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The purpose of the present study was to investigate the effects of com-
petitive NMDA receptor antagonists, D,L-(E)-2-amino-4-methyl-5-phos-
phono-3-pentenoic acid (CGP 37849) and its ethyl ester (CGP 39551), or
agonist, N-methyl-D-aspartate (NMDA) on spontaneous alternation in mice
exposed to cerebral oligemia. Alternation behavior was evaluated in an
Y-maze. Transient cerebral oligemic hypoxia was induced by bilateral
clamping of carotid arteries (BCCA) for 30 min under pentobarbital anesthe-
sia. In BCCA mice, CGP 37849 (5 mg/kg, ip) impaired spontaneous alterna-
tion when given 48 h or 7 days after surgery. CGP 39551 (5 mg/kg, ip) had
no effect. NMDA (50 mg/kg, sc) improved performance of the task in BCCA
mice when tested 48 h after surgery.

These results suggest that cerebral oligemic hypoxia induced by BCCA
leads to functional disturbances in the central nervous system, such as spon-
taneous alternation impairment and increased susceptibility to NMDA
receptor-related drugs. Adverse potential of cerebral oligemia may limit a thera-
peutic use of NMDA receptor antagonists.

Key words: CGP 37849, CGP 39551, NMDA, cerebral oligemic hy-
poxia, spontaneous alternation
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INTRODUCTION

Transient oligemic hypoxia produced by bilate-
ral clamping of the common carotid arteries
(BCCA) appears to be the appropriate model for
studying the functional consequences of a rather
moderate reduction in cerebral blood flow [6, 52].
Further, this model might reflect most of the fea-
tures that are for example typical of transient
ischemic attacks in humans [23]. It is known that
transient brain ischemia triggers delayed neuronal
death in vulnerable cerebral tissue [44], whereas
the CA1 field of the hippocampus is particularly
susceptible to ischemic insult [26]. It is also well
established that ischemia-induced activation of trans-
mitter systems in the brain is an important process
related to the development of ischemic neuronal
damage [18, 19]. In contrast to cerebral ischemia,
cerebral oligemic hypoxia induced by BCCA did
not result in necrotic cell damage in vulnerable
brain structures including the hippocampus as as-
sessed by light-microscopical studies [33, 45, 47].
Experimental hypoxia, including the present mo-
del, was demonstrated to cause disturbances in cho-
linergic [22], GABAergic [39, 52], glutamatergic
[23, 36, 37] and dopaminergic [29] systems in the
rodent brain and affect the memory system [55].
Spatial learning in BCCA animals was mainly ex-
amined in the water maze [35]. In rats exposed to
cerebral oligemia, the occurrence of spatial mem-
ory deficits was delayed in comparison with cere-
bral ischemia [23]. In the present study, we focused
on spontaneous alternation of BCCA mice in the
Y-maze. According to previous reports this test evalu-
ates spatial working memory [2, 32, 49].

The N-methyl-D-aspartate (NMDA) receptor
antagonists have been shown to protect neurons in
experimental animal models of cerebral ischemia
[43]. On the other hand, NMDA antagonists are
known to inhibit learning and memory processes
[34]. It was also demonstrated that both competi-
tive [41] and non-competitive [32] NMDA antago-
nists impaired spontaneous alternation of mice in
the Y-maze. In contrast, NMDA receptor agonists
or partial agonists, assuming that low doses are
used that produce neither convulsions nor excito-
toxic damage, can enhance memory [59]. The pur-
pose of the present study was to examine the effects
of competitive NMDA receptor antagonists, D,L-
(E)-2-amino-4-methyl-5-phosphono-3-pentenoic
acid (CGP 37849), and its ethyl ester (CGP 39551),

or agonist, N-methyl-D-aspartate (NMDA) on spon-
taneous alternation in BCCA mice.

