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Previous studies showed that neuropeptide Y (NPY) inhibited hippo-
campal epileptiform activity and that endogenous NPY might have neuro-
protective effects. Therefore, in the present study, the effect of NPY microin-
jected intrahippocampally on the kainate-induced lesion and changes in
NPY immunoreactivity (-IR) were investigated in rat hippocampus. Male
Wistar rats, chronically cannulated, were unilaterally injected with kainic
acid (KA) 2.5 nmol/1 �l, or additionally with NPY (470 pmol/1 �l) 30 min
before or 30 min after KA injection, into the CA1 or dentate gyrus (DG) area
of the hippocampus. Seven days later, their brains were taken out and ana-
lyzed histologically to estimate the lesion extent, and immunohistochemi-
cally to assess NPY-IR. It was found that KA induced extensive degenera-
tion of CA pyramidal neurons and NPY-IR interneurons in the injected hip-
pocampus. Simultaneously, NPY immunoreactivity appeared in mossy
fibres and some granular cells in the contralateral hippocampus. NPY given
30 min after the KA injection into CA1 region, induced significant diminu-
tion of the lesion extent in the CA pyramidal layer (diminution by 61%). No
significant effect was found when NPY was given 30 min before KA or
when rats were microinjected into the DG area. The obtained results indicate
neuroprotective action of NPY in some models of the kainate-induced hip-
pocampal degeneration.
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INTRODUCTION

Neuropeptide Y (NPY), a 36-amino acid neuro-
transmitter peptide, is widely distributed in mam-
malian brain [11]. In the hippocampal formation,
NPY is present mainly in interneurons and modu-
lates, mainly inhibits, the release of other neuro-
transmitters [7, 12, 17]. The inhibition of the re-
lease of glutamate, the excitatory transmitter in
neurons of the hippocampal loop, leads to attenua-
tion of epileptiform activity in this structure [8, 15,
16]. Our earlier in vitro studies showed that NPY
reduced epileptiform activity in CA1 and CA3 py-
ramidal neurons in hippocampal slices [4, 26].
Such inhibitory NPY action might result in a pro-
tective effect on neurons. One of the most impor-
tant models of hippocampus degeneration is the
excitotoxic damage induced by kainic acid (KA).
Excitotoxic effects of KA are connected with the
hyperactivation of neurons and the extensive re-
lease of endogenous glutamate [10], (see also [3]),
hence the inhibitory action of NPY on the release
may be neuroprotective in this model. Therefore, in
the present study, the effect of NPY on kainate-
induced lesion was investigated in rat hippocampus.

MATERIALS and METHODS

Male Wistar rats weighing about 250 g at the
time of surgery were used for the experiment. Dur-
ing the experiments all efforts were made to mini-
mize animal suffering and to reduce the number of
animals used, in accordance with the National In-
stitutes of Health guide for the care and use of labo-
ratory animals. The protocol of the experiments
was approved by the local Ethics Committee.

Each rat was stereotaxically, bilaterally implan-
ted, under equithesin anesthesia with chronic guide
cannulae aimed at the dorsal hippocampus. After
the surgery, the rats were individually kept in cages
with free access to food and water during 4–7 days
and were then unilaterally injected with KA into
the CA1 field or into the dentate gyrus (DG) (coor-
dinates: A + 5.70, L ± 2.2, H + 7.1 or A + 5.70, L ±
1.6, H + 6.3 mm from the interaural line, respec-
tively, according to Paxinos and Watson stereotaxic
atlas) [21]. KA was freshly dissolved in 0.1 M
phosphate buffer, pH 7.4 and was injected at a dose
of 2.5 nmol/1 �l. Some rats were additionally in-
jected, through the same cannulae, with 470 pmol/
1 �l of NPY, dissolved in redistilled water, 30 min

