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Introduction
The cerebellum, which contains more than half of all 
neurons in the central nervous system, has special 
importance among other central nervous system organs [1,2]. 
The cerebellum, responsible for the control and 
coordination of motor nerves, voluntary motor movements 
and declarative memory, is known as temporal regulation 
machine or one of the neuronal clocks [3,4]. It also plays 
an important role in determining the parasagittal lines 
of sensory perception, respiration, eye movements, 
nociception and gene expression [5,6]. Recent studies 
have moved the cerebellum to a multitasking “neuronal 
machine” rather than a “small brain” [6]. The cerebellum 
plays a regulatory role between the brain and organs. 
The failure of this organ to be fully formed is not life-
threatening. However, studies have reported that normal 
motor behaviors are significantly affected [7,8].

In chickens, the cerebrum, which begins to form on the 
first day of incubation, is fully functional on the 7th day [9]. 
It has been reported that there is a narrowing between the 
mesencephalon and the rhombencephalon on the 4th day 
of incubation [10], and towards the end of the embryonic 
period, the cerebellum forms from the dorsolateral of 
the alar plates of the metencephalon [2,11].  AbidÂ and Al-
Bakri [12] reported that the cerebellum surrounding the 
roof of the IV ventricle is a spherical shaped part of the 
rhombencephalon and metencephalon. It is connected 
to the medulla oblongata and pons with the feet called 
the cerebellar peduncle and is separated from these two 
structures via the IV ventricle [13,14].

The cerebellum consists of the right and left cerebellar 
hemisphere and the vermis cerebelli which connects the 
two hemispheres to the midline [2,7,15,16]. In mammals and 
birds, there are transverse grooves, called sulci cerebelli, 
on the outer surface of the hemispheres, and deep folds 
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ABSTRACT

The cerebellum which is widely used in studies related to the motor system is 
responsible for maintaining balance, muscle tone and coordination. In present study, we 
aimed to evaluate the cerebellum at different incubation periods in terms of stereology, 
embryology and histomorphometry. Twenty-four Babcock White Leghorn chick 
embryos were used. All data regarding embryo, egg and cerebellum were measured and 
calculated. All histologic and histomorphometric examinations were evaluated on the 
preparations stained with Crossmon’s trichrome stain, Kluver-Barrera stain, and silver 
stain. It was determined that the cerebellum weight, which was 0.0191±0.0064 g on the 
10th day of incubation, increased gradually towards to hatching day. On the 10th day, it 
was seen that a four-layered primitive substantia grisea structure began to form. While 
primary foliation seen on the 10th day, secondary foliation started on the 13th day. On 
the 16th day, Purkinje cells forming the stratum gangliosum were arranged almost in 
a single row. At day 21th, the general structure of the cerebellum was almost similar to 
that of the adult cerebellum. While the stratum moleculare and granulosum thicknesses 
were measured in all embryonic periods, the stratum gangliosum thickness could be 
measured on the 16th and hatching days. As a result, it was thought that the data obtained 
from this study might be a reference for studies on the cerebellum and especially on 
motor control disorders.
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that defined as folia cerebelli among these grooves [12,17].  
It is reported that due to its curved structure, it has a 
large surface area of   75% of the brain surface area [1,2]. 
The degree of folding of the cerebellum, which is one of 
the most significant differences among vertebrates, is the 
same in all bird species [18-20]. The vermis cerebellum consists 
of nine cerebellar folia, separated from each other by sulci. 
The cerebellum consists of anterior, posterior, and flocculo- 
nodular lobes and are named cerebro cerebellum, spino 
cerebellum, and vestibulo cerebellum, respectively [12,21]. 
It is also reported that the general restructuring of the 
cerebellum is completed shortly after hatching [10]. 

Nucleoli are nucleus regions where ribosomal subunits 
are synthesized. The regions that contain the genes that 
synthesize ribosomal RNA and form the nucleolus are 
called nucleolus organizer regions (NORs). Since these 
regions are argyrophilic, they are stained with silver 
methods, and these regions are called silver staining 
nucleolus organizer regions (AgNORs). NORs are 
indicators of cell proliferation rate according to ribosome 
formation and protein synthesis of cells [22-24]. 

Since chicken egg does not have a placental barrier, 
which shows an embryonic development independent of 
maternal effects, is accepted as one of the most suitable 
materials for embryotoxic and teratogenic studies [25-28]. 

In present study, it was aimed to evaluate the cerebellum 
taken from chick embryos on different days of incubation 
(10., 13., 16. and 21. days) in terms of stereological, 
embryological development and histomorphometry.

Material and Methods
Ethical Statement

Ethical approval was taken from The Ethical Committee of 
Health Sciences of Karamanoglu Mehmetbey University 
(protocol number: 2022/19).

Material

For the present study, cerebellums were obtained from 24 
Babcock White Leghorn chick embryos on the 10th, 13th, 
16th and 21st days of incubation considering organogenesis. 
According to the determined embryonic days, the 
randomly-selected eggs were opened from each of the 
groups until six live embryos were obtained for evaluation 
in terms of cerebellum development. 

Morphometric Measurements

First, the embryo weight, pre-hatching, and initial egg 
weight were weighed with precision scales and the relative 
embryo weights (REW, %) were calculated by the following 
formula (Equation 1) [27].

Then, a dissection of the cerebellum was performed from 
the peripheral cerebrum tissues. Cerebellums taken from 
embryos according to incubation periods were weighed 
on precision scales and their weights were recorded. 
Relative cerebellum weights (RCW, %) were calculated 
with the following formula (Equation 2) [29].

