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The morphometric analysis of changes occurring in the rat and rabbit ventro-
posterolateral (VPL) nucleus of the thalamus during the postnatal development
was performed using unbiased stereological methods. The materials used in the
study included 30 Wistar rats and 32 New Zealand rabbits aged from P0 to P180
(P-postnatal day), which were divided into six and eight age groups, respective-
ly. The following stereological parameters of VPL nucleus on the cresyl violet
stained sections were determined: volume of the nucleus, numerical density
and total number of neurons.
The total number of neurons indicated that the development of VPL nucleus in
both species ended within the third week of postnatal life. The volume of VPL
nucleus increased gradually (by about 2.2 and 5 times in rats and rabbits, re-
spectively) in comparison with the volume of the cerebral hemisphere during
the development from P0 to adulthood. The numerical density of VPL neurons
decreased rapidly at the beginning of postnatal life and stabilized by the end of
the third week. In both species, the gradual increase in the volume of VPL nucle-
us and the simultaneous decrease in the neuronal density in the first week of
postnatal life were mainly caused by changes in the neuropil volume. The total
number of cells did not change remarkably during the first postnatal week.
However, it decreased significantly during the second week. This decrease was
probably due to the naturaly occuring cell death.
These results show that the most prominent qualitative and quantitative chang-
es in VPL nucleus and its neurons occur during the first two weeks of postnatal
life of rats and rabbits. Also, because the thalamocortical relay neurons com-
pletely acquire their physiological features, this the most critical period of time
for their morphological maturation.
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INTRODUCTION
The rat somatosensory system is a good model

for studying sensory function, neural integration, de-
velopment, response to injury and neural plasticity.

Its advantages stem from an obvious correlation
between structure and function. The rat somatosen-
sory thalamus has been well examined [56]; contrary
to this, we still know very little about the rabbit’s
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thalamus. Generally, in mammals, ascending somatic
sensory information is relayed to the primary soma-
tosensory cortex through two major thalamic nu-
clei: ventral posterior (VP) and posterior (Po). VP con-
sists of two subdivisions: ventroposterolateral (VPL)
and ventroposteromedial (VPM) nuclei. VPL nucleus
receives tactile inputs from the trunk, limbs and tail
via the dorsal column nuclei and the spinal cord,
which further transmits them to the somatosensory
cortex in the topographically ordered manner [14,
26, 27, 38, 43, 64, 67].

VPL nucleus in mammals is composed of medi-
um-sized multipolar neurons which are arranged in
the laminar pattern parallel to the external medul-
lary lamina [56]. But there are differences in the cel-
lular constituents of the somatosensory thalamus
between interspecies, e.g., cats and monkeys have
numerous GABAergic neurons, which constitute
about 20–25% of the total cellular population [49,
63, 69]. Probably, the population of interneurons in
rabbits is on the similar level. In contrast, VP of an
adult rat lacks local circuit neurons [8, 41] or they
are less than 1% [29]. It contains only one major cell
type, the thalamocortical relay cell, that processes
all the somatosensory submodalities present in the
nucleus [28, 30, 55].

The prenatal development of VPL nucleus in rats
and rabbits is well known. Altman and Bayer [5, 6]
showed in a series of autoradiographic studies that
most cells of VPL nucleus in rats are generated on
E15, whereas in rabbits this event takes place on
E16 [15]. Before the day of birth, VPL nucleus is com-
pletely differentiated and shows a distinct bound-
ary in comparison with the surrounding structures.
On the basis of numerous studies on the prenatal
development of thalamocortical connections [31, 37,
50–53, 70], it was concluded that the developing
neurons send their axons to the subplate and create
transitory connections with its cells waiting for the
development of the cerebral cortex. For this reason,
the developing neuron passes through a progres-
sive series of morphological and metabolic alterations
during maturation. It is forced through the flow and
circulation of various sensory inputs in the thalamo-
cortical loop during the postnatal period of life. The
establishment of functional connections with other
neurons or with end-organs in the periphery accel-
erates neuronal differentiation and is known to play
an important role in neuronal maintenance [18, 19].
This period of time is different in various species and
reliably depends on the degree of advanced intrinsic
organization of VPL nucleus. Therefore, it seems in-

teresting to compare the developmental events of
VPL nucleus in rats and rabbits because of their dif-
ferences in cytoarchitectonical structures.

