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ABSTRACT 

The present proposal objective is to focus on the glycoprotein reelin and nestin. The two genes regulation was testified in case of 
hypothyroidism and/or the pesticide emamectin benzoate intoxication and the relationships between them and DNA damage in hand 
and apoptosis in another hand. Male and female albino rats (Rattus norvegicus) aged 12 – 14 weeks, were used. Male rats were 
allowed to mate with females. The pregnant rats were then isolated from male rats and housed in separate cages. After delivery, 
mothers and pups were grouped as control group, carbimazole group (positive control for hypothyroidism), emamectin benzoate 
group, and mixed group of emamectin benzoate and carbimazole group. At the 10th and 21st days, six neonatal rats from each group 
were withdrawn. Plasma samples were prepared and used for thyroid hormones determination. The brains were removed and used 
for the biochemical parameters. After oral gavages with CBZ, EMB, and their combination, the concentrations of total T3 and T4 of 
neonatal rats were decreased. While reelin mRNA gene expression was significantly decreased (P<0.01) as compared to control after 
oral gavages with CBZ, EMB, and their combination, nestin was significantly up regulated. Caspase-3 mRNA was significantly increased 
after oral gavages with CBZ, EMB, and their combination. Comet assay showed the elevated levels of comet tail DNA and tail moment 
and a decrease in head DNA. The pesticide emamectin benzoate considered as a teratogen due to its embryotoxic effects.  
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INTRODUCTION 

hyroid gland is one of the major and essential 
vertebrate endocrine gland. Thyroid hormones are 
liberated into blood largely as the precursor thyroxin 

tetraiodothyronine (T4) as well as lower amounts of the 
active form of T3 1. During neurodevelopment, the brain is 
highly sensitive to thyroid hormone action 2' 3. Hypothyroid 
rat brains have been shown to have a reduction in 
myelination, as a result reduction of the major myelin 
proteins and disruption of oligodendrocyte 
differentiation4.  

Emamectin benzoate (EMB) is an essential macrocyclic 
lactones insecticide derived from the avermectin that is 
developed for the control of insect pests5. The avermectins 
are powerful insecticides that are thought to exhibit their 
effect on the γ-amino butyric acid-mediated 
neuromuscular synapse, with chloride channels appearing 
to be particularly sensitive 6. 

The reelin gene is localized to chromosome 7 in man7. 
Reelin is a crucial positional signal for layer formation and 
differentiation of the brain. Reelin is a large-molecular-

weight protein secreted during early embryonic 
development into the extracellular matrix by Cajal-Retzius 
cells, a temporary population of GABAergic neurons 
located in the uppermost layer of the developing cortex, 
marginal zone8. Reelin is involved in several aspects of 
brain development, such as cell positioning, dendrite 
growth, synaptic plasticity, memory, and may be 
implicated as a vulnerability element in psychoses 9, 10. 

Nestin is a class VI intermediate filament protein and 
neuroepithelial stem cell marker11. During early stages of 
development, nestin is expressed in dividing cells in the 
central nervous system, peripheral nervous system, and in 
myogenic and other tissues. During differentiation in 
normal brain tissue, nestin expression is down regulated 
and replaced by expression of tissue-specific intermediate 
filament proteins; therefore, nesting is widely used as a 
neuronal stem cell marker. Nestin is also expressed in 
immature non-neuronal cells and progenitor cells in 
normal tissues 12.  

 Caspase-3 plays an essential purpose for many key events 
during apoptosis such as nuclear destruction and DNA 
damage13. Caspase-3 was reported to play a role as an 
amplifier of the apoptotic signals i.e. by the cleavage of Bcl-
214. Apoptosis or programmed cell death is necessary for 
organogenesis during development, proper function of the 
immune system, removal of genetically instable cells, and 
maintenance of tissue homeostasis in the adult 15. 
Apoptosis results from activation of members of the 
caspase family of aspartate-specific proteases 16, 17. 

Evaluation of Nestin and Reelin Genes Expression in the brain of Hypothyroid Neonatal Rats 
Treated with Emamectin Benzoate during Lactation Period
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Aim of the Work 

The present proposal objective is to focus on a stress-
related investigation of the glycoprotein reelin and nestin. 
The two genes regulation were testified in case of 
hypothyroidism and/or emamectin benzoate intoxication 
and the relationships between them and DNA damage in 
hand and apoptosis in another hand. 

MATERIALS AND METHODS 

Pesticides and thyroid drug  

The pesticide EMB was dissolved in corn oil in final volume 
of 1 ml/kg body weight before use. Carbimazole (CBZ) from 
Sigma was prepared daily by dissolving in water and 
animals were received 6 mg/Kg body weight. 

