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Abstract

Thyroid hormone is essential for proper development of brain and modest degrees of developmental thyroid
hormone insufficiency can result severe neurological deficits. We used an animal model to study the role of thyroid
hormones (THs) during the gestation days and early postnatal days on developing rat brain. Dose-dependent
thyroid hormone insufficiency in dams was induced by methimazole (MMI). In the first study-group thyroid
hormone deficiency was induced by delivery of methimazole (MMI) to dams via drinking water at the doses of
50, 75 and 100 ppm from early gestation (GD 3) until weaning of the pups (PN20). In the second study-group
hypothyroid rats were treated with 200 pg of thyroxine hormone. Pups were sacrificed on postnatal days (PN) 20.
Maternal blood collected for thyroid hormone analysis. Cerebellum, medulla, hippocampus, cortex, olfactory bulbs
were separated from dissected brain and relative expression of BDNF' gene transcripts known to play critical roles
in developing rat brain, were determined by RT-PCR. Daily body weight in dams and pups, the number of pups at
birth, the eye —closure opening day and BDNF expression in brain extract was determined in the preweaning rats
as a function of MMI exposure. The results indicate that genes driving important developmental processes during
early brain development are sensitive to perturbations of the thyroid axis function.
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1. Introduction

Thyroid hormones are essential for brain development through specific time windows influencing neurogenesis,
neuronal migration, neuronal and glial cell differentiation, myelination, and synaptogenesis (Bernal, 2007).
Thyroid hormone action in CNS development is mediated through nuclear receptors (TRs) and integrin
o, B3 (Stenzel et al., 2014) that regulates gene expression. Although many genes in developing rat brain have been
reported to be altered by hypothyroidism (Royland et al., 2008) but the impact of severe degrees of perturbation
of the thyroid axis function on specific target gene expression known to play critical roles in developing rat brain,
has not been detected. The transport of thyroid hormone through the plasma cell membrane is facilitated by the
monocarboxylate transporter 8 (MCT8) and MCT10 (SLC16A2 and SLC16A10 genes) (Friesema et al., 2003) the
organic anion transporter polypeptides (OATP, especially OATPI1C1, SLCOICI gene), the large neutral amino
acid transporters (LAT-1 and LAT-2, products of the SLC745 and SLC7AS8 genes), and the sodium/taurocholate
co-transporting polypeptide (SLC10A1, or NTCP) (Friesema et al., 2008).

In classic view, the hypothalamic-pituitary-thyroid axis (HPTA) thyroid hormone releasing hormone (TRH) from
the hypothalamus stimulates the pituitary to release thyroid stimulating hormone (TSH). TSH acts on thyroid gland
receptors to activate synthesis and release of TH (Gilbert & Lasley, 2013). Given the devastating and irreversible
neurological consequence induced during development by thyroid hormone insufficiency, the consequences of
subclinical hypothyroidism or hypothyroxinemia would appear to be most acute for developing fetus and neonate
(Chen et al., 2014; Morreale de Escobar et al., 2000; Zoeller & Rovet, 2004). Even modest reductions in thyroid
hormones during critical period of brain development produce morphological alterations, synaptic dysfunction,
and behavioral impairments (Gilbert & Zoeller, 2010; Ghassabian et al., 2011; Gilbert et al., 2015). Studies
examining the effect of thyroid hormone reduction on gene expression have not produced consistent results.
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Differences in degree, timing and duration of thyroid hormone insufficiency, brain region sampled, age, species of
animal model, endpoint assessed (protein or mRNA)( Lasley & Gilbert, 2011) and the effect of the neonate sexuality
on gene expression in developing brain, have complicated the synthesis of finding across studies. Neurotrophins
regulate development, maintenance, and function of vertebrate nervous systems. Neurotrophins activate two different
classes of receptors, the Trk family of receptor tyrosine kinases and p75NTR, a member of the TNF receptor
superfamily. Through these, neurotrophins activate many signaling pathways, including those mediated by ras and
members of the cdc-42/ras/rho G protein families, and the MAP kinase, PI-3 kinase, and Jun kinase cascades. During
development, limiting amounts of neurotrophins function as survival factors to ensure a match between the number
of surviving neurons and the requirement for appropriate target innervation. They also regulate cell fate decisions,
axon growth, dendrite pruning, the patterning of innervation and the expression of proteins crucial for normal
neuronal function, such as neurotransmitters and ion channels. These proteins also regulate many aspects of neural
function. In the mature nervous system, they control synaptic function and synaptic plasticity, while continuing to
modulate neuronal survival (Huang & Reichardt, 2001). To date limited data are available for thyroid hormone
reductions on BDNF' gene transcripts in different brain region. This study aimed to evaluate relative expression of
thyroid hormone target genes by RT-PCR and have identified that this gene are differentially regulated in different
brain region of severely hypothyroid neonate rats in comparison to euthyroid neonate rats.

