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Makale G6nderme ve Telif Hakk: Devir S6zlesmesi

Makale Basghig1

Yazar(lar)

Makaleden sorumlu yazarin bilgileri:

Ad1 ve Soyadi Adresi
E-posta
Telefon Faks

Sunmus oldugumuz makalenin yazar(lat)1 olarak ben/bizler agagidaki konulatt taahhut ederiz:
a)Bu makale tarafimi/tarafimizdan yapilmis 6zgtin bir ¢alismadir.
b)Yazat/Yazarlar olarak makalenin sorumlulugunu ustlenirim/stlenitiz.
¢)Bu makale bagka bir yerde yayinlanmamis ve yayinlanmak tizere herhangi bir yere yollanmamistir.

d)Yazar/Yazatlar gonderilen makaleyi gérmiis ve sonuglarint onaylamustir.

Yukaridaki konular disinda yazar(lar)in asagidaki haklari ayrica saklidur:
a)Telif hakk: disindaki patent haklatt yazar/yazarlara aittir.
b)Yazar/Yazatlar makalenin tiimina kitaplarinda ve derslerinde, s6zIt sunumlarinda ve konferanslarinda kullanabilir.
c)Satts amagclt olmayan kendi faaliyetleri icin ¢ogaltma haklart vardir.
Bunun disinda, makalenin ¢ogaltilmasi, postalanmast ve diger yollardan dagitilmasi, ancak bilim ve yaymn kurulunun izni ile yapilabilir.

Makalenin tiimii veya bir kismindan atif yapilarak yararlanilabilir.

Ben/Biz bu makalenin, etik kurallara uygun oldugunu ve belirtilen materyal ve yontemler kullanildiginda herhangi bir zarara ve
yaralanmaya neden olmayacagint bildiririz.

Makaleye ait tim materyaller (kabul edilen veya reddedilen fotograflar, orijinal sekiller ve digetleri), bilim ve yayin kurulunca bir yil siireyle
saklanacak ve daha sonra imha edilecektir.

Bu belge, tim yazat/yazarlar tarafindan imzalanmalidir. Butin imzalar, 1slak imza olmalidir.

*Yazar(lar) Ad1 ve Soyad1 Adresi Tarih imza

*Satir sayis, yazar sayist kadardir. Yetersizse artirilabilir.

Makalenin Editérler Kurulunca yayina kabul edilmemesi durumunda bu belge gegersizdir.



A

SELGUK UNIVERSITESI FEN FAKULTESi FEN DERGISI
YAYIN ILKELERI %J
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Oz: Yapilan ¢alismada, Tiirkiye’nin Konya iline bagli Aksehir ve civarindan toplanmis olan ve Canakkale
Onsekiz Mart Universitesi ZDEU-COMU Koleksiyonu'nda bulunan &rnekler kullanilmistir. Lacertidae
familyasina ait ii¢ tiirden toplamda 30 birey (Lacerta trilineata 533, 5 juvenil; Ophisops elegans 533, 59 Q;
Parvilacerta parva 533, 599) degerlendirilmistir. Orneklerden alinan falanj, femur ve humerus kemiklerinde
iskelet kronolojisi yontemi ile karsilastirma yapilip, kemiklere gore yas halkalarinin sayilarinda herhangi bir fark
olup olmadigina bakilarak, bireylerin mevcut yaslar tespit edilmistir. Bu tiirler igerisinde Lacerta trilineata
tiiriine ait 5 juvenil ornekte yas 2 yil, 5 erkek ornekte ise yaslar 5-8 arasinda degismektedir. Parvilacerta parva
erkek Orneklerinde yaglar 4-6 arasinda, disilerde ise 4 ve 5 olarak degismektedir. Ophisops elegans erkek
orneklerinde yaglar 4-6 arasinda, disi 6rneklerde ise 5-7 arasinda degistigi tespit edilmistir. Her i¢ tiirdeki tim
orneklerde kesit almip incelenen ii¢ farkli kemikte de benzer yaslar bulunmustur. Kemiklerin yas halkalar
arasindaki bu benzerlik sebebiyle s6z konusu tiirler ile ilgili yapilacak olan yas g¢aligmalarinda &rneklerin
oldiiriilmeden sadece falanjlart ile ¢alisilabilecegi diisiiniilmektedir. Boylece insan faaliyetleri ve degisen ¢evre
faktorleri nedeniyle zarar goren tiirlerin bu g¢alismalardan olumsuz yonde etkilenmesinin Oniine gegilmis
olunacaktir.

Anahtar Kelimeler: Yas tayini, iskelet kronolojisi, Lacertidae, Lacerta trilineata, Ophisops elegans,
Parvilacerta parva

Comparative Age Determination in Some Lacertids (Lacerta trilineata s.l.,
Ophisops elegans, Parvilacerta parva)

Abstract: In the study, the samples collected from Aksehir, Konya, Turkey and stored in the Canakkale
Onsekiz Mart University, ZDEU-COMU collection were used. Thirty lizards belonging to the family Lacertidae
(Lacerta trilineata 5 juveniles, 5 33'; Ophisops elegans 5 33, 5 Q2; Parvilacerta parva 5 33, 5 29) were
evaluated. The age of the individuals was estimated after phalanges, femurs, and humeri samples were compared
whether if there is any difference in terms of skeletochronological method. Among these species, the age is 2
years in 5 juvenile specimens of Lacerta trilineata and the ages of 5 males vary between 5 and 8. The age of
male specimens of Parvilacerta parva vary between 4 and 6, and the age of females vary between 4 and 5. The
age of male Ophisops elegans specimens vary between 4 and 6, and the age of females vary between 5 and 7.
Similar ages were found in all three different bones that were sectioned and examined in all samples of all three
species. Due to this similarity between the LAGs in the cross-sections of the bones, it is thought that phalanges
could be used to determine ages without killing the specimens. In this way, the species that are already damaged
due to human activities and changing environmental factors will be prevented from being adversely affected by
these studies.

Keywords: Age estimation, Skeletochronology, Lacertidae, Lacerta trilineata, Ophisops elegans,
Parvilacerta parva
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Kaplan ve Tok, Ekim (2021) 47 (2): 125-135

1. Giris

Lacertidae familyasi; Eski Diinya’da
(Asya, Avrupa ve Afrika) ve Yeni Diinya’da
(Kuzey Amerika’da 5 tiir) yayilmis, su an
icin tiir sayist 300 kadar olan genis bir
ailedir (Lacerta.de, 2021). Tirkiye’de
bulunan kertenkelelerin biiyiik cogunlugu bu
familyaya dahildir (Basoglu ve Baran,
1977). (Iri  Yesil
Kertenkele), Tiirkiye’de, Orta Anadolu’nun

Anadolu

Lacerta  trilineata

batisindan itibaren tim Bati

Bolgesi’nde dagilis gosterir (Yasar ve ark.,

2021). Parvilacerta parva (Clice
Kertenkele); Tiirkiye’nin Bati, Orta ve Dogu
Anadolu Bolgelerinde dagilis
gostermektedir (Yasar ve ark., 2021).

Ophisops elegans (Tarla Kertenkelesi) ise
Tiirkiye’nin Dogu Karadeniz Bolgesi harig
hemen hemen her yerinde dagilis
gostermektedir (Baran ve ark., 2012). Bu ii¢
tir de [IUCN Kirmiz1 Listesi’nde LC (Least
Concern/Diigiik Riskli) kategorisinde yer alir
(IUCN, 2021).

Yas tayini metodu, pek c¢ok canli
tiiriinlin yasini belirlemek i¢in kullanilan bir
metottur. Sadece canlinin yasini belirlemek
icin degil aym1 zamanda biiylimesini,
gelismesini, yasam siiresini, iireme yasini ve
onlar1 etkileyen g¢evresel etkenleri de
ogrenmek icin kullanilabilmektedir (Uziim,
2006). Kertenkelelerde bu metot i¢in en
giivenilir yontem “Iskelet Kronolojisi”
yontemidir ve bu yontemde kertenkeleden

alinan kisa ve uzun kemiklerde yas halkalar
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tespit edilir ve canlinin yasi bu halkalar
sayilarak belirlenmis olur (Yakin, 2012).
Tirkiye’de ve Diinya’da
kertenkelelerde yas tayini metoduyla ilgili
pek c¢ok calisma yapilmistir (Castanet ve
Baez, 1991; Mouton ve ark., 2005; Guarino
ve ark., 2010; Pasko ve Borczyk, 2011;
Kumas, 2013; Gharzi ve Yari, 2013; Yakin
ve Tok, 2015; Bulbul ve ark., 2016;
Ozdemir ve ark., 2017; Kumlutas ve ark.,
2018; Kalayc1 ve ark., 2018; Kutrup ve ark.,
2019; Uziim ve ark., 2020). Ancak bu

calismalar igerisinde bizim ¢alismamizda

kullanilmis tlirlerden alinan falanj, femur ve

humerus  kemiklerinde  herhangi  bir
karsilagtirmali yas calismasina
rastlanmamustir.

Ulkemizde Lacerta trilineata ile

yapilan yas ¢alismalarindan; Kalayci ve ark.
(2018), Edirne ve Bolu’dan topladiklari

orneklerde ve boy bakimindan

Bolu’daki

yas
karsilagtirma  yapmuslardir.

orneklerin  Edirne’deki  Orneklere  gdore

ortalama yasinin daha biiyiik oldugu
sonucuna varilmistir. Kutrup ve ark. (2019),
Sergen-Kirklareli’nden topladiklari
orneklerde yas ve boy Kkarsilastirmasi
yapmislardir. Hem disilerde hem de erkek
bireylerde yas ve boy arasinda 6nemli bir
iliski gozlemlenmemistir. Biiylime oranina
bakildiginda ise cinsiyetler arasinda bir fark
bulunmamaistir. Ophiops elegans ile yapilmis
yas caligmalarindan; Tok ve ark. (2013),

Canakkale ve Aksehir-Eber’den toplanan
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ornekleri  karsilagtirmistir.  Aksehir-Eber

populasyonunun bakimindan daha

yas
biiyiik oldugu sonucuna varilmistir. Ozdemir

ve ark. (2017), Canakkale ve Sivas

populasyonlart  karsilastirmigtir.  Sivas
populasyonu Canakkale populasyonuna gore
yas ve boy bakimindan daha biiylik
bulunmus olsa da bu istatistiksel olarak
anlamli  bulunmamistir. Yas ile boy
arasindaki pozitif iligki sadece Canakkale
populasyonu i¢in gecerlidir. Parvilacerta

parva 1ile yapilmis yas calismalarindan;

Yakin ve ark. (2012), Aksehir-Eber,
Konya’dan  toplanan  ornekleri  yas
bakimindan degerlendirmistir. Disi  ve

erkeklerde yas-boy bakimindan anlaml
pozitif bir korelasyon bulunmustur. Ozdemir

ve ark. (2020), Sivas’tan toplanan

orneklerde ve boy kiyaslamasi

yas
yapmistir. Bas uzunlugu, bas genisligi ve
viicut uzunlugunun 6l¢iildiigii bireylerde yas
arasinda anlamli  bir iligki

ve boy

bulunmustur.

Bu ¢aligsmada ise simpatrik yasayan
Lacertidae familyasina ait tiirler (Lacerta
trilineata, Ophisops elegans ve Parvilacerta
parva) ve bu tiirlere ait dérneklerden alinan
farkl olarak

kemikler karsilastirmali

incelenmigtir. Bu sayede bir tiire ait ayni

Ornekte farkli kemikler arasinda

yas
halkalarinin sayis1 bakimindan bir farkliligin
arastirilmasi

olup olmadiginin

amagclanmstir.
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2. Materyal ve Metot

Bu caligmada, 2006 ve 2007 yillari
arasinda Konya iline baghi Aksehir ve
civarindan toplanmis ve ZDEU-COMU
koleksiyonunda bulunan miize Ornekleri
kullanilmigtir.  Yapilan  ¢alismada, L.
trilineata (533, 5 juvenil), O. elegans
(529, 5838) ve P. parva (522, 533)
olmak Tlizere ii¢ farkli tiirden toplam 30
ornek kullanilmistir. Her bir 6rnegin viicut
Olctimleri  0.01

mm hassasiyetli dijital

kumpas kullanilarak  ol¢iilmistiir.  Tir
bazinda O6rnek sayisindaki azlik sebebiyle
ortalama hesaplamalarinda Microsoft Excel
2010 tanimlayici programi kullanilmistir.
Calismada her bir Ornekte sol arka
ekstremitenin (zarar gormiis birka¢ ornekte
ise sag arka ekstremiteden) dordiincii ayak
parmagindan alinan falanj, femur ve sol 6n
ekstremiteden (zarar gérmiis birkag ornekte
ise sag On ekstremiteden) alinan humerus
kemikleri ¢ikarilmistir. Kemikler alindiktan
sonra kalsiyumdan arindirmak igin %5°lik
nitrik asit igerisine koyulmustur. Her bir
doku i¢in, dokunun boyutuna goére degisen
saat araliklarinda (falanj 3- 5 saat, humerus
3- 7 saat ve femurlar ise 4- 8 saat arasi)
%5’lik nitrik asit icinde bekletilmistir.
Yeterli slirede nitrik asit icerisinde kalan
kemikler asitten arindirilmak igin 24 saat
boyunca akan su altinda bekletilmistir.
Ardindan dehidrasyon islemi i¢in artan alkol
serileri (%70, 80, 96 ve absol) yapilmistir.
iki  saat  ksilen

Devaminda iginde
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birakilmistir. Bu islemin ardindan ksilen-
parafin igerisine alinarak bir giin boyunca
bekletilmis
(McManus ve Mowry, 1964).

ve parafine gOmiilmistiir

Kesitlerin alinmasinda Leica 2125
RT marka mikrotom kullanilmistir. Kalinlig1
14 pum olan kesitler alinmigtir. Preparatlar
Ehrlich’s & Eosin

CX21

Hematoksilen ile

boyanmig, Olympus marka 151k

mikroskobu ile incelenmis ve Olympus
BX51 marka 151k mikroskobu ve Olympus

Analysis LS programu ile fotograflanmaistir.

3. Arastirma Sonuclari

Konya iline baghh Aksehir ve

cevresinden  toplanmis L.  trilineata
juvenillerinin SVL degerleri 41.18 mm ile
45.31 mm arasinda degismekte olup, yaslar
2 (Sekil 1)

Juvenillerde tespit edilen yaglarin falan;j,

olarak tespit edilmistir.

femur ve humerus kemiklerinde
degismedigi, ayni oldugu gozlenmistir. Ayni
tiirlin bir 6rneginde yas 5 olarak bulunurken
SVL degeri 99.56 mm o6l¢iilmiistiir. Diger
erkek Ornekler igerisinde ikisi 6 (Sekil 2)
yasinda (SVL degerleri; 107.98 mm ve
112.18 mm) ve birisi ise 7 yasinda (SVL
degeri; 115.03 mm) tespit edilmistir. Bir
ornek ise 8 yasinda olup, SVL degeri 116.18
mm’dir. Bu tiire ait SVL ve yas degerleri
Cizelge 1’de gosterilmistir. Tespit edilen
tim yas degerleri falanj, femur ve humerus

olmak {lizere her ii¢ kemikte de aynidir.

128

Eldeki orneklere gore eseysel olgunluk yasi
ise 3 olarak tespit edilmistir. Lacerta
trilineata tiirii i¢in o bolgeden toplanmis disi
birey bulunmadigindan degerlendirme erkek
bireyler arasinda yapilmstir.

Parvilacerta parva tirinden ise 5
erkek, 5 disi
Degerler Cizelge 2’de gosterilmistir. Erkek
orneklerden ticii 4 (Sekil 3) yasindadir (SVL

degerleri; 49.21 mm, 49.78 mm ve 50.66

ornek degerlendirilmistir.

mm). Diger iki 6rnegin yasi ise 5 olarak
bulunmustur ve SVL degerleri ise 52.02 mm
ve 52.38 mm olarak Ol¢lilmiistiir. Disi
bireyler icerisinde bir Ornekte yas 4 olup,
SVL degeri 44.69 mm olarak; iki 6rnek 5
yasinda olup, SVL degerleri 52.86 mm ve
53.08 mm olarak OSlciilmiistiir. ki 6rnekte
ise yas 6 (Sekil 4) olup, SVL dlgiileri 52.46
mm ve 56.31 mm’dir. Aymi tiliriin tespit
edilen tiim Orneklerinde yas degerleri
calismada karsilastirilan her iic kemik igin
benzer bulunmustur.

tiriine  ait

5 disi

Ophisops
de 5

elegans

orneklerde erkek, birey
degerlendirilmistir. Bu degerler Cizelge 3’te
gosterilmistir. Erkek bireyler igerisinde bir
bireyde yas 4 olup, SVL degeri 46.15
mm’dir. Iki bireyde 5 yas gozlemlenmis,
SVL degerleri 47.56 mm ve 49.45 mm
olarak Olciilmiistiir. Iki bireyde yas 6’dir
(Sekil 5). Bu 6rneklerin SVL degerleri 54.74
mm ve 55.54 mm olarak Ol¢iilmiistiir. Disi
orneklerden ikisinde yas 5 (Sekil 6) olup,

SVL degerleri 47.28 mm ile 48.23 mm
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olarak Slciilmiistiir. ki drnekte yas 6 olup,
SVL degerleri 51.70 mm ve 51.96 mm
bulunmustur. Bir 6rnekte ise 7 olup, SVL
degeri ise 56.15 mm Ol¢lilmiistiir. Ophisops

elegans tiiriinden incelenen tim

orneklerinde yas degerleri calismada
karsilastirilan her {ic kemik icin benzer

bulunmustur.

Cizelge 1. Lacerta trilineata yas ve SVL (bastgovde) degerleri

Cinsiyet Adet

juvenil

Minimum Maksimum Ortalama

(mm: milimetre)

(mm: milimetre)
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Sekil 2. Lacerta trilineata erkek birey 6 yas 6rnekleri (a. falanj, b. femur, c. humerus)

Sekil 1. Ophisops elegans disi birey 5 yas o6rnekleri (a. falanj, b. femur, ¢. humerus)

4. Tartisma

Bulunan sonuglar neticesinde

degerlendirilen Orneklerin falanj, femur ve
kemiklerinde

humerus gozlenen yaslar

arasinda herhangi bir fark bulunmamagtir.
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Kutrup ve ark. (2019) yaptiklar1 bir
calismada L. trilineata tlriiniin yasini
degerlendirmistir. Bu calismada, Kirklareli
bolgesinden topladiklar1 14 erkek ve 12 disi
bireyle calisilmistir. Sadece falanj kemikleri

ile calistiklarindan parmak alindiktan sonra
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bireyleri habitatlarina geri birakilmistir.
Eseysel olgunluk yasmin her iki cinsiyette
de 3 yil olarak bulundugu calismada disi
bireylerde en biiyiik yas 10, erkek bireylerde
ise 13 yil olarak tespit edilmistir. Disi
bireylerde ortalama 8 yasinda olan bireyin
SVL degerini 108.51 mm olarak bulurken
erkek bireylerde ortalama 9 yasindaki
bireylerin SVL degerleri 110.12 mm
Disi

bu

Olclilmiistiir. ve erkek bireylerde

gozlemlenen faklihgin ~ ¢evresel
faktorlerden kaynaklandigi belirtilmistir. Bu
bolgedeki

erkek

calismada degerlendirilen

ornekler igerisinde L. trilineata

bireyleriyle karsilagtirlldiginda bizim az
sayidaki ornegimizde en biiyiik yas 8 olup,
bu bireyin SVL degeri 116.18 mm olarak
Bu calismaya gore bizim

daha

Ol¢iilmiistiir.
calisgmamizdaki Orneklerin  yaslari
kiiciik olmasina ragmen boy olarak daha
biiyiik Bunun

oldugu  goriilmektedir.

sebebinin iklim farklilig1 ve yiikseltiye bagl

degistigi

2018).
Kalayci ve ark. (2018) yaptiklar1 bir

calismada Edirne (17 m) ve Bolu (1250 m)

sOylenebilir (Boretto ve ark.,

bolgesinden toplanmis olan L. trilineata

orneklerini  degerlendirmistir.  Her  iki
bolgeden de toplanmis olan bireylerin
eseysel olgunluk yaslar1 2 yil olarak tespit
edilmistir. Bolu 6rneklerinde en biiyiik erkek
birey 6, en biiylik disi birey de 7 yasinda
bulunmustur. Edirne Orneklerinde ise en

biiylik erkek 5, en biiylik disi de 4 yasinda
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bulunmustur. Bu sonuglar neticesinde
yiiksek yerlerde yasayan erkek bireylerin
daha ge¢ olgunlastigi ancak azalan oksijen
sebebiyle boylarinin daha kii¢iik oldugu
kanaatine varilmigtir. Bu calismada da L.
trilineta juvenillerinin yaslar1 2 olarak
bulunmus olup SVL degerleri birbirine
benzerdir. Erkek bireylerde ise SVL
degerleri yasla birlikte dogru orantili olarak
artmistir.

Yakin ve ark. (2012) Konya,
Aksehir’den toplanmis 14 adet (553, 999)
ZDEU- COMU koleksiyonundan P. parva
orneklerinin femurlarinda iskelet kronolojisi
yontemiyle yas yapisint degerlendirmistir.
Disi bireylerde maksimum yas 8 yil iken
erkeklerde 7 yil olarak tespit edilmistir.
Erkek bireylerin SVL degerleri 46.92 mm-
52.51 mm arasinda bulunmustur. Disi
bireylerin SVL degerleri 47.98 mm- 58.62
mm olarak 6l¢iilmistiir. Disi bireylerin SVL
degerleri erkek bireylere gore daha biiyiik
bulunmustur. Pileus uzunlugu ise tam tersi
erkeklerde disilere gore daha biiytiktiir.
Bizim c¢alismamizda da disi bireyler ile
erkekler karsilastirildiginda disilerin daha
biiylik oldugu gozlemlenmistir. Yine bu
calismayla benzer olarak pileus uzunlugu
bizim calismamizda da erkeklerde daha
biiylik Ol¢iilmiistir. Bu iki c¢alisma ayni
bdlgenin ayni tirleriyle yapilmis
oldugundan bdyle bir benzerlik beklendik

bir durumdur.



Kaplan ve Tok, Ekim (2021) 47 (2): 125-135

Ozdemir ve ark. (2020) Sivas’tan
topladiklar1 24 adet (2192, 383) P. parva
bireyi ile yaptiklar1 yas caligmasinda
hayvanlarin parmak (falanj) kemiklerini
kullanmiglardir. Bu ¢alismada disilerde
maksimum yas 7 yil iken erkeklerde 6 yil
olarak bulunmustur. Disilerin SVL degerleri
31.18 mm- 58.76 mm ve erkeklerin SVL
degerleri 47.70 mm- 52.82 mm olarak
Ol¢iilmistiir. Yiiksek bolgelerde hava daha
soguk oldugundan siirlingenlerin  aktif
donemleri kisadir. Bu sebeple biiylimeleri de
yavas olur. Sivas populasyonunun Konya
populasyonuna gore daha kiiciik ebatlarda
ve yasta olmalarinin sebebi de bu sekilde
yorumlanmaktadir.

Tok ve ark. (2013) Aksehir- Eber,
Konya’dan toplanmig olan 43 adet (2334,
209 9) Ophisops elegans ile Canakkale’den
toplanan 23 adet (1333, 1029) O. elegans

populasyonlarinda yas calismast yapmustir.

Bu calisma kertenkelelerin  femurlar1
kullanilarak yapilmuistir. Canakkale
populasyonunda disi  bireylerin SVL

degerlerini 38.41 mm- 52.63 mm, erkek
bireylerin SVL degerleri 40.54 mm- 50.52
mm olarak Ol¢llmiistiir.  Aksehir-Eber
populasyonunda ise disilerin SVL degerleri
46.62 mm- 53.47 mm iken erkeklerinki ise
46.70 mm- 50.35 mm olarak OSl¢iilmiistiir.
Aksehir- Eber populasyonunda en biiyiik yas
6 Canakkale

olarak bulunurken

populasyonunda 4 olarak bulunmustur.
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Aksehir- Eber ornekleri bizim

calismamizdaki O.elegans Ornekleri ile hem

yas hem de boyut bakimindan benzerlik

gostermektedir. Aksehir- Eber,
Canakkale’ye gore daha yiiksek bir
konumda oldugundan hava  sicakligi

diisiiktiir. Bu sebeple kertenkelelerin yiiksek
yerlerde gelisimi daha ge¢ olmaktadir.
Ozdemir ve ark. (2017) O. elegans
tiriniin  Sivas (1595 m) populasyonu ile
Canakkale (7 m) populasyonu arasindaki yas
ve SVL farkliliklarin1  incelemislerdir.
Canakkale populasyonunun disi bireylerinde
SVL 3441 mm- 74.51 mm arasinda iken
erkeklerde 36.23 mm- 47.87 mm arasinda
Olctlmiistiir. Disiler 3-7 yil araliginda
bulunmusken erkekler 3- 6 yil araliginda
tespit edilmistir. Disilerin yas ortalamasinin
erkeklerden daha yiiksek oldugu kanaatine
varilmistir. Disilerde yas ve SVL degeri
arasinda anlamli bir korelasyon bulunurken
erkeklerde bu iliski anlamli bulunmamustir.
Sivas populasyonunda disilerin SVL araligi
43.14 mm- 73.66 mm iken erkeklerde bu
aralik 54.00 mm- 76.70 mm olarak
Ol¢iilmiistiir. Digiler 3- 6 yas araliginda
erkekler ise 4- 8 yas araliginda tespit
edilmistir. Canakkale populasyonuna ait
disilerin yas ortalamas: Sivas’a gore daha
yiiksek iken boy uzunluklari daha kiigiik
bulunmustur. Erkek bireylerde ise Sivas
populasyonunda yas ve boy uzunlugu

bakimindan Canakkale populasyonuna gore
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daha yiiksek degerler oldugu saptanmustir.
Sivas populasyonunun yas ortalamasinin

Canakkale populasyonuna gore yiiksek

olmasmin istatistiksel olarak anlamh

bulunmadigi sonucuna varilmistir. Yas ile
boy arasinda pozitif iliskiyi sadece
Canakkale populasyonunun disi bireylerinde
tespit etmislerdir. Her iki populasyon iginde
erkek bireylerin yas-boy iliskisinin anlamsiz
bulunmasi olmalarindan

sayica  az

kaynaklanabilecegi sonucu c¢ikarilmistir.
Sivas ile bu calismada yer alan Aksehir-
Konya arasinda rakim olarak fazla fark
bulunmadigindan Sivas populasyonu ile
Konya populasyonu bazi yas ve SVL
degerleri bakimindan benzer bulunmustur.
Comas ve ark. (2016)
Psammodromus algirus bireylerinde “Iskelet
kronolojisi” yontemiyle falanj, femur ve
humerus kemikleri arasinda karsilastirmali
yas calismasi1 yapmustir. Ilgili tiirden 14 adet
birey kullanilmigtir. Tespit edilen sonuglar
neticesinde ii¢ ayr1 kemikte de yaslar ayni
bulunmustur. Bu nedenle o6zellikle nesli
tehlikede olan tiirler i¢in yas caligsmasi
yapilmak bunun

istendiginde bireyi

oldirmeden sadece falanj kemikleriyle

yapilmasimin miimkiin oldugu belirtilmistir.

