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Akifer Sistemlerinde Depolanan DNAPL Karisimlarinin
Yerinde Kimyasal Yikama Teknolojisi ile Islahinin Incelenmesi

Nihat Hakan Akyol'" Taylan Acilioglu'

OZET

Trikloroetilen (TCE), tetrakloroetilen (PCE) ve Dikloroetilen (DCE) yeralti
suyu akifer sistemlerinde en ¢ok gozlenen klorlu organik bilesiklerden olup
kanserojen etkisinden 6tiirii insan saglig1 i¢in ciddi tehlike olusturmaktadir.
Bu bilesikler tekil ya da karisim olarak yeraltina genellikle DNAPL olarak
girerek c¢ogunlukla akiferlerin tabanimi olusturan kil ya da ana kaya
icerisinde (¢anak) yliksek doygunlukta depolanarak uzun siireli ¢6ziinmiis
faz kirletici kaynagi iiretmektedir. Yerinde kimyasal yikama (ISCF)
organik kirleticilerin yeraltindan uzaklastirilmasi i¢in kullanilan 6nemli
1slah tekniklerindendir. Calismanin amaci; akifer sistemlerin tabaninda
depolanmig yiliksek doygunluktaki DNAPL karisim (TCE, PCE ve DCE)
kiitlelerinin yikama ajanlar1 (SDS, Tween 80, MCD ve su) ile 1slah
performanslarmin etkinliginin degerlendirilmesidir. Kimyasal yikama
ajanlariyla (SDS, Tween 80, MCD ve su) heterojen sistemlerde depolanan
DNAPL karisim (TCE, PCE, DCE) kaynak zonlar1 biiyiik oranda 1slah
edilmesine ragmen, fiziksel ortam heterojenligi genis Ol¢ekte asamali
konsantrasyon davranigi sergilemistir. Sonuglara gore, yikamanin ilk
anlarinda organik kirletici hidrolik olarak elverisli zonlardan (matriks)
gelirken, ge¢ zamanlarda yiiksek doygunluktaki hidrolik olarak elverisli
olmayan zonlardan (canak) gelmektedir. Sonug olarak, bu ¢aligmadan elde
edilecek sonuglar, ulusal ve uluslararasi alandaki 6nemli bilgi eksikligine
katkida bulunacak ve arazi uygulamalarmin gelistirilmesine yardimci
olacaktir.

Investigation of In situ chemical flushing technology for
DNAPL mixtures resided in aquifer systems

ABSTRACT

Contamination of groundwaters by chlorinated solvents such as
trichloroethylene (TCE, tetrachloroethylene (PCE) and dichloroethylene
(DCE) is awidespread problem worldwide. These compounds causes
serious threat for human health due to being human carcinogen.
Chlorinated solvents generally enter the subsurface as single and mixture
form of dense non aqueous pHase liquids (DNAPLs) and accumulation
generally occurs in aquifers where the DNAPL mass is most likely pooled
at the bottom of aquifers and become a long-term aqueous pHase source
zone for groundwater contamination. Surfactant enhanced aquifer
remediation (SEAR) is groundwater remediation techniques used to
remove organic pollutants from the subsurface environment. The objective
of the project is to test the reagent (SDS, Tween 80, MCD and water)
flushing for DNAPL mixtures (TCE, PCE, DCE) trapped in heterogeneous
porous media. Results showed that most of DNAPL source zones were
remediated but, physical heterogeneity led to extensive sequential
concentration behavior. The results also emphasized that in the early stage,
some portion of organic liquid is hydraulically accessible (matrix) whereas
the later stage of mass removal was controlled by the more poorly-
accessible mass (pool) associated with higher-saturation zones.

N.H. Akyol, T. Acilioglu, “Akifer Sistemlerinde Depolanan Dnapl Karigimlarimn Yerinde Kimyasal Yikama Teknolojisi Ile Islahinin Incelenmesi” 1
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1. GIRIS

Klorlu solventler énemli DNAPL (Yogun Suyla Karigmayan Organik Kirletici) kirletici
gruplarindan olup metal sanayinde ve havacilikta yag ¢6ziicii, kuru temizlemede ve elektronik
sanayi gibi bir¢ok alanda kimyasal solvent olarak kullanilmaktadir. Klorlu solventler yeraltina
cogunlukla DNAPL (Dense non-aqueous phase liquids) olarak girerler. Dolayisiyla, yeraltinda
cok az miktarlarda bulunsalar dahi, ¢oziinmiis faz liretme potansiyeline sahip olup, biiyiik
hacimlerde yeralt1 su kiitlelerini kirletme riski oldukga yiiksektir. DNAPL’larin yeraltindaki
hareketi DNAPL miktarina, 6zelligine, fiziksel ortam 6zelliklerine ve akim kosullarina baghdir
[1]. Yeterli miktarda DNAPL mevcudiyetinde, su tablasindan agagiya dogru gegirgenligi diisiik
bir katmanla karsilasincaya kadar go¢ eder [2]. Doygun zonda DNAPL kiitlesinin bir kismi
suda ¢ozilintlirken, bir kismi ise matriks i¢erisinde arttk DNAPL olarak depolanabilir Diger kismi1
ise yer alt1 suyu akifer sistemlerinin tabanini olusturan gecirimsiz kil ya da ana kaya igerisindeki
catlaklarda veya ilizerinde depolanabilmektedir. Bu kiitleler 6zellikle bu noktalarda yiiksek
doygunlukta DNAPL birikintileri olusmasia olanak saglayarak, uzun vadede yer alt1 su
kaynaklari i¢in potansiyel risk olugturmaktadir.

Yerinde kimyasal yikama teknolojisi (ISCF), akiferlerin kaynak zonlarindaki DNAPL
kiitlelerini uzaklagtirmada kullanilan 6nemli 1slah teknolojilerinden biridir (Sekil 1). Bu
teknolojide yiizey aktif madde, alkol, kosolvent ya da kompleks sekerler gibi kimyasallarin
suya ilavesi ile DNAPL’larin ¢oziiniirliigii arttirllarak ve yiizey gerilimi azaltilarak su ile
yikamaya gore daha etkin bir uzaklastirma saglanmaktadir [3-9].

DNAPL kaynak zonlarin yikama kimyasallarla 1slahi ile ilgili son yillardaki caligmalar
cogunlukla tek tip DNAPL kiitleler ile yapilmistir [10-13]. Ancak, klorlu solventlerle kirlenmis
sahalarin ¢ogunda karigim halinde de goézlenmistir. Calismanin amaci; akifer sistemlerin
tabaninda depolanmis yliksek doygunluktaki DNAPL karisim (TCE, PCE ve DCE) kiitlelerinin
yikama ajanlar1 (SDS, Tween 80, MCD ve su) ile 1slah performanslariin etkinliginin
degerlendirilmesidir.

Sekil 1. Yerinde kimyasal yikama teknolojisinin sematik gosterimi [14].

N.H. Akyol, T. Acilioglu, “Akifer Sistemlerinde Depolanan Dnapl Karisimlarinin Yerinde Kimyasal Yikama Teknolojisi Ile
Islahinin Incelenmesi’
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2. MATERYAL ve METOD
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Deneylerde kullanilan 2-D tank paslanmaz celikten, 6n yiizii ise DNAPL dagiliminin
gbzlemlenebilmesi i¢in cam malzemesinden yapilmistir (Boy:20 cm, En:30 cm, Kalinlik:5 cm)
(Sekil 2). DNAPL enjeksiyonlar1 tankin orta noktasindan diisiik gecirgenlikteki zona yiiksek
doygunlukta yapilmasi amag¢lanmistir. Tankin sol ve sag yanina soliisyon giris ve c¢ikisi
saglayacak enjeksiyon delikleri acilmistir. Tankin i¢ kismina enjekte edilen ¢ozeltinin daha iyi
yayillmasimi saglayacak paslanmaz ¢elik bir filtre (12 pum) yerlestirilmistir. Tankin girisi
paslanmaz c¢elik boruyla peristaltik pompaya baglanirken, ¢ikisinda ise bir 6rnek alma yapisi
olusturulmustur.

Tank deneyleri ile farkli fiziksel ortam heterojenlikleri yansitmak amaciyla diisiik organik
karbon igerigine sahip (% 0O.C~0.05) silis kumlar1 kullanilmistir. Silis kumlar1 Kocaeli
Gebze’de faaliyet gosteren Santoz Sanayi Tozlar1 San. Tic. Lim. Sti’den temin edilmistir. Elde
edilen kuvars kumlar1 olusturulmak istenen farkli fiziksel ortam heterojenligi olusturmasi
amaciyla elekten gecirilerek arzu edilen boyutlara getirilmistir. Tank deneyleri kapsaminda 2
farkli boyutta (359 um (40/50 mesh) ve 172um (70/100 mesh)) silis kumlar1 kullanilmistir.
Bunlar igerisinde, 70/100 mesh gec¢irimsiz tabandan olusan ¢anagi temsil ederken, 40/50 mesh
silis kum ise gecirimli ortam1 (matriks) temsil etmektedir (Sekil 3).

£

gozeltisi §

Numune alim
noktas:

Sekil?Iki boyutlu tank deney diizenegi

Heterojen jeolojik sistemlerde depolanan yiiksek doygunluktaki DNAPL karigimlarinin farkl
yikama ajanlariyla (Yiizey aktif madde (Tween80 ve SDS), kompleks seker (MCD) ve su) ile
1slah performanslarinin degerlendirilmesi 2 boyutlu tank deneyleriyle amaglanmigtir. Yikama
deneyleri sirasinda zamana bagli 6rnekler alinarak TCE, PCE ve DCE analizleri GC FID ile
analiz edilmistir.

N.H. Akyol, T. Acilioglu, “Akifer Sistemlerinde Depolanan Dnapl Karisimlarinin Yerinde Kimyasal Yikama Teknolojisi Ile
Islahinmin Incelenmesi’
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DNAPL karisim

(TCE. PCE. DCE) 359 mikron (40/50 mesh)

Kaynak Zonu

172 mikron (70/100 mesh)

Sekil 3. Silis kumlardan olusturulan fiziksel heterojenlik ve temsili DNAPL karisim enjeksiyonu

TCE, PCE ve DCE zamana bagli dagilim grafikleri olusturularak kiitle balans hesaplamalari
yapilmistir. Bu hesaplamalarla kiitle (TCE, PCE ve DCE) giderim degerleri elde edilmistir.
TCE, PCE ve DCE giderim ylizdeleri su ile yikama deneyi hari¢ %97 nin {izerindedir. Tiim
deney kosullarinda DNAPL doygunlugu %0.04, ger¢cek hiz 10 cm/saat olarak secilmistir.

3. SONUCLAR ve ONERILER

Klorlu bilesikler tehlikeli atik sahalarin ¢ogunda gozlenebilmektedir. Bu tiir bilesikler
cogunlukla akiferlerin tabaninda (canak), DNAPL birikintisi seklinde depolanabilmektedir.
Y eraltinda bulunan suda ¢6ziinmeyen organik bilesiklerin uzun déonem kirletici kaynagi oldugu
ve uygulanan saha 1slahinin maliyetini ve 1slah siiresini 6nemli derecede artirdigi bilinmektedir.
Calisma kapsaminda; DNAPL karisimlarinin (TCE, PCE ve DCE) heterojen 6zellikteki silis
kumlu goézenekli ortamlarda farkli yikama ajanlariyla (Tween 80, SDS, MCD ve su) 1slah
performansi tank deneyleriyle test edilmistir.

Silis kumlu heterojenligin yansitildig1 birinci deneyde; DNAPL karisim (TCE, PCE, DCE)
enjeksiyon sonrast %5 Tween 80 ¢ozeltisi devamli olarak tanka enjekte edilmistir. Deney
sirasinda TCE, PCE ve DCE’nin zamana bagl degisimi Sekil 4.’de goriilmektedir. Tween 80
enjeksiyonun baslamasi ile TCE konsantrasyonu hizli bir sekilde artarak yaklasik 3,3 saat
sonunda en yiiksek deger olan 705 mg/L’ye ulagsmistir. Bu deger daha sonra azalmaya
baglamistir. 9,5. ve 14. saatler aralifinda TCE konsantrasyonu 40-45 mg/L civarinda durayl
degerlerde seyredip 21. saat sonunda 1 mg/L’nin altina diismiistiir. PCE konsantrasyonu 5,4
saat sonunda en yliksek deger olan 151 mg/L’ye ulagmistir. Daha sonra azalmaya baslayan bu
deger 9,5. ve 14,7. saatler arasinda yaklasik 20-25 mg/L seviyeler arasinda gozlenip 22. saat
sonunda 1 mg/L’nin altina diismiistiir. DCE konsantrasyonu 3,3 saat sonunda en yliksek deger
olan 1601 mg/L’ye ulagsmistir. Daha sonra azalmaya baslayan bu deger 6 ve 7. saatler arasinda
yaklagik 30 mg/L seviyelerinde durayli seviyelere erigip 9,8 saat sonunda 1 mg/L’nin altina
dismiistiir.

N.H. Akyol, T. Acthoglu, “Akifer Sistemlerinde Depolanan Dnapl Karisimlarinin Yerinde Kimyasal Yikama Teknolojisi Ile
Islahimin Incelenmesi’
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Sekil 4. Yiizey aktif maddeli (Tween80) yikama ile TCE, PCE ve DCE’nin zamana bagl degisimi

(1PV=2,38saat)

Ikinci deneyde tank %5 SDS ile yikanmstir (Sekil 5.) SDS enjeksiyonun baslamas ile TCE
konsantrasyonu hizli bir sekilde artarak yaklasik 4 saat sonunda en yiiksek deger olan 684
mg/L’ye ulasmistir. Bu deger daha sonra azalmaya baslamistir. 9,7. ve 14. saatler araliginda
TCE konsantrasyonu 35-40 mg/L civarinda durayli degerlerde seyredip 23. saat sonunda 1
mg/L’nin altina diigmiistiir. PCE konsantrasyonu 5,5 saat sonunda en yliksek deger olan 133
mg/L’ye ulagsmistir. Daha sonra azalmaya baslayan bu deger 10. ve 15. saatler arasinda yaklagik
20-25 mg/L seviyeler arasinda gozlenip 24. saat sonunda 1 mg/L’nin altina diigsmiistiir. DCE
konsantrasyonu 3,5 saat sonunda en yiiksek deger olan 1410 mg/L’ye ulasmistir. Daha sonra
azalmaya baglayan bu deger 6 ve 7. saatler arasinda yaklasik 30 mg/L seviyelerinde durayl

seviyelere erigip 11 saat sonunda 1 mg/L’nin altina diismiistiir.

1,E+00
& -f T © TCE
£°° .
= PCE
N o ]
n A %o - A DCE
1,E-01 ] - .-l-l—l.—‘
= oo L | |
x L A © [ ]
- 000 0000 o =
H=1 <
£ A A
‘N 1,E-02 =
:8 A A a 4
g LI\ A . ™
Q o
A o
1,E-03 A 2 >
A
A
A
A
1,E-04 =
0 2 4 6 8 10 12
PVI[]

Sekil 5. Yiizey aktif maddeli (SDS) yikama ile TCE, PCE ve DCE’nin zamana bagl degisimi.
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(1 PV= 2,38 saat)

Ucgiincii deneyde tank % 5 MCD ile yikanmustir (Sekil 6). MCD enjeksiyonunun baslamast ile
TCE konsantrasyonu hizli bir sekilde artarak yaklagik 4 saat sonunda en yiiksek deger olan 493
mg/L’ye ulasmistir. Bu deger daha sonra azalmaya baslamistir. 10. ve 15. saatler araliginda
TCE konsantrasyonu 30-40 mg/L civarinda durayli degerlerde seyredip 25. saat sonunda 1
mg/L’nin altina diismiistiir. PCE konsantrasyonu 5,5 saat sonunda en yliksek deger olan 101
mg/L’ye ulasmistir. Daha sonra azalmaya baglayan bu deger 10. ve 20. saatler arasinda yaklasik
15-20 mg/L seviyeler arasinda gozlenip 26. saat sonunda 1 mg/L’nin altina diismiistiir. DCE
konsantrasyonu 3,3 saat sonunda en yiiksek deger olan 1150 mg/L’ye ulagsmistir. Daha sonra
azalmaya baglayan bu deger 6 ve 8. saatler arasinda yaklasik 30 mg/L seviyelerinde durayh
seviyelere erigip 13 saat sonunda 1 mg/L’nin altina diismiistiir.
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Sekil 6. Kompleks sekerli (MCD) yikama ile TCE, PCE ve DCE’nin zamana bagl degisimi. (1 PV= 2,38 saat)

Dordiincli deneyde tank su ile yikanmistir. Su enjeksiyonunun basglamasi ile TCE
konsantrasyonu hizli bir sekilde artarak yaklasik 4 saat sonunda en yiiksek deger olan 210
mg/L’ye ulagsmistir (Sekil 7). Bu deger daha sonra azalmaya baglamistir. 10. saat itibariyle TCE
konsantrasyonu 30-40 mg/L. civarinda durayli degerlerde seyredip 34. saate kadar ayni
seviyelerde devam etmistir. PCE konsantrasyonu 5,5 saat sonunda en yiiksek deger olan 58
mg/L’ye ulasmistir. Daha sonra azalmaya baglayan bu deger 8. saat itibariyle 15-20 mg/L
seviyeler arasinda gozlenip 34. saate kadar aymi seviyelerde devam etmistir. DCE
konsantrasyonu 3,3 saat sonunda en yiiksek deger olan 421 mg/L’ye ulasmistir. Daha sonra
azalmaya baslayan bu deger 12. saat itibariyle 10-15 mg/L seviyeler arasinda gozlenip 34. saate
kadar ayni seviyelerde devam etmistir.

N.H. Akyol, T. Acilioglu, “Akifer Sistemlerinde Depolanan Dnapl Karisimlarinin Yerinde Kimyasal Yikama Teknolojisi Ile
Islahinin Incelenmesi”
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Sekil 7. Suyla yikama ile TCE, PCE ve DCE’nin zamana bagh degisimi. (1 PV= 2,38 saat)

Sonug olarak, kullanilan yikama ajanlar1 (Tween 80, SDS, MCD) ile DNAPL karisimlar ile
heterojen jeolojik sistemlerdeki kaynak zonlar1 basarili bir sekilde 1slah edilmesine ragmen,
teknolojinin basaris1 sahaya 6zgii olup saha karakterizasyonu, tutunma, geri-birakma, ¢éziinme
(dissoliisyon) ve oksidasyona etki eden tiim faktorler detayl bir sekilde laboratuvar 6lgeginde
arastirilmalidir. Karakterize edilen tiim unsurlarin arazi 6l¢eginde uygulamaya gegmeden dnce
belirlenmesi saha ¢aligsmalarinin planlanmasinda kullanilmasi teknolojinin basarisini, siiresini
ve maliyetini olumlu yonde etkileyecegi diisiiniilmektedir.

Finansman

Yazarlar bu ¢aligmanin arastirilmasi, yazarlig1 veya yayinlanmasi i¢in herhangi bir maddi
destek almamustir.

Cikar Catismasiy/Ortak Cikar Beyani

Yazarlar tarafindan herhangi bir ¢ikar ¢catismasi veya ortak ¢ikar beyan edilmemistir.
Yazarlarin Katkist

Yazarlar ¢calismaya esit katkida bulunmustur.

Etik Kurul Onay

Bu ¢aligsma etik kurul izni veya herhangi bir 6zel izin gerektirmez.

