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()zet

Bu calismada, bogurtlen (Rubus caesius) meyvelerinin preslenmesiyle elde edilen boyar madde ile ¢cam
ahsap, pamuklu ve yiinli kumaslarin 6n, birlikte ve son mordanlama yéntemleriyle 27 adet numune
boyandi. Mordan (sabitleyici) olarak bakir stilfat (CuSO4.56H20), sap AIK(SO4)2.12H20 ve demir -II- stilfat
(FeSO4 .7H20) kullanildi. Boyama sartlari ve karakteristikleri belirlendi. Haslik analizi sonuglarina gore,
cogunlukla ytksek haslikta renkler elde edildi ve bogurtlen meyvelerinin organik tekstil endtstrisinde
dogal ham madde kaynag1 olarak kullanilabilecegi anlasildi.

Anahtar Sézciikler: Bogurtlen, boya, hashk, yin, pamuk, ahsap

Investigation of dyeing properties of wood, cotton and woollen fabrics with
extract obtained from Rubus caesius fruits

Abstract

In this work, total 27 numbers of wood, wool and cotton fabrics were dyed by using pre- mordantation,
together mordantation and last mordantation methods with dyestuff obtained by pessing from Rubus
caesius fruits. CuSO4.5H20, AIK(SO4)2.12H20 and FeSO+.7H20 were also used as mordanting agents.
Dyeing conditions and other characteristics were determined. According to the fastness analyses results,
having high fastness colours were mostly obtained and it was appeared that Rubus caesius fruits may
probably be used as natural raw source in organic textile industry.

Key Words: Bramble, dye, fastness, wool, cotton, wood
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1. Giris

Bitkisel boyar maddeler, tabiatta yetisen otsu ya da ¢ali tart bitkilerin kok, kabuk, yaprak, cicek
ya da tohumlarindan c¢esitli yontemlerle elde edilirler. Milattan 2000 y1l 6nce Cinlilerin bitkisel
indigo ve Cin yesili denilen 6zel boya ya da boyar maddelerle ipek boyadiklar: bilinmektedir [1].
Gittikce artan ihtiyac nedeniyle, bitkisel boyar maddelerin cesitleri de artmis ve eski bilinenlere
yenileri eklenmistir. Daha sonra, Hindistan’da yetisen Indigofera infectoria’dan elden Indigo
Avrupa’ya girmistir.

Tarih boyunca Anadolu Avrupa’nin ¢ok énemli boya merkezi olmustur. Turk kirmizist adr ile
bilinen Kok boya (Rubai tinctorum) ilk defa 1519 yilinda Turkler tarafindan kullanilmistir.
Fransa 1715 yilindan itibaren kok boya ziraatina baslamistir. Osmanl déneminde Tokat, Bursa,
Istanbul, Edirne, Konya, Kayseri gibi yerler, boyacilik sanatinin ortaya ¢iktigi en énemli
merkezlerdir[1].

Turkiye’de dogal boyaciligin gerilemesi sentetik boyalarin 1882’de tilkemize girmesiyle baslamistir.
Bu ytizden en 6nemli boya bitkileri olan Cehri ve Ttlirk kirmizisi’nin ticareti durmustur. Her seye
ragmen Anadolu insan1 bitkisel boyalardan vazgecmemis ve giinimuze kadar bu geleneksel
boyamacilik varligini stirdiirmiuistiir. Giiniimuizde bu konuda tiretim yapmak isteyen girisimciler
devlet tarafindan desteklenmektedir. Tekstil endiistrisinin hizla gelistigi diinyamizda, insan saghg:
6n plana ¢ikmakta ve son yillarda organik tekstil Girtini tiretiminde 6nemli gelismeler
kaydedilmektedir. Oyle ki bazi fabrikalarda bitkisel boyalarla boyama islemi yapan entegre iiniteler
kurulmaktadir. Bitkisel boyacilikta en énemli sorun, ¢6pe atilan dogal boyar madde kaynaklarindan
yararlanilamamasidir. Ornegin, sogan kabuklari ¢cok énemli Quercetin boyar maddesi ihtiva
etmektedir, ancak, tekstil sanayisinde degerlendirilmemektedir. Degerlendirilebilseydi, sadece
sogan kabuklarindan yillik 100 milyon dolar déviz girdisi saglayabilirdik[2]. Ayn1 hesap ceviz
yapragi, portakal ve mandalina kabugu gibi ¢cope atilan atik maddeler icin yapildiginda yillik
ne kadar maddi kayipta oldugumuz daha net anlasilacaktir. Bu kazancla, az gelismis bolgelere
her yil fabrikalar yapmak ve issiz pek cok insanlara is imkani1 saglamak mumkindur.

Bogtrtlen cal tiirti ok yillik bir bitkidir. Bogtirtlen meyvesinin  ve ciceklerinin pek cok hastaliga
iyi geldigi bilinmektedir. Mevsim 6zellikleri nedeniyle en ¢ok Mersin ve Bursa yorelerinde
yetistirilmektedir. Kozmetik sanayisinde, icinde bogurtlen aromasi bulunan dus jeli ve gtzellik
losyonlar tiretilmeye baslanmistir. Diyabet ve bobrek taslari icin faydal olan bogurtlenin sikilarak
elde edilen suyunun ishal rahatsizliklarina, taze veya kurutulmus 20 gram bogurtlen yapragindan
yapilan cayin ise, agiz yaralarina iyi geldigi , antioksidanlar acisindan zengin oldugu, bogurtlen
meyvesinin ise yashliktan kaynaklanan hafiza kayiplarina, diyabete ve bobrek taslarina karsi
kullanildigini belirtilmektedir. Bogurtlen idrar soktirar. Ayaklardaki sislikleri indirir. Yiksek
tansiyonu dusurtr. Gozlerdeki zafiyeti giderir. Mesane taslarinin diismesine yardimer olur. Agiz,
dil, dis eti ve bademcik iltihaplarini giderir. Kadinlarda gortlen beyaz akintiyr keser. Haricen
kullanildig: takdirde agrilar1 dindirir, yaniklar iyilestirir. Kokt kaynatilip, suyu icilecek olursa
kandaki seker miktarini dustrar [http//www.lordiz.com].

Yapilan detayl literatir taramasinda bogurtlen meyveleriyle tekstil trtintt boyamaciligl tzerine
yapilmis ve yayimnlanmis bir calisma olmadigi gortlmustiir. Buna mukabil M. Wesolowiski ve ark.,
bogurtlen yapraklarinin termal bozunmasi tizerine; S. Wada ve ark. ise ve bogtirtlen tohumlarinda
proantosiyanidin calismalar: yapmaslar ve yayimlamislardir[3;4].
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Bogirtlenin meyvelerinde antioksidan, vitamin ve ayni1 zamanda boyar madde 6zelligine sahip
siyanidin (Sekil 1) molekilti bulunmaktadir. Bu molekil sahip oldugu kromofor ve oksokrom
gruplar nedeniyle iyi bir boyar madde 6zelligi sergilemektedir. pH=3"in altindaki pH’larda
kirmizi, pH=7-8 ’de viole , pH=11"in tzerindeki pH’ larda ise mavi renk sergileyen indikator
ozelliginde bir maddedir. [http//www.lordiz.com].

OH

OH ¥
@
OH
siyanidin

Sekil 1

O-sugar

Grubumuzda, Gaziosmanpasa Universitesi Dogal Boyalar Uygulama ve Arastirma Merkezi
laboratuarlarinda 1997 yilindan beri pek ¢ok bitki ile arastirma c¢alismalar: yapilmis ve
yaymlanmistir[5;6;7]. Besin ve kozmetik degeri bu denli yiiksek olan bégurtlen meyvelerinin
organik tekstil acisindan etkili bir dogal hammadde kaynag1 olup olamayacagi incelenmeye deger
gorulmis ve calismanin 6zet kisminda belirtilen mordan maddeleriyle (Bakar sulfat, Demir-II-
sulfat ve Sap) cam ahsap, pamuklu ve yunla kumaslar icin 6n, birlikte ve son mordanlama
yontemleriyle boyanarak, elde edilen sonuclar karsilastirmali olarak degerlendirilmistir. Buna
gore, bogurtlen meyvelerinin dogal boyar madde kaynagi olarak kullanilabilecegi anlasilmistir.

2. Deneysel Calisma

2.1. Materyaller

Boyanacak Cam ahsap numuneler Tokat merkezde bulunan dograma atdlyesinden, pamuklu
ve yanli kumaslar %100 pamuklu ve %100 yiinlii kumas olarak i¢ piyasadan temin edildi. Her
kumas 10 x 10 cm boyutlarinda kesildi. Mordan tuzlar1 olarak merck marka CuSO4.5H20,
AIK(SO4)2.12H20 ve FeSO4.7H20 kullanildi.

Olgunlagsmis bogurtlen meyveleri Agustos ayinda toplandi, presleme yontemiyle koyu renkli
boyar madde ekstrakti elde edildi. pH 6lctimleri wtw marka digital pH metre ile yapildi.
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2.2. Boyar madde ekstraksiyonu

Bu islem icin 3 kg. olgun bogurtlen meyvesi gecirgen bir bez yardimiyla preslenerek konsantre
boyar madde elde edildi. 2 kez sik gozenekli elekten suziildi, deiyonize su ile (3L) sulandirilarak
tekrar suzildi ve partikil icermeyen homojen boya banyosu ¢o6zeltisi hazirlandai.

2.3. Boyama islemleri

On mordanlama ile boyama: 0.1M 100 mL mordan cézeltisine boyanacak materyal konularak
80 °C ’de 40 dk 1sit1ld1, sogutuldu ve siiziildii. Uzerine 100 mL boyar madde ¢ézeltisi eklendi.
80 °C’de 1 saat 1s1t1ldi. Sogutulduktan sonra stiziildii ve saf su ile duruland: ve kurutuldu.

Birlikte mordanlama ile boyama: Boyanacak materyal, 100 mL boyar madde cozeltisi ve 0.1M
100 mL mordan ¢o6zeltisinin ihtiva ettigi kadar kati mordan maddesi aymi kap icerisinde karistirildu.
80 °C’de 1 saat 1sit1ld1, sogutulduktan sonra stzildd, saf su ile duruland: ve kurutuldu.

Son mordanlama ile boyama: 100 mL boyar madde c¢ozeltisinde 80 "C’de 1 saat boyanan
kumaslar, stiziilitp durulandiktan sonra 0.1M 100 mL mordan ¢ozeltisinde 80 °C de 40 dk 1sit1ldu.
Sogutulduktan sonra stzildu, saf su ile durulandi ve kurutuldu[8].

2.4. Haslik analizleri ve renk kodlamalar:

Haslik, boyali numunelerin dis etkenlere kars1 gosterdigi direnctir. Isik, ytkama, 1itii, yas ve kuru
surtinme hasliklar1 bunlardan bazilaridir. Boyali numunelerin 1s1k, ytkama, kuru ve yas strtiinme
hasliklar1 ISO tavsiyelerine gore uluslar arasi gri 6lcek yardimiyla yapilmistir. Isik hashg Xenotest
cthazi ile, yitkama hashgi laundry yikama cithazinda 40 °C’de 20 dk. yikama yaparak ortaya ¢ikan
solma derecelerine gore, kuru ve yas surtiinme hashiklar1 crockmeter cithazi yardimiyla gercek-
lestirilmistir[9].

Boyali numunelerin renk kodlar1 Pantone Color Quide renk atlasi yardimiyla gorsel olarak
belirlenmistir. Renk kodlar1 ¢esitli yontemlerle verilmektedir. Bu ¢alismada, Uluslar ars1 gecerliligi
olan “Pantone Color Quide” renk atlasi kullanilmistir. Bu islem gorsel olarak yapilmistir. Renk
kodu stitunundaki her rakam, ilgili ydontemle elde edilen renkli numunenin pantone renk
kodunu ifade etmektedir[9].