Elde edilen sonuclar bu calismadaki

sonuglar ile benzerlik gostermektedir.
Kumas (2013) Stellagama stellio
ve humerus

bireylerinde falanj, femur

kemikleri ile karsilastirmali yas tayini

yapmustir. Disi bireylerde yas aralig1 1-4 yil
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iken erkek bireylerde 1-5 yil olarak

bulunmustur. Femur ve humerus
kemiklerinde yaglar ortak bulunurken falanj
kemiklerinde femur ve humerustan bir eksik
olarak tespit edilmistir. Ancak geri
hesaplama ile falanj kemiklerinde endosteal
resorpsiyon sonucu bir halkanin tamamen
kaybolmadig1 gbzlenmistir. Bu nedenle yas
tayini i¢in en uygun kemikler femur ve

humerus olmasina ragmen falanj kemigi de

dogru sonuglar verdiginden yas
calismalarinda kullanilabilecegi
belirtilmistir.

Varela ve Cabrera (2000)

Tupinambis merianae (Salvator merianae)

bireylerinde yas calismast  yapmuistir.

Toplam 17 adet humerus ve 30 adet falanj
ile

calisarak  karsilastirma  yapilmistir.

Sonuglar degerlendirildiginde karsilastirma

yapilan bu iki kemik arasinda yas
bakimindan  biiyilkk oranda  benzerlik
bulunmustur. Bu sebeple yas tayini

calismalarinda falanj kemiklerinin kullanimi1
hem bireylerin 6ldiiriilmesini 6nlemek hem

de gelecek yillarda nesillerin biiyiimesinin

izlenebilmesi acisindan 6nemli oldugu
sonucuna varilmistir.
Bu c¢alismada kemikler arasinda

herhangi bir farklilik gériillmemistir (Sekil 1,
Sekil 2, Sekil 3, Sekil 4, Sekil 5 ve Sekil 6).
Bundan sonraki yas calismalari igin tiirleri
Oldiirmeden sadece parmak kemiklerini

alarak canlinin tekrar habitatina

birakilmasiyla ¢aligmalarin yapilabilecegi
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diisiiniilmektedir. Boylece s6z konusu Tesekkiir

tirlerin  neslinin  devamin1  tehlikeye Bu calisma Canakkale Onsekiz Mart
sokmadan, hayvanlari oldirmeden  Universitesi Lisansiistii Egitim
parmaktan  alman  kemiklerle  farkli  Enstitiisi'nde tamamlanmis bir Yiiksek
populasyonlarinda yas caligsmalarinin Lisans tezidir. Laboratuvar c¢aligsmalarindaki

yapilmasinin ve yasam uzunluklar1 hakkinda

gerekli bilgilerin elde edilmesinin miimkiin

desteginden dolayr Dr. Batuhan Yaman
Y AKIN’a tesekkiir ederim.

olduguna inanilmaktadir.
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Oz: Hiicre kiiltiirii yontemi, biyoteknolojik baglamda gelistirilen bir yontem olup hiicrelerin laboratuvar
sartlarinda ve 6zel kosullar altinda, dogal ortamlarinin disinda yetistirilmelerini ifade eder. Ilk olarak yetiskin
kurbaga sinir liflerinin, lenf sivilari igerisinde biiyiitiilmesi ile hayatimiza girmistir. Gegmisten giiniimiize
calisilmakta olan hiicre hatlarmin gereksinimlerinin birbirlerinden farkli olduklar1 belirlenmistir. Bu farkliliklar
g0z Oniinde bulundurularak doku, vasat ve ortam kosullar1 degistirilmis ve giinlimiizde kullanimi1 devam etmekte
olan farkli hiicre hatlar1 ile kiiltiir yontemleri bulunmustur. Giiniimiizde farmasoétik, tibbi ve biyolojik
arastirmalarda cesitli hiicre hatlar1 kullanilmaktadir. Bu hiicre hatlari, hiicre biyolojisi ile doku morfolojisinin
anlasilmas1 ve bu sayede doku miihendisliginin gelistirilmesi i¢in kullanilmaktadir. Genel olarak iki boyutlu
hiicre kiiltiiri modeli kullaniliyor olsa da son zamanlarda {i¢ boyutlu hiicre kiiltiirii modelleri de tercih
edilmektedir. Besiyerleri farkli ihtiyaglara yonelik hizmet etseler de genel olarak ortak bazi bilegenlerin hiicre
kiiltiirii ortamlar1 i¢in son derece 6nemli oldugu bilinmektedir. Bu ortak bilesenler incelendiginde ozellikle
karbonhidrat kaynaklar1 ve serum ilk siralarda yer almaktadir. Bunun en temel nedeni karbonhidratlarin temel
enerji kaynaklarini olusturmasi ve serumun ise gerekli biiyiime faktorlerinin yani sira farkli hormon ve bilesenler
icermesidir. Hiicre kiiltiiri uygulamalarinda vasat kimyasal bilesenleri kadar hiicrelerin bulundugu ortamin
cevresel faktorleri de hiicre biiyiimesi ve devamlilif1 agisindan énemlidir. Ayrica hiicre kiiltiirii yontemlerinde
hijyen konusuna hassasiyet gosterilmelidir. Clinkii kiiltiir ortami, kimyasal bilesenler ve cevresel faktorler
birlikte ele alindiginda aseptik kosullarda ¢alisilmaz ise kontaminasyon riski ortaya ¢ikmaktadir. Bu derlemede
hiicre kiiltiirii yontem ve uygulamalarina genel bir bakis agist sunulacaktir.

Anahtar Kelimeler: Hiicre kiiltiirii, hiicre vasati, kontaminasyon, hiicre hatti, biiyiime faktorleri

Overview of Cell Cultures

Abstract: Cell culture method is a method developed in a biotechnological context and refers to the
cultivation of cells outside of their natural environment under laboratory conditions and special conditions. It
first came into our lives with the enlargement of adult frog nerve fibers in lymph fluids. Studies have shown that
the needs of cell lines are different from each other. Considering these differences, tissue, media and
environment conditions have been changed and different cell lines and culture methods that are in use today have
been found. Various cell lines are currently used in pharmaceutical, medical and biological research. Cell culture
studies are carried out to understand the biological structure and tissue morphology of the cell, thus improving
tissue engineering. Although two-dimensional cell culture models are generally used, three-dimensional cell
culture models are also preferred recently. Although the media serve for different needs, it has been found that
some common components are extremely important for cell culture media in general. When these common
components are examined, especially carbohydrate sources and serum are in the first place. Since carbohydrates
are the main energy sources and serum contains different hormones and components as well as necessary growth
factors, it is added to the medium. In cell culture practices, the environmental factors of the environment where
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the cells are located and the chemi-cal components of the environment are important for cell growth and
continuity. In addition, cell culture methods should be sensitive to hygiene. Because when the culture
environment, chemical components and environmental factors are taken together, if the aseptic conditions are
not studied, there is a risk of contamination. In this review, an overview of cell culture methods and applications

will be presented.

Keywords: Cell culture, cell medium, contamination, cell line, growth factors

1. Giris
Hiicre Kkiiltiiri, hiicrelerin  dogal
ortamlarinin disinda kontrollii sartlar altinda
yetistirilmeleridir. Ayrica hiicre kiiltiirii
sistemleri, canli hayvan testlerine alternatif
olarak  biiylikk  potansiyele sahiptir.
Yetistirilecek hiicre tipine bagl olarak, vasat
gereksinimleri degisir. Hiicrelerin dogru bir
sekilde biiylimesini saglamak igin hiicre
kiiltlirti  sirasinda farkli parametreleri ve
olarak kontrol etmek

kosullar1 siirekli

gerekmektedir. Bu kosullar hiicrelerin canli

kalmasini  ve  biiylimesini  saglayan
aminoasitler, karbonhidratlar, mineral ve
vitaminlerin yant sira hormon,
karbondioksit, oksijen ve antibiyotik

gereksinimleridir. Fizikokimyasal kosullar
olarak ortamin pH ve sicakligi da kontrol
gerektiren diger sartlardir (States, 2019).

19. ylizyilldan sonra hiicre kiiltiirii
teknikleri

devam ederek

[k olarak

gelismelerine
glinimiize kadar ulasmistir.
uygulanmis olan kurbaga sinir hiicrelerinden
itibaren, degisen hiicre tipine spesifik olarak
farkli hiicre yasam ortamlar1 ve hiicre
kiltiiri yontemleri gelistirilmistir.
Gecmisten giiniimiize kadar hiicre hatlarinin

gereksinimleri dogrultusunda c¢esitli hiicre
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kiiltiiri  yontemleri ve hiicre yasama
ortamlar1  gelistirilmistir  (Jedrzejczak-
Silicka, 2017).

2. Tarihte ik Uygulama Yapilan
Hiicreler

Amerikalt  embriyolog  Harrison
(1870-1959), yirminci yiizyilin baglarinda
uygulamalarinin ~ ilk

1907°de Harrison,

hiicre kultira

tekniklerini  gelistirdi.
yetigkin bir kurbaganin lenf bezlerinden elde
edilmis taze lenf sivisinda birka¢ hafta
boyunca kurbaganin sinir liflerinin belirgin
bliylimesini basariyla gergeklestirdi. Bu
deney hayvan hiicre kiiltiiri uygulamalarinin
baslangici olarak kabul edildi ve daha sonra

kan plazmasi ¢esitli hayvan hiicreleri igin

onemli bir kiltir ortami haline geldi
(Harrison, 1907). Ayrica  Harrison’in
yontemi, mikrobiyolojik teknikten

uyarlanmasina ve bakteri c¢aligmalari igin
kullanilmasma ragmen (1880’lerde Robert
Koch tarafindan icat edildi ve ilk olarak
sarbon basili biliylimesi i¢in kullanildi),
hayvan hiicre kiiltiiri uygulamalarinda da
basariyla
Silicka, 2017).

uygulanmistir  (Jedrzejczak-
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Carrel ve Burrows, tavuk

plazmasimin  kullanildigi  hiicre  kltiirii
yontemlerini uyguladi. Cilinkii plazma elde
etmek daha kolay bir uygulamadir, ayrica
hazirlama siireci daha giivenilirdir (Carrel ve
Burrows, 1911). Ocak 1912’de Carrel,
eksplante edilmis embriyonik tavuk kalp
olusturulmus ilk

hattim"  gelistirdiler (Carrel, 1912). Daha

dokularindan "hiicre

sonra da memeli hiicrelerinin kontrollil
laboratuvar  kosullarinda

sagland1 (Landecker, 2002). 1911°de Lewis

yetistirilmesi

ve Lewis, dengeli salin soliisyonlarina

amino asitler, bulyon ve glikoz (veya
maltoz) eklenmesiyle civciv embriyo hiicresi
yetistiriciliginin

bildirdiler (Lewis ve Lewis , 1911).

tyilestirilebilecegini

1940’ta ise Earle ve arkadaslari,
Oliimsiiz fare fibroblastlarin1 (L hiicreleri)
basarili  bir sekilde olusturmak i¢in
kanserojenleri kullanarak tek bir hiicreden
cogalmanin miimkiin oldugunu ispatladilar
(Earle ve ark., 1943). 1951°de Gey, rahim
agz1 kanseri olan bir hastanin dokusundan
sonsuz c¢ogalan bir insan hiicre hatti olan
HeLa  hiicrelerini meydana  getirdiler.
Normal dokulardan olusturulan hiicre hatlari
smirlt  bliylime  gosterirken,  kanserli
dokulardan elde edilen hiicre hatlarinin
sonsuza kadar

kesfettiler (Gey, 1952).

cogalmayr  basardigini
Gelismeler devam ettikce iki boyutlu
hiicre modelleri yaygin olarak kullanilmaya

basland1. iki boyutlu hiicre kiiltiirii; flask
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veya petri kaplar1 kullanilarak
yapilmaktadir. Hiicreler buradaki yiizeye tek
tabaka halinde tutunmus durumdadir. Son
zamanlarda bu yonteme ek olarak bazi
calismalarda ii¢ boyutlu kiiltiir yontemi de
arastirmalarda yer almaktadir. Ug¢ boyutlu
hiicre kiiltiirii uygulamalarinda, vericinin
dokularindan hiicreler alinarak c¢ok hiicreli
ve iic boyutlu yapilarda Kkiiltiirlenir. Ug
boyutlu hiicre kiiltiirii doku yapisini taklit
elde etmek i¢in olusturulan uygun hiicre-
hiicre ve hiicre-gevre etkilesimlerin daha iyi
gbzlenebilir  olmasina  olanak  saglar
(Kapatczynska ve ark., 2018). Ug boyutlu
hiicre kiiltiirii tekniklerinin gelismesi ile
alaninda ilerlemeler

Doku

doku miihendisligi
kaydedilmistir. miihendisligi
teknikleri genel olarak; otolog dokudan elde
edilen hiicrelerin amplifikasyonunu veya
kok hiicrelerin farklilasmasini, hiicrelerin

gecici lic boyutlu tabakaya ekilmesini ve

tasarlanmig dokular olusturmak i¢in yap1

igindeki hiicrelerin ¢ boyutlu
kiiltiirlenmesini  icermektedir (Chung ve
Burdick, 2008).  Giiniimiizde  hiicre

kiiltiirtintin  kullanilacag1 arastirmalar igin
ticari olarak farkli hiicre hatlarinin temini
firmalar tarafindan saglanmaktadir.

3.

Tarihcgesi

Hiicre Kiiltiirii  Vasati

Fischer 1948 yilinda yaptig1 bir
calismayla, diyaliz edilmis seruma belirli
hiicrelerin

aminoasitleri ekleyerek,

metabolik olarak desteklenebildigi bir vasat
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olusturulabilecegini  gosterdi  (Fischer,
1948). 1955°te Eagle, Fischer’in yontemini
temel alarak, gerekli minimum miktarlarda
diisiitk molekiiler agirlikli bilesenleri inceledi
ve ilk kismen kimyasal olarak tanimlanmis
olan EMEM (Eagle's Modified

Essential Medium)’i gelistirdi (Eagle, 1955).

vasat

Eagle, bu hiicre vasatinda

karbonhidrat

gelistirdigi
kaynag1 olarak genellikle
glikoz ve galaktoz (bazen maltoz veya
fruktoz),

amino asitler, vitaminler,

yag
asitleri, lipidler ile ¢inko ve bakir gibi eser
elementleri ve az miktarda serumun yani
sira, hiicre biiylimesi i¢in en verimli katki
maddeleri gibi besin karigimlarini1 kullandi.
Eagle daha sonra 1955°te farkli hiicrelerin
amino asit gereksinimlerini inceleyerek
minimum temel ortami1 (MEM)’i gelistirdi.
EMEM, serum igerse de, formiilasyonu
glinlimiizde yaygin olarak kullanilan birgok
hiicre kiiltiiri vasatinin temelini
olusturmaktadir (Eagle, 1955). Ornegin;
Dulbecco DMEM’i

(Dulbecco ve Freeman, 1959), EMEM’e

ve Freeman’in

gore dort kat fazla aminoasit ve vitamin

konsantrasyonu iceren Eagle ortaminin

degistirilmis bir versiyonudur (Henschler,
2018).

Ham, 1963’te F10 vasatin1 gelistirdi.
Serum yerine iki tlir serum protein
fraksiyonu (albiimin ve fetuin) kullandi.
Serumsuz kosullar altinda tek bir Cin
hamsteri yumurtalik (CHO) hiicresinin bir
koloni basariyla

olusturmasini sagladu.
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Kimyasal olarak tanimlanmis bir Ham's F12
gelistirmek i¢cin Ham's F10u degistirdi.
Biyolojik kokenli albiimin ve fetuini, diisiik
molekiiler agirlikli maddeler olan linoleik
asit ve putrescine ile degistirdi ve tamamen
sentetik bir vasat olan Ham's F-12’yi
gelistirdi (Ham, 1963). Ham’s F12 vasati,
CHO hiicrelerinin  klonal  biiylimesini
destekleyebilen tamamen sentetik, kimyasal
olarak tanimlanmis ve serumsuz bir ortamin
erken basarili bir 6rnegiydi. Mather ve Sato

daha F12’nin  Dulbecco
ek

sonra, Ham's

ortamiyla karnstirilarak  ve olarak
hormonlar, biiylime faktorleri ve transferrin
ile takviye edilerek DMEM / F12 adli yeni
bir formiilasyon olusturarak
tyilestirilebilecegini belirlediler (Mather ve
Sato, 1977).
4. Hiicre Kiiltiirii Ortami
Farmasétik, tibbi ve biyoteknolojik
arastirmalarda yaygin olarak uygulanan
hiicre kiiltiirii  ¢aligmalarinin  basarisinda
ozellikle sicaklik, pH degeri, oksijen ve
karbondioksit ile

seviyeleri glikoz

konsantrasyonunun biiytik etkisi
bulunmaktadir (Price, 2017). Bir vasat tipik
olarak tuz, besinler, antibiyotikler ve
hiicresel metabolizmanin ger¢eklesmesi igin
gerekli herhangi bir bilesene sahip pH
dengeli bir sividan olusur. Ayrica bir vasat,
hiicre boliinmesi i¢in gerekli her tiirlii
vitamin veya hormonlar1 da igerir (Schwartz
2019).

bir

ve Ronnekleiv-Kelly, Kimyasal

olarak tanimlanmig vasat;
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karbonhidratlari, aminoasitleri, biiylime

faktorlerini, lipitleri, poliaminleri, eser
elementleri ve vitaminleri igeren yaklasik on
ila yiiz bilesenden olusmaktadir (Wahrheit
ve ark., 2014). Vasattaki glikoz ve glutamin,
en temel enerji kaynaklandir. Glikoz;
niikleositler ve baz1 aminoasitler i¢in karbon
kaynag1 olarak islev gormektedir. Konsantre
L-glutamin c¢ozilmeli ve tek kullanimlik
alikotlara  konulmali ve dondurucuda
saklanmalidir. Kiiltiire edilen hiicreler icin
gerekli amino asitler L- formdaki arginin,
1zolosin,  histidin, lizin, metiyonin,
fenilalanin, treonin, triptofan, valin, izolosin,
sistein, tirozin, 10sin, ve glutamin’dir. Eagle
tarafindan tanimlanan esansiyel olmayan
amino asitler, L formdaki alanin, glutamik
asit, serin, asparagin, aspartik asit, prolin ve
glisindir. Kimyasal olarak tanimlanmis bir
ortam, protein veya peptit igcermez, bu
nedenle insiilin i¢in bir ikame (6nemli bir
bliylime faktorii) gereklidir (Price, 2017).
Ortam pH’1t genellikle c¢alisma
sirasinda degisebilir; NaxCO3 ve CO: ile
notre yakin bir aralikta kontrol edilebilir
(Sung ve ark., 2004). Iyi bir hiicre kiiltiirii
performanst elde etmek i¢in dogru pH
kontrolii  sarttir. 4-  (2-Hidroksietil)-1-
piperazinetansiilfonik asit (HEPES), vasat
ortamlarinda, 7.2-7.4 pH araliginda distiin
bir tamponlama kapasitesi gosteren kimyasal
bir tampondur (Media ve Properties, 2010).
HEPES kullanim sirasinda kontrollii bir gaz
atmosferine

gerek duyulmamaktadir.
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Bikarbonat sisteminin aksine daha pahali
olup, fliloresan 15181n vasatta neden oldugu
fototoksik etkilerine duyarhiligim
arttirmaktadir (Shipman, 1969).

4.1. Osmolarite ve Dengeli Tuz
Cozeltisi

1882°de Ringer, dengeli bir tuz
¢ozeltisi olan Ringer soliisyonunu gelistirdi.
Bu soliisyon viicut sivilarina yakin bir
bilesimdi ve kurbaga kalplerinin
diseksiyonundan sonra basarili bir sekilde
atmasini sagladi (Ringer, 1882). Bu dengeli
tuz soliisyonu, modern Kkiiltiir ortaminin
temeli olarak kabul edilir. Dengeli tuz
¢ozeltisinde bulunan  potasyum  (K"),
sodyum (Na’), magnezyum (Mg"") ve
kalsiyum (Ca™) gibi katyonlara ek olarak,
¢inko, selenyum, demir ve bakirin belirli
konsantrasyonlarda kullanilmasinin hiicre
gelisimi i¢in 6nemli oldugu gosterilmistir
(Wang, 2006). Ancak bu katyonlarin ve

metallerinin yiiksek

gegis

konsantrasyonlari1 hiicreler ic¢in toksik etki

diger

gostermektedir. Dengeli tuz ¢ozeltisi, bir
cozeltideki ana katyonlari, anyonlar1 ve
ayrica pH’1 istenen fizyolojik araliinda
tutan tamponlar1 igerir (Singh ve ark., 2021).
Fizyolojik ¢ozeltilerdeki dort ana katyon
Na", Ca™, Mg"™ ve K”dur. Na" ve K'
ozmolaritesinin

katyonlari, baslangic

belirlenmesinde ve ozmotik dengenin
korunmasinda anahtar rol oynar. Ca™ ve
Mg"" katyonlari, hiicrelerin birbirine ve bir

substrata baglanmasi i¢in ve enzimatik
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reaksiyonlarda ko-faktorler olarak 6nemlidir
(Price, 2017).
4.2. Vitaminler
Vitaminler, spesifik hiicre i¢i islevler
icin gerekli olan bir grup organik bilesiktir.
Bu bilesikler hiicrede, enzim kofaktorleri,
hormonlar  olarak

antioksidanlar  veya

hareket edebilmektedir. In vivo olarak

sentezlenemediklerinden, hiicresel
ihtiyaglarin karsilanmasi amaciyla disaridan
alinmalar1 gerekmektedir (Schnellbaecher ve
ark., 2019). Baglica A, D, E ve K olmak
vitaminler, albumine

(Combs,

lizere baglanarak

taginmaktadir 2012). EMEM
vitaminleri, ko-enzimlerin bilesenleri olan B
grubu vitaminleri ile lipid sentezinde
substrat gorevindeki kolin ve inositolden
olugsmaktadir. Askorbik asit veya C vitamini,
hiicre bliylimesi i¢in optimal pH ve
sicakliktaki ¢ozelti icinde ¢ok kararsizdir
(Schnellbaecher ve ark., 2019).

4.3. Lipitler

Lipitler; bir enerji kaynagi olarak,
hiicrelerde  sinyal iletiminde, madde
tasinmasinda ve biyosentezinde ek olarak
membranlarin  yapisinda yer aldigi igin
Oonemlidir. Serumdaki albiimin; serbest yag
asitleri ve lipoproteinler i¢in bir tasiyici
gorevi gormektedir. Pek cok hiicre tipi, yag
asitleri, kolesterol

fosfolipidler  veya

eklenmeden, serumsuz ortamda kiiltiirde
biiyiitiilebilirken, bazilar1 i¢in kesin bir
ihtiya¢ veya biiylime veriminde 6nemli bir

artis gosterir (Price, 2017).
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4.4. Serum
Serum, gerekli hormonlari, tasima

proteinlerini, biiyiime faktorlerini, ayrigsma

faktorlerini, baglanma  faktorlerini  ve
proteaz inhibitorlerini saglayarak hiicre
bliylimesini destekler. Bununla birlikte,

hiicre kultirinde serumun stirekli kullanimi

da bircok dezavantaja  sahiptir. Bu

dezavantajlar,  bakteriler, = mikoplazma,

viriisler, endotoksinler ve prionlar gibi ¢ok
(Yao

kirletici maddelerdir

2017).

cesitli ve

Asayama, Potansiyel mikrobiyal
kontaminantlar1 inaktive etmek i¢in islenmis
serum Onerilmektedir (Nims ve Harbell,
2017).

Hiicre kiiltiirlinde en yaygin olarak
kullanilan serum tiirii fetal sigir serumudur
(FBS). Serumlar daha seyrek olarak at,
domuz gibi diger hayvan tiirlerinden de elde
edilebilir. Mevcut cesitli sigir ve sigir disi
serum kategorilerinden, hiicre kiiltiirii ortami1
icin en yaygin olarak kullanilan1 FBS
olmustur (Verma ve ark., 2020). Bunun
nedenleri ise sunlardir:

* FBS, ozellikle hiicre biiylimesini
destekleyen yiikksek diizeyde maddeler
icermektedir.

* FBS, yenidogan veya yetiskin sigir
serumlar ile karsilastirildiginda daha diisiik
seviyelerde immiinoglobulin igerir.

* FBS, yenidogan veya yetiskin sigir
serumuna gore daha diisiik miktarlarda

tamamlayici igerir (Piletz ve ark., 2018).
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Serumlar 1siktan  korunmali ve

Cok

sayida dondurma ve ¢6zdiirme islemine tabi

dondurulmus olarak saklanmalidir.

i¢cin

—20

saklamak

=5

tutulmamalidir. Serumu

Onerilen sicaklik araliklari ile
arasinda degisir (Arora, 2021). Her kullanim
icin serum alikotlar1 hazirlanmalidir ve
bunlari uygun sekilde saklamak
gerekmektedir. Hiicre kiiltlirli vasatindaki
serumun ana islevleri asagidakilerdir:

Hormonlar, mineraller, eser
elementler ve lipitleri tagiyan proteinleri
nakletmek,

* Baglanma ve yayilma faktorleri
(yani hiicre dis1 matrisin bilesenleri) olarak,

« pH’1 korumak veya proteazlari
inhibe etmek i¢in, stabilize ve detoksifiye
direkt etki

toksik

edici  faktorlerle olarak

gosterilebilir.  Proteazlar  ve
molekiiller i¢in spesifik olamayan faktorlerle
de indirekt etki gosterilebilir (Nims ve
Harbell, 2017).

