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PHARMACOL BIOCHEM BEHAV 39(2) 513-516, 1991.—The present study examined the effects of ethanol (0.75 g/kg IP)
alone and in combination with the noncompetitive N-methyl-D-aspartate (NMDA) receptor antagonist MK 801 (0.1 mg/kg SC) on
the locomotor activity of rats. Sixteen rats were treated with vehicle plus saline, MK 801 plus saline, vehicle plus ethanol, and
MK 801 plus ethanol. Locomotor activity was quantified for a period of 12 hours following drug administration. Ethanol was
found to significantly decrease locomotor activity whereas MK 801 significantly increased locomotion during the first 2 hours
postdrug. In addition, there was a significant additive interaction between ethanol and MK 801 during this time period. Two to
four hours postdrug, MK 801 was observed to significantly decrease locomotion. Four to six hours postdrug, ethanol-treated rats
had significantly increased locomotor activity whereas MK 801-treated rats displayed significantly decreased locomotion. No sig-
nificant interaction was found between ethanol and MK 801 4 to 6 hours postdrug. No significant effects of any of the drugs on
locomotor activity were observed from 6 to 12 hours postdrug. These results suggest that ethanol and MK 801 produce a pattern
of effects on locomotor activity which depend on the time elapsed following drug administration.

Alcohol NMDA Receptor Locomotion

Activity cages

SEVERAL lines of evidence suggest that some of the actions of
ethanol involve an interaction with the N-methyl-D-aspartate
(NMDA) receptor complex. Recently, it has been shown that
ethanol inhibits the synaptic excitation mediated by NMDA re-
ceptors in rat hippocampal slices, and that this may contribute
to the intoxicating effects of ethanol (15). Further evidence that
NMDA receptors may mediate the effects of ethanol comes from
studies utilizing the noncompetitive NMDA receptor antagonist
(+ )-5-methyl-10,11-dihydro-5H-dibenzo[a,d] cyclohepten-5,10-
imine maleate (MK 801). For example, MK 801 has been found
to reduce the seizure score in alcohol withdrawing rats, suggest-
ing that chronic alcohol may supersensitize the NMDA receptor
(16). MK 801, apart from being a powerful anticonvulsant and
muscle relaxant in and of itself [see (18) for review], has also
been shown to potentiate the anticonvulsant (18) and anxiolytic
(6) effects of ethanol in rats.

Some of the behavioral effects of MK 801 are known to be
similar to ‘‘PCP-type’’ drugs. Increases in locomotion, sniffing,
swaying and falling have all been described following MK 801
administration (10). Specific locomotor patterns induced by a
low dose of MK 801 (0.5 mg/kg) include hyperactive behaviors
such as increases in distance traveled, speed, and clockwise/an-
ticlockwise locomotion, along with decreases in rearing (5).

While the interactions of MK 801 and ethanol on locomotor

behavior are not yet described, the effects of ethanol on loco-
motion are well known. Depending on the dose, ethanol has
been shown to produce locomotor stimulation (4,9), depression
of locomotor activity (13,14), and biphasic effects [see (17) for
review]. The locomotor stimulation observed with low doses of
ethanol has been attributed to its actions on catecholaminergic
systems (1), particularly the dopaminergic system [(19), see (11)
for review]. Similarly, the locomotor stimulation produced by
low doses of MK 801 has also been suggested to be mediated
by dopaminergic processes (2, 3, 7).

The aim of the present study was to further characterize the
locomotor effects of low doses of MK 801 and ethanol, alone
and in combination, during the active phase of the rats cycle in
order to determine if these two drugs possessed synergistic
effects.

METHOD

Sixteen male Wistar rats (Charles River, USA) weighing be-
tween 250 and 300 g were used in this study. The rats were
grouped housed under a 12-h on/12-h off light cycle (lights on
at 0600 h), and had unrestricted access to rat chow and water.
Locomotor activity was quantified in a bank of 16 wire cages
(25x20x 36 cm) with two horizontal infrared photocell beams
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FIG. 1. Locomotor effects as quantified by photocell counts, of ethanol and MK 801 administered alone and
in combination over eight hours postdrug testing period. Results are expressed as mean + S.E.M. Saline (SAL),
ethanol (ETOH, 0.75 g/kg IP), MK 801 (MK, 0.1 mg/kg SC), n=16 for each treatment condition. *Signifi-

cant main effect of ethanol (ANOVA). 1Significant main effect of MK 801 (ANOVA).

located across the long axis of each cage. Photocell interruptions
were recorded by a computer in intervals of 10 minutes. Rats
were habituated to the activity cages for a 12-h period several
days prior to the first test session. Animals were first subcutane-
ously (SC) injected with either vehicle or MK 801 (0.1 mg/kg;
Merck Sharp and Dohme Pharmaceuticals), 15 minutes later they
received an intraperitoneal (IP) injection of either saline or 10%
ethanol (0.75 g/kg). All animals were tested on four occasions
with an interval of 10 days between each test. On the first and
second test sessions all animals received a subcutaneous injec-
tion of vehicle followed by a intraperitoneal injection of saline,
or MK 801 SC followed by saline (IP), on the third and fourth
test sessions all animals received vehicle (SC) followed by etha-
nol (IP), or MK 801 (SC) followed by ethanol (IP). Locomotor
activity measurements began 10 minutes after the last injection
and were carried out during the active phase of the rats cycle
(1800 h to 0600 h). Statistical analysis of the 12-hour locomotor
activity data was carried out for intervals of 2 hours each using
a two-way within subject analyses of variance (ANOVA) with
ethanol as the first factor and MK 801 as the second factor, fol-
lowed by simple effects post hoc analyses for the ethanol-MK
801 interaction.