3. Bulgular

Bu calismada ¢am ahsap, yinli ve pamuklu kumas numunelerin 6n, birlikte ve son mordanlama
yontemleri kullanilarak, CuSO4, FeSO4 ve AIK(SO4)2 mordan (renk sabitleyici) ¢Ozeltileri
yardimiyla bogurtlen meyvesiyle boyanma 6zellikleri incelenmistir.

Yapilan ytnlt kumas boyamalarina iliskin hashik degerlendirmeleri tablo-1; pamuklu kumas
boyamalaraina iliskin haslik degerlendirmeleri ise tablo-2’ de verilmistir. Haslik degerlendirmeleri;
151k hashg1 1-8 araliginda verilirken, diger hashiklar 1-5 araliginda verilmektedir. Isik hashginda
1-3 aras1 kotu, 4 orta, 5-6 iyi, 7-8 ¢ok iyi olarak degerlendirilir. Isik hashigr disindaki
degerlendirmelerde ise; 1-2 kotli, 3 orta, 4 iyi, 5 ¢ok iyi olarak puanlandirilmaktadir[9].
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mordan yontem yikama hashgi 151k hashgi yas siirtiinme kuru siirtiitnme
FeSO4 On mord. 4/5 5/6 5 5
CuSO4 “ 4/5 5/6 5 5
AIK(SO4)2 “ 2/3 5 5 5
FeSO1 Birl.mord. 3/4 5/6 5 5
CuSO4 “ 4/5 5/6 5 5
AIK(SO4)2 “ 2 6/7 5 5
FeSO4 Son.mord. 4/5 5/6 5 5
CuSO4 “ 4/5 6 5 5
AIK(SO4)2 “ 3/4 5/6 5 5
Tablo.2. Boyah pamuklu kumaslarin hashk degerleri

mordan yontem yikama hashgi 151k hashg: yas siirtiinme kuru siirtiilnme
FeSO4 On mord. 3 7 5 5
CuSO4 “ 3/4 5/6 5 5
AIK(SO4)2 “ 2 6 5 5
FeSO4 Birl.mord. 2/3 7 5 5
CuSO4 “ 4 5/6 5 5
AIK(SO4)2 “ 2/3 6/7 5 5
FeSO4 Son.mord. 2/3 7 5 5
CuSO4 “ 3/4 6 5 5
AIK(SO4)2 “ 3/4 6 5 5

Boyali numunelerin renk kodlar1 (Pantone color quide) tablo-3 ve tablo-4’te, boyali cam ahsap

numunelerin renk kodlar: tablo- 5’te verilmistir.
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Tablo.3. Boyal yiinlii kumaslarm renk kodlar:

mordan yontem renk kodu
FeSO4 On mord. 277
CuSO¢« “ 283
AIK(SO4)2 “ 2706
FeSOu4 Birl.mord. 536
CuSO¢« “ 631
AIK(SO4)2 “ 250
FeSO4 Son.mord. 421
CuSO« “ 454
AIK(SO4)2 “ 434

Tablo.4. Boyali pamuklu kumaslarmn renk kodlar1

mordan yontem renk kodu
FeSO4 On mord. 537
CuSO4 “ 451
AIK(SO4)2 “ 2706
FeSO4 Birl.mord. 536
CuSO4 “ 482
AIK(SO4)2 “ 5445
FeSO4 Son.mord 401
CuSO4 “ 537
AIK(SO4)2 “ 434

Tablo.5. Boyali cam ahsap numunelerin renk kodlar1

mordan yontem renk kodu (Gray house)
FeSO4 On mord. 440

CuSO4 “ cool gray 10
AIK(SO4)2 “ 402

FeSO4 Birl.mord. 424

CuSO4 “ 436
AIK(SO4)2 “ cool gray 9
FeSO4 Son.mord 432

CuSO4 “ 409
AIK(SO4)2 “ 406
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CuSOs4 ile yinlti kumas boyamada 6n mordanlamada mat mavi, birlikte mordanlamada yesilimsi
mavi, son mordanlamada vanilya rengi olusurken; ortalama hashk degeri 3.5 bulunmustur. FeSO4
ile yapilan ytinlii boyamalarda ortalama haslik degeri 3 olup, 6n mordanlamada acik mor, birlikte
mordanlamada mor, son mordanlamada pembemsi mor elde edildi.

Sap ile yapilan yinli boyamada 6n mordanlamada mavimsi mor, birlikte mordanlamada a¢ik
menekse, son mordanlamada ise kum grisi elde edilmis olup ortalama hashk degeri 3-4 civarindadir.

CuSOzs ile yapilan pamuklu kumas boyamalarda 6n mordanlamada mavi tonu, birlikte mordanla-
mada petrol yesili, son mordanlamada bej renk elde edildi, ortalama hashk 4 civarindadir. FeSO4
ile yapilan pamuklu kumas boyamada 6n mordanlamada acik menekse, birlikte mordanlamada
morumsu lacivert, son mordanlamada mat yavru agz1 renk tonlar elde edildi, ortalama hashk
ise 3 aivarindadir. AIK(SO4)2 ile yapilan pamuklu kumas boyamalarda ise 6n mordanlamada
metalik acik mor, birlikte mordanlamada mavimsi yavru agzi, son mordanlamada ise krem renk
tonu elde edilmis olup ortalama haslik degeri 2 civarindadir. Elde edilen tiim renkler yazlik
kiyafetler icin uygundur yazlik kiyafet renkleri elde edilmistir.

Yunlt kumas boyamada en iyi sonuclar 6n mordanlamada elde edilirken, en iyi mordanin da
CuSOs4 oldugu soylenebilir. Pamuklu kumas boyamada ise 6n birlikte ve son mordanlamada
o6nemli bir hashik farki gézlenmedi. Her 3 mordan icin de dogru orantili olarak 3 mordanlama
yonteminde de yunli boyamalar pamuklu boyamalara gore daha canli ve daha koyudur. Bu du-
rum yuntin dogal boyar maddeye kars ilgisinin pamukluya gore daha ytiksek olmasindandir. Ay-
n1 dogru orant1 haslik testlerinde de gortlmiis ve yinlti kumaslarin hashk degerlerinin pamukluya
gore daha yuksek oldugu tespit edilmistir.

Bogurtlen meyvesi ile cam ahsap boyamada CuSO+4 ile 6n, birlikte ve son mordanlamada zeytin
yesili tonlar; FeSO+ ile 6n birlikte ve son mordanlamada koyu kahve tonlar; sap ile yapilan boya-
malarda 6n, birlikte ve son mordanlamada giderek acilan a¢ik mor tonlar: elde edilmistir.

Yintn 6n mordanlama ile daha iyi sonu¢ vermesi beklenen bir sonuctur. Ciinkii, yin protein
yapili molekil olup, mordan katyonu 6nceden ytine baglandigindan; daha sonra gelecek boya
molekillerini koordine kovalent baglarla kuvvetli bir sekilde baglayacaktir.

Pamuklu kumas ve ¢cam ahsap numuneler selilozik yapida olup, endustriyel sentetik boyalarla
pamuklu kumas boyama iglemi hafif bazik ortamda (pH= 7.5 - 9. aras1) yapilmaktadir. Bitkisel
boyalarla pamuklu kumas boyamada mordan maddesi olarak bilinen gecis elementi tuzlarinin
hem boyar maddeyi elyafin oksokrom (baglayic1) gruplarina kuvvetli kimyasal baglarla baglamakta
hem de renk tonlarmi artirmakta 6énemli rol aldig1 sdylenebilir. Mordanlama yontemleri degismekle
renk tonu da degismektedir.

Bu durum, [boyar madde (siyanidin) —mordan—elyaf] baglanma sirasina gére olusan i¢ komp-
leksin absorbe ettigi 151851n  dalga boyunda meydana getirdigi degisimden kaynaklanmaktadir.
Mordanlama yontemine gore baglanma sirasi sdyle gosterilebilir.

On mordanlama: [elyaf+ mordan katyonu]............ Boyar madde: 1 ve 2 islem sirasini gosterir.
1 2

Birlikte mordanlama: [elyaf + boyarmadde + mordan]: hepsi ayn1 anda karistirilir.

Son mordanlama : [elyaf + boyar madde]..........Mordan
1 2
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Sonuc olarak, boyali numunelerin haslik degerleri her ne kadar ¢ok ytiksek bulunmamissa da,

daha 6nce grubumuzda yapilan ve yayinlanan bilimsel ¢alismalar kapsaminda; Onal-1 mordan

sistemi, sogtit dal ekstrakt veya eksi hamur ekstraktinin mordan olarak kullanilmasiyla durumunda

mevcut hashik degerlerinde artis saglanabilir[10;11;12;13].

Yapilan bu ¢alismayla, gida maddesi olarak tiiketilen ve insan saghg tizerinde, gida ve kozmetik

alanda oldukca yararh olan bogtirtlen meyvelerinin, organik tekstil ve ahsap boyamacihg: acisindan

da 6nemli bir dogal boyar madde kaynag1 oldugu anlasilmistir. Bégurtlen meyveleri hem ¢cam

ahsap, hem de ytnli ve pamuklu kumas boyamada rahathikla kullanilabilir. Bégurtlenin bu yonde

degerlendirilmesi durumunda tiretimi artacak ve dar gelirli insanlar i¢in yeni bir kazanc¢ kapisi

aralanmis olacaktir.

4.
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Dogal tetraploid Trifolium pratense L. (Elci caymriicgiilii) disi gametofitinde
filiform aygitinin yapisi

H. Nurhan BUYUKKARTAL 7
IAnkara Iniversitesi, Fen Fakiiltesi, Biyoloji Boliimai, 06100, Tandogan, Ankara

()zet

Dogal tetraploid Trifolium pratense L (El¢i cayirticgtilti) ’de filiform aygit (FA) 'nin yapist embriyo kesesinde
sinerjit hiicrelerinin mikropil ucunda son derece kalinlasmais yap1 1s1k ve gecirmeli elektron mikroskobu
ile olgun embriyo kesesi evresinde incelenmistir. Farkli gelisme evrelerindeki ¢icek tomurcuklarindan
alinan disi organlar hem parafine hem de epon 812 i¢ine gomulmustir.

Sinerjit hticrelerinin farkli kissmlarinda kalinlasmis bir yap: halinde olan filiform aygit 1s1tk mikroskobunda
kep seklinde gorunmektedir. Filiform aygit oldukca koyu boyanir. Gecirmeli elektron mikroskobu ile
yapilan incelemeler, sitoplazmaya dogru filiform aygit yiizeyinin ¢ok sayida duzensiz girinti ¢ikintilar ve
loblardan olustugu goézlenmistir. Filiform aygit ile iliskili sitoplazmada ¢ok miktarda mitokondriler,
ribozomlar, diktiyozomlar, ER kitleleri, lipid ve protein cisimcikleri, buiyiik nisasta taneleri iceren amiloplastlar
ve vesikuller gozlenmistir.

Anahtar Sézciikler: Trifolium pratense L., olgun embriyo kesesi, filiform aygit.

The structure of the filiform apparatus in the female gametophyte of the
natural tetraploid Trifolium pratense L. (Elci caymriicgiilii)

Abstract

The structure of the filiform apparatus (FA) - a highly thickened structure at the micropylar end of the
synergid cells in mature embryo sac — of natural tetraploid Trifolium pratense L. (El¢i ¢cayirucgtili) was
examined in the stage of mature embryo sac by a light and a transmission electron microscopy. Female
organs of flower buds sampled from those at different developmental stages were embedded both in
paraffin and epon 812.

The filiform apparatus, which exists as a thickened structure in different parts of synergid cells, is seen
in the form of a cap under light microscopy. It is stained quite dark. The investigations with transmission
electron microscopy showed that the surface of filiform apparatus towards cytoplasm is composed of
numerous irregular walls ingrowts and lobes.

The cytoplasm associated has a rich a point of mitochondria, ribosomes, dictyosomes, ER masses, lipid
and protein bodies, amyloplasts containing large starch grains and vesicles.