Histological Processing of Cerebellum

Routine histological preparation procedures were 
performed on cerebellums fixed in 10% neutral buffered 
formalin solution. Using a rotating microtome, three 
sagittal serial sections of 5 μm thickness were taken 
at regular intervals from each block for histological 
examinations and 10 μm thickness sections were taken 
every 50 sections for cerebellum volume calculation [29]. 
The sections were oven‐dried at 37°C for 24 h and were 
stained with Crossmon’s trichrome stain [29], Kluver- 
Barrera stain, and silver stain [30]. After examining the 
stained sections with a camera-attached microscope 
(Leica DM-2500 attached to a DFC-320 digital camera), 
digital images of the necessary regions were recorded. All 
measurements were analyzed with an ImageJ Analysis 
Program [31]. For the histomorphometric measurements 
related to Purkinje cells, 25 Purkinje cells having nuclei 
with definite nucleoli were evaluated. The number of 
Purkinje cells per unit length (1 mm) of the ganglionic 
cerebellar layer was counted on digital images. In the 
examination of cerebellar development in different 
embryonic periods, cerebellar layer thicknesses and folia 

Fig 1. Application of point counting grid on histological sections of the 
cerebellum (area per point = 1 mm2)
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widths (in six folia) of each animal were measured from 
six different areas. 

Volume Calculations in Cerebellum

The grid function of ImageJ was used in volume 
calculations and a point counting grid (d=1mm) was 
placed on the sagittal-section. The points on grey and 
white matter were counted (Fig. 1). The volumes were 
estimated as V = a(p) × Σp × t formula. In this formula, 
V is the volume of the structure concerned, a(p) is the 
area of the one point on the grid (this value is 1 mm2 in 
the study), Σp is the sum of the points on the structure of 
interest and t is the section thickness [29,32].

Statistical Analysis

In the present study, the analysis of the data obtained 
from the chick embryos was performed using the SPSS 
software version 21.0 statistical package program. Since 
the variables showed normal distribution, they were 
compared among groups using one-way ANOVA test. In 
cases where the P value was significant, pairwise post-
hoc comparisons between statistically significant results 
were made using the Tukey test. Descriptive analyzes were 
given using the mean and standard deviation. A value of 
P<0.05 was accepted as the significance limit. 

Results
Macroscopical Evaluation

The weights of all eggs, embryos and cerebellums used 
in the study are given in Table 1. According to the data 
obtained, although there was no statistical difference in 
both egg weights among different incubation periods, 
it was observed that the embryo and relative embryo 
weights increased gradually according to the advancing 
incubation days (P<0.001). The weight of the cerebellum, 
which was 0.0191±0.0064 g on the 10th day of incubation, 
increased gradually towards to hatching day, while the 
relative cerebellum weight decreased (P<0.001). When 
the measurements in Table 1 are examined, it is seen 
that the cerebellum volume gradually increases during 
the advancing incubation periods and, it is statistically 
significant (P<0.001).

Embryonic Development of Cerebellum

The embryonic development of the cerebellum on certain 
days of incubation are given in Fig. 2. The external 
granular layer, rich in granular cells, was seen on the 10th 
day of incubation. The marginal layer that will form into 
the stratum moleculare in future incubation periods was 
just below of external granular layer. The inner cortical 
layer and internal granular layer were seen. The presence 

Fig 2. Embryonic development of cerebellum in different embryonic periods. A: The cerebellum section 
from a day 10 chick embryo, 1: External granular layer, 2: Marginal layer, 3: Inner cortical layer, 4: Internal 
granular layer, Crossmon’s trichrome staining. B: The cerebellum section from a day 13 chick embryo, 
1: Primitive stratum moleculare, 2: Primitive stratum granulosum, Arrows: Precursor Purkinje cells, 
Arrowheads: Granular cells, F: Foliation, Kluver-Barrera staining. C: The cerebellum section from a day 
16 chick embryo, 1: Stratum moleculare, 2: Primitive stratum gangliosum, 3: Stratum granulosum, Star: 
Substantia alba, Arrows: Purkinje cells, F: Foliation, SC: Stellate cells, BC: Basket cells, Kluver- Barrera 
staining. D: The cerebellum section from a day 21 chick embryo, 1: Stratum moleculare, 2: Stratum 
gangliosum, 3: Stratum granulosum, F: Foliation, Crossmon’s trichrome staining
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of all these four layers on the 10th day showed us that 
the primitive substantia grisea structure began to form. 
During this period, precursor Purkinje cell clusters began 
to be found. Furthermore, the presence of deep folds 
that are known as folia cerebelli revealed the initiation 
of primary foliation. No distinguishable substantia alba 
structure was observed (Fig. 2-A). 

On the 13th day, it was noted that the thickness of the 
external granular layer decreased. We determined that 
a primitive stratum moleculare structure was formed. 
Precursor Purkinje cell rows, arranged in one-two rows, 
were seen in the inner cortical layer. The dark granular 
cell clusters migrating from the extra granular layer to 
the internal granular layer were evident. As such, we can 
say about a primitive stratum granulosum structure. In 
addition to the primary foliation, it was observed that 
secondary foliation started or even progressed. It was 
observed that the substantia alba, consisting of axons 
and myelinated nerve fibers, began to become prominent 
(Fig. 2-B).

In the 16-day-old embryos, the layers forming the 
substantia grisea could be easily distinguished. In this 
period, it was observed that the stratum moleculare 
became prominent. It was noteworthy that Purkinje 
cells forming the primitive stratum gangliosum were 
almost arranged in a single row. The inner granular layer  
was filled with granular cells and was replaced by the 
stratum granulosum. The substantia alba was clearly 
visible (Fig. 2-C).

Stratum gangliosum, formed by Purkinje cells with 
large flask-shaped bodies, central nuclei, dark nucleoli, 
and dendrites extending into the molecular layer, was 
easily seen in 21-day-old embryos. In this period, it was 
remarkable that the stratum gangliosum was similar to 
the adult cerebellum. At day 21st, the general structure 
of the cerebellum was almost similar to that of the adult 
cerebellum (Fig. 2-D). Also, stellate cells were found 
superficially in the molecular layer. Basket cells, mostly 
located close to Purkinje cells, were also observed 
(Fig. 2-C). 

