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Abstract. Aim of this study was to investigate the application of normalized mean of the empirical 
Higuchi fractal dimension (FD) distributions, as a new approach to analyze the spontaneous bioelectrical 
activity of garden snail (Helix pomatia) Br neuron. The effect of ouabain on modulation of Br neuron
bursting activity before and after the exposure to 10 mT static magnetic field (SMF) was observed by
analyzing the following parameters: action potential (AP), interspike interval (ISI) and interbursting 
interval (IBI) components. Normalized mean of the empirical FD distributions were formed for the 
following experimental conditions: Control 1, Ouabain 1, Control 2, SMF 2, ASMF 2, Control 3, SMF 3 
and Ouabain ASMF 3. Our main results have shown that ouabain without SMF induced increase in 
participation of AP and a decrease in participation of IBI components compared to the first control
condition. However, in the presence of 10 mT SMF, ouabain-induced changes of measured parameters 
of Br neuron activity were less pronounced compared to the third control condition. We have shown 
that normalized mean of the empirical FD distributions is a useful method for detecting the changes 
in AP, ISI, and IBI components of complex bursting activity in altered physiological states.
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Introduction

Higuchi fractal dimension measure alone, or as a preproc-
essing method in combination with other signal analysis 
techniques is very useful in the analysis of bursting activity 
and EEG signals that originate from neuronal networks 
(Goldberger et al. 2002; Spasic et al. 2008; Raghavendra 

and Narayana-Dutt 2010; Spasic et al. 2011a, b, c). As the 
biological signals are nonlinear by its nature, it was expected 
that nonlinear methods are more suitable for signal process-
ing than classical linear techniques such as spectral and 
wavelet analysis (Goldberger et al. 2002). Higuchi fractal 
dimension allows fast computational analysis and charac-
terization of various signal properties (Raghavendra and 
Narayana-Dutt 2010). By using fractal analysis it is possible 
to track changes in complexity of neuronal signals in normal 
and altered physiological states.

The bursting activity as a specific type of neuronal bio-
electric activity can be associated with some of the most 
important physiological functions like respiration (Pena 
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2008) and heartbeat (Levy 1981). Bursting activity is the 
property of both, invertebrate and vertebrate neurons. In 
vertebrates, bursting activity can be found in structures 
such as neocortex (Le Bon-Jego and Yuste 2007), thalamus 
(Fuentealba and Steriade 2005), cerebellum (Raman et al. 
2000) and neuroendocrine cells (Stojilkovic 2006). Bursting 
bioelectric activity consists of bursts of action potentials 
(AP) separated by interspike intervals (ISI) and interposed 
silent interburst periods (IBI) (Marsat and Pollack 2012). 
The spontaneously active Br neuron of the garden snail 
(Helix pomatia) subesophageal ganglion complex rhythmi-
cally generates bursts of AP separated by ISI and accompa-
nied by silent IBI (Vadasz and Salanki 1976; Kononenko 
2000). Single identified snail neurons, such as Br neuron,
are a good experimental model because of their relatively 
large size, consistent position on the surface of the ganglia 
and consistent type of synaptic connections. All described 
properties of identified snail neurons make the experiments
reproducible. Considering the role of bursting activity in the 
nervous systems of invertebrates and vertebrates including 
the human, it is very important to examine the bioelectric 
properties of these neurons in altered physiological states. 
External stimuli such as static magnetic field (SMF) or drug
application can modulate normal bursting activity. 

