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ABSTRACT

Introduction: Today, humans live in a world surrounded by electromagnetic fields. Numerous
studies have been conducted to discover the biological, physiological, and behavioral effects

Article info: of electromagnetic fields on humans and animals. Given the biological similarities between

Received: 08 Oct 2019 monkeys and humans, The present research aimed to examine Visual Memory (VM), hormonal,
First Revision: 23 Feb 2020 :  genomic, and anatomic changes, in the male rhesus macaques exposed to an Extremely Low-
Accepted: 04 Aug 2020 :  Frequency Magnetic Field (ELF-MF).

Available Online: 01 Jan 2022 Methods: Four male rhesus macaques (Macaca mulatta) were used. For the behavioral tests, the

animals should be fasting for 17 hours. For the tests such as visual memory, the animal’s cooperation
was necessary. Using the radiation protocol, we exposed two monkeys to a 12-Hz electromagnetic
field with a magnitude of 0.7 uT (electromagnetic radiation) four hours a day for a month. Before and
after the exposure, a visual memory test was conducted using a coated device (visible reward) on a
movable stand. Ten milliliters of blood was obtained from the femoral artery of each monkey, and half
of it was used to examine cortisol serum levels using the MyBioSource kit (made in the USA). The
other half of the blood was used to extract lymphocytes for assaying expressions of Glucocorticoid
Receptor (GR) genes before and after radiation using the PCR method. Anatomic studies of the
amygdala were carried out based on pre- and post-radiation Magnetic Resonance Imaging (MRI).

Results: Research results indicated that visual memory in male primates increased significantly
after exposure to the 12-Hz frequency. Hormonal analysis at the 12-Hz frequency showed
a decrease in cortisol serum levels. However, visual memory and serum cortisol levels did
not change considerably in male primates in the control group. There was no considerable
amygdala volumetric difference after exposure to the 12-Hz frequency. The expression of the
GR genes decreased in the 12-Hz group compared to the control group.

Keywords: o Conclusion: In short, these results indicated that ELF might benefit memory enhancement
Electromagnetic Field, © because exposure to the 12-HZ ELF can enhance visual memory. This outcome may be due
Cortisol, Glucocorticoid © to a decrease in plasma cortisol and or expression of GR genes. Moreover, direct amygdala
receptor, Rhesus monkey . involvement in this regard cannot be recommended.
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* The effects of Extremely Low-Frequency Electromagnetic Fields (ELF-EMF) of 12 Hz on monkeys were studied.

* The results showed a reduction in the serum cortisol levels and the expression of GR genes.

* The amygdala anatomical area changes were not significant in the experimental group.

* In the experimental group, visual memory (delay of 30- and 60-s evaluation) improved after exposure to a frequency

of 12 Hz.

Plain Language Summary

Extremely low-frequency electromagnetic fields are among the most important factors affecting humans. This study
aimed to determine the fields of 12-Hz frequency on the visual memory changes of male monkeys. The importance of
research is due to the cognitive similarity of monkeys to humans. The findings of the research can be attributed to hu-
mans. Behavioral, hormonal, genetic, and anatomical studies indicated improvement in visual memory (test monkeys
versus control monkeys). This study demonstrates the effect of the 12-Hz frequency on the monkey’s visual memory.
Researchers can study 12-Hz frequency in other cognitive indices.

1. Introduction

lectronic devices in industrial processes,
research projects, energy generation and
distribution, new transportation technolo-
gies, consumer goods, and medical appli-
cations have increased the exposure of liv-
ing things to electromagnetic fields. Based
on the research on electromagnetic and
electric fields, high-pressure towers are very influential
in this aspect. These fields have different effects on ani-
mals and humans (Aliyari, Hosseinian, Sahraei, & Men-
haj, 2018a; Kazemi et al., 2018). During the past decade,
numerous studies have been carried out on the effects of
low-frequency electromagnetic radiations on the func-
tion of different parts of the nervous system and memory
in humans and animals. Although essential experiments
have been conducted on humans to examine the effect of
electromagnetic fields, more precise and comprehensive
research has been undertaken on animal models. An im-
portant animal model for scientific research is Macaca
mulatta, which is known as the rhesus macaque (mon-
key) (Mitchell and Leopold, 2015; de Lorge and Gris-
sett, 1977; Fabbri-Destro and Rizzolatti, 2008).

