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Abstract:

Several lines of evidence indicate that activation of group II and III metabotropic glutamate (mGlu) receptors produces
anxiolytic-like effects in rodents. On the other hand neuropeptide Y (NPY) induces an anxiolytic effect in rats after intraventricular
or intraamygdalar administration. Therefore, in the present study we investigated whether the anxiolytic action of (2S,3S,4S)-
(carboxycyclopropyl)glycine (L-CCG-I), an mGlu2/3 receptor agonist, and (1S,3R,4S)-1-aminocyclopentane-1,3,4-tricarboxylic
acid (ACPT-1), an mGluR4/6/7/8 receptor agonist, was mediated by a mechanism involving NPY receptor.
In behavioral studies, the anxiolytic activity of L-CCG-I (10 µg/0.5 µl/site) and ACPT-1 (1.5 µg/0.5 µl/site) was examined using
plus-maze tests. The Y1 receptor antagonist BIBO 3304 was given at a dose of 128 ng/0.5 µl/site. All the compounds tested were
injected bilaterally into the amygdala, BIBO 40 min and mGluR agonists 30 min before the test. It was found that the anxiolytic
effects of mGluR agonists were abolished by BIBO 3304 {((R)-N-[[4-(aminocarbonylaminomethyl) phenyl] methyl]-N2-
(diphenylacetyl)-argininamide trifluoroacetate)3304} administration. Immunohistochemical studies showed a moderate density of
mGlu2/3 receptor immunoreactivity (IR) in the amygdala. The effect of L-CCG-I and ACPT-1 on NPY expression in the amygdala
was studied using immunohistochemistry (IH), while NPYmRNA expression was studied using in situ hybrydization. We showed
a diminution in NPY-IR after L-CCG-I administration and decrease in NPYmRNA expression after both L-CCG-I and ACPT-1
treatment, to about 77% (IH) or 32–41% (mRNA) of the control level 18 h after injection of these mGluR agonists. Our results
indicate that the anxiolytic action of both compounds is conveyed by NPY neurons with the involvement of Y1 receptors in the
amygdala, and that NPY neurons seem to be regulated by the glutamatergic system.
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Abbreviations: ACPT-1 – (1S,3R,4S)-1-aminocyclopentane-
1,3,4-tricarboxylic acid, L-CCG-I – (2S,3S,4S)-(carboxycyclo-
propyl)glycine, mGluR – metabotropic glutamate receptors,
NPY – neuropeptide Y

Introduction

Glutamatergic neurotransmission in the central nerv-
ous system is mediated by two distinct groups of re-

ceptors: ligand-gated ion channels and G-protein-
coupled glutamate receptors [11, 45]. It has recently
been proposed that the glutamatergic system plays an
important role in the pathophysiology of anxiety [4,
22]. Different functional N-methyl-D-aspartate (NMDA)
receptor antagonists exhibit anxiolytic-like activity in
animal models [30]. A potential clinical use of
NMDA receptor antagonists has been limited due to
their undesirable side-effects such as muscle relaxa-
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tion, ataxia, amnesia and psychotomimetic effects
[34]. The discovery of metabotropic glutamate recep-
tors and the identification of selective ligands have
launched an intensive search for potentially new and
safer pharmacotherapies for the treatment of nervous
system disorders. Previous studies showed that the
diminution of glutamatergic transmission by the an-
tagonists of group I and agonists of group II and III
metabotropic glutamate receptors had anxiolytic ac-
tivity [3, 15, 23, 29, 44, 45].

