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We investigated the effects of 2R,4R-APDC, a selective group II meta-
botropic glutamate receptor (II mGluR) agonist, on certain behaviors in rats
subjected and non-subjected to hypoxia. Short-term hypoxia was used as
a model of experimentally induced amnesia. 2R,4R-APDC given intracere-
broventricularly (icv) at doses of 1 µmol and 100 nmol decreased the number
of crossings and rearings in the open field, impaired acquisition and consoli-
dation but improved retrieval in the passive avoidance tests. It also shortened
the time spent in open arms and prolonged the time spent in closed arms, re-
duced the number of open and closed arms entries in an elevated “plus”
maze, which is a measure of anxiety.

Four-minute hypoxia (2% O�, 98% N�) profoundly impaired locomotor
activity, acquisition, consolidation and retrieval of conditioned responses,
and exhibited an anxiogenic effect in the elevated “plus” maze in rats, i.e. it
reduced the time spent in open arms and the number of entries to closed and
open arms. 2R,4R-APDC effect on locomotor and exploratory activity was
not changed after hypoxia, i.e. we observed inhibition of motility. This ago-
nist of II mGluRs used at both doses before hypoxia significantly improved
acquisition and retrieval, and had dual effect on consolidation, viz. at a dose
of 1 µmol, it impaired this process and at a dose of 100 nmol it improved it.
In the elevated “plus” maze, rats pretreated with 2R,4R-APDC and then sub-
jected to hypoxia shortened the time spent in open arms and prolonged the
time spent in closed arms, reduced the time spent in open arms, i.e. the drug
exhibited anxiogenic effect.

We conclude, therefore, that 2R,4R-APDC itself impaired acquisition
and consolidation, enhanced retrieval but in rats undergoing hypoxia, it im-
proved acquisition, retrieval and when used at the dose of 100 nmol en-
hanced consolidation. 2R,4R-APDC had beneficial effect in hypoxia-indu-
ced memory impairment in passive avoidance test.
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INTRODUCTION

Hypoxic/ischemic brain injury is a serious clini-
cal problem. Cerebral hypoxia/ischemia as occurs
with environmental limitations, insufficient blood
flow, respiratory dysfunction, the use of some toxic
substances or during aging, results in a high inci-
dence of memory deficits and moderate-to-profound
memory loss in humans [26]. Brief hypoxia with-
out obvious cell injury impaired the synaptic plas-
ticity, reduced level of overall cognitive function
[41]. One of the most serious consequences of hy-
poxia/ischemia in humans is a decline of memory
and ability to learn and acquire novel experiences.
Nevertheless, episodes of transient hypoxia may be
more relevant to a gradual memory decline during
aging or Alzheimer’s disease [25]. In our previous
works, we noted that hypoxia profoundly impaired
some forms of behavior in rats [14–16, 37]. Phar-
macological prevention of the transient hypoxia-
induced impairment of learning and memory has
important therapeutic value in reducing the risk for
cognitive decline.

During hypoxia there are disorders in glutama-
tergic transmission. Ischemia/hypoxia leads to an in-
crease in extracellular excitatory amino acid (EAA)
concentrations resulting in glutamate receptor-me-
diated excitotoxic events. Glutamate can become
a neurotoxin and produce both immediate injury
and delayed neuronal death [52]. During hypoxia,
the increased synaptic release and impaired cellular
re-uptake of glutamate results in large increases in
extracellular glutamate [22, 52]. On the other hand,
transient hypoxia consisting of a short period of
“synaptic arrest”, observed as an elimination of ex-
citatory postsynaptic current and recovered imme-
diately as oxygenation was reinitiated [59].

Glutamate binds to both ion channel-associated
(ionotropic) and G protein-coupled [metabotropic
(mGlu)] receptor types [18, 38], which mediate fast
excitatory and second messenger-evoked transmis-
sion. Metabotropic glutamate receptors (mGluRs)
are highly expressed in the rat brain where they
have distinct distributions and functions. The high
level of expression of mGluRs at various excitatory
synapses throughout the CNS implies that these re-
ceptors play an important role in the release of glu-
tamate. The mGluRs are classified into three sub-
groups (groups I-III). This classification is based
on the similarities in coupling mechanisms, mo-
lecular structure and sequence homology, and the

pharmacology of the receptors [18, 38]. Group I
mGluR activation can initiate intracellular path-
ways that lead to further transmitter release. Groups
II and III mGluRs function mainly as autoreceptors
to regulate neurotransmitter release [18, 35].