Arastirma ve Yaywn Etigi Bildirgesi

Yazarlar, makalenin tiim siireclerinde Environmental Toxicology and Ecology Dergisinin
bilimsel, etik ve alint1 kurallarina uyduklarini ve toplanan veriler lizerinde herhangi bir tahrifat
yapmadiklarini beyan ederler. Ayrica karsilasilabilecek etik ihlallerden Environmental
Toxicology and Ecology ve yayin kurulunun hi¢bir sorumlulugu olmadigini ve bu ¢alismanin
Environmental Toxicology and Ecology disinda herhangi bir akademik yaym ortaminda
degerlendirilmedigini beyan ederler.

N.H. Akyol, T. Acilioglu, “Akifer Sistemlerinde Depolanan Dnapl Karisimlarinin Yerinde Kimyasal Yikama Teknolojisi Ile
Islahinin Incelenmesi”
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Elektromanyetik Radyasyon ve
Insan Saghgina Etkileri

Kadir ATAKIR*!, Giilgin OZEVCI', Biisra CEYHAN!

OZET

Isaac Newton ile basladig1 kabul edilen fizik ve ardindan gelen diger
bilim dallarindaki gelismeler insanlik tarihi ile kiyaslandiginda ¢ok yeni
bir gegmise sahiptir. Buna ragmen bugiin ulasilan bilimsel ve teknolojik
diizey akil almaz seviyededir. Neredeyse her gegen giin insan hayatini
kolaylastiran, zaman ve enerji kullanim1 acisindan inanilmaz avantajlar
saglayan yeni icatlar yapilmakta, teknolojik cihazlar kullanima
girmektedir. Yiiksek gerilim hatlar1 ve baz istasyonlarn ile yakin
komsuluk sehir hayatinin kaginilmaz bir sonucu olmustur. Ayrica ev ve
ofislerde kullanilan elektrikli aletler ve hepsinden 6nemlisi herkesin
yaninda tasidigr ve kullanim siklig1 giderek artan cep telefonlar: artik
insan hayatinin ¢ok 6nemli birer parcasi haline gelmistir. Hemen hepsi
elektrik enerjisi ile ¢alisan bu cihazlarin en énemli dezavantajlarindan
birisi elektromanyetik alan olusturmalaridir. Tipta tam1 ve tedavide
kullanilan iyonizan radyasyonun yan etkileri ¢ok iyi bilinirken,
noniyonizan bir radyasyon tiirii olan elektromanyetik dalgalarin olas1 yan
etkileri ile ilgili yapilmis ¢ok sayida ¢aligma olmasina ragmen halen bir
stirli cevaplanmamis soru bulunmaktadir. Bu ¢alismada elektromanyetik
radyasyon ve insan sagligina olan olumsuz etkileri konusunda yapilmis
calismalar derlenmistir.

Electromagnetic Radiation and its Effects

on Human Health
ABSTRACT

Physics, which is considered to have started with Isaac Newton, and the
developments in other branches of science that followed have a very
short history when compared to humanity’s. Still, the scientific and
technological advancements reached today is at an unbelievable level.
Almost every day, new inventions and technological devices are made
that make human life easier and provide incredible advantages in time
and energy use. Close neighborhood with high voltage lines and base
stations has been an inevitable result of city life. Furthermore, electrical
appliances used in homes and offices, and most importantly, mobile
phones, which everyone carries with them and whose frequency of use is
increasing, have become an important part of human life. One of the most
important disadvantages of these devices, which all work with electrical
energy, is that they create electromagnetic fields. While the side effects
of diagnostic and therapeutic ionizing radiation used in medicine are well
known, there are still unanswered questions despite the many studies on
the possible side effects of electromagnetic waves, which is a type of
non-ionizing radiation. In this paper, studies on electromagnetic radiation
and its negative effects on human health have been compiled.
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1. GIRIS
Radyasyon, en basit tanimu ile bir kaynaktan dalga ya da pargacik halinde salinan enerjidir [1].

Karsilastig1 atomu etkileyerek ¢ekirdek ya da yoriingeleri ile tepkimeye giren yiiksek enerjili
radyasyona iyonizan radyasyon ad1 verilir. lyonizan radyasyon parcacik ya da elektromanyetik
dalga formunda olabilir. Alfa, beta ve ndtron radyasyonlari parcacik tipinde iyonizan radyasyon
tiirtine 6rnektir. Radyasyonun bu tipinde belirgin bir kiitle ve enerjiye sahip, hizla hareket eden
parcaciklar s6z konusudur. A (Gama) ve X 1sinlari ise elektromanyetik dalga formuna sahip,
kiitlesiz radyasyon ¢esitleridir.

Karsilastigr atomda c¢ekirdek ya da elektron yoriingelerinde degisiklige neden olamayacak
kadar diislik enerji seviyesine sahip radyasyon ¢esidine ise noniyonizan radyasyon adi verilir
ve bu tip radyasyon elektromanyetik dalga formundadir. Radyo dalgalari, kizil 6tesi dalgalar,
mor Otesi 151k ve mikrodalgalar bu radyasyon tipinin en bilinen 6rnekleridir [2,3].

Iyonizan radyasyon, atom diizeyinde olusturdugu etki ile biyolojik sistemlerde son derece
zararl etkilere sahiptir. Radyasyonun zararina ilk maruz kalan kisi radyoaktivitenin kesfinde
rol oynayan bilim insanlar1 olup ilk yan etkilerden biri, Madam Curie tarafindan saflastirilmis
radyumu cebinde tasiyan Henri Becquerel’in derisinde olusan radyasyon yanigiydi [4]. Bu
tarihten itibaren iyonizan radyasyonun kanser yapici etkisi basta olmak tizere zararlari
giiniimiize kadar bir¢ok ¢alisma ile ortaya konmustur.

Insanoglu 40 uT (mikro Tesla) degerinde bir elektromanyetik alan yayan, Diinya denen dev bir
miknatista yasam siirmektedir [5]. Diinya ¢ekirdegi iki kisimdan olusmakta olup i¢ ¢ekirdek
kat1, dis cekirdek ise sivi haldedir. I¢ ¢ekirdegin etrafinda hareket eden dis ¢ekirdegin bu
hareketi miknatislanma etkisi yaparak manyetik alan olusturur [6]. Bunun disinda kozmik
1s1nlar, radon gazi, gama radyasyonu ve radyoizotoplar diger dogal radyasyon kaynaklaridir [7].
Ozellikle toprakta ve kayalarda bulunan radon gazi, ikamet etti§imiz ve yasamimizin biiyiik
kismint gecirdigimiz evlerimizin temellerindeki c¢atlaklardan igeri girerek insanla temas
etmekte ve zarar vermektedir [8]. Akciger kanserine neden olan maddeler arasinda sigaradan
sonra ikinci bilyiik neden olarak Radon gazi gosterilmektedir [9].

Dogal radyasyon kaynaklar1 disinda insanoglunun kendi eli ile {irettigi ve yapay radyasyon
olarak adlandirilan radyasyon kaynaklari da mevcuttur. En biiyilik yapay radyasyon kaynaklari
tibbi radyasyon ve niikleer radyasyondur [10]. Radyoloji, niikleer tip ve radyoterapi alaninda
yasanan gelismeler radyasyonun insan saglig1 agisindan tani ve tedavide daha genis bir alanda
kullanilabilmesine imkan saglamaktadir. Bunlarin disinda elektrikle ¢alisan cihazlarin iirettigi
elektromanyetik radyasyon giin gegtikce artan oranda insan hayatina girmektedir [11]. Son
yillarda, elektromanyetik alanlarin neden oldugu saglik riskleri acisindan her gegen giin artan
siklikta bilimsel kanitlar bulunmaktadir [12]. Bu derlemenin amaci, elektromanyetik dalga
formunu tanimak, teknolojik gelismelerle paralel bir sekilde artan elektromanyetik kirlenmenin
saglik tlizerine olan olas1 etkilerini incelemek ve alinabilecek dnlemler hakkinda bilgi sahibi
olmaktir.

Elektromanyetik Radyasyon

Elektromanyetik radyasyonun kesfi, 1873 yilinda James Clerk Maxwell tarafindan
elektromanyetizma teorisinin tanimi ve matematiksel olarak formiile edilmesi ile
gerceklesmistir. Maxwell’in  bulgulart bugiin halen elektromanyetik teorinin temelini
olusturmaktadir [13].
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Elektromanyetik radyasyon, elektrik ve manyetik alanlardan olusur [14]. Elektrik ve manyetik
alanlar aralarinda 90 derecelik bir ag1 bulunan, birbirine dik diizlemlerde, siniis dalgasi seklinde
hareket ederler. Isik hizinda ilerleyen bu dalga hareketi ve diizlemsel degisim esnasinda elektrik
alan maksimum degere ulastiginda, manyetik alan minimum, elektrik alan minimum degere
ulastiginda manyetik alan maksimum degerdedir [15].

Elektrik alanini olusturan elektrik yiikiiniin varligidir ve bu alanin 6l¢ii birimi Volt/metre’dir.
Elektrikle ¢alisan bir cihaz, 6rnegin sa¢ kurutma makinesi agik olmasa bile fisi takili ise bir
elektrik alan meydana getirir. Kaynaktan uzaklastik¢a elektrik alan siddeti azalir. Ayrica
yalitkan nitelikli maddeler elektrik alani engeller [16].

Elektrik yiikleri yer degistirdiginde, yani elektrikli cihaz ¢alisip bir elektrik akimi olustugunda
manyetik alan meydana gelir. Manyetik aki yogunlugu 6l¢ii birimi Tesla (T), manyetik alan
0l¢ii birimi Gauss (G)’tur (1 Tesla=10.000 Gauss). Elektrik akimi ne kadar yiiksekse manyetik
alan da o kadar biiyiik olur. Elektrik alandan farkli olarak manyetik alan, yalitkan olsun ya da
olmasin maddeler tarafindan engellenemez [16].

Elektromanyetik alan, elektrik ve manyetik alanlarin birlesiminden olusur. Elektromanyetik
dalgalara ait tanimlayic1 o6zellikler dalgalarin frekans ve dalga uzunluklandir. Frekans, 1
saniyedeki dalga sayisidir ve Hertz (Hz) ile dlgiiliir. 1 Hz = 1 Sn'"’dir. Yani 1 saniyede
gerceklesen 1 elektromanyetik dalganin frekansi 1 Hz’dir. Dalga uzunlugu (boyu) ise bir dalga
ritminin tekrarlayan birimleri arasindaki mesafedir. A ile gosterilmekte olup birimi uzunluk 6l¢ii
birimidir. Dalga boyu kiiciildiik¢e frekans ve enerji artar. Yani diisiik frekansli elektromanyetik
dalgalar yiiksek dalga boyuna ve diisiik enerjiye sahiptir (mikrodalgalar ve radyo dalgalar1 gibi).
Yiiksek frekansh dalgalar ise diisiik dalga boyuna ancak yliksek enerjiye sahiptir. Bunlar
yiiksek enerjili gama ve x-1s1nlar1 gibi iyonizan elektromanyetik dalgalardir [16].

Biyomanyetolojiye gore tiim maddelerin dogal bir manyetik alani vardir [15]. Her madde ve
her canli gibi insan viicudu da, hiicrelerinde ve organ sistemlerinde bulunan elektrik devreleri
ile kendine has bir elektromanyetik alanlar sistemine sahiptir. Bu manyetik alanlarin sinyalleri
hem kendi aralarinda hem de Diinya manyetik alani ile uyum igerisindedir. Ancak yapay olarak
iiretilen elektromanyetik alanlar biyolojik elektromanyetik dengeyi bozma riskine sahiptir
[6,15,16,17].

Giindelik hayatimizda maruz kaldigimiz elektromanyetik radyasyon genel hatlariyla iki ayr1
frekans bandinda toplanabilir. Bunlardan birincisi ¢ok diislik frekansh elektromanyetik alan
olarak tanimlanan elektrikle calisan cihazlardan ve yiiksek gerilim hatlari-trafolardan yayilan
asirt diisiik frekans(ADF) bandidir. Genel olarak 2 kHz (kilohertz) frekans altindaki alanlar
tarafindan ADF bandi olusturulur. Ev igindeki elektrik tesisatinin olusturdugu ADF
frekansindaki manyetik alan giicii yaklasik 0.05 uT olarak olgiiliirken yiiksek gerilim hatlariin
gectigi bolgelerde yine ev icinde yapilan manyetik alan 6lgiimleri 100 kat artabilmektedir.
Diger frekans bandi ise cep telefonlari, baz istasyonlar1 ve radyo-tv vericilerinden kaynaklanan
radyo frekans-mikro dalga(RFMD) bandidir. Bu dalgalar 100 kHz-300 GHz arasindaki frekans
bandindadir [18].

Elektromanyetik radyasyonun canh organizmada etki mekanizmalari

Elektromanyetik radyasyonun absorbe edildigi madde-doku iizerinde iki yolla etki gosterdigi
ortaya konmustur. Bunlardan biri termal etki, digeri de nontermal etki olarak adlandirilan ve
muhtemelen kimyasal degisikliklere bagli olan etkidir [19]. Diisiik frekansh (ADF) dalgalarin
genellikle uzun siire maruziyette ve nontermal etki mekanizmasi ile etkinlik gosterdigi, yiiksek
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frekansli dalgalarin ise daha ¢ok termal etkiyle biyolojik agidan zararli olabilecegi saptanmigtir
[20].

Kisisel olarak en fazla iliskimiz olan elektromanyetik radyasyon kaynagi cep telefonlaridir. Cep
telefonunun mucidi ABD'li John Francis Mitchell ve Martin Cooper olarak bilinir (1973).
Tirkiye cep telefonu ile ilk kez 1993 yilinda tanismis olup 2G teknolojisi ililkemizde 1994
yilindan itibaren kullanilmaya baslanmistir (1991-1993 yillar1 arasinda 1G teknolojiye sahip
arag telefonlar1 kullanilmistir). Ilk cep telefonu goriismesi ise 23 Subat 1994 yilinda dénemin
Cumbhurbagkani Stileymen Demirel ile donemin Bagbakani Tansu Ciller arasinda yapilmistir. O
glinden zamanimiza cep telefonu kullanimi hizla artmistir.

1 Megahertz (MHz) saniyede bir milyon periyoda denk gelmekte olup analog telefonlar 800-
900 MHz, dijital telefonlar 1850-1990 MHz frekanslarla ¢alismaktadir [21]. 0-3000 MHz aras1
frekanslar ¢ok diisiik frekansh elektromanyetik dalgalari olusturmaktadir [22]. Evlerdeki
elektrik tesisat ve gii¢ iletim hatlarindan yayilan alanlar 50 Hz civarinda olup ¢ok diisiik
frekansl elektromanyetik alan sinifina girmektedir. Yapilan arastirmalar neticesinde ¢ok diisiik
frekanslhi elektromanyetik alanlar ve saglik tizerindeki etkileri ortaya konmus, bunun sonucunda
Uluslararas1 Kanser Arastirma Merkezi (IARC) tarafindan ¢ok diisiik frekansli manyetik alan
hayvan deneylerinde olas1 kanserojen olarak (2B) siiflandirilmistir [23].

Elektromanyetik dalga canli bir doku ile karsilastiginda doku tarafindan emilir. Dokunun bu
enerjiyi emme-sogurma hizi “’Spesifik Absorbsiyon Hiz1’’ ((Spesific Absorption Rate, SAR)
olarak tanimlanir. Birimi, doku basina emilen giic miktar1 olup ve SI birim sisteminde W/kg
(Watt/kilogram) seklinde ifade edilir [24,25].

Elektromanyetik alana ait termal etkilerin 400 MHz — 3 GHz aralikta gergeklestigi ve artan
molekiiler hareket ve siirtiinmeden dolay1 olustugu iddia edilmistir. 4 W/kg degerinde bir SAR
degerinin 15-20 dakikada insan viicut sicakligimi 0.2-1 °C artirdig1 gosterilmistir [26,27,28].
Bazi arastirmacilar ise ‘’Nontermal Etki’’ olarak adlandirilan etkilerin artan sicakliga karsi
hiicresel bir tepki olarak yorumlanabilecegini ileri siirmiislerdir. Hiicrelerde mevcut birkag
termoreseptdr molekiilii oldugu ve 1stya maruz kalma durumunda metabolik hiicre stresine kars1
hiicreyi savunmak i¢in aktive olarak bazi mekanizmalarla gen ekspresyonunu ve 1s1 soku
proteinlerini aktive ettikleri diistintilmiistiir [29].

Uluslararas1 Noniyonize Radyasyondan Korunma Komitesi (International Commission on
Non-Ionizing Radiation Protection, ICNIRP) radyasyonun olast zararlarini minimuma
indirmek i¢in bazi limit degerler belirlemistir. Meslegi geregi elektromanyetik radyasyona
maruz kalanlarda 0.4 W/kg, normal halkta 0.08 W/kg degerleri limit olarak belirlenmistir.
Diinya Saglik Orgiitii (The World Health Organization, WHO) cep telefonlar1 igin iist limit
olarak 0.1 W/kg degerini belirlemis olup bu degerin iizerinde cep telefonun kullanimindan uzak
durulmalidir [30].

Sehirlesmenin, getirdigi avantajlarin yaninda ytiksek gerilim telleri, radyo-tv istasyonlar1 ve
baz istasyonlar1 gibi elektromanyetik radyasyon kaynaklarina maruziyet agisindan
dezavantajlar1 da vardir. Yine cep telefonlar ve elektrikli aletler bireysel bazda risk olusturan
elektromanyetik alan kaynaklaridir. Gelisen teknolojiyle birlikte artan elektromanyetik
radyasyon maruziyeti nedeniyle elektromanyetik radyasyon alanlarmin olasi zararl etkilerini
ortaya koymak acisindan her gegen giin artan sayida bilimsel calisma yapilmakta ve
yayimlanmaktadir.
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Elektromanyetik Radyasyonun Insan Saghg Uzerine Etkileri

Balik¢1 ve arkadaslarinin yaptigi calismada [31] elektromanyetik alana yeterince maruz
birakilan farelerde noradrenalin ve dopamin seviyelerinde artis bulmuslardir. Yine Koyu ve
arkadaglarinin yaptig1 benzer bir calismada [32] cep telefonlarmin yaydigi 900 MHz
elektromanyetik alana maruz birakilan farelerde kortizon seviyesi belirgin miktarda yiiksek
bulunmustur. Ayni ¢aligmada elektromanyetik alan maruziyetinin testosteron seviyesini
diisiirdiigii de gosterilmistir. Bu ¢alisma sonucunda elektromanyetik alanin adrenal korteksi ve
testisleri etkiledigi sonucuna ulagilmistir. Her iki calismada da elektromanyetik alanin
olusturdugu termal etkinin primer etyolojik neden olabilecegi diisiiniilmekle beraber
elektromanyetik alanin tam olarak tanimlanamayan, stres faktorii olarak yorumlanabilecek
nontermal diger etkileri de etyolojide diisiiniilmiistiir. Neticede elektromanyetik alanlarin neden
oldugu hormonal degisikliklerle motor koordinasyon, duygu durum, 6grenme, hafiza, davranis
gibi bazi beyin fonksiyonlarini olumsuz etkileyebilecegi diisiintilmiistiir.

Elektromanyetik alan maruziyetinin sebep oldugu 1s1 artisinin hipotalamik seviyede etkili
nonspesifik bir stres faktoriine bagli oldugu oOne siiriilmiis, kortizon veya kortikosteron
seviyeleri ile iligkisi ortaya ¢ikarilmistir. Viicut sicakligindaki artig muhtemel i¢ diizenleyici
mekanizmalar1 harekete gecirerek bu degisikliklere neden olmaktadir. Bu nedenlerle 6zellikle
cep telefonu gibi kaynaklarda standartlar belirlenirken termal etki g6z Oniinde
bulundurulmaktadir [33,34,35].