Key Words: Trifolium pratense L., mature embryo sac, filiform apparatus.
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1. Giris

Disi gametofit (embriyo kesesi) dogal tetraploid Trifolium pratense L (El¢i cayirucgula)‘ de yedi
hiicreden olusan bir yapidir [1]. Kesenin mikropil yontinde bir yumurta hticresi ve iki sinerjitten
olusan bir yumurta aygiti, merkezde iki polar nukleus iceren merkezi bir hiicre ve kalaza tarafinda
da ti¢ antipod hticresi bulunur. Bu tip gelisme pek cok bitkide goralar [2-10] ve polygonum tip
olarak isimlendirilir.

Trifolium pratense L (Elci cayirticgtill) ‘de olgun embriyo kesesinde sinerjit hiicrelerinin mikropil
tarafindaki ¢eperi kalinlasarak sitoplazma icine dogru girintili ¢ikintili ve loblu bir yapi
gostermektedir. Filiform aygiti olarak isimlendirilen bu yapinin bir ¢cok tiirde muhtemelen sinerjit
hticrelerinin fonksiyonunda kritik bir rol oynadigi, polen tiiptiniin biiyiimesinde ve embriyo
kesesine girisinde roli oldugu belirtilmistir [4,11-15].

Schulz ve Jensen [16], Capsella bursa pastoris’de sinerjit hiicre ¢eperinin mikropile dogru
kalinlastigini ve bu kisstmda kompleks bir filiform aygitinin mevcut oldugunu ve bu aygitin iki
yapisal fazdan olustugunu ifade etmislerdir. Aquilegia formasa’ da olgun embriyo kesesinin
mikropil kisminda filiform aygitinin dizenli uzantilar yaparak sinerjit sitoplazmasina uzandigi
bildirilmistir [17]. Newcomb [18] ise, Helianthus annuus’un olgun embriyo keselerinde farkl
filiform aygitim1 tiplerine rastlandigini belirtmistir.

Bu calismada tohum baglama orani dusuk olan dogal tetraploid Trifolium pratense L (Elci
cayiricguli) 'nin olgun embriyo kesesinde, filiform aygitinin histolojik ve sitolojik yapisinin
belirlenmesi amaclanmaistir

2. Materyal ve Yontem

Dogal tetraploid Trifolium pratense L (Elci cayiriicgult) (2n=4x=28) E2 [19] cesidine ait bitkiler
tarla sartlarinda yetistirildi (Sekil 1).

Sekil 1. Dogal tetraploid Trifolium pratense L (El¢i cayiriiggult) bitkisi.
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Isik ve elektron mikroskobu calismalar icin farkh gelisme evrelerine ait (Tablo 1) cicek tomurcugu
ve cicek 6rneklerinden c¢ikarilan disi organlar alkol-asetik asit (3:1) ’de tespit edilmis ve parafine
gomilen materyallerden 8-12 pm. kalinhiginda kesitler alinmistir. Kesitler Heidenhain Fe’li
hematoksilen ile boyanmistir [20].

Elektron mikroskobu ¢alismalari i¢in 6rnekler 6nce %3’liik gluteraldehit ile daha sonra da %
1’lik osmium tetraoksit ile tespit edildi. Dehidrasyon ve doyurma islemlerinden sonra 6rnekler
Epon 812 icine yerlestirilmistir [21]. Yar1 ince kesitler metilen mavisi ve toluidin blue ile
boyanmustir. Ince kesitler ise, uranil asetat ve kursun sitrat [22] ile boyandiktan sonra JEOL CX-
100 gecirmeli elektron mikroskopu (TEM) ile incelenmistir.

Tablo 1. Isik ve elektron mikroskobu ¢alismalart i¢in disi organ gelismesinin farkli gelisme evrelerinden
alinan 6rnekler.

Incelenen tohum

Orneklerin ahindig1 evreler Ovaryum boyu (pm) taslag1 sayisi (adet)
Ileri tomurcuk evresi 550 - 750 128
Cicek 750 - 950 109
Toplam 237
3. Bulgular ve Tartisma

Dogal tetraploid Trifolium pratense L (El¢i cayirticgiilit)’de ovaryum boyu 550 um ile 750 wm
arasinda olan tohum taslaklarinda, meydana gelmis olan olgun embriyo kesesinde, sinerjit hiicrele-
rinin farkl boélgelerinde kalinlasmais bir yap1 halinde olan filiform aygitinin 1s1tk mikroskobunda
kep seklinde oldugu ve koyu boyandig1 gozlenmistir. (Sekil 2A).

Ovaryum boyu 750-950 um arasinda olan tohum taslaklarinda, elektron mikroskobu incelemelerinde
mikropil tarafindaki integiiment huicrelerinde nisasta iceren amiloplastlarin yogun oldugu goz-
lenmistir [23]. Bu evrede 6zellikle mikropile yakin integiment hticrelerinde, nisasta iceren
amiloplastlarin baz1 htcrelerde hiicrenin icini tamamen doldurduklar: goézlenmistir (Sekil 2B).

Bir cok turde gecirmeli elektron mikroskobu ile yapilan ¢alismalar filiform aygitin ¢cok kompleks
bir organizasyona sahip oldugunu ortaya koymustur [4,3,7,24]. Filiform aygitin temel bilesiginin
hemiselliiloz oldugu gosterilmistir [25]. Baz1 turlerde ise, cizgili cihazin selliiloz, hemiselltloz,
pektin, kalloz ve proteinden olustugu bildirilmistir [11, 14].

Gecirmeli elektron mikroskobunda yapilan incelemelerde, sitoplazmaya dontk filiform aygit
yuzeyinin ¢ok sayida diizensiz girinti cikintilar ve loblardan meydana geldigi ve yan ¢eperlerle
baglantili oldugu g6zlenmistir (Sekil 2C ve D). Bazi1 kesitlerde filiform aygitta sitoplazma adalar
gozlenmistir. Bunlar sitoplazmanin filiform aygit icine dogru olan uzantilaridir (Sekil 2D). Bazi
orneklerde polen taptinun ¢izgili cihazdan gecerek, sinerjit hiicrelerinden birisine, dolayisiyla
embriyo kesesine girdigi gézlenmistir (Sekil 2E). [26].

Zigotun goruldigi tohum taslaklarinda, embriyo kesesinin mikropil tarafindaki integiiment

hticrelerinin bazisinda ¢eperlerin eridigi ve nisasta tanelerinin serbest kaldig1 saptanmistir (Sekil
9F).
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Sekil 2-A) Dogal tetraploid Trifolium pratense L. (Elci cayirticgiilii) 'de olgun embriyo kesesinin
mikropil kisminda sinerjit hiicreleri izerindeki filiform aygit. Bar = 20 pm. B) Dejenere olan
sinerjit ve filiform aygitin yar1 ince kesiti. Bar = 20 pm. C) Filiform aygitin elektron mikrografi
Bar = 2 pm. D) Cok sayida diizensiz girinti ¢ikintilar ve loblardan meydana gelen filiform aygit
ve sitoplazmanin filiform aygit icine dogru olan uzantilar (oklar) Bar =2 pm. E) Polen tiiptintn
(ok) filiform aygittan gecerek embriyo kesesine girisi. Bar = 20 pm. F) embriyo kesesinin mikropil
tarafinda integliment hticrelerinin erimesi ile serbest kalan nisasta taneleri (oklar) Bar =20 pm.
Mikropil (Mi), Dejenere sinerjit (DSy), cizgili cihaz (=filiform aparatus) (FA), Sekonder cekirdek
(S¢). Zigot (2)

Mikropil tarafinda embriyo kesesi ceperine yakin integiiment hticrelerinde nisasta iceren
amiloplastlarin yogun oldugu gézlenmistir (Sekil 3A-C). Elektron mikroskobu incelemelerinde,
nisasta taneleri elektronca seffaf gortlmektedir.

Mikropil tarafinda sinerjit hiicreleri tizerindeki filiform aygitin bazi bolgelerde parmak seklinde
ince uzantilar meydana getirmesi ve mikropil tarafindaki integtiment hiicrelerinde ceperlerin
eriyerek, nisasta tanelerinin serbest kalmasi muhtemelen besinlerin integimentlerden embriyo
kesesine iletildigi fikrini disiundtirmektedir.

Sinerjit hiicrelerinin mikropil yontinde 6zel iki membranh kalinlasmis bir yap1 halinde gortilen
filiform aygit elektronca seffaf gériinmektedir. Bu yap1 yakinindaki sitoplazmada mitokondriler,
ribozomlar, diktiyozomlar, ER kitleleri, lipid ve protein cisimcikleri, buytik nisasta taneleri iceren
amiloplastlar ve vezikiiller fazla sayidadir (Sekil 3D). Mitokondriler kisa kristali1, oval veya yuvarlak
sekillidir (Sekil 3E). Diktiyozomlar 4-6 sisternadan olusur ve uclar: vesikulliidur. Cizgili cihaz
yakinindaki sitoplazma ribozomlu ER bakimindan zengindir (Sekil 3F). ER genellikle diger
organelleri cevreler. Ribozomlar ve lipid cisimcikleri biitin sitoplazmada mevcuttur.

12
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Sekil 3A) Dogal tetraploid Trifolium pratense L (Elci cayirticgiilii) ’de mikropil tarafinda embriyo
kesesi ceperine yakin integiiment hiicreleri Bar=20pm. B) Filiform aygita yakin integiiment
hiicrelerinde bulunan nisastali amiloplastlar Bar=1pm. C) B’deki elektron mikrografin biiytitilmuis
goruntisi. Bar=1pm. D) Filiform aygit yakinindaki sitoplazmada bulunan organeller. Bar=2 pm.
E) Kisa kristali mitokondriler Bar=1pm F) Dtz endopazmik retikulum ve ribozomlar. Bar = 1pm.
Filiform aygit (Filiform apparatus=FA), amiloplast (A), Nisasta (N), lipid cisimcikleri (L),
mitokondri (Mit), diiz endopazmik retikulum (RER), ribozom (r).

Dogal tetraploid Trifolium pratense L’de, sinerjit ceperinin farklilasmasi ile olusan filiform aygi-
tin girintili cikintili bir yap1 halinde olmasi muhtemelen plazma ytizeyini arttirmak amaciyla ol-
dugu bildirilmistir [1]. Filiform aygit cevresindeki buytik nisasta taneli plastidler ve lipid cisimleri
bu yapinin absorblayict oldugunu gostermektedir. ER’un uzun sisternalari filiform aygit ile iliskili-
dir ve plazma zarina paraleldir. Bunlarin absorblanmis materyalin naklinde kanal olarak is gérduk-
leri dusuntlmektedir. Filiform aygita bagh sitoplazmada mitokondrilerin fazla sayida olmasi ise
solunum potansiyelinin ytksek oldugunu gostermektedir. Mitokondrilerin plazma zar ile olan
siki baglantisi ise bir ¢cok bilesiklerin absorbsiyonu icin gerekli olan enerjinin muhtemelen mito-
kondriler tarafindan temin edildigini diisindirmektedir. Bu nedenlerle tohum baglama orani
diistik olan dogal tetraploid Trifolium pratense L (Elci cayirticgtili) *de ¢izgili cihazin dollenmeyi
engelleyici bir olusum gostermedigi gibi polen tiiptiniin girisine ve disi gametofitin beslenmesine
yardimc1 oldugu sonucuna varilabilir.
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()zet

Bu calismada HL ligandinin nikel(II) ve bakir(II) kompleksleri sentezlendi. HL, 1-naftilamin ve 2-
hidroksinaftalin-1-karbaldehitten elde edilen Schiff bazini gosterir. Ayrica HoL' ligandinin nikel(II),
bakir (IT), kobalt(II) ve ¢inko (II) kompleksleri de sentezlendi. HoL', 1,2-bis-(p-aminofenoksi)etan ve 2-
hidroksinaftalin-1-karbaldehitten sentezlenen dier ligandi ifade eder. HL ve HoL' ligandlarinin M. canis,
M.gipsium ve C. albicans gelisimi tizerine etkileri incelendi. HL nin 0.6, 1.2, 2.4, 4.8 pg gibi 1limh
degerlerdeki dozlar1 100 mL sarbose-agar tizerine eklendi. Daha sonra sonuclar, M. canis ve M. gipsium
sporlarinin bu dozlarda gelisebilecegi seklinde degerlendirildi. Halbuki doz miktarlar: arttirildiginda
misellerin caplarinin azaldig: tespit edildi. Her iki tiir icin de spor gelisimi 4.8/100 mL pg dozda inhibe
edildi. C. albicans larin koloni sayilar1 0.6 and 1.2 pg/100 mL lik doz arahiginda belirgin bir sekilde azaldi.
HL ve HoL' ligandlarinin cesitli komplekslerinin kullanilmasinda, Gi¢ tirtin gelisimi tizerine birbirinden
farkli bir etkileri de yoktu (P< 0.05).

