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Effect of some iono- and metabotropic glutamatergic ligands on neuropeptide Y immu-
noreactivity in the rat hippocampus. M. ŒMIA£OWSKA, J.M. WIEROÑSKA, B. SZEW-
CZYK, E. OBUCHOWICZ. Pol. J. Pharmacol., 2002, 54, 723–726.

The effect of some agonists and antagonists of glutamatergic receptors (GluR) on
neuropeptide Y (NPY) level in the rat hippocampus was investigated using radioimmuno-
assay method. The compounds were injected intraperitoneally (NMDA, ACPC and MPEP)
or intrahippocampally (L-CCG, L-SOP, AIDA). It was found that NMDA induced a de-
crease in NPY-IR in the hippocampus. No significant changes were found after ACPC
(a functional NMDA receptor antagonist) and MPEP (mGlu5 receptor antagonist). NPY-IR
was significantly increased after intrahippocampal injections of group II and III mGluR
agonists (L-CCG-I and L-SOP, respectively), as well as after group I mGluR antagonist
AIDA. The obtained results indicate that glutamatergic metabotropic and NMDA recep-
tors may regulate NPY expression in the hippocampus. This regulation may have some
connection with modulation of anxiety by the studied compounds.
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Abbreviations: ACPC – 1-aminocyclopropane-
carboxylic acid, AIDA – (RS)-1-aminoindan-1,5-
dicarboxylic acid, AMPA – �-amino-3-hydroxy-5-
methyl-4-isoxazole proprionic acid, CA – cornu
Ammoni, a part of hippocampal formation, DG –
dentate gyrus, a part of hippocampal formation, IR
– immunoreactivity, L-CCG-I – (2S,1’S,2’S)-2-
(carboxycyclopropyl)glycine, L-SOP – L-serine-
O-phosphate, mGluR – metabotropic glutamate re-
ceptors, MPEP – 2-methyl-6-(phenylethynyl)-pyri-
dine, NMDA – N-methyl-D-aspartic acid

INTRODUCTION

Neuropeptide Y (NPY), a 36-amino acid pep-
tide, is widely distributed in neurons of many brain
structures and is connected with the central regula-
tion of numerous physiological functions [2, 6]. In
the hippocampal formation, NPY is present in
some nerve cell bodies (mainly interneurons) and
terminals [6, 9] acting as a neuromodulator of other
neurotransmitter systems [3]. This structure be-
longs to the limbic system and takes part in the
regulation of multiple behavioral functions such as
arousal, exploratory activity, learning and memory
and emotionality [5]. The main excitatory neuro-
transmitter in the hippocampus is glutamate [17]. It
acts by stimulating ionotropic (NMDA, AMPA and
kainate) and metabotropic glutamate receptors [4].
The latter are subdivided into three groups: groupI
mGlu (mGluR1 and mGluR5), group II (mGluR2
and mGluR3) and group III receptors (mGluR4, 6,
7 and 8) on the basis of their sequence homology,
signal transduction mechanisms and pharmacologi-
cal properties [12]. NPY usually exerts inhibitory
effects on hippocampal glutamatergic transmission
[3]. On the other hand, glutamate modulates the
function of NPY interneurons. NPY synthesis or
expression in the hippocampus was found to be ele-
vated after glutamatergic (Glu) excitation [10, 13],
but the role of different Glu receptors has not been
elucidated so far. In our earlier immunohistochemi-
cal study, an increase in NPY expression was ob-
served in the hippocampus after the agonist of me-
tabotropic Glu receptors (mGluR), 1S,3R-ACPD;
however, this compound acts on both group I and II
mGluR. Therefore, in the present study we used
more specific ligands of the particular mGlu recep-
tors, together with some ionotropic ligands.

MATERIALS and METHODS

Male Wistar rats weighing 200–250 g were used
in the experiment. The compounds were injected:
[1] intraperitoneally (ip), three times, every 8 h,
and the brains were taken 1 h after the last in-
jection; or [2] intrahippocampally (ih), bilaterally
into the dorsal hippocampus CA1 region (ih/CA1)
(coordinates A + 5.2 mm, L ± 2.3 mm, H + 7.3 mm
from the interaural line, according to Paxinos and
Watson stereotaxic atlas [11]) or dentate area
(ih/DG) (similar coordinates but H = +6.5), com-
pounds were dissolved in 0.01 M NaOH and then
pH was adjusted to pH 7. The brains were taken af-
ter 24 h. As changes, especially the increase in
NPY level, need time necessary for peptide synthe-
sis and accumulation, the prolonged time of action
of the studied compounds were used (17–24 h).
Moreover, doses and time schedules were chosen
on the basis of our previous studies [1, 15, 18, 19].

