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stem cell proliferation and nestin protein expression in the
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Abstract

BACKGROUND: Electromagnetic fields can cause changes of the body, especially the nervous system. Effect of pulsed
electromagnetic fields (PEMFs) on neural stem cells has been detected.
OBJECTIVE: To investigate the effect of prenatal pulsed electromagnetic fields (PPEMFs) on neural stem cell proliferation and

nestin protein expression in the hippocampus of rat offspring.

METHODS: Sprague Dawley female rats weighing 240-260 g were included and randomly divided into two groups: control and
PPEMFs. Rats from the control group were given no interventions. Rats from the PPEMFs group were given PEMFs stress at
gestational days 14-20. Each stress was given three times daily for 10 minutes. The male and female offspring rats were
sacrificed at 1 month of age and their brains were sectioned to determine the expression of nestin protein and Brdu-positive

cells in the hippocampus by immunohistochemistry.

RESULTS: The expression of nestin- and Brdu-positive cells in the hippocampus of female and male PEMFS offspring were
significantly higher compared with the control group (P < 0.001), and there was a significant difference between female and
male offspring (P < 0.001). The nestin- and Brdu-positive cells in female offspring outnumbered those in male offspring (P <
0.001); however, there was no significant difference between female and male offspring in the control group (P > 0.05).
CONCLUSION: PPEMFs can increase the number and proliferative capability of the neural stem cells in offspring. It may be a
primary stage of the cascade reaction of the body to the brain damage caused by PPEMFs stress.

INTRODUCTION

Nowadays electromagnetic pulse is widely used in
such fields as industry, agriculture, communication,
medicine and military affairs. However, with the
increase of the electric setting, the electromagnetic
radiation may produce various effects on the body.
Pulsed electromagnetic fields (PEMFs), have more
significant effects on the body than continuous
wavesl!'l. Therefore, increasing attention has been
paid to the effects of PEMFs on the body.
Electromagnetic fields have been reported to change
blood cellsi?, mammalian cells®® and human
keratinocytes!®l. Furthermore, research shows the
effects of PEMFs on the nervous system>-71 and
neural stem cells®l. But there have been few papers
about the effects of prenatal PEMFs (PPRMFs) on the
expression of offspring neural stem cells. The present
study investigated the effects of PPEMFs on neural
stem cell proliferation and nestin protein expression in
the hippocampus of rat offspring, hopefully to study
the effects of prenatal-stage environment on the brain
development and the biological effects of PEMFs.

MATERIALS AND METHODS

Design: A randomized, controlled research.

Time and setting: This study was performed at the
Medical School of Xi'an Jiaotong University from 2005
to 2006.

Materials
Adult Sprague-Dawley rats of SPF grade from

Shaanxi Province (permission No. 2007-001) were
housed at 22 °C with free access to food and water
throughout the experiment. This study was performed
in accordance with the Guidance Suggestions for the
Care and Use of Laboratory Animals®. Virgin female
rats weighing 240-260 g were placed overnight with
adult male rats for mating (3 to 1) and a vaginal smear
was examined on the following morning. The day on
which the smear was sperm positive was determined
as embryonic day 0. The offspring rats of day 30 were
used for observation. The animals were divided
randomly into two groups: control group (CON, in
which mother rats were left undisturbed) and PEMFs
stress group, in which mother rats were exposed to
PEMFs stress on days 14-20 of gestation three times
daily for 10 minutes. The stress was magnetic fields
pulsed by spiral tube through pulse electronic. The tube
body was made of a 420 mm diameter glass bottle.
When tested, the rats were put on the center axis of the
spiral tube, and the magnetic field of the center axis
was set as the physical parameters!'@ which include
intensity of magnetic fields B = 0.267T, variant rate:
dB/dt = 8.9 x 102T/S, pulse rise time 0.3 ms, pulse
width 2.4 ms, and frequency 1 per minute.

Mouse anti-nestin monoclonal antibody was purchased
from Chemicon, Billerica, MA, USA; mouse anti-Brdu
monoclonal antibody was purchased from Sigma,
St.Louis, MO, USA, SP reagent kit was purchased from
Wuhan Boster Biotechnology, China.

Methods

Nestin-positive cells in the hippocampus of
PEMFs rat offspring

Six offspring rats were selected randomly and fixed by
cardiac perfusion after anesthesia. Their brains were
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removed, blocked, and sectioned (3 mm thin). After
wrapping to cover up and dewaxing, sections of 5 ym
were cut and covered with coverslips. After dewaxing
again and antigen retrieval, the coverslips were
incubated with mouse anti-nestin monoclonal
antibody (1: 1 000) and had ABC dyeing. Finally the
nestin-positive cells in the hippocampus were
determined under the microscope.