It is thought that NMDA-dependent processes
are involved in the mechanisms of working mem-
ory [13, 38]. On the other hand, glutamatergic sys-
tem is one of the neurotransmitter systems affected
by cerebral oligemic hypoxia [23]. It was, there-
fore, of interest to examine NMDA receptor an-
tagonist or agonist effects in mice following cere-
bral oligemia and compare the cognitive capacities
of these mice with animals subjected to BCCA or
treated with NMDA-modulating agents alone.

MATERIALS and METHODS

Animals

The study was conducted on male albino Swiss
mice (body weight 22–25 g). Animals had a free
access to food and water, and were kept in cages
placed in a room with temperature of 22 ± 2°C,
relative humidity of 55 ± 10%, and a natural
light/dark cycle. All experimental procedures were
approved by the University Ethics Committee for
Experiments on Animals.

Drugs

The following substances were used: competitive
NMDA receptor antagonists, CGP 37849 [D,L-(E)-2-
-amino-4-methyl-5-phosphono-3-pentenoic acid, Ci-
ba-Geigy, Switzerland] and its ethyl ester CGP 39551
(Ciba-Geigy, Switzerland), and competitive NMDA
receptor agonist, N-methyl-D-aspartate (NMDA,
Sigma). All agents were administered in a constant
volume of 10 ml/kg of distilled water (vehicle).
Mice that were not treated with NMDA receptor-
related drugs, received an equivalent volume of dis-
tilled water. Mice were examined in the Y-maze 48 h
or 7 days after BCCA. First, CGP 37849 (5 mg/kg,
ip) or CGP 39551 (5 mg/kg, ip) was given once 48 h
after surgery (90 min before the test). CGP 37849,
which was effective 48 h after surgery, at the same
dose was also tested on postsurgical day 7. NMDA
(50 mg/kg, sc) was injected twice, first immediately
after recirculation on the surgery day and then 30 min
before the test 48 h or 7 days after BCCA.

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
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under pentobarbital anesthesia (Nembutal, Ceva,
France, 60 mg/kg, ip). The cessation of carotid
blood flow was controlled visually. After the occlu-
sion period, the threads were removed and the sur-
rounding skin was sutured. Sham operated animals
had their carotids exposed for the same period of
time without clamping. During anesthesia and sur-
gery, the animals were breathing spontaneously and
the rectal temperature was kept at 37°C by a heat-
ing pad.

Histology

Under deep pentobarbital anesthesia, the as-
cending aorta was cannulated via the left ventricle,
the descending aorta was clamped and the right
atrium was opened. After a short rinse (3 min) with
physiological buffer, phosphate buffered 4% for-
maldehyde was infused for about 30 min at a pres-
sure of 120 cm of water. The brains were removed
and placed in the same fixative for 24 h. Paraffin-
embedded sections (4–6 µm) were stained with cre-
syl violet and examined histologically by light mi-
croscopy. Frontal sections at different levels were lo-
cated by reference to the atlas of Franklin and Paxi-
nos [17]. Studies were performed 48 h and 7 days
after the surgery; 6 animals were examined in BCCA
and sham operated groups.

Spontaneous alternation performance

Spatial working memory was assessed by re-
cording spontaneous alternation behavior in the
Y-maze [32, 49], made of three compartments meas-
uring 10 × 10 × 10 cm, which did not have a floor.
Each mouse was placed at the end of one arm and
allowed to move freely through the maze during an
8-min session, 48 h or 7 days after surgery. The to-
tal number of arm entries (locomotor activity) and
alternation behavior (defined as consecutive entries
into each of three arms without repetition) were
scored [48]. Locomotor activity (total number of
arm entries) was collected cumulatively over 8 min.
Following each trial, the maze was placed on a new
sheet of paper. The paper was changed so that odor
trails were not followed. In the Y-maze, mice tend
to explore the maze systematically entering each
arm in turn. The ability to alternate requires that the
mice know which arms have already been visited.
Therefore, alternation behavior can be regarded as
a measure involving spatial working memory [48].