The amygdala is a key structure that regulates anxi-
ety and the expression of emotional responses to
stress [5, 6]. Researchers’ attention has been focused
particularly on the basolateral complex (lateral, baso-
lateral and basomedial nuclei) and the central nucleus
of the amygdala [5, 6]. These regions contain a great
number of peptidergic neurons. Among different
amygdala peptides, neuropeptide Y (NPY) has been
shown to play a crucial role in the modulation of anxi-
ety in animal models, as demonstrated by central ad-
ministration of the peptide showing anxiolytic effects
[13, 14]. The amygdala was found to contain high den-
sities of the metabotropic glutamate receptors mGlu1a
and mGlu5a (group I mGluRs) [21, 35, 42]. Only
weak-to-medium immunoreactivity of mGluR2/3
(group II mGluRs) [28] and mGluR4, mGluR7a and b
and mGluR8 (mGluRs of group III) was observed in
that structure [4, 22]. Colocalization of group I mGluRs
and NPY in the amygdala was also reported [42]. In
addition, an interaction between glutamate and NPY
was evidenced by showing a decrease in NPY immu-
noreactivity in the amygdala after the inhibition of
glutamatergic neurotransmission [41, 47, 48]. The above
findings may suggest that NPY neurons are regulated
by glutamate in that structure. Our previous results
showed that the anxiolytic action of 2-methyl-6-(phen-
ylethynyl)pyridyne (MPEP), an mGluR5 antagonist,
was not blocked by flumazenil, a benzodiazepine re-
ceptor antagonist, but by BIBO 3304, a NPY Y1 re-
ceptor antagonist [48].

In the present study, we examined whether the anx-
iolytic action of other mGluR ligands was dependent
on NPY receptor signaling in the amygdala. We used
two mGluR agonists with anxiolytic activity, namely
L-CCG-I (group II mGluR agonist) and ACPT-1
(group III mGluR agonist), and the NPY Y1 receptor
blocker BIBO 3304 which antagonized the anxiolytic
action of NPY [32]. Moreover, the influence of
L-CCG-I and ACPT-1 on NPY immunoreactivity and
NPYmRNA expression was also tested.

Materials and Methods

Animals

Male Wistar rats weighing 200–230 g were used. The
animals were obtained from a local breeding farm.
The rats were age-matched, fed ad libitum and housed
6 to a cage under 12:12 light-dark cycle. The rats
were housed singly after cannulae implantation. Dur-
ing the experiment all the efforts were made to mini-
mize the animals’ suffering and to reduce the number
of the animals used in accordance with the Local Bio-
ethics Commission for the Care and Use of Labora-
tory Animals (Poland).

Drugs

L-CCG-I and ACPT-1 were from Tocris, BIBO 3304,
a Y1 receptor antagonist, was obtained from Dr.
Mueller, Boehringer-Ingelheim (Biberach, Germany).
All the compounds were dissolved in distilled water
and their pH was adjusted to 7.4 with NaOH or HCl.

Cannulae implantation and histology

The rats, anesthetized with equitesin, were immobi-
lized in a Kopf stereotaxic instrument. The skin was
cut and the skull was cleaned for the bilateral implan-
tation of guide cannulae (made of a 23-gauge stainless
steel tubing), 2 mm above the injection sites. The
guide tubes, secured by the dental cement, were an-
chored to three stainless steel screws fixed to the
skull. In order to prevent clogging, 30-gauge stainless
steel stylets were placed in the guide cannulae and left
there until the animals were given intracerebral injec-
tions five days later. The rats were adapted to han-
dling and on the test day the stylets were withdrawn
and replaced with bilateral injection units (a 30-gauge
stainless steel tubing) ending 2 mm below the tip of
the guide cannulae.

The coordinates for injection sites were: A –2.56; L ± 5;
H –8.6, measured from the bregma according to the
Paxinos and Watson stereotaxic atlas [25], with the
aim of making injections to the basolateral nucleus of
the amygdala.

On completion of each experiment, the rats were
killed and their brains were removed, fixed in forma-
line for 24 h, and quickly frozen on dry ice. To check
the position of cannula tracks, the frozen brains were
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cut in the coronal plane with a Cryo-cut. Representa-
tive drawings of the histological sections showing in-
jection sites are presented in Figure 1.

Plus-maze procedure

The plus-maze test was performed according to the
method described by Pellow et al. [27]. Briefly, the
plus-maze apparatus was made of wood and consisted
of two open arms, 50 × 10 cm and two closed arms
50 × 10 × 40 cm. It was painted in black but the
wooden walls of the closed arms maintained their
natural color. The apparatus was elevated 50 cm above
the floor. Two open arms were opposite to each other
and were illuminated with a 40 W bulb positioned
20 cm above each of them.