@ Transporter Q/) Thyroid Hormone Receptor
A Deiodinase

| TARGETING THYROID HORMONE SIGNALING

. MCT8 KO - strongly reduced T, uptake
OATP1c1 KO - reduced T, uptake

A Dio2 4, Dio3 ¥ — more T, available
Dio2 ¥, Dio3 A - less T, available

C"_') TRa1 mutant — receptor mediated hypothyroidism

Figure 1. Targeting thyroid hormone signalling in the brain. Several different molecules such as transporters
(circle), deiodinases (triangle) and receptors (pacman) are involved in controlling thyroid hormone actions in the
brain (Warner & Mittag, 2012). BBB, blood brain barrier; Dio2/3, deiodinase type 11 or III; MCTS,
monocarboxylate transporter 8; Oatplcl, organic anion transporting polypeptide 1c1; TR, thyroid hormone
receptor

2. Material and Methods
2.1 Hormone Insufficiency during Development

Pregnant Wistar rats (n=60), weighting 200-260 g, were obtained from Pasteur Institute of Iran on gestation day
(GD) 3 and housed individually in standard hanging cages under controlled temperature (24£1°C). The housing
rooms were maintained on a 12:12 light (06:00-18:00h) —dark(18:00-06:00h) cycle, and standard food and water
were available ad libitum. Body weights of dams were monitored throughout gestation and postnatal period; body
weights of pups were monitored from PNO to PN20 and Pup’s eye-closure opening day were monitored from PN12
to PN20. Successful delivery day monitored in each treatment group. To induce hypothyroidism, thyroid hormone
inhibitor methimazole (Daroupakhsh, Iran) was added to drinking water (50ppm, 75 ppm, 100 ppm)(n=12/dose
group), and An additional group of rats received 50ppm MMI in drinking water and 200ug L-T4(daroupakhsh,
Iran) by gavage (n=12/dose group). Drinking MMI solution was replaced daily with fresh MMI solution. A control
group received drinking water without methimazole (MMI). MMI enters the bloodstream, passing through
mother’s breast milk to the rat pups. All animals treatments began on GD3 and continuing until weaning of the
pups (PN20). All animal work was performed according to the IPI Guide for Care and Use of laboratory Animals.

2.2 Plasma T3, T4 Assays

Blood was collected directly from the maternal orbital sinus in PN20. Blood samples were centrifuged at 3000g
for 20 min at room temperature to obtain the plasma. Plasma was used to analyze levels of thyroid hormones Ts,
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fT4, totalT4, and TSH. Serum levels of total T3 (tT3) and total T4 (tT4) and free T4 (fT4) were measured by ELISA
(Padtangostar, Tehran, Iran).

2.3 BDNF ELISA

BDNF expression was determined with Rat Brain derived Neurotrophic Factor (BDNF) ELISA kit (Zellbio,
Germany) according to the manufacturer’s instruction. In each treatment group 5 male neonates, in 100 PPM
hypothyroid group 3 male neonates, and 5 female neonates were sacrificed for total mature BDNF analysis. Brains
quickly removed and weighed up and added PBS (pH7.4, 100mM) and homogenized the sample thoroughly by
homogenizer (totally 100 mg tissue/1ml buffer). The PBS contain anti-protease cocktail (Sigma). Then centrifuged
(at 6000 RPM) for approximately 10 minutes. After collecting the supernatant, experiment conducted immediately.
Aliquots of each sample lysate were analyzed in duplicate for total protein by The Lowry protein assay and sample
mature BDNF protein expression was determined in duplicate in each experimental set of plates.

