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trans-cinnamic acid (CIN) administration during pregnancy on
anxiety, cell damage and density of apoptic neurons in the neonatal
hippocampus following penthylentetrazol (PTZ)-induced perinatal
seizures.
Materials and methods: In this experimental study, neonates from
25 Wistar pregnant rats were randomly divided into 5 healthy
¢ control, PTZ+NS, PTZ+CIN, PTZ+ST and PTZ+CIN+ST groups. From
Use your device to scan and . embryonic day (ED) 14, the animals were treated with repeated PTZ
read the article online : administration (50 mg / kg, intra- peritoneally) for 5 consecutive
¢ days. During pregnancy, moderate intensity swimming (20 min, 3
[=] sessions per week) and CIN gavage (100 mg/kg) were performed
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Eié;gts daily until term delivery. Anxiety-like behaviors and working memory

were assessed with elevated plus maze and Y maze, respectively and
dark neurons density was measured in the hippocampus of male
neonate at postnatal day (PND) 30.

Findings: Significant decrease in alteration behavior and increase in
anxiety with high density of dark neuron in different areas of
hippocampus were observed in the PTZ+NS group compared to the
control group (p < 0.05). On the other hand, in PTZ+CIN+ST group, in
comparison with PTZ+NS group, a decrease in anxiety, amelioration of
working memory deficit and a decrease in hippocampal dark neuron
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Ke.ywords:. . : density were observed (p < 0.05).
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Introduction

Repeated seizures have destructive effects on
brain structure and induce selective cell death in
the hippocampus. Although the exact cellular
mechanism of this disorder is still under
investigation, present physiological studies and
genetic analysis indicate that epilepsy with
various ion channels including voltage channels
of sodium, calcium, potassium, chlorine and
ligand channels of acetylcholine, GABA and their
receptors is associated (1). Studies have shown
that generalized tonic-clonic seizures in
pregnant mother’s lead to behavioral and
cognitive problems in their children in later life
(2). In fact, seizures cause irreversible damage
to the central nervous system (CNS) and other
fetal organs by increasing acidosis and hypoxia
(3). Numerous evidences have confirmed the
role of regular exercise in mental and physical
health. Physical activity reduces the damage to
the brain by strengthening the antioxidant
defense system of the brain and by increasing
the activity of antioxidant enzymes (7).
Relatively short exercises prevent a decrease in
brain volume and inflammation in aging and
increase neuronal density in anterior-temporal
portion of the frontal lobe (8). Also, exercise
increases the long-term potentiation in the
dentate  gyrus of the  hippocampus,
neurogenesis, reduces apoptosis in brain
neurons and improves cognitive and behavioral
functions in laboratory animals (9). Today, due
to the side effects of anticonvulsant toxicity and
lack of the desired therapeutic effect, the use of
herbal medicines has become widespread and
addressing medicinal plants is part of the World
Health Organization's drug policy program.
Cinnamic acid is a phenolic compound found in
cereals such as rice, wheat, barley, in vegetables
such as tomatoes and carrots, and in fruits such
as pineapples and oranges (11). Considering the
anticonvulsant effects of flavonoids and the role
of physical activity in preventing cognitive-
behavioral disorders caused by oxidative stress
in this study, the interactive effect of trans-
cinnamic acid and swimming training in
reducing the hippocampal dark neurons, anxiety
and memory impairment are evaluated due to
prenatal seizures.

Materials and Methods

In this experimental study, 50 infants (one-
month-old) of the prenatal seizure model who
were exposed to pentylenetetrazole (PTZ)

during pregnancy were used. The neonates were
the result of mating of 25 virgin female rats with
an average weight of 180 * 10 g with 25 adult
male Wistar rats. Randomized pregnant rats in 5
groups of 5 including healthy control groups,
PTZ + NS (group receiving pentylenetetrazole
and normal saline), PTZ + CIN (group receiving
pentylenetetrazole and trans-cinnamic acid at a
dose of 100 mg), PTZ + ST (Pentylenetetrazole
receiving group and swimming training) and
PTZ + CIN + ST (pentylenetetrazole receiving
group, 100 mg / kg trans-cinnamic acid and
swimming training). Pentylenetetrazole was
administered intraperitoneally at a repeated
dose of 50 mg / kg body weight from day 14 of
gestation for 5 days. Rats were evaluated for
seizure  behavior 30 minutes after
pentylenetetrazole  injection (14). The
swimming training protocol included 3 weeks of
swimming in a circular rodent pool with a
diameter of 1 m, water height of 50 cm and
water temperature of 25 * 2 °C for 20 minutes
per session (moderate intensity) and three
sessions per week. The animals entered the pool
one minute before training to get acquainted
with the environment and warm up. Anxiety-
like behaviors and working memory were
measured using elevated plus-maze and Y-maze,
respectively and then hippocampal dark
neurons weremeasured. At the end of
behavioral tests, following deep anesthesia with
chloroform, isolation and stabilization of brain
tissue were performed by transcardially
perfusion method. To determine the density of
neuronal dark in different regions of the
hippocampus, first 4 regions of the
hippocampus (CA1, CA2, CA3, DG) were
identified by using the Paxinos and Watson atlas
and then the artifacted cells in the different
areas of hippocampus were counted by
dissector method. In order to determine the
existence of significant differences between the
groups, two-way analysis of variance and
Tukey's post hoc test were used. Statistically,
the wvalues of P<0.05 were considered
significant.