The sodium-potassium-activated adenosine triphos-
phatase (Na+/K+ pump or Na+/K+-ATPase) is responsible 
for establishing and maintaining resting membrane poten-
tial and it can be found in plasma membrane of all higher 
eukaryotes including snail neurons (Carpenter and Alving 
1968; Gloor 1997). Electrochemical gradients of Na+ and K+ 

ions formed by Na+/K+ pump are necessary for maintenance 
and restoration of the resting membrane potential in excit-
able cells, Na+-coupled transport of nutrients into cells and 
for osmotic balance (Rossier et al.1987). Increases in activ-
ity of Na+/K+ pump leads to membrane hyperpolarization, 
functioning as a negative feedback mechanism that protects 
the neurons against overexcitation (Munakata et al. 1998). 
Na+/K+ pump regulates the shape of AP in invertebrate and 
vertebrate neurons (Gadsby and Cranefield 1979; Pulver
and Griffith 2010), and has an essential role in modulating
bursting activity of identified snail Br neuron which displays
bursting firing pattern (Nikolic et al. 2012). Furthermore, 
previous data showed that Na/K pump is involved in the 
modulation of Br neuron bursting activity by moderate 
intensity SMF of 10 mT (Nikolic et al. 2012).

Ouabain is a cardiac-glycoside that selectively acts on 
the extracellular face of the Na+/K+ pump and induces 
its inhibition. It leads to increase in intracellular levels 
of sodium ions consequently resulting in increased con-
centration of calcium ions (Prassas and Diamandis 2008). 
Ouabain can influence the strength of cardiac muscle con-
traction inducing positive inotropic effect (Koch-Weser
and Blinks 1962). Micromolar to millimolar concentrations 

of glycoside ouabain inhibits the activity of Na+/K+ pump 
while the nanomolar concentrations of ouabain stimulates 
the activity of pump (Gao et al. 2002). Decreased activity 
of Na+/K+ pump plays an important role in pathogenesis 
of cardiovascular, neurological, renal and metabolic disor-
ders (Rose and Valdes 1994).

Exploring the effects of magnetic field on living organisms
at all levels of biological organization is very important. The
significance is greater due to the use of different electrical
devices in everyday life and modern medicine. Moderate-
intensity magnetic fields (1 mT – 1 T) can influence the 
activity of some ion channels in cell membranes but the 
mechanisms of actions still remain unknown (Tolosa et al. 
2011). Low frequency magnetic fields appear to increase
charge movements within membrane protein, while electric 
fields during normal condition inhibited Na+/K+ pump 
activity (Blank 1995, 2005).

Previous research revealed increased activity of Na+/K+ 
pump during exposure to 10 mT SMF as revealed by 
measuring magnitude of ouabain’s effect on parameters
of neuronal electrical activity obtained by standard analysis 
such as membrane resting potential, frequency and duration 
of AP and ISI interval (Nikolic et al. 2012). In this study, we 
have used different nonlinear approaches in signal analysis
and investigated the role of Na+/K+ pump in modulation 
of complexity of AP, ISI and IBI components of bursting 
activity of Br neuron during exposure to 10 mT SMF, meas-
ured as the magnitude of ouabain’s effect.

The main objective of the present study was to investigate
the possibility of using normalized mean of the empirical 
FD distribution as a fast and simple way to track changes in 
ouabain’s modulation of bursting activity after the exposure
to 10 mT SMF, which can be used complementary to classical 
signal analysis techniques.

Materials and Methods

Experimental procedure and data acquisition

All experiments were performed on Br neuron of the 
subesophageal ganglion complex of H. pomatia (Pulmonata: 
Helicidae). Details of isolation and dissection procedure 
of subesophageal ganglion complex are described in Nikolic 
et al. (2008). The position of Br neuron was established under
the binocular microscope (Kerkut et al. 1975). Br neuron is 
positioned in the lower part of the right parietal ganglion. 
Under the binocular microscope it can be recognized accord-
ing to its white color and relatively large size. Isolated brains 
were mounted in a Sylgard (Sylgard 184 Encapsulating Resin, 
Electronic materials Department Dow Corning Corpora-
tion, Midland, Michigan, USA) lined recording chamber 
containing circulating snail saline composed of 80 mM 
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NaCl, 5 mM MgCl2, 10 mM CaCl2, 4 mM KCl, and 5 mM 
Tris, pH 7.8. The permanent magnets, which produced SMF
of 10 mT, were placed under the Petri dish of the recording 
chamber, with the North Pole orientated up, parallel to the 
vertical component of the geomagnetic field. The value
of magnetic induction was measured directly on the surface 
of the subesophageal ganglion in the recording chamber by 
a GMO5 gaussmeter using a PT2837 probe (Hirsst, Magnetic 
Instruments Ltd, Cornwall, UK). 

