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Ozet: Bu calismada, sulu ¢dzeltide bulunan metilen mavisi (MM) boyar maddesinin modifiye edilmis (0,1M HNO3 ve 1M
HNO:s ile) Cystoseira barbata kullanilarak giderilmesine ¢alisilmustir. Adsorpsiyona, pH’in, temas siiresinin, farkl
derisimlerde bulunan MM ¢dzeltisinin etkileri incelenmistir. Calisma sonucunda, ilk 50dk. igerisinde sistemin dengeye geldigi
ve adsorpsiyon kapasitesinin pH degisiminden pek etkilenmedigi gézlemlenmistir. Yapilan izoterm g¢aligmalarinda ise,
Freundlich izoterm modeline daha ¢ok uydugu belirlenmis ve qmax degeri 0,1M HNOs grubunda daha yiiksek (100,6mg/g)
bulunmugstur. Yapilan SEM ve FTIR analizlerinde ise, MM boyar maddesinin alg ylizeyinde meydana getirdigi degisikler ve
alg yiizeyinde hangi gruplara tutundugu belirlenmistir.

Anahtar kelimeler: Boyar madde, alg, biyosorpsiyon.

Biosorption of Methylene Blue by Modified Cystoseira barbata (Stackhouse) C. Agardh

Abstract: In this study, methylene blue (MB) dye in aqueous solution was tried to be removed by using modified Cystoseira
barbata (with 0.1M HNOs and 1M HNOs). The effects of pH, contact time and different MB concentrations on adsorption
were investigated. The results showed that the system reached to equilibrium in the first 50min and pH had no significant effect
on adsorption capacity. In the isotherm studies, the Freundlich isotherm model was found to be more suitable and the gmax value
was higher in the 0,1M HNOs group (100.6mg/g). The changes in the algae surface caused by MB and the groups on the algae
surface that the dye attached were determined in SEM and FTIR analysis.

Key words: Coloring agent, algae, biosorption.
Giris

Artan teknolojik gelisimle birlikte ¢evre kirliligi de
artmaktadir. Genellikle tekstil, deri, kozmetik, kagit ve

Alglere uygulanan modifikasyon isleminin alglerin
adsorplama kapasitesine etki ettigi ve kullanilan

plastik driinler basta olmak tizere kullanilan boyar
maddelerin ¢evreye desarj edilmesi hem toksikolojik hem
de estetik acidan sorun teskil etmektedir (Me tivier-
Pignon ve ark. 2003, Dogar ve ark. 2010). Su igerisinde
bulunan ¢ok az miktarlardaki (bazi boyar maddeler igin 1
ppm’den daha az) boyar maddelerin aritilmadan alici
ortama verilmesi, atik sularda 151k gecisini azaltarak
fotosentezi engellemekte ve besin zinciri transferi
sonucunda insan sagligim tehlikeye sokmaktadir (Imecik
ve ark. 2014, Zazouli ve Moradi 2015).

Boyar maddelerin aritimi icin, son otuz yildan beri
cesitli  fiziksel, kimyasal ve biyolojik metotlar
kullanilmaktadir. Bu yontemler icerisinde adsorpsiyon
yonteminin en iyi sonu¢ vermesi ve farkli boyar
maddelere de uygulanabilirliginin olmas1 agisindan
kullanimi1 son yillarda yayginlasmistir (Padmesh ve ark.
2005, Rafatullah ve ark. 2010, Tsai ve ark. 2011, Dahri ve
ark. 2015, Lim ve ark. 2015). Adsorpsiyon yonteminde
kullanilan en yaygin maddelerden birisi de alglerdir.

kimyasallara gore de adsorplama kapasitesinin arttigi
literatiirde go6zlenmistir. Ortamin pH’1, temas siiresi,
sicaklik gibi 6zelliklerin de adsorpsiyon kapasitesine etki
ettigi saptanmusgtir (Rubin ve ark. 2010, Mikati ve ark.
2013).

Denemede kullanilan Cystoseira barbata
(Stackhouse) C. Agardh esmer alglerden olup, algin hiicre
¢eperinde bulunan karboksil, hidroksil, siilfat ve amino
gruplart biyosorpsiyon igleminden sorumludur (Lesmana
ve ark. 2009, Abd-El-Kareem ve Taha 2013). Katyonik
bir boyar madde olan MM ise; genellikle tekstil
iiriinlerinde  kullanilmaktadir. Insanlarn MM boyar
maddesine maruz kalmasi sonucunda, kan yoluyla beyne
gitmekte ve tahribata neden olmaktadir (Rubin ve ark.
2010, Daneshvar ve ark. 2017).

Bu calismanin amaci, atik sularda bulunan metilen
mavisi boyar maddesinin modifiye edilmigs C. barbata
kullanilarak  giderilmesidir. Biyokiitleye uygulanan
modifiye isleminin adsorplama kapasitesine etkisi
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incelenmistir. Denemeler siiresince, biyokiitle farkli
derigsimlerde bulunan HNO3 ile modifiye edilerek, farkli
pH, siire ve derigimlerde denemeler yapilmustir. Elde
edilen sonuglara, Langmuir ve Freundlich izoterm
modelleri uygulanmustir. Yapilan FTIR ve SEM analizleri
ile ham C. barbata, modifiye edilmis C. barbata ve MM
adsorpsiyonu sonrasi C. barbata arasindaki fark
incelenmistir.

Materyal ve Metot

Biyokiitle ve Biyokiitlenin Modifikasyonu

Kahverengi alglerden olan C. barbata (Stackhouse)
Canakkale Onsekiz Mart Universitesi’nin Dardanos
Kampiisiinden toplanmigtir. Biyokiitle, temizlenmis,
yikanmis ve 60°C’de etiivde kurutulmustur. Biyokiitlenin
modifikasyonunda Mikati ve El Jamal (2013)’in yontemi
kullanilmistir. Bu yonteme gore; kurutulan biyokiitlenin 5
gramina 50ml HNOs (0,1M) ilave edilerek karisim 4 saat
calkalanmigtir. Yikanip siiziildiikten sonra 110°C’deki
etlivde 4 saat kurumasi beklenmis, 500mL saf su ile
yikanip filtre edilip 110°C’deki etiivde 16 saat tekrar
kurumaya brrakilmistir. Ayni islem 1M HNO3 igin de
tekrarlanmustir.

Kullanilan Kimyasallar ve Cihazlar

Kullanilan tiim kimyasallar, analitik hassasiyette olup,
Merck firmasindan temin edilmistir. Denemelerde
kullanilan tiim ¢ozeltiler saf su ile hazirlanmistir.
Biyosorpsiyon  denemelerinde  kullanilan  metilen
mavisinin (MM) 6zellikleri Tablo 1’de verilmistir.

Tablo 1. MM nin 6zellikleri.

CH; el "TH-,
N~ 8. o Ny
A N.:?\\__//'

Kimyasal yapisi

Kimyasal formiilii | Ci6H1sN3SCI
Molekiiler agirhg | 319,85
C.I. numarasi 52015

Dalga boyu (hm) 665

Stok MM ¢ozeltisinden (1000mg/L) saf su ile farkli
derisimlerdeki ¢ozeltiler (5-10-20-50-100-150-200-300-
350-400-450 ve 500mg/L) hazirlanmistir. Cozeltilerin pH
ayarlanmasi i¢in 0,1M HCI ve 0,1M NaOH kullanilmaistir.
Biyosorpsiyon denemelerinde Wise Bath WSB-30 model
sicaklik  ayarlamali  ¢alkalayicth ~ su  banyosu
kullanilmistir. Biyosorpsiyon denemeleri sonucunda
ornekler, Millipore Millex-HV hidrofilik PVDF 0,45pm
siringa filtre ile sliziilmils ve 6rneklerdeki MM miktari
Rayleigh Vis-7220 G marka spektrofotometre ile
665nm.’de Slciilmiistiir. Orneklerin karakterizasyonunda,
Fourier Doniistimli Kizilotesi Spektroskopisi (FTIR)
i¢in, Perkin-Elmer FTIR Spektroskopi (Spectrum BX-II)
ve Taramali Elektron Mikroskobu (SEM, Jeol JSM
7100F) cihazlar1 kullanilmastir.

Y. Ozudogru ve M. Merdivan

Biyosorpsion Denemeleri

Biyosorpsiyon yontemi olarak kesikli ekstraksiyon
yontemi kullanilmigtir. 100mg C. barbata (0,1 MHNO3
ve 1IMHNO3 grubu olmak iizere 2 grup) 50mL’lik falkon
tiplerine konularak 10 mL’lik MM c¢ozeltisi ilave
edilmistir. Hazirlanan 6rneklerin farkli pH’larda (2-3-5-7-
9), farkli siirelerde (10-25-50-100-150-200 ve 300dk.) ve
farkli derisimlerde (5-10-20-50-100-150-200-300-350-
400-450 ve 500mg/L) denemeleri yapilmigtir. Tim
denemeler oda kosullarinda, 250rpm  hizindaki
calkalamali su banyosunda ve ii¢ tekrarli olacak sekilde
yapilmigtir.

pH Denemeleri

100mg biyokiitleye (her iki grup i¢in de) farkli
pH’larda (2-3-5-7-9) bulunan 10mL’lik MM ¢dzeltisi
ilave edilmistir. Hazirlanan 6rnekler, oda kosullarinda
250rpm hizindaki galkalamali su banyosuna konmustur.
Ornekler siringa filtre ile siiziiliip spektrofotometrede
Olciilmiistir.

Cozeltide bulunan MM miktariin % tutunma degeri
Esitlik 1 kullanilarak hesaplanmugtir:

(Co _Ce)
C

0

% R= x 100 1)

Denklemdeki C, degeri baslangic MM derisimini
(mg/L) ve C. ise dengedeki MM derigimini (mg/L)
vermektedir.

Stire Denemeleri

Kuru biyokiitle (her iki grup i¢in de, 100mg) falkon
tiiplerinde bulunan 10mL’lik MM ¢ozeltisine ilave
edilerek oda kosullarindaki calkalamali su banyosunda
250rpm hizinda farkl siirelerde (10-25-50-100-150-200
ve 300dk) calkalanmistir. Ornekler siringa filtre ile
stiziiliip spektrofotometrede Sl¢lilmiistiir.

MM  miktar1 Q: (mg/g), Esitlik 2 kullanilarak
hesaplanmistir:

gi = (CONI;C‘*)XV (2)

Denklemdeki C, degeri baglangic MM derisimini
(mg/L), Ce ise dengedeki MM derisimini (mg/L), V ise
MM ¢ozeltisinin hacmini (L), M ise biyokiitlenin
kiitlesini (g) vermektedir.

Adsorpsiyon Izotermleri

Farkli derisimlerde (5-10-20-50-100-150-200-300-
350-400-450 ve 500mg/L) bulunan MM ¢ozeltileri 100
mg biyokiitleye (her iki grup icin de) ilave edilerek oda
kosullarinda ¢alkalanmigtir. MM miktar1 (mg/g) Esitlik 2
kullanilarak hesaplanmistir.

Adsorbent yiizeyinde olusan adsorpsiyon olayi,
Langmuir ve Freundlich izoterm modelleri ile
aciklanmigtir. Langmuir izoterm modeli Esitlik (3)” de
gosterilmistir: (Langmuir 1918):
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C_ 1 .G ©)
qe qmaL qm
Burada Qe, adsorplanan MM miktarini (mg/g), Ce
dengedeki ¢oOzeltide adsorplanmadan kalan MM
derigimini  (mg/L), dm maksimum adsorbsiyon

kapasitesini (mg/g) ve a. de adsorbsiyon enerjisi ile ilgili
Langmuir sabitini gostermektedir. Lineer regresyon
analizine gore Ce/ge degerinin Ce degerine karsi ¢izilen
grafikteki dogrunun egimi 1/gm degerini, dogrunun kesim
noktasi ise 1/gmac degerini vermektedir.

Cok tabakali adsorbsiyon modelinden {iretilerek
heterojen ylizeyler i¢in uygulanan Freundlich izoterm
modeli Esitlik (4)’de gosterilmistir (Freundlich 1906).

Qe - Kf Cel/nf (4)

Burada, (e denge aninda Dbiyokiitle iizerine
adsorplanan MM miktarim1 (mg/g), K adsorbsiyon
kapasitesini (mg/g), ns Freundlich izoterm sabitini, Ce

denge halinde ¢ozeltide kalan MM konsantrasyonunu
(mg/L) ifade etmektedir.

Esitlik (4)’de her iki tarafin logaritmasinin alinmasi ile

lineer hale gelen yeni denklem Esitlik (5)’de
gosterilmistir.
log ge=log K¢ + 1/ nt log Ce (5)

Bu esitlikte, log ge degerlerine karsi ¢izilen log Ce
degerlerinin olusturdugu grafikteki dogrunun egimi 1/ng
degerini ve dogrunun y eksenini kestigi nokta da log K
degerini vermektedir. 1/nf degeri sifira ne kadar yakinsa
ylizey o kadar heterojen demektir.

Bivokiitlenin Karakterizasyonu

FTIR analizi igin, C. barbata 60°C’de agirlig: sabit
kalincaya kadar kurutulmus, 1mg biyokiitle, 100mg KBr
ile pelet haline getirilmistir. Biyokiitlenin
karakterizasyonunda dalga sayisi araligi olarak 400-
4000cm™* kullanilmustir.

MM ’nin adsorpsiyon dncesi ve sonrasi alg ylizeyinde
meydana gelen degisiklikleri gozlemleyebilmek igin
voltaj araligt 5 ve 7kV ayarlanmis Taramali Elektron
Mikroskobu kullanilmistir. Analiz  Oncesi, Ornekler
kurutularak altin ile kaplanmistir.

Sonugclar ve Tartisma

Biyosorpsiyona pH in Etkisi

100mg biyokiitleye (her iki grup icin de) pH3 ile pH9
arasindaki 10mg/L MM c¢ozeltisi ilave edilerek %
tutunma degerleri hesaplanmistir. Bulunan sonuglar Sekil
1’de gosterilmistir. Hem 0,1M HNOg ile hem de 1M
HNOs ile modifiye edilmis biyokiitlede MM boyar
maddesinin = % tutunma degerinin %99 oldugu
hesaplanmistir. Biyokiitlede her iki grubunun da pH
degisimden pek etkilenmedigi ve tutunma miktarlarinin
benzer oldugu gozlenmistir. Alglerin yiizeyi negatif
yuklidiir. MM ise katyonik bir boyar maddedir. Asidik
durumlarda biyosorbentin yiizeyi pozitif olur ve
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biyosorbent ile MM arasinda elektrostatik ¢ekim meydana
gelir (Daneshvar ve ark. 2012, Vijayaraghavan ve ark.
2016). Biyosorpsiyon denemelerinin pH degisiminden
pek etkilenmedigi benzer ¢alismalar da bulunmaktadir (E1
Sikaily ve ark. 2006, Ncibi ve ark. 2007, Ozudogru ve ark.
2017).
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Sekil 1. C. barbata i¢in farkli pH’larda bulunan MM’nin %
tutunma degerleri, (o) 0,1M HNOs ve (o) 1M HNOs ile
modifiye edilmis.
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Sekil 2. C. barbata i¢gin MM’nin siireye bagh biyotutunma
degerleri, (0) 0,1M HNO3 ve (o) 1M HNOg ile modifiye edilmis.
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Sekil 3. MM nin adsorpsiyon izotermleri, 0,1 MHNOs (o) ve 1
MHNO;3 () ile modifiye edilmis.
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Bivosorpsivona Siirenin Etkisi

Biyokiitle, ne kadar hizli ve yiiksek derisimdeki boyar
maddeyi adsorbe edebiliyorsa, o derece idealdir (Khataee
ve ark. 2013). Biyokiitlenin MM boyar maddesini siireye
bagli adsorplama kapasitesi (qr) Sekil 2°de verilmistir.
Elde edilen sonuglara gore, her iki grup i¢in de, sistem ilk
50 dakika icerisinde dengeye ulasmistir. Elde edilen
bulgular Ncibi ve ark. 2009, Kushwaha ve ark. 2014, ve

Vijayaraghavan ve ark. 2015 ile benzerlik gdstermektedir.

Derisim denemeleri

Alg ylizeyi ile MM arasindaki etkilesimi
aciklayabilmek i¢in uygulanan adsorpsiyon izotermleri
Sekil 3°de verilmistir. Buna gore, baslangigtaki MM
derigimi arttik¢a, adsorplanan MM derisiminin de arttig1
gozlenmistir. Maksimum adsorpsiyon kapasitesi (Om)
0,1M HNOs’1u grupta 100,6mg/g ve 1M HNO3’lu grupta
ise 76,98mg/g’dir. Her iki grupta da Freundlich izoterm
modelinin, Langmuir izoterm modeline gére daha uygun
oldugu goriilmiistiir (Tablo 2). Farkli adsorbentler ile
denemelerde kullanilan biyokiitlenin maksimum MM
adsorpsiyon kapasitelerinin karsilagtirilmasi Tablo 3’de
verilmistir.

Biyokiitlenin Karakterizasyonu

FTIR

Biyokiitlenin asitle modifiye isleminin ve MM boyar
maddesi ile etkilesiminin agiklanmasi igin FTIR analizi
uygulanmig, elde edilen sonuglar Sekil 4’de
gosterilmigtir.  Elde edilen bulgulara gore, alge
uygulanan modifikasyon islemi, alg yiizeyinde bulunan
— OH, — NH (3306cm™’deki pik) ve — CH (2926cm
L deki pik) gerilmelerine neden olmustur. Benzer durum
C=0 (1623cm™’deki pik), C-O gerilme (1419cm ™ deki
pik), C-O karboksil (1233cm*’deki pik), S=O (1025cm™
L deki pik) ve S-O gerilmeleri (815cm™°deki pik) i¢in de
gegerlidir.

Alg yiizeyinde bulunan —OH baglarinin pikleri
(2296cm™’deki pik) MM  biyosorpsiyonu sonrasi
kaybolmustur. Biyokiitleye uygulanan modifikasyon
islemi, yeni piklerin olusmasina neden olmus, MM
adsorpsiyonu ile de bu piklerin kayboldugu gorilmiistiir.
Genel anlamda bakildiginda, MM’nin, alg yiizeyinde
bulunan hidroksil, amin, ve karboksil gruplarina
baglandigi  goriilmiistir. Benzer sonuglar  farkli
kaynaklarda da bildirilmistir (Marungrueng ve Pavasant
2007, El Jamal ve Ncibi 2012, Vijayaraghavan ve ark.
2016).

SEM

Ham — modifiye edilmis biyokiitlede MM boyar
maddesinin adsorpsiyon iglemi sonrasindaki morfolojik
yapisinin incelenmesi i¢in SEM analizi uygulanmistir
(Sekil 5). Biyokiitlenin asit derisimine bagl olarak yiizey
yapisimin  da degistigi gorilmistir. 1M HNOg3 ile
modifiye edilmis biyokiitlenin MM biyosorpsiyon sonrasi

Y. Ozudogru ve M. Merdivan

yilizeyinin 0,1M HNO3 ile modifiye edilmis haline gore
daha engebeli oldugu saptanmustir.
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Sekil 4. Ham ve modifiye edilmis biyokiitlenin FTIR analizleri
(a) ham (b) 0,1M HNOs3 ile modifiye edilmis, (c) 1M HNOg ile
modifiye edilmig, (d) 0,IM HNOs ile modifiye edilmisg
biyokiitlenin MM biyosorpsiyon sonrasi (¢) IM HNOs ile
modifiye edilmis biyokiitlenin MM biyosorpsiyon sonrasi.
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Tablo 2. Farkli derisimlerdeki HNOs3 ile modifiye edilmis biyokiitlenin Langmuir ve Freundlich izoterm modelleri.

Langmuir izoterm modeli Freundlich izoterm modeli
Asit gm (Mg/g) a R.? nt Kr(mg/g) RF?
0,1M HNOs 100,6 0,22 0,6793 1,21 15,76 0,9953
1 MHNO:s3 76,98 0,14 0,7448 1,45 8,83 0,9785

Tablo 3. Farkl: adsorbentlerin maksimum MM adsorpsiyon kapasitesi

Adsorbent gm (Mg/g) Referans
Sargassum muticum (0,1M HCI) 279,2 Rubin ve ark. 2005
Posidonia oceanica (L.) fibres 5,56 Ncibi ve ark. 2007
Ulothrix sp. 86,10 Dogar ve ark. 2010
Chaetophora elegans 143 Mikati ve ark. 2013
Chaetophora elegans (1M HCI) 320 Mikati ve ark. 2013
Chaetophora elegans (1M sitrik asit) 20 Mikati ve ark. 2013
Gracilaria corticata 95,41 Vijayaraghavan ve ark. 2016
Cystoseira barbata 12,78 Ozudogru ve ark. 2017
Cystoseira barbata (0,1M HNOs3) 100,6 Bu ¢alisma
Cystoseira barbata (1M HNO3) 76,98 Bu ¢aligma

Sekil 5. Ham ve modifiye edilmis biyokiitlenin SEM analizleri, (a) ham, (b) 0,1M HNOs ile modifiye edilmis, (c) 1 MHNO3 ile
modifiye edilmis, (d) 0,1M HNOs ile modifiye edilmig biyokiitlenin MM biyosorpsiyon sonrasi, (¢) 1M HNOs3 ile modifiye edilmis
MM biyosorpsiyon sonrast.

Sonug isleminin hem 0,1M HNOj3 grubunda, hem de 1M HNO3

Bu calismada, sulu ¢ozeltide bulunan metilen mavisi grubunda ilk 50dk igerisinde tamamlandig belirlenmistir.
boyar maddesinin farkli derisimlerde bulunan HNOs ile Yapilan derisim denemeleri sonucunda, 0,IM HNOs
modifiye edilmis C. barbata kullanilarak giderilmesine grupta gmax degeri 100,6mg/g, 1 M HNO3 grupta ise, Qmax
calisilmistir. Adsorpsiyona, pH’1n, temas siiresinin, farkli degeri 76,98mg/g olarak bulunmustur. Biyokiitleye

derisimlerde  bulunan MM  ¢ozeltisinin  etkileri uygulanan modifiye isleminin algin  adsorpsiyon
incelenmistir. Elde edilen bulgular SEM ve FTIR kapasitesini arttirdig1 belirlenmistir. Sonug olarak, sulu
analizleri ile desteklenmistir. Yapilan denemeler gozeltilerde  bulunan MM boyar  maddesinin
sonucunda, ortam pH’sinin degisiminin adsorpsiyon giderilmesinde, alternatif materyal olarak C. barbata
kapasitesine pek etki etmedigi goriilmiistiir. Adsorpsiyon alginin kullanlabilirligi saptanmugtir.

Trakya Univ J Nat Sci, 18(2): 81-87, 2017
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Abstract: Samples were collected from eight different habitats by using either a sweeping-net and Malesian trap in Edirne
province of European Turkey in the Spring, Summer and Autumn of 2014. A total of six genera and 27 species have been
identified. Of these, nine species (Aphidius eadyi Stary, Gonzales & Hall, 1980, A. rosae Haliday, 1834, A. picipes (Nees,
1811), Binodoxys acalephae (Haliday, 1833), Ephedrus persicae Frogatt, 1904, Lysiphlebus confusus Tremblay & Eady, 1978,
Praon abjectum (Haliday, 1833), P. pubescens Stary, 1961, P. yomenae Takada, 1968) are new records for the Edirne
Aphidiinae fauna and seven of them (Aphidius smithii Sharma & Subba Rao, 1959, A. microlophii Pennachio & Tremblay,
1987, Lysiphlebus fritzmuelleri Mackauer, 1960, Praon athenaeum Kavallieratos & Lykouressis, 2000, P. flavinode (Haliday,
1833), P. nonveilleri Tomanovi¢ & Kavallieratos, 2003, P. uroleucon Tomanovi¢ & Kavallieratos, 2003) are new records for
Turkish Aphidiinae fauna.

Key words: Braconidae, Aphidiinae, fauna, Edirne, Turkey.
Tiirkiye Aphidiinae Faunasina (Hymenoptera: Braconidae) Yeni Kayitlar ile Katkilar

Ozet: Edirne ili Aphidiinae faunasini tespit etmeye yonelik 2014 yil1 ilkbahar, yaz ve sonbahar mevsimleri iginde yapilan bu
caligmada 6rnekler atrap ve Malezya tuzaklart kullanilarak sekiz farkli habitattan toplanmigtir. Aphidiinae altfamilyasina ait 6
cins ve 27 tiir saptanmigtir. Tespit edilen tiirlerin 9’u (Aphidius eadyi Stary, Gonzales & Hall, 1980, A. rosae Haliday, 1834, A.
picipes (Nees, 1811), Binodoxys acalephae (Haliday, 1833), Ephedrus persicae Frogatt, 1904, Lysiphlebus confusus Tremblay
& Eady, 1978, Praon abjectum (Haliday, 1833), P. pubescens Stary, 1961, P. yomenae Takada, 1968) Edirne Aphidiinae
faunasi i¢in, 7’si (Aphidius smithii Sharma & Subba Rao, 1959, A. microlophii Pennachio & Tremblay, 1987, Lysiphlebus
fritzmuelleri Mackauer, 1960, Praon athenaeum Kavallieratos & Lykouressis, 2000, P. flavinode (Haliday, 1833), P.
nonveilleri Tomanovi¢ & Kavallieratos, 2003, P. uroleucon Tomanovi¢ & Kavallieratos, 2003) Tiirkiye Aphidiinae faunasi
icin yeni kayittir.

Anahtar kelimeler: Braconidae, Aphidiinae, fauna, Edirne, Tirkiye.

Introduction

Over 600 species of aphid parasitoids are described
worldwide (Yu et al. 2012). All members of the subfamily
Aphidiinae are solitary and koinobiont endoparasitoid of
aphids, and can be considered as important biological
control agents (Shaw & Huddleston 1991).

To date, a total of 252 species of Aphidiinae have been
reported from the West Palearctic region and 241 species
from Europe (Yu et al. 2012).

Although some studies have been conducted on the
species of Aphidiinae occurring in Turkey, distribution
data of this subfamily have been limited to tritrophic
records (Diizgiines et al. 1982, Erkin 1983, Karaat &
Goven 1986, Aver & Ozbek 1991, Atakan & Ozgﬁr 1994,
Elmali & Toros 1994, Ozder & Toros 1999, Olmez &
Ulusoy 2003, Aslan et al. 2004, EI-Mal1 et al. 2004, Giiz
& Kilinger 2005, Sahbaz & Uysal 2006).

The first detailed faunistic study of the Aphidiinae
fauna of Turkey was carried out by Cetin Erdogan et al.
(2008) in the Marmara region of Turkey. They reported a
total of 18 species for the region. There are also other
studies regarding the Aphidiinae fauna of Turkey. For
example, Tomonovic et al. (2008) determined eight
Aphidiine species from Turkey, and Cetin Erdogan et al.
(2010) found 12 species from the Black sea region to date,
47 Aphidiinae species have been recorded from Turkey
(Cetin Erdogan et al. 2008, Tomonovi¢ et al. 2008, Cetin
Erdogan et al. 2010, Yu et al. 2012).

So far, only 14 species from Edirne and surrounding
areas have been listed in the studies of Tomonovic¢ et al.
2008, Cetin Erdogan et al. 2008 and 2010. The aim of the
present study is to contribute to the knowledge of the
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Aphidiinae fauna of the Edirne province by evaluating the
materials collected from different localities.

Materials and Methods

The study area included 126 localities in Edirne
between April and September 2014 (Fig. 1, Table 1).
Adult wasps were collected mainly from herbaceous
plants in a variety of different habitats such as open
habitats, pine forest, oak forest, fruit gardens, clover
fields, agricultural fields. Samples were collected by
Malaise traps and a standard sweeping net. The specimens
were identified using the keys by Stary (1976), Tobias
(1995), Tomonovi¢ et al. (2003) and Kavallieratos et al.
(2001, 2005). Adult Aphidiinae species from Serbia
(provided by Dr Z. Tomonovic) were used as comparison
material. Information on the general zoogeographic
distribution of Aphidiinae follows Yu et al. (2012). All
specimens are deposited in the collection of the
Department of Entomology, Trakya University, Edirne,
Turkey.
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Fig. 1. Map reference for the collection sites (Numbers denote
the names of the sites in the Table 1).

Results
Genus Aphidius Nees, 1819
Aphidius colemani Viereck, 1912
Material: 22: 264m, 07.06.2014, 3.
Aphidius eadyi Stary, Gonzales & Hall, 1980
Material: 6: 46m, 26.07.2014, Q.
Aphidius ervi Haliday, 1834

Material: 1: 62m, 06.04.2014, &, 10.04.2014, &,
03.05.2014, &, 02.06.2014, 299, 02.07.2014, 299,

S. Akar & O. Cetin Erdogan

243,24.07.2014 2, 3; 3: 153m, 20.05.2014, 629, 24,
21.05.2014, 299, 344, 23.052014, @, 244,
25.05.2014, 9, &, 10.06.2014, 792, 743, 14.06.2014,
399, 2443, 17.06.2014, &, (Light trap), 18.06.2014,
692, 644, 01.07.2014, 2343, 08.07.2014, 499, &,
14.07.2014, Q; 2: 40m, 03.05.2014, J; 4:107m,
22.05.2014, 3499, &: 5: 116m, 22.05.2014, J; 6: 46m,
10.06.2014, @, J; 7: 47m, 28.05.2014, Q, 8: 204m,
28.05.2014, 9, 31.05.2014, Q; 10: 34m, 29.05.2014,
3499, 243; 11: 42m, 29.05.2014, 4899, 34J3; 12:
144m, 01.06.2014, 8699, 2847; 13: 97m, 01.06.2014,
d; 14: 68m, 03.06.2014, 999, 34d; 16: 260m,
04.06.2014, Q; 17: 403m, 04.06.2014, 29Q; 19: 485m,
05.06.2014, 89 9, 23 3; 22: 264m, 07.06.2014,39F; 23:
23m, 08.06.2014, 9, 30.07.2014, @; 26: 105m,
10.06.2014, 299, 443; 27: 76m, 10.06.2014, 4399,
2633 28: 78m, 10.06.2014, 6429, 1433; 29: 129m,
10.06.2014, 399, &; 30: 79 m, 11.06.2014, @, J; 31:
109m, 11.06.2014,4592, 113J; 32: 68m, 11.06.2014,
209, 3 33: 85m, 11.06.2014, 4799, 1043; 34: 54m,
11.06.2014,99 9, 24'3; 36: 256m, 13.06.2014, @, J; 39:
41m, 13.06.2014, 392, 534, 30.07.2014, J; 41: 23m,
13.06.2014, 699, 243, 42: 90m, 13.06.2014, &, 43:
43m, 18.06.2014, 5399, 1743; Q9; 45: 19m,
21.06.2014, @, 243; 46: 39m, 21.06.2014, 29Q; 48:
111m, 03.07.2014, @, 243; 49: 103m, 03.07.2014, J;
50: 22m, 03.07.2014, 299, 24J3; 51: 64m, 03.07.2014,
3, 13.07.2014, &; 52: 196m, 05.07.2014, &, 53: 60m,
05.07.2014, 39Q; 55: 252m, 07.07.2014, &; 56: 36m,
07.07.2014, 799, 283; 57: 62m, 07.07.2014, 49 Q; 58:
149m, 09.07.2014, &; 59: 134m, 08.07.2014, 499, 744,
13.07.2014, 9; 60: 166m, 15.07.2014, Q.

Aphidius funebris Mackauer, 1961
Material: 1: 62m, 24.07.2014, &; 70: 10m, 22.08.2014, Q.
Aphidius matricariae Haliday, 1834
Material: 1: 62m, 02.07.2014, 29 Q.
Aphidius microlophii Pennachio & Tremblay, 1987

Material: 1: 62m, 02.07.2014, &; 3: 153m, 20.05.2014, 9,
25.05.2014, Q; 10: 34m, 29.05.2014, 69Q; 12: 144m,
01.06.2014, Q; 19: 485m, 05.06.2014, 299; 23: 23m,
30.07.2014, @, 31: 109m, 11.06.2014, 59%; 33: 85m,
11.06.2014, 299; 38: 89m, 13.06.2014, J; 57: 62m,
07.07.2014, @, 39: 41m, 13.06.2014, Q; 43: 43m,
18.06.2014, 72 9.

Aphidius picipes (Nees, 1811)

Material: 10: 34m, 29.05.2014, @; 40: 85m, 13.06.2014,
Q;43:43m, 18.06.2014,29%.

Aphidius rosae Haliday, 1834

Material: 1: 62m, 21.05.2014,49 2, 3,25.05.2014, 9, &,
30.05.2014, ©, 12.06.2014, Q; 2: 40m, 03.05.2014, @, &;
3:153m,05.05.2014, ©,20.05.2014,59F, 10.06.2014 ¢,
18.06.2014 2, 01.07.2014, &, 14.07.2014, Q; 4: 107m,
1599, 7: 47m, 27.05.2014, Q; 8: 204m, 28.05.2014, J;
10: 34m, 29.05.2014, 599, J; 11: 42m, 29.05.2014,
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699, &; 12: 144m, 01.06.2014, 2192Q; 18: 350m,
04.06.2014, Q; 21: 203m, 07.06.2014, &, 28.06.2014; 22:
264m, 07.06.2014, 3; 24: 59m, 09.06.2014, Q; 25: 51m,
09.06.2014, &; 26: 105m, 10.06.2014, 4QQ; 27: 76m,
209Q; 28: 78m, 10.06.2014, 599, &; 31: 109m,
11.06.2014, 299, 243; 32: 68m, 11.06.2014, &; 33:
85m, 11.06.2014, Q; 35: 239m 12.06.2014, &; 37: 125m,
13.06.2014, 522, &; 41: 23m, 13.06.2014 Q; 43: 43m,
18.06.2014, 829, &; 48: 111m, 03.07.2014, 2Q2; 50:
22m, 599, J&; 54: 45m, 07.07.2014, Q; 56: 36m,
07.07.2014,9929, &; 57: 62m, 07.07.2014, Q; 59: 134m,
08.07.2014, 299, &; 67: 19m, 30.07.2014, Q; 69: 70m,
01.08.2014, Q; 71: 43m, 10.10.2014, 3.

Aphidius smithi Sharma & Subba Rao, 1959
Material: 59: 134m, 08.07.2014, J.
Aphidius urticae Haliday, 1834
Material: 2: 40m, 23.05.2014, 9; 37: 125m, 27.07.2014, Q.
Genus Binodoxys Mackauer, 1960

Binodoxys acalephae (Marshall, 1896)
Material: 68: 16m, 30.07.2014, Q.

Binodoxys angelicae (Haliday, 1833)

Material: 1: 62m, 25.05.2014, 299; 17:

30.09.2014, Q
Genus Diaeretiella Stary, 1960
Diaeretiella rapae (M’Intosh, 1855)

Material: 1: 62m, 06.04.2014, &, 10.04.2014, &,
20.04.2014, &, 21.05.2014, @, &; 3: 153m, 20.05.2014,
d539: 41m, 13.06.2014, &; 59: 134m, 13.07.2014, Q.

Genus Ephedrus Haliday, 1833

403m,

Ephedrus persicae Frogatt 1904

Material: 3: 153m, 20.05.2014, Q; 23.05.2014, 9,
25.05.2014,3%2, &.

Ephedrus plagiator (Nees, 1811)

Material: 51: 64m, 13.07.2014, Q; 52: 196 m, 05.07.2014,
288.

Genus Lysiphlebus Foerster, 1862
Lysiphlebus confusus Tremblay & Eady, 1978

Material: 1: 62m, 24.07.2014, 164J&; 6: 46m,
27.05.2014, @; 31: 109m, 11.06.2014, 113J; 37:125m,
13.06.2014, 1083; 47: 38m, 24.06.2014, 3.

Lysiphlebus fabarum (Marshall, 1896)

Material: 3: 153m,11.07.2014,299; 6: 46m, 27.05.2014,
399; 20: 354m, 06.06.2014, Q; 22: 264m, 07.06.2014,
Q; 26: 105m, 10.06.2014, ?; 1: 62m, 24.07.2014, 299,
23835 31: 109m, 11.06.2014,39Q; 37:125m, 13.06.2014,
399;44: 41m, 20.06.2014, ¢.
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Lysiphlebus fritzmuelleri Mackauer, 1960

Material: 6: 46m, 27.05.2014, 1222, 178J; 9: 84m,
29.05.2014,299, 2443

Genus Praon Haliday, 1833
Praon abjectum (Haliday, 1833)
Material: 64: 411m, 15.07.2014, Q.
Praon athenaeum Kavallieratos & Lykouressis, 2000

Material: 9: 84m, 29.05.2014,299Q; 3:153m, 27.05.2014,
Q, 14.06.2014, @; 43: 43m, 18.06.2014, ¢.

Praon exsoletum (Nees, 1811)

Material: 1: 62m, 02.06.2014, Q; 3: 153m, 25.05.2014,
3QQ; 27: 76m, 10.06.2014, ¢, 39: 41m, 13.06.2014, Q;
58: 149m, 09.07.2014, 9; 59: 134m, 08.07.2014, J; 60:
166m, 15.07.2014, Q; 61: 196m, 15.07.2014, Q; 63:
362m, 15.07.2014, 29Q; 64: 411m, 15.07.2014, Q; 65:
317m, 15.07.2014, 9.

Praon flavinode (Haliday, 1833)
Material: 62: 452m, 15.07.2014, Q.
Praon nonveilleri Tomanovi¢ & Kavallieratos, 2003
Material: 3: 153m, 03.06.2014, 9 Q9.
Praon pubescens Stary, 1961

Material: 1: 62m, 24.07.2014, ¢, 13.9.2014, ¢; 53: 60m,
05.07.2014, 2.

Praon uroleucon Tomonovic & Kavallieratos, 2003

Material: 1: 62m, 06.06.2014, Q; 3: 153m, 20.05.2014,
: 15: 51m, 03.06.2014, ; 66: 358m, 15.07.2014, ¢.

Praon volucre (Haliday, 1833)

Material: 1: 62m, 02.07.2014, 2 99, 24.07.2014, Q; 3:
153m. 20.05.2014, 299, 25.05.2014, 399, 02.06.2014,
11929, 383, 02.06.2014, 1822, 13343, 05.06.2014 Q;
17: 403m, 04.06.2014, 29 %; 19: 485m, 05.06.2014, Q;
29:129m, 10.06.2014, 59 9; 34: 54m, 11.06.2014, 29 9Q;
42:90m, 13.06.2014, 9; 43: 43m, 18.06.2014, Q.

Praon yomenae Takada, 1968

Material: 3: 153m, 20.05.2014, 299, 01.07.2017, ¢;
13: 97m, 01.06.2014, Q; 14: 68m, 03.06.2014, Q; 58:
149m, 09.07.2014, 3.

Discussion

In this study, the fauna of Aphidiinae within 126
localities and 8 different habitats in Edirne province
between April-September 2014 have been investigated. As
a result, 27 species of Aphidiinae belonging to 6 genera
(Aphidius, Binodoxys, Diaeretiella, Ephedrus, Lysiphlebus,
Praon) from 71 localities were determined. Our lack of
records in 55 localities may be due to collecting period in
this localities made in an appropriate season.
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Table 1. Collection sites and geographic coordinates in Edirne (for map reference see Figure 1).

Locality No Locality Coordinate Locality No Locality Coordinate
1 T.U. Balkan Yerleskesi 21623387',210':,5 64 Lalapasa-Kalkansogiit ‘2‘222 zgg?‘g
2 Hadimaga 361:;1 31 .'g ;‘ .'.'I;:I 65 Lalapasa-Saridanisment ‘2‘1622 %ﬁg:: I]::I
3 Siiloglu-Bilyiik Gerdelli PSS 66 Lalapasa-Calldere 45626 N
4 Havsa-Musulca ‘;162‘;%,' 1 2:: I];] 67 Meri¢-Hasirciarnavut ;162 é g?)l" I]\EI
5 Havsa-Arpag gézggl.gg.'. I]::I 68 Uzunkoprii-Yenikoy ‘2‘162411?"(1)2“" I]::I
6 Merkez ‘;;22'.‘581'.'.1; 69 Havsa-Abalar ;gﬁgg“'};
! Kent orman ;;ggé; I]::I 70 Enez-Sultanice ;22?) Z)"(l)g "" I]\EI
8 Siiloglu g;‘;g’;g‘ I;:I 71 Karaagag ‘z‘gé g‘ég "" I]\EI
9 Havsa-Ogulpasa ;g:iigg?. I]::I 72 Uzunkoprii-Degirmenci ‘2“62411?"22"" I]::I
10 Bosnakdy gézgz(l)?: I]::I 73 Uzunkoprii-Merkez ‘2“62411?'(())11“" I]::I
11 Oytklitatar ISGAAN 74 Uzunkdprii-Giftlikkdy iy
12 Lalapasa- Kavakl oy 75 Uzunkdprii-Balaban Ay
13 IpsalaKorucukdy ByiSohei 76 Uzunkopri-Gazimehmet IR
14 Havsa- Kuzucu ;éiigg;g 7 Uzunk6prii-Bayraml ‘2“624112";2""11:31
15 Havsa- Serbettar g;ﬁgg: I;:I 78 Uzunkoprii-Basagil ‘2‘1624112"2 ;:"I]\EI
16 Siiloglu-Tatarlar géigggg: I]::I 79 Uzunkoprii-Sazlimalkog ‘2”62 (3)";3:: I]\EI
1 Lo OO
18 Lalapasa-S.danisment g ézzil.sl ?)'.: I]::I 81 Meri¢-Rahmanca ‘2“62;;";2"" I;:I
19 Lalapasa- Hacidanigsment géiig',j‘;: I]::I 82 Merig-Karayusuflu ;;;g 'é z:" I]\EI
20 Lalapasa-Dogankdy gi;f)gg 83 Merig-Olacak ‘éégggg
2 sewsmen SEIY s ke G020
22 Kegan-Korudag ggzgég.: I]::I 85 Merig-Subasi ‘2“6223"2)3"" I;:I
28 Merig PTG 86  Meric-Kiipli A0o0 N
24 Merkez-Binevler gggz"?‘;’:‘ I]::I 87 Meric-Adasarhanls 421 16 2(2)4{-'2 2:'. 1]\51
% Tayakadmn gézzg.(l)g: II\EI 88 Merig¢-Kiiciikaltiagag 42‘162(2)(;"?)2"" I]\;I
% oo O
21 Hidiraga i;‘;‘;}fg E 90 Uzunkdprii-Kirkéy ‘2‘ 1621112 T]::J
28 Kosenkdy ggi?;gz I]::I 91 Uzunképrii-Balaban 42“62(3)?;;"" I]::I
29 Havsa- Habiller géiigég:g 92 Ipsala-Karaagag ‘2”62(3);;2::1;
30 Havsa ;16223"22:: E 93 Ipsala-Balabancik ‘2“622?';?"" E
3 Havsa-Bostanls ‘;162233 E 94 ipsala-Sultan ‘; 16(;2; 2‘:‘ T;
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Table 1. Continued.

Locality No Locality Coordinate Locality No Locality Coordinate
32 Havsa-Koseomer 3;22})31; 95 ipsala-ibriktepe ;162(3) é gég
33 Havsa-Osmanh S6s020" 9% ipsala-Kozkoy 41°0150" N
34 Havsa-Yolageldi g;gg%i I]::I 97 ipsala-Pazardere ‘2‘1622 i"zlé . I]\EI
35 Siiloglu-Keramettin ;gf;% 2:: I]::I 98 Kesan-Cobangesmesi ggz g;-é g-'-' I]\EI
36 Stiloglu-Cesmekdy géigég?. I]::I 99 Kesan-Altintag ;gggzggt I]::I
37 Hacrumur géiiggj: I]::I 100 Kesan-Karasat1 ‘2‘222 ?g ;"" I]::I
38 Orhaniye ;éggzg 101  Kesan-Begendik ‘z‘ggggzg
39 Uzunkoprii-Saghmiisellim ggg;g}?: I;:I 102 Ipsala—TurpQular ggzg Z'é 2 "" I]\EI
40 Uzunkoprii-Kircasalih ;éiiggg:, I]::I 103 Ipsala-Saricaali ;2:; gi‘; I]::I
4 Uznkdprii-Eskikdy g ézg(;'.ig'.'. I]::I 104 Ipsala-Ahir ‘2‘223 3 "f) 3{ :" I]::I
42 Uzunkdprii-Megeli g éiigg:.'. I]::I 105 Ipsala-Yenikarpuzlu ‘2‘22 (7)82:" I]::I
43 Havsa-Tahal ey 106 Ipsala-Koyuntepe g1 N
44 Merkez-Biiyikdollik PISGHUM 107 Enez-Isikls 4024232 N
45 Uzunké&prii-Altinyazi gézgil'zl g"’ I]::I 108 Enez 42122?) Z "gg "v' 1]::1
46 Uzunkopri-Cakmakkdy gé:ig%g.'.lg 109 Enez-Yenice ;22?);‘%;"1;
4 Yenikadin 42160?21"21 16u"]§ 110 Enez-Kiiciikevren ‘2‘22?; 71'3 %;' I]\EI
48 Uzunképrii-Sipahi i;;ﬁ};g 111 Enez-Abdurrahim ‘2‘231%;1;
49 Uzunkdpri-Yagmurea 3;;?2% I; 112 Enez-Haskdy ‘2‘23132 3"" T;:I
50 Uzunkoprii-Muhacirkadi géﬁég% g,: I]::I 113 Kesan-Celebi ‘2‘22;11:11;: I;:I
51 Uzunkprii-Copkoy gg}éag: I]::I 114 Kesan-Yaylakdy ‘2‘223 Z‘:(S) 3:" I]\EI
52 Lalapasa-Uzunbayir PSGRAM 115  Kesan-Koruklu 40926 N
53 Suakacags g ézgg'.?)g: I]::I 116 Kesan-Suluca ‘2‘22; 17% 2:" I;:I
54 Uzunkopri-Kavacik 3;2;‘3’.;‘2’.’,1; 117 Kesan-Mecidiye ;gzzigg
55 Uzunkoprii-Siileymaniye ggﬁ;&z I]::I 118 Kesan-Celtik ‘2‘22‘3‘41‘:2?: I]\EI
56 Uzunkgpri-Karapmar 32223.‘5%: I]::I 119 Kesan-Sazlidere ‘2122 32(5) %):" I]\EI
57 Uzunkdprii-Aligkdyi ; 162(())1"3 11 :: E 120 Kesan-Bahgekoy gg::g:?g:]é
58 Lalapasa-Comlekakpinar ;16222"(3)?)"“ E 121 Kesan-Camlica ‘2‘221?) :?)‘;:: E
59 Stloglu-Kukiiler 322‘5‘2'.3; I]::I 122 Kesan-Mercan ‘2‘22‘;‘;2_?‘" 1]::1
60 Silogl-Yagalh ENEAIIA 123 Kegan-Orhaniye dousizN
61 Siloglu-Tashsekban ‘;g‘;;jgﬁ 124 Kesan-Karahisar ‘2“;‘3‘3;;1;
62 Lalapasa-Hamzabeyi S6ronar s 15 Kesan-Boztepe 075 100" N
63 Lalapasa-Omeroba g 16222"31 g:: I]::I 126 Kesan-Yenimuhacir ‘2‘223 1132;. I]::I
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Table 2. Aphidiinae of Edirne and their distributions within habitats. The species new to the Edirne fauna are marked with (*) and

new to the Turkish fauna are marked with (**).

& “=

X £ o

< f2] €

- = &8 £

© = [SA- (%)

= o= S = & & 2= 3
4 g 5 £ 8 @ g= 88 4
2 2 > o < = S 8% <
= : = £ = 7 £ 3 5

= — D5
T S T o < g TE w5 ~
Aphidius colemani 1
Aphidius eadyi* ° 1
Aphidius ervi ° . . ° ° ° ° ° 8
Aphidius funebris ° ° 2
Aphidius matricariae ° 1
Aphidius microlophii** . . ° ° ° 5
Aphidius picipes* ° 1
Aphidius rosae* ° ° ° ° ° ° 6
Aphidius smithii** ) 1
Aphidius urticae ° 1
Binodoxys acalephae* ° 1
Binodoxys angelicae . 1
Diaeretiella rapae ° ° ° 3
Ephedrus persicae* ) 1
Ephedrus plagiator ° 1
Lysiphlebus confusus* ° ° ° 3
Lysiphlebus fabarum ° . ° ° ° 5
Lysiphlebus fritzmuelleri** ° ° 2
Praon abjectum* ° 1
Praon athenaeum** ° ° 2
Praon exsoletum ° . ° ° ° 5
Praon flavinode** ° 1
Praon nonveilleri** . 1
Praon pubescens* ° 1
Praon uroleucon** ° ° ° 3
Praon volucre ° . ° 3
Praon yomenae* ° ° ° 3
TOTAL 4 7 15 7 2 2 21 6

Among these species, 7 of them (Aphidius smithii,
Aphidius microlophii, Lysiphlebus (Phlebus)
fritzmuelleri, Praon athenaeum, P. flavinode, P.
nonveilleri, P. uroleucon) are new records for Turkish
Aphidiinae fauna and 9 of them (Aphidius eadyi, A. rosae,
A. picipes, Binodoxys acalephae, Ephedrus persicae,
Lysiphlebus (Phlebus) confusus, Praon abjectum, P.
pubescens, P. yomenae) are new records Edirne
Aphidiinae fauna.

