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Anisina/ In Memory of

Prof. Dr. Nezhun GOREN
(1945 - 20.05.2024)

Prof. Dr. Nezhun GOREN'in
ebediyete irtihalinin 1. yilianisina...

istanbul Yeni Yiizyil Universitesi Eczacilik Fakiiltesi biin-
yesinde yayin hayatini sirdirecek olan “IYYU Journal
of PhytoPharmacy” isimli dergimizin ilk sayisi, 20 Nisan
2024 tarihinde aniden aramizdan ayrilan degerli hoca-
miz Prof. Dr. Nezhun GOREN anisina ithafen hazirlanmis-
tir. Evrensel bilime katkilari ve bizlere 6grettigi degerler-
le daima kalplerimizde yasayacaktir.

The first issue of our journal named “IYYU Journal of
PhytoPharmacy”, which will continue its publication
life within the body of Istanbul Yeni Yizyil University
Faculty of Pharmacy, has been prepared in memory of
our valuable teacher, Prof. Nezhun GOREN, who passed
away suddenly on April 20, 2024. She will always live in
our hearts with her contributions to universal science
and the values she taught us.
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Editorden / Editorial

IYYU Journal of PhytoPharmacy

Doc. Dr. Huseyin Servi

IYYU Eczaclilik Fakiiltesi Farmakognozi Ana Bilim Dali

Istanbul Yeni Ytzyil University Faculty of Pharmacy
Department of Pharmacognosy

Degerli Okurlarimiz,

istanbul Yeni Yiizyil Universitesi Eczacilik Fakiiltesi biinye-
sinde yayin hayatini siirdirecek olan “IYYU Journal of Phy-
toPharmacy” isimli dergimizin ilk sayisini siz degerli okuyu-
culara paylasmaktan kivang duyariz.

IYYU Journal of PhytoPharmacy dergisi multidisipliner bir
dergi olup arastirma alanini eczacilik bilimleri ve agirhkh
olarak Etnobotanik, Fitokimya, Etnofarmakoloji, Biyotek-
noloji, Toksikoloji, Aromaterapi, Fitoterapi, Biyokimya,
Bitki Doku Kiiltiird, Analitik calismalar, Biyolojik ve Farma-
kolojik aktiviteler olusturmaktadir. Dergi ilgili alanlarda 6z-
giin arastirma makalesi, olgu sunumu, derleme ve editore
mektup tiriinde yayinlarin kabul edilecedi makalelere yer
verecektir.

Dergimizin ilk sayisinda farkh disiplinlerde hazirlanmis 1
derleme ve 4 arastirma makalesi yer almaktadir. Yayinla-
rini paylasan yazarlarimiza dergimize katkilarindan dolayi
tesekkdir ederiz.

Ulusal ve uluslararasi indekslerde yer almayi hedefleyen
dergimize yayinlarinizi bekler, destediniz icin simdiden te-
sekkiir ederiz.

Dear Readers,

We are proud to share with you, our valued readers, the
first issue of our journal named “IYYU Journal of PhytoP-
harmacy”, which will continue its publication life within the
Istanbul Yeni Yizyil University Faculty of Pharmacy.

IYYU Journal of PhytoPharmacy is a multidisciplinary jour-
nal, and its research area is pharmaceutical sciences and
mainly Ethnobotany, Phytochemistry, Ethnopharmacolo-
ay, Biotechnology, Toxicology, Aromatherapy, Phytothera-
py, Biochemistry, Plant Tissue Culture, Analytical studies,
Biological and Pharmacological activities. The journal will
include original research articles, case reports, reviews and
letters to the editor in related fields.

The first issue of our journal includes 1 review and 4 re-
search articles prepared in different disciplines. We would
like to thank our authors who shared their publications for
their contributions to our journal.

We look forward to your publications in our journal, which
aims to be included in national and international indexes,
and thank you in advance for your support.
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“Sihir” den “Tedavi” ye Mantarlar

Mushrooms from “Magic” to “Cure”

Ozet

Psikedelikler algi, bilis ve ruh halinde dedisikliklere yol acabilen, haliisinojenik etki-
leri bulunan serotonin 5-HT2A reseptor agonistleridir. Bu derleme makalede, LSD,
dimetiltriptamin, meskalin gibi “klasik psikedelikler” sinifina dahil olan psilosibin ve
psilosin’ in kimyasal ve farmakolojik 6zellikleri ile tedavide kullanim potansiyelleri
incelenmektedir. Psikedeliklerin tedavide kullanimlarina iliskin calismalar ilac en-
diistrisi tarafindan uzun bir siire ihmal edilmisse de, yakin tarihli klinik arastirma-
lar 6zellikle psilosibin destekli psikoterapinin depresyon, kansere bagli anksiyete,
tedaviye direncli depresyon gibi endikasyonlarda etkili olabilecegdini gostermistir.
Psilosibin destekli tedavilerin umut vaat etmesi tizerine, FDA psilosibin’e tedaviye
direncli depresyon icin "Cigir Acan Tedavi" statlisii onayi vererek, mevcut tedavi
seceneklerine gore avantaj gosterebilecedini kabul etmistir. Yeni ilac kesfine iliskin
arastirma-gelistirme programlarinin temel kosullari olan fon saglama ve saglik oto-
ritelerince belirlenen yasal diizenlemelere uyma zorunlulugu nedeniyle bu arastir-
malardan saglanabilecek terapdtik faydanin hastalara ulasabilmesi, hiikimetlerin,
ilac sirketlerinin ve kar amaci gtitmeyen kuruluslarin birlikte calismalarini gerekli
kilmaktadir. Psilosibin ile cok cesitli psikiyatrik endikasyonlarda cok sayida klinik
arastirma halen devam etmekte olup FDA nezdinde “yeni ilac ruhsat basvurusu”
yapilmasi durumunda mevcut yasal siniflandirmasinda da degisiklige gidilmesi s6z
konusu olacaktir.

Anahtar kelimeler: Psikedelikler, sihirli mantarlar, Psilocybe, psilosibin, psilosin,
terapdtik potansiyel

Abstract

Psychedelics are serotonin 5-HT2A receptor agonists with hallucinogenic effects
that can cause changes in perception, cognition and mood. In this review article,
the chemical and pharmacological properties of psilocybin and psilocin, which are
classical psychedelics such as LSD, dimethyltryptamine and mescaline, and their
potential for use in therapy are examined. Although studies on the therapeutic use
of psychedelics have long been neglected by the pharmaceutical industry, recent
clinical studies have shown that psilocybin-assisted psychotherapy, in particular,
may be effective in indications such as depression, cancer-related anxiety, and
treatment-resistant depression. Given the promise of psilocybin-assisted treat-
ments, the FDA has granted psilocybin “Breakthrough Treatment” status for treat-
ment-resistant depression, recognizing that it may have advantages over current
treatment options. Due to the necessity of obtaining funding and complying with
legal requlations determined by health authorities, which are basic conditions for
research and development programs related to new drug discovery, it is necessary
for governments, pharmaceutical companies and non-profit organizations to work
together to ensure that the therapeutic benefits that can be obtained from these
studies reach patients. Numerous clinical trials are ongoing with psilocybinina wide
variety of psychiatricindications, and in case of a “new drug application” to the FDA,
changes toits current legal classification will be necessary.

Keywords: Psychedelics, magic mushrooms, Psilocybe, psilocybin, psilocin, thera-
peutic potential
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1. Giris

Mantarlarin da dahil oldudu bazi bitkilerin psikede-
lik etkileri binlerce yildan beri bilinmekte ve pek ¢cok
tir, bu etkileri deneyimlemek isteyenler tarafindan
kullaniimaktadir. “Psikedelik” tanimi, liserjik asit die-
tilamid (LSD) Uzerinde arastirmalar yapan psikiyat-
rist Humphry Osmond tarafindan ilk olarak 1956'da
ortaya atilmistir. Kelime Yunan'ca "psyche” (ruh,
zihin) ve "delos” (belirtmek, acida cikartmak)' dan
kaynaklanmakta, anlam olarak “zihin tezahiird” kas-
tedilmektedir. Hallsinojenik madde sinifina giren
psikedeliklerin baslica etkisi, olagandisi/gercek disi
biling durumlarini tetiklemektir. “Sihirli mantar”larin
icerdidi psilosibin’ in yani sira liserjik asit dietilamid
(LSD), N,N-dimetiltriptamin (DMT), 5-metoksi-N,N-
dimetiltriptamin (5-Me0O-DMT) ve meskalin gibi dogal
veya sentetik maddeler, doza baglh olarak bilin¢c duru-
munun ve gerceklik duygusunun dedismesine sebep
olan klasik psikedelikler arasinda sayilir [1,2].

Psilosibin

Psilosin

Dogada bulunan bitkisel psikedeliklerin baslica kay-
nadl olan mantarlarin, halisinasyon olusturmalar
(gercekte var olmayan goriintd, ses, koku, tat veya
dokunmaya iliskin duyularinin gercekmis gibi algi-
lanmasi), hayal ile gercegi ayirt edememe seklinde
kendini gosteren “sihirli" etkileri nedeniyle binler-
ce yildan beri 6zellikle Orta ve Giney Amerika' da
yerliler tarafindan samanik/dini toren ve ritieller
sirasinda veya sifa térenlerinde kullanilageldikleri
bilinmektedir. Bilinen en eski kayitlar, Meksika ve
Aztekler'e iliskin etnografik arastirmalari iceren ve
Floransa’ da Biblioteca Medicea Laurenziana'da ko-
runan 16. yy'a ait el yazmasi Floransa Kodeksi’ nde
bulunmaktadir [3].

Sihirli mantarlar (ing., magic mushrooms veya sh-
rooms), psilosibin iceren ve hallisinasyon olustu-
ran biitiin psikoaktif mantarlara verilen ortak addir.
Psilosibin iceren mantarlara ek olarak, ibotenik asit
ve misimol iceren Amanita cinsinden bazi mantar

Serotonin

Sekil 1 Psilosibin, psilosin ve serotonin’in kimyasal yapilari

beosistin

aeruginasin

norbeosistin norpsilosin

Sekil 2 Aeruginasin, beosistin, norbeosistin ve norpsilosin'in kimyasal yapilar

Volume 1 Issue 1 http://jpp.yeniyuzyil.edu.tr

Journal of PhytoPharmacy



http://jms.yeniyuzyil.edu.tr

Journal of PhytoPharmacy

Derleme / Review

tirleri (Amanita muscaria ve Amanita pantherina) ile
cavdar mahmuzu olarak da bilinen ve ergotamin iceren
Claviceps purpurea da haliisinasyon yapici etkilere sa-
hiptir [4,5].

ABD, Glineydogu Asya, Avrupa, Meksika ve Orta Ame-
rika' da yetisen bircok mantar tiirii psilosibin icermekte
olup, Psilocybe cinsinin en yaygin tird Psilocybe cu-
bensis'dir. P. azurescens, P. semilanceatave P. cyanes-
cens en etkili Psilocybe turleridir, ancak Gymnopilus
(14 tur), Panaeolus (13 tiir), Copelandia (12 tir), Inocy-
be (6 tiir), Pluteus (6 tlir), Pholiotina (4 tiir) ve Galerina
(1 tlr) dahil olmak lizere baska mantar cinsleri de psilo-
sibinicerir [6].

Sihirli mantarda bulunan indol alkaloidi psilosibin, se-
rotonin gibi triptamin tiirevidir (kimyasal adi 4-fosfori-
loksi-N,N-dimetiltriptamin), viicutta psilosin'e (4-hid-
roksi-N,N-dimetiltriptamin) donlstiikten sonra etki
gosterir (Sekil 1). Hallsinojen etkiyi ortaya cikartan
ana farmakolojik aktif madde psilosibin dedgil psilosin-
dir [4]; dider bir deyisle psilosibin bir “6nilac” (prodrug)
veya “prekirsor” dir. Sihirli mantar kullananlarda psi-
losibin, baslica karacigerde ve gastrointestinal sistem-
de hizla defosforillenerek psilosine (4-hidroksi-N,N-di-
metiltriptamin) dondstdrdlir [3-5].

Sihirli mantarlardaki psilosibin orani %0,1 ila %2 ara-
sinda dedisir [4]. Hallisinasyon meydana getiren doz
10 mg psilosibin olup bu miktar 1 g taze Psilocybe cu-
bensis mantarinda bulunur. Psilosin’ in yar omri 1,8-
4,5 saat, dagilim hacmi 2,5-5,0 L/kg ve oral biyoyarar-
lanimi ~%53'tiir [4].

Sihirli mantarlarda psilosibin ve psilosin’in yani sira,
diger triptamin tlrevleri norpsilosin (4-hidrok-
si-N-metiltriptamin; 4-HO-NMT), 4-hidroksitriptamin
(N,N-didesmetilpsilosin), beosistin (norpsilosibin veya
4-fosforiloksi-N-metiltriptamin; 4-PO-NMT), norbeo-
sistin (4-fosforiloksi-triptamin; 4-PO-T) ve aerugina-
sin (4-fosforiloksi-N,N,N-trimetiltriptamin; 4-PO-TMT)
de bulunabilir (Sekil 2).

2. Sihirli Mantarlarin Etkileri

isvicre’ deki Sandoz Laboratuvarlar’'nda calisan Albert
Hofmann, 1957 yilinda kurutulmus Psilocybe mexica-
na'nin biyolojik aktivitesini belirlemek amaciyla mantar
ekstresinin cesitli bilesenlerini kagit kromatografisi ile
ayirarak her bir fraksiyonu kendi lizerinde denemis,
aktif oldugu belirlenen fraksiyonun kimyasal karakte-
rizasyonu yapilmis ve madde psilosibin olarak adlandi-
rilmistir. Hofmann ve arkadaslari 1958'de psilosibin ile
mantarda ¢ok az miktarda bulunan ve psilosibin'in de-

fosforile formu psilosin’in yapisini ve sentez yontemini
aciklamislardir [7]. 1960'larda Sandoz Pharmaceuticals
(Basel, Isvicre) 2 mg psilosbin iceren Indocybin™'i psi-
koterapdtik ilac olarak pazarlamis, ilac bir siire psiko-
terapiye destek olarak gtivenli bir sekilde kullaniimis,
ancak ABD ve diger llkelerdeki toplumsal tepkiler so-
nucunda “hallisinojenik” ilaclarin pazarlanmasi ve bu-
lundurulmasi 1965 yilinda ABD'de yasaklandigindan
Sandoz 1966 yilinda da ilacin Gretimini ve pazarlama-
sini durdurmak zorunda kalmistir. Bu yillarda psilosibin
ile deneysel bazi tedaviler yurittlmis, bilim insanlar
psilosibin ve LSD gibi bazi klasik psikedeliklerin mental
hastaliklar tedavi etme/psikoterapi destedi sadlama
potansiyellerini ortaya koymak icin depresyon, anksi-
yete, obsesif kompiilsif bozukluk, posttravmatik stres
bozuklugu, agrn, norodejeneratif bozukluk ve madde
kullanim bozuklugu olan hastalarda klinik calismalar
yapmislardir. Ciddi hastaliklara bagli olarak ortaya cika-
bilen anksiyete ile terminal kanser hastalarinin dene-
yimledikleri “yasamin son bulmasi“na dair korku, kaygi
ve depresyonu psikedelik maddelerin azaltabilecedi,
yasam kalitesini artirabilecedi ve hastalia bagh ciddi
sorunlari kabullenmelerini destekleyebilecedi cesitli
arastirmalarda one strtlmistir.

Psilosibin'in cok cesitli etkileri olmakla birlikte kulla-
nicinin “kisilik ozellikleri” ve deneyim beklentileri ile
mantari aldigi sirada birlikte oldugu kisiler ve ortam,
mantara nasil tepki verdigini etkilemektedir. Kuskusuz
kullanilan mantar miktar (alinan doz), etki gticii, kisinin
yasl, cinsiyeti, psisik ve fizyolojik 6zellikleri ile madde
kullanim gecmisi de cok onemlidir. Mantan kullanan
bazi kisiler, hallisinojenik etkinin ortaya cikisi sirasinda
asiri korku, kaygi, panik veya paranoya yasayabilirler.
Bu durum “bad trip” olarak bilinir.

Sihirli mantarlara bagh baslica etkiler arasinda gercek-
lik algisinda degisme (gercekte olmayan renklerin, se-
killerin veya sahnelerin gorilmesi, seslerin duyulmasi,
zaman ve mekan algilarinin kaybi), 6forik ruh hali, farkli
bir benlik duygusu ile evrenle bitlinlesme algisi bulun-
maktadir.