Group II (mGluRs 2 and 3) inhibit adenylyl cy-
clase and reduce neuronal excitability and synaptic
transmission [12, 18, 24, 34, 40, 54, 56]. Group II
mGluR is localized postsynaptically and presynap-
tically (mainly mGluR2), but at perisynaptic sites
outside the active zone of neurotransmitter release.
One of the primary functions of group II mGluRs
seen throughout the CNS is their role in presynapti-
cally reducing transmission at glutamatergic syn-
apses [3, 17, 18]. Localization outside of the synap-
tic active zone has led to the hypothesis that these
receptors are activated only by prolonged and en-
hanced synaptic stimulation that produces gluta-
mate “spillover” to perisynaptic sites [4, 53]. Only
such conditions as ischemia/hypoxia, during which
enhanced release and glutamate concentrations in
the synapse were sufficiently high to spread from
the site of release and activate II mGluRs located
perisynaptically, lead to an inhibition of glutamate
release. Therefore, it seems that although peri-
synaptic II mGluRs are possibly inactive under
normal conditions, under high-frequency stimula-
tion, activation of these receptors might prevent
pathologically high levels of glutamate from accu-
mulating in the synaptic cleft [23]. It is known that
mGluRs2 and mGluRs3 are highly expressed in
forebrain regions, such as the prefrontal cortex and
hippocampus, where pathologically enhanced glu-
tamate transmission has been implicated in a variety
of CNS disorders [39, 44], and expression of
mGluRs3 is substantially higher in the brain of
anoxia-tolerant species [51]. The mGluRs belong-
ing to groups II are generally recognized to pro-
duce neuroprotection in several models of neuro-
toxicity [11, 42]. These receptors are negatively
coupled to voltage-operated calcium channels, block
calcium entry into the cells, depress excitatory syn-
aptic transmission and inhibit glutamate release,
and all these effects can account for their neuropro-
tective effect [42]. Neuroprotection might also be
caused by glial activation, since a neurotrophic fac-
tor released from astrocytes expressing mGluRs3,
the transforming growth factor-�, has been found
to support neuronal survival [10].

The availability of high-affinity ligands would
be highly useful to study group II mGluR pharma-
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cology and regulation under physiological and
pathological conditions. The mGluR2/3 agonists,
including LY 379268 and LY 354740, have been
shown to be neuroprotective in certain models of
brain ischemia where apoptotic cell injury is
prominent [7, 8, 51].

Group II mGluRs are potently and selectively
activated by 2R,4R-aminopyrrolidine-2,4-dicar-
boxylate (2R,4R-APDC) [56, 57]. 2R,4R-APDC is
mGluR2/3 agonist of low µmol potency [57]. It is
very selective for group II mGluR and has no ap-
preciable affinity for group I or group III mGluRs
[57], having no effects on iGluR responses, even at
up to 1000 �mol. 2R,4R-APDC is highly selective
for subpopulations of group II mGluRs in the rat
hippocampus. The hippocampal formation plays an
important role in learning and memory and is an es-
pecially plastic and vulnerable brain structure that
is damaged by hypoxia [58, 59].

The aim of this study was to investigate the in-
fluence of 2R,4R-APDC, the selective agonist of II
mGluR, on some forms of behavior in rats sub-
jected and non-subjected to hypoxia.

MATERIALS and METHODS

Subjects

Male Wistar rats of laboratory strain, weighing
160–180 g, were used. The animals were fed stan-
dard diet and housed in plastic cages (50 × 40 ×
20 cm), 1 animal per cage, in an air-conditioned
and temperature-controlled (22°C) room under a 12 h
light/dark cycle beginning at 7.00 h. Food and wa-
ter were freely available. All experiments were car-
ried out in a quiet, diffusely lit room (25 W bulb,
2 m away from an animal, indirect light) between
8.00 h and 12.00 h.

