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ABSTRACT. In this study, the embryonic and post-hatching development of the chicken cerebellar cortex, and the number, size
and area of the silver-staining nucleolus-organizer regions (AgNORs) were determined in cerebellar Purkinje cells in layer-hen
(Babcock-B380) embryos and chickens. The mean transverse diameter of the Purkinje cells and their nuclei, and the mean area of
the Purkinje cell nucleus and AgNOR area increased during the entire experimental period. The mean ratio of the AgNOR area to
the Purkinje cell nucleus area reached its highest value at the 15th day of incubation. There was no difference between the mean
AgNOR numbers per nucleus. These findings provide reference data for future studies in this and related research topics, for exam-
ple for establishing AgNOR parameters and we also hope that our data will be supplemented with other techniques such as PCNA
and TUNEL in the near future.
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INTRODUCTION

The cerebellum is an important organ, both because its
dysfunction leads to pronounced disturbances in move-
ment, posture and balance and because it is a relatively
massive structure in higher vertebrates. In humans, it rep-
resents about 10% of the volume of the brain, and even
more striking, it has been estimated to hold more than half
of all the neurones in the central nervous system (MIAL &
RECKESS, 2002).

The cerebellum develops from the dorso-lateral part of
the alar plates of the metencephalon (NICKEL et al., 1977;
MIAL & RECKESS, 2002). FEIRABEND (1990) first observed
that the cerebellum develops from the neuro-epithelium
of the dorsal part of the 4th ventricle and recognized the
constriction, called “isthmus”, formed between mesen-
cephalon and rhombencephalon at the 4th day of incuba-
tion in chicken embryos.

Similarly to in mammalian species, the cerebellar cor-
tex in avian species also arises from two different germi-
nal zones called the ventricular germinal zone (VZ) and
the external granular layer (EGL) (ESPINAR et al., 1997).
According to FEIRABEND et al. (1985), the cerebellar man-
tle layer arises from the ventricular neuro-epithelium and
soon becomes subdivided into an inner (IML) and outer
mantle layer (OML) at the early (4-8th day of incubation)
embryonic period. The OML subdivides into the deep
(OML-d) and superficial (OML-s) parts. The OML-d
develops into the central cerebellar nuclei whereas the
OML-s develops into the EGL. The inner cortical layer,
which gives rise to the future Purkinje cells, is derived
from the IML.

Purkinje cells, unique neurons in the central nervous
system, originate from the VZ. These cells are the largest
neuronal cell type in the cerebellar cortex and have the
most elaborate synaptic interactions in the cerebellum
(LEE et al., 2001). The myelinated axons of the Purkinje

cells terminate on neurons of the cerebellar nuclei and
certain brainstem nuclei (NICKEL et al., 1977; VOOGD &
GLICKSTEIN, 1998; LEE et al., 2005). Because the Purkinje
cells establish morpho-functional and synaptic connec-
tions, that demand high metabolic activity, they synthesis
different amounts of protein at different developmental
stages during the embryonic period (BERTOSSI et al.,
1986).

Nucleolar-organizer regions (NORs) are loops of DNA
containing ribosomal RNA genes (ROBERT-FORTEL et al.,
1993). These regions can be easily stained with silver
methods to appear as black dots (AgNORs) in the cell
nucleus since they are argyrophilic. NORs are used by
cytogeneticists for studying chromosomal disorders. This
staining technique is very simple and does not require any
special instruments or costly reagents (KHANNA et al.,
2005). Additionally, the size, number and dispersion of
the silver deposits on the NOR reflect the degree of tran-
scriptional, nucleolar and proliferative activity of the cells
(SUR et al., 2003; BUKHARI et al., 2007).

