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Abstract:

It is known that glutamatergic system is one of neurotransmitter systems affected by a transiently reduced oxygen supply. The aim of

the present study was to examine the effects of MK-801, a noncompetitive NMDA receptor antagonist, on spontaneous alternation in

mice exposed to cerebral oligemic hypoxia. Spontaneous alternation behavior and locomotor activity were evaluated using the

Y-maze task. Transient cerebral oligemia was induced by bilateral clamping of carotid arteries (BCCA) for 30 min under

pentobarbital anesthesia. MK-801 was injected 48 h after BCCA or sham surgery, 30 min before the test session. Treatment with

MK-801 (0.1 mg/kg ip) impaired spontaneous alternation both in sham-operated and BCCA mice. MK-801 (0.1 mg/kg ip)

significantly enhanced the locomotion of mice. The effects of MK-801 were not exacerbated by BCCA. These results show that

cerebral oligemic hypoxia induced by BCCA does not change alternation behavior of mice treated with MK-801.
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Introduction

It is known that ischemia-induced activation of neuro-

transmitter systems in the brain is an important pro-

cess implicated in the development of ischemic neu-

ronal damage [7]. Transiently reduced oxygen supply,

like that produced by bilateral clamping of carotid ar-

teries (BCCA) in rodents has been also shown to

cause metabolic and neurotransmitter alterations in

certain brain areas [19]. Cerebral oligemic hypoxia

causes disturbances in cholinergic [8], GABAergic

[17] and glutamatergic [9] systems in the brain. In

contrast to cerebral ischemia, light-microscopy stud-

ies revealed that oligemic hypoxia generally did not

produce neuronal necrosis in vulnerable brain struc-

tures including CA1 field of the hippocampus [8].

However, behavioral consequences could be observed

in the BCCA model, e.g. spatial learning deficiencies

in the water maze test [19]. Therefore, this model

seems to be appropriate for studying the functional

consequences of a rather moderate reduction in cere-

bral blood flow [17] and is thought to reflect the most

typical features of ischemic attacks in humans [9].

M-methyl-D-aspartate (NMDA) receptor antago-

nists are known to disrupt working memory in various

spatial orientation tasks [2]. It is also known that

NMDA receptor antagonists impair alternation behav-

ior in the Y-shaped maze [14], which is a measure of

spatial working memory [16]. We previously demon-

strated that amnesic effects of CGP 37849, a competi-
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tive NMDA receptor antagonist, in the Y-maze spon-

taneous alternation task, could be exacerbated by

cerebral oligemia [11]. The purpose of this study was

to extend our knowledge of the action of antagonists

at NMDA receptors in the BCCA model. We exam-

ined the effect of a noncompetitive NMDA receptor

antagonist, (+)-5-methyl-10,11-dihydro-5H-dibenzo[a,d]

cyclohepten-5,10-imine hydrogen maleate (MK-801),

on alternation behavior in BCCA mice. MK-801 was

used in the current experiments because it was shown to

impair spontaneous alternation in earlier studies [14].

Because BCCA may affect alternation behavior and in-

crease susceptibility to competitive NMDA receptor an-

tagonists [11], it was of interest to examine the effect of

MK-801, a noncompetitive NMDA receptor antagonists,

on mouse performance in the Y-maze task.

Materials and Methods

Animals

The study was performed on male Swiss mice, weigh-

ing 22–25 g. The animals were kept under standard-

ized laboratory conditions with free access to food

and tap water in a room under a natural light/dark cycle.

All experimental procedures were approved by the Ethi-

cal Committee of the Medical University of Lublin.

Drugs

The drug under study: (+)-5-methyl-10,11-dihydro-

5H-dibenzo[a,d] cyclohepten-5,10-imine hydrogen male-

ate (MK-801, Sigma, St. Louis, MO, USA), was ad-

ministered intraperitoneally (ip) in a volume of

10 ml/kg. MK-801 was dissolved in distilled water

and adjusted to a neutral pH (7.4 ± 0.1) with NaOH.

Surgical procedure

Mice were subjected to 30 min of bilateral clamping

of the common carotid arteries (BCCA) by using

thread. BCCA procedure was carried out under pento-

barbital anesthesia (Nembutal, Ceva, Paris, France,

60 mg/kg ip). The cessation of carotid blood flow was

controlled visually. After the occlusion period the

threads were removed and the surrounding skin was

sutured. Sham-operated animals had their carotid ar-

teries exposed for the same period of time without

clamping. During anesthesia and surgery, the mice

were breathing spontaneously and the rectal tempera-

ture was kept at 37°C by a heating pad.

Y-maze task

Spontaneous alternation was assessed in the Y-maze

task [16]. The Y-maze was made of three compart-

ments measuring 10 × 10 × 10 cm, which did not have

a floor and it was placed on a clean sheet of paper.

A clean sheet of paper was used after each animal to

prevent odor cues. Each mouse was placed at the end

of one arm and allowed to move freely through the

maze during an 8-min session. The total number of

arm entries (locomotor activity) and alternation (de-

fined as consecutive entries into all three arms with-

out repetitions) were scored. Locomotor activity (total

number of arm entries) was collected cumulatively

over 8 min. The percent alternation was calculated as

the ratio of actual to possible alternations (defined as

the total number of arm entries – 2) × 100.

The mice were tested for alternation behavior and

locomotor activity in the Y-maze task 48 h after

BCCA or sham surgery. MK-801 was injected at

a single dose of 0.1 mg/kg ip in sham and BCCA

mice, 30 min before the test session. The route of ad-

ministration, the dose and pretreatment time before

testing of MK-801 was based on earlier reports [14].

