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ABSTRACT

Background: Maternal thyroid hormones are necessary for the growth of the central nervous system before birth and their
shortage can delay cerebellum development.

Aim: This study aimed to evaluate the effect of maternal hypothyroidism induction on the development of the cerebellar
cortex postnatally in offspring and to compare thyroxin replacement to mothers and postnatally to offspring.

Material and Methods: Rat offspring were divided into 3 groups; group I (control), group II (hypothyroid); 15 offspring
whose mothers received carbimazole (20 mg/kg/day orally) from the 1st gestational day to the 21st day of lactation. Group
IIT (thyroid hormone replacement) included subgroup Illa (15 rats) their mothers received carbimazole as group II and
Levothyroxine (20 pg/kg/day subcutaneously) from the 10th day of gestation to 21* day of lactation, and subgroup IIIb (15
rats), their mothers received carbimazole as group Il and offspring received Levothyroxine (20pg/kg/day subcutaneously) from
day 1 postnatally. At the end of 1st, 2nd, and 3rd postnatal weeks, serum Thyroid-stimulating hormone, Free triiodothyronine,
and thyroxin were estimated. Cerebellar cortex sections were stained with hematoxylin and eosin, Neurofilament, Myelin
basic protein, and Bcl2 immunohistochemical stains. The real-time polymerase chain reaction was done for the reelin gene.

Results: Group II showed a significantly reduced Free triiodothyronine, thyroxin, and increased Thyroid-stimulating hormone.
Vacuolation in the external granular layer and delayed its disappearance and degeneration of Purkinje cells that increased
with age were observed. Reduced myelination, neurofilament content, and Reelin gene expression in the offspring were also
detected. Replacement therapy (group III) especially to the mothers (subgroup Illa) revealed amelioration of these changes.

Conclusion: Maternal hypothyroidism impaired development of the offspring cerebellar cortex. However, thyroxin
replacement for mothers was more effective than the treatment of offspring. Therefore, treatment of hypothyroid mothers
during pregnancy is essential to ensure adequate cerebellar cortex development.
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INTRODUCTION The cerebellum is one of the targets of THs. It is
used for studying the effect of THs on the central nervous
system (CNS). TH replacement is very effective in
treating hypothyroidism. Levothyroxine (L-thyroxine) is a
manufactured TH, thyroxine (T4)®. It is the most effective
treatment for hypothyroidism®.

Thyroid diseases are considered the second commonest
gestational endocrinal disordert. Hypothyroidism results
from thyroid gland under-activity but hyperthyroidism
results from its over-activity!?.

In both humans and rats, the thyroid hormone (TH) of
maternal origin reaches the fetus before the onset of the
function of the fetal thyroid gland. Hypothyroidism develops

Reelin is an extracellular glycoprotein known to be
involved in various cellular events in the development of
the CNSI', Under conditions of complete Reelin deficiency,

mental retardation and delays in cognitive functions in early many brain structures develop abnormally. The most severe
fetal lifel). Also, other neurological disorders, including malformation is observed in the cerebellum, which is affected
ataxia, abnormal muscle tone, and motor incoordination can by both neuronal disorganization and marked hypoplasial'"l,

result from congenital hypothyroidism™.
This study aimed to evaluate the effect of maternal

Carbimazole is an anti-thyroid drug used for hypothyroidism induction on the development of the
hyperthyroidism treatment®. It can pass the barrier of the cerebellar cortex postnatally in offspring and to compare
placenta and is excreted in the milk so; it is used for the between thyroxin replacement to mothers and postnatally to
induction of hypothyroidism in rats'®. the offspring.
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MATERIALS AND METHODS

Drugs and immune markers

Carbimazole: was a product of GlaxoSmithKline
Company, Cairo, Egypt in the form of tablets (5 mg)

Levothyroxine  (Eltroxin): was a product of
GlaxoSmithKline Company, Cairo, Egypt in the form of
tablets (50pg),

Kits for Neurofilament (NF; 200 kDa&68 kDa), Myelin
basic protein (MBP) & BCL 2: were obtained from Midco
Trade Company, Giza, Egypt.

Experimental animals

Twenty-four sexually mature female and twelve male
albino rats (for mating) of Sprague-Dawley strain, weighing
between 200-250g were obtained from Tanta, Egypt.
They were housed in the animal house of the Faculty of
Medicine, Menoufia University, and kept in metallic cages
at a constant temperature of 25 + 2°C, a relative humidity
of approximately 50%, and illumination (12 h light/dark)
throughout the experiment.

Animals had free access to standard diet and tap water.
Strict care and hygiene were taken to maintain a normal
and healthy environment for all animals all the time. This
work was approved by the ethics committee on the animal
experiment of the Faculty of Medicine, Menoufia University
following the National Institutes of Health guide for the care
and use of laboratory animals.