The nervous system is extremely sensitive to several
factors that could affect the developing embryo. The cere-
bellum is often chosen for experimental studies on central
nervous systems because of its well-defined cytoarchitec-
ture and pathways of cerebellar cell migration during neu-
rogenesis (FULTS et al., 1985). The chicken embryo has
proven to be one of the most valuable study objects for
developmental biology, providing several advantages:
eggs are easy to obtain; the development of the embryo is
well known; the development takes places outside of the
maternal organism and is thus easily accessible for exper-
imentation and observation on subsequent development
(KUCERA & BURNAND, 1987). Because of their independ-
ent development from any maternal influence, chicken
embryos also facilitate specific experimental manipula-
tion, whereas determining the effects of teratogenic or an
embryotoxic chemicals agent on the central nervous sys-
tem of mammals is very difficult because of the placenta
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(JELINEK et al., 1985). Here, we investigated the embry-
onic and post-hatching development of the chicken cere-
bellum and determined some AgNORs parameters of
Purkinje cells, a cell type used as a model in similar stud-
ies, to obtain basic data for further studies on this system
and related research.

MATERIALS AND METHODS

Materials

Animals

For the experiment, 100 fertilized eggs of laying hens
(Babcock B-380) were used. Eggs were fumigated (80g
potassium permanganate in 130mL 40% formaldehyde
solution per m3 for 20min) and subsequently placed in an
incubator, at 37oC and 65% humidity.

Methods

Histological investigations

On the 7th, 9th, 11th, 13th, 15th and 18th days of incuba-
tion, six randomly-selected whole embryos were fixed in
buffered 10% formal-saline solution (pH 7.4) for a week,
dehydrated in alcohol, cleared in xylene and embedded in
paraffin blocks. On the day of hatching, subsequent 10th

day, 3rd week and 4th week post hatching, six randomly-
selected chickens were decapitated. The cerebellum was
removed and tissue samples processed according to the
histological methods mentioned above. For routine histo-
logical examinations, tissue sections of 4-6μm taken from
paraffin blocks were stained with Crossman’s trichrome
staining and hematoxylin & eosin staining (CULLING et
al., 1985).

Staining the AgNORs

From the 11th day of incubation onward, tissue sections
were stained with a solution containing one volume of 2%
gelatine in 1% aqueous formic acid and two volumes of
50% silver nitrate (Merck). The staining was performed at
37oC in the dark for 20-30 minutes (AYDIN & CELIK,
2005).

The histological preparations were examined with a
light microscope (Leica DM-2500 attached to a DFC-320
digital camera). In each cerebellum of an embryo or
chicken, 25 Purkinje cells having nuclei were analyzed.
The transverse diameter of Purkinje cells and of their
nuclei, the nuclear area, the AgNOR area and AgNOR
counts were analysed with an image analysis programme
(IM-50). Also, the percentage of the AgNOR area relative
to the whole nuclear area was calculated.

Statistical analyses

All statistical analyses, in particular ANOVA and
DUNCAN tests, were conducted with the Statistical
Package for the Social Sciences (SPSS 9.0, SPSS Inc.
Corp. Chicago, IL., USA) (TEKIN, 2003).

RESULTS

Embryonic development of the Cerebellum

On the 7th day of incubation, the cerebellum developed
from the dorsal metencephalic region at the roof of the
fourth ventricle. In this stage, the cerebellar anlage con-
sisted of ventricular neuroepithelium lining the ventricle
lumen, inner mantle layer and outer mantle layer (Fig. 1).
On the 9th day of incubation, the inner cortical layer,
which would give rise to the future Purkinje cells, was
recognized at the superficial part of the inner mantle layer
(Fig. 2). On the same day, cell accumulation was distinct
in the superficial part of the outer mantle layer, called
“external granular layer (EGL)” (Fig. 2). At the same
incubation period, the dark granule cell groups (granule
cell raphe) that migrate from the EGL to the inner granu-
lar layer were observed in the marginal layer, localized
beneath the EGL (Fig. 2). On the 11th day of incubation,
the cerebellar folia were observed for the first time, fol-
lowing advanced fissuration of the cerebellar cortex (Fig.
3). Purkinje cells appeared arranged as small clusters
beneath the marginal layer. In the cerebellum of a 13-day-
old embryo, all nine primary folia were recognizable and
a secondary foliation was just beginning in folium V (Fig.
4). Also by the 13th day of incubation, the marginal layer
had increased in thickness, whereas the primitive cortex
consisted of an external granular layer. A primitive
molecular layer, an inner cortical layer and an inner gran-
ular layer were very distinct by the 15th day of incubation,
at which time the Purkinje cells appeared to be arranged
in one or two rows (Fig. 5). By the 18th day of incubation,
the molecular layer and the inner granular layer had
increased in thickness whereas the inner cortical layer had
decreased in thickness. The Purkinje cells were arrayed in
a manner similar to that in adult cerebellum (Fig. 6).