Cognitive-behavioral studies are among the modern
studies on this animal model. Moreover, since 98% of
human and rhesus macaque genes are similar, research-
ers used the animal model to conduct cognitive tests
such as visual memory tests (Fang et al., 2011; Kan-
thaswamy et al., 2013; Baharara and Zahedifar, 2012b).

Electromagnetic fields might leave different effects on
organisms, while Extremely Low-Frequency Eectro-
magnetic Fields (ELF-EMF) lead to nerve stimulations.
The effects of magnetic fields at low frequencies on the
activity of the human brain have long been preoccupied
in the minds of many researchers (Marino and Becker,
1977; Kula, Sobczak, & Kuska, 2002; Sobczak, Kula, &
Danch, 2002; Al-Akhras, Darmani, & Elbetieha, 2006;
Zare, Hayatgeibi, Alivandi, & Ebadi, 2005).

Visual memory is among the important functions of the
nervous system, severely influenced by environmental
factors. Two environmental factors affecting this func-
tion are stress and anxiety, leading to visual memory
dysfunction. Magnetic fields affect brain cells and brain
waves, as proved in extensive research on human and
animal models. ELF-EMF with different frequencies
and magnitudes reduce or increase the strength of dif-
ferent brain frequencies. However, the magnitude and
frequency of magnetic fields that change brain waves
are unknown. It is only found that people’s responses
depend on the duration of exposure to the field and the
effects of previous fields; thus, the sensitivity of humans
to magnetic fields differs from person to person and re-
quires extensive research (Cvetkovic and Cosic, 2009;
Cvetkovic, Fang, & Cosic, 2008; Cook, Thomas, &
Prato, 2002).

The amygdala plays a key role in response to fear. Save
amygdala and memory consolidation in other areas of the
brain are affected. Glucocorticoid receptors in the hippo-
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campus and amygdala play an important role in acquir-
ing and consolidating spatial and emotional information
(Lynch, 2004; Mehrdad, Yousef, Ahmad, Naser, & Ab-
bas, 2008; Otmakhova, Duzel, Deutch, & Lisman, 2013).

There are contradictory findings on the effects of ELF-
EMF on the cortisol hormone. For example, with an
Extremely Low-Frequency (ELF) field of 0.13 pT, ad-
renal gland tissue secretion (serum cortisol) decreases
in guinea pigs at a frequency of 5 Hz. Moreover, cor-
tisol variations cause variations in sensory thresholds,
memory, intelligence, and concentration. These effects
manifest in the form of depression, fatigue, and rarely
psychosis, as well as changes in hearing, taste, and smell
due to low cortisol (Hampton, Hampstead, & Murray,
2005; Phillips et al., 2006; Cook et al., 2002; Baharara
and Zahedifar, 2012b).

Quantitative RT-PCR (Reverse Transcription-Poly-
merase Chain Reaction) is a standard method used with
microarray to measure the expression of genes. Beta-
actin is used as a local standard for expressing target
genes, including the Glucocorticoid Receptors (GRs)
(Al-Bader and Al-Sarraf, 2005; Gantasala, Papolu,
Thakur, Kamaraju, Sreevathsa, & Rao, 2013). GR is a
circulating active glucocorticoid transcription factor that
affects different biological functions in the body. These
receptors play an essential role in nerve cells and glands.
The expression of GR receptors crucially affects learn-
ing and memory, especially in hippocampus cells. The
stress system activates GR receptors and memory re-
consolidation in rat hippocampus (Conrad, 2005; Hei-
jtz, Fuchs, E., Feldon, Pryce, & Forssberg, 2010; Patel,
Katz, Karssen, & Lyons, 2008; Sandi, 1998). The mon-
key’s memory was examined by behavioral-cognitive,
hormonal, and genomic analyses.