Surgery

A week before the experiments, the polyethyl-
ene cannulas were implanted under 10% chloral
hydrate (400 mg/kg, intraperitoneally, ip) anesthe-
sia into the lateral brain ventricle (icv) at the fol-
lowing coordinates: a depth 4 mm from the surface
of the skull, 2.5 mm to the rigth from the sagittal
suture and 1 mm behind the coronary suture [50].
Cannulas were fixed to the skull bones with acrylic
Deltamed PM 16 glue (Chemical Factory, Oœwiêcim,
Poland). The injections were made using a Hamilton
microliter syringe with a 0.3 mm external diameter.

After implantation, rats were housed individually.
After termination of each experiment, all animals
were sacrificed, their brains were removed, and the
sites of implantation of cannulas and injection were
verified macroscopically after brain sectioning.
Animals with inappropriate injection sites were not
used for analysis.

Drugs

2R,4R-APDC [(2R,4R)-4-aminopyrrolidine-2,4-
dicarboxylate], Tocris Cookson, UK, was dissolved
in 0.9% NaCl (pH 7.4) and administered into the
lateral ventricle of the brain (icv) through the im-
planted cannulas at doses of 1 �mol or 100 nmol in
the volume of 5 µl per rat, during 30 s, 20 min be-
fore testing in the open field and elevated “plus”
maze test [43, 56]. In the passive avoidance test, it
was given on the second or on the third day (see
passive avoidance response training). 2R,4R-
APDC was administered before induction of hy-
poxia. Saline (Polfa, Poznañ, Poland) was adminis-
tered icv in a volume of 5 �l per rat at the same
time as 2R,4R-APDC.

Amnesia induced by hypoxia

Hypoxia was induced by placing rats in a glass
chamber flushed with a mixture of 2% O� in N� [2]
till the respiratory arrest (about 4 min), after which
they were immediately transferred to air. The hy-
poxia was induced 20 min before placing animals
in the open field and elevated “plus” maze tests. In
the passive avoidance test, hypoxia was induced on
the second day, 20 min before induction or immedi-
ately after completion of training or induced on the
third day, 20 min before retention test, when we de-
termined the effect of hypoxia on acquisition, con-
solidation or retrieval, respectively.

Behavioral tests

Locomotor and exploratory activity

The open field test was used to estimate the lo-
comotor (crossings) and exploratory (rearings, bar
approaches) activity of rats. The apparatus con-
sisted of a square with 100 × 100 cm white floor,
which was divided by 8 lines into 25 equal squares,
and surrounded by white walls, 47 cm high. Four
plastic bars (designed as objects of possible inter-
est), 20 cm high, were located in four different line
crossings in the central area of the floor. A single
rat was placed inside the apparatus for 1 min of ad-
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aptation. Subsequently, crossings, rearings, and bar
approaches were counted manually for 5 min. The
crossings of a square were counted when the ani-
mal crossed the line with all four paws and the bar
approaches were considered when the rat directed
its head toward the bar, approached it and touched
it with its nose. 2R,4R-APDC was given 20 min
before the test and then immediately the rats under-
went hypoxia.

Passive avoidance response training

The response was induced using the one-trial
learning method of Ader et al. [1]. The apparatus
consisted of a 6 × 25 cm platform illuminated with
a 25 W electric bulb connected through a 6 × 6 cm
opening with a dark compartment (40 × 40 ×
40 cm). The floor of the cage was made of metal
rods, 3 mm in diameter spaced at 1 cm. The investi-
gation took advantage of the natural preference of
rats to stay in dark compartments. The test lasted
3 days. On the first day, after 2 min of habituation
in the dark compartment, the rats were placed on an
illuminated platform, allowed to enter the dark
compartment, and then immediately removed. Two
similar trials, at an interval of 2 min, were carried
out on the second day. After the first trial, the rats
were allowed to stay in the dark compartment for
10–15 s. At the end of the second trial, when a rat
entered the dark compartment, it received an ines-
capable footshock (0.25 mA, 3 s) delivered through
the grill floor of the dark compartment (learning
trial). The presence of the passive avoidance was
checked 24 h later. The rats were placed on the illu-
minated platform once more and the latency to en-
ter the dark compartment was measured, with the
cutoff time of 300 s. To determine the effect of drug
treatment on acquisition or consolidation, accord-
ing to the protocol proposed by Matthies [33],
2R,4R-APDC was given on the second day, 20 min
before or immediately after completion of induc-
tion of passive avoidance, respectively. To deter-
mine an effect on retrieval, the group II mGluR
agonist, was administered on the third day 20 min
before retention test.