Findings

The results showed that the percentage of
correct alteration behavior in the PTZ + NS
group decreased significantly compared to the
control group (P <0.001). Comparison between
PTZ + NS group and treatment groups showed a
significant increase in the percentage of
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alteration behavior in PTZ + CIN group (P<0.05),
PTZ + ST group (P <0.05) and PTZ + CIN + ST
group (P<0.001) with PTZ + NS group. The
results showed a significant difference in closed
arm of elevated plus maze duration between the
control group and the PTZ + NS (p <0.001), PTZ
+ CIN (P <0.001), PTZ + ST (P <0.05) and PTZ +
CIN + ST (P <0.05) groups. These results
indicate an increase in anxiety in animals
exposed to PTZ during the prenatal period. Also,
statistical studies showed a significant decrease
in anxiety in PTZ + ST (P <0.05) and PTZ + CIN +
ST (P<0.05) compared to PTZ + NS. In the study
of the four areas of the hippocampus in the PTZ
treated groups, an increase in cell damage and
the density of hippocampal dark neurons was
observed in the regions of CA1, CA2, CA3 and
dentate gyrus (DG) (Figure 1). In the PTZ + CIN
+ ST group, which received trans- cinnamic acid
during pregnancy and the mothers practiced
swimming, compared to the PTZ + NS group,
showed a decrease of cell damage and a
decrease in dark neurons density.

Discussion

The results of the present study showed that
injection of  pentylenetetrazole during
pregnancy causes myoclonic seizures in the
mother causing cell damage and necrotic death
of pyramidal neurons in different areas of the
neonatal hippocampus. Infants exposed to PTZ
during prenatal period suffer from severe cell
damage in the hippocampus that is associated
with increased density of apoptotic neurons in
the hippocampus. On the other hand, this injury
led to impaired working memory and increased
anxiety in pups. Studies have shown that
exposure of mouse embryos to maternal
seizures induced by PTZ kindling significantly
reduces learning and memory (20). Also, day 14
of pregnancy is better for injecting PTZ and
starting kindling. At this stage of pregnancy, the
structure of the brain is developing and
maternal seizures have a negative effect on the
process of neurogenesis, the development of the
CNS, neuronal migration to the fetal
hippocampus and ultimately on the memory of
the pups (21). Maternal epilepsy causes
structural and functional deformation of the
hippocampus in the fetus and this causes
cognitive impairment in them (24). In fact, in the
present study, the increase in the density of dark
neurons stained with toluidine blue in different
areas of the hippocampus was due to
pathological changes caused by epileptic
seizures that led to neuronal damage and death.
In the present study, it was found that
swimming training in mothers during pregnancy
(three weeks of training) by reducing working

memory and reducing anxiety in the resulting
neonates, reduces cell damage to the neonatal
hippocampus so that the dark neurons density
in different areas of the hippocampus The PTZ +
ST group had a significant decrease compared to
the PTZ + NS group in CA2, CA3 and DG regions.
Prenatal seizures have been shown to induce
oxidative stress in the fetal nervous system by
producing free radicals (6). On the other hand,
in the swimming and trans- cinnamic acid
exercise group (PTZ + CIN + ST), which
evaluates the interaction between swimming
activity and cinnamic acid activity, a significant
reduction in hippocampal neuronal dark density
(in all 4 areas) and anxiety along with improved
working memory was seen. Because oxidative
stress is a major cause of degeneration and
induces oxidative damage in the hippocampus
and damage to pyramidal cells, antioxidants will
be able to prevent hippocampal cell damage.
Trans- cinnamic acid has antioxidant properties
and is known as a strong inhibitor of free
radicals (30). Chronic use of cinnamic acid in
animal models prevents or improves the
complications of neurological diseases such as
Alzheimer's disease and Parkinson's disease
(31).

Conclusion

Interaction of swimming training with trans-
cinnamic acid administration ameliorates
cognitive-behavioral deficits and cell damage in
the hippocampus of rats exposed to maternal
seizures.
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