In the present study, we investigated the quali-
tative and quantitative developmental changes in VPL
nucleus neuronal population in rats and rabbits. In
relation to this, we also analyzed the sequence of
morphological developmental alterations in both
species.

MATERIAL AND METHODS
Thirty Wistar rats and thirty two New Zealand

rabbits of both sexes respectively divided into six and
eight age groups (P0, P7, P14, P21, P45, P180; and
P0, P7, P14, P21, P60, P90, P120, P180) were used in
this study. The animals were cared for and treated
in accordance with the guidelines for laboratory an-
imals established by the National Institute of Health
as well as by the local ethical committee. The ani-
mals were deeply anesthetized with Fentanyl (0.03
mg/kg i.p.) and a lethal dosage of Thiopental (80
mg/kg i.p.). Next, they were perfused transcardially
with 50–250 ml (depending on the age of the ani-
mal) of cold 0.9% saline containing 10,000 units of
heparin followed by 100–1000 ml 4% solution of
paraformaldehyde in 0.1 M phosphate buffer (pH
7.4 and 4°C) and 50–300 ml of 10% solution of su-
crose in 0.1 M phosphate buffer. Immediately after
perfusion, the brains were removed from the skulls
and refrigerated in 30% solution of sucrose in 0.1 M
phosphate buffer overnight. Then, the brains were
frozen and cut into 50 mm coronal sections with a cry-
ostat Jung 1800 (Leica, Germany). Every sixth and
tenth pair of sections (for rats and rabbits, respec-
tively) were saved, mounted and stained using the
cresyl violet method. After that, the sections were
covered with DPX slips (Fluka, Germany) and stud-
ied under a light microscope (DMLC, Leica, Germa-
ny). The microscope was equipped with a camera
(DP10, Olympus, Japan). To capture the photomi-
crographic collages of the thalamus, the image anal-
ysis system Q500 was used.

Stereological study

In the current study, the following stereological
parameters of VPL nucleus were determined: volume,
numerical density and total number of neurons. The
volume of the cerebral hemisphere and the ratio of
VPL nucleus volume to the volume of the cerebral
hemisphere were also determined. The parameters
were determined using the optical dissector and frac-
tionator and the Cavalieri’s principle. A microscope
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equipped with a CAST grid system was used (micro-
scope BX-51 (Olympus, Japan) [34, 66, 68].

The mean and standard deviations were calcu-
lated for each parameter. The statistical analysis was
performed using a computer programme (Statistica
v. 5.5, Statsoft, Poland). The analysis of variance
ANOVA with posthoc LSD test (least significant dif-
ference test) was used to compare results for all age
groups. The experiment-wise level of significance was
0.05. The data in the tables are given as mean
± standard deviation.

RESULTS

Qualitative analysis

General topography and morphology of VPL
nucleus. VPL nucleus was clearly distinguishable
from the surrounding structures on the day of birth
in both species. On coronal sections, it was medially
and rostrally near to the ventral lateral thalamic nu-
clei and medially and caudally near to the ventro-
posteromedial thalamic nuclei. Laterally, the bound-
aries of VPL nucleus are delimited by the external
medullary lamina, which separates it from the retic-
ular nucleus of the thalamus. The most medially and
ventrally situated part of VPL nucleus is close to the
ventral medial thalamic nuclei. On coronal sections,
VPL nucleus has a peculiar appearance due to the
presence of numerous bundles of myelinated fibres,
which are going through it (Fig. 1A, B).

VPL nucleus in both adult rabbits and rats was
composed of scattered neurons, or located in
groups of 2–3 neurons. In adult rats this structure
was composed of an homogeneous population of
medium-sized, multipolar or oval neurons with the
large nucleus distinguishable from the surround-
ing darker cytoplasm. The neuronal nuclei usually
contained few darkly stained nucleoli (Fig. 2D, H).
The proximal parts of dendrites were visible. The
neuronal population of VPL nucleus in rabbits con-
sisted of an heterogeneous population of large cells
and medium-sized cells. The large cells were oval
and round, whereas the medium-sized cells were
oval. They had large light nuclei with 1–2 centrally
located nucleoli and darkly stained cytoplasm. The
proximal parts of the dendrites were hard to distin-
guish (Fig. 3D, H).