Post-hatching development of the Cerebellum

The cerebellar cortex completed its development and
the Purkinje cells were then typically located in a single
row at the border of the granular and molecular layer by
the day of hatching. However, our observations revealed
that the EGL gradually decreased in thickness during the
four weeks after hatching (Fig. 7).

AgNORs parameters of the Purkinje cells

In general, AgNORs were observed as black patches
having irregular shapes in the cell nuclei (Fig. 8).
Although AgNORs were identified by the 9th day of incu-
bation, they were too small to be measured reliably before
the 11th day of incubation. The mean transverse diameter
of the Purkinje cells and their nuclei, the mean area of the
Purkinje cell nucleus and the AgNOR area increased
through the entire experimental period. The mean per-
centage of AgNOR area relative to Purkinje cell nucleus
area reached its highest value at the 15th day of incubation
(25±3.80%). There were no differences between the
AgNOR counts on different days (Table 1).
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TABLE 1

AgNORs parameters of the Purkinje cells

Time

Mean transverse 
diameter of 

Purkinje cell bodies 
±SE (μm)

Mean transverse 
diameter of 

Purkinje cell nuclei 
±SE (μm)

Mean Purkinje 
cell nucleus area 

(μm2)±SE

Mean AgNOR 
area(μm2)±SE

Relative (%) 
AgNOR area 

±SE

Mean AgNOR 
number per 
nucleus±SE

11th  incubation day 4.77±0.09a 3.34±0.03a 10.02±0.11a 1.96±0.2a 19±2.12a 1.48±0.06a

13th  incubation day 5.25±0.07a 3.55±0.09a 11.60±0.38a 2.64±0.44a 20±1.96a 1.52±0.08a

15th  incubation day 7.58±0.11b 4.23±0.07b 17.17±0.51b 4.45±0.63b 25±3.80b 1.46±0.11a

18th  incubation day 10.69±0.38c 5.44±0.18c 25.99±2.1c 4.77±0.49b 17±5.42a 1.54±0.03a

Day of hatching 11.77±0.15d 5.59±0.04c 32.44±0.81d 2.25±0.17a 6.5±4.28c 1.37±0.04a

10th  day post-hatch 15.85±0.55e 8.04±0.26d 61.87±3.6e 4.67±0.26b 7.1±3.07c 1.35±0.04a

3rd week of post-hatch 17.75±0.33f 8.96±0.15e 70.65±1.7f 5.94±0.68bc 8±1.12c 1.54±0.06a

4th week of post-hatch 18.46±0.44f 9.10±0.18e 69.38±1.9f 7.19±0.84c 10±1.52c 1.37±0.06a

a—f Values within a column with no common superscripts are significantly (P<0.05) different.

Fig. 1. – A section from the developing cerebellar primordium of chicken embryo on day 7 of incubation. CA:
Cerebellar anlage, IS: Isthmus, IV. v: Fourth ventricle, 1: Inner mantle layer, 2: Outer mantle layer, Arrows:
Ventricular neuroepithelium. Hematoxylene and Eosin staining.
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Fig. 2. – A section from the developing cerebellar primordium of chicken embryo on the 9th day of incubation.
1: External granular layer (EGL), 2: Marginal layer, 3: Inner cortical layer, Arrows: Granule cells migrating
from EGL to the internal granular layer. Trichrome staining.

Fig. 3. – A section from the developing cerebellum of chicken embryo on day 11 of incubation. F: Cerebellar
folia. Trichrome staining.
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Fig. 4. – A section from the developing cerebellum of chicken embryo on day 13 of incubation. All 9 primary
folia are distinct. I-IX: Primary folia, a, b: Secondary folia, Arrow: Secondary foliation, P: Plexus choroideus,
IV.v: Fourth ventricle. Trichrome staining.

