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ABSTRACT

The quantitative changes in the structural components of
the developing cerebellum in normal and hypothyroid rats
are not well known. The morphometric studies which have
been carried out on the rat cerebellum and even on other
animal species have been subject to sampling and analytical
bias. The present study was intended to provide
quantitative information on the developmental changes of
the cerebellum during early postnatal 1life caused by
hypothyroidism using the rat as the animal model.
Propylthiouracil a drug used in treatment of thyrotoxicoses
in humans was used to induce hypothyroidism in the pregnant
and nursing rat dams.

The structural changes in developing cerebellum, in
propylthiouracil induced hypothyroidism in rat dams and
pups during pre and postnatal stages were estimated in 5,
15, and 24 day old pups using unbiased "design based"
stereological methods. The total volume (V) of cerebellum,
intracerebellar nuclei and cerebellar compartments was
estimated using the Cavalieri Principle, the numerical
density of cells (Nv) using the disector method and the
total cell number (N) was calculated from the product of
cerebellar volume and numerical density.

The general experimental results showed that the treated
dams had significantly lower (P<0.05) body weights,
Tetraiodothyronine (T4) and reduced Triiodothyronine (T3)
serum concentrations, while the pups had significantly
lower (P<0.05) body weights, and decreased T4 and T3
concentrations in serum.

Morphometric results showed that the mean volume of
intracerebellar nuclei was reduced and significantly lower
(P<0.05) in 5 and 24 day old PTU-P (pups treated through
the dams only) pups. The mean volume of cerebellum was
reduced in all the treated pups and was significantly lower
(P<0.05) in all the three age groups of pups in PTU-P
groups.

Further investigation into the volume of the
compartments in 15 and 24 day old pups showed the volume of
white matter (WM) was reduced in 15 and 24 day old treated
pups. The reduction was significant (P<0.05) in 24 day old
PTU-P pups.

The mean volume of internal granular layer (IGL),
molecular layer (ML) and the cortex (IGL+WM) were lower in
treated pups and significantly reduced (P<0.05) in PTU-P
pups except in PTU-injected (PTU-IN) pups where the mean
volume of IGL was higher than in CONTROL.
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The mean ratio of the total volume of intracerebellar
nuclei to volume of cerebellum in 5 day old pups was
reduced in the PTU-10F group, significantly increased
(P<0.05) in PTU-20F and 15 day PTU-P pups, increased in 24
day the PTU-P group and reduced in the PTU-IN group.

The mean numerical density (Nv) of neurons in the
intracerebellar nuclei was reduced in 5 and 15 day old PTU-
P pups and 24 day old PTU-IN pups, but in other 5 day old
pup groups (PTU-10F and PTU-20F which were treated for
shorter periods) and 24 day old PTU-P pups the values were
increased. This increase was significant (P<0.05) in 24 day
old PTU-P pups.

The mean total number of neurons was reduced in all the
treated groups except PTU-20F group in 5 day old pups. The
reduction was significant (P<0.05) in PTU-IN pups.

The mean numerical density of glial cells in
intracerebellar nuclei was reduced in PTU-P and PTU-10F in
5 day old pups and PTU-P in 24 day old pups, while in PTU-
20F in 5 day old pups, PTU-P in 15 day old pups and PTU-IN
in 24 day old pups were increased. In 15 day old PTU-P pups
the mean numerical density was significantly increased
(P<0.05) .

The mean total number of glial cells was reduced in all
treated groups in 5 and 24 day old pups, while in 15 day
old pups, it was significantly increased (P<0.05). The mean
total number of glial cells was significantly reduced
(P<0.05) in PTU-P and PTU-10F pup in 5 day old groups.

The mean neuron/glia ratio in 5 day old pups was
increased in PTU-20F pups, significantly decreased (P<0.05)
in 15 day old PTU-P pups and decreased in 24 day old
treated pups.

The mean numerical density of Purkinje cells was
increased in 15 day old PTU-P pups while in 24 day old pups
it was reduced in treated groups. The mean total number of
Purkinje cells in 15 and 24 day old pups was reduced in all
treated groups. The reduction in 24 day treated pups was
significant (P<0.05).

The mean numerical density of granule cells was reduced
in PTU-P groups in 15 and 24 day old pups. The reduction
was significant (P<0.05) in 15 day old pups. The mean total
number of granule cells was significantly reduced (P<0.05)
in PTU-P groups in 15 and 24 day old pups. The mean total
granule cell number was increased in the PTU-IN group.

The mean numerical density of stellate and basket cells
in 24 day PTU-P pups was significantly higher (P<0.05)
than CONTROL. The mean total stellate and basket cell
number was reduced in all treated group in 24 day old pups.
The reduction was significant (P<0.05) in 24 day PTU-P

pups.
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The mean ratio of total number of cells calculated from the
mean total numbers of granule/Purkinje (N(GR)/N(PU)), stellate
and basket/Purkinje (N(SB)/N(PU)) was increased in the PTU-P
group, while granule/stellate and basket (N(GR)/N(SB)) ratio
was increased in the PTU-IN group.