before or 30 min after KA injection. Contralateral
hippocampus of each rat was microinjected like-
wise with the phosphate buffer and redistilled wa-
ter, respectively, and used as a control side. Seven
days after treatment, the rats under deep pentobar-
bital anesthesia were perfused through the ascend-
ing aorta with 50 ml of physiological saline, fol-
lowed by ca. 400 ml of ice-cold 4% paraformalde-
hyde in 0.1 M sodium phosphate buffer, pH 7.4.
Their brains were removed, postfixed for 3 h in the
same fixative and were then immersed for 4–5 days
in a buffered 20% sucrose solution at 4°C. The
brains were then frozen on dry ice and 30 �m co-
ronal sections were cut at levels containing the dor-
sal hippocampi (between bregma –2.12 to –4.30,
according to atlas [21]). Pairs of sections at levels
–2.12, –2.30, –2.56, –2.80, –3.14, –3.30, –3.60,
–3.80, –4.16, –4.30 from bregma were taken. From
each pair one section was used for histological
analysis and one for NPY immunohistochemistry.
Histological sections were mounted on glass slide,
stained with cresyl violet and were used for verifi-
cation of the injection site and a histological analy-
sis of lesion. Sections for immunohistochemistry,
free floating, were incubated for 48 h at 4°C in the
rabbit anti-NPY polyclonal antibody (Sigma), di-
luted 1:8000 in phosphate-buffered saline (PBS)
containing 0.2% Triton X-100 and 1% normal goat
serum. Then the sections were processed according
to the avidin-biotin-peroxidase complex method of
Hsu et al. [14], as described previously [25], using
an ABC peroxidase kit (Vector) and diaminoben-
zidine as a chromogen. Staining specificity was
controlled by incubating tissue sections with the
NPY antiserum preabsorbed for 24 h with 10 nM of
synthetic NPY (Sigma), or by omitting the primary
antiserum. All those procedures completely blocked
the NPY-immunoreactivity (-IR). The stained sec-
tions were mounted on chrome-alum-gelatine coated
slides, dried, dehydrated, cleared in xylene and
cover-slipped in a Canada balsam or Permount.

Microscopic analysis of cresyl violet stained sec-

tions

The sections were analyzed under a light micro-
scope and the injection site was estimated for each
rat. Camera lucida drawings of hippocampi were
made at the levels mentioned above. Pyramidal
layer of CA1–CA3 was analyzed in detail. The re-
gions of the total disappearance of pyramidal cells
were marked (Fig. 1). Then, a length of lesioned
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part of CA pyramidal layer was measured in sec-
tions extending 1 mm rostrally and caudally from
the injection site, and expressed as a percentage of
the total length of CA in each hippocampal section.
Then, an average percentage of lesions was calcu-
lated for each rat. KA-injected, NPY pre-treated
and NPY post-treated rats were compared and sta-
tistically analyzed by Student’s t-test.

Microscopic analysis of NPY-IR stained sections

NPY-IR was observed in hippocampal sections
under a light microscope. The staining intensity, the
disposition of NPY-IR structures and number of
NPY-IR neuronal cell bodies were analyzed in the
lesioned hippocampi, on the contralateral side, and
were also compared with the immunohistochemical
picture of NPY-IR in hippocampi taken from con-
trol, untreated rats.

RESULTS

Injections into CA1 region

KA-injected group (7 rats)

KA injected into the CA1 region of the dorsal
hippocampus induced extensive degeneration of
CA pyramidal neurons (Fig. 2B). The extent of the
lesions in the analyzed sections was 63–94% (mean
71.7%) of the total length of CA pyramidal layer in

the injected hippocampus (Fig. 3). Moreover, some
segments of the pyramidal layer become thinner
and neurons were less numerous there. Pyramidal
neurons were usually preserved in the subiculum,
in the most medial part of CA1 and sometimes in
CA2 and lateral parts of CA3. The granular cells of
the DG remained undamaged. No degeneration was
found in the contralateral hippocampus, except for
a small glial scare in the site of buffer or water in-
jections (Fig. 2A).