Each two of the females were housed overnight with a
sexually mature male for mating, and every morning smears
from the vagina were taken and microscopically examined
for the detection of sperms. The day of sperms detection in
smears was estimated as day one of gestation.

Experimental design

The study was done on offspring at the end of 1%, 2™, and
3 postnatal weeks.

Seventy-five newly born rat offspring were divided
randomly into three groups as follows:

Group I (Control group): 30 offspring were equally
subdivided into:

e Subgroup la (negative control): were kept
without any treatment.

*  Subgroup Ib (positive control): received 1ml
of 0.9% saline/rat once subcutaneously.

Group II (Hypothyroid group): fifteen offspring, their
mothers were rendered hypothyroid by the administration of
carbimazole at a dose of 20 mg/kg /day dissolved in distilled
water by gastric tube from day one of pregnancy to the 21+
day of lactation!?. The mothers’ sera were taken 10 days
after the beginning of the administration of carbimazole to
estimate TSH, FT3, and FT4 levels!'¥,

Group IIT (Thyroid hormone replacement group):
was divided into:

*  Subgroup Illa: fifteen offspring, their mothers
received carbimazole as group II and after
confirmation of occurrence of hypothyroidism
at day 10 of gestation by measuring TSH, FT3
and FT40], Levothyroxine (T4) (20 pg/ kg
B.W/day) was injected subcutaneously (S.C.)
from the 10™ day of gestation to 215 day of
lactation!'.

*  Subgroup IIIb: fifteen offspring, their mothers
received carbimazole 20 mg/ kg B.W/day by
gastric tube from 1* day of pregnancy to the
21% day of lactation. Following birth, the
offspring received daily thyroxin replacement
therapy at day 1 at a dose of 20ug/kg B.W.
subcutaneously until the targeted period™?).
This replacement dose showed restoration
of the euthyroid condition in hypothyroid rat
neonates!'.

Methods

Morphological: The crown-rump length was measured
in newborns.

Biochemical

TSH, FT3, and FT4 levels were estimated for newborns
at the termination of the postnatal weeks 1, 2, and 3 at the
Biochemistry Department, Faculty of Medicine, Menoufia
University.

Histological study
Haematoxylin and eosin stain (Hx & E)

Under mild diethyl ether anesthesia, offspring were
decapitated. The skull of each animal was splitted, opened
and the cerebellum was dissected out. Some Specimens were
fixed for 24 hours in neutral buffered formol (10%) then
dehydrated in ascending grades of alcohol. They were then
cleared and embedded in paraffin. After deparaffinizing the
5 microns thick tissue sections were cut by microtome and
stained with the routine hematoxylin and eosin (Hx & E)!'

Immunohistochemical studies

a. Anti-NF: for staining intermediate filaments of
neurons and their processes

b. Anti-MBP: for staining myelin sheath protein.

c. Anti-BCL2: for staining the perinuclear membrane
brown. It indicates positive non-apoptotic
neurocytes.

Paraffin sections of the cerebellum were cut at Spum
thickness on positive-charged glass slides. They were
incubated in 42°C oven for 24 hours. Sections were
deparaffinized in xylene for one hour. They were hydrated
in descending grades of alcohol and then rinsed in distilled
water. They were then incubated in hydrogen peroxide block
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for five minutes, to reduce non-specific background staining.
They were washed two times in phosphate-buffered saline for
five minutes each. Ultra v block was applied for five minutes
to block non-specific background staining. Two drops of
ready to use a primary antibody to the target antigen (the
neurofilament, myelin basic protein, and BCL2 were applied
to each section, and then they were incubated for one hour at
room temperature. Sections were washed twice in phosphate-
buffered saline five minutes each. Two drops of biotinylated
secondary antibody were applied to each section and then
incubated for 15 minutes at room temperature. Sections
were washed two times in phosphate-buffered saline five
minutes each. Two drops of streptavidin-biotin-peroxidase
were applied to each section & they were incubated for 15
minutes at room temperature. Sections were washed 2 times
in phosphate-buffered saline, five minutes each. Two drops
of DAB solution were applied to all sections, which were
incubated for 10 minutes. Sections were washed in distilled
water then counterstained with Mayer’s hematoxylin for two
minutes. They were then dehydrated in absolute alcohol,
cleared and mounted by DPX!",

Genetic study

Some cerebellar specimens were preserved in 0.9%
saline and sent to the Central laboratory at the Faculty of
Medicine Menoufia University. Real-time PCR (RT-PCR)
was used for the detection of the Reelin gene; extracellular
glycoprotein that helps to regulate neuronal positioning and
migration during brain development by controlling cell-cell
interactions.