Mercantepe ve arkadaslar1 yaptiklar1 calismayla [36] gebelik doneminde maruz kalinan mobil
iletisim cihazlarinda kullanilan 900MHz frekanshi elektromanyetik alanin, basta ndéronlar ve
oligodendrositlerde apoptozise neden olarak omurilik iizerinde hasara yol agtigini ortaya
koymuslardir. Manyetik alanlarin organizma {izerindeki biyolojik etkilerinin arastirildig:
caligmalarda radyofrekans (RF) dalgalarina maruz birakilan ratlarda beyin hiicrelerinde DNA
kiriklart goriilmiistiir [37]. HL-60 ve HL60R gibi laboratuvarda {iretilen hiicre soylar1 {izerinde
yapilan calismalarda elektromanyetik alanin DNA tamir oraninda azalmaya neden oldugu
ortaya konmustur [38]. Hiicre proliferasyonu, hiicre siklusu ve protein sentezi gibi bir¢ok hayati
hiicresel fonksiyonun elektromanyetik alan etkisinde bozulabilecegi gosterilmistir [39,40].

900 MHz frekansl elektromanyetik alanlarin si¢canlarin hipokampusunda dopamin seviyelerini
azalttigt ve aym frekansa sahip cep telefonlarinin insanlarda 6grenme ve davranig
fonksiyonlari etkiledigi gosterilmistir [40,41]. Balik¢1 ve arkadaglarinin yaptig1 ¢alismada
[31] elektromanyetik alanin merkezi sinir sisteminde noradrenalin ve dopamin seviyelerini
degistirerek etkili olabilecegi gosterilmistir. Salford ve arkadaslarinin g¢alismasi [42]
sonucunda cep telefonu kullananlarda elektromanyetik alan etkisine bagli motor koordinasyon,
duygu durum ve 6grenme gibi beyin fonksiyonlarinin etkilenebilecegi gosterilmistir. Yine
Salford ve arkadaglarinin yaptiklar arastirmalarda [42,43] mikrodalga radyasyonun sigan beyni
tizerindeki etkileri incelenmis ve kan-beyin bariyerinde albiimin kagagina dair bulgular tespit
edilmistir.

Elektromanyetik alan ve ¢ocukluk ¢cagi 10semisi arasindaki iligskiyi arastiran bir arastirmada [44]
0,4 uT ve tizerindeki bir seviyede elektromanyetik alan maruziyetinde 16semi riskinin 2 kat
artt1g1 gosterilmistir. Bagka bir calismada [45] 0,4 uT’den biiyilik degerlerde elektromanyetik
alana gece maruziyetinde 4 yas alt1 cocuklarda 16semi riskinin 14.9 kat artt1g1 iddia edilmistir.
Yine 16semi odaginda ancak farkli bir bakis agis1 ile yapilmis bir calismada [46] [6semi tanisi
olan ¢ocuklar incelenmis ve 0,3 uT ve lizerinde bir degerde gergeklesen elektromanyetik alan
maruziyetinde sag kalimda azalma tespit edilmistir. Giiney Kore’de bir ¢calismada [47], AM
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(Amplitude Modulation) radyo yansiticilarina 2 km ve daha yakinda yasayan 0-14 yas grubu
cocuklarda 16semi agisindan artmis anlamli risk gosterilmistir.

Winker ve arkadaslarinin yaptig1 c¢alismada [48] hiicre kiiltiirlerine uygulanan ¢ok diisiik
frekansli elektromanyetik alanin kromozom yapisinda bozulmalara neden olabilecegi
gosterilmistir. Yine benzer hiicre kiiltiirlerinde calisan Wolf ve arkadaglar1 [49] 24-72 saatlik
0,5-1puT elektromanyetik alan uygulamasinin hiicre proliferasyon agsamasinda ve DNA’da hasar
olusturdugunu gostermislerdir. Bu tespit, erken gebelik doneminde 6zellikle kromozomal
anomali riski acisindan elektromanyetik radyasyon kaynaklarina karsi dikkatli olunmasi
gerektigini géstermektedir.

Normal popiilasyonla karsilagtirildiginda elektrik alan maruziyetinin daha fazla saglik sorununa
neden oldugu kisilerde, elektromanyetik alana kars1 bir asir1 duyarliliktan-hipersensitiviteden
s0z edilebilir. Bu asir1 duyarlilik 6zel bir durum olup sikliginin %5 oldugu iddia edilmistir. En
sik karsilasilan sikayetler ciltte kizariklik ve yanma gibi dermatolojik bulgular ve yorgunluk,
konsantrasyon gii¢liigii, bas donmesi, bulanti, carpinti, sindirim sistemi sorunlar1 gibi vejetatif
semptomlardir [50].

2008 yilinda diistik frekansh elektromanyetik dalgalarin disi Spague-Dawley fareleri cinsiyet
hormonlar1 {izerindeki etkileri incelenmis olup, gonadotropin diizeylerinde ve over
voliimlerinde azalma tespit edilmistir. Bu etkilerin geri doniisiimlii oldugu gosterilmistir [51].
Agarwal ve arkadaslarinin yaptig1 ¢alismada [52] cep telefonu kullanim siiresi arttik¢a, sperm
kalitesinin azaldigini belirtmistir. Yine benzer bir calismada [53] elektromanyetik alan
maruziyetinde fare spermlerinde anormal kromatin yapisinda artis saptanmistir. Tiirkiye’de
Atatiirk Universitesi’nde yapilan bir ¢calismada [54]; 60 giin boyunca, giinde 20 dk arama (23
saat 40 dakika bekleme) durumunda cep telefonu kaynakli 900 MHz elektromanyetik alana
maruz kalan (217 Hz, 2W maksimum pik gii¢, SAR 0.95 W/kg) domuzlarda sperm sayisinda
anlamli diizeyde azalma oldugu ortaya konmustur.

1997-2004 yillar1 arasinda Amerika, Isve¢, Danimarka, Finlandiya, Ingiltere, Almanya ve
Japonya’da yapilmis olan ¢alismalarin incelemesinde [55] 10 yillik cep telefonu kullanimi ile
ipsilateral gliom ve akustik nérinom riskinin arttig1 gdsterilmistir. Yine Isve¢’te yapilan bir
baska caligmada [56] en az 10 yillik cep telefonu kullaniminin akustik nérinom riskini arttirdigi
belirtilmistir. Isvigre’de yapilan bir calismada [57], elektromanyetik alana maruz kalan
demiryolu iscilerinde beyin tiimorii goriilme oranmmin 5.1 kat arttifi gosterilmistir. Yine
Kanada’da yapilan bir ¢alismada [58] elektromanyetik alana maruz kalan calisanlarda
glioblastome multiforme goriilme oran1 5.3 kat artmis olarak bulunmustur.

Elektromanyetik alan maruziyeti sonucunda hiicresel diizeyde serbest oksijen radikallerinin
artt1g1 ve bu yolla elektromanyetik alanin oksidatif strese neden oldugu gosterilmistir [59].
Oksidatif stres hiicre membranlarinda bozulmaya ve ilerleyici hiicre hasari, en sonunda hiicre
Oliimiine yol agabilir [60]. Ayrica oksijen radikalleri dogrudan DNA hasarina neden olabilir
[61]. Yapilan ¢alismalarda elektromanyetik alana maruz birakilan siganlarda germ hiicrelerinde
ve hepatositlerde apoptotik hiicre 6liimleri gérilmiistiir [62,63].

Hamileligi siirecinde elektromanyetik alana maruz kalan annelerin bebeklerinde uyku
diizensizlikleri izlenmistir [64]. 2012 y1linda, diisiik yapan kadinlarin incelendigi bir ¢alismada
[65] 14 haftadan once diisiik yapanlarda, 14 haftadan sonra diisiik yapanlara kiyasla evlerindeki
elektromanyetik alanlar-EMF bantlarinda biiyiik farkliliklar saptanmistir. Bagka bir ¢calismada
[66]; daha yiiksek elektromanyetik alana maruz kalan gebelerde diisiik elektromanyetik alan
maruziyeti ile kiyaslandiginda diisiik riski 2.72 kat daha yiiksek ¢ikmuistir.
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Mortazavi ve arkadaglarinin yaptigt bir calismada [67] telsiz telefon kullanimi ile
konsantrasyon bozuklugu arasinda anlamli bir iligki bulunmus, yine Mortazavi ekibine ait diger
bir calismada [68] ilk ve ortaokul 6grencilerinde cep telefonu kullaniminin bas agrisi, vertigo
ve uyku sorunlarma neden oldugu gosterilmistir. Kucer ve arkadaglar1 [69], giinliik kullanim
miktarlaria gore cep telefonu ve bilgisayar kullanicilarinda daha sik oranda bas agrisi, eklem-
kemik agrisi, isitme kaybi, vertigo ve anksiyete sikayetlerinin goriildiigiinii ortaya koymustur.
Ayrica ayni ¢alismada semptomlarin kadinlarda erkeklere gére daha fazla oldugu sdylenmistir.

2. SONUC

Insan viicudu, hiicreler ve organ sistemleri arasinda iletisimde elektrik kullanan, elektrik yiiklii
bir sistemdir. Bir ortamda elektrik akim1 var ise o ortamin kendine has elektrik ve manyetik
alanlar1 vardir. i¢ginde yasadigimiz ortamda bulunan gerek dogal gerekse yapay elektromanyetik
alanlar biyolojik sistemimizde bulunan elektromanyetik alanlarla etkilesime girerek normal
insan fizyolojisini bozma riskine sahiptir. Ozellikle bebekler ve cocuklarda sinir-iireme
sistemine ait hiicrelerde elektromanyetik alan duyarlilig1 daha fazladir.

Teknolojik gelismelerin getirdigi elektromanyetik kirlilik ve artan elektromanyetik alan
maruziyeti, beraberinde getirdigi saglik riskleri sebebiyle son donemde dikkat ¢eken bir
konudur. Ozellikle cocuk yas grubunun elektromanyetik alanla iliskisi kontrol edilmeli ve yine
ozellikle gece elektromanyetik alan maruziyetinden kagmilmalidir.

Elektromanyetik alan ve zararh etkilerinden korunmak i¢in toplumsal ve bireysel bazda
uygulanabilecek bazi onlemler insan sagligini korumak acgisindan yararli olacaktir.

Toplumsal-Kurumsal olarak yapilabilecekler;

1. Elektromanyetik alan hakkinda bilgilendirme, dl¢iim ve degerlendirme konularinda
hizmet verecek {tiniversiteler ya da kamu kuruluslarina ait bagimsiz birimler
olusturulmalidir.

2. Yerlesim yerlerinde, yiiksek gerilim hatlari, baz istasyonlar1 ve bina i¢lerinde bulunan
elektrik hatt1 kaynakli elektromanyetik alanlar dlgiilerek gerekli bilgilendirme yapilip
onlemler alinmalidir.

3. Yeni yerlesim alanlar1 olustururken elektromanyetik alan olusumu ve insan maruziyeti
acisindan en uygun Onlemler alinarak gerekli miihendislik ve mimarlik egitim-
caligmalar1 yapilmalidir.

4. Yerlesim alan1 olmasa dahi c¢ocuklarin bulunma ihtimali olan park alanlar1 ve
yakinlarindan yiiksek gerilim hatt1 gegmemelidir.

5. Elektromanyetik alan etkileri konusunda bilimsel caligmalara ve kamu spotlarina
gereken 6nem verilmelidir.

6. Baz istasyonlari, okul, hastane ve toplu yasam merkezlerinde sik dlgiimler yapilmalidir.

7. Tim haberlesme cihazlarinin iizerine SAR degerleri yazilmalidir.

Bireysel olarak yapilabilecekler;

1. Ozellikle geceleri elektromanyetik alana olan maruziyeti azaltmak icin miimkiinse yatak
odasinda elektrikle ¢aligan tiim cihazlar uyku dncesinde kapatilmali, bu miimkiin degilse
lamba dahil en az 2 metre uzak mesafede bulunmalidir. Elektromanyetik dalgalarin
uyku diizenini bozmasina izin verilmemelidir.

2. Cep telefonu alirken SAR degeri diisiik olanlar tercih edilmelidir.
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3. Telefonla 10 dakikadan fazla gériisme yapilmamali, konusurken telefon viicuttan uzakta
tutulmalidir. 0.9 metre uzak tutulan bir telefondan yayilan elektromanyetik dalga 50 kat
daha diistiktiir [70].

4. Tim cep telefonu goriismelerinde kulaklik kullanilmalidir. Miimkiinse tek kulaklik

tercih edilmelidir.

Cep telefonlarini tagirken kalp hizasinda tasimamaya dikkat edilmelidir.

6. Gereksiz hicbir elektrikli aletin caligmasina izin verilmemeli veya elektrikle baglantisi
kesilmelidir.

7. Elektrikli masaj yataklar1 veya elektrikli battaniyeler c¢alisir durumda uzun siire
kullanilmamalidir.

8. Cocuk beynine elektromanyetik dalgalarin girisi daha kolaydir. Bu dalganin etkileri
cocuklarda cok daha etkin hissedilir. Cep telefonlar1 ¢ocuklarin bulundugu odanin
disinda tutulmalidir.

9]

Basta cep telefonu ve evde kullanilan elektrikli aletler olmak iizere elektromanyetik radyasyon
kaynaklarinin insan hayatindan ¢ikarilmast pek miimkiin goriinmemekle beraber, 6zellikle
cocuk yas grubundakiler basta olmak {izere maruziyeti azaltan 6nlemler ile risklerde azalma
saglanabilir.

Finansman:

Yazarlar bu ¢alismanin arastirilmasi, yazarligi veya yayinlanmasi igin herhangi bir maddi destek
almamustir.

Cikar Catismasi/Ortak Cikar Beyani:

Yazarlar tarafindan herhangi bir ¢ikar ¢atismasi veya ortak ¢ikar beyan edilmemistir.
Yazarlarin Katkisi:

[lk yazar %60, ikinci yazar 20%, iigiincii yazar %20 katkida bulunmustur.

Etik Kurul Onayt:

Bu ¢alisma etik kurul izni veya herhangi bir 6zel izin gerektirmez.

Arastirma ve Yayin Etigi Bildirgesi:

Yazarlar, makalenin tiim stire¢lerinde Environmental Toxicology and Ecology Dergisinin bilimsel, etik
ve alint1 kurallarina uyduklarini ve toplanan veriler {izerinde herhangi bir tahrifat yapmadiklarmi beyan
ederler. Ayrica karsilasilabilecek etik ihlallerden Environmental Toxicology and Ecology ve yaym
kurulunun higbir sorumlulugu olmadigini ve bu ¢alismanin Environmental Toxicology and Ecology
disinda herhangi bir akademik yayin ortaminda degerlendirilmedigini beyan ederler.
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The Relationship Between
Oxidative Stress and Selenium

Suat CAKINA

ABSTRACT

Oxidative stress is characterized by an imbalance between prooxidant
molecules in cells and tissues and antioxidant molecules that try to
detoxify these reactives molecules. Oxidative stress is affected by
both genetic and environmental factors. Selenium (Se) is an essential
trace element and inadequacy can lead to various types of diseases,
such as cancer and heart disease. Foods are the main source of Se,
and it is commonly found in seafood, grains, meat products, milk,
vegetables and fruits. Se is an enzyme with antioxidant properties and
is included in the structure of seleno enzymes. In this article, the
metabolism and antioxidant properties of se are reviewed.

Oksidatif Stres ve Selenyum Arasindaki iliski
OZET

Oksidatif stres, hiicrelerdeki ve dokulardaki prooksidan molekiiller
ile bu reaktif molekiilleri detoksifiye etmeye calisan antioksidan
molekiiller arasindaki dengesizlik ile karakterize edilir. Oksidatif
stres hem genetik hem de ¢evresel faktorlerden etkilenir. Selenyum
esansiyel bir eser elementtir ve yetersizligi kanser ve kalp hastaligi
gibi ¢esitli hastaliklara yol acabilir. Selenyumun ana kaynagi
besinlerdir ve genellikle deniz {iriinleri, tahillar, et {iriinleri, siit, sebze
ve meyvelerde bulunur. Selenyum antioksidan 6zelliklere sahip bir
enzimdir ve seleno enzimlerinin yapisinda yer alir. Bu yazida
selenyumun metabolizma ve antioksidan o&zellikleri gdézden
gecirilmistir.
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1. INTRODUCTION

As an essential trace element, humans absorb selenium (Se) mainly through cereals and meat.
According to the World Health Organization (WHO), the value for daily intake of Se value for
adults is 50-70 micrograms/day for both men and women [1, 2]. Se plays an important
physiological role in thyroid hormone metabolism, immunity, and antioxidant protection. Se
deficiency has been reported to be effective in various types of diseases, including
cardiovascular disease and cancer [3]. Se is involved in the structure of the enzyme glutathione
peroxidase enzyme (GPx). This enzyme is a very important component of the antioxidant
defense system of the organism, as it protects lipids, proteins and nucleic acids in the cell
structure from oxidative damage [4]. This article deals with the metabolism of Se and its
antioxidant role in human health and disease.

Selenium

Se is found in group 16 of the periodic table and is an essential element necessary for human
and animal organisms [5]. Depending on dietary habits, the total Se intake comes from meat
and fish as well as cereals. Se is widely used in photocells in industry, glass and ceramic
photography, rubber industry, steel alloying, Se rectifiers, electronics industry, laser printers
and photocopiers [6].

Se compounds are absorbed in the duodenum in humans. Se binds to plasma proteins and
lipoproteins (Very low-density lipoprotein (VLDL), low-density lipoprotein (LDL)) in the
blood. When Se is taken to meet normal needs, the organs where it is collected in the highest
concentration are the liver, kidney, testes, and thyroid. Skeletal muscle accounts for most (40-
50%) of the Se pool in the body [7]. The uptake, metabolism and distribution of Se in the body
are shown in Figure 1. [8].

In the evaluation of daily Se intake compared with blood Se levels determined in the Turkish
population, daily Se intake was calculated to be 43 pg/Lday on average [9]. Se is included in
the structure of the enzyme GPx, which is an important member of the antioxidant defense
mechanism. Se exerts its biological effects through selenoproteins, which mainly contain the
amino acid selenocysteine. Selenocysteine, which is present in the structure of some enzymes,
is formed when one of the sulfur atoms in the amino acid cysteine is replaced by a Se atom.
The antioxidant properties of selenoproteins help prevent cell damage caused by free radicals.
Selenocysteines are anionic at biological pH, thus enabling biological redox reactions by
electron exchange [10]. Se is generally found in tissues in two forms: Selenocysteine and
selenomethionine. Selenocysteine: it is the biologically active form of Se that forms the active
part of enzymes that participate in oxidation and reduction reactions in prokaryotic and
eukaryotic life. Selenomethionine cannot be synthesized in the body and is absorbed through
the diet. Selenomethionine is believed to be a structure that stores the element Se. When the
absorption of this element in the body is blocked, it acts as a source of Se for the organism.
Selenocysteine is a Se-containing analog of cysteine, which is defined as the twenty-first amino
acid encoded by DNA. Se-containing amino acids, selenomethionine, are derived from plant
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sources, while selenocysteine is derived from animal sources. Se is an essential element with
antioxidant and anticarcinogenic properties [11, 12]. As a member of the selenoprotein family,
Se has structural and enzymatic functions. The best known of its enzymatic functions is its
antioxidant and catalytic role in the production of active thyroid hormone. Se acts as an
oxidation-reduction center and contributes to the control of intracellular oxidation-reduction.
Selenoproteins are protein structures that contain selenocysteine residues. Se deficiency is
thought to cause clinical findings that are due to a disturbance in the formation of
selenoproteins. At least seven isoenzymes of GPx have been identified [10, 13, 14].
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Figure 1. Se absorption, metabolism, and distribution [8]

GPx1 is the most abundant form and is found in almost all mammalian tissues. It catalyzes the
reaction of conversion of hydrogen peroxide to water. Thus, it protects the organism from
oxidative damage. GPx1 is an antioxidant in the cytoplasm of cells and acts as a se store. When
the structure of glutathione peroxidase was studied, it was recognized that it consists of a
tetrameric selenoprotein containing a selenocysteine residue. The most important functional
part in the structure is the selenocysteine end, and the forms that do not contain selenocysteine
are nonfunctional. Although each GPx is a different selenoprotein, they are all antioxidant
enzymes that reduce potentially harmful reactive oxygen species such as hydrogen peroxide
and oil hydroperoxides by oxidizing glutathione to harmless products such as water and alcohol
[15].
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Oxidative stress

Oxidative stress occurs when reactive oxygen species (ROS) is formed in cells that damage or
kill cells. Metal ions react with superoxide anions and hydrogen peroxide to produce highly
reactive species such as free hydroxyl radicals and metal-oxygen complexes in biological
systems that lead to oxidative damage. Oxidative stress occurs when there is an imbalance
between the production of ROS and its detoxification (Figure 2.) [16-18].