The developmental morphology of VPL nucle-
us in rats. On the first day after the birth of rats
(age P0), the neurons of VPL nucleus showed differ-
ent types of morphological shapes. The heteroge-
neous population of neurons consisted of fusiform

cells intermingled with multipolar and oval cells. The
small-size neurons were very densely packed. They
also had big nuclei with few nucleoli, which were
surrounded by quite a wide ring of a dark cytoplasm
(Fig. 2A, E). Apoptotic bodies were rarely found in
the ventrolateral portions of this structure.

VPL nucleus at age P7 was characterized by the
most homogeneous appearance. Fusiform and oval
neurons predominated, whereas the remaining neu-
rons were multipolar. Cells were less densely packed
in comparison with the previous age group. Con-
siderable increase in their size was obvious. Also,
the cytoplasm occupied a large part of the neuron
(Fig. 2B, F). The proximal portions of the dendrites
were often visible. The light nucleus was still clear-
ly distinct and big; it contained few nucleoli. In the
neighbourhood of the external medullary lamina,
apoptotic bodies were observed (Fig. 4A, B).

The neuronal population of VPL nucleus at age
P14 was almost exclusively composed of multipolar
cells. Their size and staining properties seemed not
to differ significantly from that of the previous age
group although they were less densely packed. The
primary and secondary dendrites were often well
visible (Fig. 2C, G). Apoptotic bodies were not no-
ticed. For the remaining age groups (P21, P45 and
P180), the morphology of neurons did not undergo
further significant morphological changes.

The developmental morphology of VPL nucle-
us in rabbits. At age P0, the population of VPL neu-
rons had densely packed and elongated cells with
fusiform or multipolar shape. Due to similar stain-
ing properties, their nuclei were not often distinct
from the surrounding cytoplasm. The proximal parts
of the dendrites were usually visible, especially on
the poles of the fusiform cells (Fig. 3A, E). In the
neighbourhood of the external medullary lamina,
apoptotic bodies were rarely observed.

VPL nucleus at age P7 had cells characterized by
different types of shapes although the multipolar
neurons predominated. The remaining cells were oval
and round. We observed a significant increase in the
size of cells and a decrease in their packing density
(Fig. 3B, F). The neuronal nuclei were still often hard
to distinguish from the surrounding cytoplasm. The
proximal portions of the primary dendrites were
clearly visible. Some apoptotic bodies were observed
near the external medullary lamina (Fig. 4C, D).

At the later age (P14), the neuronal populations
of VPL nucleus consisted of two types of neurons:
(1) large and round, and (2) small and oval neurons.
The former predominated over the small and oval



78

Folia Morphol., 2003, Vol. 62, No. 2

Figure 1. The selected coronal section through the middle part of the thalamus showing the general topography of the studied thalamic
nuclei in the adult rat (a) and rabbit (b). Numbers in the upper left corners indicate the distance from bregma; eml — external medullary
lamina; LD — lateral dorsal nucleus, LP — lateral posterior nucleus, Po — posterior nucleus, Rt — reticular nucleus, VL — ventrolateral
nucleus, VM — ventromedial nucleus, VPL — ventroposterolateral nucleus, VPM — ventroposteromedial nucleus, ZI — zona incerta.
Cresyl violet. Scale bar = 1 mm.
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Figure 2. Postnatal changes in the distribution and morphology of neurons in the ventroposterolateral
nucleus of the thalamus in the rat in selected age groups. Cresyl violet. Scale bars: a–d = 100 µm;
e–h = 20 µm.
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Figure 3. Postnatal changes in the distribution and morphology of neurons in the ventroposterolateral
nucleus of the thalamus in the rabbits in selected age groups. Cresyl violet. Scale bars: a, c = 100 µm;
b, d = 50 µm; e–h = 20 µm.
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Figure 4. Coronal sections through the middle part of the ventroposterolateral nucleus of the thalamus during the first week of postnatal
life in the rat (a, b) and rabbit (c, d). Encircled apoptotic bodies indicate that they are located near the external medullary lamina. Cresyl
violet. Scale bar = 20 µm.

neurons. Besides their shape and size, these popula-
tions of neurons were also characterized by differ-
ent staining properties. Large cells usually contained
only a thin rim of cytoplasm and clearly distinguish-
able light nuclei. The remaining population was com-
posed of darker cells with a larger amount of cyto-
plasm (Fig. 3C, G). The decrease in the neuronal den-
sity was observed in comparison with the previous
age group.

