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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 Katkilar:: Seffaflik icin yazarlary, 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), yili, raporun adi,
raporu hazirlayan kurulusun kisa adi ve rapor numarasi (italik), yayinlandig1 yer (italik), sayfa aralig1.

De Castro, L. N. and Von Zuben, F. J., (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 gésteriniz.

« 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 ¢oziintirliikkte 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 icerisinde 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.
References that are not given in their original language can be given in Turkish or English. However, in this case, the original language
of the source should be specified in parentheses.

« If the source is an article: Author's surname, initials., year, title of the article, name of the journal (italic), volume number (if any),
page range.

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

« If the source is a book: Author's surname, initial(s), year, name of the book, volume number, editor(s) / translation editors, if any,
place of publication (italics), place of publication, page range.

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

Note: In translated books, the publication date of the translated book, not the original book, will be taken as a basis.

« If the source is the printed thesis: Author's surname, initial(s). (year), Title of the Thesis”, Type of Thesis (Master/PhD), Graduate
School of the Thesis (italics), place of submission, page range.

« If the source is taken from the congress: Author's surname, initial(s), year, Name of the Paper, name of the congress, seminar or
conference (italic), place, page range in the proceedings book.

Giines, S. and Polat, K., (2009), Medical diagnostic support system based on the use of least square support vector machines in
electrocardiogram (ECG) arrhythmia diagnosis, 13th Biomedical Engineering National Meeting, BTYOMUT-2009, istanbul, 170-173.

« If the source is taken from the report: Author's surname, initial(s) (if the report is a legal entity, the name of the organization), year,
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1. Giris

1900 yilinda Alman kimyaci Friedrich Ernst Dorn
tarafindan ilk kez bulundugu kabul edilen Radon gazi aslinda
ilk kez 1898 yilinda tinlii fizik¢i Ernest Rutherford tarafindan
kesfedilmistir. Radon 8A grubunda bulunan ve en son
kesfedilen asal gazdir. Normal sicaklik ve atmosfer
basincinda gozle goriilmeyen, renksiz, tatsiz, kokusuz bir
gazdir. Havadan 7,5 kat, hidrojenden de 100 kat agir olan
radon gazi dogada tek atomlu sekilde bulunur (Villalba ve
ark., 2005). Suda ¢6ziinebilen radon yerkiirede bulunan 238U
dogal bozunum zincirinde yer alir ve yeralti sularina geger.
Yeralti sularinin sicaklik ve pH degeri radonun
¢Oziinlirligiini etkileyen faktoérlerdendir (Schubert ve ark,,
2012; Ting ve ark., 2022). Dolayisiyla yerin derinliklerinde
uranyum icerigi yiiksek olan noktalarda bulunan yeralti
sularinda jeolojik olusumlara (fay hatlari gibi) da bagl olarak
radon igerigi yliksek seviyelere ulasabilmektedir. Ayrica
yeralt1 sularinin temas halinde oldugu asidik ve magmatik
gibi kayaclarin yiiksek seviyede radyoizotop icermesi de bu
sulardaki radon aktivite konsantrasyonunu artirici etki
gostermektedir (UNSCEAR, 2000). Yerin derinliklerinden
gelen nispeten sicak, mineralli ve yiliksek radon
potansiyeline sahip bu tir yeralti sular1 o6zellikle fay
bolgelerinde fay catlaklarini izleyerek yiizeye ¢ikmaktadir ve
bu tiir sular termal su kaynaklarini olusturmaktadir. Bu
kaynaklarin oldugu boélgelerde genellikle termal isletmeler
kurulup bélge halkinin faydasina kullanildigi gibi toplumun
mineralli su ihtiyacinin karsilanmasi da saglanmaktadir.
Halk yararina yapilan bu tiir isletmeler, kullandiklar1 yeralti
sularindaki radon igerigine bagh olarak halk saghgi
bakimindan bazi riskler de igerebilmektedir. Séyle Kki;
Radonun sudan havaya da ge¢me egilimi oldugu i¢in yiiksek
radon aktivite konsantrasyonuna sahip termal sular termal
isletmelerin kapali ortam radon aktivite konsantrasyonunu
artirici etki de yapmaktadir (UNSCEAR, 2000). Yiiksek radon
iceren bu tiir su kaynaklarinin igme yoluyla tiiketilmesi viicut
ici 1sinlamadan kaynaklanan doza ek katki yapacaktir.
Yiiksek radon igerikli sularin i¢ilmesi ya da kullanima (ev ya
da termal isletme) bagli olarak kapali ortam radon seviyesini
artirmast bu sular1 kullananlar ag¢isindan saghk riski
olusturabilir. Bu sebepten belli periyotlar ile halk tarafindan
siklikla kullanilan sularda radon aktivite olglimlerinin
yapilmasi dnemlidir.

Bu ¢alismada, Kuzey Anadolu Fay zonu ile Ovacik Fay
zonunun Kkesistigi bolgede yeralan, olduk¢a zengin su
kaynaklarina sahip Erzincan bolgesinde belirlenen
kaynaklarda 2023 yili yaz ve kis mevsimlerinde radon
aktivite 6l¢limleri gercgeklestirilmistir. Boylece bdlge halki
tarafindan ¢okg¢a tiiketilen su kaynaklarinin radon
aktivitelerinin  belirlenmesinin ~ yaninda  mevsimsel
degisimleri de belirlenmistir. Ayrica bélge halkinin radona
bagla aldig1 radyasyon dozu tahminleri de hesaplanmistir.

