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The studies were carried out on the subthalamus of adult guinea pigs. Golgi
impregnation, Nissl and Klüver-Barrera methods were used for the study. In Nissl
stained sections the subthalamic neuronal population consists of multipolar, fusi-
form, oval and pear-shaped perikarya. In two studied areas: nucleus subtha-
lamicus (STN) and zona incerta (ZI) three types of neurons were distinguished.
Type I, multipolar neurons with quadrangular, triangular or oval perikarya. They
have 3–6 primary dendrites wich run slightly wavy and spread out in all direc-
tions. Type II, bipolar neurons with fusiform or semilunar perikarya, they have
two primary dendrites. Type III, pear-shaped neurons with 1–2 dendritic trunks
arising from one pole of the neuron. In all types of neurons axon emerges from
the perikaryon or initial segment of a dendritic trunk and can be followed at a
maximum distance of about 50 mm.
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INTRODUCTION
The aim of the present study is to set up some data
of types of neurons in the subthalamic region of
guinea pig. In available literature the neuronal
morphology of the subthalamic nuclei was de-
scribed only in a few mammals: in cat [12], galago
[18] and maccaca [15,19], although the cytoarchi-
tecture was investigated in many animals, mainly
in laboratory and domestic mammals for example:
in rat [13] and pig [26].

Experimental studies indicate that subthalamic
nuclei give rise to a widespread system of descend-
ing and ascending projections that reach the reticu-
lar structures of the brain stem. They receive affer-
ent fibres from the globus pallidus [2,6,20,22], cor-
tex [3,14,21], nucleus parafascicularis thalami [9],
tegmental pedunculopontin nucleus [20,23]. On the
other hand the efferent fibres from the subthalamic
nuclei reach mainly the globus pallidus and substan-
tia nigra [5,6,11,17,24], the spinal cord [16,20] and
the colliculus superior [10,20]. Some of the described
connections may be of a reciprocal nature [4,5,11].

MATERIAL AND METHODS
The studies were carried out on the subthalamus
of 6 adult guinea pigs. Preparations were made by
means of the Bagiński and Golgi-Kopsch techniques,
Nissl and Klüver-Barrera methods. The brains were
cut into frontal and sagittal planes. The scraps,
60-mm-thick and 10-mm-thick, were prepared for the
Golgi and Nissl methods, respectively. The microscop-
ic images of the chosen impregnated cells were dig-
itally recorded by means of a camera that was cou-
pled with a microscope and an image processing
system (VIST-Wikom, Warsow). From 50 to 100 such
digital microphotographs were taken at different
focus layers of the section for each neuron. The com-
puterized reconstructions of microscopic images
were made on the basis of these series. The neuropil
was removed to clarify the picture.

RESULTS
The neurons were categorized by size and shape of
soma, distribution of tigroidal substance, number
and arborization of dendrites and location of axon.
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On the basis of these criteria in the nucleus subtha-
lamicus and zona incerta the following types of neu-
rons were distinguished:

Type I (Fig. 1, 2) multipolar neurons — they con-
stitute about 55% of the total populations of STN
and ZI neurons. In this type as regards the shape of
perikaryon and dendritic trunks two subclasses can
be distinguished: subclass 1a (Fig. 1) and subclass
1b (Fig. 2). Most of type I neurons consist of the 1a
subclass, its neurons have 4–6 (rarely 3) rather thin
primary dendrites which spread out in all directions
and perikarya from quadrangular to oval in shape
which measure from 20 to 35 mm. Their dendrites
run slightly wavy, sometimes change their directions,
and some of them may be followed at a distance of
about 300 mm within the same frontal-section, more
rarely within the sagittal-section. These dendrites
divide once, twice or not at all but sometimes give
off collaterals. Usually two or three dendritic trunks
bifurcate after 10–40 mm from the soma into quite
long branches, whereas the remaining dendrites can
bifurcate at various distances. Tertiary branches are
not numerous. Within the 1a subclass there are neu-
rons with smooth dendrites but also dendrites with

various numbers of processes. These processes have
either delicate filiform, or stalked appendices, which
are usually seen on secondary dendrites and their
branches but occasionally they are seen on the den-
dritic trunks. The secondary and tertiary dendrites
can be varicose or beaded along their whole extent.
Axon emerges from the perikaryon often close to
one of the dendritic trunks, orientates usually medi-
ally and is impregnated only in its initial segment.

The 1b subclass (Fig. 2) — neurons have three
thick primary dendrites that conically arise from the
mostly triangular soma. In general, two primary den-
drites divide dichotomically after 10–30 mm and quite
often once again at the distance of about 15–40 mm
from the first bifurcation. The third primary dendrite
may be even thicker than the remaining ones and
may not divide but only gives off collaterals. The
dendrites of these neurons are devoid of appendag-
es. Axon hillock is prominent and gives off thin axon
that usually directs antero-laterally and can be fol-
lowed at a maximum distance of about 50 mm. No
collaterals have been seen arising from the axon.