Voltage clamp (SEC-2 M, laboratory designed at Jozsef 
Atilla University, Szeged), two channel acquisition system 
MiniDigi 1A (Molecular devices, Sunnyvale, CA, USA) 
and AxoScope acquisition software (version 10.2, Axon
Instruments, USA) were used for current clamp record-
ings and intracellular staining of Br neuron with Lucifer 
Yellow. Signals were sampled at 1 KHz and digitized using 
16-bit A/D converter. To perform current clamp record-
ings and staining, Br neuron was impaled with glass mi-
croelectrode filled with 1 M K-citrate or 10–20% Lucifer
Yellow CH (Molecular Probes) dissolved in distilled water 
(Schulze-Bonhage et al. 1993), respectively. Resistances 
of microelectrodes ranged from 10–20 MΩ. Lucifer Yel-
low was injected iontophoretically (Micro-Iontophoresis 
Programmer Model 160, World Precision Instruments, 
USA) in Br neuron soma by application of current pulses 
(3–5 nA, 5 Hz for 10–30 min). Br neuron stained with 
Lucifer Yellow was imaged with Zeiss Axiovert microscope 
(Zeiss, Austria).

The cardiac glycoside ouabain (10–4 M), an inhibitor 
of the Na+/K+ pump, was applied by gravity-driven bath 

perfusion to the recording chamber. Summary of the ex-
perimental design as well the effects of SMF and ouabain on
neuronal Na+/K+ pump are presented on Fig. 1.

The experimental protocol for the first experimental
group (n = 4) included following steps: perfusion of Br 
neurons with snail saline for 5 min (Control 1), followed 
by ouabain treatment for 7 min (Ouabain 1) with simulta-
neously current clamp recording. To exclude the possible 
contamination of prolonged action of SMF and to ensure 
that results of fractal analysis in ouabain ASMF (after static
magnetic field) condition is a consequence of ouabain’s ef-
fect, we included the second experimental group with 1 min 
recordings that includes ASMF period. 

The second experimental group (n = 5) included re-
cordings of Br neuron activity before (Control 2), during 
(SMF 2), and after the exposure to the static magnetic field
of 10 mT (ASMF 2) for 15 min (Fig. 3A), according to the 
procedure thoroughly described in Nikolić et al. (2008).

The protocol for the third group SMF-exposed Br neu-
rons (n = 5) was: perfusion of Br neurons with snail saline 
for 5 min (Control 3), exposure to 10 mT SMF for 15 min 
(SMF 3), and then treatment with ouabain for 7 min (Oua-
bain ASMF 3) with simultaneously recording. More details 
of experimental procedure are explained in references Nikol-
ic et al. (2008, 2012). Schematic overviews of experimental 
protocols for the first, second and third group are presented
in Fig. 2A, 3A, and 4A. A specification of the experimen-
tal groups is given in Table 1. For the fractal analysis we 
used only the last 1 min epochs of Control 1, Ouabain 1, 
Control 3, SMF 3 and Ouabain ASMF 3 conditions. For the 

Figure 1. A. Position of Br neuron 
within subesophageal ganglia of H. 
pomatia. B. Br neuron stained with 
Lucifer Yellow. C. Simplified sche-
matic outline of the Na+/K+ pump. 
D. Changes in the Na+/K+ pump 
functioning caused by short-term ex-
posure to a moderate static magnetic 
field (SMF) , bolded arrows depicts
increase in the Na+/K+ pump activity. 
E. The inhibitory effect of ouabain on
neuronal Na+/K+ pump indicated by 
dashed arrows. 