The morphology of VPL neurons in rabbits of the
remaining age groups (P21, P60, P120 and P180)
was not significantly different from that observed
at the preceding age (P14).

Quantitative analysis

The data describing stereological parameters of
the cerebral hemisphere and VPL nucleus in rats and
rabbits are given in Tables 1 and 2, respectively.

In rats the volume of the cerebral hemisphere
underwent significant changes until the end of the
third postnatal week. It increased by 2.6 times. The
highest increase was observed during the first post-
natal week of life (1.6 times). It did not change sig-
nificantly from the third week of postnatal life; the
increase in the volume was only about 10%.

In rabbits the volume of the cerebral hemisphere
changed significantly by the end of the third week
(by approximately 7.5 times). The highest increase
in the volume occurred during the first week of life.
It did not change significantly from the third week
of postnatal life. Although the significant increase
was only during the first week of postnatal life (1.4
times), the volume of VPL nucleus in rats increased
correspondingly with changes in the hemispheric
volume. The volume of VPL nucleus in rabbits in-
creased gradually; significant changes occurred be-
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tween longer time intervals (two weeks). During the
first two weeks, VPL nucleus in rabbits increased by
2.6 times. At ages between P7 and P21, the increase
in the volume increased by about 1.9 times. Similar-
ly, the volume of VPL nucleus stabilized at age P21.
The relative volume of VPL nucleus (ratio of VPL nu-
cleus volume to the cerebral hemisphere volume)
decreased significantly in both species during the
first three weeks due to a larger increase in the vol-
ume of the cerebral hemisphere.

The changes in the numerical density of VPL nu-
cleus in rats and rabbits proceeded in the similar
manner. In both species, significant decreases in the
numerical density during the first and the second
week of postnatal life were observed. During the first
week, the decrease was equal to 23% and 42% in
rats and rabbits, respectively. But both species were
characterized by similar decreases in the numerical
density during the second week. From age P0 to P7,
the total number of neurons in VPL nucleus showed
no significant changes. A significant decrease in the

total number of neurons was observed during the
second week of postnatal life; no significant chang-
es were noticed after this time.

DISCUSSION
VPL nucleus was clearly distinguished from the

surrounding structures at age P0 in both rats and
rabbits. According to the data reported by Altman
and Bayer [6], VPL neurons in rats are generated be-
tween the 14th and 16th day of prenatal life. Then,
during the next two days of migration, they get lo-
calized in the target region and axonogenesis takes
place [11]. With reference to the duration of preg-
nancy (which is longer in rabbits by about one week),
VPL neurons in rabbits appear relatively earlier (since
E16; [36]) than in rats.

Taking into account the shape of neurons, the
neuronal population of VPL nucleus at age P0 in rats
was heterogeneous, whereas that that in rabbits was
homogeneous. This remarkable difference in the
morphology of neuronal population shapes at P0 was

Table 1. Mean values (±SD) of parameters of particular age groups in the rats

Age Volume of Volume of Ratio of the volume of Numerical density of Total number of
group hemisphere VPL VPL to the volume of VPL neurons VPL neurons

[mm3] [mm3] hemisphere (%) [mm-3] [1/1]

P 0 47±5.7 0.18±0.021 3.97±0.33 133208±12763 23577±1298

P 7 76±3.7 0.26±0.027 3.51±0.19 102294±73180 26337±2125

P 14 98±1.0 0.32±0.021 3.64±0.60 56182±4557 17367±7100

P 21 124±8.40 0.34±0.047 2.78±0.24 52228±3077 17338±2620

P 45 131±12.3 0.36±0.070 2.79±0.48 42390±1970 14827±2624

P 180 134±8.30 0.40±0.076 03.6±0.34 34883±4130 13352±1082

Table 2. Mean values (±SD) of parameters of particular age groups in the rabbits

Age Volume of Volume of Ratio of the volume of Numerical density of Total number of
group hemisphere VPL VPL to the volume of VPL neurons VPL neurons

