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Introduction ane brain and predominandy cxpressed in the nervous
tssuc’. NPY consists of 36-amino acid polypeptide
Neuropeptide Y (NPY) was first isolated from por— which showing structural similarity to pancreatic
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polypeptide. Because of its wide distribution™ and a
broad spectrum of responses, it has been studied to di-
verse species in the central nervous system, respec-
tvely.

It is now generally accepted that NPY is involved in
the direct vasoconstriction action, in the rclease of
neuron modulators, in the postsynaptic effects of
noradrenaline, in the changes of epithelial jon transport,
and in the glucose-sumulated insulin secretion' ® In the
brain, NPY may be involved with the central control
of cardiovascular and respiratory functions, feeding be-
havior, hormone secretion, and the regulation of drca-
dian rhythms’ ", There is considerable evidence, there-
fore, suggesting that NPY may play an important role
in the brain like neurotransmitter or neuromodulator.

A large number of NPY-immunoreactive neurons

arc highly expressed in the striatum of some animal-.

5.2 The distribution pattern of NPY immunorcac-
tive neurons is diverse between species, whercas size
and morphology of these neurons suggesting that they
respond to the aspiny type 1 cells of Golgi classificati~
on.""2¥ In c¢entral nervous system, NPY-immunore-
active perikarya and fibers have been shown to co-ex-
ist with catecholamine™ *, GABA®* and somatostat-
in*7 % The functional significance, however, of these
various co-cxpression profiles in the central nervous
system mostly remains to be established®,

The objective of the present study was to define
NPY containing neurons and fibers in the corpus
striatum of Korean squirrel, using immunohistochemi-
stry. At the same time, it was thought to be worth
while to attempt to identify protein expression for the
first time in this species.

Materials and Methods

Preparation of tissue: 5 male and female Korean
squirrels weighing 350-430 gm were studied. All sub-
jects were healthy as confirmed by normal behavior.
After transportation to laboratory, under pentobarbital
anesthesia (40mg/kg, i.p.), the squirrels were perfused
through the ascending aorta with following solution :
(1) 300-400ml 0.85% saline containing 0.05% heparin;
(2) 500ml of 4%-paraformaldchyde solution in 0.1 M
phosphate buffer (PB, pH 6.5) for 30 min; (3) 500ml

of 4%-paraformaldehyde solution in 0.1 M borate buf-
fer (pH 11.0) for 30min. The brain and upper cervical
spinal cord were removed and then immersed in the
last fixative solution for 4-8 hr. And the brain was im-
mersed again in 30% sucrose solution in 0.1 M phos-
phate buffer (pH 7.4). Cryo coronal senal sections (40
pm thickness) were performed with a freezing mucro-
tome (Reichrt-Jung).

Immunochistochemical procedure : The sections we-
re preincubated with 1% normal goat serum, and in-
cubated for 72 hr by neuropeptide Y (NPY) anti-scru-
m raised in rabbit, which were diluted in phosphate
buffered saline(PBS, 0.1 M, pH 7.4) containing 0.3%
Triton X-100, at 4C. Another sets of section were
stained with cresyl violet for specific neuron localiza-
ton. Following incubation with the primary antiserum,
the sections were washed three times in PBS for 10
min. The sections then were treated in the 1: 200 dilu-
ton of biotinylated swine anti-rabbit immunoglobulins
(Biomakor) containing the 1% bovine serum albunun
and 0.3% Triton X-100 at 4C for 12 hr. Following
this step, sections were rinsed in PBS for 10min and
were incubated for 12 hr in a 1:200 dilution of perox-
idase-conjugated streptavidin{Biomakor) contaiung the
1% bovine scrum albumin. Sections were rinsed twice
in PBS for 10min and then were treated for 10-15
min with 3-3-diaminobenzidine-tetrachloride in PB(pH
7.4) containing 0.003% hydrogen peroxide. The sce-
tions were rinsed two times in PB and mounted onto
poly-L-lysin(Sigma) coated glass slides. The scctions
were applicated 1% osmium tetroxide, defatted in alco-
hol, cleared in xylene, and mounted with cover
glasses.

Mapping and photography : Sections stained with
cresyl violet were magnified directly by enlarger(Ome-
ga). The prnts of the lower magnifications were traced
using rotering pen to difine neuroanatomical boundary.
The immunoreactive-scctions were examined using an
Axiophot photomicroscope(Zeiss). In order to obtain
accurate localization of the neuronal elements present in
the corpus striatum, maps were made of all the speci-
mens, with a NPY immunorcactive ncurons and fibers
elements charted. Counts of identified NPY im-
munoreactive neurons and fibers were made with
attension to their specific location in the corpus
striatum. Photographs were made with an Axiophot

photomicroscope(Zeiss) with black and white or color



films(Kodak).
Resuilts

General observation of corpus striatum : The corp-
us striatum of Korean squirrel brain was identified into
three nuclei, caudate nucleus, putamen and globus pal-
lidus. Majority of the corpus striatum was divided into
the caudate nucleus and lentiform nucleus by the inter-
nal capssule, the latter was able to be distinguished into
putamen and globus pallidus. Anterior part, however,
of the corpus striaturn was observed as caudate-puta-
men, which were combined into one structure(Figs
1-6).