The number of species of each genus is represented
by: Aphidius: 10, Binodoxys: 2, Diaeretiella: 1, Ephedrus:
2, Lysiphlebus: 3 and Praon: 9. These numbers of species

are relatively proper compared to the Palearctic regions.
Species of Aphidius and Praon have a wide distribution in
Palaearctic and they are represented by more species than
the others.

Among the determined species, Aphidius ervi
appeared to be the most abundant species in Edirne which
is recorded from 45 different localities. Large number of
Aphidius ervi can be explained due to it has a wide host
range compared to other species.

In the eight different habitats, it could not be observed
the same species but Aphidius ervi, A. rosae are
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ecologically the most tolerant species. A. microlophii, L.
fabarum and P. exsoletum are recorded from 5 habitats
and also from almost equal localities. Fourteen species
(Aphidius colemani, A. eadyi, A. matricariae, A. picipes,
A. smithii, A. urticae, Binodoxys acalephae, B. angelicae,
Ephedrus persicae, E. plagiator, Praon abjectum, P.
flavinode, P. nonveilleri, and P. pubescens) were
observed in only one habitat (Table 2).

The present study shows that nineteen species
apparently prefer herbaceous plants in agricultural area
and thirteen species prefer fruit garden. Other habitats
represented by low number of species. The distributions
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Abstract: This study was performed in order to determine the effects of gradually increasing temperatures on maize, which
belongs to the Ca4 plant group. 20 day old seedlings were exposed to increasing heat stress (25/20, 30/25, 35/30, 40/35, 45/40°C
at 16/8 photoperiods) for 5 days. The first temperature treatment (25/20°C) was used as control. Stress injury was measured in
terms of malondialdehyde (MDA), hydrogen peroxide (H202), chlorophyll (a and b), carotenoid and anthocyanin contents and
maximum quantum efficiency of photosystem Il (Fv/Fm). MDA and H20: levels were found to significantly increase at high
temperatures (35, 40, 45°C). Chlorophyll content was observed to be highest at 35°C and a decrease was determined at 40 and
45°C. Fv/Fm was found to decrease at 40 and 45°C. Carotenoid and anthocyanin contents dramatically increased under high
temperature stress. In addition, significant increases were determined in the activities of superoxide dismutase (SOD), catalase
(CAT), ascorbate peroxidase (APX) and glutathione reductase (GR) under high temperature (45°C), while peroxidase (POX)
and glutathione S-transferase (GST) activities showed no change. Treatments above 35°C triggered high temperature stress in
maize seedlings. The results of this study showed that temperatures above 35°C lead to stress effects on photosynthesis and
induced enzymatic and non-enzymatic antioxidant activity in maize seedlings.

Key words: Anthocyanin, antioxidant enzymes, heat stress, maize.

Misir (Zea mays L.) Fidelerinde Yiiksek Sicaklik Stresi Kosullarinda Fotosentetik Pigmentler,
Antosiyanin Icerigi ve Antioksidan Enzim Aktivitelerindeki Degisiklikler

Ozet: Bu caligmada, C4 tipi fotosentez yapan musir bitkisinde giderek artan sicakligin etkilerinin ¢alisilmasi amaglanmstir. 20
giinliikk fideler 5 giin boyunca giderek artan (25/20, 30/25, 35/30, 40/35, 45/40°C 16/8 fotoperiyot) sicaklik stresine maruz
birakilmigtir. Uygulanan ilk sicaklik (25/20°C) kontrol grubu olarak kullanilmustir. Stress hasari, malondialdehit (MDA),
hidrojen peroksit (H202), klorofil (a ve b), karotenoid ve antosiyanin igerigi ve fotosistem II'nin maksimum kuantum verimi
(Fv/Fm) ile belirlenmistir. MDA ve H20: seviyelerinin yiiksek sicaklikta (35, 40, 45°C) 6nemli dlgiide arttigi bulunmustur.
Klorofil igeriginin 35°C'de en yiiksek oldugu gbzlenmistir ancak 35°C sicaklik ile karsilastirildiginda 40 ve 45°C uygulanan
sicakliklarda klorofil igeriginde azalma belirlenmistir. Fv/Fm 40 ve 45°C sicaklik uygulamasinda diisiis gostermektedir.
Karotenoid ve antosiyanin igerigi yiiksek sicaklik stresi altinda 6nemli 6l¢iide artmaktadir. Ayrica, yiiksek sicaklik da (45°C)
superoksit dismutaz (SOD), katalaz (CAT), askorbat peroksidaz (APX) ve glutatyon reduktaz (GR) enzim aktiviteleri belirgin
bir sekilde artig gosterirken, peroksidaz (POX) ve glutatyon-S-transferaz (GST) enzim aktivitesinde degisiklik g6zlenmemistir.
Misir fidelerinde 35°C’nin {izerinde bir sicaklik uygulanmasi yiiksek sicaklik stresine neden olmaktadir. Bu g¢alismanin
sonucunda, musir fidelerinde 35°C'nin tizerindeki sicakliklarin fotosentez iizerinde stress etkisine yol agtig1 ve enzimatik ve
enzimatik olmayan antioksidan aktiviteyi tesvik ettigi ortaya konmustur.

Anahtar kelimeler: Antioksidan enzimlar, antosiyanin, musir, sicaklik stresi.

Introduction

Heat waves or extreme temperatures are increasingly
observed climate conditions and expected to become
more intense and frequent in near future compared today
(Hatfield & Prueger 2015). Intergovernmental Panel on
Climatic Change (IPCC) (2014) reported that hot days and
nights in global scale were often observed while number

of cold days and nights reduced. Extreme temperature
conditions may last for short-term durations of a few days
with temperature increases of over 5°C above the normal
temperatures (Hatfield & Prueger 2015). Extreme
temperatures observed during summer season were
reported to have a negative impact on plant growth,
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development and productivity (Bita & Gerats 2013). For
instance, when higher plants are exposed temperature
values at least 5°C above their optimal growth
temperature values, their organelles and cytoskeleton and
membrane stability are affected as a result of cellular and
metabolic responses of the plants to survive in increased
temperature conditions (see Bita & Gerats 2013). The
photosynthetic apparatus in plants is heat sensitive and in
particular, chlorophyll biosynthesis, net photosynthetic
rate, Rubisco activity and PSII center are the primary
targets of thermal damage in plants (Sinsawat et al. 2004).
Due to the damage of the photosynthesis processes in
plants caused by heat stress, photoinhibition occurs,
leading to accumulation of reduced electron acceptors and
thereby acceleration of the formation of reactive oxygen
species (ROS), including hydrogen peroxide (H202),
which is associated with oxidative damage (Cui et al.
2006). At the cellular level, high temperatures can result
in excessive accumulation of ROS, which in turn can
trigger lipid peroxidation and damage pigments, nucleic
acid and proteins (Wang et al. 2014). Plants have
developed mechanisms protecting them against the
damage caused by ROS. These mechanisms consist of
scavenging the ROS by non-enzymatic antioxidants, such
as carotenoids, anthocyanins, and mobilization of an
enzymatic antioxidant system, which includes catalase
(CAT), superoxide dismutase (SOD), glutathione
reductase (GR), ascorbate peroxidase (APX), peroxidase
(POX) and glutathione  S-transferases (GSTs)
(Almeselmani et al. 2006, W. Chen et al. 2012).
Carotenoids protect photosystems and chlorophyll
molecules by reacting with lipid peroxidation products
and scavenging singlet oxygens (Wahid 2007).
Anthocyanins are highly effective antioxidants for
excessive accumulation of stress-induced ROS and the
protection of osmotic balance (Wahid 2007, Bita & Gerats
2013). Metalloenzyme SOD (EC 1.15.1.1), the most
effective intracellular enzymatic antioxidant, catalyzes
the partitioning of the superoxide radicals to molecular
oxygen and H,O; (Gill & Tuteja 2010). Catalase (EC
1.11.1.6), a tetrameric heme-containing enzyme, has one
of the fastest turnover rates for all enzymes, and catalytic
rate for one catalase molecule is nearly 6 million
molecules of H,O- altered to water and oxygen per minute
(Gill & Tuteja 2010, Choudhury et al. 2013). Ascorbate
peroxidase (EC 1.11.1.11) has showed high specificity for
ascorbate as the electron donor and plays an essential role
in sweeping hydrogen peroxide in chloroplast (Shigeoka
et al. 2002). Glutathione reductase (EC 1.6.4.2) is a
potential enzyme of the ascorbate-glutathione cycle and
remove H,O; by catalyzing the reduction of glutathione
(Gill & Tuteja 2010). Peroxidase (EC 1.11.1.7) is another
heme-containing enzyme that performs H,O,-detoxifying
activities. GSTs (EC 2.5.1.18) are known to be
responsible for detoxification of xenobiotics but can also
play an important role as antioxidants by removing lipid
peroxidation end products (Dalton et al. 2009).

Maize is a highly efficient plant in suitable
environmental and growth conditions but is also very
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susceptible to drought and heat. An average of 15- to 20%
of the potential world maize production is lost every year
due to temperature related climatic stresses (J. Chen et al.
2012). Although C. plants such as maize are more stable
at higher temperatures, net photosynthesis is usually
inhibited when the temperature of maize leaves exceed
roughly 38°C (Crafts-Brandner & Salvucci 2002, Coskun
et al. 2011). Sinsawat et al. (2004) reported that when
maize was subjected to an increase in temperature from
25°C to 35°C for 20 min in the dark, short-term inhibition
occurred in the rate of photosynthesis, and permanent
damage resulted at temperatures above 45°C. In the same
study, when ®PSII and photochemical quenching factor
(gP) and the efficiency of open reaction centers (F'v/F'm)
were slowly reduced between 35 and 45°C, the maximum
quantum efficiency of PSIl (Fv/Fm) in maize leaves
clearly decreased at temperatures above 45°C (Sinsawat
et al. 2004). In another study in which maize was exposed
to long-term high temperature and combined high
temperature and water deficit, plant biomass
accumulation was reported to decrease under all
treatments (Perdomo et al. 2015). High temperature
(35°C) treatment was shown to positively affect
vegetative plant growth in maize but decreased ear
expansion and reduced cob extensibility (Suwa et al.
2010). Kumar et al. (2012) treated maize and rice
genotypes to high temperature stress (35/30, 40/35,
45/40°C) for 11 days. The results of this study showed
that inhibition of growth, decreased leaf water and
chlorophyll content, increased electrolyte leakage, higher
H20, levels, elevated MDA content and increased
antioxidant enzyme activities (SOD, CAT, APX, GR)
were observed at temperatures above 35/40°C.

Although many studies reported data on the effect of
long-term heat stress on maize photosynthesis efficiency
and yields, little is known about the short-term extreme
temperature effect on maize seedlings. In this study we
focused on the effects of short-term gradually rising
temperatures (increase of 5°C every day, from 25°C to
45°C) on maize seedlings. We also investigated the
changes in photosynthetic  pigment, chlorophyll
fluorescence, anthocyanin content, lipid peroxidation,
H-0; content and antioxidant enzyme activity in response
to the gradually rising temperature in maize leaves

Materials and Methods

Plant Material and Treatment

Maize (Zea mays L.) seeds were obtained from
MayAgro Seed Corporation (71-May-69). The
experiments were performed in a plant growth chamber
(VB 0714, Bioline, Votsch Industrietechnik, Germany;
internal ~ dimensions: ~ 970x750x1400cm;  lighting
intensity: 450mmol m-2s-! @ 200mm). Seeds were
imbibed in deionized water for 24 hours at room
temperature. Three seeds were sown in plastic pots
(120mm diameter and 110mm depth) each containing a
perlite. The seedlings were grown for 20 days in the
growth chamber at conditions of 16-8h photoperiod,
25\20 °C and 60% humidity. Maize seedlings were
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irrigated every three days with 1\4 Hoagland solution
(Hoagland & Arnon 1950). Heat stress treatments were
performed using 20 pots and 4 pots were used for each
temperature treatment. Heat stress was achieved by
increasing the temperature everyday by 5°C from 25°C to
45°C. Plants were sampled 24h after being exposed to
25°C, 30°C, 35°C, 40°C and 45°C, just before
temperature rose to next level. The photoperiod and the
light intensity were kept constant during the experiments.
During heat stress treatments, plants were irrigated twice
daily to prevent drought effects. Fresh leaves were used
for the analyses.

Determination of Photosynthetic Pigments

Leaves were homogenised in 100% acetone and the
samples were centrifuged at 3000xg for 15 min at 4°C.
Leaf extacts were measured spectrophotometrically at
661.6, 644.8, and 470nm. Chlorophyll a, b, total
chlorophyll, and carotenoid contents of the extracts were
determined in pg/ml by employing the method of
Lichtenthaler (1987).

Chlorophyll Fluorescence Analysis

The maximum quantum efficiency of photosystem Il
(PSII) photochemistry (Fv/Fm) was used as chlorophyll
fluorescence parameter. Fv/Fm was performed by using
the L1-6400XT Portable Photosynthesis and Fluorescence
System (Li-Cor Inc., Licoln, USA). The Fv/Fm ratio was
calculated as (Fm —Fo)/Fm. Fm and Fo are the maximum
and basal fluorescence yields. Leaves were dark-adapted
for 20 min prior to fluorescence measurements.

Determination of Anthocyanin

Anthocyanin content was determined by using the
method of Mancinelli (1990). Plant samples (0,5g) were
extracted in 3ml methanol-HCI (1% HCI, v/v) and the
homogenates were kept at 3-5°C for 2 days with
occasional shakings. The extracts were filtered, and
anthocyanin and chlorophyll contents were measured at
530nm and 657nm, respectively. The anthocyanin content
(ng/ml) was measured using the formula A530-A657 and
subtracting chlorophyll absorption.

Determination of Malondialdehyde (MDA) Content

Fresh leaf samples (0.5g) were extracted in 10mL of
0.25% thiobarbituric acid (TBA) in 10% trichloroacetic
acid (TCA). The extracts were heated at 95°C for 30min
and quickly cooled on ice. The samples were centrifuged
at 5000xg for 10min. The absorbance was measured at
532nm and 600nm using a spectrophotometer. The level
of MDA was calculated as nmolg™ of fresh weight using
the extinction coefficient of 155mMtcm (Jiang & Zhang
2001).

Determination of Hydrogen peroxide (H.0,) Content

Hydrogen peroxide was assayed by the method of
Velikova et al. (2000). Fresh leaf tissue (0.5g) was finely
homogenized with 0.1% (w/v) TCA. The homogenate
was centrifuged at 12,000xg for 15min and 0.5ml
phosphate buffer (pH 7.0) and 1ml potassium iodide were
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added on the supernatant (0.5ml). Its absorbance was
recorded at 390nm after using a Epoch 2 Microplate
Reader. H;O, content was estimated by using H»O:
standart curve.

Determination of Antioxidant enzymes

Leaf samples (0.5g) were homogenized in 3mL of
50mM potassium phosphate buffer (pH 7.0) including
%I1PVPP and 1mM EDTA and centrifuged at 13,000xg
for 40min 4°C. The supernatant was used for protein and
enzyme activity determinations. All spectrophotometric
analyses were conducted on Epoch 2 Microplate Reader.
Bradford (1976) method was used in determination of
protein concentration using bovine serum albumin as a
standard. The activity of ascorbate peroxidase (EC
1.11.1.11) was determined by monitoring the decrease in
absorbance at 290nm, as ascorbate was oxidized (Nakano
& Asada 1981). Catalase (CAT; EC 1.11.1.6) was
analyzed according to the method described by
Bergmeyer (1970). Total superoxide dismutase (SOD; EC
1.15.1.1) activity was assayed by inhibition of
photochemical reduction of NBT at 560nm (Beuchamp &
Fridovich, 1971). Glutathione reductase (EC 1.6.4.2)
activity was measured according to Foyer & Halliwell
(1976). Peroxidase (EC 1.11.1.7) activity was determined
by method of Herzog & Fahimi (1973). GST activity was
assayed with 1-chloro-2,4-dinitrobenzene (CDNB) by a
modified method of Carmagnol et al. (1981).

Statistical analysis

All experimental data were analyzed using the mean +
standart error values of at least five replicates. A one-way
ANOVA followed post hoc analysis with the Tukey’s
Multiple Comparison test was applied to test the
significance of differences between the mean values. All
analyzes were performed on GraphPad Prism version 5.2
for windows (GraphPadSoftware, San Diego, CA).

Results and Discussion

Effect of Heat Stress on Photosynthetic Characteristics

Photosynthesis is one of the most sensitive
mechanisms to high temperature stress in plants (Sinsawat
etal. 2004). High temperature stress impacts the structural
and functional construction of chloroplasts, and the
damage on chloroplasts can cause temporary or
permanent reduction of photosynthetic efficiency and
chlorophyll accumulation (Cui et al. 2006). To examine
the effects of high temperature on maize photosynthesis,
we measured chlorophyll a and b content, chlorophyll a/b
ratio, total chlorophyll/carotenoid ratio and maximum
guantum efficiency of photosystem Il (Fv/Fm). The
results showed that chlorophyll a and b increased when
the temperature reached 35°C but when the temperature
reached 40 and 45°C, chlorophyll a was reduced in
comparison to 35°C. Chlorophyll b was found to be more
stable up to the highest temperature of 45°C. The
chlorophyll a/b ratio decreased following the temperature
increase from 25 to 45°C. Carotenoid content was found
to increase with increasing temperature and the highest
level was observed at 45°C. Total chlorophyll/carotenoid
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ratio significantly decreased at temperatures above 35°C
(Table 1). When maize leaves were exposed to increasing
temperatures, chlorophyll a experienced faster
degradation than chlorophyll b. Chlorophyll b is present
only in the pigment antenna system, but Chlorophyll a is
found in both the pigment antenna and the reaction centers
of photosystems | and Il. The chlorophyll a/b ratio is the
most important finding for light adaptation of the
photosynthetic apparatus and the functional pigment
equipment (Lichtenthaler et al. 1981). When chlorophyll
a/b ratio decreases, it may be explained as an enlargement
of the antenna system of PS Il. These chlorophyll results
suggest that maize is resistant to short-term heat waves
(Table 1). Other aspects of chlorophyll were also found to
be indicators of heat tolerance of maize under heat stress
treatments. Almeselmani et al. (2006) indicated that heat
tolerant wheat cultivars maintained comparatively higher
chlorophyll content under increasing temperature in late
and very late plantings. Asensi-Fabado et al. (2013)
reported that chlorophyll content in three labiatea species
was stable when the plants were exposed to increasingly
higher temperatures. Maximum quantum efficiency of
photosystem Il (Fv/Fm) in dark adapted leaves was more
stable in maize seedlings that received high temperature
stress treatment. However, the increasing temperature,
particularly the 45°C treatment, resulted in reduction of
Fv/Fm compared to the control (25°C). High temperature
stress affected the Fv/Fm causing a structural and
functional deficiency of the photosynthetic apparatus (Cui
et al. 2006). The reduction in Fv/Fm under heat stress
showed in particular that the PSII reaction center was
injuried and induced to photoinhibition (Cui et al. 2006,
Efeoglu & Terzioglu 2009). Crafts-Brandner & Salvucci
(2002) reported that Fv/Fm was relatively insensitive to
leaf temperatures up to 42.5°C. Many studies have
indicated that PSII is the most heat-sensitive component
of photosynthesis (Crafts-Brandner & Salvucci 2002,
Sinsawat et al. 2004, Cui et al. 2006, Efeoglu & Terzioglu
2009).

Effect of Heat Stress on Hydrogen Peroxide and Lipid
Peroxidation

The highly toxic ROS production significantly
increases and induces peroxidation of membrane lipid
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under stress events and H,O, and MDA concentrations
have been widely used as criterion to determine heat
injury in plants. Hydrogen peroxide content increased
nearly 2-folds at 30, 35 and 40°C in comparison to control
(25°C), and the highest H,O, content was observed at
45°C. The results also showed that the MDA
concentration in maize leaves increased after 35, 40 and
45°C treatments (Fig. 1), compared to the control (25°C),
and the MDA level was more stable at 30°C treatment.
The finding that H,O, content started to increase even at
30°C showed that it was the most sensitive to temperature
changes, but no change occurred in MDA level at 30°C.
Both H,0; and MDA contents were highest at 45°C (Fig.
1). All these findings suggest that short-term and
gradually increasing temperature initially triggers H>O:
production in maize leaves. Heat stress induces generation
and reactions of activated oxygen species (AOS)
including singlet oxygen, superoxide radical, hydrogen
peroxide and hydroxyl radical cause of cellular injury
(Wahid et al. 2007). AOS generate the autocatalytic
peroxidation of membrane lipids and pigments thereby
causing the loss of membrane semi-permeability and
functions (Asthir 2015). The resulting damage seen in
plants after exposure to heat stress was described as the
injury of photosynthesis and cell membrane fluidity
(Choudhury et al. 2013). Heat stress mainly effects
membrane fluidity, especially photosynthetic and
mitochondrial membranes (Asthir 2015). Membrane
damages are known as stress parameters used in
determination of level of lipid destruction. It is known that
lipid peroxidation products are formed from
polyunsaturated  precursors  that include small
hydrocarbon fragments such as MDA (W. Chen et al.
2012, Asthir 2015). Savicka & Skute (2010) reported that
ROS production and MDA content increased in various
development stages of wheat that underwent long-term
high  temperature  treatment.  Furthermore, the
enhancement of lipid peroxidation and H»O, in apple
leaves was shown to occur in response to high temperature
(Ma et al. 2008). In our study, no changes were observed
in leaf water content during high temperature treatment,
due to the fact that plants were irrigated twice daily to
prevent drought effects.

Table 1. Changes in chlorophyll a and b content, chlorophyll a/b ratio, carotenoid content, total chlorophyll/carotenoid ratio and Fv/Fm
(maximum quantum efficiency of photosystem I1) after gradually increasing temperature values the maize leaves were exposed to. The
means +SE of five replicates were given. Different letters denote statistically significant differences by Tukey’s Multiple Comparison

test (P <0.05) among all treatments respectively.

Heat treatment (u(;hrﬁl) (u(;hllnl;l) Chl a/b Cg{;i?_?)id Total chl/car Fv/Fm
25°C 61.70+0.57d 13.57£0.24d  4.55+0.09a 14.64+0.15¢  5.14+0.6b 0.79+0.007a
30°C 77.98+1.90b 21.4440.42¢  3.64+0.12b 16.91+0.44d  5.88+0.07a 0.70+0.02b
35°C 90.81£1.71a 26.05£0.70a  3.49+0.09b 21.06+0.66b  5.55+0.08c 0.7340.009b
40 °C 76.82+0.60b 24.08+0.55b  3.19+0.07c 19.38+0.43¢  5.2140.15b 0.70+0.017b
45°C 69.25+0.65¢ 25.57+1.19a  2.71+0.15d 23.20+0.69a  4.09+0.14d 0.63+0.08¢
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Fig. 1. Changes in hydrogen peroxide (H202) and malondialdehyde (MDA) contents in maize leaves at gradually increasing
temperature treatment. Heat stresses were exposed to a steady temperature increase of 5°C every day from 25°C to 45. Data shown
corresponds to means + SE of five replicates. Different letters denote statistically significant differences by Tukey’s Multiple

Comparison test (P <0.05) among all treatments respectively.

Effect of Heat Stress on Anthocyanin Level

In this study, gradually increasing temperature caused
accumulation of anthocyanin in maize. Although a minor
increase occurred at 30 and 35°C, compared to the
control, the increase at 40 and 45°C was approximately 3-
folds compared to the control (Fig. 2). Anthocyanins are
secondary metabolites that govern the colors of plant
tissues and are generally produced in the cytoplasm before
being transported into the vacuole. As a polyphenol,
anthocyanin is an effective antioxidant and scavenger of
ROS and therefore plays an important role in
environmental stress (Shao et al. 2007). Some studies
reported that anthocyanin is sensitive to light and heat
alteration (Gould et al. 2002, Shao et al. 2007). Shao et
al. (2007) determined that anthocyanins had a protective
role in high temperature injury and triggered antioxidative
capacity under high temperature stress in Arabidopsis.
Mori et al. (2007) found that anthocyanin accumulation in
red-wine grapes decreased under high temperatures.
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Fig. 2. Changes in anthocyanin content in maize leaves at
gradually increasing temperatures. Data shown corresponds to
means +SE of five replicates. Different letters denote
statistically significant differences by Tukey’s Multiple
Comparison test (P <0.05) among all treatments respectively.

Effect of Heat Stress on Antioxidant Enzyme Activity

Plants stimulate various enzymatic systems to
alleviate the harmful effects of ROS under high
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temperature stress. To better understand this process, we
examined the activities of antioxidant enzymes, including
superoxide dismutase (SOD), catalase (CAT), peroxidase
(GPX), ascorbate peroxidase (APX), glutathione
reductase (GR) and glutathione S-transferase (GST) (Fig.
3) in maize leaves under gradually rising temperature.
SOD, the first defence mechanism of the antioxidant
system, catalyses the dismutation of O, to H.O2 and Oa.
APX, GR and CAT and POD are able to scavenge H,0-
through different mechanisms (Gill & Tuteja 2010). Our
results showed that antioxidant enzymes responded
differently to gradually increasing temperature stress. To
cope with the oxidative stress, SOD, POX, CAT and GR
enzyme activities increased, and APX and GST stabilized
when the temperature reached 30°C. All enzyme activities
noticeably reached their lowest levels at 35°C, which was
considered as heat acclimatization. When temperature
was increased from 35 to 45°C, SOD, CAT, APX and GR
activities were positively triggered, but no significant
increase occurred in GST and POX activities. SOD, CAT,
GR and APX activities were at highest levels when the
temperature reached 45°C (Fig. 3). The antioxidant
enzyme activities suggest that maize plants trigger an
effective system for detoxifying active oxygen species
when temperature increases from 25°C to 45°C. It was
also found in our study that heat treatment enhanced
activities of SOD, CAT, GR and APX in maize leaves.
Various studies have been conducted on the changes in
antioxidant enzyme activity in plants under high
temperature stress (Giir et al. 2010, He & Huang 2012,
Wang et al. 2014, Ergin et al. 2016). The activities of
SOD, APX, CAT, GR, and POX were shown to increase
significantly at all stages of growth in wheat cultivar C306
(heat-tolerant), while the PBW343 (heat-sensitive)
genotype was shown to have a significantly reduced CAT,
GR, and POX activities in response to high temperature
stress (Almeselmani et al. 2006). Kumar et al. (2012)
compared the responses of Oryza sativa and Zea mays to
varying degrees of temperature stress (35/30, 40/35,
45/40°C) and found that CAT, APX and GR enzyme
activities were higher in maize plants compared to rice but
that no changes occurred in SOD at 45/40°C.
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Fig. 3. Changes in antioxidant enzymes activities (SOD, CAT, GR, APX, POX and GST) at gradually increasing temperature. Data
shown corresponds to means +SE of five replicates. Different letters denote statistically significant differences by Tukey’s Multiple

Comparison test (P <0.05) among all treatments respectively.

Conclusion

The results of this study provide evidence that maize
seedlings represent a high tolerance to gradually
increasing temperatures (25-45°C). Improved thermo-
tolerance may relate to high anthocyanin and carotenoid
content besides antioxidant enzymes activity may
improve thermo-tolerance. Data presented in this study
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Ozet: Meyve caylarmn terapdtik ozellikleri igerdikleri polifenolik flavonoidlerden kaynaklanmaktadir. Bir flavoenzim olan
monoamin oksidazi (EC 1.4.3.4, MAO) inhibe eden bilesiklerin, Alzheimer ve Parkinson gibi nérodejeneratif rahatsizliklarin
tedavisinde ve ¢esitli norolojik rahatsizliklarda ilag olarak kullanildigi bilinmektedir. Antioksidan 6zellige sahip dogal
bilesiklerin norodejenerasyonda dnemli bir rol oynayan oksidatif stresi azaltarak bu hastaliklar1 dnledigine dair ¢ok sayida
¢alisma vardir. Bu nedenle monoamin oksidaz enzimini inhibe edebilecek ve oksidatif stresi azaltabilecek ¢ift etkili tiriinlerin
bulunmasi ayr1 bir 6nem tagimaktadir. Bu ¢alismada Tiirkiye’deki marketlerden satin alinan ¢esitli meyve ¢aylarinin; ferrik
indirgeyici antioksidan gii¢, bakir indirgeyici antioksidan kapasite ve 1,1-difenil-1-pikrilhidrazil radikal siipiiriicii metotlar1 ile
antioksidan aktiviteleri saptanmstir ve toplam fenolik madde miktarlar1 belirlenmistir. Bu cay infiizyonlarinin, MAO enzim
inhibisyonlari florometrik olarak tayin edilmistir. Elde edilen tiim sonuglar poset yesil ¢ay ve siyah ¢ay ile kiyaslanmigtir. Elde
edilen sonuglarda, bitki ¢ay1 drneklerinin antioksidan ve MAO inhibisyon 6zelliklerinin igerdikleri toplam fenolik madde
miktari ile iliskili oldugu gésterilmistir. Nar iceren ¢ay infiizyonlar: daha yiiksek antioksidan aktivite ve fenolik madde igerigine
sahip olup ayn1 zamanda da yiiksek MAO inhibisyonu gostermektedir. Elde edilen sonuglar, kugburnu basta olmak tizere ¢esitli
cay inflizyonlarinda 2-3,5 kat arasinda degisen MAO-B segiciligi bulundugunu da gostermektedir. Fenolik maddelerin MAO
inhibisyonuna sebep oldugu bilgisinden yola ¢ikilarak yapilan bu ¢aligmada, ¢ay inflizyonlarinin MAO inhibisyon yetenekleri
de oldugu ilk kez ortaya konulmustur.

Anahtar kelimeler: Antioksidan aktivite, CUPRAC, ¢ay infiizyonu, DPPH, FRAP, MAO inhibisyonu.

Determination of Monoamine Oxidase Inhibition and Antioxidant Effects of
Various Herbal Teas

Abstract: The therapeutic properties of fruit teas are due to the polyphenolic flavonoids they contain. Compounds inhibiting
the flavoenzyme monoamine oxidase (EC 1.4.3.4, MAQ) are known to be used as medicines in treatment of neurodegenerative
disorders such as Alzheimer’s and Parkinson’s diseases, and in various neurological disorders. There are many studies about
natural compounds with antioxidant properties that prevent such diseases by reducing oxidative stress which plays an important
role in neurodegeneration. It is therefore of particular importance to find double-acting products that can both inhibit
monoamine oxidase and reduce oxidative stress. In this study, antioxidant activities of various fruit teas purchased from markets
in Turkey were determined by ferric-reducing antioxidant power, cupric reducing antioxidant capacity and 1,1-diphenyl-2-
picrylhydrazyl methods and their total phenolic contents were revealed. MAO enzyme inhibitions of these tea infusions was
determined fluorometrically. The obtained results were compared with green and black tea bag infusions. The results showed
that antioxidant and MAO inhibition properties of fruit tea samples were related to their total amount of phenolic substances
they contained. Pomegranate containing tea infusions had higher antioxidant activity and phenolic content and exhibited high
MAO inhibition. The results also showed that a MAO-B selectivity varying between 2 to 3,5-fold existed in various tea
infusions with the highest value in rose hip tea. MAO inhibition abilities of tea infusions were demonstrated for the first time
in this present study which was based on the fact that phenolic substances are responsible for MAO inhibition.

Keywords: Antioxidant activity, CUPRAC, tea infusion, DPPH, FRAP, MAO inhibition.

Giris

Tibbi ve aromatik bitkiler diinyada ve Tiirkiye’de ve ark. 2010). Son yillarda tilkemizi de i¢ine alan saglikli
onemli bir yere sahiptir. Yapilan caligmalardan elde yagam arayigt ve dogru beslenmeye artan ilgi nedeniyle
edilen bulgular ve yogun reklam kampanyalar1 diinya bitkisel ¢aylarin (infiizyon) kullanimi da yayginlasmistir

genelinde ¢ay tiiketimini artirmis ve ¢ayi, sivi tilketiminde (Naithani ve ark. 2006, Cagind1 ve Otles 2008). Cay
sudan sonra ikinci siraya yerlestirmistir (Piljac-Zegarac tilketiminin, kalp-damar hastaligi, kanser, karaciger
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hastaliklari, artrit, viral ve bakteriyel enfeksiyonlara
yakalanma riskini  dislirdiigiine dair  ¢aligmalar
bulunmaktadir (Von Gadow ve ark. 1997, Naithani ve ark.
2006). Yine ¢aylarda bulunan kuersetin gibi polifenollerin
de UV koruyucu etki gostererek cilt hasarini 6nledigi
bilinmektedir (Piljac-Zegarac ve ark. 2010).

Bitkisel ¢aylarin; A, Bs, C, E vitaminleri, koenzim
Q10, karotenoidler, selenyum, ¢inko, polifenoller ve diger
serbest radikal siipiriiciiler agisindan zengin oldugu ¢ok
sayida aragtirmada yer almaktadir (Atoui ve ark. 2005,
Piljac-Zegarac ve ark. 2010). Flavonoidler, flavanoller,
flavonoller, izoflavonlar, fenolik asitler, glikozidler,
aglikonlar bilinen 6nemli polifenoller arasindadir. Daha
diisiik toksisiteye sahip olmalari ve bilinen sentetik
antioksidanlardan daha yiiksek antioksidatif etki
gostermeleri nedeniyle, gida ve ilag endiistrilerinde genis
uygulama alani bulmaktadirlar (Naithani ve ark. 2006, Xi
ve ark. 2009).

Bu  infiizyonlar  igerisinde  bulunan  dogal
antioksidanlar, viicudu serbest radikallerin zararlh etkisine
kars1 korurlar. Bu serbest radikaller endojen (solunum
zinciri sirasinda, oksidatif enzimler ya da fagositik
hiicreler yoluyla) ya da eksojen (hava kirliligi, sigara
tilketimi ve ¢esitli toksinler) olarak meydana gelebilirler
(Naithani ve ark. 2006). Polifenollerin antioksidan
aktiviteleri indirgeyici ajan, hidrojen vericisi ve singlet
oksijeni yakalayicisi gibi davranmalarini saglayan redoks
ozelliklerinden ileri gelmektedir. Organizmada agiga
¢ikan reaktif oksijen tiirleri membran, niikleik asit, protein
ve lipit yapilarina zarar vererek iskemi, katarakt, kanser,
gut, yaslanma, diyabet, demans, renal toksisite, kalp ve
ndrolojik hastaliklar gibi ¢ok sayida patolojik durumun
olusmasina sebep olurlar (Atoui ve ark. 2005, Lo ve
Cheung 2005, Naithani ve ark. 2006). Antioksidanlar,
ozellikle lipitlerin ve diisiik yogunluklu lipoproteinlerin
oksidasyonunu Onleyerek oksidatif stresi de azaltirlar.
Tiim bu 6zelliklerinden dolay: antioksidanlarin, kalp ve
damar hastaliklarin1 ve kanser risklerini azalttiklari,
Alzheimer hastaligi  gibi  ¢esitli  norodejeneratif
hastaliklarin baslangicint geciktirdikleri gosterilmistir
(Fang ve ark. 2002, Atoui ve ark. 2005, Moraes-de-Souza
ve ark. 2008).

Monoamin oksidaz (MAO; EC 1.4.3.4), farkli
hiicrelerin mitokondri dis membraninda bulunan, flavin
adenozin diniikleotid iceren bir flavoenzimdir. Onemli
norotransmiterlerin  oksidasyonunda ve hiicre i¢i
konsantrasyonunun  diizenlenmesinde  rol  oynar
(Abdelhafez ve ark. 2013). MAO’nun, anahtar
konumundaki ndrotransmiterlerin metabolizmasinda yer
almasi, bu enzimi ndrolojik bozukluklarin tedavisinde
farmakolojik miidahale icin 6nemli bir hedef haline
getirmistir (Van den Berg ve ark. 2007). MAO, farkl: ii¢
boyutlu yap1, substrat ve inhibitér secim 6zellikleri ile
birbirinden ayrilan ve MAO-A ve —B olarak adlandirilan
iki izoenzim halinde bulunur. Spesifik MAO enzim
inhibitorleri, norodejeneratif rahatsizliklarin tedavisinde
ve ¢esitli norolojik rahatsizliklarda ilag olarak
kullanilabilirler. Norodejeneratif rahatsizliklar gelismis

B. Yiice-Dursun

iilkelerdeki en Onemli Ttglincli saglik sorunudur ve
Alzheimer ve Parkinson hastaliklar1 en sik Karsilagilan
ndrodejeneratif rahatsizliklardir. MAO-A inhibitorleri
depresyon ve anksiyete tedavisinde kullanim alan
bulurken MAO-B inhibitorleri Parkinson ve Alzheimer
hastaliklarinin tedavisinde kullanilabilirler (Shi ve ark.
2010). Bu  bilgiler 1s1ginda, meyve ¢aylarinin
norodejeneratif hastaliklar tizerindeki etkilerini anlamak
icin MAO enzimi {izerindeki inhibisyon etkileri de
arastirma konusu olarak se¢ilmistir.

Meyve ¢aylarimin, 6zellikle kirmizi meyve ¢aylarmin
popiilerligi tilkemizde de giin gectik¢e artmaktadir. Bu
caylarin igerigine bakildiginda; kurutulmus meyveler,
meyve kabuklari, yapraklar gibi farkli bitki kisimlarimi da
icerdikleri goriilir (Emekli-Alturfan ve ark. 2009).
Hazirlanmasi kolay ve pratik oldugu igin poset caylar,
evlerde ve igyerlerinde demleme g¢aylara tercih
edilmektedir. Birgok markanin meyve ve kirmizi meyve
poset caylari marketlerde ve aktarlarda cesitli isimler
altinda, antioksidan 6zelligi vurgulanarak satilmaktadir.
Meyvelerin toplam antioksidan aktiviteleri ve toplam
fenolik madde (TFM) miktarlar: ile ilgili ¢ok sayida
calisma bulunmasina ragmen, poset meyve caylarinin,
ozellikle de poset kirmizi meyve caylarinin antioksidan
aktiviteleri ile yapilan caligmalar kisithdir ve MAO
inhibisyon etkileri ile ilgili literatirde c¢alisma
bulunmamaktadir.

Bu ¢alismanin amaci, ticari olarak satilan g¢esitli bitki
inflizyonlariin oksidatif stres ve bu stresin nedenlerinden
biri olan nérodejeneratif rahatsizliklarin  gelisimine
etkisinin olup olmadiginin in vitro olarak incelenmesidir.
Bu sebeple, en ¢ok tiiketilen kirmizi meyve ve diger
meyvelerin  poset caylarinin  toplam  antioksidan
aktiviteleri, radikal siipiiriicii etkileri, TFM miktarlar1 ve
MAO enzim inhibisyonuna olan etkileri saptanmis, yesil
Ve siyah poset caylar ile karsilagtirmalar1 yapilmustir.

Materyal ve Metot

Ornekler

Piyasada c¢esitli Ureticiler tarafindan ticari olarak
satilan poset c¢aylar Tirkiye’deki marketlerden temin
edilmistir ve icerikleri Tablo 1°de verilmistir.

Kimyasallar

Folin—Ciocalteu reaktifi, gallik asit, troloks, insan
rekombinant MAO-A (hMAO-A) ve MAO-B (hMAO-B)
enzimleri Sigma-Aldrich (St. Louis, MO, USA); 1,1-
difenil-1-pikrilhidrazil (DPPH) Alfa Aesar (Karlsruhe,
Germany) ve Amplex Red MAO Tayin Kiti Invitrogen
(Waltham, MA, A.B.D.) firmalarindan temin edilmistir.
Calismada kullanilan diger tiim kimyasallar analitik
safliktadir ve Merck (Darmstadt, Germany) firmasindan
temin edilmistir.

Bitkisel Infiizvonlarin Hazirlanmasi

Tablo 1°de isimleri ve kaynaklar1 verilen ¢ay posetleri
(2,5g) iiretici firmalarin tavsiye ettigi gibi 200mL kaynar
su i¢ine daldirilarak 5dk bekletildi ve siire sonunda
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posetler giinliik kullanimda oldugu gibi sikilarak kaptan
¢ikarildi. Elde edilen infiizyonun oda sicakliina gelmesi
beklendi. Infiizyonlar distile su ile 1:10 seyreltildi ve
antioksidan etkileri Fe®* Indirgeyici Antioksidan Gii¢
(FRAP) ve Cu?* Indirgeyici Toplam Antioksidan
Kapasite (CUPRAC) yontemleriyle tayin edildi. Radikal
stipiiriicii  etkileri  1,1-difenil-1-pikrilhidrazil (DPPH)
yontemi ile ve cay Orneklerinin igerdigi TFM miktar
Folin-Ciocalteu yontemi ile saptandi. Cay orneklerinin
MAQO enzimini inhibe edici etkileri kit kullanim
kilavuzuna uygun sekilde gerceklestirildi.

Ekstraktlarda Bulunan TFM Miktarimin Tayini

TFM miktar1 tayini spektrofotometrik olarak Folin-
Ciocalteu yontemine gore (Ismail ve ark. 2004) yapild.
100uL seyreltilmis cay ekstrakti, 750uL Folin-Ciocalteu
(%10, h/h) reaktifi ve 750puL sodyum karbonat (%6, a/h)
¢ozeltisi ile karistirildi. Elde edilen ¢ozelti 90dk
karanlikta bekletildikten sonra olusan mavi rengin
absorbans1  UV-Vis  spektrofotometrede  (Thermo
Scientific, USA) 725nm’de, 6rnek icermeyen ¢ozeltiye
karsi okundu. Bu analiz i¢in standart gallik asit
¢ozeltisinin 8 farkli konsantrasyonu ile bir kalibrasyon
egrisi hazirland1 (R?=0,998). Elde edilen egri yardimyla
ekstraktlarin fenolik madde miktar1 hesaplandi ve
sonuglar “mmol gallik asit egdegeri (GAE)/g kuru madde”
olarak verildi. Deney iki paralel olarak tekrarlandi.

DPPH Radikalini Giderme Etkisi

Cay orneklerinin radikal stpiiriicli etkisi, DPPH
yontemi modifiye edilerek belirlendi (Danis ve ark.
2014). Bu amagla seyreltilmis ¢ay ekstraktindan 250puL
almarak ImL DPPH ¢oézeltisi (0,1mM; metanolde) ile
karistirildi. Kontrol olarak distile su kullanildi. Reaksiyon
kartisimi  vorteks karistiricida  karistirtlip 30dk  oda
sicakliginda ve karanlikta bekletildi. Siire sonunda
karisimin  absorbansi  spektrofotometrede 517nm’de
metanole karsi okundu. Antioksidan aktivite DPPH
radikalinin % inhibisyonu cinsinden, asagidaki esitlikten
yararlanilarak hesaplandi. Deney iki paralel olarak
tekrarlandi.

Ak(o) —Adp

% inhibisyon = [ 1k ] x 100
(0)

Akq); kontroliin ilk andaki absorbansi, Adg); Ornegin t
anindaki absorbansi.

FRAP Yontemi ile Antioksidan Aktivite Tayini

Cay infiizyonlarimin Fe3* indirgeme giicii tayini i¢in
100pL ¢ay inflizyonu 200pL fosfat tamponu (50puM,
pH:6,6) ve 200uL potasyum ferrisiyaniir (%1, a/h) ile
karistirildi. Karigim 50°C’de su banyosunda 20dk inkiibe
edildikten sonra sogutuldu ve 200uL triklorasetikasit
(%10, a/h) ile 10.000g’de 10dk santrifiij edildi. Ust
tabakadan alinan 700uL {izerine, 150uL demir kloriir
(%0,1, a/h) ¢ozeltisi eklenerek karistirildi ve UV-Vis
spektrofotometrede  700nm’de  verdigi  absorbans
degerleri okundu (Danis ve ark. 2014). Deney iki paralel
olarak tekrarland1 ve troloks pozitif kontrol olarak
kullanildi. Her bir 6rnegin toplam antioksidan kapasitesi
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troloksa esdeger antioksidan kapasitesi (TEAC) cinsinden
ifade edilerek verildi.

CUPRAC Yéntemi ile Toplam Antioksidan Kapasite
Tayini

Bakir indirgeyici antioksidan kapasite Apak ve
arkadaglar1 (2004) tarafindan belirlenen yontemde ufak
degisiklikler =~ yapilarak  gergeklestirildi. 800uL
seyreltilmis cay inflizyonlar1 {iizerine 160uL CuCl;
(10mM), 160uL NHsAc (pH:7) ve 160uL neokuproin
(7,5mM) ¢ozeltileri eklenerek 30dk bekletildi. Absorbans
degerleri 450nm’de UV-Vis spektrofotometrede okundu.
Pozitif kontrol olarak troloks kullanildi. Her bir drnegin
toplam antioksidan kapasitesi TEAC cinsinden ifade
edilerek verildi. Deney iki paralel olarak tekrarlandi.

Tablo 1. Denemelerde kullanilan ve Tiirkiye’deki marketlerden
temin edilen poset ¢aylarin icerikleri.

Cay Tiirii Icindekiler
Adacay1 Adagay1 yapragi

Bamya c¢icegi, elma, kusburnu,
Bogirtlen bogiirtlen yapragi, bogiirtlen

aromasi, portakal kabugu, miirver
meyvesi, bogiirtlen, stevya, targin
Bamya ¢icegi, elma, targin,
bogiirtlen, elma, badem aromalari,
kusburnu, murver, portakal
kabuklari, erik, karanfil

Kusgburnu, bamya ¢igegi, portakal
kabugu, aromalar, stevya, ¢ilek,
yaban mersini, ahududu, nar kabugu,
elma

Elma ve ¢ilek pargaciklari, kugsburnu
meyvesi, bamya ¢igegi, liziim
¢ekirdekleri tohumu, nar ve portakal
kabugu, bogiirtlen yapraklari, nar-
bogiirtlen ve cilek aromasi
Kugburnu, bamya ¢igegi

Bamya c¢icegi, kusburnu, portakal
kabuklari, bogiirtlen, miirver, nar
Nar meyve kabugu, tar¢in, alig, yaban
mersini, frenk tiziimii, nar aromasi,
nar suyu

Bamya ¢icegi, elma, nar-portakal
kabugu, kusburnu, ¢ilek — tropik
portakal aromasi, bogiirtlen yapragi,
¢ilek ve yaban mersini pargaciklari,
miirver ve stevya

Kenya, Seylan, Endonezya ve Tiirk
caylarinin karigimi

Bamya ¢icegi, elma, kusburnu,
portakal kabugu, bogiirtlen yapragi,
erik aromasi, erik pargaciklari, tiziim
cekirdegi

Bamya c¢icegi, kusburnu, elma,
bogiirtlen yapraklari, yaban mersini
aromasi, portakal kabuklari, yaban
mersini pargaciklar

Yesil cay, bogirtlen yapraklari,
gingko yapraklari ve yesil cay
aromast

Limon otu, zencefil, melisa, dut
yapragi, meyankdkii, limon kabugu,
stevya, limon aromast

Frenk Erigi-Tar¢in

Kirmizi Meyveler A

Kirmizi Meyveler B

Kusburnu

Nar-Cilek

Siyah Cay

Uziim Cekirdegi-
Miirdiim Erikli

Yaban mersini

Yesil Cay

Zencefil-Limon
Kabuklu
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MAO Enzim Inhibisyonunun Belirlenmesi

MAO enzim aktivitesi Invitrogen Amplex Red MAO
tayin  kiti  kullanom  kilavuzuna uygun olarak
gergeklestirildi. Calisma siiresince substrat (p-tiramin) ve
reaksiyon tamponu karanlikta ve oda sicakliginda,
enzimler ise buz iizerinde tutuldu. 2pL 6rnek (infiizyon
¢ozeltisinden 1/10 oraninda seyreltilerek), 4,5pL hMAO—
A veya hMAO-B ve 93,5uL reaksiyon tamponu, siyah
diiz tabanli spektroflorometrik 96 kuyulu mikro plakalara
konuldu. 15dk 37°C’de karistirilarak inkiibe edildi.
Sitirenin  sonunda 100uL  substrat ¢alisma c¢ozeltisi
eklenerek reaksiyon baglatildi. 37°C’de ¢oklu Slgiimlii
mikro plaka floresans okuyucuda (FLX800™, Bio-Tek®
Instruments, Inc., Winooski, VT, USA; 545nm eksitasyon
ve 590nm emisyon) 15dk boyunca her 30sn bir dl¢iim
alinarak enzimatik reaksiyonun ilerlemesi takip edildi.
Inhibisyon yiizdesi, 15dk sonundaki gézlenen floresans
siddetinden baglangic anindaki floresans siddeti
cikarilarak agagidaki formiile gore belirlendi.