Diger taraftan, birden fazla bilesik iceren sihirli man-
tarlarin kullanilmasinin, saf psilosibin gibi tek bir izole
bilesigin uygulanmasindan muhtemelen farkh bir etki
Uretecedi belirtilmektedir [8]. Bu durum ayrica manta-
rin bilesiminde bulunan bilesiklerin sinerjistik etki gos-
terebilecegini de diistindiirmektedir.

3. Sihirli Mantarlarin Etki Mekanizmalan:

Kimyasal yapi olarak serotonin’ e (5-hidroksitriptamin)
cok benzeyen psilosin (4-hidroksi-N,N-dimetiltrip-
tamin), baslica serotonin 5-HT2A, ayrica 5-HT1A ve
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5-HT2C reseptorlerinin agonistidir. Hallisinasyon ya-
pici etki 6zellikle 5-HT2A reseptdrlerini uyarmasiyla
ortaya cikar. Serotonin 5-HT2A reseptorleri, psikoz
ve psikotik semptomlarin ortaya cikmasinda rol oyna-
yan serebral korteks (prefrontal korteks), striatum,
ventral tegmental alan ve talamus gibi beyin bélge-
lerinde dagihm gostermektedir. LSD, dimetiltripta-
min (DMT) ve meskalin gibi psikedelikler de serotonin
5-HT2A reseptorlerinin agonistidir [1,3-5].

Son yillarda yapilan calismalarda, psilosin’in hiicresel
etki mekanizmasinda néronal olmayan beyin hiicrele-
rinin, 6zellikle mikroglialarin 6nemi de vurgulanmistir
[9,10].

Psilosibin’in ndropsikofarmakolojik etki mekanizmasi
henliz kesin olarak kanitlanmamis olsa da, seroto-
ninerjik sinir sistemiyle girdigi etkilesime ek olarak,
beynin 6dl sisteminde 6nemli bir rol oynayan mezo-
limbik dopaminerjik sinir yollariyla da indirekt olarak
etkilestidi, dopamin serbestlenmesinde artisa yol ac-
tig1 vurgulanmaktadir [10,11]. One siiriilen bu dolayh
etki mekanizmasi nedeniyle, psilosibin’e nisbeten
disik bagimhhik/suistimal potansiyeli atfedilmekte-
dir. Ayni baglamda, depresyon ve mezolimbik dopa-
min eksikligi arasinda pozitif bir korelasyon oldugu da
one suridlmustdr. Psilosibin'in antidepresan etkisinin,
muhtemelen mediyal prefrontal korteksteki (mPFC)
hiperaktivitenin azaltilmasi veya normalizasyonu yo-
luyla gerceklestigine dair kanitlar da bulunmaktadir.
[12-15].

Bugline dek, psilosibin'in tedavide kullanimini aras-
tiran hicbir calismada, basarili ve basarisiz tedavileri
birbirinden ayirabilen herhangi bir biyolojik etki me-
kanizmasi tanimlanamamistir. Bu konuda en umut
verici arastirmalar, psilosibin uygulamasinin beynin
temel baglanti merkezlerindeki aktivite ve baglantiyi
azaltarak, "kisitlanmamis bir bilis durumu” olusturdu-
gunu 6ngdéren dinlenme durumu fonksiyonel manye-
tik rezonans goriintiileme analizleridir [15].

Sihirli mantarlarda psilosibin ve psilosin‘in yani sira
bulunabilen norpsilosin, 4- hidroksitriptamin, be-
osistin, norbeosistin ve aeruginasin’ in de etki me-
kanizmalar arastirlmaktadir. Sirasiyla beosistin ve
norbeosistin’ in aktif formlar olan norpsilosin ve 4-
hidroksitriptamin’ in 5-HT2A reseptorlerini psilosin
ve norpsilosin'e benzer bir etkinlikle aktive ettikleri
saptanmistir. Hayvan modellerinde aeruginasin ve
beosistin’in hallisinojenik aktivitesi bulunamamistir.
Aeruginasin’ in deforsforile aktif metaboliti 4-HO-
TMT ise psilosin’e benzer sekilde serotonin 5-HT2A
reseptorlerine gliclii bir sekilde baglanir.
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Norbeosistin'in antidepresan olarak psilosibin kadar
etkili olabilecedi, hayvan deneylerinde hallsinoje-
nik etkisi saptanmadigindan, “non-hallisinojen an-
tidepresan” olarak psilosibin'in terapdétik alternatifi
olabilecedi ileri stirtilmektedir [16].

4. Klinik Arastirmalar

Psikedelikler 1950 ve 1960l yillarda kapsamli bir
sekilde incelenmis, binlerce hasta psikedelikleri re-
ceteli olarak veya klinik arastirmalar kapsaminda
kullanmistir. 1970'te ABD'de Kontrolli Madde Ya-
sasi'nin (1970 US Controlled Substances Act) kabul
edilmesiyle serotoninerjik psikedeliklerin tamami
ABD Uyusturucuyla Miicadele Dairesi’'nce “Sinif | Psi-
koaktif Madde" grubuna dahil edildiginden, insanlar
Uzerinde yuritilen psilosibin arastirmalari azalmis,
ancak N,N-dimetiltriptamin (DMT) ile calisan Strass-
man’ 1n bulgu ve onerileriyle 1990°'larin basinda
“Psikedelik Ronesans” tanimlamasiyla yeniden bas-
lamis, arastirmalar New Mexico, Johns Hopkins, Ari-
zona, California, Los Angeles ve New York Universi-
te'lerinde yogunlasmistir [16-18].

“Psikedelik Ronesans”i takip eden yillar icerisinde
psikedelik maddelere iliskin klinik calismalar giderek
artmis, psilosibin destekli psikoterapinin umut va-
dettigine dair ilk kanitlar ortaya cikmis, 6rn. kansere
bagh olarak gelisen kaygi ve depresyonu azalttigi,
alkol ve nikotin bagimlihgi tedavisinde yararli oldugu
gosterilmistir [1-3,11-14,19]. Grup psikoterapisinin
psikedelik maddelerle kombine edilmesiyle uyum-
suz davranislarin diizeltilebilecedi, toplumla barisik
davranislarin gelistirilebilecedi de bildirilmistir.

Alkol kullanim bozuklugu [19], obsesif-kompulsif
bozukluk [20], nikotin bagimhhdr [21], kanser gibi
yasami tehdit eden hastaliklarda anksiyete ve dep-
resyon’ un yani sira major depresyon bozuklugunda
[22-26] psikedelik maddelerle yiritilen klinik calis-
malarin cogunda, ayrica cesitli sistematik inceleme
ve meta-analizlerde etkileyici sonuclar bildirilmis
olsa da [27-29], bu maddelerin “siibjektif” etkileri
nedeniyle randomize klinik cahismalarin degerlendi-
rilmesinde dnyargilarin (bias) bulunabilecedine ilis-
kin endiseler vardir. Hastanin maddeden/tedaviden
beklentisi, arastirici ile kurdugu bag gibi faktorler
de buna katkida bulunmaktadir. Calismalarda “kor-
leme”, “randomizasyon”, “paralel-grup tasarimi” ve
“aktif plasebo” gibi yontemlerin uygulanmasiyla bu
onyargilarin asgaridiizeye indirilebilecedi one stiril-
mektedir.

FDA 2018'de tedaviye direncli depresyon icin psilo-
sibin’e, travma sonrasi stres bozuklugu (PTSD) icin
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3.4-metilendioksimetamfetamin’e (MDMA; Ecstasy).
2019 yilinda major depresif bozukluk icin psilosibin’e
"c1§ir acan tedavi (breakthrough treatment)” statiist
onayini vermistir. Cigir acan tedavi statlisl, ciddi bir
hastalidi veya durumu tedavi etmeyi amaclayan ilac-
larin gelistirilmesini ve incelenmesini hizlandirmak
icin tasarlanmis bir slire¢ olup, klinik olarak mevcut te-
daviye kiyasla énemli bir gelisme saglayabilecedi FDA
tarafindan onaylanan ilaglar icin s6z konusudur. Diger
bir deyisle, mevcut tedavi secenekleriyle karsilastiri-
lanilacin on klinik calismalarda tedavi acisindan 6nemli
avantajlar sunabilecegini ortaya koydugu anlamina ge-
lir. Compass Pathways Ltd. ve Usona Enstitlisi tarafin-
dan gelistirilmekte olan psilosibin tedavileri, faz 3 kli-
nik arastirma safhasindadir. Ayrica anoreksiya nervoza,
bipolar depresyon, major depresif bozukluk, travma
sonrasi stres bozukluklari ile somatoform bozukluklar
icin psilosibin'e iliskin faz 2 klinik arastirmalari Compass
Pathways Ltd. tarafindan yiritilmektedir [30-32].

2025 yih itibariyle ABD’ de psilosibin ile ilgili kayith
klinik calisma sayisi 249'dur [33]. Bu calismalarin bi-
ylk bir kismi depresyon, anksiyete, alkol ve madde
kullanim bozuklugu ile ilgili olup, otizm, migren, ALS
(Amiyotrofik Lateral Skleroz) kendine zarar verme,
psikojenik non-epileptik nobetler, Parkinson hastaligi,
tiikenmislik sendromu, travma sonrasi stres bozuklu-
du, obsesif-kompdilsif bozukluk, agri, fibromiyalji, bor-
derline kisilik bozuklugu, bipolar Il depresyon, dikkat
eksikligi sendromu, anoreksiya nervoza, iritabl barsak
sendromu da arastirilan endikasyonlar arasindadir.

Hallisinojenik etkileri bulunan esketamin’ in (ketami-
nin S(+) enantiyomeri; Spravato® burun spreyi, John-
son&Johnson) tedaviye direncli depresyon icin FDA
tarafindan 2019 yilinda pazarlama ruhsat onayi al-
mis olmasi da psikedelik ajanlara/psilosibin destekli
tedavilere iliskin yeni yaklasimlarin slrdirilmesini
desteklemektedir [34].

Psilosibin’in yukarida bahsedilen endikasyonlardaki et-
kinligini ve gtivenliligini belirlemek icin daha fazla sa-
yida hasta lzerinde mevcut standart tedavilerle karsi-
lastirmali ve daha uzun sireli klinik calismalara ihtiyac
vardir.

5. Giivenlilik Profili

Psilosibin’in toksisitesi dlistik olmakla birlikte tibbi
gozetim bulunmayan bir ortamda kullaniminin cesitli
saglik riskleri ile iliskili olabilecedi bildirilmektedir. Di-
der bir deyisle solunum veya kardiyovaskiler sistem
problemleri, kalp krizi gibi 6liimle sonuclanabilen cid-
di durumlara yol acma potansiyeli bulunmasa da, bazi
davranissal ve fiziksel yan etkiler g6zlenebilmektedir.

Baslica toksisite belirtileri arasinda gorsel ve isitsel
haliisinasyonlar, fiziki cevrenin tam olarak farkinda
olamama, net dislinememe, ajitasyon, konflizyon,
paranoid sanrilar, anksiyete, oryantasyon bozuklugu,
ataksi, kan basinci ve kalp atis hizinda artis, mide bu-
lantisi/kusma bulunur. Bu etkilerin cogu akuttur ve 2
ila 12 saat sdrebilir. “Sihirli mantar” kullanimi sonucu
psilosibin zehirlenmesine bagh olarak bildirilen 6lim
vakalari nadir olup genellikle birlikte baska maddelerin
de kullanilmasiylailgilidir [35-38].

Psilosibin'in gtivenliligi klinik ve klinik disi kullanimda
arastinlmis, raporlarin  cogunda olumsuz etkiler
bildirilmemistir. Bildirilen olumsuz etkilerin cogu ciddi
olmayan yan etkiler (6rn. bas agrisi, mide bulantisi, ank-
siyete ve kan basincinda ylkselme) olarak siniflanmistir.

6. Tolerans ve Bagimlilik Gelismesi

Psilosibin'e karsi tolerans hizla olusur ve birka¢ glin
icerisinde kaybolur; haftada bir defadan fazla kullanil-
masi, etkilerinin azalmasina yol acabilir. Tolerans gelis-
mesini dnlemek icin dozlar birkac glin arayla verilebilir.
Psilosibin ile LSD ve meskalin arasinda kismi capraz to-
lerans vardir [32, 35-38].

Psilosibin’ in tekrarlanan kullanimi fiziksel bagimhlida
yol acmaz [37] 2000-2002 yillari arasindaki ABD ve-
rilerine dayanilarak, ergenlik déneminde hallsinojen
(psilosibin dahil) kullaniminin yetiskinlikte uyusturu-
cu bagimhihgr riskini artirmadi§r sonucuna varilmistir;
buna karsin ergenlik doneminde esrar, kokain, inhalan-
lar, anksiyolitikler ve uyaricilari kullananlarin eriskinlik-
te bagimliliga iliskin klinik 6zellikler gelistirme riski cok
yiksektir [37, 38].

7. Sihirli Mantarlara iliskin Yasal Durum

Bircok (lilkede psilosibin iceren mantarlar icin belirli
diizeyde yasal kontrol veya yasaklama bulunmaktadir
(6rnedin, ABD’ de Psikotrop Maddeler S6zlesmesi, in-
giltere'de Uyusturucu Maddelerin Kotiye Kullanimi Ya-
sasl ve Kanada' da Kontrolli Uyusturucu ve Maddeler
Yasasi gibi).

Psilosibin ve psilosin, Birlesmis Milletler 1971 Psikotrop
Maddeler Sozlesmesi kapsaminda “Uluslararasi Kontrol
Altindaki Psikotropik Maddeler Listesi'nde Cizelge | (en
kisitlayicr liste) altinda siniflanmistir. 1971 Psikotrop
Maddeler Sozlesmesi [39], amfetamin tipi uyaricilar,
barbitlratlar, benzodiazepinler ve psikedelikler gibi
psikoaktif ilaclarin yasal kontroliinii saglamak amaciyla
tasarlanmis bir Birlesmis Milletler antlasmasidir. Ancak
bu sozlesmedeki Cizelge I’ de Psilosibe mantarlarinin
kendileri degil, sadece icerdikleri maddeler olan psilo-
sibin ve psilosin yer almaktadir. Johns Hopkins arastir-
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macilari, psilosibin’in mevcut faz Ill klinik deneylerini
gecmesi durumunda, receteli uyku ilaclari gibi cizelge
IV (en az kisitlayici liste) altinda yeniden siniflanmasi
gerektigini 6ne sirmuslerdir [40]. Bu durum ancak
psilosibine dair “yeniila¢ basvurusu (NDA)” FDA tara-
findan onaylanirsa s6z konusu olabilecektir.

Ulkemizde 1933 yilinda yiiriirliige giren 2313 sayili
Uyusturucu Maddelerin Murakabesi Kanunu ile [41],
uyusturucu veya uyarici maddelerin denetimi saglan-
mis, uyusturucu veya uyaricl maddelerin imali, ithali,
ihraci ve llke icinde ticareti ile ilgili yaptirimlar énce
1926 yilina ait 765 sayili Tiirk Ceza Kanunu (TCK)' nun
403.maddesi (milga), daha sonra ise 2004 yilinda
kabul edilen 5237 sayili Tirk Ceza Kanunu'nun 188.
maddesiyle diizenlenmistir [42].

Buna gore, 5237 sayilh TCK madde 188/1' de uyustu-
rucu veya uyarici maddeleri ruhsatsiz veya ruhsata
aykiri olarak imal, ithal ve ihrac etmek, TCK madde
188/3' de ise satmak, satisa arz etmek, baskalarina
vermek, sevk etmek, nakletmek, depolamak, satin al-
mak, kabul etmek ve bulundurmak suc olarak tanim-
lanmistir.

