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SELGUK UNIVERSITESI FEN FAKULTESI FEN DERGISi YAYIN iLKELERI

Makaleler, A4 (210 mmx297 mm) boyutunda 12 punto Times New Roman yazi tipinde ve c¢ift satir aralikli yazilmahdir. Sayfanin
saginda, solunda, altinda ve istiinde 2.5’er cm bosluk birakilmali ve yazilar saga-sola dayali olmalidir. Makalenin her sayfasi ve
satirlar numaralandirilmalidir. Yazar ad(lar)1 agik olarak yazilmali ve akademik unvan belirtilmemelidir. Tiirk¢e hazirlanan makaleler
Tiirk Dil Kurumu’nun son yazim kilavuzu dikkate alinarak yazilmahdir.

Makale: Tiirkce Baslik, Tiirkce Oz, Anahtar Kelimeler, Ingilizce Baslk, Ingilizce Abstract, Ingilizce Keywords, Giris, Materyal ve Metot,
Arastirma Sonuglar, Tartisma, Tesekkiir (varsa), 6. Kaynaklar boliimlerinden olugsmalidir. B6liim adlar1 koyu yazilmalidir. Varsa her
bir sekil ve tablolar makale igerisinde bahsedildikleri yerden sonra sirayla yerlestirilmelidir. Makale sonunda; Arastirmacilarin Katki
Orani beyani, varsa Destek ve Tesekkiir Beyani, Catisma Beyanina yer verilmelidir.

Bashk: Kisa ve agiklayici olmali, 14 punto ve koyu, kelimelerin ilk harfi biiyiik olmali, ortalanarak yazilmali ve 15 kelimeyi
gecmemelidir. Ingilizce baslik Tiirkge baslig1 tam olarak karsilamali, 14 punto ve koyu yazilmahdir.

0z: Tiirkce ve Ingilizce 6zlerin her biri 300 kelimeyi gegmemelidir. Tiirkce ve ingilizce 6zlerde sirasiyla “0z” ve “Abstract” kelimeleri
kullanilmalidir. Oz, ¢aligmanin amacini, nasil yapildigini, sonuglari ve sonuglar iizerine yazar(lar)in yaptifi degerlendirmeleri
icermelidir. Oz ve Abstract kisimlarinda kesinlikle referans kullamlmamalidir.

Anahtar Kelimeler: Ozlerin 1 satir altina, her anahtar kelimenin ilk harfi bilyiik digerleri kiiciik harflerle, miimkiinse baghkta
kullanilmayan, ¢alismay1 en iyi bicimde tanimlayacak en fazla 6 anahtar kelime yazilmalidir.

Giris: Bu boliimde; ¢alisma konusu, gerekgesi, konu ile dogrudan ilgili 6nceki ¢alismalar ve ¢alismanin amaci verilmelidir.

Materyal ve Metot: Bu boliimde; makalede kullanilan materyal ve metot agik¢a belirtilmelidir.

Arastirma Sonuglar:: Elde edilen sonuglar verilmeli, gerekirse ¢izelge, sekil ve grafiklerle desteklenerek bulgular agiklanmalidir. Elde
edilen bulgular tekrardan kaginilmasi amaciyla ya gizelge ya da grafik olarak verilmelidir. Istatistiki olarak énemli bulunan faktérler,
uygulanan istatistik analiz teknigine uygun karsilastirma yontemi ile yorumlanarak ilgili istatistikler tizerinde harflendirme
yapilmaldir. Istatistiki analiz yénteminin dogru secilmedigi ve/ya analizin geregi gibi yapilmadigi durumlarda editérler kurulu
makaleyi degerlendirme disinda tutabilir.

Tartisma: Bulgular ¢alisma ile ilgili giincel makalelerle tartisiimali, ancak gereksiz tekrarlardan kaginilmalidir. Bulgularin baska
arastirmalarla benzerlik ve farklhiliklar: verilmeli, nedenleri agiklanmalidir.

TesekKkiir: Miimkiin oldugunca kisa olmali ve yapilan katki ifade edilerek verilmelidir.

Yazar Katkilari: Seffaflik icin yazarlari, ilgili CRediT rollerini kullanarak makaleye bireysel katkilarini 6zetleyen bir yazar beyani
dosyas1 gondermeye tesvik ediyoruz: Kavramsallastirma; Veri iyilestirme; Resmi analiz; Finansman alimi; Sorusturma; Metodoloji;
Proje Yonetimi; Kaynaklar; Yazilim; Yonetim; Dogrulama; Gorsellestirme; Roller/Yazma - orijinal taslak; Yazma - gozden gegirme ve
diizenleme. Yazarlik katkilari, 6nce yazarlarin isimleri ve ardindan CRediT rol(ler)i ile bicimlendirilmelidir.

Cikar Catismasi Beyani: Bir gonderinin tiim yazarlar1 adina ilgili sorumlu yazar, ¢alismalarini uygunsuz bir sekilde etkileyebilecek
(6nyargih) olabilecek diger kisi veya kuruluslarla olan her tiirlii mali ve kisisel iliskiyi agiklamalidir.

Kaynaklar: Atiflar ve kaynak¢anin Endnote programi ile hazirlanmasi gerekmektedir. Dergimize ait APA formatinda hazirlanmis
endnote stil dosyalari, Tiirkge ve Ingilizce makaleler icin ayri olarak dosya yiikleme asamasinda indirme linkleri ile paylagilmigtir.
Kaynaklar listesi yazilirken, birinci yazar Soyadina gore alfabetik siralanmaly, ilk satirdan sonraki satirlar 1.0 cm sagdan baslamaldir.
Ayniyazar /yazarlarin farkli eserleri eski tarihliden baslayarak, ayni tarihli eserler tek yazarlidan baglayarak siralanmalidir. Kaynaklar,
miimkiin oldugunca orijinal dilinde sunulmalidir. Orijinal dilinde verilemeyen kaynaklar, Tiirkce veya Ingilizce olarak verilebilir.
Ancak bu durumda kaynagin orijinal dili parantez icerisinde belirtilmelidir.

» Kaynak bir makale ise: Yazarin soyadi, adinin bas harfleri., yili, makalenin bashg, derginin adi (italik), cilt numarasi (varsa no ), sayfa
aralig1.

Ozgéren, M., (2006), Flow Structure in the downstream of square and circular cylinders, Flow Measurement and Instrumentation, 17
(4), 225-235.

» Kaynak bir kitap ise: Yazarin soyadi, adinin bas harfi(leri)., yili, kitabin adj, cilt numarasi, varsa editor(ler) / ceviri editorleri,
yayinlayan yer (italik), yayinlandig1 yer, sayfa aralig1.

Dasgupta, D., (1998), Artificial immune systems and their applications, Springer-Verlag, Berlin - Heidelnerg, 45-52.

Not: Ceviri kitaplarda orijinal kitabin degil ¢eviri kitabin yayin tarihi esas alinacaktir.

» Kaynak basilmis tez ise: Yazarin soyadi, adinin bas harfi(leri). (y1l1), Tezin ad1”, Tezin Cinsi (Yiiksek lisans/doktora), Tezin Sunuldugu
Enstitii (italik), sunuldugu yer, sayfa aralig.

» Kaynak kongreden alinmis ise: Yazarin soyadi, adinin bas harfi(ler)., yili, Teblig Adi, kongre, seminer veya konferansin adi (italik),
yapildig1 yer, bildiri kitabinda yer aldig1 sayfa araligi.

Giines, S. ve Polat, K., (2009), Elektrokardiyogram (EKG) aritmi teshisinde en az kareli destek vektor makinalar1 kullanimina dayal
medikal teshis destek sistemi, 13. Biyomedikal Miihendisligi Ulusal Toplantisi, BIYOMUT-2009, istanbul, 170-173.

» Kaynak rapordan alinmis ise: Yazarin soyadi, adinin bas harfi(leri) (raporu hazirlayan tiizel kisi ise kurulusun adi), yil, raporun adi,
raporu hazirlayan kurulusun kisa adi ve rapor numarasi (italik), yayinlandig1 yer (italik), sayfa aralig1.

De Castro, L. N. and Von Zuben, F. ]., (2000), Artificial immune systems: Part I- Basic theory and applications, DCA-RT 02/00, Brasil,
23-28.

» Kaynak aktiiel dergi ve gazete haberinden alinmis ise:

Corliss, R, (1993), Pacific Overtures Times, 142 (11), 68-70.

» Kaynak yazari bilinmeyen ulusal bir ¢alismadan alinmus ise:

Anonim, (2006), Tarim istatistikleri 6zeti, DIE Yayinlari, No;12, Ankara, 22-23.

» Kaynak yazari bilinmeyen yabanci bir ¢alismadan alinmis ise:

Anonymous, (1989), Farm accountancy data network, an A-Z of methodology, Commission Report of the EC, Brussels, 16-19.

e Eger ayni yazarin ayni yilda basilmis birden fazla yayini kullanilmigsa basim yillarinin sonuna alfabetik bir karakter ilave edilir.
Ornegin ayni yazarin (larin) 2003 yilindaki {i¢ yayini igin (2003a, 2003b, 2003c) seklinde gosteriniz.

« Haritalar i¢in gosterim

Yazarin soyadi, adinin bas harf(ler)i., yili, Baslik, Olgek, Basim Yeri:Yayinevi.

Mason, J., (1832), Map of the countries lying between Spain and India, 1:8.000.000, London: Ordnance Survey.

* Web sayfalar1 i¢in gosterim

Yazarin soyad, adinin bas harf(ler)i., y1li, Baslik [online], (Edition), Yayin Yeri, Web adresi:URL [Ziyaret Tarihi].

Holland, M., (2002), Guide to citing Internet sources [online], Poole, Bournemouth
University,http://www.bournemouth.ac.uk/library/using/guide_to_citing_internet_sourc.html [Ziyaret Tarihi: 4 Kasim 2002].
Sekiller ve Tablolar: Sekil, grafik, fotograf ve benzerleri "Sekil", sayisal degerler ise "Tablo" olarak belirtilmelidir. Tiim sekil ve
tablolar makalenin icine yerlestirilmelidir. Sekil ve tablolarin boyu tek sayfa diizeninde en fazla 16x20 cm ve gift siitun diizeninde ise
genisligi en fazla 8 cm olmalidir. Sekil ve tablolarin boyutu baskida ¢ikabilecek ¢oziiniirliikkte olmaldir. Arastirma sonuglarini



destekleyici nitelikteki resimler 600 dpi ¢oziiniirliigiinde "jpg" formatinda olmalidir. Her tablo ve sekle metin igerisinde atif
yapilmalidir. Tiim tablo ve sekiller makale boyunca sirayla numaralandirilmalidir (Tablo 1 ve Sekil 1). Tablo ve sekil bashiklar1 ve
aciklamalari kisa ve 6z olmalidir. Sekil ve tablo baslik yazilar1 10 punto, sekil ve tablolarin igindeki yazilar 9 punto, tablo alti yazilar 8
punto Times New Roman yaz1 karakterinde olmalidir. Tablo ve sekillerde kisaltmalar kullanilmis ise hemen altina bu kisaltmalar
aciklanmalidir.

Birimler: Tim makalelerde SI (System International d’Units) ol¢iim birimleri kullanilmalidir. Ondalik kesir olarak nokta
kullanilmalidir (1,25 yerine 1.25 gibi). Birimlerde “/” kullanilmamali ve birimler arasinda bir bosluk verilmelidir (m/s yerine m s1,J/s
yerine ] s1, kg m/s? yerine kg m s-2 gibi). Say1 ile sembol arasinda bir bosluk birakilmalidir ( 4 kg N ha1, 3 kg m-1s-2,20 N m, 1000 s-L,
100 kPa, 22 °C gibi). Bu kuralin istisnalar1 diizlemsel agilar icin kullanilan derece, dakika ve saniye sembolleridir (°,’ ve ). Bunlar
sayldan hemen sonra konmalidir (10°, 45', 60" gibi). Litrenin kisaltmasi “1” olarak belirtilmelidir. Ciimle sonunda degillerse
sembollerin sonuna nokta konulmamalidir (kg. degil kg).

Formiiller: Formiiller numaralandirilmali ve formiil numarasi formiiliin yanina saga dayal olarak parantez icinde gosterilmelidir.
Formiillerin yazilmasinda Word matematik islemcisi kullanilmali, ana karakterler 12 punto, degiskenler italik, rakamlar ve
matematiksel ifadeler diiz olarak verilmelidir. Metin igerisinde atif yapilacaksa “Esitlik 1” biciminde verilmelidir (...iliskin model,
Esitlik 1’ de verilmistir).



SELCUK UNIVERSITY JOURNAL OF SCIENCE FACULTY INSTRUCTIONS FOR
AUTHORS

Manuscripts should be written in A4 (210 mmx297 mm) size, 12-point Times New Roman font, and double-spaced. There should be
2.5 cm margins on the right, left, bottom, and top of the page, and the texts should be right-left aligned. Each page and line of the
manuscript should be numbered. The name(s) of the author should be written clearly and the academic title should not be stated.
Manuscripts prepared in Turkish should be written by taking into account the latest spelling guide of the Turkish Language
Association.

Manuscript: It should consist of Turkish Title, Turkish Abstract, Keywords, English Title, English Abstract, English Keywords,
Introduction, Material and Method, Research Results, Discussion, Acknowledgments (if any), 6. References. Section names should be
written in bold. If any, each figure and table should be placed in order after the place they are mentioned in the manuscript. At the end
of the manuscript; a Statement of Contribution of the Researchers, a Statement of Support and Acknowledgment, if any, Statement of
Conflict should be included.

Title: It should be short and descriptive, in 14 points and bold, the first letter of the words should be capitalized, written centered, and
not exceeding 15 words. The English title must fully correspond to the Turkish title, written in 14 points and bold.

Abstract: Turkish and English abstracts should not exceed 300 words each. In Turkish and English abstracts, the words "0z" and
"Abstract” should be used, respectively. The abstract should include the purpose of the study, how it was done, the results and the
author(s) comments on the results. References should not be used in the Abstract section.

Keywords: 1 line below the abstracts, the first letter of each keyword should be written in capital letters, the rest should be written
in lowercase, if possible, maximum 6 keywords that are not used in the title and that best describe the work should be written.
Introduction: In this section; the subject of the study, its justification, previous studies directly related to the subject and the purpose
of the study should be given.

Material and Method: In this section; the material and method used in the manuscript should be clearly stated.

Research Results: Obtained results should be given, if necessary, the findings should be explained, supported by charts, figures and
graphics. Obtained findings should be given either as charts or graphs in order to avoid repetition. The factors that are found to be
statistically significant should be interpreted with the comparison method in accordance with the statistical analysis technique applied
and lettering should be made on the relevant statistics. In cases where the statistical analysis method is not chosen correctly and/or
the analysis is not done properly, the editorial board may exclude the manuscript from evaluation.

Discussion: Findings should be discussed with current manuscripts about the study, but unnecessary repetitions should be avoided.
The similarities and differences of the findings with other studies should be given and the reasons should be explained.
Acknowledgment: You should list acknowledgments at the end of the text, in a separate section before references, and not include
them on the title page, as a footnote in the headline, or otherwise. In this section, you can list the natural and legal persons who provide
financial or moral assistance during the research.

Author Contributions: For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation; Formal analysis; Funding acquisition;
Investigation; Methodology; Project administration; Resources; Software; Supervision; Validation; Visualization; Roles/Writing -
original draft; Writing - review & editing. Authorship statements should be formatted with the names of authors first and CRediT
role(s) following.

Declaration of Conflict of Interest: Corresponding authors, on behalf of all the authors of a submission, must disclose any financial
and personal relationships with other people or organizations that could inappropriately influence (bias) their work.

References: Citations and bibliography should be prepared with the Endnote program. Endnote-style files of our journal prepared in
APA format are shared separately for Turkish and English manuscripts, with download links at the file upload step.

While writing the references list, the first author should be listed alphabetically according to the surname, the lines after the first line
should start 1.0 cm from the right. Different works of the same author/authors should be listed starting from the old date, and works
with the same date starting from a single author. References should be presented in their original language whenever possible.
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Bu c¢alismada, Lathyrus czeczottianus bitkisinin toprak istii kisimlarina ait metanol ve su Oziitlerinin
mutajenite/antimutajenite ve antimikrobiyal 6zellikleri arastirilmistir. Oziitlerin toksik doz belirlemeleri
yapildiktan sonra, Ames testi (Salmonella/mikrozom) ile mutajenik 6zellikleri degerlendirilmistir. Salmonella
typhimurium TA98 ve TA100 suslari ile yapilan mutajenite ¢alismalar1 metabolik aktivasyon varligi ve yoklugunda
gerceklestirilmistir. Metanol ve su oztiileri 10000, 5000 ve 1000 pg/plak dozlarda herhangi mutajenik etki
gostermemistir. Bilinen mutajenik maddelere karsi antimutajenik inhibisyon oranlari degerlendirilmistir. Buna
gore metanol ve su oziitleri 6zellikle TA98 susu i¢in 2-aminofloren S9 karisimi varliginda etkisini sirasiyla %73 ve
%85 oranlarda en yiiksek dozlarda inhibe etmistir. Ayrica metanol 6ziitii TA100 susu icin S9 varhginda 2-
aminoantrasenin etkisini %78’lere varan diizeyde iyilestirmis ve gii¢clii antimutajenite géstermistir. Antimikrobiyal
aktivite calismalari ise sekiz standart mikroorganizma ve 14 metisilin direngli Staphylococcus aureus izolatina karsi
swvl mikro diliisyon yontemiyle test edilmistir. Metanol ve su 6ziitleri test edilen mikroorganizmalara kars1 12.5 ve
6.25 mg/ml dozlarda diisiik antimikrobiyal aktivite ortaya koymustur. L. czeczottianus 6ziitlerinin kimyasallara
kars1 kemopreventif dogal bir ajan olarak kullanilabilecegi diisiiniilmiistiir.
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1. Giris

Bitkiler yiizyillardir insanlik tarafindan kullanilmaktadir
ve ¢esitli uygulamalarla birlikte (6rnegin gida kaynagi, giyim
Uretimi icin hammaddeler, barinak yapimi veya sadece
dekorasyon), bitkisel ila¢ olarak kullanimlari insanoglunun
bildigi en eski saglik hizmetlerinden biridir. (Veiga ve ark,
2020). Tibbi bitki kavrami, belirli bir bozuklugu 6nlemek
veya iyilestirmek icin terapétik bir tedavide dogrudan veya
dolayl olarak kullanilmasina izin veren farmakolojik olarak
aktif bilesenlere sahip olmasiyla karakterize edilir. Bitkiler
ile ilgili yapilan c¢alismalarin odaginda, antimikrobiyal,
antiinflamatuvar, antitiimoral, antidiyabetik, antiviral ve
antioksidan etkilere neden olabilecek tibbi 6zelliklerin
karakterize edilmesi yer almaktadir (Roleira ve ark., 2015).
Bu 6zellikler bu bitkilerin kimyasal bilesimi ile ilgilidir. Tipta
yaygin olarak kullanilan ilaglarin bir¢ogu bitkisel kokenlidir
ve faydali etkilerinin sekonder metabolit olarak adlandirilan
terpenoidler, alkaloitler, flavonoidler, fenolikler gibi ¢esitli
farkli bilesiklerin varligindan kaynaklandig1
diigiiniilmektedir. Diinya Saghk Orgiitii, diinya niifusunun
%80'inden fazlasinin temel saglk ihtiyaglarim karsilamak
icin bitkileri kullanan geleneksel tibba giivendigini tahmin
etmektedir (WHO, 2013). Bu anlamda bitkisel kaynakl
Uriinler saghgir koruyucu faktér olarak oénemli bir role
sahiptir.