The alternation behavior was scored as follows:
the number of maximum alternations was the total

number of arm entries minus two and the percent-
age of alternation was calculated as (actual alterna-
tions/maximum alternations) × 100. For example, if
the arms were called A, B, and C and if the mouse
performed ABCACBCABABCA; the total number
of arm entries would be 13 and the percent alterna-
tion would be 63.6.

Statistics

Statistical analysis of the results from the Y-maze
was evaluated by two-way ANOVA followed by
Tukey’s post-hoc test. All data were represented as
means ± SEM. Group differences were considered
statistically significant at p < 0.05, p < 0.01 and
p < 0.001.

RESULTS

Histology

BCCA did not result in neuronal necrosis in CA1
field and hilus of the hippocampus, dorsolateral stria-
tum, layers II-III and V-VI of neocortex, reticular tha-
lamic nucleus, lateral septal nucleus or substantia ni-
gra pars reticulata, i.e. structures known to be espe-
cially sensitive to global ischemia [44, 54].

Assessment of spontaneous alternation and loco-

motor activity in the Y-maze

Two-way ANOVA of spontaneous alternation
data of mice examined 48 h after surgery revealed
a non-significant effect of operation, F (1.87) = 2.01,
p > 0.05; a significant effect of treatment, F (3.87)
= 35.14, p < 0.001; and a significant interaction be-
tween factors, F (3.87) = 4.78, p < 0.01 (Tab. 1). Mice
exposed to cerebral oligemic hypoxia exhibited no
impairment of spontaneous alternation behavior com-
pared to sham-operated group (p > 0.05, Tukey’s
post-hoc test). Analysis with Tukey’s post-hoc test
showed spontaneous alternation deficits in BCCA
mice injected with CGP 37849 (5 mg/kg) in compari-
son with sham-operated (p < 0.001) and BCCA
(p < 0.001) groups. Further, according to Tukey’s
post-hoc test, NMDA (50 mg/kg) injected in BCCA
mice significantly improved spatial working memory
in comparison with sham-operated and BCCA mice
(p < 0.05 and p < 0.01, respectively). Treatment with
CGP 39551 at a dose of 5 mg/kg had no influence on
spontaneous alternation in mice. There were no statis-
tically significant differences in the locomotor activ-
ity in all examined groups (Tab. 1).
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Two-way ANOVA of spontaneous alternation da-
ta of mice examined 7 days after surgery, revealed a
non-significant effect of operation, F (1.62) = 3.24,
p > 0.05; a significant effect of treatment, F (2.62)
= 20.76, p < 0.001; and a significant interaction be-
tween factors, F (2.62) = 3.00, p < 0.05 (Tab. 2).
Mice exposed to cerebral oligemic hypoxia exhib-
ited no impairment of spontaneous alternation be-
havior compared to sham-operated group (p > 0.05,
Tukey’s post-hoc test). Tukey’s post-hoc test
showed that BCCA mice injected with CGP 37849
(5 mg/kg) had their spontaneous alternation impaired
in comparison with sham-operated (p < 0.05) and
BCCA (p < 0.001) groups. Treatment with NMDA
(50 mg/kg) was not effective. There were no statis-
tically significant differences in the locomotor ac-
tivity in all examined groups (Tab. 2).

DISCUSSION

It has been demonstrated that transient bilateral
clamping of carotid arteries (BCCA) in normoten-
sive rats or mice reduces blood flow to oligemic

