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Abstract: The development of technology has naturally given rise to an increase in environmental low frequency
electromagnetic fields and consequently has attracted scholars attention. Most of the studies have focused on
transmission lines and power system distribution with 50 Hz. This research is an attempt to show the effect of 50 Hz
magnetic fields on bioelectric parameters and indicate the possible influence of this change in F1 cells of
Helixaspersa. In this research neural cell F1 snails from the garden to the effects of magnetic fields on the peripheral
nervous system were used. The control group was selected because of the consideration of time passing, electrode
entrance and membrane torn. The sham group has been selected as because of consideration of the probable effect of
moderating of environmental factors. Experiment to identify the effect of the magnetic field was considered. To
apply sinusoidal magnetic fields, a pair of Helmholtz coils, to get a homogenous magnetic field.
Electrophysiological recording from cells under current clamp conducted to show the effects of magnetic fields on
ion channels of the cell model Hodgkin-Huxley used. Two-way ANOVA was used statistical tests with the
significance level of p<0.05. To estimate the parameters PSO algorithm was used. No statistically significant
difference was found between control and sham groups in different time intervals. Once the 109.34 microtesla was
applied significant differences were observed 12 minutes after the application. The highest amount of change
happened 16 minutes after the application of more fields. No significant changes were observed in different time
intervals, whereas significant differences were seen in frequency of action potential during different time intervals.
The amplitude of AHP show no significant changes. The results indicated that low frequency magnetic fields with
50 Hz frequency will directly lead to change in bioelectric activities neurons through a change in amount and rate of
open and close ionic channels. Conductivity of reduced sodium and potassium channels and potassim dependent
calcium channel (AHP) increases.
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1. Introduction the effects of these fields on the human beings active
Technological development has led to increasing systems demand scientific researches [3, 4, 5].
environmental low frequency magnetic fields, so it Animals experiments, clinic consideration and
has attracted the scientific communities attention to computer simulation can be accounted as these ways
biologic effects of these fields. Key discussion is on and can be as the clue for finding the answer to this
the transmission and electricity power distribution, question [6].The scientific evidence has proved the
but there are many resources in the work and life neurological system sensibility to magnetic fields.
environment that create electrical and magnetic fields The neurological system responses to these fields
adjacent to their environments and the radiation followed different patterns are the results of ion
amounts of these fields increase by increasing the channels and their numbers in the membrane of
energy use level [1, 2, 3]. neurological cell [7, 8]. Researches show that low
There are low frequency magnetic fields with the frequency electromagnetic fields effects have been as
range of 3-3000 Hz and by regarding the low energy, the results of the effect of these fields on the
they can't end to ionization thermal effects when they permeability of cell membrane. So, the study of
encounter with biologic systems. So, other effective events when the neurological messages transition
mechanism have been gone through in the happen in the field ensues has paved the way for
encountering these fields with active systems that understanding the biologic effects of these fields [9].

findings of these mechanisms and consideration of
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There are different ionic channels in membrane are identified, APH are compared by speed and
cell that their activeness and inactiveness by opening delayed Sodium and Potassium conductive models.
and closing, on cell parameters including membrane 2. Materials and Methods
respite potential, performance potential positive and We appealed to Dr. Kaviani Mogadams inner cell
negative domain peak, changes in the membrane data which was collected in Shahid Beheshti
permeability will play significant role. So, the University of Medical Sciences and Tarbiateh
process like voltage change will be stimulus for the Modaress University. These data are relevant to
trend of ionic channel by effecting and opening and neuron F1 in Helix aspersa. Helix aspersa, which has
closing of them [10]. fairly simple neurological system, paves the way for