4.5. Serumsuz Vasat

Birgok hiicre hatti, serumsuz vasat
kullanilarak 6zel olarak tasarlanmis ortamda
biytitiilebilir (Verma ve ark., 2020). Bu
hattina

hiicre O0zgli ortam, deneylerin

giivenilirligini degistirebilecek ve

enfeksiyonlara yol agabilecek kalite ile ilgili
sorunlar1 ortadan kaldirabilir. Serumlar,
viriislerin bilinen tastyicilaridir ve bulasici
materyallerin girme potansiyeli hakkinda
sahibi olunmalidir

2019).

bilgi (Schwartz  ve

Ronnekleiv-Kelly, Tipik olarak
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serumsuz ortam, hidrolizatlar, aminoasitler,
vitaminler ve inorganik tuzlar dahil olmak
tizere bir dizi hiicre biliylime faktoriinden
olusur ve tamimlanmamis karakterle iliskili
risklerin en aza indirilmesine ve serum
iceren ortama kirletici maddelerin potansiyel
girisine izin verir (Krattenmacher ve ark.,
2018). Serumsuz ortam ayni zamanda,
kompleks kirleticiler iceren serum albiimin
(kandan saflastirilmig), hormonlar, tasiyici
proteinler ve baglanma faktorleri gibi
tanimlanmamis hayvandan tiiretilmis tiriinler
de igerebilir (McGillicuddy ve ark., 2018).
EMEM, MEM ve DMEM,; kanser
hiicrelerine yalnizca siirekli cogalmalart igin
gerekli olan besinleri saglamak iizere
Spinner-MEM  (S-MEM),
DMEM’de bulunan amino asitlerin daha

disiik ek

tasarlanmistir.

konsantrasyonlarma  ve

proteinojenik (6rnegin, alanin, glutamat) ve

proteinojenik  olmayan amino asitlere

(6rnegin ornitin, sitriilin) sahiptir, ancak
de normalde

yine insan plazmasinda

bulunan  bircok  polar  metabolitten
yoksundur (Ackermann ve Tardito, 2019).
S-MEM, kalsiyum tuzu i¢cermez ve kalsiyum
farkl

ayarlanabilmektedir (Price, 2017).

seviyeleri konsantrasyonlarda

Sik kullanilan diger bir hiicre kiiltiirii
ortam1 olan F12, azaltilmis serum takviyesi
altinda CHO hiicrelerinin klonal biiyiimesi
icin optimize edilmistir (Bryant ve ark.,
2019).

Gelistirilecek ~ kimyasal  olarak

tanimlanmis ilk serumsuz hiicre kiiltiiri
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ortami, DMEM ve Ham's F12 ortaminin 1:1
(v/v) karigimi olan vasattir (van der Valk ve
2010). DMEM’deki

ark., aminoasitlerin

dengesi ve F12 ortami tarafindan saglanan
eser elementler hiicrelerin  serumsuz
kiiltiirlenmesine izin verir. Bu ortamlarda
hiicrelerin biiylimesi i¢in serum takviyesi
gerekli degildir. Aminoasitler, proteinlerin
temel yapi taslaridir ve hiicre iskeleti,
enzimlerin protein bileseni, reseptorler ve
sinyal molekiilleri dahil olmak iizere
hiicrenin tiim proteinli materyalini mantiksal
olarak olustururlar (Salazar ve ark., 2016).
olarak, insan

Sonug ortam  genellikle

stvilarinda normal olarak bulunan

metabolitlerden yoksundur, ancak glikoz,

glutamin veya piruvat gibi molekiiller
genellikle stiperfizyolojik
konsantrasyonlarda bulunur (Ackermann ve
Tardito, 2019).

4.6. Insiilin

Vogelaar ve Erlichman 1933 yilinda,

onceki c¢alismalarin aksine insiilin ve

tiroksin hormonunun etkinligini kanitladi.
Iki arastirmaci, Ringer soliisyonu, insiilin ve
tiroksin ile birlikte glikoz, sistein, hemin,
pepton ve kan plazmasmin bulundugu
vasatinda 3 aydan daha uzun siire insan

fibroblast hiicresini ¢ogaltmay1 basardi.

Insiilin ve insiilin anologlar1 serumsuz

vasatta kullanilan en yaygm biiylime

faktorleri arasindadir. Bununla birlikte,

hiicre ¢ogalmas1 {izerindeki etkilerinin

hemen hemen her zaman serumun
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etkisinden daha diisiik oldugu bulunmustur

(Vogelaar ve Erlichman, 1933).

4.7.  Antibiyotik
In  vitro c¢alismalar  sirasinda
olusabilecek  kontaminasyonu  Onlemek

amaciyla vasat ortamini antibiyotikler ile

desteklemek Onemlidir. American Type

Culture Collection (ATCC) tarafindan

yaymlanan  standart  hiicre  kiiltiirii
protokoliinde onerilen penisilin (100U/mL)
ve streptomisin (100pg/mL) (% 1 v/v)
kombinasyonu, en sik kullanilan antibiyotik
takviyelerindendir (Hassan ve Ahmad,
2020). Buna ek olarak gentamisin ve yaygin
antifungal aktivitesi sebebiyle amfotersin B

de kultir ortaminda siklikla Onlem olarak

kullanilmaktadir (Ryu ve ark., 2017).
Ancak kiiltiir ortamina eklenen
antibiyotiklerin, sitotoksisiteye sebep

olabilecegi ve hiicrelerin biyolojik 6zelligini
degistirebilecegi one siiriildiigiinden dikkatli
kullanilmalar1 gerekmektedir (Hassan ve
Ahmad, 2020).

5. Hiicre Kiiltiirii Uygulamasi
Icin Gerekli Cevresel Faktorler

Hiicre kiiltlirii deneylerinin optimum
performansi ve stabilitesi i¢in hiicre kiltiirii
kosullar1 standardize edilmelidir. Bunun i¢in
hiicre yogunluguna gore hiicre ortaminin
periyodik  bir  sekilde  degistirilmesi
gerekmektedir. Uygulama zamaninda sapma
durumunda pH’dan

olmasi optimal

uzaklagma goriilir. pH degisimi hiicre

dongiisiinii, hiicre bliylimesini ve
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farklilagmasini etkileyen ve ayni zamanda
DNA hasarma ve genomik kararsizliga

neden olan bir durum ortaya koyar. Vasat

ortammin pH1, gaz fazindaki CO:2
konsantrasyonu ile kiiltiir ortamindaki
sodyum bikarbonat (NaHCO:3)
konsantrasyonu arasindaki denge ile

korunur. Dogal tamponlama sistemine sahip

vasat ortamlar1 genellikle %5-10 CO2
destegiyle, bir COz inkiibatoriinde muhafaza
edilir. Ortam pH’min  kontroli icin
kullanilan bu sistem pratik, ekonomik ve
toksik olmamasi1 sebebiyle siklikla tercih
edilmektedir (Rothblat, 2012).

Tamponlar asitligi kontrol etmek i¢in
kiiltiir ortamina dahil edilse de degisen pH
rutin olarak izlenemez. Bilesenler
bozuldugunda, bu bir vasat stabilitesi sorunu
haline gelir. Fenol kirmizis1 boyasi,
arastirmacilarin ortam asiditesini 6lgmesine
olanak saglamak i¢in ortama dahil edilir. Bu
tir bir degerlendirme “dogrudan gozle
izleme” yoluyla yapilabilir. Daha hassas bir

Olcim i¢in ise bir plaka okuyucu ile

absorbans degeri hesaplanarak
yapilabilmektedir (Michl ve ark., 2019).
6. Kontaminasyon ve

Korunma Yollan

Tanimlanamayan kaynaklardan gelen

yabanci maddeler bir kiiltiir ortamini

kontamine edebilir ve deney sonuclarini
etkileyebilir. Tipik olarak bu kirleticiler

arasinda virlisler, bakteriler, mantarlar,

mikoplazma ve endotoksinler bulunur.
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Bununla birlikte sudan, kullanilan plastik
veya diger malzemelerden bulasabilen baska
kirleticic maddeler de vardir

Asayama, 2017).

(Yao ve
Kontaminasyonlardan kurtulmak

icin; kontamine  materyalin  atilmasi,

ekipmanin ve reaktiflerin sterilizasyonu
veya degistirilmesi gibi yollar izlenerek hizli
bir sekilde hareket edilmelidir. Sterilizasyon
icin kullanilan mikro filtrelerden bazi toksik
maddelerin ayristirildigi da bilinmektedir
(Fenandes ve ark., 2020).

6.1. Aseptik Teknik

Steril kiiltlirlerin kontaminasyonunu
onlemek icin hijyen ve temizlik kurallarina
uymak sarttir. Kok hiicreler gibi klinik

olarak kullanilacak hiicrelerin Iyi Uretim

Uygulamalar1 (IUU) gerekliliklerine uygun

bir sekilde iretilmesi  gerekmektedir
(Aydogdu ve ark., 2020).
6.2. Kabin Kullanim
Biyogiivenlik  kabini  kesinlikle
kullanilmalidir. Kullanimdan 6nce ve sonra
dezenfektan veya %70 etanol ile
temizlenmelidir. Diizenli olarak

derinlemesine temizligi yapilmali ve servis
kontrolleri diizenli yapilmahidir. Kabindeki
esyalarin sayist minimumda tutularak, kabin
icinde ve disinda fazladan hava akisi
olusturabilecek hareketlerden kaginarak,

varsa  laboratuvardaki  pencereler ile

havalandirma sistemlerini kapali tutarak

hava yolu kontaminasyonunun onlenmesi

saglanmalidir (Bouam ve ark., 2021).
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6.3.
Vasat

Hiicre Kiiltiirii Vasati

dogrudan siseden
dokiilmemelidir. Steril ambalajlardaki tek
kullanimlik  serolojik  pipetler  vasati
aktarmak icin kullanilmalidir. Sise kapaklari
uzun siire acik tutulmamalidir (Adeniyi ve
Lua 2020). Kapak agik tutulacaksa, kapak
asag1 bakacak sekilde calisma yiizeyine
konulmalidir. Vasatlar kullanilmadan once
kontaminasyon riski olmamasi i¢in 0.1-0.2

um boyutundaki 6zel filtre sistemlerinden

gecirilerek  kullanilmalidir (Fenandes ve
ark., 2020).
6.4. Kullanilan ekipman

Kabine yerlestirilen tim O6geleri

temizlemek i¢in uygun dezenfektan veya
%70 etanol kullanilmalidir. Otoklavlama,

reaktifleri ve ekipmami gerektigi gibi

sterilize etmek icin kullanilabilir (WHO,
2020). Ticari olarak satin alinan iiriinlerde
sterilizasyon uyarilarina dikkat edilmelidir.

6.5. Hiicre hatlarimin

calisiimasi
Ideal olarak, farkli hiicre hatlar1 ayr

kabinlerde ve inkiibatorlerde c¢alisilmalidir.

Boyle bir imkdn yok ise, c¢apraz

kontaminasyonun Oniine gegmek igin

kabinde bir seferde yalnizca bir hiicre hatti
calisilmali ve diger hiicre hattina gegmeden
once kapsamli dezenfeksiyon uygulamalar
yapilmalidir (Abatenh ve ark., 2018).
Calisma sirasinda herhangi bir dokiilme
durumunda  derhal bir

olmas1 uygun

dezenfektanla miidahale edilmelidir.
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6.6. Cahisanlar

Calisma siiresince eldivenler sik sik
degistirilmelidir (kirlenirlerse bu
zorunludur). Eldiven degisimi yapilmayan
stirelerde de %70’lik etanol ile diizenli
olarak silinmelidir. Hiicre kiiltiirii yapilirken
kisisel  koruyucu  giysiler  giyilmeli,
calismanin Oncesinde ve sonrasinda eller
iyice yikanmalidir (Donaldson ve Bishop,
2015).

7. Sonuclar

Hiicre kiiltirii  sistemleri, canh
hayvan testlerine alternatif olarak biiyiik
potansiyele sahiptir. Yetistirilecek hiicre
tipine bagli olarak, vasat gereksinimleri
degisir. Hiicrelerin dogru bir sekilde
biliylimesini saglamak i¢in hiicre kiiltiirii
sirasinda farkli parametreleri ve kosullar
stirekli olarak kontrol etmek gerekmektedir.
1907°de Harrison, yetiskin bir kurbaganin
lenf bezlerinden elde edilmis taze lenf
stvisinda birkag hafta boyunca kurbaganin
sinir liflerinin belirgin biiylimesini basariyla
Daha

gerceklestirdi. sontra da memeli

hiicrelerinin kontrollii laboratuvar
kosullarinda yetistirilmesi saglandi. Fischer

1948 yilinda yaptig1 bir ¢alismayla, diyaliz

edilmis  seruma  belirli  aminoasitleri
ekleyerek, hiicrelerin metabolik olarak
desteklenebildigi bir vasat

olusturulabilecegini gosterdi.
Bu derlemede, giliniimiizde birgok
alanda kullanilmakta olan hiicre kiltiiri

yontemlerinin tarihsel gelisiminden, hiicre
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kiiltiirii ortamlarinin temel ihtiyaglarindan,  yapilacak vasat gelistirme ¢aligmalarina
hiicre kiiltiirii alanindaki gelismelere ek  Onciilik edecektir. Calismamiz  hiicre
olarak kiiltiir ortaminda meydana  kiiltiirii alaninda bilgi sahibi olmak isteyen
gelebilecek kontaminasyon risklerinden ve  aragtirmacilara genel bir bakis agisi
bu risklerden korunma yollardan  kazandiracaktir.

bahsedilmistir. Bu ¢alisma daha sonra
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Oz: Bu calismada Li;MnOs katot malzemesine %1 ve %3 oranlarinda Ga katkilamas1 yapilmistir. Yapilan
kiiciik oranlardaki katkilamalarin yeni katot malzemesinin kristal yapisina ve iletkenlik &zelliklerine etkileri
incelenmistir. Malzemeler bilyali 6giitiici kullanilarak mekanik 6giitme yontemiyle hazirlanmistir. Numuneler
farkli sicakliklarda sinterlenip yeniden &giitiildiikten sonra pelet haline getirilmistir. Uretilen toz numunelerin
XRD ve SEM goriintiileri incelenmistir. Hazirlanan peletler giimiis pastayla kaplanmistir. Kaplanan peletlerin
iletkenlikleri, elektrokimyasal empedans spektroskopisi kullanilarak 6l¢iilmiistiir. Elde edilen sonuglar yapilan
Ga katkilarinin katot malzemenin iletkenligini arttirdigini gostermistir.

Anahtar Kelimeler: Galyum katkilama, {yonik iletkenlik, LiMnO;

Ionic Conductivity Measurements of Ga-doped LixMnO3 Cathode Material

Abstract: In this study, 1% and 3% Ga doping was applied to the Li-MnO3 cathode material. The effects of
small amounts of doping on the crystal structure and conductivity properties of the new cathode material were
investigated. The materials were prepared by mechanical grinding method using a ball mill. After the samples
were baked and re-grinded at different temperatures, they were turned into pellets. XRD and SEM images of the
produced powder samples were examined. The prepared samples were coated with silver paste and
electrochemical impedance spectroscopy measurements were taken for conductivity measurements. The results
obtained showed that the additives increased the conductivity of the cathode material.

Keywords: Gallium-doped, Tonic conductivity, Li,MnO3

1. Giris olusan Li’un ozelliklerini 1iyilestirmek
Lityum -mangan (Li-Mn) bazli katot =~ Li2MnO3’iin temel sarj-desarj
malzemeler 200 mAh/g’den fazla desarj  mekanizmasinin da daha iyi olacag
kapasitesine sahip olmalarindan dolay1 yeni anlamina gelmektedir. LizMnO3’iin
nesil katot malzemeleri i¢in potansiyel aday  elektrokimyasal ozellikleriyle ilgili
olarak gdsterilmektedir. Desarj kapasitesinin  literatiirde oldukga fazla calisma
bu kadar biiyiik olmas1 Liz2MnO3 yapisindaki ~ bulunmaktadir (Guerrini ve ark., 2020;
fazladan  olusan lityum iyonlarindan Baveghar, 2019; Yin ve ark., 2019; Leifer ve
kaynaklanmaktadir. Bu nedenle fazladan ark., 2018; Yang ve ark., 2016; Ye ve ark.,
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2015; Thackeray, 1991). Bu c¢alismalar
malzemenin aslinda elektrokimyasal olarak
aktif oldugunu gostermektedir. Ayrica sarj-
desarj kapasitelerinin, sentez kosullarina
biliyiik oranda bagli oldugu bilinmektedir
(Nakamura ve ark., 2009). Ulasilan
sonuglarin  tiimii  sarj-desarj  sirasinda
LioMnOs’tin -~ yapisinda  olumlu  bir
degisikligin  oldugunu  gostermektedir.
Yapisal degisikliklerin arkasindaki itici
giiciin ne oldugunu bulmak i¢in daha fazla
calisma/ analiz gerekmektedir. Bu calismada
LizMnOs katot malzemesine %1 ve %3
oranlarinda Ga katkilar1 yapilarak ana
malzemenin iletkenliginin arttirilabilecegi

gosterilmistir.

2. Materyal ve Metot

Orgii yapisinda bosluk kusurlari
normalde iki yolla olusmaktadir. Birinci
yontem kristalin  1sitilmas1  digeri ise
disaridan atom ilavesi ile olmaktadir.
Sicakligin  arttign =~ durumda  iyonlarin
hareketini belirleyen iki kusur mevcuttur.
Bunlar Schottky ve Frenkel kusurlaridir
(Sekil 1). Schottky kusurunda katyon ve
anyon iyon c¢ifti yerlerini terk etmektedir.
Bundan dolay1 kristal yap1 igerisinde
bosluklar  olugmaktadir.  Frenkel orgii
kusurunda ise bir tek iyon vardir. Bu iyon
yapt i¢inde herhangi bir bosluga da
yerlesmez. Yapr icinde bir kurala baglh
kalmaksizin hareket etmektedir. Katyon

Frenkel ve Anyon Frenkel olmak {lizere iki

tipi mevcuttur. Katyon Frenkel kusurlar
daha sik goriilmektedir. Ciinkli katyonlarin
yar1 c¢ap1 daha kiicliktiir. Bu durumda bir
yere konumlanma kolaylasmaktadir
(Scrosati ve ark, 2011). Her iki kusurda
orgiide bosluk olusturmakta ve yap1
icerisinde var olan iyonlar bu bosluklara
atlamaktadir. Bu hareket kati icinde
iletkenligin artisina neden olmaktadir.
Safsizligin  katkilama ile olustugu
orgili kusurunda, 6rgii i¢cinde hareketli bosluk

kusurlart meydana gelmektedir.

® o o e o ®

e o o ® ®
o N C o o 0 o

® ) 1 ® o e o ®
® o o e o o

Hareketli Bogluk (Mobile Vacancy) Hareketl: (Mobil) Interstitial

(Schottky Defect) (NaCl) (Frenkel Defect) (Agl)
Na™+CI' > U+ O Ag D Afownmat | ag

Sekil 1. Orgii kusuru tipleri ve yiik tastyicisinin
hareketi

2.1 iyonik-iletkenlik

Bir malzemede iletkenlik iki yolla
olugmaktadir. Bunlar ya iyonik iletkenlik ya
da  elektriksel  iletkenliktir. Iyonik
iletkenlikte 6zellikle O, N, CI, B2, HY,
Li" gibi anyonlarn veya Kkatyonlarin
hareketleri ile siklikla karsilagilmaktadir
(Beran, 2018). Kristal orgiistindeki iyonlarin
yerlerini degistirmeleri sonucundaki olusan
iletkenlik;  iyonik  iletkenlik  olarak
tanimlanmaktadir. Bir Orgiideki atomlar
orgii noktalarindaki konumlarmi korumak

istemektedirler. Ancak kristal kusurlan
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boyunca bir nevi hareket gozlenir. Burada
olusan hareket ziplama (sigrama, hopping,
jumping) mekanizmasi sonucu olusmaktadir.
NaCl, MgO yapilar1 kristal 6zellik

sergilemektedirler. Bu yapilarda termal

titresimler gozlenmesine ragmen atomlar
yerlerinden ayrilmak istememektedir. Bu
durum iyonik iletkenligi azaltmaktadir
Iyonik iletkenlik sergileyen iyonik kristal;
haldeki

kati ya da siv1 elektrolit

malzemelerden olusmaktadir (Cizelge 1).

Cizelge 1. iletkenlerin smiflandiriimasi

Tletlcenlik Tiri Malzeme ((I:h:_]klen% )
Iyonik Kristaller <1010
Iyonik lletkenler  Kat Elektrolitler 10107
S Elektrolitler 10103
Metaller 10°-10"
Elektronik Tletkenler Yaniletkenler 10710
Yalitkanlar <107

Iyonik iletkenlik sadece iki yolla
gbzlenebilmektedir.  Birincisi;  yiiksek
sicakliktaki atomlarin termal enerjilerinin
yiiksek oldugu durumda ve ikincisi ise orgii
kusur
haldir.

Kristal

sayllariin  azami dilizeye c¢iktigi

icinde iyonik iletkenligin
meydana gelebilmesi i¢in; eklenen hareketli
iyon miktar1 fazla olmali, hareketli iyonlarin
ziplayabilmesi icin ¢ok sayida bos oOrgii
olmalidir. Ayrica iyonun atlama yapabilmesi
icin aktivasyon enerjisinin diigiik oldugu
sartlar olusturulmalidir (Y1lmaz, 2008).

olusan

Iyonik katilar, iglerinde

elektrik alan  vasitasiyla iyonlarin

hareketlerine olanak  tantyan orgi
kusurlarina sahiptirler. Bu o6rgii kusurlari,
yukleri  tagimakla  gorevlidirler.  Yani
kusurlar ya orgiideki iyon boslugu hareketi
ya da serbest iyon hareketi seklinde
iletkenligi meydana getirmektedir (Sekil 1).
2.2 Empedans spektroskopisi
verilerinin elde edilmesi
verileri

Empedans spektroskopisi

Nyquist grafigi veya Bode grafigi ile
yorumlanmaktadir. Empedans, reel ve sanal
kistmlardan olusmaktadir. Ornek bir Nyquist
grafigi Sekil 2’de oldugu gibi gosterilebilir.

Nyquist grafigindeki her bir nokta, belirli bir

frekansa  ait olan  bir  empedansi
gostermektedir.
-ImZ

) \arg V4 Re Z

Sekil 2. Nyquist grafigi

Bode grafiginde empedans log
frekans x ekseni iizerinde gosterilmektedir.
Ayrica y ekseni iizerinde empedansin hem
mutlak degeri hemde faz kaymas1 Sekil 3’te
goriildigi gibi cizilmektedir. Bode grafigi,
Nyquist grafiginin aksine frekans hakkinda

bilgi saglamaktadir.
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log Z 0 3. Arastirma Sonuglar

Mekanik oglitme yontemiyle
tretilmis Li23xGaxMnO3 (x= 0.00, 0.01 ve
0.03) numunelerin SEM goériintiileri (Sekil

0 \ ¢ 4) ve XRD grafikleri (Sekil 5) asagida
\ verilmistir.

Sekil 3. Bode grafigi

Signal A = SE1 EMT = 20,00V 5
@ WO= 85 mm IProbe s B0pA

p
2pm o - FHT=1R00WY  Signal A= SE1 Mag- 3000Kx CMT
oX Mag - 3000K X i ; @' WD=135mm |Probe= 500pA . L

Sekil 4. Liy 3xGayMnOs3 katot malzemelerine ait SEM goriintiileri; (a) x= 0.00, (b) x=0.01 ve (c) x=0.03

FHT = 1200  Signal A = SE1
WO=135mm |Probe= 500

Sekil 4a’da Li2MnOs katkisiz numuneye ait SEM goriintiisiinde malzemenin daha
topakl1 (biitiinsel) yapiya sahip oldugu ve %1 ve %3 katkili Li2MnOs3 katot malzemelerin ise
daha ayrik yapiya sahip olduklar1 goriilmektedir. Ozellikle %3 Ga katkili numunede taneler
daha keskin kenarli yapiya sahiptirler.
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Siddet (a.u.)

20 30 40 50 60 70 80
2 teta (derece)

Sekil 5. Liy 3:GaxMnOj3 katot malzemelerine ait XRD grafigi

Sekil 5°de goriilen XRD sonuglarma gore katkisiz numunenin (x = 0.00) kirinim
deseni, monoklinik Li2MnOs3 kristal yapisinin tipik yansima piklerine sahiptir. Diger taraftan
x=0.01 ve x= 0.03 Ga katkil1 numunelerde ¢oklu kristal yap1 olusumu goriilmektedir. Ayrica
katkilamayla birlikte piklerin siddetlerinde de degisiklik olmaktadir. Numunelerin kristal yap1
ozelliklerini detayli olarak belirleyebilmek i¢in MAUD yazilimi kullanilmistir. Bu yazilimla

degerlendirilen her numunenin analiz sonuglar1 Cizelge 2’de sunulmustur.

Cizelge 2. Lir 3GayMnOs3 katot malzemelerin ayrintili kristal yap1 analiz sonuglari

Katki Kristal Geometri Uzay

Li2xGaxMnO3 Grubu

x=0.00 LioMnOs 90  99.50 90 492 853 9.60 Monoklinik C2/c:bl

x=0.01 LioMnOs 90  99.83 90 494 8.56 9.67 Monoklinik = C2/c:bl
LiGaO2 90 90 120 291 291 1447 Trigonal R-3mH
x=0.03 LioMnOs 90 1 9993 90 494 855  9.65 Monoklinik C2/c:bl

LiGaO2 90 90 120 290 290 290 Trigonal = R-3mH

Uretilen numunelerin MAUD analizleri neticesinde, katkisiz olan numunenin
monoklinik geometriye ve C2/c:bl uzay grubuna sahip oldugu belirlenmistir. x=0.01 ve 0.03
Ga-katkili katot malzemelerinin, C2/c:bl uzay gruplu monoklinik Li2MnOs kristal yapisinin
yansira R-3mH uzay gruplu trigonal LiGaO: kristal yapisina da sahip olduklari bulunmustur.

Li23xGaxMnOs  katot malzemelerinin  iyonik  ozelliklerinin  AC  empedans
spektroskopisi dl¢iimleri sonucunda elde edilen Nyquist grafikleri ve esdeger devreleri Sekil

6’da verilmistir.
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Sekil 6. (a) LixMnOs, (b) Lii97Gao0iMnOs, (c) Lii01GagosMnO; katot malzemelerinin Nyquist grafikleri, (d)
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Li;MnOs ve (e) Ga katkili numunelere ait olan esdeger devrelerinin sematik gosterimi

Esdeger devrelerdeki Roui; tane icindeki direnci, Rgb; taneler arasindaki direnci, Re;
elektronik direnci ve Ret; ylik transfer direnci ifade etmektedir. CPEbui; tane igerisinde
meydana gelen yiik ayrisimindan kaynakli kapasitansi, CPEgb; taneler arasinda olusan yiik
ayrisimindan kaynaklanan kapasitanst ve CPEin; numune ve glimiis kaplama sirasinda olusan
kapasitansi ifade etmektedir. Difiizyon, Warburg empedans olarak bilinmektedir. x? standart

sapmanin karesidir. Empedans veri analizinin fit sonuglari, esdeger devreler kullanilarak

hesaplanmis ve Cizelge 3’de gosterilmistir.

