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The effects of the class I metabotropic glutamate receptor (mGluR)
stimulation on the behavioral activity of angiotensin II (Ang II) was investi-
gated in the present study. The experiments were performed on adult male
Wistar rats. Stimulation of the group I of mGluR receptors was evoked by
icv injection of (S)-3,5-dihydroxyphenylglycine (3,5-DHPG) at the dose of
0.01 and 1 nmol per rat. Fifteen minutes later, the animals were given icv so-
lution containing 1 nmol of Ang II. Memory motivated affectively was
evaluated in passive avoidance and active avoidance responses (CARs).
Moreover, the speculative influence of the treatment on anxiety and motor
activity was tested in elevated plus-maze and in open field, respectively.

We observed that both compounds did not have statistically significant
influence on motor activity of rats in open field test. However, 3,5-DHPG at
the dose of 0.01 nmol given alone and combined with Ang II tended to in-
crease locomotor activity. 3,5-DHPG, given alone, significantly facilitated
consolidation process in a passive avoidance situation (only at the dose of
0.01 nmol) but had no influence on acquisition and recall of information.
Examination of the influence of 3,5-DHPG on the acquisition and extinction
of CAR proved that it did not alter acquisition and extinction of these re-
sponses. In the elevated plus-maze, 3,5-DHPG had anxiogenic-like profile.
Ang II, as repeatedly shown before, greatly increased passive avoidance la-
tency, rate of acquisition of CARs and decreased their extinction. On the
other hand, Ang II induced anxiolytic-like effect in elevated plus-maze. The
pre-treatment of rats with 3,5-DHPG tended to attenuate behavioral effects
of the Ang II administration.
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INTRODUCTION

In addition to the classic cardiovascular [4] and
water/electrolyte balancing [11] functions of the
brain angiotensins [12, 33], several reports indicate
that angiotensin II (Ang II), angiotensin IV (Ang
IV) and its other fragments may participate in the
mechanisms of learning and memory and interfere
with cognitive function [6, 7, 16, 31, 34]. The un-
derlying mechanisms accounting for such behavio-
ral activity of Ang II may be due to angiotensin-
-evoked stimulation of the other neurotransmitter
systems in the central nervous system. Related to
this, it has been shown that the beneficial influence
of Ang II on learning and memory processes can be
blocked by pre-treatment with NMDA ionotropic
glutamate receptor antagonists [32]. It may suggest
that the behavioral effects of Ang II may be media-
ted by endogenous glutamate system. Since meta-
botropic glutamate receptors (mGluRs) besides iono-
tropicones ones are involved in some effects of glu-
tamatergic system on learning and memory [21],
the role of this receptor family in Ang II-evoked
enhancement of cognitive functions required eluci-
dation.

The mGluRs can be subdivided into three groups
[9, 29]: class I comprising mGluR 1 and mGluR 5
acting via phospholipase C and inositide hydroly-
sis, class II including mGluR 2 and mGluR 3, and
class III composed of mGluR 4, mGluR 6, mGluR
7 and mGluR 8, which inhibit adenyl cyclase and
reduce cyclic AMP synthesis [25, 27]. Behavioral
investigations have supported that class I mGluRs
are important in learning and memory processes
[9, 15, 22]. Therefore, in this study we have inves-
tigated an influence of (S)-3,5-dihydroxyphenyl-
glycine (3,5-DHPG), a selective agonist for class I
mGluR [17, 26], on behavioral activity of Ang II in
rats.

MATERIALS and METHODS

Subjects

Male Wistar rats of laboratory strain, weighing
160–180 g were used. They were housed in cages
(55 × 40 × 20 cm), 8 animals per cage, at room
temperature with a 12 h light-dark cycle beginning
at 7.00 a.m. Food and water were freely accessible.
The experimental procedures applied in this study
were in compliance with the Board for Ethic Af-

fairs and Supervision over Research on Animals
and Individuals, Medical Academy of Bia³ystok.

Surgery and experimental procedure

Under light ether anesthesia, two burr holes,
0.5 mm in diameter, were drilled in the skull 2.5 mm
laterally and 1 mm caudally from the point of inter-
section of a bregma and the superior sagittal suture
on the both sides of the head [14]. After 48 h of re-
covery, the wound was completely dry and the ani-
mal behaved normally. The icv injections were
made freehand into the lateral cerebral ventricle
with a 10 l Hamilton syringe, using a removable
KF 730 needle 4.5 mm long. It was relatively non-
traumatic as the animal, gently fixed with the left
hand of the experimenter, was usually quiet and no
vocalization occurred. The injection volume was
always 5 l administered over 3 s. At the end of
each experiment a rat was sacrificed and the sites
of injections were verified microscopically after
brain sectioning. The data obtained in animals with
incorrect injections were not included in the final
analysis.