Animals 

The handling of the laboratory animals during the 
experimental work was performed according to the 
guidance for care and use of IACUC (Institutional Animal 
The handling of the laboratory animals during the 
experimental work was performed according to the 
guidance for care and use of IACUC (Institutional Animal 
Care and Use Committee) with approval number 
CU/I/F/19/18. 

Male and female albino rats (Rattus norvegicus) aged 12 – 
14 weeks, were obtained from the breeding colony of the 
Mammalian Toxicology Department - Central Agricultural 
Pesticides Lab, Giza, Egypt. Females (2-3) had been 
transferred into each male cage for mating. The pregnant 
rats were isolated from male rats and housed in separate 
cages.  

Experimental design  

After delivery (Postnatal zero day), mothers and pups were 
grouped as the following: 

Control group 

Mothers were received water daily through the lactation 
period. 

Emamectin benzoate group 

Mothers were received 0.479 mg/kg (equivalent to 1/200 
LD50) of EMB daily from day 1 to day 21 of lactation. The 
acute oral median lethal dose (LD50) of EMB for female rats 
was undertaken according to the guideline of EPA 
(Environmental Protection Agency) for acute oral toxicity. 
LD50 values were derived by the moving average method 
using special tables 18. 

Carbimazole group (positive control for hypothyroidism) 

Mothers were received 6 mg/kg of carbimazole daily from 
day 1 to day 21 of lactation. 

Emamectin benzoate and carbimazole group 

Mothers were received 0.479 mg/Kg of EMB and 6 mg/Kg 
of carbimazole daily from day 1 to day 21 of lactation. 

At the 10th and 21st days, six neonatal rats from each group 
were withdrawn. They were slightly anaesthetized with 
ether and the blood samples were collected in heparinized 
tubes from retro-orbital plexus19. The tubes were 
immediately centrifuged using Sigma Laboratory 
Centrifuge (3K30, Germany) at 3600 r.p.m for 15 min. 
Plasma samples were separated and kept at −80 Co until 
used for thyroid hormones determination. The brains were 
removed and quickly frozen at – 80 0C and saved for the 
biochemical parameters. 

Methods 

Thyroid hormones assay  

Immunoassays for the in vitro quantitative determination 
of total triiodothyronine (T3) and thyroxin (T4) in blood 
were obtained from Atlas Medical, UK.  

Determination of gene expressions of reelin, nestin, and 
caspase-3  

Reelin, nestin, and caspase-3 mRNA gene expressions were 
determined by RT-PCR (Real-Time Polymerase Chain 
Reaction). All PCR experiments were performed in the 
Eppendorf, Realplex instrument, Germany for the signal 
detection and analysis. Gene-specific primers were 
designed based on the gene sequences of Rattus 
norvegicus present on the NCBI homepage 
(http://www.ncbi.nlm.nih.gov). Expression was 
normalized to ß-actin gene, which was used as an internal 
housekeeping control. Highly purified salt-free primers 
were obtained from Metabion, Germany and the 
sequences of these primers obtainable in table (1). 

Table 1: Oligonucleotide primers used in SYBR green real 
time PCR 

Genes Primer sequence (5'-3') 

ß-actin20 F-TCCTCCTGAGCGCAAGTACTCT 

R-GCTCAGTAACAGTCCGCCTAGAA 

Reelin 21 F- AAACTACAGCGGGTGGAACC 

R-ATTTGAGGCATGACGGACCTATAT 

Nestin22 F –CTGAGGCCTCTCTTCTTCCA 

R- ACTCCTGTACCGGGTCTCCT 

Caspase323 F-AGTTGGACCCACCTTGTGAG 

R-AGTCTGCAGCTCCTCCACAT 

Calculation of mRNA expression levels 

To estimate the variation of gene expression on the RNA of 
the different samples, the threshold cycle (Ct) of each 
sample was compared with that of the control group 
according to the "ΔΔCt” method stated by24. 

Single-cell gel electrophoresis (Comet assay) 

The comet assay used in the present study applied under 
alkaline conditions using ordinary microscope slides as 
previously described by25. For visualization of DNA 
damage, observations were made of EtBr-stained DNA 
using a 40x objective on a fluorescent microscope. The 
degree of DNA damage was performed on coded slides by 
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one reader to avoid variability by komet 5 image analysis 
software (Liverpool, UK) linked to a CCD camera. 

