate dopaminergic (DAer-
gic) activity. Drugs such as mu opioid agonists, nicotine and
A°-THC, acting through their respective neurotransmitter
systems, increase DA release in various brain regions (Di
Chiara, 2000; Di Chiara et al., 1996; Di Chiara and Imperato,
1988; Navarro et al., 1993). The glutamate system also has
been shown to be involved in regulating activity in the DA
system. MK801 (dizocilpine), a noncompetitive antagonist at
the NMDA receptor (Lodge and Johnson, 1990), indirectly
stimulates DA release and turnover in the brain (Marcus et al.,
2001; Rao etal., 1990), and these increases in DA are thought
to mediate the conditioned place preference effects of MK801
(Suzuki et al., 2000) as well as the complex behavioral
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syndrome characterized by increased locomotion, stereotypy
and decreased motor coordination following MK801 admin-
istration (e.g., Irifune et al., 1995; Verma and Kulkarni,
1992).

This complex behavioral syndrome that results from
noncompetitive NMDA receptor antagonist administration
has been proposed to represent a model of schizophrenic
symptomatology (e.g., Javitt and Zukin, 1991), as there is
pathophysiological evidence suggesting that deficits in
glutamatergic neurotransmission may be a contributing
factor (Carlsson, 1988; Marino and Conn, 2002). Thus,
much work has focused on the interaction between the
glutamatergic and DAergic systems. For example,
MK&801-induced locomotor activity is decreased in mice
treated with reserpine, a drug that depletes monoamine
stores (Narayanan et al., 1996; Starr and Starr, 1994),
although this is not always observed (Carlsson and
Carlsson, 1989). Moreover, Ouagazzal et al. (1993) dem-
onstrated that MK801-induced hyperlocomotion was re-
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duced in rats by the DI antagonist SCH23390 and the
D2/3 antagonist raclopride, although high doses of
raclopride that blocked locomotor activity also produced
catalepsy. Similarly, Hoffman (1992) found that the D2/3
antagonists, haloperidol and eticlopride, attenuated
MK&801-induced locomotion in rats, although these antag-
onists were not tested alone and previous research indi-
cates that both haloperidol and eticlopride alone at high
doses can inhibit motor activity (e.g., Chausmer and Katz,
2001).

In addition to DA antagonists reducing DAergic activity
there is evidence that, under some conditions, D2/3 agonists
can suppress DAergic activity through inhibition of DA
release (Dekeyne et al., 2001; Gainetdinov et al., 1996;
Gilbertetal., 1995; Gobert et al., 1995). D2/3 agonists inhibit
DAergic activity either through presynaptic mechanisms
(Aretha et al., 1995; Gainetdinov et al., 1996; Gobert et al.,
1995; Sotnikova et al.,, 2001) or a postsynaptic negative
feedback pathway (Gobert et al., 1995; Koeltzow et al.,
1998). As such, it is possible that D2/3 receptor stimulation
may suppress the behavioral stimulant effects of MK801 if
these effects are mediated through DAergic activity. Indeed,
the D2/3 agonist, B-HT920, as well as PD128907, an agonist
with selectivity for D3 over D2 receptors ranging from six- to
several hundredfold (Levant, 1997), blocked MK801-in-
duced sterotypies in mice (Verma and Kulkarni, 1992; Witkin
et al., 1998).

Given the ability of D2/3 agonists to attenuate MK801-
induced stereotypies, and the potential involvement of the
DAergic system in mediating the effects of MK801, the
present study was undertaken to examine the ability of the
D2/3 agonists quinelorane and quinpirole to block the
locomotor activating effects of MK801 in Swiss Webster
mice. Because the D2/3 agonists attenuated MK801-in-
duced locomotion, the ability of the D3-preferring antag-
onist, nafadotride (Audinot et al., 1998; Sautel et al.,
1995b) and the D2-preferring antagonist, eticlopride (Le-
vant, 1997), to reverse the attenuating effects of quinelor-
ane and quinpirole on MK801-induced locomotion was
assessed. Finally, BP897, a selective partial D3 receptor
agonist (Pilla et al., 1999) was tested for its ability to not
only attenuate the locomotor effects of MK801 but also for
its ability to antagonize the attenuating effects of quinelor-
ane and quinpirole.