2. Methods
Study animals

Four adult male rhesus macaques (Macaca mulatta)
4-5 years old (average weight: 4 kg) were used. In this
research, two monkeys were placed in the 12-Hz elec-
tromagnetic field. Two other monkeys were not in the
field of electromagnetic fields as control. The animals
received all needed vaccines (Hepatitis-B, HIV, and her-
pes). The monkeys were kept at the animal room labo-
ratory of Neuroscience Research Center, Baqiyatallah
University of Medical Sciences, for 150 days for adapta-
tion. The animal room condition was as follows: 12/12
h dark and light with constant temperature (24+2°C) and
adequate food and water (meal at 8, 12, and 16 o’clock,
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and water was provided with scaled water nipples con-
tainer in a 1000-mL volume designed explicitly for mon-
keys). All experiments were conducted according to the
Bagiyatallah Medical University Medical Ethics Com-
mittee number 112-1394.

ELF exposure procedure

The ELF equipment can generate different wave fre-
quencies from 1 to 300 Hz (made by Dr Jafargholi Labo-
ratory, Amir Kabir University of Technology, Tehran,
Iran). This generator can produce a magnetic field of 0.7
uT in a 160 cm diameter circle field. The ELF exposure
was conducted for each primate as follows: each primate
was transferred to the shielded room in a 1x1x1 m Teflon
cage. The cage was standing at a 50 cm distance from
the ELF equipment, and the wave generator was turned
on. The exposure lasted 4 h/day for four weeks for each
animal. The results of the present study are descriptive.

Visual Memory (VM) response task

A device for recording (VM) behavior (visible) was
designed for this test. The two coated dishes were on
a movable stand (Cook et al., 2002; Richter-Levin and
Akirav, 2000; Kazemi et al., 2017). The animals have
entered the test after 17 hours of fasting. The primates
were transferred to the behavioral test room separately,
and the test was carried out in 2 phases (four weeks, ten
times a day).

Phase I: The visual memory behavior recorder was
placed before the primates, and the primate’s favorite
reward (peanut) was randomly put in one of the dishes.
After 30 seconds, the dish was presented to the animal on
a movable stand. The animal was allowed to make only
one attempt to pick the reward from one of the two dish-
es. In other words, the animal had to remember the dish
containing the reward, and if it opened the wrong con-
tainer, it would be deprived of the reward. This test was
carried out three times a day for 30 seconds delay before
the eyes of the primate. This method was repeated in all
four phases of the visual memory behavior function test.

Phase II: To record visual memory behavior with a
visible reward, the peanut was put in one of the coated
dishes before the eyes of the animal, and the dish was
presented to the animal following a delay of 60 seconds
with a movable stand. The second phase was repeated
three times a day (Constantinidis and Procyk, 2004; Ka-
zemi et al., 2018).

Kazemi et al. (2022). Effect of Extremely Low-frequency on Visual Memory. BCN, 13(1), 1-14
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Magnetic Resonance Imaging (MRI)

The last phase of the tests consisted of Magnetic
Resonance Imaging (MRI) of primates’ brains. To this
end, the first arrangements were made with Imam Kho-
meini MRI Center. The primates had to be fasting for
9 hours before the MRI. Moreover, the primates were
anesthetized with ketamine (10-20 mg/kg) before the
MRI, and their brains were imaged using a 3T MRI de-
vice in the T1 and T2 phases with 3-mm sections of the
axial, sagittal, and coronal regions (for better anatomic
interpretation of the regions of concern). In the image
interpretation phase, volumetric assessments of a special
part of the memory, including the right amygdala, were
analyzed in the ImageJ application (Shanthi and Singh).
In interpreting MRI images of the primates, the T2 tech-
nique was used.

