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The study was designed to investigate the role of the activation of class
III metabotropic glutamate receptors (mGluRs) in the behavioral activity of
angiotensin II (AngII). The experiments were performed on adult male Wis-
tar rats. Stimulation of group III mGluRs was evoked by icv injection of ago-
nist, L-2-amino-4-phosphonobutyric acid (L-AP4) (5 �l of 80 mM solution
of L-AP4). Fifteen minutes later, the animals were given icv solution con-
taining 1 nmol of AngII. Memory motivated affectively was evaluated by
passive avoidance and active avoidance responses (CARs). Moreover, the
speculative influence of the treatment on motor activity was tested in open
field.

We observed that both compounds did not have significant influence on
motor activity of rats in open field test. L-AP4 given alone had no influence
on acquisition, consolidation and recall of passive avoidance responses.
Examination of influence of L-AP4 on the acquisition and extinction of
CAR proved that this compound decreased acquisition of CARs, while it did
not alter extinction of these responses. AngII, as repeatedly shown before,
greatly increased passive avoidance latency, rate of acquisition of CARs and
decreased they extinction. Pretreatment of rats with L-AP4 prevented all
above behavioral effects of the AngII administration.
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INTRODUCTION

Glutamate is the main excitatory neurotransmit-
ter and it plays an important role in a wide variety
of central nervous system (CNS) functions, ranging
from memory and learning to neuronal degenera-
tion [9, 16]. In the mammalian CNS, there are two
major types of the glutamate receptors: ionotropic
(iGluRs) and metabotropic receptors (mGluRs) [25].
The iGluRs are intrinsic glutamate-gated ion chan-
nels for calcium and sodium cations. The mGluRs
belong to the superfamily at G-protein-coupled re-
ceptors that modulate the production of intracellu-
lar second messengers [24].

The mGluRs are subdivided into three groups
on the basis of their sequence similarities, signal
transduction mechanisms and pharmacological spe-
cifity [9, 16]. Stimulation of group III mGluRs
(mGluR4, 6, 7, 8 subtypes) is negatively coupled to
the adenylate cyclase and cAMP formation. High
density of mGluR 4, 7, and 8 subtypes was found in
the hippocampus, striatum and cerebellum, i.e. in
the structures which are important for synaptic
plasticity [3]. Glutamate receptors play a role in the
induction of LTP (long term potentiation) in the
hippocampus in rats [26].

Available data demonstrate that group III mGluRs
are involved in stratial neurotoxicity and extrapyra-
midal motor modulation. For instance, activation of
the group III mGluRs with a selective agonist,
L-2-amino-4-phosphonobutyric acid (L-AP4), pro-
tects striatal neurons from excitotoxicity in vivo
and in vitro [7, 28]. This group of receptors plays
a big role in spatial memory.

In addition to the classic cardiovascular [4] func-
tions of the brain angiotensins [6, 10, 11, 17, 31],
several reports indicate that angiotensin II (AngII),
angiotensin IV (Ang IV) and its other fragments
may participate in the mechanisms of learning and
memory and interfere with cognitive function [26,
29, 30, 32]. The underlying mechanisms account-
ing for such behavioral activity of AngII may be
due to angiotensin-induced stimulation of the other
systems of neurotransmission in the CNS. Further-
more, it has been shown that the beneficial influ-
ence of AngII on learning and memory processes
can be blocked by pretreatment with NMDA iGluR
antagonists [30]. It may be suggested that the be-
havioral effects of AngII may be mediated by en-
dogenous glutamate system. Because mGluRs, be-
sides iGluRs, are involved in some effects of gluta-

matergic system on learning and memory [26], the
role of this family of receptors in enhancement of
cognitive functions by AngII required elucidation.

Behavioral investigations have confirmed that
class III mGluRs are important in learning and me-
mory. Therefore, in this study we have investigated
an influence of L-AP4, an agonist of class III mGluR,
on behavioral activity of Ang II in rats.

MATERIALS and METHODS

Animals

The study was conducted on white male Wistar
rats weighing 160–180 g. The animals were fed
standard diet and housed in group cages in an air
conditioned room under 12 h light/12 h dark cycle
beginning at 7.00 a.m. All experiments were car-
ried out between 8.00 and 12.00 a.m.

Drug administration

Two days before behavioral tests, a burr hole
0.5 mm in diameter was drilled in the rat!s skull,
2.5 mm laterally and 1 mm caudally from the point
of intersection of bregma and the superior sagittal
suture on the right side of the head. The animals
were anesthetized with sodium pentobarbital (Vet-
butal 65 mg/kg ip). Icv injection was made to a depth
of 4.5 mm with a Hamilton microsyringe.