Simple linear regression comparison of total wvolume of
intracerebellar nuclei on total volume of cerebellum showed a
significant difference (P<0.05) between the regression lines
in CONTROL and PTU-P pups. Similary the linear regression
comparison of total number of glial cells on total volume of
intracerebellar nuclei, showed significant difference between
the regression lines in CONTROL and PTU-P pups.

The above results confirm that PTU-induced hypothyroidism
causes a reduction in structural parameters in developing
cerebellum. This investigation also confirms that growth and
maturation of the foetal cerebellum is dependent on the
maintainance of normal T4 and T3 levels and activity in the
pre- and postnatal development of the cerebellum in order to
enhance normal cell proliferation, differentiation, migration
and development of the neuropil. These results underscore the
magnitude of the deviations from the normal showing that the
developmental processes in the normal and treated pups,
significantly deviate from each other. These observations shed
light on possible implications of the 1limitations in
functional capacity of the cerebellum in cretins.
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A. INTRODUCTION

1. Development of the rat cerebellum.

During the development of the embryo the neuroectoderm
invaginates and forms a neural groove. The neural folds start
to fuse from the cervical and prosencephalic regions forming
a neural tube (Stanisstreet, 1987). Sauer (1935), described
the primitive neural ependymal layer as a pseudostratified
epithelium. A transverse section through the neural tube shows
that it can be subdivided into a roof plate dorsally, a floor
plate ventrally and the lateral walls. The walls are
subdivided by a groove on the inner side, the sulcus limitans,

into dorsal alar lamina and ventral basal lamina.

The developmental changes that occur during the development
of cerebellar plate have been described by Altman and Bayer
(1978) . Below is a summary of their principal findings. The
cerebellar anlage develops in the hind brain region of the

neural tube. It is visible by day 13 in the rat foetus as
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paired epithelial plates over the dorsal aspect of metencoele.
Anteriorly is the isthmus rhombencephali and posteriorly the
plates are continuous with the primordium of the choroid
plexus which forms a monocellular sheet stretched across the
roof of metencoele (Fig.1l). By day 14 the primordium of the
choroid plexus, the metaplexus, invaginates into the
metencoele. The development of the metaplexus in the hind
brain marks the posterior lateral and ventral boundaries of
the cerebellar plate. The cerebellar plate forms a thin
vertical horse shoe plate behind the isthmal groove. It grows
from the alar lamina of the neural tube in the dorsal
metencephalon. The roof plate does not contribute to cell
proliferation and therefore forms a narrow sheet of epithelium

separating the left and right cerebellar plates.

The histogenesis of the cerebellum is characterised by cell
proliferation, differentiation, migration and maturation of
many cell types at different times in uniform progression,
culminating in a remarkable cell arrangement and cellular
interaction. The primitive ependymal layer forms a pseudo-
stratified neuroepithelium and the cell nuclei migrated first
towards the ventricular surfaces as cells round up to enter
mitosis and then away from the ventricle after mitosis (Sauer,

1935; Sauer, 1959; Sidman et el, 1959; Fujita, 1965).
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Fig.1l A schematic representation of the

the median sections different developmental
stages of the rat cerebellum showing the
great increase in surface area and size.

1. 19 day old foetal cerebellum showing
cerebellar plate (c¢); midbrain (m) ; tela
choroidea (e); isthmus (is); Metaplexus (p).
2. New born pup cerebellum showing sulcus
primarius (sp). (Drawn from Addison, 1911)
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The wall of the neural tube can be subdivided into
different histological zones. His (1889) described the
ependymal zone as composed of several layers of closely packed
cells which developed even before the primary neuroepithelium
changed from a plate to a tube. The mantle zone appears next
as cells migrate laterally. The cells are spaced more widely
and contain larger, more lightly stained nuclei than the
germinal epithelial cells. Last to appear is the marginal zone
composed of lateral cytoplasmic processes of cells whose

nuclei lie in the ependymal and mantle layers.