Statistical analysis 

A computer program, the statistical package for social 
science (SPSS 17.0), was used for statistical analysis. One 
way analysis of Variance (ANOVA) followed by post hoc 
least significant difference test (LSD) for multiple 
comparisons were used. The data were expressed as 
means ± standard error (SE).Differences between the 
groups were considered as statistically significant when p 
< 0.05, highly significant when p < 0.01 and very highly 
significant when p < 0.001.  

RESULTS 

Thyroid hormones assay: 

Total Tri-iodothyronine (T3) 

The concentrations of T3 of neonatal rats were significantly 
decreased as compared to the control after oral gavages 
with CBZ (P<0.05), EMB (P<0.05), and their combination 
(P<0.01) by percentage differences of 22.91, 14.29, and 
34.78, respectively (Table 2).While rats received mixture of 
CBZ and EMB showed non-significant change in the 
concentration of T3 as compared rats received CBZ, 
significant reduction (P<0.05) as compared to the rats 
received EMB by percentage difference of   23.90, was 
observed  (Table 2). 

Total Tetra-iodothyronine (T4) 

While the oral gavages of rats with EMB showed non-
significant decrease in the concentrations of plasma T4 as 
compared to control, rats received CBZ or mixture showed 
significant decrease (P<0.05) in the concentrations of 
plasma T4 as compared to the control by percentage 
differences of 57.03 and 49.63, respectively (Table 2). 
Statistical analysis also revealed that there were non-
significant differences in the concentrations of plasma T4 
as compared between all other groups studied (Table 2). 

Table 2: Plasma total concentrations (means ± S.E.) of T3 
and T4 (μlU /ml) of neonatal rats treated during lactation 
period 

 Total T3 Total T4 

Control 

CBZ 

EMB 

Mixture 

94.30 ± 3.07 

72.70 ± 1.01a 

80.82 ± 5.08a 

61.5 ± 6.01a,c 

2.70 ± 0.64 

1.16 ± 0.19a 

2.14 ± 0.12 

1.36 ± 029a 

(a) Significant decrease as compared to control.  

(c) Significant decrease as compared to EMB.  

Reelin gene expressions  

10 th day of lactation period 

The reelin mRNA gene expression was significantly 
decreased (P<0.01) as compared to control after oral 
gavages with CBZ, EMB, and their combination 71.6, 35.3, 

and 85.3 fold changes, respectively (Table 3).While rats 
received the mixture of CBZ and EMB showed a significant 
decrease (P<0.01) in reelin mRNA gene expression as 
compared with the rats received only EMB by percentage 
difference of 72.7, a non-significant change was observed 
as compared to the expression in CBZ group (Table 3).  

21st day of lactation period 

Statistical analysis revealed that the expressions of reelin 
mRNA gene were significantly down regulated as 
compared to control group after oral gavages with CBZ 
(P<0.01), EMB (P<0.05), and the mixture (P<0.01) by 54.9, 
20.59, and 60.78  fold changes, respectively (Table 
3).While rats received the mixture scored non-significant 
change in the expressions of reelin mRNA gene as 
compared to rats received CBZ, a significant decrease 
(P<0.01) by percentage difference of 50.62  was observed 
as compared to rats received EMB (Table 3).  

On comparing the data at 21st and 10th day of lactation, 
only a significant increase (P<0.05) was observed with a 
percentage difference of 166.66 in the expressions of 
reelin mRNA gene between rats received mixture of CBZ 
and EMB (Table 3). 

Nestin mRNA gene expression  

10th day of lactation period 

Statistical analysis revealed that mRNA gene expression of 
nestin was significantly up regulated (P<0.01) as compared 
to control after oral gavages with CBZ, EMB, and their 
combination by 74.4-, 31.0-, and 103.5-fold changes, 
respectively (Table 3). Rats received mixture of CBZ and 
EMB showed significant increases (P<0.01) in the nestin 
mRNA gene expression as compared to rats received CBZ 
or EMB by percentage differences of 34.52 and 177.01, 
respectively (Table 3). 

21st day of lactation period 

Statistical analysis revealed that the mRNA gene 
expression of nestin was significantly increased after oral 
gavages with CBZ (P<0.01), EMB (P<0.05), and their 
combination (P<0.01) as compared with control group by 
485.29, 191.18, and 752.94 fold changes, respectively 
(Table 3). Rats received mixture of CBZ and EMB showed 
significant increases (P<0.01) in the nestin mRNA gene 
expression as compared to rats received CBZ or EMB by 
percentage differences of 45.73 and 192.93,respectively 
(Table 3). 