Numune
Li2MnO3
%1 Ga
%3 Ga

Cizelge 3. Li».3xGaxMnOj katot partikiilleri i¢cin empedans verilerinin fit sonuglar

Rouik ()

3.52x107
6.27x10°
1.14x107

CPEpui (Ss")  Rgp(Q)  CPEg (Ss")
1971011 7.83x10%  3.19x10°10
14510 1.09x107  1.18x10°%
209101 6.45x105  2.46x101°
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CPEint(Ss") Warburg  Rc(Q2) x
- - - 1.65x1072
2.06x10°1°  2.53x107 | 4.97x10° 2.64x10°°
6.15x10°  7.36x10°®  1.19x107  3.05x10°
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Ga-LMO malzemelerinin toplam

iyonik iletkenlikleri Cizelge 4’te
gosterilmistir. Iletkenlikler Esitlik 1 de kiitle
ve tane direnclerinin

sinir1 toplamlari

kullanilarak hesaplanmuistir.
o=1/R)l/a) )
Burada [/ peletin kalinlhigi ve a

elektrotun alanidir.

Cizelge 4. Li>.3xGa,MnO; katot partikiillerinin iyonik

iletkenlikleri
Numune Iyonik iletkenlik Sicaklik
o, (S/cm) T (°C)

10

Li2MnO3 1.4x10 Oda sic.
-7

x=0.01 7.85%x10 Oda sic.
-7

x=0.03 7.03x10 QOda sic.

Scherrer denklemi ile elde edilen
sonuglara gore %1 ve %3 Ga katkili
numuneler yakin iyonik iletkenlige sahip
Li2MnO3

10°

katot
daha

olup ve  katkisiz

malzemesinden yaklasik kat
yiiksek iletkenlik gostermektedir. Daha 6nce
Li2MnOs katot malzemesine x= 0.05,0.10 ve
0.15 oranli Ga katkili malzemeler igin
Olgtimler Baveghar tarafindan yapilmistir
(Baveghar, 2019). Baveghar’in sonuglari

Cizelge 5 te verilmistir.

Cizelge 5. Li,«Ga,MnOs katot partikiillerinin iyonik
iletkenlikleri (Bavehgar 2019)

Numune  Iyonik iletkenlik ~ Sicaklik
o, (S/cm) T (°C)
Lix-MnOs 1.4x10 " Oda stc.
x=0.05 5.16x10" Oda stc.
x=0.10 1.95%10 Oda stc.
x=0.15 8.84x10 Oda stc.
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4. Tartisma

Malzemelerin  SEM  goriintiileri
incelendiginde katkisiz Liz2MnO3s numune
topaklt bir yapiya sahip olurken katkil
Li2MnOs numunelerin daha ayrik bir yapiya
sahip olduklar1 goriilmektedir. Saf ve katkili
numunelerin XRD grafiklerine bakildiginda
LiGaO: kristal yapiya ait piklerin siddetleri
katki miktar1 ile birlikte artmaktadir. Ga
katkili Li2MnO3; numuneler i¢in yapilan
empedans spektroskopi analizi neticesinde,
%1 ve 3 olarak yapilan katkilamalar ile
katkisiz malzemenin degeri
karsilagtirildiginda, yeni katot malzemelerin
iyonik iletkenliklerinin 6nemli 6l¢giide arttig1
SEM, XRD ve EIS

%1 Ga katkili

gozlemlenmistir.
analizleri  sonucunda
numunenin daha ayrik bir morfolojiye sahip
oldugu ve LiGaO: kristal yapiya ait olan
piklerin siddetleri diisilk olmasi nedeniyle
daha yiiksek iyonik iletkenlige sahip oldugu
Li2MnOs  katot

goriilmektedir.  Ayrica

malzemesinin  daha  once  Baveghar
tarafindan yapilan %35-10-15 oranlarindaki
katkilamalarindan daha yiiksek iletkenlik
degerleri elde edilmistir. Bu da Ga
katkilama miktarinin daha diisiik olmasindan
ve ayrica Ga katkili numuneye ait olan
yapiin genel kimyasal formiiliinde Li ve Ga
atomlarinin denklesmesinden

kaynaklanmaktadir.
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Abstract: In this study, the anatomical features of some taxa (Origanum sipyleum, Satureja parnassica subsp.
sipylea, Sideritis sipylea, Thymus sipyleus subsp. sipyleus var. sipyleus) belonging to the Lamiaceae distributed
on the Spil Mountain of Turkey were compared statistically. Lamiaceae family to which the investigated taxa
belong are of high importance for their antioxidant potential, multiple pharmaceuticaluses in folk medicine. The
some anatomical features of the stem were selected and measurements were taken. The data obtained from the
anatomical features were evaluated statistically. By this study it has been determined that cortex length and
diameter of pith are the best character pairs which represent the variations in them. Thus, the cortex length and
diameter of pith can be viewed as a taxonomic character for classification of species. The results showed that
investigated taxa also could be distinguished from each other not only by their morphological features but
numerical anatomical characters as well.
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Adm Spil Dagr’ndan Alan Lamiaceae Taksonlariin Anatomik
Ozelliklerinin Sayisal Olarak Karsilastirilmasi

Oz: Bu caligmada, Tiirkiye'nin Spil Dagi’nda yayilis gosteren Lamiaceae’ye ait bazi taksonlarin (Origanum
sipyleum, Satureja parnassica subsp. sipylea, Sideritis sipylea, Thymus sipyleus subsp. sipyleus var. sipyleus)
anatomik Ozellikleri istatistiksel olarak karsilastirildi. Calismada incelenen taksonlarin da ait oldugu Lamiaceae
familyasi, antioksidan potansiyelleri ve halk hekimliginde ¢oklu farmasétik kullanimlart nedeniyle biiyiik dnem
tasimaktadir. Incelenen taksonlarin bazi anatomik govde ozellikleri secilerek bunlardan anatomik &lgiimler
alindi. Anatomik ozelliklerden elde edilen veriler istatistiksel olarak degerlendirildi. Bu ¢alisma ile korteks
uzunlugu ve 6z ¢apinin, varyasyonlar1 temsil eden en iyi karakter ¢iftleri oldugu belirlenmistir. Boylece, korteks
uzunlugu ve 0z ¢api, tiirlerin siniflandirilmas: igin taksonomik karakterler olarak goriilebilir. Elde edilen
sonuglar, incelenen taksonlarin sadece morfolojik ozellikleriyle degil, sayisal anatomik karakterleri ile de
birbirlerinden ayirt edilebildigini gostermistir.

Anahtar Kelimeler: Anatomi, Lamiaceae, Sayisal analiz, Istatiksel analiz

1. Introduction Lamiaceae family to which the taxa belong

Spil Mountain which is the natural are of high importance for their antioxidant
distribution area of the studied taxa, is  potential, multiple pharmaceutical uses in
located west of Turkey starts from the 60 m  folk medicine, and commercial essential oils
level of the Gediz River plain and reaches a  as well as their wide cosmetic and culinary
height of 1517 meters. The investigated taxa  applications. More specifically, the genera

take their names from the mountain. Origanum and Satureja have found a wide
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variety of pharmaceutical and food
applications (Formisano et al., 2014). The
genus  Origanum, as

an  important

ethnomedicinal plant, is found in the
Mediterranean region, North Africa, and
Eurasia (Loizzo et al., 2009). The genus
Satureja including about 200 species mainly
grows in West Asia, Middle East, Europe,
North Africa, Mediterranean region, and
South America. Sideritis L. comprises more
than 150 annual and perennial species and
subspecies worldwide (Gonzalez et al.,
2011) and most of them are to be found as
wild-growing plants in countries around the
Mediterranean Basin and the Caspian Sea
(Barber et al., 2002); many among them are
confined to small geographical areas being
exclusive endemics either to single islands
(e.g. Crete, Greece; Canary islands, Spain),
single countries (e.g. Spain, Morocco, Italy,
Greece, Turkey etc.) or a couple of adjacent
countries e.g. Balkans or Greece, and
Turkey (Charalampia-Kloukina et al., 2020).
The genus Thymus L. consists of about 215
species of herbaceous perennials and
subshrubs. The Mediterranean region can be
described as the center of the genus
(Vouillamoz and Christ, 2020).

Most previous studies have revealed
the chemical composition and antioxidant
capacity of some of the species in the
Lamiaceae family including Origanum
(Loizzo et al., 2009), Satureja (Kemertelidze

et al., 2012; Ghasemi et al., 2014; Moradi
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and Sadeghi, 2017). Thymus (Tohidi et al.,
2017; Bahman et al., 2005). Anatomical
studies of Lamiaceae have been carried out
by many authors (Atasagun et al., 2015;
Celep et al., 2011); however, anatomical
studies carried out on the investigated taxa
were limited with several authors (Ozer et
al., 2017). We have not found any studies on
statistical ~ comparison  of  numerical
anatomical features, such as this one we
have just done.

In this study, the stem anatomical
properties of Origanum sipyleum L. Satureja
parnassica subsp. sipylea, Sideritis sipylea,
Thymus sipyleus subsp. sipyleus var.
sipyleus species belonging to Lamiaceae,
which are localized Spil Mountain in
Turkey, were investigated. The anatomical
variations in the taxa have been investigated
by means of numerical methods. Results
were supported by tables and graphs. The
purpose was to determine statistically the
clonseness of the taxa with the help of

numerical anatomic characters.

2. Material and Method

The plant samples were collected
from Spil Mountain in the western Anatolian
region of Turkey where they grow naturally
(Figure 1A-D). They were collected in 2019
during their flowering period, from March to
August. The research was primarily
completed in three stages: field study, where

plants were taken, laboratory studies where
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anatomical studies were performed, and
statistical studies in which the obtained
results were evaluated mathematically. The
plant samples were fixed in 70% ethyl
alcohol  (C2HsOH). For  microscopic
observations, sections were taken from the
stem parts of the plant and were stained
using safranin and fastgreen dyes (Bozdag et
al., 2016). Preparations prepared from these
sections

were examined using Leica

DM3000 motorized microscope lenses.

Some stem anatomical characters

(epidermis, cortex diameter, tracheal

diameter, pith diameter) were selected for

the numerical analysis. Measurements were

made in these structures. Minimum,

maximum, average and standart error values
were determined and these values were
turned into tables. Characters were coded as
1- 6 and the taxa were coded as A-D (Table
1). Significance of the differences between
the taxa and characters were evaluated by
and Pearson’s

Analysis of variance

correlation.  Statistical  analysis  were

performed using the MINITAB software

package.

Figure 1. Natural photos Origanum sipyleum (A), Satureja parnassica subsp. sipylea (B), Sideritis
sipylea (C), Thymus sipyleus subsp. sipyleus var. sipyleus (D)

160



Memmedova and Ozdemir, October (2021) 47 (2): 158-167

Table 1. Codes of the examined taxa and anatomical features.

The examined taxa Code  Anatomical features Code
Origanum sipyleum A Epidermis length 1
Satureja parnassica subsp. sipylea B Epidermis width 2
Sideritis sipylea C Cortex length (um) 3
Thymus sipyleus subsp. sipyleus. var. sipyleus D Cortex width (um) 4
Diameter of tracheal elements (um) 5
Diameter of pith 6

3. Results and Discussion

3.1. Anatomical findings:
Origanum sipyleum: The stem cross-section
is in the form of a protruding circle or it has
squared similar to round shape. Epidermis
cells are fragmented, oval and rectangular in
shape. Below the epidermis are large-
diameter parenchyma cells with thickened
walls as collenchyma tissue. The phloem
region is prominent and located just above
the xylem. Xylem elements take up a very
large area. There is a large pith cavity in the
center of the stem and smooth circular pithy
parenchyma cells cover this cavity (Figure
2A-B).

Satureja parnassica subsp. sipylea:
Cross-section of the stem is 4-cornered.
Epidermis cells of stem are oval, rectangular
or square shaped. It is composed of a single
cells, and covered with a thick and
undulated cuticle. There are 5-8 rows of
cortex parenchyma. Between the cortex
layer, there is a cell layer with thickened
walls consisting of a single row of rings.
The collenchyma tissue, located on the
The cambium is not

corner  stem.

distinguishable. The region of pith occupies
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a large area in the cross-section. (Figure 2C-
D).

Sideritis sipylea: Cross-section of the
stem is 4-cornered. Collenchyma is seen in
corners as wide and shallow. Epidermis cells
are oval, rectangular or nearly square in
shape. There are many non-glandular and
glandular hairs on the epidermis. At the
corners of the stem, there are cells
collenchyma and under the epidermis, there
are cells with chlorophyll consisting of 1-8
cell lines. Below these cells, there are the
cortex parenchyma of 1-3 rows rectangular
and oval in shape. The phloem area is
and there clusters of

clearly are

scleranchyma cell on it. 2-3 rows of
cambium are found at the stem. The region
of pith is wide in the center and consists of
circular parenchyma cells (Figure 2E-F).
Thymus sipyleus subsp. sipyleus var.
sipyleus: Cross-section of the stem has
squared shape. Epidermis cells are oval,
rectangular or nearly square in shape. There
is a thin cuticle layer on the epidermis.
There are many non-glandular and glandular

hairs on the epidermis. In the corners of the

stem, there is a cluster of collenchyma cells.
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Under these cells, there are cells of cortex
parenchyma of 1-5 rows are rectangular and
oval in shape. The phloem region is not
evident. There is a scleranchyma ring on

elements of vascular. The xylem elements

are very distinct and the trachea are
sometimes irregularly arranged. The pith
region in the center of the stem is wide and
consists of circular parenchyma cells (Figure

2G-H).

Figure 2. Stem cross-section of taxa

A-B: Origanum sipyle C-D: Satureja parnassica subsp. sipylea E-F: Sideritis sipylea G-H: Thymus sipyleus
subsp. sipyleus var. sipyleus (Microscope objective numbers: A:x4; B, D, G: x10; C, E, F, H:x20) e: epidermis

cells, x:xsilem, c:cortex layer; p:pith, ph:phloem
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3.2. Results of statistical analysis:

The anatomical measuments of the
investigated taxa were shown in Table 2.
Significance of the differences between the
investigated taxa and anatomical characters
was evaluated by analysis of variance and
pearson correlation. While the results
between the taxa examined according to the
pearson correlation method are given in
Table 3, the results obtained according to the
variance analysis method are given in Table
4. According to both methods of statistical
analysis, there are the statistical differences
among (O. sipyleum-S. parnassica subsp.
sipylea) and (O. sipyleum-S. sipylea) in the
0.005; 0.005; 0.001 and 0.002

respectively at level of 0,01** and 0.05*

values

(Table 3-4). According to both statistical
methods, it was determined that the taxon
encoded with D Thymus sipyleus subsp.
sipyleus. var. sipyleus was not statistically
significant with the other taxa studied. The
fact that the taxon is not close to the other
taxa systematically examined shows that it
confirms the statistical results. As observed
in laboratory studies also, Thymus sipyleus
subsp. sipyleus var. sipyleus that encoded
with D differs from other investigated taxa
due to the different anatomical features such
as the unclear phloem region.Thus, this
result supports the statistical results. When
the anatomical features were evaluated with
both statistical analysis methods, there were

differences between the characters (cortex
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length-cortex ~ width), length-
diameter of pith) and (cortex width-diameter
of pith) in the values 0.001; 0.018; and
0.017 respectively at level of 0,01** and

0.05* (Table 4-5). On the other hand,

(cortex

according to method of pearson correlation,
there are also the differences between
epidermis length and diameter of tracheal in
the value 0.029 at level of 0.05* (Table 5).
According to result of variance analysis,
significant differences also were found
between (cortex length-diameter of tracheal)
and (cortex width-diameter of tracheal) in
the values 0.047 and 0.050 respectively at
level of 0.05* (Table 6).

The the

examined taxa

carry
characteristics of the family they belong to
(Lamiaceae). The researchers emphasized
that the typical feature of the family is a
four-cornered body and a well-developed
collenchyma tissue at the corners of the
body as a support tissue (Baran and
Ozdemir, 2009). Similiar features were also
seen in the anatomical structures of the
studied taxa. While a collenchyma layer is
observed at the corners all of the
investigated taxa stem, while this layer
shows a different distribution on the body in
taxa.

However, any extraxilar
sclerenchymatic tissue is not seen in stem
the studied taxa except to Sideritis sipylea,
as not seen in L. lycium and in L. moschatum

var. rhodium, either (Baran and Ozdemir,
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2009; 2011). Many genera of Lamiaceae,
even annual taxa, usually bear extraxilar
sclerenchymatic tissues in their stems (Ding
et al., 2008).

By the analysis of the investigated
taxa from 6 stem anatomy related characters,
it has been determined that cortex length and
diameter of pith are the best character pairs
which represent the variations in them.
Thus, the cortex length and diameter of pith
can be viewed as a taxonomic character for
classification of species.

In this study, four Lamiaceae taxa
that spread in Spil Mountain compared
statistically regarding anatomical characters.
The anatomical variations in the taxa have
been investigated by means of numerical
methods. Similar statistical study has been
carried out on some Salvia L. belong to

family Lamiaceae by some researchers

(Ozdemir et al., 2016). On the other hand,

similar to the results of our study,
statistically significant results were obtained
in studies on numerical anatomical features
of plants belonging to different families
(Ozdemir, 2018). We

statistical and anatomical differences in

aimed to find
addition to morphological characters to
distinguish these taxa. The results showed
that investigated taxa also could be
distinguished from each other not only by
their morphological features but numerical
anatomical characters as well. By the
analysis of the investigated taxa from some
anatomy related characters, it has been also
found that the results from numerical
analysis of anatomy characters can provide
additional evidences, which correspond to

the anatomy for the recognition of the taxa.

Table 2. Measurement results of some stem anatomical structures of examined the taxa.

Min-Max Mean+SD Min-Max MeanSD
Epidermis width (um) 05.29-10.58 | 07.13+02.41 10.70-14.00 12.35+06.20
Epidermis length (pm) 10.25-26.45  18.50+07.90 15.24-25.45 15.25+08.20
Cortexwidth (um) 06.25-12.55 | 09.12+05.06 10.24-15.20 12.56+07.88
Cortex length (um) 10.10-15.87  12.56+07.88 03.54-35.00 19.50+09.60
Diameter of tracheal elements (nm) = 11.14-37.00 = 24.12+09.82 11.40- 32.25 21.35+09.45
Diameter of pith (um) 26.45-84.64  55.56+17.80 10.50-52.90 31.5+12.80

Sideritis sipylea Thymus sipyleus subsp. sipyleus. var. sipyleus

Min-Max Mean+SD Min-Max Mean+SD
Epidermis width (um) 12.70-13.70  12.13+06.21 10.59-10.70 10.03+08.40
Epidermis length (um) 16.70-18.70 = 17.50+07.80 15.37-37.80 27.10+11.40
Cortex width (um) 10.24-15.29  12.56+07.48 11.53-26.47 17.05+08.06
Cortex length (um) 15.70-23.80 = 19.50+08.18 15.60-43.70 28.05+10.40
Diameter of tracheal elements (nm) 10.40-42.35 26.38+11.45 05.21-21.16 12.10-04.82
Diameter of pith (um) 15.80-63.48 = 39.5+12.88 10.50-15.87 12.50+08.60
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Min: Minimum, Max: Maksimum, SD: Standard Deviation
Table 3. Pearson correlation based on the investigated taxa.

A B C

B 0.940
0.005%*

C 0986 0.972
0.001** 0.001**

D 0.142 0.235 0.200
0.789 0.654 0.704

Significant at the level of P< 0.05. ** Significant at the level of 0.01. Probability: P value; Abbreviations: A-D: Codes of
investigated taxa, A: Origanum sipyleum; B: Satureja parnassica subsp. sipylea C: Sideritis sipylea; D: Thymus sipyleus
subsp. sipyleus. var. sipyleus

Table 4. Correlation between taxon (Analysis of Variance).

Source MS F-value Probability Significance
A-B 2429 30.36 0.005 *k

A-C 135.9 81.77 0.018 *k

A-D 5.520 0.080 0.761 NS

B-C 357.5 27.00 0.002 *x

B-D 90.03 43.40 05.43 NS

C-D 21.40 17.30 0.704 NS

MS: Mean Square; *P<.05; **P<.01; A-D: Codes of taxon; NS: Not Significant; Probability: P value A: Origanum sipyleum;
B: Satureja parnassica subsp. sipylea C: Sideritis sipylea; D: Thymus sipyleus subsp. sipyleus. var. sipyleus

Table 5. Pearson correlation based on anatomical characters.

1 2 3 4 5

2 0.296
0.704
3 0.518 0.637
0.482 0.363
4 0477 0.671 0.999
0.523 0.329 0.001**
5 0.029* 0.802 0.792 0.815
0.971 0.198 0.208 0.185
6 0.468 0.618 0.982 0.983 0.863
0.532 0.382 0.018* 0.017* 0.137

Significant at the level of P< 0.05. ** Significant at the level of 0.01; Probability: P value Abbreviations: A-D: Codes of

natomical features

1: Epidermis length 4: Cortex width (um)
2: Epidermis width 5: Diameter of tracheal (um)
3: Cortex length (um) 6: Diameter of pith
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Table 6. Correlation between anatomical features (Analysis of Variance)

Source MS F-value Probability Significance
1-2 1.48 0.19 0.704 NS
1-3 4.51 0.71 0.485 NS
1-4 3.81 0.59 0.525 NS
1-5 0.12 0.01 0.910 NS
1-6 3.60 0.52 0.561 NS
2-3 31.1 1.37 0.368 NS
2-4 35.6 1.62 0.321 NS
2-5 50.0 3.64 0.198 NS
2-6 30.0 1.16 0.382 NS
3-4 31.5 90.0 0.001 ok
3-5 37.8 28.1 0.047 *
3-6 30.6 53.1 0.018 *
4-5 74.5 74.3 0.050 *
4-6 90.2 57.0 0.017 *
5-6 83.13 5.24 0.137 NS

MS: Mean Square; *P<.05; **P<.01;

1-6: Codes of anatomical features; NS: Not Significant.

1: Epidermis length 4: Cortex width (um)
2: Epidermis width 5: Diameter of tracheal (um)
3: Cortex length (um) 6: Diameter of pith

As a result, we believe that the study provides a new comparing opportunity for future

researchers on the related subjects.
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Abstract: The pumpkin seed membrane (PSM), which is high in water retention in the study, was recycled as
waste, intended to be used in terms of target-non-target creatures and to determine its effect on resistance
formation. Nowadays, when fat intake is steadily increasing through nutrition, increased use of fat makes an
individual vulnerable to stress. The study determined the effect of additional taken waste/nutrients on oxidative
stress in obese individuals. The fatty diet and pumpkin seed effect were trialed in the model organism in the
study. The amount of Malondialdehyde (MDA) and total oxidation (TOS) and total antioxidant effect (TAS) and
glutathione-S-transferase (GST) activity in larvae, pupae, and adult of Drosophila melanogaster were calculated
by adding different proportions of PSM (0.05-2 g) and fat (20%) to the diet. According to the data obtained: It
was determined that the period with the highest oxidative stress index (OSI) is the pupae (pupae> larvae>
female> male), the amount of lipid peroxidation (MDA) is higher in females, moreover, the third larvae is the
most resistant stage. The results have shown that waste of seed mambrane can't be useful in vivo as a nutrient
due to usage limitation.

Keywords: Drosophila, glutathione-S-transferase, lipid peroxidation, nuts-pumpkin, oxidative stress index

Yiiksek Yagh Diyetle Beslenen Meyve Sinegi Modelinde Besin Olarak
Kabak Cekirdegi Zarinin Degerlendirilmesi

Oz: Calisma atik olarak geri doniistiiriilebilen ve su tutma oran1 yiiksek olan kabak cekirdegi zar1 (PSM), hedef-
dis1 canlilar agisindan kullanilmasi ve direng olusumuna etkisinin belirlenmesi amaciyla yapilmistir. Beslenme
yoluyla yag alimmin giderek arttigi giiniimiizde, artan yag kullanimi bireyi strese karsi savunmasiz hale
getirmektedir. Obez bireylerde ek alinan atik/besin maddelerinin oksidatif stres {izerindeki etkisi de ¢alisma ile
belirlenmigstir. Caligmada model organizmada yagli diyet ve kabak ¢ekirdegi etkisi denenmistir. Drosophila
melanogaster diyetine %20 yag ve farkli oranlarda PSM (0.05-2 g) eklenerek larva, pupa ve yetiskin bireylerde
Malondialdehit (MDA) ve toplam oksidasyon (TOS) miktari, toplam antioksidan etki (TAS) ve glutatyon-S-
transferaz (GST) aktivitesi hesaplanmistir. Elde edilen verilere gore: Oksidatif stres indeksinin (OSI) en yiiksek
oldugu dénemin pupa (pupa>larva>disi>erkek) oldugu, kadinlarda lipid peroksidasyon (MDA) miktarinin daha
yiiksek oldugu, ayrica ligiincii larva en direngli evre oldugu belirlenmistir. Sonuglar, kullanim smirlamasi
nedeniyle tohum zar1 atiklarinin in vivo besin maddesi olarak yararli olamayacagini gostermistir.

Anahtar Kelimeler: Drosophila, glutatyon-S-transferaz, lipid peroksidasyonu, findik-kabak, oksidatif stres
indeksi

1. Introduction the production-consumption process.
Food products go through many Recently, studies on recycling food waste
stages until they arrive at the table from the = have become important (T6ke and Ergiilen,

field, where various waste can occur during 2020; Giineysu, 2020; Filimonau et al.,
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2021). Making food waste available by
recycling alongside being of alarming size
has set the stage for biological and
biomedical research (Qiu et al., 2019;
Giines, 2020). Determining the availability
of sustainable waste with little physiological
impact on living things in a laboratory
environment is important to solve or reduce
this problem. Pumpkin seeds (Cucurbita
pepo L.) oil and bark are a product used for
herbal treatment in various diseases and as a
feed additive (Syed et al., 2019; Valdez-
Arjona and Ramirez-Mella, 2019; Alshehry,
2020; Majid et al., 2020). While the use of
the pumpkin seed membrane (PSM) is
available in the paper and clothing industry,
there are few studies on the possibility of a
nutritional environment (Giines and Biger
Bayram, 2019).