levels without producing neuronal necrosis in vul-
nerable brain structures [24, 33, 47]. Whereas glo-
bal cerebral ischemia has been shown to lead to
neuronal damage in the hippocampal CA1 field
[50], a structure associated with spatial learning
and memory processes [35], cerebral oligemia
failed to reveal such cell damage of the hippocam-
pus in light-microscopical studies [22, 45]. Simi-
larly, the present study showed that moderate re-
duction of cerebral blood flow in mice, caused by
BCCA, produced no cell loss in the hippocampus,
striatum and cortex. The absence of neuronal dam-
age is probably due to the high efficiency of poste-
rior communicating vessels in providing a collat-
eral blood flow [6], although alterations in choliner-
gic [22], glutamatergic [23], GABAergic [6, 46]
and dopaminergic [29] systems in the brain were
found after BCCA. Moreover, in the present model
of cerebral oligemic hypoxia, behavioral conse-
quences could be observed [24]. Rats exposed to
24 min of BCCA exhibited spatial memory defi-
ciencies in a water maze 3 months after surgery
[55]. In a hole-board test, long-lasting reference

62 Pol. J. Pharmacol., 2004, 56, 59–66

L. JóŸwiak, K. £ukawski, S.J. Czuczwar, M. Sieklucka-Dziuba

Table 1. Effects of competitive NMDA receptor antagonists and agonist on spontaneous alternation and locomotor activity in sham-
operated and BCCA mice in the Y-maze 48 h after surgery. CGP 37849 (5 mg/kg) or CGP 39551 (5 mg/kg) was given once 90 min
before the test. NMDA at a dose of 50 mg/kg was injected twice, first immediately after recirculation on the surgery day and then
30 min before the test. *p < 0.05, ***p < 0.001 vs. sham-operated mice; ^^p < 0.01, ^^^p < 0.001 vs. BCCA. Two-way ANOVA fol-
lowed by Tukey’s post-hoc test

Test Sham BCCA Sham +
CGP37849

Sham +
CGP39551

Sham +
NMDA

BCCA +
CGP37849

BCCA +
CGP39551

BCCA +
NMDA

Spontaneous
alternation (%)
± SEM

63.27
± 2.55

n = 13

61.60
± 1.85

n = 18

52.94
± 3.09

n = 16

57.90
± 3.30

n = 9

69.48
± 2.85

n = 9

39.77
± 1.93***^^^

n = 10

55.38
± 1.74

n = 8

76.10
± 2.16*^^

n = 12

Locomotor
activity (total
number of arm
entries) ± SEM

30.54
± 3.04

n = 13

28.78
± 2.56

n = 18

21.13
± 2.35

n = 16

27.44
± 4.00

n = 9

24.78
± 2.17

n = 9

27.70
± 1.51
n = 10

35.25
± 2.42

n = 8

27.17
± 3.65

n = 12

Table 2. Effects of CGP 37849 and NMDA on spontaneous alternation and locomotor activity in sham-operated and BCCA mice in
the Y-maze 7 days after surgery. CGP 37849 was given once at a dose of 5 mg/kg 90 min before the test. NMDA at a dose of
50 mg/kg was injected twice, first immediately after recirculation on the surgery day and then 30 min before the test. *p < 0.05 vs.
sham-operated mice; ^^^p < 0.001 vs. BCCA. Two-way ANOVA followed by Tukey’s post-hoc test

Test Sham BCCA Sham
+CGP37849

Sham
+ NMDA

BCCA
+ CGP37849

BCCA
+ NMDA

Spontaneus alternation
(%) ± SEM

59.41 ± 3.79
n = 10

62.63 ± 1.74
n = 18

53.67 ± 2.25
n = 10

71.27 ± 3.28
n = 7

45.55 ± 2.57 * ^^^
n = 15

63.88 ± 2.67
n = 8

Locomotor activity
(total number of arm
entries) ± SEM

30.30 ± 2.52
n = 10

29.39 ± 1.59
n = 18

28.0 ± 1.91
n = 10

27.7 ± 2.67
n = 7

22.67 ± 2.09
n = 15

27.5 ± 4.07
n = 8



memory impairment occurred whereas no defi-
ciency in the working memory was observed up to
several months after 60 min of BCCA [55]. In the
present study, cerebral oligemic hypoxia did not af-
fect spontaneous alternation in the Y-maze. Cere-
bral oligemic hypoxia had no influence on long-
term memory measured in the passive avoidance
task in our previous studies either [25]. Lack of
spontaneous alternation impairment in BCCA mice
in the present study, seems to support the general
idea that in BCCA animals, the disorder is selec-
tive, impairing performance on some memory tasks
but leaving performance entirely intact on the other
tasks [55].

