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Brain changes after electromagnetic fields exposure
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In recent years, extensive knowledge about the effect of electromagnetic fields has been
gathered that provided different information in accordance with the frequency waves
and the type of electromagnetic fields. The present study tries to review the effects of
electromagnetic fields (EMF) on brain structure and the chemical mechanisms of neurons.
Previous studies suggested that Brain Changes after Electromagnetic Fields Exposure
are related to areas of frontal cortex, hippocampus, basal forebrain and brainstem. These
structural changes can help us to understand changes in brain functions like learning and
memory mechanisms especially those mechanisms that related to frontal cortex such as
social recognition, active avoidance learning and Alzheimer’s diseases.
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Introduction
Animal models and clinical studies have shown that electromagnetic
fields can change peripheral and central nervous system activity.1,2
These changes include increased activity of hypothalamic and intracerebral nuclei,3 changes in neurotransmitter synthesis in synapses
and ganglia,4 changes in the activity of neuronal receptors, including
dopamine and 5-hydroxytryptamine-1B (5-HT1B),5 and other changes
that ultimately may affect learning and memory in organisms.6,7 The
effect of very low frequency of electromagnetic field (50HZ) with
intensity of 0.5mT was examined on rats’ brain structures- basal
forebrain, hippocampus, frontal cortex, brainstem, and cerebellum- in
long term exposure (7 days and totally 168 hours). The findings show
that superoxide radical content increases in all of the brain structures.
Harmful effect of electromagnetic field, which is in lipid peroxidation,
was especially seen in basal forebrain and frontal cortex, and this
effect suggests that these two structures are more sensitive or they
are more vulnerable in exposure to low frequency of electromagnetic
field. Anatomic and neurochemical characteristics of each part of
the rats’ brain predisposed more glutamatergic excitotoxicity and
increased the production of free oxygen and nitric oxide. In aerobic
organisms, superoxide anion is the final outcomes of neuronal cells
in aspiration process. Superoxide anion and Nitric oxide are together
at first in normal cells. These two are considered toxic and harmful
only when the pro oxidative resources and anti oxidative-in favor of
pro oxidative processes- are not equal.8 Electromagnetic field of very
low frequency has the effect of mimicking glutamate synapses that
can effect on the flow of plasma membrane calcium ion. It is reported
that there is a significant relationship between the electromagnetic
field of low frequency and calcium influx through calcium channels
dependant to voltage of neurons. Excessive glutamatergic activity
leads to high accumulation of calcium between cells in vesicles
that are in neurons terminal in which glutamate is stored. Excessive
calcium may lead to oxidative stress and neurodegeneration. On the
other hand, electromagnetic field of very low frequency can increase
the accumulation of nor epinephrine, dopamine, and serotonin;
and during the interactions that occur in basal forebrain, the
neurotransmitters are involved in making superoxide radical and lipid
peroxide. It can be expected that the effect of electromagnetic fields
in these areas increase superoxide radicals and lipid peroxide.9 In
Alzheimer’s diseases, hippocampus neurons and basal forebrain, that
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are parts of the brain being responsible in learning, are damaged. It is
suggested that oxidative stress have an important role in Alzheimer
diseases. These parts of the brain (hippocampus neurons and basal
forebrain) are relatively vulnerable, and cholinergic transmission will
be limited when level of oxidative stress being increased can also
change calcium ion conductance.10 Additionally, changes in g-amino
butyric acid and calcium ions in the brain may affect cognition.11

Discussion
It can be stated that electromagnetic field often have devastating
effect on brain processes and functions. The brain structures that
change after exposure to electromagnetic fields are basal forebrain,
frontal cortex, hippocampus neurons and brainstem. It is necessary to
find ways to control these contaminants with attention to the strong
evidence that the negative effects of electromagnetic fields are as one
of the environmental contaminants.

Conclusion
In conclusion it is important to consider the basic neurochemical
functions which help us to understand the harmful effects of EMFs on
brain activity and find ways to reduce these effects.
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