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ABSTRACT 
Background: Thyroid dysfunctions are the second most common endocrinological disorders in pregnancy after diabetes 
mellitus. Uncontrolled and inadequately treated maternal hyperthyroidism may result in fetal and neonatal 
hyperthyroidism that may affect the cerebellar development. Astrocytes are target cells for thyroid hormones.  Aim: To 
ǾŜǊƛŦȅ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ƳŀǘŜǊƴŀƭ ǘƘȅǊƻǘƻȄƛŎƻǎƛǎ ƻƴ ǘƘŜ ōƛƻŎƘŜƳƛŎŀƭ ŀƴŘ ƘƛǎǘƻƭƻƎƛŎŀƭ ŀǊŎƘƛǘŜŎǘǳǊŜ ƻŦ ǘƘŜ ƻŦŦǎǇǊƛƴƎΩǎ ŘŜǾŜƭƻǇƛƴƎ 
cerebellum. Material and Methods: Thirty pregnant rats were divided into two equal groups control and 
hyperthyroidism. The cerebella of all offspring of both the groups were examined in 1st, 3rd, 5th and 7th postnatal days. 
One hemisphere was used for histological and immunohistochemical study and the other for biochemical investigation. 
Also, estimation of Thyroid Hormone levels and Glutathione Peroxidase in the serum was done. Results: The offspring of 
the treated rats showed a significant increase in the levŜƭǎ ƻŦ ¢оΣ ŀƴŘ ¢п ƛƴ ŀƭƭ ǎǘǳŘƛŜŘ ŀƎŜǎ όǇ лΦллмύΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ 
homogenized fluid of the cerebella from all offspring of treated rats showed decreased levels of Glutathione Peroxidase 
ƭŜǾŜƭǎ ŀƴŘ ƛƴŎǊŜŀǎŜŘ aŀƭƻƴŘƛŀƭŘŜƘȅŘŜ ƭŜǾŜƭǎ όǇ лΦллм ŦƻǊ ōƻǘƘύ ƛƴŘƛŎŀǘing high oxidative stress and low in antioxidant 
defense. Light microscopic investigation of the cerebellar cortex of the offspring of the treated rats showed marked 
growth retardation in the cerebella in the form of shallow fissures and delayed newly formed ones. Some degenerative 
changes were observed in the four layers of the cerebellar cortex; some cells have vacuolated cytoplasm with the 
presence of interstitial hemorrhage during all studied ages. The dendritic arborization of Purkinje cells of experimental 
animals showed degeneration in the form of less branching dendrites or fuse with adjacent ones. Application of S100 
immunostaining revealed that the most affected and expressed cells were the astrocytes which appear markedly 
immunoexpressed and altered morphologically showing enlarged irregular cells with multiple thick disrupted processes. 
Conclusion: Hyperthyroidism in rats during gestation and lactation periods badly affected the development of 
cerebellum of the offspring at all examined period. Significantly, astrocytes altered morphologically. The disturbed 
cerebellar cytoarchitecture might be due to increase oxidative stress and impaired antioxidant defense system. 
    
Keywords: Induced Maternal Hyperthyroidism, Oxidative Stress, Offspring Developing Cerebellum, Astrocytes, S100. 
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INTRODUCTION
 

