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ABSTRACT

Folic acid (FA), the synthetic form of folate, plays an important role in brain development.
Neuron navigator 1 (Nav1)is a cytoskeleton-associated protein that plays a role in neuronal cell migration.
Neuroliginl (Nign1) is a cell adhesion molecule involved in the formation of synapses.

[EIYTIEEE This study aimed to assess the effects of FA supplementation during pregnancy on the
expression of Nav1 and Nign1 genes in the cerebral cortex of newborn mice.

[VETTELE Forty-five pregnant BALB/c mice were divided into three groups of 15. The first and second
groups received FA at doses of 2 mg/kg/BW (normal) and 40 mg/kg/BW (high) daily during pregnancy,
respectively. The third group did not receive FA and was the control group. Neonatal cerebral cortex was
collected for Nav1 and Nign1 expression analysis using real-time PCR.

[{EEVTE The expression levels of Nav1 and Nign1 in the normal-dose FA group were higher than in the
control group, while their expression levels in the high-dose FA group were lower than in the controls
(P<0.001). The expression levels of Nav1 and Nign1 genes in the high-dose FA group were significantly
lower than in the normal-dose FA group (P<0.001).

[TEIERT Using 2 mg/kg/BW FA during pregnancy increases the expression of Navi and Nign1 genes
in the cerebral cortex of newborn mice, while 40 mg/kg/BW FA reduces their expression. Therefore,
normal doses of FA affect brain development by changing the expression of two genes, while high doses
of FA may have a negative effect. The protein-protein interaction showed the relationship between the
two Navl and Nlign1 proteins and their role in the synapse.
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Extended Abstract

Introduction

ynapse formation is a critical step in the

assembly of neuronal circuits. Both se-

creted and membrane-associated proteins

contribute to the assembly and maturation

of synapses. In addition, vitamins, includ-
ing folate and genes, have been suggested to play an im-
portant role in synaptogenesis. Folate is essential for the
development and proper functioning of the nervous sys-
tem. Getting enough folic acid (FA), the synthetic form of
folate, at the time of conception lowers the risk for most
neural tube defects in the offspring. It has been demon-
strated that periconceptional FA supplementation pro-
motes synaptic plasticity in male rat offspring and exerts
long-term beneficial effects on cognitive performance.
Moreover, some studies revealed that FA had a positive
impact on the recovery of learning and memory abilities
through alleviating synapse loss and synaptic dysfunction
in Alzheimer’s disease.

Many genes have been shown to be involved in the dif-
ferentiation, proliferation, and migration of neurons dur-
ing brain development. For example, during neuronal
migration, growth, and axon guidance, there are cytoskel-
etal proteins known as navigators. The neuron navigator
1 (Navl) is involved in neuronal migration and neuronal
signaling pathways that guide axons in the appropri-
ate direction. Other genes involved in synapse forma-
tion include the neuroligin family members, which may
form trans-synaptic contacts with presynaptic neurex-
ins. Neuroligins are essential for the proper maturation
of synapses and brain function by recruiting scaffolding
proteins, postsynaptic receptors, and signaling proteins.
neuroliginl (NVignl) is a cell adhesion molecule involved
in the formation of synapses. The aim of this study was to
evaluate the effect of normal and high doses of FA during
pregnancy on the expression of Nav/ and Nignl genes in
the cerebral cortex of newborn mice.

Methods

Forty-five pregnant BALB/c mice were divided into
three groups (15 per group). The first and second groups
received FA at doses of 2 mg/kg/BW (normal) and 40 mg/
kg/BW (high) daily during pregnancy, respectively. The
third group did not receive FA and was considered the
control group. Neonatal cerebral cortex was collected for
the expression analysis of Nav/ and Nignl genes using
real-time PCR.
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Results

Based on the results of the Nanodrop device, the con-
centration of total RNA in most samples was in the range
of 600-900 ng/ul, and the absorbance ratio at 260/280 nm
(which is an indicator for examining purity, lack of con-
tamination, and quality of RNA) was in the range of 1.8-
2. In order to examine the quality of the extracted RNAs,
they were examined by agarose gel electrophoresis, and
the rRNA bands of 18s, 28s, and 8/5s were observed, in-
dicating good quality of the RNAs. The expression level
of the NavI gene in the group treated with 2 mg/kg/BW
FA was 1.48+0.08, which was significantly higher than
in the control group (1.001+0.05) (P<0.001). The expres-
sion level of this gene in the group treated with 40 mg/
kg/BW FA was 0.2040.02, which was significantly lower
than in the control group (P<0.001). Also, a significant
difference in Navl gene expression was observed be-
tween the normal and high-dose FA groups (P<0.0001).
Similar results were observed for the Nignl gene. The
expression of this gene in the normal-dose FA group was
significantly higher than in the control group (1.21+0.02
vs 1.001+0.04, P<0.001). In the high-dose FA group, the
expression level was significantly lower than in the con-
trol group (0.13+0.03, P<0.001).

The protein-protein interaction was also examined by
bioinformatics analysis. A network of 100 proteins re-
lated to Nlgnl and Navl was mapped and functionally
enriched to find the most relevant biological processes,
molecular functions, cellular structures, and kyoto ency-
clopedia of genes and genomes (KEGG) pathways. The
two genes were connected to each other through protein
or functional interactions, as well as through synaptic
regulation.

Conclusion

The results of this study showed that the normal dose of
DA can increase the expression of Nav/ and Nlgnl genes
in the cerebral cortex of newborn mice. However, the high
dose of FA reduces the expression of both genes. One of
the reasons for the decrease in gene expression after injec-
tion of high doses of FA is probably due to the increase
in the level of gene promoter methylation by the methyl
donor, folic acid. High doses of FA cause the methylation
of gene promoters, a mechanism that suppresses gene ex-
pression. Additionally, the protein-protein interaction re-
vealed the relationship between the two Nav1 and Nlgnl
proteins, highlighting the crucial role of these two pro-
teins in synapses and ultimately in brain development.
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