A B C

D E
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Figure 2. A. Time course of electro-
physiological registration in control 
(Control 1) condition (n = 4) fol-
lowed by ouabain (Ouabain 1) ap-
plication (n = 4). Thick vertical lines
denotes time period used for fractal 
analysis. B. Electrophysiological 
activity of garden snail (H. pomatia) 
Br neuron of subesophageal ganglion 
(60 s epochs) and corresponding 
fractal dimension (FD) values in con-
trol condition (left column) and after
ouabain application (right column).

A

B

fractal analysis of second experimental group (Control 2, 
SMF 2, ASMF 2), we used the first 1 min epochs.

Fractal analysis – Higuchi fractal dimension and Normal-
ized means of the empirical FD distributions

Higuchi’s fractal dimension is a measure of geometrical 
signal complexity in time domain. Fractal analysis was per-
formed by estimating the fractal dimension of electrophysi-
ological signals (Fig. 2B, 3B, and 4B) from Br neurons using 
Higuchi’s method (Higuchi 1988), based on self-developed 
script supported by MATLAB 6.5 (Spasic et al. 2008, 2011a, 
b, c; Spasic 2010). All details about the mathematical method 
are presented in reference Spasic et al. (2011a). Signals from 
spontaneously active Br neuron were analyzed in time 
sequences of 60 s with sampling frequency of 1 kHz. After
preliminary tests, we chose the parameter N = 25 samples, 
that is equivalent to an epoch of 0.025 s duration because 
of non-stationary signals. The parameter kmax was equal 
to 8. Signals were divided into 12,000 epochs (windows). FD 
values were calculated for each epoch, without overlap. FD is 
the measure with theoretical values in the interval [1, 2]. In 
practice, Higuchi’s fractal dimension may lie slightly outside 
the [1, 2] range, because it is only an estimate. The FD value 
of smooth curve should be estimated approximately 1 and 
the FD of random white noise is approximately 2. 

Typical electrophysiological activity of Br neurons 
of subesophageal ganglion (60 s epochs) and correspond-

ing fractal dimension values (in time domain) in Control 1, 
Ouabain 1, Control 2, SMF 2, ASMF 2, Control 3, SMF 3 
and Ouabain ASMF 3 conditions are shown in Fig. 2B, 3B, 
and 4B. 

Individual FD values were calculated and the empirical 
FD distributions for each individual signal were formed: 8 
signals in Control 1 and Ouabain 1 condition from 4 snails, 
15 signals for Control 2, SMF 2 and ASMF 2 conditions from 
5 snails, and 15 signals for Control 3, SMF 3 and Ouabain 
ASMF 3 condition, obtained from 5 snails. Means of the 
empirical FD distributions for each experimental group were 
calculated. Additionally, normalization of mean empirical 
FD distribution was performed by dividing the frequen-
cies for each group with its sum value (Fig. 5A, C, E). After
normalization, curve fitting procedure was carried out in
MATLAB 6.5 using cftool for all distributions with smooth-
ing spline type of fit.

With the MATLAB Gaussian pick fitting procedure we
established boundaries between FD values of AP, ISI, and IBI 
segments in the signal as it was described in reference Kesic 
et al. (2014). We separated each component of Br neuron 
bursting activity in normalized mean of the empirical FD 
distributions (boundaries are presented by dashed lines 
in Fig. 5A, C, E). Action potential is characterized by FD 
values in the interval of (0.8, 1.3], ISI with FD values in the 
interval (1.3, 1.75) and IBI component in the interval [1.75, 
2.3). We calculated percentage participations (%) of AP, IS, 
IBI in normalized mean empirical FD distributions for all 
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Figure 3. A. Time course of electrophysiological registration in control (Control 2) condition (n = 5), during SMF (SMF 2) exposure 
(n = 5) and in ASMF condition (ASMF 2) (n = 5). Thick vertical lines denotes time period used for fractal analysis. B. Typical electro-
physiological activity of one garden snail (H. pomatia) Br neuron of subesophageal ganglion (60 s epochs) and corresponding fractal 
dimension (FD) values in control condition (left column), during SMF exposure (middle column) and in ASMF condition (right
column).

A

B

experimental conditions by using cumulative distribution 
function. 