Tissue samples were prepared for total RNA isolation
using Qiagen RN easy plus Universal Kit from, USA. RNA
was stored in -80°C till used, then first step-PCR or cDNA
synthesis (reverse transcription step) using QuantiTect
Reverse Transcription Kit, Qiagen from the USA, using
Applied Biosystems 2720 thermal cycler (Singapore) for only
one cycle as follows: 10 min at 42°C then, 5 min at 95°C to
inactivate Reverse Transcriptase and finally for 5 min at 4°C.
GAPDH primers were used in RT-PCR reaction as the RNA
loading control. Second step- PCR or ¢cDNA amplification
(real-time PCR step): The cDNA was used in SYBR green-
based quantitative real-time PCR for Relative Quantification
(RQ) of Reelin gene expression by SensiFASTTMSYBR
Lo-ROX Kit, USA, using the following designed primers
(Midland, Texas):

-For reelin assay, the forward primer sequence was
5'ATACGTGGATCCCTGTATCTACTTGCTGTGTTGC3",
and the reverse primer was S5 ATACGTCTAGACA
AGTCACTTTGTTACCACAG3'.

- For glyceraldehyde phosphate
(GAPDH)  assay, the  forward  primer  was
5'"GGCCCCTCTGGAAAGCTGTGG, and the reverse
primer was CCTTGGAG GCCATGTAGGCCAT3". Lastly,
data analysis with the Applied Biosystems 7500 software
version 2.0.1 was done. The RQ of Reelin gene expression
was performed using comparative AACt method where
the amount of the target (Reelin) mRNA, is normalized to

dehydrogenase

an endogenous reference gene (GAPDH) and relative to
control®,

Morphometric study

Five images were randomly taken from each section on
a light microscope (Olympus BX-40, Olympus Optical Co.
Ltd., Japan), using a colored video camera (Panasonic Color
CCTV camera, Matsushita Communication Industrial Co.
Ltd., Japan) at 400 X magnification and 2.6 zooms. Images
were then analyzed using Image J analyzer program (Image
analyzer, Maryland, USA) for detection of The thickness
of the external granular (EGL) and molecular (ML) layers,
The number of degenerated Purkinje cells (DPC) and the
surface area of the brown color of NF, MBP and BCL2
immunohistochemistry.

Statistical analysis

Statistical Analysis was performed for the morphological,
biochemical, morphometric, and genetic results. The data
were collected, tabulated, and statistically analyzed by graph
pad 4 instant software and graph pad prism version 6.03 (San
Diego, CA, U.S.A) using a personal computer. The results
expressed as mean (x) + standard deviation (SD). Analysis of
variance (ANOVA) test: was a test of significance used for
the analysis of statistics of the different groups!'”. A P-value
of >0.05 was considered statistically significant. A P-value
of <0.05 was considered statistically non-significant.

RESULTS

Concerning all results, there were no differences between
the negative control group (subgroup la) and positive control
group (subgroup Ib) so; the negative subgroup la was
considered the reference control group I.

Crown-rump length

At all corresponding ages, Group II showed a significant
decrease when compared to the control group (P>0.001).
Subgroups Illa and IIIb showed a significant increment
in comparison with group II (P>0.001). No significant
difference was detected between subgroup Illa and the
control group (P>0.05) but subgroup IIIb showed a
significant decrease in comparing it with the control group
and subgroup Illa (P>0.05). The crown-rump length of the
control group increased with age (Histogram 1).

Biochemical results
Serum TSH

At all corresponding ages, Group II showed a significant
increment when compared to the control group (P>0.001).
Subgroups Illa and IIIb showed a significant decrease in
comparison with group II (P>0.001). Nosignificant difference
was detected between subgroup Illa and the control group
(P>0.05) but subgroup IIIb showed a significant increment
when compared to the control and subgroup Illa in 1%, 2™
and 3¢ weeks (P>0.05, P<0.05, P<0.001 respectively)
(Histogram 2).
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Serum FT3

At all corresponding ages, Group II showed a significant
decrease when compared to the control (P>0.001). Subgroup
IIla showed a significant increment in comparison with
group II (P>0.001). Subgroup IIIb showed a significant
increment in comparison with group II (P<0.001, P<0.001,
P>0.05) in the 1*' and 2™ weeks and the 3" week respectively.
Subgroups Illa and I1Ib showed no significant difference in
comparison with the control (P>0.05). Also, there was no
significant difference between subgroup I1Ib and subgroup
IIa (P>0.05) (Histogram 3).

Serum FT4

At all corresponding ages, Group II showed a significant
decrease in comparing it with the control (P>0.001).
Subgroups Illa and IlIb showed a significant increment
in comparison with group II (P>0.001). On comparing
subgroups IIla, ITIb with the control, and with each other; no
significant difference was detected (P>0.05) (Histogram 4).

Histological results
HX and E
At I* week

H & E stained sections of a control rat showed that
the cerebellar cortex consisted of four layers: the external
granular layer (EGL), the molecular layer (ML), the Purkinje
cell layer (PCL) and the internal granular layer (IGL).