Diinya tlkelerinde oldugu gibi iilkemizde de bitkiler halk
arasinda tedavi, yem, gida, boya, kozmetik, oyun vb.
alanlarda kullanilmaktadir. Modern tipta kullanilan ilaglar ve
Anadolu’ da yaygin olarak kullanilan halk hekimligi ilaglar1
bitkilerden elde edilmektedir. Ulkemizin jeopolitik konumu,
U¢ tarafinin denizlerle ¢evrili olmasi ve Asya ile Avrupa
arasinda koprii vazifesi yapmasi bitki floras1 agisindan
zenginlik olusturmaktadir (Faydaoglu ve Siiriicioglu, 2011).
Dolayisi ile yeni fitoterapdtik ajanlarin kesfedilmesi icin
6nemli bir alandur.

Mutasyonlar: tetikleyebilen maddelerin tanimlanmasi
gilivenlik degerlendirmesinde dnemli bir prosediir haline
gelmistir. Mutasyonlara neden olabilen kimyasallar
potansiyel olarak lireme hattina zarar vererek dogurganlik
sorunlarina ve gelecek nesillerde mutasyonlara yol agabilir.
Mutajenik kimyasallar ayni zamanda kanseri tetikleme
kapasitesine sahiptir ve bu endise, mutajenite test
programlarinin ¢ogunu yoénlendirmistir. Mutasyonlar; 1.
Yalnizca tek bir bazin degistirildigi, 2. Bir veya nispeten
birka¢ bazin eklendigi, silindigi gen (nokta) mutasyonlari, 3.
DNA'da biiyiik silinmeler veya yeniden diizenlemeler, 4.
Kromozom kirilmalari, 5. Tim kromozomlarin kazanimi
veya kaybi olarak meydana gelebilir (Mortelmans ve Zeiger,
2000).

in vivo ve in vitro calismalarda bitki bilesenleri veya
ozleri de dahil olmak lizere bu tiir dogal materyallerin,
antimutajenik etkiler gosterdigi ve sorumlu ¢esitli enzimatik
aktiviteleri inhibe ettigi bilinmektedir. Bu nedenle bu
bilesiklerin biyolojik aktivitelerinin arastirilmasi ve
belirlenmesi bir¢ok insan hastaliginin tedavisinde énemli bir
strateji haline gelmistir. Deney hayvanlarinin kullanildigi
calismalarin pahali olmasi ve uzun zaman almasi nedeniyle
baslangig test sistemi olarak bakteriyel test sistemleri tercih
edilmistir (Gulluce ve ark., 2010).

Antibiyotikler bakteriyel enfeksiyonlarla miicadelede
yaygin olarak kullanilmakta ve kesfedildikleri giinden bu
yana insan sagligl ve yasam Kkalitesi agisindan son derece
etkili olmaktadir. Ancak son yillarda antibiyotiklere karsi
direncin ortaya ¢ikmasi ve bunlarin tiiketimi sonucu ortaya
¢ikan bazi toksik {riinler nedeniyle antibiyotikler bazi
hastaliklara karsti daha az etkili hale gelmistir.
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Antimikrobiyallerin gereksiz yere recete edilmesi ve
bunlarin tarimda kullanilmasi gibi bir¢cok faktor
antimikrobiyal direncinin yayilmasina katkida bulunurken,
antimikrobiyal gelistirmedeki bilimsel ve ekonomik
zorluklar, yeni ilaglarin iiretim hattinin azalmasina neden
olmustur. Bu nedenle dogal kaynaklardan elde edilen
antibakteriyel ajanlar enfeksiyon hastaliklarinin
onlenmesinde ve tedavisinde ©6nemli rol oynamaya
baslamistir. Bitki 6zleri, ¢ig ve islenmis gidalarin korunmasi,
farmasaétikler, alternatif tip ve dogal tedaviler dahil olmak
lizere bir¢ok uygulamanin kaynagl olarak yerlesmistir
(Heydari ve ark., 2019; Chassagne ve ark., 2021)

Fabaceae familyasi 19.000'den fazla tir ile ¢igekli
bitkilerin en biiyiik familyasidir (Kenicer, 2005). Lathyrus L.
(Fabaceae) cinsi, basta Akdeniz olmak ilizere diinya ¢apinda
200'den fazla tiir icermektedir. Tiirkiye'de Lathyrus tiirleri
26'st endemik olmak iizere 76 taksondan olusmaktadir
(Glines ve Merig, 2017; Ceylan ve ark. 2021). Lathyrus
cinsine ait bazi tiirlerin gida, yem, siis bitkileri olarak
ekonomik agidan 6nemli oldugu bilinmektedir. Yiiksek besin
icerigi (amino asitler ve yag asitleri vb.) nedeniyle gida
kaynagi olarak kullanilmaktadir (Lambein ve ark. 2019).
Ayrica L. cicera, L. sativus, L. rotundifolius subsp. miniatus gibi
bir¢cok Lathyrus tirii Anadolu geleneksel tibbinda 6dem,
romatizma ve agri tedavisinde kullanilmaktadir (Altundag ve
Ozturk, 2011).

Yaygin olarak ¢ali nohut olarak bilinen Lathyrus
czeczottianus Bassler, Tiirkiye'yve 6zgili, ekonomik agidan
onemli bir tiirdiir (Ceylan ve ark. 2021). Bu ¢alismada L.
czeczottianus Dbitkisinden elde edilen metanol ve su
oziitlerinin; Salmonella/mikorozom (Ames) test sistemi ile
mutajenik ve antimutajenik potansiyelleri ve standart
patojen  mikroorganizmalara  karsi  antimikrobiyal
aktiviteleri degerlendirilmistir. Mutajenik ve antimutajenik
aktivitenin arastirilmasi adina bu ¢alisma ilk olma niteligini
tasimaktadir.

2. Materyal ve Metot
2.1. Bitki érneginin toplanmasi

L. czeczottianus bitkisine ait Ornekler 2018 yilinin
Haziran ayinda, Ankara Cubuk ilgesi Karagél mevkiinden
ciceklenme déneminde toplandi. Bitkinin sistematik teshisi
Prof. Dr. Murad Aydin SANDA (Mus Alpaslan Universitesi)
tarafindan yapildi. Bitki érnegine ait numuneler RC-13-25
érnek numarasi ile Selcuk Universitesi Biyoloji Boliimiinde
sakland.

2.2. Bitki 6rneklerinden éziitlerin elde edilmesi

Golge bir yerde saklanan bitki numuneleri, iyice
kurutulduktan sonra degirmen yardimi ile 6giitiilerek toz
hale getirildi. 10 g ornek tartilarak 200 ml metanol
icerisinde, oda 1sisinda 24 saat boyunca maserasyon yontemi
ile ekstrakte edildi. Daha sonra Whatman No:1 kagidi ile
siiziilen 6ziitiin, evoporatdr yardimi ile ¢dziiciisii uguruldu.
Kurutulan 6ziit kullanincaya kadar +4 C’de muhafaza edildi.

Su oziti hazirlamak igin 10 g bitki 6rnegi 200 ml
kaynamis suda 15 dk boyunca infiize edildi. Daha sonra
slizme islemi yaparak icerisinde bulunan su tamamen
ucuruldu (Llorent-Martinez ve ark., 2017).
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2.3. Mutajenik ve antimutajenik  kapasitenin mutasyonlarini, TA100 susu ise baz ¢ifti degisim

degerlendirilmesi mutasyonlarini tespit etmek amaci ile tercih edildi. Bu

mutant bakteri suslar1 Selcuk Universitesi Saglik Hizmetleri

L. czeczottianus bitkisine ait su ve metanol 6ziitlerinin MYO, Mikrobiyoloji Arastirma Laboratuvarindan temin

herhangi bir mutasyona neden olup olmayacagi, kisa zamanl edildi. Suslarin genetik kontrolleri ve bakimlari literatiirde

bir bakteriyel test sistemi olan Ames testi ile arastirildi belirdigi sekilde gerceklestirildi (Maron ve Ames, 1983). iki
Calismada Salmonella typhimurium TA98 ve TA100 mutant Salmonella susunun genetik karakterleri Tablo 1'de verildi.

suslar1  kullanildi. TA98 susu c¢erceve kaymasi

Tablo 1. S. typhimurium suslarinin genetik dzellikleri.

Suslar Belirledigi mutasyon Mutasyon DNA tamiri ve LPS kusuru R faktor Hedef DNA Plazmit
TA98 Cerceve kaymasi hisD3052 uvrB-, rfa +R AT- CG Transisyon pkKM101
TA100 Baz cifti degisimi hisG46 uvrB-, rfa +R CG yanindan -1 pKM101
Testlerde kullanilmak iizere 6ziitlerin toksik olmayan Antimutajenite  deneyinde ise L. czeczottianus
dozlar1 Dean ve ark. (1985) 6nerdigi metoda gore belirlendi. oziitlerinin; bilinen mutajenlerin neden oldugu koloni
Bitki 6ziitlerinin oncelikli olarak mutajenik potansiyelleri artisindaki mutasyonlar1 geriye c¢ekebilme yetenekleri
degerlendirildi. Bunun i¢in Maron ve Ames (1983) degerlendirildi (Uysal ve ark., 2019). Bu deney serisi de yine
tarafindan oOnerilen plak inkorporasyon testi kiigiik hem S9 enzimleri iceren hem de icermeyen ortamlarda
modifikasyonlar yapilarak uygulandi (Nibras Qader Qader ve uygulandi. Bunun i¢in iist agar iceren tiiplere 0.5 ml tampon
ark, 2022). (S9 lu deney i¢in S9 karisimi), 0.1 ml bakteri kiiltiird, 0.1 ml
Ozetle; suslarin taze gecelik kiiltiirleri 63 pl ampisilin pozitif mutajen madde ve 0.1 ml farkl dozlarda bitki 6ziitii
iceren Nutrient broth No: 2 besiyerinde hazirlandi. 150 ilave edildi. Karisim yukarida belirtildigi sekilde hizli bir
rpm’de 37 °C'de 16 saat boyunca ¢alkalanarak hazirlanan sekilde vortekslendi ve MGA plaklar1 yiizeyine dokiilerek
kiiltiirlerden yeni besiyerlerine 0.5 ml eklendi ve ayni ortam yayllmalar1 saglandi.. Ust agarin katilasmasindan sonra
sartlarinda 7-7.5 saat inkiibasyona birakildi. Bu siirenin plakalar, 37°C' de 48 - 72 saat siireyle inkiibe edildi ve plak
sonunda kiiltiiriin 1 ml’sinde yaklasik 1-2x10° canl bakteri basina geri donen kolonilerin sayisi sayildi. Her deney i¢in
oldugu hesaplandi. Mutajenite deneyinde Histidin ve diger dozlar ugli tekrarlar halinde g¢alisildi. Bitki ekstrakti
gelisim faktorlerini icermeyen Minimal Glukoz Agar (MGA) olmadan sadece mutajen madde iceren plaklar (pozitif
besiyerleri kullanildi. 2.5 ml olarak hazirlanan ve 45 °C’lik kontrol plagi) lizerinde biiytitiilen geri dénen kolonilerin
sicak su banyosunda bekletilen ve iz miktarda Histidin ihtiva sayisi, %0 inhibisyonla yani %100 mutajen olarak
eden {ist agar tiiplerine 0.1 ml bakteri kiiltiirdi, 0.1 ml bitki tanimlandi. Antimutajenik potansiyel (inhibisyon), su
0ziitll ve metabolik aktivasyon enzim sistemi (S9) icermeyen denklemle belirlendi: [(A-B)/(A-C)] x 100. Burada A =
deneyler icin 0.5 ml Sodyum-Fosfat tamponu ilave edildi. Bakteri+mutajen plagindaki revertant koloni sayisi, B =
S9'lu deneyler i¢in ise Sodyum-Fosfat tamponu yerine % 4 S9 Bakteri+mutajen+dziit plagindaki revertant koloni sayisy;
enzimi iceren metabolik aktivasyon enzimleri kullanildi C=Kendiliginden geri donen revertant koloni sayisini
(Maron ve Ames, 1983). Bu karisim vortekslenerek hizli bir (sadece bakteri plagil) temsil etmektedir. Sonuglar,
sekilde karistirildi ve MGA plaklari tizerine dokiilerek yiizeye inhibisyon %25' ten diisiik oldugunda antimutajenik etki
homojen yayilmasi saglandi. Katilasan plaklar 37 ¢C’de 48-72 olmadigy, %25 ile %40 arasinda bir deger icin orta derecede
saat silireyle inkiibe edildi. Calismaya paralel olarak; bakteri etki ve %40’ 1n lizerindeki degerler i¢in gii¢lii antimutajenite
kontrol plaklari, metanol 6ziitiinlin ¢6ziinmesini saglayan olarak yorumlandi (Uysal ve ark., 2016a).
Dimetil siilfoksit iceren negatif kontrol plaklar1 ve mutant
bakteriler tlizerinde mutajenik oldugu bilinen pozitif 2.4. Antimikrobiyal aktivitenin belirlenmesi
mutajenleri iceren pozitif kontrol plaklari hazirlandi. Her
bitki 6ziitline ait dozlar iger tekrarli olarak test edildi. Lathyrus czeczottianus  Oziitlerinin antimikrobiyal
inkiibasyon siiresi sonunda plaklarda gelisen geri dénen kapasitelerinin degerlendirilmesi i¢in sivi mikro diliisyon
yani revertant koloniler sayildi. Salmonella/mikrozom test yontemi kullanildi (Tosun ve ark., 2024).
siteminde denenen bir maddenin mutajenik olup olmadigini Bu metot i¢in kullanilan mikroorganizmalar Tablo 2’de
belirlemek i¢in bakteri kontrol plaklarinda sayilan revertant verildi. Ayrica gesitli klinik 6rneklerden izole edilen 14 adet
koloni sayilari esas alinir. Buna gore test edilen maddelerin Metisilin Direngli Staphylococcus aureus izolat1 da ¢alismaya
plaklarinda tespit edilen koloni sayilari, bakteri kontrol dahil edildi. Bu standart mikroorganizmalar ve izolatlar S.U.
plagindaki sayinin iki katina esit ya da iki katindan fazla ise Saglik  Hizmetleri ~MYO  Mikrobiyoloji ~ Arastirma
mutajenik olarak nitelendirilir (Zengin ve ark., 2014). Laboratuvarindan temin edildi.

Tablo 2. Calismada kullanilan standart patojen mikroorganizma suslari.

Mikroorganizma Referans No Gram boyanma ozelligi Morfoloji
Escherichia coli ATCC 25922 Gram negatif Kokobasil
Klebsiella pneumoniae ATCC 700603 Gram negatif Basil
Pseudomonas aeruginosa ATCC 27853 Gram negatif Basil
Salmonella enteritidis ATTC 13076 Gram negatif Basil
Metisilin direngli Staphylococcus aureus ATCC 43300(MRSA) Gram pozitif Stafilokok
Sarcina lutea ATCC9341 Gram pozitif Sarsin
Staphylococcus aureus ATCC 25923 (MSSA) Gram pozitif Stafilokok
Candida albicans NRRL Y-417 Maya
Lathyrus czeczottianus 6zitleri 50 mg/ml olacak sekilde sekilde hazirlandi. Hazirlanan bu medyum 100 pl olacak
stok soliisyonlar1 hazirlandi. Metanol 6ziitleri DMSO iginde sekilde 96 kuyusu bulunan mikro titre plakalarinin her bir
¢ozilinlirken su oziitleri ise saf su icerisinde c¢oziilerek kuyusuna konuldu. Hazirlanan L. czeczottianus 6ziitleri 100
hazirlandi. Calisma 6ncesi Mueller -Hinton besiyeri steril bir ul olacak sekilde plaklarin yukaridan asagiya ilk kuyularina
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ilave edildi. ik kuyularda toplam hacim 200 ul olurken ¢ok
kanalli pipet yardimi ile iyice karismalar1 saglandi. Daha
sonra bu karisimdan 100 pl ¢ekilerek ikinci sirada bulunan
kuyulara aktarildi. Bu durum son kuyucuga kadar tekrar
edildi ve bitki o6ziitlerinin swrali kuyularda 12.5-0.0122
mg/ml dozlar arasinda seyreltilmesi saglandi. Gecelik taze
bakteri kiiltiirleri streil fizyolojik su igerisinde yaklasik 0.5
Mc Farland bulaniklik derecesine (1x108 koloni olusturan
birim (kob)/ml) ayarlandi. Daha sonra yiizde bir oranda
daha sulandirilarak bakteri konsantrasyonu 1x10¢
kob/ml'ye seyreltildi. Konsantrasyonu ayarlanan bu
inokulum, plakalarin yatay serilerinde her kuyucuga 100 pl
olacak sekilde dagitildi. islemler tamamlandiktan sonra her
bir mikro titre plakasi inkiibatére kaldirildi ve 37 2C’de 18-
24 saat siireyle inkiibe edildi (Tosun ve ark., 2024).
Oziitlerin mikroorganizmalar iizerindeki 6ldiiriicii olan
minimum dozunu belirlemek amaci ile (minimum inhibisyon

konsantrasyonu/MiK) liremeyi takiben, onceden
hazirlanmis % 0.5°lik 2,3,5 Trifenil tetrazolyum Klorit
¢ozeltisinden 20 pl her kuyucuga dagitildi ve plakalar 30
dakika daha inkiibasyona birakildi. Siire sonunda iiremenin
inhibe edildigi (renksiz alanlar) en diisiik kuyu degeri MIiK
degeri olarak belirlendi.