Thyroid disorders are the second most common 
endocrinological disorders in pregnancy after diabetes mellitus 
(Abalovich et al., 2007). Thyroid hormones are critical for the 
development of the fetal and neonatal brain. These hormones 
were contributed on neural and glial lineages and control cell 
proliferation, apoptosis, migration, and differentiation (Baas et 
al., 2002).These actions are most apparent in central nervous 
system development (Shwartz, 1983). Thyroid hormones 
appear to have their most intense effects on the terminal 
stages of brain differentiation, including synaptogenesis,  
growth of dendrites and axons, myelination and neuronal 
migration (Oppenheimer and Schwartz, 1997). The results of 
Sevilla et al. (2002) also showed that thyroid hormone 
regulates rat neuro-retinogenesis.   
    Human fetuses acquired the ability to synthesize thyroid 
hormones at the 12th weeks of gestation. Relevant evidence 
from several species indicates that there is a trans-placental 
transfer of the thyroid hormones from the mothers to their 
offspring. Moreover, the placenta contains deiodinases that 
can convert T4 to T3 (Xue et al., 1994). Uncontrolled and 
inadequately treated maternal hyperthyroidism may result in 
fetal and neonatal hyperthyroidism (Zimmerman, 1999) due to 
the transplacental transfer of stimulatory Thyroid Stimulating 
Hormone (TSH) receptor antibodies (Polak et al., 2004). 
    The cerebellum has an outstanding structure consisted of 
folia divided by fissures of varied in depth. The development of 
cerebellar foliation originated before birth and its adult 
configuration of fissures and folia is achieved postnatal (Bouet 
et al., 2005).  It is composed of few cell types, all ordered in a 
precise manner in various morphological layers; external 
granular layer, molecular layer, Purkinje cell layer and internal 
granular layer (Llinas, 1975).  
     In rats, during postnatal development of the cerebellum, the 
external granular cell layer represented the matrix area in 
which two distinct zones can be visibly recognized, the 
proliferative and the premigratory zones (Altman, 1972a-c and 
Rakic, 1971).The authors suggested that the post-mitotic cells 
of external granular layer migrated to their final destination in 
the internal granule cell layer.  Purkinje cells are the single 
output of the cerebellar cortex (Altman, 1969; 1972a, b and c). 
There are many stages in the development of Purkinje cells as 
the cell differentiates from round neuroblast to an adult neuron. 
Altman (1982) recommended that in rats, the Purkinje cells 
variation occur during late embryonic and early postnatal 
periods. Sonic hedgehog factor secreted by the Purkinje cells 
regulated the number of folia through its influence on granule 
cell precursor proliferation (Corrales et al., 2004 and 2006).   
The majority of granule cells had practiced some substantial 
developmental milestones postnatal.  Sotelo (2004) explained 
that the proliferating granule cells precursors are prenatally 
positioned in the external granular layer followed by inward 
radial migration to their final destination in the internal granular 
layer. 
     Astrocytes make up 20 to 50% of the volume of most brain 
areas and they represent a various class of cells that have 
numerous different roles. They had a vital role in normal brain 
function and disease (Trentin, 2006).  Rowitch and Kriegstein 
(2010) reported that the astrocytes are macroglial cells in the 
central nervous system obtained from heterogeneous 
populations of progenitor cells in the neuroepithelium of the 
developing central nervous system. The authors added that 
there is a remarkable similarity between the well-known 
genetic mechanisms that specify the lineage of diverse neuron 
subtypes and that of macroglial cells. Astrocytes have 

numerous supporting functions such as guiding neuronal 
migration, maintaining the microenvironment of neurons and 
preservation of the bloodïbrain barrier (Janzer and Raff, 
1987).  They are implicated in synapse formation and function 
(Rossi, 2015). Astrocytes supported immune defense by 
producing various immunoreactive cytokines (Benveniste, 
1992).  Recent investigations have emphasized the vital role of 
astrocytes in various homeostatic functions within the central 
nervous system and their role in bi-directional communication 
with neurons by releasing neuroactive substances. They play 
an active role in the secretion of substances regulating 
metabolism and substances regulating synaptic transmission, 
including neurotransmitters and neuromodulators (Petrelli and 
Bezzi, 2016).  The character of astrocytes can alter in parallel 
with, or as a consequence of the morphological, biochemical 
and functional changes undergo upon injury or disease. As a 
result, they have the possible to convert from helpful supports 
and cooperating partners for neurons into harmful enemies 
(Rossi, 2015). 
   The S100 protein belongs to the EF (helix E-loop-helix F) 
hand family of calcium binding proteins (Donato, 1991).  The 
name "S100" was given because of their solubility in a 100% 
saturated solution with ammonium sulfate.  At least 25 proteins 
have been identified as belonging to the S100 protein family 
(Marenholz et al., 2004). S100B was principally produced by 
astrocytes in the central nervous system convoluted in several 
pathologies and represented astrocytic activation (Steinacker 
et al., 2013). 
     S100B was situated in the cytoplasm and nucleus of the 
astrocytes along with other members of the S100 family. 
Moreover, S100B has regulated the cytoskeletal structure and 
cell proliferation (Gonçalves, 2008 and Yarden et al., 2011). 
Steiner et al. (2007) reported that the astrocytes are the 
predominant S100B-positive cells in the gray matter while the 
oligodendrocytes are the predominant S100B-positive cells in 
the white matter.  
    Several pieces of investigations supported that the neurons 
are protected against the reactive oxygen species (ROS) 
induced toxicity of various compounds and drugs in the 
presence of astroglial cells. These observations confirmed by 
Desagher et al. (1996) and Dringen et al. (2000). As they 
induce the transcriptional up-regulation of the glutathione 
synthesis (Iwata-Ichika et al., 1999; Dasgupta et al., 2007). It is 
well-known that during brain development, astrocytes are 
target cells for thyroid hormones (Clos and Legrand, 1973; 
Legrand et al., 1976 and Gould et al., 1990). 
Based on the previous data, the current study was prompted to 
verify the effect of maternal thyrotoxicosis in rats on the 
biochemical and histological architecture of its offspring 
developing cerebellum. 
 