Histomorphological Evaluation of the Cerebellum

All histomorphometric measurements done in the 
cerebellum in this study are given in Table 1. While the 
stratum moleculare and stratum granulosum thicknesses 
of the cerebellum were measured in all embryonic 
periods, the thickness of the stratum gangliosum formed 
by the Purkinje cell row could be measured on the 16th 
and hatching days. As a result of measurements, it is seen 
that there is a statistical difference among the stratum 
moleculare thicknesses during the incubation. The highest 
value was recorded as 123.55±19.66 µm on the 21st day 
(P<0.001). Although there is no statistical difference in 

the thickness of the stratum granulosum, it is noteworthy 
that there is an increase in this layer thickness throughout 
incubation (P>0.001).

Among the incubation periods, substantia grisea and 
substantia alba thicknesses of the cerebellum were 
statistically significant (P<0.001). While the thickness of 
the substantia grisea increases throughout all incubation 
periods, it is seen that this ratio decreases gradually in the 
substantia alba. Ratio substantia grisea/substantia alba 
thickness and folia width were statistically significant, and 
this ratio was highest on the 16th and 21st days (P<0.001). 
Ratio stratum gangliosum/substantia grisea thickness did 
not differ statistically (P>0.001).           

Purkinje cell count in a unit length (1 mm) was counted 
from the 13th day of incubation. The highest values were 
determined on the 16th day of incubation and hatching 
day (P<0.001). On the 13th day of incubation, the lowest 
transverse diameter body and nucleus of the Purkinje 
cell were measured as 4.44±0.47 µm and 2.22±0.41 µm, 
respectively, (P<0.001). Statistically, the highest nucleus 
area of the Purkinje cell was on the 21st day of incubation 
(P<0.001). While the nucleolus area of the Purkinje 
cell could be detected from the 13th day of incubation, 
the highest values were observed on the hatching day 
(P<0.001) (Fig. 3).

Discussion
The cerebellum, which is considered the motor center of the 
brain, is important in balance and coordination of muscle 
movements [7,16]. Differences in the volume, morphology 
and histology of the cerebellum are related to the general 
anatomical structure and behavioral characteristics of the 
species [20]. Pal et al.[33] reported that the size and shape of 
the cerebellum depend on the type of movement, center of 

Fig 3. Purkinje cell’s histological appearance, Arrows: Purkinje cells, 
Arrowheads: Nuclei, Silver staining method
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gravity, and body posture in animals. The more complex 
the body movements, the more developed the cerebellum. 
Chicken cerebellum has been reported to be larger in size 
and weight than that of humans. This situation is related 
to the balance center and reveals the importance of the 
cerebellum in birds [34]. 

In chickens, the cerebellum begins to develop from a thick 
neuroepithelial layer on the roof of the IV ventricle [10]. 
Some researchers determined that the substantia grisea 
develops from the ventricular neuroepithelium and the 
outer granular layer [24,35]. Feirabend et al.[36] showed that 
mitotic activity in the outer granular layer started on the 

6th embryonic day and intensified until the 18th day. In our 
study, we found numerous dark granular cell clumps in 
the outer granular layer from the 10th day of incubation. 
It was observed that these dark granular cells, which 
are important for the development of the cerebellum, 
migrated towards the inner granular layer. This was in line 
with what some researchers said [24,37]. On the 9th-10th days 
of incubation, some researchers reported that Purkinje 
cell clumps begin to appear in the inner cortical layer, 
which originates from the inner mantle layer. In addition, 
they have said that these cells take their characteristic 
arrangement and form the stratum gangliosum during 

Table 1. Some morphometric values of the chick embryos according to incubation days (Mean±SD)

Parameter
Day of Incubation (n=6)

10th 13th 16th 21st

Initial egg weight (g) 60.86±6.29 57.91±5.45 58.58±2.76 54.98±3.67

Pre-hatching egg weight (g) 56.40±6.43 53.07±5.09 50.78±3.85 48.87±3.05

Embryo weight (g) 3.06±0.15 8.88±0.57 22.74±2.71 41.17±3.58

Relative embryo weight (%) 5.56a 16.90b 44.76c 84.21d

Cerebellum weight (g) 0.0191±0.0064a 0.0644±0.0057b 0.0844±0.0103c 0.0932±0.0146c

Relative cerebellum weight 
(%) 0.72a 0.62b 0.37c 0.23d

Cerebellum volume (mm3) 0.11±0.01a 0.31±0.03a 0.91±0.15b 1.25±0.34c

Stratum moleculare 
thickness (µm) 45.96±9.14a 52.69±8.31ab 68.48±14.30b 123.55±19.66c

Stratum gangliosum 
thickness (µm) NA NA 18.32±4.08 22.69±3.77

Stratum granulosum 
thickness (µm) 94.68±9.62 95.54±10.67 114.69±56.87 159.98±62.82

Substantia grisea thickness 
(µm) 143.13±24.19a 151.97±21.59a 199.72±72.34a 315.17±97.01b

Substantia alba thickness 
(µm) NA 83.39±7.62a 73.11±13.45a 59.67±11.97a

Ratio substantia grisea/
substantia alba thickness NA 1.87±0.28a 4.33±1.46b 4.74±0.51b

Ratio stratum gangliosum/
substantia grisea thickness NA NA 0.09±0.03 0.08±0.03

Width of the folia (µm) 344.49±18.63a 379.180±51.72a 441.06±164.49ab 619.26±176.38b

Mean Purkinje cell counts in 
a unit length NA NA 42.33±5.72 44.67±7.03

Mean transverse diameters 
of the Purkinje cell bodies 
(µm)

NA 4.44±0.47a 11.72±1.06b 11.79±0.79b

Mean transverse nucleus 
diameters of the Purkinje 
cells (µm)

NA 2.22±0.41a 6.49±0.47b 7.69±0.44c

Mean nucleus areas of the 
Purkinje cells (µm2) NA 10.31±0.76a 30.65±4.39b 40.16±3.74c

Mean NOR areas of the 
Purkinje cells (µm2) NA 1.87±0.12a 4.15±0.51b 5.42±1.43c

Different letters in the same row (a, b, c, d) indicate significant differences (P<0.001). NA: not available



348

Embryonic Development of The Cerebellum in Chicks Kafkas Univ Vet Fak Derg

the incubation periods [16,24]. In present study, it was 
rarely encountered the inner cortical layer and its 
precursor Purkinje cell clusters in 10-day-old embryos. 
It was obvious that a primitive substantia grisea structure 
consisting of external granular layer, marginal layer, inner 
cortical layer and inner granular layer was beginning to 
take shape in the cerebellum (Fig. 2-A).