2. Materials and methods
2.1. Subjects

Adult male Swiss Webster mice (Harlan Sprague
Dawley, Indianapolis, IN) weighing 20—-35 g were used.
Mice were housed five per cage, had continuous access
to food and water, and were allowed to acclimate to the
vivarium environment one week prior to the start of any
testing. The vivarium was temperature controlled (22—24

°C) and on a 12-h light—dark cycle. All testing occurred
during the light component. Animals used in this study
were cared for in accordance with the guidelines of the
Institutional Animal Care and Use Committee of Virginia
Commonwealth University, and the Guide for the Care
and Use of Laboratory Animals (Institute of Laboratory
Animal Resources, National Academy Press, 1996).

2.2. Locomotor procedure and analyses

Each mouse was tested with only one dose or one
dose combination. Four commercially obtained, automated
activity monitoring devices each enclosed in sound- and
light-attenuating chambers were used (AccuScan Instru-
ments, Columbus, OH). The interior of each device was
divided into two separate 20 X 20 X 30-cm arenas permit-
ting the independent and simultaneous measurement of
two mice. Sixteen photobeam sensors were spaced 2.5 cm
apart along the walls of the chamber. On each test day,
mice were randomly selected from the available stock in
the vivarium and brought to the laboratory where they
were allowed to acclimate for approximately 30 min.
Nonhabituated mice were injected with vehicle or test
compound(s) and, following various pretreatment inter-
vals, placed into the test chambers where their activity
was recorded a total of 60 min. Total distance traveled
(cm) during the experimental session was recorded for
each mouse and was summed across the 60-min session.
Immediately following the test session each mouse was
returned to its homecage and was briefly observed for
signs of ataxia. A one-factor (dose) ANOVA was con-
ducted followed by Dunnett’s post hoc tests. The effects
of MK801 alone and the DA agonists and antagonists
alone were compared to their respective vehicle condi-
tions using a two-tailed Dunnett’s post hoc test to
determine if the agonists or antagonists altered psycho-
motor activity relative to vehicle levels. Because MK801
produced biphasic effects on total distance traveled, the
intermediate dose (0.3 mg/kg) was chosen for all drug
combinations as it produced maximal psychomotor stim-
ulant effects. The effects of 0.3 mg/kg MK801 in com-
bination with either a DA agonist or a DA antagonist
were compared to the effects of MK801 alone (0.3 mg/
kg) using a two-tailed Dunnett’s post hoc test. Two post
hoc analyses were utilized to determine if a DA antago-
nist reversed the attenuation of MKS801-induced effects
produced by a DA agonist. Both post hoc comparisons
were conducted so as to minimize false positive and false
negative statistical outcomes. First, the effects of 0.3 mg/
kg MKS801 plus water and the effects of 0.3 mg/kg
MK&801 plus a DA agonist and a DA antagonist were
compared to the effects of 0.3 mg/kg MK801 plus water
using a two-tailed Dunnett’s post hoc test. When the
effects of MK801 plus a DA agonist and a DA antagonist
were not significantly different than MK801 plus water it
was deemed that the DA antagonist effectively reversed
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the attenuation of the DA agonist on MKS80I-induced
behaviors. Second, the effects of 0.3 mg/kg MK801 plus
water and the effects of 0.3 mg/kg MK801 plus a DA
agonist and a DA antagonist were compared to the effects
of 0.3 mg/kg MKS801 plus a DA agonist using a one-
tailed Dunnett’s post hoc test. When the effects of
MK&801 plus a DA agonist were significantly different
compared to MK801 plus a DA agonist and a DA
antagonist it was deemed that the DA antagonist effec-
tively reversed the attenuation of the DA agonist on
MK&801-induced locomotion. Therefore, a DA antagonist
was considered to have completely reversed the attenuat-
ing effects of a DA agonist on MK801-induced locomo-
tion when (1) the effects of MK801 plus a DA agonist
and DA antagonist were not significantly different than
the effects of MK801 plus water based on a Dunnett’s
post hoc test and (2) when the effects of MK801 plus a
DA agonist were significantly different than the effects of
MKS801 plus a DA agonist and a DA antagonist based on
a Dunnett’s post hoc test. A DA antagonist was consid-
ered to have produced a partial reversal when only one of
the two post hoc conditions was satisfied. The alpha level
for all comparisons was set at .05.