MATERIAL AND METHODS 

 
Animals 

 
The current research was carried out on 48 adult fertile albino 
rats, 32 females, and 16 males, weighing about 165ï190 gm. 
The rats were housed in Animal Care Center of Faculty of 
Medicine for Girls, AL-Azhar University. The rats were 
reserved under observation for two weeks to exclude any 
contamination and to acclimatize the new surroundings. The 
selected rats were housed in stainless steel cages at a normal 
atmospheric temperature (24 Ñ two ǓC) and fed on standard 
rodent pellet. Diet manufactured by the Egyptian Company for 
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Oil and Soap (Cairo, Egypt). Tap water was used for drinking 
ad libitum, and these animals were maintained at constant 
daily light/dark periods of 12 hours each. 
 
Experimental Animals  
 
Mating was induced by housing two females with one male in a 
separate cage overnight for one or two successive days. Thirty 
female rats have the mucous plug; the vaginal smear was 
found to contain cornified non-nucleated epithelial cells, 
leukocytes, and a large quantity of mucous (Paull and 
Fairbrother, 1985).  The pregnant females were moved into 
separate cages from males to start the experiment. The 
experiments were conducted according to the guidelines of the 
Animal Care and Use Committee of National Research Center, 
Egypt. 
 
Experimental Schedule and Protocols of Induction of 
Maternal Thyrotoxicosis 

 
The pregnant rats from the first day of pregnancy, gestation 
day 1 to lactation day7 (GD1-LD7) were distributed into two 
equal groups as follow: 
Group I, Control group:  The pregnant rats received distilled 
water via gavage tube daily from the first day of gestation up to 
the seventh day post-partum. 
Group II, Hyperthyroidism group: The pregnant rats received 
50 ɛg/kg body weights /day of Eltroxin produced by 
GlaxoSmithKline, Cairo, A.R.E. dissolved in distilled water at 
9:00 am according to Ahmed (2006) from gestation day one to 
lactation day seven. The cerebella of all offspring of both the 
control and treated groups in 1st, 3rd, 5th and 7th days 
postnatal were examined. One cerebellar hemisphere was 
selected for histological study and the other for biochemical 
investigation.  
 
BIOCHEMICAL ANALYSIS 

 
Estimation of Thyroid Hormone Levels 
 
Serum thyroid hormones (T3 and T4) levels were investigated 
in pregnant rats and all their offspring at the day 1 to confirm 
their exposure to hyperthyroidism. Blood samples were 
collected through the retro-ocular puncture. After that, blood 
was centrifuged (3000 rpm for 20 min) and sera were 
separated and stored at -20 Co. 
 
 RIA for Total TSH, T4 and T3 

 
Serum total T4 and total T3 levels were determined with 
Amerlex RIA kits (Amersham International, Buckinghamshire, 
UK), according to the manufacturerôs instructions (Sewall et al., 
1995). Serum TSH levels were determined with a rat's TSH 
enzyme immunoassay kit (Amersham International). 
 
Estimation of Oxidative Stress Markers 

 
Measurement of Anti-Oxidant Activity; Glutathione 
Peroxidase (GPx):     

To estimate Glutathione peroxidase (GPx), the samples were 
homogenized in 1.15% KCL solution. Glutathione peroxidase 
(GPx) level in cerebellar tissue was estimated by the method 
described by Paglia and Valentine (1967). The GPx enzyme 
activity is represented as Unit/mg protein. 
 

Measurement of Oxidative Stress marker: Tissues 
Malondialdehyde (MDA):  

Tissues Malondialdehyde was determined by the method of 
Mitsuru and Midori (1978).The amounts of lipid peroxides 
calculated as nMol/ml. 
 
STATISTICAL ANALYSIS  

 
The Statistical Package for the Social Sciences (SPSS; version 
18.0) was used for analysis of the biochemical data. The 
unpaired t-test is used to compare the data of each variable 
with that of the control. All data were represented as mean ± 
standard deviation (SD). P < 0.05 was considered to be 
statistically significant. 
 
Histological Preparation for Light Microscope 
Investigation 
   
 Midsagittal sections of brains of all offspring of the control and 
the treated rats were dissected and processed for histological 
study.  They were fixed in 10% neutral formalin for 48 h. 
Tissues were dehydrated in ascending concentrations of 
alcohol, cleared in xylene, and embedded in paraffin. Five-
micrometer-thick sections were prepared and stained with 
Haematoxylin and Eosin for histological examination according 
to the method of (Bancroft and Gamble, 2013). 
 