Hormonal assays

To obtain the blood samples, the primates were put in
a stabilized state of consciousness, and 10 mL of blood
was obtained from the femoral region (popliteal artery).
Blood samples were obtained to measure neurotrans-
mitter, hormonal and genomic factors before and after
radiation and recovery phases. The blood samples were
divided into two parts. The first part was centrifuged at
3000 RPM for 5 minutes at a temperature of 4°C, and the
serum content was isolated and assayed to measure and
compare variations of serum hormones using diagnostic
kits for cortisol (purchased from MyBioSource, USA,
with the 0.04-2000 mL/ng standard and unit range).
Various hormone concentrations were measured in the
pre-radiation, post-radiation, and recovery phases.

Glucocorticoid receptor assays

The second part of the blood samples was used for cel-
lular and molecular assays. To this end, after collecting
the blood samples, blood lymphocytes were isolated
using the Ficoll solution in a centrifuge that was used
for 5 minutes at 1500 rpm at the beginning, followed
by another 15 minutes at 2500 rpm. The isolated lym-
phocytes were tested to determine the expression of GR
genes using the PCR technique. Using peripheral blood
lymphocytes, the expressed GR receptors were analyzed
by PCR. To assess the impact of the expression of vi-
sual learning and visual memory of GR genes involved
in mature and immature monkeys, we used the semi-
quantitative Reverse Transcriptase-Polymerase Chain
Reaction (semi-RT-PCR). The peripheral blood sample
was collected from each animal at a related time, and
the total mMRNA was purified by the RNX-Plus kit (Cin-
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naGen, Iran) under the manufacturer’s guidelines. The
quantity and quality of each isolated RNA were evalu-
ated using the NanoDrop spectrophotometer (Thermos,
USA) and agarose gel electrophoresis, respectively. Af-
ter that, to synthesize cDNA from each sample, the Bi-
oneer kit (Takara, Japan) was applied. Briefly, 100 ng of
each RNA sample was converted to cDNA by the master
mix containing M-MLV (Moloney murine leukemia vi-
rus) reverse transcriptase, random hexamers, oligo(dT),
and related buffer. Finally, the GR-2A gene expression
was detected using PCR and the related specific primer
set (Table 1). The mRNA expression of B-actin was sur-
veyed as an internal control. All PCR reactions were per-
formed in a thermocycler (Techne, UK) containing 1.5
puL cDNA, 0.2 mM of the deoxynucleic ide triphosphates
(dNTPs), 2.5 mM MgCl2, 10 pmol of each primer and
1.5 U of Taq DNA Polymerase (CinnaGen, Iran). PCR
program included 6 min initial denaturation at 94°C, 35
cycles of 45 s at 95°C, 45 s at 58°C for GR. To measure
the density of amplicons, each PCR product was run on
2% agarose gel electrophoresis, stained by ethidium bro-
mide, and visualized under a UV gel document. Finally,
the density of each product band was measured by Im-
agel software (Hillmann, Ramdas, Multanen, Norman,
& Harmon, 2000; Hosseini, Soleimanirad, Aghdam,
Amin, & Fooladi, 2015).

3. Results

Results on the percentage of correct answers after irra-
diation the effects of ELF waves on visual memory and
visual memory function of the primates revealed that in
the B-F represents the experimental group who irradi-
ated experimental monkeys (which were exposed to the
0.7 uT field at 12 Hz), visual memory (with a visible
reward) changed considerably following the radiation.
However, in the D-E group of control monkeys, visual
memory did not change considerably (with a visible re-
ward) (Figures 1, 2, 3).

Results of anatomical assays at the 12 HZ frequencies us-
ing the 0.7 pT field (pre and post-radiation) of the sagittal
section of the left amygdala using ImageJ software (loca-
tions are indicated by the pointer) (Figures 4, 5; Table 1).