Fopy — Fi
% inhibisyon = enz_ mh 100
enz

Fenz: inhibitorsiiz enzim aktivitesi; Finn: inhibitér varliginda
enzim aktivitesi

Istatistiksel Analiz

Calismada kullanilan tiim istatistiksel analizler ve
korelasyon iliskisi GraphPad Prism 5.0 (GraphPad
Software, San Diego, CA) programu ile gerceklestirildi.
Temel bilesenler analizi i¢in XLSTAT 19.01 programi
(Addinsoft, Inc. Brooklyn, NY) kullanild1.

Bulgular ve Tartisma

2000 yili agkin bir zamandir ¢aylar, tedavi edici ve
keyif verici olarak diinyanin hemen her bdlgesinde
tiketilmektedir ve tiiketimde sudan sonra ikinci sirayi
almaktadir (Hodgson ve Croft 2010). Ozellikle bati
toplumlarinda saglikli yasama ilgi arttitkca meyve
caylarina da ilgi artmakta ve tiikketimi yayginlagmaktadir.
Yapilan bilimsel arastirmalarda bitki caylarinin genel halk
sagligini korumada ve bazi hastaliklar tedavide olumlu
sonuglar verdigi gosterilmistir. Caylarin bu etkileri
icerdikleri antioksidan bilesikler ile iligkilendirilmektedir
ve c¢aligmalar standart referans antioksidanlar ile
karsilagtinlarak ~ degerlendirilmektedir. ~ Oksidasyon
islemlerinde  baglatici  olan  serbest  radikalleri
ndtralizasyon ile etkisiz hale getirebilme 0&zellikleri
nedeniyle fenolik bilesiklerin antioksidan aktivitelerini
tayin etmek oldukg¢a Onemlidir. Bitkilerin antioksidan
aktivite kapasiteleri, uygulanan analitik yonteme gore
degiskenlik gosterebilmektedir (Cagindi ve Otles 2008).

Bitki ve meyve ¢aylar1 yasam kalitesine katkilarinin
ve yararlarinin yani sira farkli keyif verici tatlar denemek
icin de tercih edilmektedirler. Bu caylar, bitkilerin yaprak,
cicek, kok ve meyve gibi kisimlariin kurutulmasi ile elde
edilirler. Kullanimi pratik oldugu igin poset meyve caylari
dokme caylara tercih edilmektedir. Bu caylarin iiretici
tarafindan da tavsiye edilen tiiketim sekli infiizyon olarak
nitelendirilen su ile haglayarak demlemedir. Tablo 1°de de

B. Yiice-Dursun

goriildiigii gibi calismamizda kullandigimiz meyve
caylar1 kurutulmus meyvelerin yani sira diger bazi
bitkilerin ¢igek, yaprak ve tohum gibi diger kurutulmus
kisimlarimi da i¢ermektedir. Genellikle, renk ve koku
verici olarak kurutulmus bamya ¢icegi de {iretici
tarafindan bu karisimlara eklenmektedir. Poset caylarin
iiretici tarafindan kaynar su ile demlenerek hazirlanmasi
onerilmektedir. Farkli sicakliklarda yapilan ¢aligmalar da
literatiirde yer almaktadir ancak en yiiksek antioksidan
aktivite ve TFM igerigi 100°C sicaklikta demleme ile elde
edilmektedir (Sahin 2013).

TFM Miktarimin Belirlenmesi

Caligmada, TFM miktart modifiye edilmis Folin-
Ciocalteu yontemine gore gergeklestirildi. Yontem, alkali
ortamda fosfotungstik asidin indirgenerek, mavi renk
olusturmasina dayanir. Olusan fosfotungstat mavisinin
siddeti, aromatik fenolik gruplarin sayisiyla orantilidir
(Horzi¢ ve ark. 2009). Bu yontem dzellikle gidalarin TFM
miktarlarinin belirlenmesinde yaygin olarak kullanilan
giivenilir bir yontemdir (Albayrak ve ark. 2010).
Calismada denenen ¢ay infiizyonlar: arasinda en yiiksek
TFM igeriklerinin sirasiyla nar-gilek karisim, nar ve
kusburnu infiizyonlarinda elde edildigi goriilmistiir
(sirasiyla, 0,424+0,172; 0,328+0,153; 0,291+0,185mmol
GA/g KA). Siyah gay (0,535+0,208mmol GA/g KA) ve
yesil ¢ay (0,564+0,215mmol GA/g KA) ile
kargilagtirildiklarinda meyve ¢aylarinin daha diigiik TFM
icerdikleri goriilmektedir (Tablo 2). Zencefil-limon
karigim inflizyonu ise incelenen inflizyonlar arasinda en
disiik fenolik madde igerigine sahip olan ¢aydir
(0,071+0,062mmol GA/g KA).

Bogiirtlen yapragi infiizyonu ile yapilan bir ¢alismada
559+12mg GA/L (Gorjanovi¢ ve ark. 2012); bogiirtlen ve
cilek inflizyonu ile de 75,4+1,2 ve 62,4+1mg GA/g kuru
madde (Bufi¢ova ve ark. 2011) sonu¢ elde edilmistir.
Tiirkiye’deki farkli meyve poset caylar ile yapilan
¢alismada ise nar infiizyonunun (6,91+0,47mg GA/g kuru
madde) en yiksek TFM igerigine sahip oldugu
gosterilmistir (Sahin 2013). Caligmamizda elde edilen en
yiiksek TFM degeri mg cinsinden 72mg GA/g KA’ya
karsilik gelmektedir ve literatiirdeki caligmalar ile
benzerlik sergilemektedir.

Antioksidan Denemeler

Antioksidan  kapasiteyi  belirleyebilmek  igin
literatiirde gesitli yontemler yer almaktadir. Bu ¢alismada
kullanilan DPPH, FRAP ve CUPRAC yaygin olarak
kullanilan yontemlerdendir.

DPPH azotlu bir serbest radikal bilesigidir ve
orneklerin serbest radikal siipiirme etkisini 6l¢mek igin
yaygin olarak kullanilan bir yontemdir. Molekiildeki
serbest elektron yer degistirerek 6nce koyu menekse renk
olusturur, bilesik hidrojen verme yetenegine sahip
antioksidan ile karsilastiginda bu koyu menekse renk
kaybolarak acik sari indirgenmis form meydana gelir
(Albayrak ve ark. 2010). Maddenin DPPH inhibisyonu ne
kadar fazla ise o kadar fazla hidrojen verme yetenegine
dolayisi ile yiiksek antioksidan aktiviteye sahip oldugu
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anlamina gelir (Sekil 1). Sonuglar karsilastirildiginda,
yesil cay en yiiksek hidrojen verme kapasitesine sahip
olan caydir, sonrasinda siyah cay gelmektedir. Meyve
caylar1 arasinda ise en yiiksek aktiviteyi nar-¢gilek karisim
inflizyonu, en diigiik aktiviteyi ise zencefil-limon karisim
inflizyonu gostermektedir. Nar-gilek karisim ve nar
inflizyonlarinin = %50’nin  {izerinde siiplirme  etkisi
gosterdikleri goriilmektedir. Diger cay inflizyonlarinda
ise silipliriicii etki daha azdir. Standart antioksidan
bilesikler olan troloks ve askorbik asit ile karsilagtirma
yapildiginda siyah ve yesil cay infiizyonlarinin standart
bilesiklere oldukga yakin sonuglar verdikleri ancak meyve
caylarinin standartlar kadar yiiksek etki gostermedikleri
goriilmektedir.

DPPH metodu ¢ok sayida bitkisel ekstrakta uygulanan
standart yontemlerden biridir. Meyvelerdeki yiiksek
antioksidan degerlerin antosiyanin ve flavonoidlerle
iligkili oldugu gosterilmistir (Faria ve ark. 2005).
Bogiirtlen yapraklarinin  toplanarak inflizyonlarinin
hazirlandig1r bir ¢alismada DPPH etkisi %81, miirver
¢icegi infiizyonunda ise %37 olarak gosterilmistir
(Dawidowicz ve ark. 2006). Miirver ¢igegi genellikle
poset caylarin icerigine eklenmektedir ancak ¢ok yiiksek
etkiye sahip olmadigi goriilmektedir. Yaban mersininin
cesitli ekstraktlari ile yapilan bir calismada DPPH sonucu
5,37-6,40umol troloks araliginda bulunmustur. Bogiirtlen
yapragi inflizyonu ile 2,37+0,23mM (Gorjanovi¢ ve ark.
2012) ve bogiirtlen ve ¢ilek infiizyonu ile de 125,2+2,9 ve
110,1£16,6mg askorbik asit/g kuru madde sonug elde
edilmistir.

FRAP yontemi, asidik ortamda Fe®*-2,4,6-tripiridil-S-
triazin kompleksinin Fe?*’ya indirgenmesi esasina
dayanir. Bu reaksiyonun siddeti absorbans degisikligi ile
izlenir (Albayrak ve ark. 2010). Absorbanstaki artis
indirgeme giiclindeki artis1 gostermektedir. FRAP metodu
ile yapilan calismada en yiiksek antioksidan aktiviteyi
meyve c¢aylari arasinda nar-gilek karigim  ¢ayi
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(0,793+0,087mmol troloks/g KA) gostermistir. Nar,
kugburnu ve kirmiz1 meyveler-A karigim infiizyonlar ise
sirastyla 0,650+0,098; 0,595+0,032 ve 0,561+0,035mmol
troloks/g KA degerler ile yiiksek aktivite gosteren diger
meyve c¢aylaridir. Kargilastirma i¢in denenen siyah ve
yesil ¢ay i¢in sirasiyla 1,147+0,186 ve 1,090+0,172mmol
troloks/g KA degerleri elde edilmistir (Tablo 2).
Bogiirtlen yapragi infiizyonu ile yapilan bir ¢aligmada
7,23+0,52mM (Gorjanovié¢ ve ark. 2012) ve bogiirtlen ve
¢ilek infiizyonu ile 36,7+11,1 ve 23,3+1,4mmol FeSO4/L
FRAP degeri elde edilmistir (Bufi¢ova ve ark. 2011).

CUPRAC yontemi kromojenik ayira¢ olarak
neokuproin’in (2,9-dimetil-1,10-fenantrolin), Cu(l) ile
2:1 oraninda kompleks olusturmasma dayamr. Iki
degerlikli bakirin bir degerlikli bakira indirgenmesini
temel alan CUPRAC metodu ile yapilan ¢aligmada ise en
yiiksek antioksidan aktiviteyi meyve ¢aylari arasinda nar
inflizyonu (1,525+0,204mmol troloks/g KA) géstermistir.
Nar caymnin yiiksek total fenolik madde igerigi ve
antioksidan kapasitesi bulundugu farkli yontemlerde de
gosterilmistir (Sahin 2013). Nar-gilek karisimi  ve
kusburnu infiizyonlar1 da yiiksek etki gosteren diger
inflizyonlardir (Tablo 2). Siyah cay ve yesil ¢ay ile
yapilan denemeden elde edilen aktivite sonuglart tim
caylardan yiiksek bulunmaktadir.

CUPRAC ve FRAP degerleri arasindaki iligki Pearson
korelasyon analizi ile incelenmis ve Pearson korelasyon
katsayis1  hesaplanmigtir, p<0.0001 (r=0,984). Bu
sonuglara gore, yapilan denemelerden elde edilen
sonuglarin birbirleri ile korele olduklart goriilmektedir.
Yapilan antioksidan denemelerin sonucunda meyve
caylarindan elde edilen degerler siyah ve yesil c¢ay
inflizyonlar1 kadar yiiksek degildir. Ancak ¢ay tiiketimine
alternatif olarak kullanilirken ayni zamanda saglik
acisindan da fayda saglayacak diizeyde antioksidatif
madde i¢erdikleri elde edilen sonuglardan goriilmektedir.

: S S ¢
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Sekil 1. Cay infliizyonlarinin DPPH yontemi ile tayin edilmis % cinsinden DPPH siipiirme etkileri (*: standart olarak kullanilan

antioksidan bilesikler; 0,5mM).
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Sekil 2. Denenen gay inflizyonlarmim (10pg kuru madde/mL) %MAO-A ve —B enzim inhibisyonlari.

Tablo 2. Denenen ¢ay infiizyonlarinin Toplam Fenolik Madde miktarlari ve FRAP/CUPRAC yontemleri ile indirgeyici giigleri.

Cay infiizyonu TEM? FRAPP CUPRAC®
(mmol GA/g KA) (mmol troloks/g KA) (mmol troloks/g KA)
Bogiirtlen 0,179+0,146 0,412+0,010 0,795+0,098
Erik-Tar¢in 0,21020,082 0,454+0,049 0,841+0,101
Kirmizi Meyveler A 0,244+0,033 0,561+0,035 1,087+0,102
Kirmizi Meyveler B 0,151+0,177 0,398+0,062 0,744+0,076
Kusburnu 0,291%0,185 0,595+0,032 1,155+0,091
M.Erigi-U. Cekirdegi 0,242+0,182 0,551+0,011 1,015+0,087
Nar 0,328+0,153 0,650+0,098 1,525+0,204
Nar-Cilek 0,424+0,172 0,793+0,087 1,356+0,154
Yaban Mersini 0,218+0,018 0,515+0,045 0,985+0,106
Zencefil-Limon 0,071+0,062 0,254+0,012 0,473+0,058
Adagay1 0,187+0,104 0,4524+0,039 0,87340,083
Siyah Cay 0,535+0,208 1,147+0,186 2,230+0,251
Yesil Cay 0,564+0,215 1,090+0,172 2,199+0,219

TFM: Toplam Fenolik Madde, GA: Gallik Asit, KA: Kuru agirlik, FRAP: Fe** Indirgeyici Antioksidan Giig, CUPRAC: Cu?* Indirgeyici
Toplam Antioksidan Kapasite, KA: Kuru Agirlik

2 Total fenolik madde miktar1, mmol gallik asit esdegeri/g kuru agirlik cinsinden verilmistir.
b Fe®* indirgeyici antioksidan giig, troloksa esdeger antioksidan kapasitesi, mmol troloks/g kuru agirlik cinsinden verilmistir.

¢ Cu?* indirgeyici toplam antioksidan kapasite, troloksa esdeger antioksidan kapasitesi, mmol troloks/g kuru agirlik cinsinden verilmistir.
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Sekil 3. TFM miktar1 ile FRAP, CUPRAC, DPPH, MAO-A ve —B inhibisyon degerleri arasindaki iliskiyi gosteren grafik.
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Sekil 4. TFM, FRAP, CUPRAC, DPPH, MAO-A ve —B inhibisyonu degerlerinin temel bilesenler analizi sonucu elde edilen biplot

grafik.

MAO Enzim Inhibisyonu

Onceki yillarda yapilan ¢alismalarda bitkisel fenolik
bir bilesik olan paeonoliin MAO-A inhibitorii oldugu
gosterilmistir (Kong ve ark. 2004). Taze meyve kabuklari
ve yesil ¢ay yapraklarinin (Ademosun ve Oboh 2014)
MAO enzimi iizerine inhibisyon etkisinin bulunduguna
dair ¢aligmalar olmakla birlikte cay inflizyonlarinda
yapilmig benzer bir ¢alisma  bulunmamaktadir.
Yaptigimiz  ¢alisjmada  10pg  kuru  madde/mL

Trakya Univ J Nat Sci, 18(2): 105-113, 2017

konsantrasyona karsilik gelen inhibisyon yiizdeleri,
MAO-A ve —B enzimleri i¢in ayr1 ayr1 ¢alistimistir (Sekil
2). En yliksek MAO-A inhibisyonu gdsterenler, yesil ¢ay
(%41,26) ve siyah cay (%35,8) infiizyonlaridir. Diger
takip eden cay inflizyonlari ise nar-gilek karigimi (%29,1),
ada cayr (%20,4) ve nar (%20,3) inflizyonlaridir.
Zencefil-limon infiizyonu (%0,01) ise en diigiik MAO-A
enzim inhibisyonuna sahip olan ¢aydir. En yiiksek MAO—
B inhibisyonu gosterenler, yesil cay (%43,64) ve siyah
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cay (%40,92) inflizyonlaridir. Diger takip eden ¢ay
infiizyonlar1 ise nar-cilek karisimi (%35,59), ada ¢ayi
(%29,81) ve nar (%28,7) inflizyonlaridir. Zencefil-limon
infizyonu (%1,18) ise en disik MAO-B enzim
inhibisyonuna sahip olan ¢aydir. Tim degerler
karsilastirlldiginda diger infiizyonlar kadar yiiksek
inhibisyon etkisi gdstermemesine ragmen kirmizi meyve
B c¢ayinin (MAO-A: %5,36; MAO-B: %18,53) 3,5 kat
MAO-B segiciligine sahip oldugu goriilmektedir.
Kusburnu infiizyonu 2,4 kat, mirdiim erigi-iizim
cekirdegi ile bogiirtlen inflizyonlar1 2,2 kat, yaban mersini
ile erik-tar¢in infiizyonlar1 ise 1,9 kat MAO-B segici
bulunmugtur. Calismada yiiksek inhibisyon degeri
gosteren yesil ¢ay ve siyah cayda herhangi bir segicilik
bulunmamaktadir.

TFM miktarlar1 ile FRAP, CUPRAC, DPPH, MAO-
A ve MAO-B inhibisyonu degerleri arasindaki iligki
Pearson analizi ile hesaplandi, p<0.0001. Pearson
korelasyon katsayilari sirasiyla r=0,990; 0,972; 0,997,
0,938 ve 0,912 olarak elde edildi. Bu sonuglara gore,
yapilan denemelerden ortaya ¢ikan sonuglarin TFM
miktar1 ile yiliksek oranda iligkili oldugu goriilmektedir
(Sekil 3).

Temel Bilesenler Analizi

Temel bilesenler analizi, ¢esitli ¢ay infiizyonlarinin
antioksidan etkilerini ve MAO inhibisyonlarini
simiflandirabilmek igin tercih edilmistir (Wang ve Hu
2014). Bu analiz yontemi ile ¢ok boyutlu farkli ve
karmagik verilerin yapisim1 grafik seklinde incelemek
miimkiin olmaktadir. Cay infiizyonlarinin TFM denemesi,
3 farkli antioksidan denemesi, MAO-A ve MAO-B
inhibisyon denemelerinden elde edilen sonuglar girilerek
biplot grafik olusturulmustur (Sekil 4). Birinci ve ikinci
temel bilesenlere gbre en uyumlu sonuglar olan %95,59
ve 2,83 data varyanslari elde edilmistir. Y6ntemin yeterli
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Abstract: This study investigated the in vitro effects of sodium fluoride (NaF) on cytotoxicity and oxidative stress in TM3
Leydig cells. Cytotoxicity was determined with cell viability and proliferation rate, and lactate dehydrogenase leakage assay.
Oxidative damage was measured by increasing lipid peroxidation product, reactive oxygen species (ROS) and decreasing
cellular enzymatic and non-enzymatic antioxidants. Leydig cells were exposed to two different concentrations of NaF (2ppm
and 16ppm) for 24h, 48h and 72h which are considered to be the lowest and highest fluoride concentrations based on daily
intake of drinking water in Turkey. The present study showed that cell viability and proliferation decreased and oxidative stress
increased in NaF-exposed Leydig cells in a concentration- and time-dependent manner. The findings suggest that fluoride-
treatment can cause damage in Leydig cells, especially in antioxidant system of the cells. The results also proved that oxidative
stress plays an important role in impairments on Leydig cell function.

Key words: Fluoride, cytotoxicity, lipid peroxidation, reactive oxygen species, antioxidant system, Leydig cell.

Su Aracihgiyla Sodyum Floriir Maruziyeti Leydig Hiicrelerinde Sitotoksisite ve Oksidatif Hasara
Neden Olur

Ozet: Bu calisma sodyum floriiriin (NaF) TM3 Leydig hiicrelerinde in vitro’da sitotoksisite ve oksidatif stres tizerindeki
etkilerini aragtirmugtir. Sitotoksisite, hiicre canlilik ve ¢ogalma hiz1 ve laktat dehidrogenaz testi ile belirlenmigtir. Oksidatif
hasar, artan lipid peroksidasyon iiriinii, reaktif oksijen tiirleri (ROS) ve azalan hiicresel enzimatik ve enzimatik olmayan
antioksidanlar yoluyla dl¢lilmiistiir. Leydig hiicreleri, Tiirkiye'de igme suyunun giinliik alimina dayanan en diisiik ve en yiliksek
floriir konsantrasyonlar1 olan iki farkli NaF (2ppm ve 16ppm) konsantrasyonuna 24 saat, 48 saat ve 72 saat maruz birakilmistir.
Bu calisma, NaF'ye maruz birakilan Leydig hiicrelerinde, konsantrasyon ve zamana bagli olarak, hiicre canlilign ve
proliferasyonundaki azalmanin ve oksidatif stresin arttigin1 gostermistir. Bu sonuglar floriir uygulanmasinin Leydig
hiicrelerinde ve 6zellikle hiicrelerin antioksidan sisteminde hasara neden olabilecegini 6nerir. Bu ayni zamanda oksidatif stresin
Leydig hiicresi fonksiyonu iizerinde bozulmalarda 6nemli bir rol oynadigini kanitlamaktadir.

Anahtar kelimeler: Floriir, sitotoksisite, lipid peroksidasyonu, reaktif oksijen tiirleri, antioksidan sistem, Leydig hiicreleri.

Introduction

Fluorine is the lightest halogen and the most
electronegative element among all other elements
(Kaminsky et al. 1990). It is widely distributed in the
environment accounting for 0.3g/kg of the earth’s crust
(Ayoob & Gupta 2006). It usually exists in the
environment as inorganic fluorides such as sodium
fluoride, calcium fluoride and hydrogen fluoride or
organic fluoride compounds such as methyl fluoride,
polytetrafluoroethylene and perfluorooctanesulfonic acid
(Kaminsky et al. 1990). Fluoride is found in the
environment in excessive amounts and normally enters
human body through drinking water, food, industrial
products, dental products, drugs, pesticides, fluorine-
containing beverages, cosmetics, but the major source of
daily intake is drinking water (Chinoy et al. 2004).

Fluoride has both beneficial and deleterious effects on
human health (Lennon et al. 2004). Some studies
suggested that fluoride in low concentrations is essential
for mammals and humans, especially for their growth and
dental and bone development (Chachra et al. 2010, Sun et
al. 2016). Fluoride is also known to have disruptive
effects on various tissues in the body. Studies showed that
fluoride intake can cause hematological, hepatic, renal
and neurological disorders (Mittal & Flora 2007, Chouhan
& Flora 2010, Chouhan et al. 2010). Epidemiological
studies showed that the relationship between excessive
fluoride intake and cancer mortality is correlated in
relation to concentration of fluoride in the water supply
(Kaminsky et al. 1990). Although excessive exposure to
fluorides on a daily basis might have a potential negative
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impact on male fertility by affecting spermatogenesis,
steroidogenesis and sperm fertilizing ability (Zakrzewska
et al. 2002, Gupta et al. 2007, Long et al. 2009, Wang et
al. 2009, Sun et al. 2010, Lu et al. 2014, Kim et al. 2015),
its effects on reproductive organs are not fully understood.
The present study, therefore, was performed in order to
determine direct effects of sodium fluoride on Leydig cell
viability, proliferation, cytotoxicity and oxidative damage
in vitro.

Materials and Methods

Cell Culture and Treatment

Mouse Leydig cell, TM3, is a non-tumorigenic cell
line derived from Leydig cells of 11-13d old mice and
was purchased from ATCC (American Type Culture
Collection, Manassas, USA). The cell was maintained in
Dulbecco’s Modified Eagle Medium/F12 medium
(DMEM/F12, Wisent Inc., Canada) supplemented with
2.5% Fetal Bovine Serum (FBS, Wisent Inc., Canada),
5% Horse Serum (HS, Wisent Inc., Canada) and with
100U/ml of penicillin and streptomycin as antibiotics in a
humidified atmosphere of 5% CO; and 95% air in a CO»
incubator (Thermo Scientific, USA).

Sodium fluoride concentrations were determined by
considering fluoride concentrations humans are exposed
to by drinking water (Fawell & Bailey 2006, Oruc 2008,
Baba & Tayfur 2011). Leydig cells were exposed to the
lowest (2 ppm) and the highest (16 ppm) fluoride
concentrations based on daily intake from drinking water
for 24, 48 and 72 hours. Sodium fluoride concentrations
were prepared in cell culture media containing 1% HS.
The control Leydig cells were treated with cell culture
media containing 1% HS as a vehicle. All solutions were
sterilized with 0.2um millipore filter.

Cytotoxicity
Cell Viability Assay

The MTT tetrazolium salt [3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide] colorimetric assay
(Roche Diagnostics GmbH, Mannheim, Germany) was
performed to measure the viability of cells (Mosmann
1983). Viability ratios of cells were compared to the cell
viability of the controls which was treated as 100%.

Cell Proliferation BrdU Incorporation Assay

The Cell Proliferation ELISA kit, BrdU (5-bromo-2’-
deoxy-uridine), used is a colorimetric immunoassay for
quantification of cell proliferation based on the
measurement of BrdU incorporation during DNA
synthesis (Roche Diagnostics GmbH, Mannheim,
Germany).

Lactate dehydrogenase (LDH) Leakage Assay

LDH was measured using the micro plate based
Cytotoxicity Detection Kit (LDH) (Roche Diagnostics
GmbH, Mannheim, Germany). The results were obtained
by measuring the absorbance of the red formazan product
at 492nm with an ELISA reader.
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Biochemical Analysis

After sodium fluoride treatments, cells (1x10°) were
harvested and transferred into ice-cold Tris-HCI buffer
(pH:7.2) and were sonicated using an ultrasonicator. The
resulting cell suspension was centrifuged at 1500g for
10min. at 4°C. Clear supernatants were collected for lipid
peroxidation, reactive oxygen species, enzymatic and
non-enzymatic antioxidants measurements as
biochemical parameters.

Determination of Lipid Peroxidation

The level of lipid peroxidation was measured using the
method described by Devasagayam & Tarachand (1987).
The malondialdehyde (MDA) content of the samples were
expressed as nanomoles of MDA formed per milligram of
protein.

Determination of Reactive Oxygen Species

Hydroxyl radical production was evaluated following
the method described by Puntarulo & Cederbaum (1988).
The hydroxyl radical content of the samples was
expressed as mmol/min per mg protein. Hydrogen
peroxide (H20-) production was quantified following the
method described by Holland & Storey (1981). The H,0;
content of the samples was expressed as mol/min per mg
protein.

Determination of Enzymatic and Non-Enzymatic
Antioxidants

Superoxide dismutase activity (EC: 1.15.1.1, SOD)
was measured as the inhibition of autoxidation of
pyrogallol by using the method described by Marklund &
Marklund (1974). Activity was monitored at 440nm for
180s. Data were expressed as U of SOD/mg protein.
Catalase (EC 1.11.1.6, CAT) activity was determined by
the method of Sinha (1972) by following the
decomposition of H,O; in absorbance at 570nm. The
enzyme activity was calculated using an extinction
coefficient of 1.88x10* Mt cm™ and was expressed in
international units (1.U.) i.e., in U of CAT/mg protein.
Glutathione Peroxidase (EC 1.11.1.9, GPx) activity was
measured following Hafeman et al. (1974) by using H.O-
as a substrate and as the rate constant of glutathione
decomposition. Activity was monitored at 412nm. Data
were expressed as uM of glutathione consumed per mg of
protein. The method by Habig et al. (1974) was used to
determine glutathione-S-transferase (EC 2.5.1.1.8, GST).
GST activity was expressed as pmol GS-DNB min™* per
mg protein using an extinction coefficient of 9.6mM cm™,
Gamma-Glutamyl Transpeptidase (EC 2.3.2.2, y-GT)
activity was estimated by the method of Orlowski &
Meister (1965). The level of reduced glutathione (GSH)
was determined based on the reaction with Ellman’s
reagent (0.4% DTNB in 0.1M phosphate buffer, pH 7.4)
and reduced glutathione (Ellman 1959). The absorbance
was recorded at 412nm using a spectrophotometer. The
GSH content was expressed as mmol of reduced
glutathione/mg protein.
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Statistical analysis

All statistical analyses were carried out using the
software program GraphPad Prism Version 5.0
(GraphPad Software, San Diego, CA, USA).
Experimental data grouped by one variable were analyzed
by one-way ANOVA followed by Tukey posttest. The
results were expressed as mean =+ standard error mean.
Data distribution was tested for normality using the
Shapiro-Wilk test and then data were evaluated with one-
way ANOVA using Tukey's multiple comparisons tests;
values of p<0.001, p<0.01 and p<0.05 were considered as
statistically significant.

Results

Cytotoxicity Effects of Sodium Fluoride

Cytotoxic effects of sodium fluoride (NaF) on TM3
Leydig cells after 24h, 48h and 72h incubation was
measured by MTT and BrdU assays and the data are
shown in Figure 1. According to results of MTT reduction
assay, both 2ppm and 16ppm NaF concentrations reduced
cell viability rate at 24h, 48h and 72h (Fig. 1A). NaF
inhibited cell proliferation in a dose and time-dependent
manner (Fig. 1B). The addition of 2ppm and 16ppm NaF
for 24h, 48h and 72h reduced cellular 5-bromo-2'-deoxy-
uridine (BrdU)-uptake significantly to 73.5% (2ppm NaF,
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p<0.001), 65.6% (2ppm NaF, p<0.001), and to 62.3%
(2ppm NaF, p<0.001) and 65.7% (16ppm NaF,
p<0.001), 54.3% (l6ppm NaF, p<0.001), 50.1%
(16ppm NaF, p<0.001) respectively, compared to non-
treated control cultures (100%).

The cell membrane damage induced by NaF in TM3
Leydig cells was investigated by the release of LDH, a
biomarker of membrane integrity. LDH release was
significantly increased after treatment with 2ppm
(p<0.01) and 16ppm (p<0.001) NaF as compared with an
untreated control (Fig. 1C).

Effects of Sodium Fluoride on Lipid Peroxidation and
ROS

Malondialdehyde (MDA) content as a marker of lipid
peroxidation after exposure to NaF is presented in Figure
2A. The results indicated that MDA levels significantly
increased in NaF treated groups in a dose and time-
dependent manner compared with the control (Fig. 2A).
To determine NaF-induced ROS generation, we measured
hydroxyl radical and hydrogen peroxide in Leydig cells
under different NaF concentrations. ROS generation in
the NaF-treated cells resulted in a significant and
concentration and time-dependent increase (p<0.05, 0.01
or 0.001) (Fig. 2B and 2C).
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Fig. 1. Concentration- and time-dependent effects of NaF on Leydig cell viability (A), proliferation (B) and cytotoxicity (C). Data are
expressed as mean + S.E.M from three repeated experiments. *indicates significantly different from control (*: p<0.05; **: p<0.01,

% n<0.001).
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mean + S.E.M from three repeated experiments. * indicates significantly different from control (*: p<0.05; **: p<0.01; ***: p<0.001).

Effects of Sodium Fluoride on Cellular Antioxidant
System

Figures 3 and 4 provide data on cellular levels of
antioxidant enzymes such as SOD, CAT, GPx, GST, y-
GT, and non-enzymatic antioxidant such as glutathione in
control and NaF-exposed Leydig cells for 24, 48 and 72h.
The activity of this group of enzymes was significantly
diminished in a dose and time-dependent manner when
compared with the respective control. SOD, CAT and
GPx were significantly lower at 2ppm (p<0.05, p<0.01)
and 16ppm (p<0.001) concentrations for all time points
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(Fig. 3A, B and C). Gamma-Glutamyl Transpeptidase (y-
GT) activity was significantly reduced except for 2ppm
NaF-treated group for 24h (Fig. 3D). GST enzyme
activity was significantly diminished for 2ppm (p<0.05)
and 16ppm (p<0.001) NaF-treated group at 24 and 72h,
however there is no significant difference for 2ppm NaF-
treated group at 48h (Fig. 4A). Glutathione depletion was
regarded as the marker of oxidative stress in cells,
glutathione level in NaF-treated groups decreased
significantly in 16ppm NaF group for 24 and 72h (p<
0,05) (Fig. 4B).
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Fig. 3. Effects of NaF concentrations on SOD (A), catalase (B), GPx (C) and y-GT (D) in Leydig cells. Data are expressed as mean +
S.E.M from three repeated experiments. * indicates significantly different from control (*: p<0.05; **: p<0.01; ***: p<0.001).
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Fig. 4. Effects of NaF concentrations on GST (A), GSH (B) in Leydig cells. Data are expressed as mean + S.E.M from three repeated
experiments. * indicates significantly different from control (*: p<0.05; **: p<0.01; ***: p<0.001).

Discussion

Various environmental toxicants are capable of
causing oxidative stress, developmental and reproductive
abnormalities and infertility. Fluoride is known as an
environmental contaminant that causes various hazard
effects on organisms (Kaminsky et al. 1990, Ayoob &
Gupta 2006, Long et al. 2009, Dey & Giri 2016). Fluoride
is found in all natural waters. It can be extremely high in
groundwater, depending on a number of factors, such as
volcanic rocks and minerals. Drinking water is the largest
fluoride source, adding to your exposure from dental
products (Fawell et al. 2006). Previous studies
demonstrated that fluoride has toxic effects on male
reproductive system, including reproductive organ
damage (Chinoy et al. 2004, Gupta et al. 2007), endocrine
disruption of reproductive system (Long et al. 2009) and
the expression of steroidogenesis genes (Dong et al.
2016).

Several studies suggested that fluoride exposure
decrease cell viability in different cells including Sertoli
(Yang et al. 2015, Yilmaz & Erkan 2015), Leydig (Song
et al. 2014), human lung BEAS-2B (Ying et al. 2017),
lung epithelial cells (A549) (Ameeramja et al. 2016),
primary rat ameloblast (Wang et al. 2016) and primary
hippocampal neurons (Zhang et al. 2007) dose- and time-
dependent manner. In addition, some studies showed that
germinal and interstitial cell count (Bataineh & Nusier
2006), epididymal sperm count and viability (Wan et al.
2006) were significantly reduced after NaF treatment.
According to findings in this study, 2ppm NaF exposure
decreased cell viability by 90% at 24h, 89% at 48h, 88%
at 72 h and 16ppm NaF decreased cell viability by 86% at
24h, 83% at 48h, 81% at 72 h in Leydig cells meaning that
NaF decrease cell viability in a dose- and time-dependent
manner. It is well known that BrdU incorporation assay
measures the amount of DNA synthesized by the dividing
cells and can be a good measure of cell proliferation.
Previous studies reported that NaF had a biphasic effect
on cell proliferation depending on concentration in
ameloblast lineage cells (Yan et al. 2007, Riksen et al.
2011). According to Yan et al. (2007), low fluoride
concentrations increased cell proliferation, while high
fluoride concentrations significantly decreased cell
proliferation in ameloblast-derived cell lines. Besides,
fluoride  inhibited cell  growth, proliferation,
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mitochondrial activity and protein synthesis in cultured
human pulp cells in a concentration-dependent manner
(Chang & Chou 2001). Song et al. (2013) investigated cell
cycle arrest, apoptosis and DNA damage of fluoride in
TM3 Leydig cells in vitro. Fluoride reduced proliferating
index in Leydig cells to 81% at 16.79ppm, 70% at
25.19ppm and 59% at 33.59ppm at 24h, however
proliferating index did not alter at 8.39ppm
concentrations.  Nevertheless, fluoride did not
significantly affect Sertoli cells proliferation in 4ppm and
20ppm concentrations (Yilmaz & Erkan 2015). In our
present study, 2ppm concentration fluoride treatment
significantly decreased cell proliferation in TM3 Leydig
cells to 73.5% at 24h, 65.6% at 48h, 62.3% at 72h and
16ppm concentration to 65.7% at 24h, 54.3% at 48h,
50.1% at 72h. These results revealed that NaF decreased
amount of DNA synthesized related to decrease in cell
proliferation in Leydig cells as in other cell types (Chang
& Chou 2001, Riksen et al. 2011, Song et al. 2013, Yan
et al. 2007).

Lactate dehydrogenase (LDH) is a stable cytoplasmic
enzyme stored in various cell types. It has been widely
used to evaluate damage of plasma membrane and toxicity
of cells (Weyermann et al. 2005). Earlier studies showed
that increased LDH release of Sertoli cells (Yilmaz &
Erkan 2015), primary human hepatocytes (Wang et al.
2004) and primary hippocampal neurons (Zhang et al.
2007) after treatment of NaF were notably enhanced,
while fluoride had no major cytotoxic effect on the LS-8
ameloblast derived cell line (Riksen et al. 2011). In the
present study, 2ppm (131.2%) and 16ppm (158.4%) NaF
concentrations significantly increased LDH release in
Leydig cells, meaning that fluoride has cytotoxic effects
on TM3 Leydig cells.

Reactive oxygen species (ROS) are used for oxygen-
derived free radicals (superoxide, hydroxyl radical, nitric
oxide) and non-radical oxygen derivatives of high
reactivity  (singlet oxygen, hydrogen peroxide,
peroxynitrite, hypochlorite), which can cause damage to
biological targets such as lipid membranes, DNA and
cellular proteins. In return, cells have their own defense
system which are compose of antioxidant enzymes and
other molecules (SOD, catalase, GPx, GST and GSH)
(Kohen & Nyska 2002). Fluoride can disrupt this
prooxidant/antioxidant balance with increasing ROS and
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lipid peroxidation product and with decreasing cellular
antioxidant enzymes such as SOD, catalase and GPx in
various tissues and cells (Akdogan et al. 2002, Zhang et
al. 2007, Rao & Bhatt 2012, Yang et al. 2013, Orta &
Erkan 2014, Feng et al. 2015). Various in vivo studies
showed that NaF in high doses can induce membrane lipid
peroxidation in liver, kidney (Mittal & Flora 2006, Mittal
& Flora 2007), testis (Rao & Bhatt 2012, Zhang et al.
2013) and spermatozoa (lzquierdo-Vega et al. 2008). In
addition, several in vitro studies demonstrated that the
effect of NaF on lipid peroxidation depends on dose and
time dependent manner. Lipid peroxidation increased
significantly in Sertoli cells after 4ppm and 20ppm NaF
treatment for both 24h and 48h (Yilmaz & Erkan 2015),
however there was no significant change in lipid
peroxidation level in primary Sertoli cells after 6ppm NaF
treatment (Yang et al. 2015). Moreover, lipid
peroxidation product significantly increased in 80ppm
NaF dose for 24h in human hepatocyte (Wang et al. 2004)
and in 20ppm, 40ppm and 80ppm doses for 24h in primary
hippocampal neurons (Zhang et al. 2007). Our present
study showed that both 2ppm and 16ppm NaF treatment
increased lipid peroxidation in Leydig cells. Several
recent studies demonstrated that NaF increased ROS
levels in Sertoli cells (Yang et al. 2015, Yilmaz & Erkan
2015), primary hippocampal neurons (Zhang et al. 2007),
liver, kidney and brain tissues (Chouhan & Flora 2008).
Our present results revealed that NaF increased hydrogen
peroxide and hydroxyl radical both at 2ppm and 16ppm
exposures for 24h, 48h and 72h, suggesting that free
radicals and non-radical oxygen derivatives were
involved in oxidative damage.

The potential harmful effects of ROS are controlled by
cellular antioxidant defense system. Cellular antioxidant
defense system is classified into two major groups,
enzymatic antioxidants such as SOD and non-enzymatic
antioxidants such as glutathione (Bhattacharya 2015).
SOD is an antioxidant enzyme known to eliminate
superoxide radical. On the other hand, catalase and
glutathione peroxidase (GPx) remove hydrogen peroxides
by converting them into water and oxygen. Glutathione-
S-transferase (GST) catalyzes intracellular detoxification
reactions, including inactivation of many toxic substances
by catalyzing their conjugation with glutathione. Another
antioxidant enzyme is y-glutamyl transpeptidase (y-GT)
that is functional in glutathione metabolism (Kohen &
Nyska 2002). Some previous in vitro studies showed that
SOD activity decreased in a concentration-dependent
manner in primary hippocampal neurons, primary Sertoli
cells, TM4 Sertoli cells and TM3 Leydig cells (Zhang et
al. 2007, Yang et al. 2013, Orta & Erkan 2014, Yang et
al. 2015). The result of present study demonstrated that
both 2ppm and 16ppm concentrations for all exposure
durations decreased SOD activity in TM3 Leydig cells
when compare to control. Recent studies indicated that
exposure to NaF decreased catalase and GPx activity in a
concentration and time-dependent manner in Sertoli and
Leydig cells (Yang et al. 2013, Orta & Erkan 2014).
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Another study revealed that 20, 40 and 80ppm NaF
treatment declined GPx activity in primary hippocampal
neurons (Zhang et al. 2007). The results in this study
showed that catalase and GPx enzyme activities reduced
significantly after NaF treatment in TM3 Leydig cells.
Several studies indicated that GST activity was decreased
after NaF treatment in testis and TM4 Sertoli cells (Rao
& Bhatt 2012, Orta & Erkan 2014). The activity of y-GT
also decreased significantly after exposure to NaF in
kidney, semen and Sertoli cells (Akdogan et al. 2002,
Zakrzewska et al. 2002, Orta & Erkan 2014). According
to the result of the present study, 2ppm and 16ppm NaF
treatment decreased y-GT activity at 48h and 72h, while
only 16ppm NaF decreased y-GT activity at 24h in Leydig
cells.

Glutathione (GSH) acts as a cofactor for enzyme
peroxidase, thus serving as an indirect antioxidant for
hydrogen peroxide (Kohen & Nyska 2002). Previous in
vitro studies demonstrated that fluoride affects GSH level
in Sertoli cells (Orta & Erkan 2014), primary
hippocampal neurons (Zhang et al. 2007) and primary
human hepatocytes. According to findings of a recent
study, GSH level decreased only after a treatment with
20ppm concentration for 24 and 48h in Sertoli cells (Orta
& Erkan 2014). Moreover, GSH levels significantly
decreased after 20, 40 and 80ppm treatments in primary
hippocampal neurons and 80ppm treatment in primary
human hepatocyte (Wang et al. 2004, Zhang et al. 2007).
The current study showed that there was no significant
difference in GSH levels after 2ppm NaF treatment at 24,
48 and 72h, however there was a significant decline in
16ppm concentration at 24 and 72h. These findings
suggest that low doses of NaF do not affect GSH levels.

Conclusion

To maintain the function of Leydig cells, which are
responsible for testosterone biosynthesis and are an
important cell type in the male reproductive system, are
the key factor for improvement of male infertility. When
daily intake of minimum and maximum fluoride amount
from drinking water supply is taken into consideration, it
is very important to determine possible effects of fluoride
on Leydig cells. The results of our present study revealed
that fluoride has toxic effects on Leydig cells even with
low doses. Fluoride builds up these effects by increasing
the lipid peroxidation, level of ROS and cell membrane
damage and by decreasing the level of cell viability, cell
proliferation and antioxidant level. Although these results
provide information about the cytotoxicity of fluoride on
Leydig cells, further studies are necessary to investigate
molecular interaction of oxidative stress markers and cell
dynamics.
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Abstract: Anther development_in Catalpa bignonioides Walter was investigated from the sporogenous cell to the mature pollen
grain stages to determine whether the pollen and anther wall development follows the basic scheme in angiosperms. In order
to follow pollen ontogeny through successive stages of pollen development, anthers at different developmental stages were
embedded in epon according to the usual method, and semi-thin sections, taken from the epon embedded anthers, were stained
with toluidine blue for general histological observations under light microscopy. The young anther wall of C. bignonioides
consists of four layers; from the exterior, the epidermis, endothecium, middle layer, and a secretory tapetum. The tapetum is
dual in origin and dimorphic. Ubisch bodies were observed on the inner tangential walls of the tapetal cells. The number of the
anther wall layers changes depending on the developmental stage and region of the anther. In contrast to the other anther wall
layers, epidermis and endothecium layers remain intact until anthesis. Endothecial cells enlarge and develop thickenings at
maturity. During microspore development, meiocytes undergo meiosis and simultaneous cytokinesis leading to the formation
of permanent tetrahedral, isobilateral and rarely linear tetrads. Pollen tetrads are shed from the anther as compound pollen
grains. Results of the study revealed that pollen and anther wall development in C. bignonioides follows the basic scheme in
angiosperms.

Key words: Anther wall, Microspore development, Medicinal plants, Tetrad pollens.
Catalpa bignonioides Walter (Bignoniaceae)’deki Polen ve Anter Ceperi Gelisimine Genel Bir Bakis

Ozet: Catalpa bignonioides Walter’deki anter ¢eperi ve polen gelisiminin diger angiospermlerdeki temel asamalart takip edip
etmedigini anlayabilmek igin, bu bitkideki anter gelisimi sporogen evre agsamasmdan olgun polen asamasina kadar 1sik
mikroskobu kullanilarak arastirildi. Anterdeki polen ontogenezini sirastyla takip edebilmek igin farkli gelisim asamalarindaki
anterler epona gémiildii ve bu anterlerden ultramikrotom ile alinan 1 mikronluk kesitler genel histokimyasal gézlemler icin
toluidin mavisiyle boyandi. Catalpa bignonioides’in geng¢ anter ¢eperi distan ice dogru sirasiyla epidermis, endotesyum, ara
tabaka ve salgi tapetumu olmak iizere 4 farkli tabakadan olugsmaktadir. Tapetum hiicreleri iki farkli kokenden gelir ve yapisal
olarak dimorfiktir. Tapetum hiicrelerinin dis geperlerinde, Ubisch cisimcikleri gézlenmistir. Anter ¢eperindeki tabaka sayisi
anterin gelisim agamalarina ve degisik bdlgelerine gore farklilik gostermektedir. Epidermis ve endotesyum tabakalari, anter
¢eperinin diger tabakalarindan farkli olarak, anter agilmasina kadar biitiinliigiinii korumaktadir. Endotesyum hiicreleri olgun
polen asamasinda genigler ve ¢eper kalinlagsmalar1 gosterir. Mikrospor gelisimi sirasinda mayoz boliinme gegiren hiicreler
simultane tip sitokinez ile tedrahedral, izobilateral ve nadir olarak da linear tipte kalic1 tetratlar1 olusturur. Polenler anterden
tetrat halinde disar1 atilir. Bu ¢aligmanin bulgulart C. bignonioides’teki anter ¢eperi ve polen gelisiminin diger angiospermlerle
uyumlu oldugunu gostermistir.

Anahtar kelimeler: Anter ¢eperi, Mikrospor geligsimi, Tibbi bitkiler, Tetrat polenler.

Introduction

Bignoniaceae family, whose members are mostly trees
and shrubs and more rarely lianas and herbaceous plants,
comprises some 82 genera with approximately 827
species (Olmstead et al. 2009) distributed primarily in
tropical (greatest diversity in Brazil) and sub-tropical
regions of America, Asia, and Africa. However, some
species are also used worldwide as ornamentals (Castillo
& Rossini 2010). Catalpa Scop. is a small genus in
Bignoniaceae comprising eight natural species and two
hybrid species of perennial trees frequently used in

horticulture as garden and street trees (Olsen & Kirkbride
2017). Itis the only genus in Bignoniaceae that is common
to both the Old and the New Worlds, its members are
distributed mostly in the tropics and subtropics with the
center of diversity in South America (Deka et al. 2013).
In Turkey, the genus Catalpa is represented by only one
species, Catalpa bignonioides Walter, which is planted as
street and garden tree.
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Bignoniaceae has long attracted the attention of
scientists as a source of pharmacologically valuable active
compounds. Therefore, numerous studies regarding
phytochemicals have been carried on this family. These
phytochemical studies have revealed that the extracts
from Bignoniaceae species contain secondary metabolites
such as tannins, flavonoids, quinones, alkaloids,
triterpenes, steroids, and iridoids (de Abreu et al. 2014,
Choudhury et al. 2011, Cragg & Newman 2005) which
have anti-inflammatory, antidiuretic, anti-arthritic,
antimicrobial, antioxidant, anti-dysenteric, anti-diarrheal
and anti-tumor activity (Choudhury et al. 2011). The
genus Catalpa is also an important source of the
medically valuable secondary metabolites. The fruits,
flowers, bark, and leaves of the Catalpa plants are rich in
many kinds of pharmacologically active compounds such
as naphthoquinones (Inouye et al. 1975), flavonoids
(Harborne 1967, Okuda et al. 1975) and phenolic acids
(Nakaoki & Morita 1955). Therefore, numerous species
of Catalpa including C. bignonioides; C. ovata, C. bungei
and C. speciosa are often used medicinally. For instance,
C. bignonioides used in preparations with other herbs for
the treatment of respiratory diseases such as whooping
cough, asthma, and spasmodic coughs in children because
of its sedative effect and mild narcotic action (Felter &
Lloyd 1989). C. bignonioides has also been described for
the treatment of irritable ulcers (Munoz-Mingarro et al.
2003). Moreover, it has an antioxidant activity (Dvorska
et al. 2007).