However, nutrition affects the quality
of life of living as an important factor in the
occurrence of chronic diseases (Bliiher,
2020). Compounds added to standard
nutrients are increasing in proportion to
increased nutrient intake. Excessive fat
intake, especially with diet, has become a
global problem (Gen¢ and Kose, 2019;
Bocharova and Teplyakova, 2020; Saglam
and Soylu, 2019; Bliiher, 2020; Bendor et
al., 2020). Chronic diseases, particularly
obesity, are on the rise because of an
imbalance in the number of calories taken
and calories consumed, with increased work

time and inactivity at home, especially
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during the last COVID-19

pandemic period. A high-fat diet (HFD) has

one-year

been associated with obesity, diabetes, and
heart diseases, it has been stated, which can
increase aging and oxidative stress by
researchers (Alzoubi et al., 2018a; Lorizola
2018; Cormier 2021).

herbal

et al., et al.,

Phytochemical products  and
compounds that have an antioxidant effect,
such as polyphenol, are used to reduce stress
and body weight in living things or to
increase the lifespan (Chen et al., 2017;
Chung et al., 2018; Giines, 2020; Mohamad
et al., 2020; Zhang et al., 2020; Salama et
al., 2020). Therefore, the oxidative stress of
plant  products and the nutritional
relationship with the fatty diet is a current
issue studied by researchers (Koh et al.,
2013; 2015;
Maduagwuna et al., 2020; Uysal ve Celik,

2021). Therefore, the availability of the

Llana-Ruiz-Cabello et al.,

supplemental product needs to be evaluated
well.

Model organisms are organisms from
which biological events and processes can
be easily studied and inferred, without
ethical need (Matthews et al., 2020; Nainu et
al.,2020). In studies of obesity-induced by
oxidative stress in nutrition, in determining
the effectiveness of phytochemicals, they are
used fruit flies as models of human disease
(Drosophila
(Siddique et al., 2005; Hazir et al., 2020).

melanogaster Meigen)

Experimental use of D. melanogaster, which
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contains tissues corresponding to human
tissues, is also increasing in the study of
some diseases (obesity, diabetes) that occur
because of today's dietary habits (Liiersen et
al., 2019; Pogas et al., 2020; Cormier et al.,
2021, 2021). They
in COVID-19

Giines, arc also
considered to be used
treatment and drug production in recent
studies (Nainu et al., 2020).

When evaluating the availability of
pumpkin seed membrane as a nutrient
environment due to its strong water retention
capacity for in vitro studies (Cankaya and
Ozcan, 2017; Syed et al., 2019; Alshehry,
2020), tried determining the effect on
(malondialdehyde-MDA,

oxidative stress

glutathione-S-transferase-GST, total

antioxidant level-TAS, total antioxidant
level-TOS, oxidative stress index-OSI) in
the obese model. Thus, suggestions have
been developed for usage possibilities
according to the resistance of the insect fed

with PSM waste.

2. Material and Method

2.1. Material

In the study, commercial PSM was
received by Pinar nuts, Nevsehir type in
2018-2019. After PSM was sterilized (30—
40 °C), and added to foods without freezing.
D. melanogaster’s strain  (W!/%)  was
incubated in 50 ml falcon tubes with 25 +
2°C and 60%-70% relative humidity, 12/12

hours light/dark photoperiod. The standard
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nutrient medium (SNM: mashed potatoes,

sucrose, dry yeast, agar, nipagin, and
ascorbic acid) prepared for culture food was
used as described by Giines and Biiytikgiizel
(2017). SNM was also wused

as an

experimental diet and as a negative control
group (1).

In the study, palmitic acid (20%,
HFD, positive control group 2) was
dissolved within Tween-80 and added to the
hot SNM (Sun et al., 2010). Trial design
groups; PSM 0.05 g/L (3), PSM 2 g/L (4),
PSM 0.05 g/L + HFD (5), PSM 2 g/L +
HFD (6) consist of these ingredients. The
amount of PSM and HFN use were
determined similar to the previous study
(Giines and Bicer Bayram, 2021). The
(5/1: 100

individuals per bottle under carbon dioxide

females and males about
anesthesia) were taken for the culture, and
they were mated for 48 h and the eggs were
collected after six hours. Flies 1% stage
larvae (100 individuals per bottle) were
inoculated with experimental nutrient design
and grown to the adult stage. 3™ stage
larvae, pupae, and 3-day old virgin adult (20
female/20 male) stages were used for each
trial in the biochemical analysis (lipid
peroxidation product: MDA  amount,
antioxidant enzyme: GST activity, oxidative
stress index: OSI, total antioxidant level and
total oxidation level: TAS / TOS).

extracted  with

Samples  were

homogenization buffer (1.15% potassium
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chloride, 25 mM dipotassium hydrogen
5 mM

phosphate, ethylenediamine
tetraaceticacid, 2 mM phenethylylsulphonyl,
2 mm dithiillotenitol, pH: 7.4) in an
ultrasonic homogenizer at + 4 ° C. MDA
amount (Jain and Levine method, 1995, 532
nm), GST (EC 2.5.1.18) activities (Habig et
al., 1974, 340 nm), and total protein (Folin-
Lowry, 1951, 600 nm) of samples were
measured using a spectrophotometer. TOS
(umol H202 Eq/L) and TAS (mmol Trolox
Eq/L) of samples were measured, and
oxidative stress index (OSI = TOS / TAS)
was determined to the standard formula
(Chen et al., 2017; Erel, 2005; Ozgiin et al.,
2013; Giines, 2021).

The statistical analysis of triplicate
experiments included one-way analysis of
variance (ANOVA) using SPSS software,
followed by the least significant difference
(LSD) test to identify significant differences
between means. "Kruskal-Wallis" test was
used to determine the changes in the stages
of MDA and GST analysis. The significance

of the mean between groups and stages was

evaluated at the level of 0.05.

3. Results

About 0.05 g of PSM has no negative
effects on the development of life, while the
negatively affecting amount (LCso) is 2 g
(Glines and Biger Bayram, 2021) on insect.
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3.1. Experimental Design and
Analyzes

Looking at Table 1; the TOS levels
of insects in the larval stage nutrition on
PSM increased by 0.50 pumol/L in those fed
with 2 g (S.E £0.1) compared to the control
group. The oil addition (HFD + 2 g PSM)
allowed this increase to increase to 2.00
umol/L. When the larval TAS levels were
compared to control, the addition of PSM to
the nutrient saw a severe decrease in total
antioxidant activity from 8 to 0.005 mmol/L.
According to the oxidative stress index, it is
seen that stress starts with one gram of PSM
and is highest at 2 g.

During the pupae stage, it was
determined that oxidation with oil use
increased to 32 umol/L. The insect was
found to be feeding on PSM, causing it to
drop to 1 umol/L. High concentration PSM
and nutrition showed that oxidation
continued at the same rate. Although the
level of antioxidants increased in groups
with no oil used during the same period, the
use of PSM with oil

decrease the level of TAS (1.00 mmol/L).

was observed to

Although the oxidative stress index showed
fluctuations during the pupal period, the
combination of 2 g of PSM and oil allowed
us to rate it as the group with the highest
stress (Table 1).
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Table 1. TOS, TAS, and OSI values during fly developmental periods (standard errors are between 0.01-0.1 and

—

1.5

1.8
0.5
2.0
1.0
2.0
24.5
32.0
1.0
32.0
1.0
32.0
0.5
1.5
3.0
5.5
1.5
8.5
3.5

4.5
7.0
3.0
9.5
8.5

Larvae

(n:20)

Pupae
(n:20)

Female

(n:20)

Male
(n:20)

AN A WD — AWV ER WD~ OW DR WNDEONWVM R WN

TOS activity in females increased by
3-3.5 pumol/L with the use of PSM, has
dropped by as much as 1.5 pmol/L with the
addition of oil. Oxidation at the highest
concentration was determined to increase 8-
fold to 8.5 umol/L. However, TAS activity
was found to be similar in female
individuals with different concentrations of
PSM intake. Oxidative stress index occurs at
normal levels in female individuals in
control groups, whereas feeding with PSM
causes high stress and is even likely to
produce lethal concentration (high oxidative

stress) of HFD + 2 g of PSM (Table 1).

are not displayed in the table; df: 35; P:Significance level

8.0 0.2 *4 and 6 are similar, and
different from others.

9.0 0.2

4.0 0.1

0.1 20.0*

4.0 0.3

0.1 20.0*

2.0 12.3 1,3,4,5 are similar, while

5.0 6.4* others are different.

0.1 10.0

3.0 10.7

0.1 10.0

1.0 32.0%*

0.1 5.0 All groups are different from

0.1 18.8 each other.

0.1 27.3

0.2 324

0.1 12.5

0.2 53.1

1.1 32 All groups are different from

3.6 13 each other.

0.1 70.0

0.4 7.5

0.1 95.0

0.1 106.0

Although PSM increases oxidation in
nutrition relative to TOS activities of the
male individuals seen in Table 1, it has been
stated that oxidation along with fat is
approximately 3 times greater. Because total
antioxidants are not sufficient in male
individuals, OSI values were observed to be
high. Although the oxidative stress index
varied inversely in concentrations in PSM-
fed men, the intake of PSM combined with
high fat increased

stress, resulting in

reduced vitality and high oxidative stress.
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Figure 1. The adults antioxidant-resistance enzyme (A) and lipid peroxidation (B) during development stages,

P> 0.05 (Kruskal-Wallis test)

According to Figure 1B, the amount
of lipid peroxidation formed by larvae in the
high-fat diet group was found to be the same
as in the control group. Because of this
result, PSM intake along with HFD for
insects in the larval stage reduces the rate of
lipid peroxidation. During the pupal stage,
there are fluctuations in the amount of
peroxidation, but it appears to increase the
amount of MDA 5-9 times because of
nutrition additional PSM to the fatty diet.
While oxidation in the body fat of female
individuals increased because of the amount
of PSM, it was determined that with the use
of fat this rising increased even higher,
increasing of 0.87 £ 0.1 nmol/mg protein in
the highest concentration of 2 g PSM +
HFD. In male individuals, the use of PSM +
fat  was determined not to affect
peroxidation, although statistically similar
results were achieved with control.

If MDA analysis is interpreted
between stages (Figure 1B); while the

peroxidation of the pupae and female
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individuals in the use of fat is excessive, the
use of 0.05 g PSM does not appear to be
effective between stages. There appears to
be no change in female and male individuals
despite reducing the amount of high fat
intake MDA during the larval and pupal
stage along with. The high amount of MDA
in pupae and female individuals in high
PSM groups indicates that females are more
susceptible to oxidation. According to
Figure 1A; Using PSM in the larval stage
has decreased the resistance enzyme. With
the addition of the high-fat diet, GST
activity was further reduced, even dropping
from 13.40 to 0.75 £ 0.1 (nmol/mg
protein/min). During the pupal stage, pups in
the HFD group were found to be about 2
times more resistant than control when
comparing the resistance enzymes of insects
to the control group. The resistance of pupae
normalizes with increasing concentrations of
PSM; GST activity decreased to 0.27 + 0.1
(nmol / mg protein / min) in pupae fed with

increasing concentrations of HFD + PSM.
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GST activity has increased up to the use of 2
g PSM in females. However, individuals
without nonresistant have formed. In men,
resistance was not seen except for those who
were fed only 2 g PSM.

If GST activity 1is interpreted
between stages (Figure 1A); under normal
conditions, it was found to be the most
resistant stage (pupae< female < male <
larvae) larval stage. With high fat intake, the
resistance of the pupae phase appears to be
increasing. However, in other stages (larval,
female, male) resistance was reduced. The
most resistant larvae in feeding at 0.05 g
PSM were seen in females in the second.
Besides fat intake, those fed 0.05 g PSM
were determined to have greater GST
activity in the larval and pupae stages. At 2
g, pupae and male individuals had the most
GST activity. However, it was determined
that the high-fat diet reduces resistance in
stages or even reduces to amount to be

called absent in male individuals (0.05

nmol/mg protein/min).

4. Discussion

Reactive oxygen species (ROS)

transporting

of

cause oxidative stress

by
molecular oxygen from the attack
unshared pairs of electrons; thus, fats,
macromolecules such as proteins increase
oxidation and to

total in  peroxide,

Drosophila the toxic effect. (Guan et al.,
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2017; Colak and Uysal, 2018). Cellular
oxidative damage is tried to be balanced
with antioxidants taken from outside with
cellular or nutrition. However, where the
TAS mechanism is insufficient, a different
response to stress (TAS <TOS, TAS = TOS,
TAS> TOS) can be generated (Giines, 2016
b). The of

carbohydrates, vitamins found in the diet is

amount fat, protein,
as important in terms of removing tissue
damage as the life parameters of insects
(Adler and Bonduriansky, 2014; Unckless et
al., 2015; Gilines, 2016a). The number of
amino acids and proteins in flies fed rich
nutrients by fatty diets can be reduced by
being affected (Heinrichsen et al., 2014). So,
experiments are planned considering the
creation of obese model individuals. Our
study shows that oxidative stress in the
larval stage is highest at 2 g. In the pupae
stage, 2 g of PSM taken with a high-fat diet
was identified as the group with the highest
stress. Holometabolic insects feed in the
larval and adult stages, the oxidative stress
index is in the form of larvae < pupae< adult
(Glines, 2016b). Female individuals are
normally known to be oxidated individuals
due to mating and egg production (Le Goff
et al., 2006). Although virgin females were
used in the study; according to OSI, it is
determined that it causes high stress by
feeding females with PSM and is even likely
to produce fatal effects (high oxidative
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stress) of HFD + 2 g PSM (Table 1). Male
individuals appear to have high OSI values
because total antioxidants are not sufficient.
According to OSI, the nutrition of males
with PSM varies inversely depending on
concentration, but the intake of fat and PSM
caused high oxidative stress, resulting in
reduced vitality in individuals.

Antioxidant enzymes in Drosophila;
(SOD, E.C. 1.15.1.1), (CAT, E.C. 1.11.1.6),
(GSH, E.C. 2.5.1.18), Glutathione reductase
(E.C. 1.8.1.10), GST, Disulfite reductase
(E.C. 1.8.1.14), Methionine
reductase (E.C. 1.8.4.12),
peroxidase (E.C. 1.11.1.15) (Missirlis et al.,
2003; Giines, 2016a and b). For example, in
some studies, it was reported that CAT and

sulfoxide

Thioredoxin

GR amounts decreased and GST activity
changed in Drosophila due to xenobiotics
and aging (Durusoy et al., 1995; Fiskin and
Asma, 1996; Yesilada and Gelegen, 2000).
It has been reported that the larvae are
prevented from pupation because of not only
chemicals or aging but feeding and the
amount of lipid may increase in adult
individuals in case of starvation, or dietary
carbohydrate change may cause oxidative
stress in the insect. Low unsaturated dietary
fats may increase the amount of MDA (De
Moed et al.,, 1999; Jordens et al., 1999;
Sisodia and Sing, 2012; Giines, 2016b). The
study found that the uptake of HFD and
PSM in the larval stage decreased the

amount of MDA while increasing the pupal
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stage by 5-9 times; while the amount of
MDA due to the amount of PSM in females
increased, the increase with the use of fat
was seen to be even greater. In males,
however, the use of PSM + oil was
determined not to affect peroxidation.
(Figure 1B). Adult individuals of 3—7 days
are preferred for biochemical analyses. (Qiu
et al., 2019). The three-day study of adults
specifically determined that females were
more open to lipid peroxidation than males
(Figure 1B).
Pumpkin is a plant known as
antioxidant effects (Nkosi et al., 2006; Perez
2016).

L.

Gutierrez, Chenopodium

ambrosioides plant extracts can
negatively affect Drosophila development
and resistance (Wohlenberg and Lopes-da
Silva, 2009). Which is more common in
older and resistant individuals GST is a
detoxifying enzyme and resistance enzyme
(Piccoli et al., 2019). Using 10 mg of plants
such as Mangifera indica causes GST
activity to decline in Drosophila (Etuh et al.,
2019). It can cause an increase or decrease
in GST activity depending on the
experimental model and the texture analyzed
(Piccoli et al., 2019). In this study was found
that while resistance decreased with the use
of oil and PSM in the larval stage, GST
activity decreased because of nutrition with
HFD + PSM despite the formation of
resistant individuals at the pupal stage. In

female individuals, nutrition with PSM in
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addition to the standard diet increased
resistance, and the use of fat led to the
formation of nonresistant individuals. With
nutrition in males saw a decrease in the
amount of GST. While GST activity is in the
form of pupae< female < male < larvae
among stages, it appears to reduce resistance
in the pupae in another stage with high fat
intake. High PSM nutrition, on the other
hand, was found to be the most GST activity
in pupae and male individuals but reduced
resistance in the HFD stages (Figure 1A).
GST activity is considered a biomarker of
toxicity for environmental pollutants (Liu et
al., 2015). While GST activity is excessive
the it the

in larvae,

(Vorojeikina et al., 2017).

supports study

There has been growing interest in
clarifying the role of nutritional habits in the
nervous system in studies of inferences with
model organisms. It appears that increased
HFD and refined sugar-rich diet can reduce
cognitive function because of changing
dietary habits. Also, there is an increasing
interest in antioxidant functional foods and
treatments (Alzoubi et al., 2018b). The
addition of apple pulp to nutrients was found
to be beneficial against oxidative stress and
liver damage in mice whose obesity model
was created over 30 days with HFD (Chen et
al., 2017). Continuing to feed mice with
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additional pineapple vinegar (produced from
pineapple waste) to the HFD diet is known
to lower cholesterol levels, lower blood
glucose levels, increase antioxidant levels
(Mohamad et al., 2020). Nephelium
lappaceum L. shell waste added to the diet
of obese individuals fed HFD is used to treat
the damage caused by oxidative stress
(Chung et al., 2018). While studies have
shown that food waste can be useful in
nutrition or in vivo as a nutrient
environment, our study has not seen the
same effect.

Conclusion

With high water retention capacity,
PSM has been determined that high amounts
cannot be tolerated by the insect, with small
amounts of mixing of HFD-fed flies into the
dietary environment increasing the insect's
oxidative stress. Thus, although it was
considered inappropriate to use PSM in the
creation of

a laboratory-fattening

environment, it was believed that the
resilient larval universe could be used in low
quantities of PSM in designs as an
experimental obesity model.
Acknowledgment
The study was produced from the

second author's master's thesis.



Giines and Bicer Bayram, October (2021) 47 (2): 168-180

References

Alshehry GA (2020). Preparation and nutritional properties of cookies from the partial
replacement of wheat flour using pumpkin seeds powder. WJEB 9(2): 48-56.

Alzoubi KH, Hasan ZA, Khabour OF, Mayyas FA, Al Yacoub ON, Banihani SA, Azab MA,
Alrabadi N (2018a). The effect of high-fat diet on seizure threshold in rats: role of
oxidative stress. Physiol behav 96: 1-7.

Alzoubi KH, Mayyas FA, Mahafzah R, Khabour OF (2018b). Melatonin prevents memory
impairment induced by high-fat diet: role of oxidative stress. Behav Brain Res 336: 93—
98.

Bendor CD, Bardugo A, Pinhas-Hamiel O, Afek A, Twig G (2020). Cardiovascular
morbidity, diabetes and cancer risk among children and adolescents with severe obesity.
Cardiovas Diabetol 19(1): 1-14.

Bliiher M (2020). Metabolically healthy obesity. Endocr Rev 41 (3): 405-420.

Bocharova OV, Teplyakova ED (2020). Children and adolescents’ obesity is the 21st century
health problem. Kazan Med Journal 101(3): 381-388.

Chen L, LiuL, Li C, Hu C, Su F, Liu R, Zeng M, Zhao D, Liu J, Guo Y, Long J (2017). A
mix of apple pomace polysaccharide improves mitochondrial function and reduces

oxidative stress in the liver of high-fat diet-induced obese mice. Mol Nutr Food Res
61(3): 1600433.

Chung AP, Gurtu S, Chakravarthi S, Moorthy M, Palanisamy UD (2018). Geraniin protects
high-fat diet-induced oxidative stress in Sprague Dawley rats. Front Nutr 5: 17.

Cormier RJ, Strang R, Menail H, Touaibia M, Pichaud N (2021). Systemic and mitochondrial
effects of metabolic inflexibility induced by high fat diet in Drosophila melanogaster.
Insect Biochem Mol Biol 103556.

Cankaya N, Muciz O (2017). A new functional additive obtamed by using jet pulse filters:
pumpkin seed membrane. International Congress on Medicinal and Aromatic Plants
(Tabkon), 343, Konya/Turkey.

Colak DA,Uysal H (2018). Evaluation of the lifespan of fruit fly Drosophila melanogaster
exposed to dioxins. Agric Nat 21(5): 715.

De Moed GH, Kruitwagen CLIJJ, De Jong G, Scharloo W (1999). Critical weight for the
induction of pupariation in Drosophila melanogaster: genetic and environmental
variation. J Evol Biol 12(5): 852—858.

Durusoy M, Diril N, Bozcuk AN (1995). Age-related activity of glutathione S-transferase in
three different genotypes of Drosophila melanogaster. Turkish J Biol 19: 337-342.

Erel O (2005). A new automated colorimetric method for measuring total oxidant status. Clin
Biochem 38(12): 1103—1111.

Etuh MA, Aguiyi JC, Ochala SO, Simeon O, Oyeniran OI, Oshibanjo OD, Pam D (2019). The
In vivo antioxidant protective activity of Mangifera indica cold aqueous leaf extract in
Drosophila melanogaster. J Adv Biol Biotechnol 22(2): 1-7.

Filimonau V, Nghiem VN, Wang LE (2021). Food waste management in ethnic food
restaurants. Int J Hosp Manag 92: 102731.

177



Evaluation of the Pumpkin Seed Membrane as a Nutrient in the Fruit Fly Model, Fed With High Fat Diet

Fiskin K, Asma D (1996). Drosophila melanogaster Oregon (OR), yabanil tipi (wt) ve
vestigial (vg) mutantinin 6miir uzunluklarinin karsilastirilmasi. Antioksidatif enzimlerin
ve ACE vitamin kompleksinin yaslanma ile iliskisi. Turkish J Biol 20: 99—110.

Geng C, Kose B (2019). Obesity and Impulsivity. Baskent University Faculty of Health Sci J
4(2): 95-104.

Guan XL, Wu PF, Wang S, Zhang JJ, Shen ZC, Luo H, Chen H, Long LH, Chen JG, Wang F
(2017). Dimethyl sulfide protects against oxidative stress and extends lifespan via a

methionine sulfoxide reductase A-dependent catalytic mechanism. Aging Cell 16(2):
226-236.

Giines E, Buyukguzel E (2017). Oxidative effects of boric acid on different developmental
stages of Drosophila melanogaster Meigen, 1830 (Diptera: Drosophilidae). Turk
Entomol Derg 41(1): 3—15.

Giines E (2020). Extended longevity of Drosophila melanogaster by natural waste Citrullus
lanatus seed. IJEPEM 3(4): 144—146.

Giines E (2021). Antioxidant effects of ankaferd blood stopper doped polyvinyl pyrolidon in
an experimental model created in insect. Food Chem Toxicol 148: 111935.

Gilines E, Biger Bayram $ (2021). Determining the effect of pumpkin seed membrane on
survival, development longevity in animal model. KSU Agric Nat (accepted and in
string).

Giines E (2016a). Drosophila in food and nutrition studies. KSU Agric Nat 19(3): 236-243.

Giines E (2016b). The effect of quinoa (Chenopodium quinoa Willd.) on the total oxidative
stress Drosophila melanogaster Meigen (Diptera: Drosophilidae. KSU Agric Nat 19(3):
261-267.

Giines E, Biger Bayram S (2019). Kabak cekirdegi zarinin m vivo kullanimi. ganud
international conference on gastronomy. Nutrition And Dietetics 303-310,
Gaziantep/Turkey.

Gilineysu S (2020). Change of domestic food waste and packages in COVID-19 process in
Istanbul]. National Environ Sci Res J 3(4): 175-180.

Habig WH, Pabst MJ, Jakoby WB (1974). Glutathione S-transferases: the first enzymatic step
in mercapturic acid formation. J Biol Chem 249(22): 7130-7139.

Hazir C, Bora G, Yurter HE (2021). Drosophila melanogaster Model in neurodegenerative
disease research]. UUJFE 46(2): 237-245.

Heinrichsen ET, Zhang H, Robinson JE, Ngo J, Diop S, Bodmer R, Joiner WJ, Metallo CM,
Haddad GG (2014). Metabolic and transcriptional response to a high-fat diet in
Drosophila melanogaster. Mol Metab 3(1): 42-54.

Jain SK, Levine SN (1995). Elevated lipid peroxidation and vitamin E-quinone levels in heart
ventricles of streptozotocin-treated diabetic rats. Free Radic Biol Med 18(2): 337-341.

Jordens RG, Berry MD, Gillott C, Boulton AA (1999). Prolongation of life in an experimental
model of aging in Drosophila melanogaster. Neurochem Res 24(2): 227-233.

Koh T, Machino M, Murakami Y, Umemura N, Sakagami H (2013). Cytotoxicity of dental
compounds towards human oral squamous cell carcinoma and normal oral cells. In Vivo
27(1): 85-95.

178



Giines and Bicer Bayram, October (2021) 47 (2): 168-180

Le Goff G, Hilliou F, Siegfried BD, Boundy S, Wajnberg E, Sofer L., Audant P, Hffrench-
Constant R, Feyereisen R (2006). Xenobiotic response in Drosophila melanogaster: sex
dependence of P450 and GST gene induction. Insect Biochem Mol Biol 36(8): 674—682.

Liu H, He J, Zhao R, Chi C, Bao Y (2015). A novel biomarker for marine environmental
pollution of pi-class glutathione S-transferase from Mytilus coruscus. Ecotoxicol
Environ Saf 118: 47-54.

Llana-Ruiz-Cabello M, Gutiérrez-Praen D, Puerto M, Pichardo S, Jos A, Camean AM (2015).
In vitro pro-oxidant/antioxidant role of carvacrol, thymol and their mixture in the
intestinal Caco-2 cell line. Toxicol In Vitro 29(4): 647-656.

Lorizola IM, Furlan CP, Portovedo M, Milanski M, Botelho PB, Bezerra R, Capitani CD
(2018). Beet stalks and leaves (Beta vulgaris L.) protect against high-fat diet-induced
oxidative damage in the liver in mice. Nutrients 10(7): 872.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951). Protein measurement with the folin
phenol reagent. J Biol Chem 193: 265-275.

Liiersen K, Réder T, Rimbach G (2019). Drosophila melanogaster in nutrition research—the
importance of standardizing experimental diets. Genes Nutr 14(1): 1-5.

Maduagwuna CA, Omale S, Etuh MA, Gyang SS (2020). Antioxidant activity of nHexane
extract of Caryota no seed using Drosophila melanogaster model. J Advan Biol
Biotechnol 39-47.

Majid AK, Ahmed Z, Khan R (2020). Effect of pumpkin seed oil on cholesterol fractions and
systolic/diastolic blood pressure. Food Sci Technol (AHEAD) 40(3): 769—777.

