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Extremely Low Frequency Electromagnetic
Field (ELF-EMF) Reduces Oxidative Stress and
Improves Functional and Psychological Status
in Ischemic Stroke Patients
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Department of Physical Medicine, Medical University of Lodz, Lodz, Poland
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As a result of ischaemia/reperfusion, massive generation of reactive oxygen species occurs,
followed by decreased activity of antioxidant enzymes. Extremely low frequency electromagnetic
fields (ELF-EMF) can modulate oxidative stress, but there are no clinical antioxidant studies in
brain stroke patients. The aim of our study was to investigate the effect of ELF-EMF on
clinical and antioxidant status in post-stroke patients. Fifty-seven patients were divided into two
groups: ELF-EMF and non-ELF-EMF. Both groups underwent the same 4-week rehabilitation
program. Additionally, the ELF-EMF group was exposed to an ELF-EMF field of 40 Hz, 7mT for
15 min/day for 4 weeks (5 days a week). The activity of catalase and superoxide dismutase was
measured in hemolysates, and total antioxidant status (TAS) determined in plasma. Functional
status was assessed before and after the series of treatments using Activities of Daily Living
(ADL), Mini-Mental State Examination (MMSE), and Geriatric Depression Scale (GDS). Applied
ELF-EMF significantly increased enzymatic antioxidant activity; however, TAS levels did not
change in either group. Results show that ELF-EMF induced a significant improvement in
functional (ADL) and mental (MMSE, GDS) status. Clinical parameters had positive correlation

with the level of enzymatic antioxidant protection. Bioelectromagnetics. 38:386-396, 2017.
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INTRODUCTION

For several decades, the biological effectiveness
of extremely low frequency electromagnetic fields
(ELF-EMF) has been investigated in in vivo and in
vitro studies. It has been shown that many cellular
systems, components, and processes can be affected
by ELF-EMF exposure, such as genotoxicity, cell
proliferation, apoptosis, cell cycle regulation and
differentiation, metabolism, and various other physio-
logical characteristics [Lee et al., 2015]. The latest
study suggests that applied ELF-EMF reduces oxida-
tive stress induced by global cerebral ischaemia and
decreases possible negative effects that free radical
species could have in the brain [Raus Balind et al.,
2014]. Currently, thrombolysis is the only approved
effective treatment in the acute phase of stroke.
Therefore, there is a need to develop novel therapies
for ischaemic stroke patients, especially in early
stages of the disease. Recent evidence suggests that
ELF-EMF could be an additional therapy in early
post-stroke rehabilitation due to its effects on key
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processes involved in brain ischaemic damage and
regeneration [Cheng et al., 2015]. Damage induced by
strokes cannot be undone. However, immediate and
long-term rehabilitation is an important component of
treatment for ischaemic stroke patients due to the
brain’s own plasticity [Pruszynska et al., 2015;
Shahbazi-Gahrouei et al., 2016]. The electromagnetic
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field affects the organism at each level: molecular,
subcellular, and cellular. The therapeutic effect on
the brain is mainly associated with improvements in
neurotransmission—the field increases cerebral blood
flow, which contributes to increased metabolism of
nervous tissue and has the beneficial effect of
regeneration [Basset, 1999; Sieron et al., 1999;
Sieron et al., 2002; Woldanska-Okonska and
Czernicki, 2007]. Oxidative stress is one of the main
processes responsible for post-stroke neuronal damage
[Abd-Elsameea et al., 2014; Chen et al., 2014; Lee
and Won, 2014]. Moreover, the brain is characterized
by a relatively low level of antioxidants and high lipid
content, and consumes large amounts of oxygen.

ELF-EMF is widely used as an additional
therapy in neurorehabilitation, but there is not much
data about its effect on oxidative stress and functional
status. Reactive oxygen species (ROS) can be gener-
ated from many sources, such as oxidation of
catecholamines or haemoglobin, when a massive
release of iron ions occurs. In addition, ROS are
produced as a result of changes in mitochondrial
electron transport and activation of xanthine oxidore-
ductase and NAD(P)H oxidase, as well as during the
metabolism of arachidonic acid [Domanski et al.,
2006]. With ischaemia, there is an increase in
enzymatic production of ROS, especially superoxide
anion and hydrogen peroxide, in a reaction catalyzed
by xanthine oxidase. Then, as a result of reperfusion,
molecular oxygen is supplied, and hypoxanthine is
converted into xanthine by xanthine oxidase. O, " is
released in large quantities, which leads to generation
of H,0,. Decreased catalase activity then reduces the
effectiveness of inactivation of H,O, which is con-
verted into highly toxic hydroxyl radicals [Sims and
Anderson, 2002; Broughton et al., 2009].

The human antioxidant defense system is com-
prised of enzymatic and non-enzymatic components.
Low molecular weight antioxidants and antioxidative
enzymes such as superoxide dismutase (SOD), cata-
lase (CAT), and glutathione peroxide (GPx) protect
the organism against both the production and spread
of free radicals. Different endogenous antioxidants,
such as glutathione, uric acid, and bilirubin, and
exogenous antioxidants, such as vitamins C, D, and
melatonin, are responsible for total antioxidative
status (TAS) [Miller et al., 2010].

Clinical effects in post-stroke rehabilitation of
patients using electromagnetic fields are well docu-
mented in numerous studies [Jurowska et al., 1997,
Kochetkov et al., 2000; Sieron et al., 2002; Sieron and
CieSlar, 2003; Woldanska-Okonska and Czernicki,
2007]. These include the reduction of previously
increased muscle tone, decreased muscle weakness,
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improvements in the range of passive and active
movements of limb paresis, and reduced aphasia and
pain. Also, development of efficiency in walking has
been observed in patients after ELF-EMF therapy.
Bryl et al. [2004] studied the effect of ELF-EMF on
the reduction of somatic symptoms and cognitive
improvement in patients with depression. The authors
noticed an improvement of mood, increased mobility,
a reduction in the escalation of somatic symptoms,
and better quality of sleep [Bryl et al., 2004].

A brain stroke results in a high level of oxidative
damage, which leads to a decrease in functional
status as well as depressive and cognitive impairment
[Cichon et al., 2015].

We suspect that the mechanism of action of the
electromagnetic field, which improves psycho-motor
functions of stroke patients, might be associated with
a reduction in oxidative stress. This paper covers the
determination of SOD activity, which catalyses the
dismutation of O, ", and CAT activity participating in
the reaction of decomposition of H,O, to water and
oxygen. Furthermore, we also examined the effect of
ELF-EMF on the total activity of low molecular
weight plasma antioxidants.