Feirabend et al.[10] reported that foliation, which is 
characteristic for the embryonic development of the 
cerebellum, started to develop on 11th-12th days of 
incubation. They also found 10 primary folia and reported 
the secondary foliation in V-IX primary folia in a 13-day-
old embryo. Akar and Sur [24] claimed the primary 
foliation on the 11th day. In present study, primary 
foliation was first seen in 10-day-old embryos, while 
secondary foliation was seen in 13-day-old embryos (Fig. 
1). Maulana et al.[4] reported that the substantia grisea was 
formed from the molecular and granular layers on the 
7th day of incubation. Studies have shown that Purkinje 
cells line up in three rows and the granular layer is not 
yet fully organized [24,35,38]. In this study, it was observed 
that the primitive substantia grisea structure in 13-day-
old embryos developed slightly more than on the 10th day 
and formed into a substantia grisea consisting of primitive 
stratum moleculare, primitive stratum granulosum and 
precursor Purkinje cell lines (two-three rows). Also, some 
researchers said that the substantia alba, where axons  
and myelinated nerve fibers are located in the medulla 
of the cerebellum, become evident on the 14th day of 
incubation [4,39,40]. On the 13th day of this study, this was 
consistent with the existing literature (Fig. 2-B).

In chickens, four layers (external germinative layer, 
the molecular layer, the Purkinje layer, and the internal 
granular layer) of the cerebellar cortex were seen on 15th-
16th incubation days [24,41]. On the 17th day of incubation, 
it has been reported that Purkinje cells are arranged in a 
single row and the molecular layer becomes clear [24,35,38,]. 
In the 16-day-old embryos of this study, there were three 
layers forming the substantia grisea (stratum moleculare, 
primitive stratum gangliosum, and stratum granulosum). 
The single-row arrangement of Purkinje cells forming  
the primitive stratum gangliosum began to take shape 
during this incubation period (Fig. 2-C).

Maulana et al.[4] reported that the chicken’s cerebellum layer 
development was completed on the 20th day of incubation 
and the cerebellum had a loose structure. They stated 
that they saw the single-row Purkinje cell arrangement 
between the granular and molecular layers at the hatching 
and that the development of the cerebellar cortex was 
completed [24,42]. In the present study, it was seen that the 
substantia grisea and substantia alba were in the known 
histological cerebellum structure in 21-day-old embryos. 
It also detected stellate cells and basket cells in the stratum 

moleculare, which is made up of small neurons and glial 
cells, as the researchers said [42-44]. Substantia alba was 
highly developed compared to other incubation periods 
(Fig. 2-C).

Histologically, the layers that make up the cerebral  
cortex are the molecular layer, the Purkinje cell layer,  
and the granular layer from the outside to the inside, 
respectively [4,16,42,43]. In female geese aged between 10-
12 months, Koral Taşçı and Bingöl [16] found the mean 
thickness of the molecular and granular layers as 348.53±72 
μm and 184.83±48 μm, respectively. In the study of 
Maulana et al. [4], the molecular layer thickness obtained 
on the 14th day was higher than the 13th day of our study, 
while it was lower in terms of the granular layer. Stratum 
gangliosum thickness was measured from the 16th day 
until the hatching day, since Purkinje cells did not show 
a single-row array on the 10th and 13th days of incubation.  
On 16th-21st days, the values were found 18.32±4.08 μm and 
22.69±3.77 μm, respectively. The axons of Purkinje cells 
reaching the stratum granulosum and being surrounded 
by myelin sheath in the substantia alba caused an increase 
in the stratum gangliosum thickness.

In our study, the substantia grisea thickness was higher on 
the 13th day compared to that of Maulana et al.[4] while the 
subtantia alba thickness was lower on the 21st day. Whereas 
the thickness of the substantia grisea was an increase as 
the incubation progressed, there was a decrease in the 
thickness of the substantia alba. Because the cerebellum 
layers were gradually developing during the advancing 
incubation periods. The pressure formed as a result of the 
shaping of the layers on the substantia alba, especially the 
stratum gangliosum, and it caused the substantia alba to 
shrink. In this study, the ratio substantia grisea/substantia 
alba thickness was 4.74±0.51% in 21-old-day embryos.

The Purkinje cell is one of the largest neurons of the central 
nervous system with its dendrites extending to the surface 
of the cerebellar cortex and myelinated axon extending to 
the granular layer [45,46]. Sur et al.[42] found the number of 
Purkinje cells of 1 mm length in turkeys as 16.34±1.47, in 
ducks 20.98±2.24, in pigeons 27.39±1.05 and in starlings 
27.00±0.91. Celik et al.[47] found the number of Purkinje 
cells in one unit length (486 µm) of the ganglionic layer in 
rats as 9.38 in males and 9.53 in females. Although there 
is no embryological study related to this data, we found 
mean Purkinje cell counts in a unit length (1 mm) as 
42.33±5.72 and 44.67±7.03 in 16th day of incubation and 
hatching day, respectively. The increase in the number of 
Purkinje cells indicates the functional development of the 
cerebellum in terms of behavioral and cognitive skills [20].

In laying hens on the hatching day, Turgay-İzzetoğlu et 
al.[46] nuclear diameter and nuclear area measurements 
of Purkinje cell are similar to those of Akar and Sur [24]. 
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In addition to these parameters, the mean transverse 
diameter of the Purkinje cell was also similar with those 
of Akar and Sur [24]. It is thought that the reasons for the 
larger data in our study may be some differences such as 
the incubation conditions, examined Purkinje cells, the 
image analysis program or the embryos.