2. Materyal ve Metot
2.1. Calisma bélgesi

Sekil 1’de goriildiigii gibi Erzincan sehri Tiirkiye’nin dogu
bolgesinde Kuzey Anadolu Fay zonu ile Ovacik Fay zonunun
kesistigi bolgede bulunmaktadir. Kuzey Anadolu Fay1 (KAF),
Erzincan Ovasr'ni kuzeyden sinirlar ve sag yonlii dogrultu
atimh bir fay karakterindedir. Erzincan’in giineyinde ise sol
yonli, kuzeydogu-giineybati dogrultulu ve birbirine kosut
faylardan olusan Ovacik Fay zonu (OF) bulunmaktadir. Bu
faylarin tiimii yaklasik kuzey-giiney dogrultulu bir
sikismanin giidiimiinde olusmustur. Bu sistem makro olarak

gozetildiginde, Erzincan Ovasr’nin da tipki Karliova gibi
Anadolu levhasinin batiya dogru devinimi ile acildig1
izlenimini olusturmaktadir(Boz ve Yilmaz, 2020).

Kuzey Anadolu Fay1 (KAF) ile Ovacik Fayi’min (OF)
kesisim bolgesinde yer alan Erzincan, bolge halki tarafindan
bolca tiliketilen su kaynaklarina sahiptir. Hatta bu su
kaynaklarindan mineralli sularin ticari bir kurulus ile tim
Tirkiye dagitimi yapilmaktadir. Bunun yaninda Erzincan’'in
fay zonlar1 boélgesinde yer almasi, tarihi boyunca gesitli
biiyiikliiklerde depremler yasamasina sebep olmustur.
Ozellikle, 1939 ve 1992 yillarinda meydana gelen depremler,
insanlar ve yapilar lizerinde dnemli derecede can ve mal
kayiplarina neden olmustur.

Bu c¢alismada belirlenen su kaynaklarindan 4 tanesi
Erzincan’in merkezinde bulunan Eksisu mesire alaninda yer
almaktadir. Bu alandaki kaynaklarin 3 tanesi bélge halki
tarafindan sifali olarak bilinen dogal maden suyu ¢esmeleri,
1 tanesi ise kaplica suyudur. Bir diger dogal maden suyu
kaynag ise ticari bir isletme tarafindan ¢ikarilmakta ve
Akyazi beldesinde bulunmaktadir. Diger su kaynaklari ise
Otlukbeli traverten golii civarinda ve Ilic ilcesi
Biiylikarmudan Kéyii'nde bulunmaktadir. Su kaynaklarinin
konumlari Sekil 2’de verilmistir.

3

N

-
Ankara
TURKIYE

Sekil 1. Erzincan bolgesi ve fay hatlar1 (Emre ve ark.,, 2012) (Boz ve
Yilmaz, 2020).

2.2. Suda radon aktivitesi él¢ctimii

Belirlenen lokasyonlar i¢in yaz dénemi 6l¢iimleri 2023
yillinin Temmuz ayinin ikinci haftasinda gergeklestirilmis
olup su kaynaklarindan alinan su o6rnekleri cam kaplara
icinde hava kalmayacak sekilde doldurulup kapaklari sikica
kapatilarak 6l¢iim noktasina zaman kaybetmeden transfer
edilmistir. Ol¢iim sisteminin kuruldugu konuma yakin olan
su oOrneklerinin radon aktiviteleri birka¢ saat icinde
belirlenirken uzak lokasyonlardaki su orneklerinin radon
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aktiviteleri ise ortalama bir giin icerisinde belirlenmistir. Su
ornekleri alinirken sicakliklar1 da 6l¢iilerek kaydedilmistir.
Ol¢iim noktasina getirilen su érneklerinin radon aktiviteleri,
kalibrasyon sertifikasina sahip AlphaGUARD PQ 2000PRO

radon detektorii ve AquaKIT sistemi kullanilarak asagida
belirtilen yontem ile belirlenmistir (Kochowska ve ark,
2004; Schubert ve ark., 2006).

e - e
i 'f" -
e
Cayirll
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2 s
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Sekil 3’te verilen kapali dongiiye sahip 6l¢iim diizenegi
kurulduktan sonra AlphaGUARD sayaci agilir ve 6l¢lim modu
‘1 min FLOW (1 dakikalik akis mod)’ olarak secilir. Numune
sisesi olan aritma sisesine su 6rnegi doldurulmadan 6énce
detektor ile 10 dakikalik 6l¢lim alinir. Bu d6l¢iim degeri dogal
fon degeri olarak kaydedilir (bu deger Denklem 1’deki Co
degeridir). Sonrasinda aritma ve giivenlik siselerinin su
kanallar1 ayarlanip plastik enjektor kullanilarak 100 ml’lik
numune yavase¢a aritma sisesi icine bosaltilir ve sonrasinda
su kanallar1 kapali déngii formuna getirilir. Pompanin
(AlphaPUMP) performans seviyesi ‘1 L/min’ hava akis
oranina ayarlanip pompa agilirarak élgiime baslanir. Olgtim
basladiktan 10 dakika sonra pompa kapatilir, fakat
AlphaGUARD cihazi radon 6l¢limiiniin devam etmesi i¢in 20
dakika daha ag¢ik birakilir. Bu 30 dakikalik 6l¢lim siirecinde
elde edilen veri Denklem 1'de verilen Cair degerine karsilik
gelir. Boylece su érneginin radon aktivitesinin belirlenmesi
icin ilk 6l¢tim tamamlanmis olur. Olgiim boyunca depolanan
verilerin  bilimsel yorumlarinin yapilabilmesi i¢in
AlphaGUARD bilgisayara baglanir ve veri analiz yazilimi
(AlphaEXPERT) ile birlikte ¢calisir.

Her su drneginin icindeki radon aktivite konsantrasyonu
Denklem (1) kullanilarak gerceklestirilmistir.

" —V.
Carr snst:;fl ornek +k)—C0

CR = ornek
n 1000 (Denklem 1)

Sekil 3. Suda radon aktivitesi 6l¢iim diizenegi.