Elevated “plus” maze test

The maze (constructed of grey colored wooden
planks) consisted of two open arms, 50 cm (length)
× 10 cm (width), and two closed arms, 50 cm
(length) × 10 cm (width) × 40 cm (height), covered
with a removable lid, so that the open or closed

arms were opposite to each other. The maze was
elevated to a height of 50 cm from the floor. Fifteen
minutes after the icv injection, a naive rat was
placed for 5 min in a pretest arena (60 × 60 × 35
cm, constructed from the same material) prior to
exposure to the maze. The experimental procedure
was similar to that described by Pellow et al. [48].
Immediately after the pretest exposure, the rats
were placed in the centre of the elevated “plus”
maze facing one of the open arms. During the
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Fig. 1. The effect of 2R,4R-APDC on number of crossings,
rearings and bar approaches in the open field in control (groups
1, 3, 5), and hypoxia-treated rats (group 2, 4, 6). Columns
represent means ± SEM of the values obtained from 11–14
animals. 1) saline, 5 �l per rat icv; 2) saline, 5 �l per rat icv and
hypoxia; 3) 2R,4R-APDC, 1 �mol icv 5 �l; 4) 2R,4R-APDC,
1 �mol icv 5 �l and hypoxia; 5) 2R,4R-APDC, 100 nmol icv

5 �l; 6) 2R,4R-APDC, 100 nmol icv 5 �l and hypoxia.
Crossings F(5.59) = 11.845; *** p (1–2, 1–3, 1–5) < 0.001;
rearings F(5.59) = 10.582; *** p (1–2, 1–3, 1–5) < 0.001; bar
approaches F(5. 59) = 2.756 (ANOVA, Student’s t- and New-
man-Keuls-tests)



5-min test period, the following measurements
were taken: the number of entries into the open and
closed arms and the time spent in the open and
closed arms. An entry was defined as moving all
four feet into one arm. An increase in open arm en-
tries and increase in time spent in the open arms is
indicative of potential anxiolytic activity, as rats
naturally prefer the closed arms.

Statistical analysis

Statistical significance of the results was com-
puted by one-way analysis of variance (ANOVA)
followed by Student’s t and Newman-Keuls tests,
except for passive avoidance behavior which was
assessed with Mann-Whitney ranking test. F-rations,
degrees of freedom and p-values are reported only
for significant differences. In all comparisons between
particular groups a probability of 0.05 or less was
considered significant.

This work was approved by the Ethics Commit-
tee of Medical Academy in Bia³ystok.

RESULTS

The effect of 2R,4R-APDC on locomotor and ex-

ploratory activity of control and hypoxia-treated

rats (Fig. 1)

2R,4R-APDC used at doses of 1 µmol or
100 nmol significantly decreased the number of
crossed fields and rearings. Rats subjected to hy-
poxia exhibited a significant reduction in the
number of crossed fields and rearings. This effect
was not altered by 2R,4R-APDC administration.

The effect of 2R,4R-APDC on activity of control

and hypoxia-treated rats in the elevated “plus”

maze (Fig. 2, 3)

2R,4R-APDC-treated rats exhibited significant
shortening of the time spent in open arms but pro-
longing the time spent in closed arms. 2R,4R-
APDC reduced the number of entries into open and
closed arms. Rats subjected to hypoxia showed sig-
nificantly diminished time spent in open arms but
increased time spent in closed arms and signifi-
cantly reduced number of entries to closed and open
arms. Rats which received 2R,4R-APDC before ex-
posure to hypoxia had similar performance in ele-
vated “plus’ maze as saline/hypoxia group of rats.