In considering of effective mechanism in the massive understanding of complicated neurological
appearing of biologic effects of low frequency process[11]. After the provision and cell preparation
magnetic fields it is pointed that cell membrane and steps, one microelectrode was filled with 3 ML KCL
ionic channel has significant role in the instigation solution inside and another microelectrode was laid
and simulative cell activities including neurons and outside of the cell and all experiments was carried out
they can be the main contract place of low-frequency in FARADY Cage [13]. This has been done by one
fields with active systems. So, the performance electrode Current Clamp technique, the performance
changes of these channels may be effective on the potential was recorded by spontaneous and instigated
appearance of some side effects like changes in the forms. spontaneous activity recording was measured
activity level of neurons bases[11]. right away after depolarizing current infusion and

By regarding the traits and appropriate hyperpolarizing by square wave and intensity of -5 to
parameters in addition to regard the source and the +5 nAby microelectrode and by the use of
effective way, derived from the effectiveness to D/Aconverter and Axoclamp device. The cell
magnetic field performance and effect on the whole, disturbing response has been registered by amplifier
we can be assured (Homogenous parameters) and device and A/D.
such model that is able to show the resulted changes 2.1. Experimental groups
in certain and purposeful parameters can help in Participants in this study were three groups
understanding the way of effectiveness of this field control, sham and experimental. The control group
on the biologic systems [12]. Since the source and was selected because of the consideration of time
cause of animals and biologics' behavior are relevant passing, electrode entrance, membrane torn and
to the membrane ensue which have been started from probable ionic leakage by electrode entrance and the
membrane ionic channel performance, isomorph effect of useful magnetic field on cell bioelectric
parameters in performance potential at the period of activities.
non-performance and maximum performance of field In this group the recordings of electric activity of
are derived by offered parameters in HH (Hodgkin- cell was in standard ringer without electromagnetic
Huxley) cell model and PSO algorithm, then the field performance. (Figure 1)

effectiveness on the model of parameters in question

Tun off Signal Generator & 12min -~ 14min 16 min 18 min 20 min
Amplifier | 1 | | |
Cell Preparation Spontaneous Spontaneous Spontaneous
Activities Spontaneous Activities Spontaneous Activities
Activities Activities
The she e primary
considerati ion, the
environmer 1 boosters
fields deriv » intervals
converter
adjustment
Tum on Signal Generator & ‘
Amplifier 12 min l4mn Ll6min 18 min 20 min
no magnetic field in coils l 1 l l l
Cell Preparation Spontaneous Spontaneous Spontancous

Activities SPONMANEONs Activities Spontaneous Activities



Life Science Journal 2013;10(7s)

http://www.lifesciencesite.com

Figure 2. Time pattern in cell inside register steps within intuition group

2.2. Hodgkin-Huxley model in nerve cell

Neural neurons have been studied extensively.
For modeling cell in neural net, the kind and channel
number, cell trait in relation to instigation and cell
innate performance are important factors in the model
identification. This model includes minimum
collection of ionic current which is depending on
voltage of gained data.

Cell inner registration in neuron FI1 in Helix
aspersa at standard ringer could be used as to show
input sodium and calcium current, outside potassium
and potassium dependent on calcium for adjusting
frequency shooting and subsequent potential domain
in hyperpolarizing (AHP). In addition, leakage

current resulted from potassium current in cell has
been taken into account. The Input Calcium current
would be appeared if we control sodium current,
unless they would be affected by perfect sodium
current. So, all of the following current in cell will be
taken into account.

Sodium current

Potassium current

Potassium dependent on calcium current
Leakage current

I, =g, (V=V)

B =

Finally, cell model will be accepted as the following formula

dv
m dt

= gNam3h(V IV/\/a)"'g1<n4(V IVK)+ gAa3b(V IVA)"'gL(V IVL)

Iy, = gNa(MAX)m3h(V V)

Iy = gK(MAX)n4(V Vi)

I,= ga(MAX)a3b(V -V,

2.3. Data Analysis

Referring to the relevant articles of the samples of
each group, the electrophysiological and modeling
results of 4 to 6 samples have been obtained. On the
spontaneous activity of each neuron, resting potential
(RMP) was measured and their mean values were
calculated. The -calculation of distance between
Spikes (ISI) was carried out in the form of the
distance between two peaks of action potential and
action potential duration at 50% spike amplitudes.
Furthermore, the action potential amplitude and

20 mV

Resting membrane potential

Hyperpolarization following resting membrane
potential level are also calculated (Figure 3).