Burada,
Crn: Su 6rneginin radon aktivite konsantrasyonu (Bq/L);
Cair: Olglim sonucunda cihazda belirtilen konsantrasyon
degeri (Bq/m3);
Co: Arka plan (dogal fon) konsantrasyonu (Bq/m3);
Vsistem: Olglim sisteminin dahili hacmi (1102 mL);
Vémek: Su 6rneginin hacmi (100 mL);
k: Radon yayilma katsayisi
degerlerini gostermektedir. Ayrica her bir érnegin radon
aktivite degerleri kullanilarak standart hata hesab1 yapilmis
ve pH degeri de belirlenmistir. Su 6rneklerinin pH 6l¢iimleri
HANNA marka pH 6l¢lim sistemi ile gergeklestirilmistir.
Radon aktivite konsantrasyonu ol¢iimleri yapilan su
kaynaklarinin igcme yoluyla tiiketimine bagh (yilda o
kaynaktan 60 litre) alinan yillik etkin doz (YED) degeri mSv
biriminde Denklem (2) ile hesaplanmistir (UNSCEAR, 2000).
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Denklem 2’de ilk terim Crn, su numunesinin Bq/L biriminde
radon aktivite konsantrasyonunu, ikinci terim radon aktivite
konsantrasyonu o6lgiilen su kaynaginin yillik 60 litre
tiiketildigi durumunu, Uglincli terim hacim birimindeki
doniislimii, son terim ise doz doniisim katsayisini
gostermektedir.

YED (igme) = Crnx(60 litre/y11)x(10-3 m3/litre)x(3.5 nSv/Bq)
(Denklem 2)

Kis mevsimi dlglimleri 5-8 Ocak 2024 ve 27 Subat 2024
tarihlerinde gercgeklestirilmis olup radon ve pH odl¢limleri,
yaz mevsimi Ol¢limlerinde oldugu gibi ayni metot ile
belirlenmis, standart hata ve yillik etkin doz degerleri de
hesaplanarak 2024 yili kis mevsimi verileri tamamlanmistir.

3. Sonuglar ve Tartisma

Calisma bolgesinden yaz ve kis mevsiminde elde edilen
veriler Tablo 1 ve Tablo 2’de verilmistir. Bu verilere gore,
yaz mevsiminde alinan su 6rneklerinin en yiliksek radon
aktivitesi 5,06 Bq.l! ile ticari dogal maden suyu isletmesinde
iken en diisik radon aktivitesi ise Erzincan belediye
kaplicasindan alinan su o6rneginde 0,17 Bql?! olarak
belirlenmistir. Bu degerlere baglh olarak bu su kaynaklarinin
icilmesi yolu ile alinan yillik etkin doz degeri en ytiksek 1,1
uSv ile ticari maden suyu isletmesinde iken en diisiik doz
degeri 0,04 uSv ile Erzincan belediye kaplicasindan alinan su
orneginde belirlenmistir. Kis mevsiminde alinan su érnekleri
icin ise en yiiksek radon aktivitesi 6,70 Bq.l! ile ticari maden
suyu isletmesinde iken en diisiik radon aktivitesi ise

Erzincan belediye kaplicasindan alinan su 6rneginde 0,3
Bq.I! olarak belirlenmistir. Bu degerlere bagh olarak bu su
kaynaklarinin i¢ilmesi yolu ile alinan yillik etkin doz degeri
en yliksek 1,4 uSv ile ticari maden suyu isletmesinde iken en
disik doz degeri 0,06 pSv ile Erzincan belediye
kaplicasindan alinan su 6rneginde belirlenmistir. Elde edilen
sonuglara goére yaz mevsimi dl¢limlerinin ortalama degeri
2,19 Bq.l? olarak belirlenirken kis mevsimi 6l¢iimlerinin
ortalamasi 2,71 Bq.l? olarak belirlenmistir. Sonuglarda
o6nemli bir mevsimsel degisim gézlenmemekle birlikte yaz
mevsimi dl¢limlerinde nispeten daha diisiik ortalama deger
gozlenmistir. Bu durum, bahar mevsiminde yagan
yagmurlarin yeralti sularina karismasina bagl olarak su
orneklerinin yaz mevsimi radon aktivite degerlerini
etkilemesi ile a¢iklanabilir. Su 6rneklerinin pH degerlerinde
¢ok hafif mevsimsel degisimler gozlense de (yaklasik %10
civari) bu degisimin su 6rneklerinin radon aktivitesi ile bariz
bir iliskisi gozilkmemektedir. Ayrica, bélgenin KAF ve OF gibi
onemli fay zonlar1 iizerinde yer almasi yani olasi depremlere
gebe olmasi elde edilen verileri 6nemli kilmaktadir. Ciinkii
olas1 depremler yani sismik aktiviteler yer Kkiiredeki
kayaglardan radon salinimini artirabilmekte ve bu artis
yeralt1 sularinin radon aktivitelerine de yansiyabilmektedir.
Bu durum olas1 depremler sonrasinda toprak gazi ve yeralti
sular1 radon seviyelerinde anomaliler olusturabilmektedir
(Woith, 2015; Manisa ve ark. 2022; Sandikcioglu Giimiis,
2024). Bu sebepten Erzincan bolgesinde olabilecek olasi
depremlerin yeralt1 sularinda olusturabilecegi olasi radon
anomalilerinin anlasilmasi agisindan elde edilen bu veriler
o6nemli olacaktir.