Anahtar Kelimeler: Schiff bazi, gecis metal kompleksi, antifungal aktiviteler

Abstract

In this study, Nickel(II) and Copper(II) complexes of HL were synthesized. HL denotes the Schiff base
ligand which derived from I-naphtylamine and 2-hydroxynaphthalene-1-carbaldehyde while the Hal’
represents the other ligand derived from 1,2-bis-(p-aminophenoxy)ethane and 2-hydroxynaphthalene-1-
carbaldehyde with its Copper(II), Nickel(II), Cobalt(II) and Zinc(II) complexes. The effects of metal
complexes with HL and HyL' on the development of M. canis, M.gipsium and C. albicans species were
investigated. The mild doses such as 0.6, 1.2, 2.4 pg of HL were added into 100 mL sarbose-agar. Then
the results were evaluated that M. canis and M. gipsium spores could be germinated whereas in the case
of increasing the dose amounts, the diameters of mycelle were decreased. For the both species; spore
germination was inhibited at 4.8/100 mL pg dose. However, it s the point to emphasize that a significant
decrease was observed in the number of colonies at 0.6 and 1.2 pg/100 mL doses for C. albicans. There
were not any novelties between the effects of different complexes of HL and HyL." on the development
of the three species (P< 0.05).

Key Words: Schiff base, transition metal complexes, antifungal activities
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1. Introduction

The interest in coordination chemistry of modified bioligands has increased. The focus of
extensive investigations has been observed for the potential biological activities of transition
metal complexes. Schiff bases have gained an important role due to their physiological and
pharmacological activities. Compounds bearing azomethine group (CH = N) in the structure
are known as Schiff bases, which are generally synthesized by the condensation of carbonyl groups
and primary amines. And also they are well known structures for their pharmacological properties
such as antibacterial, anticancer, antifungal and antiviral agents [1].

The purpose of the Schiff bases have become a frequently used ligand to get a chelating
compounds in coordination chemistry [2-4], in catalysis, antioxidative activity, medicine as
antibiotics, anti-inflammatory agents and industry for anticorrosion properties [5-8]. Amino acid-
based Schiff bases are very effective metal chelators and their metal complexes are models for
a number of important biological systems [9-10]. They are key intermediates in a diversity of
metabolic reactions containing amino acids such as: decarboxylation, recemization, transamination,
and C-C bond cleavage, which are catalyzed by enzymes [11].

Schiff bases continue to occupy an important position as ligands in coordination chemistry even
after almost a century since their discovery. Schiff bases and their metal complexes are becoming
increasingly important as biochemical, analytical, industrial and antimicrobial agents [12-21].

Candida albicans is known to cause infections in nail and vagina. When Candida albicans
are reproduced through budding, the cells divided do not separate from each other and constitute
pseudohyphe. The antibiotics such as Nystum Amphus are used against fungus infections. The
antibiotics manifest their effects by combining with sterols within the cell membrane
(microbiologist). Sihlehermurds, however, affect 80 S ribosome in fungus (micalegy). The
elements such as Mn, Ni, Co, Zn and Cu have been reported to influence pigmentation in
microorganisms [22-27]

Continuing our work [15-16] on Schiff base compounds of transition metals, we report
here the antifungal activities of the some metal complexes with two Schiff base ligands derived
from condensation of I-naphtylamine and 2-hydroxynaphthalene-1-carbaldehyde (HL), or 1,2-

bis-(p-aminophenoxy)ethane with 2- hydroxynaphthalene-1-carbaldehyde (H.L") (Fig. 1.).

@)

} o

e

O

HO
a) HL b) HoL 8

Figure 1. Schiff Base Ligands a) HL: 2-hydroxynaphthalene-1-carbaldehydenel-naphtylamine

@)

b) HsL': N,N 2-bis(-2-hydroxynaphthalene-1-carbaldehydene)-1,2-bis-(p-aminophenoxy) ethane.
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2. Experimental

All the chemicals were obtained from Aldrich and used without further purification.

2.1. Synthesis of Ligands (HL and H,L")

Schiff bases were derived from condensation of stoichiometric amounts of analytically pure 1-
naphtylamine and 2-hydroxynaphthalene-1-carbaldehyde (HL), or 1,2-bis-(p-aminophenoxy)ethane
with 2-hydroxynaphthalene-l-carbaldehyde (H.L’) in absolute ethanol, in the usual way. The
mixtures were heated under reflux on a water bath until the appearance of shining yellow crystals.
The crude products were recrystallized from ethanol [17-18].

2.2. Preparation of Complexes

The following general procedure was used to prepare all the complexes. A solution of metal salt
in 95 % ethanol (10 mmol) was mixed with the Schiff base ligands 95 % ethanol (10 mmole or
20 mmole) 1:2 or 1:1 (M:L) ratios and contents were refluxed in 50 mL ethanol on a water bath
for 2-3 h. The refluxed solution was then poured into ice cold water when a colored solid separated
out which was isolated by filtration and washed with ether, recrystallized from absolute ethanol
and dried in vacuum at room-temperature [13-16] (Fig. 2).

4
v @@ a) CuLs and Nil2 (Cu, Ni)
C

X—— M——X O M=Co(ll), Ni(ll), Cu(ll), Zn(ll)
/ \ X=H0 - - -

@)

b) Cul’, NiL’, ZnL’ and CoL.’2H20

Figure 2. Suggested structure of square-planar NiL>, CuL>, CuL’ and NiL’ and the tetrahedral ZnL’ and octahedral
CoL’2H20 complexes.
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2.3. Preparation of Microbial Culture

In this study, Microsporum gypseum, Microsporuna canis and Candida albicans were used as the
test organisms in an antifungal study. Yeast and fungus strains were inoculated into Sabouraud
Dextrose Agar (Oxoid). The Schiff base complexes were added in this base medium at
concentrations of 1.2 ug/100 mL, 2.4 ug/100 mL, and 4.8 ug/100 mL. Schiff base complexes
were not added to the control media. The yeast strain was incubated for 24 hours, at 37 °C and
fungus strains were incubated five days at 25 + 2 °C. The inoculated fungus colonies were evaluated
five days later. The diameters of fungus colonies were measured. The experiments were made
three times and the results sense as statistics (P<0.05).

3. Antifungal Activity

The antifungal activity of some of the complexes and that of the free Schiff bases have been
screened by the Agar Plate Technique [28]. Ligand Hol.” and its metal complexes (Co, Zn, Cu
and Ni) as well as ligand HL and its metal complexes (Ni and Cu) were determined to have an
antifungal effect an M. canis (Table 1), M. gipsium (Table 2) and C. albicans (Table 3).

The effect of ligand HoL" and its complexes such as Co, Zn, Cu, Ni on M. canis and M.
gipsium was observed as spore germination at the dosen of 0.6, 1.2 and 2.4 ug/100 mL. However,
a decrease was noticed in diameter of mycelle parallel to the increasing dose, with respect to
control, but spore germination was not observed at 4.8 ug/100 mL. In M. canis, the lowest mycelle
diameter was obtained in HL with Cu complex at 1.2 and 2.4 ug/100 mL doses (Table 4), in
HoL) at 1.2 ug/100 mL and with Zn at 2.4 ug/100 mL. The lowest mycelle diameter in M. gipsium
was determined in HoL with Co complex at 1.2 and 2.4 ug/100 mL as 1.5 and 0.7 cm, respectively,
in HL as 2.0 cm at 1.2 ug/100 mL and with Cu complexes in HL at 2.4 ug/100 mL. There was
not a remarkable difference between the effects of HL and Hsl." complexes on C. albicans. While
the decrease at 0.6 and 1.2 ug/100 mL for the two ligands and metal complexes diminished,
incubation was not observed at 2.4 ug/100 mL. According to the results of the study, C. albicans
were found to have an inhibiting effect at lower doses with respect to M. gipsium and M. canis.

In literature, it is maintained that ligands and their metal complexes are considerably active
against Bacillus megaterium and Candide tropicals, but that the effect of metal complexes is
stronger than that of ligands [29-30]. It was also reported that ligands and their metal complexes
are active against Euherica coli, Barilum sp and Pseudomanan acurtuginan, while that Cu are
more effective[26-28]. Moreover, Cu complexes of ligands were reported to be inhibiting active
agents against bacteria and fungus [24]. It was also determined that ligands could produce an
inhibiting effect on the development of Aupergillus, nager, penisilium rubium and Augergillus
ferreus [32]. Furthermore, it was also established that ligands had an antibacterial effect at 100
ppm concentration and that they had an antifungacide effect [33-34].

The effect of different metal complexes (Co, Zn, Cu and Ni) of Hol." and HL on Spore ger-
mination and colonies diameter is seen in Tables 1,2,3 and 4. Spore germination was not observed
at 0.6, 1.2 and 2.4 ug/100 mL doses of HsL" and HL but a decrease occurred in the diameter
of mycelle parallel to the increasing dose, with respect to control.
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In C. albicans species, however, spore germination was not noticed at 0.6 and 1.2 ug/100
mL doses of HoL." and HL as well as in both Schiff bases. The reason why M. gipsium and M.
conis have been affected from these Schiff bases nearly at the same proportions may have resulted
from the fact that these two species are biologically of the same origin. In addition, we could not
identify any difference between the effects of metal complexes of Hol." and HL in three species.
It was reported that free ligands and their complexes are considerably active against Candida.
Nevertheless in view of the antimicrobial activity of the molecule, metal complexes were found
to be more active with respect to ligands.

In our study, it was determined that HyL." and HL were effective against M. canis and C.
albicans and that the complexes such as Cu, Ni, Co and Zn increased this efficiency, but that this

effect statistically was not significant.

4. Results and Discussion

In our study, ligand Hyl. and its complexes such as Co, Zn, Cu and Ni are seen to show antifungistic
effect on M.canis (Table 1), M. gipsium (Table 2), C. albicans (Table 3) and ligand HL. and
complexes such an Ni and Cu on M. canis (Table 4), M. gipsium (Table 5) and C. albicans
(Table 6). The effect of HoL" and HL on their complexes was determined as the decrease in
mycelle diameter at 0.6, 1.2 and 2.4 ug/100 mL doses of M. canis and M. gipsium at the dose
of 4.8 ug/100 mL, however, spore germination was not observed in both species. The effect of
two ligands and their complexes in C. albicans was observed as a decrease in the number of
colonies at doses of 0.6 and 1.2 ug/100 mL and as inhibiting of incubation at 2.4 ug/100 mL
dose [32-38].

Pigmentation in M. canis and M. gipsium was observed with the effect of both ligand
complexes. The inhibition effects of the ligand complexes were observed at 50 ug/mL in C.
tropicals [39-40], at 355.87 uM in C. albicans [27], at 2.44 ug/mL in M. gypsium, at 78.12 u/mL
in C. albicans [24] and at 400 u/mL in Aspergillus niger and Fusarium Sp [28] in the some
literature. However, in the present study, the inhibition effects of the ligands and their complexes
were seen at 4.8 u/100 mL in M. gipsium and M. canis and at 2.4 u/100 mL for Candida albicans.
These results show that the ligands and their complexes are more effective compared to those
used in the literature.