Distribution of NPY immunoreactivities :

General observations : The corpus striatum was
recognized throughout by heterogencously scattering of
strongly NPY immunoreactive(NPY-IR) neurons with
varicose dendrites and fibers(Figs 1-6,13,14). NPY-IR
neurons were small(6-11 #m) and medium-sized(12-18
#m). The neurons could be subdivided into three
types in shape. The first type, which represented about
70% of all NPY-IR neurons, was of round, oval or
fusiform(Figs 13, 14). The second type, which repre-
sented about 25%, was triangular(Fig 15). And the
third type, about 5%, was multpolar(Fig 17).

The corpus striatum contained a low level of
NPY-IR fibers, whose distribution appeared to be re-
lated to the immunoreactive perikarya. The fiber densi-
ty increased in a rostrocaudal direction.

Caudate-putamen : The NPY-IR neurons were lo-
cated in a greater number of the medial and ventral
parts of the caudate-putamen; fewer stained neurons
were found in the dorsolateral part(Figs 7, 8). The
NPY-IR fibers were distributed throughout the caud-
ate-putamen; the density of the NPY-IR fibers was
higher in the medial and ventral parts than in the other
parts.

Caudate nucleus : The number of NPY-IR neur-
ons of the caudate nucleus was more than that in the
putamen. Large number of these neurons was located
in the medial and ventral parts, especially medial part.
The NPY-IR fibers were distributed throughout the
caudate nucleus; the density of the NPY-IR fibers was
high in the medial half and low in the lateral half. In
addition, however, more dense areas of fibers were de-
tected. This finding was on the border of the lateral

ventricle but within the nucleus, where short lengths of
varicose fibers appeared orientated perpendicular to the
ependymal surface(Figs 11, 12)

No NPY-IR fibers were detected in the myelinated
fiber bundles of the internal capsule.

Putamen : The density of NPY-IR neurons and fi-
bers of the putamen was lower than that of the
caudate nucleus. In the anterior part of the putamen
NPY-IR neurons were scattered throughout the nucl-
eus. NPY-IR neurons in posterior part of the putamen
were found generally in the lateral and inferior parts;
the lowest number of perikarya were found in central
area. The NPY-IR fibers of the putamen were low
density, but whose distribution appeared to be related
to the NPY-IR perkarya(Figs 9, 10).

Globus pallidus : The globus pallidus contained no
NPY-IR neurons, but contained NPY-IR fibers in the
lowest density. The pattern of NPY-IR fibers was
scattered throughout the globus pallidus.

Discussion

A large number of medium-sized multipolar
NPY-IR neurons were observed throughout the
striatum of the Korean squirrel. A higher density of
NPY-IR neurons and fibers was detected medial and
ventral parts of the caudate nucleus. In the anterior part
of the putamen NPY-IR neurons were scattered
throughout the nucleus; in posterior part were detected
generally in the lateral and ventral parts. NPY-IR
neurons have been reported in higher density in dorsal
and lateral striatum of the rat*’. Also the work in the
rat and monkey has indicated a higher density of im-~
munoreactive cells in caudal striatum compared to ros-
tral regions™™*** The results of present and other stu-
dics, therefore, reveal that the striatum is much more
heterogeneous in the distribution of the NPY im-
munoreactivities. The distribution, size and morpholo-
gy of these immunoreactive cells suggested that they
corresponded to the aspiny type 1 cells of the Golgi
classification® .

The mammalian striatum has long been considered
as a homogeneous entity. The results of recent various
studies, however, reveal that the striatum is much
more heterogencous than previously suspected.
Graybiel and Ragsdale® demonstrated that the acety-



Icholinesterase activity in the cat caudate nudleus is dis-
tributed according to a highly heterogeneous and com-
plex mosaic-pattern. Many investigators have demons-
trated that the principal striatal afferents, which come
from cerebral cortex, substantia nigra, thalamus and
amygda, terminate in distinct patches of various size
throughout the stmatum" ™ “  Furthermore, the
striatal distributions of tyrosine hydroxylase™", certain
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neuropeptides as well as opiate receptors
also displays marked heterogeneities. Despite the uni-
torm distribution of NPY-positive cells there is cvi-
dence that in the cat and human caudate the distribu-
tion of cells may be correlated with the so-called ‘stri-
osomes™*. Clumps of immunoreactive cells in human
caudate nucleus avoid zones of low cholinesterase
activity”. The results of the present study was validated
by the evidence observed in the caudate nudleus and
putamen of the squirrel as a heterogeneous pattern.