Figure 2. Computerized reconstruction of Golgi impregnated neurons
of type I (1b subclass), ax — axon. The Nissl stained soma (insert).

Figure 1. Computerized reconstruction of Golgi impregnated neu-
ron of type I (1a subclass). The Nissl stained soma (insert).
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Within STN it can be observed that in its medial
region there is a preponderance of oval perikarya
(1a subclass) whereas in the lateral part of STN in
the majority are perikarya with quadrangular and
triangular somata (1a and 1b subclasses) are thus in
equal. In the zona incerta all the shapes of perikarya
are uniformly placed throughout its whole extent.
The neurons of type I account for about 34% of ZI
neurons and about 75% of STN neurons. Their den-
drites run in all directions causing the dendritic field
to range in shape from oval to round.

Type II (Fig. 3) bipolar neurons — they account
for about 40% of the total number of cells in both
studied areas. The fusiform perikarya (rarely semilu-
nar) measure from 20–40 mm along the long axis.
Two primary dendrites emanate in opposite direc-
tions from the poles of the cell body whereas the
dendrites of semilunar perikarya direct slightly ven-
trally. The primary dendrites bifurcate into second-
ary dendrites after 20–35 mm of their route, some-
times one of the primary dendrites divides dichoto-
mically very close to the cell body or gives off
collaterals. Some of the secondary dendrites may
divide once again at a distance of about 30–50 mm
from the first bifurcation. The dendrites can be cov-

ered either with relatively many or only a few deli-
cate filiform spines or bead-like protuberances
whereas others are devoid of them and they are
smooth. The dendritic appendages are concentrat-
ed on the secondary and tertiary dendrites and their
terminal segments; sporadically they are met on the
dendritic trunks. The bipolar neurons (type II) have
fewer appendages than the multipolar types (type
I). The axon arises either from the cell body or from
the proximal part of the dendritic trunk and runs
antero-laterally and can be seen at the distance of
about 30–40 mm. The dendrites of fusiform neurons
run in rostral and caudal directions so the dendritic
field is of stream-like shape. The neurons of the type
II on the cross-sections in zona incerta are distribut-
ed uniformly throughout its rostro-caudal extent and
they constitute about 65% of the total number of ZI
cells. In STN the neurons of type II account for about
20% of all cells and they are mainly seen on the pe-
riphery of the nucleus.

Type III (Fig. 4) contains pear-shaped neurons —
the least numerous in our material, about 5% of the
total number of cells in STN and ZI. Their perikarya
measure from 15 to 20 mm. They possess 1 or 2 thick
dendritic trunks arising from one pole of the neu-
ron. The dendritic trunks divide dichotomically into

Figure 3. Computerized reconstruction of Golgi impregnated neu-
rons of type II (ax — axon). The Nissl stained soma (insert).

Figure 4. Computerized reconstruction of Golgi impregnated neu-
ron of type III (ax — axon). The Nissl stained soma (insert).
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secondary and tertiary dendrites after the course of
about 20–60 mm and sporadically once again at a
long distance from the perikaryon. Appendages are
absent or are only occasionally seen. A thin axon
emerges from the perikaryon at some distance from
the dendritic trunk and directs usually medially
(sometimes ventrally) and can be seen at the maxi-
mum distance of about 50 mm. The dendrites run in
dorsal directions making the dendritic field fan-
shaped. The neurons are observed mostly in STN in
its medial region whereas in ZI they are only occa-
sionally met.

Nissl staining
The lens-shaped nucleus subthalamicus is the best-
developed nucleus of the subthalamic region. The
posterior pole appears slightly backwards of the
posterior pole of the zona incerta and extends for-
wards for about 600 mm. The nucleus is bordered
dorsomedially by lenticular fasciculus, ventrolateral-
ly by cerebral peduncule. On the dorsolateral side of
STN lies zona incerta, on the ventromedial side
mamillary peduncle (in back) and area hypothalam-
ica lateralis (in front). In the nucleus subthalamicus
there are visible multipolar and fusiform perikarya
from 20–35 mm, and less numerous triangular, oval
or pear-shaped perikarya from 15–25 mm. It is evi-
dent that there are differences in cell sizes and cell
concentration between the medial and lateral parts.
Pear-shaped and oval perikarya constitute the medi-
al part whereas the lateral region consists mostly of
quadrangular and triangular cells. Cells of the medi-
al part are slightly smaller (from 15–30 mm) and more
densely packed than in the lateral region of the STN.
The perikarya of STN are intensively stained and con-
tain relatively large, also deeply stained nucleus. In
the neuroplasma there are a lot of thick and medi-
um-size densely distributed granules of tigroid mat-
ter, which in fusiform, multipolar and pear-shaped
cells deeply penetrates into the initial portion of the
dendritic trunks.