The effect of 2R,4R-APDC on acquisition of pas-

sive avoidance in control and hypoxia-treated

rats (Tab. 1)

2R,4R-APDC and hypoxia significantly short-
ened the latency to entering the dark compartment.
Hypoxia effect was conspicuously reversed by both
used doses of 2R,4R-APDC. We observed stronger
effect in rats treated with 100 nmol of 2R,4R-
APDC.
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Fig. 2. The effects of saline (1), saline + hypoxia (2), 2R,4R-
APDC (3, 5) and 2R,4R-APDC + hypoxia (4, 6), on the time
spent in closed and open arms in the elevated “plus” maze. For
further details see text. Columns represent means ± SEM of the
values obtained from 10–15 animals. 1) saline, 5 �l per rat icv;
2) saline, 5 �l per rat icv and hypoxia; 3) 2R,4R-APDC, 1 �mol
icv 5 �l; 4) 2R,4R-APDC, 1 �mol icv 5 �l and hypoxia; 5)
2R,4R-APDC, 100 nmol icv 5 �l; 6) 2R,4R-APDC, 100 nmol
icv 5 �l and hypoxia. Closed arms F(5.54) = 6.15; * p (1–2)
< 0.05; ** p (1–3) < 0.01; *** p (1–5) < 0.001. Open arms
F(5.54) = 9.929; ** p (1–3) < 0.01; *** p (1–2, 1–5) < 0.001
(ANOVA, Student’s t- and Newman-Keuls-tests)



The effect of 2R,4R-APDC on consolidation of

passive avoidance in control and hypoxia-treated

rats (Tab. 2)

Rats which received 2R,4R-APDC spent sig-
nificantly less time on the illuminated platform.
Hypoxia significantly shortened the latency in rats.
2R,4R-APDC given at a dose of 100 nmol reversed
this effect but used at a dose of 1 µmol did not
change hypoxia-induced impairment.

The effect of 2R,4R-APDC on retrieval of passive

avoidance in control and hypoxia-treated rats

(Tab. 3)

The latency to entering the dark compartment
was prolonged in rats treated with 2R,4R-APDC
but was shortened in rats subjected to hypoxia, and
this effect was reversed by 2R,4R-APDC admini-
stration at both doses. We observed stronger effect
in rats treated with 100 nmol of 2R,4R-APDC.
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Fig. 3. The effects of saline (1), saline + hypoxia (2), 2R,4R-
-APDC (3, 5) and 2R,4R-APDC + hypoxia (4, 6), on the number
of entries into closed and open arms in the elevated “plus” maze.
For further details see text. Columns represent means ± SEM of
the values obtained from 10–15 animals. 1) saline, 5 �l per rat
icv; 2) saline, 5 �l per rat icv and hypoxia; 3) 2R,4R-APDC,
1 �mol icv 5 �l; 4) 2R,4R-APDC, 1 �mol icv 5 �l and hypoxia;
5) 2R,4R-APDC, 100 nmol icv 5 �l; 6) 2R,4R-APDC, 100 nmol
icv 5 �l and hypoxia. Closed arms F(5.54) = 3.073; * p (1–2,
1–3, 1–5) < 0.05. Open arms F(5.54) = 6.665; ** p (1–3) < 0.01;
*** p (1–2, 1–5) < 0.001 (ANOVA, Student’s t- and Newman-
Keuls-tests)

Table 1. The effects of 2R,4R-APDC on acquisition of passive
avoidance in the control and hypoxia-treated rats

Treatment n Re-entry latency (s)

Saline 12 33.08 (20–47)

Saline + hypoxia 11 13.09 (7–22)***

2R,4R-APDC – 1 �mol 9 18.09 (3–53)**

2R,4R-APDC– 1 �mol + hypoxia 9 23.16 (12–37)�

2R,4R-APDC – 100 nmol 13 14.46 (5–31)***

2R,4R-APDC – 100 nmol + hypoxia 8 111.37 (15–300)�����

The rats were treated icv with 2R,4R-APDC at doses of 1 �mol
or 100 nmol. The volume of injections was 5 �l. For further de-
tails see text. Median latencies are given, with the 25–75 per-
centiles in parenthesis. ** p < 0.01, *** p < 0.001 as compared
with saline-treated group, � p < 0.05; ��� p < 0.001 as compared
with saline- and hypoxia-treated groups, �� p < 0.01 as com-
pared with the group administered of 100 nmol 2R,4R-APDC
(Mann-Whitney ranking test)