NPY-IR was diminished in the injected hippo-
campus in comparison with control, untreated rats,
and compared to the contralateral hippocampus in-
jected with buffer only (Fig. 4A, B, C). The number
of NPY-IR cells and fibres decreased, especially in
the hilus and CA1 region (Fig. 5A, B). A few single
cells were strongly stained, and some thick fibres
appeared. On the contralateral side, the number of
NPY-IR interneurons also declined, but NPY-IR
staining appeared in mossy fibres innervating CA3
and in some cells of the granular layer of DG (Fig.
4B). Moreover, a few markedly stained cells and
single fibres were observed in other hippocampal
regions.

Injection of KA and NPY 30 min after the KA

(5 rats)

Cresyl violet staining showed that the extent of
lesions in the CA pyramidal layer was significantly
smaller in that group (Fig. 2C) compared to KA-in-
jected one (Fig. 2B). The mean length of lesion in
the former group was only 28.2% of the total CA
length (Fig. 3). NPY-IR staining was less changed
in this group than in KA-treated group. Little or no
increase in NPY-IR was observed in mossy fibres
and granular cells (Fig. 4D, E).

NPY pretreatment 30 min before KA (5 rats)

A histological analysis using cresyl violet stain-
ing showed great divergences in the obtained re-
sults. The extent of CA pyramidal layer lesion
ranged between 10.4% and 95%, hence, no signifi-
cant differences were found between that group and
the KA-treated one. NPY-IR staining was basically
similar to that found in the KA-treated group. IR
was usually increased in mossy fibres and occa-
sionally in granular cells in the contralateral hippo-
campus.

ISSN 1230-6002 981

NEUROPROTECTIVE EFFECT OF NPY IN HIPPOCAMPUS

Fig. 1. Schematic drawing of the rat dorsal hippocampus illus-
trating the method of measurements of the lesion of the pyrami-
dal cell layer. Lengths of segments with total lesion (dotted
lines), and with preserved pyramidal neurons (black triangles)
were measured. The extent of lesion was then expressed as
a percentage of the whole length of the pyramidal cell layer.
CA1, CA3 = fields of cornu Ammoni; DG = dentate gyrus of the
hippocampal formation; 3V = third ventricle



Injections into DG area

Injection of KA (5 rats)

KA injected into the DG region of the hippo-
campal formation induced extensive degeneration
of both dentate granular and CA pyramidal cells. In
the CA, the mean extent of lesion was 76.5% of the
total CA length. An overall necrosis of the whole
hippocampus was observed in some sections at le-
vels close to the injection site.

NPY-IR was not found in the necrotic areas of
kainate-injected hippocampus. Some decrease or
no changes was observed in the contralateral hip-
pocampus, apart from a slight increase in NPY-IR
expression in CA3 mossy fibres and in DG granu-
lar neurons in more caudal sections and in the ven-
tral hippocampus.

Effect of KA + NPY injection 30 min after the KA

(6 rats)

Cresyl violet staining showed no significant
neuroprotective effect of NPY in this group. Mean
lesion in this group was 59.5% of the total CA
length, but results were diversified. NPY-IR stain-
ing resembled that in the KA-treated group.

Effect of NPY pretreatment 30 min before the KA

(4 rats)

In sections stained with cresyl violet, an exten-
sive lesion of the CA pyramidal layer was observed
(mean 68.6%), similarly as after KA administration
only. No significant neuroprotection was found af-
ter NPY in that group. NPY-IR staining was similar
as in the previous group.

DISCUSSION

To date, only few papers have been concerned
with possible neuroprotective effects of NPY. Most
of them described the action of endogenous NPY.
An increase in the levels of NPYmRNA and pep-
tide was reported in the hippocampus after seizures
induced by KA or kindling [2, 23]. Such NPY
overexpression correlated with the decreased epi-
leptic susceptibility and led to neuroprotection
against neuronal damage after second KA injection
[9, 18]. A neuroprotective effect of endogenous
NPY was suggested by Cheung and Cechetto [6]
on the basis of the results obtained with a model of
cortical focal ischemia, in which a diminution of

NPY receptors Y1 by treatment with the antisense
oligonucleotide increased the volume of infarction.
Contrariwise, an infusion of exogenous NPY was
found to increase the infarction volume in the
ischemic cortex [5].