Tablo 1. Su érneklerinin yaz ve kis mevsimine ait radon aktivite verileri ve icmeye bagh yillik etkin doz degerleri

No Konumlar Yaz Mevsimi Yaz Mevsimi Kis Mevsimi Kis Mevsimi
Rn Aktivitesi (Bq.I1+SH) Yillik Etkin Doz (uSv)  Rn Aktivitesi (Bq.I''+SH)  Yillik Etkin Doz (uSv)
(icme Yoluyla) (icme Yoluyla)
1  Otlukbeli (Erzincan) 0,95+ 0,1 0,2 2,52+0,12 0,53
2 Dogal Maden Suyu (Eksisu) 2,68+0,27 0,6 3,04+0,07 0,6
3 Erzincan Kaplicalari 0,17+0,04 0,04 0,3+0,07 0,06
4 Horhor Cesmesi (Eksisu) 1,93+0,11 0,4 1,95+0,01 0,4
5  Ayak Havuzu (Eksisu) 3,30+0,12 0,7 3,80+0,34 0,8
6 Dogal Maden Suyu (Ticari isleme- 5,06+0,11 1,1 6,70+0,25 1,4
Erzincan)
7 Biiyiikarmudan Koyii (ili(;/Erzincan) 1,24+0,08 0,3 0,66+0,03 0,1
Tablo 2. Su kaynaklarindan alinan 6rneklerin kis ve yaz mevsimlerindeki sicaklik ve pH degerleri
No Konumlar Yaz Mevsimi Kis Mevsimi
T(°C) pH T(°C) pH

1 Otlukbeli (Erzincan) 16,9 8,3 14,7 7,9
2 Dogal Maden Suyu (Eksisu) 13,8 6 21,2 6,3
3 Erzincan Kaplicalari 35,1 7 33,8 7,1
4 Horhor Kaynak Suyu (Eksisu) 19,9 6,4 19,6 6,9
5 Ayak Havuzu (Eksisu) 15 7,1 23 6,4
6 Dogal Maden Suyu (Ticari Isleme-Erzincan) 18,1 7,3 7 6,6
7 Biiyiikarmudan Kéyii (ilic/Erzincan) 12,9 7 14,6 7,4

Calisma bolgesindeki su kaynaklarinda 6zellikle Eksisu
mesire alaninda bulunan su kaynaklar: bélge ve civarindaki
halk tarafindan oldukg¢a fazla tiiketildigi gibi ticari maden
suyu isletmesi tarafindan iretilen maden sularinin
Tirkiye'nin hemen hemen tiim sehirlerine dagitimini
gerceklestirmektedir. Bu sebepten bu su kaynaklarinin
radon aktivitesi degerleri halk sagligi bakimindan oldukg¢a
onem gostermektedir. Su 6rneklerinin radon aktivite degeri
Tablo 1'de de gorildiigii tizere, WHO (World Health
Organization:Diinya Saglik Orgiitii) tarafindan tavsiye edilen
icme sular1 radon aktivitesinin {ist sinir 100 Bq.l'* degerinin
(WHO, 2008) ve USEPA (United State Environmental
Protection Agency: Amerika Birlesik Devletleri Cevre

Koruma Kurumu) tarafindan tavsiye edilen 11.1 Bq.l! st
sinir degerinin (USEPA, 1991) oldukga altinda bulunmustur.
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1. Introduction

Medicinal and aromatic plants have played a pivotal role
in improving human health, forming the foundation of
traditional medicine practices globally. The World Health
Organization (WHO) estimates that approximately 80% of
the global population relies on herbal medicines for primary
healthcare, with these plants contributing over 25% of the
world’s pharmaceuticals (Farnsworth, 1984; Mukherjee and
Wahile, 2006; Rawat et al., 2023; Tripathi, 2002). Given their
immense therapeutic potential, there has been a growing
focus on the pharmacological research of medicinal plants,
particularly their physiological and pharmacological effects
(Rawat et al,, 2023; Thakur et al., 2023; Thapa et al.,, 2022;
Yue etal., 2021).

One noteworthy genus in this context is Silene L.
(Caryophyllaceae), which comprises 150 taxa in Turkey, 67
of which are endemic (Boga, 2017). Known by various local
names such as “Nakil c¢icegi” and “Givisganotu,” Silene
species have been traditionally used in Anatolia for treating
urinary bladder and biliary tract diseases, and Silene vulgaris
is even consumed as food in regions of Anatolia and Europe
(Baytop, 1984; Laghetti and Perrino, 1994). The therapeutic
potential of Silene species is largely attributed to their rich
content of triterpene saponins and ecdysteroids, with the
latter found in over 120 species of Silene. These compounds
exhibit immunosuppressive, anti-inflammatory, and
anticancer properties, making them promising candidates
for drug development (Gaidi et al., 2002; Gasiorowski et al.,
1999; Glensk et al., 1999; Zibareva et al., 2009). Additionally,
research into the fatty acid and essential oil composition of
various Silene species further underscores their medicinal
value (Bajpai et al, 2008; Kucukboyaci et al, 2010;
Mamadalieva et al., 2010).

The antioxidant properties of many plants also play a
critical role in protecting cells from the harmful effects of
reactive oxygen species (ROS), which are linked to various
human diseases. Studies have shown an inverse relationship
between the consumption of antioxidant-rich plants and the
prevalence of certain diseases, highlighting the importance
of medicinal plants in health care (Dasgupta and De, 2007;
Rice-evans et al,, 1995). This is particularly relevant in the
current global trade environment, where oxidative stress is
recognized as a major health concern (Padmaja et al., 2011).

Alzheimer's disease (AD), first identified by Alois
Alzheimer in 1907, is a progressive neurodegenerative
disorder affecting over 20 million people worldwide. The
disease's prevalence increases with age, significantly
impacting the elderly population (Bachurin, 2003;
Colombres et al., 2004). The cholinergic hypothesis links AD
to reduced acetylcholine (ACh) levels, resulting from its
rapid degradation by acetylcholinesterase (AChE) in key
brain regions involved in memory and learning, such as the
hippocampus and neocortex (Ladner and Lee, 1998).
Meanwhile, the amyloid hypothesis suggests that AChE also
promotes beta-amyloid (AB) deposition, leading to the
formation of senile plaques and neurofibrillary tangles,
which are characteristic of AD (Castro and Martinez, 2001;
Selkoe, 2002). Butyrylcholinesterase (BuChE), another
enzyme involved in ACh hydrolysis, shows increased activity
in AD-affected brain areas and contributes to A aggregation
during plaque formation (Anand and Singh, 2013). Given
these findings, inhibiting both AChE and BuChE has become
a key therapeutic strategy for managing AD, though current
AChE inhibitors like donepezil and rivastigmine offer limited
effectiveness and come with potential side effects (Anand
and Singh, 2012). Consequently, there is an ongoing search

for more potent, selective cholinesterase inhibitors, with
plant-based compounds showing particular promise (Anand
and Singh, 2013).