2.3. Drugs

(5R,1085)-(+)-5-Methyl-10,11-dihydro-5H-dibenzo[a,d]-
]cyclohepten-5,10-imine hydrogen maleate [(+)-MK&801
hydrogen maleate], quinelorane dihydrochloride, (—)-
quinpirole hydrochloride, and (—)-eticlopride hydrochlo-
ride were purchased from Sigma-Aldrich (St. Louis, MO).
Nafadotride and BP897 were generously supplied by Pierre
Sokoloff (Unite de Neurobiologie et Pharmacologie
Moleculaire, INSERM, Paris, France). (+)-MK801, quine-
lorane, (— )-quinpirole and eticlopride were dissolved in
sterile water, and nafadotride was dissolved in sterile
0.09% saline. BP897 was first dissolved in 20% (wt/vol)
hydroxypropyl-p-cyclodextrin (ENCAPSIN HPB, Ameri-
can Maize Products, Hammond, IN) in sterile water, at a
maximal concentration of 5 mg/ml, to form a stock
solution. Appropriate amounts of stock solution were
added to sterile water to form test doses. All drugs were
administered intraperitoneally, except for BP897, which
was administered subcutaneously. Mice were injected with
MKS801 or vehicle and immediately placed into the test
chambers. Mice tested with quinelorane, quinpirole and
BP897 alone or in combination with MK801 were placed
into the test chambers immediately following administra-
tion. During antagonism tests mice were injected with
eticlopride, nafadotride or BP897 and returned to their
homecage for 30 min, after which they were injected with
a drug or drug combination and placed immediately into
the test chambers. Drug routes of administration and
pretreatment intervals were chosen based upon published
(Cook and Beardsley, 2003) and unpublished observations
from our laboratory.

3. Results
3.1. Effects of MK801 alone

Fig. 1 shows the effects of MK801 alone on total
distance traveled when the data were summed across the
entire 60-min session. A main effect was observed for dose
on total distance traveled [ F(3,28)=8.54, P<.05] (Fig. 1)
such that a dose of 0.3 mg/kg MKS801 significantly in-
creased activity. Following the testing of 1.0 mg/kg MK801
all mice exhibited signs of ataxia (characterized by a
staggering, slow gait) upon return to their homecage.

3.2. Effects of quinelorane and quinpirole alone and in
combination with MK801

Fig. 2 shows the effects of quinelorane and quinpirole
alone when the data were summed across the entire 60-min
session. Quinelorane [ F(4,35)=2.39, P>.05] and quinpirole
[F(3,28)=1.94, P>.05] failed to alter total distance traveled
(Fig. 2A and B). Fig. 2A also shows the effects of quinelor-
ane in combination with 0.3 mg/kg MK801. When quine-
lorane was combined with MK801 there was a main effect
of dose for total distance traveled [ F(4,35)=15.92, P<.05]
such that doses of 0.003 and 0.01 mg/kg quinelorane
significantly reduced the locomotor effects of the 0.3 mg/
kg dose of MKS801. The combination of quinpirole and
MKS801 resulted in a main effect for total distance traveled
[F(3,28)=4.63, P<.05] (Figure 2B) such that a dose of 0.1
mg/kg quinpirole reduced the locomotor effects of MK801.

3.3. Effects of nafadotride and eticlopride pretreatment on
the effects of vehicle or MK801 combinations

Fig. 3 shows the effects of nafadotride and eticlopride in
combination with vehicle or MK801. When nafadotride was
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Fig. 1. Effects of MK801 on total distance traveled in mice (n=38). Mice
were injected intraperitoneally with water (W) or MK801 and placed
immediately into the test chambers. Data depicted are the summed effects
across the 60-min session. * Significant difference compared to water
alone. Brackets indicate S.E.M.
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Fig. 2. Effects of quinelorane (panel A) and quinpirole (panel B) in combination with VEH (vehicle) or in combination with 0.3 mg/kg MK801 on total distance
traveled in mice (n=8). Mice were injected intraperitoneally with vehicle in combination with quinelorane, quinpirole or vehicle as well as in combination with
MKS801 (0.3 mg/kg), and then were placed immediately into the test chambers. #Significant difference compared to 0.3 mg/kg MK801 alone. Other details as in

Fig. 1.

administered as a pretreatment to vehicle there was no effect
on total distance traveled [ F(3,28)=2.11, P>.05] (Fig. 3A).
Nafadotride pretreatment failed to alter MK801-induced
(0.3 mg/kg) total distance traveled [ F(3,28)=0.52, P>.05]
(Fig. 3A). There was a main effect for eticlopride in
combination with vehicle for total distance traveled
[F(4,35)=4.61, P<.05] (Fig. 3B) such that a dose of 0.1
mg/kg eticlopride significantly reduced activity. Eticlopride
pretreatment at a dose of 0.1 mg/kg significantly reduced
MKS801-induced total distance traveled [F(4,35)=7.79,
P<.05] (Fig. 3B).