3. Sonuglar ve Tartisma

Calisma oncesi yapilan denemelerde her iki 6ziit i¢in de
10000, 5000 ve 1000 pg/plak dozlarinin toksik olmadigi ve
deneylerde kullanilabilecegi tespit edildi. Mevcut ¢alismada
Lathyrus czeczottianus bitkisinin metanol ve su dziitlerinin
mutajenik ve antimutajenik yetenekleri degerlendirildi.
Calisma hem S9lu hem de S9suz ortam sartlarinda
gerceklestirildi. Revertant koloni sayilarina ait ortalama
degerler ve standart sapmalar Tablo 3’de verildi.

Tablo 3. Lathyrus czeczottianus 6ziitlerinin S. typhimurium TA98 ve TA100 suslari tizerinde metabolik aktivasyon varliginda ve yoklugunda mutajenik

etkileri.

His* Revertant sayisi/plak

Konsantrasyon(pug/plak) TA 98 TA 100
S9(-) S9 (+) S9(-) S9 (+)
*Negatif kontrol 100 pl/plak 352 324 103+6 132+13
®Pozitif kontrol 2626+29 2866+57 1952+169 2915456
0 365 377 116+18 144+13
10000 322 38+3 13445 158+10
Lathyrus metanol 6ziiti 5000 231 43+4 175+7 14949
1000 271 34+1 81+6 187+7
*Negatif kontrol 100 pl/plak 352 324 103+6 132+13
®Pozitif kontrol 2626+29 2866+57 1952+169 2915456
0 365 377 116+18 144+13
Lathyrus su ozt 10000 262 64+2 184+11 193+14
5000 270 46+4 123+7 153+6
1000 240 57+5 136+10 157+4

* Negatif kontrol: S9 varliginda ve yoklugunda S. typhimurium TA98 ve TA100 i¢in negatif kontrol olarak DMSO (100 pl/plak) kullanildi

® Pozitif kontroller:

2-Aminofloren (7.5 pg/plak), S9 karisiminin varliginda pozitif dolayli mutajen olarak kullanildy; S. typhimurium TA98 susu i¢in S9 karisimi yoklugunda

pozitif dogrudan mutajen olarak 4-nitro-0-fenilendiamin (5 pg/plak) kullanildi.

2-Aminoantrasen (5 pg/plak), S9 karisiminin varhiginda pozitif dolayli mutajen olarak kullanildy; S. typhimurium TA100 i¢in S9 karisiminin yoklugunda

pozitif dogrudan mutajen olarak sodyum azid (5 pg/plak) kullanildi.

Ames testinden elde edilen sonuglara gére L.
czeczottianus metanol ve su ozitleri test edilen her fic
(10000, 5000, 1000 pg/plak) dozda kontrol plaginda
belirlenen sayinin iki kati kadar ya da daha fazla bir artisa
sebep olmamistir (Tablo 3). Diger bir tabirle su ve metanol
oziitleri en yliksek dozlarda dahi herhangi bir cergeve
kaymasi ve baz ¢ifti degisimi mutasyonuna neden
olmamistir. Bu nedenlerle revertant sayilarinda asir1 bir
artisin olmayisi, L. czeczottianus ozutlerinin
Salmonella/mikrozom  test  sisteminde mutajenik
ozelliklerinin olmadigini gostermistir.

Mevcut ¢alismada L. czeczottianus 6ziitlerinin mutajenik
karakter sergilememesinden dolay1 10000 pg/plak, 5000
pug/plak ve 1000 pg/plak dozlarinda, suslar {izerinde
mutasyona neden olan mutajenik maddelere karsi
antimutajenik  potansiyelleri arastirildi. Sonuglar %
inhibisyon ve koloni sayilar1 seklinde Tablo 4’de verildi.
TA98 icin metanol o6ziitii, 10000 ve 5000 pg/plaka
dozlarinda 4-NPDA’ya sirasiyla %37, %30 inhibisyon
oranlari ile orta derecede antimutajenik etkili gorildii. Su
0ziitl ise sadece en yiiksek konsantrasyonda (10000 pg) orta
derecede antimutajenite (%33) gosterdi (Tablo 4). S9
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karisiminin  eklenmesinden sonra metanol Ozitii, 2-
aminoflorenin ¢er¢ceve kaymasi mutasyonuna karsi tiim test
dozlarinda c¢ok giiclii antimutajenite (%73, %63, %57)
ortaya koydu. Benzer sekilde su 6ziitii, TA98 i¢in S9 karisimi
ile 10000 pg/plaka dozunda en yiliksek antimutajenik
potansiyeli (%85) sergiledi ve bunu %41 inhibisyonla 5000
ng/plaka dozu takip etti. Sonuglardan da goriilecegi tizere
metabolik aktivasyon enzimlerinin ilavesi oziitii ¢ok gii¢lii
bir antimutajenik ajan haline getirdigi diisiiniildi.

Metanol o6ziiti TA100 susu igin S9 enzimlerinin
yoklugunda sodyum azidin baz cifti degisim mutasyon
etkisine 10000 ve 5000 pg/plak dozlarinda %33 ve %28
inhibisyon oranlari ile orta derecede antimutajenik aktivite
gosterdi. Su oziitli ise sadece en yiiksek dozda %33
inhibisyon ile sodyum azidin etkisini iyilestirdi. Ortam
sartlarina metabolik aktivasyon enzim karisimi eklendikten
sonra metanol 6ziitli, 10000 (%78) ve 5000 pg/plak (%54)
konsantrasyonlarinda  2-aminoantrasene Kkarsi giiclii
antimutajenite gosterdi ve 2-aminoantrasenin mutajenik
etkisini hafifletti (Tablo 4). Su éziitiinde ise S9 karisiminin
ilavesi test edilen dozlarda herhangi gozle goriilebilen bir
inhibisyon artisina neden olmadu.
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Tablo 4. L. czeczottianus 6ziitlerinin metabolik aktivasyonlu (S9) ve metabolik aktivasyonsuz sartlarda S. typhimurium TA98 ve TA100 suslarina karsi

antimutajenitesi.

His* Revertant sayisi/plak

I:g/“;;‘l’gasyo“( TA 98 TA 100
S9 () % inhibisyon S9 (+) % inhibisyon S9 (-) % inhibisyon S9 (+) % inhibisyon
*Negatif kontrol 100 pl/plak 31+4 324 12849 138+11
®Pozitif kontrol 1022+86 0 2783136 0 2424498 0 1715+¢164 0
0 355 326 140+11 144+9
Lathyrus metanol 10000 658+32 37 7884815 73 1668+27 33 49426 78
Szt 5000 724+31 30 1092+165 63 17755 28 865+23 54
1000 786+24 24 1223+116 57 2007+126 18 1542+60 11
*Negatif kontrol 100 pl/plak 31+4 32+4 12849 138+11
®Pozitif kontrol 1022+86 0 2783136 0 2424498 0 1715+¢164 0
0 355 326 140+11 144+9
Lathyrus su bziitii 10000 701+63 33 45628 85 166683 33 1275+86 28
5000 942+62 8 1655121 41 199750 19 1410+25 19
1000 1610+15 0 1784+87 36 2105+8 14 1759+121 0

* Negatif kontrol: S9 varliginda ve yoklugunda S. typhimurium TA98 ve TA100 i¢in negatif kontrol olarak DMSO (100 pl/plak) kullanildi

® Pozitif kontroller:

2-Aminofloren (7.5 pg/plak), S9 karisiminin varliginda pozitif dolayli mutajen olarak kullanildy; S. typhimurium TA98 susu i¢in S9 karisimi yoklugunda

pozitif dogrudan mutajen olarak 4-nitro-0-fenilendiamin (5 pg/plak) kullanild.

2-Aminoantrasen (5 pg/plak), S9 karisiminin varliginda pozitif dolayli mutajen olarak kullanildy; S. typhimurium TA100 i¢in S9 karisiminin yoklugunda

pozitif dogrudan mutajen olarak sodyum azid (5 pg/plak) kullanildi.

Lathyrus tiirleri ile yapilan antimutajenite ¢alismalari
olduk¢a smirhdir. Yapilan bir ¢alismada Spanou ve ark.
(2007) L. laxiflorus subsp. laxiflorus bitkisine ait su ve
metanol 6ziitlerinin DNA hasarina karsi iyi oranda iyilestirici
etki gosterdigini ortaya koymuslardir. L. czeczottianus
metanol ve su dziitii ile yapilan 6nceki ¢alismalarda detayli
olarak HPLC analizleri yapilmistir. Metanol 6ziitiiniin fenolik
asitler blinyesinde dihidroksi benzoik asit, kafeik asit,
epikatesin ve kafeolkunik asit icerdigi belirlenmistir.
Flavonoidlerden ise kampferol, izorhamnetin, apigenin,
luteolin ve kuersetin icerdigi tespit edilmistir (Llorent-
Martinez ve ark, 2017). Daha once yapilan gesitli
arastirmalarda dihidroksi benzoik asit, kafeik asit ve
epikatesin  bilesiklerinin  ¢esitli mutajenlere  karsi
antimutajenite sergiledikleri rapor edilmistir (Yamada ve
Tomita, 1996; Birosova ve ark., 2005; Manuja ve ark., 2013;
Uysal ve ark. 2016b). Flavonoid grubu apigenin, luteolin,
kuersetin gibi bilesiklerle ilgili de bilinen mutajenlere karsi
antiutajenik potansiyel sergiledikleri belirlenmistir (Choi ve
ark., 1994; Geetha ve ark., 2005; Gulluce ve ark., 2013). Bu
nedenlerden dolay1; L. czeczottianus Oziitlerinin ortaya
koydugu antimutajenik potansiyelin, icerdigi fenolik ve
flavonoidlerden kaynaklandig1 diisiiniilmiistiir. Metabolik
aktivasyon enzimlerinin 6ziitlerin antimutajenitesini
arttirdigt  goézlemlenmistir.  Lathyrus  czeczottianus
oziitlerinin iyi bilinen mutajenik maddelere karsi
antimutajenik ajanlarin dogal kaynagi olabilecegi 6ne
siiriilebilir. Yapilan literatiir ¢alismalar1 sonucunda L.
czeczottianus ile ilgili yapilmis herhangi
mutajenite /antimutajenite calismasi bulunmadigi
gorilmistiir. Bu durumda ¢alismamiz bu bitki ile yapilmisg ilk
0zglin antimutajenite ¢alismasi olma niteligini tasimaktadir.

Oziitlerin patojen mikroorganizmalara karsi
antimikrobiyal etkinlikleri, sivi mikro diliisyon test sistemi
ile arastirildi. Elde edilen sonuglar Tablo 5’de verilmistir.

Calismada sekiz standart mikroorganizma ve 14 klinik
MRSA izolat1 kullanildi. Elde edilen sonuglara gore L.
czeczottianus metanol 6ziiti 3 numarali MRSA susu haric
diger mikroorganizmalarin tamaminda 12.5 mg/ml dozda
oldiirticii etki gosterdi. 3 numarali MRSA susunda ise
metanol 0ziitli sadece 6.25 mg/ml dozda etkili olabildi. Su
oziitl degerlendirildiginde; E. coli, P. aeruginosa, S. enteritidis
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gibi Gram negatif bakterilere karsi 12.5 mg/ml dozda etkili
olurken, S. lutea (Gram pozitif bakteri) ve C. albicans
mayasina karsi yine ayni dozda (12.5 mg/ml) etki gosterdi.
Diger tlim standart suslar ve klinik MRSA bakterileri bu
ozite karsi direncli bulundu. Metanol oziitii ile su oziti
arasindaki aktivite farkinin metanol 6ziitii igerisinde yer alan
fenolik ve flavonoid bilesiklerden kaynaklandig: diisiiniildii.
Kontrol antibiyotikleri olan Gentamisin ve Okzasilin ile
kiyaslandiklarinda elde edilen bu minimum inhibisyon
konsantrasyonu (MIK) degerlerinin zayif etkili bir
antimikrobiyal aktivite oldugu 6ne stiriildii.

Tirkiye’'de yetisen L. armenus, L. aureus, L. cilicicus, L.
laxiflorus subsp. Laxiflorus ve L. pratensis tiirlerinin biyolojik
aktivitelerinin degerlendirildigi bir ¢alismada, farkh
¢oziiciiler ile hazirlanan oziitlerden o6zellikle etil asetat
oziitlerinin test suslari lizerinde 1-0.5 mg/ml dozlarda eki
gosterdigi ortaya koyulmustur (Heydari ve ark., 2019). Bir
baska calismada ise L. tuberosus bitkisinden elde edilen
etanol oziitiinlin, 6zellikle Gram pozitif bakteriler olan
Staphylococcus aureus ve Streptococcus pyogenes tirleri
tizerinde sirasiyla 0.354 mg/ml ve 0.488 mg/ml dozlarda
etkili oldugu saptanmistir (Jakabfi-Csepregi ve ark., 2024).
Sharifi-Rad ve ark. (2016) yaptiklar bir ¢alismada, L. aphaca
bitkisinin metanol 6ziitiiniin 0.3-0,010 mg/ml dozlarinda en
fazla inhibisyon zonunu 0.3 mg/ml dozda MRSA izolatlarina
karsi elde edildigini bildirmislerdir. L. odaratus tiiriinden
elde edilen antosiyaninler ve etanol o6ziitii ¢esitli
mikroorganizma ve mayalar iizerinde denemistir. Bitkinin
etanol 0ziitii anti-bakteriyel ve maya olarak en diisiik etkiyi
gosterirken, antifungal olarak en yiiksek etkiyi gostermistir
(Mohamed, 2009). L. aphaca ve L ratans tiirlerinin
tohumlarinda elde edilen biitanol 6ziitlerinin antimikrobiyal
etkinliklerinin test edildigi bagka bir ¢alismada; her iki tiire
ait oziitler onemli dlizeyde S. aureus bakterisine karsi en
yliksek inhibisyon zonunu olusturmustur. Ayni zamanda bu
tirler S. aureus’a karsi dnemli diizeyde (76 pg/ml ve 112
ug/ml) MIK degeri ortaya koymustur (Khan ve ark., 2009).
Arastirmacilarin  diger Lathyrus tiirleri ile yaptiklari
calismalarla kiyaslandiginda mevcut MiK degerlerinin daha
az etkili oldugu disliniilmis; ¢alismamizda test edilen
oziitlerin ham oziitler oldugu goéz o6niine alindiginda
arastirmacilarin sonuglari ile uyumlu oldugu
distintlmustir.



M. Kul ve A. Uysal / Selcuk Universitesi Fen Fakiiltesi Fen Dergisi 50 (2) 2024

Tablo 5. L. czeczottianus 6ziitlerinin hastalik yapan mikroorganizmalara karsi antimikrobiyal etkinligi.

Mikroorganizmalar

Gentamisin MIK degerleriOkzasilin MiK degerleri

(g/ml) (g/ml)

Metanol Su
Escherichia coli ATCC 25922 12.5 12.5 2.44
Pseudomonas aeruginosa ATCC 27853 12.5 12.5 9.76
Staphylococcus aureus ATCC 25923 (MSSA) 12.5 - 2.44 0.25
Klebsiella pneumoniae ATCC 700603 12.5 2.44
Staphylococcus aureus ATCC 43300 (MRSA) 12.5 - 78.12 64
Salmonella enteritidis ATCC 13076 12.5 12.5 4.88
Sarcina lutea ATCC 9341 12.5 12.5 4.88
Candida albicans NRRL Y-417 12.5 12.5 312.5
MRSA susu 1 (ES 16) 12.5 - 156.25 16
MRSA susu 2 (ES 25) 12.5 312.5 2128
MRSA susu 3 (ES 29) 6.25 312.5 32
MRSA susu 4 (ES 67) 12.5 156.25 32
MRSA susu 5 (ES 68) 12.5 156.25 2128
MRSA susu 6 (ES 69) 12.5 312.5 2128
MRSA susu 7 (ES 75) 12.5 156.25 2128
MRSA susu 8 (ES 93) 12.5 78.12 2128
MRSA susu 9 (ES 100) 12.5 78.12 2128
MRSA susu 10 (ES 107) 12.5 156.25 8
MRSA susu 11 (ES 110) 12.5 156.25 2128
MRSA susu 12 (ES 123) 12.5 78.12 16
MRSA susu 13 (ES 124) 12.5 78.12 2128
MRSA susu 14 (ES 128) 12.5 78.12 2128

4. Sonug¢

Bu c¢alismada L. czeczottianus bitkisinin toprak {istii
boliimlerine ait metanol ve su oziitleri elde edilmis ve bu
oziitler mutajenik, antimutajenik ve antimikrobiyal agidan
degerlendirilmistir. Sonuglar 6ziitlerin herhangi mutajenik
karaktere sahip olmadiginy; 6zellikle de bilinen mutajenlere
kars1 TA98 susunda S9 enzimleri varlifinda su o6ziitliniin
%85, metanol 6ziitiiniin ise %73 inhibisyon orani ile gii¢lii
bir antimutajenik etki gdsterdigini ortaya koymustur. TA100
susu icin ise metabolik aktivasyon enzimleri ilavesi ile
metanol oziitiiniin 2-AA’ya karsi %78 inhibisyon orani ile
miicadele ettigi belirlenmistir. L. czeczottianus 6ziitlerinin iyi
bilinen mutajenik maddelere karsi kemopreventif ajanlarin
dogal kaynagi olabilecegi one siiriilebilir. Antimikrobiyal
aktivite sonuclarina gére metanol 6ziitii her test susuna zayif
da olsa etki gostermistir. Yapilan bu c¢alisma ile L.
czeczottianus tiriine ait mutajenite/antimutajenite ve
antimikrobiyal aktiviteler ilk defa ortaya konmustur ve
0zglin olma degeri tasimaktadir.
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Anahtar Kelimeler
5-Siilfosalisilik asit
2-Aminopiridin
Zn(II) kompleksi
Oktahedral yap1

Bu calismada, dort yeni Zn(Il) kompleksleri {(HX):[Zn(Hssal)z(H20)z], Hsssal: 5-siilfosalisilik asit, X = 5 i¢in 2-
amino-6-metilpiridin (1), 6 i¢in 2-amino-3-etil-6-metilpiridin (2) ve 7 i¢in 2-amino-3-nitro-6-metilpiridin (3)} ve
{[Zn(Hssal)(X)2(H20)2] {X = 8 i¢in 2-amino-3-nitro-6-kloropiridin (4)} elde edildi. Zn(II) komplekslerinin yapilari
element analizi, AAS, FT-IR, molar iletkenlik ve manyetik duyarlilik analizleri ile karakterize edildi. IR ve iletkenlik
analizleri sonucunda 5-7 metal komplekslerinin iyonik oldugu ve 8 metal kompleksinin ise iyonik olmadigi
gozlenmistir. Bu sonuglar1 AAS ve elementel analiz testleri de desteklemektedir. Manyetik duyarlilik calismalarinda
Zn(II) (d'°) metal komplekslerinin beklendigi gibi eslesmemis elektron tasimadiklar1 gozlenmistir. Yapilan
spektroskopik analiz sonuglarinda tiim komplekslerin (5-8) oktahedral yapiya sahip olduklari 6nerilmistir.
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1. Giris

5-Siilfosalisilik asit (Hsssal) ve proton vermis formlari
anyonlarinin olusturdugu metal komplekslerinin antifungal,
antimikrobiyal, antimutagenik, antidiyabetik, antitimér ve
antiinflamatuar aktiviteleri vardir (Heleno ve ark. 2015;
Randjelovi¢ ve ark. 2015). Bu formlar metal iyonuna bir, iki,
¢ ve ¢ok disli ligandlar olarak koordine olabilmektedir
(ilkimen ve ark. 2022). 5-Siilfosalisilik asitin gecis metal
kompleksleri ile olusturdugu bilesikler incelendiginde en
¢ok Cu(Il) metali ile kompleks olusturdugu gézlenmistir
(ilkimen ve ark. 2022). 5-Siilfosalisilik asitin Zn(II)
kompleksleri (Khadikar ve ark. 1984; Rajagopalan ve ark.
1988; Ma ve ark. 2003; Hecht 2004; Duan ve ark. 2006;
Lamshoeft ve ark. 2011; Banowski ve Kropf 2015a,b; Ivanova
ve Spiteller 2017; Song ve ark. 2019) ve 1,4-bis(1H-imidazol-
1-ibenzen (Xu ve ark. 2019; 2020), benzohidrazit
(Koksharova ve ark. 2023), 1,1'-(1,4-biitandiil)bis(imidazol)
(Yang ve ark. 2011), metakrilik asit (Zotkin ve ark. 2013),
4,4'-dipiridil stlfit (Du ve ark. 2009), 2-fenil-1H-1,3,7,8-
tetraazasiklopenta[1l]fenantren (Han ve ark. 2009), 2,2'-
bipiridin (Fan ve ark. 2005), 1,10-fenantrolin (Chen ve ark.
2003; Zhang ve ark. 2009), tris(2-aminoetil)amin (Ma ve ark.
2005) ve nitrilotriasetik asit (Sharma ve Tandon 1970) ile
karisik ligandli kompleksleri sentezlenmistir.