2.4 Real-Time Quantitative -PCR

In each treatment group male and female offspring (n=3) were sacrificed at PN20. Brains were quickly removed
and cortex, hippocampus, cerebellum, medulla oblongata and bulbus olfactorius dissected. Total RNA was
prepared individually from five brain regions using RNXTM-Plus (Cinnagen, Iran). First strand cDNA was
synthesized from 5 pg total RNA from one animal using first strand cDNA synthesis (Cinnagen, Iran). Expression
levels of the following 10 genes in cDNA samples were quantified by StepOne Real-Time PCR Systems with
SYBR Green. Data were analyzed by 2-AACT method using the house keeping gene HPRT as an internal control,
as its expression level was not affected by thyroid hormone status, to calculate relative mRNA levels. PCR primers
were designed in Oligo7.0 primer analysis software (Molecular Biology Insights) and blasted in
https://www.ncbi.nlm.nih.gov. Sequences of the PCR primers are listed in Table 1.

Table 1. Primers for real-time quantitative PCR

Gene Symbole  Directions  Sequences of the PCR primers Function Genebank ID

BDNF Forward GATTAGGTGGCTTCATAGGAGAC Neurotrophic growth factors- Differentiation  NM_001031616.1
Reverse AGAACAGAACAGAACAGAACAGG

HPRT Forward CCAGCGTCGTGATTAGTG housekeeping gene S$79292.1

Reverse CGAGCAAGTCTTTCAGTCC

2.5 Statistical Analysis

Statistical analysis was performed using the SPSS statistical package (SPSS Inc., Chicago, IL, USA) for Windows
(version 16.0). All data were assessed by one- way ANOVAs and it was followed by TUKEY assay. An a = 0.05
was chosen to define significant differences. All numerical data were expressed as mean+ SEM and all data in
graphs were expressed as mean.

3. Results
3.1 Developmental Effects of MMI Treatment on Thyroid Hormone Levels

As mentioned previously, MMI induces hypothyroidism by inhibiting thyroid iodination and has been as a typical
thyroid antagonist. Exposure of pregnant rat to 50ppm, 75 ppm an 100 ppm from GD 3 to PN20 significantly
reduced in dose-dependent manner circulating total T3, total T4, free T4 and TSH levels in the dams at
developmental stage, but these reductions reversed in hypothyroid with T4-replacement group. All alteration were
significantly lower in treatment group (all p<0.05). The data of the circulating total T3 and total and free T4 and
TSH levels were presented as mean+SD in table 2 and expressed as mean in Figure 1.

Table 2. Plasma tT4, fT4, T3 and TSH of dams. All data were expressed as mean+SD.

Treatment Group T3(ng/dl) freeT4(ng/dl) total T4(ng/ml)
Control(n=12) 1.158+0.137 0.883+0.083 45.425+3.494
50PPM(n=12) 0.9500+0.206 0.5458+0.307 22.775+3.721
75ppm(n=12) 0.858+0.131 0.575+0.2701 22.77543.721
100ppm(n=12) 0.683+0.133 0.375+0.0965 17.65+1.405
50PPM MMI+200pgT4(n=12) 0.7917+0.156 1.313£0.238 71.175+12.81
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Figure 2. Mean total T3 (ng/dl), total T4 (ng/ml), and free T4 (ng/ dl) in plasma of dams in pup’s postnatal
day(PN) 20 . Thyroid hormones are dose-dependently reduced by MMI in dams during experimental period in
MMI-exposed groups (n=12/group). In MMI-exposed groups total T4, T3 and free T4 significantly different
from the control group (p<0.05). T4 and T3 in hypothyroid with T4-replacement increased (n=12/group). All
data in graphs expressed as mean
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Figure 3. (A) Mean body weight of dams in MMI-exposed dams which were comparable to control
(n=12/group). (B,C) In treated groups Pup’s body weight deficits (mean) were evident in pups at sexuality level
at PN3 and became profound with age
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3.2 Body Weight in Dams and Pups

Among the three experimental groups of control, hypothyroid (MMI-treated), and hypothyroid with T4-
replacement, there was significant alterations in daily body weight of dams (F=4.476, p<0.001). Body weight
deficits (mean) were evident in pups at sexuality level at PN3 and became profound with age (F=9.971, p<0.001).
Pups in the T4-replacement group showed a significant recovery of the growth curve compared with hypothyroid
group.