Variations of cortisol under the impact of the 12 Hz and
the 0.7 uT field in the B-F experimental monkeys decreased
considerably following the radiation. Besides, cortisol
changes in the D -E control monkeys showed an inconsid-
erable following. The recovery of both primates involved
restoring their states to the pre-radiation phase (Figure 6)

Kazemi et al. (2022). Effect of Extremely Low-frequency on Visual Memory. BCN, 13(1), 1-14
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Figure 1. Visual memory response task

January, February 2022 Volume 13, Number 1

It shows the design of the two Plexiglas coated dishes (containing invisible reward). The lid of the dish opens only in one direction. The

dish is placed on a movable stand and can be moved quickly.

Effects of radiation (12 Hz with the 0.7 uT field) on the
expression of GR in B-F experimental monkeys showed
a decrease in the expression of GR. In addition, variations
of the GR gene in the D-E monkeys showed an inconsid-
erable. The recovery of both primates involved restoring
their states to the pre-radiation phase (Figure 7).
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4. Discussion

With the increased presence of electromagnetic fields
in modern industrial societies, the study of the biological
effect of extremely low-frequency electromagnetic fields
(as essential factors influencing environments) with dif-
ferent magnitudes has gained the attention of research-
ers in the past decades. We studied the effects of low-
frequency (12 Hz) electromagnetic waves with the 0.7

=== Control before D-E
==@= Control afte D-E
Experiment before F-B

Experiment after F-B

The third The fourth
week second week

week

Figure 2. Visual memory before and after radiation under the effect of the 12-Hz wavelengths and the 0.7 pT electromagnetic

field

The Figure shows the percentage of correct answers after irradiation. The visual memory response task (visible reward) of the D-E

control and B-F monkeys in phase 1 (delay 30 seconds).
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==@=—Control before D-E
=@=— Control after D-E
Experiment before B-F

Experiment after B-F

The third The fourth

week

Figure 3. Visual memory before and after radiation under the effect of the 12-Hz wavelengths and the 0.7 pT electromagnetic field

The Figure shows the percentage of correct answers after irradiation. The visual memory response task (visible reward) of the D-E
control and B-F experimental monkeys in phase 2 (delay 60 seconds).

pT magnetic field magnitude on the cognitive abilities
of the primates.

Results of studying the effects of ELF-MF waves on
animal and human models are contradictory. According
to the literature, the effects of electromagnetic fields de-
pend on wave properties, radiation period, and the bio-
logical and physiological properties of humans and ani-
mals (Baharara and Zahedifar, 2012a; Wingenfeld and
Wolf, 2015). Also, magnetic fields with a frequency of
50 Hz impair memory and learning. Results of research

by other researchers have also revealed that ELF waves
with 10 and 30 Hz frequencies and a field magnitude of
2 uT improved memory and learning in the experimental
group of rats significantly compared to the control group
(An et al., 2015; Casile, 2013; D’ Angelo, Costantini, E.,
Kamal, & Reale, 2015; Rimbach, Link, Montes-Rojas,
Di Fiore, Heistermann, & Heymann, 2014; Sakhnini, L.,
Al-Ghareeb, Khalil, Ahmed, Ameer, & Kamal, 2014). In
this research, the effects of ELF on the most important
memory cognitive factor were studied at two different
frequencies, which matched the delta (1 Hz) and alpha

Figure 4. Amygdala area sagittal section, before and after radiation (cod D)

Surface analysis (before and after radiation) of the left amygdala of the control monkeys, using ImageJ software.

Kazemi et al. (2022). Effect of Extremely Low-frequency on Visual Memory. BCN, 13(1), 1-14
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Figure 5. Amygdala area sagittal section, before and after radiation (cod B)

Surface analysis (pre- and post-radiation) of the left amygdala of the experimental monkeys, using Image J software

(12 Hz) brain wave frequencies. Visual information
reaches the occipital cortex. This information, directly
and indirectly, flows to the hippocampus, which plays a
significant role in learning processes and memory con-
solidation (especially spatial memory). Mammals use
environmental signals and visual signals to learn and
memorize a position in the space or their physical po-
sition in the space or the environment (Sakhnini et al.,
2014; Kiorpes and Movshon, 2004).