Drugs

Ang II (Sigma) at the dose of 1 nmol and 3,5-
-DHPG at the dose of 0.01 and 1 nmol per rat were
injected into the lateral cerebral ventricle as a fresh-
ly prepared saline solution. The icv injections were
given 30 min (for 3,5-DHPG) and 15 min (for Ang
II) before the open field and elevated plus maze tests
or before learning trial on the first day in acquisition
of CAR, the trial on the 2nd day of the experiment in
acquisition stage and on the 3rd day of the test in re-
call of the passive avoidance situation. In consolida-
tion of avoidance responses 3,5-DHPG was injected
immediately after the trail and Ang II was given
15 min later on the 2nd day of the experiment in
passive avoidance situation and on 5th training day
in consolidation of CARs. The control rats received
0.9% NaCl (saline) icv.

Behavioral studies

All behavioral experiments were carried out in
a quiet, diffusely lit room (25 W bulb, 2 m away
from an animal, indirect light) between 9.00 and
14.00 p.m. with each group equally represented at
the times of testing. Rats were randomly allocated
to treatment groups and used only once. Passive
avoidance responses were selected to estimate ac-
quisition, consolidation and recall of memory. To
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investigate the process of learning we employed
tests of acquisition and consolidation of CARs.
Moreover, the putative influence of the treatment
on anxiety and motor activity was tested in ele-
vated plus-maze and in open field, respectively.

Open field

Locomotor and exploratory behavior was meas-
ured in open field, which was a square white floor
measuring 100 × 100 cm divided by 8 lines into
25 equal squares and surrounded by a wall 47 cm
high [3]. Four plastic bars, 20 cm high, were de-
signed as the objects of possible interest and lo-
cated at four intersections of the lines in the central
area of the floor. Following 1 min of adaptation,
crossings, rearings and bar approaches were coun-
ted manually for 5 min.

Passive avoidance behavior

Passive avoidance behavior was studied in a one
trial learning, step-through situation [1], which uti-
lizes the natural preference of rats for dark environ-
ment. After 2 min of habituation to the dark com-
partment the rat was placed on an illuminated plat-
form and allowed to enter the dark compartment.
On the second day, the guillotine door was closed
behind the animal immediately after it entered the
dark compartment. After the second entering, the
animal received electric footshock (0.25 mA, AC,
2 s) via the grid floor (learning trial). The rat was
then returned to its home cage and placed back into
the holding room. Acquisition, recall and consoli-
dation of the passive avoidance response was tested
24 h later by placing the animal on the platform and
measuring latency to re-enter the dark compart-
ment to a maximum of 300 s.

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 [3]. A buzzer (45 dB, 2,000 Hz, condi-
tioned stimulus, CS) was sounded for 5 s. If the rat
did not make a positive (+) CAR, i.e. move to the
other compartment within 5 s, a 1 mA AC scram-
bled 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, rats
were injected drugs. One week and 2 weeks after
the injection rats were tested. Acquisition of CARs
consisted of 3 daily 10-trial sessions. After 3 train-
ing days the chosen rats were investigated in 5
daily 20-trial sessions. The number of (+) CARs
was recorded every day and expressed as the per-
centage of the total number of trials. The intertrial
interval varied randomly between 30 and 60 s. The
grid floor was kept clean throughout training ses-
sions.

Elevated plus-maze

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, such that the open or closed
arms were opposite to each other. The maze was
elevated to a height 50 cm above the floor. Thirty
minutes (for 3,5-DHPG) and 15 min (for Ang II)
after drug injection a rat was placed for 5 min in
a pre-test arena (60 × 60 × 35 cm constructed of the
same material) prior to the exposure to the maze.
This step allows the facilitation of exploratory be-
havior. The experimental procedure was similar to
that described by Pellow et al. [19]. Immediately
after the pre-test exposure rats were placed in the
centre of the elevated plus maze facing one of the
open arms. During the 5-min test period the follow-
ing measurements were taken: the number of en-
tries into the open and closed arms and the time
spent in the open and closed arms. An entry was
defined as entering into one arm with all four feets.
An increase in closed arm entries and increase in
time spent in closed arms is indicative of potential
anxiogenic activity.