Table 1 The Effect of Schiff Base Complexes on M. canis (X: Mycelle Diameter)*

Compounds/Doses | 0.0 ug/100 mL 0.6 ug/100 mL | 1.2 ug/100 mL | 2.4 ug/100 mL | 4.8 ug/100 mL
(X £ SD) (Control) | (X +SD) (X +SD) (X = SD) (X +SD)

Hol 2.50 + 0.35% 2.46 + 0.35% 1.40 £ 0.10% 0.70 £ 0.10% -

Col’ 2.50 + 0.35% 2.46 + 0.35% 1.23 £ 0.15% 0.43 £ 0.15% -

ZnL’ 2.50 £ 0.35% 2.46+0.35% | 1.030.05% | 0.53+0.06™ -

Cul’ 2.50 + 0.35% 2.46 + 0.35% 1. 40+ 0.17° 0.70 £ 0.10° -

NiL 2.50 + 0.35% 2.4 +0.35% 1.53 £ 0.15% 0.60 £ 0.10% -

*bccomporation column, **comporation line
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Table 2 The Effect of Schiff Base Complexes on M. gipsium (X: Mycelle Diameter) *

Compounds/Doses | 0.0 ug/100 mL 0.6 ug/100 mL | 1.2 ug/100 mL | 2.4 ug/100 mL | 4.8 ug/100 mL
(X £SD) (Control) | (X +SD) (X £ SD) (X £ SD) (X £ SD)
H,L! 3.20 + 0.45% 3.10 + 0.45% 2.10 +0.14% 1.20 +0.01¢ -
CoL 3.20 + 0.45% 3.10 + 0.45% 1.50 + 0.14% 0.70 £ 0.04% -
ZnL’ 3.20 + 0.45% 3.10 + 0.45% 1.60 + 0.13% 1.03 + 0.04% -
Cul 3.20 + 0.45% 3.10 + 0.45% 2.21+0.14% 1.02 +0.04" -
NiL’ 3.20 + 0.45% 3.10 + 0.45% 2.20 + 0.05% 1.03 +0.01% -
sa,b,c

comporation column, ***comporation line

Table 3 The Effect of Schiff Base Complexes on M. canis (X: Mycelle Diameter) *

Compounds/Doses | 0.0 ug/100 mL 0.6 ug/100 mL | 1.2 ug/100 mL | 2.4 ug/100 mL | 4.8 ug/100 mL
(X +SD) (Control) | (X +SD) (X +SD) (X +SD) (X +SD)

HL 3.30 + 0.30% 2.00£0.10% 1.40 £ 0.20% 0.70 £ 0.10% —

CuLy 3.30 + 0.30% 2.00+0.10% 1.30+0.10% 0.60 +0.10% —

NiLy 3.30 + 0.30% 1.90£0.20% 1.40+£0.10% 0.70 £ 0.10% —

*bccomporation column, **comporation line

Table 4 The Effect of Schiff Base Complexes on M. gipsium (X: Mycelle Diameter) *

Compounds/Doses | 0.0 ug/100 mL 0.6 ug/100 mL | 1.2 ug/100 mL | 2.4 ug/100 mL | 4.8 ug/100 mL
(X +SD) (Control) | (X +SD) (X £ SD) (X = SD) (X £ SD)

HL 4.20 +0.30% 2.10+0.10% 2.00+0.10% | 1.20+0.20 -

Culy 4.20 +0.60 % 3.00+0.30% 2.6+0.20% 0.80 + 0.10" -

NilLy 4.20 +0.40% 3.00+0.20% 250+0.10% | 1.30+0.10% -

*abccomporation column, ***comporation line

Table 5 The Effect of Schiff Base Complexes on Candida albicans (X: Mycelle Diameter)*

Compounds/Doses [ 0.0 (Average colony | 0.6 (Average colony | 1.2 (Average colony | 2.4 (Average colony
number%) (Control) number%) number%) number%)

HL 100 50 30 -

CuLy 100 50 30 -

NiLs 100 50 30 -

Table 6 The Effect of Schiff Base Complexes on Candida albicans (X: Mycelle Diameter) *

Compounds/Doses | 0.0 (Average colony | 0.6 (Average colony | 1.2 (Average colony | 2.4 (Average colony
number%) (Control) number%) number%) number%)

HoLY 100 50 70 -

Col’ 100 50 70 -

Znl’ 100 50 70 -

Cul’ 100 50 70 -

Nil 100 50 70 -
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Ozet

Bu calismada HL ligandinin nikel(II) ve bakir(II) kompleksleri sentezlendi. HL, 1-naftilamin ve 2-
hidroksinaftalin-1-karbaldehitten elde edilen Schiff bazini gosterir. Ayn1 zamanda HyL' ligandinin nikel (IT),
bakir (II), kobalt(II) ve cinko(II) kompleksleri de sentezlendi. HoL', 1,2-bis-(p-aminofenoksi)etan ve 2-
hidroksinaftalin-1-karbaldehitten sentezlenen liganddir. HL ve HoL’ ligandlarinin Gram-pozitif
(Staphylococcus aureus) ve Gram-negatif (Pseudomonas aeruginosa) bakterilerinin gelisimi tizerine etki
ve davraniglar1 incelendi. HL nin 0.6, 1.2, 2.4, 4.8 pg gibi ortalama degerdeki dozlar1 100 mL Mueller
Hintor-agar tizerine eklendi, daha sonra Gram-porzitif (Staphylococcus aureus) ve Gram-negatif (Pseudomonas
aeruginosa) bakterilerin gelisebildigi goézlemlendi. Diger taraftan doz arttirildiginda koloni sayisinin
azaldig goralda. Hiicre gelisimi her iki tir icin de 4.8 pg/100 mL dozda inhibe edildi. Bununla birlikte
0.6 ve 1.2, 2.4 pg/100 mL lik doz araliginda Gram-pozitif (Staphylococcus aureus) ve Gram-negatif
(Pseudomonas aeruginosa) bakterilerinin koloni sayilarinda belirgin bir disme saptandg. HL ve HoL’
Schiff bazi ligandlarinin ¢esitli komplekslerinin, iki tirin gelisimi tizerine birbirinden farkl bir etkisi de
yoktu.

Anahtar Kelimeler: Schiff Bazlari, Metal Kompleksler, Antibakteriyal Aktiviteler

Abstract

In this study, nickel(II) and copper(Il) complexes of HL were synthesized. HL denotes the Schiff base
derived from I-naphtylamine and 2-hydroxynaphthalene-1-carbaldehyde. And also the copper (II), nickel(II),
cobalt(II) and zinc(II) complexes of Hol” were synthesized. Hol” denotes the Schiff base derived from
1,2-bis-(p-aminophenoxy) ethane and 2-hydroxynaphthalene-1-carbaldehyde. The effects and behaviors
of new metal complexes with HL. and HsL." on the development of Gram-positive bacteria (Staphylococcus
aureus) and Gram-negative bacteria (Pseudomonas aeruginosa) were investigated. In the medium ranges
such 0.6, 1.2, 2.4, 4.8 pg doses of HL. were added into 100 mL Mueller Hintor-agar, then it was observed
that Gram-positive bacteria (Staphylococcus aureus) and Gram-negative bacteria (Pseudomonas aeruginosa)
could be germinated. On the other hand, the colony numbers decreased when the dose injection increased.
Cell germination was inhibited at 4.8 pg/100 mL dose for the both species. However, a significant decline
was observed with the number of colonies at the dose ranges of 0.6 and 1.2, 2.4 pg/100 mL for Gram-
positive bacteria (Staphylococcus aureus) and Gram-negative bacteria (Pseudomonas aeruginosa). There
was no distinct point for the effects between various complexes of HL. and HsL" on the development of
the two species.

Key Words: Schiff base, transition metal complexes, antifungal activities
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1. Introduction

Schiff bases have been important research fields in medicinal and pharmaceutical chemistry.
They represent biological applications with antibacterial [1-2], antifungal [3] and antitumor
activities [4]. The poisoning aspects of certain metal ions are investigated in living organisms
using these transition metal complexes by determining the action of drugs [5]. Complexes of
transition metals involving Schiff bases ligands have found applications towards understanding
of many reactions in living processes. In recent years such complexes have been studied as model

complexes of biological importance [6-12].

Combination therapy is used to expand the antimicrobial spectrum, minimize toxicity, and
prevents the emergence of resistant mutants during therapy and to obtain synergistic antimicrobial
activity. Methicillin-resistant Staphylococcus aureus (MRSA) causes many problems in public
health not only to its common occurrence (<1 80%) but also because it has become resistant to
almost all the currently available antibiotics except teicoplanin and vancomycin. Its susceptibility
to vancomycin has recently decreased and vancomycin-intermediate and -resistant S. aureus
(VISA and VRSA) have been found in an increasing number of countries. This makes the discovery

of alternative antibiotics and chemotherapeutics particularly important [13-17].

Continuing our work [11,12] on Schiff base compounds of transition metals, we report here the
antifungal activities of the some metal complexes with two Schiff base ligands derived from
condensation of l-naphtylamin and 2-hydroxynaphthalene-l-carbaldehyde (HL), or 1,2-bis-(p-
aminophenoxy)ethane with 2- hydroxynaphthalene-1-carbaldehyde (H,L’) (Fig. 1).

a)HL b) HL

Fig.1. Schiff Base Ligands
a) HL: 2-hydroxynaphthalene-1-carbaldehydenel-naphtylamin

b) HoL': N,N 2-bis(-2-hydroxynaphthalene-1-carbaldehydene)-1,2-bis-(p-aminophenoxy) ethane.
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2. Experimental

All the chemicals were obtained from Aldrich and used without further purification. HL, H,L'
ligands and their corresponding complexes were prepared according to literature procedure
[11-12].

2.1. Synthesis of Ligands (HL and H,L")

Schiff bases were derived from condensation of stoichiometric amounts of analytically pure 1-
naphtylamin and 2-hydroxynaphthalene-1-carbaldehyde (HL), or 1,2-bis-(p-aminophenoxy)-
ethane with 2-hydroxynaphthalene-1-carbaldehyde (H,L") in absolute ethanol, in the usual way.
The mixtures were heated under reflux on a water bath until the appearance of shining yellow
crystals. The crude products were recrystallized from ethanol [11-12].

2.2. Preparation of Complexes

The following general procedure was used to prepare all the complexes. A solution of metal salt
in 95 % ethanol (10 mmole) was mixed with the Schiff base ligands 95 % ethanol (10 mmole
or 20 mmole) 1:2 or 1:1 (M:L) ratios and contents were refluxed in 50 mL ethanol in a water
bath for 2-3 hours. The refluxed solution was then poured into ice cold water when a colored
solid separation out which was isolated by filtration and washed with ether, recrystallized in

absolute ethanol and dried in vacuum at room-temperature [11-12] (Fig. 2.).

HC a) Cule and Nile
01 ]
X_\Méx M=Co(Il), Ni(ll), Cu(ll), Zn(lI)

ano
/' \ X HO - - -

0]
O@ﬁ n=- 1 1 1

b) Cul/, NiL/, ZnL’ and Col’2H0

Figure 2. Suggested structure of square-planar NiL,, CuL,, CuL’" and NiL" and the tetrahedral ZnL' and octahedral
CoL2H,0 complexes.
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2.3. Preparation of Microbial Culture

In this study, Gram-positive bacteria (Staphylococcus aureus) and Gram-negative bacteria
(Pseudomonas aeruginosa) were used as the test organisms in an antibacterial study. Bacteria
were inoculated into Mueller Hintor-agar (Oxoid). The Schiff base complexes were added in
this base media at concentrations of 0.6 ug/100 mL, 1.2 ug/100 mL, 2.4 ug/100 mL, and 4.8
ug/100 mL. Schiff base complexes were not added to the control media. The bacteria were
incubated for 24 hour, at 37 °C and bacteria were incubated one day at 37 + 2 °C. The inoculated
bacteria colonies were evaluated one day later. The numbers of bacteria colonies were measured.
The experimental trials were made three times. And also the pure water was used as a solvent
during the antibacterial studies. The nutrient substances which bacterium could be grown were
made in a soluble phase with pure water. Therefore no additive interaction with water was

observed.

