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ABSTRACT

The aim of this study is to determine lipid peroxidation and antioxidant enzyme
levels in liver and lung tissues of guinea pigs which were exposed to different
intensities of electric fields and the experimental results are applied to neural
networks as learning data and the training of the feed forward neural network is
realized. At the end of this training; without applying electric field to tissues, the
determination of the effects of the electric field on tissues by using computer is
predicted by the neural network.

Electric potentials were applied to the copper plates mounted on the wooden
boxes to produce electric fields with magnitudes of 1.8 kV/m, 1.35 kV/m, 1 kV/m,
0.8 kV/m and 0.3 kV/m. Male white guinea pigs (150-200 g) were continuously
exposed to electric fields for 8 hours per day over 3 days. A total of 100 guinea
pigs were exposed to electric fields. Each group of 20 guinea pigs was exposed to
the electric field from 9 a.m. to 5 p.m. Twenty guinea pigs were used as controls.
The effect of electric field exposure on malondialdehyde (MDA) and superoxide
dismutase (SOD) levels was investigated for different intensities.

After the experiments, the prediction of the neural network is
averagely 97.27% - 99.51 %.

Those percentiles of the prediction performance of the neural network
belonging to experiment results of electric field were so high; this fact shows that
the feed forward neural networks which are used many fields could be applied in
the studies of electric field too.

Key Words: Electric field, Liver, Lung, Lipid peroxidation, Antioxidant enzyme,
Artificial Neural Network

COK KATMANLI iDRAK SiNiR AGLARI KULLANILARAK ELEKTRiK ALANLARIN
LiPiD PEROKSIDASYON VE ANTIiOKSIiDAN ENZIMLER UZERINE ETKIiLERINIiN

INCELENMESI
OZET

Bu calismada farkli siddetlerde uygulanan elektrik alanlarin karaciger ve
akciger dokularinda lipid peroksidasyon ve antioksidan enzimler {izerindeki
etkileri kobaylarda incelendi ve elde edilen deney sonuglari sinir aglarina
O0grenme verisi olarak uygulanip ileri beslemeli sinir agmin egitimi
gerceklestirildi. Bu egitim sonucu; dokulara elektrik alan uygulanmadan,
bilgisayar ortaminda elektrik alanin dokulara etkisinin belirlenmesi sinir ag1 ile
tahmin edildi.
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Tahta kafesler iizerine monte edilmis olan bakir plakalara potansiyel fark
uygulanarak 1.8 kV/m, 1.35 kV/m, 1 kV/m, 0.8 kV/m ve 0.3 kV/m siddetinde
elektrik alanlar olusturuldu. Her grupta 20 adet kobay olmak iizere toplam 100
adet erkek beyaz kobay (150-200 gr) giinde 8 saat olmak {izere ii¢ giin boyunca
elektrik alanlara siirekli olarak maruz birakildi. Elektrik alan uygulama islemine
saat 9°"da baglanip 17°°de son verildi. 20 adet kobay ise kontrol grubunu
olusturdu. Farkli siddetlerde uygulanan elektrik alanlarin malondialdehit ( MDA )
ve superoksit dismutaz ( SOD ) seviyelerine etkisi arastirildi.

Yapilan deneyler sonucu sinir aginin tahmini; ortalama %97.27 - % 99.51

olarak tespit edildi.

Elektrik alan deney sonuglarma ait sinir ag1 tahmin performansindan elde
edilen verilerin ylizde degerlerinin yiiksek dogrulukta bulunmast; ileri beslemeli
sinir aglarinin pek ¢ok uygulama alaninda kullanildigi gibi elektrik alan
calismalarinda da uygulanabilecegini gostermistir.

Anahtar Kelimeler: Elektrik alan, Karaciger, Akciger, Lipid peroksidasyon,
Antioksidan enzim, Yapay sinir aglart

1. GiRiS

Giliniimiizde ¢evrenin kimyasal maddelerle kirletilmesi
yogun elestirilere neden olurken; elektromagnetik cevre
kirlenmesi  giindemimize yeni girmeye baslamig
konulardandir. Teknolojinin gelisimi ile elektromagnetik
enerjinin kullaniminin giderek yayginlagmasi nedeniyle
cogumuz siirekli olarak degisik siddet, siire ve
dogrultularda elektrik ve magnetik alanlara daha ¢ok
maruz kalmaktayiz. Elektrik ve magnetik alanlarin
sagligimiz {izerindeki etkilerini arastirmak amaciyla ¢ok
sayida ¢alisma yapilmakta ve bu aragtirmalar giin gectikce
artmaktadir (1-10). Bu tiir ¢aligmalar kobaylar, ratlar,
kediler, kopekler ve tavsanlar iizerinde yapilmaktadir. Bu
nedenle; bu ¢aligmada elektrik  alanlarin  lipid
peroksidasyon ve antioksidan enzimler iizerine etkileri
kobaylarda incelenmis ve elde edilen deney sonuglari sinir
aglarma Ogrenme verisi olarak uygulanip sinir agmin
egitimi gergeklestirilmistir. Bu egitme sonucu dokulara
elektrik alan uygulanmadan ve fazla sayida hayvan
kullanmaksizin  bilgisayar ortaminda elektrik alanin
dokulara etkisinin belirlenmesi ve bu konuda arastirma
yapan diger aragtirmacilar i¢inde belli bir veri tabaninin
olusturulmas1 amaglanmaktadir.