The EGL was formed of closely packed 4-5 cell layers
that appeared rounded or oval with deeply stained nuclei.
The ML appeared as a narrow zone between the EGL
externally and the PCL internally. PCL was arranged in one
single row at a junction of the ML and IGL. Purkinje cells
(PCs) appeared small and spherical. The IGL was situated
just below the PCL and formed of small oval or rounded cells
(Figure 1a).

In-group II, the EGL showed vacuolation, PCs lost
their linear arrangement and the IGL showed vacuolation
(Figure 1b). The cerebellar cortex sections of subgroup
[Ila appeared nearly the same as the control (Figure Ic).
Subgroup IIIb appeared more or less as the control except
for some degenerated PCs (Figure 1d).

At 2" week

Examination of the cerebellar cortex sections of the
control showed that it consisted of four layers: the EGL,
the ML, the PCL, and the IGL. The thickness of the EGL
decreased in comparison with the 1-week control group. The
cells of the EGL were rounded in shape and variable in size.
The ML was more developed and increased in thickness than
the Ist-week control group with clear neuropil. It showed
superficial stellate and deep basket cells.

PCs were more developed and larger than the lst-week
control group. They appeared rounded up to the characteristic
flask-shaped appearance with a thick remarked cytoplasmic
coat and a large rounded vesicular nucleus. The IGL became

more differentiated and the granular cells became numerous
and aggregated. It showed rounded and oval deeply stained
cells of variable size (Figure 2a).

Group II showed vacuolation in the EGL, a reduction
in the thickness of ML with areas of neuropil vacuolations.
Some PCs appeared degenerated with considerable cell loss.
The IGL cells were smaller in size, fewer in number, and
sparse (Figure 2b).

Subgroup Illa appeared similar to the control one
(Figure 2c). Subgroup IIIb showed a normal appearance
of all layers except for the degeneration of some PCs
(Figure 2d).

At 3" week

There was a complete disappearance of the EGL in the
control group and so the cortex consisted of only three layers
covered by pia mater. The ML increased in thickness with
intact clear neuropil and contained superficial stellate and
deep basket cells. PCs were more developed. They increased
in size and appeared flask-shaped with rounded vesicular
nuclei. The IGL was formed of closely populated round or
oval deeply stained granular cells (Figure 3a).

Cerebellar sections of group II showed persistent thick
EGL with areas of vacuolation. ML was less developed and
decreased in thickness with vacuolated neuropil. Most PCs
appeared degenerated. They are haphazardly arranged. The
IGL cells were smaller in size, fewer in number, and sparse
(Figure 3b).

Subgroup Illa appeared apparently as the control one
(Figure 3c). Subgroup IIIb showed that the cerebellar
sections were more or less as the control group of the same
age. There was an improvement in comparison with group 11
but the EGL was still present but appeared thinner compared
to group II. The ML increased in thickness, compared to
group II with intact clear neuropil. A relatively normal linear
appearance of PCL was detected. PCs maintained their
normal flask shape. However, few degenerated PCs were
still seen. The IGL was formed of closely populated round
and oval granular cells (Figure 3d).

External granular layer (EGL) thickness

At 1* week, group II showed a significant decrease in
comparing it with the control (P>0.001). Subgroups Illa and
b showed a significant increment in comparison with group I1
(P>0.001). No significant difference was detected between
subgroup IIla and the control group (P>0.05). Subgroup IIIb
showed a significant decrease in comparison with the control
and subgroup IIIa (P>0.05).

EGL thickness decreased in 2™ week and disappeared in
3 week in the control group. At 2™ week, group II showed
a significant increment when compared to the control
(P>0.001). Subgroups Illa and b showed a significant
decrease in comparison with group II (P>0.001). No
significant difference was detected between subgroup Illa
and the control group (P>0.05). Subgroup IIIb showed a
significant increment in comparison with the control and
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subgroup IIla (P>0.001). At 3% week, Subgroup IlIb showed
a significant decrease in comparison with group I (P>0.001)
(Histogram 5).

Molecular layer (ML) thickness

The thickness of ML increased with age in the control
group. At all corresponding ages, group II showed a
significant decrease in comparison with the control
(P>0.001). Subgroups Illa and IIIb showed a significant
increment in comparison with group II (P>0.001). No
significant difference was detected between subgroup Illa
and the control group (P>0.05). Subgroup IlIb showed a
significant decrease in comparison with the control group
(P>0.001). Subgroup IIIb showed a significant decrease in
comparison with subgroup Illa (P>0.001, P>0.05, P>0.001)
in the 1% and 2™ weeks and the 3 week respectively
(Histogram 6).