Immunohistochemical staining for Detection of S100 
Expression  
 
Formalin-fixed cerebellum sections were deparaffinized and 
antigen demasking was performed by using 20 minutes heat-
induced epitope retrieval in Dako Target Retrieval Solution. 
Pre-incubation with 1.5% H2O2 for 10 min to block 
endogenous peroxidase activity was followed by blocking of 
nonspecific binding sites with 10% normal goat serum for 60 
min and repeated washings with PBS. The primary antibody 
was diluted in PBS and used at a dilution of 1:400 and applied 
for 48 h at 4°C. Antibodies were from (DAKO, Glostrup, 
Denmark: Polyclonal Rabbit Anti-S100). The immunostaining 
was amplified and completed by Horseradish Peroxidase 
complex (Dako EnVisionÊ+/HRP kits).   

An undiluted HRP-conjugated polyclonal was used as the 
secondary antibody. Sections were developed and visualized 
using 3,3diaminobenzidine (Dako REAL TM DAB+ 
Chromogen) at room temperature. The substrate system 
produces a crisp brown end product at the site of the target 
antigen. Cells labeled by the antibody displayed staining 
confined to the cytoplasm.  Sections were counterstained with 
Mayer s˼ haematoxylin. The sections were then dehydrated in 
alcohol, cleared in xylene and coverslipped with Permount. 
Applying immunohistochemical methods to the tissues showed 
that the bulk of S100 has been localized in cell bodies, 
processes and lamellae of astrocytes as a brown colour 
(Michael and Joachim, 1995). 
 
RESULTS 

 
The Results of Biochemical Analysis 
 
The pregnant rats treated with Eltroxin showed a significant 
increase in the levels of T3 (10.46±0.78) and T4 (16.02±0.85) and 
a significant decrease in the level of TSH (0.96±.09) when 
compared with their corresponding levels in the pregnant control 

(6.14±0.19; 11.95±0.46;1.67±0.14) P<0.001 (Table 1). 
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Table 1: Comparison of biochemical analysis in pregnant rats treated with Eltroxin with controls 

 
SD-Standard deviation  TSH-Thyroid Stimulating Hormone 
** p-value less than 0.001 
 

 

Table 2: Comparison of biochemical analysis on offspring of Eltroxin treated rats with offspring of controls 

offspring 
From Control 

Rats 

Mean (±SD) 

Biochemical 
Analysis 

offspring From 
Eltroxin Treated 

Rats 

Mean (±SD) 

Biochemical 
Analysis 

 T3  T3 

6.08 (±0.22) CPD1 9.60 (±0.82)
**

 TPD1 

6.14 (±0.22) CPD3 10.06 (±0.06)
**

  TPD3 

6.06 (±0.05) CPD5 10.14 (±0.58)
**

 TPD5 

6.22 (±0.10) CPD7 10.18 (±0.19)
**

 TPD7 

 T4  T4 

10.60 

(±0.72)  

CPD1 16.44 (±0.51)
** 

 TPD1 

11.38 

(±0.73)  

CPD3 16.53 (±0.29)
**

  TPD3 

11.60 

(±0.45)   

CPD5 16.76 (±0.21)
**

 TPD5 

11.61 

(±0.39) 

CPD7 16.56 (±0.69)
**

 TPD7 

 TSH  TSH 

1.67 (±0.07)  CPD1 1.026 (±0.016)
**

 TPD1 

1.73 (±0.07)  CPD3 1.028 (±0.013)
**

  TPD3 

1.71 (±0.06)  CPD5 1.028 (±0.01)
**

 TPD5 

1.73 (±0.04) CPD7 1.028 (±0.02)
**

 TPD7 
TPD1- Treated postnatal day one; TPD3-Treated postnatal day 3; TPD5-Treated postnatal day;  

TPD7- Treated postnatal day 7; CPD1-Control postnatal day 1; CPD3-Control postnatal day 3;  

CPD5-Control postnatal day 5; CPD7-Control postnatal day 7. 

SD- Standard deviation ** p -value less than 0.001 
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Table 3: Comparison of antioxidant activity (Glutathione Peroxidase-GPx) and oxidative stress activity (Tissues Malondialdehyde-MDA) 

of offsprings from Eltroxin treated rats with offsprings from controls. 

