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The Golgi technique stain was used to reveal the cellular structure of the
neostriatum (nucleus caudatus and putamen) in the guinea pig. The computerised reconstructions were made from Golgi impregnated neurones. On the basis of various criteria, 4 types of neurones were distinguished in the guinea pig
neostriatum:
1. The rounded neurones (most numerous) with 5–8 thin dendritic trunks;
2. The triangular nerve cells with 3 thick dendritic trunks;
3. Two types of multipolar neurones differing in dendritic arborisation pattern
with 4–6 and 7–9 primary dendrites, respectively.
4. The pear-shaped cells, which divide into two distinctly different subpopulations.
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INTRODUCTION

rangement and packing density of neuronal populations cannot be correctly evaluated.
Our investigations made on the neostriatum of
the guinea pig are thought to be complementary
and confirmatory. The application of two different
Golgi procedures allowed us to attain more real qualitative pictures, and the Klüver-Barrera method allowed us to achieve also quantitative data of the
examined structures.

The aim of our studies was to give full morphological characteristics of the neuronal structure in
the neostriatum (nucleus caudatus and putamen) of
the guinea pig. Studies of the neuronal composition
of the neostriatum on the basis of Golgi preparations had been carried out in a number of mammal
species — rat [5,10], cat [7,11,16], monkey [8,9,11],
rabbit [11] and bison [19]. There have also been some
observations in man [6,11]. The data and final conclusions according to the observations of many authors are often different and sometimes contradictory [15]. These differences are probably caused by
the staining specificity of the Golgi procedure and
by the large number of its modifications. However,
the Golgi technique, very helpful in the qualitative
investigations of the neuronal structures, has several limitations, including the fact that it stains only a
small, not necessarily representative, percentage of
the whole neuronal population. Therefore the ar-

MATERIALS AND METHODS
The studies were carried out on the telecephalons of 6 adult guinea pigs. The preparations were
impregnated according to two different Golgi procedures (60-mm-thick sections) and stained with cresyl violet (15-mm-thick sections). The material was
fixed in formalin, dehydrated in ethyl alcohol and
embedded in paraffin. The microscopic images of
chosen neurones impregnated according to Golgi
technique were digitally recorded by means of a cam-

Address for correspondence: Prof. Stanislaw Szteyn, MD, PhD, Department of Comparative Anatomy, Warmia and Masuria University,
14 Zolnierska Street, 10–561 Olsztyn, Poland

31

Folia Morphol., 2000, Vol. 59, No. 1

era that was coupled with a microscope and an image processing system (VIST-Wikom, Warsaw). From
50 to 100 such digital microscopic pictures were taken at different focus layers of the section for each
neurone. The computerised reconstructions of microscopic images were made on the basis of these
series. The neuropil and other neurones were removed to clarify the picture.

RESULTS
While distinguishing the types of neurones, the
following criteria were taken into account: the shape
and size of perikaryons, the number of dendritic
trunks and their arborisation pattern, the appearance and course of axon, as well as the distribution
and structure of tigroidal substance.
On the basis of the criteria presented above, four
types of neurones were distinguished in the neostriatum of the guinea pig:
1. The rounded neurones (Figs. 1A and 1B). These
neurones are the most numerous and constitute
about 90% of the total number of nerve cells forming neostriatum. The perikaryons measure from 16
to 28 mm., but the majority of them 16–20 mm. Only
a small number of these cells has larger somata
[25–28 mm). From the soma there arise 5–8 thin dendritic trunks without conus. The dendritic trunks bifurcate dichotomically close to the cell bodies (10–15 mm)
and many of them give off fine collaterals. Most
dendrites divide once again after a distance of
15–20 mm. From this place dendritic branches have
a varicose course and show the spines. A thin axon
emerges directly from the cell body. The fine granules of tigroidal substance are peripherically distributed around the cell nucleus and do not penetrate
into the initial portions of the dendritic trunks.
2. The triangular nerve cells (Figs. 2A and 2B).
The cell bodies measure from 28 to 35 mm. This type
represents about 8% of neurones in the neostriatum. From the perikaryons there arise conically 3 thick
dendritic trunks. Most dendritic trunks bifurcate dichotomically at a distance of 15–20 mm. from the
perikaryon and some of them (but not numerous)
close to the cell body. Some dendrites give off at the
distal segments numerous ramifications covered with
spines. A thick axon emerges directly from the soma,
near to the conus of a dendrite. The dendritic field is
large and has a spherical form. The cells contain
numerous, thick tigroidal granules, which penetrate
deeply into the initial portions of the dendritic trunks.
3. The multipolar neurones (Figs. 3A and 3B).
These cells constitute about 1% of the total number