Degenerated Purkinje cell (DPC) number

At all corresponding ages; group Il showed a significant
increment in comparing it with the control group (P>0.001).
Subgroups Illa and IIIb showed a significant decrease
in comparison with group II (P>0.001). No significant
difference was detected between subgroup Illa and the
control group (P>0.05). Subgroup IIIb showed a significant
increment in comparison with the control group and subgroup
[Ia (P>0.05) (Histogram 7).

Neurofilament (NF) immunohistochemical stain

The control sections, subgroup Illa and subgroup
[IIb at all ages showed up-regulation in the expression of
neurofilament immune stain but group II at all ages showed
downregulation in the expression (Figures 4,5,6).

At all corresponding ages, group II showed a significant
decrease in comparing it with the control group (P>0.001).
Subgroups Illa and b showed a significant increment
in comparison with group II (P>0.001). No significant
difference was detected between subgroup Illa and the
control group (P>0.05). Subgroup IIIb showed a significant
decrease compared to the control group and subgroup Illa
(P>0.001). The percentage of NF expression in the control
group increased with age (Histogram 8).

Myelin basic protein (MBP) immunohistochemical
stain

At 1*t week, Cerebellar sections from all groups showed
a negative immune reaction to MBP. In the 2" and 3™ weeks,
the control sections, subgroup I1la and subgroup IIIb showed
a strong positive immune- reaction but group II showed a
negative immune reaction (Figures 7,8,9).

At 1** week, MBP was not detected at any group. In the
2 and 3" weeks, group II showed a significant decrease
in comparing it with the control (P>0.001). Subgroups Illa
and I1Ib showed a significant increment in comparison with
group II (P>0.001). No significant difference was detected
between subgroup Illa and the control group (P>0.05).
Subgroup IIIb showed a significant decrease in comparison
with the control and subgroup IIla (P>0.001) (Histogram 9).

BCL?2 immunohistochemical stain

The control, subgroup Illa and subgroup IIIb sections,
at all ages, showed a strong immune reaction to BCL2
while group II at all ages showed a weak immune reaction
(Figures 10,11,12).

At all corresponding ages; group II showed a significant
decrease in comparing it with the control (P>0.001).
Subgroups Illa and IIIb showed a significant increment
in comparison with group II (P>0.001). No significant
difference was detected between subgroup Illa and the
control group (P>0.05). Subgroup IIIb showed a significant
decrease in comparison with the control group and subgroup
[Ia (P>0.001) (Histogram 10).

PCR results
Reelin gene

In control group, the expression of reelin gene mRNA
increased with age. At 1%, 2" and 3™ weeks, group II
showed a significant decrease when compared to the control
(P>0.001). Subgroups Illa and IIIb showed a significant
increment in comparison with group II (P>0.001). No
significant difference was detected between subgroup Illa
and the control group (P>0.05). Subgroup IIIb at 1% and 2
weeks showed a significant decrease in comparison with the
control group (P>0.05) but no significant difference was
detected between subgroup I1Ib and subgroup I1la (P>0.05).
Subgroup II1b at the 3" week showed no significant difference
in comparison with the control group and subgroup Illa
(P>0.05) (Histogram 11).
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Fig. 1 : Photomicrographs of sagittal sections of the cerebellar cortex of rats aged 1 week showing normal EGL, ML, PCL and IGL in control and subgroup
Illa (a, c) respectively. The EGL is formed of 4-5 cell layers that appeared rounded or oval in shape with deeply stained nuclei. The ML appeared as a narrow
zone between the EGL and the PCL. PCL shows PCs that are arranged in a single row. PCs appeared small rounded or spherical in shape. The IGL is formed
of small oval or rounded granular cells. Group II shows vacuolation in EGL (asterisks), loss of the linear arrangement of PCs (arched arrows) and vacuolation
in the IGL (arrows) (b). Subgroup I1Ib appears more or less similar to that of the control except for some degenerated PCs (arched arrows) (d). (HX& E X 400)

superficial stellate(s) and deep basket (B) cells, with intact clear neuropil (N). PCL showed increased size of PCs and appear flask shape with thick remarked
cytoplasmic coat and large rounded vesicular nucleus. The IGL shows prominent, numerous and aggregated granular cells in control and subgroup Illa (a, c)
respectively. Group II shows vacuolation in the EGL (asterisks), reduction in size of ML (black up-down arrow) with areas of neuropil vacuolations (N). Some
PCs are degenerated (arched arrows), with considerable cell loss (arrows). The IGL cells are fewer in number, smaller in size and sparse (b). Subgroup IIIb
shows nearly normal appearance of all layers except for degeneration of some PCs (arched arrows) (d). (HX& E X 400)
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Fig. 3: Photomicrographs of sagittal sections of the cerebellar cortex of rats aged 3 weeks showing the pia matter (arrow), the ML, PCL and IGL with complete
disappearance of EGL. The ML shows superficial stellate (S) and deep basket (B) cells, with intact clear neuropil (N). PCL shows large flask-shaped PCs with
rounded vesicular nuclei. The IGL is formed of closely populated round or oval deeply stained granular cells in control and subgroup Illa (a, c) respectively.
Group II shows persistent thick EGL with vacuolation (asterisks), reduction in size of ML (black up-down arrow) with areas of neuropil vacuolation (N). Most
PCs are degenerated (arched arrows). They are haphazardly arranged (b). The IGL cells were smaller in size, fewer in number and sparse. Subgroup IIIb shows
nearly normal appearance of all layers except for persistent EGL and degeneration of some PCs (arched arrows) (d). (HX& E X 400)