Fig. 5. – The primitive cortex of developing cerebellum on day 15 of incubation in chicken embryo. 1: External
granular layer (EGL), 2: Primitive molecular layer, 3: Inner cortical layer, 4: Internal granular layer, Arrows:
Future Purkinje cells. Trichrome staining.
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Fig. 6. –  Histological sections from the cerebellum of chicken embryo on the 18th day of incubation. 1: External
granular layer (EGL), 2: Molecular layer, 3: Inner cortical layer, 4: Internal granular layer, Arrows: Purkinje
cells, Arrow heads: Granule cells still migrating from the EGL to the internal granular layer. Trichrome staining.

Fig. 7. – Histological sections from the cerebellum of 10-day-old chicken. The external granular layer is
decreased in thickness (Arrows). mol: Molecular layer, Arrow heads: Purkinje cells arrayed in a single row.
Hematoxylene and Eosin staining.
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DISCUSSION

The cerebellum differs from most of the other brain
regions in that it contains two distinct germinal layers, the
ventricular zone (VZ), which is most active during
embryonic development, and the external granular layer
(EGL), which contributes to neurogenesis after birth or
hatching (FEIRABEND et al., 1985). FEIRABEND (1990) has
reported that the 9th day of incubation is especially impor-
tant in the histogenesis of the cerebellum, because a com-
plete and distinctive longitudinal pattern in the arrange-
ment of the cells of the inner mantle layer (IML) then
appears for the first time. The inner cortical layer, which
gives rise to the future Purkinje cells, is derived from the
IML. Also in our study, the inner cortical layer was firstly
recognized on the 9th day of incubation at the superficial
part of the IML giving rise to the future Purkinje cells. At
incubation day 9, cell accumulation was distinct in the
superficial part of the outer mantle layer (EGL) (Fig. 2).
This transient external layer is very important for cerebel-
lar development because, in birds as in mammals, it pro-
duces the granule cells, which migrate through the matur-
ing molecular and Purkinje cell layers to reach their final
location in the inner granular layer (BOUVET et al., 1987).
REDIES et al. (2002) found that cell raphes consist of
migrating dark granule cells (Granule cell raphe) between
the Purkinje cells clusters at intermediate stages of
chicken embryonic development. These cells have been
assumed to migrate from the EGL towards their definitive
position in the inner granular layer (FEIRABEND, 1990). In

our study, these dark granule cell groups (granule cell
raphe) that migrate from the EGL to the inner granular
layer were observed on the 9th day of incubation (Fig. 2).

The developing cerebellum is characterised by marked
folding of its surface, giving rise to closely packed trans-
verse folds referred to as “folia” (MCGEADY et al., 2006).
The primary folia are the main folia whereas the second-
ary folia are folia that are formed after the subfoliation of
the primary folia during embryonic development of the
cerebellum (FEIRABEND, 1990). Primary folia are individ-
ually numbered and secondary folia alphanumerically
numbered. Differences in the number, size and morphol-
ogy of the folia are associated with distinct behavioural
differences (IWANIUK et al., 2006; 2007). Most compara-
tive neuroanatomists have accepted that there are ten
main folia in the avian cerebellum and the mammalian
lobules I-X are homologous, respectively, with the avian
folia I-X (RICHARDS, 1972). FEIRABEND (1990) reported
that fissuration and foliation of the chicken cerebellar cor-
tex have advanced on the 11-12th days of incubation. He
also observed 10 primary folia and recognized the sec-
ondary foliation in folia V and IX in a mid-sagittal section
through the cerebellum of a 13-day-old chicken embryo.
We also observed the first cerebellar folia on the 11th day
of incubation (Fig. 3) and 9 primary folia were recognized
on the 13th day of incubation when a secondary foliation
was just beginning in folium V (Fig. 4).

BOUVET et al. (1987) reported that the cerebellar cortex
is composed of four layers at the 16th incubation day in
chicken: the outer surface of the cerebellar anlage, the so-

Fig. 8. – Histological sections from the cerebellum of 28-day-old chicken. Arrows: AgNORs in the nuclei of
Purkinje cells. AgNOR staining.
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called external germinative layer, the molecular layer, the
Purkinje cell layer and the internal granular layer. In our
study, the primitive cortex consisting of the external gran-
ular layer, a primitive molecular layer, an inner cortical
layer and the inner granular layer were distinct a little ear-
lier, namely on the 15th incubation day (Fig. 5).