Similarly, in the context of type 2 diabetes (T2D), where
hyperglycemia results from inadequate insulin secretion or
increased insulin resistance, controlling postprandial
glucose levels is crucial. This can be achieved through the
inhibition of enzymes like o-glucosidase and a-amylase,
which reduce glucose absorption, and by using agents like
metformin to enhance glucose uptake in peripheral tissues
(Hirshman and Horton, 1990; Shulman, 2000; Yao et al,
2010). Plant polyphenols have emerged as valuable tools in
this approach, as they not only inhibit carbohydrate-
hydrolyzing enzymes but also promote glucose disposal,
offering a comprehensive strategy for managing T2D (de
Sousa et al,, 2004; Hanamura et al.,, 2005). Many traditionally
used plants for diabetes treatment contain bioactive
compounds, including anthraquinones and flavonol
glycosides, although scientific validation of their efficacy
remains limited (Rai et al., 1997; Thilagam et al., 2013).

Another area of interest in plant-based therapies is the
inhibition of tyrosinase, a copper-containing enzyme
involved in melanin production. Tyrosinase catalyzes the
hydroxylation of monophenols and the oxidation of
diphenols, leading to the formation of melanin pigments
(Ochiai et al., 2016). Overactivation of tyrosinase can result
in hyperpigmentation disorders, such as lentigo, melasma,
and age spots, as well as contributing to neurodegenerative
diseases like Parkinson's (Chen et al,, 2014; D'Mello et al,,
2016; Slominski et al., 2004). Although some tyrosinase
inhibitors, such as kojic acid and hydroquinone, are used
clinically, they have limitations, including cytotoxicity and
mutagenicity, necessitating the development of new, safer
inhibitors (Fujimoto et al., 1999; Ubeid et al., 2012). This has
driven research towards discovering novel compounds with
better safety profiles and effectiveness in inhibiting
tyrosinase (Joompang et al., 2020; Nie et al., 2017).

The present study aims to explore the chemical
composition and evaluate the antioxidant and enzyme
inhibitory activities of water, methanol, and ethyl acetate
extracts of Silene compacta. Given the limited existing
research on the biological activities of this species, as
evidenced by the sole reference to Boga (2017), the findings
from this study are anticipated to provide novel insights and
make a significant contribution to the literature, especially in
areas not previously investigated, thereby enriching the
understanding of Silene compacta's potential medicinal
properties.

2. Material and Methods
2.1. Plant material

The aerial parts of Silene compacta Fisch. ex Hornem were
collected in 2022 at an altitude of 800 meters from Mentese
village, Kavaklidere district, Mugla-Tiirkiye (37° 24' 86" N,
28° 26' 34.20" E). The specimen was identified by Dr. Olcay
CEYLAN from the Department of Biology at Mugla Sitki
Kog¢man University, and the type specimens are deposited in
the herbarium of the same department (Herbarium
numbers: 0.1836).

2.2. Preparation of extracts
The aerial parts of the plant were dried in an

environment with no direct sunlight and good air circulation
for several weeks. Subsequently, they were ground into
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small pieces using a laboratory blender and then subjected
to the extraction process. Ethyl acetate and methanol
extracts were prepared by macerating 5 grams of the plant
material in each solvent for 24 hours with continuous
stirring at 150 rpm. This process was repeated twice more.
The solvents were then removed by concentrating under
vacuum. The aqueous extract was prepared by treating a 5-
gram sample of the plant with 100 mL of boiling distilled
water for 15 minutes. After freezing the aqueous extract at -
18 °C, it was lyophilized. The extracts were stored at +4 °C
until use (Sarikurkcu et al.,, 2020b).

2.3. Determination of phenolic compositions of the
extracts

The total phenolic and flavonoid contents of the extracts
were quantified using spectroscopic methods (Zengin et al.,
2017). The detailed phytochemical profile was assessed
using a previously validated analytical procedure (Cittan and
Celik, 2018), with the analytical parameters detailed in
Tables 1 and 2 of the supplementary material.

2.4. Biological activity

Information regarding the antioxidant assays (Apaketal,,
2006; Kocak et al, 2016; Sarikurkcu et al, 2020a) and
enzyme inhibition activity tests (Sarikurkcu et al., 2018;

36

27 +

18 |-

mg GAEs/g extract

Methanol

Water Ethyl acetate

Total phenolic assay

Sarikurkcu et al,, 2020c) is provided in the supplementary
file.

2.5, Statistical analysis

Detailed information on the Relative Antioxidant
Capacity Index (RACI) (Sun and Tanumihardjo, 2007) and
the statistical analyses performed is available in the
supplementary file.

3. Results and Discussion
3.1. Chemical composition of S. compacta extracts

The total phenolic content of S. compacta extracts
demonstrated significant variability across different
solvents (Figure 1). The methanol extract exhibited the
highest phenolic content at 30.88 mg GAEs/g, which was
statistically distinct (p < 0.05) from the water and ethyl
acetate extracts, measuring 24.58 mg GAEs/g and 19.04 mg
GAEs/g, respectively. Similarly, the total flavonoid content
varied significantly among the extracts, with the methanol
extract again showing the highest concentration at 50.19 mg
REs/g. This was significantly higher than the water and ethyl
acetate extracts, which contained 12.31 mg REs/g and 1.58
mg REs/g, respectively.