L-AP4 (Tocris, Cookson) was administered into
the lateral ventricle of the brain (icv) [15] at doses
of 5 �l of 80 mM solution [13]. Fifteen minutes
later, the animals were given icv solution contain-
ing 1 nmol of AngII, (Sigma, USA). Saline (0.9%
NaCl) (Polfa, Poznañ, Poland) was administrated
icv in a volume of 5 �l.

After termination of each experiment, all ani-
mals were killed by decapitation, their brains were
removed, and the site of injection was verified
macroscopically. Animals with inappropriate injec-
tion sites were not included in the analysis.

BEHAVIORAL TESTS

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 trough 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
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in diameter, spaced at 1 cm. The investigation 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 immediately removed.
Two similar trials, at an interval of 2 min, were car-
ried out on the second day. After the first trial, the
rats were allowed to stay in the dark compartment
for 10–15 s. In the second trial, when a rat entered
the dark compartment it received a foot shock (0.25
mA, 3 s) delivered through the metal rods. The
presence of the passive avoidance was checked
24 h later. Rats were placed on the illuminated plat-
form once more and the latency to enter the dark
compartment was measured, with the cut time of
300 s. To determine the effect of drug treatments on
acquisition, according to the protocol proposed by
Matthies [23], L-AP4 and AngII were administered
on the third day before retention test. To determine
their effect on consolidation, the tested drugs were
given after the completion of induction of passive
avoidance. To determine their effect on recall the
drugs were given on the third day L-AP4 30 min
before the test and AngII 15 min later.

Locomotor and exploratory activity

The open field test was used for estimation of
locomotor activity of rats. The apparatus consisted
of a square 100 × 100 cm white floor, which was
divided by 8 lines into 25 equal squares, and sur-
rounded by white wall, 47 cm high. Four plastic
bars, 20 cm high, were located at four different line
crossings in the central area on the floor. A single
rat was placed inside the apparatus for 1 min of ad-
aptation. Subsequently, crossings, rearings, and bar
approaches were counted manually for 5 min. L-AP4
was given 30 min before the test, then 15 min later
AngII.

Conditioned avoidance responses

Conditioned avoidance responses (CARs) were
studied in a shuttle-box (60 × 28 × 24 cm) divided
into two equal parts by a wall 6 cm wide and 8 cm
high, with an opening in the middle of its length
[2]. A buzzer (45 dB, 2,000 Hz, conditioned stimu-
lus, CS) was sounded for 5 s. If the rat did not make
a positive (+) CAR, i.e. move to the other compart-
ment within 5 s, a 1 mA AC scrambled electric
shock (unconditioned stimulus, US) was delivered
through the box floor, which was made of stainless

steel rods 4 mm in diameter and spaced at 18 mm
intervals. The US was terminated when the animal
escaped to the other compartment of the box. CAR
consolidation training consisted of 5 daily 20-trial
sessions and on the 5th day, the rats were injected
the drugs. One week and 2 weeks after injection,
the rats were tested. Acquisition of CARs consisted
of 3 daily 10-trial sessions. After 3 training days,
the selected rats were investigated in 5 daily 20-trial
sessions. The number of (+) CARs was recorded
every day and expressed as the percentage of the
total number of trials. The intertrial interval varied
randomly between 30 and 60 s. the grid floor was
kept clean throughout training sessions.

Statistical analysis

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

RESULTS

The effect of L-AP4, AngII, and L-AP4 with

AngII on locomotor and exploratory acti-

vity of rats in the open field test (Fig. 1)

Neither L-AP4 or AngII at the examined doses,
nor L-AP4 with AngII significantly changed the
number of crossed fields, rearings and bar appro-
aches in the open field test.

The effect of L-AP4, AngII, and L-AP4

with AngII on acquisition, consolidation

and recall of passive avoidance in rats

(Fig. 2)

L-AP4 given alone had no influence on acquisi-
tion, consolidation and recall of a passive avoid-
ance response. AngII given alone greatly increased
passive avoidance latency. The pretreatment of rats
with L-AP4 prevented above behavioral effects of
the AngII administration.
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The effect of L-AP4, AngII, and L-AP4

with AngII on acquisition of active avoid-

ance in rats (Fig. 3)

Examination of the influence of L-AP4 on the
acquisition of active avoidance proved that this
compound decreased acquisition of CARs. AngII
given alone increased acquisition process. The pre-
treatment of rats with L-AP4 prevented above be-
havioral effects of the AngII administration.