The following compounds were used: (1) N-me-
thyl-D-aspartic acid (NMDA) (Sigma), an agonist
of NMDA receptors, injected ip at a dose of
50 mg/kg; 3×, (2) 1-aminocyclopropanecarboxylic
acid (ACPC) (Beardsen Bio, Inc., Aston, PA, USA),
400 mg/kg, ip, 3×, a functional NMDA receptor an-
tagonist (a partial agonist of glycine sites at NMDA
receptors); (3) 2-methyl-6-(phenylethynyl)-pyridi-
ne (MPEP) (Novartis, Basle), 10 mg/kg, ip, 3×, an
antagonist of type 5 metabotropic glutamate recep-
tors (mGluR5s); (4) (2S,1’S,2’S)-2-(carboxycyclo-
propyl)glycine (L-CCG-I) (Tocris), 60 nmol/1 �l/
side, ih/DG, an agonist of group II mGluRs; (5) L-se-
rine-O-phosphate (L-SOP) (Tocris), 520 nmol/1 �l/
site, ih/CA1, an agonist of group III mGluRs; (6)
(RS)-1-aminoindan-1,5-dicarboxylic acid (AIDA)
(Tocris), 100 nmol/1 �l/site, ih/CA1, an antagonist
of group I mGluRs (mainly mGluR1a). Control rats
received physiological saline ip or solvent ih, re-
spectively.

NPY immunoreactivity (IR) was examined by
a radioimmunological (RIA) method. The rats (6–7
per experimental group and 8 per the control
group) were decapitated and their hippocampi were
dissected. RIA was performed according to a modi-
fication of the procedure used by Warner et al. as
described previously [16]. We used a synthetic por-
cine NPY and an antiporcine NPY antiserum (RAS
7172) from Peninsula Lab. and ��,I-labelled syn-
thetic NPY (IM 170, Amersham) as a tracer. Super-
natant radioactivity was measured using an LKB
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gamma counter. The assay detection limit was 14 pg
per tube. The intrassay and interassay coefficients
of variations were 5 and 11%, respectively. The
control and experimental samples were run in the
same assay. The results were analyzed statistically.

RESULTS and DISCUSSION

NMDA induced a decrease in NPY-IR in the
hippocampus (Fig. 1). No significant changes were
found after ACPC or MPEP. NMDA, ACPC and
MPEP were injected intraperitoneally as they pene-
trate the blood-brain barrier and may influence
brain structures. Other specific mGluR ligands do
not penetrate into the brain so they had to be in-
jected directly into the hippocampus. Injection sites
were chosen on the basis of distribution of different
receptor subtypes since group II mGluRs are situ-
ated mainly in the DG, and group I and III ones in
the CA regions [14]. It was found that the level of
NPY-IR expression was significantly increased af-
ter intrahippocampal injections of group II and III
mGluR agonists (L-CCG-I and L-SOP, respec-
tively), as well as after the group I mGluR antago-
nist AIDA (Fig. 1). The obtained results indicate
that glutamatergic receptors may regulate NPY ex-
pression in the hippocampus via both ionotropic
NMDA receptors and metabotropic ones. The func-
tional role of such regulation is unknown, but it
may be speculated that it is connected with stimula-
tion of the NPY inhibitory action.

It was previously reported that hippocampal
ionotropic and metabotropic glutamatergic recep-
tors were engaged in the regulation of anxiety [1,
18]. On the other hand, NPY was found to exert
anxiolytic activity in rats after intracerebroven-
tricular or intraamygdalar injection [7, 8]. No stu-
dies concerned with similar NPY effects in the hip-
pocampus have been conducted so far, but the ob-
tained results might confirm such supposition,
since the glutamatergic ligands used in the present
study modulated anxiety: NMDA revealed anxio-
genic-like properties and the others were found to
have anxiolytic action after intraperitoneal or intra-
hippocampal injections [see 1]. On the other hand,
no changes in NPY expression were observed in
our study after ACPC and MPEP, the compounds
which also have anxiolytic activity [1]. The above
differences may be due to different routes of ad-
ministration, as direct intrahippocampal injection
undoubtedly results in the higher local content of
the ligand in comparison with systemic administra-
tion and may strongly influence NPY neurons. The
other reason of differences may be the different pe-
riod between the last injection and taking of tissue
in intraperitoneally or intrahippocampally injected
animals. If the increase in NPY level is a secondary
effect of the mGluR ligands, it may be better seen
after a long period, 24h, used after intrahippocam-
pal treatment.

The increased level of expression of NPY-IR
after mGluR ligands may be connected with the in-
creased synthesis or/and the decreased release of
the peptide, which may result in a hyper- or hypo-
function of NPY hippocampal neurons. Further
studies are necessary to resolve this problem.
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