Tirk Ceza Kanunu' nun uyusturucu veya uyarici mad-
de imal ve ticaretine iliskin 188. maddesinin 4. fikra-
sinda belirtilen “bu fikrada yer alan “sentetik kanna-
binoid ve tirevleri veya bazmorfin olmasi,” ibaresi
28/3/2023 tarihli ve 7445 sayil Kanunu’'nun 17.mad-
desiyle [43] “bazmorfin, sentetik kannabinoid ve ti-
revleri, sentetik katinon ve tirevleri, sentetik opio-
id ve tlrevleri veya amfetamin ve tlirevleri olmasl,”
seklinde degistirilmistir. Uyusturucu veya uyarici
maddelere ilgili olarak TCK'nda ve Uyusturucu Mad-
delerin Murakabesi Kanunu'nda “psikedelik madde”,
“hallsinojenik madde”, “sihirli mantarlar”, “psilosibin”
veya “psilosin” ibareleri yer almamaktadir.
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Antarktik Mikroalg Ekstrelerinin Antioksidan
Potansiyeli, Fenolik Icerigi ve Antimikrobiyal

Etkileri

Antioxidant Potential, Phenolic Content, and Antimicrobial Effects of Antarctic

Microalgal Extracts

Ozet

Amac: Son yillarda, kontrolsiiz ilac tiiketimi nedeniyle artan patojen mikroorga-
nizmalarin antimikrobiyal ajanlara karsi direnc géstermesi énemli bir sorun haline
gelmistir. Bu baglamda yapilan calismalarda, mikroalglerin bu sorunun céziimi icin
biiyiik bir potansiyele sahip bir secenek oldugu gériilmiistiir. Ozellikle ekstrem ko-
sullarda biyiiyebilen mikroalglerin, icerdigi farkh biyoaktif bilesenler sayesinde
antimikrobiyal ézelliklerinin yani sira antikanser, antioksidan ve anti-inflamatuar
ozellikler gosterebildigi belirlenmistir. Bu calismada, Antarktika'nin Horseshoe Ada-
sI, Skua Goli'nden izole edilen Chlorella variabilis YTU.ANTARCTIC.001 tiirti Gizerine
odaklanilmis ve bu tiirtin antimikrobiyal potansiyeli ilk kez kapsamli olarak deger-
lendirilmistir.

Gerec ve Yontem: Calismada, farkli coziiciiler (etanol, metanol, DMSO ve su)
kullanilarak hazirlanan ekstrelerin hem antibakteriyel hem de antifungal etkileri
sistematik olarak analiz edilmistir.

Bulgular: Bu calismanin sonuclari, Antarktik mikroalg ekstrelerinin Bacillus cereus
ve Botrytis cinerea'ya karsi en yiiksek antibakteriyel ve antifungal aktiviteyi goster-
digini ortaya koymustur.

Sonuc: Calismanin sonucunda, elde edilen ekstrelerin kozmetik ve farmasotik gibi
endustrilerde antimikrobiyal ajanlar olarak kullanilabilecedi sonucuna ulasiimistir.
Anahtar kelimeler: Antarktika, mikroalgler, Chlorella variabilis, antibakteriyel ak-
tivite, antifungal aktivite.

Abstract

Aim: In recent years, due to uncontrolled drug consumption, increasing pathoge-
nic microorganisms’ resistance to antimicrobial agents has become an important
problem. In this context, studies have shown that microalgae have great potential
as an option for solving this problem. It has been determined that microalgae, which
can grow especially under extreme conditions, can exhibit antimicrobial properties
as well as anticancer, antioxidant and anti-inflammatory properties thanks to the
different bioactive components they contain. Therefore, this study focused on the
Chlorella variabilis YTU.ANTARCTIC.001 strain isolated from Skua Lake on Horses-
hoe Island, Antarctica, and comprehensively evaluated its antimicrobial potential
for the first time.

Materials and methods: Extracts prepared using different solvents (ethanol,
methanol, DMSO, and water) were systematically analyzed for both antibacterial
and antifungal effects.

Results: The results revealed that Antarctic microalgal extracts exhibited the hig-
hest antibacterial and antifungal activity against Bacillus cereus and Botrytis cine-
rea, respectively.

Conclusion: The findings suggest that these extracts could be utilized as antimic-
robial agents in industries such as cosmetics and pharmaceuticals

Keywords: Antarctica, microalgae, Chlorella variabilis, antibacterial activity, anti-
fungal activity.
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1. Giris

Sonyillarda, patojenik bakteri ve mantarlarin antimikrobi-
yal ajanlara karsi direng gelistirmelerinde 6nemli bir artis
g6zlemlenmistir [1]. Bu nedenle, bilim insanlari patojen
mikroorganizmalari ortadan kaldirmak icin yeni yaklasim-
lar 6nermektedir. Bu yaklasimlardan en énemlilerinden
biri mikroalg ekstrelerinin kullanimidir. Mikroalgler, Us-
tlin adaptasyon yetenekleri sayesinde ekstrem kosullara
uyum sadlayabilen lclincti nesil biyokitle kaynagidir ve
bircok farkli alanda kullanilabilmektedir [2]. Mikroalgler,
cevresel stres kosullarina karsi hiicre yapilarini koruya-
bilmek icin cok cesitli dederli biyoaktif sekonder meta-
bolitler sentezler [3, 4]. Ozellikle kutup bélgelerinde
hayatta kalabilen mikroalgler, biyoaktif bilesenler agisin-
dan oldukca zengin hale gelmektedir [5, 6]. Bu biyoaktif
bilesikler, antibiyotik, antiviral, antikanser, antifungal,
antibakteriyel, anti-inflamatuar ve enzim inhibisyonu
(6rnegin, asetilkolinesteraz, tirozinaz, alfa-amilaz, lipaz
ve HMG-CoA rediiktaz) gibi 6zellikleri sayesinde kozmetik
ve farmasotik endstrisinde dederlendirilmektedir [7].

Mikroalglerin antimikrobiyal etkilerinin arastirimasi ilgi
cekici bir konudur. Bu baglamda, mikroalglere ait ilk an-
tibakteriyel bilesen olan chlorellin, Pratt ve ark. [8] tara-
findan Chlorella tird mikroalglerden izole edilmis ve bu
bilesenin Gram-pozitif ve Gram-negatif bakterilere karsi
inhibitor aktiviteye sahip oldugu belirtilmistir. Navarro
ve ark. [9] asidofilik mikroalglerin hekzan, dietil eter, klo-
rofom ve diklorometan gibi solventlerle ekstraksiyonu
sonucu elde edilen ekstrelerin insan patojenlerine karsi
antimikrobiyal aktivite gdsterdigini bildirmistir. Vehapi ve
ark. [10] farkh besin takviyelerinde yetistirilen mikroalg-
lerin antifungal aktivitelerini incelerken, Fabregas ve ark.
[11] deniz mikroalg ekstrelerinin viral hemorajik septise-
mi virlisti ve Afrika domuz atesi virlistine karsi antiviral
etkilerini arastirmistir. Bu calismalara ek olarak, Ghasemi
ve ark. [12], Saantoyo ve ark. [13], Schuelter ve ark. [14],
ve Bhagavathy ve ark. [15] mikroalg ekstrelerinin cesitli
mikrobiyal patojenlere karsi antimikrobiyal etkilerini in-
celemistir.

Bu calismanin amaci, Antarktika bélgesinden izole edilen
mikroalglerin antimikrobiyal aktivitelerinin arastirilmasi-
dir. Antarktika, diinyanin en zorlu ortamlarindan biri ol-
masina karsin, zengin bir mikroalg florasina sahiptir [16].
Literatiirde kutup bolgelerinden izole edilen mikroalgler
Uzerine yapilan calismalar incelendiginde, bu calismalarin
genellikle tlir izolasyonu ile sinirl oldugu ve mikroalgler
Uzerindeki sinirh sayida parametrenin etkisini inceledigi
gortilmektedir. Bu calismada, Tirkiye Ulusal Antarktik Bil-
im Seferi kapsaminda Antarktika'dan elde edilen drnek-
lerden izole edilen Chlorella variabilis mikroalg tirG farkli
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cozlctlerle ekstre edilmis ve ardindan bu ekstrelerin an-
tibakteriyel ve antifungal aktiviteleri arastiriimistir.

2. Gerec ve Yontemler
2.1 Mikroalglerin Yetistirilmesi ve Ekstraksiyonu

Ekibimiz tarafindan izole edilip adlandirilan C. variabilis
YTU.ANTARCTIC.001 mikroalgi, BG-11 besiyeri kullani-
larak Erlenmeyer flasklarinda kdiltire edilmistir. Mikro-
algler, 25°C + 1°Csicaklikta, stirekli karistirmaile 24 saat
Isik maruziyeti altinda iki hafta boyunca calkalamali in-
kiibatorde yetistirilmistir. Daha sonra mikroalgler, 5000
rpm’de 15 dakika boyunca santrifiij edilerek hasat edil-
mis ve 60°Cde, gece boyunca ettivde kurutulmustur. 1
gram kuru mikroalg ve 10 ml ¢ozlctli (etanol, metanol,
DMSO ve su) kullanilarak 80°C'de su banyosunda ekstre
edilmistir. Elde edilen ekstreler, antimikrobiyal analizler
icin hava gecirmeyen kehribar renkli siselerde saklan-
mistir.

2.2 Mikroalgal Ekstrelerin Karakterizasyonu
2.2.1Yag Asidi Profilinin Belirlenmesi

Chlorella variabilis YTU.ANTARCTIC.001 mikroalg tiirG-
niin yag asidi profili, gaz kromatografisi-kiitle spektro-
metrisi (GC-MS) analizi ile belirlenmistir. Analizler, Res-
tek (Bellefonte, ABD) Rtx-5MS erimis silika kapiler kolon
(30 m x 0,25 mm * 0,25 pm) kullanilarak gerceklestiril-
mistir. Finn sicakhgi baslangicta 40°Cde 3 dakika tutul-
mus, ardindan sicaklik 8°C/dak hizinda kademeli olarak
100°Cye, 5°C/dak hizla 200°Cye ve son olarak 10°C/dak
hizla 250°C'ye ytikseltilerek bu sicaklikta 10 dakika bek-
letilmistir. Enjeksiyon blogu ve dedektor sicakligi 250°C
olarak ayarlanmis, taslyici gaz olarak helyum (1 mL/dak
akis hiziyla) kullanilmistir. Tim numuneler dietil eter
icinde 1:100 oraninda seyreltilmis olup, her birinden 3
pL hacminde numune 1/50 béliinme oraniyla GC-MS sis-
temine enjekte edilmistir. Kiitle taramasi, 35-650 m/z
aralidinda gerceklestirilmistir. Ucucu bilesiklerin tanim-
lanmasi, toplam iyon kromatogramlari (TIC) izerinden
ticari kiitle spektrum kiitiiphaneleri (NIST27 ve WILEY7)
ile karsilastirilarak yapilmistir. Bilesiklerin kantitatif ana-
lizi, TIC piklerinin badil alan yizdesi temel alinarak ger-
ceklestirilmistir [17].

2.2.2 Antioksidan Aktivite Analizi

Mikroalg ekstrelerinin toplam antioksidan aktivitesi,
2,2-difenil-1-pikril hidrazil (DPPH) serbest radikal stipu-
rticti ydntemi kullanilarak belirlenmistir [18]. Deneyde,
1'er mL mikroalg ekstreleri ile 3 mL 0,1 mM DPPH ¢6-
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zeltisi (metanol icinde hazirlanmis) kanistiriimistir. Karisim,
karanlik ortamda oda sicakhdinda 30 dakika ve 60 dakika
bekletildikten sonra 517 nm dalga boyunda spektrofoto-
metrik 6lciim yapilmistir. Reaksiyon karisimindaki absor-
bans azalmasi, yiiksek serbest radikal giderme aktivitesini
gostermektedir. DPPH radikal stipUric aktivitesi asagidaki
formil kullanilarak hesaplanmistir: (1)

Ag—4A,
Ao

DPPH radikal giderme aktivitesi (%) = [ x 100

Burada, Ao kontrol 8rneginin (sadece DPPH ¢Ozeltisi iceren)
absorbans dederi, A, ise belirli bir konsantrasyonda mikro-
alg ekstresi veya standart antioksidan (BHT-1000) iceren
numunenin absorbans dederidir.

2.2.3 Toplam Fenol iceriginin Belirlenmesi

Ekstrelerin toplam fenolik icerigi, Folin-Ciocalteu yontemi
[19] kullanilarak analiz edilmistir. Bunun icin her ekstreden
(etanolik, metanolik, DMSO'lu ve sulu) 200 pL test tiiplerine
alinmistir. Ardindan, tiiplere 1 mL 1:10 oraninda seyreltilmis
Folin-Ciocalteu reaktifi eklenmistir ve 4 dk inkiibe edilmis-
tir. Ardindan kansima 800 pL doygun sodyum karbonat ¢6-
zeltisi (75 g/L) ilave edilmistir. 2 saat oda sicakliginda inkui-
basyonun ardindan, numunelerin absorbans dederleri 765
nm'de Olctilmistir. Standart kalibrasyon egrisi elde etmek
icin farkh gallik asit konsantrasyonlari (O - 500 mg/L) hazir-
lanmis olup, sonuclar mg gallik asit esdederi (GAE)/g ekstre
olarak ifade edilmistir [20].

2.3 Antibakteriyel Aktivite Analizi

Antarktik mikroalg ekstresinin agar disk diflizyon yonte-
miyle antibakteriyel aktivitesini belirlemek amaciyla, pa-
tojen bakteri olarak Escherichia coli ATCC 35150, Bacillus
cereus ATCC 11778, Staphylococcus aureus ATCC 6538,
Salmonella typhimurium ATCC14028 ve Pseudomonas ae-
ruginosa ATCC 27853 suslari kullanilmistir. Agar disk difiiz-
yon yontemi, patojen mikroorganizmalarin in vitro duyarli-
Ik testlerinde kullanilan bir yéntemdir. Bu analiz icin 6 mm
capindaki antimikrobiyal diskler, farkl konsantrasyonlarda-
ki 40 pl hacmindeki mikroalg ekstresiyle emdirilerek agar
plaklarinin (izerine yerlestirilmistir. Ekstre, diskin icinden
agar ortamina difiize olmustur. Plaklar, standart bir bakteri
stispansiyonu ile ekilmis ve 37°Cde 24 saat inkiibasyona
birakilmistir. inkiibasyon sonunda, mikroalg ekstreleriyle
muamele edilmis antimikrobiyal disklerin etrafinda olusan
bliylime inhibisyon zonlar 6lctilmiistiir [10].

2.4 Antifungal Aktivite Analizi

Antarktika mikroalglerinin Colletotrichum gloeosporioides,

Botrytis cinerea, Aspergillus nigerve Fusarium oxysporum
tlirlerine karsi antifungal aktivitesi, disk diflizyon yontemi
ile belirlenmistir. Fungal mikroorganizmalar icin steril PDA
besiyeri iceren (20 mL/plak) petri kaplari hazirlanmis ve
onceki kdilttirlerden (7 glinliik) alinan & mm capindaki agar
diskleri ile ekim yapilmistir. Mikroalg ekstreleri, test diskle-
rine 40 pL emdirilerek agar plaklarinin tzerine yerlestiril-
mistir. Plaklar, 25 * 2°Cde 72 saat boyunca inktibe edilmis-
tir. Negatif kontroller, ekstraksiyon icin kullanilan ¢oziicliye
uygun sekilde hazirlanmistir. Fungal bilyiime sirasiyla 3., 4.,
5.ve 6. glinlerde kaydedilmistir [21].

2.5 istatistiksel Analiz

Veriler, ortalama * standart sapma seklinde ifade edilmis-
tir. Invitrotestler, her bir bakterive mantar tiirliicinayriayri
dederlendirilmistir. istatistiksel analizler, JMP 6.0.0 (SAS
Institute, Cary, NC, ABD) yazilimi kullanilarak gerceklesti-
rilmistir. Varyans analizi (ANOVA) uygulanmis olup, gruplar
arasindaki farklarin anlamhlidi Student’s t-testi ile belirlen-
mistir (p<0,05 istatistiksel olarak anlamli kabul edilmistir).

3. Bulgular ve Tartisma
3.1 Mikroalgin Yag Asidi Profili

Mikroalgin GC-MS analizi sonuclari Tablo 1'de 6zetlenmistir.
Bu tabloya gore mikroalg ekstresinde bircok yag asidi metil
esterleri tespit edilmistir. Bunlar arasinda, metil heptade-
kanoat (%11,33) ve metil oleat (%4,34) en yliksek yiizde-
lere sahip bilesiklerdir. Metil oleat (oleik asit metil esteri),
biyodizel retiminde yayqgin olarak kullanilan ve biyolojik
aktivitesiyle bilinen bir bilesiktir. Linoleik asit metil esteri
(9,12-Oktadekadienoik asit, metil ester) gibi doymamis yag
asitleri, antioksidan dzellikleri nedeniyle farmasoétik ve koz-
metik sektorlerinde ilgi cekmektedir. Bunun yani sira, ana-
lizde tespit edilen metil palmitat (hekzadekanoik asit, metil
ester) ve metil stearat (oktadekanoik asit, metil ester) gibi
doymus yag asidi esterleri, biyoyakit ve biyoaktif madde
Uretimi acisindan 6nem tasimaktadir. Bu bilesikler, yag baz-
I biyomalzemeler ve ylizey aktif maddeler gibi endistriyel
uygulamalarda da kullanilabilir. Bu sonuglar, Chlorella vari-
abilis YTU.ANTARCTIC.001 tiriiniin icerdigi biyoaktif yag
asitlerinin farmasotik ve kozmetik endustrilerinde biyo-
teknolojik uygulamalar acisindan dederlendirilebilecegini
gostermektedir.