Antioxidant 
Activity In 

offspring From 
Control Rats 

Mean (±SD) 

Antioxidant 
Activity In 

offspring From 
Eltroxin Treated 

Rats 

Mean (±SD) 

 

Biochemical 
Analysis 

2.78 (±0.15) 

1.876  (±0.04)**  TPD1 

1.835 (± 0.14)**   TPD3 

1.79  (±.04)**  TPD5 

1.74 (±0.51)**  TPD7 

Oxidative 
Stress Activity 
In offspring 

From Controls  

Mean (±SD) 

Oxidative Stress 
Activity In 

Offspring From 
Eltroxin Treated 

Rats 

Mean (±SD) 

 

0.57 (±0.04) 

1.050 (±0.03)**  TPD1 

1.73 (± 0.04) **   TPD3 

1.70 (±.06) **  TPD5 

1.73 ±0.09) **  TPD7 

TPD1- Treated postnatal day one; TPD3-Treated postnatal day 3;  
TPD5-Treated postnatal day; TPD7- Treated postnatal day 7 
SD- Standard deviation  ** p-value less than 0.001 

 
The offspring of the pregnant treated rats showed significant 
increase in the levels of T3 and T4 at the TPD1, TPD3, TPD5, 
and TPD7 (T3; 9.60±0.82, 10.06±0.06, 10.14±0.58 and 
10.18±0.19- T4; 16.44±0.51, 16.53±0.29, 16.76±0.21, and 
16.56±0.69) when compared with the corresponding levels of 
offspring for pregnant control rats at CPD1, CPD3, CPD5 and 
CPD7 (T3; 6.08±0.22, 6.14±0.22, 6.06±0.05 and 6.22±0.10- 
T4; 10.60±0.72, 11.38±0.73, 11.60±0.45 and 11.61±0.39) 
P<0.0001 for all. The offspring of the pregnant treated rats 
showed significant decrease in the levels of TSH at the TPD1, 
TPD3, TPD5, and TPD7 (1.026± 0.016, 1.028±. 013, 1.028± 
0.01and1.028±.02) when compared with the corresponding 
levels for offspring of pregnant control rats CPD1, CPD3, 
CPD5 and CPD7 (1.67±.07, 1.73±0.07, 1.71±0.06, and 
1.73±0.04) p<0.001for all (Table 2). 
The Anti-Oxidant Activity; Glutathione Peroxidase (GPx) 

levels showed significant decreases in the homogenized fluid 
of the cerebellum from the offspring of treated rats at the 
TPD1, TPD3, TPD5, and TPD7 (1.876 ±0.04, 1.835 ± 0.14, 
1.79 ±.04 and 1.74 ±0.51 respectively) when compared with 
the control (2.78 ±0.15) p<0.001. No significant differences in 
the levels of GPx between rats at different days of lactation p> 
0.05 (Table 3). 
Oxidative Stress Activity; Tissues Malondialdehyde (MDA) 

levels showed significant increases in the homogenized fluid of 
the cerebellum from the offspring of treated rats at the TPD1, 
TPD3, TPD5, and TPD7 (1.050 ±0.03, 1.73 ± 0.04, 1.70 ±.06 
and 1.73 ±0.09 respectively) when compared with the control 

(0.57 ±0.04) p<0.001. No significant differences in the levels of 
MDA between rats at different days of lactation p> 0.05 (Table 
3). 
 
HAEMATOXYLIN AND EOSIN RESULTS 

 
Control Postnatal Day One (CPD1) Rats 

 
Light microscopic examination of the serial mid-sagittal 
sections of the cerebellar cortex of (CPD1) showed the normal 
architecture of lobules and fissures (Fig.1: A&B).  The 
cerebellar cortex consisted of the external granular layer, 
molecular layer, Purkinje cell layer and internal granular layer 
from outside inward.  The external granular layer consisted of a 
relatively thick sheet of small darkly stained cells which 
differentiated into superficial or outer closely crowded zone and 
an inner or deep less packed zones. The molecular layer was 
poorly developed pale zone with a loose aggregation of cells. 
Purkinje cells could barely be noticed, it had relatively large 
cells mixed together among cells of the internal granular layer 
or as an unclear layer intermingled with the cells of the 
superficial zone of the internal granular layer. The internal 
granular layer was relatively thick layer of darkly stained cells 
of different size and shape and lying just superficial to the 
white matter (Fig.1: C). 
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Treated Postnatal Day One (TPD1) Rats 
 
Examination of the cerebellar cortex of (TPD1) rats displayed a 
slight reduction of the cerebellar size and its fissures which 
appeared shallow and poorly developed in comparison with the 
control one (Fig.1: D&E). There was an apparent diminished in 
the depth of the fissures. Moreover, there was delayed the 
appearance of other fissures. The cerebellar cortex showed 
that there was a slightly diffusion of cortical layers with the 
presence of cavitation and presence of wide spaces between 
the cells. The external granular layer was thin and poor 
differentiated in comparison to the control and its cells were 
small rounded or oval in shape with intensely stained nuclei. 
The molecular layer appeared thinner than that of the control 
one also, it could hardly be identified and showed poor 
differentiation with multiple cavities. Purkinje cell layer could 
not be identified comparable to the control group. The internal 
granular layer contained small rounded deeply stained nuclei 
with the appearance of several cavities. Moreover, its cells 
were detached from each other and some of them had 
vacuolated cytoplasm (Fig.1: F).  
 
