The Competitive NMDA Antagonist CPP
Blocks MK-801-Elicited Popping Behavior

1in Mice
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In the current investigation, the ability of CPP {3-(2-
carboxypiperazine-4-yl) propyl-1-phosphate} to elicit mouse
popping behavior in a manner similar to that of MK-801
was studied. Unlike MK-801, CPP (3.2-32 mg/kg) did not
elicit any popping. The data show that a reduction in
NMDA-mediated neural transmission alone is not
sufficient to elicit popping behavior in mice. Moreover,

pretreatment of mice with CPP attenuated MK-801's ability
to elicit popping. These results suggest that popping
requires the channel to be in the “active”, or open,
configuration and that it depends on MK-801's access and
binding to its unique site in the hydrophobic channel
domain. [Neuropsychopharmacology 15:329-331, 1996]
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Phencyclidine (PCP) is a drug of abuse that precipitates
a schizophreniform psychosis in susceptible individu-
als (Deutsch et al. 1989; Javitt and Zukin 1991). The psy-
chosis precipitated by PCP shows both positive (e.g.,
hallucinations) and negative (e.g., social withdrawal)
features of schizophrenia and is regarded as the best
pharmacological model of this idiopathic psychotic dis-
order (Deutsch et al. 1989; Javitt and Zukin 1991). PCP
is a noncompetitive antagonist of the N-methyl-D-
aspartic acid (NMDA) receptor complex, a class of
glutamate-gated ion channel; it binds to a hydrophobic
domain within the channel (Fagg 1987). PCP’s action as
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an “open-channel” blocker of the NMDA receptor com-
plex and its ability to cause a drug-induced psychosis
have led to the hypothesis that deficient glutamatergic
transmission is involved in the pathophysiology of
schizophrenia (Deutsch et al. 1989).

We have shown that MK-801, a high-affinity ana-
logue of PCP, can elicit explosive episodes of jumping
behavior in an outbred strain of mouse (Deutsch and
Hitri 1993; Rosse et al. 1995; Deutsch et al., in press).
The ability of conventional and atypical antipsychotic
agents to attenuate this MK-801-elicited mouse “pop-
ping” behavior supports the development of this proce-
dure as a preclinical screening paradigm for the identi-
fication of novel antipsychotic agents. Ideally, the
paradigm could be used to identify potential medica-
tions that do not depend on the direct antagonism of
dopamine at its receptor sites.

Competitive and noncompetitive NMDA receptor
antagonists share common behavioral effects (e.g., they
both antagonize rate-suppressing effects of NMDA);
however, there are instances when this does not occur
(Svensson et al. 1991; Winger et al. 1991; Cole et al.
1993). For example, in rhesus monkeys trained to dis-
criminate between ketamine and saline, MK-801 shares
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discriminative stimulus properties with ketamine,
whereas CGS 19755, a competitive antagonist, does not.
These data suggest that antagonism caused by competi-
tive and noncompetitive blockers may be distinguished
from each other using functional behavioral measures.
In the current investigation, we studied the effects of
3-(2-carboxypiperazine-4-yl)propyl-1-phosphate (CPP),
a competitive NMDA receptor antagonist. We hypothe-
sized that if popping resulted from a reduction in
NMDA-mediated neurotransmission exclusively, CPP
would share MK-801’s ability to elicit mouse popping
behavior. However, if the elicitation of popping specifi-
cally reflects MK-801’s ability to access the channel,
CPP would be devoid of any ability to elicit mouse pop-
ping behavior. If this was the case, we predicted that
pretreatment with CPP, which results in fewer channels
in the “active”, or open, configuration, would actually
attenuate the ability of MK-801 to elicit popping.

METHODS
Animals

Outbred NIH Swiss male mice weighing 20 to 35 g were
obtained from the National Cancer Institute (Frederick,
MD) and housed (5 mice/cage) in hanging wire mesh
cages. The animals were maintained on a 12-hour light/
dark cycle, with free access to food and water. The mice
were transported to the laboratory on the day of the ex-
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periment. Animals were weighed individually prior to
drug injection, and automated assessment of motor be-
haviors.

Drugs

MK-801 (Dizolcipine) was purchased from Research
Biochemical Incorporated (Natick, MA). MK-801 was
administered intraperitoneally (IP) in a volume of 0.1
mg/10 g body weight. CPP was also purchased from
Research Biochemicals Incorporated and administered
IP in a volume of 0.1 ml/10 g body weight. CPP was ad-
ministered 15 minutes before the MK-801 injection.
Both drugs were dissolved in normal saline.

Computerized Assessment of MK-801-Elicited
Popping

The automated system for measuring episodic popping
is based on the detection and measurement of small
vertical displacements of a platform related to animal
movements. This has been described in detail in earlier
work (Rosse et al. 1995).

The recording of MK-801-induced popping behavior
was divided into two phases: a baseline period of 5 min-
utes (which followed the administration of a pretreat-
ment of CPP 10 minutes earlier), and an outcome re-
cording period of 30 minutes, which immediately
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followed an injection of either normal saline (for the
CPP dose-response curve generation) or MK-801.

RESULTS

CPP (3.2-32 mg/kg) did not elicit any popping and did
not differ from saline [one-way analysis of variance
(ANOVA), (F5,63 = 1.83, p = .12). Figure 1 shows the in-
teraction of CPP and MK-801. The results of the two-
way ANOVA reveal two significant main effects. The
main effect for MK-801 (F3 g7 = 3.82, p = .013) indicates
that MK-801 elicited popping in a dose-dependent
manner. The main effect for CPP (F1,g7 = 12.7, p =
.0006) indicates that 10 mg/kg of CPP significantly at-
tenuated MK-801’s ability to elicit popping.

DISCUSSION

The data from the experiment with CPP alone support
the notion that a reduction in NMDA-mediated neural
transmission alone is not sufficient to elicit popping be-
havior in mice. Moreover, the results from the interac-
tion of CPP and MK-801 suggest that the open configu-
ration of the NMDA-associated ionophore is necessary,
but not sufficient, to elicit popping. The results indicate
that popping is a consequence of MK-801’s access and
binding to its unique site in the hydrophobic channel
domain. Finally, if endogenous “open-channel” block-
ing ligands of the NMDA receptor complex exist (e.g.,
“sigmaphins”) and are abnormally elevated in patients
with schizophrenia, the data suggest that competitive
antagonism of the NMDA receptor complex could have
desirable therapeutic effects in some circumstances (Su
et al. 1986; Contreras et al. 1987).
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