The Bignoniaceae family has also long attracted the
attention of scientists concerning its taxonomic problems.
The circumscription of Bignoniaceae and
Scrophulariaceae has long been a taxonomic problem.
Several genera have been variously placed in one or the
other family (Armstrong 1985). Recently, the delimitation
of Bignoniaceae genera and tribes has undergone major
changes following an increased understanding of
phylogenetic relationships within the family (Pace et al.
2015). However, to propose an ideal classification for
Bignoniaceae, taxonomists need the data of the studies
regarding the  biochemistry,  pollen  analysis,
micromorphology, anatomy, cytology, molecular
phylogeny, embryology, and anther wall and pollen
development.

In Bignoniaceae, studies concerning the ontogenic or
histochemical development of pollen grains or anther wall
are rare and include Campsis radicans (L.) Seem.
(Tiitiincii Konyar & Dane 2013a, 2013b, Tiitiincii Konyar
et al. 2013, Titliincli Konyar 2014), Catalpa bungei C.A.
Mey. (Fan et al. 2011), Catalpa ovata G. Don (Ruwen
1981), Catalpa speciosa (Warder ex Barney) Warder ex
Engelm. (Chen et al. 2014, Hai-Yan et al. 2013),
Dolichandra unguis-cati (L.) L.G. Lohmann (Bignonia
unguis-cati) (Shivaramiah 1981), Dolichandrone falcata
(Wall. ex DC.) Seem., Jacaranda mimosifolia D. Don
(Galati & Strittmatter 1999), Markhamia lutea (Benth.) K.
Schum (Dolichandrone platycalyx), (Shivaramiah 1981),
Millingtonia hortensis L.f. (Mehra & Kulkarni 1986),
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Kigelia africana (Lam.) Benth (Kigelia pinnata)
(Shivaramiah 1981), Oroxylum indicum (L.) Kurz
(Ghatak 1956), Parmentiera aculeata (Kunth) L.O.
Williams (Parmentiera edulis) (Shivaramiah 1981),
Pyrostegia venusta (Ker-Gawl.) Miers (Pyrostegia ignea)
(Gupta & Nanda 1978), Spathodea campanulata Beauv.
(Raghavan & Venkatasubban 1940, Rudramuniyappa &
Mahajan 1991), Tecoma x smithii Hort. (Shivaramiah
1981), Tecoma stans (L.) Juss. ex Kunth (Nanda & Gupta
1978), Tabebuia ochracea A.H. Gentry, (Bittencourt Jr.
1996), Tabebuia pallida (Lindl.) Miers (Shivaramiah
1981), Tabebuia pulcherrima Sandwith (Bittencourt Jr. &
Mariath 1997), Tabebuia rosea (Bertol.) Bertero ex A.
DC. (Mehra & Kulkarni 1986). These earlier studies on
anther ontogeny in Bignoniaceae have revealed that
anther development in this family varies from species to
species. Anther wall development is the dicotyledonous
or basic type. The anthers are mostly tetrasporangiate and
rarely bisporangiate. The endothecium is usually single
layered but two to three layered endothecium are also
found in some plants. The endothecium may or may not
exhibit thickenings. The tapetum is either of the secretory
or amoeboid type and usually single layered. Tapetal cells
are usually binucleate or multinucleate, and rarely
uninucleate as in K. pinnata (Shivaramiah 1981).

The studies of anther ontogeny in Bignoniaceae are
inadequate in number as a source of comprehensive data
on the distribution of taxonomic characters in different
genera of this family. Therefore, Bignoniaceae family
needs more embryological data on the taxonomically
important characters concerning the anther wall and
pollen development such as the number of anther wall
layers, tapetum and tetrad type.

The primary aim of this study was (1) to determine
whether the anther development in C. bignonioides
follows the basic scheme in angiosperms, (2) to provide
embryological data that will contribute to the
understanding of the reproductive biology of C.
bignonioides and (3) to provide taxonomically important
data for Bignoniaceae which would contribute to the
taxonomic and phylogenetic studies.

Materials and Methods

Fresh flower buds of different sizes and at different
developmental stages were collected from C.
bignonioides plant which was planted as an ornamental in
parks and on the roadsides of Edirne Al (E) in European
Turkey (The development stages of anthers had been
determined before by examining squash preparation
stained with acetic carmine under a light microscope).
Following dissection from the buds, 10 anthers at various
developmental stages were prefixed immediately in 3%
glutaraldehyde in Sorensen’s buffer (pH 7.4) for 24h at
4°C and rinsed in Sorensen’s buffer three times for 15min
each. After postfixation with 1% osmium tetroxide in the
same buffer (pH 7.4) for 2h at room temperature, the
anthers were dehydrated in a series of increasing
concentration of ethanol in water and embedded in Epon
according to the usual method (Craig et al. 1962). 1-um
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transverse sections were cut from the Epon embedded
anthers with Leica Em UC6 ultramicrotome and stained
with toluidine blue for general histological observations.

Toluidine blue staining

Semi-thin sections of the Epon- embedded anthers
were stained with toluidine blue to highlight cell
components for general histological observations under
light microscopy. For this purpose, semi-thin sections
were stained with 1% toluidine blue at 60°C for 50min
and rinsed in distilled water for 2min. Toluidine blue
stains nucleic acids (acidic polyanionic groups) blue and
polysaccharides purple.

Results

Anther wall

Androecium of C. bignonioides is composed of five
stamens two of which are fertile and the other three are
staminode. The development of the anther wall is the
dicotyledonous type. The fertile anthers of C.

bignonioides are tetrasporangiate, and their wall
comprises four different layers; from the exterior, the
epidermis, endothecium, middle layer, and the secretory
(glandular) tapetum. The number of anther wall layers
ranges from three to six depending on the development
stage and the region of the anther (Fig. 1A-H). The
outermost layer of the anther wall, epidermis, remained
intact until the end of the anther development, and cuticle
layer was observed on the outer tangential wall of the
epidermal cells (Fig. 1F-H). At the stomium regions,
radially elongated epidermal cells were detected (Fig. 1F).
Like epidermis, the endothecium also remained intact
until the end of the anther development. The number of
endothecium layers varied from 1 to 3 depending on the
developmental stage and region of the anther. At the
vacuolated and mature pollen grain stages, endothecial
cells enlarged and developed U-shaped thickenings on
their inner tangential and radial walls (Fig. 1E-I).

Fig. 1: Development of anther wall in C. bignonioides anthers during various phases of pollen ontogeny (Semi-thin sections stained
with Toluidine blue). A- Sporogenous cell stage. B- Microspore mother cell stage. C, D- Free microspore tetrad stage. E- VVacuolated
microspore tetrad stage. F, G- Mature pollen tetrad stage. Note the endothecial thickenings (arrows), and tapetal membrane studded
with Ubisch bodies (arrowhead) in figure G, H, I- U-shaped endothecial thickenings (arrows) in the anther wall at anthesis stage. (AL-
anther locule, Cu- cuticle layer, End- endothecium, Ep- epidermis, MI- middle layer, MT- microspore tetrad, MMC- microspore mother
cell, PT- pollen tedrad, Sc- sporogenous cell, oTa- outer tapetum, TR- remnants of the tapetum, VM- vacuolated microspore).

Trakya Univ J Nat Sci, 18(2): 123-132, 2017
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Fig. 2: Light micrographs of transverse semi-thin sections of anthers showing tapetal development at various stages of
microsporogenesis. A-C- Tapetum development at sporogenous cell stage. D-F- Tapetum development just before the meiotic stage.
G- Binucleate tapetal cells at the onset of meiotic division. H, I- Nuclear fusions at tapetal cells (arrows). (AW- anther wall, Ca- callose,
Ct- connective tissue, End- endothecium, Ep- epidermis, MI- middle layer, MMC- microspore mother cell, N- nucleus, Sc- sporogenous
cell, St- sporogenous tissue, iTa- inner tapetum, oTa- outer tapetum, PI- plasmodesmata,V- vacuole).

The tapetum of C. bignonioides anthers has a dual
origin and dimorphic. The tapetum layer which
differentiates from the inner secondary parietal layer and
forms the innermost layer of the anther wall is called the
outer tapetum, whereas that originates from the
parenchymatous cells on the connective side adjacent to
the sporogenous tissue is called the inner tapetum (Fig.
1A, B; 2A-C; 3A-C). Both the inner and outer tapetum
contains single layered cells. Tapetal cells were
uninucleate before the meiotic division of the
microsporocytes (Fig. 2A-F), however, at the onset of the
meiotic division, they began to be binucleate as a result of
the nuclear divisions (Fig. 2G). Secondary nuclear
divisions and nuclear fusions were also observed in
tapetal cells (Fig. 2H, 1).

At the early free tetrad microspore stage, Ubisch
bodies were observed on the inner tangential surface of
the tapetal cells. The inner tapetum started to degenerate
at this stage, whereas, outer tapetum began to degenerate
at the late free microspore tetrad stage (Fig. 3A-F).
However, tapetal remains disappeared completely at the

mature pollen grain stage. After the degeneration of
tapetal cell walls, the tapetum formed a distinct tapetal
membrane and Ubisch bodies attached to this membrane
(Fig. 1F, G).

Pollen development

At the early sporogenous cell stage the anther wall had
not yet completed its differentiation, however, as the
development proceeded, it completed its differentiation,
and finally, one layer of outer tapetum cells having large
vacuoles was observed below the middle layer around
sporogenous cells (Fig. 2A-1).

At the sporogenous cell stage, usually, two
longitudinal rows of tightly packed, slightly polygonal
sporogenous cells were observed in the crescent shaped
anther locule of C. bignonioides (Fig. 2A-C).
Sporogenous cells which had large centrally located
nuclei were surrounded by thin cell walls and connected
to each other by plasmodesmata (Fig. 2B). At the late
sporogenous cell stage, the sporogenous cells gradually
increased in volume and changed into microspore mother
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cells. Just before the prophase of the first meiotic division,
callose accumulation began between the cell wall and the
cell membrane of the microspore mother cells starting
from the corners (Fig. 2D-F). After callose deposition
completed, meiocytes separated from each other and
underwent first and second meiotic division and
simultaneous cytokinesis forming mostly tetrahedral and
rarely isobilateral and linear tetrads. Following tetrad
formation, callose envelope that surrounds the tetrads

disappeared but microspores remained within the pollen
mother cells cellulosic wall and failed to separate each
other. As a result of this, the exine layer of the sporoderm
was deposited on the group of four microspores (tetrads)
instead of individual microspores and was released into
anther locules as microspore tetrads (Fig. 3A-F). Herein
the term microspore tetrad has been used to distinguish
them from the normal tetrads.

Fig. 3. Light micrographs of transverse semi-thin sections through a single anther locule showing anther wall and microspore
development at the free microspore tetrad stage. A- General view of an anther locule, anther wall, and the connective tissue. Note the
crescent shape (horseshoe shaped) anther locule. B-F- Images of the same anther locule at different magnifications showing details of
microspores and anther wall. Note the reserve materials (arrows in figure D) in the anther wall and microspores. (AL- anther locule,
Ct- connective tissue, End- endothecium, Ep- epidermis, MI- middle layer, MT- microspore tetrad, iTa- inner tapetum, oTa- outer
tapetum, TR- remnants of the tapetum, Ub- Ubisch bodies, V- vacuole).

Trakya Univ J Nat Sci, 18(2): 123-132, 2017
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Fig. 4. Light micrographs of transverse semi-thin sections of anthers stained with toluidine blue. A- General view of an anther locule,
anther wall and the connective tissue at the vacuolated microspore stage. B- General view of vacuolated microspore tetrads. C- Details
of isobilateral microspore tetrad. D- Details of tetrahedral microspore tetrad. E- Details of linear microspore tetrad. F- General view of
mature pollen tetrads at anthesis stage. (AL- anther locule, Ct- connective tissue, End- endothecium, Ep- epidermis, MT- microspore
tetrad, MPT- mature pollen tetrads, TR- remnants of the tapetum, Ub- Ubisch bodies, V- vacuole, VMT- vacuolated microspore tetrad,

Arrows show the reserve materials in vacuolated microspores.

At the free microspore tetrad stage, centrally located
large nucleus and a moderate amount of small reserve
materials were observed in the cytoplasm of each
microspore (Fig. 3A-F). As the development progressed,
vacuolization began in the cytoplasm and large reserve
materials, presumably starch granules, appeared in the

cytoplasm of the vacuolated microspores (Fig. 4A-E). The
pollen wall (sporoderm) construction that has begun at the
tetrad stage continued throughout the free microspore
tetrad and vacuolated microspore tetrad stages by the
addition of sporopollenin precursors originating from
tapetum to the exine layer of the sporoderm.
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Similar to the vacuolated microspore tetrads, reserve
materials were also present in the anther wall at the
vacuolated microspore stage. However, concurrent to the
formation of endothecial thickenings, the reserve
materials in the anther wall started to decrease (Fig. 4A),
and at the mature pollen grain stage, they disappeared
completely (Fig. 4F) suggesting that reserve materials
presumably consumed to provide energy for endothecial
wall thickenings and cell enlargement. Furthermore, the
decrease in the size and the numbers of reserve materials
in the staminal envelope coincided with the increase in the
number of reserve materials in the vacuolated
microspores.

Following the first pollen mitosis, young bicellular
pollen tetrads were produced and maturation period
started. The mature pollen tetrads (compound pollen
grains) of C. bignoniodies are inaperturate and “clypeate”
type, that is exine shields have been separated by grooves
(Fig. 5A-D). The sculpturing of the respective exine
shields is reticulate (Fig. 5A-C). The compound pollen
grains of C. bignoniodies are shed from the anther as
tetrads (Fig. 4F).

Discussion

Anther Wall

The anthers of Catalpa bignonioides are
tetrasporangiate as reported earlier for Catalpa bungei
(Fanetal. 2011), Catalpa speciosa (Chen et al. 2014), and
many other members of Bignoniaceae including Campsis
radicans (Tiitiincii Konyar & Dane 2013b), Dolichandra
unguis-cati (Bignonia unguis-cati), Kigelia africana
(Kigelia pinnata), Markhamia lutea (Dolichandrone
platycalyx), Millingtonia hortensis, Parmentiera aculeata
(Parmentiera edulis) (Shivaramiah 1981), Pyrostagia
venusta (Pyrostagia ignea) (Gupta & Nanda 1978),
Tecoma stans (Nanda & Gupta 1978), T. smithii,
Tabebuia ochracea (Bittencourt Jr. 1996), T. pallida,
(Shivaramiah 1981). However, bisporangiate anthers
have also been reported in some members of
Bignoniaceae comprising Jacaranda mimosifolia (Galati
& Strittmatter 1999a).

The development of the anther wall of C. bignonioides
conforms to the usual development in dicotyledons and
other members of the Bignoniaceae such as C. radicans
(Titiincii Konyar & Dane 2013b), P. venusta (Gupta &
Nanda 1978) and T. stans (Nanda & Gupta 1978). The
young anther wall consists of an epidermis, endothecium,
middle layer, and the tapetum. However, at maturity, it
consists of only epidermis and endothecium. The
epidermal cells in the anther wall of C. bignonioides
enlarge, become papillate and accumulate a thick layer of
cuticle on their outer tangential walls as was also observed
in C. radicans (Titiincii Konyar et al. 2013), J.
mimosifolia (Galati & Strittmatter 1999a), T. ochracea
(Bittencourt Jr. 1996) and T. pulcherrima (Bittencourt Jr.
& Mariath 1997). Davis (1966) had also described the
radially enlarged epidermal cells with cutinized outer
surface in Bignoniaceae. According to Garcia et al. (2002)

Trakya Univ J Nat Sci, 18(2): 123-132, 2017

enlarged epidermal cells in stomium region may enhance
the anther dehiscence. Since radially enlarged epidermal
cells were more prominent in the stomium region of C.
bignonioides anthers, we also think that they play a role
during anther dehiscence.

The number of endothecium layers in the anther wall
of C. bignonioides ranges from 1 to 3 and, at maturity the
endothecial cells develop U-shaped thickenings on their
inner tangential and radial walls. The presence of multi-
layered endothecium and endothecial thickenings are not
peculiar to C. bignonioides anthers, as in various
angiosperms, they have also been reported in the other
members of Bignoniaceae including M. lutea, M.
hortensis, P. aculeate (Shivaramiah 1981), P. venusta
(Gupta & Nanda 1978), T. pallida, T. smithii
(Shivaramiah 1981), T. stans (Nanda & Gupta 1978).
However, the types, formation time and location of
thickenings on the endothecial wall show variations
within the family. As an example in J. mimosifolia (Galati
& Strittmatter 1999a), endothecium develops fibrous
thickenings only along the inner tangential walls, whereas
in the present study U-shaped (crescent-shaped)
thickenings were observed as reported earlier for K.
africana (Shivaramiah 1981).

Generally, the tapetal development in C. Bignoniodes
is similar to other descriptions of the secretory tapetum in
dicotyledons and in the other members of the
Bignoniaceae. The tapetum in C. bignonioides anthers is
of the secretory type and shows a distinct dual origin as in
many other members of Bignoniaceae including C. bungei
(Fan et al. 2011), C. speciosa (Li et al. 2013, Chen et al.
2014), C. radicans (Tiitiincii Konyar & Dane 2013b), J.
mimosifolia (Galati & Strittmatter 1999a), M. hortensis
(Shivaramiah 1981), P. venusta (Gupta & Nanda 1978),
T. stans (Nanda & Gupta 1978), T. smithii (Shivaramiah
1981), T. ochracea (Bittencourt Jr. 1996), T. pulcherrima
(Bittencourt Jr. & Mariath 1997). On the other hand,
amoeboid tapetum has also been reported in the other
members of this family such as D. unguis-cati, K. africana
and T. pallida (Shivaramiah 1981). The tapetum is usually
single layered in Bignoniaceae. However, the number of
tapetal nuclei shows variations between different species.
The tapetal cells are ordinarily binucleate or
multinucleate, and rarely uninucleate as was reported for
K. africana (Shivaramiah, 1981). Binucleate tapetal cells
have been described in P. venusta (Gupta & Nanda 1978),
P. aculeata, T. smithii (Shivaramiah 1981), T. stans
(Nanda & Gupta 1978), whereas multinucleated tapetal
cells have been reported in M. lutea, M. hortensis, T.
pallida (Shivaramiah 1981) and Oroxylum indicum
(Ghatak 1956). In our previous study concerning the
anther development in C. radicans (Tiitiincii Konyar &
Dane 2013b), it was observed that the tapetal cells were
multinucleated after secondary nuclear divisions but later
they became binucleate as a result of nuclear fusions.
However, multinucleate tapetal cells could be observed
only in squashed preparations.
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Fig. 5. Light micrographs of tetrad pollens (compound pollens) of C. bignonioides stained with basic fuchsine. A-C Show the details
of “clypeate” pollens on which polygonal exine shields were separated by large grooves (arrows). Note the reticulate ornamentation of

exine shields. D Pollen tetrad having a tetrahedral arrangement.

In transverse paraffin and semi- thin sections, we
could observe only binucleate tapetal cells at the onset of
the meiotic division (Tiitiinci Konyar & Dane 2013Db).
Therefore, it is obvious that to determine the presence or
absence of the secondary nuclear divisions, nuclear
fusions, and the number of nuclei in the tapetal cells
evidently, very detailed investigation of the tapetal cells
including numerous anthers at the different stages of the
tapetal development, from premeiotic to tetrad stages, are
necessary. The formation of the polyploid nucleus in
multinucleate tapetal cells by nuclear fusions have also
been reported in M. lutea, M. hortensis, T. pallida
(Shivaramiah 1981) and O. indicum (Ghatak 1956).

Usually, nuclear divisions in the tapetal cells occur
just before the meiotic division as was observed in C.
radicans (Tiitiincti Konyar & Dane 2013b) or at the onset
of the meiotic division. In the present study, we observed
uninucleate tapetal cells in the anthers of C. bignonioides
before the meiotic division. As the development of the
anther proceeded, binucleate and trinucleate tapetal cells
were observed indicating the presence of primary and
secondary nuclear divisions in these cells. Furthermore,
nuclear fusions were also observed in the tapetal cells.

At the free microspore stage, Ubisch bodies were
observed on the inner tangential surface of the tapetal
cells of C. bignonioides bordering the locules as reported
earlier for C. radicans (Titiincii Konyar & Dane 2013b,
Titinci Konyar 2014), J. mimosifolia (Galati &
Strittmatter 1999a, 1999b) P. venusta (Gupta & Nanda
1978), T. stans (Nanda & Gupta 1978), T. smithii
(Shivaramiah 1981); T. ochracea (Bittencourt Jr. 1996),
T. pulcherrima (Bittencourt Jr. & Mariath 1997) and in
many other species of Bignoniaceae studied by Mehra &

Kulkarni (1986). However, in C. bignonioides, concurrent
with the degeneration of the inner tangential walls of the
tapetal cells, a new tapetal membrane was formed and
Ubisch bodies attached to the inner surface of this tapetal
membrane. Observations regarding the formation of
tapetal membrane are consistent with the results of the
previous studies including C. radicans (Tiitiincii Konyar
& Dane 2013b, Titiincii Konyar 2014), J. mimosifolia
(Galati & Strittmatter 1999a, 1999b), P. venusta (Gupta
& Nanda 1978), T. stans (Nanda & Gupta 1978) and T.
ochracea (Bittencourt Jr. 1996).

Pollen Development

At the sporogenous cell stage, usually two
longitudinal rows of tightly packed, sporogenous cells
were observed in the crescent shaped anther locule of C.
bignonioides as was observed in C. radicans (Tiitiincii
Konyar & Dane 2013b). Although the crescent shaped
anther locule has been observed in all species of the
Bignoniaceae investigated so far, the number of
longitudinal rows of sporogenous cells vary in different
species. As an example, single layered sporogenous tissue
has been reported in J. mimosifolia (Galati & Strittmatter
1999a).

Microspore and pollen development in C.
bignonioides follows the basic scheme in angiosperms. As
usual in angiosperms, microspore mother cells secrete
callose wall before meiotic division. Meiocytes undergo
meiosis and simultaneous cytokinesis resulting in the

formation of tetrads mostly with a tetrahedral
arrangement, and rarely isobilateral and linear
arrangement. However, as observed rarely in

angiosperms, following tetrad formation, callose
envelope that surrounds the tetrads disappeared but
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microspores remained within the pollen mother cells
cellulosic wall and failed to separate each other leading to
the formation of compound pollen grains. The
simultaneous cytokinesis and the formation of the
tetrahedral and isobilateral tetrads, and compound pollen
grains have also been reported in other species of the
genus Catalpa including C. bungei (Fan et al. 2011), C.
speciosa (Chen et al. 2014) and C. ovata (Ruwen 1981,
Song et al. 2012).

Although the simultaneous cytokinesis and the
tetrahedral tetrads have also been observed in other
members of Bignoniaceae including C. radicans (Tiitiincii
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Ozet: Bu galismada, iilkemizde Dogu Karadeniz ve Dogu Anadolu bolgelerinde dogal yayilis gosteren Euphorbia smirnovii
Geltman tiiriiniin morfolojik ve karyolojik 6zellikleri incelenmistir. Tiirtin morfolojik betimi ayrintili olarak verilmis ve
fotograflarla desteklenmistir. Ayrica yaprak, kapsula ve tohum yiizey mikromorfolojileri SEM cihazi ile incelenmistir. Bununla
birlikte, Feulgen boyama teknigiyle boyanan kok uglari, ezme preparat yontemiyle preparat haline getirilerek karyolojik
inceleme yapilmistir. Boylece tiiriin kromozom sayisi, karyotip formiilli, ideogrami, kromozom dl¢tim degerleri ilk kez bu
caligma ile tespit edilmistir. Endemizm durumu siipheli gosterilen tiiriin Ermenistan’da da yayilis gosterdigi saptanmis ve tiiriin
endemik olmadig1 netlesmistir. Euphorbia smirnovii tiiriiniin yaprak alt ve iist yiizeyi ile kapsula yiizeyinin papiller ile kapl
oldugu goriilmiistiir. Elde edilen sonuglara gore tiiriin tetraploid oldugu ve kromozom sayisi 2n=4x=36 olarak saptanmuistir.
Tiiriin karyotip formiili 32m+4sm seklindedir. En kiigiik kromozom boyu 0,79um, en biiyilk kromozom boyu 1,52um
uzunlugundadir. Haploid toplam kromozom uzunlugu 10,30pm ve ortalama kromozom uzunlugu 1,14pm’dir.

Anahtar kelimeler: Euphorbiaceae, sect. Pithyusa, kromozom, mikromorfoloji.
Morphological and Caryological Features of Euphorbia smirnovii Geltman

Abstract: In this study, the morphological and karyological characteristics of Euphorbia smirnovii Geltman, which is naturally
distributed in Eastern Black Sea and Eastern Anatolia Regions, have been examined. The morphological description of the
species is given in detail and supported by photographs. In addition, leaf, capsula and seed surface micromorphology have been
investigated with SEM. Karyological investigation carried out by the standard Feulgen technique and squashes were prepared.
The chromosome number, karyotype formula, ideogram, chromosome measurement values were reported for the first time in
this study. It has been found that the species is also spreading in Armenia and it is clear that the species is not endemic.
Euphorbia smirnovii, capsules, lower and upper surface of the leaf are covered with papilla. According to the results, the species
was tetraploid with 2n=4x=36 chromosomes. The karyotype formula is 32m+4sm. The smallest chromosome length is 0.79um
and the largest chromosome length is 1.52um. Haploid total chromosome length is 10.30pum and mean chromosome length is
1.14pum.

Key words: Euphorbiaceae, sect. Pithyusa, chromosome, micromorphology.

Giris

Euphorbia L. (Euphorbiaceae) cinsi diinya genelinde
yaklagik 1800 tiirii ile Angiospermler iginde en genis 5
cinsten birisidir (Radcliffe-Smith 2001). Cins diinya
genelinde kozmopolit bir yayilisa sahiptir. Baglica yayilis
alanlar1 Giiney Afrika, Dogu ve Kuzeydogu Afrika,
Kuzey ve Orta Meksika’nin yani sira Bati Asya’dir.
(Govaerts ve ark. 2000). Cinsin yasam formlar1 tek yillik
bitkilerden, c¢ali ve agaglara kadar genis bir yelpazeye
sahiptir. Bircok tiirii ise kuru habitatlara uyum saglamis
sukkulent yapidadirlar (Zimmermann ve ark. 2010).
Euphorbiaceae familyasi tiirleri bir¢ok iilkede yerli halk
tarafindan  kanser, seker hastaligi, ishal, kalp
rahatsizliklari, hepatit, sitma romatizma gibi ¢ok c¢esitli
hastaliklarda halk ilac1 olarak kullanilmaktadir (Kumar ve
Chaturvedi 2010). Euphorbia cinsinin kendi igindeki

taksonomik smiflandirmas1 tiir sayisinin  ¢ok fazla
olmasindan dolay1 olduk¢a zordur. Son yillarda yapilan
caligmalar dogrultusunda cins 4 alt cinse ayrilmustir.
Bunlar altcins Rhizanthium; altcins Esula Pers.; altcins
Euphorbia; altcins Chamaesyce Raf.’dir (Steinmann ve
Porter 2002, Bruyns ve ark. 2006, Park ve Jansen 2007,
Zimmermann ve ark. 2010).

Agirlikli  olarak  kuzey yarimkiirenin  1liman
bolgelerinde yayilis gosteren otsu ve ¢alimsi tiirler altcins
Esula altinda toplanmistir. Bu altcins yaklasik 400 tiire
sahiptir (Barres ve ark. 2011).

Tiirkiye’de Euphorbia cinsine ait 120 takson yayilig
gostermektedir (Oztekin 2012, Yildirimli 2012, Geng ve
Kiiltiir 2016).
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Bu calismada, iilkemizde Dogu Karadeniz ve Dogu
Anadolu bolgelerinde dar bir alanda dogal yayilis
gosteren  Euphorbia  smirnovii  Geltman tiiriiniin
morfolojik ve Kkaryolojik 6zellikleri incelenmistir.
Calismaya konu olan tiir altcins Esula altinda yer alan
sect. Pithyusa (Raf) Lazaro taksonomik gurubuna
dahildir. Tiirlin morfolojik betimi ayrintili olarak verilmis
ve fotograflarla  desteklenmistir. Ayni  zamanda
kromozom sayisi, karyotip formili, ideogrami,
kromozom &l¢lim degerleri ayrintili olarak sunulmustur.

Materyal ve Metot

Tiir ile ilgili gerekli literatiir ve herbaryum g¢aligmalar1
yapildiktan sonra caligma materyalleri dogal yayilis
alanlarindan olgun meyveli déneminde toplanmustir.
Toplanan ornekler ve diger herbaryum materyalleri ve
tiire ait literatiirler dikkate alinarak tiiriin deskripsiyonu
yazilmistir.  Karyolojik  ¢aligmalar igin  toplanan
orneklerden olgun tohumlar ayrilmigtir. Daha sonra bu
tohumlar  petri  kaplarinda  oda  sicakliginda
cimlendirilmigtir. Olusan kdk uclart yaklasgtk 1 cm
uzunluga ulagtiginda ilk olarak +4°C de 24 saat 8-
Hydroxyquinoline iginde bekletilmistir. Tkinci asamada
en az iki saat siireyle Carnoy ¢ozeltisi (3:1; etanol: GAA)
icinde tutulan kok uglart IN HCl iginde 60°C de 12 dakika
hidroliz edilmistir. Hidroliz asamasindan sonra kok uglari
Feulgen boyama teknigiyle boyanmistir. Boyanan kok
uglari, ezme preparat yontemiyle preparat haline
getirilmigtir. Hazirlanan preparatlar mikroskop ve
KAMERAM Kkaryotip gorlintiileme ve analiz sistemi
yardimiyla incelenmis, saptanan iyi dagilmis metafaz
hiicreleri fotograflanmistir. Analiz igin 5 adet iyi dagilmis
metafaz evresi secilmistir. Son olarak 5 analizin
ortalamasi alinarak tiirlin ideogrami olusturulmustur.
SEM analizi i¢in ge¢mis yillarda yapilmis SEM
caligmalar1 incelenmis ve bu ¢alismalarin 1s18inda gévde
yapragi, kapsula ve tohum fiizerinde inceleme yapmaya
karar verilmistir. Calismada olgun bireylerin ilgili

Sekil 1. E. smirnovii a. genel goriiniig, b. kapsula ve gland c. tohum.

1. Gen¢ & §. Kiiltiir

kisimlart kullanilmistir. Alinan bu materyaller ayr1 ayri
stereo mikroskop altinda incelenerek uygun olanlar iki
tarafi yapistirict 6zellige sahip karbon bandin bir yiiziine
yapismasi saglanmig ardindan diger yiizii de metal tasiyict
olan tablaya yapistirilarak altin kaplama islemine
almmistir. Kaplama igleminin ardindan materyaller FEI
Quanta 450 FEG-EDS taramali elektron mikroskobunda
incelemeye alinarak fotograflari cekilmistir. Taramali
elektron mikroskobu caligmasi Istanbul Universitesi,
Miihendislik Fakiiltesi, Kimya Miihendisligi
laboratuvarinda yapilmustir.

Sonuclar

Euphorbia smirnovii Geltman (Sin.: E. petrophila var.
armena Boiss.)

Cok yillik, taban kismi odunsu olan otsu bitkilerdir.
Govde, toprak seviyesinden itibaren ¢ok sayida, en fazla 20
cm’ye kadar uzar.(Sekil 1a). Govde yapraklar ¢ok kiigiik
papiller ile kapli, seritsi-oblanseolat, 0,5-2(-2,5)x(0,1-)0,3-
0,6cm, ucu kiit kenarlar1 diiz. Isin yapraklari yumurtamsi—
hemen hemen yuvarlak. Isincik yapraklari hemen hemen
kiiremsi—yumurtamsi baklavamsi, 4-7 x 6-11mm, tepesi
kiit, mukrolu. Isinlar 3-5 adet, 2cm ye kadar, en fazla bir
kez dallanir veya dallanmaz. Yan iginlar 0-3 adet. Glandlar
bobreksi veya ¢ok kisa boynuzlu (Sekil 1b). Kapsula
yumurtamsi, 2,5-3mm ¢apinda, yiizeyi minik papilli.
Tohum basik genisce dikdortgensi, 2,3-2,8mm boyunda,
1,6-1,9mm eninde, diizensiz hafif ¢ukurlu, gri-acik kahve
renkli. Karunkula tepede, konik sekilli tohumun yaklasik
1/3 boyunda, sar1 renkli (Sekil 1c).

Cigeklenme donemi Mayis-Agustos aylari arasinda
olmaktadir. Kalkerli, taslh acik yamaclarda yayilis
gosterir. Ulkemizde Giimiishane ve Erzincan’da dogal
yayilis gosteren takson Erivan (Ermenistan)’dan da kaydi
bulundugu i¢in endemik statiisiinii kaybetmistir (Geltman
1996).
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Sekil 3. E. smirnovii a. metafaz kromozomlar1 b. ideogram.

incelenen Ornekler: Bayburt, in Rupibus pr. Baibout
(Bayburt) Armeniae, 20.06.1862, Bourgeau 242 (isotype)
(K, foto !). Erzincan, Uziimliiniin iistleri, taslik yamaglar,
25.07.2015, 1. Geng 2468, A. Kandemir.
Yapilan SEM analizleri sonucunda tiiriin yaprak alt ve iist
yiizeyi ile kapsula yilizeyinin papiller ile kapli oldugu
goriilmistir (Sekil 2a ve b). Tohum yiizeyinin ayrmtili
incelenmesi sonucunda da testa hiicrelerinin dairesel-
uzamig (rounded-elongate) sekilli, hiicre duvarlarinin
yiizeye gore genelde yiiksek oldugu, hiicre yiizeylerinin
de diizensiz ¢ukurlu oldugu gorilmiistiir. (Sekil 2c¢).

Euphorbia smirnovii tiiriiniin karyolojik incelemeleri
sonucunda tiirliin tetraploid kromozom sayisina sahip
oldugu saptanmistir. Buna goére kromozom sayisi
2n=4x=36 olarak sayilmistir (Sekil 3a). Tiirliin karyotip
formiilii 32m+4sm seklindedir. En kii¢iik kromozom boyu
0,79um, en biliyik kromozom boyu 1,52um
uzunlugundadir. Haploid toplam kromozom uzunlugu
10,30um ve ortalama kromozom uzunlugu 1,14pum’dir
(Sekil 3b).

Tartisma

Bu ¢alismada, iilkemizde Dogu Karadeniz ve Dogu
Anadolu bolgelerinde dogal yayilis gosteren Euphorbia
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smirnovii Geltman tiiriinlin morfolojik ve karyolojik
ozellikleri incelenmistir. Yapilan literatiir incelemeleri
sonucunda Tiirkiye Bitkileri Listesi adli eserde Oztekin
(2012) tarafindan endemizm durumu siipheli gosterilen
tirlin Ermenistan’da da yayilis gosterdigi saptanmis ve
tiiriin endemik olmadigi netlesmistir.

Euphorbia smirnovii tiirtiniin yaprak alt ve iist yiizeyi
ile kapsula yiizeyinin papiller ile kapli oldugu
goriilmiistiir. Bu morfolojik o6zellik Salmaki ve ark.
(2011) tarafindan yapilan calismada yer alan sect.
Pithyusa (subsect. Conicocarpae Porkh.) tiirlerinin
cogunda goriilmektedir.

Euphorbia smirnovii tiiriiniin, kromozom sayist,
karyotip formiilii, ideogrami, kromozom 6l¢iim degerleri
ilk kez bu ¢aligma ile tespit edilmistir.

Tesekkiir
Bu calisma TUBITAK tarafindan 1147125 numarali
proje ile desteklenmistir.

Bu calismanin 06zeti poster bildiri olarak, XXII.
Bitkisel [lagc Hammaddeleri Toplantisinda (31 Agustos-5
Eyliil 2016, Trabzon) (6zet kitabi sayfa 129) sunulmustur.
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Abstract: Origanum onites L. (oregano) is an aromatic plant used in medicine, cosmetics and different industrial fields. It
includes essential oil and is extensively cultivated as aromatic plant in the world. Therefore, it is also preferred as a spice in
foods. Terpene synthase-6 (TPS-6) is an enzyme responsible for synthesis of sesqui-terpenes in aromatic plants. The
investigation of gene sequence information and expression characteristics of this enzyme in O. onites may contribute to increase
of synthesis of terpenes as raw materials in medicine and cosmetic etc. industry. In this study, partial cloning and sequencing
of the TPS-6 gene in the O. onites was aimed. Total RNA isolation from O. onites was performed with TRI Reagent solution.
The mRNAs were transformed to cDNAs by Revers Transcription Method. The middle region of TPS-6 gene was amplified
by PCR method using degenerative primers designed for TPS-6. Amplified DNA fragments were obtained at 481bp. size and
ligated to PGEM T Easy plasmid vector with T4 DNA ligase. The recombinant plasmid vector was transferred to the XL1-
Blue host cells (E. coli) and the cloned DNA was sequenced. The partial TPS-6 DNA sequence was confirmed in NCBI
GenBank database and registered with an accession number (MF983853). The obtained DNA sequence was analyzed with
InterProScan and Clustal Omega software in EBI database. The analysis results showed that this DNA sequence has a specific
motif (DXXD) for TPS-6 catalyzing cyclization reactions. The phylogenetic dendrogram was drawn for comparison with other
plant TPS-6 genes. O. onites TPS-6 sequence was determined to be very close to O. vulgare TPS-6 on the dendrogram than
other plant TPS-6s. The obtained gene sequence information will guide biotechnological researches in the productivity increase
of this gene using expression analysis.

Key words: Origanum onites, TPS-6, Gene cloning, DNA sequencing.

Bir Aromatik Bitki Origanum onites L.’de Terpen Sentaz-6 (TPS-6) Geninin Kismi
Klonlanmasi ve Tanimlanmasi

Ozet: Origanum onites L. (kekik), tip, kozmetik ve farkli endiistri alanlarinda kullanilan aromatik bir bitkidir. Ucucu yag icerir
ve diinyada aromatik bir bitki olarak yaygin kiiltiire edilir. Bu yiizden yiyeceklerde bir baharat olarak da tercih edilir. Terpen
sentaz-6 (TPS-6), aromatik bitkilerde sesqui-terpenlerin sentezinden sorumlu bir enzimdir. O. onites’de bu enzimin gen dizi
bilgisi ve ifade karakteristiginin incelenmesi, tip, kozmetik vb. endiistrilerde ham madde olarak terpenlerin sentezinin
arttirilmasina katki saglayabilir. Bu ¢alismada, O. onites’de TPS-6 geninin kismi olarak klonlanmasi ve dizilenmesi amaglandi.
O. onites’den toplam RNA izolasyonu TRI Reagent soliisyonu ile gergeklestirildi. O. onites mRNA’lar1 Ters Transkripsiyon
Yontemi ile cDNA’lara doniistiiriildii. TPS-6 geninin orta bolgesi, TPS-6 genine 6zel dizayn edilmis dejeneratif primerler
kullanarak PCR yontemiyle cogaltildi. 481bg biiyiikliigiinde ¢ogaltilmis DNA parcalari elde edildi ve PGEM T Easy plazmit
vektoriine T4 DNA ligaz enzimiyle eklendi. Rekombinant plazmit vektor XLI-Blue konakg: hiicresine (E. coli) transfer edildi
ve klonlanmis DNA dizilendi. Kismi TPS-6 DNA dizisi NCBI gen bankasi veri tabaninda TPS-6 geni i¢in dogrulandi ve bir
kayit numarasi ile (MF983853) ile kaydedildi. Elde edilen DNA dizisi, EBI veri tabanindaki InterProScan ve Clustal Omega
programlart ile analiz edildi. Analiz sonuglari, bu dizi bilgisinin TPS-6’ya 6zgii siklizasyon reaksiyonlarini katalizleyen spesifik
bir motife (DXXDD) sahip oldugunu gosterdi. Diger bitki TPS-6 genler ile karsilagtirmak i¢gin filogenetik dendrogram ¢izildi.
O. onites TPS-6 dizisinin, O. vulgare TPS-6"ya diger bitki TPS-6’larma gére daha yakin oldugu tespit edildi. Elde edilen gen
dizi bilgisi, ifade analizleri kullanilarak bu genin verimliliginin arttirilmasinda biyoteknolojik arastirmalara rehberlik edecektir.

Anahtar kelimeler: Origanum onites, TPS-6, Gen klonlama, DNA dizileme.

Introduction

Oregano, Origanum onites L. (Linnaeus), is a member
of Lamiaceae family (Davis et al. 1988, Bager 1993,
Sarthan et al. 2006) and a Mediterranean plant whose
Turkey distributional range coincides to western
Anatolian. O. onites, containing 2-3% volatile (essential)

oil (Baytop 1999) and is one of the major export products
of Turkey. Turkey has a dominant position in worldwide
trade of oregano and keeneps control of 70% of world
trade in annual production of oregano (Fakillt 2010). The
oil content of the species includes some phenolic
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derivatives such as carvacrol, thymol, linalool etc.
(Baytop 1999, Kaloustian et al. 2003, Baydar 2005) and
therefore used as antioxidant, antibiotic, antibacterial,
muscle relaxant, expectorant, diaphoretic, body tonic,
analgesic, nerve strengthening, high-grade lubricants,
biofuels and a component of agricultural chemicals
(Aligiannis et al. 2001, Lambert et al. 2001, Poyraz 2015,
Tokul 2015, Jiang et al. 2016, Lopez et al. 2016).
Terpenes and terpenoids are the primary constituents of
essential oils of many plants and flowers (Huber et al.
2005, Tholl 2006, Degenhardt et al. 2009, Yang et al.
2013) and the global industry recovers about 3 million
tones terpenes (Mewalal et al. 2016). The terpene
synthases have an important role in volatile oils synthesis
(Tholl 2006, Zhang et al. 2016). The class | terpene
synthases (TPSs) are classified as mono-, sesqui- and di-
terpene synthases according to their catalytically
preferred substrates geranyl diphosphate, farnesyl
diphosphate and geranylgeranyl diphosphate,
respectively. Terpene synthase-6 (TPS-6) is a kind of
sesqui terpenes (Lange 2015). Characterization and
genetically identification of various terpene synthases
from different aromatic plants in future will provide
important advantages in increasing of terpene production
in industry. In this study, we described the partial cloning
from and estimation of putative terpene synthase-6 gene
in O. onites.

Materials and Methods

Plant material

O. onites seeds were provided by Prof. Dr. Hasan
Baydar from Siilleyman Demirel University (Isparta,
Turkey). Seeds were germinated and grown on potting
mixture containing peat, perlite and vermiculite (3:1:1) at
25°C under a 16h photo-period of cool white fluorescent
illumination in a growth chamber (Sanyo, Japan). The
germinated plant leaves were collected and used in RNA
isolation.

RNA isolation and reverse transcription

RNA isolation was performed using a modified
guanidine isothiocyanate method (Poyraz et al. 2010). O.
onites leaves were ground to fine powder and transferred
to 2ml tubes. The obtained total RNA was extracted with
a TRI Reagent® at room temperature and recovered by
isopropanol precipitation method. The quantity and purity
of the RNA samples were determined following
spectrophotometric  measurements (Nano-drop UV
spectrophotometer, Shimadzu, Japan) and integrity of
total RNA sample was confirmed by denaturing agarose
gel electrophoresis. Reverse transcription was performed
according to the commercial kit (RevertAid First Strand
cDNA Synthesis Kit, Fermentas, Glen Burnie, MD, USA)
and the harvested cDNA (complementary DNA) was
stored at -20°C until use.

Cloning of the middle region of cDNA

We used conservative regions obtained from
alignment data of other plant TPS-6 sequences in National
Center for Biotechnology Information (NCBI) for primer
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designing. The alignment analysis was performed using
CLUSTAL Omega 1.2.4 software. A pair of degenerative
primers was designed as Forward: 5’-
SGMTTTCGMCTMCTTCGACAACA-3’ and Reverse:
5’-TAGCAYTCCACMASTCTATCCCK-3’. The design
primers were used for amplification in polymerase chain
reaction (PCR). The 25ul PCR reaction mixture contained
10x PCR buffer 2.5ul, 25mM MgCl, 3ul, 2.5mM
deoxyribonucleotide triphosphates 2ul, 2.5uM P1 and P2
2.5ul, respectively, cDNA 5ul, ddH20 7.3pl, and 1U Taq
polymerase (Promega, WI, USA). The conditions for PCR
were as follows: pre-denaturalization at 94°C for 2min,
denaturalization at 94°C for 40sec, annealing at 56.5°C
for 50sec, extension at 72°C for 50sec, 35 cycles and the
final extension at 72°C for 7min. The amplified TPS-6
cDNA was purified by QIAquick Gel Extraction Kit
(Qiagen, Hilden, Germany). The harvested TPS-6 gene
fragment was cloned into pGEM-T Easy vector system
(Promega, WI, USA) using T/A cloning system (without
restriction enzymes). The recombinant vector was
transferred into Escherichia coli XL1B strain. The
bacteria culture was incubated at 37°C over-night. E. coli
colonies containing positive clones were selected after
growing on LB medium supplemented with ampicillin
(50mg/ml), X-Gal (0.008%). The positive colonies
including recombinant plasmid vectors were selected on
transformation plate and transferred to master plate for
confirmation. The recombinant plasmids in E. coli
cultures were isolated using Qiagen Plasmid Miniprep Kit
(Qiagen, Hilden, Germany), and subsequently used to
sequence the middle region of cDNA. DNA sequencing
of the partial TPS-6 was carried out two times by
commercial sequencing service (Macrogene, Korea)
using vector specific forward and reverse primers.

Bioinformatics analyses

The obtained DNA sequence data was verified for
TPS-6 genes in NCBI database using The Basic Local
Alignment Search Tool (BLAST). DNA sequences of
other plant species for TPS-6 gene were obtained from
NCBI database (www.ncbi.nlm.nih.gov). The confirmed
partial TPS-6 gene sequence was registered to NCBI
GenBank and the accession number was obtained. The
DNA sequence was translated to protein sequence and the
multiple protein sequence alignments were carried out
with ClustalW program (www.ebi.ac.uk/clustalw) and
Gene Tool™ (Biotools Inc., USA). The domain and motif
analysis of the partial TPS-6 protein sequence were
performed using Inter-ProScan Analysis Program in EBI
(European Bioinformatics Institute) database. The
phylogenetic dendrogram for comparison with other plant
TPS-6 genes was drawn according to Maximum
Likelihood Analysis Method using MEGA 6.06 software.

Results and Discussion

Terpenes and terpenoids are the primary constituents
of essential oils of many plants and flowers. Essence oils
including terpenes are used as natural flavor additives for
food, in perfumery, aromatherapy and in traditional and
alternative medicine (Poyraz 2007). O. onites is an
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important aromatic plant and is the most common
commercially cultivated plant in Turkey (Poyraz 2007).
In this study, we cloned a partial of O. onites terpene
synthase-6 (TPS-6) gene and performed DNA sequence
analyses. We obtained a ~481bp band represented partial
TPS-6 using PCR method (Fig. 1). The DNA fragment
obtained by PCR method was ligated to PGEM-Teasy
vector and transformed to XL1-B E. coli strain. The
ligated DNA fragment in recombinant plasmid was
confirmed by colony PCR methods and the same DNA
fragment size (~481bp) was observed. The DNA
sequence of partial TPS-6 gene was obtained using a
commercial DNA sequencing service. DNA sequence
was translated to amino acid (160 AA) sequence using
GeneTool™ software and confirmed in NCBI database
(Fig. 2). The partial O. onites TPS-6 gene sequence was
submitted to NCBI GenBank and registered (GenBank
Accession number: MF983853).