Table 2. The effect of 2R,4R-APDC on consolidation of passive
avoidance in the control and hypoxia-treated rats

Treatment n Re-entry latency (s)

Saline 12 42.25 (18–68)

Saline + hypoxia 12 14.00 (6–36)***

2R,4R-APDC – 1 �mol 12 16.80 (7–69)**

2R,4R-APDC – 1 �mol + hypoxia 10 10.50 (1–23)�

2R,4R-APDC – 100 nmol 7 23.29 (10–51)**

2R,4R-APDC – 100 nmol + hypoxia 10 63.90 (5–300)��

The rats were treated icv with 2R,4R-APDC at doses of 1 �mol or
100 nmol. The volume of injections was 5 �l. For further details
see text. Median latencies are given, with the 25–75 percentiles in
parenthesis. ** p < 0.01, *** p < 0.001 as compared with saline-
treated group, �� p < 0.01 as compared with saline- and hypoxia-
treated groups, � p < 0.05 as compared with the group adminis-
tered of 1 �mol 2R,4R-APDC (Mann-Whitney ranking test)



DISCUSSION

In the present experiments, we observed benefi-
cial effect of stimulation of group II mGluRs with
2R,4R-APDC on retrieval but impairing effect on
acquisition and consolidation in the passive avoid-
ance situation. The data regarding the participation
of the group II mGluR agonists in learning and
memory process are not numerous and derive from
the studies with nonselective agonists of group I/II
mGluR on these processes.

1-Aminocyclopentane-1,3-dicarboxylic acid (1S,
3R-ACPD), a non-selective agonist of this group,
significantly improved consolidation of affectively
motivated memory, but failed to influence recogni-
tion memory and diminished dopaminergic trans-
mission [63]. In the inhibitory avoidance (IA) and
visible-platform water maze tasks, post-training in-
tradorsal striatal infusion of 1S,3R-ACPD at doses
of 0.5 and 1.0 µmol impaired retention [47]. In
view of evidence that post-training intrastriatal in-
fusions of glutamate enhance memory [47], reduc-
tions in glutamatergic transmission as a result of
any selective autoreceptor activation by 1S,3R-
ACPD, would be expected to impair memory.

2R,4R-APDC, the selective agonist of group II
mGluRs, has postsynaptic and presynaptic activity
and may suppress or normalize glutamate transmis-
sion via mGluR2/3 [19]. Opposite, Battaglia et al.
[5, 6] observed no effects of 2R,4R-APDC on stri-

atal basal extracellular levels of glutamate and as-
partate. Dose-response curves showed by Kozikowski
et al. [31] indicate that 2R,4R-APDC used at the
dose of 100 nmol acts as an agonist of mGluR2
mainly. In the rat brain, mGluR2 has been shown to
be localized presynaptically, where it functions to
reduce glutamate release and post-synaptic excita-
tion in glutamatergic pathways involved in many
disorders. 2R,4R-APDC at the dose of 1 �mol acts
mainly as an agonist of mGluR3 [31], which are
highly localized in the forebrain regions and are
present at the post-synaptic and glial sites [55]. Re-
duction in glutamatergic transmission may be rele-
vant to impairment of acquisition and consolidation
of conditioned responses observed after admini-
stration of 2R,4R-APDC used in our study.

In addition, the activity of group II mGluRs has
been implicated in two forms of synaptic plasticity:
long-term depression (LTD) and long-term poten-
tiation (LTP) [13]. LTP requires increases in cAMP
level and activation of group II mGluRs is more
likely to have depressant actions, because they lead
to down-regulation of cAMP [49]. The group II
agonists have been shown to inhibit induction of
LTP in the hippocampus [28] and to facilitate the
induction of LTD in many structures [21, 28, 32,
45, 46, 60, 62]. The locus of mGluR II responsible
for LTD induction is not consistent; some studies
favored a postsynaptic mechanism for mGluR
II-mediated LTD [28, 45], whereas others sug-
gested a presynaptic mGluR II-mediated long-
lasting depression of transmitter release [30, 60].
Thus, in the amygdala, mGluR2/3 may play an im-
portant role in both presynaptic and postsynaptic
forms of LTD. Deficits in the amygdala LTP corre-
spond with impairments in consolidation of long-
term memory of fear conditioning to both contex-
tual and acoustic stimuli [9].