Sinir aglari, insan beynindeki néronlara benzer olarak
meydana getirilen yapay noronlarin degisik baglanti
geometrisi ve birbirlerine baglanmasi ile olusan karmasik
sistemlerdir. Sinir aglar1 paralel hesaplama teknigini
kullanan algoritmik olmayan bir metottur. Programlama
yerine dogrudan mevcut Ornekler iizerinden egitilerek
ogrenir. Ileri beslemeli sinir aglari, genis bir uygulama
alanma sahiptir. Bu tip ag yapist bircok alana basari ile
uygulannstir (11). ileri beslemeli sinir aglari tarafindan
noronlar ileri besleme seklinde yerlestirilip birbirlerine
baglanirlar. ileri beslemeli sinir ag1 ii¢ ana katmandan
olusur. Bunlar girig, gizli ve ¢ikis katmanlaridir. Sinir
agmimn giris katmanmna giris vektorleri [x;, x, ... , x,]
seklinde uygulanarak ¢ikis katmaninda ¢ikis vektorleri
1, 2 ..., vl seklinde elde edilir. Giris, gizli ve ¢ikis
katmanlar1 arasindaki her vektorel baglantinin agirlik
katsayist katmanlar arasindaki her islem elemanmin diger

1. INTRODUCTION

Today the pollution of the environment with chemical
substances is intensely criticized; however the
electromagnetic pollution of the environment is started to
be discussed recently. Due to the development of the
technology and increased use of the electromagnetic
energy, most of us are exposed to electric and magnetic
fields in different intensities, exposure periods and
directions. Much research is done to investigate the effects
of electric and magnetic fields on our health and the
number of these studies is increasing (1-10). These studies
are done with guinea pigs, rats, mice, cats, dogs and
rabbits. This study investigated the changes in lipid
peroxidation and antioxidant enzymes due to the effects of
electric fields in guinea pigs and the experimental results
were applied to neural networks as learning data and the
training of the feed forward neural network has been
realized. At the end of this training, to determine the effect
of the electric field on tissues in computer, without
applying electric field to tissues and without using too
many guinea pigs and to form a database for the
researchers in this field are aimed.

Neural networks are complex systems, which are
formed with the different connection geometry of artificial
networks produced like the neurons in the human brain
and with their interconnection. Neural network is a non-
algorithmic method, which uses parallel computing
technique. Neural networks are learned directly with
current examples rather than programming. Feed forward
neural networks have a wide application field. This type of
network has been used successfully in many fields (11).
Neurons are stored in the form of feed forward and
interconnected by feed forward neural networks. Feed
forward neural network is composed of three layers: input,
hidden and output layers. The input vectors are obtained
by being applied as [x;, x, ..., x,] to the input layer of the
neural network and output vectors are obtained by being
applied as [y;, vy, ..., y,] to the output network of the
neural network. The weight coefficient of each vector
connection between the input, hidden and output layers is
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islem elemanlari tizerindeki etkisine gore hesaplanir.

Noronlarin  girislerine gore ¢ikiglarinin belirlenmesi
icin kullanilan transfer fonksiyonu olarak sigmoid veya
tanjant hiperbolik (tanh) gibi bir fonksiyon segilebilir.
Yapay sinir aglarinda &grenme esnasinda yapilmasi
gereken en Onemli konulardan biri de Ogrenme
katsayilarimin ayarlanmasidir. Ogrenme katsayisi 0,01 ile
10 araliginda secilebilen sabit bir sayidir. Agirliklarin ¢ok
yiiksek tutulmasi yiiziinden yapay sinir aginin grenme
davranisi bozulabilir. Bunu o6nleyebilmek icin &grenme
katsayisimin kiiciik tutulmasi gerekir. Ote yandan kiiciik
O0grenme orani ise 0grenme iglemini yavaglatmaktadir. Bu
nedenle momentum Ogrenme teknigi icin adim
bilyiikliigiiniin ve momentum katsayisinin agm dgrenmesi
icin uygun olarak belirlenmesi gerekir (12). Agmn
ogrenmesinde basarili bir 6grenme algoritmasi olan gok
katmanli idrak ( Multi Layer Perceptron -MLP ) kullanilir.
Bir geri yayilim algoritmast olan ¢ok katmanli idrak, agin
cikigindaki hatay1 hesaplayarak noronlarin agirliklarim
yeniden diizenler. Yeniden diizenleme katmanlara
yayilarak, c¢ikistaki hata azaltilmaya calisilir. Agm
ogrenmedeki basarisini degerlendirmek igin gergek ve
tahmin edilen degerler arasindaki sapmalar 6l¢iiliir. Yapay
sinir aginin performans analizi istatistiksel yontemlerle
degerlendirilir. Ortalama karesel hata ( MSE ), degeri
istenen ile hesaplanan ag ¢ikisinin birbirine ne kadar iyi
uyup uymadigina karar vermek igin kullanilir (13,14).