2-Aminopiridin tiirevlerinin metal iyonlarina azot
atomlarindan bir veya iki disli olarak baglandig
(Buyukkidan ve ark. 2013; Zordok ve ark. 2017) ve
antiinflamatuar, antiviral, antikonviilsan, antihistaminik,
antifungal, antibakteriyel, antiparazitik, kardiyotonik ve
analjezik biyolojik aktiviteleri oldugunu gézlenmektedir (
Marinescu 2017).

Dort yeni Zn(II) kompleksleri {(HX)z[Zn(Hssal)2(H20)2],
Hsssal: 5-siilfosalisilik asit, X = 5 i¢in 2-amino-6-metilpiridin

X NH,

=
X
z

CH

By

I

O,
OH
HO,S OH Zn(CH5CO0),

O,N NH,

Hjssa
\ /'
4

(1), 6 igin 2-amino-3-etil-6-metilpiridin (2) ve 7 i¢in 2-
amino-3-nitro-6-metilpiridin (3)} {[Zn(Hssal)(X)2(H20)2] { X
= 2-amino-3-nitro-6-kloropiridin (4)} elde edildi. Zn(II)
komplekslerinin yapilari element analizi, AAS, FT-IR, molar
iletkenlik ve manyetik duyarlilik analizleri ile karakterize
edildi. IR ve iletkenlik analizleri sonucunda 5-7 metal
komplekslerinin iyonik oldugu ve 8 metal kompleksinin ise
iyonik olmadig1 gézlenmistir. Yapilan analizler sonucunda
komplekslerin hepsinin oktahedral bir yapiya sahip oldugu
Onerilmistir.

2. Deneysel Calisma
2.1. Materyal

Kimyasal maddeler Merck firmasindan alinmistir. AAS
analizi icin Perkin Elmer PinAAcle 900T, Elementel analizi
icin Elementar Vario III EL, FT-IR analizi icin BRUKER
OPTICS VERTEX 70, manyetik duyarlilik i¢in Sherwood
Scientific Magway MSB MK1 ve molar iletkenlik icin WTW
Cond 315i/SET cihazlari1 kullanilmistir.

2.2. Komplekslerinin sentezi

2 mmol (0,4390 g) Zn(CH3C00)2.2H-0, 2 mmol (0.508 g)
Hsssal.2H20 ve 2 mmol 2-aminopiridin (5 i¢in 0,2162 g 1, 6
icin 0,2724 g 2,7 i¢in 0,3063 g 3 ve 8i¢in 0,3471 g 4) 100 mL
sicak etanol (%50) icerisinde karistirildi. Bir hafta oda
kosullarinda karistirildiktan sonra reaksiyon ortaminda
¢oken beyaz (5 ve 6) ve sar1 (7 ve 8) katilar siiziildi ve
kurutuldu (5 i¢in 0,4512 g, %60 verim, e.n: >350 °C, 6 i¢in
0,4031 g, %50 verim, e.n: >350 °C, 7 i¢in 0,6300 g, %75 verim,
e.n: >350 °C ve 8 icin 0,5318 g, %80 verim, e.n.: >350 °C)
(Sekil 1).

o 0
HO o, o OH
X NH,
==, H,0~—Zh-——OH,
\ /NH
s—0 0—S=
2 07\ o//
CH, 0

X=H ) 5
X=CH;s (2) 6
X=NO, (3) 7

é\s
Cl 0// \\0

8

Sekil 1. Zn(II) komplekslerinin (5-8) sentezi.
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3. Bulgular ve Tartisma
3.1. AAS ve elementel analiz sonuglari

Komplekslerin (5-8) AAS ve elemental analiz sonuglari
%deneysel(teorik); 5 icin (C26H30N4014S2Zn) C, 41,60(41,52);
H, 4,00(4,02); N, 7,50(7,45); S, 8,60(8,53); Zn, 8,70(8,69); 6
icin (C30H3sN4014S2Zn) C, 44,60(44,59); H, 4,70(4,74); N,

7,00(693); S, 7090(794); Zn, 810(8,09); 7 igin
(C26H28Ne01sS2Zn) C, 37,10(37,09); H, 3,20(3,35); N,
10,10(9,98); S, 7,65(7,62); Zn, 7,80(7,76) ve 8 icin

(C17H16C12N6012S2Zn) C, 30,80(30,72); H, 2,40(2,43); N,
12,70(12,64); S, 4,85(4,82); Zn, 9,90(9,84) olarak
bulunmustur. Bu sonuglara goére komplekslerdeki
Zn:Hsssal:aminopiridin orani 5-7 i¢in 1:2:2 ve 8 i¢in 1:1:2
seklinde bulunmustur.

3.2. IR sonuclari
Bilesiklerin (5-8) IR spektrumlari Sekil 2-5te ve IR bant
degerleri Tablo 1’de verilmistir. Spektrumlarda Sekil 1'de

onerilen yapilar1 destekleyen bantlar mevcuttur. Baslangi¢

Tablo 1. Komplekslerin (5-8) IR bantlar1 (cm?).

maddelerinde 3175-3443 cm? araliginda gelen v(N-H)
gerilmeleri (Tunca ve ark. 2020) komplekslerde 5
kompleksinde 3423 ve 3245 cm?, 6 kompleksinde 3425 ve
3239 cm?! ve 7 kompleksinde 3424 ve 3286 cm!
gozlenmistir. 8 Kompleksinde ise yayvan OH piklerinin
altinda kaldig1 icin gozlenememistir. Komplekslerdeki
karboksilat asimetrik ve simetrik v(C=0) gerilmeleri 5
kompleksinde 1649 ve 1463 cm?, 6 kompleksinde 1657 ve
1472 cmt, 7 kompleksinde 1642 ve 1427 cm? ve 8
kompleksinde 1672 ve 1472 cmde gozlenmistir. Bu
degerler arasindaki farklar sirasiyla 186, 185, 220 ve 200 asit
ligandlarinin karboksilat gruplar1 metal atomlarina tek disli
olarak baglandigini gostermektedir (Nakamoto 1997). 5-8
Komplekslerinde 445-450 cmt v(M-N) (5 ve 6 i¢in), 537-606
cmt v(M-0), 745-810 cm! piridin halkasi, 1130-1326 cm!
v(S=0) gerilmeleri, 1073-1380 cm v(C-0), 1420-1634 cm'!
v(C=N) ve v(C=C) gerilmeleri, 1547-1579 cm v(C-O)fenol,
2473-2763 cm? v(N+*-H) gerilmeleri (7 ve 8 i¢in) (Cook
1961), 2746-2970 cm™ alifatik v(C-H) gerilmeleri, 3084-
3100 cm aromatik v(C-H) gerilmeleri ve 3466-3563 cm!
v(0-H) gerilmeleri araliklarinda gézlenmistir.

5 6 7 8
v(0-H) 3466(y) 3563(y) 3553(y) 3486(y)
3489(y) 3490(y)
v(N-H) 3423(os) 3425(os) 3424(os)
3245(os) 3239(os) 3286(o0s)
v(C-H)ar 3100(z) 3100(z) 3153(z) 3084(z)
v(C-H)are 2953(z) 2970(z) 2924(z) 2924(z)
2922(z) 2934(z) 2856(z) 2854(z)
2853(z) 2881(z) 2787(z) 2746(z)
v(N*-H) 2676(z) 2763(z) 2716(z) -
2473(z) 2486(z) 2577(z)
v(C=0) 1649(s) 1657(s) 1642(s) 1672(s)
1463(s) 1472(s) 1427(s) 1472(s)
V(C=C)fen. 1547(s) 1561(s) 1579(s) 1559(s)
v(C=N) 1634(s) 1608(s) 1496(s) 1608(s)
v(C=C) 1601(s) 1421(s) 1445(s) 1527(s)
1516(s) 1420(s)
v(C-0) 1378(s) 1317(s) 1380(s) 1380(s)
1259(s) 1208(s) 1241(s) 1256(s)
1083(s) 1089(s) 1073(s) 1088(s)
v(S=0) 1326(s) 1250(s) 1255(s) 1316(s)
1184(s) 1156(s) 1163(s) 1205(s)
1130(s) 1155(s)
v(py) 787(s) 810(s) 764(s) 745(s)
v(M-0) 606(z) 606(z) 537(z) 606(z)
v(M-N) 445(z) 450(z) - -

o
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Sekil 2. Kompleks 5’in IR spektrumu.
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Sekil 3. Kompleks 6'nin IR spektrumu



H. ITkimen ve ark. / Selguk Universitesi Fen Fakiiltesi Fen Dergisi 50 (2) 2024

Transmittance [%]
40 80 100
L

20

T T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

Sekil 4. Kompleks 7’nin IR spektrumu
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Sekil 5. Kompleks 8’in IR spektrumu
3.3. Manyetik duyarllik sonuglari

Komplekslerin manyetik duyarliik sonuglar1 0 BM
bulunmustur. Bu sonuglar metal iyonun eslesmemis elektron
icermedigini (Zn?+, 3d1%) gdstermektedir.

3.4. Molar iletkenlik sonuglari

DMSO ¢ozeltisinde (10-3 M) alinan iletkenlik 6l¢timleri 5
kompleksii¢in 60,50 uS/cm, 6 kompleksi icin 64,30 uS/cm, 7
kompleksi i¢cin 65,00 uS/cm ve 8 kompleksi i¢in 5,2 uS/cm
olarak gozlenmis ve bu sonuglar 5-7 komplekslerinin 2:1
iyonik oldugunu ve 8 kompleksinin ise iyonik olmadigini
gostermektedir (Geary 1971).

4. Sonuclar

Bu ¢alismada 5-siilfosalisilik asit (Hsssal) ile 2-amino-6-
metilpiridin (1), 2-amino-3-etil-6-metilpiridin (2), 2-amino-
3-nitro-6-metilpiridin (3) ve 2-amino-3-nitro-6-
kloropiridin’in (4) Zn(II) kompleksleri (5-8) sentezlenmistir.
Bilesiklerin yapilari, elementel analiz, AAS, IR, manyetik
duyarliik ve molar iletkenlik metotlar1 ile 6nerilmistir.
Sentezlenen tiim maddeler DMSO, DMF, su/etanol (1:1),
su/metanol (1:1) gibi polar ¢oéziiclilerde ¢dziinmektedir.
Deneysel olarak elde edilen AAS sonuglar1 spektroskopik
calismalar sonucunda onerilen yapilardan hesaplanan
element miktarlar ile uyum icerisindedir. Bilesiklerin IR
spektrumu incelendiginde 5-7 Komplekslerinde NH:'den
kaynaklanan pikleri gozlenmistir. 5-7 Komplekslerinde
piridinin azot atomunun protonlanmasi ile v(N*-H) pikleri
gozlenirken 8 kompleksinde bu pikler gézlenmemistir. Bu
durumda 2-aminopiridin tiirevlerinin 5-7 komplekslerinde
tamamlayici iyon seklinde bulundugu, 8 kompleksinde ise
metal iyonuna baglandigini géstermektedir. Bu sonuglari
molar iletkenlik testleri de desteklemektedir. iletkenlik
testleri sonucunda 5-7 kompleksleri iyonik olup 8 kompleksi
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ise iyonik olmayandir. Metal komplekslerinin manyetik
duyarliik ¢alismalar1 sonucunda Zn(II) (d'®) metal
komplekslerinin beklendigi gibi eslesmemis elektron
tasimadiklar1 gézlenmistir. Spektroskopik analiz sonucunda
komplekslerin  oktahedral yapiya sahip olduklar
Onerilmistir.
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1. Introduction

Melamine is an organic compound that functions as a
base and comprises three cyanamide molecules. (Hazra etal,,
2014). Melamine, with its 1,3,5-triazine structure, is a
significant industrial substance widely utilized as a flame
retardant in polymer engineering and as a fertilizer in
agriculture. It is also employed in the manufacturing of
plastic materials (Horacek and Pieh, 2000). Thermosetting
plastic (Panyakapo and Panyakapo, 2008), Formica (Fodey
et al,, 2011), laminate flooring and dry erase boards (Uysal
and Kog, 2010). In addition, melamine foams, polymers
derived from melamine, serve as effective insulation and
soundproofing materials. They are also used in the
production of polymeric cleaning products like Magic Eraser.
(Wang and Zhang, 2004; Uysal, 2013; Uysal and Kog, 2016).
Heterocyclic compounds are increasing in use in polymer,
coordination chemistry, environmental, biochemistry,
dyestuff and pharmaceutical (Wimmer et al., 1992; Uysal et
al,, 2012). Furthermore, s-triazine Schiff base compounds are
used in medicine, especially as molecular magnetic
materials, and such heterocyclic compounds are used as
active ingredients of antitumor and anticancer drugs (Koc
and Uysal, 2016; Arslaner et al,, 2017; Ozer et al., 2023).

s-Triazine compounds have gained importance in
environmental chemistry, metal-organic lattice structures
and gas storage (Yu et al, 2008). 2,4,6-Triamino-s-triazine
was used as the core s-triazine group in the synthesis of
Schiff base ligands (Uysal and Koc, 2016). Since melamine
has symmetrical three-way amine groups, Schiff base-
containing 2,4,6-triamino-s-triazine ligands were obtained
by condensation reaction with different aldehyde groups
(Koc and Uysal, 2016). Multipodal melamine-cored ligands
heteronuclear complexes were obtained by coordinating the
melamine with the salophen ligand complexes with a single
oxygen (Celikbilek and Koc, 2014). s-Triazine
[(Fe(Il)/Salophen)] and transition metal complexes were
obtained by these complexes with aldehydes (Karipcin and
Karatas, 2001; Uysal, 2013).

2. Experimental
2.1. Materials

Elemental analyses were performed using a Leco, CHNS-
932 model analyzer. 'H NMR spectra were recorded by the
Varian, 400 M spectrometer. FT-IR spectra were recorded
using a Perkin-Elmer Spectrum 100 with Universal ATR
Polarization Accessory. Magnetic susceptibilities of the metal
samples were measured at 296 K using a Sherwood Scientific
MX Gouy magnetic susceptibility apparatus with
Hg[Co(SCN)4] as a calibration by the constant magnetic field.

2.2. 4-((46-diamino-1,3,5-triazine-2-imino) = methyl)
phenol [MHBA]

Synthesis of [MHBA] was synthesized according to the
cited literature (N. Yildirim, 2023), (Figure 1).

2.3. Synthesis of salophen ligand and complexes
Synthesis of salophen ligands and salophen complexes

were synthesized according to the cited literature. (Kopel et
al,, 1998; Gembicky et al., 2000), (Figure 2).
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Figure 1. Monopodal Schiff base ligand [MHBA].
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Figure 2. Salophen ligand and [Fe(salophen)Cl] complex.

2.4. Synthesis of 4-((4,6-diamino-1,3,5-triazine-2-
imino)methyl)phenol [MHBAFe(Ill)(salophen)] complex

Synthesis of [MHBAFe(1lI)(salophen)] was synthesized

according to the cited literature (N. Yildirim, 2023), (Figure
3).
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Figure 3. Monopodal Schiff base ligand [MHBAFe(III)(salophen)]

complex.

2.5. Synthesis of 2,2'-(6-(((4-hydroxybenzylidene)amino)-
1,3,5-triazine-2,4 diyl) bis (azanylylidene)) bis
(methanylylidene))diphenol [SALMHBAFe(Ill)(salophen)]

[MHBAFe(IlI)(salophen)] (1 mmol, 0.57 g,) was dissolved
in 30 mL of methanol and stirred under reflux for one hour.
2-Hydroxybenzaldehyde (2 mmol, 0.25 mL) 20 mL methanol
was added to the resulting mixture. The mixture was reflux
for 4 h and 5 drops of acetic acid catalyst was added. It was
mixed for a while until the powder formed and a color change
was  observed. The  precipitate was filtered.
[SALMHBAFe(IlI)(salophen)]: FT-IR (cm') 3340, 3123 (OH),
1653,1631 (C=N), 1547 (C=Nutriazine), (Figure 4).
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Figure 4. Tripodal Schiff base ligand [SALMHBAFe(III)(salophen)]
complex.