3.4. Effects of nafadotride pretreatment on the effects of
MKS801 in combination with quinelorane or quinpirole

Fig. 4 shows the effects of nafadotride on the locomotor
effects of 0.3 mg/kg MK801 in combination with 0.003 mg/
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kg quinelorane or 0.1 mg/kg quinpirole. There was a main
effect of drug treatment on total distance traveled
[F(5,42)=4.04, P<.05] (Fig. 4A). Nafadotride reversed
the attenuating effects of 0.003 mg/kg quinelorane on total
distance traveled with maximal effects being obtained at a
dose of 3.0 mg/kg. Nafadotride partially reversed the
attenuating effects of 0.1 mg/kg quinpirole on MKS801-
induced total distance traveled [F(5,42)=7.20, P<.05]
(Fig. 4B).

3.5. Effects of eticlopride pretreatment on the effects of
MKS801 in combination with quinelorane or quinpirole

Fig. 5A shows the effects of eticlopride on the
stimulant effects of 0.3 mg/kg MK801 in combination
with 0.003 mg/kg quinelorane and 0.1 mg/kg quinpirole.
There was a main effect of drug treatment on total
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Fig. 3. Effects of nafadotride (panel A) and eticlopride (panel B) in combination with VEH (vehicle) or in combination with 0.3 mg/kg MK801 on total distance
traveled in mice (n =8). Mice were injected intraperitoneally with vehicle in combination with nafadotride, eticlopride or vehicle as well as in combination with
MKS801 (0.3 mg/kg), and then were placed immediately into the test chambers. * Significant difference compared to vehicle alone. #Significant difference

compared to 0.3 mg/kg MK801 alone. Other details as in Fig. 1.
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Fig. 4. Effects of nafadotride (NAF) and water (W) pretreatment (30 min) on 0.003 mg/kg quinelorane (QUINEL) plus 0.3 mg/kg MK801 combinations (panel
A) or 0.1 mg/kg quinpirole (QP) plus 0.3 mg/kg MK801 combinations (panel B) on total distance traveled in mice (n=8). Mice were injected intraperitoneally
with nafadotride or water and returned to their homecages for 30 min, and then were injected with the drug combinations and placed immediately into the test

chambers. Numbers above the bars indicate doses (mg/kg) of nafadotride administered. The ““+

2 2

indicates the drug was administered, whereas the ““ —

indicates the drug was not administered. * Significant difference compared to 0.3 mg/kg MK801 plus water. #Significant difference compared to 0.3 mg/kg

MKS801 plus quinelorane (or quinpirole). Other details as in Fig. 1.

distance traveled [F(6,49)=11.54, P<.05] (Fig. 5A). A
dose of 0.03 mg/kg eticlopride reversed the attenuating
effects of quinelorane on MKS801-induced total distance
traveled, whereas 0.1 mg/kg eticlopride enhanced the
attenuating effects of 0.003 mg/kg quinelorane. There
was a main effect of drug treatment for eticlopride
pretreatment on 0.1 mg/kg quinpirole/MK801 combina-
tions for total distance traveled [F(6,49)=5.92, P<.05]
(Fig. 5B); however, post hoc tests failed to reveal that the
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attenuating effects of quinpirole on MK801-induced total
distance traveled were reversed by eticlopride.