3.2. Antioksidan Aktivite Analizi Sonuclan

Chlorella variabilis YTU.ANTARCTIC.001 mikroalginin farkl
cozlctlerle ekstraksiyonu sonucunda elde edilen ekstre-
lerin antioksidan aktivite analizi sonuclarn Sekil 1'de goste-
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Tablo 1 9:1 metanol/yad molar orani ve agirlikca %1,5 KOH kosullari altinda Uretilen
C. variabilisYTU.ANTARCTIC.001 yag asidi metil esteri érnedinin GC-MS sonuclari

Zaman Alan  Yiikseklik

Volume 1 Issue 1

(dak) Bilesik Adi % % CAS Adr
3,9 Metilsiklohekzan 1,9 5,1 Siklohekzan, metil-
333 i 0.4 0.8 Hekzadekanoik asit, metil
ester

35,8 Metil heptadekanoat 11,3 15,7 Heptadeka:;g; 0, Il

Linoleik asit metil 9,12-Oktadekanoik asit
37,9 ester 0.5 0.8 (Z,2)-, metil ester

. 9,12-Oktadekanoik asit

38,1 Metil oleat 4,3 7,3 R
38.8 Metil stearat 0.2 03 Oktadekanoik asit, metil

ester

rilmistir. Elde edilen verilere gére, BHT-1000 standardi
her iki zaman noktasinda da en yliksek radikal siiptirme
aktivitesini gostermistir (%60-80). Mikroalg ekstrele-
ri arasinda ise en yiksek antioksidan aktiviteye sahip
olan ekstrenin etanol ekstresi (EE - %37) oldudu be-
lirlenmistir. Bunu sirasiyla etanol (ME - %35) ve DMSO
(DE - %30) ekstreleri takip etmistir. Su ekstresi (WE
- %21), test edilen diger coziictilere kiyasla en distik
antioksidan aktiviteyi sergilemistir. Dogdal kaynaklar
arasinda, ekstrem habitatlardan izole edilen mikroalg-
ler, cevresel strese karsi hayatta kalma mekanizmasi
olarak sekonder metabolitler Gretmektedir. Cesitli ¢ca-
ismalar, bu biyoaktif bilesiklerin ayni zamanda anti-
oksidan Ozelliklere sahip oldugunu gostermistir [16,
22]. Ozellikle Chlorella tiirlerinin antioksidan 6zellikleri
Uzerine yapilan 6nceki arastirmalar, bu mikroalglerin
yiiksek oranda fenolik ve flavonoid bilesikler icerdigini
ve bu bilesiklerin serbest radikalleri etkili bir sekilde
siipurebildigini géstermektedir. Ornegin, Goiris ve ark.
[23] tarafindan yapilan bir calismada, farkli mikroalg
tlrlerinin antioksidan kapasiteleri karsilastiriimis ve
0zellikle Chlorella vulgaris tirinin yiksek antioksidan
aktivite gosterdigi bildirilmistir. Bu calisma, polifenoller
ve karotenoidlerin mikroalg ekstrelerinin antioksidan
aktivitesinde onemli rol oynadigini vurgulamaktadir.
Benzer sekilde, Vijayavel ve ark. [24] tarafindan yapi-
lan bir calismada, Chlorella vulgaris'in alkolik ekstreleri
strese birakilmis sicanlara oral yolla verilmis ve anti-
oksidan etkileri incelenmistir. Yapilan deneyler sonu-
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cunda Chlorella vulgaris ekstresi verilen sicanlarin
lipid peroksidasyon aktivitesinde belirgin bir azalma
(p<0,001) ve hem enzimatik hem de non-enzimatik
antioksidan aktivitelerinde, kontrol dederlerine yakin
bir artis gorilmistir. Ani Azaman ve ark., C. zofingien-
sisand C. sorokiniana mikroalg tiirlerinin etanolik eks-
trelerinin DPPH serbest radikal siiptirme yizdelerini
%11,5 - 14 arasinda hesaplamislarken; Gtirlek ve ark.
[25] Chlorella vulgaris ve Chlorella minutissima algle-
rinin metanolik ekstraklariicin bu degeri yaklasik %90
olarak raporlamislardir.

Antioksidan aktivitenin zamanla artis gdstermesi,
mikroalg ekstrelerindeki aktif bilesenlerin serbest ra-
dikalleri gidermek icin zamana bagdli bir kinetik siirec
izleyebilecegdini distindiirmektedir. Bununla birlikte,
cozlicti polaritesinin ekstrelerindeki biyoaktif bilesik-
lerin ¢ozlindrligu tzerinde dnemli bir etkisi oldugu
gorilmektedir. Fenolik ve flavonoid bilesiklerin ge-
nellikle polarliktan etkilendigi géz dnline alindiginda,
metanol ve etanol gibi coziicllerin daha yliksek an-
tioksidan aktivite gostermesi, bu coziciilerde daha
fazla biyoaktif bilesigin ekstre edilebildigini goster-
mektedir. Bu bulgular, mikroalglerden elde edilen
ekstrelerin antioksidan potansiyelinin farmasotik ve
kozmetik endtstrilerinde degerlendirilebilecegini or-
taya koymaktadir. Ozellikle metanol ve etanol bazli
ekstrelerin, serbest radikallere karsi yliksek etkinlik
gostermesi, bu ekstrelerin dogdal antioksidan kaynak-
lar olarak kullanilabilecedini diisiindirmektedir.
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3.3. Toplam Fenolik icerik Analizi Sonuclari

Toplam fenolik icerik analizi sonucunda etanol, meta-
nol, DMSO ve su ekstreleri icin sirasiyla 107, 102, 90
ve 82 mg GAE/g ekstre olarak bulunmustur. Elde edi-
len bu dederler, literatlirde bildirilen Chlorella tirleri ile
kiyaslandiginda rekabetci seviyede olup, ozellikle polar
coziiciilerle ekstraksiyonun fenolik bilesik verimini artirdigi
gdzlemlenmistir. Yiksek fenolik icerigin, mikroalgin eks-
trem cevresel kosullara uyum sagdlama yetenedgiyle de ilis-
kili olabilecedi ve bu tirlerin biyoaktif bilesik tretimi acisin-
dan zengin bir kaynak sundugu diistinilmektedir.

Literatiirde bildirilen farkli  Chlorella tirleri ile
kiyaslandiginda, elde edilen degerlerin yliksek oldugu ve
0zellikle etanol ve metanol bazli ekstrelerin daha zengin
fenolik bilesik icerigine sahip oldugu gozlemlenmistir. Ani
Azamanve ark [26], farkl Chlorellatiirlerinin toplam feno-
lik icerigi degerlerinin yetistirme kosullarina gore 10 - 80
mg GAE/g arasinda dedistidini bildirmistir. Goiris ve ark.
[23] farkh Chlorella vulgaris suslarinin toplam fenolik ice-
riklerini 0,75 - 2,21 mg GAE/g kuru mikroalg arasinda de-
gistigini raporlamislardir. Ali ve ark. [27] etanolik Chlorella
spp. ekstrelerinin toplam fenol icerigini 39,1 mg GAE/g
kuru mikroalg olarak bildirmisken; Gtirlek ve ark. [25] Chlo-
rella vulgaris ve Chlorella minutissimdnin metanolik eks-
treleri icin bu degerleri sirasiyla yaklasik 75 ve 175 GAE/g
kuru mikroalg olarak bildirmislerdir. Literatirdeki cals-
malar gdz énine alindidinda, C. variabilis YTU.ANTARC-
TIC.001 Antarktik mikroalg tiiriintin gida ve farmasotik
alanlarinda degerlendirilme potansiyeline sahip oldugu
one surtilebilir.

3.4. Antibakteriyel Aktivite Sonuclan

Farkl C. variabilis YTU.ANTARCTIC.001 mikroalgi ekstrele-
rinin cesitli gram-pozitif ve gram-negatif bakterilere kar-
si olusturdugu inhibisyon bdlgelerinin caplarn Tablo 2'de
verilmistir. Genel olarak, etanol ve metanol ekstreleri,
Gram-pozitif ve Gram-negatif bakteriler lizerinde en yik-
sek inhibisyon etkisini gdsterirken; su ekstrelerinin bakte-
riler tizerinde etkisinin daha dlisik oldugu tespit edilmistir.
Calismada en distik inhibisyon zonu, 8,2 mm ile su ekstre-
sinin S. typhimurium Uzerindeki etkisinde OGlcllirken; en
yuiksek inhibisyon zonu ise, 12,7 mm ile B. cereus tizerinde
DMSO ekstreleriyle elde edilmistir. En hassas bakterinin
B. cereus oldugu gortiltirken, S. aureus ve E. coli suslarinin
daha direncli oldugu gézlemlenmistir. Literatirde bildirilen
bazi calismalara gore, Bacillus cereusun optimal bliylime
sicakhgi 30-37°C arasinda degismektedir [28]. Bu nedenle,
Bacillus cereus'un bu calismada kullanilan en hassas bakteri
tlird olmasi muhtemeldir. B. cereus ve P. aeruginosa, 12,0
mm'den bliytik inhibisyon zonlari ile en duyarl patojenler-
ken; E. coli, S. typhimuriumve S. aureus tirleri, 11 mm'den
kictik inhibisyon zonlari ile en az duyarh patojenler olarak
belirlenmistir.

Algler; poliskaritler, tanenler, flavonoidler, fenolik asitler
ve karotenoidler gibi antimikrobiyal aktivite gosteren biyo-
aktif bilesiklerin dnemli kaynaklaridir. Ancak, bu bilesiklerin
farkh coziiciilerle ¢ozlintrliklerine bagh olarak farkl anti-
mikrobiyal aktiviteler gosterdigi bildirilmistir [29]. Tiney ve
ark.[30] P. pavonicattiriine ait etanol ekstrelerinin Candida
sp., E. faecalis, S. aureusve E. coliye karsi zayif aktivite gos-
terdidini, buna karsilik metanol ekstrelerinin antibakteriyel

Tablo 2 Antarktik mikroalgin farkh ekstrelerinin olusturdugu inhibisyon zonlari (mm)

Tiirler Etanol Metanol DMSO Su

E. coli 11,040,0=4  10,8£0,8*A  10,540,0%A  9,0+0,0°B
B. cereus 11,8+0,834 10,7£1,28A 12,7£1,23A 9,7+0,8 »B
S. aureus 11,741,024 11,0£1,22A 11,240,824 9,7+1,5%B
S. typhimurium 09,2+1,3 A 11,0+£0,0>A 09,341,504 8,2+0,9 b-B
P. aeruginosa 10,5+0,0 A 12,3+1,5%A 10,7+0,6 4 9,5+0,0 2B

Veriler ortalamalar + standart sapmalar (n=3) olarak sunulmustur
A-B: Ayni bakteri tiirii i¢in farkli ¢oziicii ekstreleri karsilastirildiginda, istatistiksel olarak anlamli farklar biiyiik

harflerle belirtilmistir (p<0,05).

a—d: Aym ekstrakt tipi i¢in farkli bakteri tiirleri arasinda istatistiksel olarak anlamli farklar kiigiik harflerle

belirtilmistir (p<0,05).
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veya antifungal aktivite gostermedigini rapor etmistir.
Santoyo ve ark. [13] ise, Haematococcus pluvialisin eta-
nol ekstrelerinin E. colive S. aureus’a karsi antibakteriyel
aktivite gosterdigini bildirmis ve bunu, biitanoik ve metil
laktik asit gibi kisa zincirli yag asitlerinin varlidina bagla-
mistir. Mevcut calismada ise DMSO ekstrelerinin antimik-
robiyal etkinligi daha gticli bir sekilde gorilmis, ézellikle
S. aureusve B. cereus lizerinde yiiksek inhibisyon zonlari
olusturmustur. Ancak, bu bulgular literattirdeki dider ¢ca-
lismalara kiyasla, ézellikle E. coli gibi diger bakteri tirleri
Uzerindeki etkinlik agcisindan daha dikkat cekicidir.

Biyoaktif bilesikler arasinda, mikroalgal yag asitleri, far-
masotik ve kozmetik uygulamalar icin en énemli bilesik-
lerdir. Yag asitleri, hiicre zarina etki ederek zarin yapisini
bozar, hiicre sizintisina yol acar, besin alimini azaltir ve
hticresel solunumu inhibe eder [1]. Mikroalg ekstrelerin
aktivitesi genellikle yag asidi iceridi ile iliskilidir [31, 32].
Bu nedenle, polar organik ¢coziiciler (6rnedin metanol),
yag asitlerinin ekstraksiyonuicin etkilidir [33, 34].

Literatlirdeki diger calismalar incelendiginde, Antarktik
mikroalglerin diger mikroalg ttrlerine kiyasla daha fazla
antibakteriyel ozellik gosterdigi gorilmustir [38-40]
[35-37] Uma ve ark. [38] tarafindan ydiriitllen bir ca-
ismada, Chlorococcum humicolamin DMSO ekstresinin
(%1) E. coliye karsi antibakteriyel etkisi incelenmis ve
9 mm inhibisyon zonu bildirilmistir. Bai ve ark. [38] ise,
Tetraselmis suecica ekstrelerinin aseton c¢ozeltisi ile ha-
zirlayarak E. coli, B. megaterium, B. subtilis ve Salmonella
sp. bakterilerine karsisirasiyla 9,0, 10,6, 8,2 ve 8,6 mm'lik
inhibisyon zonlari olusturdugunu tespit etmistir. Ancak,
mevcut calismada elde edilen inhibisyon zonlari, bu ¢a-
lismalarda bildirilenlerden genellikle daha yiiksek sevi-
yelerdedir. Ornegin, P. aeruginosa tizerinde 12,3 mm'lik
inhibisyon zonu, diger calismalarda bildirilenden daha ge-
nistir. Bu, Antarktik mikroalglerin antibakteriyel aktivite-
lerinin ¢dzlicl tiiriine bagl olarak degiskenlik gosterdigini
ve bu calismada kullanilan coziiclinin etkili bir ekstraksi-
yon ortami sundugunu géstermektedir.

Antarktik tirler ile yapilan calismalarla karsilas-
tinldidinda, Asthana ve ark. [39] Antarktika siyano-
bakterisi Nostoc CCC537'nin metanolik ekstrelerinin
Mycobacterium tuberculosis, Enterobacter aerogenes,
Salmonella typhi, E. coli, P. aeruginosa ve S. aureusun
bliyiimesini inhibe ettigini bildirmistir. Farkh E. coli tur-
leri icin inhibisyon zonlarinin 10-18 mm arasinda degis-
tidi, ayrica Staphylococcus aureus ATCC 25923'e karsi
40 mm’lik bir inhibisyon zonu olusturdugu belirlenmistir.
Arastirmacilar, bu aktivitenin, bir diterpenoidin antraki-
non (indane) tiirevine benzer hiicre ici bir biyomolekdil-
den kaynaklanabilecegdini belirtmistir. Bu calisma, mev-
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cut calismamizdaki inhibisyon zonlarindan cok daha
yiiksek degerlere ulasmistir. Bu fark, kullanilan mikroalg
tlrtindn ozelliklerinden ve ekstraksiyon kosullarindan
kaynaklanabilir.

Biondi ve ark. [40] Antarktika'daki bentik matlardan
izole edilen siyanobakteri ekstrelerinin Staphylococcus
aureus ATCC 6538, Aspergillus fumigatus ATCC 90112,
E. coliL 47 ve Candida albicans L. 145 gibi cesitli bakteri
tlrleri Gzerindeki etkisini incelemistir. Arastirma sonu-
cunda calismada kullanilan 17 siyanobakteri tiriiniin
Staphylococcus aureus, Aspergillus fumigatus veya Cr-
yptococcus neoformansa karsi antimikrobiyal aktivite
gosterdigi rapor edilmistir. Ayrica, 25 tliriin sitotoksik
oldugu tespit edilmistir. Bu biyoaktivitelerin susa 6zgi
oldudu ve filogenetik gruplama ile iliskili olmadigr be-
lirtilmistir. Elvedal [41] ise yiiksek lisans tezinde fark-
I kosullar altinda kdiltlire edilen Arktik deniz diyatom
tlrlerinin biyoaktivite potansiyelini incelemistir. Arktik
sulardan toplanan tim &rneklerin, Staphylococcus
aureus, Escherichia coli, Enterococcus faecalis, Pseu-
domonas aeruginosa ve Streptococcus agalactiae'ye
karsi biyoaktivite gosterdigi tespit edilmistir. Ancak, kiil-
tirleme kosullarinin tiirlerin biyoaktivitesini etkiledigi
ve antibakteriyel etkilerinde farkliliklar gozlemlendigi
belirtilmistir. Arastirmaci, diyatom tiriiniin metabolit
biyoaktivite profilinin kiilttirleme kosullarina bagh olarak
degisebilecegini ifade etmistir.