Matthews BJ, Vosshall LB, Dickinson MH, Dow JA (2020). How to turn an organism into a
model organism in 10 ‘easy’steps. J Exp Biol 223(Suppl_1).

Missirlis F. Rahlfs S, Dimopoulos N, Bauer H, Becker K, Hilliker A, Phillips JK, Jickle H
(2003). A putative glutathione peroxidase of Drosophila encodes a thioredoxin

peroxidase that provides resistance against oxidative stress but fails to complement a
lack of catalase activity. J Biol Chem 384(3): 463—472.

Mohamad NE, Yeap SK, Ky H, Liew NWC, Beh BK, Boo SY, Ho WY, Sharifuddin SA,
Long K, Alitheen NB (2020). Pineapple vinegar regulates obesity-related genes and
alters the gut microbiota in high-fat diet (HFD) C57BL/6 obese mice. Evid Based
Compl Altern Med 1257962: 1-13.

Nainu F, Rahmatika D, Emran TB, Harapan H (2020). Potential application of Drosophila
melanogaster as a model organism in COVID-19-related research. Front Pharmacol 11:
1415.

Nkosi CZ, Opoku AR, Terblanche SE (2006). Antioxidative effects of pumpkin seed
(Cucurbita pepo) protein isolate in CCl4-Induced liver injury in low-protein fed rats.
PUBDB 20(11): 935-940.

Ozgiin E, Ozgiin GS, Eskiocak S, Yal¢in O, Gékmen SS (2013). Effect of L-carnitine on
serum paraoxonase, arylesterase and lactonase activities and oxidative status in
experimental colitis. Turk J Biochem 38(2):145—153.

Perez Gutierrez RM (2016). Review of Cucurbita pepo (pumpkin) its phytochemistry and
pharmacology. Med Chem 6(1): 12-21.

Piccoli BC, Segatto ALA, Oliveira CS, da Silva FDA, Aschner M, Da Roch JBT (2019).
Simultaneous exposure to vinylcyclohexene and methylmercury in Drosophila

179



Evaluation of the Pumpkin Seed Membrane as a Nutrient in the Fruit Fly Model, Fed With High Fat Diet

melanogaster: biochemical and molecular analyses. BMC Pharmacol Toxicol 20(1): 1-
17.

Pocas GM, Crosbie AE, Mirth CK (2020). When does diet matter? The roles of larval and
adult nutrition in regulating adult size traits in Drosophila melanogaster. J Insect
Physiol 104051.

Qiu S, Wang S, Xiao C, Ge S (2019). Assessment of microalgae as a new feeding additive for
fruit fly Drosophila melanogaster. Sci Total Environ 667: 455-463.

Saglam O, Soylu Y (2019). Investigation of the relationship between childhood traumas and
adult obesity due to child rearing styles. Turk J Social Work 3(2): 136—150.

Salama AA, Ismael NM, Bedewy M (2020). The anti-inflammatory and antiatherogenic in
vivo effects of pomegranate peel powder: from waste to medicinal food. J Med Food
24(2): 145-150.

Siddique HR, Chowdhuri DK, Saxena DK, Dhawan A (2005). Validation of Drosophila
melanogaster as an in vivo model for genotoxicity assessment using modified alkaline
Comet assay. Mutagenesis 20(4): 285-290.

Sisodia S, Singh BN (2012). Experimental evidence for nutrition regulated stress resistance in
Drosophila ananassae. PloS One 7(10): e46131.

Sun X, Seeberger J, Alberico T, Wang C, Wheeler CT, Schauss AG, Zou S (2010). Acai palm
fruit (Euterpe oleracea Mart.) pulp improves survival of flies on a high fat diet. Exp
Gerontol 45(3): 243-251.

Syed QA, Akram M, Shukat R (2019). Nutritional and therapeutic importance of the pumpkin
seeds. Biomedical Journal of Scientific & Technical Research 21(2): 15798—15803.

Toke LB, Ergiilen A (2020). Approaches to solve the waste problem caused by globalization.
Cukurova Universitesi IBBF Derg 24(2): 201-215.

Unckless RL, Rottschaefer SM, Lazzaro BP (2015). The complex contributions of genetics
and nutrition to immunity in Drosophila melanogaster. PLoS Genet 11(3): 1-26.

Uysal H, Celik H (2021). Determination of in vivo chronic effects of astaxanthin in different
strains of Drosophila melanogaster. GUFBED 11(1): 135-146.

Valdez-Arjona LP, Ramirez-Mella M (2019). Pumpkin waste as livestock feed: Impact on
nutrition and animal health and on quality of meat, milk, and egg. Animals 9(10): 769.

Vorojeikina D, Broberg K, Love TM, Davidson PW, van Wijngaarden E, Rand MD (2017).
Editor's highlight: glutathione S-transferase activity moderates methylmercury toxicity
during development in Drosophila. Toxicol Sci 157(1): 211-221.

Wohlenberg VC, Lopes-da-Silva M (2009). Effect of Chenopodium ambrosioides L.
(Chenopodiaceae) aqueous extract on reproduction and life span of Drosophila
melanogaster (Meigen) (Diptera: Drosophilidae). Bioscience 25(6): 129—132.

Yesilada E, Gelegen L (2000). The effect of cadmium nitrate on the longevity of Drosophila
Melanogaster. Turk J Biol 24(3): 593—-600.

Zhang J, Liu X, Pan J, Zhao Q, Li Y, Gao W, Zhang Z (2020). Anti-aging effect of brown
black wolftberry on Drosophila melanogaster and D-galactose-induced aging mice. J
Funct Foods 65: 103724.

180



S.U. FEN FAKULTESI FEN DERGISi . Ekim(2021) 47(2), 181-191

DOI: 10.35238sufefd.997787
Arastirma Makalesi

Endemik Cousinia aucheri DC. (Ince Kizan) Uzerine Anatomik,
Palinolojik ve Mikromorfolojik Arastirmalar

Gelis (Recieved) :20/09/2021

SE LC UK Kabul (Accepted) :19/10/2021

UNIVERSITESI

Bayram ATASAGUN", Deniz ULUKUS?, Osman TUGAY?

*Sorumlu yazar: bayram.atasagun@selcuk.edu.tr

! Selcuk Universitesi, Saghk Hizmetleri MYO, Tibbi Hizmetler ve Teknikler Boliimii, KONYA
Orcid No: 0000-0003-0097-5695 / bayram.atasagun@selcuk.edu.tr

2 Selcuk Universitesi, Fen Fakiiltesi, Biyoteknoloji Béliimii, KONYA
Orcid No: 0000-0002-9627-5492 / dulukus@selcuk.edu.tr

3 Selguk Universitesi, Eczacilik Fakiiltesi, Farmasotik Botanik Anabilim Dali, KONYA
Orcid No: 0000-0003-3980-7648 / otugay@selcuk.edu.tr

Oz: Cousinia, Asteraceae’deki en biiyiik cinslerden biridir, Giineybati ve Orta Asya’da 700 tiir icermektedir.
Cousinia seksiyonu Tiirkiye’de 23 tiir ile temsil edilmektedir. Cousinia’nin taksonomisi tartigmalidir. Anatomi
ve polen morfolojisinin kullanilmasi, tiirlerin tanimlanmasi ve sinirlandirilmasi i¢in faydali bir arag
olabilmektedir. Bu nedenle bu c¢alismada Cousinia aucheri DC’nin anatomik, palinolojik ve aken
mikromorfolojik 6zelliklerini arastirmay1 ve Cousinia’nin sistematigine katki saglamay1 amagladik. Anatomik
caligmalar i¢in govde, yaprak ve orta damar kesitlerinde parafin yontemi kullanildi. Palizat parankima sayisi,
orta damarin sekli, damar demetlerinin sayis1 ve diizenlenisinin dnemli taksonomik bilgiler sagladigi belirlendi.
Polen preparatlar1 Wodehouse yontemine gore hazirlandi. Polen taneleri trikolporat aperture ve verrukat
siislemeye sahip oldugu belirlenmistir. Ayrica akenlerin morfolojik ve mikromorfolojik 6zellikleri arastirilmis ve
ylizey siislemelerinin retipilat oldugu tespit edilmistir.

Anahtar Kelimeler: Anatomi, Asteraceae, Cousinia, Polen, Tirkiye

Anatomical, Palynological and Micromorphological Studies on Cousinia
aucheri, an Endemic Species

Abstract: Cousinia is one of the largest genera in the Asteraceae and includes 700 species in Southwest and
Central Asia. The section Cousinia is represented by 23 species in Turkey. The taxonomy of Cousinia is
contentious. The use of anatomy and pollen morphology can be a useful tool for species identification and
delimitation. Therefore in this study, we aimed to investigate the anatomical, palynological and achene
micromorphological characteristics of Cousinia aucheri DC. and to contribute to the systematics of Cousinia in
this study. Paraffin method was used on stem, leaf and midrib sections for anatomical studies. It was determined
that the number of palisade parenchyma, the shape of the midrib, the number and arrangement of the vascular
bundles provide important taxonomic information. The pollen slides were prepared according to Wodehouse
method. The pollen grains have tricolporate aperture and verrucate ornamentation. Furthermore, the
morphological and micromorphological features of the achenes were investigated and their surface ornaments
were found to be retipilate.

Keywords: Anatomy, Asteraceae, Cousinia, Pollen, Turkey

1. Giris cinslerinden sonra Cousinia Asteraceae
Cousinia  (Asteraceae) Cardueae familyasinin ~ {cilincli  bliylik  cinsidir
tribusunun en biyiik cinsidir. Vernonia (Rechinger, 1986; Susanna ve Garcia-Jacas,

Schreb. (1000 tiir) ve Senecio (1500 tiir) 2007). Bu cins Orta ve Bat1 Asya’da yayilis
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gosteren 700 tirle temsil edilmektedir.
Cousinia, Iran-Turan bélgesi igin tipik bir
cinstir ve yiiksek oranda endemik tiire
sahiptir (Djamali ve ark., 2012). Giineybati
Asya’daki 400 Cousinia tiirinden 379’u
endemiktir ve Iran, Afganistan ve
Tirkmenistan’in daglik bolgelerinde yayilis
gostermektedir (Rechinger, 1986; Knapp,
1987). Giliney-Bat1 Asya ve Orta Asya’daki
Cousinia cinsi ig¢in sekiz ana tiir g¢esitliligi
merkezi tanimlanmistir. Tir ¢esitliliginin en
onemli merkezi, Orta Asya’daki Pamir-Alay
dag silsilesinde bulunmaktadir (Knapp,
1987).

Turkmenistan’daki

fran’in  Kuzey-Dogu ve Giiney
Horasan-Kopetdag
floristik bolgesi, 70’1 bolgeye endemik
olmak iizere yaklasik 100 tiiriin yasadigi
Cousinia’nin  ikinci O6nemli biyogesitlilik
merkezi kabul

(Rechinger, 1972, 1979).

olarak edilmektedir

Cousinia monofiletik degildir ve

Arctium  cinst  ile  Arctium-Cousinia
kompleksini igerir.

Cinsteki zayif filogenetik ayrim

nedeniyle (muhtemelen karakter
eksikliginden, bu tiir agisindan zengin ve
nispeten gen¢ soydaki yiikksek takson
sayisindan dolay1) Cousinioid klanindaki
tirlesmenin esas olarak allopatrik oldugu
one

ark., 2009).

striilmiistiir  (Lopez-Vinyallonga ve

Cousinia cinsi diinyada 70 seksiyona
ayrilmistir ve bunlarin en biiyiigi 89 tiirle
seksiyonudur

Cynaroideae Bunge
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(Rechinger, 1986). Cousinia cinsi Tiirkiye

Florasi'nda  Huber-Morath tarafindan
yazilmistir. Tirkiye’de bu cins 6 seksiyon
icerisinde toplam 38 tiir ile temsil
edilmektedir ve bunlarin 26’s1 endemiktir.
Tiirkiye bitkileri listesine gore ise tilkemizde
39 tir oldugu tespit edilmistir (Tugay,
2012). Yeni tamimlanan tiir ile birlikte
Tiirkiye’de Cousinia cinsinin takson sayisi
40’a ulagmustir. Cousinia seksiyonu 20’si
23 temsil

2019).

endemik, toplam tiirle

edilmektedir ve ark.,

(Tugay
Seksiyon tiyelerinin Tiirkiye’deki tiirleri ¢ok
yillik tiirlerdir ve ¢ogunlukla kuru yamaglar,
serpantin tepeler ve step alanlarda yayilis
gostermektedir (Huber-Morath, 1975).

Cinsdeki morfolojik

genis
degiskenlik nedeniyle, Cousinia taksonomisi
karmasik ve tartismalidir (Mehregan ve
Assadi, 2016; Mabberley 2018). Ancak,
polen  morfolojisi, onemli tiirlerin
siirlandirilmasinda faydali olabilmektedir
ve mevcut durumda kapsamli palinolojik
caligmalar yiiriitilmektedir (Djamali ve ark.,
2012; Dehghani ve ark., 2017, Atazadeh ve
ark., 2020). Boylece polen morfolojisine
dayanan Schtepa (1966, 1976), Kuprianova
ve Tscherneva (1982) ve Susanna ve ark.
(2003), Arctiastrum ve Cousinia cinsinde iki
farkli polen tipi tanimlamislardir. Cousinia
polen tipi, trikolporat ve eliptik-oblong veya
uzun polar eksenli sferoidaldir (Atazadeh ve
ark., 2020). Ayrica, Attar ve ark. (2004),

Cousinia’nin Serratuloideae seksiyonuna ait



Endemik Cousinia aucheri DC. (Ince Kizan) Uzerine Anatomik, Palinolojik ve Mikromorfolojik Arastirmalar

14 tirle olduklar1 anatomik

yapmis
calisgmada orta damar sekline ve yaprak
yapisina gore bu tiirlerin taksonomik olarak
Tiirlerin

ayrilabilecegini  belirtmislerdir.

tanimlanmasi ve sinirlandirilmasi,
seksiyonal siniflandirma ve Cousinia cinsi
i¢indeki tiirler arasindaki iligkiler, molekiiler
arastirmalardan sonra bile tam olarak
acikliga kavusturulamamistir (Susanna ve
ark., 2003; Ghaffari ve ark., 2006; Lopez-
Vinyallonga ve ark., 2009; Mehregan ve
Assadi, 2016). Bu nedenle bu caligmada,
simdiye kadar anatomik, palinolojik ve
mikromorfolojik 6zellikleri belirlenmemis

olan C. aucheri turinin bu Ozelliklerini

belirlemeyi ve bu karakterlerin cinsin
taksonomisinde kullanilmasina katki
saglamay1 amacladik.

2. Materyal ve Metot

Bu c¢alismada kullanilan  bitki
ornekleri asagida belirtilen lokaliteden
toplanmustir;

B7 Elazig; Baskil, Sangil Koyt,
step, 1680 m, 30.07.2021, B. Atasagun -
1113, D. Ulukus & O. Tugay (Sekil 1).

Anatomik ¢aligmalarda kullanmak
amaciyla bitkinin gévde ve yapraklarindan
ornekler alinarak % 70’lik alkol bulunan
Daha sonra bu

siselerde  saklanmuistir.

orneklere ait govde, yaprak ve orta damarlar
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(midrib) kiiciik pargalara ayrilip, parafin

yontemiyle mikrotomla 8-10 pum
kalmhiginda enine  kesitler — alimustir
(Johansen, 1940). Kesitler ikili boyama
(safranin-fast green) yoOntemine  gore
boyanmigtir ve sabit preparat haline
getirilmistir  (Vardar, 1987). Sabit
preparatlar Leica DM750 marka 151k
mikroskobunda  fotograflart  ¢ekilerek

incelenmis ve Olctimleri yapilmistir.
Palinolojik arastirmalar igin, bitkinin
ciceklerinden alinan polenler kullanilmis ve
Woodehouse Yontemi (1935) ile preparatlar
hazirlanmigtir. Leica DM750 marka 151k
mikroskobu vasitasiyla ortalama 30 polene
ait palinolojik karakterler Ol¢lilmiistiir.
Polenlerin yiizey siislemesini daha detayl
incelemek amaciyla SEM  goriintiileri
almmustir. Bitki tiirlerinin polen morfolojisi
analizleri, c¢esitli

ve suslemesi

ylzey
kaynaklardan faydalanilarak belirlenmistir
(Faegri ve Iversen, 1989; Punt ve ark., 2007;
Hesse ve ark., 2009).

Aken, en ve boy uzunluklarinm
belirlemek i¢in ortalama 20 adet Ol¢liim

Tohum suslerinin

ylzey

belirlenmek amaciyla SEM fotograflari

yapilmigtir.

kullanilmistir. Tohum yiizey siisleri analizi

Stearn  (1983)’in  terminolojisine  gore

yapilmistir.
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3. ARASTIRMA SONUCLARI

3.1. Anatomik Bulgular

C.
kesitinde; en dista koruyucu doku olarak tek

aucheri’nin  gbvde  enine

sirali  epidermis tabakasi bulunmaktadir.

Epidermis hiicreleri dikdortgenimsi
hiicrelerden meydana gelmis olup hiicre
boyutlar1 6.52-31.9 x 9.76-19.32 pm’dir.
Epidermis hiicrelerinin iizerinde kiitikula
tabakas1 bulunmaktadir. Epidermis
tabakasinin altinda 7-8 sirali dortgen, besgen
ve oval sekillere sahip korteks parankimasi
bulunmaktadir. Yogun bir sekilde dizilmis
10-15 sirali hiicrelerden olusan 61.34-238.19
X 67.43-125.61

pm boyutlarinda

Sekil 1. Cousinia aucheri’nin A. Habitat B. Kapitula goriiniimii

sklerenkima tabakasi yer almaktadir. fletim
demetleri govde eksenine paralel olarak
dizilmistir. Floem tabakas1 yogun kiiciik
hiicrelerden meydana gelmis olup boyutlar
22.24-264.25 x 35.86-162.8 pm’dir. Floem
ile ksilem arasinda 4-5 sirali kambiyum
tabakas1 goze ¢arpmaktadir. Merkezi kisma
dogru trake hiicreleri dortgenimsi ve oval
hiicrelerden meydana gelmis olup boyutlar
8.25-44.91 x 7.88-41.97 pum’dir. Demetler
arasinda 4-5 sirali 6z kollar1 yer almaktadir.
Merkezde ise besgen sekilde hiicrelerden
meydana gelmis, iyi gelismis bir 6z bolgesi

bulunmaktadir (Sekil 2).

Sekil 2. Cousinia aucheri’nin gévde enine kesiti o
(E: Epidermis, Ko: Korteks, Sk: Sklerenkima, F: Floem, Ka: Kambiyum, K: Ksilem, Ok: Oz Kollar)
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Yapraktan alinan enine kesitte; iist ve

alt kisimda tek sirali diizenli dizilmis
dikdortgenimsi hiicrelerden olusan
epidermis tabakasi yer almaktadir. Ust

epidermis hiicreleri alt epidermis hiicrelerine
gore daha biiyiiktiir ve boyutlar1 9.54-18.74
x 12.09-28.2 um arasinda degigsmektedir. Alt
epidermisin hiicre boyutlar1 9.28-14.10 x
10.06-13.73 um arasindadir. Ust epidermis
ve alt epidermis arasinda kalan mezofil
dokusu parankimatik 6zellikte olup palizat-
siinger-palizat seklinde siralanmustir. Ust
taraftaki palizat hiicreleri iki sirali, bol
kloroplastli ve silindirik sekilli hiicrelerden
meydana gelmis olup, hiicre boyutlar1 6.88-
10.35 x 22.23-31.24 um arasindadir. Siinger
parankimasi hiicreleri ise diizensiz sekilli
olup boyutlar1 12.88-20.98 x 20.51-27.46
um  arasinda  degismektedir.  Yaprak
ekvifasiyal tipte olup, orta kisimda kollateral
tipte biiyiik bir iletim demeti yer almaktadir
(Sekil 3A). Orta damardan alinan enine
kesitlerde damar

orta seklinin

dikdortgenimsi oldugu, 3 tanesi biiyik 3
tanesi kiiclik olmak iizere toplam 6 tane
iletim demeti belirlenmistir. Ksilem ve
floem dokularinin etrafi sklerenkima dokusu
ile cevrelenmistir. Vaskiiler demetlerin hem

iist hem de alt kismindan epidermise kadar

parankima  hiicreleri  ve  kollenkima
bulunmaktadir.  Parankimatik  hiicreler
besgenimsi ve altigenimsi hiicrelerden
meydana  gelmistir.  Alt  epidermisin

kollenkima araligt 36.73-315.63 um, {st
epidermisin kollenkima araligi ise 50.3-
183.8 um’dir. Ksilem adaksiyal (eksene
yakin), floem ise abaksiyal (eksenden uzak)
tarafta yer almistir. Ksilem dokusu iyi
gelismis olup, trake elemanlar1 oval ve
altigenimsi sekildedir ve hiicre boyutlari
6.76-25.34 x 5.47-22.19 pum arasinda
degismektedir. Floem dokusu yogun olup,
cok kiiciik boyutta hiicrelerden meydana
gelmistir ve tabaka boyutlar1 87.5-201.31 x
55.14-198.5 pm arasindadir (Sekil 3B).

(Ue: Ust epidermis, St: Stoma, Pp: Palizat parankimasi, Sp: Siinger Parankimasi, Id: iletim Demeti, Ae: Alt
Epidermis, Ko: Korteks, Sk: Sklerenkima, F: Floem, K: Ksilem)
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3.2. Palinolojik Bulgular

C. aucheri’nin polen taneleri radyal simetrik, izopolar, trikolporattir. Polen sekli
subprolat, biiylik 6lgekte, polar eksen 55.97-43.96 pum, ekvatoryal eksen 41.12-32.86 um.
Amb 32.62-22.22 um, circular (dairesel). Ornamentasyon verrukattir. Kolpus uzunlugu 47.37-
34.91 pum, kolpus genisligi 14.91-6.45 pm. Por sekli oblat (Plg 9.35-5.02 um, Plt 16.95-9.63
pum). Ekzin 3.5 pm, intin 1.57 pm kalinliktadir (Sekil 4, Tablo 1).
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49.14 2.46 55.97-43.96
36.94 1.73 41.12-32.86
1.33 0.04 1.42-1.28
42.16 2.96 47.37-34.91
10.18 2.01 14.91-6.45

6.82 1.13 9.35-5.02
13.17 1.82 16.95-9.63
0.53 0.12 0.82-0.36
38.34 2.76 42.88-32.26
26.43 222 32.62-22.22
3.50 1.05 6.28-2.01
1.57 0.33 2.2-0.87
Subprolat
Trikolporat
Oblate

Verrukat

Biiyiik

(P: Polar ¢ap, E: Ekvatoral ¢ap, L (AMB): Polenin polar goriiniisiiniin dig smiri, clg: Kolpus uzunlugu, clt:
Kolpus genisligi, plg: Por uzunlugu, plt: Por genisligi, t: Kolpus uglarinin birbirine olan uzaklig1)
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20 pm)

:
F—
[

Sekil 4. Cousinia aucheri poleninin A. Isik mikroskobunda polar goriiniis, B. SEM’de ekvatoryal goriiniis, C-D.
SEM’de yiizey siislemesinin goriiniisii.

3.3. Aken Bulgular mm, eni 2-3 mm’dir. Yiizey
C. aucheri’nin akenleri siyahimsi  ornemantasyonu retipilate, pappus bristleri
kahverengi, oblong-obovat sekilli, belirgin  barbellat; 2- 3 mm (Sekil 5).
cizgili, u¢ kisminda agikca disli. Boyu 3-5

Sekil 5. Cousinia aucheri akeninin morfolojik goriintiileri (A. Isik mikroskobu, B. Elektron mikroskobu (SEM),
C. Tohum ytlizey goriiniisii (SEM)
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4. Tartisma

Cousinia cinsindeki genis morfolojik
degiskenlik nedeniyle, taksonomisi
karmasiktir ve ¢oziilmemistir (De Candolle,
1837; Huber-Morath, 1975; Mehregan ve
Assadi, 2016; Mabberley, 2018). Polen
morfolojisi, cins ig¢indeki taksonomik ve
filogenetik belirsizlikleri ¢c6zmek i¢in ek bir
ara¢ gibi goriinmektedir (Saber ve ark.,
2009; Ahmad-Khanbeygi ve ark., 2011;
Atazadeh ve ark., 2020). Saber ve ark.
(2009) Stenocephalae seksiyonunundan 25
tiriin polen morfolojisini incelemislerdir.
Incelenen tiirlerin polen taneleri prolate,
izopolar, trikolporat ve ekzin yogun veya
gevsek verrukat oldugu belirlenmistir.
Ahmad-Khanbeygi ve ark. (2011) Cousinia
seksiyonunda 8 tiire ait 16 populasyon
iizerinde  morfolojik

ve  palinolojik

caligmalar yapmiglardir. Polen taneleri
kiiresel veya silindirik sekilde, trikolpat,
eksin yiizey siislemesi ise verrukat-perforat
olarak tespit edilmistir. Jafari ve Ghanbarian
(2007) C. eriobasis tiirtiniin polen seklinin
subprolat ve verrukoz yiizey siisiine sahip
oldugunu belirtmislerdir. Ulukus ve Tugay
(2019a) Cousinia halysensis’in polen ylizey
stistinii verrukoz ve polen seklinin subprolat
olarak belirlemislerdir. Ulukus ve Tugay
(2020a) C. foliosa tiiriiniin anatomisi ve
palinolojisini inceledikleri ¢aligmada polen
sekli ise

subprolat, stislemesi

ylzey

verrukoz olarak tespit edilmistir. Atazadeh
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ve ark. (2020) Cynaroideae  and

Platyacanthae seksiyonlarina ait tiirlerin

polen morfolojileri {izerine bir c¢alisma

yapmislardir.  Ayrica, ¢alisma, polen
morfolojisine dayali seksiyon ve tir
sinirlamalarinin =~ yan1  sira  palinolojik

Ozelliklere dayali tiirler arasindaki iliskileri

de ele almaktadir. Incelenen tiirlerin polen

taneleri monad, eliptik, trikolporat ve
isopolardir.  Eksin  siislemesi  yogun
verrukattan ~ seyrek  verrukata  kadar

degismektedir. Her iki seksiyondaki ¢ogu
tiirlin polen taneleri prolate iken, bazi tiirler
Moore ve ark. (1991) tarafindan yapilan
tanimlamaya gore perprolate tanelere sahip
oldugu belirlenmistir. Incelenen Cousinia
tiirleri, polen 6zellikleri ve polen tanelerinin
yararli taksonomik Ozellikleri kullanilarak
birbirinden

acgikca sinirlandirilabilegi

belirtilmistir.  Tarafimizdan yapilan bu

calismada C. aucheri’nin polen tanelerinin

trikolporat, polen  seklinin  subprolat,

ornemantasyonun verrukat olmasi1 Cousinia

cinsinin polen karakterleriyle uyumlu

oldugunu gostermistir.
Attar ve ark.