2. MATERYAL VE METOD
2.1. Elektrik Alan Maruziyeti

Kobaylar boyutlar1 50cm x 50cm x 14 cm olan tahta
kafeslerde elektrik alanlara maruz birakildilar. Dikey
dogrultuda alan olusturmak i¢in, kafesin iist ve alt yiiziine
bakir plakalar monte edildi. 1.8 kV/m, 1.35 kV/m,
1 kV/m, 0.8 kV/m ve 0.3 kV/m siddetlerinde elektrik alan
elde etmek i¢in tahta kafese monte edilen bakir levhalara
potansiyel farklar uygulandi. Caligmada 1.8 kV/m,
1.35 kV/m, 1 kV/m, 0.8 kV/m ve 0.3 kV/m siddetindeki
elektrik alanlar giinde 8 saat olmak iizere 3 giin boyunca
erkek beyaz kobaylara (150-200 gr) uygulandi. Toplam
80 adet kobay elektrik alana maruz birakildi. Her grupda
20 adet kobay sabah 9.00’dan aksam 17.00°a kadar
elektrik alana maruz birakildi. Aym sartlarda ve fakat
elektrik alan uygulanmayan 20 kobay kontrol grubunu
olusturdu. Elektrik alan uygulama siiresince stres
faktoriinii ortadan kaldirabilmek i¢in her kafese birer adet
hayvan konuldu.

Elektrik alan uygulamasimi takiben bir giin sonra,
karaciger ve akciger dokular: hizli bir sekilde ¢ikarildi.

2.2. Malondialdehit analizi

Elektrik alanlarin lipid peroksidasyonuna etkileri
karaciger ve akciger dokularinda malondialdehit ( MDA )
seviyesi tespit edilerek saptandi (15).

computed according to the effect of each operation
element on the other operation elements.

A function such as sigmoid or tangent hyperbolic
(tanh) could be chosen as function of transfer, which is
used to determine the outputs according to the neuron
inputs. One of the most important points that should be
done during the learning in the artificial neural networks
is the adjusting of the learning coefficients. The learning
coefficient is a fixed number, which may be chosen
between 0, 01 and 10. The learning behavior of the
artificial neural network may be violated due to high
weights. To prevent this, the learning coefficient should
be lower. On the other hand, lower learning rate slows
down the learning. Thus for the momentum learning
technique, the step size and the momentum coefficient
should be set in accordance with the learning of the
network (12). In the learning of the network, Multi Layer
Perceptron-MLP, which is a successful learning
algorithm, is used. MLP, which is back propagation
algorithm, computes the error at the output of the network
and sets weights of neurons again. This operation is
spread out layers and the error in the output is tried to be
reduced. Deviations among the real and predicted values
are measured to evaluate the learning success of the
network. The performance analysis of the artificial neural
network is evaluated by statistical methods. Mean square
error (MSE) is used to determine the compliance between
the predicted output and computed network output
(13,14).

2. MATERIALS AND METHODS
2.1. Electric Field Exposure

Guinea pigs were housed in wooden cages with
dimensions of 50 cm x 50 cm x 14 ¢cm and were exposed
to electric fields. For vertical field exposure; copper plates
were mounted on the top and the bottom faces of the
cages. The potential differences were applied to the copper
plates mounted on the wooden boxes to produce electric
fields with magnitudes of 1.8 kV/m, 1.35 kV/m, 1 kV/m,
0.8 kV/m, 0.3 kV/m. Male white guinea pigs (150-200 g)
were continuously exposed to electric fields for 8 hours
per day over 3 days. A total of 80 guinea pigs were
exposed to electric fields. Each group of 20 guinea pigs
was exposed to the electric field from 9 am. to 5 p.m.
Twenty guinea pigs were used as controls and were kept
under the same conditions without being exposed to any
electric field. Since placing more than one animal in a
cage would create a stress factor, only one animal was
placed in each cage during each electric field exposure
period.

On the day after completion of the electric field
exposures, liver and lung tissue samples were rapidly
removed.

2.2. Malondialdehyde analysis

The effects of electric fields on lipid peroxidation are
found by determining the level of
malondialdehyde (MDA) in liver and lung tissues (15).

29
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2.3. Siiperoksit dismutaz analizi

Elektrik alanlarin antioksidan enzimler iizerine etkileri
karaciger ve akciger dokularinda
siiperoksit dismutaz (SOD) seviyesi tespit edilerek
saptand1 (16,17).