3.5. Antifungal Aktivite Sonuclar

C. variabilisYTU.ANTARCTIC.001 tlrlne ait farkl ekstre-
lerin antifungal aktivitesi, C. gloeosporioides, F. oxyspo-
rum, B. cinerea ve A. niger tirlerine karsi degderlendi-
rilmistir ve bu fungal tiirlerin misel bliylimesine karsi
inhibisyon oranlari farkh gtinlerde élgmstir (Tablo 3).

Farkli coziicller kullanilarak hazirlanan Antarktik mik-
roalg ekstrelerinin, C. gloeosporioides'un 6. inkiibasyon
gtiniindeki fungal koloni capi Gizerindeki etkisi incelen-
diginde, en distik miselyal biiylimenin 64 mm ile etanol
ekstresinde oldugu gozlemlenmistir. Buna karsilik, en
yiiksek miselyal biiylime 68 mm ile DMSO ve su ekstre-
lerinde elde edilmistir. Kontrol ekstrelerinin miselyal
bliylimesi ise 66 ile 72 mm arasinda gdzlemlenmistir
(Sekil 2). F. oxysporumicin ise, farkli ekstrelerin etkileri-
nin birbirine yakin oldugu sdylenebilmektedir. Etanol, su
ve metanol ekstrelerinin miselyal biiylime degerleri 50-
51 mm arasinda degisirken, DMSO ekstresi 49 mm olarak
Olctilmustir (Sekil 3). Benzer sekilde, B. cineredya karsi
5. ve 6. inkiibasyon glinlerinde hicbir ekstrenin inhibis-
yon gostermedigi tespit edilmistir (Sekil 4). A. nigericin,
en ylksek miselyal blyiime 73,33 mm ile DMSO ekstre-
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Tablo 3 Antarktik mikroalgi ekstreleri uygulanmis funguslarin
6 giin sonundaki miselyal biiyiime zonlari (mm)

Coziicii C. gloeosporioides

F. oxysporum B. cinerea A. niger

DMSO 68,00+0,50 ¢
Etanol 64,00+0,50 ¢
Metanol 65,00+0,00 ¢

Su 68,00+0,50 ¢

49,50+0,00 *P
51,00+0,00 2P
50,00+1,00 *P
51,00+0,50 P

90,00+0,00
90,00+0,00
90,00+0,00 -~
90,00+0,00 -+

73,33+0,57*8
71,00+£1,00 %8
69,00+0,00 *8
72,00+£1,00 *B

DMSO 69,50+0,50 >€
Etanol 66,00+0,50 >€

Metanol 67,00+0,00 >€
Su 72,00+0,00 %€

(-) Kontrol

54,00+0,00 P
55,00+1,00 P
54,00+1,00 %P
55,33+1,522P

90,00:£0,00 >4
90,00:£0,00 >4
90,000,004
90,00+0,00

78,00:£0,50 °B
75,00+1,00°B
76,00:£0,00 °B
80,00+0,00*B

Veriler ortalamalar + standart sapmalar (n=3) olarak sunulmustur

A-D: Ayn1 mikroalg ekstre tipi i¢in farkli mantar tiirleri arasinda istatistiksel olarak anlaml farklar bulunmaktadir
(p<0,05). Farkli harflerle gosterilen gruplar istatistiksel olarak anlamlidir.

a—d: Ayn1 mantar tiirli igin farkli uygulamalar (ekstre vs. kontrol grubu) arasinda istatistiksel olarak anlamli farklar
bulunmaktadir (p<0,05). Farkli kiigiik harflerle gosterilen degerler arasinda anlamlilik vardir.

sinde gordlirken, en diisiik miselyal bliylime 69,6 mm ile
metanol ekstresinde gézlemlenmistir (Sekil 5).

Polifenolik bilesikler, yiiksek hidrofilik karakterleri nede-
niyle birden fazla -OH grubu icermektedir ve bu sayede ¢6-
zliclilerde cok daha iyi c6ztinmektedir. Bu durum, polifenol-
lerin su ekstresine kiyasla daha yiiksek antifungal aktivite
gbstermesine neden olabilmektedir [42]. Buna ek olarak,
mikroalgler ytiksek oranda polar bilesikler icerdiklerinden,
non-polar coziiciiler en dislk ekstre verimini verecektir

DPPH radikal siipiirme aktivitesi (%)

[34, 36]. Diklorometan ve metanol ekstrelerinin, Gram-po-
zitif ve Gram-negatif bakterilere ve mantarlara karsi iyi an-
timikrobiyal aktivite gosterdidi bildirilmistir [36]. Mikroalg
ekstrelerinde bulunan fenolik ve terpenoid bilesiklerin,
fungal miselyum biiytimesini durdurdugu veya inhibe ettigi
distnilmektedir [42-44].

Literatiirde, farkh mikroalg ekstrelerinin antifungal etkileri
dederlendirilmektedir. Ghasemi ve ark. [12] esitli mikroalg-
lerin metanolik ve hekzan ekstrelerini C. kefyr, C. albicans,

W EE
ME

m DE

uWE
BHT-1000

Zaman (dakika)

Sekil 1 C. variabilis mikroalginin etanolik (EE), metanolik (ME),
DMSQ'lu (DE) ve sulu (WE) ekstrelerinin antioksidan aktivitesi
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Sekil 2 Antarktik mikroalgi ekstrelerinin C. gloeosporioidesa karsi inhibisyonu

DMSO Metanol

Sekil 3 Antarktik mikroalgi ekstrelerinin F. oxysporum'a karsi inhibisyonu
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Sekil 4 Antarktik mikroalgi ekstrelerinin B. cinered'ya karsi inhibisyonu

Metanol

Sekil 5 Antarktik mikroalgi ekstrelerinin A. niger'e karsi inhibisyonu
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A. niger ve A. fumigatus'a karsi test etmis ve denenen
bircok ¢6ziicli arasinda yalnizca metanolik ekstrelerin
anlamh bir antifungal aktivite gésterdigini bildirmistir.
Santoyo ve ark. [13], H. pluvialisin etanol ekstrelerini C.
albicans ve A. niger'e karsi test etmis ve tiim ekstrelerin
A. niger'e karsl etkisiz oldugunu bildirmistir. Ayrica litera-
tlrde, Antarktika mikroalg tirlerinin antifungal aktivite-
lerini dederlendiren herhangi bir calisma bulunmamak-
tadir. Ancak, bazi Antarktika makroalg tirleri antifungal
ozellikleri acisindan dederlendirilmistir. Martins ve ark.
[45] dort farkh makroalg tlirtiniin (Cystosphaera jacqui-
notii, Iridaea cordata, Himantothallus grandifolius ve Py-
ropia endiviifolia) hekzan, kloroform, etil asetat ve etanol
ekstreleri farkli Candida tirlerine karsi test etmistir. Bu
calismada, H. grandifoliusun etil asetat ekstrelerinin
calisma kapsaminda kullanilan dider ekstreler arasinda
en dikkat cekici antifungal aktiviteyi gdsterdidi rapor
edilmistir. Literatlirdeki calismalar g6z éniine alindigin-
da, Antarktika mikroalg tirlerinin antifungal uygulama-
lar acisindan dederlendiriime potansiyeline sahip oldugu
soylenebilmektedir.

Bu calismada elde edilen sonuclar, literatiirde bildirilen
bazi bulgularla értiismektedir. Ornegin, Ghasemi ve ark.
[12] tarafindan bildirilen metanolik mikroalg ekstrele-
rinin antifungal etkisi, calismamizda da metanol eks-
tresinin bazi fungal tiirlerde inhibisyon gdstermesiyle
paralellik arz etmektedir. Buna karsilik, Santoyo ve ark.
[13]'nin A. nigeriizerinde etkisiz buldugu etanol ekstresi,
bizim calismamizda sinirli da olsa inhibisyon gostermis-
tir. Bu farklilik, kullanilan mikroalg tiirleri, ekstraksiyon
yontemi veya test edilen fungal suslardaki farkliliklardan
kaynaklaniyor olabilir. Ayrica, Antarktika kdkenli mikro-
alg tlrlerinin antifungal aktivitesine yonelik literatlirde
yeterli veri bulunmazken, calismamizda C. variabilis YTU.
ANTARCTIC.001 tiiriine ait ekstrelerin bazi funguslara
karsi belirgin inhibisyon etkisi gosterdigi tespit edilmistir.
Bu yonuyle calisma, Antarktik mikroalglerin antifungal bi-
yoyetkinlik potansiyelini ortaya koyarak, bu alanda yapi-
lacakileriarastirmalaricin nemli bir 6ncil olusturmustur.

Bu calismanin sonuglar, Antarktika kutup bdlgesin-
de ekstrem kosullar altinda yetisen mikroalg tirlerinin
bazi bakteri tiirleri ve mantarlara karsi umut verici
antibakteriyel ve antifungal aktivite sergiledigini gdster-
mektedir. Bu ¢alismada, kutuptan izole edilen mikroalg
hiicre ekstrelerinin, iiman bdélgelerde yetisen makro ve
mikroalg tlrlerine kiyasla Gram-pozitif ve Gram-negatif
bakterilere karsi daha yiiksek antibakteriyel aktivite ve
fungal patojenlere karsi daha giiclli antimikrobiyal etki
gosterdigi gdzlemlenmistir. Ayrica mikroalgler, cevresel
strese karsi hayatta kalma mekanizmalan olarak glglii
antioksidan ozellikler gosterebilen sekonder metabolit-
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ler Uretirler bu sayede mikroalg ekstrelerinin endustri-
yel alanda degerlendirilebilecegini 6ne stirilebilir. Elde
edilen sonuclar, Antarktika'dan izole edilen mikroalgle-
rin glicli antibakteriyel ve antifungal dzelliklere sahip
oldugunu acikca ortaya koymaktadir. Antarktika mikro-
alglerinin antimikrobiyal bilesiklerine iliskin molekiler
yapilarinin belirlenmesine yonelik ileri arastirmalar, ge-
lecekteki biyoteknolojik ve farmasotik uygulamalar aci-
sindan faydali olacadi diistintilmektedir.
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The Determination of Antibacterial Activities
of Herbal-Infused Syrups Recommended for

Use as Food Supplements

Gida Takviyesi Olarak Kullanimi Tavsiye Edilen Bitkisel icerikli Suruplarin

Antibakteriyel Aktivitelerinin Belirlenmesi

Abstract

Aim: The study aimed to determine the antibacterial activities of herbal syrups sold
as dietary supplements in pharmacies on various Gram-positive and Gram-negative
bacteria.

Materials and Methods: In the study, the well diffusion and broth microdilution
methods were used to determine the antibacterial activities of 3 different herbal syr-
ups recommended for use in adults against Escherichia coli ATCC 25922, Klebsiella
pneumoniae ATCC 700603, Staphylococcus aureus ATCC 29213 and Bacillus cereus
ATCC 14579, while 3 different herbal syrups recommended for use as dietary sup-
plements in children between the ages of 4-11 were examined against Escherichia
coli ATCC 25922, Salmonella typhimurium ATCC 14028, Staphylococcus aureus ATCC
29213 and Enterococcus faecalis ATCC 29212.

Results: According to the results of the study, all three of the herbal syrups rec-
ommended for adults and only one of the herbal syrups recommended for children
showed antibacterial activity against the bacteria used in the study. When the data
obtained from the methods used to determine antibacterial activity in the study were
compared, it was determined that antimicrobial activity could not be detected with the
well diffusion method, while syrups containing different herbal ingredients had anti-
bacterial activity in various dilutions on different bacteria with the broth microdilution
method.

Conclusion: Study results indicate that herbal syrups recommended for use as dietary
supplements have antibacterial activities on Gram-positive and Gram-negative bacteria
that can cause various infectious diseases. In addition, the findings obtained from the
study reveal the importance of the method used to determine the antibacterial activity.
According to the study results, it was determined that the well diffusion method was
not sufficient to detect antibacterial activity. The broth microdilution method has been
determined to be a more sensitive method than the well diffusion method, as it can de-
tect the antibacterial activities of pharmaceutical products in different concentrations.

Keywords: Antibacterial activity, herbal dietary supplements, well diffusion method,
broth microdilution method

Ozet

Amac: Calismada eczanelerde gida takviyesi olarak satilan bitkisel icerikli suruplarin
cesitli Gram pozitif ve Gram negatif bakteriler tizerindeki antibakteriyel aktivitelerinin
tespit edilmesi amaclanmstir.

Gerec ve Yontem: Calisma kuyu difiizyon ve sivi mikrodiltisyon yontemleri ile yetis-
kinlerde kullammi tavsiye edilen 3 farkl bitkisel icerikli surubun Escherichia coli ATCC
25922, Klebsiella pneumoniae ATCC 700603, Staphylococcus aureus ATCC 29213 ve
Bacillus cereus ATCC 14579 bakterileri lizerindeki antibakteriyel aktiviteleri incelenir-
ken, 4-11 yas arasi cocuklarda kullanimi tavsiye edilen 3 farkli bitkisel icerikli surubun
ise Escherichia coli ATCC 25922, Salmonella typhimurium ATCC 14028, Staphylococ-
cus aureus ATCC 29213 ve Enterococcus faecalis ATCC 29212 bakterileri tizerindeki
antibakteriyel aktiviteleri incelenmistir.
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Bulgular: Calisma sonuclarina gore yetiskinlerde kullanimi tavsiye edilen bitkisel
icerikli suruplarin hepsinin, cocuklarda kullanimi tavsiye edilen bitkisel suruplarin ise
yalnizca bir tanesinin calismada kullanilan bakteriler tizerinde antibakteriyel aktivite-
ye sahip oldugu tespit edilmistir. Calismada antibakteriyel aktivitenin belirlenmesinde
kullanilan yontemlerden elde edilen veriler karsilastirildiginda kuyu difiizyon yontemi
ile antimikrobiyal aktivite tespit edilemezken sivi mikrodillisyon yontemi ile farkl bit-
kisel icerikli suruplarin farkh bakteriler tizerinde cesitli konsantrasyonlarda antibakte-
riyel aktiviteye sahip olduklari belirlenmistir.

Sonuc: Calisma sonuclari gida takviyesi olarak kullanimi tavsiye edilen bitkisel surup-
larin cesitli enfeksiyon hastaliklarina neden olabilecek Gram pozitif ve Gram negatif
bakteriler tizerinde antibakteriyel aktivitelerinin mevcut oldugunu ortaya cikarmakta-
dir. Ayrica calismadan elde edilen bulgular sz konusu antibakteriyel aktivitenin belir-
lenmesinde kullanilan ydntemin de dnemini ortaya koymaktadir. Calisma sonuclarina
gore kuyu diflizyon yonteminin antibakteriyel aktivitenin tespit edilmesinde yeterli
olmadidi tespit edilmistir. Sivi mikrodiltisyon yontemi, farmasatik tirtinlerin farkl kon-
santrasyonlarinin antibakteriyel aktivitelerini tespit etmekle birlikte, kuyu diflizyon
yontemine gore daha duyarli bir yontem olarak belirlenmistir.