Purkinje cells, which establish morpho-functional and 
synaptic connections that require high metabolic activity, 
synthesize different amounts of protein at different 
developmental stages of the embryonic period [48]. NOR 
areas provide information about the cellular activities of 
cells, especially protein synthesis [49]. NORs, known as 
nucleolus forming regions, are associated with the nucleus 
area. While NOR areas obtained from this study were 
higher than those of Akar and Sur [24] on the hatching day, 
this parameter was similar with Turgay-İzzetoğlu et al.[46]. 
The increases in NOR area, nuclear diameter and area of 
Purkinje cells are thought to result from increased protein 
synthesis due to the development of the cerebellum during 
the advancing incubation days. It is also thought that 
incubation conditions may cause differences in Purkinje 
cells, image analysis program or embryos.

As conclusion, the cerebellum which is widely used in 
studies related to the motor system is responsible for 
balance, muscle tone and muscle coordination. Although 
the inability of this organ to fully form is not life-
threatening, studies have shown that motor behaviors are 
significantly affected. It is thought that this study provides 
new data to the literature about cerebellum development 
by monitoring the histologic, histomorphometric and 
stereological developments of chick cerebellum in different 
incubation periods. In addition, the fact that there has not 
been a study that gives embryological cerebellum volume 
data of chicks before increases the importance of the 
study. Since cerebellum dysfunctions bring along motor 
control disorders, this organ is used especially in studies 
on the motor system. The data obtained from this study 
contribute to the studies that can be done especially on 
motor control disorders.
Availability of Data and Materials 

The authors declare that data supporting the study findings are also 
available to the corresponding author (F. Colakoglu). 

Acknowledgments

The research abstract was presented and published in 4th 
International Black Sea Modern Scientific Research Congress, Rize/
Türkiye 2023.

Financial Support

This study did not receive any financial support. 

Conflict of Interest 

The authors declare that they have no conflict of interest. 

Ethical Statement 

Ethical approval was taken from The Ethical Committee of Health 

Sciences of Karamanoglu Mehmetbey University (protocol number: 
2022/19).

Author Contributions

FC: Conceptualization, methodology, investigation, writing original 
draft. MLS: Conceptualization, methodology, writing-review and 
editing. 

References
1. Bonvento G, Bolaños JP: Astrocyte-neuron metabolic cooperation 
shapes brain activity.  Cell Metabolism,  33 (8): 1546-1564, 2021. DOI: 
10.1016/j.cmet.2021.07.006
2. Thau L, Reddy V, Singh P: Anatomy, Central Nervous System. StatPearls 
Publishing, Treasure Island, Florida, USA, 2019.
3. Ünal G, Ayhan İ: İşlevsel özelleşmeye yeni bir bakış: Nöronal saatler. Nesne, 
8 (17): 270-283, 2020. DOI: 10.7816/nesne-08-17-08
4. Maulana A, Masyitha D, Akmal M, Wahyuni S, Zainuddin, Rosmaidar: 
Study of cerebellum structure and histomorphometry of local chicken 
(Gallus gallus domesticus) before and after hatching. Adv Biol Sci Res, 12, 
210-214, 2021. DOI: 10.2991/absr.k.210420.045
5. Lin JC, Cepko CL: Biphasic dispersion of clones containing Purkinje cell 
and glia in the developing chick cerebellum. Dev Biol, 211 (2): 177-197, 
1999. DOI: 10.1006/dbio.1999.9316 
6. Saab CY, Willis WD: The cerebellum: organization, functions and its role 
in nociception. Brain Res Rev, 42, 85-95, 2003. DOI: 10.1016/S0165-
0173(03)00151-6
7. Blanco-Hinojo L, Casamitjana L, Pujol J, Martínez-Vilavella G, Esteba-
Castillo S, Giménez-Palop O, Freijo V, Deus J, Caixàs A: Cerebellar 
dysfunction in adults with Prader Willi syndrome. J Clin Med, 10 (15): 3320, 
2021. DOI: 10.3390/jcm10153320
8. Louis ED, Faust PL: Essential tremor: The most common form of 
cerebellar degeneration?  Cerebellum Ataxias,  7:12, 2020.  DOI: 10.1186/
s40673-020-00121-1
9. Luqman EM, Soenardihardjo BP, Mahaputra L: Peranan choline esterase 
(ChE) pada pembentukanvesikal otak embrio ayam yang terpapar 
insektisidakarbofuran. J Kedokt Hewan, 23 (3): 145-150, 2007.
10. Feirabend HKP:  Development of longitudinal patterns in the cerebellum 
of the chicken (Gallus domesticus): A cytoarchitectural study on the genesis 
of cerebellar modules. Eur J Morphol, 28 (2-4): 169-223, 1990.
11. Wanmi N, Usendi IL, Gosomji IJ, Pindar DB: Histology of the midbrain 
of the grey breasted helmeted guinea fowl (Numida meleagris galeata) 
at post-hatch.  J Vet Med Anim Health, 11 (4): 88-93, 2019. DOI: 10.5897/
JVMAH2017.0600
12. AbidÂ AB, Al-Bakri NA: Histological study of the cerebellum in adult 
Quail (Coturnix coturnix L. 1858). IHJPAS, 29 (1): 351-365, 2016.
13. Elnegiry AA, Hamoda HS, Farrag: FA: Histomorphological study on 
the cerebellum of the African ostrich. AJVS, 73 (2): 1-6, 2022. DOI: 10.5455/
ajvs.33484
14. Verma R, Gupta SK, Haswitha S, Kaur A: Gross morphometrical study 
on the brain of fowl (Gallus domesticus). IJVSBT, 14 (4): 33-35, 2019. DOI: 
10.21887/ijvsbt.14.4.9
15. Bazira PJ: An overview of the nervous system. Surgery (Oxford), 39 (8): 
451-462, 2021. DOI: 10.1016/j.mpsur.2021.06.012
16. Koral Taşçı S, Bingöl S: Histological and histometric structure of goose 
(Anser anser) cerebellum. Van Vet J, 29 (2): 63-66, 2018.
17. Butler AB, Hodos W: Comparative Vertebrate Neuroanatomy: Evolution 
and Adaptation. John Wiley & Sons, New York, 2005.
18. Senglaub K: Das kleinhirn der vögel in beziehung zu phylogenetischer 
stellung, lebensweise und körpergrösse. Z Wiss Zool, 169 (1): 1-63, 1963.
19. Larsell O: The Comparative Anatomy and Histology of the Cerebellum 
from Myxinoids through Birds. University of Minnesota Press, Minneapolis, 
USA, 1967.
20. Iwaniuk AN, Hard PL, Wylie DRW: Comparative morphology of the 