3.6. Effects of BP897 alone and in combination with MK801

Fig. 6 shows that when the data were summed across the
60-min session BP897 decreased total distance traveled
[F(4,35)=9.69, P<.05] such that a dose of 10 mg/kg
BP897 significantly decreased activity. When BP897 was
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Fig. 5. Effects of eticlopride (ETIC) and water (W) pretreatment (30 min) on 0.003 mg/kg quinelorane (QUINEL) plus 0.3 mg/kg MK801 combinations (panel
A) or 0.1 mg/kg quinpirole (QP) plus 0.3 mg/kg MK801 combinations (panel B) on total distance traveled in mice (n=8). Mice were injected intraperitoneally
with eticlopride and returned to their homecages for 30 min, and then were injected with the drug combinations and placed immediately into the test chambers.
Numbers above bars indicate doses (ug/kg) of eticlopride administered. * Significant difference compared to 0.3 mg/kg MKS801 plus water. #Significant
difference compared to 0.3 mg/kg MK801 plus quinelorane (or quinpirole). Other details as in Figs. 1 and 4.
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Fig. 6. Effects of BP897 in combination with VEH (vehicle) or in combination with 0.3 mg/kg MK801 on total distance traveled in mice (n=_8). Mice were
injected subcutaneously with vehicle in combination with BP897 or vehicle as well as in combination with MK801, and then were placed immediately into
the test chambers. * Significant difference compared to vehicle alone. #Significant difference compared to 0.3 mg/kg MK801 plus vehicle. Other details as

in Fig. 1.

combined with MK801 there was a main effect for total
distance traveled [ F(4,35)=3.27, P<.05] such that doses of
3.0 and 5.6 mg/kg BP897 significantly reduced MKS801-
induced locomotion.

3.7. Effects of nafadotride and eticlopride pretreatment on
the effects of MK801 in combination with BP897

Fig. 7 shows the effects of nafadotride and eticlopride
pretreatment on the combination of 0.3 mg/kg MK801 plus
5.6 mg/kg BP897. There was a main effect of drug treatment
for nafadotride pretreatment and 5.6 mg/kg BP897/MK801
combinations on total distance traveled [F(6,49)=7.90,
P<.05] (Fig. 7A); however, post hoc tests failed to reveal
that the attenuating effects of 5.6 mg/kg BP897 on MK801-
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induced total distance traveled were reversed by nafadotride.
There was main effect of drug treatment for eticlopride
pretreatment on 5.6 mg/kg BP§97/MK801 combinations for
total distance traveled [ F(5,42)=13.88, P<.05] (Fig. 7B);
however, post hoc tests failed to reveal that the attenuating
effects of 5.6 mg/kg BP897 on MKS80I-induced total
distance traveled were reversed by eticlopride.

3.8. Effects of BP897 pretreatment on the effects of MK801
alone and combination with quinelorane or quinpirole

There was a main effect of BP897 pretreatment in com-
bination with vehicle for distance traveled [ F(4,35)=5.37,
P<.05] with a dose of 10 mg/kg significantly reducing
activity (data not shown). Pretreatment with BP897 signifi-
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Fig. 7. Effects of nafadotride (NAF) (panel A) or eticlopride (ETIC) (panel B) pretreatment (30 min) on 5.6 mg/kg BP897 plus 0.3 mg/kgMK801 combinations
on total distance traveled in mice (n=8). Mice were injected intraperitoneally with water (W), nafadotride or eticlopride and returned to their homecage for 30
min, and then were injected with the drug combinations and placed immediately into the test chambers. Numbers above the bars indicate doses (mg/kg) of
nafadotride and eticlopride administered. * Significant difference compared to 0.3 mg/kg MK801 plus water. #Significant difference compared to 0.3 mg/kg

MKS801 plus BP897. Other details as in Figs. 1 and 4.
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Fig. 8. Effects of BP897 and water pretreatment on 0.003 mg/kg quinelorane (QUINEL) plus 0.3 mg/kg MK801 combinations (panel A) or 0.1 mg/kg
quinpirole (QP) plus 0.3 mg/kg MK801 combinations (panel B) on total distance traveled in mice (n=28). Mice were injected subcutaneously with water or
BP897 and returned to their homecage for 30 min, and then were injected with the drug combinations and placed immediately into the test chambers. Numbers
above bars indicate doses (ug/kg) of BP897 administered. * Significant difference compared to 0.3 mg/kg MK801 plus water. #Significant difference compared
to 0.3 mg/kg MKS801 plus quinelorane (or quinpirole). Other details as in Figs. 1 and 4.

cantly reduced MK801-induced total distance traveled
[F(4,35)=6.73, P<.05] at a dose of 10 mg/kg (data not
shown). Fig. 8 shows the effects of BP897 pretreatment on
the locomotor effects of 0.3 mg/kg MK801 in combination
with 0.003 mg/kg quinelorane or 0.1 mg/kg quinpirole. There
was a main effect of drug treatment on total distance traveled
[ F(6,49)=5.94, P<.05] (Fig. 8A) such that a dose of 3.0 mg/
kg BP897 completely reversed the attenuating effects of
quinelorane on MKS801. There was a main effect of drug
treatment for BP897 pretreatment on 0.1 mg/kg quin-
pirole/MKS801 combinations for total distance traveled
[F(5,42)=11.52, P<.05] (Fig. 8B); however, post hoc tests
failed to reveal that the attenuating effects of 0.1 mg/kg
quinpirole on MK801-induced total distance traveled were
reversed by BP897.