Data analysis was performed using the software
Chart 6. Quantitative values are expressed as SEM
+ Mean. Test mean comparisons using two-way
ANOVA were done by the MinTab 16 software.

P<0.05 was considered as the significant level.
Matlab software environment for the implementation
of the PSO algorithm is used to estimate parameters.

Width

Spike height
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Figure 3.The ways of measuring the characteristics of action potential

3. Results
3.1. Electrophysiological properties of nerve cells
in the control group

In order to investigate the intrinsic properties of
nerve cell membrane and the used solution (ringer)
and also the effect of time duration, the spontaneous
activities’ data of control group for providing the

Table 1. Electrophysiological

results of electrophysiologic and modeling have been
used. To provide the electrophysiologic results for
this group, 6 samples of F1 nerve cells were
recorded, 30 action potential characteristics of each
period have been investigated and the results are
presented as S.E.M 4 Mean (Table 1).

properties of Flnerve cells in control group

Parameter | Time (min) 0 12 14 16 18 20
. . 419+ 422+ 42,1t 4121 -40.97* -40.87 %
Resting membrane potential (mV) 0.53 0.4 0.29 031 025 024
Firing frequency of action potentials 229+ 229+ 228+ 227+ 2,12+ 229+
(Hz) 0.08 0.07 0.06 0.07 0.07 0.05
Positivepeak amplitude of action 4139+ 4137 41.72% 4173t 4172t 41.77%
potential (mV) 3.93 3.34 3.00 2.98 3.12 3.79
Negative peak amplitude of -50.86 % -50.72 % -50.53 % -50.57 % -50.57 % 50.55+
actionpotential (mV) 0.39 0.41 0.55 0.58 0.59 0.57
Duration of action potential (ms) 571t 572t 571t 574t 577+t 575+
0.13 0.13 0.14 0.14 0.16 0.15

In this group, of the characteristics of 30 selected
action potentials of each time interval, the parameters
of the resting membrane potential, firing frequency of
action potential, action potential peak amplitude,
negative peak amplitude of action potential and the
action potential duration using the two-way ANOVA
in accordance with the time interval and the primary
record were conducted, and as a result no significant
difference was observed. Therefore, in bioelectric
activity of F1 nerve cells there is no significant
difference over the time (P<0.05, n=30).

3.2. Electrophysiological properties of F1 nerve
cells in the sham group

In order to remove noise from the intracellular
records, the experiments were carried out in the
Faraday cage. The entire environmental field within
the cage was small and only two signal generator and
audio amplifier are available in the cage. Therefore,
to investigate the effect of environmental noise on
bioelectric activity of nerve cells, the intuition has
been taken into consideration. In this group the signal
generator and audio amplifier are on, but their
relationship with field-generating coils is cut off. The
trends and characteristics of this group are like
control group and the characteristics of 30 action
potentials have been investigated. The results are
presented as S.E.M 4+ Mean (Table 2).

Table 2 - The electrophysiological properties of F1 nerve cells in the sham group
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Parameter | 10¢ 0 12 14 16 18 20
(min)
Resting membrane
potential 41995051 | 42074052 | HR2E [ AL06E G A2TE T 4554 049
0.52 0.53 0.54
(mV)
Firing frequency of
actionpotentials 2.44 £ 0.08 2.41%0.07 242+ 0.08 | 240%+0.07 | 2.41+0.08 | 2.43+0.09
(Hz)
Positive-peak
amplitude of action 39.17 3721 38.14% 39.57+
potential 38.1943.64 | 27.26+3.34 2.98 3.11 3.23 3.91
(mV)
Negative peak
amplitude of action -53.01% -52.96 -52.75¢ 5287+
potential -52.61£0.67 | -53.02+£0.78 | 7y ) 0.59 0.58 0.59
(mV)
Duration of action
potential 5.22%0.12 5.19£0.09 517£0.14 | 523%£0.19 | 5.77£0.16 | 5.19+0.14
(ms)

