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Abstract

Neuronal nuclear (NeuN) proteins are one of the neuronal differentiation markers
expressed in mature neurons. The purpose of the present study was to investigate the effect
of 20-day swimming training on NeuN protein and ganglion cell number in the dorsal root
ganglion (DRG) in male Wistar rats. In this experimental study, 16 male Wistar rats (200-
250 g) were prepared from the Pasteur laboratory, and the animals were randomly divided
into two groups (control and experimental). The experimental group performed a
swimming exercise program for 20 days (30 min/day equal 65% Vo,max), and 48 hours
after the end of the last session, the experimental and control rats were anesthetized and
sacrificed in an unconscious state. The DRG was isolated from the lower limb region.
Cresyl violet assay and hemotoxylin-eosin staining were used to assess the ganglion
population and NeuN protein to assess the ganglion population and NeuN protein,
respectively. An independent t-student test was used to determine between-group
differences. The results of this study showed that swimming exercises significantly
increased NeuN protein (p<0.05). Additionally, the number of ganglion cells in the
exercise group significantly increased (p<0.05). This study indicated for the first time that
the swimming exercise caused an increase in the number of sensory neurons and induced
their differentiation, leading to the development of mature sensory neurons in the DRG in
the spinal cord.
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Extended Abstract

Background and Purpose

Neuronal nuclear (NeuN) protein was discovered as a neuronal differentiation
marker in 1992 (1). NeuN is expressed in the cytoplasm of most neurons in the
mammalian central nervous system (2). Aerobic physical training is associated
with the expression of genes related to neuronal plasticity and enhances
neurogenesis in sensory and motor neurons (3). Several studies have investigated
the effect of physical activity on motor neurons (4, 5), but the effect of physical
activity on sensory neuron changes is small. Therefore, the purpose of the present
study was to investigate the effect of 20-day swimming training on NeuN protein
and ganglion cell number in the dorsal root ganglion (DRG) in male Wistar rats.

Methods

In this experimental study, 16 male Wistar rats weighing 200-250 g were prepared
from the Pasteur laboratory. The animals were randomly divided into two groups
according to the treatment protocol (control and experimental). The training
protocol was carried out by an experimentalist. Habituation to the Exercise
Training Program was done in four days for two groups, after habituation, the
experimental group performed a swimming exercise program for 20 days. The
main exercise program consisted of 30-minute swimming daily (equal to 65%
Vomax of rats) for 16 days. At the end of the exercise protocol and 48 hours after
the end of the last session, the experimental and control rats were anesthetized
with ketamine (90mg/kg) and xylazine (10mg/kg) and sacrificed in an unconscious
state. The DRG was isolated from the lower limb region. Cresyl violet assay and
hemotoxylin-eosin staining were used to assess the ganglion population and NeuN
protein in DRG, respectively. An independent t-student test was used to determine
group differences at significant level of 0.05.

Results

The results of the hemotoxylin-eosin staining test showed that swimming
exercises significantly (p<0.05) increased NeuN protein in the DRG region of
trained rats compared to control rats. Moreover, the result of the cresyl violet test
indicated that the number of ganglion cells of the DRG region in the training group
was significantly (p<0.05) higher than that in the control group.
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Discussion

This study suggested for the first time that swimming exercise caused an increase

in the number of sensory neurons and induced their differentiation, leading to the

development of mature sensory neurons in the DRG in the spinal cord. It seems
that an increase in mature sensory neurons in the DRG in the spinal cord due to
swimming training is the response to the increase in sensory stimuli induced by
training, and similar to motor neurons, neurogenesis enhances sensory neurons in
the DRG of the spinal cord. In the ongoing study, the factors that increased NeuN
protein and the population of ganglionic cells in the DRG of the trained rat were
still unknown, so it could be describe that according to various studies, factors
such as Nitric oxide (NO), Brain-Derived Neurotrophic Factor (BDNF), and Glial

Cell-Derived Neurotrophic Factor (GDNF) (4, 6) seemed to play a role in these

processes.
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Figure 1. Immunohistochemical measurement of NeuN protein in DRG and its increase in
trained rats after 20 days of swimming training.
** *: Significant difference with control group (P <0.05)
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Figure 2 - NeuN immunohistochemical staining photomicrographs in DRG rats of

swimming and control training group and significant increase of NeuN protein in DRG
swimming training group compared to control group (P <0.05)
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Figure 3. Ganglion cell population in DRG rats after 20 days of swimming training and a
significant increase in the number of ganglion cells in DRG trained rats.
***: Significant difference with control group (P <0.05)
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