The huge variation of secondary metabolites produced
by plants is considered as attractive and amazing by
scientists (Kollner et al. 2004, Jiang et al. 2016). Oregano
terpenes were reported to have a protective role in
suppression of inflammation (Lopez et al. 2016). Terpene
synthase genes in aromatic plants encode attendant
enzymes in the synthesis of plant essential oils (Bayrak
2006). Terpenes comprise a very large class of secondary
metabolites in aromatic plants and are formed by different
functions in basic and specialized metabolism (Chen et al.
2004).
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Fig. 1. PCR result for partial terpene synthase 6 (TPS-6) from O.
onites. 1-2: the negative results (off the record data), 3: ~481bp
PCR bands, M: 100bp plus DNA ladder.
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1 ttt cgc cta ctt cga caa caa ggt ttc cag gtt cct tgc

b v F s E F I D A E W
40 gat gtg ttt agt gaa ttc ata gat gct gaa tgg aat ctc

T E 5 I A Y D I Q@ &
79 acg gag tca ata gca tac gac att caa ggg ata ttg age

L Y E A S5 N Y G G
118 tta tac gag gca tca aat tat gga gtg Ctc gga gag gaa

I L D K A L [ I s 5 R L
157 att ctt gac aaa gca tta gat tcg tgo tog tot cgt ctt

E 5 L I T D T N D D H L 5
196 gaa tcg tta atc acg gac acg aat gat gat cat ctt tca

R qQ v K E A L K I P I 5 K
235 aga caa gtt aag gaa gct cta aag atc cca att agc aag

T L T R L G A R K F I 5 M
274 act cta aca agg ttg gga gca aga aag ttc att tct atg

Y K E D H 5 H N E K L L K
313 tat aaa gaa gat cac Tca cac aat gaa aaa Ccta Ctc aag

F A ™M L D F N M Vv aQ R L H
352 Tttt gcc atg Ctg gac TTT aac atg gta caa agg cta cat

Q N E L 5 H L T R W W K E
391 caa aat gag CCt agc cat ctt aca agg tgg tgg aag gaa

L Db F A N K L H F A R D R
430 tta gac tiT gca aac aag ctg cat ttt gct agg gat aga

W W E C
469 gtg gtg gaa tgc t
Fig. 2. DNA sequence and the translated amino acid sequence
of partial TPS-6 gene. Translated nucleotide number 480 (160
AA). The predict position for the complete O. onites TPS-6
mRNA: 367-847.

Terpenes are a large class of hydrocarbon compound
constructed from five-carbon isoprene units (Pichersky
2006). The diversity and variability of terpenes are due to
the terpene synthases variation. Terpene synthase enzyme
family unlike the majority of the enzymes involved in the
biosynthesis of secondary metabolites, are renowned for
being able to convert a single substrate into many different
products (Keszei et al. 2010). The obtained DNA
sequence data in our study is similar with the other
aromatic plants, but not completely same (Fig. 3).
Therefore, this specific data represents O. onites TPS-6
gene. This DNA sequence may be used on transcription
analysis studies without all gene sequence. The molecular
and biochemical studies about terpene synthases provide
opportunities for detailed functional evaluations of
terpene metabolites in plants (Tholl 2006).

For comparison with the other plant TPS-6 AA
sequences, the multiple protein sequence alignment was
performed using Clustal W program (Fig. 3). The domain
and motif analysis of the partial TPS-6 gene were
performed using InterProScan Analysis Program (Fig. 4).
We determined that the obtained DNA sequence had a
terpenoid cyclases/Protein prenyltransferases superfamily
domain sequence (alpha-aplha toroid), terpene synthase N
terminal domain sequence and terpene synthase
magnesium ion (metal) binding domain sequence.
Analysis results confirmed that the amino acid sequence
translating from the cloned partial DNA includes specific
motifs and domains of a TPS-6 enzyme family (Fig. 4). In
addition, there is a specific motif (DXXDD) in the partial
TPS-6 gene (Fig. 3) and catalyzes cyclization reactions
(Bolhman et al. 1998).
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Fig. 3. The multiple protein sequence alignment for partial O. onites TPS-6 gene with other plant TPS-6s. The species and
corresponding accession number are as follows: T. vulgaris TPS-6 (JX946357), V. officinalis TPS-6 (JX494704), Z. mays TPS-6
(NM_001112204), Z. zerumbet TPS-6 (AB247335), M. chamomilla TPS-6 (KJ020283), O. vulgare TPS-6 (GU385969). 71-75 AA

positions have DXXDD motif.
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Fig. 4. InterProScan Analysis of the partial TPS-6 gene. SSF48239: Terpenoid cyclases/Protein prenyltransferases superfamily member
(alpha-aplha toroid), PF01397: Terpene synthase N terminal domain, PF03936: Terpene synthase magnesium ion (metal) binding

domain.

The phylogenetic analysis of O. onites partial TPS-6 gene
was drawn for comparison with the similar overlapping
sequences of other plant TPS-6s (Fig. 5). We observed that
the O. onites TPS-6 gene sequence is very close to O. vulgare
TPS-6 gene than other plant TPS-6s. Interestingly, although
Thymus sp. is close to Origanum sp., O. onites and O.
vulgare TPS-6 sequences are located far to Thymus vulgaris
TPS-6 on the dendrogram (Fig. 5). This result shows that

TPS-6 enzymes may include the high gene polymorphism
among species and genus.

The sequence data of the middle region of TPS-6 gene is
the first reported data for O. onites. This cloned region
includes the characteristic motif for TPS-6 gene and it is
specific for O. onites. This data may provide an important
advantage in the transcriptome analyses without all gene
sequence for TPS-6. It may be used in determination of
enzyme activity analysis in different stress conditions.
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Fig. 5. The phylogenetic dendrogram of partial TPS-6 genes of
O. onites and other plants using Maximum Likelihood Analysis
Method (MEGA 6.06). The highest identity rate of O. onites
TPS-6 is 96% with O. vulgare TPS-6 and the distance value is
0.02. The species and corresponding accession number were
given in Fig. 3.

Terpene synthase genes in aromatic plants encode
attendant enzymes in synthesis of plant essential oils (Bayrak
2006). The characterization of terpene synthase genes was
achieved using a method based on the homology within these
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Ozet: Bu caligmanm amaci; 2,4-D (2,4-Diklorofenoksiasetik asit) herbisitinin, zebra baligi (Danio rerio Hamilton, 1822)
solungaglarinda akut oksidatif strese neden olma potansiyellerinin spektrofotometrik yontemlerle belirlenmesidir. Kontrol
grubu (Grup-K) disindaki baliklar, 96 saat siireyle 2,4-D herbisitinin subletal dozlarmm (0,1ppm, 0,5ppm ve 1ppm) etkisine
brrakilmistir. Solungag¢ dokusunda lipid peroksidasyon seviyelerinin belirlenmesi amaciyla malondialdehit (MDA), antioksidan
sistemlere etkisini belirlemek amaciyla da indirgenmis glutatyon (GSH), katalaz enzim aktivitesi (CAT) ve total protein (TP)
seviyeleri belirlenmistir. Bu ¢aligmada 2,4-D’nin subletal dozlarma maruz birakilan zebra baliklarinin solungaglarinda total
protein seviyelerinin kontrol grubuna oranla azaldigi gozlenmistir. MDA seviyeleri kontrol grubuna oranla 6nemli 6lgiide
artmistir. GSH seviyeleri 2,4-D herbisitinin en yiiksek dozunda artarken diger gruplarda azalmigtir. CAT aktivitesinde ise
kontrol grubuna oranla 6nemli bir fark gézlenmemistir.

Anahtar kelimeler: 2,4-Diklorofenoksiasetik asit, antioksidan enzimler, solungag, zebra balig1.

Determination of Acute Effects of 2,4-Dichlorophenoxyacetic Acid on Antioxidant Enzymes and Lipid
Peroxidation Levels in Zebrafish (Danio rerio Hamilton, 1822) Gills

Abstract: The aim of this study is to determine the potential of 2,4-D (2,4-Dichlorophenoxyacetic acid) herbicide in causing
acute oxidative stress in the gills of zebrafish (Danio rerio Hamilton, 1822) using spectrophotometric methods. Test animals
except the control group (Group-K) were exposed to sublethal doses (0.1ppm, 0.5ppm and 1ppm) of 2,4-D herbicide for 96
hours. Malondialdehyde (MDA) was used to determine lipid peroxidation levels, and reduced glutathione (GSH), catalase
enzyme activity (CAT) and total protein (TP) levels were determined to determine their effects on antioxidant systems in gill
tissues. In this study, total protein levels in gills of zebrafish exposed to sublethal doses of 2,4-D were observed to be reduced
compared to the control group. MDA levels significantly increased compared to the control group. GSH levels increased in the
highest dose of 2,4-D herbicide but decreased in other doses. No significant difference was found in CAT activity compared to
the control group.

Key words: 2,4-Dichlorophenoxyacetic acid, Antioxidant enzymes, gill, zebrafish.

Giris

Son yillarda sucul ortamlarma karigan gevresel
kirleticilerin sucul organizmalarda olusturdugu biyolojik
hasarlarin belirlenmesi ve bu kirleticilerin biyolojik
mekanizmalarinin hiicresel, biyokimyasal ve molekiiler
diizeyde aydimlatilmast pek ¢ok arastirmaya konu
olmustur (Adeyemi ve ark. 2015, Husak ve ark. 2016,
Oliveira ve ark. 2017). Pestisitler tarimsal alanlarda
zararlilarin ve yabani otlarin yok edilmesinde ve tiretimin
arttirilmasinda siklikla kullanilmaktadir. 2,4-
Diklorofenoksi asetik asit (2,4-D), klorlu fenoksi asit
grubuna ait bir herbisittir ve yaklasik elli yildir diinyada
yaygin olarak kullanilmaktadir (WHO 2016). Bu tip

yaygm kullanim sonucunda yagmur sular1 tarafindan
sucul ortamlara tagman tarimsal kimyasallar hedef
olmayan bazi sucul organizmalarca biinyelerine
alimmaktadir. Tarim ilaglarindan etkilenen baliklar
diigmanlar1 tarafindan daha kolay avlanirlar c¢linki
hastaliklara karsi direngleri diiser. Ayn1 zamanda diger
baliklarla rekabet yetenekleri, yumurtlama, iireme ve
gecici aglik gibi zor sartlara toleranslari azalmaktadir.
Ayrica yavru baliklarda canli kalma minimal sartlara
bagli oldugundan pestisitlerin ortamdaki varligi, canlh
kalma siiresinin diismesine neden olmaktadir (Chinalia ve
ark. 2007). 2,4-D asit formu, suda olduk¢a kalict
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oldugundan canli dokularda kolayca birikir. Bunun
sonucu olarak dzellikle besin zinciri yolu ile 2,4-D’nin
biyoakiimiilasyonu sucul tiirlerde iireme, yasama orani ve
biliylime standartlarinda diislislere ve bazen de tamamen
durmasina sebep olabilir (Oliveira ve ark. 2017).
Herbisitler sucul ortamlarda besin zinciri igerisinde
sirastyla planktonlar, algler, omurgasizlar, bitkiler ve
baliklar tarafindan biriktirilir. Bunun sonucu olarak besin
zincirinde herhangi bir herbisitin derisimi zamanla artma
egilimindedir (WHO 2016, FAO 2016).

Oksidatif stres, reaktif oksijen tiriinlerinin olusumu ve
antioksidan savunma mekanizmasi arasindaki dengesizlik
sonucu olusan metabolik siirecteki aksamalardir (Ling ve
ark. 2017, Persch ve ark. 2017). Hiicrelerde meydana
gelen tiim metabolik aktivitelerde olusabilen reaktif
oksijen triinleri oldukga reaktif olup, ¢evrelerindeki atom
ve molekiillere saldirirlar. Cok kisa omiirlii olmalarina
ragmen, radikal olmayan maddeler ile reaksiyona girip ve
bir dizi reaksiyon baslatip onlar1 da radikal molekiillere
donistiriip oldukga zararli durumlar olusturabilirler
(Sarikaya ve Yilmaz 2003, Vigario ve Saboia-Morais
2014). Reaktif oksijen iriinleri, metabolizmada
oksidasyon ve rediiksiyon sirasinda veya cevresel
kaynakli olarak (toksikantlar, agir metal ve pestisitlerin
kalintilari, iyonize veya ultraviyole radyasyon vs.) stirekli
olusabilirler. Tiim canlilarda oldugu gibi baliklarda da
reaktif oksijen {irlinleri doku ve organlarda g¢esitli
fonksiyonel aksakliklara neden olmakta ve bazi
durumlarda 6liimler meydana getirmektedir (Ozmen ve
ark. 2004, Piancini ve ark. 2015). Reaktif oksijen
tirlinlerinin olusumunu ve bunlarin meydana getirdigi
hasar1 6nlemek i¢in viicutta bir¢ok savunma mekanizmast
gelistirilmigtir.  Bu  molekiiller, serbest oksijen
radikallerine bir hidrojen iyonu vererek, bu radikalleri
kendilerine baglayarak ya da onlar1 daha zayif bir
molekiile ¢evirerek radikal hasarmi onlerler. En 6nemli
antioksidanlar; siiperoksit anyonunu H,0,’ye doniistiiren
stiperoksit dismutaz (SOD), organik peroksitleri
detoksifiye eden glutatyon peroksidaz (GSH-Px) ve
H202’yi suya indirgeyen katalaz (CAT) ve indirgenmis
glutatyondur. Cevresel kirleticiler ayn1 zamanda reaktif
oksijen iriinlerinin olusumunu arttirarak ya da hiicrenin
peroksidasyon reaksiyonlarina karsi savunma kapasitesini
azaltarak lipid peroksidasyonunu da arttirabilir (Ge ve
ark. 2017). Bu galismanin amact; 2,4-D herbisitinin, zebra
baligi (Danio rerio Hamilton, 1822) solungaglarinda
oksidatif ~ strese  neden olma  potansiyellerini
spektrofotometrik yontemlerle incelemektir.

Materyal ve Metot

Zebra baligi, ekotoksikolojik arastirmalarda siklikla
kullanilan bir model organizmadir (Simonetti ve ark.
2015, Ling ve ark. 2017). Arastirmamizda kullanilan 2,4-
D herbisiti (MERCK-KGaA, Almanya) ticari firmalardan
elde edilmistir. Herbisitler hiicre bdliinmesi, hiicre
uzamasi, protein sentezi gibi bitki metabolizmasini
diizenleyen hormonal dengeyi bozarak bitki gelisimini
engeller (Ozdas ve ark. 2006). 2,4-D’nin baliklara
uygulanacak subletal dozlar1 2,4 Diklorofenoksi asetik

F.E. Kayhan ve ark.

asit dimetil tuzu emiilsiyonu kullanilarak hazirlanmustir.
Deney materyali olarak segilen zebra baliklar1 2-3 yas
araliginda olup, genetik yapilarmin uygunlugu agisindan
insan saglig1 arastirmalarinda da diinyada yaygin olarak
kullanilan bir “omurgali model organizma” olmasi
nedeniyle tercih edilmistir. Zebra baliklari ticari
akvaryumculardan satin alinmig ve 10 litrelik cam
akvaryumlarda uygun sicaklik araliginda (24-28°C),
uygun havalandirma ve aydinlik/karanlik (14:10)
sartlarinda tutulmustur. Akvaryumlar her biri 10 balik
iceren 4 gruba ayrilmistir. Biri kontrol grubu (Grup-K)
olmak tizere digerleri 0,1ppm (Grup-I), 0,5ppm (Grup-I1I)
ve 1ppm’lik (Grup-1IT) deney gruplar1 olusturulmustur. 96
saat stiren farkli dozlarda pestisit uygulamasi i¢in ayr1 ayr1
akvaryumlar kullanilmistir. Uygulama sonucunda baliklar
-20°C’de soguk sokuyla bayiltilarak, pens ve bistiiri
yardimiyla solunga¢ dokulari disekte edildikten sonra
analizlerin yapilacagi zamana kadar derin dondurucuda (-
80°C) muhafaza edilmistir. Deney sonrasi olii baliklar
Kadikoy Belediyesine ait tibbi atik ekipleri tarafindan
almarak uygun kosullarda imha edilmiglerdir. Daha sonra
solunga¢ doku Orneklerinden %10 gramlik doku
homojenat;, serum fizyolojik (%0,9 NaCl) ile
hazirlanmistir.

Malondialdehit (MDA) Tayini

MDA tayini, Ledwozyw (1986) yoOntemine gore
belirlenmistir. 250uL doku homojenati, 1,250uL Triklor
asetik asit (TCAA) ¢ozeltisi (1,22M, 0,6M HCI’deki) ile
karigtirtlmugtir. 15 dakika sonra 750uL Tiyobarbitiirik asit
(TBA) c¢ozeltisi (0,047M) ile 30 dakika kaynar su
banyosunda inkiibe edilmistir. Daha sonra 2,000uL ticari
n-Butanol ilave edilen karisgim 10 dakika 1,560g’de
santrifiij edilmistir. Butanol fazi alinarak 532nm’de
absorbanslar kaydedilmis ve nmolIMDA/gprotein olarak
hesaplanmistir (Ledwozyw ve ark. 1986).

Indirgenmis Glutatvon (GSH) Tayini

GSH tayini i¢in Beutler (1975) yontemi kullanilmstir.
0,2mL homojenat iizerine 0,3mL metafosforik asit, NaCl
ve EDTA-Na igeren proteinsizlestirme ¢ozeltisinden ilave
edilmistir.  2,028g’de 10 dakika santrifiij edilen
homojenattan 0,2mL siipernatant alinmig ve 0,8mL
Na;HPO, ¢ozeltisi (0,3M) ve 0,1mL % 40mg DTNB ( 5-
5’ ditiyobis 1-2 nitrobenzoik asit) ile karigtirilmistir.
DTNB ile siilfidril gruplarinin reaksiyonu sonucu olusan
renkli  drinin  412nm’deki 151k absorbsiyonu
spektrofotometrik olarak belirlenmis ve
nmolGSH/gprotein cinsinden degerlendirilmistir (Beutler
1975).

Katalaz Aktivitesi (CAT) Tayini

CAT tayini Aebi (1974) yontemi ile yapilmustir.
Katalaz ~ enzimi;  HzOz’nin, HzO’ya  doniisim
reaksiyonunu katalizler. Bu doniisim 240nm’de
absorbansin azalmasi ile takip edilebilir. Deney sirasinda
0,4mL doku homojenat1 iizerine her bir numune ig¢in
0,2mL H20> ¢ozeltisi (30mM) + fosfat tamponu eklenmis
ve U/mg protein cinsinden hesaplanmistir (Aebi 1974).
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Total Protein (TP) Miktar: Tayini

Solunga¢ dokusunda protein miktar1 Bradford (1976)
yontemi ile oOlgiilmiistiir. Stok albiimin ¢ozeltisi ile
standart egri grafigi olusturulmustur. 25pL  doku
homojenatt 775uL distile su ve 200uL ticari Bradford
reaktifi ile karigtirildiktan 15 dakika sonra 595nm’de kore
kars1 absorbanslar1 kaydedilmistir. Protein miktarlari
pg/pl cinsinden ifade edilmistir (Bradford 1976).

Istatistiksel Analizler

Biyokimyasal analiz sonuglari SPSS 16.0 paket
programinda tek yonli varyans analizi (ANOVA) ve
student t-testi ile degerlendirilmis ve gruplar arasi
farklarin istatistiki énemliligi p<0,05 6nem derecesinde
belirlenmistir.

Sonuclar ve Tartisma

Bu calismada, 2,4-D’nin subletal dozlarina 96 saat
stireyle maruz birakilan zebra baligi solungaglarinda total
protein miktarlarinin, kontrol grubuna oranla azaldig
gozlenmistir. Ozellikle Grup-II’de (0,5ppm) &nemli
oranda azalma oldugu gézlenmistir (Sekil 1).

Total Protein (ugiuL)

Kontrol 25 ppm 1opm

Sekil 1. 2,4-D’nin farkli subletal dozlarinin etkisinde zebra
balig1 solungaglarinda total protein miktarlari.

Bu caligmada zebra baligi solungaglarinda MDA
miktarlarinin, kontrol grubuna oranla arttig1 gozlenmistir.
Ozellikle Grup-III’de (1ppm) artisin yiiksek oranlarda
oldugu (p<0,01) belirlenmistir (Sekil 2).

MDA (nmelMDAg)

1]

1)

e

o0z

RAAARAS — 5 -
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Sekil 2. 2,4-D’nin farkli subletal dozlarinin etkisinde zebra
balig1 solunga¢ dokusunda MDA miktarlari.
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Glutatyon (GSH), oksijen radikali yakalayicisi olarak
antioksidant savunmada oOnemlidir. GSH diizeyindeki
degisim, canlinin detoksifikasyon yeteneginin 6nemli bir
indikatoriidiir. Bu ¢aligmada, Grup III'te GSH
seviyelerinde  6nemli  derecede artis (p<0,001)
gozlenirken diger gruplarda kontrole oranla azalma
(p<0,05) gozlenmistir (Sekil 3).

Tatal G5H (nmolGSHIg protein]
[ER]
0,15
014
) J
[

Kol a1 ppm 05 ppm 1 ppm

Sekil 3. 2,4-D’nin farkli subletal dozlarinin etkisinde zebra
balig1 solungaglarinda GSH seviyesi.

Bu c¢alismada, 2,4-D’nin subletal dozlarinin zebra
baligt solunga¢ dokularinda 96 saatlik maruziyet
sonucunda katalaz aktivitesini fazla etkilemedigi, hemen

hemen tim gruplarda ayni seviyede kaldig1 gozlenmistir
(Sekil 4).

Katalaz Enzim Aktivitesi (U/mg protein)

Konteol 0,1 ppm 05 ppm 1gpm

Sekil 4. 2,4-D’nin farkli subletal dozlarmin etkisinde zebra
balig1 solungaglarinda katalaz enzim aktivitesi.

Baliklarda solungaglar g¢evre kirliliginden ilk
etkilenen organlardir. Solungaglarin genis ylizey alanlari
toksik maddelerin gegisini kolaylastirmaktadir. Sucul
ortamdaki herbisit kalintilarinin hiicre membraninda
birikmesi sonucu lipid yapisi bozulur. Protein ve lipid
arasindaki hidrofobik etkilesimin bozulmasina bagh
olarak enzim aktiviteleri degisebilir (Fernandes ve ark.
2013).  Pestisitlerin, baliklarda ve memelilerde
antioksidant enzimleri ve lipid peroksidasyonunu
olumsuz etkileyerek oksidatif strese neden olduklar
bilinmektedir (Piancini ve ark. 2015, Golombieski ve ark.
2016).

Husak ve arkadaglar1 (2016) Carassius auratus
(Linnaeus, 1758) tiirii baliklarla yaptiklar1 ¢aligmalarinda,
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96 saat siireyle Sencor herbisitinin (Metribuzin 4-amino-6-
(1,1-dimethylethyl)-3-(methylthio) farkli konsantrasyonlarint
uygulayarak  solunga¢  dokusundaki bazi  enzim
aktivitelerini  arastirmiglardir. Deneyler  sonucunda
solunga¢ dokuda SOD ve GSH aktivitelerinde artig
gozlemlemiglerdir (Husak ve ark. 2016). Bizim
¢aligmamizda 2,4-D’nin farkli dozlar1 Grup-1 (0,1ppm) ve
Grup-11 (0,5ppm) ve Grup-III (1ppm) olacak sekilde
stralanmistir. Grup II’de solunga¢ dokularinin protein
seviyelerinde dnemli 6l¢iide azalma gozlenmistir. Grup-I
ve Grup-III’de protein miktarinda gozlenen azalmanin
istatistiksel olarak onemsiz oldugu belirlenmistir. Genel
olarak sucul canlilarda izlenen adaptasyon siire¢lerinde,
canlilarin ¢evresel kirleticilere verdikleri fizyolojik
yanitlar biyokimyasal yollarla izlenebilir (Tabassum ve
ark. 2016, Golombieski ve ark. 2016). Buna goére, Grup-I
baliklarinda diisiik protein tespit edilmesi heniiz
kirleticiye karst bir tepkinin olusmadigi seklinde
yorumlanabilir. Grup-II baliklarinin protein seviyelerinde
goriilen azalmanin ise baligin adaptasyon siireci igerisinde
oldugunu diisiindiirmektedir. Grup-III baliklarinda diistik
protein seviyesinin tespit edilmesi ise baliklarin
kirleticiye karst  adaptasyon siirecine  girdigini
gostermektedir.

Persch ve arkadaglar1 (2017) kimyasal stres altinda
antioksidan sistemlerin indiiklenmesinin adaptasyon
olarak degerlendirilebilecegini, adaptasyonun olmamasi
halinde ise organizmanin toksik maddeye duyarl
olacagini ve toksisitenin baslayacagini belirtmislerdir
(Persch ve ark. 2017). Channa punctata (Bloch, 1793)
tiirli baliklarla yapilan bir aragtirmada arastirmacilar 96
saat siireyle baliklara Pendimethalin herbisitinin 0,5 ve
0,8ppb  dozlarim1t  uygulamuslardir.  Pendimethalin
uygulamasinin  lipid peroksidasyonu ve protein
oksidasyon siirecini tiim dokularda arttirdigin1 rapor
etmislerdir. Ayrica, doza bagl olarak GSH ve CAT enzim
aktivitelerini indirgedigi belirtilmistir. Bizim
¢alismamizda aksine MDA ve GSH seviyeleri 1ppm doz
uygulanan grupta, kontrol grubuna oranla O6nemli
miktarda artmistir. Glusczak ve arkadaslari tarafindan
2007 yilinda yapilan bir ¢alismada, Rhamdia quelen
(Quoy ve Gaimard, 1824) tiirii baliklarin Glifosat’in 0,2
ve 0,4ppm dozlarina 96 saat siireyle maruz birakilmasi
sonucunda, baliklarin karaciger dokularinda protein
seviyelerinin arttigi, kas dokularinda ise azaldig1
bildirilmistir (Glusczak ve ark. 2007). Genellikle GDO’lu
soya ve musir iretiminde kullanilan ve Roundup ticari
adiyla satilan glifosat, havada, suda ve yiyeceklerin yani
sira ilaca maruz kalan tarim isgilerinin kan ve idrarlarinda
da tespit edildigi rapor edilmistir (WHO 2016).
Arastirmacilar, protein seviyelerindeki bu artigin oksidatif
strese kars1 biyokimyasal adaptasyon gelistirmesi sonucu
oldugunu rapor etmislerdir. Bu c¢alismada ise, protein
seviyelerinde gorillen azalmanin nedeni, serbest
radikallerin proteinlerin tiyol gruplarina baglanmasi ve
protein yapisinda farkli konfigiirasyonlar gelistirmesi
olabilir. Yapilan bir c¢alismada bir herbisit olan
Paraquat’in 1ppm’lik dozuna 24 saat maruz birakilan C.
punctata (Yesil Yilanbas baligi) tird baliklarin tim
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dokularinda protein seviyelerinde bizim bulgularimizin
tersine artig belirlenmistir (Parvez ve Raisuddin 2006).
Bizim ¢aligmamizda total protein miktarinin genellikle
kontrol grubundan daha diisikk oldugu gozlenmistir.
Ozellikle Grup-2’de (0,5ppm) daha da diisiik oldugu
goriilmektedir (Sekil 1).

Malondialdehit (MDA), lipid peroksidasyonu sonucu
olusan {iriinlerden biridir ve oksidatif hasarin
belirlenmesinde  yaygin  olarak  kullanilan  bir
parametredir. Yani MDA miktarinin yiiksek bulunmasi,
lipid peroksidasyonuna isaret etmektedir. Bizim
calismamizda tiim gruplarda MDA miktarlar1 kontrol
grubuna oranla yiiksek bulunmustur (Sekil 2). Lipid
peroksidasyonu hiicresel membranlarda pestisitlerin
neden oldugu hasarinin ilk gostergesidir (Kog ve Akbulut
2012). Artan lipid peroksidasyonu koruyucu antioksidan
enzimlerin aktivitelerini etkiler. Lipid peroksidasyonunun
disiik diizeylerde olmasi veya hi¢ olusmamasi oksidatif
enzimlerin  koruyucu etkilerinin  var  oldugunun
gostergesidir. Persch ve ark. (2017) bir herbisit olan
Clomazo’nun, R. qualen (Giimiis Yaymbalig1) tirii
baliklarin karaciger, beyin ve kas dokularinda oksidatif
stres  sartlarmda MDA  seviyelerini  arttirdigini
belirtmislerdir (Persch ve ark. 2017). Xing ve ark. (2012)
atrazin ve klorprifos pestisitlerinin ayr1 ayr1 ve birlikte
Cyprinus carpio (Linnaeus, 1758) karaciger ve solungag
dokulart  tizerine  akut  etkilerini  inceledikleri
arastirmalarinda, reaktif oksijen iriinlerinin hiicre zari
lipidlerinde hasara ve MDA seviyelerinde artisa neden
oldugunu ileri siirmiiglerdir (Xing ve ark. 2012).

GSH seviyesi, hiicresel islevlerin korunmasinda
onemlidir. GSH seviyesi detoksifikasyon ve oksidatif
stres durumlarinda azalabilmektedir. Ancak devam eden
stres  durumunda  GSH/GSSG  oram1  adaptif
mekanizmalarin  etkisi ile oksidatif strese karsi
koyabilmek {izere artisa gegebilir. Bu nedenle de GSH
cevresel kirliligin etkilerinin belirlenmesinde kullanilan
o6nemli bir parametredir (Zhang ve ark. 2005, Husak ve
ark. 2016). Bu galismada, Grup-I11’de GSH seviyelerinde
onemli derecede artig gozlenirken diger gruplarda kontrol
grubuna oranla azalma belirlenmistir (Sekil 3). Sucul
tiirlerle yapilan bazi ¢alismalarda pestisitlere maruziyet
sonucu dokularda GSH seviyelerinde genellikle azalma
gozlenmistir (Li ve ark. 2003, Monteiro ve ark. 2006,
Piancini ve ark. 2015, Tabassum ve ark. 2016). Bunun
sebebi, GSH’in devam eden stres durumunda ya da
pestisite maruziyetin yiizsek dozlarda olmasi durumunda,
adaptif mekanizmalarin devreye girmesi seklinde
aciklanabilir. Ciinkii GSH seviyeleri oksidatif stres
durumunda once azalmakta, daha sonra artabilmektedir.
Stara ve arkadaglar1 C. carpio’da bir herbisit olan
Simazin’in (2—chloro—4,6—bis—(ethylamino)—s—triazine)
kronik maruziyette tiim dokularda indirgenmis glutatyon
miktarimi 14. ve 28. giinlerde artirdigini ancak, 60. giinde
azalttigini rapor etmisglerdir (Stara ve ark. 2012).

Antioksidan  enzimler  hiicre i¢i  dengelerin
diizenlenmesinde yasamsal bir Oneme sahiptirler ve
indiiksiyonlar1 pestisitler gibi kirleticilere karsi verilen
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tepkinin bir sonucudur. CAT, savunma mekanizmasinda
yer alan onemli hiicre i¢i antioksidan enzimlerdendir ve
olusan H>O>’i substrat olarak kullanarak oksijen ve suya
parcalamak suretiyle HO2’nin detoksifikasyonunu
saglayan peroksidazlardandir (Karasu Benli ve ark. 2012,
Adeyemi ve ark. 2015, Tabassum ve ark. 2016). Asir
oksijen radikali liretimi CAT aktivitesini inhibe edebilme
ozelligine sahiptir (Persch ve ark. 2017). Orug ve
arkadaglar1 (2004), Azinfosmetil, 2,4-D ve bu iki
pestisitin  kombinasyonlarmin Oreochromis niloticus
(Linnaeus, 1758) (Tilapya balig1) ve C. carpio’nun (Sazan
balig1) solungac, bobrek ve beyin dokularinda antioksidan
sistemleri incelemiglerdir. Arastirmacilar, O. niloticus’un
beyin dokusunda CAT aktivitesinin degismedigini, C.
carpio’da ise bu pestisitlerin tek basina ve kombine
uygulamalarinda, bobrekte CAT aktivitesinin
yiikseldigini belirtmislerdir (Orug ve ark. 2004). Katalaz
seviyelerindeki artislarin gosterildigi bazi g¢aligmalarin
tersine pestisitlerin toksik etkisi iizerine yapilan birgok
calismada CAT aktivitesinin azaldigr da bildirilmistir
(Zhang 2005, Vasylkiv ve ark. 2011, Xing ve ark. 2012,
Husak ve ark. 2016). Bizim ¢alismamizda CAT
aktivitesindeki degisikligin istatistiksel olarak oOnemli
olmadig1 gozlenmistir (Sekil 4). CAT, SOD ve GST gibi,
baliklarin antioksidan sistemlerinde de goriilen temel
enzim gruplarinin serbest radikalleri yok edici etkilerinin
oldugu bilinmektedir. Bu enzim gruplar1 sucul ortamlarda
bulunan gesitli pestisitlerin neden oldugu zararl etkilere
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Ozet: Bu caligmada ¢inko oksit nanopartikiiliinin (ZnO NP), ¢inko Kkloriiriin (ZnCl2) ve karigimlarinm, farkl
konsantrasyonlarda (0,75, 1,5, 3, 6 ve 12ppm) Daphnia magna (Straus, 1820) tizerine akut toksik etkileri 24., 48. ve 72.
saatlerde statik akut toksisite testi kullanilarak arastirilmigtir. Veriler probit analiz metodu kullanilarak istatistiksel olarak
degerlendirilmigtir (SPSS 21.0v). En yiiksek toksisite karisgimin (ZnO NP+ZnCl2) 72. saatinde, en diisiik toksisitenin ise
ZnCl2'nin 24. saatinde oldugu tespit edilmistir. Akut toksisite sonuglart géz 6niine alindiginda, D. magna iizerine ZnO NP'nin
ZnCl2'ye gore, karigimlarinin ise bu iki kirleticiye gore daha toksik oldugu tespit edilmistir. Zamana bagh akut toksisite sonucu
degerlendirildiginde her {i¢ deney grubu (ZnO NP, ZnCl2 ve ZnO NP+ ZnCl2) igin zaman arttik¢a toksisitenin de arttigi
belirlenmistir.

Anahtar kelimeler: ZnO NP, ZnClz, Daphnia magna, korelasyon.
Acute Toxic Effects of Zinc Oxide Nanoparticle and Zinc Chloride on Daphnia magna (Straus)

Abstract: The acute toxicities of zinc oxide nanoparticle (ZnO NP), zinc chloride (ZnCl2) and their mixtures of different
concentrations (0.75, 1.5, 3, 6 and 12ppm) on Daphnia magna (Straus, 1820) were investigated at 24, 48 and 72 hours by
employing the static acute toxicity test. The data obtained were statistically evaluated by probit analysis method (SPSS 21.0v).
The highest toxicity was found at 72 hours of the mixture (ZnO NP+ZnCl3) and the lowest toxicity was found at 24 hours of
ZnCl2. When the overall acute toxicity results were considered, ZnO NP was determined to be more toxic than ZnCl2 and
mixtures were determined to be more toxic than these two pollutants alone. When the results of time-dependent acute toxicity
were evaluated, toxicity was found to increase with increasing time for all three experimental groups (ZnO NP, ZnClzand ZnO
NP+ZnCly).

Key words: ZnO NP, ZnClz, Daphnia magna, correlation.

Giris

Dogada, sahradan gelen mineral tozlar, orman etkileri giinimiizde 6nemli bir arastirma konusu haline

yanginlar1 ve volkanik patlamalar gibi dogal kaynaklarda
bulunan nanopartikiillerin, mithendislik yontemleri ile de
tiretimi miimkiindiir (Baker ve ark. 2014). Son yillarda
nanoteknoloji alaninda yasanan biiyiik gelismeler,
nanoteknolojik {irlinlerin {iretiminde ve kullaniminda
arisa yol agcmustir.  Kullamm  alanlarmin =~ ve
uygulamalarinin artmasi, nanopartikiillerin g¢evre ile olan
etkilesiminin de artmasina neden olmustur. Yiizey-hacim
oranmnin yiiksekligi, ara yiizey aktivitesi ve elektronik
yapilar gibi farkl fizikokimyasal 6zelliklere sahip olan
nanopartikiillerin farkli ¢evresel etkilere neden olacagi
diistiniilmektedir (Ma ve Wang 2010).

Eser element olsun ya da olmasin biyolojik sistemdeki
birikimleri belli bir esik degerden sonra toksik olan
metallerin (Anton ve ark. 2000) ekosistemdeki varligi1 ve
konsantrasyonu pek ¢ok arastirici tarafindan arastirilmig
olsa da giderek artan nanopartikiil ile etkilesimi ve toksik

gelmistir. Onemli bir agir metal olan ¢inko (Zn), tiim
organizmalar igin gerekli bir besin kaynagidir ve
enzimatik faaliyetlerde 6nemli fonksiyonlar1 bulunan bir
gecis metalidir  (Palmgren ve ark. 2008). Zn
galvanizlemede ve otomotiv sanayinde dokiim kaliplari
yapiminda kullanilan bir metaldir. Cinko kloriir metali
(ZnCly) lastik sanayisinde aktivator olarak, pil
govdelerinin  yapiminda, tekstil sanayisinde ve
dezenfektan olarak kullanilmaktadir. Cinko oksit
nanopartikiilii (ZnO NP) ise giibrede, boyada, giines
kremlerinde, sensoér uygulamalarinda, dis macunu,
gidalarda ve gida ambalaj paketlerinde katki maddesi
olarak kullanilmaktadir (Baker ve ark. 2014, Shetty ve
ark. 2015, Zhang ve ark. 2015, Kuang ve ark. 2016).

Kullanim alanlar1 ¢ok yaygin olan agir metal ve
nanopartikiiller dogada karisim halindedir. Dolayisiyla
karisim halindeki kirleticilerin ekosistem ve canli hayati
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iizerine etkilerinin olasi olumsuz yonlerinin aragtirilmasi
onemli hale gelmistir. Ekosistemdeki kirleticilerin
aragtirtlmasinda O6nemli bir model organizma olan
Daphnia magna (Straus) agir metal ve nanopartikiil
¢aligmalari igin de ¢ok dnemli bir tiirdiir (Loureiro ve ark.
2011, Shashkova ve Grigor'ev 2013) ve pek ¢ok metal
toksisite ¢aligmalarinda yer almistir (Tan ve Wang 2011,
Fikirdesici ve ark. 2012, Que ve ark. 2013).

Bu caligmada iiretimi artan nanoteknolojik iiriinlerin
kullaniminda sikc¢a rastladigimiz nanopartikiillerden ZnO
NP ile yine oOnemli metallerden olan ZnCly’nin
laboratuvar ortaminda D. magna iizerine tek tek ve
karigim halindeki akut toksik etkileri aragtirilmistir.

Materyal ve Metot

Daphnia magna Kiiltiirii

Test organizmasi D. magna laboratuvarda 30L
akvaryumlara 1SO-6341 (Anonim, 1999) prosediiriine
uygun olarak alistirilmigtir. Millipore Milli-Q ultra saf
(Milli-Di, France) su sistemi kullanilarak canlilar igin saf
su ortami yaratilmistir. Akvaryumlar 12 saat karanlik 12
saat aydmlik olacak sekilde 1siklandirilmig, sicaklik 24+
1,3°C’de, ¢oziinmiis oksijen 6ppm'de ve elektriksel
iletkenlik ise 250puScm™'de sabit tutulmustur.

Cinko Oksit Nanopartikiil Sentezi

Zn0O nanopartikiiller yaklasik 30-40nm boyutunda basit
soliisyon faz yaklagimi ile sentezlenmistir. Rahman ve ark.
(2013)’nin ¢aligmasi temel alinmis olup, baz1 degisiklikler
yapilmistir. Sentez asagida kisaca anlatilmigtir:

Mikro kiireler uygun ortalama partikiil boyutu ve
gozeneklilige sahip olacak sekilde tiretilmistir. Yaklasik
0,5-1M ¢inko asetat ve oksalik asit soliisyonlart manyetik
karistiricidda  250rpm  de karigtirilarak ayri1 ayri oda
sicakliginda hazirlanmigtir.  Hazirlanan oksalit  asit
soliisyonu, ¢inko asetat soliisyonuna damlatma yolu ile
ilave edilerek, bu islem sirasinda karigtirmaya 250rpm de
devam edilmistir. Oksalik asit soliisyonu, ¢inko asetat
¢ozeltisine ilave edildikten sonra karisim bir giseye alinip,
agz1 sikica kapatildiktan sonra 70°C ve 12 saat boyunca
120rpm de beyaz renkli bir ¢ozelti elde edilinceye kadar
calkalanmis ve ardindan metanol ve damitik su ile
yikanmustir. Daha sonra 80°C sicaklikta vakum ortaminda
kurutulmustur.

Toksisite Calismasi

Biyodeneyde, toksik madde olarak ¢inko oksit
nanopartikiilii (ZnO NP) ve ¢inkokloriir (ZnCly) metalleri
teker teker ve karigimlari (v/v) D. magna iizerinde
calisilmistir. Her deney grubu igin yag1 24 saatten kiigiik
10 adet D. magna kullanilmustir.

Nanoparcaciklarin D. magna tarafindan alinmasi i¢in
iki yol bulunmaktadir. Birinci yol, nanopargaciklarin
viicut ylizeyi tarafindan emilmesi seklindedir. Alinma
derecesi, nanopartikiiller ve viicudun yiizey potansiyelleri
tarafindan yonetilir. Bununla birlikte, bu yol, toksik etkiye
katkida bulunmayabilir ¢ilinkii nanopargaciklar, diizenli
araliklarla kabuk degisimi yapan D. magna tarafindan
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kolayca atilabilir. Dolayisiyla diger alim yollarina kiyasla
onemsizdir. Diger yol ise nanopargaciklarin agizdan yani
gastrointestinal yol ile alimidir (Wang ve ark. 2011).
Nanopartikiiliin suda ¢6zelti halinde bulunmasi da D.
magna {lizerine toksisiteyi artirict bir diger etkidir.
Dolayistyla deneyde kullanilan nanopartikiil D. magna'ya
suda ¢o6zelti halinde verilmistir.

Tiim deneyler kimyaca inert 100mL'lik beherlerde
gerceklestirilmistir. Biyodeneyde 0,75, 1,5, 3, 6 ve 12ppm
olmak tizere 5 konsantrasyon ile birlikte kontrol grubu da
kurulmustur. 24, 48 ve 72. saatlerde akut toksisite
degerleri (LCso) probit analizi ile, ZnCl,, ZnO NP ve
karigimlarinin korelasyon iligkisi de korelasyon testi ile
hesaplanmigtir (SPSS 21.0v (IBM, Portsmouth, UK)).

Karisimdaki metallerin birbiri {izerindeki etkilerini
anlamada toksik birim (TU;) (Dener ve Sinnige 1988) ve
ilave indeks (AI) (Marking 1977) hesaplamalar
kullanilmisgtir.

Bulgular ve Tartisma

Yapilan calisma sonucunda D. magna iizerine en
yiiksek toksisiteyi ZnCly+ZnO NP karigiminin 72. saati,
en disiik toksisiteyi ise ZnClo'nin 24. saati gostermistir.
Toksisite siralamasi yapildiginda; C72h> A72h> B72h>
C48h> A48h> B48h> C24h> A24h> B24h seklinde bir
siralama oldugu tespit edilmistir (Tablo 1). Heinlaan ve
ark. (2008) ZnO NP'nin D. magna tizerine 48 saat LCso
degerini 3,2ppm; Blinova ve ark. (2010) ise 48 saat ECsg
degerini 2,6ppm olarak bulmuglardir. Bu c¢alisma
sonuglari, mevcut c¢alisma sonuglari ile paralellik
gostermistir.

Deneyde ZnCl, ve ZnO NP kullanarak toksisiteye,
¢oziinmiis Zn*?> iyonu mu yoksa metal oksit
nanopartikiillerinin mi sebep oldugu arastirilmustir.
Literatiirde bazi ¢aligmalar ZnO nanopartikiiliiniin
olusturdugu toksik etkinin ¢dziinmiis Zn*? iyonundan
kaynaklandigini belirtirken, bazi ¢aligmalar ise metal
oksit  nanopartikiillerden = kaynaklandigint  ortaya
koymustur (Mwaanga ve ark. 2014, Bacchetta ve ark.
2016). Bu calisma ile metal oksit nanopartikiillerinin
toksisiteyi artirict etkiye sahip oldugu tespit edilmistir
(Tablo 1, Sekil 1 ve 2). Bu sonucu destekler nitelikte ZnO
NP gibi metal oksit nanopartiikiillerinin sucul canlilar i¢in
toksik oldugunu gosteren ¢aligmalar literatiirde mevcuttur
(Mwaanga ve ark. 2014, Adam ve ark. 2015, Haulik ve
ark. 2015).

Tablo 1. ZnClz ve ZnO NP ve karisgimlarimin D. magna iizerine
24, 48 ve 72. saatlerdeki akut toksik etki (LCso) degerleri.

ZnO NP(A) ZnClz(B) ZnCl2+Zn0O NP(C)
24N 4,486ppm 6,460ppm 4,062ppm
(0,169-10,706) (2,576-19,676) (-2,189-11,129)
48h 2,924ppm 3,946ppm 1,945ppm
(1,624-4,066)  (2,286-5,525) (0,380-3,062)
72 0,933ppm 1,656ppm 0,345ppm

(-0,745-1,810)  (0,035-2,751)  (-1,735-1,215)
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Sekil 2. Farkli saatlerde (24, 48 ve 72) ZnClz ve ZnO NP karigimina maruz kalan D. magna 'nin doz-6liim egrisi (probit analizi).

Ayrica karigimdaki metallerin birbiri lizerine etkilerini
anlamada toksik birim (TU;) (Dener ve Sinnige 1988) ve
ilave indeks (Al) (Marking 1977) hesaplamalari
kullanilmistir.

Toksik birim (TU;) degeri, karigimdaki bir kirleticinin
LCso degerinin, o kirleticinin LCso degerine boliinmesi ile
hesaplanmaktadir (Dener ve Sinnige 1988).

TUi: I—CSOkar1§1m,i/|—C50i

TUi, karisgimdaki i bileseninin toksik birimidir.
LCsokangim,i, karigimdaki i bileseninin LCso degeridir. LCso;
ise 1 bileseninin LCsp degeridir.

M=TUs=XTU;j

Birbirleri tizerine sinerjistik etki gosteren kirleticilerin
toksisite degerleri arasindaki iliski korelasyon testi ile
degerlendirildiginde, karigimin toksisitesi ile
kontaminantlarin teker teker toksisitesi arasinda ¢ok
yiiksek korelasyon oldugu tespit edilmistir. Dolayisiyla
karigimdaki her kontaminantin birbiri tizerinde sinerjistik
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bir etkisi oldugu sonucunu desteklemektedir (p<0,001)
(Tablo 3). Wang ve ark. (2011), Cerodaphnia dubia
(Richard 1894) iizerine As(V) ve TiO2 nanopartikiillerinin
toksik etkilerini aragtirmislar ve As(V) ve TiO;
nanopartikiilleri arasinda benzer sekilde sinerjistik etkinin
oldugunu raporlamglardir.

Tablo 2. Karigimdaki metallerin D. magna tizerindeki toksisitesi.

A B TU(M) TU; Al
LCso(C24h) 0,182 026 008 004 115
LCso(C 48n) 0,057 0,077 004 0,02 24
LCso (C72h) 0,0032 0,006 0,007 0,035 141,38

Tablo 3. ZnClz, ZnO NP ve karigimlarinin korelasyon iligkisi.

ZnClz,  ZnONP ZnCl2+ZnO NP
ZnClz 1,000
ZnO NP 0,992** 1,000
ZnCl+ZnO NP 0,987** 0,987** 1,000
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Sonuc¢

Dogal ortamlarda konsantrasyonlar1 hizla artan metal
ve nanopartikiil gibi kirleticilerin ekosistem ve canlilar
i¢in yararlari oldugu kadar dnemli zararlar1 olabileceginin
bilinirligi giiniimiizde yapilan ¢aligmalarla artmistir. Bu
calismada ZnO nanopartikiillerinin ZnCl,’ye oranla daha
toksik oldugu gozlenmistir.

Dogadaki Kirleticilerin karigim halinde bulunmasi,
aragtiricilart  kirleticilerin  karisim halindeki etkilerini
anlamaya yonlendirmistir. ZnO NP ile ZnCl, birbiri
iizerine sinerjistik etki gostererek dogada karigim halinde
bulunmasi, teker teker bulunurluklarina oranla, dogal
ortam ve canlilar icin daha tehlikeli bir hal alabilecegi
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Abstract: This study was performed to determine the predatory insects associated with Rosaceae species. Field surveys were
carried out in March-June 2013 in Edirne province (Trakya University Arboretum) of European Turkey. Predatory insects were
observed and collected in different stages of their life cycles, and larval-pupal samples were reared in laboratory conditions.
As a result of this study, predatory insect species which are inhabitants of the Rosaceae species to provide their preys were
recorded and 11 predatory insects belonging to 6 families (Chrysopidae, Coccinellidae, Formicidae, Geocoridae, Pentatomidae,
Syrphidae) were determined on 5 Rosaceae species. The observations and short information about the recorded species were
also presented.