2.4. Sinir Ag1 Degerlendirmesi

Sinir aglarin1 uygulayabilmek i¢in MATLAB R12
paket programi kullanilmigtir. Kullanilan sinir aginin tipi
ileri beslemeli ¢ok katmanli idraktir. Bu se¢imin nedeni
denetimli 6grenme ile hatalarn geri yayilimini beraber
uygulayarak Sekil tanima problemlerinin ¢6ziimiinde bir
standart olmasidir. Yapilan denemelerde
Pentium III 600 MHz’lik bir kisisel bilgisayar kullanilmis
ve ortalama 22 saniye siire igerisinde Ogrenme
gerceklestirilebilmistir.  Ogrenme  oncesinde  agirlik
katsayilart kiiglik ve rastgele degerler alinmistir. Yapilan
denemelerde geri yayilim ile beraber momentum
kullanilmig  ve transfer fonksiyonu olarak tanjant
hiperbolik ( tanh ) segilmistir. Tek gizli katman
kullanilmigtir. Momentum katsayis1 0,9 ve adim
biiyiikliigii 0,1 olarak alinmigtir. Durma kriteri olarak sabit
bir MSE degeri belirlemek yerine her deneydeki adim
sayisinin  sabit tutularak 10000 adim da Ogrenmenin
gerceklesmesi saglanmustir.

Bu ¢alismada 1.8 kV/m, 1.35 kV/m, 1 kV/m, 0.8kV/m
ve 0.3 kV/m siddetinde elektrik alanlara 3 giin siireyle
maruz birakilan kobaylarmm karaciger ve akciger
dokularina ait MDA ve SOD sonuglar ele alinmig ve bu
deney sonuglarinin sinir ag1 tarafindan dgrenilebilmesi igin
giris ve c¢ikis vektorleri olusturulmustur. Her bir giris

vektorii X; = kontrol dl¢lim sonucundan olusmaktadir.
Uygulanan giris vektorliniin -~ ¢ikislar olarak
y; = 1.8 kV/im, y, = 135 kV/m, y; = 1 kV/m,
ys= 0.8 kV/m ve ys5= 0.3 kV/m siddetlerindeki elektrik
alan gruplarinin MDA ve SOD 6lgiim sonuglar1 ¢ikis
vektorii  olarak  tamimlanmistir.  Farkli  siddetlerde
uygulanan elektrik alan uygulamalarina ait g¢alisma
gruplart Cizelge 1'de verilmistir.

2.3. Superoxide dismutase analysis

The effects of electric fields on antioxidant enzymes
are found by determining the level of superoxide
dismutase (SOD) in liver and lung tissues (16, 17).

2.4. The Evaluation of The Neural Network

To apply neural networks, the package program of
MATLAB R12 is used. The type of the neural network
used is feed forward multi layered perceptron. The reason
for using this type of neural network is that it is a standard
in the solution of problems related with identifying
Figures by applying the supervised learning and the back
propagation of errors together. A Pentium III 600 MHz PC
is used in experiments and the learning is realized within
averagely 22 seconds. Before the learning, lower and
random values were selected for weight coefficients. In
experiments, back propagation and momentum are used
together and tangent hyperbolic ( tanh ) is selected as the
function of transfer. Only one hidden layer is used. The
momentum coefficient is 0,9 and the step size is 0,1.
Rather than to determine a fixed MSE value as the
stopping criterion, the number of steps in the experiment
is fixed and the learning is realized within 10.000 steps.

In this study MDA and SOD results belonging to
spleen and testis tissues of guinea pigs exposed for 3 days
to electric fields in the strength of 1.8 kV/m, 1.35 kV/m,
1 kV/m, 0.8 kV/m and 0.3 kV/m are evaluated, and input
and output vectors are formed for the results of this
experiment to be learned by the neural network. Each
input vector is composed of x; = the measure result of
control. As outputs of input vector applied, the measure
results in the strength of electric field belonging to
y; = 1.8 kV/m, y, = 1.35 kV/m, y; = 1 kV/m,
ys= 0.8 kV/m and ys; = 0.3 kV/m are defined as output
vector. Working groups belonging to data of electric field
applied different intensities are shown in Table 1.
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Table 1. Working groups belonging to data of electric field applied different intensities
Cizelge 1. Farkli siddetlerde uygulanan elektrik alan verilerine ait ¢aligma gruplari

Tissue/ Doku

Intensities of
Electrical Field/
Elektrik Alan Siddetleri

Groups/Gruplar

Liver-MDA/
Karaciger-MDA

1.8 kV/m
1.35kV/m
1 kV/m
0.8 kV/m
0.3 kV/m
kontrol

GROUP I
GRUP I

Lung-MDA/
Akciger-MDA

1.8 kV/m
1.35kV/m
1 kV/m
0.8 kV/m
0.3 kV/m
kontrol

GROUP II
GRUP I

Liver-SOD/
Karaciger-SOD

1.8 kV/m
1.35 kV/m
1kV/m
0.8 kV/m
0.3 kV/m
kontrol

GROUP 11
GRUP III

Lung-SOD/
Akciger-SOD

1.8 kV/m
1.35 kV/m
1 kV/m
0.8 kV/m
0.3 kV/m
kontrol

GROUP IV
GRUP IV

yr=18kV/m,y,=135kV/m, y;=1kV/m, y,= 0.8 kV/m, ys = 0.3 kV/m, x; = control/ kontrol