[mm3] [mm3] hemisphere (%) [mm-3] [1/1]

P 0 062±17 0.17±0.04 2.86±0.16 162849±36816 26760±2380

P 7 196±21 0.33±0.08 1.71±0.23 93747±9073 30156±4350

P 14 246±24 0.44±0.03 1.81±0.05 45284±4619 19993±8320

P 21 463±74 0.62±0.06 1.35±0.20 27371±5806 14909±1342

P 60 500±33 0.7±0.1 01.4±0.12 20448±1613 14181±1326

P 90 593±96 0.74±0.16 1.24±0.10 21141±2933 15195±3060

P 120 0550±100 0.72±0.11 1.33±0.29 20962±2148 15034±3772

P 180 590±98 0.85±0.22 1.42±0.19 15807±1327 12997±2952
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possibly due to the shorter period of the prenatal
development in rats.

The neurons of VPL nucleus in both species un-
derwent significant qualitative changes during the
first two weeks of postnatal life. During the first week
of postnatal life of rabbits, the morphological chang-
es in VPL neurons were similar to changes occurring
in rats during the second week of postnatal life. The
above mentioned changes concern the shape as well
as the staining properties of perikarya and neuronal
nuclei. The intense staining of neurons in rabbits and
rats, which was probably caused by the high level of
basophilic compounds, indicates transcriptional and
translational activities that occurred postnatally in
the former species (at ages P0 and P7), whereas in
the latter they occurred till at age P14. The morpho-
logical changes described above can also be related
to the differences in the periods of the prenatal de-
velopment.

The sizes of cells in both species increased con-
siderably during the first week of postnatal life. Al-
though there is no data with regard to this parame-
ter, there are some studies on other developmental
structures of either rats or rabbits. According to Zan-
tua et al. [71], the volume of perikarya of VPM nu-
cleus in mice increases significantly during the first
two weeks of postnatal life. The number and length
of the original primary dendrites does not change,
but the number and length of the secondary den-
drites increases. Similar data concern the matura-
tion processes in rats. On the basis of studies on Golgi
bodies, Schiebel et al. [61] showed that the neuropil
in VPL nucleus reaches its mature appearance du-
ring the first two weeks of postnatal life. They ob-
served an increase in the dendritic field, prolonga-
tion of the secondary dendrites, loss of the typical
dendritic nodules and primitive spines and gradual
occurring of specialized structures on the dendrite
surface. On the other hand, the same authors showed
that the dendritic organization of VPL nucleus in cats
required two more weeks than that in rats to reach
the morphology of an adult animal.

On the basis of studies on EM, De Biasi et al. [17]
proved the achievement of well developed cellular
organella by VP neurons was in the first two weeks
of the life of rats. This process occurs at the time as
the functional development. The expression of Thy-
1 immunoglobulin [9], which is responsible for reg-
ulating the distribution of cell-surface signaling pro-
teins related to synaptic signaling transmission, re-
vealed considerable changes during the first week
of postnatal life. This indicates that immature neu-

ropil and neurons at age P0 are probably able to
function after the first week of animal life.

While comparing the morphology of VPL nucle-
us in adult animals of various species, we should re-
spect the remarkable differences in cytoarchitecton-
ics and intrinsic organization of the nucleus. Numer-
ous studies [8, 28, 41, 55] prove that VPL nucleus in
rats is composed of homogeneous population of the
relay neurons. However, some authors found inter-
neurons; but their number was very small (0.3%) [29].
On the contrary, an heterogeneous neuronal popu-
lation characterizes VPL nucleus in cats. In this spe-
cies two types of thalamocortical relay neurons and
probably interneurons can be observed [42, 63, 69].