Our results indicate a possibility of a neuropro-
tective function of NPY in the hippocampus, since
NPY microinjection diminished the extent of KA-
induced lesion in the hippocampus. We injected
KA into the CA1 field of Ammon’s horn or into the
DG. In other authors’ experiments, KA was applied
ip, icv or into the DG [2, 13, 19, 22]. Earlier studies
conducted in our laboratory showed a discrete loss
of pyramidal neurons of Ammon’s horn (cornu
Ammonis, CA) after KA microinjection into the
CA1 area [27]. Therefore, in the present experi-
ment, we investigated the effect of KA after injec-
tion into CA1 or DG. It was found that when KA
was injected into the DG, the degeneration area
was larger than after injection into CA1 and con-
tained not only CA pyramidal neurons, but also DG
granular cells. In both those groups, (injected with
KA into the CA1 or DG), degeneration was quanti-
fied by evaluating the cell loss in the CA pyramidal
layer. No measurements were carried out in the DG
granular layer, as it has often been reported previ-
ously that CA pyramidal neurons are particularly
sensitive to KA neurotoxicity, and that CA was de-
stroyed in both those groups. The extent of lesion
was quantified by measuring the length of the part
of CA layer completely devoid of neurons and was
expressed as a percentage of the whole CA length
(see Methods). We did not count individual neu-
rons in hippocampal fields because the aim of the
study was general determination if NPY protects
somehow CA pyramidal neurons, but not a detailed
estimation of number of cells or cell density. The
chosen method seems to be simple and quick.

No distinct neuroprotective effects of NPY were
found in the intra-DG injected rats. The results
were very divergent, so despite a decrease in the
mean value, no statistically significant differences
were obtained between KA- and KA + NPY-treated
groups. No significant differences were found ei-
ther, when we compared KA-treated with NPY-
pretreated rats (NPY + KA).

A significant neuroprotective effect of NPY
was found only in those rats which received KA in-
jection into the CA1 region. The length of neu-
rons-devoid CA pyramidal layer in the KA + NPY
group was markedly shorter than in the KA group
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(Fig. 2C, Fig. 3). Surprisingly enough, significant
neuroprotection was obtained only in the group of
rats which were microinjected with NPY 30 min
after KA, but not 30 min before it. In the latter
group, the results were too much diversified to be
significant. It is difficult to interpret unequivocally
the above results. It may be supposed that the lack
of neuroprotective effect of NPY pretreatment may
be due to the fact that this peptide is a potent vaso-
constrictor [1]. Intracerebral microinjection of NPY
was found to reduce regional cerebral blood flow
by 30–45%, between 20–55 min after the injection
[5, 28]. Therefore, it is possible that pre-injection
of NPY into the hippocampus may reduce blood
flow in that structure just during the time of epilep-
togenic KA action, thereby leading to energy defi-
cit and degeneration enhancement.

Our present examination of NPY-IR after KA
injection showed the appearance of IR staining in
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Fig. 3. Mean extent of lesion of pyramidal cell layer in the rat
dorsal hippocampus, expressed as a percentage of the whole CA
layer length. Rats were microinjected into CA1 area with kainic
acid (KA) (2.5 nmol/1 �l), or additionally with NPY (470
pmol/1 �l) 30 min after the KA (KA + NPY) or 30 min before
the KA (NPY + KA). A decrease in the size of lesion was found
in KA + NPY group when compare with KA alone. Student’s
t-test, * p < 0.01