Anahtar kelimeler: Antibakteriyel aktivite, bitkisel icerikli gida takviyeleri, kuyu di-

flizyon yontemi, sivi mikrodillisyon yontemi

1. Introduction

In recent years, the increasing resistance to antibiotics
used in the treatment of infectious diseases has led
to the use of alternative products with antibacterial
activities. The most important products used for this
purpose are pharmaceutical products with herbal in-
gredients. Various herbal-based pharmaceutical prod-
ucts, including essential oils, have been reported to
exhibit antimicrobial activity against bacteria, yeasts,
and molds [1,2]. According to the World Health Organ-
isation (WHO), approximately 20,000 medicinal plants
have been approved and used for therapeutic purpos-
es. Also, they are classified as Safe Food Assessment
(SFA) [3]. The demand for herbal pharmaceutical prod-
ucts is increasing day by day due to their low cost, lack
of side effects, low toxicity and natural composition
[4]. Medicinal plants contain various bioactive com-
pounds, including flavonoids, alkaloids, terpenoids,
tannins, berberine, quinine, and emetines, which are
widely utilised in the treatment of infectious diseases
[5]. Anincrease in the number of multi-drug-resistant
bacteria causes difficulties in the treatment of infec-
tious diseases. Therefore, the use of medicinal plants
with antimicrobial activity is recommended as an alter-
native therapeutic agent to conventional antimicrobial
drugs [6]. Studies have reported that the therapeutic
effects of medicinal plants are caused by the synergis-
tic effect of multiple compounds rather than a single
active ingredient, and these plants can be used effec-
tively in the treatment of infectious diseases [7,8]. In
light of these findings, recent research has focused on
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identifying inhibitory compounds from natural antimi-
crobial agents derived from plant extracts [9].

The broth microdilution method, the well diffusion
method, and the disk diffusion method are widely
used for the evaluation of the antimicrobial activity
of herbal pharmaceutical products. These methods
are reference methods for antimicrobial susceptibility
testing. In dilution-based tests, the lowest concentra-
tion of antimicrobial agent that visibly inhibits bacte-
rial growth is determined as the “Minimal Inhibitory
Concentration (MIC)", which indicates the concentra-
tion required to inhibit microbial growth [10].

The aim of the study was to determine the antibac-
terial activities of herbal syrups sold as food sup-
plements in pharmacies on various Gram-positive
and Gram-negative bacteria. Additionally, the study
sought to compare the effectiveness of the broth
microdilution method and the well diffusion method
in evaluating the antibacterial susceptibility of these
herbal products.

2. Materials and methods

The study was conducted in two groups, and in the
first group, 3 different herbal syrups recommended
for use as food supplements in adults were used. The
antibacterial activities of herbal syrups recommended
for adults were investigated on Escherichia coli ATCC
25922, Klebsiella pneumoniae ATCC 700603, Staphy-
lococcus aureus ATCC 29213 and Bacillus cereus ATCC
14579, bacteria frequently encountered in adults’ in-
fections.
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Table 1 Herbal contents of syrups recommended for use in adults

Herbal syrup recommended
for use in adults

Herbal content

Herbal syrup-A

Echinacea, plantain, grape, thyme

Herbal syrup-B

Thyme, marshmallow, liquorice

root, linden flower, ginger

Herbal syrup-C

Thyme, primrose

Table 2 Herbal contents of syrups recommended for use in children

Herbal syrup
recommended for use in
children

Herbal content

Herbal syrup-D

Black elderberry

Herbal syrup-E

Thyme, linden, marshmallow, carob

Herbal syrup-F

Liquorice root, basil, galania, turmeric,
fructus piperis nigri, mint, ginger, grape,
white turmeric, black pepper

In the second group, 3 different herbal syrups recom-
mended as food supplements for children aged 4-11
were used. The antibacterial activities of herbal syrups
recommended for use in children were investigated on
Escherichia coli ATCC 25922, Salmonella typhimurium
ATCC 14028, Staphylococcus aureus ATCC 29213 and
Enterococcus faecalis ATCC 29212, bacteria frequently
encountered in children’s infections.

The broth microdilution and the well diffusion methods
were used to determine the antibacterial activities of
herbal syrups.

2.1.1 The Broth Microdilution Method

Minimum inhibitory concentration (MIC) values of herbal
syrups were determined using the broth microdilution
method recommended for antibiotics by the Clinical and
Laboratory Standards Institute (CLSI) [11]. In the anti-
bacterial activity tests of herbal syrups, firstly, a single
colony was taken from 24-hour bacterial cultures and

transferred to Mueller Hinton broth and adjusted to the
McFarland 0.5 turbidity standard with a spectrophotom-
eter. Then, the bacterial count was standardised to 10°
bacteria/mlwith necessary dilutions. 200 pl of herbal syr-
up was placed in the first well of the 96-well round-bot-
tom microplate. Subsequently, 100 pl of Mueller Hinton
broth was placed in each of the following wells. Serial
dilution was performed in the wells by transferring 100
pl of sample taken from the first well to the next well,
and herbal syrup was diluted 2-fold in each well. The last
well, numbered 12, was notincluded in the serial dilution
process and was used as a negative control. Then, 10 pl
of bacterial suspension was added to all wells and incu-
bated for 24 hours at 37°C. At the end of the incubation
period, the lowest concentration at which there was no
growth was determined as the MIC. Cefepime antibiotic
was used as a positive control in the study, and the stud-
ies were performed in three replicates.
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2.1.2 The Well Diffusion Method

The disc diffusion method was performed with some
modifications of previous studies that were conduct-
ed to determine the antibacterial activity of herbal
products [12,13]. A single colony was taken from 24-
hour bacterial cultures and transferred to Mueller Hin-
ton broth and adjusted to the McFarland 0.5 turbidity
standard by spectrophotometer. Then, the bacterial
count was standardised to 10° bacteria/ml with neces-
sary dilutions. 100 pl of the bacterial suspensions were
inoculated on Mueller Hinton agar using the spread
plate culture method. Wells were opened with glass
pipettes on the medium. 20 pl of herbal syrup, 20 pl of
antibiotic as a positive control and 20 pl of sterile phys-
iological water as a negative control were added to the
wells on the medium. Afterwards, the media were incu-
bated at 37°Cfor 24 hours. At the end of the incubation
period, the inhibition zone diameters around the wells
were measured. The studies were carried out in three
replicates.

3. Results

According to the study results, it was found that all
three herbal syrups recommended for use in adults
have antibacterial activity on the bacteria used in the
study. Among the syrups recommended for use in
adults, the syrup with the highest antibacterial activ-
ity at the highest dilution was the herbal syrup-A, and
it has shown its antibacterial activity on E. coli with
12.5% dilution (Table 3). The study results showed
that the only syrup that demonstrated antibacterial
activity against all tested bacteria was herbal syr-
up-C (Table 3). Additionally, it was determined that
thyme is the common ingredient in syrups recom-
mended for both adults and children that exhibited
antibacterial activity (Tables 3, 4).

According to the results of the study, it was detect-
ed that only one of the herbal syrups recommended
for use in children has antibacterial activity on the
bacteria used in the study. Among these syrups, only
herbal syrup-E demonstrated antibacterial effects,

Table 3 MICvalues of syrups recommended for use in adults according to broth microdilution method

Escherichia coli
ATCC 25922

Klebsiella
pneumoniae
ATCC 700603

Staphylococcus
aureus ATCC
29213

Bacillus cereus
ATCC 14579

Herbal syrup-A

12.5% dilution

Direct

25% dilution

50% dilution

Herbal syrup-B

50% dilution

50% dilution

Direct

25% dilution

Herbal syrup-C

50% dilution

50% dilution

25% dilution

50% dilution

Table 4 MICvalues of syrups recommended for use in children according to the broth microdilution method

Escherichia coli
ATCC 25922

Salmonella
typhimurium
ATCC 14028

Staphylococcus
aureus ATCC
29213

Enterococcus
faecalis ATCC
29212

Herbal syrup-D

Herbal syrup-E

25% dilution

25% dilution

6.25% dilution

0.78% dilution

Herbal syrup-F

Volume 1 Issue 1

http://jpp.yeniyuzyil.edu.tr

Journal of PhytoPharmacy

24


http://jms.yeniyuzyil.edu.tr

Journal of PhytoPharmacy

Arastirma Makalesi / Research Article

25

showing higher dilution efficacy against Gram-positive
bacteria compared to Gram-negative bacteria (Table 4).
When comparing Gram-positive bacteria, it was observed
that herbal syrup-E maintained its antibacterial effect
against E. faecalis even at higher dilutions (0.78%) com-
pared to S. aureus (Table 4).

According to the study results, differences were de-
tected in terms of results among the methods used to
determine antibacterial activity. While antibacterial ac-
tivity could not be detected in any of the herbal syrups
with the well diffusion method, antibacterial activity was
detected in some herbal syrups analysed with the broth
microdilution method.

4. Discussion

Nowadays, the increased side effects of antibiotics
and the development of multi-drug-resistant bacteria
against pharmaceutical antimicrobial products increased
the importance of natural herbal products and food sup-
plements containing these substances in the treatment
of infectious diseases. Plants used in traditional med-
icine have begun to take their place in research as new
antimicrobial compounds because they are considered
natural, low-cost, lacking ecotoxic side effects, thera-
peutic and safe [14]. There are various studies showing
the antimicrobial activities of these aromatic and medic-
inal plants [15-17]. Since bacteria develop resistance to
antibiotics, it is believed that this global problem can be
prevented by the antimicrobial activities of secondary
metabolites (such as phenolic compounds, flavonoids, al-
kaloids) found in plants [18]. For this reason, numerous
studies have focused on identifying the antioxidant and
antimicrobial components of different herbal products
[19-21].

According to the results of the study, it was found that
herbal syrups recommended for use as food supple-
ments have antibacterial activities on Gram-positive and
Gram-negative bacteria that can cause various infectious
diseases. Furthermore, thyme was identified as the com-
mon ingredient in the syrups with antibacterial activity
for both adults and children. Therefore, it is thought that
the detected antibacterial activity is mostly caused by
thyme. The study findings align with previous studies on
thyme. In the study conducted by Con et al., they tested
the antimicrobial activity of essential oils obtained from
six different plants against Listeria monocytogenes, S.
aureus, Lactobacillus sake, Lactobacillus plantarum,
Yersinia enterocolitica, Pediococcus acidilactici, Pedio-
coccus pentosaceus, Micrococcus luteus and determined
that thyme has the highest antimicrobial activity against
the tested bacteria [22]. Sagdic et al. conducted a study
on the inhibition of E. coli0157:H7 growth by seven plant

extracts (cumin, thyme, bay leaf, myrtle leaf, Helichry-
sum compactum Boiss known as everlasting, marjoram,
and laurel) and found that thyme and marjoram showed
higher antimicrobial activity [23]. Other studies have
also demonstrated the antimicrobial effects of thyme oil
extracts, with results comparable to those of the study
[24-26].

The study resultsindicate that, among the syrups recom-
mended for use in children, only herbal syrup-E showed
antibacterial activity, showing higher dilution efficacy
against Gram-positive bacteria than Gram-negative bac-
teria. Previous studies have shown that Gram-positive
bacteria are generally more sensitive to herbal products
than Gram-negative bacteria. In a study, the antibacteri-
al effects of 46 medicinal plants and spice extracts were
tested on 5 foodborne pathogenic bacteria (B. cereus, L.
monocytogenes, S. aureus, E. coli and Salmonella ana-
tum), and as a result of the study, it was determined
that Gram-positive bacteria were more sensitive than
Gram-negative bacteria, and the most resistant bacteri-
um was E. coli and the most sensitive bacterium was S.
aureus [27]. In the study conducted by El Astal et al., it
was reported that thyme extracts showed antibacterial
activity against S. aureus and Enterococcus sp. [28]. Ac-
cording to the results of the study, it was detected that
among the syrups recommended for use in children,
herbal syrup-E exhibited the highest antibacterial activ-
ity against E. faecalis at a 0.78% dilution and against S.
aureus at a 6.25% dilution. These dilutions are higher
than Gram-negative bacteria.

In another study, the antibacterial activities of 16 herbs
hydrosols (anise, basil, cumin, dalamagia sage, dill, fen-
nel, laurel, mint, oregano, pickling herb, rosemary, sage,
summer savoury, sea fennel, sumac and black thyme
were) tested against 15 bacteria and as a result of the
study, it was determined that anise, cumin, marjoram,
savoury (thyme), thyme hydrosols showed antibacterial
activity and the highest antibacterial activity belonged
to marjoram and savoury (thyme) [29]. According to the
results of the study, considering the dilution ratio of syr-
up, most effective herbal syrup for adults is herbal syr-
up-A, and it contains echinacea, plantain, grape, thyme
and only one effective herbal syrup for children is herbal
syrup-E and it contains thyme, linden, mallow flower, and
carob. These results reveal that many different herbal
products have antibacterial effects on a wide variety of
bacteria.

In another study, they investigated the antimicrobial ac-
tivity of 16 types of plants against B. cereus, S. aureus,
L. monocytogenes, E. coli and Salmonella infantis using
the disk diffusion method and determined that the most
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sensitive microorganism was B. cereus [30]. According
to the results of the study, growth of B. cereus was in-
hibited with all herbal syrups recommended for adults,
with herbal syrup-B specifically inhibiting B. cereusat a
25% dilution.

When comparing the methods used to determine anti-
bacterial activity, it was found that while the well dif-
fusion method failed to detect antimicrobial activity,
the broth microdilution method revealed antibacterial
effects of different herbal syrups at various dilutions.
It is thought that the reason for this difference is likely
due to the amount of herbal syrup and/or antimicrobial
substance used in the broth microdilution method as
well as the limited diffusion of antimicrobial metabo-
lites from herbal syrups in the well diffusion method
[31,32].
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Antibacterial activity of Phlomis fruticosal.

plant extracts

Phlomis fruticosa L. bitki ekstrelerinin antibakteriyel aktivitesi

Abstract

Aim: This study aimed to determine the antibacterial activities of extracts obtained
from the Phlomis fruticosa plant.

Materials and methods: Petroleum ether, ethyl acetate, methanol, and
methanol:water (70:30) extracts were obtained from Phlomis fruticosa plant by the
Soxhlet method. The antibacterial activity of the extracts was determined using
the disc diffusion method. Antibacterial activity was started at a concentration of
50 mg/disc. Staphylococcus aureus, Bacillus subtilis, B. cereus, Escherichia coliand
Pseudomonas aeruginosa were used in the antibacterial activity tests.

Results: It was determined that the methanol extract showed the highest activity
on Pseudomonas aeruginosa bacteria among the four extracts by forming a zone
diameter of 25 mm. Other extracts were found to have inhibition zone diameters in
the 6-12 mm range against the tested bacteria.

Conclusion: In this study, the antibacterial activity of petroleum ether, ethyl ac-
etate, and methanol:water extracts of P. fruticosa was studied for the first time.
Since the methanol extract has a high inhibition zone diameter against P. aerugi-
nosa bacteria, the bioactive compounds responsible for this activity should be in-
vestigated in future studies.

Keywords: Phlomis fruticosa, extract, antibacterial activity, the disc diffusion
method, Soxhlet extraction

Ozet

Amac: Bu calismanin amaci, Phlomis fruticosa bitkisinden elde edilen ekstrelerin
antibakteriyel aktivitelerini belirlemektir.

Gerec ve Yontem: Phlomis fruticosa bitkisinden Soxhlet yontemi ile petrol eteri,
etil asetat, metanol ve metanol:su (70:30) ekstreleri elde edilmistir. Ekstrelerin an-
tibakteriyel aktiviteleri disk diflizyon yontemiile belirlenmistir. Antibakteriyel aktiv-
ite testi 50 mg/disk konsantrasyonda baslatilmistir. Staphylococcus aureus, Bacillus
subtilis, B. cereus, Escherichia colive Pseudomonas aeruginosa bakterileri antibak-
teriyel aktivite testlerinde kullaniimistir.

Bulgular: Dort ekstre icinde metanol ekstresinin 25 mm zon capi olusturarak Pseu-
domonas aeruginosa bakterisi Gizerinde en yiiksek aktivite gosterdigi belirlenmistir.
Diger ekstrelerin test edilen bakterilere karsi 6-12 mm araliinda inhibisyon zon
caplarina sahip oldugu tespit edilmistir.

Sonuc: Bu calismada, P. fruticosa bitkisinin petrol eteri, etil asetat ve metanol:su
ekstrelerinin antibakteriyel aktivitesi ilk defa calisiimistir. Metanol ekstresinin P.
aeruginosa bakterisine karsi yiiksek inhibisyon zon capina sahip olmasi nedeniyle
aktiviteden sorumlu biyoaktif bilesiklerin ileriki calismalarda arastiriimasi gerekme-
ktedir.

Anahtar kelimeler: Phlomis fruticosa, ekstre, antibakteriyel aktivite, disk diflizyon
yontemi, Soxhlet ekstraksiyonu
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1. Introduction

Plants are a promising option for discovering new antimi-
crobial agents due to their use in traditional medicine to
treat bacterial diseases and their potential to provide an
endless variety of chemical compounds for research [1].
Plants have great potential to develop effective solutions
against existing drug resistance and to create safer and
more effective treatment methods. Bioactive compounds
of plant origin attract attention with their broad-spec-
trum antimicrobial properties and are evaluated in scien-
tific studies [2].