On comparing the data at 21st and 10th day of lactation, 
significant decreases in the nestin mRNA gene expression 
were observed between rats received EMB (P<0.01) with a 
percentage difference of 29.62 and rats received mixture 
of CBZ and EMB (P<0.05) with a percentage difference of 
25.58 (Table 3). 

 

 

 

http://www.globalresearchonline.net/
about:blank


Int. J. Pharm. Sci. Rev. Res., 67(1), March - April 2021; Article No. 26, Pages: 155-164                                                        ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

158 
 

Caspase-3 gene expressions  

10th day of lactation period 

It was observed that the gene expressions of caspase-3 
mRNA were significantly increased after oral gavages with 
CBZ (P<0.01), EMB (P<0.05), and their combination 
(P<0.01) by 42.6, 15.8, and 66.9 fold changes, respectively 
as compared to the control (Table 3). Rats received mixture 
of CBZ and EMB showed significant increases (P<0.01) in 
the gene expressions of caspase-3 mRNA as compared to 
rats received CBZ or EMB by percentage differences of 
46.33 and 197.70, respectively (Table 3). 

21st day of lactation period 

The mRNA gene expressions of nestin were significantly 
increased (P<0.01) after oral gavages with CBZ, EMB, and 
their combination as compared with control group by 
192.16, 82.35, and 366.68  fold changes, respectively 
(Table 3). Rats received mixture of CBZ and EMB showed 
significant increases (P<0.01) in the gene expressions of 
caspase-3 mRNA as compared to rats received CBZ or EMB 
by percentage differences of 59.40 and 155.38, 
respectively (Table 3). 

The gene expressions of caspase-3 mRNA at 21st day of 
lactation showed significant decreases (P<0.01) as 
compared to those at 10th day of lactation in case of rats 
received CBZ, EMB, and mixture with a percentage 
changes of 43.88, 28.74, and 38.86,respectively (Table 3). 

Comet assay during lactation period 

Head DNA 

10th day of lactation period 

There were significant decreases (P<0.05) in head DNA 
after oral gavages with CBZ, EMB, and their combination 
(P<0.01) by percentage changes of 9.50, 14.02, and 38.17, 
respectively as compared to the control (Table 4). Rats 
received mixture of CBZ and EMB showed significant 
decreases (P<0.01) in head DNA as compared to CBZ or 
EMB by percentage changes of 31.68 and 25.04, 
respectively (Table 4). 

21st day of lactation period 

While rats received oral gavages with CBZ showed non-
significant decrease in head DNA as compared to the 
control, there were significant decreases in head DNA after 
oral gavages with EMB (P<0.05) and their combination 
(P<0.01) as compared to the control by percentage 
changes of  8.21 and 17.21, respectively (Table 4).  

Rats received mixture of CBZ and EMB showed significant 
decreases (P<0.01) in head DNA as compared to CBZ or 
EMB by percentage changes of 13.52 and 9.81, 
respectively (Table 4). 

The data of head DNA at 21st day of lactation showed non-
significant changes as compared to those at 10th day of 
lactation in case of rats received CBZ, EMB, and mixture 
(Table 4). 

Tail DNA 

10th day of lactation period 

Rats received CBZ, EMB, and mixture showed significant 
increases (P<0.01) in tail DNA as compared to the control 
by percentage changes of 20.1, 28.8, and 74.9, respectively 
(Table 5). Rats received mixture of CBZ and EMB showed 
significant increases in tail DNA (P<0.01) as compared to 
CBZ by percentage change of 64.0 and EMB by percentage 
change of 54.4 (Table 4). 

21st day of lactation period 

Rats received CBZ, EMB showed non-significant 
differences in tail DNA as compared to the control but  
mixture showed significant increase (P<0.01)  by 
percentage changes of 24.6 (Table 4). Rats received 
mixture of CBZ and EMB showed significant decreases in    
tail DNA (P<0.01) as compared to both CBZ by percentage 
change of 64.0 and EMB by percentage change of 54.4 
(Table 4). 

Non-significant changes were observed as compared the 
data of tail DNA between 21st day of lactation period and 
10th day of lactation period (Table 4). 

Tail moment 

10th day of lactation period 

Significant increases in tail moment as compared to the 
control were observed when rats received CBZ (P<0.05), 
EMB (P<0.05), and mixture (P<0.01) by percentage 
changes of 73.3, 191.1 and 503.3, respectively (Table 4). 
Rats received mixture of CBZ and EMB showed significant 
increases in tail moment (P<0.01) as compared to CBZ by 
percentage change of 83.1 and EMB by percentage change 
of 60.1 (Table 4). 

