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ARTICLE INFO Abstract

Background. Gabapentin and lamotrigine are widely used anticonvulsants prescribed to
Avrticle History: pregnant women with epilepsy. Gabapentin is a gamma-aminobutyric acid analog that
Received: 23 Sep 2025 reduces glutamate levels, and lamotrigine blocks sodium channels and reduces the release
Revised: 5 Feb 2026 of glutamate and aspartate. These drugs are able to cross the placenta and potentially affect
Accepted: 8 Feb 2026 the development of the fetal brain, causing worrisome changes in fetal neurodevelopment.
ePublished: 19 Apr 2026 Undifferentiated neuronal cells were taken from the hippocampal tissue of 18-day-old rat

embryos and cultured in Neurobasal medium for 20 days. Neuronal differentiation was
Keywords: performed in cells treated with gabapentin and lamotrigine (25 pg/mL). In order to
e Gabapentin examine gene expression, total RNA was extracted from neurons and the miRNA content
e Lamotrigine of the genes was determined by real-time PCR. The t-test and ANOVA were used to
e Hippocampus compare the mean values between groups.
o Neurogenesis Methods. Undeveloped neural cells were taken from the hippocampus of 18-day-old rat
e MiR-9 embryos and cultured in Neurobasal medium for 20 days. Development of neural cells
e MiR-107 was followed in cells treated with gabapentin and lamotrigine (25ug/mL ). Additionally,

to analyze gene expression, total RNA was extracted and the contents of miRNA related
to genes were evaluated by real-time PCR.

Results. After 20 days, neurons in control media showed normal growth, while drug-
treated groups showed abnormal dendrite and axon formation and disrupted soma
morphology. Gene expression analysis revealed upregulation of MicroRNA-9 gene in
both of the treatment groups compared to the control group. However, the expression level
of MicroRNA-107 reduced remarkably in treated neurons.

Conclusion. Considering the changes in the morphology and gene expression and given
the ability of the drugs to cross the placenta, these drugs should be prescribed with caution
during pregnancy, balancing maternal needs with potential risks to the fetus.

Practical Implications. The findings of this study show that the use of anticonvulsant
drugs during pregnancy affects the morphology of fetal nerve cells and prevents their
growth. These drugs can also change the expression level of miRNAs that are effective in
the development of the nervous system.
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Extended Abstract

Background

Some medications that cross the placenta during
pregnancy may have toxic effects. Gabapentin and
lamotrigine cross the placenta and affect fetal

development. Gabapentin is a structural analogue of
the inhibitory neurotransmitter gamma-aminobutyric
acid (GABA). The safety of the use of gabapentin in
pregnant women is a serious issue, as gabapentin can
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cross the placental barrier. Lamotrigine is a triazine
derivative that stabilizes presynaptic neuronal
membranes and inhibits the release of presynaptic
glutamate and aspartate.

The possible effects of drugs on the expression of
miRNAs miR-9/miR-107, which are critical for neural
development, were also studied.

The aim of this study was to investigate the effects
of gabapentin and lamotrigine on the development of
immature neuronal cells in primary hippocampal
tissue cultures taken froml18-day-old rat embryos.
Additionally, this study aimed to examine dendritic
and axonal development during the culture period.

Methods

For RNA extraction, 1 pL of Trizol was added to
the extracted cell pellet in two steps, and finally, after
centrifuging the samples, 3 phases were formed: the
upper phase containing RNA, the middle phase
containing DNA, and the lower phase containing
protein.

For cDNA synthesis from miRNA, an appropriate
concentration of RNA was first added to the
microtube. Then, 1 uL of adapter was added to each
microtube, and the volume was brought to 12 pL with
deionized water. After 5 minutes of incubation, 4 pL
of RT buffer, 2 uL of dNTPs, and 1 pL of RT enzyme
were added. Finally, 1 pL of RNase-free water was
added to bring the final volume to 20 pL.

In the present study, RNA extracted from
hippocampal tissue cells of 18-day-old rat embryos
was examined in three control groups and treated with
gabapentin and lamotrigine in triplicate. First, the
master mix was prepared according to the number of
samples. The master mix contained all the necessary
ingredients for RT-PCR, including cDNA and Taq
DNA polymerase.

The DNA polymerase enzyme in the master mix
has a hot start feature that prevents the amplification
of unwanted products and requires a temperature of
95°C for 15 minutes to activate. To analyze the gene
expression data, the threshold cycle (CT) was
calculated for each sample. The expression of our
target genes was measured and normalized to the
expression of U6. The CT difference between the two
genes (ACT) was calculated in all samples and the

results were expressed as the difference in fold. The
results of the present study were reported using
descriptive statistics (mean + standard deviation).
Independent t-test and one-way ANOVA were used to
analyze the data. P < 0.05 was considered statistically
significant.

Results

In this study, we examined the effects of
gabapentin and lamotrigine on the morphology,
growth of immature neurons from primary cultures of
rat fetal hippocampal tissue, and the expression level
of genes involved in neuronal growth in three control
and two treatment groups.

Figure 1 shows microscopic images of primary
cultures of immature hippocampal neurons from rats
treated with 25 pg/mL gabapentin and lamotrigine on
days 0, 10, and 20. On day 0, the cell body was clear
and the cells had short neurites. A neural network was
formed by day 10 in the control group. Neurite
elongation in the cells continued after day 20, and an
extensive and interconnected network was formed.
Neurons treated with 25 pg/mL gabapentin and
lamotrigine did not grow normally, and short and thick
dendrites were formed in the neurons after 10 days. In
drug-treated neurons, there were fewer neurites;
therefore, dense neurons were not observed (Figures
1B and 1C).

After performing real-time PCR analysis, changes
in the expression level of microRNAs mir-9 and mir-
107 were calculated relative to U6. Then, the
independent t-test was used to statistically examine
the normally distributed data. In the independent t-
test, the P-value was 0.05 for all groups; in other
words, there was no statistical difference between the
compared groups. The expression level of these
miRNAs was examined within a period of 20 days
after the treatment of cells with drugs in triplicate. The
results showed that the means and standard deviations
of the miRNA gene expression relative to U6 as the
reference gene in the lamotrigine treatment group, the
gabapentin treatment group, and the control group
were 0.41+0.18, 0.46+0.67, and 1, respectively
(Figure 2. A). According to the results, Mir-9
expression was significantly increased by gabapentin
exposure compared to the control group (P<0.05).
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Lamotrigine caused a statistically significant increase
in the expression level of Mir-9 compared to both the
control and gabapentin groups (P<0.05). Gabapentin
and lamotrigine are significant in this group with
P<0.05.

The means and standard deviations of the Mir-107
gene expression compared to the reference gene U6 in
the gabapentin treatment group, the lamotrigine
treatment group, and the control group were
0.163+0.81, 0.146+0.64, and 1, respectively (Figure 2.
B). There was a statistically significant reduction in
neurons receiving gabapentin (P=0.001). Comparison
of the treated groups showed that lamotrigine caused
a greater reduction in Mir-107 expression than
gabapentin and control (P=0.001).

Conclusion

These results confirmed that both gabapentin and
lamotrigine can cross the umbilical cord and affect the
growth of developing nerve cells. In addition, these
drugs are not metabolized in the blood and are stable
on their own. At high doses, they cause morphological
abnormalities in hippocampal neurons and the
formation of thick and short dendrites. Additionally,
they can lead to disruption of the cell body and prevent
the branching of dendrites and axon formation.
Therefore, they are likely to cause mental retardation
in the fetus at higher doses. Accordingly, their
administration in pregnant women should be limited,
and safe alternative drugs should be used in cases
where necessary.
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