2.6. Synthesis of 2,2'-(6-(((4-hydroxybenzylidene)amino)-
1,3,5-triazine-2,4-diyl) bis  (azanylylidene)) bis
(methanylylidene))  diphenol [MSALMHBAFe(lll)
(salophen)] heteronuclear complexes (M=Co(ll), Ni(ll),

Cu(ll))

Suspension of [MSALMHBAFe(III)(salophen)]
heteronuclear complexes (1 mmol 0.85 g) in 20 mL of
ethanol was prepared in a 100 mL flask on 1 mmol
(Co(CH3C00)2.4H20 (0.25 g.), Cu(CH3C00)2.H20 (0.20 g.),
Ni(CH3C00)2.4H20 (0.25 g.)) were added in 20 mL ethanol.
Boiled under a back cooler for 3 h. at around 80 °C. The
solvent was evaporated by half and allowed to cool (under
room conditions). Then, half of the water was added, left for
a day, filtered in a vacuum, washed with water and dried in
an oven at 105 °C. [Co(I)SALMHBAFe(I1I)(salophen)]: FT-IR
(cm?) 1676,1624, (C=N), 1535 (C=Nrriazine).
[Ni(IN)SALMHBAFe(IlI)(salophen)]: FT-IR (cm) 1675,1629
(C=N), 1534 (C=Ntriazine). [Cu(II)SALMHBAFe(III)(salophen)]:
FT-IR (cm') 1683, 1624 (C=N), 1539 (C=Nuriazine), (Figure 5).

M= Co(Il), Ni(II),Cu(IT)
_ >

N \N

)\ N)\N

d b d \l/

Figure 5. Tripodal Schiff base ligand [MSALMHBAFe(III)(salophen)]
heteronuclear complex.

3. Results and Discussion

In this study, Melamine and 2-hydroxybenzaldehyde
were used as starting material and s-triazine Schiff base
monomer [MHBA] was synthesized. Single oxygen
coordinated bridged monomer complex structures obtained
[MHBAFe(IlI)(salophen)] with synthesized [MHBA] and

[Fe(I1I)(salophen)Cl] complexes are 2-
hydroxybenzaldehyde  (Salicylaldehyde) Schiff base
complexes [SALMHBAFe(IlI)(salophen)] were obtained.

Two oxygen and tri nitrogen coordinated bridged complex
structures obtained [MSALMHBAFe(Ill)(salophen)] with
[Fe(IlI)salophenMHBASAL] and (Co(CH3C00)2.4H-0,
Ni(CH3C00)2.4H:0, Cu(CH3C00)2.H20 heteronuclear
complexes were obtained.
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When OH protons were examined in the 'H NMR
spectrum of the [MHBA] ligand, a singlet chemical shift
corresponding to OH protons occurred at 9.76 ppm. In
addition, two doublet chemical shift values of the aromatic
ring were observed at 7.74-7.72 ppm, 6.89-6.91 ppm and
CH=N singlet chemical shift values at 8.39 ppm. (Figure 6)
(Tahmassebi and Sasaki, 1998).
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Figure 6. 'H NMR Spectrum of [MHBA].

oom (1)

The OH peaks of the [MHBA] ligand were observed as
3324 cm! and the CH=N Schiff base group was observed as a
stretching vibration of 1649 cm. In addition, it has been
observed that OH peaks disappear in the monopodal
complex of the [MHBA] ligand as a result of coordination
with the [Fe(IlI)(salophen)Cl] synthesized from the
literature with a single oxygen (Figure 7-8). (Figure 9-10)
(Koc and Ucan, 2007; N. Yildirim, 2023).
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Figure 7. FT-IR spectrum of [MHBA].
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Figure 8. FT-IR spectrum of [MHBAFe(III)(salophen)].
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Figure 9. FT-IR spectrum of [SALMHBAFe(III)(salophen)].
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Figure 10. FT-IR spectrum of [MSALMHBAFe(III)(salophen)] (A:
Co(ID), B: Ni(II), C: Cu(II)).

Synthesized  [MHBA] and [(Fe(Ill)salophen)Cl],
complexes [MHBAFe(Ill)(salophen)] were obtained with
weak field effect for the BM values of 5.27, and tzg3eg? were
observed, respectively. As a result, it was estimated to have
a triangular pyramidal (dsp3) geometric structure, since it
showed a weak field complex feature. As a result, since the
complex structures have the d5 electron configurations
calculated theoretically, (Table 1) (Koc and Ucan, 2008; N.

Table 1. Physical properties of ligands and complexes.

Yildirim, 2023). Then, heteronuclear complex structures
were obtained with the ligand complex [Co(II)/Ni(II)/Cu(I)]
of the ligand [MSALMHBAFe(IlI)(salophen)]. The theoretical
BM values expected in heteronuclear structures of the
[MHBAFe(IlI)(salophen)] ligand complex yield lower BM
values than expected values with Co(II) d7 (tzg5e¢?), Ni(1I) d®
(tzg®eg?), Cu(II) d? (tzg%e¢?), metal ion arrangement of 1.73 BM
corresponding to a single electron and Co(II) 1.65, Cu(II)
1.67 and Ni(II) diamagnetic BM values, respectively It has
been associated with antiferromagnetic action. Looking at
these structures, we think that geometry is a square pyramid
and hybridization is dsp3.

TGA measurement of [MHBAFe(IlI)(salophen)] was
made. According to the TGA diagram of gaseous H:0, COz,
CeHs, N2 and H: are first removed from the environment and
at 155, 325 and 455 °C 64.32% (Theoretical: 65.46%) three-
step It is observed that the decomposition reaction that takes
place is a total mass loss. However, at 800-880 °C, the mass
loss of matter continues. It is estimated that this is due to the
presence of the triazine ring and metal oxides in the
environment (Figure 11) (Karipcin and Karatas, 2001).
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Figure 11. TGA spectrum of [MHBAFe(III)(salophen)]
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[Cﬁﬂﬂlzafgtljé(l)ls)(salophen)] Black 75 160 5.27 ?57.7(.);6) L(lfgs) 35?732)
[CSZ?;Zl:Hegng(III)(salophen] Orange 80 290 5.36 ?655?30) 1(2127) zf;:m
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1. Introduction

In recent years, there has been increasing global interest
in food by-products (such as peel, seed, and leaves). These
non-edible parts contain higher content of bioactive
compounds when compared to the edible parts (Osorio et al.,
2021). Food by-products had significant biological activity
including anti-inflammatory, antioxidant, antidiabetic,
antimicrobial, and anticancer (Mateus et al., 2023).

Punica granatum L. (Pomegranate), which belongs to the
Punicaceae family, is a significant fruit with medicinal
properties (Elfalleh et al, 2012; Jurenka, 2008).
Pomegranate, mainly the peel, contain various phenolic
compounds like gallic acid, punicalagin, ellagic acid, caffeic
acid (Kazemi et al, 2016). The previous phytochemical
studies of pomegranate peel established the presence of
phenolic compounds. Yenil et al. (2023) were the determined
phenolic compounds from different varieties of pomegranate
peels, identifying ellagic acid, as the most abundant
polyphenolic compounds. Phenolic compounds such as
gallic acid, chlorogenic acid, caffeic acid, and quercetin have
been identified in peel of P. granatum by Kafeel et al. (2023).

Many studies have demonstrated that pomegranate peel
extracts have been used to treat Alzheimer’s, diabetes,
arthritis, and cardiovascular diseases due to its antioxidant
potential (Gullon et al., 2016; Wasila et al.,, 2013). In addition,
pomegranate peel can be used as source for food, cosmetic
and pharmaceutical applications.

Drying methods is an important factor affecting
biological activity and bioactive compounds (Belwal et al,,
2022; Wojdylo et al., 2020). Akther et al. (2023) evaluated
the antioxidant properties and phytochemical profile of
mango powder by different drying methods. The results
demonsrated that the drying methods affected bioactive
compounds and antioxidant activity. Another study has
reported the effects of different drying methods on the
quality of brocade orange peels (Wang et al, 2023).
Conventional extraction methods, such as soxhlet, infusion,
and decoction extraction, are widely used extraction of
bioactive compounds. However, these methods have some
deficiencies including low extraction rates and long
extraction time (Meng et al, 2024). Modern extraction
techniques such as ultrasound-assisted and supercritical
fluid extraction address drawbacks these shortcomings
(Fang et al, 2018; Ray et al, 2023). Ultrasound-assisted
extraction has nowadays gained prominence as green
technology, cost-effectiveness, fast, and low-energy (Kumar
etal, 2021).

The present research aimed to evaluate the possible
effects of two drying methods (shade and oven drying) on the
phytochemical content and antioxidant capacity of
pomegranate peel.

2. Material and Methods
2.1. Plant materials

The pomegranate samples were purchased a company.
The peels were dried by oven drying and shade drying
methods. Oven drying (OD): the peels dried in oven at 75 C°
for 20 h. Shade drying (SD): the peels were dried in the dark
at the temperature of 25 C°. The peels were powdered by a
laboratory mill.
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2.2. Preparation of the extraction

The plant materials were extracted by Ultrasonication
assisted extraction (UAE). 5 g plant samples were sonicated
with 100 ml water for 1 h at 30 °C. The extracts were filtered
and then were lyophilized. The extracts were kept at +4 °C
until future analysis.

2.3. Total bioactive contents

The total phenolics and flavonoid content were evaluated
using the Folin-Ciocalteu and AlICls methods (Uysal et al,
2017).

2.4. Antioxidant assays

The antioxidant properties were performed by different
assays including ABTS, DPPH, FRAP, metal chelating assays
and CUPRAC. The details about the antioxidant methods can
be found in our previous research (Uysal et al., 2017).

3. Results and Discussion
3.1. Total bioactive compounds

The total phenolic and flavonoid content obtained by two
drying methods are shown in Figure 1 and 2. Shade drying
contained higher levels of total phenolics content compared
to oven drying. Oven drying procuded had the highest
flavonoid content than shade drying. Higher drying
temperatures resulted in a higher bioactive content of
pomegranate extracts (Tontul & Topuz, 2017). Ozay-
Arancioglu et al. (2022) reported the effect of drying
methods on the bioactivite and bioaccesssibility in
pomegranate arils. Total phenolic content of arils extracts
ranged from 6.13 to 7.88 mgGAE/g extract. In the same
study, the total flavonoid content varied from 0.33 to 0.49
mgCE/g and extracts displayed very low flavonoid content.
Compared with our results, pomegranate peel contained
higher levels of total phenolic content compared to
pomegranate arils. Hamid et al. (2020) found that the total
phenolics of different parts obtained from wild pomegranate
fruits were determined. Calin-Sdnchez et al. (2013)
demonstrated that total polyphenols in pomegranate rind at
different drying methods ranged between 57.3 mgGAE/g -
118 mgGAE/g.

150
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50
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Figure 1. Total phenolics of Pomegranate peel extracts, SD: Shade
drying, OD: Oven drying.
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Figure 2. Total flavonoids of Pomegranate peel extracts, SD: Shade
drying, OD: Oven drying.

3.2. Antioxidant capacity

The antioxidant properties of extracts derived from
pomegranate peel was determined using the ABTS, DPPH,
FRAP, CUPRAC, and metal chelating activity. The extracts
displayed significant scavenging activity on DPPH and ABTS.
Oven drying exhibited higher scavenging activity than shade
drying. Fig 3 presents the antioxidant results of pomegranate
extracts. The reducing power activity was determined by
CUPRAC and FRAP assays. The shade drying showed higher
CUPRAC activity with value of 795.97 mgTE/g as compared
to oven drying (733.67 mgTE/g). In the FRAP assay, oven
drying exhibited the highest activity. Similarly, oven drying
(30.2948.97 mgEDTAE/g) presented the highest metal
chelating activity as compared to the shade drying
(21.38+3.12 mgEDTAE/g). Several studied indicated that
oven drying technique for pomegranate peel considered
potential technique for quality of dried pomegranate peel
(El-Said et al., 2014; Mphahlele et al., 2016).

Our findings are supported by the previous studies (John
etal, 2017; Mphahlele et al,, 2016; Sarkar et al., 2024). They
reported the drying method impacted the bioactive
compounds and biological actvity of pomegranate peel.

Hl DPPH
B3 ABTS
B CUPRAC
O FRAP

1000

800

600

mgTE/g

400

200

0-

SD 0D s oD sD oD sD OD

Figure 3. Antioxidant capacity of Pomegranate peel extracts, SD: Shade
drying, OD: Oven drying.

According to Hamid et al. (2020) the antioxdiant activity
of different part of wild pomegranate fruits affected by their
drying methods. Ozay-Arancioglu et al. (2022) also found the
antioxidant properties could significantly affected the drying
methods. In investigation by Muhammad et al. (2023), the
radical scavenging activity of pomegranate peel dried by
different methods against the DPPH radical was determined.
The obtained results showed solar drying method showed
the highest activity than oven drying and sun drying method.
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Also, Setlhodi et al. (2024), indicated extraction of
pomegranate peel at 78 °C displayed the most potent
antioxidant capacity. Sarkar et al. (2024) reported the effect
of four drying technigues on the bioactive compounds and
antioxidant activity of pomegranate peels. According to the
results, the freeze-drying method exhibited the highest total
phenolic content and DPPH activity.

4., Conclusion

This study concluded that pomegranate peel, which is a
by-product, is major source of bioactive compounds.
Pomegranate peel extract displayed good antioxidant
capacity. The drying methods affected total bioactive
compounds and antioxidant capacity. Pomegranate peel can
be a potential candidate for food and pharmaceutical fields.
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1. Giris

Yeryiiziindeki farkli mantar tiirlerinin sayis1 140.000
olarak tahmin edilmekte olup bunlarin sadece %10"unun
tanimlandigl ve tanimlanan mantarlarin yaklasik 700
tiriinlin 6nemli farmakolojik 6zelliklere sahip oldugu
bilinmektedir  (Chang, 1996; Lull et al, 2005).
Basidiomycetes mantarlari, yliksek terapotik ve profilaktik
ozelliklere  sahip  olmalar1 ve  ¢esitli  tiirlerin
immiinomodiilatér ve antitlimoral aktivite goéstermesi
sebebiyle diinya c¢apinda eski ¢aglardan beri halk
hekimliginde kullanilmaktadir (Wasser and Weis, 1999;
Statements, 2000; Shamtsyan et al., 2004). Mantarlar ¢ok
sayida alkaloit, terpen, steroid ve fenolik bilesikler gibi
terapdtik amaglar icin kullanilabilecek ¢ok ¢esitli sekonder
metabolitler de iretirler. Mantarlarin sahip oldugu bu
bilesikler antimikrobiyal aktivite basta olmak iizere,
antigenotoksik, antioksidan, antiproliferatif, antikanser,
antihiperlipidemik, anti-hipertansif, hipokolesterolemik,
anti-alerjik ve antidepresan etki gostermektedirler (Opletal
etal, 1997; Han et al, 2011; Ren et al,, 2012; Zivkovié et al.,
2019; Aytar and Ozmen, 2020; Song et al,, 2020).

Giiniimiizde, insan sagligina yonelik en bilylik
tehditlerden biri enfeksiyon hastaliklaridir ve bu hastaliklar
hastane ve toplumda biiyiik bir sorun tegkil etmektedir.
Patojenik mikroorganizmalar1 etkili bir sekilde 6ldiirmek
icin bir takim dogal ya da sentetik antimikrobiyal ajanlar
izole edilmis ve gelistirilmis olmasina ragmen, Kkiiresel
antimikrobiyal direng¢ giderek artan bir halk saglig1 sorunu
haline gelmeye baslamistir. Bu nedenle arastiricilar farkl
biyolojik kaynaklardan yeni antimikrobiyal ajanlar1 stirekli
olarak arastirmaktadirlar (Yama¢ and Bilgili, 2006). Bu
konuda ozellikle mantarlar iizerine olan ¢alismalar
yogunlasmistir. Mantarlardan elde edilen ¢esitli dziitlerin,
mantarlarin yani sira bakterilere karsi antimikrobiyal
etkilerinin degerlendirildigi ¢ok sayida ¢alisma mevcuttur
(Hirasawa et al., 1999; Hatvani, 2001; Gao et al., 2005; Aslim
and Ozturk, 2011; MatijaSevi¢ etal., 2016) (Cor Andrejc etal.,
2022). Dogal drilinlerden elde edilen antimikrobiyal
maddelerin, ¢ogu zaman kimyasal olarak {iretilen
antibiyotiklerin neden oldugu yan etkilere sebep olmaksizin
bir¢ok bulasici hastaligin tedavisinde oldukea etkili oldugu
belirtilmistir (Parekh and Chanda, 2007).

Diinya lizerinde mevcut mantarlarin sistematik dizilimi
tam olarak netlesmemistir. Yeni cins ve tiirlerin kesif
edilmesi, sinonimlik, vb. durumlarin sonucunda sistematik

Tablo 1. Calismada kullanilan Suillus bovinus mantarinin genel dzellikleri.

degisimler, kategori degisimi mantarlarda ka¢inilmaz bir
durumdur. Diinya genelinde Suillus cinsine ait ¢ok fazla tiir
bulunurken Tiirkiye’de ise 11 adet tiir tanimlanmstir (Sesli
et al, 2020). Suillus cinsine ait mantarlar genelde ¢am
agaclariyla ektomikorizal iligki kurarak ¢cam ormanlarinda
yogun topluluklar halinde bulunurlar. Sonbahar aylarinda
dogada bolca toplamak miimkiindiir. Genellikle yenir
ozellikteki bu cinse ait mantarlar Tiirkiye’de yerel halk
tarafindan “Ay1 mantar1” olarak tanindigi i¢in gastronomik
acidan pek ragbet gormemektedir. Ancak cinse ait ¢ogu tiir
yenir ve besin degerleri yiiksektir (Engel et al, 1996;
Knudsen and Vesterholt, 2008; Sutara et al,, 2009). Yapilan
bu calismada Selcuk Universitesi Kampiisi'nden toplanan
Suillus bovinus mantarinin etanol ve metanol 6ziitlerinin bazi
patojen standart mikroorganizmalar {izerine antimikrobiyal
aktivitesinin tespit edilmesi amag¢lanmistir.