Similar statistical analysis, which had been
done in control group, was conducted in the sham
group and similar to the results obtained from control
group, the procedure of gradual differences in action
potential characteristics were observed, but no
significant difference was observed in any of the
intervals (P<0.05, n=30). So, bioelectric activity of
the F1 nerve cells is not affected by electromagnetic
fields and noise caused by turning on the signal
generator equipment and audio amplifier.

Therefore, if any significant statistical
difference in the parameters derived from action
potential due to the employment of external magnetic
field is seen, this would be due to the application of
magnetic field.

3.3. Employment of magnetic field109.34 micro
tesla with sinusoidal frequency of 50 Hz.
3.3.1. Resting potential of membrane

The intensity of the applied magnetic field leads
to the nerve cell membranes resting potential
depolarization. By applying the magnetic field for 12
minutes, based on the statistical tests, significant
differences were observed and the greatest difference
was seen 16 minutes after the application of the field
(P<0.05, n=30); in a way that the average resting
membrane potential of such cells in controlled
conditions was at -44.71+ 0.9 mV, and 16 minutes
after applying the field it reached to -34.19 +

0.82mV. With the increase of duration in applying

the magnetic field, the amount of the changes of

resting potential would decrease.

3.3.2. Amplitude of sodium action potential
Applying magnetic field with this intensity

leads to the decrease of action potential amplitude.

After applying the field for 12 minutes, in
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comparison with control group, no significant
difference was seen in the potential amplitude and by
increasing the duration to 16 minutes the difference
became significant (P<0.05, n=30) in a way that the
average sodium action potential in controlled
conditions was at 36.63 = 0.88 mV; after 16 minutes
of applying the magnetic field the average reached to
25.98 £1.34 mV and after 20 minutes to the 25.11 +
1.36 mV.
3.3.3. Duration of action potential

Applying magnetic field with this intensity has
no significant effect on the duration of action
potential. In control group, the duration of action
potential was 4.79 £ 0.12 ms and at different time
intervals no significant difference was seen(P<0.05,
n=30).
3.3.4. Firing frequency of function potential

Comparing to control group, applying the
magnetic field with this intensity has no significant
effect at different time intervals.
3.3.5. The subsequent
amplitude of action potential

Applying the intensive magnetic field leads to
the increase of the subsequent hyperpolarization
amplitude of action potential. The statistical analysis
in this intensity didn’t show any significant
difference at different time intervals (P<0.05, n=30).
It happened in a way that the subsequent
hyperpolarization amplitude of action potential of
cell in controlled conditions was -53.07+ 3.11 mV,
and after 16 minutes of applying external magnetic
field it reached to -53.79 + 2.99 mV.

As a result,16minutes after applying the field is
chosen for the field 109.34 microtesla with 50 Hz
sinusoidal frequency as a critical point.

hyperpolarization
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For cell modeling, of the time intervals of
control conditions as many as the registered samples
(n=6) and of the time intervals of the greatest effect
of the field, like the control conditions, the function
potential of the cell was chosen. In the considered
model, all the constant numbers were considered as
parametric(15 parameters for sodium conductivity, 9
parameters for fast potassium conductivity, 17

parameters for AHP current conductivity, 2
parameters for leakage current and 1 parameter for
capacitor capacity). By conducting the PSO
algorithm, 44 parameters were calculated (figures 4,
5) and of the obtained values, sodium conductivity
rate, quick and delayed potassium conductivity rates
were computed(Table 4).
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Figure 5. The instant error rate of the actual and estimated action potential in the conditions of applying
109.34microtesla field after 16 minute applying of the field

825



Life Science Journal 2013;10(7s)

http://www.lifesciencesite.com

Table4.The average parameters of Hodgkin-Houxly F1 nerve cell in control conditions and 16 minutes after
applying sinusoid field 109.34 micro tesla 50 Hz.