Statistical analysis

The differences between the percentage participations
of AP, ISI and IBI components in normalized mean of the 
empirical FD distributions within the first, second and third
experimental groups were tested by nonparametric Fried-
man ANOVA and post hoc Wilcoxon Sign Ranks Test for 
two dependent samples using SPSS 13.0 software.

Results 

Previous results published by Nikolic et al. (2012) showed 
that ouabain without SMF increased the duration of burst 
intervals, decreased the duration of interburst intervals, 
and increased the frequency of AP compared to the control 
condition. During the treatment with 10 mT SMF the dura-
tion of burst intervals decreased compared to the control 
condition. The duration of interburst intervals was not
changed, while the frequency of AP decreased. In Ouabain 
ASMF condition, the duration of burst intervals was lower 

compared to the control condition, but higher compared 
to the SMF condition. The duration of interburst intervals
was lower than in control and SMF conditions, while the 
frequency of AP was lower compared to the control and 
higher compared to the SMF conditions. Also, previous 
results indicated significant changes in the amplitude, fre-
quency and the duration of the Br neuron action potential 
after treatment with 10 mT SMF. SMF of 10 mT decreased
the AP frequency during exposure period (Nikolic et al. 
2008).

Fitted normalized means of the empirical FD distribu-
tions for each experimental group with percentage partici-
pations of AP, ISI and IBI components are shown in Fig. 5 
and Table 2.

The statistical analysis of the percentage participations
of AP, ISI and IBI components with Wilcoxon test showed 
that there were differences between Control 1 vs. Ouabain 1 
condition in AP (Z = −5.418, p < 10−4), ISI (Z = −5.841, 
p < 10−4) and IBI (Z = −6.443, p < 10−4) components (Fig. 
5A, B; Table 2). In the second experimental group there were 
differences in AP component between Control 2 vs. SMF 2 
(Z = −5.540, p < 10−4), Control 2 vs. ASMF 2 (Z = −5.540, 
p < 10−4) and SMF 2 vs. ASMF 2 (Z = −5.566, p < 10−4) and 
in ISI component between Control 2 vs. SMF 2 (Z = −5.442, 
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p < 10−4), Control 2 vs. ASMF 2 (Z = −4.549, p < 10−4), 
and SMF 2 vs. ASMF 2 (Z = −2.093, p = 0.036) (Fig. 5C, D; 
Table 2). 

There were no differences between Control 2 vs. SMF 2 
of IBI component (Z = −0.401, p = 0.689) but there were 
differences between Control 2 vs. ASMF 2 (Z = −4.792, 
p < 10−4) and SMF 2 vs. ASMF 2 (Z = −5.108, p < 10−4) (Fig. 
5C, D; Table 2). There were significant differences in AP in-
terval of the third experimental group between Control 3 vs. 
SMF 3 (Z = −4.996, p < 10−4), Control 3 vs. Ouabain ASMF 3 
(Z = −6.215, p < 10−4) and SMF 3 vs. Ouabain ASMF 3 
(Z = −5.315, p < 10−4) as well as in ISI component of bursting 
activity between Control 3 vs. SMF 3 (Z = −5.774, p < 10−4), 
Control 3 vs. Ouabain ASMF 3 (Z = −5.841, p < 10−4) and 
SMF 3 vs. Ouabain ASMF 3 (Z = −5.841, p < 10−4) and also 
in IBI component between Control 3 vs. SMF 3 (Z = −5.806, 

p < 10−4), Control 3 vs. Ouabain ASMF 3 (Z = −6.451, 
p < 10−4) and SMF 3 vs. Ouabain ASMF 3 (Z = −6.433, 
p < 10−4) (Fig. 5E, F; Table 2). 