(2004) Cousinia

cinsinin Serratuloideae seksiyonunda yer

alan  tiirlerin  yaprak ve  gdvdenin
karsilagtirmali anatomik ozelliklerini
incelemiglerdir. Bazi kiiciik farkliliklar

disinda gévde yapisinin tiim tiirler i¢in ayni

oldugunu, yaprak ve orta damar

Ozelliklerinin ise tirler arasinda farklilik
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gosterdigi belirlemislerdir. Yaprak
anatomisinde palizat parankima tabakasinin
damar iletim

sayisinin, orta seklinin,

demetlerinin  sayis1t ve diizenlenisinin
tiirlerin ayriminda 6nemli karakterler oldugu
rapor edilmistir. Ulukus ve Tugay (2020b)
Cousinia eleonorae ve Cousinia humilis’in
anatomik,

palinolojik ve  morfolojik

ozelliklerini  incelediklerini ~ caligmada,
korteksteki hiicre sayisi, iletim demeti sayisi
damar anatomik

ve orta sekli  gibi

karakterleri tilirlerin ayriminda O6nemli
karakterler olarak belirlemislerdir. Ulukus
ve Tugay (2019b) C. iconica tiirlniin
mikromorfolojik, anatomik ve palinolojik
Ozelliklerini arastirdiklar1 ¢calismada, korteks
tabakas1 sayisi, iletim demeti sayist ve

midrib seklinin 6nemli yapilar oldugu

belirtilmistir. Tarafimizdan yapilan
calismada da C. aucheri tiriiniin anatomik
Ozellikleri, anatomik Ozellikleri belirlenen
yukaridaki tiirlerle kiyaslandiginda govde
yapisinin benzer oldugu, palizat parankima
sayis1, midrib sekli, iletim demetlerinin say1
ve diizenlenisleri arasinda farkliliklar oldugu
belirlenmistir.

SEM

Yaptigimiz caligsmalari

sonucunda C. aucheri akenlerinin oblong-

Kaynaklar

obovat sekilli, ylizey siislemesinin retipilat
oldugu tespit edilmistir. Ulukus ve Tugay
(2019a) C. halysensis tiirii tohum yiizeyinin
retipilat, C. iconica aken yiizeyinin retikulat-
sitriat (2019b), C. eleonorae ve C. humulis
aken ylizeyinin striat-diizensiz retikulat
(2020), C. agridaghensis ve C. urumiensis
aken ylizeylerinin ise  striat-diizensiz
retikulat-faveolat (Tugay ve ark., 2019)
belirlemislerdir.

olarak Calisma

sonuclarimizin  Cousinia cinsinin  aken
ozellikleriyle uyumlu oldugu goriilmiistiir.
Bu c¢alismada, C. aucheri tiirtiniin
govde, yaprak ve orta damar anatomileri,
polen ve aken mikromorfolojik 6zellikleri
ilk kez detaylica verilmistir. Elde edilen
sonuglar, Cousinia cinsi ile 1ilgili ilerde
yapilacak palinolojik, mikromorfolojik ve
anatomik c¢alismalara 151k tutacak ve

incelemeler neticesinde o©nemli oldugu
belirlenen karakterlerin cinsin sistematik
calismalarina katki saglayacaktir.
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Oz: Cousinia (Asteraceae, Cardueae) cinsi ¢igekli bitkiler igerisinde tiir sayis1 bakimindan 50. biiyiik cins ve
Asteraceae familyasi icerisinde yaklagik 700 tiirle temsil edilen en biiyiik cinslerden biridir. Bu ¢alisma, Cousinia
seksiyonu icerisinde yer alan Cousinia decolorans tiiriiniin anatomik, palinolojik mikromorfolojik &zelliklerinin
belirlenerek cinsin sistematigine katki saglamak amaciyla yapilmistir. C. decolorans tiriinin polen
mikromorfolojik 6zellikleri ¢aligilmis ve tiire ait fotograflar verilmistir. Bu tiiriin anatomik ¢alismasinda govde,
yaprak ve orta damar ozellikleri tespit edilerek fotograflar1 verilmistir. Anatomik ¢alismalar i¢in bitki kisimlar1
parafine gomiilmiis ve dokularin boyanma islemi i¢in safranin fast green boyama metodu uygulanmistir. Anatomik
karakterlerden orta damar seklinin yariorbikular ve orta damardaki iletim demeti sayisinin 3 olmasiyla bu
karakterlerin tiirler arasinda ayrimda kullanilabilecegi belirlenmistir. Palinolojik ¢aligmalarda 151k mikroskobu
kullanilarak polen seklinin prolat oldugu tespit edilmistir. Polen ekzin ylizey siislerinin belirlenmesi icin SEM
mikroskobu kullanilip, polenlerin fotograflar1 ¢ekilmis ve polen yiizeylerinin verrukat oldugu belirlenmistir.
Ayrica akenlerin morfolojik ve mikromorfolojik 6zellikleri incelenmis ve ylizey ornamentasyonunun retipilat
oldugu belirlenmistir.

Anahtar Kelimeler: Anatomi, Cousinia, Palinoloji, Mikromorfoloji, Tiirkiye

Anatomical, Palynological and Micromorphological Characteristics of
Endemic Cousinia decolorans Freyn & Sint. (Asteraceae)

Abstract: The genus Cousinia (Asteraceae, Cardueae) is the 50th largest genus in terms of the number of species
among flowering plants and one of the largest genera represented by approximately 700 species in Asteraceae
family. This study is carried out in order to contribute to the systematics of the genus by determining the
anatomical, palynological micromorphological features of the Cousinia decolorans in the section Cousinia. Pollen
micromorphological features of C. decolorans is studied and photographs of the species are given. In anatomical
study of this species, the stem, leaf and midrib features are determined and their photographs are given. For
anatomical studies, plant parts are embedded in paraffin and for the staining of tissues, the safranin fast green
staining method is applied. It has been determined that these characters can be used to distinguish between species,
as the midrib shape is semiorbicular and the number of vascular bundles in the midrib is 3. In palynological studies,
it is determined that the pollen shape is prolate using light microscopy. SEM microscope is used to determine the
surface ornaments of the pollen exine, photographs of the pollen are taken and it is determined that the pollen
surfaces are verrucate. Morever, morphological and micromorphological properties of the achenes are examined
and surface ornamentations are determined as retipilate.

Keywords: Anatomy, Cousinia, Palynology, Micromorphology, Turkey
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1. Giris

Cousinia  (Asteraceae, Cardueae)
cinsi cigekli bitkiler icerisinde tiir sayisi
bakimndan 50. biiylik cins ve Asteraceae
familyasi igerisinde yaklagik 700 tiirle temsil
edilen en biiyiik cinslerden biridir (Frodin,
2004; Ulukus ve Tugay, 2020). Cousinia
cinsi Bati

ve Orta

Tipik

Asya’da yayilis

gostermektedir. [ran-Turan
fitocografik bolgesinin ozelliklerini tasiyip
yliksek endemizm oranina sahiptir (Djamali
ve ark., 2012). Endemik bitkilerin ¢ogunlugu
Iran, Afganistan ve Tiirkmenistan daglarinda
yayilis gostermektedir (Rechinger, 1986;
Knapp, 1987).

Bunge (1865) Cousinia cinsi ile ilgili
morfolojik verileri kullanarak ilk detayli
calismalar gergeklestirmistir. Bunge ve bazi
aragtirmacilar cins ile ilgili taksonomik
degerlendirmeler yapmislardir. Bunlardan
Bunge (1865) Cousinia’yr 126 tiir ve 23
seksiyona ayirmistir. Bunge’nin verilerine
dayal1 yapilan c¢alismalarda Boissier (1875)
Cousinia cinsini 141 tir ve 14 seksiyon,
Tscherneva (1962) yaklasik 260 tiir ve 50
seksiyon ile temsil edildigini belirtmislerdir.
fran Florasi’nda Cousinia cinsi 70 seksiyon
ve 350°den fazla tiir icermektedir (Rechinger,
1972; Rechinger, 1986).

Cousinia cinsi, “Arctium-Cousinia”
kompleks ya da Arctium adi verilen
monofiletik bir grup olusturur (Susanna ve
ark., 2003; Susanna ve Garcia-Jacas, 2007).

Lopez-Vinyallonga ve ark. (2009)’a gore
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Cousinia  cinsinin  “Arctium-Cousinia”

kompleksi ig¢inde yer alip monofiletik

olmadigmi, cinsteki zayif filogenetik

¢Oziiniirliglin muhtemelen karakter
eksikliginden ve soydaki yiiksek takson

sayisindan kaynaklandigini belirtmislerdir.

Cassini  1827°de Cousinia cinsini
Carduus orientalis Adams. tliriine
dayandirarak tanimlamustir. Tiirkiye

Florasi’nda Cousinia cinsi 6 seksiyon, 38 tiir
ile temsil edilip bunlarin 26’s1 endemiktir
(Davis, 1975). Tiirkiye Bitki Listesi’ne gore
tilkemizde bulunan 39 tiire yakin zamanda
yaymlanan yeni bir Cousinia tiirliniin
eklenmesiyle birlikte Tiirkiye’deki tiir sayisi
40’a ulagmustir (Tugay, 2012; Tugay ve ark.,
2019).

Cousinia cinsi Cousinia seksiyonu 22
tirle temsil edilmektedir (Huber-Morath
1975). Bu seksiyonun tiirleri ¢ok yillik olup
step, kuru, kirectasli, volkanik alanlarda ve
kayalik yamaglarda yetismektedir. Cousinia
seksiyon Cousinia iiyeleri morfolojik olarak;
derimsi  yapraklar,

govde yapraklarinin

acikca  dekurrent, involukrum ovoid-
oblongtan genisce ovoite; fillariler 45-175,
uc dikenler dik geriye kivrimli, cicekler sar1
yada pembeden mora, akenler uzun ¢izgili,
ucta trunkat ve ince kii¢iik dislidir (Huber-

Morath 1975).

Cousinia seksiyonu tiirlerine ait
polenler kiiremsiden  silindirige yada
subprolat, izopolar, apertiir tipinin ise

trikolpat oldugu, bunun yaninda polen yiizey
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stislerinin ise verrukoz-perforat oldugu tespit
edilmigtir (Ahmad ve ark., 2011; Ulukus ve
Tugay, 2019a; Ulukus ve Tugay, 2019b;
Tugay ve ark., 2019). Seksiyona ait bazi
tirleri igeren kromozom ¢aligmalarinda

kromozom sayilarinin x=12 ve x=13 olarak

belirlenmistir (Susanna ve ark., 2003;
Djavidi, 2012; Tugay ve ark., 2019).
Seksiyon ile ilgili yapilan anatomik

calismalarda govde, yaprak ve orta damar
ozellikleri belirlenip, 6zellikle orta damarin
cinsin taksonomisinde Onemli oldugu
belirtilmistir (Ulukus ve Tugay, 2019a;
Ulukus ve Tugay, 2019b; Tugay ve ark.,
2019; Ulukus ve Tugay, 2020).

Bu c¢alisma, Tirkiye’deki endemik
Cousinia decolorans tliriiniin anatomik,
palinolojik ve mikromorfolojik 6zelliklerinin
belirlenmesiyle cins ile ilgili yapilacak olan

farkl1 sistematik calismalar i¢in kaynak

saglayacaktir.

2. Materyal ve Metot

Bitki oOrnekleri yayilis gosterdigi
dogal  alanlardan  fotograflanmis  ve
toplanmistir. Anatomik incelemeler igin
kullanilan bitkinin kisimlart (govde ve

yapraklar) % 70’lik alkol bulunan siseler
igerisine alinmistir. Anatomik calismalarda
kullanilacak bitki Orneklerinin govde ve
yapraklar1 oncelikle jilet yardimiyla kiiciik
parcalara ayrilmistir. Ayrilan kiiclik gévde ve

yaprak parcalar1 belirli oranlardaki alkol
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serilerden gecirilerek dehidrasyon islemi
gergeklestirilmistir. Parafine gdmme metodu
uygulanmis ve Leica RM2125RT marka
mikrotom kullanilarak 5-10 pm araligindaki
kalinliklarda kesitler alinmistir. Fastgreen ve
safranin boyalar1 kullanilarak kesitleri alinan
ornekler boyanmis ve entellan kullanilarak
daimi preparat haline getirilmistir (Johansen,
1940). Leica DM750 marka binokiiler 151k
mikroskobu ve Leica DFC280 kamera altinda
preparat fotograflar1 ¢ekilmistir. Palinolojik
calismalar icin ciceklerden alinmis polen
ornekleri  kullanilmis ve  Woodehouse
(1935)’e gore preparatlar hazirlanmigtir.
Polen oOlglimleri i¢in 151k  mikroskobu
kullanilmis ve 30 adet polen Olgiimi
gerceklestirilmistir. SEM  mikroskobu
kullanilarak polen ve tohumlarin yiizey
stisleri belirlenmistir. Polen terminolojisi i¢in
ark. (2007)’nin  caligmasi

Punt ve

kullanilmigtir.  Tohum  terminolojisinin
belirlenmesinde Stearn (1983)’nin yaptigi

calismadan faydalanilmistir.

3. Arastirma Sonuclar1 ve Tartisma

C. decolorans tiirline ait anatomik,
palinolojik ve mikromorfolojik ¢aligmalar
gerceklestirilip tiire ait fotograflari ile birlikte
detayl1 6zellikleri verilmistir.
B6 Sivas: Divrigi, Kuzeybat1 yamaglar, step,
1470 m, 31.07.2021, B. Atasagun-1114, D.
Ulukus & O. Tugay; (Sekil 1A-B).
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Sekil 1. Cousinia decolorans in A. habitat, B. kapitula goriiniimii

3.1. Palinolojik Bulgular

Cousinia decolorans polen taneleri
radyal simetrik, izopolar, trikolporattir. Polar
eksen 46.44+1.44 pm, ekvatoryal eksen
33.04£1.79 um, polen sekli prolat, orta
Olcektedir. AMB 21.85 +£2.28 um, triangular

Ornamentasyon verrukattir.

(liggensi).
Kolpus uzunlugu 38.9+2.28 um, kolpus
genisligi 8.56+0.97 um. Por sekli oblat (Plg
7.84£0.96 pm, PIt 12.07+1.18 um). Ekzin
2.99+0.78  pm, 1.63+0.35

kalinhiktadir (Cizelge 1, Sekil 2A, B, C, D).

intin pum
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Cizelge 1. C. decolorans 'a ait palinolojik 6l¢iimler

_ 46.44 151 49.19-43.26
_ 33.04 179  36.38-29.08
_ 141 0.07 1.56-1.26
_ 389 228  45.37-34.29
_ 8.56  0.97 10.26-6.83
_ 7.8 0.96 10.38-6.06
_ 1207 118 14.44-9.4
_ 0.65  0.08 0.91-0.51
_ 317 276 36.63-27.26
_ 21.85 228  27.02-18.72
_ 299 078 5.24-1.82
_ 1.63 035 2.39-1.01
_ Prolate
_ Trikolporate
_ verrucate

(P: Polar cap, E: Ekvatoral ¢ap, L (AMB): Polenin
polar, goriiniisiiniin dis sinir1, clg: Kolpus uzunlugu,
clt: Kolpus, genisligi, plg: Por uzunlugu, plt: Por
genisligi, t: Kolpus uglarmin birbirine olan uzakligr)
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Sekil 2. Cousinia decolorans polen Isik ve SEM fotograflari A. Polar Isik B. Polar SEM C. Ekvatoral D. Ekzin

Ornamentasyon Gortiniimii

3.2. Anatomik Bulgular

3.2.1. Govde

Cousinia decolorans govde enine
kesitinde; distan ige dogru epidermis,
korteks, sklerenkima, iletim demetleri ve 6z
bolgesi yer almaktadir. Epidermis dikdortgen
sekilli, tek siral1, 5.83-13,55 x 5.55-16.11 um
boyutlarindadir.  Epidermis  hiicrelerinin
tizerinde kalin bir kutikula tabakasi yer
almaktadir. Korteks hiicreleri, 7-8 siral,

parankimatik, diizensiz, dikdortgen ve oval
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sekilli  klorenkimatik 8-9  sirali

sklerenkimatik hiicrelerden olusmaktadir.

veE

[letim demetleri govde eksenine paralel

olarak siralanmigtir. Floem ile ksilem

arasinda 3 sirali kambiyum bulunmaktadir.
En i¢ kisimda parankimatik yapida
besgenimsi ve yuvarlak sekilli, 16.18-67.61 x
13.89-76.07 pm boyutlarinda hiicrelerden
meydana gelmis bir 6z bolgesi bulunmaktadir

(Sekil 3A-B).
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100 pm

K: Ksilem, Ok: Oz Kollar1, Oz: Oz)

3.2.2. Lamina

Yaprak enine kesitlerinde iist ve alt
ylizey tek sirali, dikdortgen sekilli epiderma
hiicreleri ile ¢cevrelenmistir. Yaprak bifasiyal
olup, iist epidermisin altinda iki sirali, bol
kloroplastl

palizat parankimasi

bulunmaktadir.  Palizat  parankimasinin
altinda hiicreleri diizensiz sekilde siralanmig
birka¢ sirali  siinger parankimasi yer
almaktadir. Orta kisimda kollateral tipte
biiytik bir iletim demeti bulunmaktadir (Sekil
4A).

3.2.3. Orta Damar

Orta damar enine kesitlerde orta

damar seklinin yar1 orbikular oldugu tespit

edilmistir. Burada biri biiyiik, ikisi kiigiik
olmak iizere toplam 3 adet iletim demeti
bulunmaktadir. Iletim demetlerinin etrafi
sklerenkima  ile  ¢evrelenmistir.  Ust
epidermisin altinda parankima hiicreleri ve
kollenkima bulunmaktadir. Parankimatik

hiicreler ~ besgenimsi  ve  altigenimsi

hiicrelerden olusmaktadir. Floem elemanlar1
yogun olup kiicik boyutlu hiicrelerden
meydana gelmistir. Ksilem dokusu iyi

gelismis, trake elemanlarn1 oval ve

dikdortgenimsi sekildedir (Sekil 4B).

*

Sekil 4. C. decolorans’in yaprak anatomik yapist A (Ue: Ust epidermis, Pp: Palizad parenkimasi, Sp: Siinger
parenkimasi, Ae: Alt epiderma B. Orta damar enine kesiti (Ko: Kollenkima, Sk: Sklerenkima, Fl: Floem, Ks:

Ksilem).
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3.3. Aken Bulgular
Akenler kahverengi, oblong sekilli,
belirgin ¢izgili, u¢ kismi kiiciik disli. Boyu 4-

5 mm, eni 2-3 mm. Yiizey ornemantasyonu

retipilattir. Pappus bristleri barbellat; 2.5- 3
mm. (Sekil 5A, B, C)

Sekil 5. C. decolorans akeninin morfolojik ve mikromorfolojik goriintiileri (A. Istk mikroskobu, B. Elektron
mikroskobu (SEM), C. Tohum yiizey goriiniisii (SEM)

Calisma sonucunda elde edilen
anatomik, palinolojik ve mikromorfolojik
bulgular literatiire gore tartisilmistir.
Literatiire gore Cousinia cinsi lizerine
son zamanlarda bazi anatomik calismalar
yapilmistir. Bu ¢alismalarda, Ulukus ve
Tugay (2019a) Cousinia cinsi Cousinia
seksiyonu igerisinde yer alan Cousinia
halysensis Hub.-Mor. tiirliniin gévde ve
yaprak anatomik ozellikleri hakkinda bilgi
Calismalarinda  gdvdenin

farkliliklar

vermislerdir.

anatomik  yapisinda  bazi
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gozlemlemisler bunun yaninda yaprak ve orta
damar 6zelliklerinin tlir ayrimlarinda 6nemli
olacagini belirtmislerdir. Yaprak anatomik
kesitleri incelendiginde C. halysensis tiirliniin
orta damar seklinin yar1 dairemsi ve iletim

demeti sayisiinin 10 oldugu, bizim

calismamizda da kullanilan C. decolorans
tiriiniin ise orta damar seklinin de yari

dairemsi oldugu ancak iletim demeti

sayisinin 3 olmasiyla C. halysensis tiirlinden

farkli  oldugu belirlenmistir.  Bu  iki

calismadaki verilere gore orta damar
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ozelliklerinin Cousinia cinsi tiirleri arasinda
onemli bir karakter oldugu belirlenmistir.

C. iconica Hub.-Mor. tiirliniin gévde,
yaprak ve orta damar enine kesitleri
incelenmis yaprak mezofil tabakasindaki
farkliliklarin ve orta damardaki iletim demeti
sayisinin ~ Cousinia  tiirlerinin  ayriminda
onemli bir karakter oldugu belirtilmistir
(Ulukus ve Tugay, 2019b).

Ulukus ve Tugay (2019b)’1n yaptig
calismada C. iconica orta damar seklinin yar1
dairemsi bu ¢alismada C. decolorans tiiriiniin
orta damar seklininde yar1 dairemsi oldugu,
ayrica C. iconica tlirlinlin orta damar iletim
demeti sayist 10 iken C. decolorans tiiriinde
ise 3 oldugu goriilmiistiir.

Ulukus ve Tugay (2020a) C.
eleonorae Hub.-Mor. ve Cousinia humilis
Boiss. tiirlerinin govde, yaprak ve orta damar
ozelliklerini  belirleyip tiirler arasinda
karsilagtirma yapmislardir. Calismalarinda C.
eleonorae orta damar seklinin dairemsiyken,
bu ¢alismada C. decolorans orta damar sekli
yar1 dairemsi olarak tespit edilmistir. Bunun
yaninda C. eleonorae orta damar iletim say1s1
10 iken, C. decolorans turiinde 3 olarak
gozlemlenmistir. Ulukus ve Tugay (2020)’1n
yaptig1 calismada C. humilis Boiss. tliriiniin
orta damar seklinin {iggenimsi ve iletim
demeti sayist 4 iken, bu calismada C.
decolorans’in yar1 dairemsi orta damar
sekline ve 3 iletim demetine sahip oldugu

belirlenmistir.
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Yapilan ¢alisma sonuglarina gore C.
decolorans tiriiniin orta damardaki iletim
demeti sayisi ve orta damar seklinin tiirler
arasinda Onemli oldugu belirlenmis olup,
elde edilen bulgular Attar ve ark. (2004),
Ulukus (2019) ile Ulukus ve Tugay (2019a;
2019b; 2020a, 2020b)’in yaptig1 calisma
sonuclarimi desteklemektedir.

Cousinia cinsi tiirleri lizerine yapilan
palinolojik  ¢alismalarda  Stenocephala
seksiyonuna ait 25 tiire ait polen Ornekleri
Istk ve SEM mikroskobu kullanilarak

palinolojik  inceleme  gerceklestirilmis,
polenler prolat ve apertiir tipi trikolporat
oldugu tespit edilmistir. Bunun yaninda
polen ekzin ylizey siislerininde verrukoz
oldugu belirtilmistir (Saber ve ark., 2009).
Ulukus ve Tugay (2019a) C. halysensis
tiiriiniin polen seklinin subprolat ve polen
stistiniin ~ verrukoz

Bu

oldugunu

C.

yuzey

belirtmislerdir. calismada ise
decolorans tiirli polen sekli prolat iken, ylizey
stisleri bakimindan C. halysensis tiiriiyle ayni
oldugu goriilmektedir. Ulukus ve Tugay
(2019b) C. iconica’da subprolat polen sekli
ve verrukoz-perforat yiizey siisii oldugu
belirtmislerdir. Bu c¢alismada ise C.
decolorans tiiriinlin hem polen sekli hemde
ylizey siisii bakimindan farkli oldugu
goriilmektedir.

Cousinia cinsi seksiyon Cousinia igin
yeni bir tlir olan C. agridaghensis ve yakin
tirii olan C. urumiensis tiiriiniin palinolojik

incelemelerinde, her iki tiiriin polen seklinin
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subprolat ve ylizey siislerinin verrukoz-
perforat oldugu belirtilmistir (Tugay ve ark.,
2019). Ancak bu ¢alismada hem polen sekli
hemde ylizey siisii bakimindan C. decolorans
tiri C. agridaghensis Tugay, Ertugrul &
Ulukus ve C. urumiensis Bornm. tiirlerinden
farkli palinolojik 6zelliklere sahiptir.

Ulukus ve Tugay (2020a) iki endemik
Cousinia tiri (C. eleonorae ve C. humilis)
palinolojik incelemelerinde her iki tiiriinde
polen ylizey siislerinde verrukoz-perforatlik
tespit etmislerdir. Ancak bu ¢aligmada ise C.
decolorans tiiriinde polen ylizey siisiinde
sadece verrukatlik oldugu goriilmektedir.

Yapilan palinolojik ¢alismada C.
decolorans tlriiniin polen yiizey siisiiniin
verrukat ve polen seklinin suprolat olmasi,
calismamizin Onceki yapilan c¢alismalarla
tam olarak uyumlu olmadigin1 gostermistir.

Yaptigimiz ¢calismada, C. decolorans
tohum kabuk yiizey siisiiniin retipilat oldugu
tespit edilmistir. Cousinia cinsine ait tohum

mikromorfolojik incelemelerinde ise farkli
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Abstract: Recently, interfacial layer such as metal oxide, insulator and polymer have been used by scientists
between the metal and semiconductor to increase the stability of the metal-semiconductor heterojunctions. These
materials have been varied according to their usage aims. In this study, graphene nanoribbons (GNR) and 7,7,8,8
Tetracyanoquinodimethane (TCNQ, C;2HsN4) layer has been used as interfacial layer between the metal and
semiconductor for photodiode applications. The TCNQ layer collects and extracts more electrons in the interface
of the device and is used as electron acceptor material for organic solar cells. Herein, we fabricated Al/p-Si/Al,
Al/p-SI/TCNQ/Al and Al/p-Si/TCNQ:GNR/AI heterojunctions by physical vapor deposition technique. /-V
measurements has been employed under dark and various light illumination conditions to show dielectric
properties of the fabricated heterojunctions. From current-voltage characteristics, we calculated the electronic
parameters such as ideality factor, barrier heights, series resistances and rise times. It can be concluded from
overall results that TCNQ and TCNQ:GNR layers had a major impact on quality and can be considered as quite
proper materials for optoelectronic applications.