Fig.4: photomicrographs of NF stained cerebellar cortex of rats aged 1 week showing up regulation in the expression of NF immune reaction in control
group (a), subgroup Illa (c), subgroup IlIb (d) but down regulation in expression was detected in group II (b) (NF immunohistochemical stain X 400)
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Fig.5: photomicrographs of NF stained cerebellar cortex of rats aged 2 weeks showing up regulation in the expression of NF immune reaction in control
group (a), subgroup Illa (c), subgroup IlIb (d) but down regulation in expression was detected in group II (b) (NF immunohistochemical stain X 400)

Fig.6: photomicrographs of NF stained cerebellar cortex of rats aged 3 weeks showing up regulation in the expression of NF immune reaction in control
group (a), subgroup IIla (c), subgroup IIIb (d) but down regulation in expression was detected in group II (b) (NF immunohistochemical stain X 400)
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Fig. 7: photomicrographs of MBP stained cerebellar cortex of rats aged 1 week showing: a negative immune reaction in group I (a), group II (b), subgroup Illa
(c)and subgroup I1Ib (d) (MBP immunohistochemical stain X 400)

Fig. 8: photomicrographs of MBP stained cerebellar cortex of rats aged 2 weeks showing a strong positive reaction in control group (a), subgroup Illa (c) and
subgroup I1Ib (d ) but a negative immune reaction in group II (b) (MBP immunohistochemical stain X 400)
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Fig. 9: photomicrographs of MBP stained cerebellar cortex of rats aged 3 weeks showing a strong positive reaction in control group (a), subgroup Illa (c) and
subgroup I1Ib (d ) but a negative immune reaction in group II (b) (MBP immunohistochemical stain X 400)

Fig. 10: photomicrographs of BCL2 stained cerebellar cortex of rats aged 1 week showing: a strong immune reaction in group I (a), subgroup Illa ( ¢),
subgroup I1Ib ( d) but the reaction is weak in group II (b) (BCL2 immunohistochemical stain X 400)
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Fig. 11: photomicrographs of BCL2 stained cerebellar cortex of rats aged 2 weeks showing: a strong immune reaction in group I (a), subgroup IIla ( c),
subgroup I1Ib ( d) but the reaction is weak in group II (b) (BCL2 immunohistochemical stain X 400)

Fig.12: photomicrographs of BCL2 stained cerebellar cortex of rats aged 3 weeks showing: a strong immune reaction in group I (a), subgroup Illa ( ¢),
subgroup I1Ib ( d) but the reaction is weak in group II (b) (BCL2 immunohistochemical stain X 400)
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Histogram 1: Comparison of the crown-rump length among the studied
groups

Foot notes:

** P-value >0.001 compared to the control group.
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Histogram 2: Comparison of the amount of TSH in the serum among the
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Histogram 3: Comparison of the amount of FT3 in the serum among the
studied groups

Foot notes:

* P-value >0.05 compared to the control group.

** P-value >0.001 compared to the control group.

00 P-value >0.001 compared to group II
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Histogram 4: Comparison of the amount of FT4 in the serum among the
studied groups

Foot notes:

** P-value >0.001 compared to the control group.

00 P-value >0.001 compared to group II
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Histogram 5: Comparison of the EGL thickness among the studied
groups

Foot notes:

** P-value >0.001 compared to the control group.

00 P-value >0.001 compared to group II

e P-value >0.05 compared to subgroup I1la

s P-value >0.001 compared to subgroup Illa
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Histogram 6: Comparison of the ML thickness among the studied groups
Foot notes:

** P-value >0.001 compared to the control group.

0 P-value >0.05 compared to group II

00 P-value >0.001 compared to group II

e P-value >0.05 compared to subgroup I1la

s P-value >0.001 compared to subgroup Illa
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Histogram 7: Comparison of number of DPC among the studied groups
Foot notes:

** P-value >0.001 compared to the control group.

00 P-value >0.001 compared to group II

* P-value >0.05 compared to subgroup I1la
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Histogram 8: Comparison of area percentage of NF among the studied
groups

Foot notes:

** P-value >0.001 compared to the control group.

00 P-value >0.001 compared to group II

s P-value >0.001 compared to subgroup Illa
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Histogram 9: Comparison of area percentage of MBP among the studied
groups