Our study was designed to investigate the effect
of ELF-EMF not only on antioxidant status, but also
on cognitive and functional status, as well as depres-
sive syndrome in post-stroke patients.

MATERIALS AND METHODS
Study Subjects

For the study, 57 post-ischaemic stroke patients
were enrolled. Patients were randomly divided into
two groups: ELF-EMF (n=23) and non-ELF-EMF
(n=234). For safety reasons, participants with elec-
tronic (pacemakers, etc.) or metal implants were
excluded from the ELF-EMF group. In the non-
ELF-EMF group, only two patients had pacemakers.
The ELF-EMF group had already undergone ELF-
EMF therapy. Both the ELF-EMF and non-ELF-EMF
groups were seated for the same amount of time—
15min. However, the ELF-EMF patients were
exposed to electromagnetic fields with specific pa-
rameters (magnetic induction of 7mT, 40Hz fre-
quency, rectangular and bipolar pulse shapes),
whereas the non-ELF-EMF subjects were only given
blind sham exposure. The electromagnetic field was
focused on the pelvic girdle.

Both subject groups were on the same therapeu-
tic program consisting of 30 min of aerobic exercise,
60 min of neurophysiological routines, and 15 min of
psychological therapy. Ischaemic stroke patients
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(study group aged 68.0+15.8; control group aged
70.9 + 15.3) with moderate stroke severity according
to National Institutes of Health Stroke Scale (NIHSS)
scores of 5.8 +3.8 in the study group and 6.2 +2.7 in
the control group, who consented to participation,
were included in the study. Clinical demographic
characteristics are shown in Table 1. Patients with a
medical history of pre-stroke dementia, haemorrhagic
stroke, decreased consciousness, significant acute or
chronic inflammatory factors, or neurological illness
other than stroke were excluded. The patients fol-
lowed up at the Neurorehabilitation Ward III of the
General Hospital in Lodz, Poland, undergoing neuro-
rehabilitation for 4 weeks, in which time they received
no immunomodulators, immunostimulators, hor-
mones, vitamins, minerals, or any other substitutions
with antioxidative properties. Prior to the study, all of
the subjects had undergone medical checkups, includ-
ing neurological and internal examinations. Blood
samples were collected twice, at an interval of
10 days before and after a standard 10 sessions of
ELF-EMF therapy. For additional analysis of TAS
levels, blood samples were collected three times, at an
interval of 10 days before, after 10 treatments, and

TABLE 1. Demographic and Clinical Characteristics

Non-magnetic Magnetic
field therapy field therapy
(n=34) (n=23) P

Demographics

Age (mean & SD) 709+15.3 68.0+15.6 0.05

Sex (%) 65.6. 64.8 0.64

Living alone (%) 48.1 51.9 0.14
Vascular risk

Hypertension (%) 95.7 94.7 0.08

Diabetes (%) 24.8 21.7 0.36

Dislipidemia (%) 74.9 67.9 0.14

BMI > 30 (%) 32 22 0.82
Concomitant

medications

Antidepressants (%) 32 23 0.47

ASA (%) 72 67 0.39

NSAID (%) 21 24 0.72
Stroke characteristics

Weeks since stroke 2.1+£3.7 1.8+£3.5 0.61

(mean =+ SD)
NIHSS scores 6.2+2.7 5.8+3.8 0.81
mean £+ SD

ADL mean + SD 10+2.9 8.8+24 0.22
Lesion location

Anterior (%) 13 14

Posterior (%) 39 49

Intermediate (%) 48 33
Lesion side

Left (%) 58 54

Right (%) 42 46
Bioelectromagnetics

after 20 treatments (Fig. 1). All blood samples were
taken in the morning (between 7 am and 9 am) under
conditions of patient fasting, and stored using the
same protocol. The Bioethics Committee of the
Faculty of Biology and Environmental Protection of
The University of Lodz, Poland approved the protocol
with Decision No. 28/KBBN-UL/I/2015. All partic-
ipants provided written informed consent prior to
participation. Depression was screened in both
groups using the Geriatric Depression Scale (GDS), a
30-item self-report assessment designed to identify
depression in elderly people, which is considered a
reliable and sensitive indicator of post-stroke depres-
sion [Sun and Murphy, 2010]. A trained psychologist
researcher administered the GDS scale, the outcomes
of which are described as normal status (0-9), mild
depression (10-19), and severe depression (20-30).
Cognitive status was estimated in a Mini-Mental State
Examination (MMSE), which allows for thorough and
systematic assessment of many areas of cognitive
function: registration, recall, language, orientation,
attention, and calculation. The maximum score is
30 points. Scores below 24 points can indicate mild
(19-23), moderate (10-18), or severe cognitive im-
pairment [Folstein et al., 1975]. We also examined
post-stroke patients for functional status using the
Barthel Index of Activities of Daily Living (ADL),
which is a scale used to indicate the patient’s
independence during basic and complex activities of
daily living, as well as their gait efficiency [Collin
et al.,, 1988]. The GDS, ADL, and MMSE were
administered either on the same day as the blood
sampling, or on the afternoon before.

Magnetronic MF10 device. ELF-EMF was con-
ducted according to accepted guidelines using
a Magnetronic MF10 generator (EiE Elektronika
i Elektromedycyna, Otwock, Poland). The MF10 can
generate rectangular, triangular, and sinusoidal pulse
shape. In our study, as in therapeutic use, a coil
applicator was used with a diameter 550 mm and
length 270 mm, with 5 layers of 187 turns of 1.45 mm
twin-parallel wires. Intensity of the electromagnetic
field inside the solenoid was not uniform. Distribu-
tion of the electromagnetic field was vertical,
whereas the generator induction coils were mounted
horizontally. The set value of magnetic induction
(7 mT) was at the geometric center of the applicator.
The change of intensity of the electromagnetic field
increased with the proximity of the coil’s surface, by
about plus 1.4. Other effects of the EMF field that
could be sensed by the subjects were eliminated. The
electromagnetic field itself was controlled by a
computer system.
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Fig. 1. Diagram of study.

Blood Sample Collection

Blood samples were collected into CPDA1 contain-
ing tubes (Sarstedt, Niimbrecht, Germany) and immedi-
ately centrifuged to isolate the plasma and erythrocytes.
Erythrocytes were separated from the blood plasma by
centrifugation (10min, 710g) at 4°C and washed three
times with 0.9% NaCl before examination.

