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Abstract: Extremely low-frequency magnetic fields (ELFMF) have been reported to produce a variety of
biological effects. In the present study, the effects of extremely low-frequency magnetic field (ELFMF) of 4 uT
intensity on spatial memory in mice brain (20 min) with using an platform finding task were examined. Thirty
mouse were divided to control, experimental 1, 2 (n=10). Comparable groups of mice were exposed for 20 min
to ELFMF. For similar conditions control group were situated mto set of ELFMFEs for 20 min but with out
exposwre of magnetic field. The total time spent exploring the platform in the starting phase for all groups was
estimated. Present results demonstrate (Experimental 1, 2) that exposed ELFMF are significantly better in
practice related to spatial memory in comparison with control group.
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INTRODUCTION

Extremely low-frequency magnetic fields (ELFMF)
have been reported to produce a variety of biological
effects (Cecconi et al., 2000) that interfere with the activity
of the brain (Jelenkovic et of., 2005) and may produce
behavioral and cognitive disturbances (McKay et al.,
2000). Some efforts have been to investigate the incidence
of ELFMF on human health and animal physiology and
behavior (Boorman et al., 2000). Reports suggest that
ELFMF may act on the neurotransmitters releasing
(Eun-joo and Jeong, 2007) such as analgesic (Naomi and
Hensel, 2004), melatonin levels (Grlefahn et al., 2002),
hypothalamic pituitary adrenocortical axis activity
(Zhenguo et al., 2001) and alter the plasma corticosterone
level (Mostafa et al., 2002). Such effects may mterfere
with memory per-formance as there is evidence
suggesting impairing effects of corticosterone release on
recognition in rats (Touitou et al., 2002). Studies showed
exposure to a relatively weak (100 to 1000 uT) low
frequency (<1000 Hz) specific pulsed magnetic field (CNP)
has produced analgesia (anti nociception) in snails, mice
and humans and altered normal resting EEG in human
subjects. Others suggest that PEMFs (palse electro
magnetic fields) exposure may produce an enhancement
in cortical excitatory newrotransmission and PEMFs
may produce functional changes in human brain
(Capone et al., 2009). The amn of this study 1 to
examination the effects of brain exposure to ELFMF of

4 uT intensity on spatial memory and learning in mice.
The recognition task, based on exploratory activity of
mice, was used as an appropriate model for assessing the
effect of ELFMF on memory.

MATERIALS AND METHODS

All experiment was conducted in faculty of science,
Islamic Azad University of Mashhad, Iran (2009).

Animals: Thirty male small mice (25-30 g, Razi institute of
Mashhad, Iran) were used in this experiment. After 4 days
of habituation to the laboratory (faculty of sciences,
Islamic Azad unmiversity of Mashhad, Iran) environment,
the amimals were exposed in an ELMFs, or a similar
solenoid without an electromagnetic field. They were kept
in cage (width 30 ¢m, lengh 30 cm, height 30 cm).

The room was held under a 12 h light/12 h dark cycle
and at 22+1°C. They had access to food and water. During
their stay in the respective housing conditions, they were
removed daily from their cages for water supply. The
experimenter also handled the animals for about 3 min

each day.

Platform recognition: The apparatus consists of a water
maze; it consisted of a large, circular, galvamzed steel
pool (1.8 m in diameter, 0.6 m in height). A white platform
(10 e¢m in diameter) was placed inside and the tank was
filled with water (22°C) until the top of the platform was
submerged] cm below the water's surface. A sufficient
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Fig 1. Bolenoid

amount of white paint (Proline-Latex Flat; Martin Senour
Compaty, Cleveland, OH) was added to male the water
opagque and render the platform vidually invidble, In
addition to the wisual cues on the walls of thelaboratory
(shapes), five sheets of paper with black-and-white
geotnettic designs attached to the sides ofthe tanl served
agadditional cues. There was a camera ahove the maze
that in all stages of the test record the animal paths.
IMorris water maze test was done for 5 days and each day
with 4 trialz (D Hoo geand Delreyn, 20017

Magnetic field chamber: Magnetic field chamber
consisted of a cylindrical cage fom fiber glass (2
thick) and was 6.5 cm intemal a coil of 1760 turns from
electrically inswlated 0.75 mum copper diameter and 70 cm
long wire were wound around the outer cylinder at equal
digtance. The cylinder was grounded and there was
homogenous mag-within the chamber wolume (Fig. 1.

Cube from copper was used to cover the cylinder.
The coil was connected to signal generator (GFG-5019 G,
Good Will instrurment Co) which its esternal current was
connected toa 600 W Amplifier. The electromagnetic field
inside the chamber was measured at different locations
using a hand-held Gauzs/Teda Weter Iodel 101 (Tran).
& probe P-102 (Iran) of + accuracy was used to
calibrate the magnetic field. The field frequency and
strength can be wvaried by signal generator inside the
homogenous zone with an increase the solenoid
terperature (+0.1°C).