Foot notes:

** P-value >0.001 compared to the control group.

00 P-value >0.001 compared to group II

s P-value >0.001 compared to subgroup Illa

100

BCL2

90 -

B0 -

70 -

60 -

50 -

40 -

30 -

20

10 -

week 1 week 2 week 3

mGroupl mGroupll mSubgrouplila m Subgroupllib

Histogram 10: Comparison of area percentage of BCL2 among the
studied groups

Foot notes:

** P-value >0.001 compared to the control group.

00 P-value >0.001 compared to group II

¢ P-value >0.001 compared to subgroup Illa
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Histogram 11: Comparison of the amount of reelin in the cerebellum
among the studied groups

Foot notes:

** P-value >0.001 compared to the control group.

00 P-value >0.001 compared to group II

DISCUSSION

The physiological functioning of the body systems
is highly affected by intrauterine conditions in which the
fetus develops. Insufficient maternal oxygen, hormones,
and nutrients can change the developmental planning of
fetal tissue growth?. Changes in TH levels affect the
development of the cerebellum!”, and the consequences of
hypothyroidism result in numerous alterations?!.

Carbimazole was the drug chosen for inducing
hypothyroidism as it crosses the placental barrier, and is also
excreted in the milk.

An extended methodology was done in this study
including biochemical, histological, immunohistochemical,
genetic, morphometric, and statistical methods to detect
the effect of maternal hypothyroidism induction on the
development of the cerebellar cortex in rat offspring
postnatally. Also, this study compared the effect of thyroxin
replacement to mothers and offspring.
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The current study showed that the crown-rump length
of control increased as the age progress, which was in line
with a previous study®?. Some authors reported that bone
turnover increased during lactation in rats?*!. Besides, THs
altered pituitary growth hormone secretion and effects?".

Group II showed a decrease in the crown-rump in
comparison with the control as previously reported by some
authors!?,

Subgroup Ila was similar to the control. Subgroup I1Ib
showed a significant increment in comparison with group
II but a significant decrease when compared to the control.
This might indicate that the dose used was not sufficient.

Concerning thyroid functions of control rat offspring,
a gradual increase of serum FT3, FT4, and TSH levels as
the age progress was detected in this study. A similar result
was reported in another study, which mentioned that after
the beginning of the secretion of fetal THs, fetal T3, and T4
increased steadily until the complete development of the
thyroid gland™.

In this study, exposure of pregnant female rats to
carbimazole reduced serum levels of FT3 and FT4 in
offspring while, serum TSH increased. This meant that
hypothyroidism has occurred in offspring indicating that
maternal thyroid state during pregnancy and lactation
affected the thyroid status of rat offspring!®!. TSH, FT3,
and FT4 in subgroup Illa showed no significant difference
in comparison with the control. In subgroup IIIb, FT3 and
FT4 showed no significant difference in comparison with
subgroup Illa and the control but TSH levels showed a
significant increment.

On the histological level, the disappearance of the EGL
at the 3™ week in the control group was probably due to the
migration of the cells from it towards the ML, PCL, and IGL.
The EGL was the origin of the migrating cells that gave rise
to many cellular elements of the cerebellar cortex®,

In the hypothyroid group at 1* week, the cerebellar cortex
showed vacuolation in the EGL, loss of linear arrangement
of PCs, and vacuolation in IGL. At 2" week, the cerebellar
cortex showed vacuolation in the EGL. The ML showed a
reduction in its thickness with areas of neuropil vacuolation.
PCs showed degeneration with considerable cell loss. The
IGL cells were smaller in size, fewer in number, and sparse.

Cerebellar sections at the 3™ week showed persistent
thick EGL with areas of vacuolation and reduction of the
size of the ML with areas of neuropil vacuolation. Most PCs
appeared degenerated. They were haphazardly arranged. The
IGL cells were smaller in size, fewer in number, and sparse.

In this study, the thickness of the EGL showed a
significant decrease in comparison with the control in the 1st
week as hypothyroidism decreased the proliferation of cells
but a significant increment was detected at weeks 2 and 3 as
hypothyroidism reduced the rate of migration of cells from
the EGL.

Our previous results were consistent with some authors
who reported that TH deficiency produced extensive cell
loss, decreased proliferation, and delayed migration of cells
from the external to the germinal layer®??®), Besides, It has
been previously documented that hypothyroidism during
the fetal period resulted in several histological changes in
the neonatal rat brain including PC degeneration and more
intercellular spaces in IGLP,

Subgroups IIla appeared nearly as the control
group because TH levels had reached the control one.
It was documented that the correction of gestational
hypothyroxinemia at the early stages with T4 prevented the
impairment of neurodevelopment in the offspring!®. Also,
some authors®” observed that early maternal treatment with
T4 improved cell migration in the developing brain.