21st day of lactation period 

Rats received CBZ, EMB, and mixture showed non-
significant changes in tail moment as compared to the 
control (Table 4). Rats received mixture of CBZ and EMB 
showed non-significant increases in tail DNA as compared 
to CBZ and EMB (Table 4). 

 

 

 

 

 

http://www.globalresearchonline.net/
about:blank


Int. J. Pharm. Sci. Rev. Res., 67(1), March - April 2021; Article No. 26, Pages: 155-164                                                        ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

159 
 

Table 3: Reelin, Caspase-3, and Nestin mRNA gene expressions (means ±S.E.) of neonatal rats during lactation period 

 

Reelin mRNA gene 
expressions 

Nestin mRNA gene 

expressions 

Caspase-3 mRNA gene 
expressions 

10th day of 

lactation 

21st day of 

lactation 

10th day of 

lactation 

21st day of 

lactation 

10th day of 

lactation 

21st day of 

lactation 

Control 

CBZ 

EMB 

Mixture 

1.02 ±0.01 

0.9±0.05 a 

0.66±0.07a 

0.15±0.01 
a,c 

1.02±0.02 

0.46±0.03 a 

0.81±0.03a 

0.40±0.08 
a,c,@ 

1.03± 0.08 

8.69±0.40 a,b 

4.22±0.26 a 

11.69±0.82 
a,b,c 

1.02±0.05 

5.97±0.45a 

2.97±0.19 a, ** 

8.70±0.49 
a,b,c, * 

1.01±0.01 

5.31±0.29 a 

2.61±0.07a 

7.77±0.52 
a,b,c 

1.02±0.03 

2.98±0.31a,++ 

1.86±0.17a,++ 

4.75±0.20 
a,b,c,++ 

(a) Significant change as compared to the control. 

(b) Significant change as compared to CBZ group. 

(c) Significant change as compared to EMB group. 

@ Significant change as compared to the mixture group at 10th day of lactation. 

* Significant change as compared to the mixture group at 10th day of lactation. 

** Highly significant change as compared to the EMB group at 10th day of lactation. 

++ Highly significant change as compared to the data at 10th day of lactation. 

Table 4: Comet parameters (means ± S.E.) of neonatal rats during lactation period rats during lactation period 

 

Head DNA Tail DNA Tail Moment 

10th day of 

lactation 

21st day of 

lactation 

10th day of 

lactation 

21st day of 

lactation 

10th day of 

lactation 

21st day of 

lactation 

Control 

CBZ 

EMB 

Mixture 

95.58±2.59 

86.50±1.27a 

82.18±1.98a 

59.10±3.50a,b,c 

94.18±1.12 

90.16±1.54 

86.45± 1.04a 

77.97 ±3.59 a,b,c 

4.42±2.59 

13.51±1.27 a 

17.15±1.79 a 

37.56±1.49a,b,c 

5.88±1.08 

9.84± 1.55 

13.55±1.4 

20.36± 4.78 a,b,c 

0.09±0.01 

0.75±2.36a 

1.84±0.17a 

4.62±0.40a,b,c 

0.48±0.03 

0.67±0.22 

0.64±0.20 

2.94±2.17 

(a) Significant decrease as compared to control  

(b) Significant decrease as compared CBZ.   

(c) Significant decrease as compared to EMB. 

Non-significant changes were observed as compared the data of tail moment between 21st day of lactation period and 10th 
day of lactation period (Table 4). 

DISCUSSION 

Hypothyroidism is a disorder of the endocrine system in 
which the thyroid gland does not produce enough thyroid 
hormone. Some of the most obvious and prevalent 
symptoms of thyroid disease are those that result from the 
consequences of TH on the CNS 26. 

The present proposal aimed to testify the two genes, reelin 
and nestin, regulation in case of hypothyroidism and/or 
emamectin benzoate intoxication and the relationships 
between them and DNA damage in hand and apoptosis in 
another hand. 

The results of the present study indicated that carbimazole 
produced hypothyroidism in neonatal rats during lactation 
which expressed as significant decrease in T3 and T4. 
Carbimazole is an anti-thyroid medication which is 
generally used to treat hyperthyroidism27. Carbimazole is a 
prodrug of the active structure methimazole which keeps 
the thyroid peroxidase enzyme from coupling and 
iodinating the tyrosine deposits on thyroglobulin, 
consequently decreasing the generation of T3 and T4 28.  