2. Materyal ve Metot
2.1. Mantar érnegi ve ekstraksiyon

Calismada kullanilan Suillus bovinus tiiri 2023 yilinda
Selcuk Universitesi kampiis alanindan toplanmustir.
Mantarlar araziden uygun sekilde toplanirken teshis i¢in
faydali bilgi ve belgeleri not edildikten sonra fungaryum
laboratuvarina getirilerek kurutma cihazlarina konulmustur.
Kuruyan orneklerin uygun dokularindan hazirlanan
preparatlardaki mikroskobik karakterleri (Spor, Basidium,
Sistit, vb.) ve makroskobik bilgileri 1s18inda teghisleri Dr.
Ogretim Uyesi Sinan ALKAN tarafindan yapilmustir.
Mantarlarin  sistematik dizilimi, 6terleri, lokaliteleri,
habitatlari, koordinatlari, yiikseklik ve toplama tarihleri
verilmistir. Ayrica Tiirkiye’de mantarlarin isim olarak
birbirine karismasin1 6énlemek adina Sesli ve ark. (2020)
tarafindan hazirlanmis kitaptan kullandigimiz mantarin
Tiirkce Gegerli Ismi (T.G.I.) tespit edilip latince isminin
yaninda verilmistir. Tablo 1’de ise mantarin karakteristik
ozellikleri verilmistir.

Fungi

Basidiomycota

Agaricomycetes

Boletales

Boletaceae

Suillus bovinus (L.) Roussel (T.G.1.: Okiizmantar1)

Selguk Universitesi Kampiis alani, Cam agaclar altinda,
38°01'34" K-032°30' 30" D Yiikseklik 1328m, 27.09.2023.

Tir Habitat Spor Basidium Makroskobisi

' G?nelllkle Cam (lells). o Klavat, 4 sterigmali, 20-25%4.5- Por.tzjlkal. kahverengi, lar.n.ellt?r. porlu ve
Suillus agaclarinin  altinda, asitli  Eliptik, sarimtirak, 6um.  Kelio- . Pleurosistidleri yesilimsi sari, sap silindirik taban
bovinus topraklarda ve dokiintiiler piiriizsiiz, 7.4-9.3*3-3.8um K, kisminda kahverengi- pembe misel

arasinda

nadir, Kaulosistid yok

rengine sahip

Mantar drneginin teshis islemleri tamamlandiktan sonra
dokularinda nem kalmamasi i¢in 45-50°C ye ayarlanmis 6zel
kurutma dolaplarinda bir giin daha kurutulmustur.
Tamamen kuruyan mantarlar mekanik dgiitiiciide toz haline
gelinceye kadar 6giitiilmistiir. Mantar érneginden 2’ser adet
10’ar gr'’hik numuneler tartilarak soxhlet ekstraksiyon
kartuslar: icerisine dikkatlice doldurulmustur. Kartuslar
uygun sekilde soxhlet cihazina yerlestirildikten sonra
mantar érnegine 110 ml etanol (C;H¢O) ve 110 ml metanol
(CH30H) ayr1 balon jojelere ilave edilerek aymi anda iki
ekstraksiyon islemi baglatilmistir. 50°C ye ayarlanmis
1siticilarla yaklasik olarak 6 saat boyunca oérnekler ekstre
edilmistir. Bu siire sonunda Kkartuslarin bulundugu
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haznelerdeki ¢oziiciinlin seffaflastig1 goriilmiis ve damitma
islemi sonlandirilmistir. Elde edilen c¢oziiciiler icindeki
oziitler sirayla Rotary Evaporatdre alinarak 60°C de 90 rpm
hizda dondiiriilerek basing altinda ¢oziciilerinden
uzaklastirllmistir. Son olarak o6ziitlerin icinde c¢oziiciilerin
kalma ihtimalini ortadan kaldirmak icin steril petri kaplari
icerisinde 45°C sicakliktaki etiivde 24 saat daha bekletilerek
¢6ziicli kimyasallar ortamdan uzaklastirilmistir. Elde edilen
oziitler deneyler baslatilana kadar +4°C de buzdolabinda
kapali bir sekilde muhafaza edilmistir.
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2.2. Kullanilan mikroorganizma suslari

Calisma kapsamindaki mantar ©6rnegi oziitlerinin
antimikrobiyal aktivitesinin tespiti i¢in; Escherichia coli
ATCC 25922, Pseudomanas aeruginosa ATCC, 27853,
Klebsiella pneumoniae ATCC 70603, Metisilin direngli
Staphylococcus aureus (MRSA) ATCC 43300, Salmonella
enteritidis ATCC 13076, Sarcina lutea ATCC 9341, Bacillus
cereus ATCC 11778, standart bakteri suslar1 ve Candida
albicans NRLL Y-417 maya susu kullanilmistir. Bu suslar
Selcuk Universitesi, Fen Fakiiltesi, Biyoloji Bolimd,
Mikrobiyoloji Arastirma Laboratuvarindan temin edilmistir.

2.3. Antimikrobiyal aktivite

Mantar o6ziitlerinin antimikrobiyal etkisini belirlemek
icin bazi modifikasyonlarla Broth mikrodiliisyon metodu
kullanilmistir (Zengin et al.,, 2014). Calismada 6ziitlerin Gram
pozitif ve Gram negatif bakteri suslar1 ve bir maya susuna
karsi Minimum Inhibisyon Konsatrasyonlar1 (MiK)
belirlenmistir. Stok halde bulunan tiim mikroorganizma
suslar1 Brain Hearth Infiizyon besiyerine ekilerek taze
kiltirleri  hazirlandi.  Mikroorganizma  kiiltiirlerinin
slispansiyonlar1 ¢alisma esnasinda 0.5 McFarland standart
bulanikligina (108 Kob/ml) esit olacak sekilde hazirlandi ve

daha sonra her kuyucuktaki inokulumun son
konsantrasyonu 5x105 Kob/ml olacak sekilde ayarlandi.
Steril 96 kuyucuklu plakalarin her bir kuyucuguna 100 pl
Miiller Hinton Broth besiyeri dagitildi. Baslangigta 50 mg/ml
konsantrasyonda hazirlanan mantar 6ziitli soliisyonlary,
mikroplakalarin ilk kuyucuklarina 100 pl olarak eklendi ve
kalan kuyucuklara 6ziitlerin iki kat diliisyonu (12.5-0.006
mg/mL) yapildi. Daha sonra her kuyucuga 100 pl kiiltiir
slispansiyonu inokiile edildi. Negatif kontrol olarak DMSO ve
pozitif kontrol olarak Gentamisin kullanildi. Son olarak
plakalar 37°C'de 18-24 saat siireyle inkiibe edildi.
1nk1"1basyon sliresinin sonunda kuyucuklara 20 pl 2,3,5-
trifeniltetrazolyum klorit eklendi ve 30 dakika daha inkiibe
edildi. inkiibasyon sonunda plakalarda goézle gériiliir bir
liremenin olmadig1 yani pembe veya kirmizi renkte olmayan
son kuyucuk ise MiK olarak belirlendi.

3. Arastirma Sonugclari

Yaptigimiz ¢alismada S. bovinus'un metanol ve etanol
oziitlerinin insan patojeni olan standart patojen
mikroorganizmalara karsi antimikrobiyal etkisi arastirilmig
ve bu mikroorganizmalara kars elde edilen MiK (Minimum
inhibisyon Konsantrasyonu) degerleri Tablo 2’de verilmistir.

Tablo 2. S. bovinus'un metanol ve etanol dziitlerinin sivi mikrodiliisyon yéntemiyle elde edilen MiK degerleri.

Test Mikroorganizmalari

Suillus bovinus dziitlerinin MiK degerleri (mg/ml) Gentamisin

Metanol Etanol (pug/ml)

Escherichia coli ATCC 25922 - - 2.44
Pseudomanas aeruginosa ATCC 27853 3.12 3.12 9.76
Klebsiella pneumonia ATCC 70603 - - 2.44
Metisilin direngli Staphylococcus aureus( MRSA) ATCC 43300 6.25 6.25 78.12
Salmonella enteritidis ATCC 13076 6.25 6.25 4.88
Sarcina lutea ATCC 9341 6.25 6.25 4.88
Bacillus cereus ATCC 11778 0.19 0.78 2.44
Candida albicans NRRL Y-417 - - 312.5

S. bovinus’un metanol 6ziitii sonuglarini inceledigimizde, 4. Tartisma
gram negatif P. aeruginosa’'ya 3.12 mg/ml, S. enteritidis’e
karsi ise 6.25 mg/ml dozunda antibakteriyal aktivite Mantarlar ve diger dogal materyaller ¢esitli

gosterdigi tespit edilirken yine gram negatif bakterilerden E.
coli ve K. Pneumoniae’'ya karsi herhangi bir aktivite
saptanmamistir. Oziitiin gram pozitif bakterilerden S. aureus
ve S. lutea suslarina karsi 6.25 mg/ml dozda antibakteriyel
aktivite gosterdigi tespit edilmistir. En yliksek aktivitenin ise
0.19 mg/ml MiK degeriyle gram pozitif B. cereus susuna karsi
oldugu bulunmustur (Tablo 2).

Etanol 0ziiti sonuglarina baktigimizda ise metanol
oziitlinden elde edilen bulgulara benzer sekilde gram negatif
P. aeruginosa’ya 3.12 mg/ml, S. enteritidis’e kars1 ise 6.25
mg/ml dozunda antibakteriyal aktivite gdsterdigi
gorilirken yine gram negatif bakterilerden E. coli ve K
Pneumoniae’ya karst herhangi bir aktivitenin olmadigi
belirlenmistir. Gram pozitif bakterilerden S. aureus ve S. lutea
suslarina kars1 6.25 mg/ml MIK degeri hesaplanmistir. En
yliksek aktivitenin ise 0.78 mg/ml dozunda gram pozitif B.
cereus susuna karsit oldugu bulunmustur (Tablo 2). Elde
edilen veriler dogrultusunda her iki 6ziitlin ¢alisilan suslara
olan antibakteriyal etkisinin benzer oldugu goriilmiistiir.

Ayrica yapilan ¢alismada S. bovinus tiiriiniin hem etanol
hem de metanol 6ziitlerinin calismada kullanilan C. albicans
maya susuna karsi herhangi bir antifungal aktiviteye sahip
olmadig1 da goriilmistiir (Tablo 2).
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antimikrobiyal bilesikler icermektedirler ve bu bilesiklerin
her gecen giin kesfi, antibiyotik direnciyle miicadelede ve
yeni tedavi yontemlerinin gelistirilmesinde 6nemli bir rol
oynamaktadir (Gyawali and Ibrahim, 2014). Bu dogal
kaynaklardan elde edilen antimikrobiyal bilesiklerin, yeni
ilaclarin ve terapotik ajanlarin gelistirilmesi i¢in potansiyel
bir kaynak oldugu diisiiniilmektedir (Arif et al., 2009; Uysal
et al, 2023). Bu nedenle mantarlarin antimikrobiyal
potansiyelinin belirlenmesi olduk¢a 6nemlidir. Yaptigimiz
calismada S. bovinus mantarinin metanol ve etanol
oziitlerinin patojen mikroorganizmalara karsi
antimikrobiyal etkisi arastirilmistir.

Suillus cinsi mantar tilrleri ile yapilan c¢alismalara
bakildiginda; Giirgen ve ark. (2024) S. bellinus tlriiniin
metanol ve etanol 6ziitlerinin antimikrobiyal aktivitesini
inceledikleri ~ ¢alismalarinda, etanol  Oziitinin P.
aeruginosa’ya 0.4 mg/ml ve metisiline direngli S. aureus
susuna karsiise 0.1 mg/ml dozlarinda, metanol 6ziitiiniin ise
her iki susa kars1 0.2 mg/ml dozunda aktivite gosterdigini
tespit etmislerdir. Calistigimiz tiirlin metanol ve etanol
oziitlerinin de ayni suslara karsi aktivite gosterdigi fakat
bulunan MIK degerlerinin arastiricilarin buldugu degerlere
gore daha ytiiksek yani etkinin daha az oldugu gérilmiistiir
(Tablo 2). Ayrica ¢alismamizdan farkl olarak arastiricilar E.
coli bakterisi ve C. albicans maya susuna karsi da aktivite
tespit etmislerdir. S. granulatus'un etanol 6ziitlerinin
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denendigi bir baska calismada ise E. coli ve S. aureus
bakterilerine karsi 0.064 mg/ml dozda olduke¢a ytliksek
aktivite tespit edilmistir. Tespit edilen bu deger ¢alismamiza
kiyasla oldukca yiiksektir. MIK degerlerinde gériilen bu
farkhiliklarin ¢alisilan  Suillus tiri  orneklerinin farkl
olmasindan kaynaklandigini diisiinmekteyiz. S.
granulatus'un etanol Oziitiinlin P. aeruginosa izerine
denendigi farkh bir calisgmada MiK degeri 5 mg/ml olarak
rapor edilmistir (Volcdo et al,, 2021). Rapor edilen bu deger
farkli Suillus tiirii olsa da ¢alismamizda bulunan 3.12 mg/ml
degeriyle oldukca uyumludur. S. luteus tiiriiyle yapilan bir
baska calismada ise (Aytar et al, 2020) etanol o6ziitiiniin
calismamizla uyumlu olarak S. aureus ve P. aeruginosa’ya
etkili oldugu, metanol Ozitiniin ise B. subtilis ve K
Pneumoniaea’ya etki gosterdigi saptanmistir. Yaptigimiz
calismada ise K Pneumoniaea bakterisine karsi etki
gozlenmemistir. Chaudhary ve ark. (2023) S. punctatipes
tiiriinlin ¢alismamizla uyumlu olarak S. aureus ve B. cereus
bakterilerine karsi antibakteriyal aktivite gosterdigini
belirtmislerdir. Reis ve ark. (2014) farkh iilkeler olan
Portekiz ve Sirbistan’dan S. granulatus tiriini toplayip
metanol 6ziitliniin patojen suslar tizerindeki antimikrobiyal
etkisini kiyaslamislardir. Arastiricilar S. aureus susu iizerine
Portekiz 6rneginin 0.15 mg/ml dozunda, Sirbistan érneginin
ise 0.05 mg/ml dozunda etkiye sahip oldugunu, B. cereus
susuna karsi ise 0.1 mg/ml (Portekiz) ve 0.04 mg/ml
(Sirbistan) dozunda antibakteriyal etki bulmuglar ve
Sirbistan Orneginin daha giiglii etkiye sahip oldugunu
belirtmislerdir. Calismamizda S. aureus ve B. cereus suslari
lizerine S. bovinus tiirliniin metanol 06ziitli swrasiyla 6.25
mg/ml, 0.19 mg/ml dozunda aktivite géstermistir. Yapilan
bu ¢alismalarla ayni suslar iizerine; farkl iklim sartlarinda
yetisen ayni tlir mantarlarin, ayrica ayni cinse ait farkl
mantar tiirlerinin antimikrobiyal aktivitesinin farklh
olabilecegi ortaya konulmustur.

Suillus collinitus tiirtiniin diklorometan 06ziitiiniin ¢esitli
patojen mikroorganizmalar lizerine denendigi bir ¢alismada
S. aureus ve B. subtilis bakterilerine kars: sirasiyla 0.031
mg/ml ve 0,625 mg/ml dozlarinda aktivite tespit edilirken P.
aeruginosa bakterisine karsi herhangi bir aktivite
belirlenmemistir (Yama¢ and Bilgili, 2006). Yaptigimiz
calismada metanol ve etanol oziitleri S. aureus susuna karsi
3.25 mg/ml B. cereus’a karsi ise 0.19 ve 0.78 mg/ml dozunda
aktivite sergilemistir. Yine arastiricilardan farkli olarak P.
aeruginosa bakterisine karsi 3.12 mg/ml aktivite goriilmiis
olup E. coli bakterisine ve C. albicans mayasina kars aktivite
belirlenmemistir. Antimikrobiyal aktivite sonugclarinda
gorilen farkliliklar, mantarin yetistirildigi cevresel ve iklim
kosullarina, mantar o6ziitlerinin se¢imine, ekstraksiyon
tekniklerinin farklihigina, kullanilan antimikrobiyal test
yontemine ve ¢alismalarda segilen test mikroorganizmalari
gibi ¢ok cesitli degiskenlere atfedilebilir (Chaudhary et al,,
2023).

Sonug olarak yaptigimiz ¢alismada S. bovinus mantarinin
etanol ve metanol 6ziitlerinin bazi patojen bakterilere karsi
antibakteriyel aktiviteye sahip oldugu gériilmiistiir. ileriki
calismalarla bu dogal kaynakdan elde edilen antimikrobiyal
bilesiklerin, yeni ilaglarin ve terapdtik ajanlarin gelistirilmesi
icin potansiyel bir kaynak olacag: diistiniilmektedir. Ayrica
yaptigimiz literatiir incelemesinde S. bovinus mantarinin
antimikrobiyal o6zellikleri {izerine bir ¢alisma olmadigl
dikkati ¢ekmistir. Bu sebeple yaptigimiz ¢alisma bu tiiriin
antimikrobiyal aktivitesiyle ilgili 6nemli bir kaynak niteligi
tasiyacagt  ve  ileriki  ¢alismalara 151k tutacagi
diisiincesindeyiz.
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1. Introduction

The Apiaceae family includes a large number of plant
species distributed worldwide, many of which are utilized
for their medicinal, culinary, and aromatic properties. Fatty
acids are Kkey constituents of plant lipids, such as
triglycerides, phospholipids, and glycolipids, and they
contribute to the nutritional value and sensory
characteristics of plant-based products (Burdge and Calder,
2015). Moreover, fatty acids are also important in plant
physiology, as they participate in membrane structure,
energy storage, and signaling pathways. Specifically, the
Apiaceae family is known for containing unique fatty acids
such as petroselinic acid, which has notable biological
activities and applications in food, pharmaceuticals, and
cosmetics (Wang et al, 2022). This diversity and
functionality of fatty acids in the Apiaceae family underscore
their importance in both human nutrition and plant
physiology (Hajib et al., 2023).

Members of the Ferulago W. Koch genus, belonging to the
Apiaceae family, are perennial species. The genus comprises
34 taxa, 19 of which are endemic to Turkey, where they are
commonly known by various names such as “caksir, ¢cagsir,
kargi  kisnigi, giinliikotu, kilkuyruk, kuzukemirdi,
seytanteresi, kaya kisnisi, kir kisnisi” (Saya, 2012). These
plants have traditional medicinal uses, including as
carminatives, peptics, aphrodisiacs, vermifuges, and for
treating ulcers, headaches, snake bites, hemorrhoids, and
spleen diseases. They are also used in salads or as spices and
are eaten by goats and deer (Erdurak, 2003). Certain
Ferulago species' roots are used in Turkish traditional
medicine for its aphrodisiac qualities as well as for the
treatment of cancer and dermatological conditions, while the
aerial parts are used as sedatives, immunostimulants,
flavors, digestives, tonics, vermicidals, and anti-bronchitis
agents (Bulut et al., 2014; Demirci et al., 2014; Karakaya et
al,, 2018). Ferulago asparagifolia Boiss. is a perennial herb
which grows in the Western, Southern and Central
Anatolia(Alkhatib et al., 2009). The glaucous, perennial, and
glabrous species F. syriaca Boiss. is found in Hatay, Antalya,
and South Anatolia (Pesmen, 1972). One of the other
Apiaceae plant, known by most as "mountain carrot”
Astrodaucus orientalis (L.) Drude is an herbaceous, erect,
glabrous perennial plant with a nice scent. It is widely
distributed across various regions particularly in fields,
slopes, and along roadsides at altitudes ranging from 350 to
2700 meters. This aromatic plant is traditionally used in
some parts of Iran and Turkey as a salad, vegetable, and food
additives (Nazemiyeh et al., 2009).