3. Results and Discussion

All compounds were tested for their antibacterial activity in vitro against Gram-positive bacteria

(Staphylococcus aureus)) and Gram-negative bacteria (Pseudomonas aeruginosa) (Table 1).

The effect of ligand HoL'" and its complexes such as Co, Zn, Cu, Ni on Gram-positive bacteria
(Staphylococcus aureus) and Gram-negative bacteria (Pseudomonas aeruginosa) was observed
as cell germination at the dosen of 0.6, 1.2 and 2.4 ug/100 mL. However, a decrease was noticed
in colony numbers parallel to the increasing dose, with respect to control, but cell germination
was not observed at 4.8 ug/100 mL. The effect of Ligand HL and its complexes such as Cu and
Ni on Gram-positive bacteria (Staphylococcus aureus) and Gram-negative bacteria (Pseudomonas
aeruginosa) was observed as cell germination at the dosen of 0.6, 1.2 and 2.4 ug/100 mL. However,
a decrease was noticed in colony numbers parallel to the increasing dose, with respect to control,
but cell germination was not observed at 4.8 ug/100 mL. In literature, it is maintained that
ligands and their metal complexes are considerably active against Bacillus megaterium and
Candida tropicalis, but that the effect of metal complexes are stronger with respect to ligands
[18-20]. It was also reported that ligands and their metal complexes are active against Escherichia
coli, Barilum sp and Pseudomonas acurtuginan, while that Cu are more effective. Moreover Cu
complex of ligands were reported to be inhibiting active agents against bacteria and fungus [19-
21]. It was also determined that ligands could produce an inhibiting effect on the development
of Aspergillus niger, Penisilium rubrum and Aspergillus ferreus [22]. It was also established that
ligands had an antibacterial effect at 100 ppm concentration and that they had an antifungal
effect [23-24].

It was reported that free ligands and their complexes are considerably active against Gram-
positive bacteria (Staphylococcus aureus) and Gram-negative bacteria (Pseudomonas aeruginosa).
Nevertheless in view of the antimicrobial activity of the molecule, metal complexes were found
to be more active with respect to ligands [4, 18, 25-28].

In our study, it was determined that Ho." and HL were effective against Gram-positive
bacteria (Staphylococcus aureus) and Gram-negative bacteria and that the complexes such as
Cu, Ni, Co and Zn increased this efficiency but that this effect statistically was not significant.
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Table 1 Antibacterial Activity Data for the Schiff bases and their complexes on Gram-positive

bacteria (Staphylococcus aureus) and Gram-negative bacteria (Pseudomonas aeruginosa)

Concentrations (ug/100 mL)

Compounds

Control 0.6 pug/100 mL 1.2 ug/100 mL | 2.4 ug/100 mL 4.8 ug/100 mL
HL 100% 75 colonies 50 colonies | 25 colonies | Non growth
CuLs 100% 75 colonies 50 colonies | 25 colonies | Non growth
NiLy 100% 75 colonies 50 colonies 25 colonies Non growth
HoL' 100% 75 colonies 50 colonies 25 colonies Non growth
Cul’ 100% 75 colonies 50 colonies | 25 colonies | Non growth
CoL/ 100% 75 colonies 50 colonies | 25 colonies | Non growth
Znl’ 100% 75 colonies 50 colonies | 25 colonies | Non growth
NiL 100% 75 colonies 50 colonies 25 colonies Non growth
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Siirt Ili'nin Deprem Tehlikesi

Ercan ISIK'*,
1 Bitlis Even Universitesi, Miihendislik-Mimarlik Fakiiltesi Insaat Miihendsiligi Boliomii 13000 Bitlis

(")zet

Bu calismada, Tirkiye’de deprem potansiyeline sahip bolgelerinden biri olan Giney Dogu Anadolu
Bolgesinin 6nemli sehirlerinden Siirt ili ve civarinin deprem tehlikesinin ortaya konulmasi amaclanmaktadir.
Siirt tarihsel ve aletsel donem depremleri incelendiginde sismik acidan cokta hareketli olmayan iller
arasinda yer almaktadir. Ancak Siirt ili ve ilceleri uzak alan depremlerin etkisi alindadir. Ozellikle
depremsellik riski yiiksek olan Van ve Bitlis [llerinin depremselligi Siirt ilini yakindan etkileyecektir. Calisma
alan1 depremselligi incelenirken magnitid-frekans iliskisi, sismik risk ve dontis periyotlar1 hesaplanmistir.
Deprem riskleri jeolojik olarak faylarin belirlenmesi ile elde edilebilecegi gibi daha énceki deprem
kayitlarindan faydalanilarak ta bulunabilmektedir. Siirt sehir merkezine 150 km yaricapindaki alanda
1900-2012 yillar1 arasinda meydana gelen ve M 2 4 olan depremler Gutenberg-Richter bagintisi dikkate
aliarak bolgenin deprem riski istatistiksel olarak ortaya konulmustur. Siirt ve civarinda 6 buytklugtndeki
bir depremin 100 yil i¢cinde gerceklesme olasihigt %97 olarak hesaplanmistir. Bu calisma Siirt ve civarinda
yapilacak calismalara katki saglayacagi gibi, yapilasma esnasinda deprem etkisinin dikkate alinmasi
gerektigini gozler 6nline sermektedir.

Anahtar Kelimeler: Siirt, azalim iliskileri, depremsellik, Gutenberg-Richter

Seismicity of Siirt Province

Abstract

In this study, the earthquake hazard of Siirt province and its surrounding located in region which is
seismically quite active is aimed to be presented. Analyzing the seismicity of studied area the relation
between magnitude-frequency, seismic risk and cycling periods are calculated. Seismic risk of Siirt were
staticly calculated by using the equation of Gutenberg-Richter for earthquakes which are M= 4 that
happened in between 1900-2012 of a radious 150km . In Siirt and its surrounding, the probabilty of an
earthquake of 6 magnitude in 100 years is calculated as %97. This study is supposed to contribute to the
studies to be carried out in Siirt and its districts where its seismicity has been neglected. It unfolds the
necessity of earthquake effects to be kept in mind during constructing. Due to seismic risks the reality of
earthquake should not be forgetten in Siirt.

Key Words: Siirt, attenuation relationships, seismicity, Gutenberg-Richter

* Yausma Adresi: e-mail: ercanbitliseren@gmail.com
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1. Giris

Glintumiuzde deprem verilerinin incelenmesinde, depremin hangi buyuklikte, ne zaman ve
nerede meydana gelecegini tam olarak bilmenin mimkiin olmadig1 kabul edilen bir gercektir.
Fakat istatistik bilimi tarafindan ortaya atilan yontemlerle, verilere yapilabilecek uygun analizler
ile bu belirsizlik probleminin ¢6ziimiinde bazi adimlarin atilabilecegi soylenebilir [1].

Depremsellik; jeolojik, tektonik ve istatistiksel verilere dayanmaktadir. Depremin olus tarihi ve
zamani, merkez ve merkez usti konumu, kaynak parametreleri ve yarattigi etkilerle ilgili
makrosismik veriler, bir yérenin deprem tehlikesinin belirlenmesindeki en 6nemli unsurlardandir.
Bir bolgenin depremselligi o bolgede gelecekte olabilecek bir depremin gostergesidir. Bir yerlesim
biriminin olas1 bir depremde gosterecegi performans, yapisal hasar durumu ve buna bagh olarak
can kaybi, yaralanmalar ve mal kaybini belirlemek amaci ile degisik bilimsel modeller tizerinde
calismalar devam etmektedir. Yerlesim birimlerinin olasihga dayal sismik tehlike analizi gelecek
depremlerin konumu, olus zamani, buyukligu ve diger 6zellikler olasilik hesaplarina dayali
olarak tahmin edilmektedir.

Ozellikle son yillarda diinyada ve iilkemizde yasanan yikict depremler ve bu depremler sonucunda
olusan buiytik capl can ve mal kayiplar1 deprem konusunda yapilan calismalari, arastirmalar: ve
aliacak énlemlerin énemini giindeme getirmistir. Siirt Ili ve 6zellikle yakin cevresinin depremselligi
ve buralarda ge¢cmiste meydana gelen depremlerden dolay: Siirt incelenmeye deger bir konumdadir.

Siirt, Gliney Dogu Anadolu Bolgesinde, 41°00'-42°00" dogu boylamlari, 37°45'-38°15" kuzey
enlemleri arasinda yer alan, 6.186 km? lik ytizolctime sahip Gliney Dogu Toroslarin gtiney eteginde
kurulmus bir sehirdir [2] (Sekil 1).

Sekil 1. Siirt ili ve yer bulduru haritas:
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2. Tektonik Yap1

Depremler, i¢c dinamik streclerle yerkabugu icerisinde meydana gelen deformasyonlarin yarattig
ve jeolojide fay olarak tanimlanan kirilmalar sonucu olusan yer sarsintilaridir. Depremin buytklugu
(Magnitid), kirilma (faylanma) esnasinda aciga ¢ikan enerjinin miktarina baglh olarak degisir.
Genelde, bosalan enerji kirillma merkezinden uzaklastik¢a giderek azalir. Fakat, bazen lokal
jeolojik yap1 ozelliklerinden kaynaklanan olumsuz zemin kosullar1 bu durumu degistirebilir ve
kaynaktan uzak olmasina ragmen depremin yikici etkisinin beklenilenden fazla olmasina yol
acabilir. Bu nedenle herhangi bir bolgenin deprem potansiyeli degerlendirilirken depreme yol
acan faylarin (aktif fay) ve lokal zemin o6zelliklerinin iyi bilinmesi gerekmektedir [3].

Guneydogu Anadolu ve cevresi genel olarak sismik aktivitenin yogun oldugu bir bolgedir. Bolgenin
sismik aktivitesine Arap ve Afrika levhalarinin kuzeye dogru olan bagil hareketleri neden olur.
Bu hareketler bolgede bindirme etkisi yaratmistir. Bolgedeki iki 6énemli sismo tektonik yapi,
Guneydogu Anadolu Bindirmesi ile hemen onun kuzeyinde yer alan ve Arap Plakasi ile Anadolu
Plakas1 arasindaki sinir1 olusturan Dogu Anadolu Fayr’dir. Her iki sismo - tektonik yap1 da, Arap
Plakasinin kuzeye hareketi ve Glineydogu Anadolu yoresinde Anadolu'ya bindirmesi sonucu
gelisen sikisma rejiminin trtanleridir (Sekil 2).

Bolgede biriken deformasyon enerjisi, cogunlukla, bu iki sismo-tektonik yapi tizerinde gelisen
depremlerle a¢iga cikar. Bu iki sismo-tektonik yapi, Kuzey Anadolu Fay1 Deprem Kusagi ile
karsilastirilabilecek derecede, oldukca aktif bir deprem kusagi icinde yer almakta ve etkin bir
deprem kaynagi olusturmaktadir. Fakat Gineydogu Anadolu Bindirme yaymin hemen altinda
kalan bolge son yiiz yil icerisinde deprem aktivitesi acisindan oldukca sakin bir donem gecirmistir.
Dolayisiyla bu bolge degisik sismik bosluklara sahiptir.