The contents of breast milk are involved in myelin 
promotion and development29 and an increase in white 
matter volume in infant's breastfed30, 31. Studies on the 
transfer of cabimazole into milk have shown that a higher 
proportion of an orally administered dose of the drug to 
the mother appears in the milk. The mean milk to serum 
ratio of cabimazole concentration is 1.0 with a mean 
excretion in breast milk over an 8-h period equal to 0.1–
0.17% of an orally administered dose 32, 33. Due to the 
higher potency of cabimazole, this drug could theoretically 
affect the infant’s thyroid. 

Thyroid toxicants as environmental factors are commonly 
change circulating levels of thyroid hormone34. In the 
present work, the oral gavages with the insecticide EMB 
decreases significantly the level of T3, but it scored a non-
significant decrease in the level of T4 as compared to 
control. The data also indicated that the hypothyroid rats 
are subject to more reduction in the levels of T3 and T4 
when exposed to the insecticide. EMB in combination with 
CBZ induced more reduction in the levels of T3 and T4 as 
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compared to their levels in hypothyroid rats received only 
CBZ. 

The significant decrease in T3 and not T4 may be due to 
that T3 is produced directly in small amounts by the 
thyroid gland35 while the majority of the circulating T3 
hormone derives from the peripheral conversion of T4, the 
major glandular product, to T3 in target tissues by an outer 
ring (5’) iodothyronine-deiodinase. 

The developing brain is dependent on a supply of T4, which 
is locally converted to T336. This emphasizes the need for 
maternal T4 levels to be maintained to ensure normal fetal 
brain development. This also explains why even minimally 
reduced maternal T4 levels in early pregnancy results in 
adverse outcomes to the offspring 37, 38. 

Toxicological data collection and analysis for many 
pesticides to support grouping of pesticide active 
substances for cumulative risk assessment of effects on the 
nervous system, liver, adrenal, eye, reproduction and 
development and thyroid system were done as external 
scientific report in 2016. In the mammalian toxicology 
section, a data gap was identified for assessment of the 
effect of emamectin benzoate on thyroid. United States 
Environmental Protection Agency/ Office of Pesticide 
Programs Organizational Chart (U.S. EPA/OPP) addresses 
endocrine function but does not identify any data on 
emamectin benzoate that suggests that this compound or 
its metabolites are endocrine disruptors. Furthermore, 
there is no information in the open literature or available 
toxicity data to suggest that EMB affects endocrine 
function39. 

In rodents, several hundred genes regulated by T3 at the 
transcriptional level are known to be involved in basic 
neuro-developmental events 40, 41, 42, 43. Although postnatal 
cerebral cortex maturation is comparatively longer in 
humans than in rats 44, similarities have been established 
since most of these T3-regulated genes are involved in 
evolutionary preserved pathways affecting the 
establishment of neural connections 40, 45, 41. Postnatal 
hypothyroid rats have been used to mimic human 
congenital hypothyroidism46 and genes involved in 
neuron-glia adhesion, affecting myelination, have been 
found to be under-expressed in these rats 47, 48. 

In the present work, reelin mRNA gene expression was 
significantly decreased as compared to the control at 10th 
and 21st day of lactation after oral gavages with CBZ and 
EMB. The hypothyroid rats that orally administrated with 
CBZ showed more significant reduction after oral gavages 
with the insecticide EMB. On comparing the decrease at 
21st with 10th day of lactation, a significant value was 
observed in the expressions of reelin mRNA gene only 
between rats received mixture of CBZ and EMB. 

In situ hybridization, and immunohistochemistry studies, 
hypothyroid rats expressed decreased levels of reelin RNA 
and protein during the perinatal period49. They suggested 
that the effects of thyroid hormone on neuronal migration 
may be in part mediated through the control of reelin 

expression during brain ontogenesis. They added that the 
T3 treatment of hypothyroid organotypic brain slices in 
vitro restores the normal reelin expression levels which 
strongly suggest a direct effect of this hormone. They 
reported that that TH deficiency affected on reelin 
expression, though advanced stages of development. 

The real time RT-PCR revealed that T3 administration lead 
to a significant increase in reelin in the hippocampus50. The 
down regulation in reelin mRNA gene expression may be 
attributed to the deficiency in the thyroid hormones after 
emamectin benzoate and/or carbimazole treatment51. T3 
was shown to regulate the gene of reelin which is 
responsible for the migration of neuronal cells during 
neurodevelopment.  