Ten min before drug administration, BIBO 3304
was given in a dose of 128 ng/0.5 µl/site, L-CCG-I
was given in a dose of 10 µg/0.5 µl/site and ACPT-1
in a dose of 1.5 µl/0.5 µl/site. Doses and administra-
tion schedule were established according to previous
studies [26, 32, 45]. Thirty min after the injection of
mGluR ligands, a plus-maze test was performed. Each
rat was placed individually in a new cage similar to
the home cage for 5 min immediately before the test
(that procedure results in an increase in the total
number of arm entries during the test). Each rat was
then placed in the center of the plus-maze facing one
of the open arms. During a 5 min test, the number of
entries into the open arms and the time spent in those

arms were measured. The maze was cleaned with
a paper towel after each trial. The experiments were
performed between 9.00 and 12.00.

NPY-immunoreactivity

To study the effect of L-CCG-I and ACPT-1 on NPY
immunoreactivity, the rats were divided into four
groups. L-CCG-I was given in a dose of 10 µg/1 µl/site
and ACPT-1 in a dose of 1.5 µg/1 µl/site. The ap-
propiate controls were given distilled water in a vol-
ume of 1 µl/site. The doses and the time schedule
were chosen on the basis of our previous studies [26,
36, 45] and other studies [32].

Eighteen hours after the injection, the animals (un-
der deep vetbutal anesthesia) were perfused through
the ascending aorta with 50 ml of physiological saline
followed by ca. 400 ml of ice-cold 4% buffered para-
formaldehyde. The perfusion and immunohistochemi-
cal method were similar to those described earlier.
The brains were removed, postfixed for 3 h and im-
mersed in 20% sucrose in PBS; then they were frozen
and cut into 30 µm coronal sections at levels contain-
ing the amygdala. Free-floating sections were incu-
bated for 48 h at 4°C in a rabbit anti-NPY antiserum
(Sigma) diluted at 1:6000 in PBS containing 10%
NGS and 0.2% Triton-X-100; then they were rinsed in
PBS and processed by the avidin-biotin peroxidase
complex method using an ABC-peroxidase kit (Vec-
tor Lab). The specificity of immunostaining was con-
trolled by incubating the tissue section with an antise-
rum preadsorbed with the respective synthetic pep-
tides, or by omitting the primary antiserum. No NPY
immunoreactivity was detected in those sections.

The intensity of immunostaining and the number of
immunoreactive neurons were examined in amygdala
sections under a light microscope. Immunoreactive
nerve cell bodies were counted in at least five to ten
sections at the following levels: –2.3; –2.8; –3.3; –3.6;
–3.8 with respect to the bregma, according to the
Paxinos and Watson stereotaxic atlas [25] (usually
two amygdala sections at each level). Then, the mean
number of IR neurons per section of the amygdala
was calculated for each rat.

mGlu receptors immunoreactivity

The perfusion and immunostaining were similar to the
procedures described above, except for the primary
antibody. A polyclonal rabbit anti-mGluR2/3 antibody
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was obtained from Chemicon and was used at a con-
centration of 0.5 µg/ml and a polyclonal rabbit anti-
mGluR4a was obtained from the Zymed Laboratories
and was used at a concentration of 10 µg/ml.

In situ hybridiaztion of NPYmRNA

Eighteen rats (six treated with L-CCG-I, 10 µg/1 µl/site;
another six with ACPT-1, 1.5 µl/1 µl/site and six con-
trols) were used. After decapitation, their brains were
taken out and frozen in the ice-cold isopentane. Then
they were cut on a cryostat into 20 µm coronal sec-
tions at levels similar to those used for immunohisto-
chemistry. The sections were thaw-mounted onto
chrome-alum-pretreated slices, postfixed in a 4%
paraformaldehyde for 30 min and processed for in situ

hybridization according to Lasoñ et al. [20]. The pre-
hybridization treatment consisted in acetylation and
dehydratation. The sections were then hybridized with
an NPY oligonucleotide probe (1 × 106 c.p.m/25 µl)
for 18 h at 42°C in a humidified incubator. Forty-eight
base synthetic deoxynucleotides complementary to
bases of the rat NPYmRNA were used [41]. The speci-
ficity of NPY probe was confirmed by competition
experiments [20, 31]. The probes were labeled using
[35S]dATP (1200 Ci/mmol; ICN) to obtain the spe-
cific activity of about 2 × 106 Ci/mol. Then, the sec-
tions were washed at 55°C and exposed to a �-max
Hyperfilm (Kodak) at a room temperature for 14
days. After that time the distribution and the density
of signal in the film were analyzed. The patterns of
hybridization found in the brain sections fully agreed
with the previously described distribution of NPY-
mRNA [24, 38, 41]. The NPYmRNA was measured
as a relative optical density (ROD) from the region of
amygdala from autoradiographs as shown in Figure 4.
The ROD signal was measured using MCID (Micro-
computer Imaging Device; Imaging Research, Brock
University, Canada) software.