3.3 Number of Pups at Birth

The number of pups at birth were evaluated at each breeding. Significant reductions in Number of pups at birth
were evident in hypothyroid groups (p<0.001).
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microltter T4
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Figure 4. Evaluation of mothers thyroid state on Numbers of pups at birth. In hypothyroid groups the number of
pups at each breeding were decreased significantly (p<0.001). In L-T4 treated hypothyroid group the number of
pups at birth were recovered

3.4 Eye-Closure Opening Day

The neurodevelopment of pups was evaluated indirectly by the day on which the pups opened their eyes.
Significant delayed in day the pups opened their eyes were evident in hypothyroid groups (p<0.001). In L-T4
treated hypothyroid group Day the pups opened their eyes were recovered.
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Figure 5. mean Day the pups opened their eyes. In hypothyroid groups Day the pups opened their eyes were
delayed significantly (p<<0.001). In L-T4 treated hypothyroid group Day the pups opened their eyes. were
recovered

3.5 BDNF Expression varies by Dose of MMI

Absolute BDNF values were altered in hypothyroid group as a function of exposure to MMI. Statistical analyses
revealed significant main effects of MMI in mature BDNF level in whole brain in hypothyroid groups. BDNF
levels were significantly decreased in the hypothyroid group (p < 0.001).
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Figure 6. Effect of MMI on mature BDNF levels in the Wistar rat's pups in PN20. BDNF levels were
significantly decreased in the hypothyroid group (p <0.001)

3.6 Sensitivity of Gene Expression at Hypothyroid and T4-Replacement Hypothyroid Groups

The effects of TH deficiency on the relative abundances of nerve growth factor (NGF), brain-derived neurotrophic
factor (BDNF), and neurotrophin-3 (NT-3) mRNA were determined by quantitative RT-PCR analysis in cerebellum,
medulla, hippocampus, cortex, and olfactory bulbs of pups at PN20. Relative expression of each gene in different brain
region of pup's brain at PN20 was compared pairwise between hypothyroid and T4-replacement groups with control.

Medulla Oblongata Cortex

10.000]
— male

&0.000-] —— female

8.000

40,000 6.0007

4,000 /

Relative value
Relative value

20000
2,000 e (i

0.000 = 0.000

T T T T T T T T T T
Cortrol 50 PPMMMI 75 PP MM 100 PP MMI 50 PPI 1M+ Control SO PPMMMI 75 PPM WM 100 PP MMI_S0 PPN Nl +
200 microgram 200 microgram

LT4 -

MMI, PPM MMI, PPM

Cerebellum bulbus olfactorius

5.000

— male
o female \ — male
40004 A \ fense

g
i

2.000 /

Relative value
N
\
N
N\
h:
/
/
/
{
~
Relative value
2
1

0.000 0000

T T T T T —T po— p— — T
Cortrol  SOPPMMMI 75 PP MMI 100 PPM MM SO PRI 1M + Corl  SOPFMAM  7SPPMMAA 100 PFMMAR SOPPMIAA .
300 microgram 200 morogan

LTa 1

MMI, PPM MMI, PPM

Hippocampus

— male
6000 A female

2
=]
i

Relative value

2.000

T T T T T
Control  SOPPMMMI 75 PRI VI 100 PP MM 50 PRI Pl +
300 microgram

LT4

0.000

MMI, PPM

Figure 7. Dose-effect relationships for BDNF mRNA relative expression in male and female offspring in each
brain region. BDNF mRNA relation values are normalized to the control (0 PPM value) for the respective gender
in that brain area. Values are expressed as mean
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Neurotrophins play important roles in neural differentiation, dendritic growth and neuronal migration. Thyroid
hormone insufficiency during development impact of BDNF, NGF, and NT3 expression during PN20 in any of
the five brain regions assessed. We demonstrated that in male offspring in 50 PPM MMI-treated group and T4-
replacement hypothyroid group in five brain regions BDNF mRNA relative expression was decreased but in severe
hypothyroid groups its relative expression was increased. In female offspring its expression was increased but in
T4-replacement hypothyroid group was decreased. BDNF mRNA in cortex and hippocampus of male and female
offspring in severe hypothyroid groups increased more than other brain region. Significant sex differences in
relative BDNF mRNA was demonstrated in treated groups and in female offspring its relative expression was more
than male offspring.

4. Discussion

In this study we used an animal model to study the role of thyroid hormones (THs) depletion on developing rat
brain.