Normalized mean of the empirical FD distribution analy-
sis revealed that ouabain in the first experimental group
increased participation of AP and ISI components at the 
expense of decreasing IBI component participation. In the 
second experimental group, compared to the control con-
dition, SMF of 10 mT has reduced participation of AP and 
increased participation of ISI components while in ASMF 
period AP participation continues to decline with further 
increase of ISI participation and reduction of IBI. Within 
the third group, SMF of 10 mT reduced AP participation, 
increased ISI participation and decreased IBI participation 
compared to its control condition while ouabain ASMF in-
creased AP, ISI and decreased IBI participation. Comparison 

A

B

Table 1. A specification of the experimental conditions with number of experimental animals

I. experiment Control 1 (n = 4) – Ouabain 1 (n = 4) –
II. experiment Control 2 (n = 5) SMF 2 (n = 5) – ASMF 2 (n = 5)
III. experiment Control 3 (n = 5) SMF 3 (n = 5) Ouabain ASMF 3 (n = 5)

SMF, static magnetic field; ASMF, after static magnetic field.

Figure 4. A. Time course of electrophysiological registration in control (Control 3) condition (n = 5), during SMF (SMF 3) exposure 
(n = 5) and in ouabain ASMF condition (Ouabain ASMF 3) (n = 5). Thick vertical lines denotes time period used for fractal analysis.
B. Typical electrophysiological activity of one garden snail (H. pomatia) Br neuron of subesophageal ganglion (60 s epochs) and cor-
responding fractal dimension (FD) values in control condition (left column), during SMF exposure (middle column) and in ouabain
ASMF condition (right column).
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Figure 5. A. Normalized mean of empirical FD distribution of the first group in control (Control 1), and after ouabain application condition
(Ouabain 1) with corresponding cumulative distribution function values. ** p < 10−4 Ouabain 1 vs. Control 1. B. Normalized mean of empirical 
FD distribution in control (Control 2), during 10 mT SMF (SMF 2) and after static magnetic field exposure (ASMF 2) with corresponding
CDF values. ** p < 10−4 SMF 2 vs. Control 2, ASMF 2 vs. Control 2, SMF 2 vs. ASMF 2, * p < 0.05 SMF 2 vs. ASMF 2. C. Normalized mean 
of empirical FD distribution of the third group in control (Control 3), during 10 mT SMF (SMF 3), and after ouabain application (Ouabain
ASMF 3) with corresponding CDF values. ** p < 10−4 SMF 3 vs. Control 3, Ouabain ASMF 3 vs. Control 3, SMF 3 vs. Ouabain ASMF 3.

A

B

C

between SMF 3 and Ouabain ASMF 3 showed significant
increase in AP component at the expense of decrease in ISI 
and IBI components. As it can be seen that ouabain after
applying SMF compared to the ouabain condition induced 
a smaller increase of AP and a smaller decrease of IBI 
component as a result of SMF action on bursting activity 
of Br neurons. 

Discussion

Higuchi fractal dimension measure allows fast computa-
tional analysis of variations in signals. Calculation of FD by 
Higuchi’s algorithm is very fast and simple and it has been 
often used alone or as a preprocessing technique in combi-
nation with other methods in signal analysis (Klonowski 
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et al. 2000; Spasic et al. 2008, 2011a, b, c; Raghavendra 
and Narayana-Dutt 2010). Accuracy of linear methods for 
signal analysis depends on stationarity of recorded signals 
(Spasic et al. 2008, 2011a; Klonowski 2009). For Higuchi’s 
fractal analysis signal can be stationary, non-stationary, 
deterministic or stochastic (Klonowski et al. 2000; Spasic 
et al. 2008, 2011a; Klonowski 2009). Many processes within 
molluscan spontaneously active neurons are non-station-
ary, thus sometimes nonlinear methods of signal analysis 
have advantage in comparison to classical linear approaches 
(Schütt et al. 2002). However, combination of linear, non-
linear, and advanced statistical methods could be the best 
choice in revealing new fine details in complex biological
and biomedical signal analysis.

In this paper using normalized mean of the empirical 
FD distribution allows us to further investigate the changes 
in the complexity of Br neuron activity after ouabain ap-
plication with or without 10 mT SMF. By using this method 
we examined the changes in the complexity of Br neurons 
activity by measuring AP, ISI and IBI components. 