Thirty mice were randomly divided to two treatment
and one control groups respectively. The number of mice
was (= 10y for each group. The magnetic field of the
solenoid was 4 pT for the treatrnent groups and 0.01 pT
for control group just for induce the same stressor
condition. The ragnetic field fequency was 10 Hz for the
first and 30 Hz for the second treatment group.

fid

Fig Z: Schematic representation of the tegting procedure
(a) starting phase and (b) ending phase

Treatments: IMice were exposed to ELFMF of 4 pT
intensity while maintained inside the solenoid magnetic
field. Each mouse was located for 20 min in a magnetic
solenoid one session during a day for five days. Fach time
they were tested imtnediately in the Momis water maze test

(Fig. 21

Behavioral testing

Hahituation: Animals werelocated on the plate before the
each expenment of the test proper for 15-20 sec each day
for five days. They wereremoved from the magnetic field
solenoid for that period of habitation. Each mouse was
allowed to see the enwironment and water maze for
achieving a spatial description of it for that period.

Platform recognition test: The test was minin 24 h
interval between each session. Fach mouse was tested in
one session. A session consists of a starting phase
(tnouse is located in water maze) and an ending phase
(mouse explores the platformy with a time  interval
[ The titne is mouse switntning) between the two phases.
The platfonm used duing the spatial memory was invisible
(tadius 5 xheight 23 oo located 1-2 cmounder the surface
of maze water, fized duing all tests.

Performanc e measures and analyses: The basic measure
was the titne spent by mouse in exploring platform during
the starting phase. Exploring the platform was defined as
directing The nose to the platform at a distance <2 om
and or ztling on it, conversely, tuming around the
platformn was not considered as exploratory behawior. The
ending phase was defined az exploring the platform or
turning around it for 80 sec. Comparisons focuszed on the
time spent by mice in exploring platfbom duing the
startin g phase.

Statistics analysis: To detenmnine significant differences
hetween  different groups, test one way Analysis of
Wariance (ANOWVA) test was performed. All differences
were considered significant atthe p<0.05. ANOVAz and



J. Biol. Sci., 10 (1): 67-70, 2010

subsequent planned comparisons were conducted using
Sigma Stat for Windows, version 2.03 (SPSS, Inc.,
Chicago, IL).To design graph was used EXEL software.
Mean while the data as mean+standard error of the mean
reported.

RESULTS AND DISCUSSION

Foundings show that the path of the motion in the
first and third and fifth days in each group is completely
different (Fig. 3).

There is a significant difference (p<0.05) in time for
finding platforms in the starting phase between
Experimental 1 and 2 groups in compare with control
group (Fig. 4). In the starting phase, in both 10 and 30 Hz
ELFMF-treated mice the time for finding platform was
significantly less than control animals (p<0.05).

The first treatment group was exposed to 10 Hz and
the second treatment group was exposed to 30 Hz
electromagnetic fields. The field intensity was 4 uT for
two groups, both the first and the second ELMF treated
groups explored significantly less than control (p<0.05),
whereas in the starting phase mice exposed to 10 Hz
magnetic field explored less than those exposed to 30 Hz

magnetic (Fig. 5).
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Fig. 3: Representation of the motion. Captured by an infra
red camera, (a) Control group, (b) 10 Hz freq and
(c) 30 Hz freq

(a)

69

Our results demonstrate that exposure to ELFMF
produces a significant increase in the spatial memory of
mice. These results add to the growing evidence of useful
effects of ELFMF on human health in everyday life
(for example, the effect of magnetic field on in human brain
(Capone ef al., 2009)).

Our results are in agreement to those reports
(Johansen, 2004) which demonstrate the effects of ELFMF
on learning activities while there is increased number of
reports on  the inconsistent (Johansen, 2004).
Capone et al. (2009) suggested that PEMFs exposure may
produce an enhancement in cortical excitatory
neurotransmission and may produce functional changes
in human brain. McKay er al. (2000) showed the
exposure to ELF EMF of 1 uT intensity during 2 h for
9 days increased the duration of short-term memory of
adult male Wistar rats up to 300 min and indicated that
ELF EMF improves social recognition memory in rats, In
conflict Yu er al. (2008) suggested that ELF magnetic
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Fig. 4: Comparison of time spent by mice exploring
platform between groups, both the 10 Hz freq and
30 Hz freq groups exploring time were less than
control * (p<0.05)
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Fig. 5: Time spent by mice exploring platform in the

starting phase several groups. Each group was
compare with control
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fields impair spatial recognition memory in the Y-maze
depending on the field strength and/or duration of
exposure (Smmczuk-Walczak et al., 2004).

This 1s probably due to the lack of standard
parameters in the dosage and duration of exposuwre to
magnetic fields (Touitou et al., 2002). In contrast to the
worrying reports on the deleterious effects of ELMF on
human health, other studies suggested beneficial effects
of low magnetic or electromagnetic field in certain
conditions. The present results demonstrate the possible
cognitive and biological effects of exposure to ELME and
raise attention to the possible health hazard associated
with domestic electric device. May be exposure to ELMF
could progress fasilating path way and increase number
of synapses that 1s very unportant in memory process.
Further studies are underway to examine the effect of
ELMF at different intensities and in comparable tasks that
involve spatial memory and visual attention.

Intotal, 1t 18 concluded that exposure to ELFMF of
4 pT mtensity have cognitive and biological effects on
spatial memory and learning in mice and can improve
spatial memory.
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