Phlomis fruticosa L. belongs to Lamiaceae family. P. fruti-
cosa is known as “Parsamba” in Tirkiye [3]. P. fruticosa
is an ornamental plant widely grown in many gardens
worldwide. The plant’s natural habitat is the Mediterra-
nean region, where it grows wild from Sardinia in Italy
to Anatolia in Tirkiye. Phlomis species are used to treat
various conditions, including diabetes, stomach ulcers,
haemorrhoids, inflammation, and wounds. P. fruticosa
is traditionally used in Italy to prepare pasta sauces and
as an antitussive agent, while in Tiirkiye and Greece, it is
used to treat stomach ulcers [4-6].

Studies have shown that extracts obtained from P. fruti-
cosa have antibacterial and antifungal activities and play
a potential role in relieving the clinical symptoms associ-
ated with ulcerative colitis [7,8]. Flavonoids, iridoids, and
phenylethyl alcohol were the major secondary metabolite
groups of Phlomis extracts. Some Phlomis extracts have
been reported to have antidiabetic, antinociceptive, anti-
ulcerogenic, anti-inflammatory, anti-allergic, and antiox-
idant activities [9-17]. Methanol extracts of P. bruguieri,
P. herba-venti, and P. olivieri showed antibacterial and
antifungal activities against some bacteria and fungi
[18]. The ethanol extract of P. fruticosa showed antifun-
gal activity against Aspergillus ochraceus, Cladosporium
cladosporioides, and Phomopsis helianthi [8]. Methanol
extract of P. fruticosa and P. lanata showed antioxidant
activity by inhibiting bleomycin-Fe(ll)-catalyzed arachi-
donic acid superoxidation [19].

Based on the information obtained from previous re-
search, this study aims to investigate further the anti-
bacterial properties of extracts obtained from P. fruticosa
using the Soxhlet method. Extracts with four different
polarities (petroleum ether, ethyl acetate, methanol, and
methanol:water (70:30) were obtained from the aerial
parts of P. fruticosa. Additionally, the antibacterial effect
of extracts was determined by using the disc diffusion as-
say.

2. Materials and methods
2.1 Plant material

The aerial part of P. fruticosa was collected from Deniz-
li-Tirkiye (37° 51> 40»N; 29° 09> 28»E). The dry aerial
part of the plant was ground in a grinding mill and pow-
dered.

2.2 Extraction

The dry aerial parts of P. fruticosa (123 g) were extract-
ed with petroleum ether, ethyl acetate (EtOAc), metha-
nol (MeOH), and methanol:water (70:30) by the Soxhlet
method, respectively. In Soxhlet extraction, 400 mL of
each solvent was used, and the heater temperature was
setat 60°C. The extraction process continued for 4 hours.
After Soxhlet extraction, each extract was filtered with
filter paper. The extract was concentrated at 45 °C under
reduced pressure using a rotary evaporator (Heidolph) to
obtain crude petroleum ether, ethyl acetate, methanol,
and methanol:water (70:30) extracts. The extracts were
stored at 4 °Cin the refrigerator for further analysis [20].

2.4 Antibacterial activity

Antibacterial activity of the extracts was evaluated
against two strains: Gram-positive (+) Staphylococcus au-
reus, Bacillus subtilis, and Bacillus cereus, and Gram-neg-
ative (-) Escherichia coli and Pseudomonas aeruginosa
by using the disc diffusion method. Chloramphenicol was
used as a positive control. 10% Dimethyl sulfoxide (DMSO)
was used as a negative control. All the experiments were
performed in triplicate.

3. Results

The disc diffusion method was performed using 50 mg/
disc. The petroleum ether extract showed antibacterial
activity against only E. coli, the inhibition zone diameter
was 11 mm. The methanol extract showed the highest ac-
tivity on P. aeruginosa bacteria among the four extracts
by forming a zone diameter of 25 mm. The inhibition zone
diameters of methanol extract were 6-7 mm for other
bacteria except B. subtilis. The inhibition zone diameters
of ethyl acetate extract were detected between 8-10 mm
against B. subtilis, P. aeruginosa, and E. coli. The metha-
nol:water extract was effective against E. coli, B. cereus,
and P. geruginosa(Table 1).

4. Discussion

There are limited studies on the antibacterial activity of
Phlomis fruticosa. According to a study, ethanol (70%)
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Table 1 The disc diffusion method and inhibitory zone diameters (mm) of P. fruticosa extracts

Gram Negative (-) Gram Positive (+)
Bacteria Escherichia | Pseudomonas | Staphylococcus | Bacillus | Bacillus

Plant coli aeruginosa aureus subtilis | cereus
Materials
Petroleum ether .
extract
Ethyl acetate

10 8 - 8 -
extract
Methanol extract

7 25 7 - 6
Methanol:water

12 10 - - 10
(70:30)
Chloramphenicol

25 26 30 32 28
(positive control)
DMSO (10%)
(negative - - - - -
control)

extract of P. fruticosa leaves investigated antibacterial
and antifungal activity against seven bacterial and sev-
en fungal species. The inhibition zone diameters of eth-
anol extract were 16 mm for S. aureus and 17 mm for B.
subtilis at 100 pg/mL concentration and 12 mm for both
bacteria at 20 pg/mL concentration, respectively. The
ethanol extract did not form inhibition zones against E.
coliand P. aeruginosa at both concentrations [8].

The antibacterial activity of ethanol, ethanol:water
(1:1), and water extracts of P. fruticosa and P. her-
ba-venti aerial parts were studied against E. coli P.
aeruginosa, and S. aureus using the broth microdilution
assay. The ethanol extracts of both plants displayed the
highest antibacterial activity against these three bacte-
ria. The ethanol:water extracts showed moderate activ-
ity. The water extracts were not effective against test
bacteria[7].
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In another study, the antimicrobial activity of the
methanol extract of the aerial part of P. fruticosa was
studied against eight bacteria and eleven fungi spe-
cies using the broth microdilution assay. The methanol
extract showed moderate antibacterial activity. The
extract had the highest minimum inhibitory concen-
tration (MIC) and minimum bactericidal concentration
(MBC) value (1.25 mg/mL) against S. aureus and methi-
cillin-resistant S. aureus bacteria [6].

The methanol extracts of P. bruguieri, P. herba-venti,
and P. olivieri were obtained by the maceration meth-
od. The antimicrobial activity of the extracts was stud-
ied against S. aureus, Streptococcus sanguis, E. coli, P.
aeruginosa, Klebsiella pneumoniae, Candida albicans,
and Aspergillus niger at 10-1000 pg/disc concentra-
tions by using disc diffusion method. It was determined
that the methanol extract of P. bruguierihad inhibition
zone diametersinthe 10.1-16.7 mmand 13.8-18.6 mm
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range against S. aureus and S. sanguis at all tested con-
centrations, respectively. The inhibition zone diameters
of the methanol extract of P. bruguieri were 9.8-15.8
mm against K. pneumoniae at concentrations of 100-
1000 pg/disc, 9.2-11.1 mm against E. coli bacteria and
9.9-12.3 mm against P. geruginosa at concentrations
of 500-1000 pg/disc. The inhibition zone diameters of
methanol extract of P. herba-venti were 8.7-14.6 mm
against K. pneumoniae at 50-1000 pg/disc, 8.3-13.3
mm against S. sanguis at 100-1000 pg/disc, 8.7-12.2
mm against S. gureusand 8.4-11.2 mm aqainst E. coli at
250-1000 pg/disc, 8.5-10.9 mm against P. aeruginosa
at 500-1000 pg/disc. The methanol extract of P. olivie-
ri was effective on K. pneumoniae (8.9-15.9 mm) at all
tested concentrations. The inhibition zone diameters of
methanol extract of P. olivieriwere 8.9-13.1 mm against
S. aureus and 9.0-13.6 mm against E. coli at 250-1000
pg/disc, 8.9-11.5 mm against P. aeruginosa and 8.9-
12.0 mm against S. sanguis at 500-1000 pg/disc [18].
When the results were compared, it was determined
that the methanol extract of the current study had a
higher inhibition zone against P. aureoginosa bacteria.
The reasons for these differences may be the chemical
compositions of the plants, extraction methods, and ge-
ographical origins.

The antibacterial, antiviral, and antifungal activities of
petroleum ether and methanol extracts of seven Phlo-
mis species growing in Tirkiye were examined. The
petroleum ether and methanol extracts showed similar
antibacterial activity against the tested bacteria. Meth-
anol extracts were found to have the highest MIC value
against S. aureus (4 pg/mL) and Enterococcus faecalis
(2 pg/mL) bacteria. Petroleum ether extract had the
highest MIC values against E. faecalis (4 pg/mL) and S.
aureus (8 pg/mL). Both extracts had lower MIC values
against E. coli (128 pg/mL), P. aureoginosa (128 pg/
mL), and B. subtilis (64 pg/mLand 128 pg/mL) [21]. The
petroleum extract of the current study didn't show anti-
bacterial activity against E. coli, S. aureus, P. aureogino-
sa, and B. subtilis. The methanol extract of the current
study had better antibacterial activity against P. gure-
oginosa than the previous study. Plant species and ex-
traction methods were different between current and
previous studies. These factors may affect the chemical
composition of the extracts. For this reason, current and
previous studies may show different antibacterial activ-
ity.

There are differences between the activity results in
the current study and the literature. In the literature, it
has been determined that Phlomisspecies are generally

effective against S. aureus bacteria. However, the cur-
rent study determined that only the methanol extract
created a very low inhibition zone against S. aureus,
and the other extracts were ineffective. Contrary to
the results in the literature, it was observed that the
methanol extract in the current study created a signifi-
cant inhibition zone against P. aeruginosa. The reason
for this difference in activity results may be related to
the different extraction methods, extract concentra-
tions, extract contents, storage conditions of the ex-
tracts, and geographical regions. Additionally, the use
of solvents of different polarity may affect the chemi-
cal composition of the extracts and, therefore, exhibit
different synergistic effects against bacteria.

In this study, the antibacterial activity of petroleum
ether, ethyl acetate, and methanol:water extracts of
P. fruticosa was studied for the first time. Since the
methanol extract has a high inhibition zone diameter
against P. aeruginosa bacteria, the bioactive com-
pounds responsible for the activity should be investi-
gated in future studies.
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In vitroinhibitory effects of methanol
extracts of four Centaureaspecieson

o-amylase and o-glucosidase

Dort Centaureaturinun metanol ekstrelerinin a-amilaz ve a-glukozidaz Uzerindeki

in vitroinhibitor etkileri

Abstract

Aim: Medicinal plants have been used in traditional folk medicine for thousands
of years against various diseases, including diabetes. Some Centaurea species are
among these medicinal plants. The aim of this study was to scientifically and com-
paratively evaluate the antidiabetic activities of methanol extracts obtained from
the capitulum and non-capitulum aerial parts of Centaurea cuneifolia, C. kilaea, C.
solstitialis subsp. solstitialis and C. stenolepis against a-glucosidase and a-amylase
for the first time except C. kilaea.

Materials and Methods: Methanol extracts from Centaurea species were ob-
tained by maceration method. Antidiabetic activity was performed by two known in
vitromethods such as alpha-glucosidase and alpha amylase inhibitory activity.

Results: Among the extracts, Centaurea cuneifolia capitula (CCC) and C. solstitia-
lis subsp. solstitialis capitula (CSSC) methanol extracts with IC;, values of 164.30
and 463.70 pg/mL exhibited the best inhibitory activity against a-amylase and
a-glucosidase enzymes.

Conclusion: This is the first study on anti a-amylase and anti a-glucosidase activ-
ity of three Centaurea species except Centauera kilaea. These results indicate that
CCC and CSSC have inhibitory effects against alpha amylase and alpha glucosidase.
At the same time, the extracts were generally found to be active against the alpha
amylase enzyme. In addition, it was found remarkable that only the capitulum of
Centaurea species were effective against alpha glucosidase enzyme. However, in
vivostudies are needed to fully reveal the antidiabetic effect and bioactivity-direct-
ed fractionation, and isolation studies are needed to reveal the compounds respon-
sible for the antidiabetic effect.

Keywords: Centaurea species, diabetes, antidiabetic activity, a-glucosidase,
a-amylase

Ozet

Amac: Tibbi bitkiler geleneksel halk tibbinda binlerce yildir diyabet dahil cesitli has-
taliklara karsi kullanilagelmistir. Bu tibbi bitkiler arasinda bazi Centaurea tirleri de
yer almaktadir. Bu calismada, Centaurea cuneifolia, C. kilaea, C. solstitialis subsp.
solstitialis ve C. stenolepis tirlerinin kapitulum ve kapitulum haric toprak stu ki-
simlarindan elde edilen metanol ekstrelerinin a-glukozidaz ve a-amilaz enzimlerine
karsi antidiyabetik aktivitelerinin C. kilaeaharicilk kez bilimsel ve karsilastirmali ola-
rak dederlendirilmesi amaclanmistir.

Gerec ve Yontem: Centaurea tiirlerinden elde edilen metanol ekstreleri maseras-
yon yontemi ile elde edilmistir. Antidiyabetik aktivite, alfa-glukozidaz ve alfa amilaz
inhibitor aktivite gibi bilinen iki in vitro yontemle gerceklestirilmistir.

Bulgular: Ekstreler arasinda, 164,30 ve 463,70 pg/mL'lik IC,, degerlerine sa-
hip Centaurea cuneifolia capitula (CCC) ve C. solstitialis subsp. solstitialis capitula
(CSSC) metanol ekstreleri, a-amilaz ve a-glukozidaz enzimlerine karsi en iyi inhibi-
tor aktiviteyi gostermistir.

Sonuc: Bu calisma, Centauera kilaea tirl haric diger Uc Centaurea tirlerinin anti
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a-amilaz ve anti a-glukozidaza aktivitesine yonelik ilk calismadir. Bu sonuclar, CCC
ve CSSCnin alfa amilaz ve a-glukozidaz enzimlerine karsi inhibitor etkilere sahip
oldugunu gostermektedir. Ayni zamanda, ekstrelerin genellikle a-amilaz enzimine
karsi aktif oldugu bulunmustur. Ayrica, Centaurea tirlerinin sadece kapitulumla-
rinin a-glukozidaz enzimine karsi etkili olmasi dikkat cekici bulunmustur. Bununla
birlikte, antidiyabetik etkiyi tam olarak aciga cikarmak icin de in vivo calismalara ve
antidiyabetik etkiden sorumlu bilesikleri ortaya cikarmak icin biyoaktivite rehberli-

dinde fraksiyonlama ve izolasyon calismalarina ihtiyac vardir.

Anahtar kelimeler:
a-glukozidaz, a-amilaz

Centaurea tiirleri, diyabet,

1. Introduction

Type 2 diabetes mellitus is a disease that causes
problems in requlating blood sugar levels, and effec-
tive treatments are based on blood sugar control and
reducing side effects [1]. Inhibition of carbohydrate
digestive enzymes such as alpha-amylase and alpha-
glucosidase is a widely practiced strategy to manage
diabetes mellitus, as both enzymes, responsible for the
digestion of starch and glycogen, control postprandial
glucose levels [2]. Currently, drugs used in the treat-
ment of DM include acarbose, miglitol and voglibose,
and among these drugs, acarbose can inhibit both dia-
betic enzymes, while the other two can only inhibit the
a-glucosidase enzyme [3]. However, these drugs have
been reported to have some undesirable side effects
such as abdominal distension, flatulence, bloating, and
possibly diarrhea [4]. Therefore, there is a need to in-
vestigate promising and safer potential inhibitors with
low toxicity from natural products such as medicinal
plants. In order to find these inhibitors, it is very impor-
tant to conduct research on crude extracts obtained
from medicinal plants.

Centaureaspecies, a member of the Asteraceae family,
are represented by 194 taxa (159 species), more than
half of which are endemic (110 of which are endemic)
in Turkiye (and therefore the country of genetic source
of these species) [5]. Various parts of Centaurea spe-
cies are used internally and externally, usually in the
form of infusion and decoction, in traditional folk medi-
cine to treat many different diseases, including diabe-
tes. In these studies, it was reported that the infusion
obtained from the leaves of C. iberica, C. glastifolia,
C. pterocaula and the flowers and leaves of C. saligna
were used as a blood sugar lowering agent [6,7]. Scien-
tific studies on Centaurea species have reported that
these species have anti-inflammatory, antioxidant, an-
tipyretic, antimalarial, antimicrobial, antiviral, antiphy-
toviral, antiulcerogenic, smooth muscle contraction,
hypoglycemic, immunological, neurotoxic, cytotoxic
(anticancer), vasodilator, wound healing, and antidia-
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antidiyabetik aktivite,

betic activities [8-21]. Phytochemical analysis stud-
ies on Centaurea species have suggested that these
species contain phenolic acids, flavonoids, terpenes
(such as sesquiterpenes, sesquiterpene lactones, di-
terpenes, triterpenes), fatty acids [22-32].