Statistics

The data from behavioral experiments were analyzed
by two-way ANOVA followed by the Newman-Keuls
post-hoc comparison. The data from immunohisto-
chemical test and in situ hybridization were evaluated
by the Student’s t-test.

Results

Effects of L-CCG-I or ACPT-1 and BIBO 3304 in

the plus-maze test

The results derived from the plus-maze experiment
are shown as a percent of the open arms entries and
the percent of the time spent in the open arms of the
maze by an individual animal. L-CCG-I administered
in a dose of 10 µg/0.5 µl/site induced an anxiolytic-like
effect, significantly increasing the percentage of the time
spent in the open arms (from 4.9% in control rats to
50% in L-CCG-I-treated) and the percentage of the en-
tries into the open arms from 18.5% in controls to 65%
in the L-CCG-I-treated (comparing to the total number
of entries into both open and closed arms). The
anxiolytic-like effect of L-CCG-I was abolished by
BIBO 3304 administered in a dose of 128 ng/0.5 µl/site
(Fig. 2).

ACPT-1 given in a dose of 1.5 µg/0.5 µl/site also
significantly increased the percentage of the time
spent in the open arms (from 10.7 to 48.5%), as well
as the percentage of the entries into the open arms
(from 33.9 to 56%). BIBO 3304 also antagonized the
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effect of ACPT-1, as well (Fig. 3). BIBO 3304 given
alone did not cause any anxiolytic effect in the test.
Moreover, other studies revealed that BIBO 3304 in

the dose used in this studies did not caused any effect,
neither anxiogenic nor anxiolytic, in animal tests [32].

Immunoreactivity of mGluR 2/3 and mGluR4

mGluR2/3 immunoreactive neurons were sparcely
scattered in the amygdala. A few weakly stained cells
were seen in a lateral and basolateral nucleus (Fig. 5).

On the other hand, mGluR4 immunoreactive neu-
rons were seen in the whole amygdala as relatively
strongly stained neurons. A moderate density of im-
munoreactive nerve cell bodies contained lateral and
the basolateral nuclei (Fig. 6).

Immunoreactivity of NPY after mGluR ligands

Treatment with the non-selective mGlu group II ago-
nist L-CCG-I after 18 h induced a decrease in NPY-IR
expression. The mean number of NPY-IR neurons per
amygdala section significantly decreased from 29 ± 2.43
in the control group to 22 ± 1.05 in L-CCG-I-treated
rats, i.e 77% of the control level (Fig. 7A).

No changes in NPY-immunoreactivity were ob-
served 18 h after ACPT-1 injection comparing to con-
trol animals. The mean value for NPY-IR neurons
ranged between 25–28 cells per section (Fig. 7B). The
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photomicrographs of control and L-CCG-I-treated
rats are shown in Figure 8.

In situ hybridization

The signal expression of NPYmRNA in the amygdala
was diminished after both L-CCG-I and ACPT-1 ad-
ministration. The percentage of the decrease acceded
to 41% and 32% of the control, respectively (Fig. 9).

Discussion

Here, as well as in our previous studies after intrahip-
pocampal injection both L-CCG-I and ACPT-1 in-
duced an increase in the percentage of the open arm
entries/time spent in the open arms of the plus-maze
and increased the number of shocks accepted during
an experimental session in the conflict drinking test
[45]. The anxiolytic action of either compound was
similar to that of diazepam, a compound which exerts
well-known anxiolytic action in all the animal tests
used to screen anxiolytic drugs and which is often
used as a positive control [46].