Dogu Anadolu Fay Zonu Ttrkiye’nin en etkin ve diri olan iki ana fay kusagindan birini olus qtur-
maktadir. Dogu Anadolu Fay Zonu, Karhova-Antakya arasinda 580 km’lik bir uzanim gostermektedir.
Tetis Denizi tabaninin Avrasya Plakasi altina dalarak yitiminden sonra, kita-kita carpismasi
stnirinda gelisen bir yapi olan Giineydogu Anadolu Bindirmesi, Glineydogu Anadolu Bolgesi’nin
kuzey kenar1 boyunca gelismistir. Bu bindirme fayi, Iran’daki Zagros Bindirme Kusagi’nin devam
seklinde olup, dogudan batiya dogru Hakkari, Beytiissebap, Narli, Pervari gtineyi, Kozluk, Kulp,
Lice kuzeyi, Ergani kuzeyi, Ciingts ve Celikhan’dan gecer [4,5].
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Sekil 2. Tiirkiye’nin énemli tektonik yapilar (DSFZ: Olii Deniz Fay Zonu, EAFZ:Dogu
Anadolu Fay Zonu, NAFZ: Kuzey Anadolu Fay Zonu) [6]
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Bolgede etkin olan tektonik unsurlar Dogu Anadolu Fay Zonu, Bitlis-Zagros Kenet Kusag1, Ol
Deniz Fayi, Elbistan Fayi, Stirgti Fay1, Lice Fay Zonu, Adiyaman Fay Zonu, Tut Fay1, Bozova Fay,
Kalecik Fayr’dir (Sekil 3).
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Sekil 3: Siirt ve civarinin énemli tektonik yapilar: [5]

Bu faylar sismik olarak aktif durumda olup bircok depreme kaynak olusturmaktadirlar. 20. ytzyildan énce
Siirt ve civarinda 6nemli hasarlara sebep olmus depremlerin bir kism1 Tablo 1" de sunulmustur.

Tablo 1. Siirt ve ¢evresinde 20. Yizyilldan 6énce olusmus 6nemli depremler [7,8,9,10,11,12,13,14,15,16]

No| Tarih Enlem (o) Boylam (o) Bolge M I

1 1097 38.50 43.40 Van - Bitlis VII
2 1101 38.50 43.50 Ahlat - Van VI
3 1110 38.50 43.50 Ahlat - Van VIII
4 1111 38.50 42.70 Ahlat - Van IX
5 1224 38.50 42.70 Ahlat VI
6 1245 38.74 42.50 Ahlat - Bitlis- Van - Mus VIII
7 1246 38.90 42.90 Van Golu (Ahlat - Ercis —Van) VIII
8 1275 38.40 42.10 Bitlis- Ahlat -Ercis — Van VII
9 1276 38.90 42.50 Bitlis- Ahlat -Ercis — Van VIII
10 1282 38.90 42.90 Ahlat — Ercis VII
11 1441 38.35 42.10 Nemrut VIII
12 1444 38.50 43.40 Nemrut - Van VI
13 1503 Guiney Dogu Anadolu-Tebriz 6,9

14 1546 38.50 43.40 Van - Bitlis \Y
15 1582 38.35 42.10 Bitlis ve civari VIII
16 1646 38.50 43.40 Van ve civari VII
17 1647 39.15 44.00 Van - Mus -Bitlis IX
18 1648 38.30 43.70 Van ve civari 6,7 VIII
19 1670 38.00 42.00 Hizan - Siirt 6.6

20 1682 38.40 42.10 Bitlis

21 1696 39.10 43.70 Caldiran - Bitlis 6,8 X
22 1701 38.50 43.40 Van ve civari VIII
23 1704 38.50 43.40 Van VII
24 1705 38.40 42.10 Bitlis 6,7 IX-X
25 1715 38.70 43.50 Van - Ercis 6,6 VIII
26 1866 38.50 40.10 Kulp -Diyarbakir 6,8

27 1869 38.40 42.10 Bitlis ve civari VII
28 130.05.1881 38.50 43.40 Van - Nemrut 7,3 IX
29 1874 Diyarbakir VII
30 1884 37.50 42.50 Bitlis - Pervari 6,9 VIII
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Aletsel donemde de Siirt ve il¢celerinde bolgeyi etkilemis depremlerin sayis1 oldukca azdir. Siirt
ve ilcelerinde olmus depremlerin bir kism1 Tablo 2’de sunulmustur.

Tablo 2. Siirt ve ilcelerinde aletsel donemde olusmus 6nemli depremler [17]

No | Tarih Bolge M | No| Tarih Bolge M
1 1929 | Siirt - Aydinlar 49 |6 1996 | Siirt - Pervari 4.7
2 1968 | Siirt - Baykan 42 |7 2001 | Siirt - Pervari 4.3
3 1970 | Siirt - Pervari 41 |8 2003 | Siirt - Pervari 4.8
4 1973 Siirt Sirvan 41 19 2003 Siirt - Pervari 3.9
5 1995 | Siirt - Pervari 4.2

3. Metodoloji

Bir bolgenin depreme maruz kalma derecesi, bu boélgenin sismisitesini gostermektedir. Bir
bolgenin sismisitesinde en 6nemli yeri jeolojik formasyonlarin kirilmasindan olusan faylar
meydana getirmektedir. Bolgelerin deprem riskleri jeolojik olarak bu faylarin belirlenmesi ile
elde edilebilecgi gibi daha 6nceki deprem kayitlarindan faydalanilarak ta bulunabilmektedir.
Onceden depreme maruz kalmis bolgeler gelecekte de benzer sekilde depremlerden zarar
gorecek bolgeler olarak gortlmektedir [18].

Hasar ve can kaybi yaratabilecek bir depremden kaynaklanan yer hareketinin belirli bir yerde
ve belli zaman periyodunda meydana gelme ihtimali deprem tehlikesi olarak tanimlanmaktadir.
Deprem riski, deprem nedeni ile hasar, mal ve can kaybi ihtimali olarak tanimlanabilir. Risk su
sorularin yanitlariin toplamidir: Ne buytklukte bir deprem, ne kadar uzaklikta, nasil bir zeminde,
ne tir bir yapida, ne degerde hasar ve kayba neden olur? ‘Ne duizeyde tehlike?’ sorusunun yanitini
ararken yapilacak ilk is nerede deprem olabilecegini deterministik olarak tanimlamak ya da
olasiliksal olarak kestirmektir. Deprem tehlikesi, deprem riskinin 6nemli bir 6gesidir [19,20,21].

Van Golu, Arabistan levhasi ile Avrasya Levhasinin ¢arpismasi sonucu olusan tektonik basing
sonucu olusmustur [22]. Bu tektonik hareketin devam ediyor olmasi Van Golu Havzasinin
depremsellik riskini artirmaktadir. Van Goltu havzasinda meydana gelecek yikic1 depremler bu
havzaya yakin bir konumda bulunan Siirt ve ilcelerini yakindan etkileyecektir.

Mus, Bakanlar Kurulunun 18.04.1996 tarih ve 96/8109 sayili karari ile gecerli kilinan Ttrkiye
Deprem Bolgeleri Haritasinda 1.derecede tehlikeli deprem kusaginda yer almaktadir (Sekil 4).

[l 1Derece

2.Derece

3.Derece
4.Derece 7 K3 ]
El SDerece

e il merkezi
ilce merkezi
« Bucak merkezi
—  Diri Faylar(MTA)
..... - Yol N
= QOtoban
= Demiryolu
Nehir
— llge sinin
—_— il sinin °=5 Km DEPREM ARASTIRMA D AIRESi ANKARA

Sekil 4. Siirt ili deprem haritast [23]
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Yiiksek sismik aktiviteye sahip olan bolgelerde depremlerin olusumlarinin ve déntis periyotlarinin
tespit edilmesi 6nem tasimaktadir. Ge¢misten giiniimiize kadar gozlenen ve kaydedilen saghikli
deprem verileriyle gelecekte meydana gelebilecek depremlerin olusma olasiliklar: ve donts
periyotlar istatistiksel modellerle belirlenebilmektedir. Bu modeller yardimu ile belirli bir zaman
arahg icerisinde hangi buiytiklukte ve siklikta depremlerin beklenebilecegi belirlenebilmektedir[24].
Bu calismada kullanilan veriler Siirt sehir merkezine 150 km yaricapindaki daire icerisinde 70.650
km?2 lik alanda Deprem Dairesi Baskanligi'nin veritabanindaki deprem verileri kullanilarak elde
edilmistir (Sekil 5).

DIYARBAKIR
-

SANLIURFA

Magnitiid Derinlik (km)

oOOOO- N |
13456 05102030

Sekil 5. 1900’den guniimiize kadar Siirt ve civarinda meydana gelen M > 4 olan depremlerin dagilimi[17]

Magnitiidin fonksiyonu olarak depremlerin olus frekans: incelendiginde, genellikle dogrusal
bir iliski ile yorumlanmaya calisilir. Depremlerin magnitiidi ile olus sayilar1 arasinda ilk defa
Gutenberg ve Richter (1944) tarafindan verilen;

logN=a-bM

Bagintisi, bir bolgenin deprem etkinligini yansitmak icin kullanilan en énemli bagintilardan
biridir [25]. Burada N, verilen bir bolge ve periyot icin, magnitidii M’e esit veya daha buyuk
olan depremlerin sayisini, a ve b ise regresyon katsayilarini gostermektedir [26]. Bu degerlerin
Siirt ili icin hesaplamalari yapilirken Tablo 3’ de gosterilmis olan ve M = 4 olan depremler dikkate
alinmistir. Dikkate alinan deprem magnitiid degerlerinin logaritmik degerleri Tablo 3’de
hesaplanmistir. Hesap sonucu elde edilen degerler Sekil 6’daki grafikte gosterilmistir.

Tablo 3: Deprem magnitiid degerlerinin logartimik degerleri

M M =0.5 Ort. Arahk | Frekans Log N | Yiginsal frekans Log N
40 - 45 4.25 218 2.33845 358 2.55388
45 - 5.0 4.75 98 1.99123 140 2.14612
50 - 5.5 5.25 30 1.47712 42 1.62325
55 - 6.0 5.75 8 0.90309 12 1.07918
6.0 - 6.5 6.25 2 0.30103 4 0.60205
65 - 7.0 6.75 2 0.30103 2 0.30103
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Sekil 6. Siirt Ili icin Guitenberg-Richter bagintist

a ve b regresyon katsayilar1 hesaplanirken en kucuk kareler yontemi uygulanarak bilgisayar orta-
minda %99 korelasyon katsayisi ile hesaplanmistir. Siirt Ili icin hesaplanan Giitenberg-Richter
bagintisi; logN = 6.551 — 0.939 M olarak bulunmustur.

a parametresi inceleme alaninin genisligine, goézlem dénemine ve ve deprem duzeyine baghdir. b
degeri ise bolgenin tektonik karakteristigini belirleyen bir parametre olarak kabul edilmektedir [24].

Bu sekilde hesaplanan a ve b sabitleri ile istenen magnitidli bir depremin, istenen bir periyot
araliginda olma olasilig1 hesaplanabilir. Incelenen alanin depremsellik parametreleri ise;

a' = a- log(bInl0)
al=a-logT
a'l =a-logT

bagintilari ile hesaplanabilmektedir. Verilen bir donemde magnitiidleri verilen bir M degerinden
biiytik veya ona esit olan depremlerin yillik ortalama olus sayilari,

n(M) =10a'l-bM
bagintisi ile bulunabilir. Herhangi bir bolgede T1 yillik bir goézlem aralig: icin verilen herhangi
bir M magnitiidlii depremin T yil icinde olusma riski [27, 28];

RM)=1-en(M)T

bagintsi ile hesaplanabilir. Bunlarin dénts periyotlari ise, Q = 1/n(M) bagintisindan hesaplanabilir.

Siirt Ili igin yukaridaki bagintilardan yararlanilarak deprem tehlikesini belirlemede kullanilan
parametreler hesaplanmis ve Tablo 4’de gosterilmistir.

Tablo 4: Deprem tehlikesini belirlemede kullanilan parametreler

a b al a' a'l

6.551 0.939 4.502 6.216 4.167

Deprem tehlikesini belirlemede kullanilan parametreler hesaplandiktan sonra 10, 20, 30, 40, 50,
75 ve 100 y1llik periyotlar ve bazi magnitid degerleri icin sismik tehlike degerleri ve donts
periyotlar: hesaplanmistir (Tablo 5).
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Tablo 5: Siirt Sehir merkezli 150Km yaricaph bir alan icin depremlerin gelecekte beklenen olusumlari ve
dontuistim periyotlar:

SISMIK RISK (%)
M NM) Yillar Donis
10 | 20 | 30 | 40 | 50 | 75 | 100 | Ferivedu
50 | 02063 | 95 | 99 | 100 | 100 | 100 | 100 | 100 3.8
55 | 01005 | 63 | 87 | 95 | 98 | 99 | 100 | 100 8.9
6.0 | 00341 | 28 | 49 | 64 | 74 | 82 | 92 | o7 99.3
65 | 00115 | 11 | 21 20 | 37 | 44 | 58 | 68 86,9
70 | 00039 | 4 8 no| 14 | 18 | 25 | 3 956.4

Siirt ili i¢in yapilan hesaplamalardan elde edilen sonugclar Sekil 7 ve Sekil 8’de gosterilmistir.
Buna gore Siirt ve civarinda 6 buytklagtindeki bir depremin 100 y1l icinde gerceklesme olasilig
%97 olarak hesaplanmustir.