Our observations (the neuronal population of VPL
nucleus in adult rats) are in agreement with the data
mentioned above. But homogeneity of the neuronal
population in rats becomes characteristic at age P14.
The morphological types of neurons in adult rabbits
are similar to those described in cats. This neuronal
heterogeneity also appears at age P14 (like in rats).
Although the intrinsic connections in rabbits are far
more complicated (probably requiring a longer time
for forming and maturation) than in rats, the dura-
tion of these processes is similar in both species. The
above described multidirectional process of matu-
ration (involving general morphology, ultrastructure
and biochemistry) seems to be related to the func-
tional development, which is remarkably influenced
by the external environment conditions after the birth
of the species.

On the basis of our data, the volume of VPL nu-
cleus in rats increased significantly during the first
and second weeks of postnatal life. In rabbits, sta-
tistically significant changes in volume took place
after a longer time; they stabilized during the second
month. Following the initial decrease in the relative
volume of VPL nucleus (the volume of VPL nucleus
to the volume of the cerebral hemisphere), the ratio
stabilized after the third week of postnatal life of
both species. The observed decrease in the ratio
during the first three weeks of postnatal life indi-
cates that the increase in the volume of the cerebral
hemisphere was faster than that of VPL nucleus.

No data describing the developmental changes
of VPL nucleus volume were found in the literature.
However, some data on the volumetric changes of
VPM nucleus in mice were reported by Zantua et al.
[71]. According to their observations, the volume of
VPM nucleus increases by three times. Since VPM
and VPL nuclei constitute the ontogenetically insep-
arable complex, we may predict that the dynamism
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of their development is comparable. In our study,
the volume of VPL nucleus in rats increased by 2.2
times from P0 to adulthood, whereas in rabbits this
parameter increased by five times. Zantua et al. [71]
reported that the increase in VPM nucleus volume in
mice is by about three times. Hence, their results are
in agreement with our results for VPL nucleus in rats.
Briefly, the volumetric changes in both parts of VPL
nucleus in rats and mice are analogous. Small dis-
crepancies may result from the methodological meth-
ods used, and in rabbits discrepancies may also be
connected with the brain volume (which is bigger
than that of either rats or mice). During develop-
ment from P0 to P180, the volume of the brain of
rats increased about three times, whereas the vol-
ume of the brain of rabbits increased by approxi-
mately ten times in the same period. In summary,
the data show that the increase in the volume of
VPL nucleus (as a phylogenetically older structure)
progresses proportionally to the increase in the vol-
ume of the brain.

The increase in volume was observed in the de-
velopment of various structures in the central ner-
vous system of rodents, e.g., dorsal lateral genicu-
late nucleus [1, 33], principal sensory nucleus of
trigeminal nerve [2], dentate gyrus [10, 12], and
claustrum [45, 68].

According to our study, the density of VPL neu-
rons decreased significantly in both species during
the first and second week of postnatal life (23% and
45% in the rat, 42% and 52% in the rabbit, respec-
tively). These changes were possibly due to the in-
crease in the neuropil volume and, to a less degree,
to the increase in the cell volume. According to De
Biasi et al. [17], the neuropil of VP lacks the myelinat-
ed fibers on the day of birth; only a few synaptic ter-
minals on VP neurons are present in the wide extra-
cellular space. During the second week of postnatal
life, progressing maturational changes resulted in the
development of myelinated fibers and the appear-
ance of numerous synaptic endings, which resembled
those that exist in adult animals. Between ages P14
and P18, the development of spino- and trigemino-
thalamic terminals was almost finished and, at the
end of the third week of postnatal life, the neuropil
appearance and synaptic organization of VP were not
different from that observed in adult animals. Similar
observations were reported by Mattews et al. [47, 48]
in their studies concerning synaptogenesis in VP. The
three-fold increase in the number of synaptic con-
tacts and their differentiation that enhanced the

morphological complexity occurred in the second
week. Moreover, the ontogenetical studies by Schie-
bel et al. [61] showed that there are differences in
the course and the time of extrinsic maturation (orig-
inating from both periphery and cortex) and  the in-
trinsic systems within the thalamic somatosensory
area. The extrinsic fibres provide the frame within
which the processes of maturity can occur. Accord-
ing to Schiebel et al. [61], this process takes place
postnatally. But depending on the species it occurs at
different periods of time.