3. SONUCLAR VE TARTISMA

Arastirmada uygulanan elektrik alan siddeti arttikga
buna paralel olarak tiim dokularda MDA ve SOD
seviyelerinde artiglar tespit edildi. Dikey dogrultuda
uygulanan 1.8 kV/m, 1.35 kV/m ve 1 kV/m‘lik elektrik
alanlarin MDA ve SOD miktarlarinda meydana getirdigi
artiglar 0.8 kV/m ve 0.3 kV/m’lik elektrik alanlardan daha
etkili  bulundu. Bu c¢aligmaya  paralel olarak
gergeklestirdigimiz bir diger calismada da uygulanan
elektrik alan siddeti arttikca karaciger, akciger ve bobrek
dokularmin hidroksiprolin igeriginde artislar tespit edildi
(3,18,19). Benov ve arkadaslarinin yaptiklari ¢aligmalarda
da elektrik alan siddeti arttikca MDA seviyesinde artiglar
saptandi (2).

Grup I: Farkli siddetlerde uygulanan elektrik alanlarin
karaciger dokusu MDA verilerine ait deney sonuglarinin
bir kismu Cizelge 2’de verilmistir. Elde edilen minimum
hata degeri ( MSE ) 0.10763 olarak gergeklestirilmistir.
Ogrenme basar1 ile ( MSE <0.108 ) gerceklestikten sonra
gercek deney sonuglar (Cizelge 2) sinir agi tarafindan
tahmin edilen deney sonuglart (Cizelge 3) ile
karsilastirilmistir. Bu karsilagtirma sonucu elde edilen
tahmin performanst Cizelge 4’de goriildiigii gibi ortalama
1.8 kV/m’de %98.67, 1.35 kV/m’de %97.55,
1 kV/m’de %98.41, 0.8 kV/m’de %97.96 ve 0.3 kV/m’de
%93.77 olarak hesap edilmistir. Bu degerlere ait ortalama
olarak %97.27 oraninda tahmin performans: elde
edilmigtir.

3. RESULTS AND DISCUSSION

In this investigation, increasing the intensity of the
electric fields resulted in an increase in the MDA and
SOD levels detected in all tissues. Vertical application of
1.8 kV/m, 1.35 kV/m and 1 kV/m electric fields increased
SOD and MDA levels significantly more than the
application of 0.8 kV/m and 0.3 kV/m electric fields. In a
previous study we observed that increasing the electric
field strength results in an increase in the hydroxyproline
content of liver, lung and kidney tissues (3, 18, 19). Benov
also showed that when the intensity of the electric field
was increased, the MDA level increased
proportionally (2).

Group I: Some of the experiment results belonging to
MDA data of liver tissue of electric fields applied in
different intensities are shown in Table 2. The minimum
error value (MSE) obtained is 0.10763. After the learning
had been completed successfully (MSE <0.108), real
experiment results (Table 2) were compared with
experiment results which were predicted by the neural
network (Table 3). The prediction performance obtained
after the comparison is computed as seen in Table 4. The
prediction performance was 98.67% in 1.8 kV/m,
97.55% in 1.35 kV/m, 99.98 % in 0.8 kV/m, 99.99 % in
0.9 kV/m, 99.99 % in 1 kV/m,  99.99 % in 1.35 kV/m,
98.41% in 1 kV/m, 97.96 % in 0.8 kV/m and 93.77 % in
0.3 kV/m. Thus a prediction performance of 97.27 %
(general average) is obtained.
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Table 2. Real experiment results belonging to Group 1.
Cizelge 2. Grup I 'e ait gergek deney sonuglari.

Experiment Number/ Control/
Deney Numarast 1.8 kV/m 1.35kV/m 1 kV/m 0.8 kV/m 0.3 kV/m Kontrol
1 0.08110 0.0610 0.0530 0.0500 0.0420 0.0410
2 0.08100 0.0690 0.0520 0.0500 0.0450 0.0400
3 0.08070 0.0670 0.0540 0.0510 0.0460 0.0430
4 0.08100 0.0690 0.0530 0.0500 0.0450 0.0410
5 0.08130 0.0660 0.0550 0.0500 0.0420 0.0430
Table 3. Experiment results of Group I; these results were predicted by the neural network.
Cizelge 3. Grup I 'e ait sinir ag1 tarafindan tahmin edilen deney sonuglari.
Experiment number/ Control/
Test numarasi 1.8 kV/m 1.35kV/m 1 kV/m 0.8 kV/m 0.3 kV/m Kontrol
1 0.081067 0.06667 0.05333 0.05033 0.04367 0.04100
2 0.081033 0.07033 0.05533 0.05167 0.04533 0.04000
3 0.081000 0.06600 0.05540 0.05240 0.04420 0.04300
4 0.081067 0.06667 0.05333 0.05033 0.04367 0.04100
5 0.081000 0.06600 0.05540 0.05240 0.04420 0.04300
Table 4. The prediction performance belonging to Group 1.
Cizelge 4. Grup I 'e ait tahmin performansi.
Mean/
EXpTe“ment number / 1.8 kV/m 1.35kV/m 1kV/m 0.8 kV/m 0.3 kV/m Ortalama
€st numarasi
1 %0.30 %7.00 %0.46 %0.56 %7.58 %3.18
2 %0.30 %1.50 %4.63 %2.78 %1.33 %2.11
3 %2.80 %]1.15 %1.89 %2.30 %6.92 %3.01
4 %0.61 %2.62 %0.46 %0.56 %5.33 %1.91
5 %2.66 %0.00 %0.53 %4.00 %10.00 %3.44
Mean / Ortalama %1.33 %2.45 %1.59 %2.04 %6.23 %2.73
Prediction Performance/
Tahmin Performansi %98.67 %97.55 %098.41 %97.96 %93.77 %97.27

