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Abstract

Background & Aims: Thyroid hormones are essential regulators of central nervous system Keywords

(CNS) development, maturation, and functional organization. During critical developmental Methimazole,

periods, they influence neuronal proliferation, migration, differentiation, synaptogenesis, and .

synaptic plasticity (1). Maternal hypothyroxinemia or thyroxine (T4) deficiency during Gene expression,
pregnancy may cause irreversible structural and functional abnormalities in the fetal brain, BDNF

leading to long-term neurodevelopmental impairment (2—4). Even mild disturbances in ’

maternal thyroid hormone levels can produce persistent morphological, synaptic, and NGF,

behavioral alterations (5). Maternal thyroid hormones affect fetal brain development through

direct and indirect mechanisms. After entering the brain, T4 is converted to the biologically NT-3,

active hormone triiodothyronine (T3) by deiodinase enzymes, mainly in glial cells. T3 then Bel-2

binds to nuclear thyroid hormone receptors and regulates genes involved in CNS maturation ’

and neuronal differentiation (6-8). Although many thyroid hormone-responsive genes have Central nervous system,
been identified, several downstream targets involved in neurodevelopment and ..

neuroprotection remain poorly characterized (9—11). Neurotrophic factors such as brain- Subclinical

derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3), and nerve growth factor (NGF) hypothyroidism,
regulate neuronal survival, differentiation, axonal growth, and synaptic plasticity. The anti-

apoptotic protein Bel-2 also supports neuronal survival during development. gqRT-PCR

This study investigated the effects of methimazole-induced maternal thyroid dysfunction on

the expression of BDNF, NT-3, NGF, and Bcl-2 in the developing rat brain using quantitative

real-time PCR (qRT-PCR). BDNF protein levels were also measured to determine whether

maternal thyroid disruption induces compensatory or maladaptive responses in offspring brain

tissue.

Methods: Sixty pregnant Wistar rats (200-250 g) were obtained on gestational day 3 (GD3)

and maintained under controlled conditions with free access to food and water. Maternal

hypothyroidism was induced by administering methimazole (MMI) in drinking water at 0 ppm Received: 24/09/2025
(control), 50 ppm, 75 ppm, or 100 ppm from GD3 to postnatal day 20 (PN20). An additional

group received 50 ppm MMI plus levothyroxine (T4; 200 pg/L) by daily oral gavage. Animals Published: 23/11/2025

were housed individually. Maternal body weight was recorded throughout pregnancy, and
offspring body weight was measured from birth to PN20.

On PN20, maternal serum concentrations of TSH, total T3, total T4, and free T4 were
measured by ELISA. Brain tissues were collected from randomly selected offspring, and the
cerebral cortex, hippocampus, cerebellum, brainstem, and olfactory bulb were dissected. Total
RNA was extracted, and cDNA was synthesized from 5 pg RNA. Relative expression of
BDNF, NT-3, NGF, and Bcl-2 was measured using SYBR Green-based qRT-PCR, with HPRT
as the housekeeping gene. Reactions were performed in triplicate, and expression was
calculated using the 2-AACt method. BDNF protein concentrations were determined by rat-
specific ELISA in brain homogenates. Data were analyzed using one-way ANOVA followed
by Tukey’s post hoc test or generalized linear model analysis. Results are presented as mean
+ SEM, with p < 0.05 considered statistically significant.
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Results: MMI produced a significant dose-dependent disruption of maternal thyroid function.
Serum T3, T4, and free T4 levels decreased significantly, whereas TSH increased markedly in
all MMI-treated groups compared with controls (p < 0.0001), confirming hypothyroidism.
Maternal weight gain was significantly reduced in all treated groups (F = 85.891, p <0.0001),
particularly after GD15. A significant dose-by-gestational-age interaction was observed (F =
24.06, p < 0.001; R* = 0.618), indicating that the effects of MMI varied over time.
Levothyroxine partially restored maternal weight gain. Offspring body weight was also
significantly reduced after MMI exposure (F = 146.230, p < 0.0001). Growth impairment
became evident from postnatal day 3 and persisted through PN20, with a significant dose-by-
age interaction (F = 70.072, p < 0.01). Birth weight in the 50 ppm group did not differ
significantly from controls, whereas the 75 and 100 ppm groups showed significant
intrauterine growth restriction-like outcomes. At the molecular level, BDNF mRNA
expression was not significantly altered (p = 0.078). In contrast, NGF expression was
significantly downregulated in all experimental groups (p < 0.0001). NT-3 and Bcl-2 showed
dose-dependent compensatory increases, and Bcl-2 was significantly upregulated in the 50
ppm group (p < 0.0001). Despite the absence of a significant change in BDNF transcript levels,
BDNF protein was significantly reduced in the 100 ppm group (p = 0.0386), suggesting post-
transcriptional regulation. Multivariate analysis confirmed significant overall group effects on
neurotrophic and apoptotic gene expression (p < 0.001), particularly in the NGF and Bcl-2
pathways.

Conclusion: Methimazole-induced maternal hypothyroidism disrupts maternal thyroid
hormone homeostasis, impairs maternal weight gain, restricts offspring growth, and alters
neurodevelopmental molecular pathways in the developing brain. The dose-dependent
reduction in thyroid hormones and elevation of TSH confirmed successful induction of
hypothyroidism, while partial improvement following levothyroxine treatment suggests that
hormone replacement may reduce, but not completely prevent, developmental consequences.
The consistent reduction in NGF expression indicates that this neurotrophic pathway is highly
sensitive to thyroid hormone availability. In contrast, increased NT-3 and Bcl-2 expression at
lower MMI doses may represent compensatory neuroprotective responses that support
neuronal survival under moderate hormonal stress. The reduction in BDNF protein without a
corresponding significant change in BDNF mRNA suggests regulation at the translational or
protein-degradation level and demonstrates that transcriptional findings alone may not
accurately reflect functional changes.

Overall, maternal thyroid dysfunction produces dose-dependent growth and molecular
abnormalities in offspring. Developing brain tissue appears capable of activating limited
compensatory mechanisms, but these responses become insufficient under severe thyroid
hormone disruption. These findings highlight the importance of maintaining adequate maternal
thyroid function during pregnancy and early postnatal development and identify NGF, Bcl-2,
NT-3, and BDNF as differentially responsive components of thyroid hormone-dependent
neurodevelopment.
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Sequences of the PCR primers

Function Gene bank ID

BDNF Forward GATTAGGTGGCTTCATAGGAGAC

Neurotrophic growth NM_001031616.1

Reverse AGAACAGAACAGAACAGAACAGG factors-Differentiation

NGF Forward ACCTCTTCGGACACTCTG Neurotrophic growth NM_001277055.1
Reverse GTGGCTGTGGTCTTATCTC factors-Differentiation
NT3 Forward CAACAGACACAGAACTACTAC Neurotrophic growth NM_001270868.1
Reverse CCTCGGTGACTCTTATGC factors-Differentiation
Bcl2 Forward CTGGTGGACAACATCGCTCTG Cell survival protein NM_016993.1
Reverse GGTCTGCTGACCTCACTTGTG
HPRT Forward CCAGCGTCGTGATTAGTG Housekeeping Gene S79292.1
Reverse CGAGCAAGTCTTTCAGTCC
1
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