Taken together, we proposed that impairing ef-
fect of 2R,4R-APDC on acquisition and consolida-
tion processes observed in passive avoidance test
might depend firstly, on presynaptic site of drug ac-
tion resulting in reduction in glutamatergic trans-
mission, secondly, on facilitation of the induction
of LTD and inhibition of the induction of LTP,
which strongly participate in learning and memory,
especially in consolidation. Facilitating effect of
2R,4R-APDC on retrieval of passive avoidance
situation is apparently a paradoxical finding. Fur-
ther experiments are needed to explain this dis-
crepancy.
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Table 3. The effect of 2R,4R-APDC on retrieval of passive
avoidance in the control and hypoxia-treated rats

Treatment n Re-entry latency (s)

Saline 12 26.75 (16–39)

Saline + hypoxia 12 14.33 (10–28)***

2R,4R-APDC – 1 �mol 10 39.20 (18–62)**

2R,4R-APDC – 1 �mol + hypoxia 10 29.90 (1–149)��

2R,4R-APDC – 100 nmol 9 94.22 (26–300)***

2R,4R-APDC – 100 nmol + hypoxia 8 80.00 (22–300)���

The rats were treated icv with 2R,4R-APDC at doses of 1 �mol
or 100 nmol. The volume of injections was 5 �l. For further de-
tails see text. Median latencies are given, with the 25–75 per-
centiles in parenthesis. ** p < 0.01, *** p < 0.001 as compared
with saline-treated group, � p < 0.05; �� p < 0.001 as compared
with saline- and hypoxia-treated groups, � p < 0.05 as compared
with the group administered of 1 �mol 2R,4R-APDC (Mann-
Whitney ranking test)



Locomotor activity may affect retrieval ob-
tained in the passive avoidance test, when the drug
was injected on the third day of experiments. 2R,
4R-APDC decreased motility of rats and they
stayed longer on illuminated platform in the pas-
sive avoidance test (see passive avoidance response
training). 2R,4R-APDC injected on the second day
of this test influenced acquisition and consolidation
processes but did not interfere with motility. The
results obtained by David and Abraini [20] demon-
strated that administration of 2R,4R-APDC at the
doses of 0.5 �g and 1 �g in the nucleus accumbens,
had no effect on locomotor activity when injected
alone, potentiated the locomotor response produced
by the selective D1-like receptor agonist but had no
effect on those induced by the selective D2-like re-
ceptor agonist. Glutamate and dopamine terminals
in the nucleus accumbens, the structure that plays
a crucial role in the control of motor behavior, have
been shown to come in close apposition and to sy-
napse on common neurons, providing the basis for
functional interactions between glutamate and do-
pamine in the regulation of locomotor activity [29,
61]. There is strong evidence for the existence of
functional interactions between group II mGluR
and dopamine transmission in the nucleus accum-
bens. Helton et al. [27] reported that a potent and
selective agonist of II mGluR, LY 354740, did not
disturb motor performance or memory processes in
rats. It is, therefore, possible that selective agonists
of group II mGluRs possess different behavioral
activity and their cognitive effects are dose- and
time-related.

Anxiety may influence aversively motivated
behavior also, especially retrieval in passive avoid-
ance. It was demonstrated that 2R,4R-APDC ex-
hibited anxiogenic activity. It shortened the time
spent in open arms and prolonged the time spent in
closed arms, reduced the number of entries into
open and closed arms in the elevated “plus” maze.
The last effect may depend on the inhibition of lo-
comotor activity produced by 2R,4R-APDC in the
open field test. Improving effect of 2R,4R-APDC
on retrieval in passive avoidance situation may be
dependent on the decreased motility of rats and
anxiogenic activity of the used drug. Anxiety could
bias the results in passive avoidance test, which
uses aversive stimulation.

