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Abstract—Static magnetic field (SMF) is gaining interest as a potential technique for modulating CNS neuronal
activity. Previous studies have shown a pro-neurogenic effect of short periods of extremely low frequency pul-
satile magnetic fields (PMF) in vivo and pro-survival effect of low intensity SMF in cultured neurons in vitro,
but little is known about the in vivo effects of low to moderate intensity SMF on brain functions. We investigated
the effect of continuously-applied SMF on subventricular zone (SVZ) neurogenesis and immature doublecortin
(DCX)-expressing cells in the neocortex of young adult rats and in primary cultures of cortical neurons in vitro.
A small (3 mm diameter) magnetic disc was implanted on the skull of rats at bregma, producing an average field
strength of 4.3 mT at SVZ and 12.9 mT at inner neocortex. Levels of proliferation of SVZ stem cells were deter-
mined by 5-ethynyl-20-deoxyuridine (EdU) labelling, and early neuronal phenotype development was determined
by expression of doublecortin (DCX). To determine the effect of SMF on neurogenesis in vitro, permanent mag-
nets were placed beneath the culture dishes. We found that low intensity SMF exposure enhances cell prolifera-
tion in SVZ and new DCX-expressing cells in neocortical regions of young adult rats. In primary cortical neuronal
cultures, SMF exposure increased the expression of newly generated cells co-labelled with EdU and DCX or the
mature neuronal marker NeuN, while activating a set of pro neuronal bHLH genes. SMF exposure has potential for
treatment of neurodegenerative disease and conditions such as CNS trauma and affective disorders in which
increased neurogenesis is desirable. � 2019 IBRO. Published by Elsevier Ltd. All rights reserved.
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INTRODUCTION

The production of new neurons in the hippocampal

dentate gyrus (DG) and sub-ventricular zone (SVZ) of

the mammalian brain persists into adulthood (Alvarez-

Buylla and Garcia-Verdugo, 2002; Eriksson et al.,

1998). The newly generated neurons stream towards

the hippocampal DG and olfactory bulb (OB), respec-

tively, where they differentiate into interneurons that inte-

grate into the local neuronal networks. Although their

functional importance in humans is somewhat elusive,

neurons generated in adulthood are presumed to have a

role in physiological brain functions such as hippocampal

and olfactory learning and memory processes (Malvaut

and Saghatelyan, 2016; Vivar and van Praag, 2013;

Marin-Burgin and Schinder, 2012; Zhao et al., 2008).

Moreover, neuronal precursors generated in situ in these

regions in adulthood are suggested to have a role in the

brain’s response to acute neurological disorders such as

ischemia (Marti-Fabregas et al., 2010; Jin et al., 2006;

Macas et al., 2006; Jin et al., 2001), epilepsy (Parent

et al., 2002) and traumatic brain injury (Dash et al.,

2001), where a neurogenic response in the canonical

neurogenic regions is up-regulated (Ohira et al., 2010;

Nakatomi et al., 2002).

Perturbed neurogenesis in adulthood was associated

with neuropsychiatric disorders such as schizophrenia
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Abbreviations: AD, Alzheimer’s disease; ANOVA, analysis of variance;
bHLH, basic helix-loop-helix; BrdU, 5-bromo-2´-deoxyuridine; BSA,
bovine serum albumen; CC, corpus callosum; Cg1, cingulate cortex
area 1; Cg2, cingulate cortex area 2; DAPI, 40,6-diamidino-2-phenylin
dole; DCX, doublecortin; DG, dentate gyrus; DIV, day in vitro; DMSO,
dimethyl sulfoxide; EDTA, ethylene diamine acetic acid; EdU, 5-
ethynyl-20-deoxyuridine; ELFMF, extremely low frequency magnetic
field; FCS, fetal calf serum; IQR, inter-quartile range; M1, primary
motor cortex; M2, secondary motor cortex; MF, magnetic field; NBM,
neurobasal medium; NeuN, neuronal nuclei; NSC, neuronal stem cell;
OB, olfactory bulb; OPC, oligodendrocyte precursor cell; PCR,
polymerase chain reaction; PD, Parkinson’s disease; PSA-NCAM,
polysialylated neural cell adhesion molecule; RMS, rostral migratory
stream; ROI, region of interest; RSA, retrosplenial agranular cortex;
RSGb, retrosplenial granular b cortex; RT, room temperature; SD,
standard deviation; SEM, standard error of the mean; SMF, static
magnetic field; SVZ, sub-ventricular zone; VGCC, voltage-gated
calcium channel; WM, white matter.
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