Catalase Activity Estimation

Catalase activity in erythrocytes was estimated
spectrophotometrically using the Beers and Sizer
method [Beers and Sizer, 1952]. Absorbance measure-
ment was performed with a 96-well microplate reader

(SPECTROstarNano, BMG Labtech, Ortenberg,
Germany) at ambient temperature. Changes in absor-
bance were recorded at 240nm. CAT activity was
calculated in terms of nM H,O, consumed/min using a
molar extinction coefficient of ¢ =43600M ' cm ™' and
shown as Bergmeyer units [Aebi, 1984], as well as a
mean of the percentage of parameter changes for each
study subject. (100% value was established for CAT
activity level in each patient’s blood before treatment; in
each case the delta was calculated separately).

Superoxide Dismutase Estimation

SOD activity was determined using a spectropho-
tometric method [Fridovitch and McCord, 1969] with
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a RANSOD kit (RANDOX Laboratories, Crumlin,
UK). SOD activity was  assayed  based
on the production of superoxide anions generated
by xanthine and xanthine oxidase, which react
with  2-(4-iodophenyl)-3-(4-nitrophenol)-9-5-phenyl-
tertrazolium chloride (I.N.T.) to form a red formazan
dye. The absorbance measurement was performed in a
96-well microplate reader (SPECTROstarNano, BMG
Labtech, Ortenberg, Germany) at 37 °C. Changes in
absorbance were recorded at 505nm. The SOD
activity was measured by the degree of inhibition of
this reaction based on standard curve and showed as
SOD units/ml of whole blood, as well as a mean of
percent of parameter changes for each study subject.
(100% value was established for SOD activity level in
blood of each patient before treatment; in each case
the delta was calculated separately).

Determination of Total Antioxidant Status (TAS)
of Plasma

The TAS of plasma was measured spectrophoto-
metrically with an “endpoint” protocol, at a wave-
length of 734nm for ABTS®" assay [Re et al., 1999].
This method involves the reduction of the ABTS®™"
(2,2'-azino-di-(3-ethylbenzthiazoline sulfate) (Sigma—
Aldrich, St. Louis, MO), prepared with the reaction of
ABTS with hydrogen peroxide (H,O,) in an acidic
medium. Antioxidants contained in plasma have the
ability to reduce ABTS®", causing discoloration of
the solution in proportion to their content. The
observed decrease of absorbance is a measure of the
activity of antioxidants present in the sample [Erel,
2004]. The absorbance measurement was performed
in a 96-well microplate reader (SPECTROstarNano,
BMG Labtech). The TAS of blood plasma was
calculated on the basis of standard curves, prepared
with the use of Trolox (Sigma—Aldrich) as a reference
antioxidant. Results are expressed in Trolox equiva-
lents and a mean of the percentage of parameter
changes for each study subject. (100% value was
established for plasma TAS level in each patient
before treatment; in each case the delta was calculated
separately).

Data Analysis

All experiments were performed in duplicate
and calculated as mean values. For all subjects, values
of the parameters before the treatments were used as
the output value (100%). Data from experiments
performed on the same study subjects after appropri-
ate treatments were expressed as a percentage of the
output value. Values obtained in this way were
expressed as mean &= SD. All the statistical analyses
were performed using StatsDirect statistical software
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v 2.7.2 (StatsDirect, Altrincham, UK). The results
obtained were analyzed for normality with a Shapiro-
Wilk test. The significance of differences between the
values obtained for patients before and after treat-
ments were analyzed using a test for normal distribu-
tion (paired #-Student), whereas the significance of
differences between the ELF-EMF group and non-
ELF-EMF group was determined using unpaired
t-Student or U-Mann-Whitney tests.

For comparison of differences in clinical param-
eter changes between the ELF-EMF group and non-
ELF-EMF group, we calculated changes in these
parameters after appropriate treatments. Obtained
values were also analyzed under the account of
normality with Shapiro—Wilk test, and depending on
results, an unpaired #-Student test or U-Mann-Whitney
test were used.

Additionally, we performed correlation analysis
between changes in both experimental and clinical
parameters. For these analyses, Spearman’s rank
correlation and Spearman’s rank correlation coeffi-
cient were used, and we also designated the probabil-
ity of correlation [Hauke and Kossowski, 2011].

For all analyses, a level of P < 0.05 was accepted
as statistically significant.

RESULTS

Our comparative analysis shows that activities
of CAT and SOD in hemolysates before rehabilitation
have the same baseline level in both randomly
selected ELF-EMF and non-ELF-EMF groups of
patients, but after 10 treatments they were signifi-
cantly higher in the ELF-EMF group (Table 2, Figs. 2
and 3). The increase of CAT activity (A CAT) after
10 sessions of ELF-EMF (P < 0.05) was about 20%
higher in comparison to 10 sessions of non-ELF-EMF
treatment (Fig. 2). SOD activity increased more than
40% in the ELF-EMF group (P < 0.01) and approxi-
mately 20% in the non-ELF-EMF group (P > 0.05)
(Fig. 3).

The plasma determination of TAS shows that
therapeutic programs have no impact on the antioxi-
dant activity of low molecular weight antioxidants in
plasma. In both groups, the change of TAS level after
both 10 and 20 therapy sessions, with or without
ELF-EMF, was low and not statistically significant
(Table 2, Fig. 4).

In addition, we evaluated functional status,
depression, and cognitive impairment using ADL,
MMSE, and GDS in both groups of subjects. We
observed a relationship between using ELF-EMF and
improvements in clinical parameters. Functional sta-
tus estimated in ADL (A ADL) was increased about
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TABLE 2. Activity of Catalase and Superoxide Dismutase in Hemolysates and TAS of Plasma Obtained From ELF-EMF

Group Versus Control Non-ELF-EMF Group

Catalase

Superoxide dismutase TAS

Non-ELF-EMF ELF-EMF
group group P

Non-ELF-EMF  ELF-EMF

Non-ELF-EMF ELF-EMF

[Bermayer units] £ SD

5.06+£2.2 44715 0.108
1+0.27 18+0.20 0.023

Before treatments
A After 10 treatments
[% of control]
A After 20 treatments
[% of control]

group group P group group
[wmol Trolox
[SOD units of whole blood] &= SD equivalents/l] & SD
187.94+50.3 157.3+56.8 0.279 35+09 29+1.2
17+0.36 49+0.33  0.041 6+0.21 1+£0.25
3+0.22 6+0.10

20% in the ELF-EMF group compared with the non-
ELF-EMF, wherein the baseline values of ADL before
treatments in both groups were not statistically differ-
ent (Table 3). Cognitive impairment measured in
MMSE changed significantly, with A MMSE achiev-
ing about 40% better results in the ELF-EMF group
than in non-ELF-EMF group of subjects. The baseline
values of MMSE before treatments were also not
statistically different in either group (Table 3).
Moreover, the greatest improvement after ELF-EMF
therapy was observed in depression syndrome estima-
tion, assessed with the GDS, with a decrease of up to
60% (Table 3, Fig. 5).