Key words: Trophic interaction, biocontrol, Rosaceae, Turkish Thrace.

Edirne Civaninda (Trakya Universitesi Arboretumu) Baz1 Rosaceae Bitkileri ile Birliktelige Sahip
Predator Bocek Tiirleri

Ozet: Rosaceae tiirleri ile etkilesime sahip predator bocek tiirlerini belirlemek amaciyla, 2013 yili Mart-Haziran periyodunda,
Trakya Bolgesi sinirlari iginde yer alan Edirne ilinde (Trakya Universitesi Arboretumu) arazi ¢aligmasi ve toplanan érneklerle
ilgili olarak laboratuar calismasi yapilmistir. Arazi g¢alismasi sirasinda predatér bocekler cesitli yasam evrelerinde
gbzlemlenmis ve toplanmustir. Toplanan 6rneklerden larva/pupa asamasinda olanlar laboratuar sartlarinda yetistirilmistir.
Caligsma sonucunda alanda bulunan Rosaceae tiirleri lizerinde konaklayan ve besinini saglayan predator bocekler tanimlanarak
belirlenmig ve 5 bitki tiirii {izerinde, 6 familyaya ait 11 predatdr bocek tiirii (Chrysopidae, Coccinellidae, Formicidae,
Geocoridae, Pentatomidae, Syrphidae) kaydedilmistir. Tespit edilen tiirler hakkinda yapilan gozlemler ve kisa literatiir bilgileri

de belirtilmistir.

Anahtar kelimeler: Trofik etkilesim, biyokontrol, Rosaceae, Tiirkiye Trakyasi.

Introduction

Most of the members of the Rosaceae family are
crucial to human beings' way of life since the family
includes trees, shrubs and herbaceous plants which are
used for landscaping and timber making as well as other
related species which are used for production of medicine
and food (Flora of China 2004, Hummer and Janick
2009).

Predatory insects are among the natural enemies of
several major economically depreciating pest species.
Plants affect both insect herbivores and predators by their
phenology, chemistry, morphology, and alternative food
which they provide to these insects. Plants provide food
and shelter for herbivorous insects but on the other hand
they can defense themselves directly or indirectly against
herbivory by using their traits. One example can be given
in terms of plant allelochemicals. A type of allelochemical
called “pine tree terpenoids” can behave as allomones,
kairomones and synomones against the organisms around
it. This substance released by a plant species can deter

herbivores by acting as an allomone, attract bark beetles
by acting as a kairomone and attract bark beetle predators
by acting as a synomone. Hence, pine tree terpenoids
produced by the host tree is beneficial to both the plant
and the predator. Another typical example is the aphid-
plant-predator relationship. Studying the tritrophic
associations between an aphid, its plant food and its
predator can show the affects each offers to the others.
These tritrophic studies reveal a lot about the overall
beneficial effects that plants have to offer and the
outcomes of these studies contribute to the importance of
plant protection (Kilinger 1983, Barbosa and Letourneau
1988, Schmitz et al. 2000, Vanhaelen et al. 2002,
Schoonhoven et al. 2005). In the special case of Rosaceae
family, it is also important to reveal the predatory insects
and their associations or interactions with herbivorous
insects and plant species they feed on. Thus, any kind of
knowledge about plant-predatory insects is important both
for agriculture and biodiversity. Although there are a
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number of studies reporting biological observations on
predatory insect species found on several Rosaceae
species like apple, peach, cherry and other fruit trees in
different regions of Turkey (Kili¢ and Aykag 1989, Cam
1993, Cnar et al. 2004, Basar and Yasar 2011, Demirdzer
and Karaca 2014) no study about the predators on
rosaceous plants was performed so far in our present study
area. The aim of this study is to contribute to the
knowledge of predatory species associated with some
rosaceous plants in Turkey.

Materials and Methods

Predatory insects were investigated following the
emergence of herbivores in parallel with the blooming
season of Rosaceae plants (in March) in Trakya
University Balkan Arboretum in Edirne province of
European Turkey (Fig. 1). The study area (200 hectares)
was an uncultivated field without pesticide treatment.
Field surveys were carried out from March to June 2013
but the total time period of the study covered 1 year to
include the steps in laboratory. Predatory insects were
collected individually in the field at their larval, pupal and
adult stages. The collections were performed on
Crataegus monogyna Jacquin, Prunus X domestica
Linnaeus, P. spinosa Linnaeus, Pyrus communis Linnaeus
and Rubus sanctus Schreber. The field studies were
performed from March to June as 2 days/week due to the
seasonal conditions of the region and the biological
features of the species. Insect diversity showed a parallel
increase with the plant development reaching its peak
within this time period. In the field, the flowers, leaves,
and stems of the plants were observed carefully and
individual insects or their nests seen on each plant were
collected gently. Larval and adult stages of insects were
captured (after their observation) directly from the plant
or from a cloth beneath the plant after shaking it using a
forceps or by hand-picking. Pupal stages and nests were
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collected by removing the plant leaves. Larval and pupal
samples were placed in 10x10 cm gauze-covered plastic
rearing boxes and were reared in laboratory conditions
(temperature 27°C; relative humidity 52%) by feeding the
larvae with aphids. Adult samples were directly put into
small jars containing 70% ethanol and then brought to
laboratory. All rearing boxes and ethanol filled jars were
labeled including number of the sample, related plant
species, study area, and date of the collection. All adult
insects were appropriately prepared and then identified by
experts.

Results

A total of 11 predatory insects from 6 families were
sampled either as larval, pupal or adult stages on 5
Rosaceae species (Table 1).

Coccinella bipunctata Linnaeus, C. septempunctata
Linnaeus, Exochomus quadripustulatus Linnaeus,
Harmonia axyridis Pallas (Col.: Coccinellidae) and
Eupeodes corollae (Fabricius) (Dip.: Syrphidae) were
collected from their associated plants (Table 1) only in
their larval stages. The larvae were observed around aphid
colonies on the sampled plants and were reared into adults
in laboratory by feeding them with aphids. Episyrphus
balteatus (De Geer) was collected both in larval and pupal
stages and was reared into adult in laboratory.
Cannibalism was observed between the last instar larvae
of C. septempunctata and those of H. axyridis.

Chrysopa viridana Schneider and C. pallens Rambur
(Neur.: Chrysopidae) were collected in their pupal stages
from their associated plants (Table 1) and developed to
adults in laboratory rearings. Pupae of C. pallens were
determined in their nests built on hawthorn and
blackthorn. The nests looked like a tent made from old
leaves, with only a small pupa in a nest.

b

Fig. 1. (A) Map of European Turkey. (B) The study area, Trakya University Balkan Campus (white-lined area) and the arboretum
(black-lined area) (Google Earth 2015). (C) The general view of the study area.
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Table 1. Predatory insects and their associated Rosaceae plants recorded during the study. @: individuals collected from the field in
larval stage; @: collected in pupal stage; ®): collected in adult stage; ®): non-herbivorous at all life stages.

Rosaceae Plant

Predatory Insect

Crataegus monogyna Jacquin (hawthorn)

Chrysopa pallens Rambur @ (Neuroptera: Chrysopidae)

Coccinella bipunctata Linnaeus @ (Coleoptera: Coccinellidae)
Coccinella septempunctata Linnaeus @ (Coleoptera: Coccinellidae)

Prunus x domestica Linnaeus (plum)

Harmonia axyridis Pallas @ (Coleoptera: Coccinellidae)

Episyrphus balteatus (De Geer) @ @ (Diptera: Syrphidae)
Eupeodes corollae (Fabricius) ( (Diptera: Syrphidae)
Chrysopa viridana Schneider @ (Neuroptera: Chrysopidae)

Coccinella septempunctata Linnaeus @ (Coleoptera: Coccinellidae)

Prunus spinosa Linnaeus (blackthorn)

Geocoris erythrocephalus (Lepeletier & Serville) @) (Hemiptera: Geocoridae)

Perillus bioculatus (Fabricius) ) (Hemiptera: Pentatomidae)
Chrysopa pallens Rambur @ (Neuroptera: Chrysopidae)

Pyrus communis Linnaeus (pear)

Exochomus quadripustulatus Linnaeus () (Coleoptera: Coccinellidae)

Coccinella septempunctata Linnaeus @ (Coleoptera: Coccinellidae)

Rubus sanctus Schreber (wild blackberry)

Perillus bioculatus (Fabricius) @ (Hemiptera: Pentatomidae)

Crematogaster ionia Forel ®) () (Hymenoptera: Formicidae)

Geocoris erythrocephalus (Lepeletier & Serville)
(Hem.: Geocoridae) was collected as adults from
blackthorn by shaking the plant or observed between the
leaves.

Perillus bioculatus (Fabricius) (Hem.: Pentatomidae)
were observed gregariously in their first or second
nymphal stages on blackthorn and wild blackberry stems.

Crematogaster ionia Forel (Hym.: Formicidae) adults
(workers) were observed between wild blackberry bush
leaves. 5-6 individual ants were continuously moving in
and out of a nest looked like a leafrollers' nest, as if they
were feeding and storing; it probably was a Tortricidae

pupa.
Discussion

Chrysopa viridana and C. pallens (Chrysopidae) are
generalist predators but they also feed on pollen rich in
proteins, carbohydrates, fats, and vitamins (Bozsik 1992,
Lundgren 2009). Chrysophid species are important
biological control agents of aphids, mites and coccids. C.
pallens, one of most well-studied chrysophid, is used in
biocontrol of aphids, lepidoptera larvae, mites, and thrips
which are major economically depreciating arthropods
(Lundgren 2009, Pappas et al. 2011). The adult or larval
individuals of C. viridana and C. pallens were
documented on rosaceous plants in previous studies.
Aldini (2012) recorded adults of these chrysopid species
on plum trees and Paulan et al. (2001) and Bozsik (2006)
documented them on Crataegus monogyna and Prunus
spinosa. Tritrophic view includes that plant volatiles have
an impact on herbivores and on predators and parasitoids
as their natural enemies. Herbivore-induced plant
chemicals affect natural enemies and attract them to the
plants to find the herbivores (McEwen et al. 2001). For
instance, it was reported that the silver vine Actinidia
polygama Siebold & Zuccarini attracted Chrysopa pallens
by releasing two dihydronepetalactols (Hyeon et al. 1968,
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van Emden and Harrington 2007). Boo et al. (1998)
proved that C. pallens adults responded to aphid-induced
sex pheromones as kairomones. In the present study, C.
pallens and C. viridana were found on blackthorn,
hawthorn, and plum in their pupal stages. Therefore, the
possible effects of rosaceous plant allelochemicals on
these chrysophid species could be considered for a
possible bio-control of aphids on the plants.

Coccinella septempunctata and C. bipunctata
(Coccinellidae) are among the most common
aphidophagous species in Turkey (Demirsoy 1990, Iperti
1999, Yurtsever 2001). Harmonia axyridis is a
polyphagous coccinellid species that feeds mostly on
aphids but it also preys on other pests (lepidopter eggs,
coccoids, psyllids, tetranychids, and thrips) of agricultural
and ornamental plants. From this point of view, the
polyphagous habit of H. axyridis might contribute to the
survival of rosaceous plants like Crataegus sp. and
Prunus sp. in presence of pest insect species (Adriaens et
al. 2008, Helyer et al. 2014). However, there are reported
cases that H. axyridis might sometimes attack non-pest
insect species (Helyer et al. 2014). C. bipunctata and H.
axyridis are used as biological control agents against
Aphididae  throughout the world.  Exochomus
quadripustulatus, another coccinellid species we
observed in the present study, is also an important
predator feeding both on aphids and coccoids (Faroog-
Ahmad 2012). Rosaceous plants reported to be associated
with C. septempunctata are Amygdalus communis, Prunus
armeniaca Linnaeus, P. avium Linnaeus, P. cerasifera
Ehrh., Rubus caesius Linnaeus; with C. bipunctata are
Malus communis Linnaeus, Persica vulgaris Mill.,
Prunus armeniaca, P. avium, Rosa sp.; and with E.
quadripustulatus are  Malus communis, Prunus
amygdalus Batsch, P. avium, P. domestica, P. persica
Linnaeus, and Pyrus communis (Soydanbay (Tungyiirek)
1978, Iperti 1999, Erler 2004, Aslan and Uygun 2005,
Basar and Yasar 2011). C. septempunctata and H.
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axyridis are known to feed sometimes with pollen
(Lundgren 2009) but this habit of these two species was
not observed in the present study. Intraspecies
cannibalism was determined to occur among C.
septempunctata and H. axyridis larvae reared in
laboratory conditions (Iperti 1999). Cannibalism is
common among larvae and adults during laboratory
rearing (Iperti 1999) and is biologically advantageous for
the cannibal coccinellid (Hawkes 1920). In this study, we
observed that the last instars of C. septempunctata larvae
preyed on their conspecifics despite the presence of
aphids. C. septempunctata was reported to show
cannibalism towards its eggs also in the presence of
aphids (Khan et al. 2003). According to Toft and Wise
(1999) and Khan et al. (2003), a mixed diet based on
aphids and cannibalism on conspecifics has a positive
contribution to their larval survival and their
developmental period. On the other hand, when the
available food (e.g. aphids) in their environment is
limited, the individuals show usually cannibalistic
behavior to survive. The food deficiency-caused
cannibalism was observed in laboratory conditions among
last instars of H. axyridis larvae. According to the studies
on H. axyridis and C. bipunctata, cannibalism may have
both positive and negative effects on the cannibal
individual (Table 2).

Table 2. Positive and negative effects of cannibalism on the
cannibal individual (Wagner et al. 1999, Dixon 2000, Snyder et
al. 2000, Koch 2003, Ware et al. 2009).

Negative aspects of
cannibalism

Positive aspects of
cannibalism

If prey-predator sizes are
nearly the same, the
cannibal can be in a prey
position during its predation
attempt or it can take
damage.

Cannibalism provides the
energy  requirement  of
dominant predator
immediately and decreases
competition for food.

The dominant predator may It cannibals feed on a

be negatively affected from
any parasite or viruse of its

prey.

If the predator feeds on its
genetically close relatives
its inclusive fitness may be
lost.

predator which has resistance
to parasites, cannibalism
gives an advantage for
possible diseases to it.

A mixed diet, composed of
aphid and cannibalism, leads
a faster growth and
development and higher
survival of cannibals due to

high quality of its food.

Episyrphus balteatus and Eupeodes corollae are
generalist predators with their larvae feeding mostly on
aphids and adults on nectar and pollen (Cowgill et al.
1993, Lindsey 2015). Because of the effective predatory
feature of their larvae, these species are important in
biocontrol of aphids (Zeki and Kilinger 1990, Cowgill et
al. 1993, Putra and Yasuda 2006). Rosaceous plants on
which E. balteatus larvae find their prey are Malus
domestica and Prunus domestica (Pehlivan and Atakan
2014). Bolu and Hayat (2008) quoted Rosaceae plant
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associates of E. corollae as Amygdalus communis, Malus
communis, M. floribunda Siebould ex VVan Houtte, Prunus
armeniaca, P. avium, P. domestica, P. mahaleb Linnaeus,
P. persica, Pyrus communis, Rosa sp., and Rubus
fruticosus Linnaeus. Plants have important indirect effects
on predators like E. balteatus as they can affect the
development of larvae and pupae of the predators through
their aphid preys (Dyer 1995, Amiri-Jami et al. 2015).
According to a study carried out by Vanhaelen et al.
(2002), specialist aphids feed on their preferred plant if it
is rich in its specific metabolites. In addition, when
syrphids feed on these specialist aphids, their
development, survival rate, fecundity, and reproduction
may be negatively affected because high content of plant
allelochemicals can be toxic and transferred to the
predator through the aphid prey.

The geocorid bug, Geocoris erythrocephalus, feeds on
small insects in several different habitats all with
rosaceous plants. The associated plant species belonging
to this family are Crateagus sp., Prunus armeniaca, Pyrus
angustifolia Aiton, P. malus, Rosa sp., and Rubus sp.
(Lodos et al. 1999, Torma 2009, Matocq et al. 2014). The
members of Geocorinae subfamily are mostly predators
feeding on soft-bodied insects. They generally prey upon
mites and insects which are pests of many ornamental and
crop plants (Cakir and Onder 1990, Ulubilir and Yabas
1995, Oztemiz 2012, Mead 2001). In this study, G.
erythrocephalus individuals were recorded from Prunus
spinosa and visited the plant probably in search of prey
items.

The two-spotted stink bug Perillus bioculatus nymphs
show a high gregariousness during their first instars.
Other stink bugs change their behavior from gregarious to
solitary in late instars but P. bioculatus nymphs may still
show gregarious behaviors to some extent until their last
instars (Schaefer and Panizzi 2000). P. bioculatus were
observed in their first or second instars and they showed
a high gregarious behavior. These instars do not feed
during these developmental stages and just provide their
humidity needs from the plant sap. They start to feed on
insect preys after the second instar. There are many
reported cases that predatory insects like P. bioculatus can
detect the plant originating volatiles as a result of
herbivorous feeding (Dickens 1999, Weissbecker et al.
1999, Schaefer and Panizzi 2000).

Crematogaster ionia foragers were observed in a
lepidopteran nest of rolled leaves. When they were first
noticed, foragers had already fed on some part of the
lepidopteran pupa. Considering the fact that the
lepidopteran pupa remains were already dried up when the
ants attacked, it is most likely to conclude that foragers
were feeding on an already dead lepidopteran body.
Although not certain, the remains of the partly consumed
pupa looked like to be a pupa of a tortricid. Crematogaster
foragers were reported to feed mainly on honeydew
during their visits on plants, but eggs and larval and pupal
stages of several aphid species are also preyed on. The
predatory behavior of the genus has formerly been well
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documented (Du Merle and Mazet 1983, Richard et al.
2001). Radeghieri (2004) recorded C. scutellaris preying
upon larvae and pupae of a lepidopteran species
(Gracillariidae). C. ionia feeds on honeydew of members
of Coccoidea (Coccidae and Marchalinidae) (Ulgentiirk
2001, Ulgentiirk et al. 2012). C. ionia has also a
facultative mutualistic association with Lepidoptera
(Lycaenidae) larvae in which foragers feed on larval
secretions (Fiedler, 2010). However, the ant species for
this record of Fiedler (2010)’s study is not precise, stated
as “Crematogaster cf. ionia”. Although Karaman (2010)
reported that there is not much data about C. ionia
ecology, workers of this species are generalized
omnivores.

In conclusion, predatory insects associated with some
Rosaceae species were investigated in this study. A total
of 11 predatory insects belonging to 6 families were
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Ozet: Bu calismada, son yillarda piyasada satisa sunulan iki adet gok amagl kontakt lens dezenfektan soliisyonunun klinik
orneklerden izole edilen Staphylococcus aureus Rosenbach ve Pseudomonas aeruginosa Gessard bakterilerine kars etkinligi
aragtirilmistir. Cok amacli kontakt lens dezenfektan soliisyonlarmin antibakteriyal etkinlikleri ISO 14729°da belirtilen kiiltiire
dayali mikrobiyolojik yontem kullanilarak belirlenmistir. Uretici tarafindan onerilen minimum dezenfeksiyon siirelerine ek
olarak belirlenen drnekleme saatlerindeki bakteri sayilari tespit edilmis ve ortalama log diistisleri hesaplanmistir. Caligmada
antibakteriyal etkinlikleri test edilen bu kontakt lens dezenfektan soliisyonlarinin 3 farkli lotu kullanilmustir. Elde edilen
sonuglar, her iki kontakt lens dezenfektan soliisyonunun iiretici tarafindan 6nerilen minimum dezenfeksiyon siiresi sonunda
denenen bakterilerin sayilarinda en az 3 log diislis sagladigini gostermistir. Kontakt lens soliisyon endiistrisinde gelisen
teknolojiler ve yapilan bilimsel ¢alismalar ile yeni formiilasyonlar gelistirilmektedir. Piyasada satisa sunulan bu yeni tirinlerin
antibakteriyal aktivitelerinin tam olarak anlasilabilmesi i¢in farkli kaynaklardan izole edilen suslarin kullanilacag: ileriki
caligmalara ihtiya¢ duyulmaktadir.

Anahtar kelimeler: Dezenfeksiyon, kontakt lens soliisyonlar1, bakteri, Staphylococcus aureus, Pseudomonas aeruginosa.
Efficacy of Contact Lens Solutions Against Bacteria Isolated from Clinical Specimens

Abstract: In this study, the efficacy of two recently marketed multipurpose contact lens disinfecting solutions against
Staphylococcus aureus Rosenbach and Pseudomonas aeruginosa Gessard bacteria isolated from clinical specimens were
investigated. The antibacterial activities of multipurpose contact lens disinfecting solutions were determined by microbiological
culture method described in 1ISO 14729 guidelines. Bacterial counts were obtained for sampling intervals determined in addition
to the manufacturer’s minimum recommended disinfection time and mean log reductions were calculated for each interval.
Three different lots of each contact lens disinfecting solutions were used. The results showed that both contact lens disinfecting
solutions provided at least 3 log reductions for all bacteria tested at the end of the manufacturer’s minimum recommended
disinfection time. New formulations are being developed in contact lens disinfecting solution industry by new technologies and
scientific researches. Further studies on strains isolated from different sources are needed in order to a complete understanding
of these newly marketed contact lens solutions.

Key words: Disinfection, contact lens solutions, bacteria, Staphylococcus aureus, Pseudomonas aeruginosa.

Giris

Gilinimiizde, kontakt lenslerin yaygin olarak caligmada, kontakt lens kullanan kisilerin dezenfektan
kullanilmaya baslanmasi 1ile birlikte ¢esitli goz soliisyonlar kullanmalarina ragmen bu kisilere ait lens
enfeksiyonlarinin sayisinda da artiy meydana gelmistir. kaplarinda  mikrobiyal = kontaminasyonun  varlig
Kontakt lens kullanimma bagli meydana gelen gosterilmistir (Larkin ve ark. 1990, Devonshire ve ark.
enfeksiyonlara sebep olan mikroorganizmalarin basinda 1993, Gray ve ark. 1995, Yung ve ark. 2007, Ustiintiirk ve
Staphylococcus aureus Rosenbach ve Pseudomonas Zeybek 2012).
aeruginosa Gessard gibi firsatg1 patojen bakteriler » }
celmektedir. Piyasada satilan ve kontakt lens Etkili olmayan kontakt lens solusyonlar.mln kullanlml
kullanicilarina ~ sunulan  dezenfektan  soliisyonlarin, kontakt lens kullanimma bagh enfeksiyonlarin  risk
kontakt lensleri hijyenik bir ortamda tutarak kisileri bu faktorleri arasinda sayilmaktadir. Uluslararas1 Standartlar

enfeksiyonlara karsi korumalar1 gerekmektedir (Kuzman Teskilatt (ISO) tarafindan "yaylnlanan ISO 14729
ve ark. 2008). Bu nedenle bu soliisyonlar kontakt lens standardinda kontakt lens soliisyonlarinin antibakteriyal
ve antifungal aktivitelerinin test edilmesi icin gerekli
mikrobiyolojik  test  yontemleri  detayli  olarak
anlatilmaktadir (ISO 14729 2001). Standart ve cevresel

yiizeyinde ve lens saklama kaplarinda potansiyel patojen
mikroorganizmalarin  iiremelerini  engellemelidirler
(Kilvington 2000). Ancak gegmiste yapilan pek ¢ok
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mikroorganizmalarin dezenfektanlara karst duyarliliklar
farklilik gosterebildiginden, bu soliisyonlarin
etkinliklerinin  sadece referans mikroorganizmalar
kullanilarak degil aynm1 zamanda ¢evresel ve klinik suslar
da kullanilarak test edilmesi son derece dnemlidir.

Bu baglamda bu calismada, iilkemizde son yillarda
satisa sunulan iki adet ¢ok amagli kontakt lens dezenfektan
soliisyonunun (KLDS) hasta numunelerinden izole edilen
S. aureus ve P. aeruginosa suslarina karsi antibakteriyal
aktiviteleri ISO 14729 standardinda belirtilen “bagimsiz
test” prosediiriine gore arastirtlmustir.

Materyal ve Metot

Test soliisyonlari

Bu c¢aligmada, piyasada son yillarda satisa sunulan
KLDS A (Alcon Laboratories Inc., Fort Worth, TX, ABD)
ve KLDS B (Bausch&Lomb, Greenville, SC, ABD) ¢ok
amagli kontakt lens soliisyonlarinin antibakteriyal
etkinlikleri test edilmistir. Bu soliisyonlarin {iretici
tarafindan Onerilen minimum dezenfeksiyon siireleri
KLDS A i¢in 6 saat, KLDS B igin 4 saat olarak
belirtilmistir. Caligmada bu kontakt lens soliisyonlarinin
3 farkli lotu kullanilmistir.

KLDS A 6zel olarak tasarlanmig bir nemlendirici ajan
igermektedir. HydraGlyde™ Moisture Matrix olarak
adlandirilan  bu ajan  (polioksietilen-polioksibutilen),
silikon hidrojel lensleri nemlendirmeye ve
kayganlagtirmaya yonelik gelistirilmis tescilli ¢ok islevli
blok kopolimerdir. KLDS A %0,001 POLYQUAD®
(polikuaterniyum-1) ve 90,0006 ALDOX®
(miristamidopropil dimetilamin) olmak tizere ¢ift yonlii bir
dezenfeksiyon sistemi igermektedir (Corbin ve ark. 2012).

Piyasaya yeni ¢ikan diger bir iirtin olan KLDS B g6zde
dogal olarak bulunan ve kayganlastirict bir madde olan
hiyaluranin tuz formu olan sodyum hiyaluronat
icermektedir. Stirfaktan olarak “sulfobetain”
icermektedir. Sollisyonun igerik dengesi lizozim gibi
gdzyasi proteinlerinin dogal antimikrobiyal fonksiyonunu
korumasina yardimei olmak igin tasarlanmigtir. KLDS B
%0,0001 polikuaterniyum ve %0,00013 poliaminopropil
biguanid olmak iizere ¢ift yonlii bir dezenfeksiyon sistemi
icermektedir (Reindel ve ark. 2010).

Kullanilan bakteriler

Deneylerde kullanilan ve hasta numunelerinden (abse
ve balgam) izole edilen S. aureus (1 adet) ve P.
aeruginosa (2 adet) suslar1 istanbul Universitesi Istanbul
Tip Fakiiltesi’nden temin edilmistir. Gliserinli tampon
¢Ozelti igerisinde -86°C’de saklanmakta olan bu bakteriler
once oda sicakligia getirilmis, daha sonra tripton soy
agar (TSA) besiyerine ekilerek 37°C’de 24 saat inkiibe
edilmistir. Inkiibasyon sonunda Dulbecconun fosfat
tampon soliisyonu (DPBS) kullanilarak hiicre sayilar
McFarland 0,5 standart bulaniklik tiipiine gére 1x108
hiicre/ml  olacak  sekilde  ayarlanmistir.  Aym
stispansiyondaki bakterilerin sayilar1 spektrofotometrik
olarak 660nm dalga boyunda optik densite 0,1 olacak
sekilde ayarlanarak kontrol edilmistir (ISO 14729 2001,
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Manuj ve ark. 2006, Zhu ve ark. 2007). Deneylerde
kullanilan bakterilerin 5 kereden fazla pasajlari
yapilmamuistir.

Prosediir

Kontakt lens soliisyonlarinin antibakteriyal etkisini
arastirmak amaciyla ISO 14729°da belirtilen “bagimsiz
test” prosediirii kullanilmigtir (ISO 14729 2001). Kisaca,
DPBS  igerisinde  hazirlanan  her  bir  bakteri
siispansiyonundan (1x10® hiicre/ml) 0,Iml almarak
igerisinde 9,9ml kontakt lens soliisyonu bulunan tiiplere
aktarilmistir. Tipler, her kontakt lens soliisyonu igin
iireticinin 6nerdigi minimum dezenfeksiyon siirelerinin
%0, %25, %50, %75 ve %100’l boyunca oda sicakliginda
dezenfeksiyona birakilmistir (KLDS A i¢in 0, 1,5, 3, 4,5
ve 6 saat; KLDS B i¢in 0, 1, 2, 3 ve 4 saat).

Her bir ornekleme siiresinin  sonunda tiipler
vortekslenmis ve iglerinden 1ml aliarak igerisinde 9ml
Dey-Engley Neutralizing broth (DE) bulunan tiiplere
aktarilmigtir (1:10). Tiipler kontakt lens soliisyonunun
notralizasyonu i¢in 15dk oda sicakliginda bekletildikten
sonra igerisinde 9ml DE bulunan tiipler kullanilarak seri
sulandirtlmalar yapilmistir (1:100, 1:1000). Daha sonra
her sulandirilma tiiplinden 100ul alinarak TSA
besiyerlerine 3 tekrarli olmak {izere yayma yontemiyle
ekimler yapilmistir. Ekim yapilan petri kutular1 37°C’de
inkiibe edilmis, iireyen bakterilerin sayilar1 24. ve 48.
saatlerde kaydedilmis ve daha sonra ortalama logaritmik
diistisleri hesaplanmistir. Caligmada her iki kontakt lens
soliisyonunun 3 farkli lotu ayn1 anda ¢alisilmigtir. Negatif
kontrol olarak DPBS kullanilmistir.

Istatistiksel Analiz

Verilerin istatistiksel analizinde SPSS 21.0 (IBM
Corp., Armonk, NY, ABD) programi ile eslestirilmis
orneklerde t testi kullanilmistir. P degerinin 0,05’in
altinda olmasi istatistiksel olarak anlamli kabul edilmistir.

Bulgular

KLDS A’nin 6 saatlik temas siiresi boyunca denenen
bakteri suslarmin sayilarinda meydana getirdigi log
distisler Sekil 1’de gosterilmistir. Bu soliisyonun 6 saat
sonunda, S. aureus sayisinda 3 log, P. aeruginosa kod 1
sayisinda 6,36 log ve P. aeruginosa kod 2 sayisinda 6,28
log diisiis sagladig1 tespit edilmistir. Uretici tarafindan
onerilen minimum dezenfeksiyon siiresi sonunda KLDS
A’ya maruz kalan denenen tiim bakterilerin sayilarinda
istatistiksel olarak anlamli bir diisis oldugu tespit
edilmistir (p<0,01).

KLDS B’nin 4 saatlik temas siiresi boyunca denenen
bakteri suslarinin sayilarinda meydana getirdigi log
disiisler Sekil 2’de gosterilmistir. Bu soliisyonun 4 saat
sonunda, S. aureus sayisinda 6,43 log, P. aeruginosa kod
1 sayisinda 6,21 log ve P. aeruginosa kod 2 sayisinda 6,29
log diisiis sagladig1 tespit edilmistir. Uretici tarafindan
onerilen minimum dezenfeksiyon siiresi sonunda KLDS
B’ye maruz kalan denenen tiim bakterilerin sayilarinda
istatistiksel olarak anlamli bir diisiis oldugu tespit
edilmistir (p<0,01).
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Sonuclar ve Tartisma

Cok amagli dezenfektan soliisyonlar kontakt lenslerin
ve kontakt lens saklama kaplarinin hijyeninden
sorumludurlar. Kontakt lens teknolojisindeki geligmeler
1s181nda dretici firmalar, etkinligi arttirilmis yeni kontakt
lens bakim drlinleri gelistirmiglerdir. Bunlardan en
yenileri bu ¢caligmada kullanilan Alcon’nun iirettigi KLDS
A ve Bausch&Lomb un iirettigi KLDS B adli ¢ok amacl
dezenfektan soliisyonlardir. Bu iki iiriinde de aktif
bilesenlerin konsantrasyonlar1 arttirilmus, ayrica farkli
aktif bilesenler, drnegin POLYQUAD® bir diger aktif
bilesen olan biguanid veya amidoamin ile bir arada
kullanilarak soliisyonlarin dezenfeksiyon kapasitesinin
arttirtlmasi hedeflenmistir.

Cok amach dezenfektan sollisyonlarmin
antibakteriyal aktivitelerinin arastirildigi bu ¢aligmada, en
yeni ¢ok amagli dezenfektan soliisyonlardan olan KLDS
A, 1,5 saatlik temas siiresi sonunda P. aeruginosa kod 2,
3 saatlik temas siiresi sonunda P. aeruginosa kod 1
suslarin1 tamamen 6ldiirmiistiir. Bu soliisyon S. aureus
susunun sayisinda ise maksimum azalmayi (3,09 log) 3
saatlik temas siiresi sonunda gostermistir (Sekil 1). Elde
edilen bu verilere gére KLDS A’nin, ISO 14729°da
belirtilen birincil kriteri sagladigi tespit edilmistir. Bu
soliisyonun etkinligi standart ve gevresel S. aureus ve P.
aeruginosa suslar1 tizerine de denenmis ve bu bakterilerin
sayllarinda da en az 3 log diisiise neden oldugu
saptanmistir (Ustiintiirk 2014, Ustiintiirk ve Zeybek,
2014). Kern ve ark. (2011) tarafindan yapilan galigmada
da, KLDS A’nin standart ve klinik S. aureus ve P.
aeruginosa suglarinin sayilarinda iretici tarafindan
Onerilen minimum dezenfeksiyon siiresi sonunda en az 4
log diisiis sagladigi rapor edilmistir. Bu ¢alismaya benzer
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sonuglarin elde edildigi diger bir ¢aligma ise Abjani ve
ark. (2017) tarafindan gergeklestirilmis ve KLDS A’nin
iiretici tarafindan onerilen minimum dezenfeksiyon siiresi
sonunda klinik S. aureus ve P. aeruginosa suslarini
tamamen 0ldiirdigii rapor edilmistir.

Bu caligmada kullanilan diger en yeni ¢ok amagl
dezenfektan soliisyonlardan olan KLDS B, 1 saatlik temas
sliresi sonunda S. aureus ve P. aeruginosa kod 2, 3 saatlik
temas siiresi sonunda ise P. aeruginosa kod 1 suslarim
tamamen Oldiirmustiir (Sekil 2). Elde edilen bu verilere
gore KLDS B’nin, denenen bakterilerin sayilarin tiretici
tarafindan Onerilen minimum dezenfeksiyon siiresinden
de once (4 saat) en az 3 log diisiirerek ISO 14729’da
belirtilen birincil kriteri sagladigi tespit edilmistir. Bu
soliisyonun etkinligi standart ve gevresel S. aureus ve P.
aeruginosa suglar1 iizerine de denenmis ve S. aureus
ATCC 6538 (1,38 log diigiis) hari¢ diger bakterilerin
sayilarinda da en az 3 log diisiis sagladigi saptanmustir
(Ustiintiirk 2014, Ustiintiirk ve Zeybek, 2014). Lapple
(2011) tarafindan, KLDS B’nin S. aureus ve P.
aeruginosa suslarinin sayilarinda {iretici tarafindan
Onerilen minimum dezenfeksiyon siiresi (4 saat) sonunda
en az 4 log diisiis sagladig1 rapor edilmistir.

Bu ¢aligmanin sonucunda antibakteriyal aktivitesi test
edilen her iki KLDS’ninde denenen bakterilere karsi
antibakteriyal aktivitelerinin olduk¢a etkili olmasinin
sebebinin  bu  soliisyonlarin  aktif  bilesenlerinin
konsantrasyonlarimin  arttirilmis  olmasi ve piyasada
bulunan diger KLDS’lerden farkli olarak birden fazla
aktif bilesen i¢ermeleri oldugu diisiiniilmektedir. Bununla
birlikte bu calisma ve yapilan diger sinirli sayidaki
caligmalar gostermektedir ki KLDS A ve KLDS B’nin
antibakteriyal aktiviteleri standart, c¢evresel ve klinik
kokenli bakterilere karst degiskenlik gostermektedir.
Ozellikle bu ¢alismada KLDS A’nin S. aureus susuna
karg1 ISO 14729°da belirtilen en az 3 log disiis kriterini
saglamis olmasina ragmen (bagimsiz test birincil kriter),
bu azalma 3 log smirinda kaldigindan otiirti dikkat gekici
bulunmustur.

Kontakt lens dezenfektan soliisyon enddistrisinde yeni
formiilasyonlar, gelisen teknolojiler ve yapilan bilimsel
calismalar ile paralel olarak gelistirildigi i¢in ve piyasaya
¢ikan yeni driinlerle ilgili sinirh sayida bilimsel ¢aligsma
bulundugundan,  bdyle  {irlinlerin  antibakteriyal
aktivitelerinin tam olarak anlagilabilmesi igin farkli
kaynaklardan izole edilen daha fazla sayida suslarin
kullanilacag: ileriki ¢alismalara ihtiyag duyulmaktadir.
Bu calismadan elde edilen veriler, ISO standardinin
giincellestirilmesine ve en etkili dezenfektan formiiliiniin
ortaya cikartilmasina katki saglayacagi kanaatindeyim.
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Abstract: Coprophilous Hydrophilidae were sampled from June 2010 to May 2011 using baited pitfall traps in 14 localities at
different altitudes (469m-1810m) in Kiitahya, western Turkey. As a result of the study, a total of 668 samples belonging to 5
species were identified. The identified specimens are Sphaeridium bipustulatum Fabricius, 1781, S. lunatum Fabricius, 1792,
S. marginatum Fabricius, 1787, S. scarabaeoides (Linnaeus, 1758) and S. substriatum Faldermann, 1838, among which S.
lunatum is recorded from Turkey for the first time. S. bipustulatum and S. marginatum, which made up 80.69% of all collected
beetles determined as eudominante. The highest number of specimens was obtained from December to April meaning that the
Sphaeridium community in the study area reached its highest number in winter and spring.
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Tiirkiye’nin Batisinda, Kiitahya ilinde Sphaeridium Fabricus, 1775 (Coleoptera: Hydrophilidae)
Cinsi Uzerine Bir Calisma

Ozet: Tiirkiye batisinda Kiitahya’da, Haziran 2010°dan Mayis 2011’¢ kadar, 14 lokalitede ve farkl: yiiksekliklerde (469m-
1810m) yemli ¢ukur tuzaklar kullanilarak koprofil Hydrophilidae 6rnekleri toplanmustir. Caligma sonucunda toplam 5 tiire ait
668 ornek tespit edilmistir. Toplanan 6rneklerin Sphaeridium bipustulatum Fabricius, 1781, S. lunatum Fabricius, 1792, S.
marginatum Fabricius, 1787, S. scarabaeoides (Linnaeus, 1758) ve S. substriatum Faldermann, 1838 tiirlerine ait olduklari
belirlenmistir. S. lunatum Tiirkiye’den ilk kez kayit edilmistir. Toplanan boceklerin %80,69'unu olusturan S. bipustulatum ve
S. marginatum en baskin tiirler olarak belirlenmistir. Aralik ayindan Nisan ayma kadar yogun 6rnek elde edilmis olmasi,
caligma alani igerisindeki Sphaeridium popiilasyonlarinin kis ve ilkbahar déneminde en yiiksek birey sayilarina ulagtigini

gostermektedir.

Anahtar kelimeler: Coleoptera, Hydrophilidae, Sphaeridium, koprofil, yeni kayitlar, mevsimsel aktivite.

Introduction

Members of the family Hydrophilidae are mostly
represented with an aquatic lifestyle but a third of all
known species of the family are terrestrial scavengers.
The colonization of terrestrial habitats occurred
secondarily multiple times and terrestrial taxa are
therefore found in five of six existing subfamilies
although the vast majority of terrestrial taxa belong to a
single subfamily Sphaeridiinae (Short & Fikacek 2013)
which currently contains nearly 1,000 described species
(Hansen 1999, Short & Hebauer 2006, Short & Fikacek
2011). Sphaeridiinae members are terrestrial organisms
living in various kinds of decaying organic matter. In
northern temperate zones, most of the species within this
subfamily are coprophagous and colonize animal
droppings in early stages of decomposition (Fikacek
2010). Unlike most aquatic hydrophilids whose life cycles
are known, several terrestrial species apparently have two
generations per year (Hansen 1987).

The community structures and seasonal dynamics of
coprophagous hydrophilid beetles have been reported so
far for beetles from various regions of the world (Hanski
1980a, Koskela & Hanski 1977, Przewozny & Bajerlein
2010, Slachta et al. 2010, Slachta 2013, Mroczynski &
Radoslav 2014, Wassmer 2014) but studies in Turkey on
the same subject was performed only in western parts of
the country (Anlas et al. 2008, Anlas 2011).

The known members of terrestrial Hydrophilidae in
Turkey belong to 19 species classified within four genera:
Cercyon Leach (13 spp.), Cryptopleurum Mulsant (1 sp.),
Megasternum Mulsant (1 sp.) and Sphaeridium Fabricius
(4 spp.) (Darilmaz & Incekara 2011). Terrestrial species
were generally not included in studies concerning Turkish
Hydrophilidae since most of them focused mainly on
aquatic hydrophilid beetles. The main purpose of this
study is to analyse community structure and seasonal
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dynamics of coprophagous hydrophilid beetles in
Kiitahya province.

Materials and Methods

Study Area

Kiitahya province is situated between 38°70°-39°80°N
and 29°00°-30°30’E in the interior western Anatolian part
of Aegean Region of Turkey. The geographical layout of
the study area and the sampled localities are given in Fig.1.

Locality 1: The sampled area is located along a river,
thus shows characteristics of a riparian habitat. The traps
in this locality were set up in a plantation of Pinus brutia
Ten, Fraxinus sp., Onopordum sp., Verbascum sp.,
Mentha sp., Juncus sp. and Epilobium sp.

Locality 2: Alcea sp., Pinus nigra subsp. pallasiana
(Lamb.) Holmboe, Paliurus spina-christi P. Mill. and
Rubus sp. The locality is characterized by a mix forest
with a neighboring open area.

Locality 3: Pinus nigra subsp. pallasiana (Lamb.)
Holmboe, Rubus sp. and Salix sp. Near the forest.

Locality 4: Pinus nigra subsp. pallasiana (Lamb.)
Holmboe and Quercus sp. Mix forest.

Locality 5: Quercus sp., Open area and grassland.

Locality 6, 7, 8, 9: Juniperus sp., Pinus nigra subsp.
pallasiana (Lamb.) Holmboe, Quercus sp. Mix forest.

Locality 10: Juniperus sp., Pinus nigra subsp.
pallasiana (Lamb.) Holmboe. Mix forest.

Fig. 1. The sampled localities in study area. Each number represents a single locality.
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Locality 11: Cedrus libani A. Rich., Pinus nigra
subsp. pallasiana (Lamb.) Holmboe, Quercus sp.,
Verbascum sp. and Rosa sp. Mix forest.

Locality 12: Pinus nigra subsp. pallasiana (Lamb.)
Holmboe, Verbascum sp., Juniperus sp. and Astragalus
sp. Open area near a mix forest. Grassland.

Locality 13: Pinus nigra subsp. pallasiana (Lamb.)
Holmboe, Verbascum sp., and Populus sp. Open area near
a mix forest.

Locality 14: Near the military radar of Kiitahya.
Acantholimon sp., Verbascum sp., Astragalus sp.
Grassland.

Sampling Method

Samplings were performed from June 2010 to May
2011 in 14 different localities within the study area with
altitudes ranging from 469m to 1810m. Altitudes and
geographic coordinates of the sampling localities are
given in Table 1. A single sampling station was chosen
for each locality and samplings were performed in a
manner to keep an average of 100m altitude increase from
one to another locality (Table 1). All specimens were
collected by using baited pitfall traps with 1,000gr of fresh
cow dung. The trap consisted of a plastic bucket (20cm in
height and 25cm in diameter) buried in the soil with its
rim at ground level. The upper part of the trap was filled
with fresh dung placed on a wire mesh. Water, liquid
detergent and 4% formaldehyde was used as the
preserving fluid. Traps were placed in the field for 3 days
(72 hours) each month from June 2010 to May 2011.
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Table 1. Coordinates and altitudes of the localities.

Loc. No Localities Latitude Longitude Altitude (m)
1 39°29.572' 29°11.088’ 469
2 . . 39°29.353' 29°13.939’ 560
3 Kiitahya-Tavsanh-Bahkoy 39°30.472' 29°18.765' 666
4 39°31.055' 29°20.836' 790
5 Kiitahya-Tavsanli-Kay1 Village 39°31.794' 29°35.168' 893
6 39°23.032' 30°02.547' 988
7 Kiitahya-Siner Village 39°21.974 30°02.164' 1090
8 39°21.831" 30°01.308’ 1190
9 39°21.624' 30°00.567’ 1290
10 39°24.946' 29°55.268' 1391
11 39°24.838' 29°54.722' 1478
12 Kiitahya-Aydogdu Village 39°24.592' 29°53.987’ 1582
13 39°24.334 29°53.040’ 1688
14 39°24.348’ 29°52.506’ 1810

Hansen (1987) was used to identify the species. The
taxonomic characters including size of the beetle,
posterior margin of pronotum, apical elytral spots,
subhumeral spots, colour of the pronotum and meso- and
metafemora were used to identify the species. Aedeagus
were dissected out under a stereo microscope (Zeiss Stemi
2000) and kept in 10% KOH solution for 1-2h. VVoucher
specimens are deposited in entomology museum of the
Biology Department at Dumlupinar University.

The following equation (1) was used as a measure of
dominance (D) which, according to Tischler (1977),
describes the relative abundance of a species within a
community.

b

D= 1)

ax* 100

where “b” represents number of individuals of a
particular species and “a” represents number of total
individuals.

The Dominance scale (given below) according to
Engelmann (1978) was used.

6 (eudominant)
5 (dominant)
4 (subdominant)

>32.0<100%
>10.0<32.0%
>3.2<10.0%

3 (recedent) >1.0<32%
2 (subrecedent) >0.32<1.0%
1 (sporadic) <0.32%

0 (missing) =0%

Results

The evaluation of the collected material showed that a
total of 668 specimens belonging to five species were
sampled. The species were identified as Sphaeridium
bipustulatum, S. lunatum, S. marginatum, S.
scarabaeoides and S. substriatum. Among them which S.
lunatum (Fig. 2) is recorded from Turkey for the first time.

The details of the material collected were given below.
Each species determined during the study was given with
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the sampled localities and sampling numbers. The
distributional ranges of each species in the Palaearctic
Region were also given in addition to their Turkey
distributions.

Family HYDROPHILIDAE Latreille
Subfamily Sphaeridiinae Latreille
Tribus Sphaeridiini Latreille
Genus Sphaeridium Fabricus
Sphaeridium bipustulatum Fabricius, 1781

Material examined: 1: 15-18.V1.2010, 4 exs.; 15-
18.VI1.2010, 12 exs.; 15-18.VII1.2010, 27 exs.; 15-
18.1X.2010, 9 exs.; 16-19.X.2010, 1 ex.; 18-21.V.2011,
10 exs.; 2: 15-18.VI1.2010, 13 exs.; 15-18.VI11.2010, 5
exs.; 15-18.1X.2010, 6 exs.; 18-21.V.2011, 18 exs.; 3: 15-
18.VIII.2010, 1 ex.; 15-18.1X.2010, 30 exs.; 16-
19.X.2010, 1 ex.; 15-18.X1.2010, 1 ex.; 18-21.VV.2011, 9
exs.; 4: 15-18.V1.2010, 2 exs.; 15-18.VI11.2010, 1 ex.; 15-
18.VII1.2010, 29 exs.; 15-18.1X.2010, 6 exs.; 16-
19.X.2010, 6 exs.; 15-18.X1.2010, 6 exs.; 18-21.V.2011,
9 exs.; 5: 15-18.VI11.2010, 6 exs.; 15-18.V111.2010, 2 exs.;
15-18.1X.2010, 5 exs.; 16-19.X.2010, 1 ex.; 18-
21.Vv.2011, 4 exs.; 6: 15-18.VIII.2010, 1 ex.; 15-
18.1X.2010, 2 exs.; 18-21.V.2011, 3 exs.; 7: 15-
18.VI1.2010, 2 exs.; 15-18.1X.2010, 1 ex.; 18-21.V.2011,
1 ex.; 8:15-18.1X.2010, 1 ex.; 9: 15-18.VI1.2010, 3 exs.;
15-18.VII1.2010, 2 exs.; 15-18.1X.2010, 1 ex.; 18-
21.v.2011, 1 ex.; 10: 15-18.VI1.2010, 7 exs.; 15-
18.VII1.2010, 4 exs.; 15-18.1X.2010, 1 ex.; 11: 15-
18.V1.2010, 1 ex.; 15-18.VIII.2010, 1 ex.; 13: 15-
18.VII1.2010, 2 exs.; 18-21.V.2011, 3 exs.; 14: 15-
18.VI111.2010, 4 exs.; 18-21.V.2011, 1 ex.; leg. and det.
Senyiiz Y.

Records in Turkey: Afyon, icel and izmir (Darilmaz
& Incekara 2011).