Lifestyle
[(Smoking, Alcohol, Poor dietary
intake, Lack of exercise)
Environment ﬁ
{Phthalates, Pesticides, Heavy
metals, Drugs, Infections)
Testicular/Semen Sources

(Warncocele,
Cryptarchidism/Leukocytes,
Spermatozoa)
Oxidative Glf:aﬁ:a_ie
uitathione
Stress Superaxide
dismutase
Peroxidase

Vitamins &, C, E

Damage to:
Mitochondrial DA
Muclear DNA
Lipid Peroxidation
Apoplosis

Figure 2. Oxidative stress [18]

All tissues and cells contain systems to detoxify biologically reactive intermediates and prevent
or reduce cellular damage from oxidative stress. Biological antioxidants are natural molecules
that protect the cell from the uncontrolled formation of free radicals and ROS or prevent them
from reacting with biological structures [19]. ROS are superoxide radicals, hydrogen peroxide,
and hydroxyl radicals, which are formed in small amounts during normal oxygen metabolism.
ROS can initiate radical chain reactions in which various free radicals are formed and cause the
formation of various free radicals such as carbon-centred organic radicals, peroxide radicals,
alkoxy radicals, and sulfenyl radicals in the cell. ROS and oxygen-free radicals are often
unstable and highly reactive. Radicals such as superoxide anion radical, hydroxyl radical,
peroxyl radical, nitric oxide, organic peroxide radical are divided into nonradicals such as
hydrogen peroxide, lipid hydroperoxide, singlet oxygen, ozone, nitrogen dioxide, and
hypochlorous acid. Three major reactive oxygen species, the superoxide radical, hydrogen
peroxide, and hydroxyl radical, are normal metabolites continuously produced by mitochondria
in growing cells [20, 21].

Free radicals are defined as molecules with one or more unpaired electrons, short-lived,
unstable, of low molecular weight and very active. They are formed by the removal of an
electron from a nonradical atom or molecule or by the addition of an electron to an atom or
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molecule. The radicals formed are not very reactive and are stable. They act as reducing or
oxidizing agents in the body because they can donate electrons to or accept electrons from other
molecules. Oxidative stress occurs when the balance between free radicals and the antioxidant
defense system shifts in favor of the free radicals [22]. Free radicals have different chemical
structures such as hydroxyl, superoxide, nitric oxide, and lipid peroxide radicals. The most
important free radicals in biological systems are those formed from oxygen. For example, the
superoxide radical, which is extremely active and damages many cells, is converted to hydrogen
peroxide by superoxide dismutase. Hydrogen peroxide, which is much less effective than
superoxide, is rendered harmless by being converted to water and oxygen by enzymes such as
catalase and peroxidase in tissues [23]. Free radicals formed in the organism are of endogenous
and exogenous origin. Endogenously, mitochondrial electron transport chain (ETZ) in
mammals, oxidative reactions in phagocytic and endothelial cells, redox cycles and arachidonic
acid metabolism are formed by the action of enzymes such as xanthine oxidase and
nicotinamide adenine dinucleotide phosphate (NADPH) oxidase. Exogenous sources include
industrial pollutants, drugs, diet, ionizing radiation, ultraviolet light and cigarette smoke. [16,
22,24].

In the organism, there are protective mechanisms against the harmful effects of free radicals.
Some of these mechanisms prevent the formation of free radicals, and others prevent the
harmful effects of the formed free radicals. All substances that perform these functions are
called antioxidants. Antioxidants are substances that protect cells both directly and indirectly
from the adverse effects of xenobiotics, drugs, carcinogens, and toxic radical reactions.
Antioxidants act in four different ways. Chain-breaking action: it stops the chemical reactions
that generate free radicals, binds the oxygen free radicals to itself, breaks their chains and
prevents their function. Suppressive action: it reduces the reaction rate, interacts with the
oxygen free radicals and transfers a hydrogen to them, reducing their activity or converting
them to an inactive form. Vitamins have this effect. Restorative action; They regenerate the
biological molecular damage that occurs in structures such as lipid, protein and DNA.
Enzymatic action; they show their action by increasing the synthesis of antioxidant enzymes
such as SOD and non-enzymatic antioxidants in the organism.Antioxidants are substances that
oxidize at low concentrations and can reduce (with electron transfer) or prevent the oxidation
of another substrate, i.e. fight oxidation. Antioxidants can be of endogenous or exogenous
origin [19, 22].

Selenium and oxidative stress

Oxidative stress results from the production of endogenous and exogenous ROS and an
imbalance between the production of ROS and antioxidant defenses. Oxidative stress plays a
role in the development mechanism of many diseases such as cardiovascular disease, acute and
chronic kidney disease (CKD), diabetes, hypertension, chronic obstructive pulmonary disease
(COPD), neurodegenerative diseases (NDs), biliary disease and cancer. Se is found in the
structure of selenoprotein that exhibit antioxidant, anti-inflammatory, and antiviral effects [25,
26].
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It has been shown in animal studies that Se supplementation increases plasma GSH levels and
decreases malondialdehyde (MDA) levels, and as a biomarker of oxidative stress [26-28]. Some
studies reported that Se supplementation could not affect plasma GSH and total antioxidant
capacity (TAC) levels in a short time (3 weeks) [29]. Se is one of the essential components of
the GPx enzyme, its task is to protect the cell from free radicals. [3, 11, 26]. Se supplementation
suppresses the NF-kappa B pathway with selenoproteins. Se uptake may play a role in reducing
oxidative stress through free radical inhibition by being involved in the GPx structure. [1, 8,
12].

2. CONCLUSION

Research on Se over the past few years has produced a wealth of evidence showing the
important role that Se and its metabolites play in human disease. In particular, our knowledge
of the functional roles of the GPx and TrxR groups as essential antioxidant selenoenzymes in
protecting cells from oxidative stress has greatly increased. Until specific biomarkers that
directly associate Se with disease prevention and treatment are identified, its use as a
supplement in health care should be taken with caution. Se increases the levels of antioxidant
biomarkers against free radicals, decreases the levels of oxidative markers and thus prevents
oxidative stress. Se, oxidative stress and antioxidant status can be studied in oxidative-related
diseases.
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The effects of Potassium Chloride and Calcium Sulphate on
Egg Production and Heart Rate in
Daphnia magna (Crustacea: Cladocera)

Esra AKAT*!, Sena HACIOGLU!, Durdu KORKMAZ!

ABSTRACT

Daphnia magna is capable of rapid reproduction in suitable environmental
conditions and temperature (15-22 °C). Additionally, reproduction of water fleas
under laboratory conditions is quite simple and cheap. Moreover, daphnids are
commonly used in laboratory experiments. Therefore, the effects of potassium
chloride (KCl) and calcium sulphate (CaSQO4) on heart rate and egg production in
D. magna were assessed in this study. Daphnids of treatment groups were
exposed to distinct concentrations of KCI and CaSOs (37.5, 75, 150 mg/L). Ten
individuals were used in each group. All experiments were made in triplicate.
Heart rate variability was examined for 96 h and the number of heartbeats was
calculated by using a video camera. The number of eggs per individual in each
experimental group was recorded for 21 days. An increase in both heart rate and
egg production due to exposure to CaSO4 was generally observed, depending on
the concentration gradients. However, KCl caused a decrease in the egg
production of medium and high-dose groups. Furthermore, although an increase
in heart rate was examined for two successive days after exposure to KCl, a
decrease in the heart rate of medium and high-dose groups was observed during
the last 48 h. When CaSOstreatment groups compared with the control group, it
can be concluded that CaSO4 contributes positively to egg production. When it
comes to KCl, it can be concluded that KCI negatively affects egg production in
the medium and high dose groups.

Potasyum Kloriir ve Kalsiyum Siilfatin Daphnia magna (Crustacea:
Cladocera) Tiiriinde Yumurta Uretimi ve Kalp Hiz1 Uzerine Etkileri

OZET

Daphnia magna uygun g¢evre kosullarinda ve sicaklikta (15-22 °C) hizli iireme
yetenegine sahiptir. Ayrica su pirelerinin laboratuvar kosullarinda {iremesi
oldukc¢a basit ve ucuzdur. Dahas1 su pireleri laboratuvar deneylerinde yaygin
olarak kullanilmaktadir. Bu nedenle bu c¢alismada potasyum kloriir (KCI) ve
kalsiyum siilfatin (CaSO4) D. magna bireylerinde kalp hiz1 ve yumurta {iretimi
tizerine etkileri degerlendirildi. Uygulama gruplarindaki su pireleri KCI ve
CaSO4'lin farkl konsantrasyonlarma (37.5, 75, 150 mg/L) maruz birakildi. Her
grupta on birey kullanildi. Tiim deneyler ii¢ tekrar halinde yapildi. 96 saat
boyunca kalp hiz1 degiskenligi incelendi ve video kamera kullanilarak kalp atim
sayist hesaplandi. Her deney grubundaki birey bagina diisen yumurta sayisi 21
giin boyunca kaydedildi. CaSO4'e maruz kalma nedeniyle hem kalp hizinda hem
de yumurta tiretiminde konsantrasyon derecelerine bagl olarak genellikle bir
artis gozlendi. Ancak KCI orta ve yiiksek doz gruplarinda yumurta veriminde
azalmaya neden oldu. Ayrica KCl'ye maruz kaldiktan sonra art arda iki giin
boyunca kalp hizinda bir artis incelenmis olmasina ragmen, orta ve yiiksek doz
gruplarinda kalp hizinda son 48 saat icinde bir azalma gozlendi. CaSO,
uygulanan gruplar kontrol grubu ile karsilastirildiginda CaSO4’lin yumurta
iiretimine olumlu katki sagladigi sonucuna varilabilir. KCl'ye gelince, KCl'nin
orta ve yliksek doz gruplarinda yumurta iiretimini olumsuz etkiledigi sonucuna
varilabilir.
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1. INTRODUCTION

Daphnia is a genus of small planktonic crustaceans which is characterized by flattened leaf legs
used as the filtering apparatus. Daphnids feed on small, suspended particles which is usually
made up of planktonic algae in water. They are the most widely used live food items particularly
during the development of some fish species (perch, freshwater bream, catfish, carp, sturgeon
etc.) in fish farming [1, 2]. Therefore, water fleas are important members of the food chain in
freshwater. Daphnia magna is an extensively used model organism in ecotoxicological research
because of its common distribution, short life cycle, rapid maturation, and reproduction [3, 4].

As most of the other species in the genus Daphnia, D. magna reproduces by parthenogenesis.
In a typical growth season, sexual reproduction in life cycle of Daphnia is also observed.
Dormant encapsulated eggs (ephippia) produced by sexual reproduction are usually strongly
melanized and contain two large eggs. Ephippium with only one or no egg is not uncommon.
Ephippium is triggered by conditions announcing or associated with an unfavorable
environment [5, 6]. Daphnia is a keystone genus in freshwater and environmental conditions
effect offspring sex and whether they reproduce asexually or sexually [7]. Chemical exposure
effects not only hatching of dormant eggs, but also D. magna hatchling survival and movements

[6].

There are two types of circulatory system in animals which are the open circulatory system and
the closed circulatory system. Heart is an important component of circulatory system because
its muscular contraction provides to move fluid (hemolymph or blood) for distribution of
respiratory gases and nutrients. There are two types of animal hearts which are neurogenic and
myogenic hearts [8, 9]. Initiation of heartbeat in neurogenic heart is under nervous control.
However, initiation of heartbeat in myogenic heart is under muscular control [10, 11].

There is diversity in heart types of Crustacea. This taxon includes species with neurogenic
hearts or myogenic hearts. D. magna has myogenic heart. Therefore, the heart of D. magna and
other ancestral crustaceans such as Triops longicaudatus bear structural resemblance to the
hearts of vertebrate animals. Additionally, Daphnia may represent a model system for
understanding the myogenic hearts of vertebrates [9]. Moreover, changes in D. magna heartbeat
have been reported to be an indicator for toxicity evaluation [12, 13]. Therefore, heart rate may
be a sensitive physiological indicator that can reflect differential concentration effects of
chemical compounds to D. magna circulatory system.

Calcium sulphate (CaSO4) is a naturally occurring mineral used in various industrial
applications. It has the longest history not only in industrial usage but also in clinical usage.
Moreover, to date, many clinical in vivo and in vitro studies have been conducted. Potassium is
one of the three most important minerals which is used to produce the electrical charge to
function properly of the body cell. Because the cells produce electrical charges through
electrolytes (eg, sodium and potassium). Additionally, KCI helps regulation of heartbeat and
blood pressure, contributes nerve and muscle activities, water balance. However, high dose
potassium causes a decrease in blood pressure and cardiac arrhythmia [14, 15].

In the present study, the effects of mineral salts constituting water hardness on egg production
and heart rate of D. magna were analyzed. We evaluated the changes of these features after
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exposure to different concentrations of KCl and CaSOs. This species was chosen because of its
size and the heart can be easily observed by optical methodologies. Additionally, a 21-day
standard reproductive test was carried out to evaluate the effects of KCl and CaSO4 on egg
production of D. magna.

2. MATERIAL and METHODS

The experiment was carried out with D. magna which we have cultured in the laboratory for
more than three years. Daphnids were maintained in aerated fresh water at temperature of 20-
22 °C with a 14 h light and 10 h dark cycle. Stock solutions were prepared by dissolving
potassium chloride (KCI) and calcium sulfate (CaSOs) in fresh water. Three different
concentrations of KCl and CaSO4(37.5, 75, 150 mg/L) were diluted from the stock solution.
These concentrations were determined based on literature data [16, 17]. The culture medium
was renewed twice a week. Daphnids were fed with a mixture of Spirulina microalgae and
TetraPond fish food once a day. Each beaker contained 60 mL solution and ten daphnids. All
experimental samples were made in triplicate. Ten adults (older than 14 d) were used for heart
rate analysis. Each daphnid was transferred on a slide with a drop of the culture medium and
examined by light microscopy. Heartbeats of each daphnid were recorded in slow motion by a
video camera for 10 seconds. Changes in heart rate of D. magna were examined for 96 h. In the
second part, a 21-day reproductive test was performed with neonates (<24 h). The number of
eggs per individual in each experimental group was noted. Data were presented as mean with
standard deviation. The differences were compared for statistical significance by one-way
ANOVA with post hoc analysis using Tukey test. Statistical evaluations were carried out via
PASW statistics (SPSS) 18 software. We set the significance level at p<0.05.

3. RESULTS

The effects of KCI and CaSOs4 on heart rate and egg production of D. magna were analyzed in
the current study. Heart contractions were visually counted by slowing down the speed of video
playback. The number of eggs per individual in each experimental group (including control,
low, medium, and high-dose groups) was also calculated for 21 days. The heart of D. magna is
located dorsally and anterior from the brood chamber (Figure 1). As a result of the exposure to
CaSO0s, an increase in heart rate depend on concentration gradients (37.5, 75, 150 mg/L) was
generally examined. Heart rate changes were statistically significant in all treatments groups
compared to control except for medium-dose group data at 72 and 96 h. Although exposure to
different concentration of KCI (37.5, 75, 150 mg/L), caused increasing of heart rate for two
consecutive days, a decrease in the heart rate of medium and high-dose groups was observed
during the last 48 h. Although a decrease in the heart rate of medium and high-dose groups was
observed during the last 48 h, the heart rate of medium group at 96 h was not lower than the
control group. When the control group was compared to the treatment groups, it was statistically
significant except for the data related to the heart rate of the medium-dose group at 96 h. The
mean of heart rate (mean =+ s.d.) for each group was presented in Tables 1 and 2.
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Figure 1. Adult Daphnia magna of control group. The spherical heart is located on the dorsum of animal and in
front of the brood chamber where the eggs are carried. There are two eggs in the brood
chamber.

Table 1. The mean and standard deviation (mean =+ s.d.) of Dapnia magna heart rate in the control group and
treatment groups with different concentrations of calcium sulfate (CaSO,) were presented.

Experimental Groups 24 h 48 h 72 h 96 h
Control 392.4+28.49 403.2+£12.20 394.2+22.04 399+50.52
37.5 mg/L 401.4+54.26 393+38.06 400.8+72.43 406.2+14.96
75 mg/L 432+32.01 424.2+18.18 418.2+16.08 420+20.07
150 mg/L 441+35.44 437.4+15.74 435+23.43 445244313

Table 2. The mean and standard deviation (mean =+ s.d.) of Dapnia magna heart rate in the control group and
treatment groups with different concentrations of potassium chloride (KCl) were presented.

Experimental Groups 24 h 48 h 72 h 96 h
Control 370.8+13.36 374.4+£21.66 391.2+18.74 387.6+£36.51
37.5 mg/L 414.6+9.79 422+15.36 423.6+17.23 424.2427.42
75 mg/L 444+7.74 444.6+23.12 420.6+28.22 384.6+44.32
150 mg/L 471.6+£22.41 480.6+25.53 451.2+17.46 364.2+22.77

o
Figure 2. Adult Daphnia magna in the medium-dose group of KCl bearing melanized eggs known as
Ephippium. A closer microscopic photograph of the ephippium with two eggs on the left side.
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The eggs were observed in the brood chamber located dorsally beneath the carapace of D.
magna. The embryos hatched from the eggs after about 1 day at 20-22 °C but they remained in
the brood chamber for further development. After 2-3 days, the young individuals were released
by the mother daphnid from the brood chamber. Although the newborn looked more or less like
the adult daphnid, the brood chamber was not developed in newborn individuals. The first eggs
were examined into the brood chamber of nearly 9-10-day-old female water fleas and daphnids
lived for 35-40 days in laboratory conditions. Daphnia produces a different type of egg for
resting. The resting eggs were enveloped with a chitinous melanized structure called ephippium
(Figure 2). Resting eggs were uncommon in our experimental groups and they were rarely
observed in only one or two individuals in medium-dose concentration of KCI. After exposure
to CaSOs, an increase in egg production depend on concentration gradients was observed.
However, exposure to KCI gave rise to a decrease in egg production of the medium-and high-
dose groups. Our values were presented by graphs (Figures 3, 4).