In subgroup IIIb, administration of thyroxin to neonates
produced nearly normal levels of FT3 and FT4 but TSH
remained high. Besides, an improvement was observed in
the histological results that appeared nearly similar to that of
the control group except for the degeneration of some PCs.
Also, the EGL was still present in the 3" week but showed
a significant decrease when compared to group II. This
improvement might be due to the rapid replacement by T4
to neonates immediately after birth. This was in line with
the results of some authors®! who mentioned that abnormal
development of the cerebellum could be rescued if TH is
replaced within the first 2 weeks following birth in rodents.
Also, T4 replacement initiated at birth partially restored the
development of the cerebellum!'s!.

THs are important for the normal development of the
cytoskeletal system that includes intermediate filaments,
specific for neurons (Neurofilaments)>",

Regarding neurofilament stain results, this study showed
a strong immune reaction in control that increased with age in
line with a study, which stated that NF expression increased
gradually as the brain, develops®?. A negative reaction was
detected in group II. This was supported by other authors,
Subgroup Illa showed a strong positive immune reaction
to NF. Subgroup IlIb showed a significant increment in
expression when compared to group II but a significant
decrease in comparison with the control and subgroup Illa.
TH exerted a positive effect on NF expression and transport
involved in axonal regeneration*,

Our study revealed negative reactions to MBP in the 1*
week. However, the expression of MBP started in the 2™ week
and increased in the 3" week. It was previously documented
that myelination in rats began at around postnatal day10 and
reached its peak around postnatal day 208!,

In this study, group II showed a weak positive immune
reaction to MBP. It was reported that the differentiation of
oligodendrocytes, the glial cells that perform myelination of
theaxonsinthe CNS, is strongly TH-dependent. TH deficiency
decreased major myelin proteins including MBP expression
and delayed myelination®. Also, a reduction in myelination
in the hypothyroid neonatal brain was previously detected®"..
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Subgroups Ila showed improvement of myelination due to
return of TH levels toward normal but subgroup I11b showed
a significant decrease in expression when compared to the
control and subgroup Illa. TH promotes CNS repair through
CNS re-myelination and genomic and non-genomic effects
on mitochondrial biogenesis and function!.,

Regarding BCL2 immune stain results, the control
group of this work showed a strong reaction while group II
showed a negative reaction. This study suggested apoptosis
as a mechanism of cerebellum damage in neonates born to
hypothyroid mothers. These results were consistent with
some studies, which demonstrated that TH deficiency during
cerebellar development enhanced DNA fragmentation,
down-regulated the expression of antiapoptotic genes; Bcl-
2 and Bcl-xL, and increased the pro-apoptotic molecules
leading to increased apoptosis*’.

Subgroups Illa showed a strong immune reaction to
Bcl-2 immune stain as TH returned to normal levels and so
decreasing apoptosis. Also, subgroups IIIb showed a strong
immune reaction due to the rapid replacement of TH after
birth that helped increasing the levels of THs in this group.

Reelin is a secretory protein essential for embryogenesis
and also during adult life. The Reelin gene is regulated by
TH. It is essential for cell migration and neural plasticity
during neural development*!,

In this study, reelin gene expression was age-dependent
among the control rat but was lower in group II meaning
that hypothyroidism reduced reelin gene expression. It
was reported that in the cerebellum, reelin expression was
down-regulated in perinatally hypothyroid rat®?. Our study
showed an increased number of degenerated Purkinje cells
correlating with a reduction in reelin gene expression and
this was supported by other authors®’.

TH replacement in subgroup Illa returned reelin gene
expression near normal values while subgroup IIIb showed
a significant increment in reelin gene expression when
compared to group II. The up-regulation of reelin expression
in the replacement group may suggest compensation for
retarded development.

Developmental hypothyroidism is known to result in
permanent disorders in cerebellar development. Based
on the results presented, our study detected that maternal
hypothyroidism during pregnancy and lactation evoked
developmental defects in the cerebellar cortex of their
offspring. The underlying molecular mechanisms were
largely unknown. Reelin is an important molecule affecting
neuronal migration and development of the cerebellum
Thus, our study might confirm an important complement
to the existing literature regarding molecular mechanisms
involved in impairments of cerebellar development.

CONCLUSION

Maternal hypothyroidism during pregnancy and lactation
impaired the maturation and development of the cerebellar
cortex in albino rat offspring. Hypothyroidism induced its

neurotoxic effect on the cerebellar cortex through enhancing
apoptosis, demyelination, and alteration of NF contents and
Reelin gene expression. Thyroxin replacement to mothers
was more effective than the treatment of offspring.

RECOMMENDATIONS

The results of the present study trigger an interest in
routine screening for hypothyroid mothers during pregnancy
and their early treatment to ensure adequate cerebellar cortex
development.
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