Brdu-positive cells in the hippocampus of PEMFs
rat offspring

Six offspring rats were selected randomly. After
injection with Brdu (50 mg/kg, i.p., twice every 8 hours),
the rats were fixed by cardiac perfusion after
anesthesia. Their brains were removed, blocked and
sectioned (3 mm thin). After wrapping to cover up and
dewaxing, sections of 5 um were cut and covered with
coverslips. After dewaxing again and antigen retrieval,
the coverslips were incubated with mouse anti-Brdu
monoclonal antibody (1: 500) and had ABC dyeing.
Finally the Brdu-positive cells in the hippocampus were
determined under the microscope.

Main outcome measures
Nestin- and Brdu-positive cells in the hippocampus
were determined.

Statistical analysis

Nestin- and BrdU-positive cells in two blades of
hippocampal regions of each brain section were
determined using Qwin 550 CW Image-collect and
analysis system in the area of 2.0 x 10 um?2. All results
were expressed as Mean+SEM. The statistical
difference was analyzed using SPSS 11.0 software
and P < 0.05 was considered significantly different.

RESULTS

Effects of prenatal PEMFs stress on nestin protein
expression in the hippocampal neuronal stem
cells (Figure 1)

LR
a: control female; b: PEMFs female; c: control male; d:
PEMFs male. PEMFs: pulsed electromagnetic fields

The nestin-immunoreactive cells in the
hippocampal CA1 and CA2 subregions
of rat offspring (immunohistochemistry
staining, x40)

Figure 1
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Nestin-positive cells showed almost star
polygon-shaped appearance with long neurites, brown
cytoplasm, and transparent nuclei

Nestin-positive cells were only determined in
hippocampal CA1 and CA2 subregions in each group.
Quantitation results are shown in Table 1. The
nestin-positive cells in hippocampal CA1 and CA2
subregions were more in the PPEMFs group than in the
control group (P < 0.001). The nestin-positive cells in
PEMFs female rat offspring were more than those in
male offspring rats (P < 0.001) in the PPEMFs group.
But there was no significant difference between female
and male offspring rats in the control group (Figures 2,
3).

Table 1 Effects of number of nestin-positive cells in the
hippocampal CA1 and CA2 subregions of male ar
female rat offspring on prenatal pulsed

electromagnetic fields (PEMFs) stress  (Xts, n=6)
Female
Group
CA1 CA2
Control 13.000+3.117 8.690+2.014
PEMFs 26.600+1.765% 17.733+1.100%°
Male
Group
CA1 CA2
Control 13.570+3.435 9.280+2.228
PEMFs 19.867+1.727 13.133+1.060

apP < 0.001, vs. control group; °P < 0.001, vs. male rat
offspring; PEMFs: pulsed electromagnetic field stress on
days 14-20 of pregnancy
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CON: control; PEMFs: pulsed electromagnetic fields stress
on d 14-20 of pregnancy. ?P < 0.001, vs. control; °P <
0.001, vs. male rat offspring

Figure 2 PEMFs-induced changes in the number
of nestin-positive cell expression in the
hippocampal CA1 subregion of male and
female rat offspring

Effects of PPEMFs stress on the proliferation
capability of hippocampal neuronal stem cells
More brown Brdu-positive cells were found to be
arranged along the grain bottom layer in the dentate
gyrus region while few were observed in the other
subregions (Figure 4). The number of Brdu-positive
cells expressed in the hippocampal dentate gyrus
region in each group is shown in Table 2. The
Brdu-positive cells in the hippocampal dentate gyrus
region of PEMFs rat offspring were more than those in
control group (P < 0.001). Brdu-positive cells in PEMFs
female rat offspring outnumbered significantly those of
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male offspring rats (P < 0.001), but there was no significant
difference between female and male offspring rats in the control
group (Figure 5).
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CON: control; PEMFs: pulsed electromagnetic fields stress on d
14-20 of pregnancy. 2P < 0.001, vs. control; °P < 0.001, vs. male rat
offspring

Figure 3  PEMFs-induced changes in the number of nestin-positive
cells in the hippocampal CA2 subregion of male and
female rat offspring
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Figure 4 The expression of Brdu-positive cells in the
hippocampal dentate gyrus subregion of rat
offspring (immunohistochemistry staining, x200)
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CON: control; PEMFs: pulsed electromagnetic fields stress on d
14-20 of pregnancy. 2P < 0.001, vs. control; °P < 0.001, vs. male rat
offspring

Figure 5 PEMFS-induced changes in the number of
Brdu-positive cell expression in the hippocampal
dentate gyrus subregion of male and female rat
offspring
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Table 2 Effect of number of Brdu-positive cells in the hippocampal
dentate gyrus subregion of male and female rat offspring
on prenatal pulsed electromagnetic fields (PEMFs) stress