Research Article
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Figure 3. The graph shows the average number of eggs per individual in the control group and the treated groups

with different concentrations of calcium sulfate (CaSOs).
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Figure 4. The graph shows the average number of eggs per individual in the control group and the treated groups
with different concentrations of potassium chloride (KCI).
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4. DISCUSSION

The effects of different concentrations of CaSO4 and KCl on D. magna, which is an important
part of the food chain in the aquatic ecosystem, were evaluated. CaSOy4 is the compound with
the longest history not only in industrial usage but also in clinical usage. KCl is a naturally
occurring form of potassium salt, typically extracted from land or sea. KCI is found in many
foods due to fact that it is considered safe and has high antimicrobial activity compared to
sodium chloride. Potassium participates in various functions in the body, such as regulating
blood pressure levels, neurotransmission, cardiovascular, skeletal, and muscular system
activities [15, 18]. Therefore, the present study is important to evaluate the positive or negative
effects of these two compounds on D. magna which is an invertebrate model organism,
frequently used in laboratory studies and ecotoxicology studies. Moreover, D. magna is used
in model in the toxicity assessment of pharmaceuticals. Ketoprofen is a nonsteroidal anti-
inflammatory and analgesic drug commonly used in human and veterinary medicine. Bownik
et al. [19] reported that the results showed ketoprofen induced a time- and concentration-
dependent decrease of daphnid heart rate. Additionally, Daphnia heart activity was analyzed
after exposed to cardioactive drugs: ouabain, metaproterenol, metoprolol, and verapamil.
Results indicated that ouabain, metaproterenol and metoprolol caused similar effects on heart
of daphnids to those observed on humans due to positive systolic inotropic effects [20].

After exposure to KCl, an increase in heart rate was observed for two consecutive days however
a decrease in heart rate was observed in the medium and high-dose groups during the last 48
hours. Cohlmia et al. [21] investigated the effects of KCl and monophosphate glutamate (MSG)
on the heart of D. magna. According to the results of this study, while there was an increase in
heart rate after exposure to MSG, there was a decrease in heart rate after exposure to KCI.
Although potassium is the prominent cation in many physiological functions such as regulation
of osmotic pressure, conduction of nerve impulse, muscle contraction particularly the cardiac
muscle etc. [22], Mattu et al. [23] have reported that high concentrations of potassium give rise
to abnormal heart and skeletal muscle function by lowering cell-resting action potential and
preventing repolarization, leading to muscle paralysis. Soetan et al. [22] also reported that an
increased level in serum potassium caused dilatation of the heart and cardiac arrest.

After exposure to CaSQOs, an increase in heart rate of treatment groups (except for second-day
data of 37.5 mg/L) was observed compared to the control group, depending on the concentration
levels of this compound. Wilson et al. [24] investigated the effects of caffeine and ethanol on
the heart rate of D. magna. It was noted that while heart rate increased because of caffeine
exposure, it decreased because of ethanol exposure. Crustacean species need to periodically
shed their old exoskeleton to grow, and the exoskeleton contains CaCOs. Due to continual
replacement of exoskeleton at frequent intervals, crustacean species come across massive
calcium fluctuations in the internal concentration. To minimize the fluctuation, they have highly
advanced calcium regulatory mechanisms occur in epithelial cell layers of crustacean gills, gut,
antennal glands, and integument [25].

An increase in egg production was observed depending on the CaSO4 concentration levels.
Similarly, Leblanc and Surprenant [16] reported that different concentrations of CaSO4 (200,
290, 460, 910, 2100 mg/L) had a positive impact on the number of offspring produced per
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daphnid. Romero et al. [26] who studied with birds, reported that after the animals were fed
with a mixture of CaSO4 and zeolite (6.94% of the diet), egg yolk, egg weight and egg quality
were increased. When it comes to KCl, it caused a decrease in egg production in the medium-
and high-dose groups, although there was an overall increase at the low dose group.
Bhattacharya and Kaliwal [27] reported that haemolymph trehalose was significantly increased
after supplementing the feed with KClI to the silkworm. Trehalose is the main circulating sugar
which is used for oocyte growth [28]. Based on literature data, the increase in egg production
of the low-dose group may be related to trehalose level due to KCl. However, a high potassium
concentration gives rise to various complex dysfunctions and abnormal cell-membrane-
permeability for ion exchanging or molecule transportation [29]. Omana and Wu [30] also
reported that a high concentration of KCl was effective on egg proteins due to minimized
complex formation between ovomucin and other egg white proteins.

Overall, our results revealed that CaSO4 and KCl induced time- and concentration-dependent
changes on heartbeat and egg production of D. magna. Due to the fact that the heartbeat
mechanism in Daphnia is similar in many respects to that of vertebrates, heart rate is a
prominent physiological indicator that reflects differential concentration effects of chemical
compounds to D. magna circulatory system. Given that D. magna is a key species in aquatic
ecosystems and a significant component of the freshwater food web, our results added
information about the effects of CaSO4 and KCI on heartbeat and egg production of this species
compared with the studies published to date.

Funding

This study was supported by Ege University Research Projects (EGEBAP) with grant number
FLP-2020-22478.

The Declaration of Conflict of Interest/Common Interest

No conflict of interest or common interest has been declared by the authors.

Authors' Contribution

The first author contributed 40%, the second author 30%, the third author 30%.
The Declaration of Ethics Committee Approval

This study does not require ethics committee permission or any special permission.
The Declaration of Research and Publication Ethics

The authors of the paper declare that they comply with the scientific, ethical and quotation rules
of ETOXEC in all processes of the paper and that they do not make any falsification on the data
collected. In addition, they declare that Environmental Toxicology and Ecology and its editorial
board have no responsibility for any ethical violations that may be encountered, and that this
study has not been evaluated in any academic publication environment other than
Environmental Toxicology and Ecology.

E. Akat, S. Hacioglu and D. Korkmaz "The effects of Potassium Chloride and Calcium Sulphate on Egg Production and Heart Rate 36
in Daphnia magna (Crustacea: Cladocera)"



© Environmental Toxicology and Ecology ‘ ' 4

2022, Vol. 2 (1) Research Article
ISSN: 2757-9719 [

REFERENCES

[11 D. Ebert, “Ecology, epidemiology, and evolution of parasitism in Daphnia,” National
Library of Medicine (US) and National Center for Biotechnology Information (US),
Bethesda. ISBN10: 1-932811-06-0, 2005.

[2] S. Savas and N. L. Cigek. “Canl1 yem organizmalarinda L-karnitin,” Atatiirk Universitesi
Ziraat Fakiiltesi Dergisi, vol. 41, no. 1, pp. 71-73, 2010.

[3] S. Arman, E. Akat and S. I. Ugiincii, “An Investigation on Some Toxic Effects of
Carbofuran on Daphnia magna Crustacea, Cladocera,” Hacettepe Journal of Biology and
Chemistry, vol. 44, no. 2, pp. 155-160, 2016.

[4] X.Lv,Y.Yang, Y. Tao, Y. Jiang, B. Chen, X. Zhu, Z. Cai, and B. Li, “A mechanism study
on toxicity of graphene oxide to Daphnia magna: Direct link between bioaccumulation and
oxidative stress,” Environmental Pollution, vol. 234, pp. 953-959, 2018.

[5] E. Decaestecker, L. De Meester and J. Mergeay, “Cyclical parthenogenesis in Daphnia:
sexual versus asexual reproduction,” In: Van Dijk P, Martens K, Schon I (eds) Lost Sex.
Springer, Berlin, pp. 295-316, 2009.

[6] S. Navis, A. Waterkeyn, T. Voet, L. De Meester and L. Brendonck, “Pesticide exposure
impacts not only hatching of dormant eggs, but also hatchling survival and performance in
the water flea Daphnia magna,” Ecotoxicology, vol. 22, no. 5, pp. 803—-814, 2013.

[71 A.A.Camp, M. H. Haeba, and G. A. LeBlanc, “Complementary roles of photoperiod and
temperature in environmental sex determination in Daphnia spp,” Journal of Experimental
Biology, vol. 222, no. 4, jeb195289, 2019.

[8] S. Burkhard, V. Van Eif, L. Garric, V. M. Christoffels and J. Bakkers, “On the evolution
of the cardiac pacemaker,” Journal of Cardiovascular Development and Disease, vol. 4, no.
4, pp. 1-18, 2017.

[9] T.J. Pirtle, T. L. Carr, T. Khurana and G. Meeker, “ZD7288 and mibefradil inhibit the
myogenic heartbeat in Daphnia magna indicating its dependency on HCN and T-type
calcium ion channels,” Comparative Biochemistry and Physiology Part A: Molecular &
Integrative Physiology, vol. 222, pp. 3642, 2018.

[10] M.J. Davis and M. A. Hill, “Signaling mechanisms underlying the vascular myogenic
response,” Physiological Reviews, vol. 79, pp. 387—423, 1999.

[11] 1. M. Cooke, “Reliable, responsive pacemaking and pattern generation with minimal
cell numbers: the crustacean cardiac ganglion,” Biology Bulletin, vol. 202, pp. 108-36,
2002.

[12] J. L. Wilkens, “Evolution of the cardiovascular system in Crustacea,” American
Zoologist, vol. 39, no. 2, pp. 199-214, 1999.

[13] R.Liang,J. He, Y. Shi, Z. Li, S. Sarvajayakesavalu, Y. Baninla, F. Guo, J. Chen, X. Xu,
L. Yu, “Effects of Perfluorooctane sulfonate on immobilization, heartbeat, reproductive

E. Akat, S. Hacioglu and D. Korkmaz "The effects of Potassium Chloride and Calcium Sulphate on Egg Production
and Heart Rate in Daphnia magna (Crustacea: Cladocera)"



© Environmental Toxicology and Ecology ‘ v .
2022, Vol. 2 (1) // Research Article

ISSN: 2757-9719

and biochemical performance of Daphnia magna,” Chemosphere, vol. 168, pp. 1613—
1618, 2017.

[14] P. Ducheyne, “Comprehensive Biomaterials,” Elsevier: Amsterdam, The Netherlands,
2015.

[15] H. Kahraman and C. C. Karaderi, “The Importance of KCI,” Biomedical Journal of
Scientific & Technical Research, vol. 19 no. 2, pp. 14170-14171, 2019.

[16] G. A. Leblanc and D. C. Surprenant, “The influence of mineral salts on fecundity of the
water flea (Daphnia magna) and the implications on toxicity testing of industrial
wastewater,” Hydrobiologia, vol. 108, no. 1, pp. 25-31, 1984.

[17] A. Bhattacharya and B. B. Kaliwal, “The biochemical effects of potassium chloride on
the silkworm, (Bombyx mori L.),” Insect Science, vol. 12, no. 2, pp. 95-100, 2005.

[18] W. S. Pietrzak and R. Ronk, “Calcium sulfate bone void filler: a review and a look
ahead,” The Journal of Craniofacial Surgery, vol. 11, no. 4, pp. 327-333, 2000.

[19] A. Bownik, M. Jasieczek and E. Kosztowny, “Ketoprofen affects swimming behavior
and impairs physiological endpoints of Daphnia magna,” Science of The Total
Environment, vol. 725, 138312, 2020.

[20] A. Villegas-Navarro, E. Rosas-L and J. L. Reyes, “The heart of Daphnia magna: effects
of four cardioactive drugs,” Comparative Biochemistry and Physiology Part C: Toxicology
and Pharmacology, vol. 136, no. 2 pp. 127-134, 2003.

[21] G. Cohlmia, D. Honarchi, K. Klaiber, E. May and S. Reeves, “Chemical control:
observing the excitatory effects of MSG compared to the inhibitory effects of KCI in the
heart rate of Daphnia magna,” Journal of Undergraduate Biology Laboratory
Investigations, vol. 2, no. 2, pp. 1-5, 2019.

[22] K. O. Soetan, C. O. Olaiya and O. E. Oyewole, “The importance of mineral elements
for humans, domestic animals and plants-A review,” African Journal of Food Science, vol.
4, no. 5,200-222, 2010.

[23] A. Mattu, W. J. Brady and D. A. Robinson, “Electrocardiographic manifestations of
hyperkalemia,” The American Journal of Emergency Medicine, vol. 18, no. 6, pp. 721—
729, 2000.

[24] J. Wilson, J. Collette, A. Miller, A. Hoang and T. Dubose, “The opposite effects of
caffeine and ethanol on Daphnia magna’s heart rate,” Journal of Undergraduate Biology
Laboratory Investigations, vol. 2, no. 2, pp. 1-4, 2019.

[25] G. A. Ahearn, P. K. Mandal and A. Mandal “Calcium regulation in crustaceans during
the molt cycle: a review and update,” Comparative Biochemistry and Physiology Part A:
Molecular and Integrative Physiology, vol. 137, no. (2), pp. 247-257, 2004.

[26] C. Romero, E. M. Onyango, W. Powers, R. Angel and T. J. Applegate, “Effect of a
partial replacement of limestone by a CaSQ4-zeolite mixture combined with a slight protein

E. Akat, S. Hacioglu and D. Korkmaz "The effects of Potassium Chloride and Calcium Sulphate on Egg Production
and Heart Rate in Daphnia magna (Crustacea: Cladocera)"



© Environmental Toxicology and Ecology ‘ ' 4 .
2022, Vol. 2 (1) / Research Article

ISSN: 2757-9719

reduction on production indices, egg quality, and excreta pH in laying hens,”. Journal of
Applied Poultry Research, vol. 21, no. 2, pp. 325-334, 2012.

[27]  A. Bhattacharya and B. B. Kaliwal, “The biochemical effects of potassium chloride on
the silkworm, (Bombyx mori L.),” Insect Science, vol. 12, no. 2, pp. 95-100, 2005.

[28] S. N. Thompson, “Trehalose—the insect ‘blood’ sugar,” In: Advances in insect
physiology, vol 31. Elsevier, Amsterdam, pp. 205-285, 2003.

[29] T. Yazawa, K. Tanaka and T. Katsuyama, “Neurodynamical control of the heart of
healthy and dying crustacean animals,” In International Design Engineering Technical
Conferences and Computers and Information in Engineering Conference 47438, pp. 1123—
1130, 2005.

[30] D. A. Omana and J. Wu, “Effect of different concentrations of calcium chloride and
potassium chloride on egg white proteins during isoelectric precipitation of ovomucin,”
Poultry Science, vol. 88, no. 10, pp. 2224-2234, 2009.

E. Akat, S. Hacioglu and D. Korkmaz "The effects of Potassium Chloride and Calcium Sulphate on Egg Production
and Heart Rate in Daphnia magna (Crustacea: Cladocera)"



© Environmental Toxicology and Ecology : ‘ ' 4

2022, Vol. 2 (1)
e-ISSN: 2757-9719

Article Info

*Corresponding author:

Institution: ! Canakkale Onsekiz
Mart University, Vocational School
of Health Services, Canakkale,
Turkey

e-mail:
samilozturk16@hotmail.com

ORCID: 0000-0002-9435-8139

2Gazi Yagargil egitim ve Arastirma
Hastanesi, Diyarbakir / Turkey

3Atatiirk University- Faculty of
Medicine, Department of
Gynecology and Obstetrics,
Erzurum, Turkey

4Canakkale Onsekiz Mart
University, Canakkale Faculty of
Applied Sciences, Canakkale,
Turkey

Article history

Received: 25.03.2022
Accepted: February 08.04.2022
Available online: 29.04.2022
Keywords:

Stem cell, Intrauterine adhesion,
Rat, Histology

Anahtar Kelimeler:

Kok hiicre, Intrauterin adezyon,
Rat, Histoloji

How to Cite: S. Oztiirk, S.M.
Ozgelik Otcu, I Ozdemir, L.C.
Irkin, "Stem Cell Therapy in Rats
with Experimental Intrauterine
Adhesions Induced by
Trichloroacetic Acid”,
Environmental Toxicology and
Ecology, c. 2, say1. 1, ss. 40-49, Nis.
2022.

8. Oztiirk, S.M. Oz¢elik Otcu, L. Ozdemir, L.C. Irkin, "Stem Cell Therapy in Rats with Experimental Intrauterine Adhesions Induced by Trichloroacetic

Acid”

Research Article

7

Stem Cell Therapy in Rats with Experimental Intrauterine
Adhesions Induced by Trichloroacetic Acid

Samil OZTURK', Serap Mutlu OZCELIK OTCU?,
flhan OZDEMIR?, Latife Ceyda IRKIN*

ABSTRACT

The effectiveness and role of stem cells obtained from bone marrow in removing
the adhesion formed in intrauterine adhesion modeling using chemicals in rats
and restoring the implantation of the blastocyst to the endometrium were
investigated. The experimental model was created in a single horn using
trichloroacetic acid. Three different groups and two subgroups were formed as
only culture medium (CM), stem cell and 48-hour medium (Niche). A total of 30
female and 3 male rats were used in the study. Treatment was started immediately
after model formation in the acute phase, and 10 days later, the subjects were
placed in the same cage with male rats for conception. Then, the pregnancy status
and the number of puppies born were evaluated. Histological evaluation was
performed with hematoxylin-eosin staining. A statistically significant difference
(p<0.05) was found in the stem cell applied groups compared to the other groups
in both histological and morphological evaluations according to the number of
newborns. It has been determined that regional stem cell application in the acute
period can remove adhesions in uterine adhesions and make the endometrium
more suitable for implantation. As a result, the increase in the number of
newborns as a result of the increase in endometrial thickness, number of glands
and vascularization, decrease in fibrous areas and regression of adhesive areas in
the treatment groups is promising in terms of carrying experimental intrauterine
studies to the clinic.

Sicanlarda Trikloroasetik Asit ile Indiiklenen Deneysel

Intrauterin Adezyonlarda Kok Hiicre Tedavisi
OZET

Kemik iliginden elde edilen kok hiicrelerin, si¢anlarda kimyasal kullanilarak
olusturulan intrauterin adezyon modellemesinde rahim i¢i yapisikliklarin
giderilmesinde ve blastosistin endometriuma implantasyonunun yeniden
saglanmasinda etkinligi ve rolii arastirildi. Deney modeli, trikloroasetik asit
kullanilarak tek uterin hornda meydana gelen hasara karsi, yalnizca kiiltiir
besiyeri (CM), kok hiicre ve 48 saatlik Nis kullanilarak farkli grup ve iki alt grup
olusturulmustur. Calismada toplam 30 disi ve 3 erkek rat kullanildi. Akut fazda
model olusumundan hemen sonra tedaviye baslandi ve 10 giin sonra denekler
gebe kalmalari igin erkek sicanlarla ayni kafese yerlestirildi. Daha sonra gebelik
durumu ve dogan yavru sayist degerlendirildi. Histolojik degerlendirme
hematoksilen-eozin boyamasi ile yapildi. Yenidogan sayisina gére hem histolojik
hem de morfolojik degerlendirmelerde kok hiicre uygulanan gruplarda diger
gruplara gore istatistiksel olarak anlamli fark (p<0.05) bulundu. Akut dénemde
bolgesel kok hiicre uygulamasinin rahim i¢i yapisikliklar ortadan kaldirabilecegi
ve endometriyumu implantasyona daha uygun hale getirebilecegi belirlendi.
Sonu¢ olarak tedavi gruplarinda endometrial kalinlik, bez sayis1 ve
damarlanmanin artmasi, fibroz alanlarin azalmasi ve adeziv alanlarin gerilemesi
sonucu yenidogan sayisindaki artis deneysel intrauterin ¢alismalarin klinige
uyarlanmasi agisindan umut verici olmustur.
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1. INTRODUCTION

Due to the ability of stem cells to self-renew, differentiate, multiply, and form tissues and
organs, they can be used in organ transplants, in the treatment of many diseases or as an
alternative to drugs with known negative side effects. Nowadays, stem cells can be obtained
from many sources to be used for therapeutic purposes. The most studied sources are bone
marrow derived stem cells including hematopoietic, embryonic stem cells and mesenchymal
stem cells. Studies in which human embryonic stem cells are used for the treatment of many
diseases such as diabetes, Parkinson's, heart failure, neurodegenerative injuries, osteogenesis
imperfecta are still in the experimental stage; because embryonic stem cells must be
differentiated into target tissue cells before transplantation [1-3]. Intrauterine adhesion (IUA)
or Asherman's Syndrome (AS) was described by Fritsch in 1894. Defining the disease picture
as "traumatic amenorrhea" for the first time, Dr. It is referred to as AS because it is Joseph G.
Asherman [4]. Some authors have proposed to define the term 'Asherman's syndrome' for
patients with amenorrhea, those with a completely occluded uterus, or those who have recently
had a cesarean delivery (surgical operation). Others use the term 'intrauterine adhesion'; this
term is clearer and more descriptive, but patients with surface deficiency of the endometrium
without fibrous bridges between the uterine walls are the exception. Women with this condition
similarly experience other pregnancy complications such as menstrual bleeding, infertility,
recurrent pregnancy loss, uterine growth restriction, problems with implantation, and adhesions
[5]. It seems indispensable for the future to develop new treatment modalities that will be more
effective and alternative to surgical and hormonal treatment in patients diagnosed with [UA.
Because, both in our country and in the world, the number of abortions has increased day by
day. At the same time, damage to the uterine tissue may be inevitable during routine
gynecological examinations. Stem cell studies in the last decade have developed so rapidly that
it has increased the hopes of those seeking cures from cancer, which seems to be incurable, to
metabolic diseases, even rheumatic and neurodegenerative diseases. Because these cells are
known to positively affect other cells, especially cancer cells, by creating a micro-environment
called a niche with the factors they secrete outside of themselves [6]. At this point, we focused
on the effects of stem cell therapy as an alternative to surgical methods and medical treatments
in endometrial damage.