Distribution of the results for ADL, MMSE,
and GDS deviates from the norm in the study
group, so the Spearman correlation method was
suitable for use in these analyses. The obtained
correlation parameters (Table 4) indicate a signifi-
cant positive correlation between changes (A) of

Catalase activity
160.0

p<0.01

1400

120.0 T T

1000

percent of control [%]

Non-Electromagnetic field therapy Electromagnetic field therapy

Before treatments  u After 10 treatments

Fig. 2. Comparison of catalase activity in red blood cell hemo-
lysates obtained from ELF-EMF group versus control non-
ELF-EMF group. Statistical significance between both groups:
b versus d—P < 0.05. Results were expressed as mean of pa-
rameter changes before and after treatment (100% was
established for level of CAT activity in sample of each patient
before treatments).

CAT activity and A ADL. Moreover, correlation
parameters indicate a significant positive correlation
between A SOD activity and A MMSE, and a
negative correlation between A SOD activity and A
GDS. We have shown the detailed course of these
dependencies, which confirms the correlation and
numeric data presented in Table 4.

DISCUSSION

This study was designed to investigate the
impact of ELF-EMF on both clinical parameters and
antioxidative status in the blood of early-stage,
ischaemic post-stroke patients.

Numerous methods have been adopted to reduce
ROS formation and block ROS-mediated neuronal
injury. However, the most serious problem of stroke
still remains oxidative stress [Murakami et al., 1998;
Suzuki, 2009]. For this reason, it is particularly

Superoxide dismutase activity
200.00

180.00 <001

160.00

140.00 }.

120.00

percent of control [%]
"
8
8

a c

Non-Electromagnetic field therapy Electromagnetic field therapy

Before treatments ~ m After 10 treatments

Fig. 3. Comparison of superoxide dismutase activity in red
blood cell hemolysates obtained from ELF-EMF group versus
control non-ELF-EMF group. Statistical significance between
both groups: b versus d—P < 0.05. Results were expressed as
mean of parameter changes before and after treatment
(100% was established for level of SOD activity in sample of
each patient before treatments).
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TAS

160.00

140.00
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g
]

percent of control (%]
o 0
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8 8

8

8

a b d e

Non-Electromagastic field therapy Electromagnetic field therapy

Before treatments ~ ® After 10 treatments M After 20 treatments

Fig. 4. Comparison of TAS of plasma obtained from ELF-EMF
group versus control non-ELF-EMF group. Results were
expressed as mean of parameter changes before and after
treatment (100% was established for level of plasma TAS in
sample of each patient before treatments).

important to find novel therapies that may reduce
oxidative stress in stroke patients.

The consequences of stroke in terms of neuro-
muscular dysfunction include physical disabilities,
such as functional impairment and cognition-related
disabilities, and memory loss, speech impairment,
poor problem-solving skills, and disorganized
thoughts. Psychiatric diseases, including anxiety,
depression, emotional instability, and fatigue, also
occur [Annoni et al., 2006; Young and Tolentino,
2009]. Early admission to inpatient physical therapy
is critical in reducing post-stroke disability.

ELF-EMF biological effects have not been
elucidated. It is suggested that ELF-EMF causes
changes in ion balance, which affects uncompensated
magnetic spins of paramagnetic elements, free radi-
cals, diamagnetic molecules, and the structure of
tissues having piezoelectric and magnetostrictive
properties [Brisdelli et al., 2014]. The electromagnetic
field acts on the liquid crystal structure formed by
cholesterol, its derivatives, and physicochemical prop-
erties of water, which is a basic environment—the
principal filler of cells and tissue [Sulpizio et al.,
2011; Yi et al., 2014]. This leads to spontaneous

depolarization of the cells, mainly through the
influence of calcium channels [Morgado-Valle et al.,
1998; Zmyslon, 2006]. There are limited data support-
ing the antioxidant effect of ELF-EMF, in particular
its positive impact on improving the functioning
connective tissue’s cells [Sosnowski et al., 1999;
Kurzeja et al., 2013]. We have observed an increase
of SOD activity in the hemolysate, with results that
are consistent with data presented by Raus Balind
et al. [2014]. Those authors demonstrated that ELF-
EMF decreased the level of oxidative stress in gerbil
brains with induced global cerebral ischaemia, as
demonstrated by amplified SOD activity [Raus Balind
et al., 2014]. Studies on mouse fibroblasts conducted
by Kurzeja et al. [2013] showed a reduced level of
oxidative stress markers, and normalization of the
activity of SOD, GPx, and CAT enzymes, as well as a
change of energy state in fibroblasts. In contrast,
Sosnowski et al. [1999] observed a decrease in the
concentration of H,O,, without any irregularities in
the activity of antioxidant enzymes. This previous
research established an enhanced number of oxidative
stress biomarkers and a lowered level of total
antioxidants [Liu et al., 2011]. However, the kinds of
changes in the activities of antioxidant enzymes
remain controversial [Gariballa et al., 2002]. Addi-
tionally, the results of earlier studies do not provide a
clear answer about the impact of electromagnetic
fields on the body’s red-ox system. This lack of clarity
is due to the use of electromagnetic fields of different
intensities and the variety of research models
employed. Results obtained on cell lines or from
laboratory animals cannot be explicitly related to
human therapeutic methods using electromagnetic
fields.