https://www.sciencedirect.com/science/article/pii/S1550413121003223?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1550413121003223?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1550413121003223?via%3Dihub
https://www.nesnedergisi.com/makale/pdf/1583785501.pdf
https://www.nesnedergisi.com/makale/pdf/1583785501.pdf
https://www.atlantis-press.com/proceedings/icvaes-20/125955658
https://www.atlantis-press.com/proceedings/icvaes-20/125955658
https://www.atlantis-press.com/proceedings/icvaes-20/125955658
https://www.atlantis-press.com/proceedings/icvaes-20/125955658
https://www.sciencedirect.com/science/article/pii/S0012160699993168?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0012160699993168?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0012160699993168?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0165017303001516?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0165017303001516?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0165017303001516?via%3Dihub
https://www.mdpi.com/2077-0383/10/15/3320
https://www.mdpi.com/2077-0383/10/15/3320
https://www.mdpi.com/2077-0383/10/15/3320
https://www.mdpi.com/2077-0383/10/15/3320
https://cerebellumandataxias.biomedcentral.com/articles/10.1186/s40673-020-00121-1
https://cerebellumandataxias.biomedcentral.com/articles/10.1186/s40673-020-00121-1
https://cerebellumandataxias.biomedcentral.com/articles/10.1186/s40673-020-00121-1
http://journal.unair.ac.id/download-fullpapers-03%20Epy%20M%20Luqman.pdf
http://journal.unair.ac.id/download-fullpapers-03%20Epy%20M%20Luqman.pdf
http://journal.unair.ac.id/download-fullpapers-03%20Epy%20M%20Luqman.pdf
https://academicjournals.org/journal/JVMAH/article-abstract/5C0043E61558
https://academicjournals.org/journal/JVMAH/article-abstract/5C0043E61558
https://academicjournals.org/journal/JVMAH/article-abstract/5C0043E61558
https://academicjournals.org/journal/JVMAH/article-abstract/5C0043E61558
https://www.researchgate.net/publication/327545322_Histological_Study_of_The_Cerebellum_In_Adult_Quail_Coturnix_coturnix_Linnaeus_1858
https://www.researchgate.net/publication/327545322_Histological_Study_of_The_Cerebellum_In_Adult_Quail_Coturnix_coturnix_Linnaeus_1858
https://www.alexjvs.com/?mno=33484
https://www.alexjvs.com/?mno=33484
https://www.alexjvs.com/?mno=33484
https://acspublisher.com/journals/index.php/ijvsbt/article/view/2593
https://acspublisher.com/journals/index.php/ijvsbt/article/view/2593
https://acspublisher.com/journals/index.php/ijvsbt/article/view/2593
https://www.sciencedirect.com/science/article/pii/S0263931921001411?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0263931921001411?via%3Dihub
https://dergipark.org.tr/en/download/article-file/539540
https://dergipark.org.tr/en/download/article-file/539540
https://karger.com/bbe/article-abstract/68/1/45/46807/Comparative-Morphology-of-the-Avian-Cerebellum-I?redirectedFrom=fulltext


350

Embryonic Development of The Cerebellum in Chicks Kafkas Univ Vet Fak Derg

avian cerebellum: I. Degree of foliation. Brain Behav Evol, 68, 45-62, 2006. 
DOI: 10.1159/000093530
21. Pangestiningsih TW, Saputra ILM, Suminar AS: Anatomi 
perkembangan serebelum monyet ekor panjang (Macaca fascicularis) pada 
trimester awal kebuntingan. J Sain Vet, 32 (1): 117-129, 2014.
22. Schedle A, Willheim M, Zeitelberger A, Gessl A, Frauendorfer K, 
Schofer C, Wachtler F, Schwarzacher HG, Boltz-Nitulescu G: Nucleolar 
morphology and rDNA in situ hybridisation in monocytes. Cell Tissue Res, 
3, 473-480, 1992. DOI: 10.1007/BF00353902 
23. Khanna AK, Yadav SK, Dixit VK, Kumar M: AgNOR count and 
subjective AgNOR pattern assessment (SAPA) score in carcinoma of the 
pancreatic head including periampullary tumors. Pancreas, 6 (6): 575-580, 
2005.
24. Akar S, Sur E: The development of chicken cerebellar cortex and the 
determination of agnor activity of the Purkinje cell nuclei. Belg J Zool, 140 
(2): 214-222, 2010.
25. Kucera P, Burnand MB: Routine teratogenicity test that uses chick 
embryos in vitro. Teratog Carcinog Mutagen, 7, 427-447, 1987. DOI: 10.1002/
tcm.1770070502
26. Jelinek R, Peterka M, Rychter Z: Chick embryotoxicity screening test-
130 substances tested. Indian J Exp Biol, 23, 588-595, 1985.
27. Colakoglu F, Selcuk ML: The embryotoxic effects of in ovo administered 
sunset yellow FCF in chick embryos. Vet Sci, 8 (2): 31, 2021.  DOI: 10.3390/
vetsci8020031
28. Çolakoğlu F, Selçuk ML: Effects of sunset yellow FCF on immune 
system organs during different chicken embryonic periods. J Vet Res, 64 (4): 
597-607, 2020. DOI: 10.2478/jvetres-2020-0064
29. Selçuk ML, Tıpırdamaz S: A morphological and stereological study on 
brain, cerebral hemispheres and cerebellum of New Zealand rabbits. Anat 
Histol Embryol, 49, 90-96, 2020. DOI: 10.1111/ahe.12489
30. Selçuk ML, Çolakoğlu F: Distinction of gray and white matter for some 
histological staining methods in New Zealand rabbit’s brain. Int J Cur Res 
Rev, 12, 11-17, 2020. DOI: 10.31782/IJCRR.2020.12112
31. Schneider CA, Rasband WS, Eliceiri KW: NIH image to ImageJ: 25 
years of image analysis. Nat Methods, 9, 671-675, 2012. DOI: 10.1038/
nmeth.2089
32. Gundersen HJG, Jensen EBV, Kieu K, Nielsen J: The efficiency of 
systematic sampling in stereology reconsidered. J Microsc, 193 (3): 199-211, 
1999. DOI: 10.1046/j.1365-2818.1999.00457.x
33. Pal B, Chowdhury S, Ghosh RK: Comparative anatomical study of the 
cerebellum of man and fowl. J Anat Soc India, 52 (1): 32-37, 2003.
34. Parker TJ, Haswell WA: Textbook of Zoology. Macmillan Publishers, 
London, 1963.
35. Espinar A, Piera V, Carmona A, Guerrero JM: Histological changes 
during development of the cerebellum in the chick embryo exposed to a 
static magnetic field. Bioelectromagnetics, 18 (1): 36-46, 1997. DOI: 10.1002/