Plant seeds are an excellent source of unsaturated fatty
acids among other fatty acids. These seeds play a crucial role
in providing essential nutrients and healthy fats that are
beneficial for overall health (Kapoor et al., 2021). Fatty acids
are carboxylic acids with carbon chains ranging from 2 to 36

Table 1. The collecting information and extract yield of plant materials.

carbon atoms. They can be classified as either saturated or
unsaturated. Monounsaturated and polyunsaturated fatty
acids are two types of unsaturated fatty acids. They are
important for health because they protect against
cardiovascular diseases neurological disease, autoimmune
disorders, diabetes, arthritis and arrhythmia (Czumaj and
Sledzinski, 2020). Polyunsaturated fatty acids are a type of
unsaturated fatty acid characterized by having multiple
double bonds in a pentadiene configuration along their
carbon chain (Tvrzicka etal., 2011). Plant seeds are excellent
sources of alpha-linolenic acid (ALA), which is an omega-3
fatty acid. ALA is converted in the body to other beneficial
omega-3s like eicosapentaenoic acid and docosahexaenoic
acid. Omega-3 fatty acids are known for their anti-
inflammatory properties and benefits for heart and brain
health. Omega-6 fatty acids including linoleic acid (LA), are
essential for the body and play a role in skin health, hormone
production, and immune function (Damude and Kinney,
2008).

Gas chromatography-Flame Ionization Detector (GC-FID)
is a well-established analytical technique for fatty acid
analysis due to its high sensitivity, resolution, and ability to
identify and quantify a wide range of compounds (Ruiz-
Rodriguez et al., 2010). To the best of our knowledge, the
fatty acid composition of A. orientalis, F. asparagifolia and F.
syriaca have not been subject of previous study until now. By
analyzing the fatty acid composition of some Apiaceae plants
using GC-FID, we can gain insights into their lipid profiles,
identify unique fatty acid constituents, and explore their
potential applications in various industries.

2. Materials and Methods
2.1. Plant material

Plant materials from A. orientalis, F. asparagifolia, and F.
syriaca were gathered and authenticated by Prof. Dr. Yavuz
Bagci. Voucher specimens are stored in the herbarium of the
Faculty of Science at Selcuk University (KNYA), Turkey.
Details regarding collection and extract yield are provided in
Table 1.

2.2. Extraction

The powdered plant materials were packed in Soxhlet
extraction apparatus. Distillation was conducted with n-
hexane and then with ethanol separately for each sample for
about 4 h. The solvent was removed under reduced pressure
using a rotary evaporator (Buchi R-100, Swiss). Recovered
fixed oils were transferred in an amber glass bottle and
stored at -20°C. The extracted fixed oils were then
derivatized with their methyl esters and analyzed using GC-
FID equipped with a capillary column for separation and
mass spectrometric detection.

Plant Name Herbarium /Voucher no.  Locality Solvent Yield (gg?)
Hexane Leaf: 2.38%
Astrodaucus orientalis Bagc1 4209 C4: Karaman-Cakirdagi: Yalmizdag Hill, rocky slopes, Fruit: 11.20%
(L.) Drude around 1200 m, 14.07.2021 Leaf: 17.82%
Ethanol .
Fruit: 2.92%
Hexane Leaf: 3.02%
Ferulago asparagifolia Bagc1 4206 C4: Antalya; between Gazipasa-Alanya 10 km, ca. 50 Fruit: 6.89%
Boiss m, 20.07.2021 Ethanol Leaf: 16.02%
Fruit: 2.92%
. o - 0,
Ferulago syriaca Boiss. ~ Bagc1 4205 gg:ogztggiYayladag road, rocky places, 450-480 m, I];Ite}i(::oel 2:257302
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2.3. Synthesis of fatty acid methyl esters

Fatty acid methyl esters (FAMESs) in plant extracts must
be derivatized and converted into volatile form to be
analyzed by gas chromatography. For this purpose, sample
preparations were completed by considering the EU
regulation (Burdge & Calder, 2015). An average of 0.1000 g
of the plant extract was weighed and taken into the sample
bottle. 10 mL of hexane was added to each extract and
vortexed for 10 seconds. The samples were vortexed after
the addition of 100 pL of 2 N potassium hydroxide solution
in methanol. The solutions were shaken on a vortex for 1
minute. Samples were centrifuged at 2500 x g for 5 min to
separate the phases. The supernatant was taken from the
samples, whose phases were completely separated, into vials
and injected into GC-FID.

2.4. FAME analysis by GC-FID

The analysis of FAME was conducted using the Agilent
6890N gas chromatography system equipped with an FID
detector(Agilent Technologies Inc.,, Wilmington, DE, USA).
Separation was performed with a high polarity HP-88
column designed for the separation of FAMEs. Helium gas
was used as the mobile phase. The injection and detector
temperatures were maintained at 250 °C. A gradient
temperature program was employed as follows: starting at
45 °C for 0-4 minutes, increasing by 13 °C from 4 to 27
minutes to reach 175 °C, holding at 175 °C for 27 minutes,
then increasing by 4 °C from 27 to 35 minutes to 215 °C, and
maintaining at 215 °C for 35 minutes. Samples were injected
using split injection mode (1 pL). The hydrogen flow rate was
30 mL/min and the dry air flow rate was 300 mL/min.
Chromatograms were acquired using the Agilent 1200
Series-B.03.02 software.

3. Results and Discussion

Analysis using GC-FID identified a variety of fatty acids
present in the Apiaceae plants under investigation. Among
the detected fatty acids were move to after the each palmitic
acid (C16:0), stearic acid (C18:0), oleic acid (C18:1), linoleic
acid (C18:2), and linolenic acid (C18:3), each showing
diverse proportions across different species. Additionally,
minor fatty acids and branched-chain fatty acids were also
identified, indicating the complexity of the lipid composition
in Apiaceae plants. The fatty acid composition of some
Apiaceae species expressed as percentage based on dry
weight is presented in Table 2-3. The fixed oil content was
highest in A. orientalis leaf ethanol extract (17.82%) while
the lowest in A. orientalis leaf hexane extract (2.38%).

A wide spectrum of 27 fatty acids was confirmed, ranging
from C6:0 to C22:6 in A. orientalis leaf and fruit fixed oils.
Palmitic, oleic, linoleic and a- linoleic acid were the major
fatty acids present in the A. orientalis fixed oils (Figure 1).
However, in the fixed oil obtained from leaf of A. orientalis
eicosadienoic acid was found to be the major fatty acid
(51.048%).

The fatty acid composition of F. asparagifolia leaf and
fruit part extracts are given in Table 3 and Figure 2. When
the results were evaluated, the palmitic acid percentage of F.
asparagifolia leaf ethanol and hexane extracts was found to
be higher than other fatty acids (36.87% and 36.40%,
respectively). Linoleic acid and oleic acid percentages were
determined as 25.8% and 21.8% for hexane extract,
respectively. For ethanol extract, it was determined as
24.52% and 21.65%, respectively. The linoleic acid
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percentage of F. asparagifolia fruit ethanol extract was found
to be higher than other fatty acids (38.93%). The
percentages of oleic acid and palmitic acid were determined
as 21.80% and 36.40% for the leaf hexane extract,
respectively. For ethanol extract, it was determined as
21.65% and 36.87%, respectively.

Palmitic acid (16:0) is a saturated fatty acid found in the
diet and synthesized endogenously. It is an important
component of cell membranes, secretion and transport lipids
in our body (Agostoni et al., 2016). It has protective effects
on obesity, Type 2 diabetes, cancer and cardiovascular
diseases (Mancini et al., 2015). In our study, palmitic acid
was found to be the major component in F. asparagifolia leaf
and linoleic acid was identified as the predominant
component in the fruit of the plant. Despite being in the same
genus, as can be seen from the results, the amount of linoleic,
palmitic and oleic acids was dominant in the ethanol and
hexane extracts of F. syriaca species (Figure 3), and the
amount of oleic acid (40.372% and 49.197%, respectively)
was found to be significantly higher than that of F
asparagifolia species.

The composition of fatty acids in plants is determined by
a combination of genetic factors, environmental conditions,
and the stage of development. The presence of specific fatty
acids in Apiaceae plants may contribute to their nutritional
value, flavor profiles, and potential pharmacological
properties. For example, omega-3 fatty acids such as
linolenic acid has been linked to numerous health benefits,
such as cardiovascular protection and anti-inflammatory
effects.

The GC-FID analysis provided detailed information about
the fatty acid profiles of Apiaceae plants, which can be
valuable for quality control, nutritional assessment, and
potential biotechnological applications (Hajib et al., 2023).
Further studies could focus on exploring the biosynthesis
pathways of unique fatty acids in these plants and
investigating their functional roles in plant metabolism and
adaptation.

4., Conclusion

In this study, fatty acid constituents of some Apiaceae
species were determined by GC-FID. In conclusion, this study
demonstrated the application of GC-FID for analyzing the
fatty acid composition of Apiaceae plants, revealing a diverse
array of fatty acids with potential implications for nutrition,
flavor, and health. Exploring the lipid profiles of these plants
can enhance their application in the food, pharmaceutical,
and cosmetic industries, highlighting the importance of lipid
analysis in plant science research. This was the first report
on the study of fatty acid compounds from some Apiaceae
family plants including A. orientalis, F. asparagifolia and F.
syriaca.
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Figure 1. GC-FID chromatograms of ethanol and n-hexane extract of Astrodaucus orientalis leaves (a & b) and fruit (¢ & d).
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Figure 2. GC-FID chromatograms of ethanol and n-hexane extract of Ferulago asparagifolia leaf (a & b) and fruit (c & d).
70



N. Eruygur et al. / Selcuk Universitesi Fen Fakiiltesi Fen Dergisi 50 (2) 2024

FID1 A, (ECZACILIK-FAME DATA-HFA\SPLIT-ECZ PLANTS\HKARA-ECZACILIK-2 SPLIT'FERULOGO SYRIACA (ETOH).D)
pA

53
P O
28 g .
s 9
TS
26 3
5 ’ 2 g §
o€ g :  F :
= 2 2 g8 © g -5 5
S % sl 8 TR\~
22 & g P g N
g & = ( vt.,‘ s
N e EVION U, W G e LRSS
20 T
10 20 30 40 50 me
FID1 A, (ECZACILIK-FAME DATA-HFA\SPLIT-ECZ PLANTS\HKARA-ECZACILIK-2 SPLIT\FERULOGO SYRIACA (HEKZAN).D)
pA (<) 5 %
60 - d§ ?_'; Q
] Q Q
& L 3
50 - - 2 "
45 ‘ 3 )
- 2
40 a o o &
1 e o0 |
S -4 = w 55 | &5 & @
35 l = Ol | Deis o ool
& e 2ol & % %‘1%5 ©
30 3 25® P Jl e HE e
& L - %§§§ 3
20 : ‘ y 7' - PO . 1 . R : FU o b ; ‘
10 20 30 40 50 min
Figure 3. GC-FID chromatogram of Ferulago syriaca fruit ethanol and n-hexane extract.
Table 2. Fatty acid composition of hexane and ethanol extract of Astrodaucus orientalis 1eaf and fruit (%).
Fatty acids Astrodaucus orientalis Leaf Astrodaucus orientalis Fruit
Ethanol Hexane Ethanol Hexane
Caproic acid (C6:0) 4.13 NDT NDT NDT
Undecanoic acid (C11:0) 0.48 0.179 0.561 0.133
Lauric acid (C12:0) NDT NDT NDT NDT
Tridecanoic acid (C13:0) 0.286 NDT 0.487 0.103
Myristic acid (C14:0) 2.141 2.598 NDT 0.736
Ginkgolic acid (C15:1) NDT NDT NDT 2.661
Palmitic acid (C16:0) 35.969 9.814 37.649 12.760
Palmetoleic acid (C16:1) 1.495 NDT NDT NDT
Margaric acid (C17:1) NDT NDT NDT 1.272
Stearic acid (C18:0) 2.397 1.568 3.846 1.581
Oleic acid (C18:1 cis) 6.189 3.201 9.524 22.549
Linoleic acid (C18:2 cis) 16.551 6.548 28.725 24.231
y-linoleic acid (C18:3n6) NDT 1.409 NDT 1.055
Arachidic acid (€20:0) NDT NDT NDT 1.223
a- linoleic acid (C18:3n3) 29.289 5.149 19.206 5.276
Eicosenoic acid (C20:1) NDT 6.920 NDT 2.231
Heneicosanoic acid (C21:0) 1.071 1.000 NDT 1.810
Eicosadienoic Acid (C20:2) NDT 51.048 NDT 1.535
Eicosatetraenoic acid (C20:4) NDT NDT NDT 3.293
Erucic acid (€22:1) NDT NDT NDT 1.544
Behenic acid + y-linoleic acid (C22:0 + C20:3n6)NDT 1.231 NDT 3.193
Eicosatrienoic acid (C20:3n3) NDT 1.043 NDT 1.284
Tricosanoic acid (€C23:0) NDT 0.436 NDT 4.333
Docosadienoic Acid (C22:2) NDT 3.346 NDT 0.348
Lignoceric acid (C24:0) NDT NDT NDT 2.253
Nervonic acid (€C24:1) NDT 0.542 NDT 2.756
Docosahexaenoic acid (C22:6) NDT 0.769 NDT 0.958

NDT: not detected.
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Table 3. Fatty acid composition of Ferulago asparagifolia and Ferulago syriaca extracts (%).

Ferulago asparogifolia Leaf

Ferulago asparogifolia Fruit Ferulago syriaca Fruit

Fatty Acids

Ethanol Hexane Ethanol Hexane Ethanol Hexane
Undecanoic acid (€11:0) 2.98 0.11 0.84 NDT 1.161 0.942
Lauric acid (C12:0) NDT 0.13 NDT NDT NDT NDT
Tridecanoic acid (C13:0) NDT 0.50 0.44 0.049 0.891 0.016
Myristic acid (C14:0) NDT 0.63 NDT 0.511 NDT 0.091
Pentadecanoic acid (C15:0) NDT NDT NDT 3.724 5.840 1.199
Ginkgolic acid (C15:1) NDT NDT NDT 1.337 NDT 3.441
Palmitic acid (C16:0) 36.87 36.40 21.095 NDT 14.834 4.903
Stearic acid (C18:0) NDT 2.27 5.97 2.853 3.386 1.191
Oleic acid (C18:1 cis) 21.65 21.80 15.568 13.907 40.372 49.197
Linoleic acid (C18:2 trans) NDT NDT NDT NDT NDT NDT
Linoleic acid (C18:2 cis) 24.52 25.80 38.930 25.651 29.736 10.834
y-linoleic acid (C18:3n6) NDT 1.22 NDT 0.604 NDT 0.244
Alpha linoleic acid (€18:3n3) 13.98 1.69 7.415 2.004 NDT 0.488
Heneicosanoic acid (C21:0) NDT 0.56 2.571 NDT 2174 NDT
Eicosadienoic acid (C20:2) NDT NDT NDT 32.658 0.413 5.414
Behenic acid + y-linoleic acid
(C22:0 + C20:3n6) NDT 0.97 NDT 2.398 NDT 0.285
Eicosatrienoic acid (C20:3n3) NDT NDT NDT 0.499 NDT 0.107
Erucic acid (€C22:1) NDT 0.44 NDT 1.217 NDT NDT
Eicosapentaenoic acid (C20:5) NDT NDT NDT NDT 0.491 0.005
Tricosanoic acid (C23:0) NDT NDT NDT NDT NDT 0.776
Lignoceric acid (C24:0) NDT 1.01 1.716 1.16 NDT 0.461
Nervonic acid (C24:1) NDT 0.34 NDT NDT NDT 0.05
Docosahexaenoic acid (€22:6) NDT NDT NDT NDT 0.702 0.191

NDT: not detected.
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Arastirma Makalesi

B-laktam Igeren s-Triazin Merkezli Schiff Bazi ve Onun [M(Salen/Saloph)] (M= Cr3* ve
Fe3*) Baslikli Komplekslerinin Sentezi ve Karakterizasyonu

MAKALE BILGISI 0z

Makale Gegmisi Bu ¢alisma, s-triazin grubu ve onun dort triniikleer kompleksine dayali olarak sentezlenen tripodal 6-
Gelis 29 May1s 2024 iminopenisilanik asit ligandindan olusmaktadir. Bu amagla 2,4,6-trikloro-1,3,5-triazin (III) (TRIPOD) ve 4-
Revizyon 27 Agustos 2024 hidroksibenzaldehitin reaksiyonundan 2,4,6-tri(p-formilfenoksi)-1,3,5- triazin elde edildi. Daha sonra TRIPOD ve
Kabul 1 Eyliil 2024 6-aminopenisilanik asitin reaksiyonundan tripodal hedef ligandi (V) elde edildi. Son olarak, baslangig

komplekslerinin [(ML).0] (M= Cr3* veya Fe3*, L= Salen veya Saloph) metanol ortaminda hedef ligand ile
reaksiyonlarindan tripodal triniikleer (ML) baslikli hedef kompleksleri elde edildi. Elde edilen tiim ligandlarin
yapilarl1 'H NMR, FT-IR ve elementel analiz yontemleri kullanilarak aydinlatildi. Komplekslerin yapilar1 FT-IR,
manyetik duyarlilik, ICP-OES ve TGA yontemleri kullanilarak karakterize edildi.
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1. Introduction In the structures of heterocyclic compounds, s-triazine
compounds are formed by the substitution of 3 nitrogen
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atoms in a symmetrical manner with carbon atoms. The
simplest form of this substance in aromatic ring structure is
1,3,5-triazine. Due to their symmetric structure, 1,3,5-
triazines were initially named sym-triazines, but nowadays
they are simply referred to as s-triazines. The most used s-
triazine is cyanuric chloride (2,4,6-trichloro-s-triazine), with
a melting point in the range of 145-147 °C. This product,
synthesized from cyanuric chloride and/or cyanuric acid, has
a specific gravity of 1.32 g/cm3 and a molecular weight of
184.41 g/mol. Ligands containing s-triazine remain stable
even at temperatures above 150 °C. The discovery of the
biological activity of triazine derivatives and their potential
use in cancer treatments has given importance to these
substances(De Hoog et al., 2002; Srinivas et al., 2005). They
have many other applications such as bioinorganic
chemistry, materials chemistry, coordination chemistry, and
the plastic industry. In coordination chemistry, the ability of
s-triazine derivatives to form complexes with transition
metals is significant(Uysal and fsmet Ucan, 2009; Kog, 2011;
Shiju et al.,, 2015). In the textile field, they are important due
to their use as reactive dyeing agents in the production of
wrinkle-resistant materials(Agathian et al., 2018; Wu et al,,
2018). They undergo hydrolysis only when exposed to
concentrated mineral acids thermally(Yuste et al., 2009).