Statistics

The results of experiments were analyzed by
a one-way ANOVA followed by Newman-Keuls
test, except for the passive avoidance behavior
which was assessed with a nonparametric Mann-
-Whitney U-test. F-ratios, degrees of freedom and
p-values are reported only for significant differen-
ces. In all comparisons between particular groups
a probability of 0.05 or less was considered signifi-
cant.
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RESULTS

Influence of 3,5-DHPG on Ang II activity

in the open field

We observed that none of the tested drugs in-
fluenced significantly locomotor activity of rats
measured by the number of crossings, rearings and
bar approaches in this test (calculated by ANOVA)
(Fig. 1). However, 3,5-DHPG at the dose of 0.01
nmol given alone and combined with Ang II tended
to increase all the above parameters.

Influence of 3,5-DHPG on Ang II activity

in the passive avoidance behavior

Examination of the acquisition of passive
avoidance responses (Tab. 1) showed that Ang II
improved memory processes in the examined rats
in comparison with the control group (NaCl)
(ANOVA F�.&/ = 2,8). Mann-Whitney test gave p <
0.01 for Ang II vs. NaCl. 3,5-DHPG given alone at
both doses did not alter median latency in an other-

wise untreated group. In the group which received
3,5-DHPG followed by Ang II, the peptide was un-
able to prolong the re-entry latency.
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The results obtained from consolidation of pas-
sive avoidance responses are presented in Table 2
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and indicate that (ANOVA F�.�0 = 5) Ang II alone
significantly facilitated consolidation process in
comparison with the control group (p < 0.001). Al-
though, a similar trend was present in the animals
treated with 3,5-DHPG at the dose of 0.01 nmol
(p < 0.01 vs. control), pre-treatment of rats with
3,5-DHPG prevented stimulatory effect of the
Ang II administration on consolidation.

Assessment of the recall of passive avoidance
responses (Tab. 3) demonstrated that Ang II delayed
re-entry to the dark compartment of the cage in
comparison with the control group (F�.�0 = 3.4, p <
0.05). Results obtained in groups of animals given
3,5-DHPG alone, and those injected 3,5-DHPG
15 min before Ang II were not altered in significant
manner as compared with saline-treated rats.

Influence of 3,5-DHPG on Ang II activity

in the conditioned avoidance responses

Cumulative rates of (+) CARs in acquisition
phase (Fig. 2) were significantly different in all the
groups (ANOVA F�.�0 = 6.85). Further analysis of
means by Newman-Keuls test revealed that Ang
II-treated animals had significantly higher rates of
acquisition of (+) CARs than the control group
(p < 0.05). Injection of both doses of 3,5-DHPG did
not alter acquisition of these responses, but attenu-
ated the facilitatory effects of Ang II in this test.

We did not observe any significant differences
between all groups in the consolidation of CARs
(Fig. 3) after 1 week but in the second (F�.�0 = 3.2)
and third (F�.�0 = 2.5) week Ang II increased the
number of (+) CARs in comparison with the con-
trol group (p < 0.05). The injection of both doses of
3,5-DHPG alone did not induce any significant dif-
ferences at any observation time as compared with
saline-treated rats. Moreover, the administration of
both doses of 3,5-DHPG 15 min before Ang II did
not evoke any significant difference in consolida-
tion of CARs vs. saline-treated group.

Influence of 3,5-DHPG on Ang II activity

in the elevated plus maze

The ANOVA showed that there were significant
differences between the groups in the time spent in
the closed arms (F�.�1 = 21.5) and open arms (F�.�1

= 20.2), and number of open arms entries (F�.�1 =
15.2 (Tab. 4). Post hoc analysis by Newman-Keuls
test indicated that 3,5-DHPG (alone) at both doses
had anxiogenic-like profile, because it increased
the time spent in the closed arms (p < 0.001 for
a dose of 0.01 nmol and p < 0.01 for a dose of
1 nmol) and decreased the time spent in the open
arms (p < 0.001 for a dose of 0.01 nmol and
p < 0.01 for a dose of 1 nmol) and the number of
entries to the open arms (p < 0.01) of the maze
comparing to saline-treated group. Ang II produced
few effects in plus-maze behavior. The parameters
showing significant effect of Ang II treatment vs.
the control were as follows: increased time spent in
the open arms (p < 0.001) and a number of entries
to the open arms (p < 0.01), and decreased time
spent in the closed arms (< 0.001) of the maze com-
paring to the control group. This action suggests
anxiolytic-like effect of Ang II. Pretreatment with
3,5-DHPG was noted to inhibit the anxiolytic-like
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effect of Ang II when it was co-injected with this
peptide. Similarly to the rats receiving 3,5-DHPG
alone, animals treated with Ang II combined with
3,5-DHPG showed anxiogenic-like responses.