Distribution in World: Europe: Armenia, Austria,
Azores, Belgium, Bosnia Herzegovina, Bulgaria, Belarus,
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Croatia, Russia, Central European Territory, Czech
Republic, Denmark, Estonia, Finland, France (incl.
Corsica, Monaco), Great Britain (incl. Channel Islands),
Germany, Hungary, Italy (incl. Sardinia, Sicily, San
Marino), Latvia, Lithuania, Macedonia, Moldavia, The
Netherlands, Norway, Russia, North European Territory,
Poland, Portugal, Slovakia, Slovenia, Spain (incl.
Gibraltar), Russia, South European Territory, Sweden,
Switzerland, Ukraine, Serbia and Montenegro, North
Africa: Algeria, Canary lIslands, Egypt, Tunisia, Asia:
Afghanistan, Russia: East Siberia, Israel, Kazakhstan,
Mongolia, Tajikistan, Turkey, Russia: West Siberia,
America; North of Mexico (Fikacéek et al. 2015).

lem

Fig. 2. Dorsal habitus of S. lunatum.
Sphaeridium lunatum Fabricius, 1792

Material examined: 1: 15-18.VI1.2010, 1 ex.; 15-
18.VI1.2010, 1 ex.; 18-21.V.2011, 3 exs.; 2: 15-
18.V1.2010, 1 ex.; 18-21.V.2011, 3 exs.; 3: 18-21.V.2011,
1ex.;4:15-18.VII1.2010, 2 exs.; 18-21.V.2011, 2 exs.; 9:
15-18.VI11.2010, 1 ex.; 10: 15-18.VI1.2010, 1 ex.; 11: 15-
18.VI1.2010, 4 exs.; 15-18.1X.2010, 2 exs.; 18-21.V.2011,
1ex.; 12: 15-18.V1.2010, 1 ex.; leg. and det. Senyiiz Y.

Records in Turkey: This species was recorded for the
first time for Turkish fauna.

Distribituon in World: Europe: Armenia, Austria,
Belgium, Bulgaria, Belarus, Croatia, Russia, Central
European Territory, Czech Republic, Denmark, Estonia,
Finland, France (incl. Corsica, Monaco), Great Britain

Y. Senyiiz et al.

(incl. Channel Islands), Germany, Ireland, Italy (incl.
Sardinia, Sicily, San Marino), Latvia, Lithuania, Norway,
Russia, North European Territory, Poland, Slovakia,
Slovenia, Spain (incl. Gibraltar), Sweden, Switzerland,
Ukraine, Serbia and Montenegro, North Africa: Algeria,
Asia: Russia: Far East, Israel, Jordan, Kazakhstan,
Mongolia, China: Northwest Territory, Syria, Tajikistan,
Russia: West Siberia, America: North of Mexico
(Fikacek et al. 2015).

Sphaeridium marginatum Fabricius, 1787

Material examined: 1: 15-18.VI1.2010, 1 ex.; 15-
18.V11.2010, 3 exs.; 15-18.1X.2010, 2 exs.; 18-21.V.2011,
2 exs.; 2: 15-18.VI1.2010, 7 exs.; 15-18.VI1.2010, 1 ex.;
15-18.1X.2010, 3 exs.; 15-18.X1.2010, 2 exs.; 16-
19.11.2011, 1 ex.; 16-19.111.2011, 1 ex.; 15-18.1V.2011, 1
ex.; 18-21.V.2011, 6 exs.; 3: 15-18.VI1.2010, 1 ex.; 15-
18.VI1.2010, 2 exs.; 15-18.1X.2010, 24 exs.; 16-
19.X.2010, 8 exs.; 15-18.X1.2010, 12 exs.; 16-19.11.2011,
1 ex.; 16-19.111.2011, 1 ex.; 4: 15-18.VI1.2010, 1 ex.; 15-
18.VI1.2010, 3 exs.; 15-18.VI1.2010, 28 exs.; 15-
18.1X.2010, 8 exs.; 16-19.X.2010, 30 exs.; 16-
19.111.2011, 1 ex.; 18-21.V.2011, 4 exs.; 5: 15-
18.VI11.2010, 33 exs.; 15-18.VIII.2010, 5 exs.; c.; 16-
19.X.2010, 15 exs.; 15-18.X1.2010, 1 ex.; 15-18.1V.2011,
2 exs.; 18-21.V.2011, 1 ex.; 6: 15-18.VI111.2010, 1 ex.; 16-
19.X.2010, 3 exs.; 18-21.V.2011, 6 exs.; 7: 15-
18.VI1.2010, 2 exs.; 15-18.1X.2010, 1 ex.; 16-19.X.2010,
1 ex.; 8: 15-18.VI11.2010, 5 exs.; 10: 15-18.VI11.2010, 14
exs.; 15-18.VI11.2010, 2 exs.; 11: 15-18.V1.2010, 1 ex;
15-18.VI11.2010, 2 exs.; 15-18.1X.2010, 2 exs.; 18-
21.v.2011, 1 ex.; 12: 15-18.V1.2010, 1 ex.; 15-
18.1X.2010, 1 ex.; 16-19.X.2010, 1 ex.; 13: 15-
18.V1.2010, 1 ex.; 15-18.1X.2010, 2 exs.; 18-21.V.2011,
1 ex.; leg. and det. Senyiiz Y.

Records in Turkey: Manisa (Darilmaz & Incekara
2011).

Distribution in  World: Europe: Bosnia
Herzegovina, Bulgaria, Belarus, Croatia, Russia, Central
European Territory, Czech Republic, Denmark, Finland,
France (incl. Corsica, Monaco), Great Britain (incl.
Channel Islands), Germany, Hungary, Ireland, Italy (incl.
Sardinia, Sicily, San Marino), Macedonia, Poland,
Romania, Slovakia, Slovenia, Spain (incl. Gibraltar),
Russia, South European Territory, Switzerland, Turkey,
Ukraine, North Africa: Algeria, Tunisia, Asia: Cyprus,
Tajikistan, Turkey, Uzbekistan, Russia: West Siberia,
Middle East, Near East, America: North of Mexico
(Fikac¢ek et al. 2015).

Sphaeridium scarabaeoides (Linnaeus, 1758)

Material examined: 2: 15-18.VI111.2010, 1 ex.; 16-
19.111.2011, 1 ex.; 3: 15-18.VII.2010, 1 ex.; 16-
19.X.2010, 1 ex.; 18-21.V.2011, 2 exs.; 4: 16-19.X.2010,
1ex.; 18-21.V.2011, 2 exs.; 7: 15-18.VI11.2010, 1 ex.; 10:
15-18.V1.2010, 1 ex.; 15-18.VI1.2010, 5 exs.; 11: 15-
18.V1.2010, 2 exs.; 18-21.V.2011, 2 exs.; 13: 15-
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18.V1.2010, 2 exs.; 15-18.V11.2010, 1 ex.; 18-21.V.2011,
1 ex.; 14: 15-18.VI11.2010, 3 exs.; leg. and det. Senyiiz Y.

Records in Turkey: Adiyaman, Bilecik, Bolu,
Isparta, igel, Izmir, Manisa and Sakarya (Darilmaz &
Incekara 2011, Yilmaz & Aslan 2014).

Distribution in World: Europe: Austria, Belgium,
Bosnia Herzegovina, Bulgaria, Belarus, Croatia, Russia,
Central European Territory, Czech Republic, Denmark,
Estonia, Finland, France (incl. Corsica, Monaco), Great
Britain (incl. Channel Islands), Germany, Georgia,
Hungary, Ireland, Italy (incl. Sardinia, Sicily, San
Marino), Latvia, Lithuania, Macedonia, The Netherlands,
Norway, Russia, North European Territory, Poland,
Portugal, Romania, Slovakia, Slovenia, Spain (incl.
Gibraltar), Sweden, Switzerland, North Africa: Tunisia,
Asia: Azerbaijan, Armenia, Israel, Japan, Kyrgyzstan,
Kazakhstan, Nei Mongol (Inner Mongolia), Russia: East
Siberia, West Siberia Far East, Heilongjiang
(Heilungkiang),  Tajikistan,  Turkey,  Uzbekistan,
Afrotropical: South of the North African states included
in the Palaearctic Region, Australia: South of The
Lydekker Line, America; North of Mexico (Fikacek et al.
2015).

18.1X.2010, 1 ex.; 18-21.V.2011, 9 exs.; 12: 15-
18.VI1.2010, 1 ex.; 13: 15-18.V1.2010, 2 exs.; 15-
18.VI1.2010, 7 exs.; 15-18.VI1.2010, 1 ex.; 14: 15-
18.V1.2010, 1 ex.; 18-21.V.2011, 2 exs. leg. and det.
Senyiiz Y.

Records in Turkey: Diizce, Izmir and Manisa
(Darilmaz & Incekara 2011).

Distribution in World: Europe: Austria, Azores,
Bosnia Herzegovina, Bulgaria, Croatia, Czech Republic,
Denmark, France (incl. Corsica, Monaco), Germany,
Greece (incl. Crete), Hungary, Italy (incl. Sardinia, Sicily,
San Marino), Lithuania, Macedonia, Montenegro, Poland,
Slovakia, Russia, South European Territory, Ukraine,
North Africa: Algeria, Egypt, Tunisia, Asia: Azerbaijan,
Armenia, Israel, India: Kashmir, Kazakhstan, Liaoning,
Mongolia, China: Northeast Territory, Nei Mongol (Inner
Mongolia), Shanxi (Shansi), Russia: Far East, East and
West Siberia, Tajikistan, Turkmenistan, Turkey (Fika¢ek
et al. 2015).

Table 2. The number of specimens (N) for each species
sampled and their dominance status (D).

Sphaeridium substriatum Faldermann, 1838 Species N D (%) Dog:;r:lzj: i
Material examined: 1: 15-18.V1.2010, 1 ex.; 16- S. bipustulatum 271 40,5688623 Eudominant
19.111.2011, 1 ex.; 18-21.V.2011, 6 exs.; 2: 15- S. marginatum 268 40,1197605 Eudominant
LBVAZ010, 3 exs: 15-181X 2010, 1 ex; 600X 200, RIEUM 76 113772655 Dominan
2 exs.; 18-21.V.2011, 3 exs.; 4: 18-21.V.2011, 10 exs.; 5: O Scarabaeoides 27 404191617  Subdominant
15-18.VI1.2010, 2 exs.; 16-19.X.2010, 1 ex.; 18- S. lunatum 26 3,89221557  Subdominant
21.V.2011, 3 exs.; 6: 15-18.VI1.2010, 1 ex.; 9: 15- Total 668
18.VI11.2010, 1 ex.; 10: 15-18.VI1.2010, 1 ex.; 15-
18.1X.2010, 1 ex.; 11: 15-18.V1.2010, 2 exs.; 15-
Number of individuals
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Fig. 3. Seasonal dynamics and number of specimens collected in each month during the study.
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Fig. 4. Total number of specimens for each species collected in localities during the study.

Discussion

The field investigation on Sphaeridium in Kiitahya
province was conducted for the first time and five species
were recorded in the study area. All species are new
records for fauna of Kiitahya and S. lunatum is new record
for Turkish fauna. Dominance status of each species was
described on the basis of relative abundance following
Engelmann’s (1978) dominance scale (Table 2).
According to the analysis, two species were referred as
subdominant (S. scarabaeoides, S. lunatum), one species
as dominant (S. substriatum) and two species as
eudominant (S. bipustulatum, S. marginatum) status.

In Europe, while S. bipustulatum is the rarest species,
S. lunatum and S. scarabaeoides are dominant species
(Hanski 1980b). In this study, it was determined that S.
bipustulatum species was eudominant (Table 2). In
contrast to their status in Europe our results showed that
S. lunatum and S. scarabaeoides species were found to be
subdominant. According to Hanski (1980b), the spatial
patterns shown by S. lunatum and S. scarabaeoides were
the same. The researchers determined that the numbers of
both species were positively correlated both between
fields within a single locality and between different ages
of the same dropping. Our results also showed the same
positive correlation between these two species. Similarly,
S. bipustulatum was eudominant in Spain according to
Romero-Alkaraz et al. 1997, followed by S. marginatum
and S. scarabaeoides. The order of dominance of these
species is in a harmony with our study.
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Ozet: Yaprak senesensinin diizenlenme ve isleyis yapisi birgok biyokimyasal ve diizenleyici yolagin aktivasyonunu igeren
kompleks bir olaydir. Daha 6nce yapilan ¢alismalar sonucunda, yaprak senesensinin molekiiler mekanizmasini anlamak igin
senesens ile iligkili baz1 genler (SAGs=Senescence Associated Genes) belirlenmistir. Bu ¢alisma ANACO018, ANACO019,
MYB75 (PAP1) ve MYB2 genlerinin senesens ile iligkili olabilme potansiyelini aragtirmak igin planlanmustir. Bu amagla GUS
(B-glukuronidaz) ve GFP (Yesil Fluoresans Protein) isaretleyicileri ile ANACO018, ANACO019, MYB75 (PAP1) ve MYB2
promotdr genlerini igeren Arabidopsis thaliana (L.) Heynh. (ekotip Columbia) bitkisi kullanilmigtir. GUS ve GFP analizinde
promotdriin ne zaman ve hangi hiicre ya da hiicre tiplerinde aktif olduguna bakilmigtir. Karanligin tegvik ettigi senesens modeli
olusturulmus ve GUS boyama ve konfokal mikroskopi ile genlerin aktif oldugu zaman ve hiicre tipleri belirlenmistir. Elde
edilen veriler 151331nda ANACO018, ANACO019, MYB75 (PAP1)ve MYB2 genlerinin senesens sirasinda, epidermis, epidermal
hiicrelerin niikleuslari, mezofil ve stoma hiicrelerinde aktif olduklar1 belirlenerek bu genlerin yaprak senesensinde rol
oynadiklar1 ortaya konulmustur.

Anahtar kelimeler: Arabidopsis thaliana, GUS, GFP, senesens.

Analysis of Senescence-Related Genes Expressions Using Gus and Gfp Reporter Genes in Arabidopsis
thaliana (L.) Heynh. Leaves

Ozet: The regulation and functional steps of leaf senescence is a complex phenomenon involving the activation of many
biochemical and regulatory pathways. As a result of previous studies, some genes related to senescence (SAGs = Senescence
Associated Genes) have been identified to understand the molecular mechanism of leaf senescence. This study was designed
to investigate the association potential of ANACO018, ANAC019, MYB75 (PAP1) and MYB2 genes with senescence. For this
purpose, GUS (B-glucuronidase) and GFP (Green Fluorescent Protein) markers and Arabidopsis thaliana (L.) Heynh. (ecotype
Columbia) plants containing ANAC018, ANAC019, MYB75 (PAP1), MYB2 promoter genes were used. GUS and GFP
analyses were used to determine when the promoter is active in which cells or cell types. Dark-induced senescence model was
designed and the time and the cell types where the genes were active were determined by using GUS staining and confocal
microscopy. The results showed that ANAC018, ANAC019, MYB75 (PAP1) and MYB2 genes were active in epidermis,
nucleus of epidermal cells, mesophyll and stomata cells during senescence and these genes were found to play a role in leaf
senescence.

Key words: Arabidopsis thaliana, GUS, GFP, senescence.

Giris

Senesens bitkilerde goriilen, yaprak gelisiminin son
sathast olan 6nemli bir gelisimsel siirectir (Woo ve ark.
2010). Senesens temel olarak bitki yas1 tarafindan kontrol
edilen son derece kompleks ancak diizenli bir olaydir.
Normal sartlarda bir yaprak hiicresi belli bir gelisimsel
yasa ulastig1 zaman senesense maruz kalir. Ancak, yaprak
senesensi i¢sel (bitki biiylime diizenleyicileri, iireme
durumu, hiicresel farklilasma vb.) ve biyotik/abiyotik
(karanlik, kuraklik, yiiksek 1s1, tuzluluk) stresler gibi
digsal faktorlerden etkilenebilir (Lim ve ark. 2007, Woo
ve ark. 2010, Zhang ve Zhou 2013). Gelisimsel
senesensde oldugu gibi stresin tesvik ettigi yaprak

senesensinde de ilk siire¢ kloroplastlarin yikimi ile
baglamaktadir (Sobieszczuk-Nowicka ve ark. 2015).
Yaprak senesensi, kloroplastlarin  bozulmast ve
makromolekiillerin hidrolizi ve tasinmasi ile baslayip,
mitokondri ve niikleusun dejenerasyonu ile devam ederek
diizenli bir sekilde meydana gelir (Lim ve ark. 2007,
Zhang ve ark. 2015).

Gen anlatiminin  transkripsiyonel — diizenlenmesi
cevresel uyaranlara karsi olusan bitki cevaplarinda ve
bitki gelisiminde kilit rol oynamaktadir (Neguyen ve ark.,
2016). Yaprak senesensinin molekiiler mekanizmasini
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anlamak  i¢in  senesens ile  iligkili = genler
(SAGs=Senescence Associated Genes) belirlenmistir
(Martins ve ark. 2016). SAG’larin senesens sirasinda
anlatimlariin artti§1 ve nukleazlar, proteazlar ve hiicre
duvart hidrolazlarini iceren kodladiklar1 proteinlerin
hiicresel yapilarin yikiminda rol oynadiklar1 bulunmustur
(Lim ve ark. 2007). Bu genler siklikla senesens
isaretleyici (marker) genler olarak kullanilirlar ve gen
anlatimlart senesensin baslamasiyla birlikte hizlica
artmaktadir (Sakuraba ve ark. 2014, Rauf ve ark. 2013, Li
ve ark. 2013). Arabidopsis thaliana (L.) Heynh. ATH1
genom dizilimi kullanilarak yapilan transkriptom
caligmalart dogal ve karanligin tesvik ettigi senesens
stirecinde anlatim1 artan ve azalan binlerce geni meydana
¢ikarmigtir (Buchanan-Wollaston ve ark. 2005, Van der
Graff ve ark. 2006). Ayrica, ¢esitli transkripsiyon
faktorlerinin senesensin diizenlenmesinde Onemli rol
oynadiklar1 bulunmustur (Zhang ve ark. 2015). Bunlarin
arasinda, 96 transkripsiyon faktorii geninin transkript
seviyelerinin gelisimsel senesens sirasinda en az 3 kat
arttigl, karanligin tesvik ettigi senesens sirasinda ise 303
transkripsiyon faktor geninin transkript seviyesinin arttig
81 transkripsiyon faktdr geninin transkript seviyesinin ise
azaldigi rapor edilmistir (Lin ve Wu 2004, Buchanan-
Wollaston ve ark. 2005). Arabidopsis’te senesensi
diizenleyen transkripsiyon faktorlerinin biiyiik boliimiini
NAC, WRKY ve MYB ailesi transkripsiyon faktorlerinin
olusturdugu rapor edilmistir (Balazadeh ve ark. 2008,
Huang ve ark. 2015, Zhao ve ark. 2016). Bu nedenle,
yaprak senesensinin diizenlenme ve isleyis yapisi birgok
biyokimyasal ve diizenleyici yolagin aktivasyonunu
iceren kompleks bir siirectir.

NAC proteinler Arabidopsis genomunda 100 den fazla
iyesi ile  bitki-spesifik  transkripsiyon  faktorii
stiperailesinin en biiyiik grubu ig¢indedirler (Puranik ve
ark. 2012). NAC orijinal olarak benzer bir DNA-binding
proteini igeren ii¢ protein isminden olugmaktadir, NAM
(No Apical Meristem=Apikal meristemi olmayan),
ATAF1-2, ve CUC2 (cup-shaped cotyledon=Kiip-sekilli
kotiledon) (Aida ve ark. 1997). NAC transkripsiyon
faktorleri bitki yasam dongiisiiniin pek ¢ok sathasinda
oynadiklari ¢esitli roller ile ¢ok fonksiyonlu proteinlerdir
(Nuruzzaman ve ark. 2010). Genis capli transkriptom
profiline bakildiginda, Arabidopsis’te 30 dan fazla NAC
geninin anlatiminin yaprak senesensi sirasinda arttigi
gorillmektedir (Breeze ve ark. 2011). Yapilan
¢aligmalarda 3 NAC geninin, ANACO019, ANACO055 ve
ANACO072, kuraklik, tuzluluk ve diisiik sicaklik ile tesvik
oldugu Arabidopsis thaliana’da Yeast-one-hybrid (Y1H)
yontemi kullanilarak tespit edilmistir (Tran ve ark. 2004,
Hickman ve ark. 2013).

MYB proteinler bitkilerde savunma cevaplarinda ve
gelisimsel siireclerde rol oynayan, bir siiperaile (super
family) transkripsiyon faktorleridirler (Yanhui ve ark.
2006). MYB siiperailesi, Arabidopsis gen ailesi igerisinde
en genis sayida liyeye sahiptir (Riechmann ve Ratcliffe
2000). MYB ve MYB-benzeri transkripsiyon faktorleri
toplamda 212 gen tarafindan kodlanmaktadirlar ve
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bunlarin 12 tanesi senesens sirasinda tespit edilmislerdir.
MY B2 geninin fazla ekspresyonu ABA tepkisini artirir ve
kuraklik toleransinin artmasina neden olur (Ding ve ark.
2009). MYB75 ve MYB90 genleri, senesens esnasinda
oksidatif strese karsi koruma saglayan antosiyanin
biyosentezine katilirlar (Jung ve ark. 2010). Genel olarak,
senesens sirasindaki MYB transkripsiyon faktorlerinin
rolii su ana kadar ikincil metabolizmalar ve ABA sinyali
ile iliskili goriinmektedir (Huang ve ark. 2015). MYB
transkripsiyon  faktorlerinin  yaprak  senesensinin
diizenlenmesine karigtigin1 gosteren yalnizca birkag
¢aligma bulunmaktadir (Guo ve Gan 2011, Zhang ve ark.
2011, Jaradat ve ark. 2013).

Bir raportor gen ilgilendigimiz bir  genin
transkripsiyonel  aktivitesinin  rapor  edilmesinde
kullanilan ve aktivitesi kolaylikla analiz edilebilen bir
enzimi kodlar. Raportdr genler, gen iiriinii bilinmeyen ya
da kolaylikla tanimlanamayan bir genin anlatiminin
calisilmasina izin vermektedir (Karcher 2002). Raportor
olarak kullanilan genler arasinda en yaygin olani E. coli
ye ait GUS (B-glukuronidaz) geni olup, S-glukuronidaz
enzimini kodlamaktadir. Son yillarda GUS geni flizyon
sistemi bitkilerde ve tarimsal molekiiler biyolojide yaygin
olarak kullanilmaya baslanmistir. Bunun nedeni bitkiler
arasinda yaygin endojen aktiviteye sahip olmayisi ve gen
ifadesi sonucu olusan friinlerin spektrofotometrik,
histokimyasal ~ve  florimetrik olarak  kolaylikla
saptanabilmesidir. Jefferson ve ark. (1987) tarafindan
rapor edilmesinden bu yana GUS (B-glukuronidaz) geni
fiizyon sistemi bitkilerde ve tarimsal molekiiler biyolojide
yaygin olarak kullanilmaya baglanmistir (Jefferson 1987,
1989, Gallagher 1992, Cote ve Rutledge 2003). GUS’mn
yanisira GFP (Green Flourescent Protein = Yesil floresans
protein) de bitkilerde gen anlatiminin gézlemlenmesinde
genetik isaretleyici olarak kullanilmaktadir.
Denizanasindan izole edilmis bir protein olan GFP 395nm
dalga boyunda en iist emilme oranina sahiptir. Diger
raportdr genlerden farkli olarak GFP geninin transferinin
gerceklesip gergeklesmedigi canli doku veya hiicrelerde
yesil renk vermesiyle anlasilabilmekte ve dokularin
canlilig1 korunmaktadir.

Yapilan transkriptomik ¢aligmalar bazt NAC ve MYB
genlerinin  senesens sirasinda anlatiminin  arttigini
gostermekte ancak lokalizasyonu hakkinda bilgi
vermemektedir. Bu ¢alismada GUS ve GFP analizi ile
ANACO018, ANAC019, PAP1 (MYB75), MYB2
genlerinin ne zaman (senesens baglamadan once ya da
senesens sirasinda) ve hangi hiicre ya da hiicre tiplerinde
aktif olduguna bakilmistir. Bu amagla karanligin-tesvik
ettigi senesens modeli olusturulmus ve GUS boyama ve
konfokal mikroskobi incelemesi ile genlerin aktif oldugu
zaman ve hiicre tipleri belirlenmistir.

Materyal ve Metot

Bitkilerin Yetistirilmesi ve Karanlhigin-tesvik Ettigi
Senesensin Olusturulmast

Bu c¢alismada GUS ve GFP isaretleyicileri ile
ANACO018, ANACO019, PAP1 (MYB75), MYB2
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promotdr genlerini igeren, Warwick HRI (Ingiltere)’dan
temin edilen Arabidopsis thaliana bitkisinin tohumlari
kullanilmistir. Segilen promotdr genler ile ilgili bilgiler
asagiya ¢ikarilmistir (http://www.arabidopsis.org).

ANACO018 (Atl1g52880): Bir NAC domain
transkripsiyon faktoriidiir.
ANACO019 (Atlg52890): NAC transkripsiyon

faktoriinii kodlar. Anlatimimi kuraklik, tuzluluk ve ABA
tegvik eder.

PAP1/MYB75 (Atlg56650): MYB domain igeren bir
transkripsiyon faktoriini kodlar. Antosiyanin
metabolizmasina karigir.

MYB2 (At2g47190): Bir MYB transkripsiyon
faktoriinii kodlar. Tuz ve dehidratasyon cevaplari ile ilgili
genlerin anlatiminm diizenledigi bilinmektedir.

GUS ve GFP raportor genleri ile birlikte yukarida
belirtilen promotér genleri igeren Arabidopsis thaliana
tohumlar1 %0,1 lik agaroz igeren tiiplerde iki gece 4°C de
tohum dormansisinin kirtlmasi i¢in bekletildikten sonra A.
thaliana toprak karigim igeren (6 kisim Levingtons F2: 1
kisim kurutulmus silika kumu: 1 kisim vermikiilit)
saksilara ekildi. Bitkiler 22°C de 16/8 saat 1s1ik/karanlik
periyodunda %70 nem ve 250pumol'm?s? 1gik altinda
yetistirildi. 50 giinliik bitkiler icerisinde 3 ml distile su ve
Whatman filtre kagidi bulunan petrilere transfer edildi.
Petriler karanligin-tesvik ettigi senesensi olusturmak igin
karanliga konuldu. Bitkiler 5. giinde GUS ve GFP analizi
i¢in deneye alindi.

GUS boyama

Karanligin-tegvik ettigi senesensi belirlemek icin
karanliga konulan bitkilerin 5. giinde fotograf
stidyosunda dijital kamera (Nikon Coolpix) ile
fotograflari ¢ekildi. Daha sonra bitkilerin yapraklar derin
kuyucuklu plakalardaki 100mM Sodyum fosfat tamponu
(pH 7,2), 10mM EDTA, Triton X-100 (%0,1), 25mM
potasyum ferrosiyanid, 25mM potasyum ferrisiyanid ve
Img/ml X-Gluc igeren GUS boya soliisyonuna konuldu
ve 2 defa 10’ar dakika vakum uygulamas: ile boyanin
dokulara girmesi saglandi. Daha sonra dokular bir gece
37°C de inkiibe edildi ve 80°C ye 1sitilmis %80 etanol ile
klorofil uzaklasincaya kadar yikandi. Yikama igleminden
ANACOIS
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sonra her yapragin fotograflari ¢ekildi. GUS aktivitesi
yapraklarda mavi renk olusumu ile tespit edildi.

GFP analizi

5 giinliik karanlik uygulamasindan sonra dijital
kamera (Nikon Coolpix) ile bitkilerin fotograflari ¢ekildi.
Farkli senesens asamalarindaki 3 rozet yapraktaki GFP
floresans Konfokal mikroskop (Zeiss LSM 710) ve ZEN
2009 yazilimi kullanilarak gozlemlendi. Ayni zamanda
kullanilan promotér genleri iceren bitkilere ait yesil
yapraklar da (kontrol grubu) GFP varligini belirlemek igin
konfokal mikroskop altinda incelendi.

Bulgular

GUS Analizi

Bu caligmada da promotdr genlerin yapragin hangi
kisimlarinda ve ne zaman aktif oldugunu gorebilmek icin
histokimyasal inceleme yapilmis ve elde edilen GUS
boyama goriintiileri Sekil 1 ve Sekil 2 de verilmistir. Sekil
1 de senensens tesvik edilmemis (kontrol grubu) A.
thaliana bitkilerinin yapraklarinda GUS boyama
sonucunun negatif oldugu goriilmektedir.

ANACO018, ANACO019, PAP1 (MYBT75), MYB2
genlerinin yapragin senesense ugramis olan kisimlarinda
anlatimlarmin oldugu, GUS boyama sonucunda mavi
renk olugumu ile saptanmugtir (Sekil 2).

GFP Analizi

Yaptigimiz ¢alismada ANACO018, ANACO019, PAP1
(MYB75) ve MYB2 genlerinin nerede ve ne zaman
(senesens baslamadan Once ya da senesens sirasinda)
anlatiminin oldugu konfokal mikroskop altinda GFP’nin
varliginin  gosterilmesi ile saptanmigtir. ANACO18,
ANACO019, PAP1 (MYBT75) ve MYB2 genleri ile ilgili
kontrol ve karanlhigin-tesvik etti§i senesense ugramis
bitkilerin konfokal goriintiileme verileri Sekil 3,4, 5 ve 6
de sirastyla verilmistir.

ANACO018 geninin A. thaliana bitkisinin yesil
yapraklarinda anlatimi olmazken, senesense ugramis
yapragin stoma bekg¢i hiicrelerinde anlatiminin oldugu
GFP varligr ile gorilmektedir (Sekil 3B). Bu durum
ANACO18 geninin anlatiminin senesens
arttigin1 géstermektedir.

sirasinda

Z7 ANACO19 ﬁ\\
!

Sekil 1. Kontrol bitkilerinin yapraklarindaki GUS boyama sonucunun goriintiisi.
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Sekil 2. Kullanilan transgenik hatlarda promot6r genlerin aktif oldugu bolgeleri gosteren GUS boyama goriintiileri. Yapraklarda olusan
mavi renk GUS aktivitesinin oldugu kisimlar1 gostermektedir. A-B. ANACO18 geni: A. boyama Oncesi, B. boyama sonrasi yaprak
goriintiileri; C-D. ANACO019 geni: C. boyama 6ncesi, D. boyama sonrasi yaprak goriintiileri; E-F. PAP1 (MYB75) geni: E. boyama
oncesi, F. boyama sonrasi yaprak goriintiileri; G-H. MYB2 geni: G. boyama 6ncesi, H. boyama sonrasi yaprak goriintiileri.

Sekil 3. ANACO18 genini tasiyan A. thaliana bitkisi: A. yesil (kontrol grubu), B. senesense ugramis (karanligin-tesvik ettigi senesens)
yapraklarin goriintiisi. Oklar stomalarin bekgi hiicrelerini gostermektedir. Kiiglik resim bekgi hiicrelerinin biiyiitiilmiis halini

gostermektedir.

Sekil 4 de goriildiigii gibi ANACO019 genini tagtyan A.
thaliana bitkilerinde gen anlatimi senesense ugramig
yaprakta artmig ve bu genin anlatiminin epidermal
hiicrelerin niikleusunda ve stomalarin bekg¢i hiicrelerinde
oldugu GFP varlig1 ile tayin edilmistir (Sekil 4B).

PAP1 (MYB75) genini tagiyan A. thaliana bitkisinin
yesil ve senesense ugramis yapraklari incelendiginde yesil
yapraklarda gen anlatiminin gozlenmedigi, senesense

ugramis yapraklarda ise epidermiste ve epidermal
hiicrelerin niikleusunda gen anlatiminin oldugu GFP
varlig1 ile goriilmektedir (Sekil 5).

Sekil 6’da MYB2 geni aktarilmig A. thaliana’nin yesil
yapraklarinda anlatim olmazken senesense ugramis
yaprakta mezofil, epidermis hiicreleri ve epidermal
hiicrelerin niikleuslarinda gen anlatimmin oldugu
goriilmektedir.
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Sekil 4. ANACO019 genini tagiyan A. thaliana bitkisi: A. yesil (kontrol grubu), B. senesense ugramis (karanhigin-tegvik ettigi senesens)
yapraklarin goriintiisii. Oklar niikleuslar1 gostermektedir. Kiigiilk resim niikleuslarin ve epidermislerin biiyiitiilmiis halini
gostermektedir.

Sekil 5. PAP1 (MYB75) genini tagiyan A. thaliana bitkisi: A. yesil (kontrol grubu), B. senesense ugramis (karanligin-tesvik ettigi
senesens) yapraklarin goriintiisii. Oklar niikleuslar1 gostermektedir. Kiigiik resim niikleuslarin ve epidermislerin biyitilmis halini
gostermektedir.
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Sekil 6. MYB2 genini tagiyan A. thaliana bitkisi: A. yesil (kontrol grubu), B. senesense ugramg (karanlhigin-tesvik ettigi senesens)
yapraklarin goriintiisii. Oklar niikleuslar1 gostermektedir. Kiigiik resim mezofil hiicreleri ve niikleuslarin biiyiitiilmiis halini gostermektedir.

Tartisma

Senesens doku, organ ve tiim bitkinin Sliimi ile
sonuclanan bitki gelisiminin son safhasidir. Yaprak
senesensi optimal biiyiime kosullar1 altinda normal organ
ontogenezinin bir par¢asi olmasinin yani sira biyotik ve
abiyotik stresler tarafindan da tesvik edilebilmektedir
(Kucharewicz ve ark. 2017). Senesens sendromunu kontrol
eden i¢ faktorler; yas, bitki hormonlarindaki degisimler ve
reprodiiktif biiyiimeyi icermektedir (Guo ve Gan 2012).
Yaprak  senesensinin  olusumunun  anlasilmasinda,
transkripsiyon faktorlerini kodlayan ve senesens sirasinda
anlatimi artan genler ilgi ¢cekmektedir. NAC, MYB ve
WRKY transkripsiyon faktorlerinin, senesens sirasindaki
transkripsiyonel degisiklikleri ayarlayan temel unsurlar
oldugu rapor edilmistir (Kim ve ark. 2016).

ANACO018 (At1g52880) bir NAC alani transkripsiyon
faktoriidiir. Siirgiin gelisimi i¢in gerekli olan petunya geni
NAM (No Apical Meristem) ile homologdur. ANACO018
geninin senesens sirasinda anlattminin oldugu rapor
edilmistir (http://www.arabidopsis.org). Ancak bu konu
ile ilgili detayli bir calisma bulunmamaktadir. Elde
ettigimiz GUS boyama sonuglart ANACO18 geninin
yapragin senesense ugrayan kisimlarinda anlatiminin
oldugunu gostermektedir (Sekil 2B). Konfokal mikroskop
sonuclar1 da GUS sonuglarimi teyit eder niteliktedir.
ANACOI18 geninin yesil yaprakta anlatimi olmazken
senesense ugramis yaprakta stomalarin bekgi hiicrelerinde
anlatimi oldugu GFP varligi ile goriilmektedir (Sekil 3B).
Bu durum ANACO18 geninin anlatiminin senesens
strasinda arttigin1 géstermektedir.

ANACO019 (At1g52890) kuraklik, yiiksek tuz ve ABA
tarafindan anlatimi artan, bir NAC transkripsiyon
faktoriidiir (http://www.arabidopsis.org). ABA ile iliskili
stres sinyallerinin pozitif diizenleyicisidir ve kuraklik
toleransinda asir1 anlatimi oldugu bildirilmistir (Hickman
ve ark. 2013). ANACO019/055/072’nin klorofil yikim
genlerinin ~ (Chlorophyll  Catabolic  Genes=CCGs)
anlatimlarii diizenledikleri bildirilmistir (Bu ve ark.
2008, Zheng ve ark. 2012, Zhu ve ark. 2015).
ANACO019’dan literatiirde stres ile iligkili ya da senesens
ile iligkili NAC lardan biri olarak s6z edilmektedir
(Hickman ve ark. 2013, Lindemose ve ark. 2014, Kim ve
ark. 2016). GUS boyama sonuglarina bakildigi zaman,
yaptigimiz ¢caligmada ANACO019’un yapragin senesense
ugrayan kisimlarinda anlatiminin arttigit GUS raportor
geninin verdigi mavi renkli reaksiyon ile goriilmektedir
(Sekil 2D). GFP raportér geninin anlatiminin olup
olmadigint gdsteren konfokal mikroskop verileri de yesil
yaprakta anlatimmin olmadigini, senesense ugramis
yaprakta ise epidermal hiicrelerin niikleuslarinda ve
stomalarin bek¢i hiicrelerinde gen anlatiminin oldugunu
gostermektedir (Sekil 4). Elde ettigimiz sonuglar
ANACO019 geninin epidermis hiicrelerinde anlatimi
oldugunu gostermekte ve senesens ile iliskili oldugunu
teyit etmektedir.

MYB75  (PAP1=Production of Anthocyanin
Pigment1) bir MYB transkripsiyon faktoriinii kodlar ve
Arabidopsis, tiitiin, domates ve kanolada etkili bir sekilde
antosiyanin birikimini indiikledigi gosterilmistir (Qiu ve
ark. 2014). MYB75 (PAPI1), bu genin asir1 anlatiminin
oldugu fidelerde antosiyaninlerin kuvvetli birikimine
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dayanarak, Arabidopsis’te antosiyanin biyosentezinin
pozitif bir diizenleyicisi olarak tanimlanmistir. MYB75
(PAP1)’in asi1  anlatiminin  antosiyanin  iiretimi
iizerindeki bu etkisine ilaveten, bu genin aktivitesinin A.
thaliana’da lignin birikimi, siikroz sinyali ve senesens
iizerinde etkili oldugu bulunmustur (Bhargava ve ark.
2010). Arastiricilar iki MYB transkripsiyon faktoriind,
PAP1 ve PAP2, glukoz tarafindan indiiklenen-senesens
ile iliskili genler olarak tanimlamislardir (Pourtau ve ark.
2006). Elde ettigimiz GUS boyama sonuglar1t MYB75
geninin yapragin senesense ugrayan kisimlarinda
anlatiminin ~ oldugunu  gostermektedir (Sekil 2F).
Konfokal mikroskop sonuglar1 da GUS sonuglari teyit
eder niteliktedir. MYB75 geninin yesil yaprakta anlatimi
olmazken senesense ugramig yaprakta epidermis
hiicrelerinde ve epidermal hiicrelerin niikleuslarinda
anlatimi oldugu GFP varligi ile goriilmektedir (Sekil 5B).
Bu durum MYB75 geninin anlatiminin senesens sirasinda
arttigini gostermektedir.

MYB2 proteini hiicre farklilasmasiin kontrolii,
hormon ve c¢evresel streslere cevaplar gibi siireglerin
diizenlenmesinden sorumludurlar. Bir MYB
transkripsiyon faktoriinii kodlarlar ve bitkilerde gen
anlatiminda diizenleyici bir rol oynarlar (Yu ve ark.
2012). MYB2 ayn1 zamanda oksin sinyali ve apikal
dominansi mekanizmas: arasindaki karsilikli etkilesime
de karigarak sitokinin biyosentezini diizenlemektedir
(Back ve ark. 2013). Yapilan ¢aligmalar MYB2
proteininin kuraklik ve tuz stresi altinda ABA (absisik
asid) tarafindan  diizenlenen gen  anlatiminda
transkripsiyon faktorii olarak 6nemli bir rol oynadigini,
ayrica kuraklik ve ABA uygulamasi ile aktive oldugunu
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Ozet: Son yillarda pek ¢ok hastaligin patogenezinde oksidatif stresin etken olmasi arastiricilarin dikkatini gekmistir. Eritrositler
tiim viicut dokular1 ve organlar ile iletisim halinde olan, oksidatif strese karsi en hassas hiicre gruplarindan biridir. Bu nedenle
oksidatif stresin olumsuz etkilerinin belirlenmesi igin yapilan ¢alismalarda eritrosit hiicreleri siklikla kullanilmaktadir. Bununla
birlikte oksidatif stresin olumsuz etkilerinin azaltilabilmesi veya yok edilebilmesi i¢in dogal kaynakli antioksidan maddelerin
arayis ile ilgili ¢alisma sayis1 her gegen giin artmaktadir. Bu dogal kaynakli antioksidan maddelerin tespiti i¢in yapilan
caligmalarda ¢ogunlukla bitki ekstraktlarindan yararlanilmakta ve bu ekstraktlarin antioksidan kapasiteleri arastirilmaktadir.
Bu ¢aligmada, eritrositlerde oksidatif stresin meydana getirilme yollar1 ve oksidatif strese karsi kullanilan bitki ekstraktlari ile
ilgili bilgilere yer verilmistir.

Anahtar kelimeler: Bitki ekstrakti, oksidatif stres, eritrosit, in vitro.
Various Plant Extracts Evaulated as Antioxidant Against in vitro Oxidative Stress in Erythrocytes

Abstract: The role of oxidative stress in pathogenesis of many diseases has interested researchers in recent years. Erythrocytes
are in contact with all organs and tissues and are one of the most vulnerable cell types against oxidative stress. Therefore,
erythrocyte cells are commonly used in studies performed to reveal negative effects of oxidative stress. On the other hand, the
number of studies carried out with the aim of finding natural antioxidants to reduce or neutralize negative effects of oxidative
stress is increasing day by day. Plant extracts are mostly used in these studies and antioxidant effects of these extracts are
investigated. In the present study, current data on the means of producing oxidative stress in erythrocytes and the plant extracts
used against oxidative stress were reviewed.

Key words: Plant extract, oxidative stress, erythrocyte, in vitro.

Giris

Son yillarda yapilan pek ¢ok caligmada, oksidatif
stresin pek ¢ok hastaligin patogenezinde rol aldig1
gosterilmektedir. Oksidatif stres ile iligkili hastaliklarin
basinda; kardiyolojik hastaliklar (Griendling ve Fitz
2003), norolojik hastaliklar (Ameer 2016), diyabet
(Salgueiro ve ark. 2013, Viskupicova ve ark. 2015),
romatolojik hastaliklar, kanser (Mehta ve ark. 2016) ve
yaglanma (Lucas ve ark. 2016, Tarry-Adkins ve ark.
2016) gelmektedir. Oksidatif stresin bu kadar g¢ok
hastaligin patogenezinde yer alig1 arastirmacilarin bilyiik
ilgisini cekmektedir. Cesitli yollar ile bu olumsuz etkilerin
azaltilmas1 veya yok edilmesi i¢in yapilan arastirma sayisi
her gegen giin artmaktadir (Suboh ve ark. 2004, Ajila ve
Prasada Rao 2008, Yang ve ark. 2012, Sompong ve ark.
2015, Ameer 2016).

Oksidatif stres, reaktif oksijen tiirleri (ROS) ve
antioksidan savunma sistemleri arasindaki dengesizlik
olarak tanimlanir. Eger ROS/antioksidan savunma sistemi
dengede ise birey sagliklidir (Memisogullart 2005).

Normal metabolizma sonucu hidroksil radikali (HO),
stiperoksit radikali (O27), nitrik oksit (NO-), peroksil
radikali (ROO-) ve radikal olmayan hidrojen peroksit
(H20,) ve singlet oksijen (*O2) gibi ROS’lar siirekli olarak
iiretilir. Ancak bu iiretim gergeklestirilirken hizli bir
sekilde antioksidan savunma sistemi tarafindan bu
radikaller temizlenerek bir denge saglanmaktadir (Arbos
ve ark. 2008). Antioksidan savunma sisteminde yer alan
antioksidanlar temelde eksojen ve endojen kaynakli
olarak smiflandirilir. Eksojen kaynakli antioksidanlar;
karoten, C, A ve E vitamini olarak siralanabilir. Endojen
kaynakli antioksidanlar arasinda; melatonin, siiperoksid
dismutaz (SOD), glutatyon peroksidaz (GSH-Px), katalaz
(CAT), glutatyon rediikdaz (GR),magnezyum (Mg),
selenyum (Se), E vitamini, iirat, miyoglobin, hemoglobin,
ferritin, glutatyon (GSH), bilirubin sayilabilir (Yilmaz
2010). Oksidatif stres ile ilgili yapilan g¢alismalarda
ROS/antioksidan  savunma  sistemindeki  dengenin
bozulup bozulmadigini tespit etmek ic¢in g¢ogunlukla
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endojen kaynakli antioksidan enzimlerin aktivite

degerleri dlctilmektedir.

Eritrositler tiim viicut dokular1 ve organlart ile iletisim
halinde oldugundan hassastir. Eritrositlerdeki kantitatif
veya kalitatif degisimler hemostasinin degisimi igin
olduk¢a 6nemlidir (Mikashinovich ve Belousova 2016).
Bir taraftan protein sentez mekanizmasindan yoksun
olmalari, nukleus, mitokondri ve ribozomlarinin
olmamasi ve diger pek c¢ok hiicreye nazaran daha az
organel ve hiicre i¢i fonksiyona sahip olmalari nedeni ile
basit bir hiicre modeline sahip oldugu kabul edilir. Diger
taraftan membranlar ile aktif ve pasif tasima, oksijen
tasima proteini olan hemoglobin ile dokular ve akciger
arasinda Oz ve CO; tasimimi ve enerji tretiminden
sorumlu enzimler igermesi ile enerji metabolizmasinda
yer almasi gibi onemli fonksiyonlart
gerceklestirebildikleri i¢in de biiyiikk 6neme sahiptirler
(Arbos ve ark. 2008).

Eritrositler, ROS’lardan etkilenen ilk hiicreler
arasinda oldugu igin oksidatif stres c¢aligmalarinda
oldukga genis ¢apta kullanilmaktadir (Carl ve ark. 2016).
Ciinkii eritrositlerin membranlarinda oldukg¢a yiiksek
oranda ¢oklu doymamis yag asidi (PUFA) ve yapisinda
oksidasyonu katalizleyen hemoglobindeki ferro demiri
(Fe*®) bulunmaktadir. Bunlar da ROS’larin saldirisi igin
eritrositlerin hassas olmasina yol agmaktadir (Khalili ve
ark. 2014). Oksidanlar, eritrosit membranlarinda 6nemli
degisikliklere neden olurlar. Eritrositlerin sekillerinde
anormallige yol agacak yiiksek molekiil agirligina sahip
proteinler iretebilir ve iskelet protein igerigini azaltarak
etki gosterebilir (Suwalsky ve ark. 2007). Tiim bu etkiler
sonucunda lipid peroksidasyonu (LPO) meydana
gelmektedir. LPO’nun meydana gelisini en iyi karakterize
eden bilesik malondialdehid (MDA)’dir. MDA,
eritrositlerin membranlarindaki fosfolipid ve proteinler
arasindaki capraz baglara baglanarak hemolize neden
olur. Bu da eritrositlerin yasam siiresini normalden daha
kisa hale getirir veya normal olan eritrosit hiicrelerinin
senesensine neden olur (Yang ve ark. 2006, Okoko ve Ere
2012). Bu nedenle MDA ve % hemoliz degerlerinin
Ol¢timii oksidatif stres hakkinda bilgi sahibi olmanin en
etkili yollarindan biridir.

Bu derlemede oncelikle, yapilan c¢aligmalarda
eritrositlerde oksidatif stresin hangi yollar ile meydana
getirildigi incelenmistir. Ayni zamanda, eritrositlerde
onemli anormalliklere neden olan oksidatif strese karsi
hangi bitki ekstraktlarinin kullanildig1 ve bunlarin hangi
antioksidan parametreler iizerinde etkili olduguna dair
literatlir taramasi yapilarak bu konulardaki bazi
caligmalardan 6rnekler sunulmustur.