It is also worth mentioning that previous reports
repeatedly suggest a significant attenuation in TAS in
experimental model of global cerebral ischaemia.
Ischaemia/reperfusion produces a significant decrease
in brain TAS and an increase in the level of total
oxidant status. It suggests an increased utilization by
ROS as a contributing factor in decreasing TAS in

TABLE 3. Clinical Parameters Obtained From ELF-EMF Group Versus Control Non-ELF-EMF Group

ADL [mean & SD]

MMSE [mean 4 SD]

GDS [mean &+ SD]

Non-magnetic Magnetic Non-magnetic Magnetic Non-magnetic Magnetic
field therapy field therapy P field therapy field therapy P field therapy field therapy P
Before 10+£29 8.8+24 0.217 223433 209+2  0.128 12.4+43 174+3.6  0.0006
treatments
A After 10 47+1.7 6.6+1.7 0.0048 3.1+£1.7 47+13 0.011 3.1£2 7.8+2 0.0001
treatments
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Fig. 5. Clinical parameters: ADL, MMSE, and GDS for ELF-
EMF group versus control non-ELF-EMF group. Data were pre-
sented as delta of clinimetric scale before and after standard
series of treatments (A ADL =increase of ADL; A MMSE =in-
crease of MMSE; A GDS = decrease of GDS). Statistical anal-
ysis was performed using t-Student or U-Mann-Whitney test.

cerebral ischaemia [Jung et al., 2011; Simao et al.,
2011; Uzar et al., 2012].

In addition to low molecular weight antioxi-
dants, antioxidative enzymes protect the organism
against overproduction of ROS. Our results indicate
that ELF-EMF stimulates SOD activity and, to a
lesser extent, CAT activity. The levels of both SOD
and CAT activity after 10 exposures of ELF-EMF
were approximately 20% higher (Table 2, Figs. 2 and
3). These results indicate that a low frequency
electromagnetic field probably stimulates gene ex-
pression to antioxidative enzymes in hematopoietic
cells in bone marrow. SOD is a metalloprotein that is
found in almost all eukaryotic cells. The other
potential mechanism of increased SOD activity in this
group could be the interference of the electromagnetic
field in electrostatic interactions of SOD molecules.
Charged amino acid residues around the positively-
charged SOD active site create an electric field
gradient that provides the correct electrostatic driving
force for O, ", directing this substrate into the site of
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the active enzyme [Léveque et al., 2001]. According
to our predictions, ELF-EMF could affect this func-
tion’s status, thereby changing SOD activity.

Catalase is not directly involved in the removal
of ROS, but prevents Fenton’s reaction, in which
H,0, is converted to highly toxic hydroxyl radicals.
According to the literature, CAT activity decreases
following a stroke, thereby reducing the effectiveness
of the inactivation of H,O,, which freely diffuses
across the mitochondrial membrane and increases
oxidative stress [Venarucci et al., 1999; Miller et al.,
2011]. In the present study, we noticed that CAT
activity in the erythrocytes of the ELF-EMF group
increased by about 20% after 10 applications, while in
the non-ELF-EMF group the CAT value remained
unchanged (Fig. 2). The changes in the Kkinetic
parameters of CAT and SOD confirm, for the first
time, an interaction between ELF-EMF therapy and
the human enzymological system. Significant changes
in SOD/CAT activity determine the need for further
studies, in order to establish events at the molecular
level, so that possible effects of an ELF-EMF on
human health can be better understood. Previous
studies with rats exposed to ELF-EMF showed no
significant changes in the activity of antioxidant
enzymes (SOD and CAT). It should be noted that the
irradiation of the animals resulted in their immobiliza-
tion, which is in turn associated with stress [Martinez-
Samano et al.,, 2010; Glinka et al., 2013]. Stress
activates a complex of physiological and psychologi-
cal response mechanisms, leading to an imbalance of
red-ox and overproduction of ROS [Passali et al.,
2015]. Thus, it is not possible to directly compare our
results with studies carried out using animals.

In our study, we also observed a dependence
between ELF-EMF and improvement of clinical
parameters of rehabilitated patients, as well as a
relationship between oxidative stress factors and
clinical parameters. Our findings show that the ADL
value increased by about 20% more in ELF-EMF

TABLE 4. Correlation Coefficient Values Obtained for Change in Antioxidative Enzyme Activities (CAT and SOD) and
Parameters of Clinimetric Scales (ADL, MMSE, GDS) After Electromagnetic Field Therapy

CAT activity

SOD activity

ADL MMSE GDS ADL MMSE GDS
Rho=0.5707 Rho=0.4184 Rho =—-0.3732 Rho = —0.0072 Rho =0.5006 Rho = —0.5304
P=0.0112 P=0.0684 P=0.0707 P=0.5044 P=0.0347 P=0.0219
H1: positive H1: positive H1: negative
correlation correlation correlation

Correlation was analyzed using Spearman’s rank correlation method. Table consist Spearman’s rank correlation coefficient (Rho),

probability for correlation (p), and hypotheses verification (H1).

Bioelectromagnetics

95U9017 SLOWILIOD SAIIS1D) 3|qedt|dde ayy Aq pausenob aJe sap e YO ‘8sn Jo Sa|ni Joj Aeiqi 8UlUO AS[IA UO (SUONIPUOI-PUR-SWBIW0D A8 |ImAleIq 1 pul|Uo//:Sdny) SUONIPUOD Pue SWIe 1 8U) 39S *[9202/0T/80] U0 Ariqiauluo A3[IM Biquin|oD yshug JO AisieAlun Ag 55022 'Weq/Z00T 0T/I0p/L0d" A3 1M Akeid 1 jpuljuo//Sciy Wwoiy pspeojumod ‘S ‘2T0Z *X98TTZST



394 Cichonetal.

patients than in non-ELF-EMF patients (Table 3,
Fig. 5), and there is a significant positive correlation
between changes of CAT activity and A ADL
(Table 4). The growth of parameters on the MMSE
scale before and after ELF-EMF was about 25%
(Fig. 5), and was significantly positively correlated
with an increase in activity of SOD (Table 4). In
contrast, we also proved a significant negative corre-
lation between changes of GDS value and A SOD
activity (Table 4).