Control Postnatal Day Three (CPD3) Rats 

 
Examination of  the cerebellar cortex  of (CPD3) rats showed 
the progress of development of lobules and fissures, however ,  
the cerebellum was enlarged in size to increase the depth of 
the fissures in comparison to the previous control age (Fig.2: 
A& B). The external granular layer was relatively increased in 
thickness while the molecular layer was slightly increased 
when compared with the preceding control age (CPD1). 
Purkinje cell layer was a clearly observed as multilayers than 
that of the previous control age. The cells were placed in more 
than one row intermixed with the cells of the outer zone of the 
internal granular layer. Moreover, Purkinje cells looked bigger, 
more oval and paler than those of the internal granular cell 
layer.  Apparently the cells were more developed as compared 
with the previous control age (Fig.2: C& D). 
 
Treated Postnatal Day Three (TPD3) Rats 

 
Examination of the cerebellar cortex  of (TPD3)  rats showed 
that the depth of the fissures was markedly decreased as 
compared with the control rats of the same age (Fig.2: E& F). 
The external granular layer showed multiple cavities and the 
molecular layer seemed to be less developed than that of 
control rats of the equivalent age. Also, Purkinje cell layer 
looked to be less differentiated cells, it could not be noticed as 
an ultimate layer, but they could be observed as intermingled 
and clumped with the cells of the internal granular layer. In 
addition, the cells of the internal granular layer were 
disconnected from each other and some of them had 
vacuolated cytoplasm. In general, less cellularity and cavitation 
in the four layers of the cerebellar cortex were clearly observed 
(Fig.2: G& H). 
 
Control Postnatal Day Five (CPD5) Rats 
 
Examination of the cerebellar cortex  of (CPD5) rats showed 
increased in size and the depth of the fissure as compared with 
the previous control age (Fig.3: A). The external granular layer 
was increased in thickness than that of the prior control age. 
Also, the cells were increased in size and were clearly 
distinguished into an outer zone with closely packed cells and 
an inner zone with loosely radially arranged cells. Apparently, 
the molecular layer was increased in thickness. In addition, 

Purkinje cell layer was well developed than that of the prior 
control age. They were arranged in many rows with rounded or 
oval nuclei and less pale cytoplasm. Also, the internal granular 
layer also seemed more developed  than the previous control 
age (Fig.3: B&C). 
 
Treated Postnatal Day Five (TPD5) Rats 

 
Examination of the cerebellar cortex of (TPD5) rats displayed 
distorted cytoarchitecture and relatively shallow depth of the 
fissure as compared with the identical control age (Fig.3: D).  
The  external granular layer seemed to be more dispersed. 
Moreover, the molecular layer contained a less cellular 
population in comparison with those of the control of the same 
age. Also, there was an obvious focal loss of the molecular 
layer in some lobules (Fig.3: E&F). Similarly, Purkinje cell layer 
had less distinguished in comparison with the previous control 
of the same age. In addition, there was an observable focal 
loss in some area of Purkinje cell layer. The cells of the internal 
granular layer were disconnected from each other and some of 
them had vacuolated cytoplasm. Multiple cavities were clearly 
noticed within the internal granular layer.  Also, there was a 
consistent focal loss of cells in this layer in some lobules 
(Fig.3: F). 
 
Control Postnatal Day Seven (CPD7) Rats 
 
Examination of cerebellar cortex of (CPD7) rats clarified that 
the cerebellar cortex was well developed in the form of an 
increase in size and markedly increased with the depth of its 
fissures. In addition to development and differentiation of new 
fissures was observed (Fig.4: A). The cerebellar cortex showed 
the presence of clear, well demarcated four cellular layers 
(Fig.4: B). The external granular layer and the molecular layer 
were prominently increased in thickness (Fig.4: B&C).  Purkinje 
cell layer was arranged in one single row and Purkinje cells 
were typically oval or fusiform in shape with their long axes 
vertical to the surface. The elongated dendrites of Purkinje 
cells in the molecular layer and dendritic arbors were clearly 
observed.  Most  of  Purkinje  cells  were  aligned  in  a  regular 
pattern ( Fig.4:C). The internal granular layer was also well 
developed and lying superficial to white matter and its cells 
were rounded with rounded vesicular nuclei and pale 
acidophilic cytoplasm (Fig.4: B&C). 
 