The roles of DNA methylaion and histone acetylation in the 
effects of perinatal hypothyroidism on regulation of reelin 
and brain-derived neurotrophic factor (BDNF) gene 
expression in rat hippocampus were investigated52. They 
indicated that the activities of DNA methyltransferase 
(DNMT), methylated reelin and BDNF genes were up-
regulated, whereas, the activities of histone acetylases 
(HAT), the levels of global acetylated histone 3 (H3), global 
acetylated histone 4 (H4), acetylated H3, and acetylated 
H4 at reelin promoter and at BDNF gene promoter for exon 
II were down-regulated in the hippocampus at the 
developmental stage of the hypothyroid animals. These 
results suggest that the epigenetic modification of 
chromatin might underlie the mechanisms of 
hypothyroidism-induced down-regulation of reelin and 
BDNF gene expression in developmental rat hippocampus. 

It has been reported that the interruption of actions of 
thyroid hormones by anti-thyroid drugs such as 
methimazole or Neonatal 6-n-propyl-2-thiouracil (PTU) 
during the fetal and neonatal period of vertebrates results 
in impairment of hepatic gene expression in adulthood53, 

54. 

Cytoskeletal system which consists of microtubules 
(tubulin), microfilaments (actin), and intermediate 
filaments, specific for neurons (neurofilaments), glia (glial 
fibrillary acidic protein), or maturing cells (vimentin, 
nestin) can play important roles in neural cell shape and 
neuronal migration and outgrowth55. With respect to the 
mRNA gene expression of nestin and in contrast to the 
reelin mRNA gene expression, significant increases at 10th 
and 21st day of lactation after oral gavages with CBZ and 
EMB as compared with control, were observed. The 
hypothyroid rats that orally administrated with CBZ 
showed more significant increase after oral gavages with 
the insecticide EMB. On comparing the increase at 21st and 
10th day of lactation, significant values in the nestin mRNA 
gene expression were observed between rats received 
EMB and rats received mixture of CBZ and EMB. 

Nestin is expressed by many types of cells during 
development, although its expression is usually transient 
and does not persist into adulthood. Upon differentiation, 
nestin becomes down regulated and is replaced by cell 
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type-specific intermediate filaments, 
e.g. neurofilaments and glial fibrillary acidic protein 
(GFAP). Nestin expression is re-induced in the adult during 
pathological situations, such as the formation of the glial 
scar after central nervous system injury and during 
regeneration of injured muscle tissue 56.  

In maternal hypothyroidism, there was reduction in the 
expression of glial fibrillary acidic protein, an intermediate 
filament (IF) protein that is expressed by numerous cell 
types of the central nervous system in fetal late gestation. 
This alters the development of cellular cytoskeleton, 
synthesis of microtubule protein, axonal transport, 
neuronal outgrowth and neuronal behavior57.  

In abnormal conditions, nestin is re-expressed during 
repair processes, as well as in different neoplasms and 
proliferating endothelial cells58. During normal 
development, astroglial cells expressed nestin, vimentin, 
and glial fibrillary acidic protein59. Differences between 
normal and hypothyroid rats were observed starting from 
postnatal day 4, with lack of differentiated astrocytes in 
the internal granular layer. The transient decrease of 
astrocyte markers immunoreactivity in the anterior lobe 
did not take place in hypothyroid rats that might keep the 
nestin at its level.  

There relation between nestin expression and cell 
proliferation is also observed in neoplastic transformation. 
For example, sufficient nestin expression was determined 
in various cancers such as neuroblastoma, glioma, and 
melanoma and higher levels of expression appear to 
correlate with greater malignancy60, 61. A marked shift in 
the nestin cellular expression patterns towards activated 
microglia/macrophages and astrocytes was observed 
following innate immune challenge by lipopolysaccharide 
(LPS) injection and in response to ischemic injury62. Based 
on these findings, they proposed that nestin may have a 
role as a context-dependent biomarker. 

In myelodysplastic syndromes bone marrow there was an 
increase in a distinct subset of nestin-expressing cells63. 
The origin of these cells was elusive, but the Shwann cells 
normally present along with the arterial/arteriolar 
structures could be a candidate, because in the normal 
bone marrow, a portion of glial fibrillary acidic protein-
expressing cells along with the vascular structures 
expressed nestin.  

Apoptosis is an essential cellular phenomenon during 
development and is critical for the cytotoxicity stimulated 
by drugs characterized by the rupture of chromatin DNA 
into inter-nucleosomal fragments64, 65. Caspases are 
critical mediators of programmed cell death66. 