Ciancarelli et al. [2013] investigated the influ-
ence of intensive neurorehabilitation on oxidative
stress balance during recovery of neurological deficits
in post-acute ischaemic stroke patients. They found
that increased activity of Cu/ZnSOD correlated with
improvement of the motor function (Katz Index) of
post-stroke patients. The authors suggested that inten-
sive neurotherapy might reduce oxidative stress and/
or mobilize the endogenous antioxidant system,
thereby decreasing neurological deficits [Ciancarelli
et al., 2013]. Numerous studies have shown the
relationship between the body’s antioxidant status and
level of dementia [Delibas et al., 2002; Torres et al.,
2011; Arikanoglu et al., 2013; Picco et al., 2014;
Baierle et al., 2015]. Post-stroke depression (PSD) is
associated with increased disability and increased
cognitive impairment, and leads to delay of the
therapeutic process due to deterioration of patients’
motivation and their low mood [Paolucci, 2008]. The
molecular pathomechanism of PSD is unclear. In our
previous studies, we showed a negative correlation
between the activity of catalase and level of PSD, as
well as correlations between level of oxidative
damage of plasma proteins and the level of depression
[Cichon et al., 2015]. Research conducted by Picco
et al. [2014] reported that oxidative stress could play a
role in impairing brain glucose utilization in elderly
subjects with increasing severity of cognitive distur-
bance. Oxidative stress was determined by measuring
the activity of CAT, SOD, and GPx activity. The
authors demonstrated that reduction of antioxidant
enzyme activity is associated with impairment of
glucose utilization in the left temporal lobe structures,
which leads to a deterioration of cognitive functions
[Picco et al., 2014]. Therefore, in accordance with our
assumptions, it is likely that improvements in cogni-
tive function in post-stroke patients treated with
electromagnetic fields may be due to increased
activity of antioxidant enzymes.

In conclusion, ELF-EMF therapy is a non-
invasive and safe treatment with the potential for
promoting recovery in ischaemic stroke patients.
The electromagnetic field increases the activity of
antioxidant enzymes and improves the effectiveness

Bioelectromagnetics

of post-stroke therapy. Increasing SOD and CAT
activities after 10 treatments correlates with revised
degrees of physical and mental disability determined
on the basis of the three clinimetric scales used in this
study. Therefore, these new insights might be impor-
tant for in vivo modulation of ROS production in
electromagnetic field treatment, which could open
new avenues of biomedical research and therapeutic
strategies for various neurological (and other) dis-
eases. Ultimately, ELF-EMF seems to be a very useful
additional tool in post-stroke therapeutic treatment.

COMPLIANCE WITH ETHICAL STANDARDS

All procedures performed in our studies using
human participants were conducted in accordance
with the ethical standards of the institutional research
committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards.

REFERENCES

Abd-Elsameea AA, Moustaf AA, Mohamed AM. 2014. Modula-
tion of the oxidative stress by metformin in the cerebrum of
rats exposed to global cerebral ischemia and ischemia/
reperfusion. Eur Rev Med Pharmacol Sci 18:2387-2392.

Aebi H. 1984. Catalase in vitro. Methods Enzymol 105:121-126.

Annoni JM, Staub F, Bruggimann L, Gramigna S, Bogousslavsky
J. 2006. Emotional disturbances after stroke. Clin Exp
Hypertens 28:243-249.

Arikanoglu A, Akil E, Varol S, Yucel Y, Yuksel H, Cevik MU,
Palanci Y, Unan F. 2013. Relationship of cognitive
performance with prolidase and oxidative stress in Alz-
heimer disease. Neurol Sci 34:2117-2121.

Baierle M, Nascimento SN, Moro AM, Brucker N, Freitas F,
Gauer B, Durgante J, Bordignon S, Zibetti M, Trentini CM,
Duarte MM, Grune T, Breusing N, Garcia SC. 2015.
Relationship between inflammation and oxidative stress
and cognitive decline in the institutionalized elderly. Oxid
Med Cell Longev 2015:1-12.

Basset CA. 1999. Beneficial effect of electromagnetic fields.
J Cell Biochem 51:387-393.

Beers RF, Sizer IW. 1952. A spectrophotometric method for
measuring the breakdown of hydrogen peroxide by cata-
lase. J Biol Chem 195:133-140.

Brisdelli F, Bennato F, Bozzi A, Cinque B, Mancini F, lorio R.
2014. ELF-MF attenuates quercetin-induced apoptosis in
K562 cells through modulating the expression of Bcl-2
family proteins. Mol Cell Biochem 397:33—-43.

Broughton BR, Reutens DC, Sobey CG. 2009. Apoptotic mecha-
nisms after cerebral ischemia. Stroke 40:331-339.

Bryl A, Paluszak J, Piatek J, Labedzka-Gardy M, Krawczyk J.
2004. The influence of extremely low frequency magnetic
fields on the treatment of somatic symptoms of depression.
Now Lek 73:263-267. (in Polish).

Chen HZ, Guo S, Li ZZ, Lu Y, Jiang DS, Zhang R, Lei H, Gao L,
Zhang X, Zhang Y, Wang L, Zhu LH, Xiang M, Zhou Y,
Wan Q, Dong H, Liu DP, Li H. 2014. A critical role for
interferon regulatory factor 9 in cerebral ischemic stroke.
J Neurosci 34:11897-11912.

95U9017 SLOWILIOD SAIIS1D) 3|qedt|dde ayy Aq pausenob aJe sap e YO ‘8sn Jo Sa|ni Joj Aeiqi 8UlUO AS[IA UO (SUONIPUOI-PUR-SWBIW0D A8 |ImAleIq 1 pul|Uo//:Sdny) SUONIPUOD Pue SWIe 1 8U) 39S *[9202/0T/80] U0 Ariqiauluo A3[IM Biquin|oD yshug JO AisieAlun Ag 55022 'Weq/Z00T 0T/I0p/L0d" A3 1M Akeid 1 jpuljuo//Sciy Wwoiy pspeojumod ‘S ‘2T0Z *X98TTZST



Cheng Y, Dai Y, Zhu X, Xu H, Cai P, Xia R, Mao L, Zhao BQ,
Fan W. 2015. Extremely low-frequency electromagnetic
fields enhance the proliferation and differentiation of neural
progenitor cells cultured from ischemic brains. Neuroreport
26:896-902.

Ciancarelli I, Pistarini C, Carolei A, Tozzi MG. 2013. Oxidative
stress in post-acute ischemic stroke patients: Relevance of
early intensive neurorehabilitation. J Neurol Neurophysiol
4:1-4.

Cichon N, Bijak M, Miller E, Niwald M, Saluk J. 2015. Poststroke
depression as a factor adversely affecting the level of
oxidative damage to plasma proteins during a brain stroke.
Oxid Med Cell Longev 2015:1-10.