Parameter conditions Before applymg.t.he field After applymg .the field
(control conditions) (critical points)
Positive peak amplitude
3 0.3129 0.2898
Gy, = GNa(max)m h (mS)
Positive peak amplitude
V., (mV) 49.7042 52.6921
Negative peak amplitude
4 0.0591 0.0628
Gy = GK(max)n (mS)
Vy, (mV) -58.8146 -61.7035
Ga(AHP) = Ga(max)a3b (mS) 0.00491 0.00493
Va(AHP) (mV) -70.8933 -73.7822
G, (mS) 0.0012 0.0019
V, (mV) -20.8436 -25.7325
C, (uF | cm?) 1.004 1.010
MSE 0.45034 0.49200

4. Discussion and Conclusion

Accumulated evidences demonstrate that
extremely low frequency magnetic fields (ELF-MFs)
are capable of modifying neuronal function.

At the cellular level, one of the possible
methods for demonstrating the biological effects of
magnetic fields on cell membranes is to investigate it
on the membrane of that cell, mainly because of the
existence of the ionic channels inside the cell
membrane [14].

Neuronal ion channels are gated pores whose
opening and closing actions are usually regulated by
factors such as a voltage or/and ligands. They are
often selectively permeable to ions such as sodium,
potassium and calcium. Anything that interferes with
the membrane voltage can alter channel gating and
comparatively small changes in the gating properties
of a channel can have profound effects. Extremely
low frequency electrical or magnetic fields are
thought to produce, at most, microvolt changes in
neuronal membrane potential. At first sight, such
changes in membrane potential seem too small in
orders of magnitude to significantly influence
neuronal signaling [15].

However, in the central nervous system, a
number of mechanisms exist that amplify signals.
This may allow such small changes in membrane
potential to induce significant physiological
effects[15].

Although in many studies, data do not allow a
conclusion about the precise molecular mechanism
for the effect of MF, but one possibility is that the
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MF influences intermolecular interactions that are
important for signal transduction, either in protein-
protein or protein-lipid membrane interaction forms
[16].

The present findings described the cellular
effects of low frequency magnetic fields on the
neuronal  excitability and action  potential
characteristics. It decreased firing frequency of action
potentials, thereby causing neuronal inhibition. The
inhibitory induced by magnetic fields could be
mediated through inhibition of Ca®" channels or
voltage and/or calcium dependent K' channels. In
explaining the elicited bioelectric activity changes
under static magnetic field exposure two mechanism
were proposed, namely the Ca*"-dependent and the
Ca*"-independent metabolic processes[17].

We assume that the changes detected in the
membrane resting potential of the F1 caused by
magnetic field are the result of the change in
membrane proteins (ion channels and ionic pumps)
which are altered by magnetic field. Ljiljana.et al
believe that the increase in the spike amplitude of
theF1 could be a result of increased activity of
channels involved in the depolarizating phase of AP,
or a decrease in channels responsible for spike
hyperpolarization. However, it is possible that other
changes in membrane resistance could cause to an
increase in the amplitude of the action potential
[17,18].

The decrease in the frequency of action
potentials indicates that the magnetic field has an
inhibitory influence on the F1 neuron activity, and
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similar finding were reported on cultured mammal
neurons. The same effect on action potential
frequency was also found in a study on spontaneous
active snail neurons from Helix lucorum[17,18].

Inactivation of Na' channels leads to a
progressive decline in the Na' conductance available
for generating of action potentials which in turn can
lead to a delay in the onset of successive spikes and
progressive decline in the frequency.

In conclusion, on the basis of the present data in
combination with the previous work on snail neurons
[16], it can be suggested that magnetic field induce
inhibitory effects through inhibition of K channels.
The use of different flux intensity as in this study
seems to be an essential as a contributing factor in the
decrease of frequency in snail neurons [19].
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