In our previous works [14–16, 37] and in the
present work, we noted that hypoxia profoundly
impaired some forms of behavior in rats like acqui-

sition, consolidation and retrieval of conditioned
response, decreased motility of rats and produced
anxiogenic activity observed in elevated “plus”
maze test. We did not observe neurological deficits
in rats. The mechanisms of hypoxia-induced im-
pairment of memory retention as described in the
literature are unclear. Hypoxia leads to an increase
in extracellular EAA concentrations resulting in
glutamate receptor-mediated excitotoxic events.
On the other hand, transient hypoxia consisting of
a short period of “synaptic arrest”, observed as an
elimination of excitatory postsynaptic current and
recovered immediately as oxygenation was reiniti-
ated [59].

2R,4R-APDC used at the both doses before in-
duction of hypoxia significantly improved acquisi-
tion and retrieval with stronger effect of a dose
100 nmol. Given at a dose of 100 nmol, it improved
consolidation but used at a dose of 1µmol, it im-
paired consolidation in the passive avoidance. The
dual effect of the agonist of group II mGluR on
consolidation process is difficult to interpret. It seems
that 2R,4R-APDC causes an inhibition of gluta-
mate release in a dose-dependent manner, thereby
influencing memory processes. According to Kozi-
kowski et al. [31], 2R,4R-APDC acts presynapti-
cally via mGluR2 and reduces transmission at glu-
tamatergic synapses [3, 17, 18, 54]. Under such
conditions as hypoxia during which glutamate re-
lease is enhanced and its concentrations in the syn-
apse are sufficiently high, it normalized the level of
glutamate.

On the other hand, neuroprotective effect of this
agonist used at a dose of 1 µmol, can be attributed
to the activation of mGluR3 in astrocytes. Bruno et
al. [10] have shown that cultured astrocytes, which
express mGluR3, produced neuroprotective factors
in response to group II agonists. The mGluRs2/3
are negatively coupled to voltage-operated calcium
channels, block calcium entry into the cells, de-
press excitatory synaptic transmission and inhibit
glutamate release, and all these effects could ac-
count for their involvement in neuroprotective ef-
fect [42] and may produce optimal circumstances
for learning and memory processes. 2R,4R-APDC
is highly selective for subpopulations of group II
mGluRs in the rat hippocampus. The hippocampal
formation plays an important role in learning and
memory and is an especially plastic and vulnerable
brain structure that is damaged by hypoxia [58, 59].
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Similarly to physiological circumstances, loco-
motor and exploratory activity may affect retrieval
obtained in the passive avoidance test because rats
which received 2R,4R-APDC and then were sub-
jected to hypoxia exhibited a significant reduction
in those activities. The dopamine neurons in the
whole brain are most sensitive to hypoxia. The re-
sults given by Miwa et al. [36], suggest that hy-
poxia decreases the biosynthesis of dopamine and
the dopamine turnover rate was remarkably lower
throughout the brain. Hypoxia may also lower the
activities of dopamine neurons [36].

Anxiogenic effect of 2R,4R-APDC in rats after
induction of hypoxia (shortened time spent in open
arms and prolonged time spent in closed arms, re-
duced number of entries into open arms in the ele-
vated “plus” maze) may also influence retrieval in
passive avoidance.

In summary, hypoxia profoundly impaired the
acquisition, consolidation and retrieval processes in
passive avoidance situation, reduced the locomotor
and exploratory activity and produced an anxio-
genic effect in the elevated “plus” maze. 2R,4R-
APDC is an agonist of group II mGluRs, which by
itself impaired acquisition and consolidation pro-
cesses but improved retrieval, decreased locomotor
and exploratory activity and produced an anxio-
genic effect. 2R,4R-APDC in rats subjected to hy-
poxia exhibited a beneficial activity on acquisition
and consolidation (at a dose of 100 nmol) and re-
trieval of passive avoidance. The latter effect was
affected by the decreased motility and significant
anxiogenic activity. The beneficial effect of 2R,4R-
APDC on behavior in rats after hypoxia is probably
a result of its common activity at mGluRs2/3. The
drug inhibited glutamate release via mGluR2 and
induced production of neuroprotective factors via

mGluR3.
In conclusion, 2R,4R-APDC, independently of

the used doses, had beneficial influence on retrieval
in the passive avoidance test and reduced amnesic
effect of hypoxia on acquisition and retrieval. The
stronger effects of this agonist used at a dose of
100 nmol on acquisition, consolidation and retrieval
may indicate important therapeutic role of mGluR2
in hypoxia-induced memory deficit.
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