DISCUSSION

The present study was designed to investigate
whether the activation of the group I mGluR by
3,5-DHPG plays a role in the Ang II-stimulated
behavior. As we supposed that all cognitive effects
had to be expressed by psychomotor activity, the
effect of the treatments on the general locomotor
and exploratory behavior was checked in open
field. We observed that none of the tested com-
pounds influenced significantly locomotor activity
of rats. However, we noticed a tendency to an in-
crease in a number of crossings, rearings and bar
approaches after the administration of 3,5-DHPG at
the dose of 0.01 nmol alone and combined with
Ang II. This effect is in agreement with reports
which indicate that mutant mice strain that does not
express mGluR1 showed poor motor coordination
[2, 10]. Moreover, behavioral studies in rats showed
that of 3,5-DHPG caused hyperlocomotion [15, 18].

Anxiety could also be an important factor in the
experiments, therefore, it was evaluated in elevated
plus-maze. Estimation of the fear reactions proved
that 3,5-DHPG at both doses produced anxiety en-
hancement in animals manifested by a decrease in
entries into open arms and time spent in these arms.
Unfortunately, this action could bias the results of
memory testing using aversive stimulation. In con-
trast, the administration of Ang II increased num-
ber of entries into the open arms and the time spent
in these arms, which might suggest an anxiolytic-
-like activity. This anxiolytic-like effect of Ang II
was inhibited by pretreatment with 3,5-DHPG.

The most important goal of our study, however,
was the investigation of the effect of activation of
class I mGluRs by both doses of 3,5-DHPG on the
facilitatory action of Ang II on behavior related to
memory and learning processes. When we exam-
ined behavior in passive avoidance situation, we
found that 3,5-DHPG (only at the dose of 0.01
nmol) significantly facilitated consolidation pro-
cess but had no influence on acquisition and recall
of task. These data are in line with previous obser-
vations [5, 22] and with the theory suggesting that
the time of application of drugs acting on mGluRs
is critical for the effect upon learning and memory
[21]. Interestingly, the administration of both doses
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of 3,5-DHPG 15 min before Ang II attenuated
stimulatory effect of the Ang II on the stages mem-
ory formation in passive avoidance situation. In
these experiment, on the contrary to injection of
Ang II alone, the results obtained in the group of
rats receiving 3,5-DHPG combined with Ang II
were not significantly altered vs. control rats. Per-
formance of rats during acquisition and consoli-
dation of CARs revealed that 3,5-DHPG did not
alter these responses as compared with saline-treat-
ed control animals. Similarly, rats pretreated with
3,5-DHPG and then with Ang II did not exhibit any
significant alterations of acquisition and consolida-
tion of CARs as compared with saline-treated rats,
whereas Ang II given alone had obvious positive
effect in this paradigm.

Behavioral evidences obtained in our study sug-
gest that the activation of class I mGluRs by both
tested doses of 3,5-DHPG led to attenuation of fa-
cilitatory effects of Ang II on memory and learn-
ing. The mechanism responsible for this influence
of 3,5-DHPG is unclear. It can be assumed that
weaker effects of Ang II may be linked to an unspe-
cific action of 3,5-DHPG on behavior such as in-
creasing locomotor activity and enhancement of
anxiety. Another possible explanation of the detri-
mental role of 3,5-DHPG in the facilitatory effect
of Ang II is that pretraining injection of mGluR
agonist may induce saturated activation of class I
mGluR which in turn hinders further learning [22].
Also, it is necessary to take into consideration that
mGluR activation induces hyperpolaryzation of ba-
solateral amygdala neurons [20], which are criti-
cally involved in the memory-enhancing effect of
Ang II in rats [30]. Similarly, 3,5-DHPG reduces
transmission in hippocampal CA1 area [13], while
the hippocampus plays potential role in the facilita-
tion of memory by angiotensin [35]. Moreover, the
stimulation of group I mGluR has been reported to
decrease currents through voltage-dependent cal-
cium channels [8,23], whereas in Ang II signal
transduction pathways, these channels are activated
[24, 28].

Although this mechanism appears plausible, the
degree and nature of behavioral relationships be-
tween mGluRs and Ang II is at present unclear and
requires further studies.
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