RESULTS

Figure 1A shows that during the first 2 hours postdrug, the
administration of ethanol produced decreases in locomotor activ-

ity while MK 801 at the dose of 0.1 mg/kg produced increases
in locomotion [significant main effect for the presence of MK
801, F(1,15)=20.7, p<0.001; significant main effect for the
presence of ethanol, F(1,15)=58.7, p<0.001]. A significant in-
teraction between ethanol and MK 801 was also observed dur-
ing this time period, F(1,15)=21.2, p<<0.001 (Fig. 1A), showing
that locomotor activity was decreased more by ethanol when it
was administered with MK 801 than with vehicle. As seen in
Fig. 1B, 2 to 4 hours postdrug, MK 801 was found to reduce
locomotor activity [significant main effect for the presence of
MK 801, F(1,15)=35.4, p<<0.001, Fig. 1B], whereas ethanol
did not produce a significant main effect on locomotor activity
and there was no interaction between ethanol and MK 801. Four
to six hours postdrug, as shown in Fig. 1C, ethanol was found
to increase locomotor activity while MK 801 was observed to
decrease locomotor activity [significant main effect for the pres-
ence of ethanol, F(1,15)=15.8, p<<0.001; significant main ef-
fect for the presence of MK 801, F(1,15)=20.4, p<0.001]. No
significant interaction was found between these two drugs dur-
ing this time period. Fig. 1D shows locomotor activity during 6
to 8 hours postdrug where no significant effects of either drug
were found. No effects were observed during 8 to 12 hours
postdrug period (data not shown).

DISCUSSION

Biochemical data showing an increase in L-glutamate bind-
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ing sites in the brain of rats chronically treated with ethanol have
suggested that ethanol may interact with the glutamate receptor
complex (15). Glutamate is a major excitatory neurotransmitter
in the central nervous system interacting with three different re-
ceptor subtypes indentified according to their agonist specifici-
ties: kainate, quisqualate and N-methyl-D-aspartate (NMDA)
(20). In more recent electrophysiological and biochemical exper-
iments it has been shown that ethanol at low concentrations, se-
lectively inhibits NMDA receptor mediated processes and that
the other glutamate receptor subtypes may not be as sensitive to
the actions of ethanol (8,12).

In the present study, the noncompetitive NMDA receptor an-
tagonist MK 801 was found to produce a marked increase in lo-
comotion during the first 2 hours postinjection. On the contrary,
low doses of ethanol (0.75 g/kg) were found to decrease the lo-
comotor activity during this time period. The literature reports a
diversity of effects following ethanol administration depending
on the species and the strain of the animals used and the dose of
ethanol administered [see (17) for review]. A stimulant effect of
ethanol has been found most frequently at very low doses (0.1-
0.8 g/kg) in both rats and mice [see (14) for review]. This ef-
fect is attributed to the involvement of central catecholaminergic
systems (1), and more specifically to the dopaminergic system
(11,19). On the other hand, depressant effects of ethanol have
been observed in Wistar rats at higher doses (1.0-4.0 g/kg) and
seem to be mediated mostly through noradrenergic processes
(14). The low doses of ethanol administered in this study (0.75
g/kg) were found to produce decreases in locomotor activity, not
increases as might be predicted by the literature. This apparent
discrepancy in results may be due to differences in testing meth-
odology, or to the fact that our study was conducted during the
dark cycle when rats are more active and thus possibly more
sensitive to the depressant effects of ethanol.

The results showing that MK 801 increases locomotion dur-
ing 0 to 2 hours postdrug are in agreement with previous studies
showing locomotor stimulation in rats and in mice following MK
801 administration when the drug is administered during the in-
active part of the rats light cycle (3,21). A widely accepted be-
lief is that MK 801 produces locomotor stimulation through
blockade of NMDA receptors presumably leading to catechola-
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mine release (3). Recently, this hypothesis has been supported
by the findings that MK 801 increases dopamine turnover in the
striatum and cortex of rats (7). Some evidence also supports a
catecholamine-independent mode of action for MK 801. Carls-
son and Svensson (1990) have recently reported that MK 801
can produce marked locomotor stimulation in monoamine-de-
pleted mice in motility cages. These same authors report that in
monoamine-depleted rats, MK 801 (0.1 mg/kg) induced behav-
ioral activation in an open field. However, when measured in
the motility cages, MK 801 alone failed to stimulate locomo-
tion, although a pronounced enhancement of locomotor activity
was observed when it was combined with the a-adrenergic ago-
nist, clonidine.

In the present study, the initial increase in locomotion ob-
served after the administration of MK 801 was followed by a
decrease in locomotion starting at 2 hours postdrug and lasting
through 6 hours postdrug. Ethanol also showed a biphasic effect
on locomotor activity, first decreasing locomotion, then increas-
ing during the 4 to 6 hours postdrug. During the first 2-hour
period postdrug, the ethanol and MK 801 interaction was found
to be additive in that the decrease in locomotor activity produced
by ethanol and the increase produced by MK 801 summed up to
aproximately baseline level. The fact that ethanol and MK 801
produced a different pattern of locomotor effects in these dose
ranges suggest that they may be acting through two different
mechanisms. Ethanol’s depressant effects may involve GABAer-
gic (13) or noradrenergic systems (14) while MK 801’s stimu-
lant effects may involve dopaminergic or PCP-like processes.

In summary, this study shows that low doses of ethanol pro-
duce depressant effects on locomotor activity when administered
during the active phase of the rats cycle, whereas low doses of
MK 801 produce the opposite effects, e.g., stimulation of loco-
motor activity. When these two substances are combined they
do not show synergistic effects but in fact their effects tend to
cancel each other out.
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