(xts,n = 6)
Group Female Male
Control 14.000+1.0235 13.533+1.237
PEMFs 32.533+0.995%° 19.600+0.736

ap < 0.001, vs. contro groupl ; °P < 0.001, vs. male rat offspring

DISCUSSION

Effects of electromagnetic fields on the organism can be divided
into thermal effect and non-thermal effect. The thermal effect
makes the function of heat transmission in tissues disordered,
then causing tissue damage and cell death. Non-thermal effect
changes the physiological and biochemical processes of the
organism, but does not cause the increase of temperature. It is
generally considered that high-frequency electromagnetic
waves cause mainly the thermal effect, while low-frequency
ones cause the non-thermal effect. The non-thermal effect has
been one of the research focuses in recent years!"'l. The
PEMFs used in this study belong to fast changing
electromagnetic fields. Their average energy is nearly zero.
Their effect on body cells is mainly non-thermal effect and is
concentrated on the cell membranel!'2. As for the effect of fast
changing electronic pulse, the tissue cells can produce an
enhanced transmembrane potential based on primary resting
potential of cell membrane. Structural changes in the cell
membrane occur and the membrane becomes more permeable
to molecular transport!*3 which results from the formation of
membrane pores (electroporation)!'4-13. Under long-time
exposure to low-intensity electromagnetic pulse, the pores
continue to grow, causing the loss of membrane integrity and
resulting in cell deathl'®l, which then affects the capability of
learning and memory. In the present study, we determined the
expression of neural stem cell proliferation and nestin protein in
the hippocampus of offspring rats. The nestin-positive cells in
the hippocampus of control offspring rats were concentrated in
small regions of CA1 and CA2, the dye was weak, and the cell
body was small. Compared with the control group,
nestin-positive cells were more, the expression areas in the
CA1 and CA2 subregions were larger, the neuritis of the
positive cells were more, and the dye was deeper in the
PPEMFs group. In the PPEMFs group, the nestin protein
expression was higher in female rat offspring than in male rat
offspring, but there was no significant difference between
female and male rat offspring in the control group.
Nestin-positive cells are regarded as progenitor neural
cellsl'”18] so the results indicate that certain time and intensity
of PEMFs to pregnant rats could increase the number of neural
stem cells. It is known that certain intensity of PEMFs can
cause the damage of the organism, tissues and cells, while the
neural stem cells can proliferate responsively in pathological
condition such as injuryl'®-2"l. Many studies demonstrate that
different kinds of brain injuries stimulate hippocampal
neurogenesis?>24. Therefore, we think that PPEMFs may
cause cell damage in the hippocampal CA1 and CA2
subregions of rat offspring, and the neural stem cells proliferate
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spontaneously in the injury areal?®, and the neurites are netted to
prevent the injury from expanding, which is beneficial for the
reparation of the injury region. It is the compensable reaction of the
body to brain injury. Researchers consider that the moving of
nestin-positive cells to adjacent injury area after brain trauma may
be not the representation of neural stem cells differentiation into
neurons, but the reaction of astrocytes to the traumal?®27. Because
the expression of nestin-positive cell reactive proliferation is very
similar to that of astrocytes to injury area after brain trauma, so the
existence of most nestin-positive cells in CA1 and CA2 subregions
may be the reaction of astrocytes to brain injury. The notion that
astrocytes serve as potential sources for neurogenesis remains
speculative?#29. In addition, another aspect is the migrating of the
DG cells.

Brdu-positive cells are regarded as the cells possessed activation
of proliferation®?. In the present study, we found that Brdu-positive
cells were mainly distributed in the DG. The Brdu-positive cells in
the DG region of PEMFs offspring significantly increased in number
compared with those in the control group. The Brdu-positive cells of
female offspring outnumbered those of male offspring in the
PPEMFs group, but there was no significant difference between
female and male offspring in the control group. It is known that the
hippocampal DG is one of the regions where the neural stem cells
are produced®'l. Previous studies have shown that brain injury
induces neurogenesis primarily in the DGI?34 There are “still” and
“dormant” stem cell groups in the DG region which do not express
any distinctive antigenl®l. But stress and aging can cause the
neurogenesis in the DG of the hippocampus!®*-7]. Under the
PPEMFs stress, the latent energy of splitting is activated and then
the capability of proliferation increases. The migration of
regenerating cells to CA1 and CA2 injury regions produces the
compensable action.

In addition, the neural stem cell proliferation and nestin protein
expression in PEMFs female offspring increased more
significantly than those in male rat offspring. This may be
because the activity of placenta 113-HSD in female fetus is
low!®8], Therefore, the damage is more serious, and neural stem
cell proliferation in the injured region is greater in female rat
offspring than in male rat offspring.

It is not very clear why the brain injury caused by PEMFs could
induce the increase of cells produced in the hippocampal DG
region and the nestin protein expression in injury region. This
may be related to the change of permeability of cell membrane
and the change of the ion concentration caused by PEMFs
stress!'® %1, Studies demonstrated that electromagnetic
stimulation can cause the increase of cellular calcium ion
density“>-41l ‘induce the expression of certain specific genes,
lead to the phosphorylation of protein, the change of cellular
enzyme activity and the activation of signal transduction which
modulates cell proliferation and apoptosis?-#4. But it needs to
be further investigated how these cascade reactions can affect
stem cell proliferation, whether these cells can be differentiated
into neural cells and whether these cascade reactions can
affect the recognition and behavioral function.
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