The crucial role of the glutamatergic system in
epileptogenesis [5] and memory processes has been
indicated by numerous studies [16, 34]. In this re-
spect, NMDA receptor antagonists and agonists re-
main suitable experimental tools for investigating
central mechanisms of cognitive functions. For ex-
ample, the competitive NMDA receptor antagonist
(R,E)-4-(3-phosphonoprop-2-enyl)piperazine-2-car-
boxylic acid (D-CPPene) produced significant im-
pairment of working memory in mice exploring the
Y-shaped maze without affecting locomotor activ-
ity [41]. It was also reported that other competitive
NMDA antagonists such as 4-(3-phosphono-pro-
pyl)piperazine-2-carboxylate (CPP) and cis-4-phos-
phono-methyl-2-piperidine-carboxylate (CGS 17955)
impaired spatial working memory but only at dose
ranges which depressed locomotor activity and in-
duced ataxia [42]. In the present study, we used
other competitive NMDA antagonists, CGP 37849
and its ethyl ester CGP 39551, with reported amne-
sic properties [58]. Some of competitive and non-
competitive NMDA receptor antagonists could act
as potent neuroprotective and anticonvulsant drugs
[1, 8] but appear to cause unacceptable side effects
including learning impairment [57]. Competitive
NMDA receptor antagonists like CGP 37849 and
CGP 39551 were suggested to have an advantage
over non-competitive NMDA antagonist, MK-801,
as possible therapeutic agents since amnesic effects
including impairment of spontaneous alternation
did not occur after administration of low doses of
CGP 37849 (3 mg/kg) and CGP 39551 (5 mg/kg),
the doses which are sufficient to produce anticon-
vulsant and anticataleptic effects [4]. However,
CGP 37849 at similar doses impaired rats’ perform-
ance in other working memory tasks [14, 21] and
reduced locomotor activity in an open field [27]. In

contrast, CGP 37849 (3 or 6 mg/kg) and CGP
39551 (5 or 15 mg/kg) had no effect on locomotor
activity during spontaneous alternation in the 8-arm
radial maze [4]. The dose range of amnesic and
anticataleptic/anticonvulsant efects is about 5 mg
for both compounds [4, 51]. It was, therefore, of in-
terest to examine cognitive capacities in mice given
such doses of CGP compounds in a combination
with cerebral oligemia or injected alone. We observed
that CGP 37849 (5 mg/kg) and CGP 39551 (5 mg/kg)
did not affect spontaneous alternation and locomotor
activity in sham-operated mice. However, in BCCA
mice, CGP 37849 but not CGP 39551 impaired al-
ternation behavior when investigated 48 h or 7 days
after surgery. Lack of CGP 39551 action on mem-
ory in the present study is consistent with previous
reports indicating its lower amnesic effects com-
pared to CGP 37849 [4].