2. MATERIAL and METHODS

2.1. Experimental Asherman model and stem cell applications

As an implantation failure model, [IUA was chemically formed in the single horn of the uterus
in female rats with trichloroacetic acid. Under ketamine/xylazine anesthesia, the abdomen was
opened with a midline incision and the right and left uterine horns were determined, and then
0.1 ml trichloroacetic acid (IL 33, Istanbul Ilac Sanayi ve Ticaret AS, Umraniye, Istanbul,
Turkey) was applied according to the experimental groups one day after the application [7].

Groups:
IUA + CM (G1, n=10); The group given freshly culturer medium (CM),
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IUA + Niche (G2=10); The group given 48-hour medium,
IUA + Stem cell + Niche (G3=10); A total of three groups were formed, including the group
that was given with CM medium obtained from bone marrow.

Each group was divided into two subgroups and a total of 6 groups were formed. Grouping was
formed in such a way that the first subgroup pregnancy was not established, the second
subgroup pregnancy was formed and the number of newborns was determined.

2.2. Bone Marrow Mesenchymal Stem Cells (BMSC)

In the study, bone marrow cells taken from the tibia and femur of male rats for bone marrow-
derived stromal stem cell decomposition followed by separation in a 25cm?2 culture dish with
15% fetal calf serum (FBS) (S0113, Biochrom, Berlin, Germany) added a-MEM (F0915,
Biochrom, Berlin, Germany) culture medium was grown in an incubator at 370C and 5% CO?2.
At the end of the third day, stem cells and non-adherent cells were removed from the medium
by changing the medium. Then, the medium of the cells adhering to the culture dish was
changed every two days until it became confluent.

2.3. Vaginal smearing

Vaginal smear technique was used between 15.00-16.00 hours from female rats for cycle and
pregnancy detection and samples were collected. To perform this procedure, 0.5 ml of saline
was drawn into the micro pipette. Saline was sprayed into the vagina with a pipette tip. Without
removing the tip of the pipette, the sprayed saline was drawn back into the pipette by creating
negative pressure. The extracted liquid was taken on a clean slide and fixed for 5 minutes with
methanol. Then, it was stained with rapid hematoxylin and eosin staining method and estrous
cycle periods were evaluated cytologically under a light microscope (BX43, Olympus, Japan).
In addition, after the proestrus and estrus stages were determined by this method, the subjects
of the groups in which pregnancy would be created were placed in cages as three female rats
and one male rat and left to mate. Vaginal smears were taken from females released for
pregnancy the next day, and the first days of pregnancy were determined in rats whose sperm
presence was detected by H&E staining [8].

2.4. Tissue staining

Uterine tissues were harvested by cervical dislocation under general anesthesia after treatment
(10 days later). Tissues were fixed for 48 hours with 10% formalin solution for histochemical
analysis. Tissues fixed in formalin were washed under running water for 1 night to remove
fixative. Afterwards, it was passed through series of ethyl alcohol increasing to 60%, 70, 80
and 100% for 30 minutes each for dehydration. Then, they were kept in xylene-alcohol mixture
in a one-to-one ratio for 15 minutes and in two changes of xylene for transparency for 30
minutes, and after applying xylene-paraffin in a one-to-one ratio for 15 minutes in an oven at
60°C and immersed with two changes of paraffin for 60 minutes, the tissues were transferred
to the paraffin blocks. Sections were taken with a microtome and H&E staining was performed.
After tissue follow-up, sections of 4-5 pm were taken and stained with hematoxylin and eosin,
endometrial thickness was determined using quantitative image processing software (Imagel-
NIH Image). Endometrial thickness measurements were obtained from the lateral edges of each
slice; The measurement result was defined as the vertical distances between the luminal
surfaces and the serous membranes. In addition, the number of glands was determined by taking
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the average of the counts from four random areas by determining the gland abundance points
in the stroma.

2.5. Statistical analysis

Inflammation, fibrosis, gland count and endometrial thickness were determined by H&E
staining and statistical significance was determined in the results obtained from the first groups
of the study. In the evaluation, 0= little inflammation and fibrosis, 1= little inflammation and
moderate fibrosis, 2= moderate inflammation and fibrosis, 3= much inflammation and fibrosis.
The resulting data were compared with the One Way-ANOV A Tukey statistical test, and p<0.05
results were considered statistically significant [9].

3. RESULTS

3.1. Vaginal spread findings

Vaginal smear procedure was performed to determine the days of pregnancies we created in
our second groups. For this reason, rats in which AS was created and 10 days of medium, niche
and stem cell+niche treatments were completed were taken into the same cages as male rats
after proestrus and estrus cycles were determined. The next day, a vaginal smear was made
again, and whether mating occurred or not was determined according to the presence of sperm
detected in the smear. We considered the subjects whose sperm were observed in their vaginal
smears to be pregnant. In vaginal smears, it was observed that rat sperm had a hook-shaped
head and a long tail. It was observed at the end of the experiment that all of the animals in the
vaginal smear preparations we observed sperm were pregnant.

The second subgroups of the groups were categorized according to the sperm findings in the
vaginal smear preparations. However, it was determined that the smear was bright in color, the
intermediate cells were dense, and the parabasal cells and mucus were rare in the preparations,
which belonged to the proestrus group. It was determined that the group consisting of
keratinized superficial cells belonged to the oestrus group smears. It was determined that the
group with tightly packed multinucleated epithelial cells with cytoplasmic vacuoles and a large
number of increased neutrophils belonged to rats in the metestrus cycle (Figure 1).

3.2. Histochemical findings of the groups without pregnancy

In the first groups of the experimental model, in which the IUA model was created as the
implantation failure model, both the right and left uterine horns and the groups were evaluated
by comparing each other. We applied different treatment agents intraperitoenally for 10 days to
rats whose left uterine horns were damaged by acid treatment, and we evaluated the changes in
the endometrium after 10 days under a light microscope. They were H&E stained from routine
histochemical staining and the morphological and histological changes that occurred in the
tissues at the end of the applications were examined (Table 1). In the study, a unilateral [UA
model was created in all subject groups [7]. While damage was created by treating the left
uterine horn with acetic acid, the right uterine horn was kept as a control and no damage was
caused by any chemical or mechanical factor. It was observed that the endometrium
degenerated intensively, the synechiae areas increased excessively in the groups to which
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medium and niche were applied (G1-1, G2-1), the number of glands decreased significantly
compared to the groups in which only CM and niche were applied (G3-1).

Vaginal Smear
Before matting After matting
Proestrus 1st day of pregnancy
>,
Estrus 1st day of pregnancy
Metaoestrus 1st day of pregnancy
T e v & ¥y
\ ;
4 r“wéﬁ:, T - s

Figure 1. Evaluation results of vaginal smear preparations of IUA subgroups, H&E.

It was observed that the endometrial epithelium of the CM and niche groups was eliminated,
and dense fibrous areas were formed in the lamina propria. Again in these groups, both the
number of glands decreased and the tubular structure of the gland epithelium was impaired
(Figure 2). In addition, the number of newborns in the lower secondary groups was determined
and a statistically significant difference was observed (p>0.05) (Table 2).

Table 1. Fibrosis, inflammation, endometrial thickness and gland count of the sub-first groups.

Inflammation Fibrosis E’;:Z_’::::'sal Gland count
c™m 2,4+0,51 2,7+0,48 138,72+ 26 um 5+2
Niche 1,6 £0,51 2,3+£0,48 154,24 £ 26 um 5+1
BMSC-Niche 0,5+0,52 0,9+0,73 315,35+32 um 14+3
Right horn 0,2+0,30 0,7+0,53 333,15+ 18 um 16+3
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Table 2. The number of implantation and newborns of the sub-second groups.

CM G1-2

Niche G2-2 BMSC+Niche G3-2

Newborns 4,66 +0,57

5+0,81 8,6+ 0,54

Treatment Applications of Sub-first Groups

Right uterine horn
(L: Lumen, short arrow: endometrial gland,
long arrow: epithelium)

Left uterine horn CM (G1-1)
(L: Lumen, short arrow: synechia, long arrow:
blood vessel, star: inflammation)
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Left Uterine Horn .
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4. DISCUSSION

Macroscopic and histological stainings were used to evaluate the changes in the uterus of the
CM, Niche, and BMSC + Niche groups treated in the [UA-formed rat uterus according to the
number of newborn puppies before pregnancy occurred and in the subjects who became
pregnant. In this study, histological images were examined in uterine samples obtained from
non-pregnancy and pregnancy groups. The role of CM and its niche in adhesions caused by
IUA and its effect on the implantation rate were investigated. Histological findings were
obtained showing that the regeneration in the eastern part progressed in the groups treated with
BMSC and its niche, new vessel formations increased and glands became more prominent,
fibrosis and inflammation that inevitably occur in IUA pathology decreased, and endometrial
thickness increased.
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There are no randomized controlled trials for the treatment of I[UAs. The standard treatment is
surgical removal of adhesions by direct observation. With the removal of adhesions, it is aimed
to create a cavity with normal anatomy and to provide a functional endometrium. Hysteroscopy
is often preferred in current treatment methods. Although the uterine tissue is surgically
restored, the recurrence of adhesions and the risk of complications from uterine surgeries have
revealed the need for new treatment options. For the treatment of intrauterine formations such
as synechia; There were various interventions such as serial flexible hysteroscopies [10],
intrauterine adhesion barrier systems [11], fresh amniotic graft, intrauterine insertion of
seprafilm [12], hysteroscopic surgery, and hyaluronic acid gels [13].

One of the main problems with intrauterine fillers is the need for concomitant use of antibiotics
since a foreign body is present in the uterus. Clinical or subclinical pelvic infections in contact
with the vagina may increase secondary infertility.

The point reached recently is that; Estrogen and progesterone supplementation is recommended
as the primary option in order for the endometrial tissue to recover and continue its functional
activity after surgical procedures. Of course, the effects of this recommendation do not show
the same effect in every patient. It has been reported that vaginal administration of micro-sized
estradiol further increases the endometrial estradiol concentration, since systemic side effects
of oral estrogen supplementation are unavoidable, according to some researchers. However, it
is still known that such applications of estrogen cause various contraindications in patients.
Such problems cause researchers to work harder for new treatment approaches. Artificial
hormone therapy with estrogen is frequently used to promote endometrial proliferation and
angiogenesis [14]. Stem cell therapy for endometrial restoration has recently moved from being
an edge treatment to becoming a central treatment option. In particular, stem cells obtained
from bone marrow have become the most frequently used stem cell source. These cells are
isolated directly from the bone marrow by aspiration. Due to their extensive migratory and
pluripotent potential, SCs can be easily obtained from both humans and rodents. Stem cells with
endometrial regeneration and angiogenesis effects are purified from the bone marrow by
immunomagnetic isolation [15]. Ultimately, they prepare the endometrium for implantation.
Especially since the endometrium's own stem cells cannot provide endometrial regeneration
due to the damage, it has been observed that externally applied transplant stem cells are
permanent and increase the success of implantation by functioning. In this study, in which Y-
positive cells can be easily demonstrated due to the use of male CM, it has been proven that
transplanted cells can remain in the uterus even after three months [16]. Human endometrial
tissue is one of the tissues with the strongest dynamism in completing its regeneration perfectly
in every menstrual cycle. Although it is generally believed that precursor cells in the functional
and basalis layers of the endometrium play a role in this dynamism, there is literature
information that BMSCs are also involved in the regenerative ability of the endometrium [17].
In the study, it was tried to remove intrauterine adhesions and to remove these adhesions, which
is one of the important infertility problems, by using stem cells, which will contribute to
alternative methods and may be the most important treatment tool of the next century. As a
matter of fact, both macroscopic findings obtained from the groups; The number of embryos,
the number of newborns, the anatomical structure of the endometrium after sacrification and
the histopathological findings obtained as a result of microscopic tissue follow-up proved this.
Recently, populations of endometrial epithelial and stromal MSCs (Mesenchymal stem cell)
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resembling adult MSCs in the basal layer of the human endometrium have been described very
rarely [18]. The origin of endometrial stem cells remains unclear. However, BMSCs have been
recognized to contain many sources, including menstrual blood-derived mesenchymal stem
cells and adipose stem cells [19]. Experimental models have been tried to be designed on the
Asherman model using many animals, especially rabbits and rodents, and alternative treatment
methods for uterine adhesions have been tried. Especially in rabbits and rodents, mechanical
damage, physical damage, laser damage model, curettage model, adhesion developed model
with lipopolysaccharide curettage suture and experimental models created using chemicals such
as 10% formalin, trichloroacetic acid, polyethylene sponge, phenyl mucilage were designed and
fibrotic tissue tried to decrease and increase vascularization [20, 21]. In the light of
investigations and presented findings, it was preferred to set up this experimental model using
acid [7]. Because it was observed that the synechia formed by the acid creates suitable adhesion
conditions for AS.

5. CONCLUSION

Surgical operations only serve to divide adhesions within the cavity, but can do little about
endometrial regeneration and adhesion recurrence. So women with Asherman syndrome require
more than one approach to provide optimal clinical outcomes. Although stem cells are still in
the research phase, new advancing discoveries in this field are leading to new therapeutic
strategies every day. We believe that the findings of this study will shed light on stem cell
applications in reproductive medicine.
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Developing the Wetland Awareness Scale
Through Children's Eyes and Example Application

Ibrahim UYSAL', Neda SAYAN?, Batuhan Ege UYSAL?, Kerem TEMEL?,
Aycan UYSAL*

ABSTRACT

Wetland losses and pollution in water resources, which are
increasing on a global scale, affect biodiversity and sustainable
ecosystem structure. The most important trigger of this extinction,
which will cause wide-ranging ecological problems, is human
activities, and necessary steps must be taken quickly to protect its
viability. In the study, it was aimed to develop a measurement tool
that measures the awareness level of children about wetlands in a
valid and reliable way. In the descriptive study, data were obtained
from three different groups. Participants consist of secondary
school students between the ages of 9-15 studying in Turkey.
Explanatory factor analysis was performed by applying the 26-item
candidate scale questions to 245 secondary school students. Then,
confirmatory factor analyzes were carried out with the data
obtained from the participation of 201 students. SPSS 26.0 and
AMOS statistical software were used in the analysis of the data.
Evaluations of secondary school students' awareness of wetlands
were examined on a group of 446 people. As a result of the validity
analyzes made with the data obtained from the application, it was
determined that the scale consisted of 14 items with two factors.
This structure was confirmed by confirmatory factor analysis. The
reliability value of the entire scale was 0.891; 0.704 for the wetland
awareness factor in terms of bird species diversity; The importance
of wetlands and the awareness of the problems experienced factor
was determined to be 0.895. There was no significant difference
between gender, age, and having taken wetland lessons before and
wetland awareness (p: >0.05). It was determined that there was a
significant difference between whether they went to a wetland in
the region they lived in before and the wetland awareness of the
children (U=15052.5 and p: <0.05). Wetland awareness was found
to be higher in students who had gone to wetlands before. It was
concluded that the scale developed according to these results in the
context of the participants in this study, which was carried out with
secondary school students, measured the wetland awareness levels
of children in a valid and reliable way.
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Cocuklarin Goziinden Sulak Alan Farkl.pdahgl Olcegi’nin Gelistirilmesi ve
Uygulama Ornegi

OZET

Kiiresel olcekte giderek artan sulak alan kayiplar1 ve su kaynaklarindaki kirlilik, biyogesitliligi
ve stirdiiriilebilir ekosistem yapisini etkilemektedir. Genis ¢apli ekolojik sorunlara neden olacak
bu yok olusun en 6nemli tetikleyicisi ise insan faaliyetleridir ve siirdiiriilebilirligin korunmasi
konusunda gerekli adimlarin hizla atilmasi gerekmektedir. Doga koruma bilincinin
olusturulmasinda biitlinciil bir yaklasim gerekmektedir ve atilacak oncelikli adimlardan biri
toplumda farkindalik yaratmaktir. Farkindalik, bir canlinin ¢evresinde gelisen olaylar1 bilme,
algilama ve duyumsama becerisi olarak tanimlanmaktadir. Yapilan ¢alismada ¢ocuklarin sulak
alanlar ile ilgili farkindalik diizeylerini 6lgen bir 6l¢ek gelistirilmesi amaglanmistir. Betimsel
olarak yapilandirilan arastirmada veri toplama araci olarak gelistirilen aday 6l¢cek maddeleri
arastirmacilar tarafindan hazirlanmis ve uzman goriisleri dogrultusunda olusturulmustur.
Katilimcilar, Tirkiyede 06grenim goren 9-15 yas arasindaki ortaokul 6grencilerden
olugsmaktadir. 26 maddelik aday 6l¢ek sorular1 245 ortaokul 6grencisine uygulanarak agiklayict
faktor analizi yapilmistir. Daha sonra 201 6grencinin katilimindan elde edilen verilerle
dogrulayici faktor analizleri gerceklestirilmistir. Verilerin analizinde SPSS 26.0 ve AMOS
istatistik  yazilimi  kullanilmistir.  Ortaokul — 6grencilerinin  sulak  alanlara  ydnelik
farkindaliklarinin ~ degerlendirmeleri ise 446 katilimcidan elde edilen verilerle
gerceklestirilmistir. Yapilan ilk uygulamadan elde edilen verilerle yapilan gecerlik analizleri
sonucunda 6l¢egin iki faktorlii 14 maddeden olusan bir 6l¢ek oldugu tespit edilmistir. Bu yap1
dogrulayici faktdr analizi ile dogrulanmistir. Olgegin tamaminin giivenirlik degeri 0,891; kus
tiir cesitliligi agisindan sulak alan farkindaligi faktori i¢in 0,704; Sulak alanlarin 6nemi ve
yasanan sorunlar farkindaligi faktorii igin 0,895 oldugu belirlenmistir. Yapilan 6rnek
uygulamada cinsiyet, yas ve daha once sulak alanlarla ilgili ders almalar ile sulak alan
farkindalig1 arasinda anlamli bir fark bulunmamuistir (p: >0,05). Daha 6nce yasadig1 bolgedeki
bir sulak alana gidip gitmemeleri ile ¢ocuklarin sulak alan farkindaliklar1 arasinda ise anlaml
bir fark oldugu tespit edilmistir (U=15052,5 ve p: <0,05). Daha 6nce sulak alanlara giden
ogrencilerde sulak alan farkindaliginin daha yiiksek oldugu bulunmustur. Ortaokul 6grencileri
ile gergeklestirililen bu arastirmada yer alan katilimcilar baglaminda bu sonuglara gore
gelistirilen Olgegin ¢ocuklarin sulak alan farkindalik diizeylerini gecerli ve giivenilir bigimde
Olctiigli sonucuna ulagilmastir.