NPY-IR neurons have also been reported to be
coexpressed with somatostatin-like immunorcactivities
in these cells in rat, monkey and human brain*™". The
neurons also contain a marker of uncertain physiologic-
al significance : nicotinamide adenine dinucleotide phop-
hate (NADPH) diaphorase™, and are distinct from the
large cholinergic interneurons in the rat™.

Many of the immunorcactive fibers in corpus
sthiatum are likely to be of local origin®. The striatum
contains a non-uniform distribution of fibers, with a
low density in the striatum®** and in addition higher
density patches on the lateral ventricle border . In
the present study, NPY-IR fibers were distributed
throughout the striatum; the density of the NPY-IR fi-
bers was intensely expressed in the medial half and, to
a less degree in the lateral half. In addition, however,
more dense areas of fibers were detected. This finding
was on the border of the lateral ventricle but within
the nucleus, where short lengths of varicose fibers
appeared orientated perpendicular to the ependymal
surface, NPY-IR fibers, therefore, may be abundant
on the lateral ventricle border in mammals striatum.

In briet, NPY-immunorcactivities in the corpus
striatum arc not homogenous but heterogenous in dis-
tribution. These findings may reflect innate characteris-
des of the specific neural circuit in the corpus striatum

itself.

Summary

The present study was performed to investigate the
distribution of neuropeptide Y immunoreactivitics in
the corpus striatum of the Korean squirrels. The anim-
als were perfused with 4%-paraformaldchyde and the
brain was cut serially into 40 #m thick coronal scc-
tions. Scctions either were stained with cresyl violet or
were stained immunohistochemically.

The corpus striatum was divided into the caudate
nucleus, putamen and globus pallidus. Anteror part,
however, of the striatum was observed as the com-
bined caudate-putamen.

NPY immunoreactive (NPY-IR) neurons were
medium-sized. The corpus striatum contained a low
level of NPY-IR fibers, whose distribution appeared to
be related to the immunoreactive perikarya. Large
numbers of NPY-IR neurons in the caudate-putamen
and caudate nucleus were expressed in medial and ven-
tral parts. In the anterior part of the putamen NPY-IR
neurons were scattered throughout the nudleus; in post-
erior part were found generally in the lateral and ven-
tral parts. The density of NPY-IR fibers of the puta-
men were low, whose distribution appeared to be re-
lated to the perikarya. The globus pallidus contained
NPY-IR fibers only in the lowest density.

In brief, NPY-immunoreactivitics in the corpus
striatum are heterogenous in distribution. These find-
ings may reflect innate characteristics of the specific
neural drcuit in the corpus striatum  itsclf.
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Legend for figures

Fig 1-6. Lower magnification photographs from anterior part of corpus striaum(Fig 1, 2 and 3) to posterior part
of striatum(Fig 4, 5 and 6) in left part. Overlay drawings of right photographs in right part. The
location of NPY-positive neurons in indicated by filled rounds. ac; anterior commissure, ca; caudate nud-
eus, cc; corpus callosum, cg; cingulum, cpu; caudate putamen, ec; external capsule, fi; fimbria hippocam-
pus, fim; fomix, Gp; globus pallidus, ic; internal apsule, ox; optic chiasm, pu; putamen, v; lateral ventricle.

Fig 7. Medial portion of caudate-putamen in anterior brain part(X 100)
Fig 8. Ventral portion of caudate-putamen in anterior brain part(X 100)
Fig 9. Medial portion of putamen in posterior brain part(X 100)
Fig 10. Ventral portion of putamen in posterior brain part(X 100)
Fig 11. Ventral portion of caudate nucleus in posterior brain part(X 100)
Fig 12. Medial portion of caudate nudleus in posterior brain part. LV; lateral ventricle(X 100)
Fig 13. Round- or oval-shaped neurons and their processes in the caudate-putamen(X 400)
Fig 14. Round- or oval-shaped neurons and nerve fibers in the caudate nucleus. LV; lateral ventricle(X 400)
Fig 15. Triangular-shaped neuron in the putamen(X 400)
Fig 16. Fusiform-shaped neuron and their processes in the caudate nucleus(X 400)
Fig 17. Multipolar neuron and their processes in the ventral part of putamen(X 400)
Fig 18. Multipolar, round or oval shaped neurons and their processes in the caudate nucleus(X 400)
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