(sici)1521-186x(1997)18:1<36::aid-bem7>3.0.co;2-6
36. Feirabend HKP, VanLuxenburg EA, Vandenderen-Van Dorp H, 
Voogd J: A 3H-thymidine autoradiographic study of the development of 
the cerebellum of the White 40 Leghorn (Gallus domesticus): “Evidence for 
longitudinal neuroblast generation patterns”. Acta Morphol Neerl-Scand, 23, 
115-126, 1985.
37. Redies C, Luckner R, Arndt K: Granule cell raphes in the cerebellar 
cortex of chicken and mouse. BRB, 57 (3/4): 341-343, 2002. DOI: 10.1016/
s0361-9230(01)00724-9
38. Luo J, Treubert-Zimmermann U, Redies C: Cadherins guide migrating 
Purkinje cells to specific parasagittal domains during cerebellar development. 
Mol Cell Neurosci, 25 (1): 138-152, 2004. DOI: 10.1016/j.mcn.2003.10.003
39. Abdullah S: Anatomical study of the cerebellum in diurnal raptor 
species (Buzzard). AJPS, 7 (1): 7-13, 2010. DOI: 10.32947/ajps.v7i1.312
40. Eroschenko VP: Atlas histologi difiore dengan korelasi fungsional. 
Penerbit Buku Kedokteran EGC, Jakarta, 2010.
41. Bouvet J, Usson Y, Legrand J: Morphometric analysis of the cerebellar 
Purkinje cell in the developing normal and hypothyroid chick. Int J Dev Neurosci, 
5 (4): 345-355, 1987. DOI: 10.1016/0736-5748(87)90010-4
42. Sur E, Öznurlu Y, Özaydın T, Çolakoğlu F, Ünsal S, Yener Y: 
Comparative histometrical study of the cerebellum and the determination 
of some agnor parameters in different avian species. Bull Vet Inst Pulawy, 55, 
261-265, 2011.
43. Irimescu I, Bolfă P, Crişan M, Dezdrobitu C, Damian A: Macroscopical 
and histological aspects of the cerebellum in chinchillas.  Agric Agric Sci 
Procedia, 6, 350-357, 2015. DOI: 10.1016/j.aaspro.2015.08.093
44. Nangoy BV, Kalangi SJR, Pasiak TF: Gambaran mikrokopik serebelum 
pada Hewan Coba postmortem. JBM, 11 (1): 10-16, 2019. DOI: 10.35790/
jbm.11.1.2019.23205
45. Sultan F, Glickstein M: The cerebellum: comparative and animal 
studies. CBM, 6, 168-176, 2007. DOI: 10.1080/14734220701332486
46. Turgay-İzzetoğlu G, Serbestoğlu İN, Özkan S, Yalçın S: Embriyonik 
dönemde döngüsel aydınlatma yapılan etlik ve yumurtacı civcivlerinin 
Purkinje hücrelerinde bazı Agnor parametrelerinin karşılaştırılması.  KSU 
J Agric Nat, 24 (6): 1333-1342, 2021. DOI: 10.18016/ksutarimdoga.vi.845203
47. Celik I, Seker M, Salbacak A: Histological and histomorphometric 
studies on the cerebellar cortex and silver stained nucleolus organizer 
regions of Purkinje neurons in chronic morphine-treated rats. Vet Arhiv, 88 
(1): 75-88, 2018. DOI: 10.24099/vet.arhiv.160902a
48. De Stefano ME, Ferretti V, Mozzetta C: Synaptic alterations as a 
neurodevelopmental trait of Duchenne muscular dystrophy.  Neurobiol 
Dis, 168:105718, 2022. DOI: 10.1016/j.nbd.2022.105718
49. Kabaklıoğlu M, Eroz R, Kaya M: May argyrophilic nucleolar organizer 
regions be used as a biomarker for the detection of the degree of ischemic 
damage instead of tunel in testicular torsion? Medicina, 57 (11):1177, 2021. 
DOI: 10.3390/medicina57111177