Cognitive functions (such as attention and visual

memory) increase processing speed and relationships
between different brain parts. Another outcome is the

80

~
o

~

[e2)
o

w1
o

Cortisol ng/mL
&5 8 8 &

o

per post

improvement of communications between different
brain members, especially the hippocampus (the origin
of memory), the prefrontal cortex (the origin of concen-
tration and thinking), the cerebellum (controls conscious
body movements), and optic tracts (Murphy, Arnsten,
Jentsch, & Roth, 1996; Kalin, Shelton, & Davidson,
2004). Every learning process starts with attention and
develops with the activation of the working memory.
Without adequate information, the person experiences
learning impairments. Attention is one of the important
sublime mental activities and main dimensions of the
cognitive structure. It plays a significant role in the struc-
ture of intelligence, memory, and perception (Basile and

~—

ez B, F-12 HZ
E=D-E-control

Recavery

Figure 6. The level of plasma cortisol in the control and experimental groups

It shows variations of cortisol levels in B-F monkeys before and after radiation with the 12-Hz wavelengths and the 0.7 uT field magnitude

Kazemi et al. (2022). Effect of Extremely Low-frequency on Visual Memory. BCN, 13(1), 1-14



http://bcn.iums.ac.ir/

January, February 2022 Volume 13, Number 1

Basic and Clinical

Table 1. Amygdala area sagittal section, before and after radiation (control and experiment)

Amygdala Area (mm?3)

Monkey Codes
Pre-Radiation Post-Radiation
(12-Hz) 10.998 10.128
B-F
(control)
D-E 13.581 13.683

The coronal sections show the D-E and B-F monkeys” amygdala area, with the sagittal sections resulting from type T2 MRI

before and after radiation.

Hampton, 2013; Hampton, 2001; Lavenex and Lavenex,
2006; Pipa et al., 2009).

Results of cognitive tests show that after radiation, vi-
sual memory (visible) increased significantly after 30
and 60 seconds at the 12 Hz frequency as compared to
the pre-radiation state. Besides, the behavior displayed
by the B-F monkeys after exposure to the 12 Hz fre-
quency was interesting. The B-F monkeys were highly
restless, reckless, and noisy, and everybody was com-
plaining about their noisiness. However, they were very
calm and careful after being radiated at the 12 Hz fre-
quency. The visual memory of these monkeys did not
change significantly in the control groups, and no sig-
nificant difference was also observed in their behavior.
In cognitive tests, attention and concentration play sub-
stantial roles in vision, and the activity of mirror neurons
is the result of careful observation. Mirror neurons are
located in the F5 prefrontal region (Caggiano, Pomper,
Fleischer, Fogassi, Giese, & Thier, 2013; Fabbri-Destro

0.7
0.6
0.5
0.4
0.3

0.2

GR/p active expression ratio

0.1

Per Post

and Rizzolatti, 2008; Tallon-Baudry, Mandon, Freiwald,
& Kreiter, 2004).

Research results indicate that in different phases of
memorization, numerous Structures are involved in the
brain. Although there is no special memory center in
the brain, the role of the frontal lobe, hippocampus, and
amygdala in memory is more significant. Studies on vi-
sion or the encoding phase are primarily centered on the
left hemisphere, which is more involved in retrieving
information (McLeod, 2007; Keller and Roberts, 2009;
Newman, J. D., Kenkel, Aronoff, Bock, Zametkin, &
Silva, 2009; Tae et al., 2008). Amygdala substantially
contributes to spatial memory and emotional learning,
while GR receptors of the amygdala and hippocampus
are extensively involved in consolidating spatial and
emotional information (Chou et al., 2002; Sandi, 1998).
Afterward, the amygdala was studied using MRI and
the T2 technique based on sagittal sections of the D-E
and B-F monkeys. Results of volumetric assessments of
the left amygdala in the B-F monkeys (12-Hz frequen-

=B, F-12 HZ

W=D-E-control

Recavery

Figure 7. The expression of the GR receptor gene in the control and experimental group

It shows changes in expression of the GR receptor in the D-E control and B-F experimental monkeys before and after radiation with

the 12-Hz wavelength and the 0.7 pT field.
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cy) and the D-E (control group) did not show a drastic
change in the post-radiation phase compared to the pre-
radiation phase.