Grup II: Farkli siddetlerde uygulanan elektrik
alanlarin akciger dokusu MDA verilerine ait deney
sonuglarinin bir kismi Cizelge 5’de verilmistir. Elde edilen
minimum hata degeri ( MSE ) 0.12914 olarak
gerceklestirilmistir. Ogrenme basar1 ile ( MSE <0.13 )
gergeklestikten sonra gercek deney sonuglar (Cizelge 5)
sinir ag1 tarafindan ~ tahmin edilen deney
sonuglar1  (Cizelge 6) ile karsilagtinlmistir. Bu
karsilagtirma sonucu elde edilen tahmin performansi
Cizelge 7°de goriildiigii gibi ortalama 1.8 kV/m’de
%99.78, 1.35 kV/m’de %99.92, 1 kV/m’de %99.54,
0.8 kV/m’de %97.84 ve 0.3 kV/m’de %99.87 olarak hesap
edilmistir. Bu degerlere ait ortalama olarak %99.39
oraninda tahmin performansi elde edilmistir.

Group II: Some of the experiment results belonging
to MDA data of lung tissue of electric fields applied in
different intensities are shown in Table 5. The minimum
error value (MSE) obtained is 0.12914. After the learning
had been completed successfully ( MSE <0.13 ), real
experiment results (Table 5) were compared with
experiment results which were predicted by the neural
network (Table 6). The prediction performance obtained
after the comparison is computed as seen in Table 7. The
prediction performance was 99.78% in 1.8 kV/m, 99.92%
in 1.35 kV/m, 99.54% in 1 kV/m, 97.84% in 0.8 kV/m and
99.87% in 0.3 kV/m. Thus a prediction performance of
99.39 % (general average) is obtained.
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Table 5. Real experiment results belonging to Group II.
Cizelge 5. Grup II 'e ait ger¢ek deney sonuglari.

Experiment number / 18kV/m | 1.35kV/m 1kV/m 0.8 kV/m 0.3 KV/m Control/
Deney Numarasi Kontrol
1 0.1820 0.1530 0.1440 0.0920 0.0784 0.0781
2 0.1810 0.1540 0.1460 0.0950 0.0783 0.0782
3 0.1840 0.1520 0.1460 0.0910 0.0783 0.0784
4 0.1770 0.1540 0.1420 0.0900 0.0785 0.0780
5 0.1800 0.1530 0.1450 0.0960 0.0784 0.0780
Table 6. Experiment results of Group II; these results were predicted by the neural network.
Cizelge 6. Grup II 'e ait sinir ag1 tarafindan tahmin edilen deney sonuglari.
Test number / 1.8kV/m 1.35kV/m 1kV/m 0.8 kV/m 0.3 kV/m ControV
Test numarasi Kontrol
1 0.17833 0.15500 0.14567 0.09267 0.07850 0.0781
2 0.18000 0.15525 0.14600 0.09300 0.07850 0.0782
3 0.18067 0.15567 0.14467 0.09167 0.07840 0.0784
4 0.17925 0.15450 0.14450 0.09400 0.07852 0.0780
5 0.17925 0.15450 0.14450 0.09400 0.07852 0.0780
Table 7. The prediction performance belonging to Group II.
Cizelge 7. Grup II 'e ait tahmin performansi.
Test number / Mean/
Test numarast 1.8 kV/m 1.35 kV/m 1 kV/m 0.8 kV/m 0.3 kV/m Ortalama
1 %0.17 %0.08 %0.68 %1.44 %0.08 %0.49
2 %0.40 %0.04 %0.68 %1.43 %0.22 %0.55
3 %0.11 %0.10 %0.00 %2.24 %0.16 %0.52
4 %0.09 %0.08 %0.92 %3.59 %0.16 %0.97
5 %0.35 %0.10 %0.00 %2.13 %%0.02 %0.52
Mean / Ortalama %0.22 %0.08 %0.46 %2.16 %0.13 %0.61
Prediction Performance /| o g9 7 9%99.92 9%99.54 %97.84 %99.87 %99.39
Tahmin Performansi