The anti-anxiety effects of anxiolytic drugs of dif-
ferent classes, both typical such as diazepam and oth-
ers such as serotonergic [8] or noradrenergic ligands
[43], glycine site of the NMDA receptor agonist [30]
and the mGlu2/3 receptor agonist LY354740 [9] are

blocked by flumazenil, a benzodiazepine receptor an-
tagonist. In our previous study, we showed that
flumazenil did not abolish the anxiolytic action of
MPEP, but this action was blocked by the NPY Y1 re-
ceptor antagonist BIBO 3304. Hence, our results were
the first to suggest that benzodiazepine receptors were
not involved in the anxiolytic action of MPEP, and in-
dicated a role of NPY-Y1 receptor in that effect.

Neuropeptide Y alone has a distinct anxiolytic ac-
tion after intracerebroventricular or intraamygdalar
administration, observed in many animal models of
anxiety-related disorders [13, 14]. In addition, it was
shown that the latter effect was not mediated by ben-
zodiazepine receptors, since the increase in the ac-
cepted punished responding produced by NPY was
not altered by flumazenil administration and was only
partially blocked by the picrotoxin receptor ligand
isopropylbicyclophosphate [1]. Earlier studies re-
vealed that the anxiolytic action of NPY was antago-
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nized by the specific antagonist of Y1 receptor, BIBO
3304 injected into the amygdala [3]. The amygdala is
a structure involved in anxiety [5] and rich in NPY
neurons and terminals [12, 37]. BIBO 3304 is a selec-
tive neuropeptide Y1 receptor antagonist with sub-
nanomolar affinity for rat Y1 receptors. This is one of
the best known and most specific Y1 antagonists used
in different animal models [2, 7]. All these findings
indicate that the anxiolytic-like action of NPY is me-
diated by Y1 receptors in the amygdala.

Our present results have shown that BIBO 3304
given into the basolateral nucleus of the amygdala
does not produce any alteration in the behavior of ani-

740 �����������	��� 
������ ����� ��� �������

m
e

a
n

n
u

m
b

e
r

o
f
N

P
Y

-I
R

n
e

u
ro

n
s
/p

e
r

a
m

y
g

d
a

la
s
e

c
ti
o

n

m
e

a
n

n
u

m
b

e
r

o
f
N

P
Y

-I
R

n
e

u
ro

n
s
/p

e
r

a
m

y
g

d
a

la
s
e

c
ti
o

n

A B

Fig. 7. 3A8 0�� �		��� �	 ��::;�� 3�2 7�5� 7�5���8 �� 
�I ����������9�� � ��� ��� ���� ��������' J��� ������ ���������� ��� ���� ������
�	 ����������9� 3�G8 ���9� ���� ����� ��� �������� ������' ��������� ���	����� $�� ���������� �� �������K� ������' 
 < ?� B � C 2'26
�������� �� �������' 3B8 0�� �		��� �	 �:�0�� 3�'6 7�5� 7�5���8 �� 
�I ����������9�� � ��� ��� ���� ��������' J��� ������ ���������� ���
���� ������ �	 ����������9� 3�G8 ���9� ���� ����� ��� �������� ������E � < ?

Fig. 8. ��������������� ���$�� 
�I ����������9�� � ��� ����
��� �	 ��� ����������� ��������� �������' 3A8 ������� ���E ��� 3B8
��::;���������� ���' 0�� ������ �	 
�I�����������9� ���9� ����
����� 3����$�8 $�� ��������� ��� ��� ������ �	 �������� 3����$�
�����8 �������� �	��� ��::;�� �������� �� ��� ������� ���' �����
��� < 62 7�

Fig. 9. 0�� �		���� �	 ��::;�� 3�2 7�5� 7�5���8 ��� �:�0�� 3�'6 7�5� 7�5���8
�� 
�I�G
� �/������� � ��� ��� ���� ��������' J��� ������
���������� ��� �����9� ������ ������ 3G.�8 ��� �������� ������'
0�� ��������� ���	����� $�� ���������� �� �������K� ������' � < ?�
B � C 2'26 �������� �� ��� �������



mals (as has already been indicated before [48])
which is in agreement with the results of other authors
[2, 32]. However, BIBO 3304 given into the amyg-
dala prior to L-CCG-I and ACPT-1 administration
completely abolished the anxiolytic effect of these
compounds, suggesting that Y1 receptors may be in-
volved in the anti-anxiety action of mGluR agonists.
It has been assumed that glutamate regulates NPY
neurons in the amygdala via mGlu receptors, which
may affect behaviors characteristic of anxiety. Such
regulation seems to have an anatomical basis as in the
present study we have also shown, using an immuno-
histochemical method, the presence of a substantial
number of mGlu2/3 and mGlu4 receptors in the lat-
eral and basolateral nuclei of the amygdala. Our re-
sults are in agreement with other studies [10, 11, 48].
The effect of the mGluR2/3 agonist, L-CCG-I, on
NPY neurons in the amygdala is also confirmed by
our immunohistochemical results which indicate a de-
crease in the mean number of NPY-IR neurons in the
amygdala after L-CCG-I administration. In our and
other authors’ earlier immunohistochemical studies,
changes in the number of IR neurons counted in sec-
tions after different treatments were used as an index
reflecting alterations in the level of the immunoreac-
tive material within them [16, 17, 38–40]. Therefore,
the decrease in the number of NPY-IR neurons, ob-
served in our experiment, suggests a decrease in NPY
level in these neurons below the level of detection.
The studies performed both in our labolatory and by
other researchers have shown that the density of
NPY-IR neurons changed after administration of glu-
tamatergic receptor agonists or antagonists. After
acute phencyclidine administration, the density of
NPY-IR neurons was increased in the cortex and arcu-
ate nucleus, but there was a decrease in the density of
nerve terminals [10, 11]. Œmia³owska and Bajkowska
reported an increase in the number of NPY-IR neu-
rons in the hippocampus after administration of
ACPD, a mGluR agonist [36]. The level of neuronal
NPY was found to be tonically regulated by excitatory
amino acids acting through NMDA receptors [33]. On
the basis of our studies, it is hypothesized that NPY
neurons are at least partially regulated by glutamate
acting also through metabotropic receptors. Such
regulation of NPY neurons may be essential for the
anxiolytic action of glutamatergic metabotropic re-
ceptor ligands. The regulation of NPY neurons by
classic anxiolytic drugs was described earlier [18, 19].
After acute administration of diazepam and buspi-

rone, a decrease in NPY-IR was observed in RIA stud-
ies [18]. The obtained immunohistochemical results
together with previously known NPY anxiolytic ef-
fects may only suggest an increased release of the
peptide. Experiments with in situ hybridization were
carried out to establish, whether administration of
glutamatergic ligands influenced NPY synthesis. The
results showed that there was a decrease in NPYm-
RNA expression at 18 h after L-CCG-I and ACPT-1
administration. Similar results were obtained earlier
after MPEP administration [41]. Those results were
quite surprising, as we expected an increase rather
than a decrease in NPYmRNA expression. The de-
crease in NPY level, would suggest rather an intense
release of NPY which, in turn could produce anxio-
lytic action. Anyway, our immunohistochemical and
in situ hybridization results are difficult to interpret in
the case of behavioral studies. Our behavioral experi-
ments indicate that after blockade of Y1 receptors the
anxiolytic action of mGluR ligands is abolished,
hence the involvement of NPY in this effect is un-
questionable. The decrease in NPY-IR and NPYm-
RNA may be explained in several ways:
– these results are selective with an open roof to the
selected time points and doses. Moreover, the de-
crease in the peptide level may reflect its enhanced re-
lease, which possibly results in intensification of its
function and seems to be in agreement with the results
of behavioral studies;
– on the basis of the analysis of mRNA level we can-
not determine the percent of NPYmRNA that is trans-
lated to protein. It is possible that after potent stimula-
tion of the glutamatergic system, a larger part of
mRNA than that in control animals synthetizes pro-
tein, which could be quickly released and degraded.

This hypothesis can be partially confirmed by pre-
vious results of acute MPEP administration, as we ob-
served an increase in the peptide level after 6 h, ac-
companied by a decrease in NPYmRNA [41, 48].
However, further studies are needed to confirm
whether L-CCG-I or ACPT-1 administration really in-
duces NPY release.

The interaction between glutamate acting via mGlu
receptors and NPY may represent a novel mechanism
of anxiolytic action in the brain. Our present findings
that the anxiolytic effects of mGluR agonists are me-
diated via Y1 receptors may open up a new way for
a discovery of novel anxiolytic substances free of the
adverse effects characteristic of benzodiazepines.
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