In humans/primates and rats, cortisol and corticoste-
rone significantly regulate cognitive processes (Kazemi
et al., 2018; Aliyari et al., 2018b; Tekieh et al., 2017).
Other reports suggest that rats in stressful environ-
ments show increased plasma corticosteroid concentra-
tion and eventually learning and memory impairments.
Also, exposure of rats to radio waves increases plasma
corticosterone levels and results in spatial memory im-
pairment (Akirav, Kozenicky, Tal,Sandi, Venero, &
Richter-Levin, 2004; Baker and Kim, 2002). Research
results suggest that under the effect of ELF waves (at the
12 Hz frequency), the level of corticosterone hormone
decreased in rats (Mahdavi, Rezaei-Tavirani, Nikzamir,
& Ardeshirylajimi, 2014). Concerning cortisol levels in
the B-F monkeys and the D-E control monkeys revealed
that the cortisol level decreased in the B-F monkeys (12
Hz frequency) following radiation. This finding is also
in line with findings reported by other researchers. How-
ever, changes in cortisol levels in control monkeys were
not significant. Restoration of hormonal changes to the
pre-radiation state in the recovery phase reflects unstable
changes, which can be both positive and negative. If the
purpose of radiation is to enhance memory function, this
result is a negative outcome because it is unstable. How-
ever, if radiation is meant to destroy, it is a positive out-
come as it is not stable and is transient. It is worth stat-
ing that cortisol is an essential hormone secreted by the
adrenal cortex in humans in response to stress factors.
When the brain considers a factor to be a threat factor
(stress factor), the amygdala is activated and stimulates
the hypothalamic par ventricular nucleus, and the neu-
rons of this nucleus discharge the corticotropin-releasing
hormone into the blood (Balbo, Leproult, & Van Cauter,
2010; Sandi, 1998).

It is worth stating that the glucocorticoid and glutamate
systems of the brain are among the most important parts
of the nervous and hormonal systems of the body, which
are influenced by environmental conditions. Since the
expression of gene and receptor proteins of these two sys-
tems in the peripheral blood lymphocytes are similar to
the nervous system and change under the effect of ELF
waves, these two properly manifest the performance of
the two systems mentioned above. The expression of
the GR gene was tested using the PCR technique. White
blood cells in monkeys are mostly formed of lympho-
cytes, and GRs in lymphocyte cells are similar to the
GRs in neurons of the central nervous system. There-
fore, the frequency (%) of lymphocytes in the blood of