Grup III: Farkli siddetlerde uygulanan elektrik
alanlarin karaciger dokusu SOD verilerine ait deney
sonuglarinin bir kismi Cizelge 8’de verilmistir. Elde edilen
minimum hata degeri ( MSE ) 0.08748 olarak
gerceklestirilmistir. Ogrenme basar1 ile ( MSE <0.088 )
gergeklestikten sonra gercek deney sonuclar (Cizelge 8)
sinir ag1 tarafindan tahmin edilen deney sonuglar
(Cizelge 9) ile karsilagtirilmigtir. Bu karsilagtirma sonucu
elde edilen tahmin performans:  Cizelge 10'da goriildiigi
gibi ortalama 1.8 kV/m’de %99.85, 1.35 kV/m’de %99.92,
1 kV/m’de %99.03, 0.8 kV/m’de %98.85 ve 0.3 kV/m’de
%99.88 olarak hesap edilmistir. Bu degerlere ait genel
olarak sinir ag1 iyi bir tahmin performansi yakalayarak
ortalama %99.51°lik bir tahmin performans: elde
edilmigtir.

Group III: Some of the experiment results belonging
to SOD data of liver tissue of electric fields applied in
different intensities are shown in Table 8. The minimum
error value ( MSE ) obtained is 0.08748. After the learning
had been completed successfully (MSE <0.088), real
experiment results (Table 8) were compared with
experiment results which were predicted by the neural
network (Table 9). The prediction performance obtained
after the comparison is computed as seen in Table 10. The
prediction performance was 99.85% in 1.8 kV/m, 99.92%
in 1.35 kV/m, 99.03% in 1 kV/m, 98.85 % in 0.8 kV/m,
99.88 % in 0.3kV/m. Thus a prediction performance of
99.51 % (general average) is obtained.
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Table 8. Real experiment results belonging to Group II1.
Cizelge 8. Grup III 'e ait gergek deney sonuglari.

Experiment number / 1.8kV/m 135 KV/m 1kV/m 0.8 KV/m 0.3 KV/m Control/
Deney Numarasi Kontrol
1 29.65 28.00 26.40 25.50 22.42 22.34
2 29.64 28.01 26.20 25.40 22.43 22.32
3 29.66 28.03 26.10 25.50 22.41 22.30
4 29.63 28.01 26.50 25.30 22.43 22.35
5 29.64 28.00 26.30 25.50 22.38 22.36
Table 9. Experiment results of Group III; these results were predicted by the neural network.
Cizelge 9. Grup III 'e ait sinir ag1 tarafindan tahmin edilen deney sonuglari.
Test number / Control/
Test numaras! 1.8 kV/m 1.35kV/m 1 kV/m 0.8 kV/m 0.3 kV/m Kontrol
1 29.6397 28.0238 26.5390 25.4493 22.4340 22.3400
2 29.6308 28.0104 26.2054 25.3948 22.4295 22.3200
3 29.6214 28.0282 26.4022 25.3014 22.4042 22.3000
4 29.6058 28.0205 26.4901 25.3857 22.4140 22.3500
5 29.5958 28.0166 26.4366 25.2357 22.3922 22.3600
Table 10. The prediction performance belonging to Group III.
Cizelge 10. Grup III 'e ait tahmin performansi.
Test number / 1.8 KV/m 1.35kV/m 1kV/m 0.8 KV/m 0.3 KV/m Control/
Test numarast Kontrol
1 %0.06 %0.17 %1.12 %0.48 %0.17 %0.40
2 %0.06 %0.00 %0.04 %0.05 %0.01 %0.03
3 %0.23 %0.01 %2.50 %1.89 %0.07 %0.94
4 %0.15 %0.08 %0.08 %0.83 %0.19 %0.26
5 %0.27 %0.12 %1.11 %2.52 %0.15 %0.83
Mean / Ortalama %0.15 %0.08 %0.97 %1.15 %0.12 %0.49
Prediction Performance / %99.85 %99.92 %99.03 %98.85 %99.88 %99.51
Tahmin Performansi
GruplV: Farkli siddetlerde uygulanan elektrik Group IV: Some of the experiment results belonging

alanlarin akciger dokusu SOD verilerine ait deney
sonuglarinin  bir kismi Cizelge 11°de verilmistir. Elde
edilen minimum hata degeri ( MSE ) 0.06799 olarak
gerceklestirilmistir. Ogrenme basar1 ile ( MSE <0.06 )
gerceklestikten sonra gercek deney sonuglar (Cizelge 11)
sinir ag1 tarafindan tahmin edilen deney sonuglar
(Cizelge 12) ile karsilastirilmistir. Bu karsilagtirma sonucu
elde edilen tahmin performansi Cizelge 13’de goriildiigii
gibi ortalama 1.8 kV/m’de  %99.78, 1.35 kV/m’de
%99.92, 1 kV/m’de %99.54, 0.8 kV/m’de %97.84 ve
0.3 kV/m’de 99.87 olarak hesap edilmistir. Bu degerlere
ait genel ortalama %99.39’likk bir tahmin performansi ile
elde edilmistir.

to SOD data of lung tissue of electric fields applied in
different intensities are shown in Table 11. The minimum
error value ( MSE ) obtained is 0.06799. After the learning
had been completed successfully ( MSE <0.06 ), real
experiment results (Table 11) were compared with
experiment results which were predicted by the neural
network (Table 12). The prediction performance obtained
after the comparison is computed as seen in Table 13. The
prediction performance was 99.78% in 1.8 kV/m,
99.92% in 1.35 kV/m, 99.54% in 1 kV/m, 97.84% in 0.8
kV/m, 9987 % in 0.3 kV/m. Thus a prediction
performance of 99.39% (general average) is obtained.
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Table 11. Real experiment results belonging to Group IV.
Cizelge 11. Grup IV 'e ait gercek deney sonuglari.