Water Methanol Ethyl acetate

Total flavonoid assay

Figure 1. Total phenolic and flavonoid contents of Silene compacta extracts. REs and GAEs: Rutin and gallic acid equivalents, respectively. Values
indicated by the same superscripts are not different from the honestly significant difference after Tukey's hoc test at 5% significance level.

Comparing the two groups, it is evident that methanol is
a superior solvent for extracting both phenolic and flavonoid
compounds from S. compacta. The water extract, although
significantly lower in flavonoid content, still retained a
relatively high phenolic content, indicating a more balanced
extraction profile compared to the ethyl acetate extract,
which showed the lowest levels of both phenolic and
flavonoid compounds. This suggests that methanol might be
more effective in extracting bioactive compounds with
potential antioxidant properties, while water may offer a
more moderate yield, and ethyl acetate appears to be less
efficient for this purpose.

The chemical composition of S. compacta extracts varied
significantly depending on the solvent used (Table 1).
Methanol extract demonstrated the highest concentrations
for several phytochemicals, notably ferulic acid (974 pg/g),

p-coumaric acid (355 pg/g), 4-hydroxybenzoic acid (181
Table 1.

10

ug/g), vanillic acid (155 pg/g), and protocatechuic acid (151
ug/g), indicating methanol's effectiveness in extracting
polyphenolic compounds. In contrast, water extract showed
the highest concentration of p-coumaric acid (900 pug/g) and
ferulic acid (2235 pg/g), while the ethyl acetate extract had
the lowest concentrations for most compounds, such as
hesperidin (0.6 pg/g) and hyperoside (2.0 pg/g).

The differences in the phytochemical content among the
extracts can be attributed to the polarity of the solvents.
Methanol, a highly polar solvent, efficiently extracted
polyphenolic compounds, which are generally polar. The
water extract, while also polar, favored the extraction of
acids like p-coumaric and ferulic acid, which are highly
abundant in this extract. Ethyl acetate, a less polar solvent,
was less effective in extracting polar compounds, resulting in
lower concentrations of most phytochemicals.
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Table 1. Concentration (ug/g extract) of selected phenolic compounds in Silene compacta extracts.

Compound Water Methanol Ethyl acetate
Gallic acid 4.4+0.1> 9.4+0.12 3.840.1¢
Protocatechuic acid 60.4£0.5P 151+1a 13.3+0.9¢
3,4-Dihydroxyphenylacetic acid 13.5+0.1° 15.1+0.42 13.6+0.5%
Pyrocatechol 33.1+2.22 33.7+0.62 35.6+0.22
(+)-Catechin nd 149+62 nd
Chlorogenic acid 4.2+0.12 5.5+0.12 4.5+0.1°
(-)-Epicatechin 2.5£0.2b 4.5+0.22 2.3+0.1b
2,5-Dihydroxybenzoic acid 11.7+0.3 11.9+0.1° 14.2+0.62
4-Hydroxybenzoic acid 146+3b 181452 28.9+0.1¢
Vanillic acid 190492 155+1a 1704122
Caffeic acid 31.5+0.52 29.2+0.3b 16.4+0.4¢
Syringic acid 6.6+0.4b 10.5+1.22 4.0+0.1>
3-Hydroxybenzoic acid 12.6+1.2b 17.9+1.12 14.7+1.02
Vanillin 35.4+2.3¢ 79.8+1.9a 52.1+0.4b
Verbascoside 5.6+0.1¢ 11.0£0.12 6.1+0.1b
Taxifolin 7.2+0.1b 10.7+0.32 7.5+0.1b
p-Coumaric acid 90062 355+3b 30.3%1.3¢
Sinapic acid 5.2+0.2b 37.8+2.32 5.1+0.4>
Ferulic acid 2235+12a 974+6b 50.2+0.5¢
Luteolin 7-glucoside nd 122.243.62 nd
Hyperoside 26.9+1.0b 86.4+0.82 2.0£0.1¢
Hesperidin 1.4+0.2b 113#1a 0.6+0.1>
Rosmarinic acid 7.6+0.1b 8.0+0.3b 8.8+0.1a
Apigenin 7-glucoside 4.7+0.12 4.0+£0.1° nd
2-Hydroxycinnamic acid 8.8+0.22 2.0£0.1b 2.1+0.4>
Eriodictyol 16.2+1.02 15.4+0.12 10.2+0.3b
Pinoresinol 90.0£2.52 nd nd
Quercetin 1.4+0.1b 18.7+0.62 2.2+0.2b
Kaempferol nd nd nd
Luteolin 7.0£0.12 nd nd
Apigenin 8.0+0.22 nd nd

The values indicated by the same superscripts within the same row are not different according to the Tukey’s honestly significant difference post hoc test

at 5% significance level. nd: Not detected

This variation in extraction efficiency highlights the
importance of solvent selection in phytochemical studies,
particularly when targeting specific bioactive compounds.
The high levels of compounds such as ferulic acid and p-
coumaric acid in the water extract suggest potential
antioxidant activities, while the methanol extract's rich
content of flavonoids and other phenolics indicates its
possible utility in pharmacological applications.

When these findings are compared with the literature,
they show a degree of congruence with previously reported
data on other Silene species, yet also contribute novel
insights. For instance, Boga (2017) reported the presence of
similar phenolic acids in S. compacta, confirming that these
compounds are indeed characteristic of this species.
Additionally, Ouzounidou (1994) highlighted the importance
of phenolic compounds in the root and pigment composition
of S. compacta under stress conditions, further validating the
significance of these compounds as identified in the present
study. However, the current research also identifies certain
phytochemicals that have not been previously reported in
the literature, such as the high levels of ferulic acid in the
water extract. This finding is particularly noteworthy, as it
represents a novel contribution to the phytochemical profile
of S. compacta and provides new data for future reference in
the scientific literature.