In both species, the total number of neurons did
not undergo significant changes till the 7th day of
postnatal life. Possibly, this can be explained by the
gradual increase in the volume of the nucleus. The
volume increased correspondingly with the decrease
in the neuronal density. Both of these processes were
mainly caused by changes in the neuropil volume.
A statistically significant decrease in the total num-
ber of neurons was observed in both species on 14th

day of postnatal life. Then, it did not seem to change.
The 34% loss of VPL neurons was probably caused

by apoptosis taking place in the normally develop-
ing nervous system. This is a common phenomenon
that occurs in differentiating and maturing nervous
systems in mammals controlled by numerous genet-
ic [13, 46] and epigenetic [3, 25, 60] mechanisms.
The former is regarded as a structural process, where-
as the latter as a functional one [25, 54, 59]. Struc-
tural apoptosis concerns neurogenesis, whereas the
functional one is closely related with synaptogene-
sis, especially with the processes of forming and es-
tablishment of neuronal circuitry.

Apoptosis is described for various structures of
the central nervous system (spinal cord [54],
trigeminal mesencephalic nucleus [4], colliculus
superior of lamina tecti [7, 16, 23], retina [57, 58],
some thalamic nuclei [33, 62], basal nuclei [35, 44],
claustrum [45, 68] and cerebral cortex [20–22, 24,
32, 40, 62]). Its extent is different and depends not
only on a structure, but also on a specimen. In some
structures only few apoptotic cells are found (tha-
lamic nuclei in the rat [62]), whereas in others as
much as 50% of the neuronal population are apop-
totic cells (lumbo-sacral motoneurons of the chick
embryo [54]). Even in the same species the extent of
apoptosis is different among structures [62].

Natural death of cells occurring during the de-
velopment of the rat VP nucleus is described by Waite
et al. [65]. According to their data, apoptotic cells
are visible from E19 till P8, however their highest



85

Anna Łuczyńska et al., Postnatal development of thalamic VPL

number occurs at birth. The estimation of the total
number of VP neurons indicates the postnatal loss
of about 27% of neurons. Our estimation of the neu-
ronal loss of VPL nucleus is in agreement with data
given above. However, different results were report-
ed by Spreafico et al. [62]. Although their results
were only semi quantitative, they showed that dur-
ing the development of the rat thalamus (from E16
till adulthood), only few single apoptotic cells can
be found. The highest number of apoptotic cells was
found after about 5days of postnatal life. The other
qualitative data were reported by Leamley et al. [39],
who studied the phenomenon of apoptosis in mar-
supials. Although the authors observed a peak of
apoptosis in VPM nucleus from P76 till P108, this
period of marsupials’ life (taking into account the
appearance of barreloids) is related to perinatal or
early postnatal period of higher mammals because
the barreloids were clearly visible in the rat VPL nu-
cleus at the end of the first postnatal week.

Even after considering the neurogenetic gradi-
ent [6] and the characteristic spatial distribution of
apoptotic bodies (observed by us in the ventro-lat-
eral portions of VPL nucleus), the confirmation of
the presence of the partial structural component in
apoptotic process can be excluded due to its early
(prenatal) appearance.

Taking the above data into account, it appears
that the sensory system is “morphologically ready”
to transmit impulses on the day of birth of the ani-
mal. In spite of substantial differences between in-
terspecies,  the present results indicate that the in-
trinsic organization of VPL nucleus and the appre-
ciable similarity during the processes of development
and maturation of VPL nucleus in rats and rabbits
exist. The total number of VPL neurons in both spe-
cies studied stabilized in the third week of postnatal
life. The gradual increase in the volume of the nucle-
us corresponded with the decrease in the neuronal
density in the first week of postnatal life. Both of
these processes were mainly caused by changes in
the neuropil volume because the total number of
neurons did not change significantly until P7. The
second week was considered as the critical period
for the achievement of mature morphology of the
nucleus. During this time, both density and total
number of neurons decreased. With appearance of
striking impulses from the external environment, the
complicated sensory system undergoes remodeling
resulting in the physiological cell death and deve-
lopment of neuropil.
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