A number of observations resulted from this investigation were 1) decreased BDNF expression in the neonate of
hypothyroid group, 2) but surprisingly, increased BDNF mRNA in the male and female offspring, 3) neurotrophin
mRNA expression varies by sex, brain region and dose of MMI, 4) in hypothyroid groups the number of pups at
birth was decreased, 5) infant body weight was decreased and 6) the eye closure opening day was delayed.

Dose-dependent thyroid hormone insufficiency in dams was induced by methimazole (MMI). MMI inhibits the
enzyme thyroperoxidase, which normally acts in thyroid hormone synthesis by oxidizing the anion iodide (I") to
iodine (12), hypoiodous acid (HOI), enzyme linked hypoiodate (EOI) facilitating iodine's addition to tyrosine
residues on the hormone precursor thyroglobulin, a necessary step in the synthesis of triiodothyronine (T3) and
thyroxine (T4). During pregnancy MMI is widely believed to cross the placenta and accumulate and disrupt fetal
thyroid gland (Koren & Soldin, 2006; Motonaga et al., 2016).

4.1 Maternal Hypothyroidism on Number of Pups at Birth and Infant Weight

In maternal thyroid hormone depletion groups the weight of fetus and number of pups at birth was reduced. The
alternation observed in groups with thyroid hormone depletion, at least in part, related to the placental development.
THs play an essential role in trophoblast function and placental development. Thyroid hormone signaling is
involved in the bi-directional dialogue between competent blastocyst and endometrium (Colicchia et al.,
2014).Thyroid hormone has been shown to exert direct effects on trophoblast endocrine function (Maruo et al.,
1991) and acts a physiological amplifier of trophoblast function and stimulates the functional differentiation of
trophoblasts during early pregnancy (Ohara et al., 2004). Thyroid hormone enhances the production of an
epidermal growth factor (EGF)-like protein (Matsuo et al., 1993), P4, hCG and hPL in cultured early placental
trophoblasts (Maruo et al., 1991) and increased the number of invading cells through Matrigel transwells as well
as the expression of cell adhesion molecules, including matrix metalloproteinase-2, -3, fetal fibronectin, and
integrin a5B1(Oki et al., 2004).THs exert a protective mechanism at placental level, reducing trophoblastic
apoptosis and Fas/Fas-ligand expression(Colicchia et al., 2014). Thyroid hormone has been shown to suppress
apoptosis in trophoblast cells by decreasing expression of TNF-o and F4S and Fas ligand genes (Laoag-Fernandez
et al., 2004). In the same cells, the hormone decreased the activity of caspase-3, another anti-apoptotic action (Lin
et al., 2015). Thyroid hormone depletion leading to the decreased endocrine activity of trophoblast cells and
increased their apoptosis. The migration of trophoblast cells is affected by thyroid dysfunction, particularly in
hypothyroidism (Laoag-Fernandez et al., 2004). Maternal hypothyroidism reduced the weight of fetuses and
altered the thickness of the placental labyrinth and decreased VEGF expression, and increased the apoptotic rate
in the placental disk. In other words maternal hypothyroidism affects fetal weight by altering the proliferative
activity, apoptosis and vascularization of the placenta (Silva et al., 2012). Fetal growth restriction in
hypothyroidism is associated with changes in proliferative activity, apoptosis and vascularization of the placenta
(Silva et al., 2012).

4.2 Maternal Hypothyroidism on the Eye-Closure Opening Day

We observed that in Tyroid hormone depletion groups eye closure opening days was delayed. Gamborino MJ. et
al (2001) showed that in the hypothyroid groups with respect to the controls, on embryological day 13 (E13),
values for head parameters, optic primordia area and volume significantly reduced and a delayed prenatal eye
closure and postnatal eye opening took place in the treated rats. The photoreceptor and ganglion cell layer thickness
displayed significantly lower in HG, at each developmental time point. Postnatally, a delay in photoreceptor outer
segment morphogenesis (in relation to retarded disc formation) and significantly lower values for ganglion cell
nuclear volumes and nuclear pore density were observed in the TH-deficient animals (Gamborino et al.,
2001).Thyroid hormones play an essential role in neuro-retinogenesis (Pinazo-Duran et al., 2011) and maternal