Collin C, Wade DT, Davies S, Horne V. 1988. The barthel ADL
index: A reliability study. Int Disabil Stud 10:61-63.
Delibas N, Ozcankaya R, Altuntas I. 2002. Clinical importance of
erythrocyte malondialdehyde levels as a marker for cognitive
deterioration in patients with dementia of Alzheimer type: A
repeated study in 5-year interval. Clin Biochem 35:137-141.

Domanski L, Dotgowska B, Safranow K, Myslak M, Rozanski J,
Romanowski M, Ostrowski M, Domanski M, Pawlik A,
Ciechanowski K. 2006. Early phase of reperfusion of
human kidney allograft does not affect an erythrocyte anti-
oxidative system. Nephrology 11:467-470.

Erel O. 2004. A novel automated direct measurement method for
total antioxidant capacity using a new generation, more
stable ABTS radical cation. Clin Biochem 37:277-285.

Folstein MF, Folstein SE, McHugh PR. 1975. Mini-mental state:
A practical method for grading the cognitive state of
patients for the clinician. J Psychiatr Res 12:189-198.

Fridovitch I, McCord JM. 1969. Superoxide dismutase an enzimic
function for erythrocuprein (hemocuprein). J Biol Chem
244:6049-6055.

Gariballa SE, Hutchin TP, Sinclair AJ. 2002. Antioxidant capacity
after acute ischaemic stroke. QJM 95:685-690.

Glinka M, Sieron A, Birkner E, Cieslar G. 2013. Influence of
extremely low-frequency magnetic field on the activity of
antioxidant enzymes during skin wound healing in rats.
Electromagn Biol Med 32:463-470.

Hauke J, Kossowski T. 2011. Comparison of values of Pearson’s
and Spearman’s correlation coefficients on the same sets of
data. Quaest Geogr 30:87-93.

Jung HW, Mahesh R, Bae HS, Kim YH, Kang JS, Park YK. 2011.
The antioxidant effects of Joongpoongtang 05 on brain
injury after transient focal cerebral ischemia in rats. J Nat
Med 65:322-329.

Jurowska A, Chudzik W, Trochimiak L, Kaczorowska B,
Czernicki J. 1997. Fizykalne metody leczenia zaburzen
krazenia w uktadzie krggowopodstawnym — ocena wptywu
pola magnetycznego na niektdre parametry przeptywu krwi
(doniesienia wstgpne). Baln Pol 39:101-106. (in Polish).

Kochetkov AV, Gorbunov FE, Minenkov AA, Strel’tsova EN,
Filina TF, Krupennikov AL 2000. The optimization of an
early rehabilitation program for cerebral stroke patients:
The use of different methods of magneto- and laser therapy.
Vopr Kurortol Fizioter Lech Fiz Kult 3:17-21. (in Russian).

Kurzeja E, Synowiec-Wojtarowicz A, Stec M, Glinka M, Gawron
S, Pawtowska-Goral K. 2013. Effect of a static magnetic
fields and fluoride ions on the antioxidant defense system
of mice fibroblasts. Int ] Mol Sci 14:15017-15028.

Lee HC, Hong MN, Jung SH, Kim BC, Suh YJ, Ko YG, Lee YS,
Lee BY, Cho YG, Myung SH, Lee JS. 2015. Effect of
extremely low frequency magnetic fields on cell prolifera-
tion and gene expression. Bioelectromagnetics 36:506-516.

Antioxidative Effect of ELF-EMF 395

Lee JC, Won MH. 2014. Neuroprotection of antioxidant enzymes
against transient global cerebral ischemia in gerbils. Anat
Cell Biol 47:149-156.

Lévéque VJ, Vance CK, Nick HS, Silverman DN. 2001. Redox
properties of human manganese superoxide dismutase and
active-site mutants. Biochemistry 40:10586-10591.

Liu Y, Liu W, Sun X, Li R, Sun Q, Cai J, Kang Z, Lv S, Zhang
JH, Zhang W. 2011. Hydrogen saline offers neuroprotec-
tion by reducing oxidative stress in a focal cerebral
ischemia-reperfusion rat model. Med Gas Res 1:15.

Martinez-Samano J, Torres-Duran PV, Judrez-Oropeza MA,
Elias-Vinas D, Verdugo-Diaz L. 2010. Effects of acute
electromagnetic field exposure and movement restraint on
antioxidant system in liver, heart, kidney and plasma of
Wistar rats: A preliminary report. Int J Radiat Biol
86:1088-1094.

Miller E, Mrowicka M, Malinowska K, Mrowicki J, Saluk J,
Kedziora J. 2010. The effects of whole-body cryotherapy
on oxidative stress in multiple sclerosis patients. J Therm
Biol 35:406-410.

Miller E, Mrowicka M, Malinowska K, Mrowicki J, Saluk-
Juszczak J, Kedziora J. 2011. Effects of whole-body
cryotherapy on a total antioxidative status and activities
of antioxidative enzymes in blood of depressive multi-
ple sclerosis patients. World J Biol Psychiatry 12:
223-227.

Morgado-Valle C, Verdugo-Diaz L, Garcia DE, Morales-Orozco
C, Drucker-Colin R. 1998. The role of voltage-gated Ca2+
channels in neurite growth of cultured chromaffin cells
induced by extremely low frequency (ELF) magnetic field
stimulation. Cell Tissue Res 291:217-230.

Murakami K, Kondo T, Kawase M, Li Y, Sato S, Chen SF,
Chan PH. 1998. Mitochondrial susceptibility to oxidative
stress exacerbates cerebral infarction that follows perma-
nent focal cerebral ischemia in mutant mice with
manganese superoxide dismutase deficiency. J Neurosci
18:205-213.

Paolucci S. 2008. Epidemiology and treatment of post-stroke
depression. Neuropsychiatr Dis Treat 4:145-154.

Passali D, Corallo G, Yaremchuk S, Longini M, Proietti F, Passali
GC, Bellussi L. 2015. Oxidative stress in patients with
obstructive sleep apnoea syndrome. Acta Otorhinolaryngol
Ital 35:420-425.

Picco A, Polidori MC, Ferrara M, Cecchetti R, Arnaldi D,
Baglioni M, Morbelli S, Bastiani P, Bossert I, Fiorucci G,
Brugnolo A, Dottorini ME, Nobili F, Mecocci P. 2014.
Plasma antioxidants and brain glucose metabolism in
elderly subjects with cognitive complaints. Eur J Nucl Med
Mol Imaging 41:764-775.