The identification of 6-aminopenicillanic acid (6-APA) in
1957 and its subsequent adoption as the foundational
constituent for the synthesis of all semi-synthetic penicillin
represents a seminal advancement within the
pharmaceutical domain. Characterized by its white hue and
crystalline configuration, 6-APA assumes a pivotal role as the
precursor in the manufacture of prevalent synthetic
penicillin such as amoxicillin and ampicillin. This compound
is derived through the enzymatic hydrolysis of Penicillin G,
underscoring its foundational significance in the
pharmaceutical production chain(Yabalak et al., 2017). The
basic structure of penicillin contains a 6-APA. In other words,
they are all derivatives of 6-APA. The chemical structure of
6-APA includes a thiazolidine ring, this ring is connected to a
beta-lactam ring. It is attached to a (NH2) group on the beta-
lactam ring and to a carboxylic acid group on the thiazolidine
ring. The synthesis of 6-APA started in the 1970s at the Gist-
Brocades Company using harmful chemicals and solvents in
a traditional synthesis method. The use of this method lasted
for about 20 years and was replaced by the PA hydrolysis
reaction. With this method, a high amount of 6-APA can be
obtained from penicillin G(Hacioglu, 2014).

In the literature, there are many B-lactam substituted
Schiff bases and some of their biological activity studies.
However, there are no s-triazine cored (3-lactam derivatives
in the literature. As we mentioned above, 6-APA derivatives
are known to have some biological activities. We hope that
the ligands we obtained in this study will also show
anticancer, antioxidant and antifungal activities.

In this study, we aim to synthesize and characterize s-
triazine derivatives containing 6-APA and some of their
[M(Salen/Saloph)] capped transition metal complexes.
Therefore, the main purpose of this study is to produce
thermally resistant original materials with paramagnetic
properties.

2. Experimental Section

2.1. Materials and methods
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All chemicals and solutions employed in this study were
procured from Merck (Sigma-Aldrich) Company. H-NMR
analyses were performed on a Bruker Avance Core NMR
spectrometer (400 MHz) device. Fourier-transform infrared
(FTIR) spectrometry analyses were conducted with Thermo
Scientific ID5 with ID7 ATR apparatus. Magnetic
susceptibility measurements of the complexes were taken
using the Gouy method with Hg[Co(SCN)4] as the calibrant,
on the Sheerwood Scientific MX Gouy device. The effective
magnetic moments, L, per metal atom were calculated from
the expression: s = 2.84\/X_MT B.M., where Xu is the molar
susceptibility. The metal contents of each complex were
determined on a Perkin Elmer Optima 7000 DV Model
Inductively  Coupled Plasma Optical Emission
Spectrophotometer (ICP-OES). The mass spectra of the
ligands were determined by ESI(+) method and a Thermo
TSQ Quantum Access device was used. The melting points of
the compounds were determined using a Thermo Scientific
IA9000 device. Elemental analyses were performed using a
LECO 932 CHNS instrument and the results were within
+0.4% of the theoretical values.

The following chemicals and solvents were purchased
from the specified companies: cyanuric chloride (Merck), 4-
hydroxybenzaldehyde (Sigma), o-phenylenediamine
(Sigma), ethylenediamine (Sigma), salicylaldehyde (Sigma),
6-aminopenicillanic acid (Sigma), Chromium(III) chloride
hexahydrate (Sigma), Iron(Ill) chloride (Sigma), N,N-
diisopropylethylamine (DIPEA) (Sigma), solvents including
ethanol (Merck), methanol (Sigma), and diethyl ether
(Sigma). 2,4,6-tri(p-formylphenoxy)-1,3,5-triazine
(TRIPOD), which are used in the formation reactions of
cyanuric chloride and 4-hydroxybenzaldehyde, have been
synthesized and utilized according to the
literature(Tahmassebi and Sasaki, 1994). The starting
complexes, which are used in the formation reactions of
complexes and referred to as ligand complexes [(ML)20] (M=
Cr3+ or Fe3+, L= Salen or Saloph), have been synthesized and
utilized according to the literature(Kopel et al., 1998).

2.2. Synthesis of compound (V)

6-Aminopenisilanic acid (IV) (0.3244 g, 1.5 mmol) was
dissolved in 50 mL of ethanol, and then 2,4,6-tri(p-
formylphenoxy)-1,3,5-triazine (III) (0.22 g, 0.5 mmol) and
0.3 mL of DIPEA were added to the solution. The
temperature was set to 85°C and stirred under a reflux for 90
minutes. After that, the solvent of the resulting mixture was
evaporated under vacum. The solid residue was washed with
diethyl ether to remove DIPEA. The product was
recrystallized from ethanol. The structure of the product was
elucidated using FT-IR, tH NMR, and mass spectrometry.

Compound (V): MA= 1036.12 g, m/z: 1035.30 (100%),
716.17 (44%), and 413.07 (28%); Color: Yellow solid; Yield:
0.3367 g (65%); Melting Point: 145-148°C; FT-IR (ATR, cm-
1) & (ppm): 2929 (C-H), 1603 (C=Nimine), 1557
(C=Ntriazine), 1297 (C-Ophen), 1684 (C=0), 1761 (C=0acid),
1357 (COO-bending); *H NMR (400 MHz, DMSO-de): 1.20
(m,18H), 2.97 (d, 3H), 3.49 (s, 3H), 3.88 (d, 3H), 6.96 (d, 6H),
7.75 (d, 6H), 8.52 (s, 3H), 10.98 (s, 3H); 13C NMR (100 MHz,
DMSO0-ds): 182.38 (3C), 171.85 (3C), 170.58 (3C), 161.49
(3C), 155.53 (3C), 132.14 (3C), 130.83 (6C), 121.05 (6C),
79.50 (3C), 73.90 (3C), 68.50 (3C), 64.10 (3C), 29.80 (6C)
Analyzed/Found: C: 55.64/55.61, H: 4.38/4.35, N:
12.17/12.14, 0: 18.53/18.50, S: 9.28/9.25.

2.3. Synthesis of complexes (VI-IX)
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Ligand (V) (1.0361 g, 1.00 mmol) is dissolved in 150 mL
methanol, and [{(MSalen/Saloph):0}] ligand complexes
(1.50 mmol) in 20 mL methanol are added to this solution. It
is mixed under reflux at 80°C for 3 hours. At the end of the
reaction, excess methanol is evaporated. The remaining solid
is washed with diethylether, air dried.

Complex (VI): Ma = 1987.97 g, Dark green solid; pes: 3.84
B.M,; Yield: 1.4313 g (72%); Melting Point: 2200 °C (dec.);
FTIR (ATR, cm1): 2970 (C-H), 1613 (C=Nim), 1595 (C=Nt),
1305  (C-Ophen), 1684  (C=0), 1362  (COOvena);
Analyzed/Found: C: 57.96, H: 4.22, Cr: 7.81, N: 10.53, O:
14.45, S: 4.80.

Complex (VII): Ma = 1999.51 g, Dark brown solid; pes:
1.83 B.M,; Yield: 1.4796 g (74%); Melting Point: 2200 °C
(dec.); FTIR (ATR, cm?): 2898, 2979 (C-H), 1621 (C=Nim),
1596 (C=Nuz), 1297 (C-Ophen), 1679 (C=0), 1382 (COObena);
Analyzed/Found: C: 57.63, H: 4.19, Fe: 8.34, N: 10.47, O:
14.36, S: 4.77.

Complex (VIII): Ma = 2132.10 g, Yellow solid; per: 3.87
B.M,; Yield: 1.4725 g (70%); Melting Point: 2200 °C (dec.);
FTIR (ATR, cm1): 2696 (C-H), 1603 (C=Nim), 1578 (C=Nu-),
1314  (C-Ophen), 1680  (C=0), 1364  (COOvena);
Analyzed/Found: C: 60.81,H: 3.94, Cr: 7.28,N: 9.82,0: 13.47,
S: 4.48.

Complex (IX): Ma = 2143.64 g, Dark red solid; pes: 1.84
B.M,; Yield: 1.6292 g (76%); Melting Point: 2200 °C (dec.);

Cl N\ Cl N
ﬁ‘/ . o
NN

Y HO
Cl
4-hydroxybenzaldehyde
an

2,4,6-trichoro-1,3,5-triazine

@

FTIR (ATR, cm): 2924, 3010, 3043 (C-H), 1603 (C=Nim),
1578 (C=Nuz), 1314 (C-Ophen), 1696 (C=0), 1376 (COObena);
Analyzed/Found: C: 60.48, H: 3.92, Fe: 7.79,N: 9.80, 0: 13.40,
S: 4.46.

3. Results and Discussion

In this study, 2,4,6-trichloro-1,3,5-triazine (Cyanuric
chloride) was used as the starting material. According to the
literature, to obtain 2,4,6-tri(p-formylphenoxy)-1,3,5-
triazine (TRIPOD), cyanuric chloride (CC) was reacted with
4-hydroxybenzaldehyde in a benzene
environment(Tahmassebi and Sasaki, 1994). After this stage,
TRIPPOD was used as the central compound. TRIPOD was
reacted with 6-aminopenicillanic acid in the presence of
diisopropylethylamine (DIPEA) in an ethyl alcohol media
under reflux to obtain compound (V). Tripodal complexes
(VI-IX) were obtained from the reaction of the tripodal ligand
and [Cr/Fe(Salen/Saloph)]20 initial complexes in an ethanol
media (Scheme 1). The structures of the obtained ligands
were elucidated by H-NMR, FT-IR, elemental analysis, and
mass spectroscopy methods. The structures of all obtained
complexes were characterized by FTIR, magnetic
susceptibility, elemental analysis, and ICP-OES methods.
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Scheme 1. (6-APA)3TRP synthesis réaction.
3.1. Evaluation of 'H and 13C NMR spectra

When we examined the H-NMR spectrum of the ligand
(V) synthesized in our study, the H NMR signal observed as
76
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a multipletat 1.20 ppm corresponds to 18 protons, which are
the methyl groups attached to the three thiazolidine rings
(Hs). The observation of the protons He and Hq on the beta-
lactam ring separately as doublets at 2.97 and 3.88 ppm,
respectively, and the observation of three Hn protons in the
acid group attached to the thiazolidine ring as a singlet at
10.98 ppm, the observation of three Hg protons as a singlet at
3.49 ppm, and most importantly, the observation of a singlet
signal corresponding to three Hc protons at 8.52 ppm, and
the absence of the singlet signal for TRIPOD at 10.00 ppm, as
well as the observation of aromatic signals Ha and Hy as
doublets at 6.96 ppm and 7.75 ppm, respectively, have
shown that the targeted ligand has been successfully
synthesized (Figure 1) (Yuste et al, 2009; Kog, 2011;
Hacioglu, 2014; Yabalak et al.,, 2017; Agathian et al., 2018;
Isci and Uysal, 2018; Wu et al., 2018; Kiymaz and Uysal,
2023).

The 13C NMR signals observed at 182.38 ppm (3C),
171.85 ppm (3C), 170.58 ppm (3C), 161.49 ppm (3C), 155.53
ppm (3C), 132.14 ppm (3C), 130.83 ppm (6C), 121.05 ppm
(6C), 79.50 ppm (3C), 73.90 ppm (3C), 68.50 ppm (3C), 64.10
ppm (3C), and 29.80 ppm (6C) are also strong evidence that
ligand V was successfully synthesized (Figure 2).
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Figure 1. 'H-NMR spectrum of compound (V).

Figure 2. 13C-NMR spectrum of compound (V).
3.2. Evaluation of FT-IR spectra

In our study, when we examined the FT-IR spectrum of
the ligand (V), the observation of the azomethine (-C=N-)
band at 1604 cm! instead of the C=0 band at 1695 cm! for
TRIPOD (III), and the NHz bending band at 1620 cm! for 6-
aminopenisilanic acid (III), along with the specific bands at
1684 cm'! for the beta-lactam group and at 1761 cm'! for the
acid carbonyl of compound (V) demonstrate the successful
synthesis of the target tripodal ligand (Figure 3)(Yuste et al.,
2009; Kog, 2011; Hacioglu, 2014; Yabalak et al, 2017;
Agathian et al,, 2018; Isci and Uysal, 2018; Wu et al,, 2018;
Kiymaz and Uysal, 2023).
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Figure 3. FT-IR spectrum of compound V.

[M(Salen/Saloph)] (M=Cr3*+ and Fe3*) capped tripodal
trinuclear complexes were obtained from the reaction of the
ligand and 1.5 equimolar amounts of [(MSalen/Saloph):0] in
methanol medium. When we examined the FT-IR spectra of
these tripodal homonuclear [M(Salen/Saloph)] capped
complexes, the observed band at 1761 cm'! for the carboxylic
acid carbonyl group (C=0) shifted to the range of 1737-1741
cm'l, demonstrating complexation between the caps and the
ligand. FTIR spectra of all complexes were given in Figure 4
(Kopel et al, 1998; Uysal and ismet Ucan, 2009; isci and
Uysal, 2018; Kiymaz and Uysal, 2023).

VD

(Vi)

(VIID)

(IX)

Figure 4. FTIR spectra of all complexes.
3.3. Evaluation of ESI-MS spectrum for ligand V

When the ESI-MS spectrum of ligand V is examined, the
signal at m/z = 1035.30 (100%) is associated to the
molecular ion peak. Since the device works with the electron
spray ionization principle, the fragments formed as a result
of the molecule decomposition are also associated to the
signals at 716.17 (% 44), and 413.07 (% 28) in the spectrum.
The predicted formulas of the corresponding molecules due
to aforementioned signals are shown in Figure 5.
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Figure 5. ESI-MS spectrum of compound V.
3.4. Evaluation of magnetic susceptibility results

In our study, magnetic susceptibility values of all
synthesized tripodal trinuclear complexes were measured at
room temperature using a Gouy balance to determine their
molecular geometries. The effective magnetic moments, e,
per metal atom were calculated from the expression: s =
2.84\/X_MT B.M., where Xu is the molar susceptibility. The
molar magnetic susceptibility (per) values of all complexes in
terms of Bohr magneton (B.M.) are given below.

Complexes VI and VIII were measured paramagnetically,
each having values of 3.84 and 3.87 B.M,, respectively, with a
tzg’eg? electron configuration for each Cr(III) ion. Similarly,
complexes VII and IX with d5 electron configuration, were
measured paramagnetically, each having values of 1.83 and
1.84 B.M,, respectively, with a tzg°eg® electron configuration
for each Fe(Ill) ion. According to our literature research,
[M(Salen/Saloph)20] complexes are high spin complexes
with a t2g3eg? electron configuration, and it is known that
another ligand can coordinate with them. Therefore, they are
referred to as ligand complexes. When another monodentate
ligand coordinates with these ligand complexes, their
electronic configurations remain the same, but when a
bidentate ligand coordinates with both teeth, it transitions to
a low-spin electronic configuration. In other words, when
other ligands coordinated to the centers of these ligand
complexes force the metal ion into an octahedral geometry,
low spin-capped complexes are formed. According to the
results, [M(Salen/Saloph)] (M=Cr3* and Fe3*) capped
tripodal homonuclear complexes were evaluated as having
octahedral geometry since they are low-spin
complexes(Uysal and ismet U¢an, 2009; Uysal and Koc, 2010;
Isciand Uysal, 2018; Uysal and Kog, 2018; Mahamoud Aouled
and Uysal, 2021; Aouled and Uysal, 2023; Kiymaz and Uysal,
2023)

3.5. Assessment of TGA results of some complexes

In our study, one of the complexes we obtained
(Compound VII), thermogravimetric analysis (TGA) was
performed under an Nz atmosphere with a heating rate of
10°C/min in the range of 50-800°C to determine the thermal
behaviours (Figure 6). From the thermogravimetric analysis
graph of the compound (VII), it is observed that the
decomposition occurs in three steps. In the first step, with a
5.00% weight loss, the CO2 group is detached from the
molecule and the FeSalen caps are separated from the main
body(Uysal and Ismet Ucan, 2009; Uysal and Koc, 2010; Isci
and Uysal, 2018; Uysal and Kog, 2018; Mahamoud Aouled
and Uysal, 2021; Aouled and Uysal, 2023; Kiymaz and Uysal,
2023). The theoretical weight loss at this step is 6.60%. In the
second step, with a 42.00% weight loss, the organic structure
attached to the center is separated from the medium. The
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theoretical weight loss at this step is 41.16%. In the final step,
a 34.00% weight loss indicates the decomposition of the
salen group bound to iron. The theoretical weight loss at this
step is 35.15%. Since the heating process was terminated at
800°C, further weight losses could not be observed. Upon
FTIR and ICP-OES analysis of the remaining substances from
the TGA analysis, it was determined that the remaining
substances after decomposition were cyanide chloride
center and Fe:0s. This experimental data are in good
harmony with the theoretical data.
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Figure 6. TGA curve of the complex (VII).
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4., Conclusion

In this work, a novel s-triazine based tripodal 6-
iminopenicylanic acid ligand (V) was adeptly synthesized
and meticulously characterized through the application of
elemental analysis, 'H NMR, FTIR spectroscopy, and
thermogravimetric analysis. [M(Salen/Saloph)] capped
trinuclear complexes complexes (VI-IX) of this ligand were
synthesized in ethanol media. Their structures were
characterized using FTIR spectroscopy, metal concentration
determination by ICP-OES spectroscopy, magneto chemical
analysis, and thermogravimetric analysis. From the TGA
result, it was understood that the resulting complexes
showed high thermal stability. All Cr+3 complexes were found
to be paramagnetic with three unpaired electron, and each
Cr3+ ion was characterized as an inner orbital complex with
a tzg’eg? electron configuration. Similarly, the Fe3* complexes
were also paramagnetic with a low-spin 1 unpaired electron,
and each Fe3* ion formed an inner orbital complex with a
tzg°eg0 electron configuration.
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