Statistics

Two-way ANOVA followed by Tukey’s post-hoc test

was used to analyze results of the experiments. All

data are presented as the means ± SEM. Group differ-

ences were considered statistically significant at p < 0.05.

Results

Alternation behavior and locomotor activity in the

Y-maze were not affected in mice subjected only to

BCCA (Fig. 1, 2). Two-way ANOVA of spontaneous

alternation data revealed a non-significant effect of

surgery, F (1, 52) = 0.57361, p > 0.05; a significant ef-

fect of treatment, F (1, 52) = 28.38, p < 0.001; and

a non-significant interaction between factors, F (1, 52)

= 0.00072, p > 0.05. Analysis with Tukey’s post-hoc

test showed spontaneous alternation impairments in

groups: sham + MK-801 (p < 0.01) and BCCA + MK-801
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(p < 0.01) when compared to sham group (Fig. 1).

Two-way ANOVA of locomotor activity data revealed

a non-significant effect of surgery, F (1, 52) = 2.8754,

p > 0.05; a significant effect of treatment, F (1, 52)

= 46.972, p < 0.001; and a non-significant interaction

between factors, F (1, 52) = 1.2775, p > 0.05. Analysis

with Tukey’s post-hoc test showed hyperactivity in

groups: sham + MK-801 (p < 0.001) and BCCA

+ MK-801 (p < 0.01) when compared to sham-operated

group (Fig. 2).

(p < 0.01) when compared to sham group (Fig. 1).

Two-way ANOVA of locomotor activity data revealed

a non-significant effect of surgery, F (1, 52) = 2.8754,

p > 0.05; a significant effect of treatment, F (1, 52)

= 46.972, p < 0.001; and a non-significant interaction

between factors, F (1, 52) = 1.2775, p > 0.05. Analysis

with Tukey’s post-hoc test showed hyperactivity in

groups: sham + MK-801 (p < 0.001) and BCCA

+ MK-801 (p < 0.01) when compared to sham-operated

group (Fig. 2).

Discussion

Cerebral oligemic hypoxia induced by BCCA cannot

be viewed as an equivalent of global cerebral ische-

mia [19]. It has been demonstrated that BCCA in rats

and mice reduces blood flow to oligemic levels with-

out producing neuronal necrosis in vulnerable brain

structures [8], although it causes alterations in neuro-

transmitter systems [19]. The glutamatergic system is

one of the neurotransmitter systems, which are in-

volved in working memory processes [5] and is af-

fected by BCCA [9]. NMDA receptor antagonists

have been demonstrated to be potent amnesic drugs

[2]. One of them, MK-801 is a non-competitive

NMDA receptor antagonist, which was evaluated as

a neuroprotective and anticonvulsant drug [3], how-

ever, appeared to cause psychotomimetic effects at

therapeutic doses [20]. In the present study, treatment

with MK-801 at a dose of 0.1 mg/kg impaired sponta-

neous alternation in the Y-maze task. Our data are

consistent with earlier observations in mice [14]. In

the current study, cerebral oligemia did not exacerbate

MK-801-induced spontaneous alternation/working

memory deficits. We previously demonstrated that

BCCA in combination with CGP 37849, a competi-

tive NMDA antagonist, produced profound impair-

ment of alternation behavior [11]. The lack of this ef-

fect in BCCA + MK-801-treated mice remains to be

elucidated. However, it might be related to a complex

action of MK-801. MK-801 has been postulated to

bind not only to NMDA receptors, but also to another

binding site. This site is thought to be a monoamine

uptake system [1] whose inhibition, apart from

NMDA antagonism, can be responsible for sym-

pathomimetic and psychotomimetic properties of

MK-801 [13]. It has been demonstrated that MK-801

significantly inhibits the uptake capacity of norepi-

nephrine, dopamine and serotonin transporters in

a dose-dependent manner [13]. These transporters are

widely expressed in monoaminergic neurons in the

central nervous system and have been shown to be of

great importance in many physiological and psycho-

logical phenomena [13]. Because MK-801 action in-

volves antagonism at NMDA receptors [21] including

NMDA-related alteration in brain glucose metabolism

[12], and sympathomimetic properties [3], it may be

speculated that complex interactions between

MK-801 and BCCA are likely and some of them

might be neuroprotective.

It is known that non-competitive NMDA receptor

antagonists, such as MK-801 and phencyclidine

(PCP), enhance locomotor activity in rodents while

competitive antagonists are usually ineffective [4].

Our observations both in sham-operated and BCCA

mice treated with MK-801 support this finding. The

differences between non-competitive and competitive

antagonists may result from the lower selectivity of

the former group, the different mode of action, or both

[4]. For instance, MK-801 and PCP increase burst fir-

ing of the ventral tegmental A10 dopamine neurons

while competitive NMDA antagonists produce inhibi-
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tion and attenuate the effects of non-competitive an-

tagonists [6]. Non-competitive NMDA antagonists af-

fect locomotion by producing an increase in dopa-

mine turnover in mesolimbic structures [4] and

through NMDA receptor antagonism [10]. MK-801

inhibits the uptake of dopamine (DA), although it is

much less potent than PCP in such action [18]. Moreo-

ver, MK-801 is the most selective for NMDA recognition

site and shows low affinity for the DA uptake site [15].

Therefore, MK-801-induced hyperlocomotion is medi-

ated, at least in part, by NMDA receptor antagonism [10].

In conclusion, this study shows that MK-801, a non-

competitive NMDA receptor antagonist, in combination

with cerebral oligemic hypoxia does not produce pro-

found impairment of alternation behavior in mice.
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