Fig. 2. Coronal sections of the rat brain stained with cresyl violet,
showing the effects of the microinjections of KA (2.5 nmol/1 �l)
and KA followed by NPY (470 pmol/1 �l) into CA1 region of the
rat hippocampus, on hippocampal neurons. A: contralateral hip-
pocampus. Arrows point the pyramidal cell layer of CA and ar-
rowheads indicate the granular layer of DG. No neuronal degen-
eration can be seen, apart from a small glial scare around the can-
nula tip (asterisk). B: The hippocampus injected with KA. Loss
of neurons in the CA1–CA3 pyramidal layer and extensive gliosis
are seen. Arrows point the borders of segments of the pyramidal
layer devoid of neurons (1) or with preserved neurons (2) (how-
ever, the pyramidal layer is thinner than in contralateral side).
Neurons are still present in granular layer of DG (arrowheads)
and in subiculum (s). C: The hippocampus injected with KA and
NPY 30 min after KA. Diminution of the lesion in the CA py-
ramidal layer is clearly visible in comparison with B. The CA py-
ramidal layer (thick arrows) is thinner than in the control, but not
totally degenerated. Only a short fragment of the CA layer is
completely devoid of neurons. The borders of this fragment are
marked by thin arrows. Calibration bar for A–C = 500 �m
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Fig. 4. NPY immunohistochemistry of the rat hippocampus. A: con-
trol, untreated rat. NPY-IR is expressed in non-principal neurons in
the hilus (h) of GD and, less numerously in CA1–CA3 regions.
Some nerve cell bodies are pointed by arrows. B: contralateral and
C: ipsilateral, KA-injected hippocampus. NPY-IR cells nearly dis-
appeared in the injected side in comparison to the contralateral side
and to untreated rat. NPY-IR staining appears in mossy fibres of
CA3 and GD areas (arrowheads). The staining is intense in the con-
tralateral side (B) and very weak in the injected side (C). D: contra-
lateral and E: ipsilateral hippocampus after injection with KA fol-
lowed by NPY. NPY-IR expression in mossy fibres (arrowheads) is
only weakly increased when compared with B. Calibration bar for
A–E = 500 �m

Fig. 5. NPY immunohistochemistry in the CA1 region of rat hippocampus showing fragments of Figure 4A and C in higher magnifi-
cation. A: control, untreated rat, B: KA injected hippocampus. Nerve cell bodies (arrows) and fibres (arrowheads) are quite numerous
in control hippocampus but nearly disappeared in KA-injected hippocampus. CA strata: o – stratum oriens, p – stratum pyramidale,
r – stratum radiatum. Calibration bar for A–B = 100 �m



mossy fibres and granular cells in the hippocampus
contralaterally to the injected side. The results are
in line with previous findings of other authors [13,
19, 20, 24] who found an increase in NPY and
NPY mRNA expression in granular cells and
mossy fibres after treatment with KA, chronic elec-
troconvulsive shocks, kindling or other glutamater-
gic excitation. Moreover, they described also the
increase in hippocampal interneurons, which con-
trasts with our findings that NPY-IR neurons nearly
disappeared in the injected hippocampus. The rea-
son of this discrepancy may be a smaller degenera-
tion in other experiments than in our studies due to
a different way of KA application. Indeed, when
wide degeneration, gliosis and hippocampal atro-
phy were observed after a higher dose of KA, inter-
neurons also disappeared in the injected hippocam-
pus [22], which parallels our results.

Summing up, our results indicate that exoge-
nous NPY may play a neuroprotective role in KA-
induced hippocampal damage and that this effect is
significant when NPY is microinjected 30 min after
but not before KA. The possibility that the inhibi-
tory action of NPY can be used for neuroprotection
or against epilepsy in patients still seems very dis-
tant, due to the lack of effective NPY receptor ago-
nists, penetrating into the brain. It may be hoped
that in future, synthesis of NPY receptor agonists
crossing the blood-brain barrier will open up new
therapeutic perspectives.
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