37



jmbr.ccsenet.org Journal of Molecular Biology Research Vol. 8, No. 1; 2018

hypothyroidism during the gestation and suckling period results in eye size, delayed retinal development and
morphological abnormalities as well as thinning of the retinal layers (Arbogast et al., 2016). In the THD optic
nervous glial development and myelination was significantly delayed as compared to controls (Pinazo-Duran et
al., 2011). In wistar rat model Maria D.Pinazo-Duran et al., (2005) showed that TH deprivation altered the
organization of the retina (Pinazo-Duran et al., 2005). Low T(3)/T(4) levels delayed and/or altered a series of
developmental processes occurring in the retina during the perinatal stage such as layering and differentiation of
several cell types(Sevilla-Romero et al., 2002), retinal cell proliferation and cell fate decisions (Harpavat & Cepko,
2003), craniofacial and ocular proper development (Bohnsack & Kahana, 2013) and the hypothyroid pups open
their eyes later than the euthyroid pups (Pineda-Reynoso et al., 2010). Our results in consistent with this results
and showed that in hypothyroid groups eye opening day was delayed and this day was recovered in T4-replacement
groups.

4.3 Maternal and Prenatal Hypothyroidism on BDNF Expression

Neurtrophic factors including nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), neurotrophin
(NT)-3 and NT-4/5, play critical roles in TH-regulated brain development (Koibuchi & Iwasaki, 2006). In
hypothyroid group thyroid hormone insufficiency resulted in BDNF protein expression. This finding is consistent
with some reports in which thyroid hormone depletion in rats led to alternations in BDNF protein. The observations
of altered BDNF protein and gene expression have varied. We observed that in five brain regions at hypothyroid
group despite significant reductions in thyroid hormones BDNF mRNA not accompanied by changes in BDNF
protein and was increased. We analyzed RNA- binding protein HUD mRNA by RT-PCR and observed that HUD
mRNA was decreased in all brain region (data not shown). HUD interacts directly with sequences in the long Bdnf
3" untranslated region (3'UTR) and co-localizes with Bdnf mRNA in dendrites and increased dendritic translation
of BDNF (36-37). Sui et al. (2010) induced an animal model of hypothyroidism by administering 0.05% (w/v)
prophylthiouracil (PTU) in the drinking water to their mothers from 15th day of conception. Some hypothyroid
pups received daily injections of T4 (0.02pg/g body weight) dissolved in saline from day 1 after birth (postnatal
day 1) until death. They observed that hypothyroidism- induced up-regulation in DNA methylation and down-
regulation in histone H3 and H4 acetylation at BDNF promoter and decreased in the BDNF' exon Il mRNA and
protein expression and this led in hypothyroid group BDNF mRNA was lower than euthyroid group. They revealed
that suppression of BDNF II exon mRNA and protein expression in rat hippocampus induced by perinatal
hypothyroidism was only found at the early developmental stage and epigenetic mechanism of DNA methylation
and histone acetylations in BDNF exon II expression at the later developmental stage may not critical. At PN15
BDNF exon I mRNA in hypothyroid and euthyroid group were increased but its relative expression in hypothyroid
group was lower than euthyroid group (Sui & Li, 2010). The subclinical model also addressed by Lasley ef al.,
(2011) by administering 0, 1, 2 or 3 ppm of thyroid hormone synthesis inhibitor PTU to the drinking water at
beginning on GD6 and continuing until postnatal day (PN) 21. They show that in the high dose cohort, despite the
10 ppm dose of PTU inducing hypothyroidism, BDNF protein expression was not reduced in male or female
offspring on PN21, but altered BDNF expression profiles present in the hippocampus and cortex of adults offspring.
This finding in the BDNF mRNA and protein expression stand in contrast to our results. Sex differences in basal
levels of BDNF protein first reported by Lasley ef al. (2011). They observed higher levels in adult males than in
adult females in hippocampus and cortex with no gender difference evident in cerebellum (Lasley & Gilbert, 2011).
In this study we observed sex differences in total mature BDNF protein and identified that BDNF expression
profiles in five brain region varies by sex. At medulla, cerebellum, hippocampus and cortex BDNF expression
profiles in female offspring was higher than male offspring but in bulbus olfactorius its expression was reversed.
This sex-dependential sensitivity may be due to estrogenic regulation of BDNF expression.

In summary, perinatal thyroid hormone insufficiency on BDNF gene transcription and BDNF protein expression
was observed. Any disruption in brain critical proteins and their related signaling pathways result severe
neurological, Neurofacial and retinal deficits.
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