It has been demonstrated that different brain
structures are fairly sensitive to a transiently re-
duced oxygen supply which leads to disturbances
of neurotransmitter functions caused by changes in
their turnover and/or content [55]. One of the neu-
rotransmitter systems affected by cerebral oligemic
hypoxia is GABAergic system [6]. GABA is con-
sidered to be the major inhibitory neurotransmitter
in the brain and loss of GABA inhibition has been
clearly implicated in epileptogenesis [12]. Previous
reports demonstrated an elevated GABA content
after cerebral oligemic hypoxia in the rat hippo-
campus, substantia nigra and frontal cortex, the
structures which are sensitive to hypoxic condi-
tions [52, 55]. Furthermore, a transient reduction of
cerebral blood flow produced a protective effect
against bicuculline-evoked seizures in rats and this
phenomenon was partially attributed to long-las-
ting elevation of GABA in the brain [52]. On the
other hand, it is known that excessive GABAergic
transmission impairs cognitive functions [9, 10]. It
is accepted that a balance between GABAergic and
glutamatergic transmission is maintained in the
brain [19] and a disruption of this balance is likely
to have behaviorally relevant consequences [15]. In
the case of BCCA model, a mild brain ischemia
seems to create a new balance in the central nerv-
ous system depending on an increased synthesis of
the inhibitory neurotransmitter GABA and its en-
hanced action at postsynaptic GABA) receptors
[53]. Interestingly, the treatment of BCCA mice with
a competitive NMDA receptor antagonist CGP
40116 resulted in a high level of brain GABA [47].
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Therefore, it can be suggested that the additional
inhibition of NMDA receptors could lead to pro-
found alteration of the balance between GABAer-
gic and glutamatergic transmission in the brain and,
therefore, may cause spontaneous alternation defi-
cits visible in BCCA mice in the present study.

To further assess the role of NMDA receptors in
spontaneous alternation in BCCA mice, we applied
NMDA itself. Based on amnesic effects of NMDA
receptor antagonists, it has been suggested that ad-
ministration of NMDA agonists or partial agonists
can enhance memory [59]. Indeed, NMDA was
demonstrated to improve cognitive functions in
animal studies [16, 31], although NMDA-induced
learning impairment was also reported [59]. In the
present study, NMDA increased spontaneous alter-
nation in BCCA mice when tested 48 h but not
7 days after surgery. It is known that ischemic in-
sult in the forebrain leads to the increased extracel-
lular glutamate level [3, 20]. In the hippocampus
during a re-perfusion period following BCCA, the
content of extracellular glutamate was elevated and
then decreased within the second hour of reperfu-
sion [23]. It may be assumed that after BCCA,
longer activation of the NMDA receptors by both
increased extracellular glutamate in the forebrain
following cerebral oligemia and injected exoge-
nous NMDA at the beginning of the reperfusion pe-
riod, is nearly finished 48 h later. However, it might
lead to hypersensitivity of NMDA receptors. At
this time, stimulation by exogenous NMDA could
increase glutamatergic transmission and improve
performance of the task in BCCA mice. This effect
is not observed in sham-operated mice where only
exogenous NMDA is given and NMDA receptor hy-
persensitivity is not present. No influence of NMDA
at a dose of 50 mg/kg on spatial working memory in
the same task was previously reported [42]. Lack of
increase in spontaneous alternation in BCCA mice
7 days after surgery is probably due to the reduced
sensitivity of NMDA receptors, and sustained and
elevated GABA concentration, which can antago-
nize stimulation of NMDA receptors by NMDA.

Some of NMDA receptor-related drugs are po-
tential therapeutics. Memantine, which is used clini-
cally in the treatment of Parkinson’s disease and other
kinds of rigidity, due to their anticholinergic action
[56], was reported to inhibit the activity of NMDA
receptors [40]. Among new antiepileptic medica-
tions, remacemide hydrochloride is a low-affinity,
non-competitive NMDA receptor channel blocker

[7, 28]. It is conceivable that an epileptic brain may
be particularly sensitive to the psychotomimetic ac-
tivity of NMDA receptor antagonists [11] and such
undesired effects of CGP 37849 and CGP 39551
were seen in the epileptic (kindled) rats but not in
naive animals [30]. The present results suggest that
cerebral oligemic hypoxia induced by BCCA leads
to functional disturbances in the central nervous sys-
tem, such as spontaneous alternation impairment and
increased susceptibility to NMDA receptor-related
drugs. Therefore, adverse potential of cerebral oli-
gemia, similarly to epilepsy, may limit a therapeutic
use of NMDA receptor antagonists.
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