4. Discussion

The present study examined the modulatory actions of
DA D2/3 agonists on the locomotor activating effects of the
noncompetitive NMDA receptor antagonist MKS8O01.
MK&801-induced locomotion was attenuated by the coad-
ministration of the D2/3 agonists quinelorane and quinpirole
as well as the partial D3 agonist, BP897. These results
extend previous findings demonstrating that D2/3 agonists
attenuate MK801-induced stereotypies (Verma and Kul-
karni, 1992; Witkin et al., 1998) to now include MKS801-
induced locomotion.

MK&801 (0.1-1.0 mg/kg) produced a biphasic effect on
locomotor activity that was consistent with previous reports
(Irifune et al., 1995; Starr and Starr, 1994; Verma and
Kulkarni, 1992). A dose of 0.3 mg/kg MK801 produced
maximal increases in total distance traveled. Although doses

of 0.1 and 1.0 mg/kg resulted in quantitatively similar levels
of activity, the 1.0 mg/kg dose produced signs of ataxia in
several mice. This is consistent with previous findings at a
dose of 1.0 mg/kg MKS801 (Irifune et al., 1995; Starr and
Starr, 1994).

The coadministration of the D2/3 agonists quinelorane or
quinpirole with MK801 (0.3 mg/kg) significantly reduced
the locomotor stimulant effects of MK801 at doses that
alone had little effect on total distance traveled. Because
MKS8O01 produced a biphasic effect, the results indicating a
reduction in the effects of 0.3 mg/kg MK801 by the D2/3
agonists could be conversely interpreted as an enhancement
of MK&801’s effects (i.e., as functionally increasing the
effects of 0.3 mg/kg to be similar to a larger dose given
alone and on the downward limb of the dose—response
curve). However, considering that administering 0.3 mg/kg
MKS801 in combination with the D2/3 agonists produced
less locomotion than 0.3 mg/kg MKS801 alone and did so in
the absence of overt signs of ataxia suggests that the
resulting levels of activity were functionally similar to a
smaller and not to a larger dose of MKS801. Similar results
were obtained with BP897, a drug that has partial agonist
activity at D3 receptors and weak antagonist properties at
D2 receptors (Pilla et al., 1999; Wicke and Garcia-Ladona,
2001; Wood et al., 2000). It was not surprising that a dose of
10 mg/kg BP897 alone decreased spontaneous activity as
the EDsqg of BP897 to induce catalepsy in rodents is
approximately 12 mg/kg (J. Costentin, personal communi-
cation to Pilla et al., 1999), and the EDs, to exhibit D2
receptor occupancy in the mouse striatum is approximately
15 mg/kg (Pilla et al., 1999). It appears likely that BP897,
which attenuated the effects of MK801 at doses of 3.0 and
5.6 mg/kg, was producing effects primarily through its
partial agonist activity at D3 receptors. However, in a recent
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report a dose of 3.0 mg/kg BP897 reduced the locomotor
activating effects of 0.3 mg/kg MK801 in D3 receptor
knockout mice (Leriche et al., 2003). This suggests a
potential role for D2 receptors in the effects of BP897 at
doses of 3.0 mg/kg and larger.

Nafadotride, an antagonist exhibiting approximately 10-
fold selectivity for D3 over D2 receptors (Audinot et al.,
1998; Sautel et al., 1995b), did not alter the locomotor
effects of MKS801, but reversed or partially reversed the
attenuating effects of quinelorane and quinpirole, respec-
tively, on MK801-induced locomotion. In contrast, eticlopr-
ide, an antagonist with up to 15-fold selectivity for D2 over
D3 receptors (Levant, 1997), decreased the effects of
MKS801 at the highest dose tested (0.1 mg/kg), which was
also the dose that significantly inhibited behavior when
administered alone. Therefore, this reduction of the loco-
motor activating effects of MK801 is more likely attribut-
able to a nonspecific reduction in activity by eticlopride than
its receptor interaction with MKS801. Eticlopride, like nafa-
dotride, reversed the effects of quinelorane on MKS801-
induced total distance traveled, but failed to reverse quin-
pirole’s effect on MK801-induced total distance traveled.
Previously, eticlopride had been shown to antagonize the
locomotor stimulant effects of 0.1 mg/kg MK801 in rats
(Hoffman, 1992); however, eticlopride was not tested alone
in that study thus making interpretation of D2 receptor
involvement in MK801’s effects difficult. Neither nafado-
tride nor eticlopride reversed the attenuating effects of
BP897 on MKS801-induced total distance traveled, which
was in contrast to their effects on quinelorane. It is presently
unclear as to why nafadotride and eticlopride failed to
reverse the attenuating effects of BP897.