A

B
Figure 1. The rounded neurones: Golgi impregnation (A); KlüverBarrera method (B)

A

B
Figure 2. The triangular neurones: Golgi impregnation (A), ax —
axon; Klüver-Barrera method (B)
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of neostriatal neurones and divide into 2 distinctly
different sub-populations. One of them has perikaryons which measure from 32 to 40 mm. and send off
7–9 thin, richly arborised dendritic trunks. The
branches of the dendritic trunks are covered with
spines. The second kind has cell bodies measuring
25 to 35 mm with 4–6 thick weakly arborised dendritic trunks. The branches of the dendritic trunks
are devoid of spines. Only final parts of ramifications show a varicose course. In both kinds of multipolar neurones a thin axon is separated from the
dendritic trunks and emerges directly from the soma.
The cells contain numerous thick, spherical granules
of the tigroidal substance. The tigroidal granules
penetrate the initial segments of the dendritic trunks
only for a short distance.
4. The pear shaped cells (Figs. 4A and 4B). The
pear-shaped cells constitute about 1% of neurones
forming the caudate nucleus and putamen. They
divide into two kinds. The first one creates neurones
with one dendritic trunk arising from one pole of
the soma, and 2–3 dendritic trunks arising from the
opposite pole of the cell body. A thin, short axon
emerges directly from the soma between the dendritic trunks and is difficult to impregnate. The neurones of the second type give off 1–2 thick dendritic
trunks from one pole, whereas from the opposite
pole of the perikaryon there emanates a short axon.
The dendritic trunks divide irregularly into tuft-like
ramifications. These ramifications are covered with
not numerous spines. The perikaryons of the pearshaped cells measure from 15 to 22 mm. Many thick
granules of the tigroidal substance are distributed
peripherically in the soma, around the cell nuclei.

A
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Figure 3. The multipolar neurones: Golgi impregnation (A), ax —
axon; Klüver-Barrera method (B)

DISCUSSION
Type 1 – the medium-size rounded neurones with
dendrites densely packed with spines observed in our
studies correspond probably to spiny-medium size
neurones in the neostriatum of the monkey [8,9],
cat [10], bison [19] and man [6]. It is the commonest cell type and comprises 95% of the total population of the neurones in the mammalian neostriatum;
in our studies about 90%. In Nissl stained sections
these neurones have an uniform pattern of pigmentation and contain many, small tigroidal granules.
Anatomical and physiological investigations suggest that this kind of neurones receives a massive
input from the cerebral cortex, thalamus, substantia
nigra, raphe nuclei and the locus coeruleus
[2,7,13,17,21]. The medium size neostriatal spiny
cells are histochemically differentiated. GABA, sub-
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Figure 4. The pear-shaped neurones: Golgi impregnation (A),
ax — axon; Klüver-Barrera method (B)
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stance P, met-enkephalin and neurotensin can be
probably produced by these neurones [1–4, 12–14,
22]. Effects of anterograde and retrograde labelling
studies [2,13,14,17,23], and also analysis of synaptic buttons [4] indicate that the described cells are
of an efferent nature. The main efferent targets are
substantia nigra and globus pallidus.
Large neurones with long, infrequently branching dendrites are described in the rat neostriatum
on the basis of immunocytochemistry and Golgiimpregnation studies by Bolam et al. [5] as „a type I
of AChE-positive neurones”. A similar kind of cell was
found by Kemp and Powell [16] in the neostriatum
of the cat. They nominated these neurones „giant
cells”. They are also comparable with „type III neurones” of Braak and Braak [6] in man. The morphological features of one type of triangular cells and
one subtype of multipolar neurones observed in our
material suggest that these neurones can be also of
a similar, cholinergic nature.
Our second subtype of multipolar neurones, with
many richly arborised dendritic trunks, are morphologically distinct and distinguishable from cholinergic
large cells. In some mammals, i.e. in bison [19], only
one type of the large neurones was found in the neostriatum. It is generally accepted that large neurones
send their axons outside of the neostriatum [23].
A morphological view of our pear-shaped cells
(both subtypes) suggests that they belong to the
Golgi Type II interneurones [11,18,20]. The pearshaped cells have short axon and are difficult to impregnate. The dendrites are scarcely spiny and the
diameter of the dendritic field is small. The dendritic
branches divide in tuft-like manner in their final segments.
The differentiation of the neuronal architecture
of the guinea pig into 4 types and 2 subtypes of
nerve cells is not rich. Eder et al. [11] described in
the caudate nucleus of the cat — 7, monkey — 6
and man — 9 types of neurones. Many authors suppose that the numbers of neuronal types and subtypes in the mammalian neostriatum „show an increasing tendency in the phylogenetic series” [11].
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