Overall, the differences in phytochemical content among
the extracts underline the importance of solvent choice in
phytochemical studies, particularly when targeting specific
bioactive compounds. The identification of previously
unreported phytochemicals emphasizes the need for further
exploration of S. compacta and related species to fully
understand their chemical diversity and potential
applications.
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3.2. Antioxidant activity of S. compacta extracts

The antioxidant activities of the water, methanol, and
ethyl acetate extracts from S. compacta were evaluated using
multiple assays, revealing distinct differences based on the
solvent used (Figure 2). In the phosphomolybdenum assay,
ethyl acetate extract exhibited the highest activity (275.10
mg TEs/g), significantly surpassing methanol (189.30 mg
TEs/g) and water extracts (143.40 mg TEs/g). Conversely, in
the DPPH*® and ABTS* assays, methanol extract showed
superior radical scavenging ability, with values of 45.82 and
57.03 mg TEs/g, respectively. Notably, ethyl acetate extract
demonstrated lower scavenging activity in these assays.

The CUPRAC and FRAP assays also highlighted the
stronger reducing power of the methanol extract, recording
73.40 and 48.68 mg TEs/g, respectively, compared to water
and ethyl acetate extracts. However, in the ferrous ion
chelating assay, the methanol extract again showed the
highest chelating activity (19.12 mg EDTAEs/g).

The varying antioxidant activities across the assays can
be linked to the phytochemical composition of the extracts.
The methanol extract, rich in phenolic acids like ferulic, p-
coumaric, 4-hydroxybenzoic, vanillic, and protocatechuic
acids, correlates with its higher radical scavenging and
reducing activities. In contrast, the ethyl acetate extract,
while exhibiting strong phosphomolybdenum activity,
contains lower amounts of these phenolics, explaining its
reduced performance in other assays. The water extract's
intermediate performance reflects its balanced composition,
with notable levels of ferulic acid and p-coumaric acid
contributing to its antioxidant activity. The findings suggest
that the methanol extract may be particularly effective in
applications requiring potent radical scavenging and
reducing capacities, while the ethyl acetate extract's
strengths lie in its total antioxidant capacity as measured by
the phosphomolybdenum assay.
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Figure 2. Antioxidant activity of Silene compacta extracts [TEs and EDTAEs mean trolox and ethylenediaminetetraacetic acid (disodium salt) equivalents,
respectively]. Values indicated by the same superscripts are not different from the honestly significant difference after Tukey's hoc test at 5% significance

The relative antioxidant capacity index (RACI) values for
the water, methanol, and ethyl acetate extracts of S.
compacta indicate varying levels of antioxidant activity
(Figure 3). The methanol extract, with a RACI value of 0.92,
demonstrated the highest antioxidant activity, aligning well
with its strong performance in assays such as DPPH®, ABTS*,
CUPRAC, and FRAP, where it consistently showed superior
radical scavenging and reducing power. Conversely, the ethyl
acetate extract, with a RACI of —0.79, showed the lowest

level.
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antioxidant activity, which is consistent with its lower
performance in the DPPH® and ABTS®*+ assays despite its
higher phosphomolybdenum activity. The water extract,
with a RACI of -0.12, exhibited moderate antioxidant
activity, correlating with its intermediate performance
across the various assays.

These RACI values provide a comprehensive comparison
of the extracts' antioxidant capacities, confirming that the
methanol extract's higher antioxidant activity is well-
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supported by the assay results, while the ethyl acetate
extract's lower activity is also consistent with its overall
assay performance. The differences in RACI values and assay
results are likely attributable to the distinct phytochemical
compositions of the extracts, with the methanol extract's
richness in phenolic acids like ferulic, p-coumaric, 4-

hydroxybenzoic, vanillicc, and protocatechuic acids
contributing significantly to its superior antioxidant
capacity.

10

05

0,0 -

20,5 e

Relative antioxidant capacity index

-1,0
Water Methanol Ethyl acetate
Figure 3. Relative antioxidant capacity index of Silene compacta
extracts.

In the study by Ouzounidou (1994), S. compacta
demonstrated copper-induced oxidative stress, leading to
altered root growth and pigment composition, particularly
affecting chlorophyll and carotenoid levels. This stress
response is associated with the plant's antioxidant defense
mechanisms, including enzymatic and non-enzymatic
pathways.

Comparatively, the current study's findings on the
antioxidant activities of different S. compacta extracts align
with Ouzounidou (1994)'s observations, particularly in the
context of the methanol extract's superior radical scavenging
abilities, which could be related to its rich phenolic content.
These phenolics may play a crucial role in mitigating
oxidative damage, similar to the plant's response to copper
stress. The consistency between the methanol extract's
antioxidant capacity and the stress-induced responses
observed by Ouzounidou (1994) suggests that S. compacta's
phytochemical composition is integral to its ability to
counteract oxidative stress, regardless of the stressor's
nature.

3.3. Enzyme inhibitory activity of S. compacta extracts

The enzyme inhibitory activities of S. compacta extracts
were assessed against various enzymes, revealing distinct
patterns (Figure 4). The ethyl acetate extract demonstrated
the strongest inhibitory activity across most assays,
including AChE (3.11 mg GALAEs/g), BChE (2.29 mg
GALAEs/g), a-amylase (442.55 mg ACEs/g), and a-
glucosidase (1470.25 mg ACEs/g). The methanol extract
showed moderate activity, while the water extract exhibited
the weakest inhibition.

The pronounced activity of the ethyl acetate extract can
be attributed to its higher content of specific phenolic
compounds such as ferulic acid, which is known for its
enzyme inhibitory potential. The methanol extract's
moderate inhibition is likely related to its balanced
phytochemical composition, including quercetin and
catechin, which contribute to both antioxidant and enzyme
inhibitory activities. Conversely, the water extract, with its
lower concentration of these bioactive compounds,
correlates with its reduced enzyme inhibition.
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These findings align with the chemical composition data,
where the presence of particular phenolic acids and
flavonoids, especially in the ethyl acetate and methanol
extracts, supports their significant enzyme inhibitory
activities. The variation in inhibition among the extracts may
be linked to the differential extraction of these bioactive
compounds based on the solvent's polarity.