Zona incerta, on the cross-sections, extends as a
band of cells between the mamillary bodies and the
nucleus reticularis thalami. Medially the ZI is sur-
rounded by nucleus thalamicus fascicularis, ventral-
ly by nucleus subthalamicus and ventrolaterally by
capsula interna. Its length is about 900 mm. The zona
incerta is mainly made of fusiform and multipolar
cells from 25–40 mm but triangular and pear-shaped
cells from 20–25 mm are sporadically met. All the
perikarya are met through its whole extent. The

perikarya of zona incerta are intensively stained and
they have thick and medium-size granules of tigroid
matter that enters deeply into the initial portion of
primary dendrites, especially in fusiform cells.

DISCUSSION
In guinea pig in the Nissl pictures the subthalamic
nuclei (STN and ZI) consist of multipolar, fusiform,
triangular and pear-shaped cells. In the zona incerta
the commonest are the fusiform and multipolar cells
and they are uniformly distributed throughout its
whole extent, similarly to the pig [26], whereas in
rat [13] all shapes of perikarya appear only in three
parts of ZI. Kawana and Watanabe [13], basing on
their results, thought that axons of ZI neurons are
topographically arranged in triple centrifugal fash-
ion. The STN in guinea pig is divided into the medial
and lateral region on the basis of cell sizes and their
concentration. The medial region consists of all types
of cells (quite often oval and pear-shaped) whereas
in the lateral region mostly the multipolar and fusi-
form cells are seen. This is also compatible with the
distribution of neurons of STN in the Golgi scraps.
The mediolateral division of STN is supported by sev-
eral authors [4,19,24,26]. It was determinated that
the medial part of STN was related to the ventral
pallidum [2,11] and substantia nigra [24], whereas
the lateral part to the globus pallidus [2,11,25].

In guinea pig there are no clear borders between
ZI and STN cells, thus this common incerto-subtha-
lamic population was segregated into 3 types of
neurons. Similarly to guinea pig also in other stud-
ied mammals (cat, prosimians, monkey), generally 3
categories of neurons were distinguished, but the
criteria and nomenclature used by authors [12,18,
19] are different.

The multipolar nerve cells (type I) in guinea pig
correspond most probably to the radiate or polygo-
nal cells in primates [4,15,18,19] and to type II in
the cat [12]. These cells show a similar shape of soma
and dendritic field but vary in the differentiation of
dendritic spine-like protuberances and appendages.
The presence of a mixed population of neurons with
different spines is confirmed by Rafols [19]. Electron
microscopic studies [21,22,23,25] demonstrated that
most terminals derived from pallidum, nucleus teg-
mental pedunculopontinus and cerebral cortex make
synaptic contacts with dendritic spines and proxi-
mal dendritic trunks and also with somata and so-
matic spines. According to Chang and co-workers
[7] two kinds of terminals can be observed in the
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STN in rat. The terminals of the first class form syn-
apses with thin dendrites in the rat; this can corre-
spond to the neurons of type I (1a subclass) and to
type II in guinea pig. The second class of terminals
probably contains synapses interacting with somata
and large dendrites; such thick dendrites possess cells
of type III and I (1b subclass). Immunocytochemical
techniques [1] suggest that neurons of the nucleus
subthalamicus are glutamatergic and they are inhib-
ited by pallidal stimulation [2], however there are
different opinions as regards GABAergic neurons in
STN [25].

Bipolar neurons (present study) correspond most
probably to the elongate-fusiform cells in primates
[4,15,18,19]. In our study the number of bipolar
neurons in zona incerta are in the majority (about
65%) whereas in nucleus subthalamus they are in
the minority (about 20%), like in the primate [19]. In
addition the bipolar neurons have fewer appendag-
es than the multipolar ones, which is also observed
in galago [18]. In guinea pig many dendrites could
be traced to their terminal segments within the same
section, rather in the frontal than the sagittal sec-
tions. This suggests that most dendrites in the stud-
ied nuclei are orientated mediolaterally and only a
few rostrocaudally. A similar orientation of dendrites
was observed in the subthalamic nuclei in primates
[15,19]. In guinea pig in both studied nuclei axon is
seen only in its initial segment, which may mean that
in this point axons are covered with myelin sheet. In
type I and III, in general, axons usually are directed
medially, but in type II axons emanate rostrally and
laterally. In our material no collaterals have been seen
arising from the axon, which was also reported by Pear-
son [18] and Rafols [19] in contrast to Chang [8] and
Ivahori [12], who described many axon-collaterals.

The pear-shaped neurons, which are the least
numerous in our material, have not been observed
in previous Golgi studies. All types of neurons in the
subthalamic nuclei of guinea pig have similar mor-
phology and any cells which could correspond to
the local interneurons described in the primate
[15,18,19] were not seen in our material, just as in
cat [12] and rat [7]. According to van der Kooy and
Hattori [24] most if not all of rat STH neurons are
projection cells. This can suggest that all cells of STN
and ZI in guinea pig are tentatively considered to be
projection cells. It must be kept in mind that Golgi
methods selectively impregnate neurons, thus it is
difficult finally to solve this problem.
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