Experiment number / 1.8 kV/m 1.35kV/m 1kV/m 0.8 kV/m 0.3 kV/m Control/
Deney Numarasi Kontrol
1 19.89 18.05 16.70 15.10 12.31 12.31
2 20.01 18.10 16.50 14.00 12.34 12.30
3 19.88 18.06 16.60 15.00 12.33 12.31
4 20.02 18.06 16.70 14.40 12.35 12.28
5 19.97 18.09 16.80 14.90 12.33 12.28
Table 12. Experiment results of Group IV; these results were predicted by the neural network.
Cizelge 12. Grup IV 'e ait sinir ag1 tarafindan tahmin edilen deney sonuglari.
Test number / 18kV/m | 135kV/m 1kV/m 0.8 kV/m 0.3 KV/m Control/
Test numarasi Kontrol
1 19.95 18.07 16.70 15.80 12.31 12.31
2 20.99 18.09 16.63 14.47 12.33 12.30
3 19.95 18.07 16.70 15.80 12.31 12.31
4 20.00 18.08 16.70 14.70 12.34 12.28
5 19.00 18.08 16.70 14.70 12.34 12.28
Table 13. The prediction performance belonging to Group IV.
Cizelge 13. Grup IV 'e ait tahmin performansi.
Test number / 1.8kV/m 1.35kV/m 1kV/m 0.8 kV/m 0.3 kV/m Mean/
Test numarasi Ortalama
1 %0.35 %0.10 %0.00 %2.13 %0.02 %0.52
2 %0.09 %0.08 %0.92 %3.59 %0.16 %0.97
3 %0.40 %0.04 %0.68 %1.43 %0.22 %0.55
4 %0.11 %0.10 %0.00 %2.24 %0.16 %0.52
5 %0.17 %0.08 %0.68 %1.44 %0.08 %0.49
Mean / Ortalama %0.22 %0.08 %0.46 %2.16 %0.13 %0.61
Prediction Performance / 9%99.78 %99.92 %99.54 9%97.84 9%99.87 %99.39
Tahmin Performansi

Farkl1 siddetlerde uygulanan elektrik alan ¢alismasinda
Grup I'e ait deney verilerinin sinir ag1 ortalama tahmin
performanst %99.34; Grup II'e ait deney verilerinin sinir
ag1 ortalama tahmin performansinin %99.39; Grup III'e ait
deney verilerinin sinir ag1 ortalama tahmin performansinin
%99.51; Grup IV'e ait deney verilerinin sinir ag1 ortalama
tahmin performansi %97.27 dogrulukta tespit edilmistir.

Elektrik alan deney sonuglarina ait sinir ag1 tahmin
performansindan elde edilen verilerin ylizde degerlerinin
bu denli yiiksek dogrulukta bulunmasi; ileri beslemeli sinir
aglarmin pek c¢ok uygulama alaninda kullanildigi gibi
elektrik alan caligmalarinda da uygulanabilecegini
gostermistir. Ayrica bu calisma elektrik alanlarin radikal
olusumu ve antioksidan enzimler iizerine etkisini arastiran

In the study of electric field applied different
intensities, 99.34 % of the average prediction performance
of the neural network of experiment data belonging to
Group I; 99.39 % of the average prediction performance
of the neural network of experiment data belonging to
Group II; 99.51 % of the average prediction performance
of the neural network of experiment data belonging to
Group III; and 97.27 % of the average prediction
performance of the neural network of experiment data
belonging to Group IV is computed correctly.

Those percentiles of the prediction performance of the
neural network belonging to experiment results of electric
field were so high; this fact shows that the feed forward
neural networks which are used many fields could be
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diger  arastirmacilar  i¢inde  bir  veri  tabam

olusturabilecektir.

Bu caligmanin devaminda yapilacak olan elektrik ve
magnetik alanlarin farkli parametreler {lizerindeki saglik
etkilerini arastirmaya yonelik caligmalarimizda; ileri
beslemeli sinir aglar1 kullanilarak fazla hayvan
kullanmaksizin bu alanlarin biyolojik etkilerinin bilgisayar
ortaminda tespit edilebilmesi planlanmaktadir.
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applied in the studies of electric field too. Furthermore this
study may form a database for the scientists investigating
the effects of electric fields on lipid peroxidation and
antioxidant enzymes.

In our future studies which will investigate the health
effects of electric and magnetic fields on different
parameters, it is aimed to determine the biological effects
of these fields by using computer and the feed forward

neural networks and without using too many guinea pigs.
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