January, February 2022 Volume 13, Number 1

monkeys allows for the examination of the expression
of the GR gene and the examination of the effects of
ELF waves on the two receptor genes. Expression of the
GR gene is associated with cognitive behavior, includ-
ing memory and learning (Conrad, 2005; Heijtz et al.,
2010; Magee, Blum, Lates, & Jusko, 2002; Vugmeyster,
Howell, Bakshi, Flores, Hwang, & McKeever, 2004).
Beta-actin is widely used as a local standard in biological
research regardless of animal and tissue types. GR gene
beta-actin was used as an internal control (Al-Bader and
Al-Sarraf, 2005; Gantasala et al., 2013). One of the most
important functions of stress hormones is the excessive
activation of the brain glutamate system, followed by ex-
tensive destruction of different brain regions. Therefore,
researchers believe that a decrease in memory following
chronic stress is caused by the effects of stress hormones
on the increased activity of the glutamate system. Pre-
vious research also suggests that glucocorticoids affect
many cognitive processes. For example, acute adminis-
tration of compounds such as corticosterone increases
long-term memory consolidation dose-dependent (Phil-
lips et al., 2006; Sandi, 1998; Pipa et al., 2009). The ef-
fect of ELF waves on the expression of the GR gene in
the B-F monkeys (12 Hz) was studied with the 0.7 pT
field. The investigations showed that GR gene expres-
sion in the B-F primate (12-Hz frequency) decreased
slightly following the radiation, and GR gene expres-
sion in the control group did not change. Besides, the
recovery involved restoration to the pre-radiation state.
One of the mechanisms of action of glucocorticoids is
the alteration of gene expression following activation
of intracellular receptors. GRs are widely scattered in
the brains of reptiles, and their concentration is higher
in the hippocampus, par ventricular nucleus, and hypo-
thalamus. Recent research indicates that the effects of
glucocorticoids on memory processes are efficacious.
These immediate effects are seemingly caused by the in-
teraction of glucocorticoids with several neurotransmit-
ters in the brain. Hence, the effects of glucocorticoids on
memory and memory consolidation may be exerted via
excitatory amino acids and their receptors (Finsterwald
and Alberini, 2014; Conrad, 2005; Patel et al., 2008).
On the other hand, the role of calcium ions and calcium
channels in memory has also been confirmed because
glucocorticoids increase the concentration of calcium
ions and activation of calcium channels. Therefore, one
of the mechanisms involved in the influence of gluco-
corticoids on memory may be the increase in the activity
of calcium channels. ELF-MF fields, like environmental
factors, probably have inhibitory effects on the expres-
sion of the GR gene. ELF-MF waves impair glucocor-
ticoid receptors. Stress, fear, and anxiety exert negative
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impacts on cognition and function of the central nervous
system. Moreover, cortisol (the stress system) and the
adrenal sympathetic system (the emotion system) can
also have drastic effects (Lewczuk, Redlarski, G., Zak,
Zidtkowska, Przybylska-Gornowicz, & Krawczuk,
2014; Sandi, 2011; Touitou and Selmaoui, 2012; Mah-
davi et al., 2014). The prefrontal cortex receives sensory
inputs from the limbic system. After processing informa-
tion and experience, the resulting data are stored in the
form of memory in certain regions. The processed data
are stored within several seconds in the form of infor-
mation in the short-term memory and then in the long-
term memory in a more stable form and eventually in
the hippocampus. Similar to the present research, visual
memory was tested for 30 seconds and 60 seconds after
exposure to ELF-MF, respectively (Kandel, Dudai, &
Mayford, 2014; Mayford, Siegelbaum, & Kandel, 2012;
Pipa et al., 2009). Based on cortisol assessment research,
visual memory is directly related to the cognitive behav-
ior of the monkey. Abnormal increase and decrease in
cortisol levels result in cognitive changes in the monkey
relative to the effective dose. In 2018, Hamed Aliyari
et al. reported that the electric field of the high-voltage
fields’ tower caused an excessive reduction in cortisol
levels compared to basal cortisol, which represent of
cognitive impairment in monkey (weakening of visual
working memory) and depression. Nevertheless, in this
study, the cortisol concentration was lower than the basal
level, improved cognitive index (visual memory). Elec-
tromagnetic magnitude reduced the concentration of cor-
tisol (effective dose). An effective dose and any stimu-
lus that changes the concentration of cortisol results in
cognitive changes in humans and animals (Tekieh et al.,
2017; Aliyari et al., 2018a). Reduced expression of the
GR genes enhances the cognitive memory of the visual
memory in the monkey. Results of radiation at the 12-Hz
frequency with the 0.7 uT field decreased the expression
of the GR gene. The decrease in expression of the GR
gene and cortisol concentration improved visual mem-
ory in the B-F monkeys following exposure to an elec-
tromagnetic field at the 12-Hz frequency. The result of
the cognitive behavior of B-F monkeys showed that they
were more relaxed, vivacious, and careful. So, it can be
said that all the extremely low-frequency electromagnet-
ic fields are not harmful because their harm depends on
frequency, field magnitude, radiation lengths, and other
factors. Perhaps further research may identify other use-
ful frequencies, such as the frequencies used in neuro-
feedback. However, the attainment of this goal calls for
more fundamental studies by interested researchers.
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