1. INTRODUCTION

Wetlands are ecosystem environments that have common characteristics and are suitable for a
wide range of terrestrial and marine life [1]. Wetlands, which have the richest biodiversity after
rainforests, contain 40% of all species and 12% of all animal species in the world [2]. Wetlands,
where biodiversity and production are much higher than terrestrial areas, provide important
ecosystem services for the sustainability of the ecosystem [3]. Wetlands, one of the world's
most productive and valuable ecosystems, provide a wide variety of economic, social,
environmental and cultural benefits [4]. These services include maintaining water quality and
supply, regulating atmospheric gases, sequestering carbon, protecting coastlines, maintaining
authentic local biota, and providing cultural, recreational and educational resources [5].

However, in wetlands, which are one of the ecosystems where human influence is intense, it is
stated in many studies that biological diversity and therefore sustainability are damaged [1]; [6-
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9]. This shows that people are not sufficiently aware of the ecosystem they live in and the
ecosystem services that wetlands offer to people. The destruction of wetlands around the world
and the consequent deterioration of ecosystem services will cause significant losses in human
well-being and biodiversity, as well as lead to negative economic and social effects in the long
run. In this respect, wetlands should be recognized and protected in terms of their hydrological
characteristics, biodiversity and physicochemical characteristics. Sustainable protection,
management and transfer of these resources to future generations are of great importance [10].

Bird species that have attracted the attention of people throughout history with their colors,
songs and flying abilities can be used to monitor wetlands and their healthy structure.
Birdwatching is a form of wildlife observation in which bird watching is a fun activity or citizen
science [11]. Based on this interest of human beings in bird species; we can use bird watching
in raising awareness of nature, creating awareness of ecosystems, monitoring and protecting
wetlands. Conservation and restoration of wetlands is essential for the future sustainability of
the planet, and provides safety nets for emerging issues such as global climate change, food
production for the growing world population, disturbance regulation, clean water and the
general well-being of society [3].

One of the primary steps in raising awareness of nature conservation in sensitive ecosystems
such as wetlands is to raise awareness in society. Awareness is defined as the skill of knowing,
perceiving and sensing the events developing around a living thing. Although the activities
related to the protection of our water resources and wetland ecosystems are increasing today, it
is not possible to measure the awareness levels and evaluate the effectiveness and diversity of
the activities carried out.

The aim of environmental education is to raise citizens who are knowledgeable about the
biological environment and its problems, aware of the strategies that can be used to cope with
these problems, and actively work for their solution [12]. Traditionally, environmental
education has focused on teaching children about “pristine” environments or “wild nature” [13].

Every step to be taken to prevent the extinction and destruction of our wetlands and water
resources today is extremely important for children who will face problems that may arise in
the future. Increasing the awareness of children, who are the future guardians of wetlands and
our water resources and preparing environments where they can contribute to conservation
activities will be effective in raising awareness of nature conservation. In the literature review,
wetland perceptions of infants and children [14], awareness levels of university students about
water resources [15], recognition and protection value of wetlands among primary school
students [16] and wetland It has been observed that there are studies on subjects such as
education and public perception [17]. However, it has been determined that there is no
measurement tool for children's wetland awareness.

The aim of the study was to develop a scale to measure children's awareness of wetlands and to
evaluate the wetland awareness of children by making an application example.
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2. MATERIAL AND METHOD
This research is a descriptive research in terms of the evaluation of the technical features of the
developed scale and the sample application.

2.1. Research Group

All applications were carried out with secondary school students. In the descriptive study, data
were obtained from three different groups. Explanatory factor analyzes (EFA) were conducted
with data obtained from a group of 245 secondary school students. Confirmatory factor analyzes
(CFA) were conducted with data obtained from a group of 201 secondary school students.
Evaluations of secondary school students' awareness of wetlands were examined on a group of
446 people. Participants consist of secondary school students between the ages of 9-15 studying
in Turkey.

Participation in the research was on a voluntary basis. Therefore, the sample in the study can
be evaluated in the context of purposive sampling [ 18]. Different opinions in the literature were
taken into account while determining the size of the study group in scale development studies.
Gorsuch (1974) emphasized that the number of questions should be at least five times the
number of participants [19], while Everitt (1975) stated that “the number of participants should
be at least ten times the number of items [20]. In line with this information, care was taken to
include five times or more participants than the number of items in the measurement tool.
Demographic characteristics of the participants in the two groups are given in Table 1.

Table 1. Demographic data of the participants

EFA Group CFA Group
Variant f (%) Variant f (%)
Male 100 (40.8) Male 99 (49.3)
Gender o male 145 (59.2) Gender 1 nale 102 (50.7)
Age Average (9-15) 11.64 Age Average (9-15) 11.98

2.2. Data collection tool

In the light of the information obtained from the literature to determine the candidate scale form
elements of the data collection tool developed within the scope of the research ‘Wetland
Awareness Scale Through Children's Eyes-WASTCE’, a question pool was created by the
researchers for the candidate measurement tool. The items in the created question pool were
presented to expert opinion. Opinions were received from two academicians working in the
field of biology, an academician working in the field of measurement and evaluation, and an
expert working in a non-governmental organization related to nature conservation. Expert
opinions were taken as “appropriate, not appropriate and should be corrected” for the 26
candidate scale items that were corrected. Consistency between expert opinions was examined
with the Krippendorff Alpha coefficient [21] and a consistency of .84 was determined. This
coefficient indicates a high level of consistency. Detailed information about the analyzes made
as a result of the trial application is explained in the “results” section. As a result of the analysis,
the final version of the scale was determined as 14 items and 2 factors. As a result, two different
total scores are taken from the scale and comments are made on these total scores.
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2.3. Implementation of the Data Collection Tool

The candidate scale form was applied to secondary school students with the letter of T.R.
Canakkale Governorship Provincial Directorate of National Education, numbered E-60305806-
44-21667935 and dated 04.03.2021. and with the letter of T.R. Fethiye District Directorate of
National Education, numbered E-40068571-604.01.01-20426923 and dated 10.02.2021.

Due to the pandemic process, the link created online via google. Forms was sent to the phones
of the students' parents and after the parent's approval, it was asked whether the student
volunteered to participate. While students who did not have parental consent or did not
volunteer to participate did not participate in the study, only the students who volunteered to
participate in the study were included in the study.

2.4. Analysis of Data

SPSS 26.0 and AMOS statistical software were used in the analysis of the data. First of all, it
was determined that there was no missing data in the data set. Kaiser Meyer Olkin (KMO) Test
and Bartlett's Test of Sphericity, which are important criteria of factor analysis, were examined.
KMO between 0.801 and 0.900 is considered very good, and above 0.901 is considered
excellent. In the sphericity test, the result is expected to be significant (p<0.05) [22-24]. The
factor structure was revealed by the principal axis factoring (PAF) method. It is a preferred
factor extraction method for newly developed scales whose theoretical structure is unknown
[25]. “Varimax” axis rotation was performed to clarify the factors. The reference values in
Table 2 were taken into account when deciding on the fit indices obtained in confirmatory factor
analysis [22, 24, 26-34]. In order to obtain proof of reliability, the Cronbach Alpha reliability
coefficient, which shows reliability in terms of internal consistency, was calculated.

Table 2. Confirmatory factor analysis reference values.

Decision RMSEA GFI AGFI NFI IF1 CFI X?/SD
accept 0,05<RMSEA<0,08 2<X?/SD<5
excellent 0<RMSEA<0,05 090and 090and 095and 095and 0.95and 0<X?/SD<2

above above above above above

With the scale developed within the scope of the research, a sample application was made with
the data of 446 participants. Comparison tests were applied according to the variables obtained
with questions such as demographic (age, gender) characteristics of the participants and
whether they had ever taken a course on wetlands before, whether they had ever been to a
wetland before. In the analysis of the data, descriptive statistical analyzes were made using the
SPSS program. The Kolmogorov-Smirnov Test was applied to decide which of the parametric
or nonparametric tests to use in the comparison tests. In addition, it was decided to use
parametric techniques in data sets where the other preconditions, such as homogeneity of
variances and whether there was a minimum of 30 samples, were met. It was decided to use
nonparametric techniques for data where the prerequisites could not be met [32, 35].
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3. RESULTS

The data obtained from the application with the participation of 245 secondary school students
were included in the explanatory factor analysis. Result of the primary analysis, it was
determined that the scale has a 10-factor structure with eigenvalues exceeding 1. It is generally
accepted that there should be at least three questions in each sub-dimension (factor) in scale
development [31]. The item-total correlations and exploratory factor analysis input load values
of some items were not at the desired level (0.300 and above) in the literature [35]. However,
as a result of the analysis, 2 factors of the scale were found to be very prominent. Eigenvalues
are very high in these 2 factors. In the logic of scale development and factor analysis, many
variables are explained by reducing them to a small number of factors [32]. From this
perspective, it was decided that it would be suitable to conduct factor analysis in a way that
would gather under 2 factors. The KMO and Bartlett's Test of Sphericity values for the re-
applied factor analysis are given in Table 3.

KMO and Bartlett test results are at the level suggested by the literature, as explained in the
data analysis title. As a result of factor analysis, it was determined that 12 items (1, 2, 3, 6, 9,
10,11, 13, 16, 18, 22 and 23) in the measurement tool could not reach the item-total correlations
and factor analysis input load values suggested by the literature. These items were not including
to scale. As a result of factor analysis, “Varimax” axis rotation method was used to determine
under which factors the items would be grouped. The item total correlations, variance explained
by the factors, factor names, input load values and Cronbach Alpha reliability values of the
remaining items are given in Table 4.

It is seen that the input load values of the remaining 14 items in the scale vary between 0.216
and 0.703, and the item-total correlations vary between 0.396 and 0.707. According to the
literature, these items were determined to be suitable for the scale. The reliability value of the
entire scale was 0.891; 0.704 for the wetland awareness (IWAP) factor in terms of bird species
diversity; The importance of wetlands and the awareness of the problems experienced
(WAITBSD) factor was determined to be 0.895. According to the literature, these values are
high reliability levels [32]. The variance explained by the first factor is 38%, and the variance
explained by the second factor is 17%. Together, the two dimensions explain 55.112% of the
variance in children's awareness of wetlands. This rate is considered low for some sources in
the literature [32, 36], sufficient for some sources [35], and between 40% and 70% for some
sources in the literature [25]. The scree plot for 14 items and the two-factor structure is shown
in Figure 1.

Table 3. KMO and Bartlett values

Kaiser-Meyer-Olkin (KMO) 910

X? 1584,293
Bartlett Test of Sphericity SD 91

p ,000
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Table 4. Factor analysis results

Variance Factor
Factors
Fac.t or Explained by the = Cronbach
Analysis Item Item Total 3
Items : Factor Name Factor in the Alpha
Input Load Correlations -
1 2 Value Varimax Confidence
Rotation Result Value
S7 834 ,700 ,685
S5 795 ,642 ,657
S4 783 ,635 ,674
S15 773 ,643 ,707
S12 754 610 684 Importance of
S14 657 565 688 Wetlands and %38,277 0,895
Awareness of
S24 647 ,550 671 Problems (IWAP)
S26  ,632 449 ,585
S25 618 426 ,566
S8 550 384 ,547
S17 377 ,216 ,396
821 838 ;703 354 Wetland Awareness
S19 724 637 591 in Terms of Bird %16,835 0,704
Species Diversity
$20 ,700 556 516 (WAITBSD)

22 Items Together (All Scale) Cronbach Alpha Reliability Value = 0,891

Eigenvalue

Scree Plot

6 7 8 9 10 1" 12 13 14

Component Number

Figure 1. Scree plot of the structure of the Perception of Wetlands in Children's Perception Scale with 2 active

14 items.

After the explanatory factor analysis applied as explained above, a scale structure consisting of
14 items and 2 factors was reached. Another piece of evidence for the validity of this construct
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is the confirmation of the construct. For this reason, a 14-item scale was applied to 201 different
students. Confirmatory factor analysis was carried out on the obtained data. Fit indices are
shown in Table 5 and the diagram is shown in Figure 2.

Table 5. CFA fit indices

X?/SD GFI AGFI NFI IFI CFI RMSEA
1,998 0,909 0,874 0,870 0,930 0,930 0,071
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Figure 2. Confirmatory factor analysis diagram of middle school students' wetland awareness scale
(standardized values).

The confirmatory factor analysis results are at an acceptable level in the light of the information
explained in the data analysis title. It has been concluded that the scale developed according to
these results in the context of the participants in this research measures the wetland awareness
of secondary school students in a valid and reliable way.

In the sample application made with the children's wetland awareness scale developed within
the scope of the research, the awareness of secondary school students towards wetlands was
determined. The descriptive statistics of secondary school students' responses to 14 items in the
scale are given in Table 6.
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Table 6. The final version of the scale items and the distribution of the answers given in the application example

]
2 5
S B <
E Items N X=S. = = o
8 Deviation = 8 £
p— =} B en
CRN =
—
4 Today, wetlands are damaged due to human activities. 446 2.74+0.574 31 32 363
y’ ) s > T 07 %l1,7 %814
L. .. . 17 35 394
5 Wetlands are declining and this is worrying for our future. 446 2.85+0.455 %38 %78 %883
. 19 36 391
7  We have to protect wetlands to protect the ecosystem we live in. 446 2.83+0.473 %d3 %S %877
. . 24 93 329
8  The importance of wetlands is not well known. 446 2.68+0.570 %54 %209 %T3.8
The fact that there are usually many predators in wetlands negatively affects the animal 25 60 361
12 and plant species there 446 2.75+0.546 %5,6  %13,5 %380,9
. . 15 48 383
14 Due to global warming, our wetlands are gradually decreasing. 446 2.83+0.460 %34 %108 %859
As a result of hunting in wetlands, lead and pellets that settle at the bottom of the water 18 67 361
15 accumulate and affect the wetland ecosystem by causing heavy metal pollution in the 446 2.77£0.509 o o
future. %4 %15 %80,9
17 Cutting trees and burning reeds in wetlands cause pollution in wetlands 446 2.60+0.666 45 %0 311
g free g reed Seausep > OTEOY 410,1 %202 %69,7
. . . 13 63 370
24 Our wetlands are rapidly disappearing. 446 2.80+0.468 %29 %14l 82.9
. . . . . 21 81 341
25 The number of infectious diseases increases if wetlands are reduced or polluted. 446 2.72+0.544 %A %182 %765
. . . . 19 61 366
26 Wetlands are important in tackling global warming 446 2.79+0.504 %d3 %139 %821
19 If we see many birds in a wetland, this can be considered as an indicator of the healthy 446 2.62+0.619 33 102 311
structure of the ecosystem in that wetland. : : %714 %229 %69,7
The decrease in bird species, diversity and number is evidence of environmental pollution 50 89 307
+
20 in that area. 446 2.58+0.685 ol1,2 %20 %688
If I see or hear a wide variety of birds around me, I think that there is no environmental 55 165 226
+
21 pollution where I am. 446 2.38+0.696 012,3 %37 %50,7

SCALE TOTAL SCORE (The lowest possible score is 14, and the highest score is 42.) RS, Deviati $7.8840.230
. Deviation = 37. b

The wetland awareness level of the applied group was calculated as 37.88. Considering that the
maximum score that can be obtained from the scale is 45, it has been calculated that the
participants have a high level of wetland awareness. The item that the students who participated
in the sample of children's wetland awareness scale application least agreed was “If I see or
hear a wide variety of birds around me, I think that there is no environmental pollution in my
area.” and “The decline in bird species, diversity and numbers is evidence of environmental
pollution in that area.” While the items with the highest participation are “Wetlands are
decreasing gradually and this is a concern for our future”, “Our wetlands are decreasing
gradually due to global warming” and “We have to protect wetlands to protect the ecosystem
we live in.” has been. Demographic characteristics of the participants are given in Table 7.

It was tested whether there was a difference in wetland awareness by gender. Since the normal
distribution condition could not be met, the nonparametric Mann Whitney U test was applied.
No significant difference was found between the wetland awareness scores of girls and boys
(U=24047.5 and p>0.05).
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Table 7. Distribution data of application sample participants by age, gender and other variables

VARIANT AVERAGE MINIMUM MAXIMUM
Age 11,79 9 15
VARIANT CATEGORY FREQUENCY PERCENT (%)
Girl 247 55,4
Gender Boy 199 44,6
Yes 244 54,7
Have You Taken Any Course About Wetlands Before? No 202 453
Have you ever been to a wetland in the area where you Yes 328 73,5
live? No 118 26,5

It was tested whether there was a difference between wetland awareness according to age. It
was determined that there was no significant relationship in the kruskal-wallis test result, which
was performed to test the difference between age and wetland awareness scores (p>0.05).

It was tested whether there was a difference between the wetland awareness scores and whether
they had taken a course on wetlands before and whether they had been to a wetland before.
There was no significant difference between the previous lessons about wetlands and wetland
awareness (p>0.05). It has been determined that there is a significant difference between the
wetland awareness of the secondary school students according to whether they have visited a
wetland in the region they lived in before (U=15052.5 and p<0.05). Wetland awareness was
found to be higher in students who went to wetlands before.

4. DISCUSSION and CONCLUSION

Conservation and restoration of wetlands is essential for sustainability and provides safety nets
for emerging issues such as global climate change, food production for a growing world
population, clean water, and the general well-being of society [3]. One of the primary steps in
raising awareness of nature conservation in sensitive ecosystems such as wetlands is to raise
awareness in society. Activities related to the protection of our water resources and wetland
ecosystems are increasing today. However, by measuring the awareness levels resulting from
these activities, the results of the activities carried out and the effects of their diversity are not
sufficiently evaluated.

In addition to facilitating the measurement process, the scales also enable the determination of
the quality of the results obtained. Scientific progress is based on measurement, and
measurements made with sensitive measurement tools increase this development [37]. In the
literature review, it was seen that there is no measurement tool that can be used to measure
wetland awareness for children and youth. The aim of the study was to develop a scale to
measure children's awareness of wetlands and to evaluate the wetland awareness of children by
making an application example.

As a result of the KMO, Bartlett test and factor analysis performed with the data set obtained
in the study conducted for this purpose, 12 items (1, 2, 3, 6,9, 10, 11, 13, 16, 18, 22 and 23)
among the candidate scale items were excluded from the scale because the item-total
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correlations and factor analysis could not reach the input load values suggested by the literature.
These items are as follows; I have enough information about wetlands, I have enough
information about the creatures living in wetlands, Wetlands are the habitat of many living
species, The destruction of wetlands around us will not have a negative effect on us, Lessons
and practices that explain the importance of wetlands and water should be given more place in
schools, The use of pesticides in agricultural activities around wetlands causes pollution in
wetlands, If the agricultural lands around wetlands use water uncontrollably, this will
adversely affect wetlands, It is very difficult and much more costly to clean up the pollution
caused by the disposal of factory and household waste, Wetland The reeds around the areas
need to be cleaned by burning, A lot of mosquitoes and insects breed in the wetlands, so the
swamp and reeds parts of the wetlands need to be dried, If [ see or hear a wide variety of birds
around me, that's where I am. [ think there is no environmental pollution and We have no
connection with our clean drinking and utility water and wetlands in nature.