Treated Postnatal Day Seven (TPD7) Rats  
 
Examination of the cerebellar cortex of (TPD7) rats showed 
that the cerebellar cortex was less developed. It was obviously 
decreased in size and its fissures were noticeably shallow 
(Fig.4: D) as compared with the same control age.  In addition, 
the newly fissures which appeared less differentiated than 
those of the controlled one.  The cells of the external granular 
layer were clumped together and they appeared small in size 
with deeply stained nuclei.  A reduction in the size of the 
molecular layer was noticed.  Purkinje cells were disordered in 
one row with the pale stained cytoplasm.  It displayed a 
variable degree of focal cell loss (Fig.4: E&F).  Apparently, 
dendritic arbors of Purkinje cells were less developed and 
immature (Fig.4: E, F&G).  Significantly, the internal granular 
cell layer was distended and it was fragmented with the 
presence of vacuolations, cavitation, dilated capillaries with the 
presence of wide spaces between the cell (Fig.4: E, F&G). 
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Immunohistochemistry Results 
 
Polyclonal Rabbit Anti-S100 was confined to the cytoplasm of 
the astrocytes.  The expression was moderately positive in the 
control group, but it is markedly express in the treated rats 
through the examined period from the 1st postnatal day until 
the 7th postnatal day (Figs.5, 6, 7&8). Moderate S100 
expression in the astrocytes in the control 1st postnatal day 
rats was observed. The Normal shape of astrocytes can be 
clearly detected (Fig.5: A, B&C).  The marked expression in 
the astrocytes of treated rats at 1st postnatal day, the 
astrocytes seemed small with few thin, long irregular 
processes (Fig.5: D, E&F).  Also, the expression was 
predominant in the astrocytes of treated rats at 3rd postnatal 
day (Fig.6: C, D, E& F) as compared to the control (Fig.6: A& 
B) of the same age. Hypertrophy of astrocytes of treated rats 
with S100 enriched processes at the5th postnatal day (Fig.7: 
C&D) in comparison to the control of the equivalent age (Fig.7: 
A& B).  Persistent apparent expression in the astrocytes of 
treated rat at 7th postnatal days (Fig.8: C&D). Significantly 
astrocytes in the treated rats were changed morphologically, 
showing enlarged irregular cells with increased number of thick 
interrupted processes as compared to the control of the 
equivalent age (Fig.8 A& B). 
 

 
 
Fig. (1): Photomicrographs of median sagittal sections of the 

cerebellar cortex of one day old rat (A, B & C are controlled) 
while (D, E& F are treated) demonstrating: 
  
(A& B):  Normal architecture of the cerebellum with normal 

fissures and lobules (arrows). 
(C): The cerebellar cortex consists of four layers; external 

granular (E) with packed superficial zone and a loose deep 
zone, molecular layer (M), undifferentiated Purkinje cell layer 
(P) and the internal granular layer (I).  
(D& E): The cerebellum is less developed with marked 

reduction of the depth of the fissures (arrows).  

(F): Poorly developed external granular layer (E). The 

molecular layer (M) appeared as a very thin narrow zone 
with less cellularity (arrow). Purkinje cells are not clearly 
seen. Note,  dispersion of the internal granular layer (I) 
with small size deeply stained cells.                                                                                  
(A& D: Hx. & E.  x 40); (B& E: Hx. & E. x100) and (C& F: 
Hx and E. x400). 

 
 
Fig. (2): Photomicrographs of median sagittal sections of 

cerebellar cortex of three days old rat (A, B, C &D are 
controlled) while (E, F, G & H are treated) demonstrating: 
 
 (A& B): Normal construction and appearance of the 

cerebellum with normal fissures and lobules. 
(C & D): An increase in the thickness of the external granular 

layer (E) which differentiated into outer closely packed and 
inner radially arranged zone.  Also, an increase in the 
thickness of the molecular layer (M),   Purkinje cells (P) are 
arranged in more than one row.  An increase in the thickness 
of the internal granular layer (I) is obvious.  
(E& F): Apparent decrease in the development of the 

cerebellum and marked reduction of the depth of the fissures. 
In (E) Extensive hemorrhage surrounds the cerebellum (arrow) 
and numerous dilated blood capillaries inside the cerebellum 
as shown by arrows in (F). 
(G&H):  Note the layers of cerebellar cortex with less cellularity 

and some of the cells have pyknotic nuclei (arrowheads). Most 
of the cells have vacuolated cytoplasm (arrows) in the four 
layers of the cerebellar cortex.  
 ( A& E :Hx.& E.x40); (B& F :Hx.& E. x100) and( C,D,G& H : 
Hx&E. x 400). 