In human cerebellum, the highest cell proliferation rate
in the EGL occurs between the 28th-34th gestational
weeks, and the width of the EGL remains unchanged
from the 28th gestational week until the end of the first
postnatal month, and it completely disappears by the 11th

postnatal week (ABRAHAM et al., 2001). In chicken, BOU-
VET et al. (1987) observed that the EGL consists of a few
persistent cells after the first week of hatching whereas
the layer disappears almost completely 34 days after
hatching. In our study, we observed that the EGL gradu-
ally decreased in thickness during the four weeks after
hatching.

Purkinje cells arise from the ventricular neuroepithe-
lium of the rhombencephalic alar plate (WASSEF et al.,
1985) whereas granule cells originate from EGL and
migrate to the inner granular layer (REDIES et al., 2002).
In chickens, the majority of Purkinje cells are formed on
days 3, 4 and 5 of incubation, after which Purkinje cells
are arranged as longitudinal cell clusters at either side of
the midline around day 9 (FEIRABEND, 1990). The
Purkinje cells grow and form a single row between the
molecular and the granular layers after 17 days of incuba-
tion (ESPINAR et al., 1997). BERTOSSI et al. (1986)
reported that the developing Purkinje cell bodies are bipo-
lar at first, because of two processes emerging from oppo-
site poles of the oval cell body. They grow progressively
in size and reach mean transverse diameters (mtd) in the
chicken cerebellar cortex of 5.58μm, 7μm and 10.29μm
on the 10th, 12th, and 14th days of incubation, respectively.
BERTOSSI et al. (1986) furthermore observed that the
larger (mtd: 12.30μm) Purkinje cell bodies are arranged
in a single row parallel to the outline of the folium on the
16th incubation day. We found a similar pattern, namely
that Purkinje cells arranged themselves in one or two
rows by the 15th incubation day while on the 18th day of
incubation, and they were arrayed in a manner similar to
that of adult cerebellum (Figs 5-6). However, our meas-
urements of the mtd of Purkinje cells were smaller than
those of BERTOSSI et al. (1986; Table 1). Several factors
may be responsible for this difference such as the image
analysing programme, the numbers of embryos and
Purkinje cells examined or the incubation circumstances
etc.

LAFARGA et al. (1989) showed that the mean number of
nucleoli per granule cell is 1.42 in rat cerebellum. We
found mean AgNOR counts of the Purkinje cells of 1.35-
1.54 (Table 1) which is slightly lower than the mean
counts of AYDIN (2004) (1.40-1.66) in broiler and layer
embryos and the average of 1.60 that LAFARGA et al.
(1995) found in chicken Purkinje cells.

In our study, the nuclei of Purkinje cells and the
AgNOR area increased through the entire experimental
period. The mean ratio of AgNOR area to the Purkinje
cell nucleus area reached its highest value on the 15th day
of incubation. RUSSEL et al. (1991) reported that the
occurrence of AgNORs was related to proliferative activi-

ties of the cell. However, they claimed that an increase in
AgNOR cluster size rather than elevated AgNOR cluster
numbers was the major feature. Ultrastructural morphol-
ogy and size of the nucleolus could be sensitive indicators
of cellular activity, particularly of protein synthesis
(LAFARGA et al., 1989), and a relationship between tran-
scriptional activity and cell firing rate is known (GARCIA-
MORENO et al., 2000). We, therefore, propose that the rel-
ative differences that we found between the AgNOR areas
might indicate different rates of protein synthesis and
functional activity of the Purkinje cells.

As our results illustrate, investigating Purkinje cells as
a model by applying the AgNOR technique in chicken
embryo offers a good approach to the functional study of
structures in the central nervous system. We hope that our
findings provide reference data for future studies in this
and related research topics, for example for establishing
AgNOR parameters. We also hope that our data will be
supplemented with other techniques such as PCNA and
TUNEL in the near future.
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