Pruszynska MA, Kostka J, Raczkowski JW, Chmielewski HM.
2015. Patients’ knowledge regarding modifiable risk factors
of stroke. Pol Merkur Lek 38:16-19. (in Polish).

Raus Balind S, Selakovi¢ V, Radenovi¢ L, Proli¢ Z, Jana¢ B.
2014. Extremely low frequency magnetic field (50 Hz, 0.5
mT) reduces oxidative stress in the brain of gerbils
submitted to global cerebral ischemia. PLoS ONE 9:
e88921.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-
Evans C. 1999. Antioxidant activity applying an improved
ABTS radical cation decolorization assay. Free Radic Biol
Med 26:1231-1237.

Shahbazi-Gahrouei D, Shiri L, Alaei H, Naghdi N. 2016. The
effect of continuous ELF-MFs on the level of 5-HIAA in
the raphe nucleus of the rat. ] Radiat Res 57:1-6.

Bioelectromagnetics

95U9017 SLOWILIOD SAIIS1D) 3|qedt|dde ayy Aq pausenob aJe sap e YO ‘8sn Jo Sa|ni Joj Aeiqi 8UlUO AS[IA UO (SUONIPUOI-PUR-SWBIW0D A8 |ImAleIq 1 pul|Uo//:Sdny) SUONIPUOD Pue SWIe 1 8U) 39S *[9202/0T/80] U0 Ariqiauluo A3[IM Biquin|oD yshug JO AisieAlun Ag 55022 'Weq/Z00T 0T/I0p/L0d" A3 1M Akeid 1 jpuljuo//Sciy Wwoiy pspeojumod ‘S ‘2T0Z *X98TTZST



396 Cichonetal.

Sieron A, Cieslar G. 2003. Application of variable magnetic fields
in medicine — 15-year own experience. Wiad lek 49:
434-441. (in Polish).

Sieron A, Cieslar G, Kawczyk-Krupka A, Biniszkiewicz T,
Bilska-Urban A, Adamek M. 2002. Theoretical basis, the
effects of biological and clinical application. In: Sieroni A,
editor. The Use of Variable Magnetic Field in Medicine,
2nd ed. supplemented and extended Bielsko-Biata, Poland:
a-medica press. pp 15-36. (in Polish)

Sieron A, CieSlar G, Zmudzinski J. 1999. Lecznicze dzialanie
zmiennego pola magnetycznego u chorych z pdzZnymi
nastgpstwami udaréw mézgowych. Fizjoterapia 2:9-10. (in
Polish).

Simao F, Matté A, Matté C, Soares FM, Wyse AT, Netto CA,
Salbego CG. 2011. Resveratrol prevents oxidative stress
and inhibition of Na(+)K(+)-ATPase activity induced by
transient global cerebral ischemia in rats. J Nutr Biochem
22:921-928.

Sims NR, Anderson MF. 2002. Mitochondrial contributions to
tissue damage in stroke. Neurochem Int 40:511-526.
Sosnowski P, Mikrut K, Paluszak J, Paluszak J, Krauss H, Kozlik
J, Jaroszyk F. 1999. Aktywnos$¢ enzymoéw antyoksydacyj-
nych we krwi szczuréw poddanych diugotrwatemu dziata-

niu pola magnetycznego. Baln Pol 41:18-24. (in Polish).

Sulpizio M, Falone S, Amicarelli F, Marchisio M, Di Giuseppe F,
Eleuterio E, Di Ilio C, Angelucci S. 2011. Molecular basis
underlying the biological effects elicited by extremely low-
frequency magnetic field (ELF-MF) on neuroblastoma
cells. J Cell Biochem 112:3797-3806.

Sun J, Murphy E. 2010. Protein S-nitrosylation and cardioprotec-
tion. Circ Res 106:285-296.

Bioelectromagnetics

Suzuki K. 2009. Anti-oxidants for therapeutic use: Why are only
a few drugs in clinical use?. Adv Drug Deliv Rev 61:
287-289.

Torres LL, Quaglio NB, de Souza GT, Garcia RT, Dati LM,
Moreira WL, Loureiro AP, de Souza-Talarico JN, Smid J,
Porto CS, Bottino CM, Nitrini R, Barros SB, Camarini R,
Marcourakis T. 2011. Peripheral oxidative stress biomark-
ers in mild cognitive impairment and Alzheimer’s disease.
J Alzheimers Dis 26:59-68.

Uzar E, Acar A, Evliyaoglu O, Firat U, Kamasak K, Go¢gmez C,
Alp H, Tifek A, Tagdemir N, Ilhan A. 2012. The anti-
oxidant and anti-apoptotic effects of nebivolol and zofeno-
pril in a model of cerebral ischemia/reperfusion in rats.
Prog Neuropsychopharmacol Biol Psychiatry 36:22-28.

Venarucci D, Venarucci V, Vallese A, Battila L, Casado A, De la
Torre R, Lopez Fernandez ME. 1999. Free radicals:
Important cause of pathologies refer to ageing. Panminerva
Med 41:335-339.

Woldanska-Okonska M, Czernicki J. 2007. Effect of low
frequency magnetic fields used in magnetotherapy and
magnetostimulation on the rehabilitation results of patients
after ischemic stroke. Przegl Lek 64:74-77. (in Polish).

Yi G, Wang J, Wei X, Deng B, Tsang KM, Chan WL, Han C.
2014. Effects of extremely low-frequency magnetic fields
on the response of a conductance-based neuron model. Int J
Neural Syst 24:1-16.

Young JA, Tolentino M. 2009. Stroke evaluation and treatment.
Top Stroke Rehabil 16:389-410.

Zmyslon M. 2006. Biophysical mechanisms of electromagnetic
fields interaction and health effects. Med Pr 57:29-39. (in
Polish).

95U9017 SLOWILIOD SAIIS1D) 3|qedt|dde ayy Aq pausenob aJe sap e YO ‘8sn Jo Sa|ni Joj Aeiqi 8UlUO AS[IA UO (SUONIPUOI-PUR-SWBIW0D A8 |ImAleIq 1 pul|Uo//:Sdny) SUONIPUOD Pue SWIe 1 8U) 39S *[9202/0T/80] U0 Ariqiauluo A3[IM Biquin|oD yshug JO AisieAlun Ag 55022 'Weq/Z00T 0T/I0p/L0d" A3 1M Akeid 1 jpuljuo//Sciy Wwoiy pspeojumod ‘S ‘2T0Z *X98TTZST