S a h a r  Y o u s s e f  e t  a l                     S w i f t .  J . M e d . M e d i c a l . S c .  | 032 

www.swiftjournals.org 

 

 
 
 
Fig. (3): Photomicrographs of median sagittal sections of the 

cerebellar cortex of five days old rat (A, B &C are controlled) 
while (D, E& F are treated) demonstrating: 
 
 (A): The cerebellum is more developed with normal 

appearance of depth of the fissures and lobes (arrows).  
(B & C):  Notably an increase in the thickness of both external 

granular layer (E) and molecular layer (M). Differentiated 
Purkinje cells are arranged in more than one row (P). The 
dendritic arbor is in a regular pattern (arrowheads) in B with 
well-developed of the internal granule (I) cells.  
(D): Slightly distorted cytoarchitecture of the cerebellum 

(arrows) with the presence of extensive hemorrhage surround 
the cerebellum (arrowheads). 
(E and F): Note the dispersed inner zone of the external 

granular layer (E) and decrease in the thickness of the 
molecular layer (M). Less differentiated Purkinje cells which 
have poor immature arbors with the irregular arrangement 
(arrowheads) in E.  Multiple cavities in E are clearly noticed 
(arrow).  Focal loss of cells in the molecular, Purkinje and 
internal granule cells are clearly observed in F (arrow). 
       (A&D: Hx. &E. x10 240) and (B, C, E&F: Hx. &E.x400). 
 

 
 
 
Fig. (4): Photomicrographs of median sagittal sections of the 

cerebellar cortex of seven days old rat (A, B& C are controlled) 
while (D, E, F& G are treated) demonstrating: 
 
(A):  An increase in the size of the cerebellum. The 

development and the differentiation of the new fissures are 
detected. 
(B & C):  Note the well-developed thick external granular layer 

(E) and a wide molecular layer (M).  Purkinje cells (P) are 
arranged in a single row parallel to the surface, most of them 
are aligned in a regular pattern.  The parallel dendritic arbors 
are also clearly seen in C (arrowheads). The well-defined 
internal granular layer (I) with small rounded cell nuclei can be 
observed. 
 (D): Less developed and slightly distorted cerebellum 

(arrows).  
(E& F& G): Note the thin external granular layer (E), moderate 

focal loss of Purkinje cells (P).   Notably, some dendritic arbor 
degenerate or fuse with adjacent ones in F&G (arrowheads). 
Notice, persistent distended and fragmented internal granular 
layer (I) with the presence of vacuolations and cavitation in E, 
F&G (arrows).    
   (A& D: Hx&E.x40); (B& E: Hx&E x400) and( C,F&G 
Hx&Ex1000) 
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Fig. (5): Photomicrographs of median sagittal sections of the 

cerebellar cortex of one day old rats (A, B & C are controlled) 
while (D, E & F are treated) showing: 
 
 (A, B, C): Moderate expression of S100 positive 

immunostaining in the cytoplasm of astrocytes. The normal 
shape of cells can be clearly seen in C (arrows).   
(D, E, and F): Marked expression of S100 immunoreactive 

astrocytes.  Note, the expression is confined to the cytoplasm 
of astrocytes with enriched few thin irregular processes can be 
obviously noticed in F (arrows). 
C is a higher magnification of B while F is a higher 
magnification of E.  
(A, B, D & E: S100 immunostaining x 400; (C& F: S100 
immunostaining x1000). 
 

 
 
Fig. (6): Photomicrographs of the median sagittal sections of 

the cerebellar cortex of three days old rats (A& B are 
controlled) while(C, D, E& F are treated) illustrating: 
 
 (A, B): Moderate expression of S100 immunoreactivity in the 

cytoplasm and their processes. Most of the Astrocytes appear 
flat rounded with few thin processes in B (arrows). 
(C, D, E & F): Marked expression of S100 in astrocytes.  

Obviously, Astrocytes appear large and irregular with multiple 
interrupted thick processes and abundant distribution can be 
clearly detected in D&F (arrows).  
 D is a higher magnification of C and F is a higher 
magnification of E. 
(A, C and E: S100 immunostaining x 400); (B, D&F: S100 

immunostaining x1000). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