After the explanatory factor analysis, a scale structure consisting of 14 items and 2 factors was
reached. To verify this structure, a 14-item scale was applied to 201 different students.
Confirmatory factor analysis was performed on the data obtained. It has been concluded that
the scale developed according to these results in the context of the participants in this research
measures the wetland awareness of secondary school students in a valid and reliable way.

Fisman (2005), in his study examining the effects of the urban environmental education
program on children's awareness of their local biophysical environment, showed that the
program had a significant positive effect on students' knowledge of local environmental
awareness and environmental concepts [13]. Anderson and Moss (1993) in their research on
wetland perceptions of infants, children and adults; They stated that conditioning negatively
affects adults' perception of wetland. In this respect, they stated that it is very important to plan
well-planned written and visual media, promotional posters and training programs in order to
increase awareness about wetlands and contribute to conservation activities. In addition, within
the scope of the research, they determined that one of the important factors that increase
awareness for children is technical trips to wetlands [14]. In the study, it was determined that
there is a significant difference between the awareness of the wetland according to whether the
secondary school students went to a wetland in the region where they lived before (U=15052.5
and p<0.05). Wetland awareness was found to be higher in students who had gone to wetlands
before. Parallel to this finding, different studies show that constant contact with a particular
place improves children's environmental knowledge and anxiety in the best way [38-40].

In his study, the survey study he conducted using the photographs of the biodiversity elements
in the environment where the secondary school students live, found that the education of
parents, income level of the family, and watching a television program about nature were not
statistically effective on the awareness of the students about biodiversity [41]. In the study, it
was found that there was no significant difference between wetland awareness by gender,
wetland awareness by age, and whether they had taken a course on wetlands before and wetland
awareness (p>0.05).

Wetland losses experienced today, decrease in biodiversity and pollution in water resources
show that we need to reach positive behavioural changes more quickly in order to protect the
sustainability of these resources. For this reason, it is very important to increase children's
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awareness of wetlands. Based on the results of the scale application, it is recommended that
technical trips be made to the wetlands in their regions for secondary school students on dates
such as world wetlands day or bird watching day in order to increase students' awareness of
wetlands. Bird watching can be used as an important tool to increase the awareness of children
in technical trips to be planned. Bird watching is a form of wildlife observing where bird
watching is a fun activity or citizen science [11]. This recreational activity, starting from this
interest of human beings in bird species; It can be used in raising children's awareness of
wetlands, monitoring and protection of wetlands.

It was concluded that the scale developed according to these results in the context of the
participants in this study, which was carried out with secondary school students, measured the
wetland awareness levels of children in a valid and reliable way. The reliability value of the
entire scale was 0.891; 0.704 for the wetland awareness (KTCSAF) factor in terms of bird
species diversity; The importance of wetlands and the awareness of the problems experienced
(SAOYSF) factor was determined to be 0.895. As such, the scale can be used to measure the
awareness of similar groups towards research.
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Appendix 1. Wetland Awareness Scale Through Children's Eyes (English)

g8
S 32
c Wetland Awareness Scale Through Children's Eyes 512 o
© (]
- AR
S &=
1 | Today, wetlands are damaged due to human activities.
2 | Wetlands are declining and this is worrying for our future.
3 | We have to protect wetlands to protect the ecosystem we live in.
4 | The importance of wetlands is not well known.
5 [The fact that there are usually many predators in wetlands negatively affects the animal and plant species there
6 [ue to global warming, our wetlands are gradually decreasing.
7 s a result of hunting in wetlands, lead and pellets that settle at the bottom of the water accumulate and affect the

wetland ecosystem by causing heavy metal pollution in the future.

Cutting trees and burning reeds in wetlands cause pollution in wetlands.

Our wetlands are rapidly disappearing.

10 [The number of infectious diseases increases if wetlands are reduced or polluted.

11 Wetlands are important in tackling global warming

/f we see many birds in a wetland, this can be considered as an indicator of the healthy structure of the ecosystem in

12 that wetland.

13 [The decrease in bird species, diversity and number is evidence of environmental pollution in that area.

14 |(f1Isee or hear a wide variety of birds around me, | think that there is no environmental pollution where | am.
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Appendix 2. Wetland Awareness Scale Through Children's Eyes (Turkish)

Sira

Cocuklarin Géziinden Sulak Alan Farkindaligi Olgegi

Katilmiyorum

Kismen Katiliyorum

Katiliyorum

Gliniimiizde sulak alanlar insan faaliyetleri nedeniyle zarar gérmektedir.

Sulak alanlar giderek azalmaktadir ve bu durum gelecegimiz igin endise vericidir.

Yasadigimiz ekosistemi korumak igin sulak alanlari korumak zorundayiz.

Sulak alanlarin 6nemi yeterince bilinmemektedir

Sulak alanda ¢ok sayida avci olmasi oradaki hayvan ve bitki tiirlerini olumsuz etkiler

Ol WIN|F

Kiiresel isinma nedeniyle sulak alanlarimiz giderek azalmaktadir

Sulak alanlarda yapilan avcilik sonucu su dibinde ¢éken kursun ve sagma pargalari birikerek gelecekte
odir metal kirliligine yol agarak sulak alan ekosistemini etkilemektedir

Adaclarin kesilmesi, sulak alandaki sazliklarin yakilmasi sulak alanlarda dogal yapinin bozulmasina
heden olur.

Sulak alanlarimiz hizla yok olmaktadir

10

Sulak alanlarimiz azalarisa ya da kirlenirse bulasici hastaliklarin sayisi artar

11

Sulak alanlar kiiresel isinmayla miicadelede énemlidir.

12

Bir sulak alanda ¢ok sayida kus gériiyorsak, o sulak alandaki ekosistem saglikhdir.

13

Sulak alanlarda yasayan canlilarin sayisinin azalmasi gevre kirliligine isarettir

14

Etrafimda ¢ok gesitli kuslari gériiyor ya da duyuyorsam bulundugum yerde gevre kirliligi olmadigini

distndrim.
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Effect of Amitriptyline on Serum Biochemistry of Gilthead Sea
Bream (Sparus aurata)

Osman Nezih KENANOGLU!, Nihan AKINCI KENANOGLU?, Sevdan YILMAZ?,
Soner BILEN!

ABSTRACT

Amitriptyline is a tricyclic antidepressant that is frequently used in the
treatment of many neuropathic and inflammatory diseases as well as
depression. As a result of contamination to the aquatic environment, the
effects of amitriptyline antidepressant, which has long lasting properties,
on the serum biochemistry of gilthead sea bream fish was investigated in
this study. For this purpose, gilthead sea bream were exposed to
amitriptyline concentrations of 0.2 pg/L, 10 pg/L, 100 pg/L and 1000
ng/L for 14 days. Glucose, albumin, globulin, total protein, triglyceride,
cholesterol, aspartate aminotransferase, alanine aminotransferase, alkaline
phosphatase and lactate dehydrogenase biochemical parameters were
determined from the blood serum samples of the fish taken on the 7™ and
14" days of the study. Significant changes occurred on the 14™ day in the
values of triglyceride, cholesterol, aspartate aminotransferase, alkaline
phosphatase and lactate dehydrogenase, which did not show a significant
difference on the 7™ day. These results reveal that different amitriptyline
concentrations cause negative changes in the fish biochemistry.

Amitriptilinin Cipura (Sparus aurata) Serum Biyokimyasi
Uzerindeki Etkisi

OZET

Amitriptilin, depresyonun yaninda, bircok noropatik ve inflamatuar
hastaligin tedavisinde siklikla kullanilan trisiklik antidepresandir. Bu
caligsmada, sucul ortama karigmasi sonucunda uzun siire kalicilik gosterme
ozelligine sahip olan amitriptilin antidepresaninin ¢ipura (Sparus aurata)
baliklarinin serum biyokimyasina olan etkisi aragtirilmistir. Bu amagla
cipura baliklar1 14 giin boyunca 0,2 pg/L, 10 pg/L, 100 pg/L ve 1000
ug/L’lik amitriptilin konsantrasyonlarina maruz birakilmistir. Caligmanin
7. ve 14. giinlinde alinan baliklarin kan serum Orneklerinden glukoz,
albumin, globulin, total protein, trigliserid, kolesterol, aspartat
aminotransferaz, alanin aminotransferaz, alkalen fosfataz ve laktat
dehidrogenaz biyokimyasal parametreleri belirlenmistir. 7. giinde anlamli
bir farklilik gostermeyen tiim serum biyokimya parametrelerinden,
trigliserid, kolesterol, aspartat aminotransferaz, alkalen fosfataz ve laktat
dehidrogenaz degerlerinde 14. giinde anlamhi degisimler meydana
gelmistir. Bu sonuglar farkli amitriptilin  konsantrasyonlarinin balik
biyokimyasinda olumsuz yonde degisimlere neden oldugunu ortaya
koymaktadir.
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1. INTRODUCTION

Amitriptyline is a tricyclic antidepressant that has been widely used in the world for many years
due to its high efficacy and low cost [1-3]. Acting as a serotonin and noradrenaline reuptake
inhibitor, amitriptyline is widely prescribed to treat depression, severe neuropathic and
inflammatory diseases in both humans and animals [2-5]. It is known that amitriptyline ranked
56 (5.91 tonnes) among the 100 most consumed pharmaceutical compounds by mass in the
UK in 2000 [6].

Studies of amitriptyline on aquatic organisms are very scarce [2]. However, it has been reported
that amitriptyline is present in low detectable concentrations in aquatic environment [2,4].
Amitriptyline can be detected up to 72 ng/L in surface waters and up to 223 ng/L in wastewater
treatment plant wastes [7-10]. Amitriptyline at concentrations as low as 10 ng/L can impair the
immune system of aquatic organisms and affect their reproduction, growth and development
[2,10-12]. Along with these findings, it is stated that amitriptyline has the potential to
bioaccumulate and is observed up to 1.8 ng/g in aquatic organisms [9-10,13-14]. It has been
reported that amitriptyline is one of the five substances that may cause problems on aquatic
organisms in the future, based on accumulation and biodegradation in sewage treatment plants
[6]. In addition, the classification of chronic aquatic toxicity of amitriptyline hydrochloride is
indicated as very toxic effect, long-term persistence in the aquatic environment [15].

It has been reported that gilthead sea bream exposed to amitriptyline at doses of 0.2 pg/L and
10 pg/L for 7 days had residues in the brain and gill tissues, and 33 amitriptyline metabolites
were encountered in gall, liver and plasma [10]. In another study, it was determined that sea
bream exposed to 0.2 pg/L amitriptyline for 7 days had changes in the brain and liver
metabolome [14].

In a study on investigating the effect of amitriptyline at 1, 10, 100 ng/L, 1, 10, 100 pg/L and 1
mg/L concentrations on zebrafish (Danio rerio) embryos, it was determined that both
incubation time and body length in embryos were significantly reduced due to increasing
concentrations of amitriptyline [2]. They also found that amitriptyline caused changes in
physiological and biochemical parameters in zebrafish embryos [2]. In the mentioned study, it
was stated that the negative effects of amitriptyline on fish embryos could be measured at
concentrations as low as ng/L levels [2].

When the results of these studies are evaluated together, amitriptyline, which is used
extensively in veterinary and medicine, can cause various problems on aquatic organisms with
the increasing residue problem as a result of contamination to wastewater, however, it is seen
that the studies in this field are quite limited. The aim of this study is to determine the
biochemical effects of 0.2 pg/L, 10 pg/L, 100 pg/L and 1000 pg/L. concentrations of
amitriptyline antidepressant, which is reported to have long-term persistence in sea water and
in the aquatic environment, on gilthead sea bream fish.
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2. MATERIAL and METHODS

The fish, obtained from Canakkale ida Gida Tarimsal Uretim I¢ ve Di1s Pazarlama A.S., were
brought to Canakkale Onsekiz Mart University Faculty of Marine Sciences and Technology
Live Source Laboratory, where the study was carried out, for acclimatisation. At the end of the
2-week acclimatisation period, 150 Sparus aurata with an average weight of 20 = 5 g (average
mean + S.D.) were used for the study. After an adaptation period, the fish were transferred into
15 tanks (180 L) as 10 for each group in triplicate. The natural sea water used for the experiment
was transferred to the aquariums after the necessary filtration processes. The temperature,
salinity and pH of the sea water was determined as 22+0.5°C, %026 and 8.04, respectively.
Photoperiod was set to 14 hr:10 hr (light:dark). Required ethics committee approval was
approved by Canakkale Onsekiz Mart University Animal Experiments Local Ethics Committee
with the decision numbered 2021/08-07.

2.1. Chemical Used in the Study and Its Application

Amitriptyline antidepressant was used in this study. For this purpose, a commercial preparation
containing 28.30 mg of amitriptyline hydrochloride equivalent to 25.0 mg of amitriptyline was
obtained. Dose range was determined and implemented in experimental aquariums as 0
ng/L(control), 0.2 png/L, 10 ug/L, 100 ug/L and 1000 pg/L concentrations based on previous
studies [2,10]. Water inlet and outlet were stopped in the aquariums for 14 days during the
experiment.

On the 7" and 14™ blood sampling days, fish were anesthetized with 20 mg/mL clove oil, which
is a natural product and widely used [16]. Then, in order not to mix the blood with the mucous
membrane, after thoroughly cleaning the posterior part of the anal fin with alcohol,
approximately 500 uL of blood was collected by entering the caudal vein with an insulin
injector without harming the fish. Blood samples were placed in serum tubes and centrifuged
at 5000 g for 10 minutes. Obtained serum samples were stored at -80 °C until the time of
biochemical analysis.

2.2. Biochemical Analysis

Biochemical analyzes of blood serum were performed spectrophotometrically using a
commercial kit (Bioanalytic) used in fish experiments [17]. Glucose (GLU), albumin (ALB),
globulin (GLO), total protein (TP), triglyceride (TG), cholesterol (CHO), Aspartate
transaminase (AST), alanine aminotransaminase (ALT), alkaline phosphatase (ALP) and
lactate dehydrogenase (LDH) biochemical parameters were determined.

2.3. Statistical Analysis

SPSS v.17 package program (SPSS Inc., Chicago, IL, USA) was used to statistical analyze of
all data obtained from this study. Tukey test was performed at 95% confidence level to
determine the differences between the groups.
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3. RESULTS and DISCUSSION

It is known that blood parameters of fish are affected by various factors as health status, season,
age, water quality variables, sex, genetic characteristics, nutrition, transportation, other
environmental factors, sampling and laboratory analysis methods [18-20]. While amitriptyline
can be found at low concentrations in aquatic environments, it has been reported in various
studies that it causes damage to aquatic organisms even at these concentrations [2,7-12]. The
aim of this study is to reveal the changes in the biochemical parameters of gilthead sea bream,
caused by amitriptyline antidepressant.

At the end of the study, the changes in biochemical parameters of GLU, ALB, GLO, TP, TG,
CHO, AST, ALT, ALP and LDH from biochemical analyzes are given in Figure 1, respectively.

In this study, it was determined that GLU levels did not differ significantly on the 7" and 14"
days compared to the control (P>0.05) (Fig. 1a). The amount of GLU in the blood is the most
important parameter that determines the stress status of fish [21-22]. It is known that increased
GLU affects stress hormones, such as adrenaline, in muscle and liver [22-23]. It has been
reported that persistent hyperglycemia often causes slow growth in fish [22,24].
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Figure 1. The serum parameters of gilthead sea bream exposed to amitriptyline on days 7% and 14" a) GLU, b)
ALB, ¢) GLO, d) TP, e) TG, f) CHO, g) AST, h) ALT, i) ALP and j) LDH (P<0,05)

According to our findings, there was no significant change in the GLO levels of gilthead sea
bream exposed to amitriptyline compared to the control (Fig. 1¢) (P>0.05). GLO, a protein that
is insoluble in water but soluble in dilute salt water, is a simple protein that precipitates in a
medium semi-saturated with ammonium sulfate or saturated with sodium and magnesium
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sulfate [28]. In some immune system diseases, an increase in the amount of GLO occurs [28-
29].

In the present study, no significant change was found between the groups in TP values on the
7% and 14™ days (P>0.05) (Fig. 1d). TP in the blood is considered as an element of the non-
specific immune system and provides information about the state of the immune system
[22,27,30]. Serum protein is suppressed as a result of various stress sources and prolonged
fasting conditions [21-22,26]. Therefore, the increase in TP will enable the fish to be more
resistant to stress conditions.

Considering the TG values on day 14" of our study, it was determined that the doses of 100
ng/L and 1000 pg/L showed a significant increase compared to the control group (P<0.05) (Fig.
le). With its high caloric value and low water content, TGs (triglycerides) are fatty acid esters
of glycerol, where energy is actively stored in the fat storage [28,31]. There is a positive
correlation between plasma TGs and CHO concentrations, which vary with age, gender, and
diet [28,32]. TG values decrease in long-term fasting conditions [28,29].

In this study, there was no change in CHO values on the 7" day. A difference was detected in
the 100 pg/L and 1000 pg/L dose groups compared to control and 0.2 pg/L doses on the 14"
day and this difference was in the form of an increase (P<0.05) (Fig. 1f). CHO, a component of
plasma membranes in all eukaryotic organisms, is essential for cell survival and growth in
higher organisms. However, the buildup of CHO ester plaques can cause atherosclerosis, so
excess CHO can be lethal. CHO is also a precursor to steroid hormones such as testosterone,
progesterone, estradiol, and cortisol [33-34]. In a study on human CHO and fatty acid
biosynthesis of antidepressant drugs, it was determined that antipsychotic drugs activate sterol
regulatory element binding protein (SREBP) transcription factors in human and rat glial cells,
resulting in upregulation of many downstream genes involved in CHO and fatty acid
biosynthesis [35].

ALT, AST, ALP and LDH enzymes found in blood serum have been accepted as stress
indicators and are widely used in the diagnosis of fish diseases and in the detection of tissue
damage caused by environmental pollution [36]. As a result of this study, no change was
observed in the AST, ALT, ALP and LDH values between all groups on the 7" day, while a
decrease was observed in the AST, ALP and LDH values on the 14" day of the 100 pg/L and
1000 pg/L dose groups compared to the control group (P<0.05) (Fig. 1g, Fig. 1h, Fig. 11, Fig.1j).
These results showed that sea bream exposed to high concentrations of amitriptyline for 14 days
became stressed. In a study of hematological and biochemical changes induced by the
antidepressant amitriptyline in male rats, it has been reported that significant increases in ALP,
AST, lipid profiles (CHO, TGs, LDL and HDL) in amitriptyline-treated rats compared to the
control group [37].

Unlike our results (P>0.05), which found that amitriptyline caused significant changes in AST,
ALP, LDH and cholesterol values in gilthead sea bream, in a study on examining the changes
in biochemical parameters of trout (Oncorhynchus mykiss) as a result of contamination of
sertraline antidepressant with water from food sources, no significant difference was found
between the control and experimental groups for these parameters [38]. Similar to our results,
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it was also stated that there was no dose-related change in GLU, ALB and TP values, the
difference between the control and experimental groups was insignificant [38]. In a study on
investigating the effect of amitriptyline on the liver of male rats, it was determined that high
dose of amitriptyline increased affect the liver activity by increasing all liver enzymes due to
the cytotoxic effects of amitriptyline [37,39].

1. CONCLUSIONS and FUTURE OUTLOOK

As aresult, according to the findings obtained in this study, it was determined that there were
significant changes in some serum biochemical parameters of fish exposed to amitriptyline
antidepressant for 14 days. We think that there is a need to investigate the physiological,
hematological and genotoxic effects of amitriptyline in fish in future studies.
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