Keywords: Al/p-Si/TCNQ:GNR/Al, Heterostructure, Optoelectronic, Photodiode

Organik Yariiletken Tetrasiyaokuinodimetan Tabanh Heteroyapilarin
Optoelektronik Ozelliklerinin Arastirilmasi

Oz: Son yillarda bilim insanlari metal-yariiletken heteroeklemlerinin dayanikliligini arttirmak maksadiyla
metal ile yariiletken arasina metal oksit, yalitkan veya da polimer tabakalar eklemektedirler. Bu malzemeler
amaca gore degisiklik gostermektedir. Bu ¢alisma kapsaminda, fotodiyot uygulamalari i¢in metal ve yari iletken
arasinda ara yiizey olarak grafen nanoribbon (GNR) ve 7,7,8,8 Tetrasiyaokuinodimetan-
(Tetracyanoquinodimethane TCNQ, C;,H4N4) katmani kullanilmigtir. TCNQ katmani, cihazin arayiiziinde daha
fazla elektron toplar ve ¢ikarir ve organik giines pillerinde elektron alici malzeme olarak kullanilir. Daha sonra
fiziksel buhar biriktirme yontemiyle Al/p-Si/Al, Al/p-Si/TCNQ/Al ve Al/p-Si/TCNQ:GNR/ALI heteroeklemleri
elde edilmistir. Elektriksel karakterizasyon kapsaminda Akim-voltaj 6lglimleri hem karanlik ortamda hemde
farkli aydinlatma degerlerinde gerceklestirilmistir. Akim-voltaj karakteristiklerinden, idealite faktorii, bariyer
yiiksekligi, seri direng ve yiikselme zamani gibi elektronik parametreler hesaplanmistir. Sonug olarak, TCNQ ve
TCNQ:GNR katmanlarinin kalite {izerinde biiyiik bir etkisi oldugu ve optoelektronik uygulamalar i¢in oldukca
uygun malzemeler olarak kabul edilebilebilir.

Anahtar Kelimeler: Al/p-Si/TCNQ:GNR/Al, Heteroeklem, Optoelektonik, Fotodiyot
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1. Introduction
Metal-Semiconductor (MS) contacts
are called Schotkky diodes after its inventor
W. Schottky (Wager et al., 2008). Schottky
diodes (SBDs)
(MS) contacts

barrier are  metal—

semiconductor that are

semiconductor

2021),

used in

(Berk

extensively

manufacturing et al,
temperature-sensing (Zeghdar et al., 2020)
and solar cells applications (Ramadan &
Martin-Palma, 2020). On the other hand,
metal-semiconductor heterojunctions have a
solar cells,

wide range of usages in

rectifiers, capacitors, photodetectors and

transistors ~ fabrications  (Munikrishana
Reddy et al., 2013).

SBDs have shown high electric field
&

Schottky

and breakdown

Maréchal, 2019).

voltages  (Rouger
In addition,
diodes have very high switching speed and
temperature

stability compared to p-n

junction diode (Kyoung et al, 2016).
Because the operation of Schottky diodes is
based on carriers (Anthopoulos et al., 2006).
If the interface layer thickness (di) between
metal and semiconductor increases above a
few hundred Angstroms (A), then these
structures are termed as metal/insulator-
oxide-polymer/semiconductor (MIS, MOS,
MPS) diodes rather than Schottky diodes
(Gokgen et al., 2012; Yiicedag et al., 2014).
In recent years, polymer interface materials

have been used to increase the properties of
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these devices (Srivastava & Chakrabarti,
2015; Tozlu & Mutlu, 2016).

There has been rising amount of
researchs to enhance the electrical properties
of diodes by inserting organics (Erdal et al.,
2021; Eroglu et al., 2020; Meftah et al.,
2020), metal oxides (Yenel et al., 2021) and
nanocrystals materials (Kocyigit et al., 2021;
Kogyigit et al., 2021; Yildirim et al., 2020).
(Gr) has

numerous attention due to its properties in

Recently, graphene attracted
optoelectronic devices. Moreover, graphene

nanoribbons (GNR) seems to be
advantageous than graphene due its band
gap, and applicable in diodes and transistors
manufacture (Sato, 2017).

Ye et al. (2011) have reported the
first synthesis of GNR doped heterojunction
using as light-emitting diodes (LEDs). The
obtained device can emit light with 380 nm,
523 nm and 705 nm wavelengths.
Furthermore, Shamsir et al. (2021) have also
modified p-n junction diode based on GNR.
In another research, Erdal et al. (2019) have
used GNR and MWCNT layers on p-Si
successfully which can be applied in various
industries potentially. Double gate GNR
diode compesed by Kargar and Lee (2009),
have shown - 2x107 rectification ratio at 0.2
V bias voltage. Rahmani et al. (2013) have
explored application of bilayer GNR doped
SBDs. Tataroglu (2021) have

fabricated graphene-PVP/Au/n-Si diode via

et al.

spin-coating. Gr-PVP addition to the
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obtained device have shown incredible
performance which can be applied instead of
the insulator layer. In another study, Wang
et al. (2020) have coated graphene oxide
(GO) on graphene-silicon heterojunction.
GO in obtained photodetector device have
exhibited great effects by suppressing the
dark current and increasing the photocurrent
2.73 times and responsivity to 0.65 A/W
under 633 nm illumination.

Orhan et al. (2020) have synthesized CuO—

Moreover,

Graphene/p-Si device by spin-coating and
investigated the impact of gamma irradiation
on it. In another research by Karadags et al.
(2021) 1%, 3%, 5%, 7%, and 10% graphene
have been doped in PVA then coated on n-
Si. Among them, 7% Gr doped-PVA
interlayer have demonstrated best rectifying
rate, with low series resistance.

Many Schottky diodes are prepared
and characterized using metals, inorganic
semiconductors and organic conductive
polymers. The electrical and photoelectric
properties of polymeric and non-polymeric
organic compounds are widely investigated.
heterostructures

It was found that the

containing non-polymeric and polymeric

organic thin films have considerable
rectifying properties. Al/PVC-
TCNQ:ZnO/p-Si  device synthesized by

Erdal et al. (2021) demonstrated a linear
photoconductivity, and photoresponsivity of
the obtained device has been improved by

ZnO doping significantly. In another study,
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Tascioglu et al. (2017) have fabricated
Au/P3HT:PCBM:F4-TCNQ/n-Si  Schottky
barrier diode (SBDs) via spin-coating and
investigated  electrical and  dielectric
properties between 10 kHz—2 MHz. Cimen
(2018) have
concentration of TCNQ on Au/P3HT:F4-

TCNQ/n-Si on SBDs which improves the

et al investigated the

quality of devices. Moreover, Mun et al.
(2020) have successfully fabricated F4-
TCNQ doped stretchable semiconductor
showing high mobility and stability.

Within the scope of this study, Al/p-
Si/AlL,  Al/p-Si/TCNQ/Al Al/p-

SI/TCNQ:GNR/AI

and
heterojunctions  have
been fabricated successfully. The effects of
TCNQ and TCNQ:GNR layers to the

interlayer of the metal-semiconductor

structure have been

The

heterojunction

investigated. devices have been

characterized by

-V

taking  temperature-
for

The

dependent measurements

determinition of dielectric constants.
aim of the project is basically to obtain the
TCNQ:GNR heterojunction structure and to
determine the photosensitivity properties

depending on the illumination intensity.

2. Material and Method

The p-type Si wafer used as substrate
was cut to 1.5 cm? pieces, then they were
by H202:H20:HCl,
H202:H20:NH4OH, isopropanol and acetone

cleaned

solutions in an ultrasonic bath and dried by
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nitrogen subsequently. Moreover, in order to
remove impurities, Si pieces were steeped
into HF:H2O (1:1) solution. The wafer
owned perfect crystalline orientation and
7.5 x 10' cm™ carrier concentration.

Ohmic contact was created on the
back surface of the Si pieces by evaporating
pure Al (99.999%) at 8 x 107 torr pressure
in PVD. Si substrates with 150 nm thickness
of Al achieved in PVD was dealed with 450
°C temperature for 3 minutes. TCNQ and
TCNQ:GNR solutions were coated on Si
wafer via spin-coating. Spin-coating has
been performed in 1500 rpm for 45 s using
Fytronix SC-500 spin coater. After coating,
doped and undoped Si substrates were put
into PVD for Al evaporation via hole array
mask. The hole radius was determined as
7.85x102cm?  The hole

determined as 7.85 x 1073 ¢m? and 150 nm

radius was

of thickness. This evaporation was created
in same pressure. Obtained heterostructures
were analyzed via Fytronix FY-7000
Electronic Device characterization system
for the /-Vand I-T measurements. The
measurement temperatures were changed
between 50400 K by 50 K steps. Schematic
diagrams of fabricated heterojunctions are

given in Figure 1.
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Al Metallic Contact
-

Al Ohmic Contact

Al Metallic Contact (b)
-

TCNQ or TCNQ:GNR Layer

pP-Si

Al Ohmic Contact

Figure 1. Schematic diagrams of (a) Al/p-Si/Al and
(b) Al/p-Si/TCNQ/Al or Al/p-Si/TCNQ:GNR/AI
heterostructures.

3. Result and Discussion

3.1. Electrical characteristics of the
fabricated photodiodes
I-V characteristics of the Al/p-Si/Al, Al/p-
SI/TCNQ/Al and Al/p-Si/TCNQ:GNR/AI
heterostructures have been shown in Fig. 2
under various light power intensities. Al/p-
SI/TCNQ/Al and Al/p-S/TCNQ:GNR/Al
devices exhibited increasing current profile
in the forward bias region with increasing
light power intensity. Furthermore, Al/p-
S/TCNQ/Al and Al/p-Si/TCNQ:GNR/AI
heterostructures can be considered as two-
lead phototransistors. In as much as, they
have been exhibiting a phototransistor
behavior and increasing base current with
increasing light power intensity and staying
constant with increasing voltage in the
forward bias region. The phototransistors

usually can be grown on the Si02/Si surface
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as FET structure or PNP structure as BJT on
a one substrate and they are illuminated for
switching (Kim et al., 2017; Kostov et al.,
2013; Shao et al., 2019; Xie et al., 2020). In
this study, we used normal Schottky type
with n-type TCNQ and
TCNQ:GNR interlayers. The n-type TCNQ
and TCNQ:GNR layers can absorb the light

photodetector

significantly. While the photodiodes or
photodetectors work in the reverse biases,
the phototransistors run in the forward bias
region. We have both photodiode behavior
in reverse biases and phototransistor
behavior in the forward bias region. The
threshold values of the fabricated device

were calculated from these graphs and

and emit electrons to the medium  discussed broadly.
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Figure 2. In/-V plots of the (a)
heterostructures.

In/-V plots are used generally to
calculate ideality factor, barrier height and
series resistance of the metal semiconductor
devices by thermionic emission theory,

Norde and Cheung methods (Kocyigit et al.,
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Al/p-Si/Al, (b) Al/p-SUTCNQ/Al and (¢) Aljp-Si/TCNQ:GNR/Al

2019). According to thermionic emission
theory, while the slope of the second region
at the forward bias In/-V plot provides to
calculate the ideality factor, y-intercept of

the plot helps calculate barrier height value
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(Tataroglu et al., 2021). Fig. 2(a), 2(b) and
2(c) show the In/-V plots of the Al/p-Si/Al,
Al/p-Si/TCNQ/Al and Al/p-
Si/TCNQ:GNR/AI heterostructures under
dark and 100 mW/cm? light power intensity,
respectively. The changes of the current in
the reverse bias regions can clearly be seen
in given graphs. Obtained devices exhibited
increasing photocurrent profile in the
reverse bias as well as forward bias regions.
This result demonstrates the photodiode
behavior of the fabricated devices with
phototransistor behaviors (Ozmen et al.,
2019).

The ideality factor, saturation current and
barrier height values were calculated and
listed in Table 1 according to thermionic
emission theory for dark condition. The
ideality factor values of the Al/p-Si/Al,
Al/p-Si/TCNQ/Al and Al/p-
Si/TCNQ:GNR/AI
determined as 2.56, 2.07 and 2.20, and the

heterostructures were
barrier height values were calculated as 3.76
eV, 1.99 eV and 2.45 eV, respectively. The
high ideality factor values at the Al/p-
SI/TCNQ/Al and Al/p-SYTCNQ:GNR/AI
attributed to Dbarrier

devices can be

inhomogeneity and interfacial TCNQ and

TCNQ:GNR layers as well as series
resistance rather than more than unity (Cifci
et al., 2018; Kacus et al., 2020). Current
transient (/-f) measurements of the Al/p-
Si/Al,  Al/p-Si/TCNQ/Al  and  Al/p-
Si/TCNQ:GNR/AI devices have been shown
in Fig. 3(a), 3(b) and 3(c), respectively. The
currents of the fabricated devices suddenly
increased when the light is applied for all
various light power intensity values, and
decreased immediately when it is off. This
result accentuated that the fabricated devices
have good responsivity to the light
illumination (Ilhan et al., 2021). Moreover,
the current increased almost linearly on the
all devices with increasing light power
intensity and maximum current was
obtained for 100 mW/cm? values. The rise
times of the devices were obtained as 45.08
ms, 46.12 ms and 46.55 ms for the Al/p-
Si/Al,  Al/p-Si/TCNQ/Al  and  Al/p-
Si/TCNQ:GNR/Al devices, respectively.
These results can be indicated to good
response time according to literature (Hu et

al., 2021).

Table 1. Various diode parameters for the Al/p-Si/Al, Al/p-Si/TCNQ/Al and Al/p-Si/TCNQ:GNR/AI

heterostructures.

Interface
Type

Undoped 2.56
TCNQ 2.07 .
TCNQ:GNR 2.20 2.45

D, Rs Rs
Cheung Cheung Cheung
V)  (QHMm) (Q (din(l)))

2950
0.75 0.61 2260 1012
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Figure 3. [t graphs of
heterostructures.

Current transient (/-f) measurements
of the Al/p-Si/Al, Al/p-S/TCNQ/Al and
Al/p-Si/TCNQ:GNR/AI devices have been
3(a), 3(b) and 3(c),

respectively. The currents of the fabricated

shown in Fig.
devices suddenly increased when the light is
applied for all various light power intensity
values, and decreased immediately when it
is off. This result accentuated that the
fabricated devices have good responsivity to
the light illumination (ilhan et al., 2021).
Moreover, the current increased almost
linearly on the all devices with increasing

light power intensity and maximum current

was obtained for 100 mW/cm? values. The
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30
Time (s)

40 50 60

the (a) Alp-Si/Al, (b) Al/p-S/TCNQ/Al and (c) Al/p-Si/TCNQ:GNR/AI

rise times of the devices were obtained as
45.08 ms, 46.12 ms and 46.55 ms for the
Al/p-Si/Al, Al/p-Si/TCNQ/Al and Al/p-
Si/TCNQ:GNR/Al devices, respectively.
These results can be indicated to good
response time according to literature (Hu et

al., 2021).

4. Conclusion

TCNQ and TCNQ:GNR layers on p-
Si  substrate have been fabricated
successfully. The electrical characterization
of the devices was performed by [I-V
measurements under dark and various light
intensities.

power From current-voltage
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characteristics, the electronic parameters
such as ideality factors, barrier heights,
series resistances and rise times were
calculated. The fabricated devices exhibited
considerable responsivity and specific
detectivity. It can be concluded from overall

results that TCNQ and TCNQ:GNR layers

considered as quite proper materials for
optoelectronic applications.
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Abstract: Electronic, structural and elastic properties of Pd,CrPb compound were examined with Density
Functional Theory (DFT). The lattice constant in state of balance and the total magnetic moment value were
calculated and 6.454 A° and 3.678 pB f.u. values were obtained respectively. The lattice constant and total
magnetic moment value obtained for Pd>CrPb compound were compared to existing values in the literature, and
the results obtained were found to be consistent with the literature results. The calculation of bulk modulus in
this study is non-existent in the literature. The bulk modulus of this molecule is presented in the literature in this
sense. The aim of the study is to publish the results of studies on non-existent electronic, structural and elastic
properties for Pd,CrPb compound conducted using density functional theory. The electronic band structure, total
and partial density graphs for Pd,CrPb compound were drawn. Bulk modulus (B), Shear modulus (G), B/G ratio,
Young modulus (E), Poisson ratio, Ci;, Ci» and Cu4 values were also calculated for this compound. Pd>CrPb
compound meets Born stability principles and calculated elastic stabilities show that this compound is
mechanically stable.

Keywords: Band structure, Pd,CrPb, GGA-PBE, Density functional theory

Pd,CrPb Heusler Bilesiginin Yapisal ve Elastik Ozellikleri

Oz: Yogunluk Fonksiyonel Teorisi (DFT)ile Pd,CrPb bilesiginin elektronik, yapisal ve elastik ozellikleri
incelenmistir. Denge durumundaki 6rgii sabiti ve toplam manyetik moment degeri hesaplanmistir ve sirasiyla
degerleri 6.454 A° ve 3.678 uB fu. bulunmustur. Pd,CrPb bilesigi igin elde edilen 6rgii sabiti ve toplam
magnetik moment degerleri literatiirde mevcut olan degerler ile karsilastirilmis ve elde edilen sonuglarin literatiir
sonuglar ile uyumlu oldugu gézlemlenmistir. Bu ¢alismada yapilan bulk modiilii hesaplamasi literatiirde mevcut
degildir. Bu anlamda literature bu molekiiliin bulk modiilii sunulmustur. Pd,CrPb bilesigi i¢in literatiirde mevcut
olmayan elektronik, yapisal ve elastic ozellikleri ile ilgili ¢alismalar yogunluk fonksiyon teorisi yardimi ile
gerceklestirilerek elde edilen sonuglarin literature kazandirilmasi amaglanmaktadir. Pd,CrPb igin elektronik bant
yapilari, toplam ve kismi durum yogunlugu grafikleri ¢izilmistir. Ayrica bu bilesik i¢in Bulk modiilii (B), Shear
modiilii (G), B/G orani, Young modiilii, Poisson orani, Cy;, Cj» ve Cas hesaplanmigtir. Pd>CrPb bilesigi Born
kararlik ilkelerini saglamaktadir ve hesaplanan elastik sabitleri bu bilesigin mekaniksel olarak kararli oldugunu
gostermistir.

Anahtar Kelimeler: Band yapisi, Pd>CrPb, GGA-PBE, Yogunluk fonksiyonel teorisi

1. Introduction electronic practices due to their interesting

When elements that form Heusler's  magnetic properties. First Heusler type
compounds come together, it is discovered  compounds were discovered adding 3rd
that these compounds transform group element aluminum to CuMn alloy by
ferromagnetic material, and they are an ideal =~ Friedrich Heusler in 1903 (Heusler, 1903).

material group for spintronics and magneto-
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Heusler compounds crystallize in
stoichiometric order, when full and semi-
Heusler compounds crystallizing in the L2
and Clbv structures (Offernes et al., 2008;
Otto et al., 1987; Otto et al., 1987). Heusler
compounds have four fcc substrings
interwoven with positions (0,0,0) and
(1/2,1/2,1/2) for the X atom, (1/4,1/4,1/4)
for the Y atom, and (3/4,3/4,3/4) for the Z
atom. Semi-Heusler compounds are made up
of four interwoven substrings, three of
which are ridden with X, Y, and Z atoms,
while the fourth (1/2,1/2,1/2) is empty. The
Clb structure is formed by changing half of
the X sites in neat form from the L2
structure. Full Heusler compounds with
X2YZ formulas have a 2:1:1 stoichiometric
composition and are in the Fm-3m space
2009). Quaternary

Heusler compounds with XX'YZ chemical

group (Xing et al.,

formula are in the 1:1:1:1 stoichiometric
composition and in the F-43m space group
(Xu et al, 2013). In full Heusler
compounds, when X and Y are generally
two different transition metals, Z is a non-
magnetic III-VI A, i.e., sp group element. In
quaternary Heusler compounds, when X, X'
and Y elements are in the transition metal
group, and Z elements are in the III-V group
of the periodic table. LiMgPdSn structure
can be shown as an example for quaternary
Heusler compounds (Xu et al., 2013; Eberz

at al., 1980).
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Many studies have been conducted

on  Heusler compounds, but no
comprehensive study on the electronic and
elastic properties of Pd2CrPb compound has
been completed. In his doctoral thesis, M.
GilleBen (GilleBen, 2009) only examined the
lattice constant and total magnetic moment
values. The VASP package program was
used to examine the basic properties of the
Pd2CrPb compound, and new data were
included, and the results were shared.

The band, partial and total DOS
structures, as well as the electronic
properties of compounds, were the focus of
this research. Elastic stabilities for
compounds were also calculated and with

the help of obtained elastic stabilities, these

compounds are determined to be
mechanically stable.

2. Material and Method

All  calculations for Pd2CrPb

compound were made by using the VASP
(Meda-A) package program based on
density functional theory. Generalized
Gradient Approximation (GGA) was used
by wusing the Perdew-Burke-Ernzerholf
(PBE) diagram (Kresse
1993;1994; Kresse and Furthmiiller, 1996;

1996; Perdew et al., 1996). The energy

and Hafner,

cutoff value was taken as 500 eV, and the
Brillouin region was studied using 4x4x4 k-
dots generated by the Monkhorst-Pack

scheme. In this study, primarily lattice



Structural and Elastic Properties of Pd:CrPb Heusler Compound

constant, bulk modules, and total magnetic
moment values within the scope of structural
parameters were calculated for Pd.CrPb
compound. Shear modulus, B/G ratio,
Young modulus and Poisson ratio were
searched for Pd2CrPb by obtaining elastic
stables.

3. Results and Discussion

Pd2CrPb compound is examined for
the Palladium-based in the L21 phase, which
has a Fm-3m space group and crystallizes in
a cubic structure. Fig. 1 shows the crystal
structure of the Pd>CrPb compound. The
total magnetic value and balance lattice
stability were obtained. Lattice parameter
and total magnetic moment values are in
Table 1 with existing theoretical data.
Obtained values for the compound are in

good agreement with existing results.

Table 1. The lattice constant (A) and total magnetic

moment (uB f.u
Pd>CrPb a0 (A) M (ub f.u.)
Present work 6.454 3.678
Theory 6.553 3.90

(GilleBen, 2009)

Figure 1. The structural optimization of Pd,CrPb full
Heusler Compound
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Lattice parameter and total magnetic
moment values are in Table 1 with existing
theoretical data. Obtained values for the
compound are in good agreement with
existing results.

Elastic properties of a cubic crystal
establish a connection with the mechanical
properties of that crystal and give critical
information about its stability. Flexibility
stables of cubic crystal are shown as Cjj and
are defined by Ci1, Ci2 and Ca4 (Luan et al.,
2018; Rassoulinejad-Mousavi et al., 2016).
Cubic crystals have to meet Born stable
principles to be mechanically stable. Born
stable principles for cubic crystals are below
; (Mogulkoc, et al. 2013; Wu et al., 2007,
Mouhat and Coudert 2014 );

C11>0,Chs > 0,C1q > |Cy3], (C1y +2C15) >0 (1)

The mechanical stability of the
Pd2CrPb compound was analyzed in terms
of the elastic stables. Table 2 shows the
values found for the elastic stables, and
when the obtained values are examined, it is
seen that the Pd2CrPb compound meets the
Born  stability  principles and  is
mechanically. Bulk modulus (B), Shear
modulus (G), B/G ratio, Young modulus
(E),

calculated for this compound and all these

Poisson ratio values were also

calculated were listed at Table3.

Table 2. The calculated elastic constants C; (Cii,
C]z, and Cua).
C11(Gpa)

C12(Gpa) C4(Gpa)

139.664 126.765 69.858
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Table 3. The calculated Bulk modulus (B), Shear modulus (G), B/G ratio, Young modulus (E) and Poisson

ratio (v).

Compound B

Pd2CrPb 131.064

When the unit cell of the crystal is in
the state of balance and minimal strains are
applied, the Bulk modulus is obtained using
the energy change. The Bulk modulus is a
measure of the resistance against volume
change under applied pressure.

The mechanical properties of
Pd2CrPb compound were investigated using
the bulk modulus to shear modulus ratio
(B/G). According to Pugh criteria, when the
B/G ratio is below 1.75, the material shows
brittle behavior, and when the B/G ratio is
above 1.75, the material shows ductile
(Mouhat and Coudert, 2104;

Perdew et al., 1993; Pugh, 1954).

behavior

Shear modulus is a measurement of
the material's stretching under shears or
resistance to lateral pressure; as a result, the
shear modulus determines hardness better
than isotropic compressibility modules. The
Young modulus is expressed as the ratio of
the tensile strain to the tensile strength, and
a high Young modulus indicates that the
material is hard.

The Poisson ratio is an essential
that

of  materials provides

property
information about the characteristics of
binding forces. When covalently bound

materials have a Poisson ratio of about 0.1,

G

29.328
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B/G E

V

4.47 81.878 0.40

electrostatically bound materials have a
Poisson ratio of about 0.2. These values for
Pd2CrPb compound were calculated and are
shown in Table 3. As can be seen in Table 3,
the Pd2CrPb compound has a ductile

structure and an electrovalent character.
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Figure 2. The band structure of Pd,CrPb Compound

For Pd:CrPb compound in L2i
structure, spin-polarized band structures are
given in Fig. 2 along high symmetry
directions in the first Brilloin region. As
shown in Fig.2, there is no electronic space
for either the upper or lower spin, and the
conductivity and valence bands are
interwoven. Fig. 3 shows the total density of
in order to better analyze the

Pd>CrPb

states

electronic  contribution  for

compound and energy space, which does not
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exist at the fermi level. This situation shows

metallic behavior in both spin orientations.

that polarized band structures exhibit
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Figure 3. The total and partial DOS of Pd,CrPb Compound

In this study, the -electronic, total density of state diagrams for Pd2CrPb

structural, and elastic properties of Pd2CrPb
compound that is in Fm-3m space group and
cubic structure were investigated using DFT
theory, which is a theoretical model for
Pd2CrPb compound in Fm-3m space group
and cubic structure. The compound's lattice
parameter and total magnetic moment were
calculated, and the results were found to be
consistent with the existing values in the
literature. Bulk modules of Pd.CrPb
compound were also obtained; however, no
comparison of this value can be made
because there is no experimental and
theoretical study about this compound in the

literature. The band structure, partial and

compound were obtained, and because the
Fermi level has finite energy, the compound
the
obtained B/G ratio of Pd2CrPb compound is

exhibits metallic behavior. Since

greater than 1.75, it is understood that the
material exhibits ductile behavior. Elastic
properties of PdCrPb compound are
presented first in this study and calculated
analysis of elastic stables shows that
Pd2CrPb compound is in the stable structure.
Due to the properties of the Pd2CrPb
compound, it can be said that the Pd>CrPb
compound is a prospective material for

magneto-electronic and spintronic practices.
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