100 T—— j

AN NN
IR NTANN N\ o
" LR AN AN -

2 ANAAN LAY o
. NN NN "
[ANERRNNWN

w50

OLASILIKLAR (%)

= ——75
2 ~+=100
10 4
0
5 5,5 6 6,5 7
M

Sekil 7: Belli Ekonomik Omiirler Gore Cesitli Magnitid Buytikltuklerinin Asilma Olasiliklar:
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45 2 9.5 6 6.5 7

M
Sekil 8: Cesitli Magnitad Buyutkliklerine Ait Donts Periyotlar:

4. Sonuclar

Bu calisma ile Siirt ve yakin cevresinin deprem tehlikesi hesaplanmistir. 1900-2012 yillar1 arasinda
olusmus depremler dikkate alinarak magnitiid-frekans iliskisi belirlenmis ve Siirt icin a= 6.551
ve b = 0.939 olarak hesaplanmistir. Deprem verilerinin istatistiksel analiz sonuclarina gore 6.0,
6.5, ve 7.0, buytikliklerindeki depremlerin 50 yillik bir donemde olusma ihtimalleri siras: ile
%82, %44 ve %18 olarak hesaplanmistir.

Bolgedeki tektonik yapinin biitiin unsurlariyla iyi derecede bilindigini séylemek zordur. Bu
nedenle gelecekteki deprem tehlikesi acisindan bolge ile ilgili sismotektonik ¢alismalarin yapilmasi
buiytik 6nem arz etmektedir.

Bolgede kuctk olcekli yer sarsintilar1 gortlmesine karsin, etkili bir deprem odak noktast il sinirlar
icinde bulunmamaktadir. Ancak Siirt ve civar1 6zellikle uzak alanda olusacak depremlerin tehdidi
alundadir. Bu baglamda hem Siirt iline komsu olan ve depremsellik acisindan aktif olan bolgedeki
deprem turetebilecek faylarin etkisi goz ardi edilmemelidir.

Tektonik olarak her ne kadar hareketli kusaklar icerisinde kalmazsa da Siirt ili civarinda yapilasma
esnasinda depremsellik faktéra géz 6ntinde bulundurulmal ve ilgili yonetmeliklere hassasiyetle
uyulmalidir. Mevcut yapilar icinse deprem riskinin azaltilmasi yontinde tedbirler alinirken yap1
stogu tespit calismalarindan sonra giivenli olmayan ve guticlendirilmesi ekonomik olmayan yapilar
gerekli muhendislik calismasi yapilarak hazirlanan projelerle guclendirilmelidir.
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Ozet
Bu makalede Modifiye Edilmis Basit Denklem Metodu (MSEM) uygulamali bilimlerde énemli olan lineer

olmayan bazi evolisyon denklemlerine uygulandi. MSEM metodu iki 6énemli evoliisyon denklemine yani
konveksiyon terimli Fisher ve konveksiyon terimli Fitzhugh-Nagumo denklemlerine uygulanmistir.

Anahtar Kelimeler: Modifiye edilmis basit denklem metodu, Tam ¢6ztimler.

Abstract

In this paper we applied modified simple equation method (MSEM) for solving some nonlinear evolution
equations which are very important in applied sciences. The MSEM is implemented on two very important
evolution equations namely the Fisher equation with convection term and the Fitzhugh-Nagumo equation

with convection term.

Key Words: Modified simple equation method, Exact solutions.

1.Introduction

The Modified Simple Equation Method have been introduced by Ja’afar Mohamad Jawad, Marko
D. Petkovic and Anjan Biswas in 2010 [1, 2].

This paper outlines the application of modified simple equation method (MSEM) for solving
the Fisher equation with convection term and the Fitzhugh—-Nagumo equation with convection
term.

2.Description of the method

We consider a nonlinear evolution equation:
F(’LL, U, Uy, uxy} ) =0 (1)

where F is a polynomial in « and its partial derivatives.

Step 1. Using the wave transformation

Corresponding author (e-mail: aertas@dicle.edu.tr)
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u=u(z), z=x-t, )
we have from (1) and (2) the following ODE:

P(u,u',u",um,...) =0, (€)]

where P is a polynomial in u and its total derivatives and = =
4

Step 2. We suppose that Eq. (3) has the formal solution:
k

u(2)=gf4k <ﬂ> , @)

7

where A, are arbitrary constants to be determined such that 4, # 0 while y (z) is an unknown
function to be determined later.

Step 3. We determine the positive integer N in (4) by balancing the highest order derivatives and the
nonlinear terms in Eq. (3).
Step 4. We substitute (4) into (3), we calculate all the necessary derivatives u, u/,... and then we

account the function t//(z). As a result of this substitution, we get a polynomial of Y and its

derivatives. In this polynomial, we equate with zero all the coefficients of it. This operation yields a
system of equations which can be solved to find 4, and y (z) Consequently, we can get the exact

solution of Eq. (1).

3. Numerical applications

In this section, we apply MSEM for solving the Fisher equation with convection term
and the Fitzhugh-Nagumo equation with convection term.

3.1. The Fisher equation with convection

Consider the Fisher equation with convection term

u, +kuu, —u, —u(l-u)=0 (5)

which describes the propagation of nerve pulses [3, 4]. Using the traveling wave u = u (z) ,Z=Xx—1
to reduce Eq. (5) to the following ODE:

—u +huw = —u(1-u)=0. (6)

Balancing uu’ with u” yields N =1. Consequently, we look for solutions of Eq. (6) in the form
u(z):A0+Al<l//;>, (7)

where 4, and 4, are constants to be determined such that 4, = 0, while y (z) 1s an unknown

function to be determined. Since
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m r B
W =4, {”’—-(Kj } ®)
v \y

m L r ' 3
= 4 .Vf__szga+z[£] , ©)
y v v

then the following expression holds

A e T (2))
(s o-oF)

Equating expressions at y°, ™, and w to zero we have the following equations:

—d4y+ 4 =0, (1)
(1—kdy )y"—w" +(24,-1)y' =0, (12)
(kd, +3)y"+(—kdy+ 4, +1)y' =0, (13)
-2
A =7. (14)
Eq. (11) directly implies
A4,=0,4,=1.
Case 1: 4, =0.

Egs.(12) and (13) becomes

l;/m"l'wu'i‘wr:o, (IS)
kA +3)y"+(A +1)y'=0. (16)
| v | 4

By substituting Eq. (16) into (15) we get

(kA +3)y" +((k—=1)4,+2)y' =0. (17)
Solution of Eq. (17) is given by

y(z)=cy+ce” +ce”, (18)

where ¢,, ¢, and c, are free arbitrary parameters and

(1-k)4,—2
a=% [~——. (19)
k4, +3
Substituting Eq.(18) for y (z) into Eq. (7) for u(x,r) we have exact solution in the form:
alx=t) —afx=t)
ce +c,e
u (x’!) = Aia I alx=t) i —afx-t) * (20)

cytee™ ‘tee
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Casell: 4,=1.
Egs.(12) and (13) becomes

(1=K )"~y +y' =0, @
(k+3)y"+(—k+4 +1)y'=0. (22)

By substituting Eq. (22) into (21) we get

(k+3)y"+(k* —k+(1-k) 4, +4)y" =0. (23)
Solution of Eq. (23) is given by

y(z)=cy+ce” +c,e™”, (24)

where ¢, ¢, and c, are free arbitrary parameters and

2
bzi\/k —k+(l—k)A]+4' -
k+3

Substituting Eq.(24) for w (2) into Eq. (7) for u (x,!) we have exact solution in the form:

e + cze‘m_"}
u(x,t)=1+4b e e T (26)
3.2. The Fitzhugh-Nagumo equation with convection
Consider the Fitzhugh-Nagumo equation with convection term
u, + kuu —un_—u(l—u)(a—u)zo, 27

where & and a are constants. The FHN equation, which shows up in the study of electrical pulses in
nerve membranes, is a well-studied mathematical model in neurobiology [3, 4].

Using the traveling wave u =u Ez) , Z Xx—1 toreduce Eq. (27) to the following ODE:
—u'+kuu'—u"—u(1—u)(a—u)=O. (28)

Substituting Eqs.(7)-(9) into Eq. (28) and equating coefficients of w",yr ",y and v~ to zero,
we respectively obtain

—ad,+(a+1)4; - 4; =0, (29)

"+ (kA ~1)y" +(2(a+1) 4, —a=34; Jy' =0, (30)

(kA +3)y"+(1—kdy =3 4,4, +(a+1) 4, )y' =0, (31)
and

4 _—kFVK -8 “2!‘_8 (32)

Eq. (29) directly implies 4, =0, 4, land 4, &=
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Case 1: 4, =0.
Egs.(30) and (31) becomes

v"+y"+y' =0, (33)
(kd,+3)y"+((a+1) 4 +1)y" =0. (34)

By substituting Eq. (34) into (33) we get

(kd4, +3)y" +(kad, +3a—ad — 4 )y'= 0. 35)
Solution of Eq. (35) is given by

l;/(z)=00+cle“" +c,e™, (36)

where ¢,,c, and c, are free arbitrary parameters and

\jAl(1+a—ak)—3a+1
a=t ; (37)
kA, +3

Substituting Eq.(36) for v (z) into Eq. (7) for u(x,!) we have exact solution in the form:

u(x,t)=4a a jj:;;i;?ij_:i_,} 3 (38)
Case2: 4, =1.
Egs.(30) and (31) becomes

" +(k-1)y"+(a-1)y' =0, (39)

(k+3)y"+(1-k+4 (a-2))y'=0. (40)
By substituting Eq. (40) into (39) we get

(k+3)y"+(-k +3k —ak -3a+2+ 4, (2—a)(1-k))y' =0. (1)
Solution of Eq. (41) is given by

y(2)=c +ce” +c,e”, (42)
where ¢, ¢, and c, are free arbitrary parameters and

ﬁ:i\jkz—3k+ak+3a;+2;-(1—k)(2—a),4l' 5

Substituting Eq.(42) for v (z) into Eq. (7) for u(x,t) we have exact solution in the form:
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Blx—1) —Blx-t)
sl +
u(x,0)=1+ 4 Ge ﬁ(H]cze arm (44)
c, +c,e’" " 4¢P
Case 3: 4, =a.
Eqgs.(30) and (31) becomes
l;/'"+(1—ak)l;/"—(a—a2)w'=0, (45)
(kA +3)y" +(4,(1-2a)+1-ak)y' =0. (46)
By substituting Eq. (46) into (45) we get
(kdy +3)y" + (4, (2a - ak® ~1)+2ak +3a’ —a’k* ~3a~1)y' = 0. @7)
Solution of Eq. (47) is given by
W (z) =cy+ce’” +c,e”, (48)
where ¢,,¢, and ¢, are free arbitrary parameters and
A4, (1+a—-ak)-3a+1
y==% : (49)
k4, +3
Substituting Eq.(48) for y (z) into Eq. (7) for u(x,!) we have exact solution in the form:
p g o t0)
u(x,t)=a+Ay— - (50)

SRR { Coy) BTN
c, +¢e +c,e

4. Conclusions

In this paper we use a direct approach for finding the exact solutions of equation (5) and (27).
MSEM has been successfully used to obtain exact solitary wave solutions for the Fisher
equation with convection term and the Fitzhugh—Nagumo equation with convection term.
Calculations in the MSEM are simple and straightforward.
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