Both quinelorane and quinpirole generally exhibit higher
affinity for D3 than D2 receptors (see Levant, 1997), and in
functional in vitro assays they are either as selective, or
more selective for D3 versus D2 receptors (Chio et al.,
1994; Sautel et al., 1995a). At doses of nafadotride up to 3.0
mg/kg ip (as in the present study) negligible binding at D2
receptors occurs (Levant and Vansell, 1997). As such, the
reversal of quinelorane and quinpirole’s effects on MK801
suggests that D3 receptor activation is involved in modu-
lating MK801-induced locomotion. However, D2 receptor
involvement cannot be eliminated as eticlopride (with a
greater affinity for D2 versus D3 receptors) was effective as
well against quinelorane and quinpirole.

Although it is unclear as to why BP897 was effective in
reversing quinelorane’s, but not quinpirole’s attenuation of
MKS801’s effects, there are data suggesting that quinpirole
may bind to a novel site in addition to D2/3 receptors. For
example, monoamine oxidase inhibitors inhibit [*H]quinpir-
ole binding, but fail to block quinpirole-stimulated GTPvyS
binding. BP897 can exhibit antagonistic actions at both D3
and D2 receptors (Pilla et al., 1999; Wood et al., 2000); thus
it would be predicted that at least some partial antagonism
of quinpirole might have been observed, but that was not the
case. Although quinelorane and quinpirole produced similar

effects in the present study, the interaction tests with BP897
suggest that their mechanisms may not be the same. Fur-
thermore, there are other experimental conditions in which
quinpirole and quinelorane differ in their effects. Quinelor-
ane, unlike quinpirole, attenuates the antinociceptive effects
of both mu and kappa opioid agonists (unpublished obser-
vations; Cook et al., 2000; Cook et al., 1999).

A possible explanation for the attenuation of MK801-
induced locomotion by D2/3 agonists is that these agonists
are able to presynaptically modulate the increases in DAer-
gic activity induced by MK801, which ultimately results in
reducing MKS801’s effects at the behavioral level. The
potency with which quinelorane and quinpirole inhibit DA
release in the striatum, nucleus accumbens and frontal
cortex correlate with their affinity at D3, but not D2
receptors (Gobert et al., 1995). In addition to presynaptic
modulation of DA release, it remains a possibility that
postsynaptic D2/3 receptor activation, through a negative
feedback loop, may alter DA release (Koeltzow et al.,
1998). However, the apparent in vitro and in vivo selectivity
relationship of D2/3 agonists such as quinelorane and
quinpirole has been challenged by studies demonstrating
behavioral and physiological effects in D3 but not D2
receptor knockout mice (Boulay et al., 1999a,b). Taken
together, it remains unclear as to the extent to which D3
and/or D2 receptors contribute to the modulatory actions of
the D2/3 agonists on MK801-induced locomotion. None-
theless, these drugs are amongst the most widely tested and
currently available drugs exhibiting degrees of selectivity
for D2 and D3 receptors.

Given the evidence that the etiology of schizophrenia
potentially involves hypoglutamatergic transmission that
results in a hyperdopaminergic state, these data support the
hypothesis that D2/3 agonists, which can inhibit DAergic
activity, may serve as a mechanism for restoring the neuro-
chemical imbalance within the schizophrenic brain. Although
the relative contribution of D3 and/or D2 receptors in
producing the observed attenuation in the present study
remains unknown, there is clear evidence that D2 receptors
(e.g., Seeman, 1987) and emerging evidence that D3 recep-
tors (e.g., Schwartz et al., 2000) are involved in mediating
schizophrenic symptomology. Presently, we are limited by
the selectivity of existing ligands; however, as more D3 and
D2 selective agents become available the relative contribu-
tion of each DA receptor subtype will be revealed.
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