https://karger.com/bbe/article-abstract/68/1/45/46807/Comparative-Morphology-of-the-Avian-Cerebellum-I?redirectedFrom=fulltext
https://karger.com/bbe/article-abstract/68/1/45/46807/Comparative-Morphology-of-the-Avian-Cerebellum-I?redirectedFrom=fulltext
https://media.neliti.com/media/publications/133548-ID-none.pdf
https://media.neliti.com/media/publications/133548-ID-none.pdf
https://media.neliti.com/media/publications/133548-ID-none.pdf
https://link.springer.com/article/10.1007/BF00353902
https://link.springer.com/article/10.1007/BF00353902
https://link.springer.com/article/10.1007/BF00353902
https://link.springer.com/article/10.1007/BF00353902
https://pubmed.ncbi.nlm.nih.gov/16286708/
https://pubmed.ncbi.nlm.nih.gov/16286708/
https://pubmed.ncbi.nlm.nih.gov/16286708/
https://pubmed.ncbi.nlm.nih.gov/16286708/
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=4bab8b50cf2f27164e32564363741285b1065a41
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=4bab8b50cf2f27164e32564363741285b1065a41
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=4bab8b50cf2f27164e32564363741285b1065a41
https://onlinelibrary.wiley.com/doi/10.1002/tcm.1770070502
https://onlinelibrary.wiley.com/doi/10.1002/tcm.1770070502
https://onlinelibrary.wiley.com/doi/10.1002/tcm.1770070502
https://www.researchgate.net/publication/19327613_Chick_embryotoxicity_screening_test_-_130_substances_tested
https://www.researchgate.net/publication/19327613_Chick_embryotoxicity_screening_test_-_130_substances_tested
https://www.mdpi.com/2306-7381/8/2/31
https://www.mdpi.com/2306-7381/8/2/31
https://www.mdpi.com/2306-7381/8/2/31
https://sciendo.com/de/article/10.2478/jvetres-2020-0064
https://sciendo.com/de/article/10.2478/jvetres-2020-0064
https://sciendo.com/de/article/10.2478/jvetres-2020-0064
https://onlinelibrary.wiley.com/doi/10.1111/ahe.12489
https://onlinelibrary.wiley.com/doi/10.1111/ahe.12489
https://onlinelibrary.wiley.com/doi/10.1111/ahe.12489
https://ijcrr.com/uploads/2683_pdf.pdf
https://ijcrr.com/uploads/2683_pdf.pdf
https://ijcrr.com/uploads/2683_pdf.pdf
https://www.nature.com/articles/nmeth.2089
https://www.nature.com/articles/nmeth.2089
https://www.nature.com/articles/nmeth.2089
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2818.1999.00457.x
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2818.1999.00457.x
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2818.1999.00457.x
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1521-186X(1997)18:1%3C36::AID-BEM7%3E3.0.CO;2-6
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1521-186X(1997)18:1%3C36::AID-BEM7%3E3.0.CO;2-6
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1521-186X(1997)18:1%3C36::AID-BEM7%3E3.0.CO;2-6
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1521-186X(1997)18:1%3C36::AID-BEM7%3E3.0.CO;2-6
https://pubmed.ncbi.nlm.nih.gov/3834771/
https://pubmed.ncbi.nlm.nih.gov/3834771/
https://pubmed.ncbi.nlm.nih.gov/3834771/
https://pubmed.ncbi.nlm.nih.gov/3834771/
https://pubmed.ncbi.nlm.nih.gov/3834771/
https://www.sciencedirect.com/science/article/pii/S0361923001007249?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0361923001007249?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0361923001007249?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S104474310300321X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S104474310300321X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S104474310300321X?via%3Dihub
https://ajps.uomustansiriyah.edu.iq/index.php/AJPS/article/view/312
https://ajps.uomustansiriyah.edu.iq/index.php/AJPS/article/view/312
https://onlinelibrary.wiley.com/doi/abs/10.1016/0736-5748%2887%2990010-4
https://onlinelibrary.wiley.com/doi/abs/10.1016/0736-5748%2887%2990010-4
https://onlinelibrary.wiley.com/doi/abs/10.1016/0736-5748%2887%2990010-4
https://www.researchgate.net/publication/289411097_Comparative_histometrical_study_of_the_cerebellum_and_the_determination_of_some_agnor_parameters_in_different_avian_species
https://www.researchgate.net/publication/289411097_Comparative_histometrical_study_of_the_cerebellum_and_the_determination_of_some_agnor_parameters_in_different_avian_species
https://www.researchgate.net/publication/289411097_Comparative_histometrical_study_of_the_cerebellum_and_the_determination_of_some_agnor_parameters_in_different_avian_species
https://www.researchgate.net/publication/289411097_Comparative_histometrical_study_of_the_cerebellum_and_the_determination_of_some_agnor_parameters_in_different_avian_species
https://www.sciencedirect.com/science/article/pii/S2210784315002260?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2210784315002260?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2210784315002260?via%3Dihub
https://ejournal.unsrat.ac.id/index.php/biomedik/article/view/23205
https://ejournal.unsrat.ac.id/index.php/biomedik/article/view/23205
https://ejournal.unsrat.ac.id/index.php/biomedik/article/view/23205
https://link.springer.com/article/10.1080/14734220701332486
https://link.springer.com/article/10.1080/14734220701332486
http://dogadergi.ksu.edu.tr/tr/pub/issue/64829/845203
http://dogadergi.ksu.edu.tr/tr/pub/issue/64829/845203
http://dogadergi.ksu.edu.tr/tr/pub/issue/64829/845203
http://dogadergi.ksu.edu.tr/tr/pub/issue/64829/845203
http://vetarhiv.vef.unizg.hr/papers/2018-88-1-6.pdf
http://vetarhiv.vef.unizg.hr/papers/2018-88-1-6.pdf
http://vetarhiv.vef.unizg.hr/papers/2018-88-1-6.pdf
http://vetarhiv.vef.unizg.hr/papers/2018-88-1-6.pdf
https://www.sciencedirect.com/science/article/pii/S0969996122001103?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0969996122001103?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0969996122001103?via%3Dihub
https://www.mdpi.com/1648-9144/57/11/1177
https://www.mdpi.com/1648-9144/57/11/1177
https://www.mdpi.com/1648-9144/57/11/1177
https://www.mdpi.com/1648-9144/57/11/1177