The effect of L-AP4, AngII, and L-AP4

with AngII on extinction of active avoid-

ance in rats (Fig. 4)

L-AP4 given alone did not influence the extinc-
tion of CARs in rats, while AngII given alone de-
creased their extinction. L-AP4 given with AngII
eliminated the advantageous influence of AngII on
this process.

DISCUSSION

Available data demonstrate that group III
mGluRs are involved in striatal neurotoxicity and
extrapyramidal motor modulation. For instance, the
activation of group III mGluRs with a selective
agonist, L-AP4 [28], protects striatal neurons from
excitotoxicity in vivo and in vitro [7].

Our foregoing experiments showed that the sti-
mulation of group I mGluRs by selective agonist,
3,5-DHPG [(S)-3,5,-dihydroxyphenylglycine], played
a role in the Ang II-stimulated behavior [18].

The present study was designed to investigate
whether the activation of group III mGluRs by L-AP4
plays a role in the AngII-stimulated behavior. Since
all cognitive effects have to be expressed by psy-
chomotor activity, first we checked the effect of the
treatments on general locomotor and exploratory
behavior in open field. Our present study showed
that neither L-AP4, or AngII at the examined doses,
nor L-AP4 with AngII significantly changed the
number of crossed fields, rearings and bar approa-
ches in the open field test.

Available data demonstrate that the activation
of group III mGluRs with L-AP4 at a concentration
that previously reduced LTP induction in vivo [21]
impaired spatial, but not cue learning in rats in a ra-
dial arm or water maze [15]. This specific deficit of
learning could be due to the blockade of the release

of transmitter, stimulating mGluRs that are L-AP4
sensitive [14].

The most important topic of our study was the
investigation of the role of class III mGluRs activa-
tion by a dose of L-AP4 in the facilitatory effects of
AngII on behavior related to memory and learning
processes. We examined rats’ behavior in passive
avoidance situation, and showed that L-AP4 had no
influence on acquisition, consolidation and recall
of task. Furthermore, we demonstrated that the ad-
ministration of a dose of L-AP4 15 min before
AngII attenuated stimulatory effect of AngII on all
studied stages of memory in passive avoidance test.
Performance of rats during acquisition and consoli-
dation of CARs revealed that L-AP4 given alone
decreased acquisition, without influence on the ex-
tinction of CARs as compared with saline-treated
control animals. While AngII given alone had ob-
vious positive effect on learning and memory pro-
cesses in active avoidance test, behavior of the rats
pretreated with L-AP4 and later given AngII did
not alter in significant manner in comparison with
saline-treated rats.

Behavioral evidences of our study suggest that
the activation of class III mGluRs by the tested
dose of L-AP4 changed beneficial effects of AngII
on memory and learning (leading to their attenua-
tion). The mechanism responsible for this influence
of L-AP4 is unclear. We know that group III mGluRs
exist in the striatum that participates in the modula-
tion of local neuronal activities under normal and
stimulated conditions [5]. Mechanism underlying
the regulation of striatal functions by group III
mGluRs may involve both pre-and postsynaptic
processes [20]. Since mGluR4 and mGluR7 are ex-
pressed in the medium-sized projection neurons of
the striatum [27], the group III mGluR agonist may
exert its actions by interacting with the postsynap-
tic receptors, so L-AP4 as an agonist may regulate
local transmitter release presynaptically [22]. This
could involve the regulation of glutamate release
via an autoreceptor mechanism, as well as dopami-
ne release via heteroreceptor mechanism. L-AP4,
the group III mGluR agonist, was shown to de-
crease extracellular dopamine level in the dorsal
striatum [19]. Group III mGluRs may also indi-
rectly regulate dopamine release via a mechanism
involving the excitatory amino acid, glutamate.
Glutamate has long been recognized to facilitate
dopamine release. There is a growing body of lite-
rature data which indicates that the activation of
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group III mGluRs depresses synaptic transmission
by reducing glutamate release [8, 12].

Several reports indicate that AngII plays a role
in the mechanisms of learning and memory and in-
terfere with cognitive function [26, 29, 30, 32]. The
underlying mechanisms accounting for such beha-
vioral activity of AngII may be due to angiotensin-
induced stimulation of other systems of neurotrans-
mission in the CNS. Furthermore, it has been
shown that the beneficial influence of AngII on
learning and memory processes can be blocked by
pretreatment with NMDA iGluR antagonists [30].
It may be suggested that the behavioral effects of
AngII may be mediated by endogenous glutamate
system. Because mGluRs, besides iGluRs, are in-
volved in some effects of glutamatergic system on
learning and memory [26], we have shown in this
study that this family of receptors has influence on
cognitive functions of AngII.
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