Previous results showed that the effect of 10 mT SMF on
Br neuron activity was mediated through the increased activ-
ity of Na+/K+ pump expressed as the magnitude of ouabain’s 
effect measured on the membrane resting potential, AP and
ISI duration (Nikolic et al. 2012). In this study by investi-
gating the effect of ouabain with or without 10 mT SMF, we
demonstrated use of normalized mean of empirical FD dis-
tribution as a sensitive, reliable, and fast method in revealing 
the changes in the complexity of AP, ISI, and IBI components 
induced by both 10 mT SMF and ouabain. 

Ouabain and 10 mT SMF have opposite effects on the
complexities of AP, ISI, and IBI components, which should 
be expected considering the fact that SMF increases while 
ouabain inhibits activity of Na+/K+ pump (Nikolic et al. 
2012). Ouabain and ouabain after applied 10 mT SMF induce
the same trend of changes in the percentage participations 

of AP, ISI, and IBI components compared to control condi-
tion. The changes in the percentage participations of the
components of bursting activity in ASMF period were op-
posite to the changes observed during ouabain application 
with or without exposure to SMF. Thus, according to our
data the effects of ouabain and ouabain ASMF on changes
of signal’s complexity were not consequences of post expo-
sure influence of SMF on Br neuron activity.

It is well known that ouabain has a long history in the 
treatment of heart failure, in heart diseases such as angina 
pectoris and myocardial infarctions (Fürstenwerth 2010). 
Moderate intensity static magnetic fields can induce 
changes in functioning of nervous, cardiovascular and 
reproductive systems (Okano and Ohkubo 2005; Ye et al. 
2008). Beside detrimental effects of electromagnetic ra-
diation many studies point out the beneficial effects of the
use of SMFs in medicine, from antinociceptive action to 
promotion of recovery of peripheral nerve injury, but the 
mechanism of action for achieving these effects is not
completely known (Weintraub et al. 2003; Kelleher et al. 
2006; Gyires et al. 2008). As many diseases are associated 
with decreased activity of Na+/K+ pump we could only 
speculate on the basis of our results that increased activity 
of pump mediated by 10 mT SMF could have a beneficial
role. At this point we can’t say that the altered bursting 
activity of Br neuron induced by ouabain application after
the exposure to 10 mT SMF could be either hazardous or 
potentially beneficial, but evidently people with heart dis-
ease issues that use ouabain drugs should be aware of risks 
that arise in the presence of artificial sources of magnetic
field in the environment.

Changes in bursting bioelectric activity may occur in 
nervous system of invertebrates and vertebrates exposed to 
magnetic field in similar manner. Thus, Azanza et al. (2000),
has already proved that the behavior of snail (H. aspera) 
single neurons under exposure to SMFs (3 mT – 0.7 T) 
corresponds to mammal and human brain activity under 
magnetic field exposure (0.3 mT – 2.4 T).

Applied method could be useful in revealing the possible 
effects of static or alternating magnetic fields of different
intensities alone or in combination with other chemical 
and physical stimuli that could modulate neuronal burst-
ing activity. Except the bursting activity, normalized mean 
of empirical FD distribution method itself could be applied 
in analysis of activities of a single neuron and neuronal net-
works in physiological and pathological conditions.
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Table 2. Percentage participations of AP, IS, IBI in the mean group 
normalized empirical FD distributions 

AP (%) ISI (%) IBI (%)
Control 1 15.88 44.52 39.60 
Ouabain 1 22.04 44.92 33.04 
Control 2 11.69 27.35 60.96 
SMF 2 8.14 28.71 63.15 
ASMF 2 6.67 34.53 58.80 
Control 3 25.06 50.41 24.53 
SMF 3 24.61 53.47 21.92 
Ouabain ASMF 3 29.73 50.53 19.74 

AP, action potential; ISI, interspike interval; IBI, interburst interval; 
FD, fractal dimension; SMF, static magnetic field; ASMF, after static
magnetic field.
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