In the present work, it was observed that the gene 
expressions of caspase-3 mRNA were significantly 
increased after oral gavages with CBZ and EMB at 10th and 
21st day of lactation as compared to the control. The 
insecticide EMB was shown to induce more significant 
increase in the gene expressions of caspase-3 mRNA in 
case of hypothyroid rats (that orally administrated with 

CBZ). The gene expressions of caspase-3 mRNA at 21st day 
of lactation showed significant change as compared to 
those at 10th day of lactation in case of rats received CBZ, 
EMB, and mixture. 

Thyroid hormones maintain mitochondrial architecture 
and inhibit the release of apoptogenic molecules to 
prevent excess apoptosis during cerebellar development67. 
The mechanism for the apoptosis of hippocampus neuron 
was induced by hypothyroidism in prenatal rats68. Electron 
microscopy showed that altered morphology of 
mitochondria significantly increased under hypothyroid 
conditions. The expression of Bax in the cytosol of 
hypothyroid pups was higher than that of control pups. 
The intrinsic death pathway in mitochondria may be one of 
the mechanisms with which hypothyroid induces 
apoptosis of hippocampus neuron in developing rats. 

The molecular events that lead to enhanced cell death in 
rat cerebellum under hypothyroidism were recognized69. 
Results showed that prenatal hypothyroidism besides 
repressing the expression of brain-derived neurotrophic 
factor also impairs the maturation of nerve growth factor 
which results in decreased activation of extracellular 
signal–regulated kinases, cAMP response element-binding 
protein, nuclear factor kappa-light-chain-enhancer of 
activated B cells, and Protein kinase B. Furthermore 
hypothyroidism caused an enhanced expression 
and proteolysis of p75 neurotrophin receptor (nerve 
growth factor receptor).  

The principal secretary product of the thyroid gland, L-
thyroxin (T4), is anti-apoptotic at physiological 
concentrations in a number of cancer cell lines70. The 
hormone decreases cellular abundance and activation of 
proteolytic caspases and of BAX and causes increased 
expression of X-linked inhibitor of apoptosis (XIAP). By a 
variety of mechanisms, thyroid hormone (T4) is an 
endogenous anti-apoptotic factor that may oppose 
chemotherapy-induced apoptosis in αvβ3-expressing 
cancer cells.  T4 can interfere with the Ser-15 
phosphorylation of p53 and with TNFα/Fas-induced 
apoptosis and blocks their apoptotic action. It is possible 
to decrease this anti-apoptotic activity pharmacologically 
by reducing circulating levels of T4 or by blocking effects of 
T4 that are initiated at αvβ3 receptor. 

The basic features of the morphological sings of apoptosis 
are DNA remnants and condensed chromosomal DNA71. 
The comet assay, a technique capable of detecting DNA 
damage in individual cells, is a valuable approach for 
human biomonitoring studies72, 73. DNA strand breaks 
allow DNA to extend from lysed and salt-extracted nuclei, 
or nucleoids, to form a comet-like tail on alkaline 
electrophoresis. 

Another evidence supported these results is the elevated 
levels of comet tail DNA and tail moment in the present 
study. Rats received CBZ or EMB showed significant 
increases in tail DNA, tail moment and significant decrease 
in head DNA. While more reduction was observed in head 
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DNA when hypothyroid rats administrated with CBZ orally 
gavages with the insecticide EMB, more elevation in tail 
DNA, and tail moment, were observed. Non-significant 
changes were observed in head DNA, tail DNA, and tail 
moment as compared the data between 21st and 10th day 
of lactation period. 

The exposure to insecticides such as methomyl and 
avermectin can induce DNA damage that is involved in the 
genotoxic process in cells 74, 75. 

In summary, 

• The pesticide emamectin benzoate can cause a 
case of hypothyroidism to the neonate rats during 
lactation.    

• Thyroid hormones regulate the expression of 
reelin but not nestin.  

• Hypothyroidism can cause down-regulation of 
mRNA gene expression of reelin which is 
responsible for mylination of nerves in brain. 

• The increase in the mRNA gene expression of 
nestin could be pathologically induced due to the 
hypothyroidism and toxicity of emamectin 
benzoate. 

•  Hypothyroidism can alter the morphology of the 
mitochondria significantly to release death 
factors into cytosol that activate caspase-3 and 
evoked DNA damage causing the apoptosis. 

From the forgoing discussion and the previous work75 
which indicated that the teratogenicity of EMB may be 
mediated by its ability to elevate apoptosis and DNA 
damage in brain and liver during organogenesis of the 
fetuses in albino rats, pregnant and lactated females 
especially with a case of hypothyroidism should avoid the 
exposure to EMB during these periods. 
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