This study provides the first investigation into the
enzyme inhibitory activities of S. compacta extracts,
contributing novel data to the literature. The ethyl acetate
extract showed the most potent inhibition against several
enzymes, which is consistent with its high content of
bioactive phenolic compounds like ferulic acid.

Comparatively, other Silene species have demonstrated
significant enzyme inhibitory activities, further supporting
the findings of this study. For example, S. salsuginea
exhibited strong inhibition in cholinesterase and a-
glucosidase assays, primarily due to its rich phenolic profile,
as reported by Zengin et al. (2018). Similarly, S. viridiflora
was found to contain a new triterpene glycoside,
silviridoside, which showed promising inhibitory effects, as
highlighted by Makhmudova et al. (2022). These
observations suggest that the enzyme inhibitory potential
may be a common characteristic within the Silene genus,
driven by the presence of bioactive compounds such as
flavonoids and triterpene glycosides.

Further supporting this hypothesis, Aygun et al. (2022)
identified distinct phytochemical compositions in different
parts of Silene species, which correlated with their enzyme
inhibitory activities. Additionally, the study by Boga (2017)
on S. compacta emphasized its cytotoxic and cholinesterase
inhibitory activities, highlighting its potential therapeutic
relevance. This is echoed by Almasi and Zarei (2021), who
reported strong a-glucosidase inhibition in S. ampullata,
further illustrating the genus's bioactive potential.

The results of the current study align with these findings,
suggesting that S. compacta and other Silene species may
serve as valuable sources of natural enzyme inhibitors.
These compounds could be particularly relevant in
developing treatments for conditions such as
neurodegenerative diseases and diabetes, where enzyme
inhibition plays a critical role.

3.4. Correlations among phenolic compounds and assays

The correlation analysis between the chemical
composition of S. compacta extracts and their antioxidant
activities reveals several significant relationships (Table 2).
Total phenolic content exhibits a strong positive correlation
with the DPPH*radical scavenging (r = 0.966), ABTS** radical
scavenging (r = 0.917), CUPRAC reducing power (r = 0.955),
FRAP reducing power (r = 0.957), and ferrous ion chelating
activity (r = 0.992). Similarly, total flavonoid content shows
a positive correlation with most assays, particularly with
CUPRAC (r = 0.999) and ferrous ion chelating activity (r =
0.987). This suggests that phenolic and flavonoid compounds
are major contributors to the antioxidant activities observed.
Conversely, vanillic acid, p-coumaric acid, and ferulic acid
demonstrate weak or negative correlations with these
activities, indicating that their presence may not directly
enhance antioxidant capacity or may even inversely affect
certain activities.

These results suggest that while phenolic and flavonoid
contents are generally reliable predictors of antioxidant
activity, individual compounds like vanillic acid, p-coumaric
acid, and ferulic acid may interact with the radical
scavenging and reducing assays in complex ways that do not
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straightforwardly enhance activity. The strong correlations contributors to the observed antioxidant activities in S.
of phenolic and flavonoid contents with most antioxidant compacta extracts.
assays further reinforce their importance as key
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Figure 4. Enzyme inhibition activity of Acanthus spinosus extracts. ACEs, GALAEs and KAEs mean acarbose, galanthamine and kojic acid equivalents,
respectively. Values indicated by the same superscripts are not different from the honestly significant difference after Tukey's hoc test at 5% significance
level.
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Table 2. Correlations among phenolic compounds and assays.

Phosphomolybdenum DPPH- ABTS-+ CUPRAC FRAP Ferrousion
radical radical reducing reducing chelating activity

ABTS-* radical -0.795
ABTS-* radical -0.875 0.989
CUPRAC reducing -0.354 0.849 0.762
FRAP reducing -0.807 0.998 0.992 0.835
Ferrous ion chelating activity -0.515 0.930 0.866 0.983 0.921
Total phenolic -0.613 0.966 0.917 0.955 0.957 0.992
Total flavonoid -0.375 0.861 0.776 0.999 0.847 0.987
Vanillic acid -0.387 -0.188 -0.051 -0.638 -0.162 -0.506
p-Coumaric acid -0.949 0.565 0.680 0.043 0.584 0.222
Ferulic acid -0.965 0.610 0.720 0.100 0.629 0.277

4., Conclusions

The study highlights the significant influence of solvent
choice on the extraction efficiency of phenolic and flavonoid
compounds from S. compacta, which in turn affects both
antioxidant and enzyme inhibitory activities. Methanol
proved to be the most effective solvent, yielding extracts rich
in bioactive compounds with strong radical scavenging and
reducing capacities, as well as moderate enzyme inhibition.
Ethyl acetate, although less efficient in extracting phenolics,
exhibited remarkable enzyme inhibitory activities, possibly
due to its ability to concentrate specific bioactives like ferulic
acid.

The correlations observed between phenolic content and
antioxidant assays underscore the critical role of these
compounds in the plant's bioactivity. However, the negative
or weak correlations associated with certain individual
phenolics suggest a complex interaction that warrants
further investigation. The study's findings suggest potential
applications for S. compacta extracts in pharmaceutical and
nutraceutical fields, particularly as antioxidants and enzyme
inhibitors.

Despite these promising results, several limitations
should be addressed in future research. The study's reliance
on in vitro assays, while informative, may not fully capture
the bioactivity in vivo, where metabolic processes could alter
the effectiveness of the extracts. Additionally, the negative
correlations observed with certain phenolic acids suggest
that further studies are needed to elucidate the underlying
mechanisms. Expanding the scope of solvents and exploring
synergistic effects among phytochemicals could also provide
a more comprehensive understanding of S. compacta's
therapeutic potential.
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