Altman and Bayer (1978) described the cellular changes in
cerebellar plate as follows. In the 13 day rat foetuses the
cerebellar anlage shows primitive cells with mitotic figures
near the ventricular lumen. In day 14 foetuses these authors
described the appearance of a zone of differentiating cells in
the mantle layer and the formation of a superficial layer
within the marginal layer. Rapid cellular changes were also
observed in the developing cerebellar plate. In day 15
foetuses the differentiating component, the mantle layer of
the cerebellar plate, is subdivided by an intermediate fibrous
layer into two zones. These zones were called the nuclear zone
lying next to the marginal layer and the transitory zone

medially. The authors thought that the cells in the nuclear
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zone gave rise to cells of the intracerebellar nuclei and the
cells below in the transitory zone gave rise to pre-migratory
Purkinje cells. In day 16 foetuses the nuclear zone increased
in size and its lateral and medial components were clearly
distinguishable. An inconspicuous neuroepithelial cap in the
ventral caudal margin of the metencephalic plates also
appeared. Between day 17 and 20, the transitory zone and
nuclear zone became indistinct as the immature Purkinje cells
migrated "en masse" from the transitory zone to their future
position under the peripheral layer. At the same time the
neuroepithelium at the ventro-posterior margin and lateral
protuberance of the cerebellum continued to expand and form
the external germinal layer, the ependyma of the choroid
plexus and the venticular neuroepithelium. Addison (1911)
observed that in 17 day foetuses the external germinal layer
covered the caudal third to one half of the cerebellar plate
in sagittal section while in transverse section the layer
extended from each lateral margin to a point about a half way
to the mid-line. Altman and Bayer (1978) called this expansion

line the germinal trigone.

The different cell types of cerebellar plate were also
shown to have different times of differentiation. Altman and

Bayer (1978) in tritiated thymidine labelling experiments
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showed that the large neurons of the intracerebellar nuclei
started to differentiate in day 13 foetuses and showed peak
labelling in 14 day foetuses, while the Purkinje cells started
on day 13 with peak labelling on day 15 trailing up to day 17.
The Golgi cells began differentiating from day 19 until birth
of the pups. Pale cells (Altman and Bayer, 1978) were also
observed. The latter also took label from day 19 and 20
continuing into postnatal life. In intracerebellar nuclei
several different types of neurons occur which can be
identified on the bases of their size as small, medium and
large neurons. Miale and Sidman (1961) in their studies on
mice found that the small neurons in intracerebellar nuclei
differentiated later than the large neurons. Altman and Bayer
(1978) , did not investigate these small neurons and neuroglia
in the rat. They also reported that the glial cells
differentiated continuously. By day 19 the external germinal
layer forms a continuous stratum over the entire cerebellum.
At the same time the cerebellum has grown into a narrow
transversely directed arching lamina forming arteriorly the
roof of the fourth ventrical and extending over the lateral

recess (Altman and Bayer, 1978).

The second phase of cell proliferation, migration and

differentiation occurs after birth. In 1 day old pup the
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external granular layer is 3 - 5 cells thick (Altman, 1972a).
Below the external granular layer is a layer of pale staining
cells, Purkinje cells, undifferentiated cells and dark
staining small cells, precursors of cerebellar glia,

particularly Bergmann cells (Altman, 1972a, and 1969).

In the roof of the 4th ventricle and the base of the
cerebellum, the neuroepithelium continues with mitotic
activity. The external germinal epithelium proliferates
rapidly, forming a prominent layer. In 5 day old pups it is 5-
7 rows thick (Addison, 1911). This layer can be subdivided
into two strata. The outer stratum, 1-3 cells thick, contains
rounded or oval nucleated cells while the inner stratum is
made of fusiform cells lying with their long axes parallel to
the surface of the cerebellum (Addison, 1911; Altman and
Bayer, 1978). By 7 days, elongated horizontally directed
cells are seen. The earliest migrating cells come to rest near
Purkinje cells and probably all give rise to basket cells
(Addison, 1911; Altman, 1972a). The external germinal
epithelium is continuously pushed upwards (Altman, 1972a). The
relative outward growth of the external granular layer gives
the impression that basket and stellate cells are migrating

inwards.



INTRODUCTION 8

Del Cerro and Snider (1968), divided the growth of the
external germinal layer into three phases. During the first
period, lasting in the rat until postnatal day 5, the entire
external granular layer is formed by an homogeneous population
of germinal cells, ovoid or polyhedral in shape with large
nuclei. In the second period, lasting between 5 and 15 days,
neuroblasts appear and accumulate under the rows of germinal
cells. Cell organelles differentiate in the blast cells and
the cells proceed to form columns as the cytoplasmic
processes of Bergmann cells penetrate through the external
germinal layer to attach onto the pial surface. This large
amount of mifotic activity occurs during the second postnatal
week and ends in the third week. The last period begins about
postnatal day 17 when the multiplication of germinal cells and

formation of neuroblasts ends.

The rapid proliferation of the external granular layer and
increased maturation of Purkinje cells and nuclear cells
causes the formation of folia on the cerebellar surface. At
birth fissure formation has commenced and this proceeds
rapidly so that by postnatal day 5 the cerebellar vermis,
hemispheres and flocculi are distinct and all the main lobes
can be recognised (Addison, 1911). Addison (1911) describes

the following observations that the faster developing part of






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