Eritrositlerde Oksidatif Stres ve Hiperglisemi

Eritrositlerde oksidatif stresin olusturulma yollarindan
biri hiperglisemi oldugu bilinmektedir. Bu nedenle
eritrositlerde hipergliseminin neden oldugu oksidatif
stresile ilgili ¢aligmalarin pek ¢ogunda, ya in vitro olarak
eritrositlere glukoz (Jain ve ark. 1999, Nandhini ve
Anuradha 2003, Marar 2011, Salgueiro ve ark. 2013,
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Sompong ve ark. 2015, Viskupicova ve ark. 2015), ya da
streptozotosin  (STZ) uygulanmigtir (Taleb-Senoucive
ark. 2009, Aydin ve Celik 2012, Demir ve Yilmaz 2014).
Hipergliseminin  antioksidan ~ savunma  sisteminin
kapasitesini azalttigi ve bu sayede ROS’larin iiretiminde
artisa neden oldugu tespit edilmistir (Demir ve Yilmaz
2014). ROS’larin artis1 oksidatif hasara, DNA, protein,
membran lipidlerinin yapisinda ve fonksiyonunda
degisiklige yol actig1 ve hiicre i¢i GSH diizeyini azalttig
yapilan ¢aligmalarda vurgulanmistir (Sompong ve ark.
2015). Bu giine kadar yapilan ¢alismalarda eritrositlere
siklikla uygulanan glukoz diizeyleri; SmM, 6mM, 30mM,
40mM, 45mM ve 50mM olarak tespit edilmistir. SmM ve
6mM glukoz diizeyleri kontrol gruplarinda kullanilan
konsantrasyonlar; 30mM, 35mM, 45mM ve 50mM
glukoz diizeyleri 1liml1 glukoz konsantrasyonlari;100mM,
250mM ve 500mM glukoz diizeyleri yiiksek glukoz
konsantrasyonlari olarak (Jain 1989, Jain ve ark. 1999,
Jain ve Lim 2001, Nandhini ve Anuradha 2003, Marar
2011, Salgueiro ve ark. 2013, Sompong ve ark. 2015,
Viskupicova ve ark. 2015) eritrositlere in vitro olarak
uygulanmistir. Ozellikle yiiksek glukoz diizeyleri ile
kontrol  glukoz  diizeyleri uygulanan  gruplarin
karsilastirildigr calismalarda, yiliksek glukoz diizeylerinin
LPO iiriinii olan MDA’nin artigsina neden oldugu agikca
gozlemlenmistir (Salgueiro ve ark. 2013). STZ
uygulanmasi sonucu hiperglisemi olusturulan
calismalarda ise genellikle 45mg/kg, 60mg/kg veya
65mg/kg arasindaki dozlarin uygulandigi goriilmiistiir.
Eritrositlerde, uygulanan bu dozlarda MDA degerlerinde
artis, GSH, CAT, GSH-Px ve SOD aktivite degerlerinde
ise azalig tespit edilmis ve bu degisimlerin oksidatif
hasarin gostergesi olabilecegi belirtilmistir (Taleb-
Senouci ve ark. 2009, Aydin ve Celik 2012, Demir ve
Yilmaz 2014). Bazi ¢alismalarda ise in vitro hiperglisemi
olusturulmak yerine Tip 2 diyabet tanist konmus
bireylerden alinan kan oOrnekleri  kullanilmistir
(Halifeoglu ve ark. 2005, De Bona ve ark. 2011). Bu
calismalarda yine oksidatif hasarin tespit edilebilmesi igin
saglikll bireylerden alinan kan 6rnekleri ile karsilagtirma
yapilarak adenozin deaminaz (ADA), asetilkolin esteraz
(AChE), SOD, CAT ve tiyobarbitiirik asit- reaktif madde
(TBARS) degerleri 6l¢iilmiis ve oksidatif hasar bulgulari
elde edilmistir (De Bona ve ark. 2011). Tiim yapilan bu
calismalarda elde edilen sonuglar hipergliseminin
eritrositlerde MDA artisina ve antioksidan savunma
enzimlerinin (CAT, GSH-Px, SOD ve ADA) aktivite
degerlerinde azalisa neden oldugu acik¢a goriilmektedir.
Caligmalarda eritrositlerde elde edilen bu degisimler
hipergliseminin oksidatif stresi meydana getiren en
onemli gostergeleri olarak kabul edilebilirler.

Eritrositlerde Oksidatif Stres ve Hidrojen Peroksit

Eritrositlerde in vitro olarak oksidatif stresin
olusturulma yollarindan bir digeri ise hidrojen peroksit
(H202) uygulanmasidir. H2O- eritrosit membranlarindan
gegebilen, hizlica hemoglobin ile reaksiyona girebilen ve
hidroksil radikali gibi ¢ok reaktif olan ROS’lar1 iiretebilen
bir bilesik olarak bilinmektedir (Van der Berg ve ark.
1992). H,0; ile muamele edilen eritrositlerde LPO,
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protein  degredasyonu  ve  konsantrasyonlarinda
deformasyon kaybi gerg¢eklesmektedir (Srour ve ark.
2000). Tim bu etkiler oksidatif hasarin gostergesi olarak
kabul edilmektedir. Bu giline kadar yapilan eritrosit
¢alismalarinda oksidatif hasar meydana getirebilmek igin
en ¢ok uygulanan H>O; dozlari; 100uM (Ajila ve Prasada
Rao 2008, Okoko ve Ere 2012, Rajesh ve ark. 2013),
20mM (Suboh ve ark. 2004) ve 1,3M (Nuchanart ve ark.
2012)’dur. Rocha ve ark. (2015) ise diger arastiricilardan
farkl1 olarak H2O5 nin farkli dozlarinin (0, 5, 10, 20, 40 ve
80uM) etkilerini eritrositler {izerinde test etmislerdir.
100uMH20- uygulanan eritrositlerin sekillerinde dnemli
Olciide degisimler oldugu 151k ve elektron mikroskobu
incelemelerinde goézlemlenmistir. Eritrositlerin gergek
sekillerini kaybederek c¢ogunlukla ekinosit (Burr cell)
sekline doniistiigii ifade edilmistir (Ajila ve Prasada Rao
2008, Rajesh ve ark. 2013). Snyder ve ark. (1985)
eritrositlerde bu sekil degisikliginin H2O2 nin eritrosit
membranindaki spektrin ve hemoglobine baglanarak,
hemolize neden olarak, membrandaki fosfolipid
organizasyonunda, yiizey basincinda ve hiicre ylizey
bilesenlerinde degisime yol acarak gergeklestirdigi
belirtmislerdir. H,O, uygulanan eritrositlerde oksidatif
stresin yol a¢tig1 hasarlarin tespiti i¢cin CAT, GSH-PX,
MDA ve hemoliz diizeyleri incelenmis H>O>’nin bu
parametreler i¢in 6nemli Slgiide eritrositlerde oksidatif
hasara neden oldugu rapor edilmistir (Suboh ve ark. 2004,
Nuchanart ve ark. 2012, Rocha ve ark. 2015). Suboh ve
ark. (2004) ile Rocha ve ark. (2015) eritrosit MDA
degerlerinde; Nuchanart ve ark. (2012) ise eritrosit
hemoliz degerlerinde H,O; uygulanmasi sonucunda artig
oldugunu tespit etmislerdir. Ayn1 zamanda Rocha ve ark.
(2015) CAT ve GSH-Px enzim aktivitelerinde azalis
oldugunu belirterek H.O,’nin eritrositlerdeki oksidatif
hasarini kanitlamiglardir.

Eritrositlerde Oksidatif Stres ve Pestisitler

Pestisitler istenmeyen zararli bitki, hayvan ve
mantarlar1  6ldiirmek amaciyla kullanilan fiziksel,
kimyasal veya biyolojik sentetik ajanlardir. Bu sentetik
ajanlarin, biyolojik  sistemler iizerindeki toksik
etkilerinden en Onemlisi oksidatif strese neden
olabilmeleridir. Hiicrelerde ROS seviyesini arttirabilirler,
hiicre metabolizmasinda GSH gibi indirgeyicilerin
rezervlerini tiiketebilirler ve antioksidan potansiyelini
azaltabilirler. Sonugta tim bu etkiler gbz Oniine
alindiginda oksidatif stresin olusumunu tetikleyebilirler
(Kaymak ve ark. 2014). Ornegin Singh ve ark. (2010)
atrazini, Kumar ve ark (2015) ise sipermetrini
eritrositlerde  oksidatif stresi tetiklemek i¢in test
etmiglerdir. Her iki calismada da eritrositlerin GSH
icerigi, SOD, CAT, GSH-Px, glutatyon-s-transferaz
(GST) ve glukoz-6-fosfat dehidrogenaz (G6PD)
aktivitelerive MDA degerleri 6l¢lilmiistiir. Singh ve ark.
(2010) siganlara oral yolla 300mg/kg v.a. giin atrazini 7,
14 ve 21 giin boyunca uyguladiklar1 ¢aligmalarinda; SOD,
CAT, GSH-Px ve GST antioksidan enzim aktivitelerinde
artis, G6PD enzim aktivitesinde ve GSH degerinde azalis
oldugunu belirtmislerdir. Bununla birlikte Kumar ve ark.
(2015) siganlara oral yolla 28 giin boyunca 50mg/kg
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sipermetrin uygulamislar ve Singh ve arkadaslarinin
yaptig1 caligmanin sonuglarina benzer olarak CAT, GSH-
Px ve GST antioksidan enzim aktivitelerinde artis, GSH
degerinde azalis ve MDA degerinde artig tespit
etmiglerdir. Her iki c¢alisma sonuglarinda da bu
degisimlerin pestisitlerin yol actigi oksidatif stresten
kaynaklandig dile getirilmistir.

Eritrositlerde Oksidatif Stres ve Ekzojen Kaynakl
Radikaller

Oksidatif stres olusturmak i¢in kullanilan kaynaklarin
bir digeri ise hiicrelere uygulan ekzojen kaynakl
radikallerdir. Bu radikaller hiicrelerde proteinlerin —SH
gruplarinda, lisin residiilerinde, kolestrol ve yag
asitlerinde oksidasyon, membranlarda deformasyon ve
lisiz gibi cesitli yollarla oksidatif hasara neden olurlar
(Suwalsky ve ark. 2007). Bu radikallerin uygun
kaynaklardan secilmesi 6nemlidir. Ozellikle eritrosit
¢alismalarinda kullanilan radikallerden biri 2,2'-azobis(2-
amidinopropan) dihidroklorit (AAPH) tir (Gabrielska ve
ark. 2007, Bonarska-Kujawa ve ark. 2014). AAPH, suda
azo bilesiklerine ¢o6ziinebilen bir maddedir. Azo
bilesikleri oksidasyon reaksiyonlarmin baslaticisi olarak
kabul edilir ve bu nedenle 6zellikle eritrositlerde LPO
caligmalarinda ve antioksidan etkilerinin arastirildig
calismalarda siklikla kullanilirlar (He ve ark. 2013).
Eritrositlerde oksidatif stres calismalarinda kullanilan
diger radikaller ise tert butil-hidroperoksit (t-BuOOH/t-
BHP), difenil-2-pikrilhidrazil hidrat (DPPH?) ve
hipokloréz asit (HCIO) tir (Suwalsky ve ark. 2007, Arbos
ve ark. 2008, Maurya ve Rizvi 2009, Olchowik ve ark.
2012). Ekzojen kaynakli radikaller ile yapilan bu
calismalarda oksidatif hasar belirleyicisi olarak Slgiilen
parametrelerden MDA ve hemoliz degerlerinde artis,
GSH degerlerinde ise azalig ortak olarak belirlenen
parametrelerdendir. Bu sonuglar g6z 6niine alinarak, bu
ekzojen kaynakli radikallerin oksidatif stresin olusumunu
tetikledigi sOylenebilir.

Eritrositlerde Oksidatif Strese Neden QOlan Diger
Maddeler

Pek ¢ok caligmada Diinya’da yaygin bir sekilde
tatlandirici olarak kullanilan aspartamin karaciger, bobrek
ve pankreas tiizerinde toksik etkilere sahip oldugu
vurgulanmigtir (Nguyeni ve ark. 1998, Leme ve Azoubel
2006, Abhilash ve ark. 2011). 2015 yilinda Abhilash ve
ark. tarafindan yapilan ¢aligmada ise aspartamin 50, 500
ve 1000mg/kg v.a dozlarmin eritrositlerde GSH-Px, GR
enzim aktivitleri ile GSH diizeylerinde degisime neden
oldugu belirtilmistir. Bu bulgular aspartamin eritrositler
iizerinde yol actigt oksidatif stresin bir sonucu olusan
toksik etkisini kanitlamistir.

Verma ve ark. tarafindan sodyum floriir’iin (NaF)
(2006) ve aflatoksinin (2001) eritrositlerde meydana
getirdigi hemolizetkisi aragtinlmigtir. Farkli dozlarda
uygulanan NaF’nin (50-500pg/ml) ozellikle yiiksek
dozlarinin, aflatoksinin ise 1,95uM dozunun hemoliz
etkisi arttirdig1 rapor edilmistir. Eritrositlerde hemoliz,
LPO sonucu agiga c¢ikan MDA’nin membranlarda



188

fosfolipid ve proteinlere ¢apraz baglanmasi sonucu
meydana gelen hiicre olimiidiir (Okokove Ere 2012).
Yiiksek dozda uygulanan NaF ve aflatoksinin olusturdugu
hemolizin oksidatif hasarin sonucu meydana geldigi
sOylenebilir.

Eritrositlerde Cesitli Yollarla Meydana Getirilmis
Oksidatif' Strese Karsi Antioksidan Olarak Kullanilan
Bitki Ekstraktlar:

Bir¢ok hastaligin etkeni olan oksidatif stresin olumsuz
etkilerinin dnlenebilmesi igin dogal kaynaklara duyulan
ihtiyag her gecen giin artmakta ve sentetik maddelerin
alinimi yerine bitkisel kaynaklarca zengin olan dogal
diyetler tercih edilmektedir (Okoko ve Ere 2012). Sentetik
maddelerin ciddi olumsuz yan etkiler olusturmasi
nedeniyle dogal kaynakli bitkilerin medikal alanda
kullanilmas1 gerektigi pek ¢ok ¢aligmada vurgulanmistir
(Rajesh ve ark. 2013). Bitkilerin igerdikleri flavonoid ve
fenolik asitler gibi cesitli bilesikler onlara antioksidan ve
farmokolojik 6zellik kazandirmaktadir (Ajila ve Prasada
Rao 2008). Bu nedenle son yillarda bilim diinyas1 dogal
kaynakli bitkilerin biyolojik, farmakolojik ve medikal
ozelliklerini genis ¢apta ve siirekli olarak aragtirmaktadir
(Krishnaiah ve ark. 2011).

Suboh ve ark. (2004) tarafindan yapilan ¢alismada
eritrositlerde H2O2’nin neden oldugu oksidatif strese karsi
uygulanmig Artemis herba-alba Asso., Ferula hermonis
Boiss., Hibiscus sabdariffa L., Nigella sativa L.,
Teucrium polium L., Trigonella foenum-graecum L. ve
Allium sativum L. bitkilerinin koruyucu etkileri
aragtirtlmistir.  HoO» uygulamast ile artan MDA
degerlerinin A. sativum ve N. sativa bitki ekstraktlariin
yiiksek konsantrasyonlarinda diisiis gosterdigi rapor
edilmistir. Bu sonug test edilen bu bitkilerin H2O2 nin
meydana getirdigi oksidatif stres hasarina karsi
eritrositlerde koruyucu bir etkiye sahip oldugunu
gostermektedir.

Verma ve ark. (2006) NaF’nin (500pg/ml)
eritrositlerde indiikledigi hemolizin iyilestirilmesi i¢in
farkli dozlarda (2,5-100pg/ml) uygulanan siyah c¢ay
ekstraktlarini test etmiglerdir. Test edilen tim dozlarda %
hemoliz ve % hemoliz inhibisyon degerlerinde iyilesme
meydana geldigini belirtmislerdir. Ozellikle 40pg/ml
dozda en diisik % hemoliz ve en yiiksek % hemoliz
inhibisyon degerlerini bularak siyah c¢ay ekstraktlarinin
NaF’1n eritrositlerde meydana getirdigi oksidatif hasara
kars1 koruyucu etkisi olabilecegini belirtmiglerdir.

AAPH ile oksidatif hasar olusturulmus eritrositlere
Bidens pilosa L. bitkisinin farkli dozlarimm (50, 100 ve
150ug/ml) etanol ekstraktlart uygulandiginda % hemoliz
ve MDA degerlerinde azalis, GSH ve SOD aktivite
degerlerinde artig bulunmustur (Yang ve ark. 2006). Bu
bulgular B. pilosa ekstraktlarmim eritrositler {izerinde
antioksidan ~ koruyucu  etkiye sahip  oldugunu
belirtmektedir.

Suwalsky ve ark. (2007) tarafindan Ugni molinae
Turcz bitkisinin, HCIO ile muamele edilen eritrositlerdeki
koruyucu etkisi % hemoliz degerleri ve SEM goriintiileri
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ile degerlendirilmistir. U. molinae ekstraktlarinin %
hemoliz degerlerini diisiirdiigi ve SEM analizinde ise
ekinosit olusumunun azaldigi belirtilerek eritrositler
iizerindeki koruyucu etkisi ispatlanmustir.

Ajila ve Prasada’nmin (2008) yaptig1 c¢alismada
eritrositlerde H202’nin neden oldugu oksidatif strese karsi
mango (Mangifera indica L.) bitkisinin Raspuri ve
Badami varyetelerinin kabuk ekstraktlarinin koruyucu
etkisi incelenmistir. Bu iki varyetenin de olgunlagsmis ve
olgunlasmamis durumlarinda elde edilen kabuklarindan
ayrt ayrt ekstraklar hazirlanmig ve eritrositlere
uygulanmistir. Bu c¢alisma kapsaminda yapilan hemoliz
ve LPO inhibisyon dl¢iimleri ile birlikte SEM goriintiileri
degerlendirilmistir. Hemoliz ve LPO inhibisyonunda
artisin bulunmasi ayrica SEM incelemelerinde ise ekinosit
sayisinda  azahisin  gbzlenmesi  mango  kabuk
ekstraktlarimin  eritrositlerde  oksidatif stresin neden
oldugu hasarlarin 6nleyebilmesi i¢in kullanilabilecegini
belirtmektedir.

Brassica oleracea L. subv. cymosa (brokoli), Brassica
oleracea L. var. acephala (karalahana) ve Raphanus
sativus L. var. radiculal (turp) bitki ekstraktlar1 DPPH:
uygulamast ile eritrositlerde meydana getirilen oksidatif
hasara karsi koruyucu etki agisindan analiz edilmistir.
Analiz edilen bitki ekstraktlarinin 6zellikle brokolinin
eritrositlerdeki methemoglobin olusumunu azaltarak
yiiksek antioksidan kapasiteye sahip oldugu rapor
edilmistir (Arbos ve ark. 2008).

Geng, orta ve vyashh bireylerden elde edilen
eritrositlere, t-BHP uygulanarak meydana getirilen
oksidatif strese karsi Diinya’da en yaygin olarak
kullanilan ¢ay (Camellia sinensis L. Kuntze) bitkisinin
ekstraktlart uygulanmis ve c¢aymn koruyucu etkisini
belirleyebilmek icin MDA ve GSH degerleri 6l¢iilmiistiir.
MDA degerlerinde azalisin, GSH degerlerinde ise artigin
belirlenmesi ¢ayin 6nemli Olgiide oksidatif stresi
gerilettigi ve iyi bir antioksidan olarak koruyucu etkiye
sahip oldugu hatta yaslanmayr yavaslattigi calisma
sonuglarinda vurgulanmistir (Maurya ve Rizvi 2009).

Streptozotosin (60mg/kg v.a) uygulamast ile diyabetik
yapilan siganlara %0,5 Ajuga iva (L.) Schreber. nin sulu
ekstraktlar1 uygulanmis ve eritrositlerde SOD, GSH-Px ve
GR enzim aktivite diizeyleri incelenmistir. Bitki
ekstraktlariin  uygulandigt grup ile bitki ekstrakti
uygulanmayan grup karsilastirildiginda tim enzim
aktivitelerinde artis oldugu ve bu artigin A.iva’nin
antioksidan etkisine bagli olabilecegi bildirilmistir
(Taleb-Senouci ve ark. 2009). Bu sonuglar goz Oniine
alinarak hipergliseminin eritrositlerde yol agtig1 oksidatif
hasara kargt A. iva’min koruyucu bir etkisinin
olabilecegini sdyleyebiliriz.

Tip 2 diyabete sahip olan kisilerden elde edilen
eritrositlere uygulanan Syzygium cumini L. ekstraktlarinin
etkilerinin arastirildigi bir calismada ise 200pg/ml
dozunun MDA diizeyini énemli dlgiide azalttigi ve bu
nedenden dolay1 bir antioksidan olarak kullanilabilecegi
vurgulanmistir (De Bona ve ark. 2011).
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Imaga ve ark. (2011) orak hiicreli eritrositlerde,
Okoko ve Ere (2012) HO; uygulanan eritrositlerde
Carica papaya L. bitkisinin antioksidan aktivitesini
aragtirmiglardir. Her iki c¢alismada yapilan O&lglimler
sonucu C. papaya’nin yiiksek dozlarnin oksidatif hasari
azaltabildigi g6zlenmistir. % hemoliz ve % LPO
degerlerinde azalis tespit etmislerdir. Bu bulgular C.
papaya’nin antioksidan olarak kullanilabilecegini agikga
gostermektedir.

Brassicaceae familyasina ait mor lahana ve briiksel
lahanasinin polifenol ekstaktlarinin farkli dozlar1 (0, 5, 10,
20pmol/l) hiperkolesterolemik ve normal eritrositlerde
ozellikle yiiksek dozlarm LPO’yu azalttig1 belirtilmistir
(Duchnowicz ve ark. 2012). Oksidatif stres sonucu
meydana gelen LPO’nun azaltilabilmesi bu bitki
ekstraktinin  oksidatif strese karsi kullanilabilecek
antioksidanlardan biri olabilecegi sdylenebilir.

Olchowik ve ark. (2012) tarafindan t-BOOH radikali ile
eritrositlerde olusturulan oksidatif hasara karsi Rhus
typhina L. Staghorn sumac’in (sumak) farkli dozlarmin(0-
30pg/ml) % GSH ve % TBARS inhibisyon degerlerinin
arttigini bularak R. typhina’mn yiiksek ve etkili antioksidan
kapasiteye sahip olabilecegini rapor etmislerdir.

Brezilya’da cay olarak tiiketilen Bauhinia forficita
Link.’in yiiksek glukoz uygulanan eritrositlere etkileri
Salgueiro ve ark. (2013) tarafindan aragtirilmistir. Yiiksek
glukoz uygulandiginda artan MDA degerleri, B.
forficita’nin 0,1, 1 ve 10pg/ml dozlar1 uygulandiginda
diisiis gdstermesi nedeniyle bu bitkinin iyi bir antioksidan
olabilecegi savunulmustur.

Lonicera caerulea L. var. kamtschatica Sevast. (mavi
hanimeli)  bitkisinin ~ yapraklart ve meyvesinden
hazirlanan ekstraktraktlar, AAPH ile oksidatif hasar
olusturulmusg eritrositlere karst SEM  goriintiileri
degerlendirildiginde koruyucu etkiye sahip oldugu
belirtilmistir (Bonarska-Kujawa ve ark. 2014).

Orabanche orientalis G. Beck, Cucumis melo L.,
Albizzia julibriisin Durazz, Galium verum L., Scutellaria
tournefortii Bentha., Crocus caspius Fisher & Meyer,
Sambucus ebulus L., Danae racemosa L., Rubus fruticsos
L. ve Artemisia absinthium L. bitkileri ile yapilan farkl
bir c¢alismada ise, bu bitkilerden elde edilen
ekstraktraktlarin 0,25, 0,5, 1,0, 2,0 ve 4,0mg/ml dozlar
eritrositlere  uygulanmustir. % Hemoliz  degerleri
Olciildiigiinde en diisiik % hemoliz degerleri G. verum ve
S. tournefortii ekstraktlarinda tespit edilmistir. Bu nedenle
bu iki bitkinin farmakoloji endiistrisinde dogal bir
antioksidan kaynagi olarak kullanilabilecegi bildirilmistir
(Khalili ve ark. 2014).
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Sonug¢

Bu derlemede, bu giine kadar yapilan ¢alismalar
incelendiginde; eritrositlerde oksidatif stresin, glukoz,
hidrojen peroksit, pestisit ve ¢esitli ekzojen kaynakli
radikaller ile in vitro olarak meydana getirilebildigi tespit
edilmistir. Meydana getirilen bu oksidatif stresin olumsuz
etkilerinin 6nlenebilmesi i¢in dogal kaynakli bitkilerin
antioksidan ve koruyuculuk ozellikleri
degerlendirilmistir. Bu konu ile ilgili yapilan eritrosit
¢aligmalarinin pek ¢ogunda, oksidatif hasarin ve bu hasara
karst koruyucu etkilerin tespiti igin degerlendirilen
parametreler; % hemoliz, % LPO, MDA, GSH,
antioksidan enzim aktivite (SOD, CAT, GSH-Px, GST)
degerleri ve SEM goriintiileridir. Eritrositlerde oksidatif
hasar sonucu % hemoliz, % hemoliz inhibisyonu, % LPO
ve MDA degerlerinde artis, antioksidan enzim
degerlerinde genellikle azalig ve SEM goriintiilerinde de
ekinosit sayisinda artis oldugu yapilan c¢aligmalarda
acitkca  goriilmektedir.  Bununla  birlikte  bitki
ekstraktlarmin ~ koruyucu  etkilerinin  arastirildig:
calismalarda ise antioksidan aktiviteye sahip bitkilerin
ekstraktlarinin % hemoliz, % LPO ve MDA degerlerinde
azalis, % hemoliz inhibisyonu ve antioksidan enzim
degerlerinde genellikle artiy ve SEM goriintiilerinde ise
ekinosit sayisinda azalis oldugu gozlenmistir. Bundan
sonra bu konuda c¢alisma yapacak arastiricilara,
derlememizde verilen bilgilerin 151k  tutabilecegi
diigiiniilmektedir.
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Yazim Kurallan
Trakya University Journal of Natural Sciences

(Trakya Univ J Nat Sci)

Trakya University Journal of Natural Sciences, her yil Haziran ve Aralik aylarinda olmak Uzere yilda
iki say! olarak cikar ve Biyoloji, Biyoteknoloji, Cevre Bilimleri, Biyokimya, Biyofizik, Su Uriinleri,
Ziraat, Veterinerlik, Ormancilik, Hayvancilik, Genetik, Gida, Temel Tip Bilimleri alanlarindaki
teorik ve deneysel yazilar yayinlar. Dergide yazilar Ingilizce olarak yayinlanir. Ancak, yazida Tiirkce dzet
olmahdir. Yabanci yazarlar igin Tirkce dzet destegi verilecektir. Ozet kisminda kisaca giris, materyal
ve metot, sonuglar ve tartisma bagslklari yer almaldir. Dergide orijinal galisma, arastirma notu, derleme,
teknik not, editére mektup, kitap tanitimi yayinlanabilir. Dederlendirilmek (zere dergiye gonderilen
yazilarin yaziminda ulusal ve uluslararasi gegerli etik kurallara Committee on Publication Ethics
(COPE) uyularak arastirma ve yayin etigine dikkat edilmesi gerekmektedir. Yazilara konu olarak secilen
deney hayvanlan igin etik kurul onay! alinmis olmali ve yazinin sunumu eshasinda dergi sistemine ek
dosya olarak eklenerek belgelendirilmelidir. Basilacak yazilarin daha dnce higbir yerde yayinlanmamis ve
yayin haklarinin verilmemis olmasi gerekir. Dergide yayinlanacak yazilarin her turld sorumlulugu
yazar(lar)ina aittir.

Yazilarin sunulmasi

Yazilar http://dergipark.gov.tr/trkinat web adresi Uzerinden goénderilmelidir. Dergiye yazi gdnderimi
mutlaka online olarak yapiimalidir.

Yazi gonderiminde daha 6nce Dergi Park sistemine giris yapmis olan kullanicilar, Gye girisinden kullanici
adi ve sifreleri ile giris yapabilirler.

Yazi gdénderiminde sisteme ilk kez giris yapacak ve yazi gdénderecek yazarlar “"GIRIS” bélimiinden
“KAYDOL" butonunu kullanacaklardir.

Yazarlar dergipark sistemine kaydolduktan sonra “YAZAR"” bolimiinden girecek ve yazlyl sisteme,
ybnergelere uygun olarak ylikleyeceklerdir.

Yazi hazirlama ilkeleri

Yazilar, Yayin Komisyonu’na MS Word kelime islemcisiyle 12 punto blyukliglndeki Times New
Roman tipi yazi karakteriyle ve 1,5 aralikli yazilmis olarak génderilmelidir. iletisim bilgileri yazinin ilk
sayfasinda tek basina yazilmali, daha sonraki sayfada yazar isimleri ve iletisim bilgileri bulunmamahdir.
Tum yazi her sayfasi kendi arasinda satir numaralari icerecek sekilde numaralandinimahdir. Yazar
adlari yazilirken herhangi bir akademik unvan belirtiimemelidir. Calisma herhangi bir kurumun destedi ile
yapilmis ise, tesekkilr kisminda kurumun; kisilerin destedini almis ise kisilerin bu galismayi destekledigi
yazilmahdir.

Yazi asadidaki siraya gore diizenlenmelidir:

Yazarlar: Yazinin ilk sayfasinda sadece yazar isimleri ve adresleri bulunmaldir. Adlar kisaltmasiz,
soyadlar blylk harfle ve ortalanarak yaziimalidir. Adres(ler) tam yazilmali, kisaltma kullanilmamahdir.
Birden fazla yazarh calismalarda, yazismalarin hangi yazarla yapilacagi yazar ismi alti cizilerek belirtilmeli
(sorumlu yazar) ve yazisma yapilacak yazarin adres ve e-posta adresi yazar isimlerinin hemen
altina yazilmahdir. Bu sayfaya yaz ile ilgili baska bir bilgi yazilmamahdir. Yazi, takip eden
sayfada bulunmali ve yazar-iletisim bilgisi icermemelidir.

Baslik: Ingilizce olarak Kisa ve agiklayici olmali, biiyiik harfle ve ortalanarak yazilmahdir.

Ozet ve Anahtar kelimeler: Tirkce ve ingilizce dzet 250 kelimeyi gecmemelidir. Ozetin altina kiigiik
harflerle anahtar kelimeler ibaresi yazilmali ve yanina anahtar kelimeler virgll konularak siralanmalidir.
Anahtar kelimeler, zorunlu olmadikca bashktakilerin tekrari olmamaldir. ingilizce 6zet koyu harflerle
“Abstract” sézciigi ile baslamali ve baslik, Ingilizce 6zetin Gstiine biiyiik harflerle ortalanarak yazilmalidir.
Yazidaki ana baslklar ve varsa alt basliklara numara verilmemelidir.

Girig: Calismanin amaci ve gegmiste vyapilan c¢alismalar bu kisimda belirtiimelidir. Yazida SI
(Systeme International) birimleri ve kisaltmalari kullanilmalidir. Diger kisaltmalar kullanildiinda, metinde
ilk gectigi yerde 1 kez aciklanmaldir. Kisaltma vyapilmis birimler ile rakamlar arasinda bosluk
bulunmamali ve kisaltma sonuna nokta konmamalidir (45m mesafe tespit edilmistir). Kisaltma climle
sonunda ise nokta konmalidir (... tespit edilen mesafe 45m. Dolayisiyla...).
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Materyal ve Metod: Eder calisma deneysel ise kullanilan deneysel yontemler detayl ve acgiklayici bir
bicimde verilmelidir. Yazida kullanilan metod/metodlar, baskalarn tarafindan tekrarlanabilecek sekilde
aciklayicr olmalidir. Fakat kullanilan deneysel yontem herkes tarafindan bilinen bir yontem ise ayrintili
aciklamaya gerek olmayip sadece ydntemin adi verilmeli veya yontemin ilk kullanildigi calismaya atif
yapilmahdir.

Sonuglar: Bu bolimde elde edilen sonuclar verilmeli, yorum yapilmamalidir. Sonuglar gerekirse tablo,
sekil ve grafiklerle de desteklenerek aciklanabilir.

Tartisma: Sonuglar mutlaka tartisiimal fakat gereksiz  tekrarlardan kacinilmalidir. Bu
kisimda, literatar bilgileri vermekten cok, calismanin sonuglarina yogunlasmali, sonuglarin daha once
yapillmis arastirmalarla benzerlik ve farklhliklari verilmeli, bunlarin muhtemel nedenleri tartisiimalidir. Bu
bolimde, elde edilen sonuglarin bilime katkisi ve 6nemine de mimkuin oldugu kadar yer verilmelidir.

Tesekkiir: MUmkin oldugunca kisa olmaldir. Tesekkir, genellikle calismaya maddi destek sadlayan
kurumlara, kisilere veya yazi yayina gonderilmeden 6nce inceleyip 6nerilerde bulunan uzmanlara yapilr.
Tesekkir bélimu kaynaklardan énce ve ayri bir baslik altinda yapilr.

Kaynaklar: Yayinlanmamis bilgiler kaynak olarak verilmemelidir (Yayinlanmamis kaynaklara érnekler:
Hazirlanmakta olan veya yayina gdénderilen yazilar, yayinlanmamis bilgiler veya gbézlemler, kisilerle
gérisllerek elde edilen bilgiler, raporlar, ders notlari, seminerler gibi). Ancak, tamamlanmis ve juriden
gecmis tezler ve DOI numarasi olan yazilar kaynak olarak verilebilir. Kaynaklar, yazi sonunda alfabetik
sirada (yazarlarin soyadlarina gére) sira numarasi ile belirtilerek verilmelidir.

Yazilarin ve kitaplarin referans olarak verilis sekilleri asagidaki gibidir:

Makale: Yazarin soyadi, adinin bas harfi, basildidi yil. Makalenin baslidi, derginin adi, cilt numarasi, sayi,
sayfa numarasi. Dergi adi italik yazilir.

Ornek:
Tek yazarl Makale igin

Soyadi, A. Yil. Makalenin adi. (So6zclklerin ilk harfi kiguk). Yayinlandigi derginin agik ve tam adi,
Cilt(Sayi): Sayfa aralidi.

Kivan, M. 1998. Eurygaster integriceps Put. (Heteroptera: Scuteleridae)'nin yumurta parazitoiti Trissolcus
semistriatus Nees (Hymenoptera: Scelionidae)’'un biyolojisi Uzerinde arastirmalar. Tirkiye Entomoloji
Dergisi, 22(4): 243-257.

Iki ya da daha ¢ok yazarli makale igin

Soyadil, Al. & Soyadi2, A2. Yil. Makalenin adi. (Sozcuklerin ilk harfi kliclk). Yayinlandigi derginin tam
adi, Cilt(Say1): Sayfa araligi.

Lodos, N. & Onder, F. 1979. Controbution to the study on the Turkish Pentatomoidea (Heteroptera) IV.
Family: Acanthasomatidae Stal 1864. Tlirkiye Bitki Koruma Dergisi, 3(3): 139-160.

Soyadil, Al., Soyadi2, A2. & Soyadi3, A3. Yil. Makalenin adi. (Sozclklerin ilk harfi kliglk). Yayinlandigi
derginin tam adi, Cilt (Sayi): Sayfa araligi.

Onder, F., Unal, A. & Unal, E. 1981. Heteroptera fauna collected by light traps in some districts of
Northwestern part of Anatolia. Tirkiye Bitki Koruma Dergisi, 5(3): 151-169.

Kitap: Yazarin soyadi, adinin bas harfi, basildigi yil. Kitabin adi (varsa derleyen veya ceviren ya da
editor), cilt numarasi, baski numarasi, basimevi, basildigi sehir,toplam sayfa sayisi.

Ornek:

Soyadi, A., Yil. Kitabin adi. (Sézctklerin ilk harfi blyUlk, italik). Basimevi, basildidi sehir, toplam sayfa
sayisl s./pp.

Onder F., Karsavuran, Y., Tezcan, S. & Fent, M. 2006. Tirkiye Heteroptera (Insecta) Katalogu. Meta
Basim Matbaacilik, Izmir, 164 s.

Lodos, N., Onder, F., Pehlivan, E., Atalay, R., Erkin, E., Karsavuran, Y., Tezcan, S. & Aksoy, S. 1999.
Faunistic Studies on Lygaeidae (Heteroptera) of Western Black Sea, Central Anatolia and Mediterranean
Regions of Turkey. Ege University, Izmir, ix + 58 pp.

Kitapta Boliim: Yazarin soyadi, adinin bas harfi basildidi yil. Bélim adi, sayfa numaralari. Parantez
icinde: Kitabin editori/editorleri, kitabin adi, yayinlayan sirket veya kurum, yayinlandigi yer, toplam
sayfa sayisl.
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Ornek:

Soyadi, A., Yil. Bolum adi, sayfa araligi. In: (editér/editorler). Kitabin adi. (S6zcuklerin ilk harfi bayuk,
italik). Basimevi, basildigi sehir, toplam sayfa sayisi s./pp.

Jansson, A. 1995. Family Corixidae Leach, 1815—The water boatmen. Pp. 26-56. In: Aukema, B. &
Rieger, Ch. (eds) Catalogue of the Heteroptera of the Palaearctic Region. Vol. 1. Enicocephalomorpha,
Dipsocoromorpha, Nepomorpha, Gerromorpha and Leptopodomorpha. The Netherlands Entomological
Society, Amsterdam, xxvi + 222 pp.

Kongre, Sempozyum: Yazarlar, Yil. “Bildirinin adi (S6zcuklerin ilk harfi kiguk), sayfa arahgi”.
Kongre/Sempozyum Adi (Tarihi (gin araligi ve ay), Toplanti Yeri) Bildirileri, (varsa) Yayinlayan Kurum,
toplam sayfa sayisi s./pp.

Ornek:

Onder, F., Karsavuran, Y., Pehlivan, E. & Turanli, F. 1995. Giineydogu Anadolu Projesi (GAP) uygulama
alaninda saptanan Pentatomoidea (Heteroptera) turleriyle ilgili bir dederlendirme. GAP Boélgesi Bitki
Koruma Sorunlari ve C6zim Onerileri Sempozyumu, 27-29 Nisan, Sanhurfa, 120-130.

Internet: Eder bir bilgi herhangi bir internet sayfasindan alinmis ise (internetten alinan ve dergilerde
yayinlanan yazilar harig), kaynaklar bélimiine internet sitesinin ismi tam olarak yazilmali, siteye erisim
tarihi verilmelidir.

Soyadi, A., Yil. Calismanin adi. (Sozclklerin ilk harfi kiigiik). (web sayfasi) http://www...... ), (Erisim
tarihi: Mayis 2009).

Hatch, S., 2001. Studentsperception of online education. Multimedia CBT
Systems. http://www.scu.edu.au/schools/sawd/moconf/papers2001/hatch.pdf (Erisim: May 2009).

Kaynaklara metin iginde numara verilmemeli ve asadidaki 6rneklerde oldugu gibi belirtilmelidir.

Ornekler:

... Xx maddesi atmosferde kirlilige neden olmaktadir (Landen 2002). Landen (2002) x maddesinin
atmosferde kirlilige neden oldugunu belirtmistir. iki yazarli bir calisma kaynak olarak verilecekse,
(Landen ve Bruce 2002) veya Landen ve Bruce (2002)'ye gore. ... seklinde olmustur; diye verilmelidir.
Uc veya daha fazla yazar séz konusu ise, (Landen ve ark. 2002) veya Landen ve ark. (2002)‘ye
gore .... oldugu gosterilmistir; diye yaziimalidir.

Sekil ve Tablolar: Tablo disinda kalan fotograf, resim, gizim ve grafik gibi gostermeler “Sekil* olarak
verilmelidir. Resim, sekil ve grafikler, net ve ofset baski teknigine uygun olmalidir. Her tablo ve seklin
metin igindeki yerlerine konmahdir. Tium tablo ve sekiller yazi boyunca sirayla numaralandirniimali (Tablo
1., Sekil. 1), baslik ve acgiklamalar icermelidir. Sekillerin sira numaralari ve bagliklari, alta, tablolarin ki
ise Ustlerine yazilir.

Sekiller (tablo disinda kalan fotograf, resim, gizim ve grafik gibi) tek tek dosyalar halinde en az 300
dpi ¢ozinurlikte ve tif dosyasi olarak sekil numaralari dosya isminde belirtilmis sekilde ayrica sisteme
ek dosya olarak ytklenmelidir.

Sunulan yazilar, dncelikle Dergi Yayin Kurulu tarafindan 6n incelemeye tabii tutulur. Dergi Yayin
Kurulu, yayinlanabilecek nitelikte bulmadig:i veya yazim kurallarina uygun hazirlanmayan
yazilari hakemlere gondermeden red karari verme hakkina sahiptir. Dederlendirmeye alinabilecek
olan yazilar, incelenmek (izere iki ayri hakeme gdnderilir. Dergi Yayin Kurulu, hakem raporlarini dikkate
alarak yazilarin yayinlanmak lzere kabul edilip edilmemesine karar verir.

Editor : Dog. Dr. Kadri KIRAN

Trakya Universitesi
Fen Bilimleri Enstitlisi
Balkan Yerlegkesi
22030 - EDIRNE

Tel : 0284 235 82 30
Fax : 0284 235 82 37
e-mail : tujns@trakya.edu.tr
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Author Guidelines

Trakya University Journal of Natural Sciences
(Trakya Univ J Nat Sci)

Trakya University Journal of Natural Sciences, is published twice a year in June and in December
and includes theoretical and experimental articles in the fields of Biology, Biotechnology,
Environmental Sciences, Biochemistry, Biophysics, Fisheries Sciences, Agriculture, Veterinary
and Animal Sciences, Forestry, Genetics, Food Sciences and Basic Medicine Sciences. Original
studies, research notes, reviews, technical notes, letters to the Editor and book reviews can be published
in the journal. The publishing language for all articles in the journal is English. On the other hand,
authors are required to provide a Turkish abstract also. The Turkish version of the abstract will be supply
by the journal for foreign authors. Abstracts should include introduction, material and methods, results
and discussion sections in summary. The authors should pay attention to research and publication
ethics Committee on Publication Ethics (COPE) in preparation of their manuscripts before submission by
considering national and international valid ethics. An approval of Ethics and Animal Welfare Committee
is mandatory for submissions based on experimental animals and this approval should be provided
during submission of the manuscripts. Articles which have not been published elsewhere previously and
whose copyright has not been given to anywhere else should be submitted. All responsibilities related to
published articles in Trakya University Journal of Natural Sciences belong to the authors.

Submitting articles

Articles should be submitted on the web through http://dergipark.gov.tr/trkinat and all submissions
should be performed online.

Authors, who are already a member of the DergiPark system, can enter in the login section using their
“user name” and “password" to submit their articles.

Authors entering the DergiPark system for the first time to submit an article will enter in the
“"REGISTER" section to submit their articles.

Article preparation rules

Articles should be submitted to the Journal using MS Word preparing 12 points Times New
Roman font and 1.5 raw spacing. Author names and contact info must be in first page, article must
continue in second page without author names and contact info. Whole article should have numbered
with line number restarting each page. The author's name must not be specified any academic titles. If
studies supported by a foundation, this support should have been written in the acknowledgement
section.

Articles should be arranged as below:

Authors: The name(s) of the author(s) should not be abbreviated and must be written under the title
one by one, with surnames in capital letters. Address(es) should be written in full. Corresponding authors
in multiple authored submissions should be indicated, and the address and e-mail of the corresponding
author should be written just under the author(s) list. No other information about the manuscript
should be included in this page. The main manuscript text should start with the following new
page and should not include any author-contact information.

Title: Should be short and explanatory and written in capital letters and centered.

Abstract and keywords: Turkish and English abstracts should not exceed 250 words. “Keywords”
should be written under the abstract in small letters and all keywords should be written using a comma
after all. Keywords should not be replica of the title words, if it is not obligatory. Abstract should begin
“Abstract” word from the left side of the page. The main and sub headers (if present) should not be
numbered.

Introduction: The aim of the submitted and history of the previous studies should be indicated in this
section. SI (Systeme International) system and abbreviation should be used in the article. Other
abbreviations- should be explained once in their first appearance in the text. No space should be left
between the abbreviations and the preceding numerical values and no “.” sign should be used after
abbreviations except those used at the end of a sentence (...the determined distance is 45m. Therefore, ...).

Material and Method: If the submitted study is experimental, methods of the experiments should be
given in detail. The method(s) used in the article should be descriptive for others to repeat. If a widely
known experimental method is used, the method does not need to be explained in detail. In this
situation, indicating only the name of the experimental method or citing the study who used the method
for the first time will be enough.
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Results: Obtained results should be given in this section without any comment. Results can be explained
with tables, figures or graphics, if necessary.

Discussion: Results must be discussed, but unnecessary duplications should be avoided. In this section,
rather than giving literature data, authors should focus on their results considering similarities and
differences with and between previously conducted researches, and should discuss possible reasons of
similarities and differences. The contribution to science and importance of the obtained results should
also be mentioned as much as possible in this section.

Acknowledgements: Should be as short as possible. Thanks are usually made to institutions or
individuals who support the study or to experts who reviewed the article before submitting to the journal.
Acknowledgement section should be given before the references section in a separate header.

References: Unpublished information should not be given as a reference (examples of unpublished
references: articles in preparation or submitted somewhere, unpublished data or observations, data
obtained based on interviews with individuals, reports, lecture notes, seminars, etc.). However, thesis
completed and signed by a jury and articles with DOI numbers given can be used as reference.
References should be given at the end of the text, sorted alphabetically by author’s surname and should
be given with numbering.

Articles and books as a reference forms are as follows:

Articles: Surname of author, first letter of author’s first name, publication year, article title, the name of
the journal, volume, issue, page numbers. Journal name is written in italics.

Example:

Articles with single author

Surname, N. Year. Article title (First letter of all words small). Whole name of journal, Volume
(Issue): page range.

Aybeke, M. 2016. The detection of appropriate organic fertilizer and mycorrhizal method enhancing salt
stress tolerance in rice (Oryza sativa L.) under field conditions. Trakya University Journal of Natural
Sciences, 17(1): 17-27.

Articles with two or more authors

Surnamel, N1. & Surname2, N2. Year. Article title (First letter of all words small). Whole name of
journal, Volume (Issue): page range.

Dursun, A. & Fent, M. 2016. Contributions to The Cicadomorpha and Fulgoromorpha (Hemiptera) fauna
of Turkish Thrace region. Trakya University Journal of Natural Sciences, 17(2): 123-128.

Surnamel, N1., Surname2, N2. & Surname3, N. Year. Article title (First letter of words small). Whole
name of journal, Volume (Issue): page range.

Becenen, N., Ulugam, G. & Altun, O. 2017. Synthesis and antimicrobial activity of iron
cyclohexanedicarboxylic acid and examination of pH effect on extraction in water and organic
phases.Trakya University Journal of Natural Sciences, 18(1): 1-7.

Book: Surname of author, first letter of author’s first name, Year. Book title (name of translator or book
editor if present), volume, edition number, press, city, page number.
Example:

Surname, N. Year. Book Title (First letter of words small and italic), volume, edition number, press, city,
page number.

Czechowski, W., Radchenko, A., Czechowska, W. & Vepsaldainen, K. 2012. The ants of Poland with
reference to the myrmecofauna of Europe. Museum and Institute of Zoology PAS, Warsaw, 496 pp.

Book Section: Surname of author, first letter of the author’s first name, Year. Section name, page
range. In: (Editor of Book, Book title, press, city, page number).

Example:

Surname, N. Year. Section name, page range. In: (Editor of Book, Book title (First letter of words small
and italic), press, city, page number)

Jansson, A. 1995. Family Corixidae Leach, 1815—The water boatmen. Pp. 26-56. In: Aukema, B. &
Rieger, Ch. (eds) Catalogue of the Heteroptera of the Palaearctic Region. Vol. 1. Enicocephalomorpha,
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Dipsocoromorpha, Nepomorpha, Gerromorphaand Leptopodomorpha. The Netherlands Entomological
Society, Amsterdam, xxvi + 222 pp.

Congress, Symposium: Surname, N. Year. “Presentation title (first letters of all words small), page
range”. Name of Congress/Symposium (Date -day range and month, place), page number.

Example:

Bracko, G., Kiran, K., & Karaman, C. 2015. The ant fauna of Greek Thrace. 6" Central European

Workshop of Myrmecology, 24-27 July, Debrecen-Hungary, 33-34.

Internet: If any information is taken from an internet source (articles published in journals and taken
from internet excluded), internet address should be written in full in references section and access date
should be indicated.

Surname, N. Year. Name of study (First letter of words small). (Web page: http://www...... ). (Date
accessed: May 2009).

Hatch, S. 2001. Student sperception of online education. Multimedia CBT
Systems. http://www.scu.edu.au/schools/sawd/moconf/papers2001/hatch.pdf (Date accessed: May 2009).

References within the text should not be numbered and indicated as in the following examples.
Examples:

... atmospheric pollution is causing by x matter (Landen 2002). If an article has two authors, it should be
indicated in the text as (Landen and Bruce 2002) or ... according to Landen and Bruce (2002) .... If there
are three or more authors, references should be indicated as (Landen et al. 2002) or according to Landen
et al. 2002 ...

Graphics and tables: All photos, pictures, drawings and graphics except tables should be indicated as
Figures. Pictures, figures and graphics should be clear and ready to print with offset technique. The
places of all tables and figures should be indicated in the text. All tables and figures should be numbered
within the text respectively (Table 1, Fig. 1). Figure numbers and legends are written below the figures,
table numbers and legends are written above the tables.

All figures (all pictures, drawings and graphics except table) should also be uploaded to the system
separately with 300dpi resolution at least as .tif file using the figure numbers in the files name.
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