In scientific studies on antidiabetics against alpha-
glucosidase and/or alpha-amylase enzymes, C. am-
anicola, C. antitauri, C. cadmea subsp. pontica, C. cen-
taurium, C. depressa, C. drabifolia subsp. detonsa, C.
karduchorum, C. kilaea, C. kotschyi var. persica, C. siv-
asica, C. patula, C. pulchella, C. tchihatcheffi, C. trium-
fettii, C. urvillei subsp. hayekiana were found to have
significant activities. The fact that Centaurea species
have both ethnobotanical uses as blood sugar lower-
ing and that these species exhibit good antidiabetic
activity in scientific studies indicates that it may be
important to carry out antidiabetic activity studies on
different Centaurea species.

The aim of this study was to scientifically and com-
paratively investigate the antidiabetic activities of
methanol extracts of different parts of four Centaurea
species (C. cuneifolia, C. kilaea, C. solstitialis subsp.
solstitialis and C. stenolepis) based on the inhibition
of alpha amylase and alpha glucosidase enzymes for
the first time except C. kilaea.

2. Materials and methods
2.1 Plant material

Centaurea species (C. cuneifolia, C. kilaea, C. solstitia-
lis subsp. solstitialis and C. stenolepis) were previous-
ly collected from various districts of Istanbul, Tlrkiye
and identified by Gizem Bulut, an expert botanist at
Marmara University Faculty of Pharmacy. The speci-
mens, which were given herbarium numbers (C. cu-
neifolia: 11690, C. kilaea: 11712, C. solstitialis subsp.
solstitialis: 11965 and C. stenolepis: 11651), are kept
in Marmara University Faculty of Pharmacy herbarium
[12].
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2.2 Preparation of plant extracts/fractions

Methanol extracts from the capitulum and aerial parts
excluding the capitulum of Centaurea species were
previously obtained in the study of Sen et al. (2013)
[12]. Briefly, each sample was ground and after weigh-
ing 15 g, they were macerated with 180 mL of metha-
nol for 24 h. Then, the samples were filtered, and the
same volume of fresh methanol was added to the re-
maining residue. This process was carried out three
times in total. The solvents of the combined filtrates
were evaporated to dryness in a rotary evaporator at
a temperature not exceeding 40 °C and extracts were
obtained. The yields of the obtained extracts were cal-
culated (C. cuneifolia capitulum: 12.69%, C. cuneifolia
aerial part: 10.60%, C. kilaea capitulum: 11.33%, C.
kilaea aerial part: 12.92%, C. solstitialis subsp. solsti-
tialis capitulum: 10.90%, C. solstitialis subsp. solstitia-
lis aerial part: 8.14%, C. stenolepis capitulum: 13.22%
and C. stenolepis aerial part: 13.54%) and stored at +4
°Cuntil analysis.

2.3 Alpha-amylase inhibitor activity

The a-amylase inhibitory activity of the extracts was
evaluated according to the methods of Ramakrishna et
al. (2017) and Sen et al. (2019) [33, 34]. 10 pL of ex-
tract, 15 pL of 0.02 M sodium phosphate buffer (pH 6.9,
0.006 M NaCl) and 25 pL of porcine-amylase (0.5 mg/
ml-15 units) prepared in buffer were mixed. The mix-
ture was incubated at 25°C for 10 minutes. Then, 25 pL
of a 1 % starch solution prepared in buffer was added
to each well. The mixtures were again incubated at
25°C for 10 mins. The reaction was stopped with 50 pL
of dinitrosalicylic acid (DNSA) and incubated in boiling
water bath for 10 mins. The solutions were cooled to
room temperature and then were read absorbance at
540 nm diluting with 225 pL of ultra pure water. Acar-
bose was used as standard. The percentage inhibitory
activity of the extract and standard against a-amylase
enzyme were calculated according to the following:
a-amylase inhibitor activity (%) = [(A,-A,)/A,]1*100

where A, is the absorbance of the control (containing
all reagents except the test compounds), and A, is the
absorbance of the extract/standard. Extract or stan-
dard concentration providing 50% inhibition (IC,;) was
calculated from the graph plotting inhibition percent-
age against extract or standard concentration. Tests
were carried out in triplicate.

2.4 Alpha-glucosidase inhibitor activity

The a-glucosidase inhibitory activity of the extracts
was evaluated according to the methods of Ramak-
rishnaetal.(2017)and Senetal.(2019)[33,34].10 uL
of extract was mixed with 40 pl of 0.1 M sodium phos-
phate buffer (pH 6.9), and 100 pL of a-glucosidase
(obtained from Saccharomyces cerevisiae) prepared
in buffer. The mixtures were incubated at 25°C for 10
minutes. Thereafter, 50 pL of 5 mM p-nitrophenyl-a.-
D-glucopyranoside (pNPG) prepared in buffer to the
solutions was added. The mixtures were re-incubat-
ed at 25°C for 5 minutes, and their absorbance was
recorded by reading in the microplate reader before
and after incubation at 405 nm. Acarbose was used
as standard. The percentage inhibitory activity of the
extract and standard against a-glucosidase enzyme
were calculated according to the following:
a-glucosidase inhibitor activity (%) = [(A,-A,)/A,]
x100

where A, is the absorbance of the control (containing
all reagents except the test compounds), and A, is the
absorbance of the extract/standard. Extract or stan-
dard concentration providing 50% inhibition (IC,;) was
calculated from the graph plotting inhibition percent-
age against extract or standard concentration. Tests
were carried out in triplicate.

2.5 Statistical analysis

Statistical analyses were performed with GraphPad
Prims 5.0 software. Activity results were expressed as
mean * standard deviation. After one-way analysis of
variance (ANOVA) was applied, differences between
groups were determined by Tukey test. A significance
level of p < 0.05 was accepted.

3. Results

Among the extracts, CCCexhibited the best a-amylase
inhibitory activity with an IC, value of 164.30 pg/mL,
while CSSCshowed the lowest activity withanIC, val-
ue of 846.70 pg/mL (Table 1). All extracts showed low
anti-a-amylase activity compared to standard acar-
bose (16.61 pg/mL). (Table 1). CCC showed the high-
est inhibition against the a-amylase enzyme with an
inhibition rate of 47.86% at a concentration of 142.86
pg/mL, followed by CKC (43.79%), CKA (43.74%),
CSA (39.96%), CSC (38.44%), CCA (36.38%), CSSC
(14.65%) and CSSA (14.58%), respectively (Figure 1).

When the extracts were evaluated in terms of inhibi-
tory activities on a-glucosidase enzyme, the best ac-
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Table 1 Alpha-glucosidase and alpha-amylase inhibitor activities of extracts (IC

ug/mL)

50"

Extracts and standart*

a-amylase inhibitor activity a-glucosidase inhibitor activity

CCC

CCA

CKC

CKA

CSSC

CSSA

CSC

CSA

Acarbose

164.30 + 3.89°

228.10 £ 0.99°

846.70 £ 4.17"

16.61 £0.33%

833.30 + 3.96°

596.30 + 4.95° s

1107.00 + 24.75¢

230.80 £2.12°¢ =

463.70 + 0.00°

658.10 + 3.828 >
305.60 +2.12° -

253.00 £ 3.61¢ >

113.70 + 0.64*

* The capitula and aerial parts except capitula of Centaurea cuneifolia, C. kilaea, C. solstitialis subsp. solstitialis and
C. stenolepis are abbreviated as CCC, CCA, CKC, CKA, CSSC, CSSA, CSC, CSA.

** Each value in the table is the mean of three replicates and was represented as mean + SD.

*** Different and same letter superscripts in the same column show statistical significance (p < 0.05) and non-

significance (p > 0.05), respectively.

-: ICso values could not be calculated since the extracts did not show any activity against a-glucosidase enzyme at all

determined concentrations.

tivity was found in CSSC with an IC,; value of 463.70
pg/mL, while the activities of all extracts were lower
than acarbose (113.70 pg/mL) used as standard (Table
1). CSSC (26.27%) exhibited the strongest inhibition
against a-glucosidase enzyme at a concentration of
250 pg/mL, followed by CCC (14.38%) and CKC (10.78),
respectively. Other extracts did not exhibit any inhibi-
tion against the a-glucosidase enzyme (Figure 2).

4. Discussion

This study aimed to comparatively and scientifically
examine the antidiabetic effects of methanol extracts
obtained from different parts of C. cuneifolia, C. kilaea,
C. solstitialis subsp. solstitialis and C. stenolepis via
inhibition of alpha amylase and alpha glucosidase en-
zymes.

When the extracts were compared in terms of their
antidiabetic activities, it was found that CCC and CSSC
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exhibited the best activity against a-amylase and
a-glucosidase enzymes, respectively.

In addition to the fact that the extracts were gener-
ally effective against alpha amylase enzyme, it was
also found remarkable that only the extracts obtained
from the capitulum of Centaurea species were active
against alpha glucosidase enzyme.

In this study, a-amylase and a-glucosidase inhibitory
activity tests on other Centaurea species (C. cuneifo-
lia, C. solstitialis subsp. solstitialis and C. stenolepis)
except C. kilaea were performed for the first time. In
the literature, only one study like the current study
was found on C. kilgea. In the mentioned study, Kisa et
al. reported that methanol-chloroform (4:1) extract
from Centaurea kilaea exhibited antidiabetic activity
against a-amylase and a-glucosidase enzymes with
IC,, values of 121.1 and 110.5 pg/mL [15]. These val-
ues are better than the results of our current study.
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Figure 1 Inhibitory effects of extracts on a-amylase enzyme (The capitula and aerial
parts except capitula of Centaurea cuneifolia, C. kilaea, C. solstitialis subsp. solstitialis and
C. stenolepis are abbreviated as CCC, CCA, CKC, CKA, CSSC, CSSA, CSC, CSA. Different and
same letter superscripts in the same column show statistical significance (p < 0.05) and
non-significance (p > 0.05), respectively.)
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Figure 2 Inhibitory effects of extracts on a-glucosidase enzyme (The capitula and aerial
parts except capitula of Centaurea cuneifolia, C. kilaeg, C. solstitialis subsp. solstitialis and
C. stenolepis are abbreviated as CCC, CCA, CKC, CKA, CSSC, CSSA, CSC, CSA. - noinhibition.
Different and same letter superscripts in the same column show statistical significance (p
< 0.05) and non-significance (p > 0.05), respectively.)
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The reason for this may be that less polar compounds
contributed to the activity because less polar extract
was used.

Studies on alpha amylase and alpha glucosidase ac-
tivities of different Centaurea species have been found
in the literature. In one of these studies, Zengin et al.
evaluated the activities of chloroform and ethyl ac-
etate extracts obtained from the aerial parts of 8 Cen-
taurea species (C. depressa, C. drabifolia subsp. det-
onsa, C. kotschyi var. persica, C. patula, C. pulchella, C.
tchihatcheffi, C. triumfettii, C. urvilleisubsp. hayekiana)
on the inhibition of diabetic enzymes and observed
that at 2 mg/mL concentration, C. pulchella chloroform
extract inhibited the activity of alpha amylase enzyme
by 59.54%, while C. triumfettii ethyl acetate extract
inhibited the activity of alpha glucosidase enzyme
by 69.88% [16]. In the present study, CCC (47.86%
inhibition at 142.86 pg/mL for a-amylase) and CSSC
(26.27% inhibition at 250 pg/mL for a-glucosidase)
exhibited better antidiabetic activity at much lower
concentrations. This may be due to the difference in
species (thus the difference in chemical composition)
and the difference in extracts obtained.

In another study, methanol extract obtained from the
aerial parts of Centaurea cadmea subsp. pontica was
found to have IC,, values of 69.15 and 82.48 pg/mL
against alpha glucosidase and alpha amylase enzymes,
respectively [17]. The results were found to be better
compared to the current study. This can be explained
by the thought that the phytochemical contents of the
related species may also be different due to species dif-
ferences.

Corforti et al. (2008) evaluated the antidiabetic ef-
fects of methanol extract prepared from the roots of
C. centaurium and its fraction against alpha amylase
enzyme and revealed that methanol extract inhib-
ited the enzyme by 32.51% (IC,,; >1000 pg/mL) at
a concentration of 1000 pg/mL and hexane fraction
inhibited the enzyme by 82.34% (IC,,; 158 pg/mL)
at a concentration of 500 pg/mL [18]. In our current
study, CCC (47.86%), CKC (43.79%), CKA (43.74%),
CSA (39.96%), CSC(38.44%), CCA (36.38%) exhibited
better anti-alpha-amylase activity than C. centaurium
methanol extract even at about 7 times lower extract
concentration (142.86 pg/mL). This may be due to the
difference in chemical content due to species differ-
ences. The C. centaurium hexane fraction exhibited
slightly better activity than CCC (164.30 pg/mL) in the
current study when compared in terms of IC, values.
This can be explained by the fact that lipophilic com-
pounds also contributed to the activity.
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Yirtici et al. (2002) revealed that C. sivasica aerial part
methanol extract has antidiabetic effects against
a-amylase and a-glucosidase enzymes with IC_, val-
ues of 279.40 and 252.60 pg/mL, respectively [19].
When the results of this study were compared with
the results of the current study in terms of alpha
amylase inhibitory activity, CCC (164.30 pg/mL), CKC
(228.10 pg/mL), CKA (230.80 pg/mL)and CSA (253.00
pg/mL) showed better activity, while C. sivasica aerial
part methanol extract showed better activity in terms
of alpha glucosidase inhibitory activity. The reason for
this situation may be due to the change in chemical
composition due to species difference.

In a study by Dalar et al., the inhibitory effects of hy-
drophilic (80% ethanol, 19% H,0 and 1% of 0.1% tri-
fluoroacetic acid, v/v/v) extracts prepared from roots,
stems, leaves and flowers of C. karduchorum were
investigated against alpha amylase and alpha glucosi-
dase enzymes. According to the results of this study, it
was observed that the extracts prepared from roots,
stems, leaves and flowers of C. karduchorumexhibited
IC,, values of 5.35,1.42, 0.63 and 1.51 mg/mL against
alpha glucosidase enzyme, respectively. It was report-
ed that only the extract prepared from the leaves of
C. karduchorum was active against alpha amylase en-
zyme and showed an IC,, value of 14.63 mg/mL [20].
When the results of this study were compared with
the current study results, it showed lower activity
than all extracts according to alpha amylase inhibitor
test results and lower activity than CSSC according to
alpha glucosidase inhibitor test results. The reason for
this situation may be due to the change in chemical
composition due to species difference.

Nobarirezaeyeh et al. (2024) found that methanol
extracts prepared from dried fruit aerial parts of C.
amanicola and C. antitauri inhibited the activity of
a-amylase enzyme by 21.11% and 42.91% at 5000
pag/mL concentration, respectively, while they did not
have any activity against a-glucosidase enzyme [21].
In the current study, CCC (47.86%), CKC (43.79%) and
CKA (43.74%) at about 35 times lower concentration
(142.86 pg/mL) against a-amylase enzyme; CSSC
(26.27%), CCC (14.38%) and CKC (10.78%) at about
20 times lower concentration (250 pg/mL) against
a-glucosidase enzyme showed a better inhibitory ef-
fect. The difference in phytochemical composition due
to species differences may be responsible for this dif-
ference in results.

However, although estimating the antidiabetic effect
of the extract on the enzymes used in this study is im-
portant for a preliminary evaluation, there are some
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limitations to the study. The relevant extracts were
applied directly to the enzyme in vitro, thatis, in a con-
trolled environment outside the body. In aliving organ-
ism, when these extracts are applied, they will be me-
tabolized in the gastrointestinal system and then enter
the systemic circulation and show their effects. There-
fore, in vivo studies will be important at this stage in
evaluating the pharmacokinetics of the extracts.

These results indicated that C. cuneifolia capitula (CCC)
and C. solstitialis subsp. solstitialis capitula (CSSC)
methanol extracts have antidiabetic effects against
o-amylase and a-glucosidase enzymes, respectively
and support the use of Centaurea species in tradi-
tional folk medicine. However, in vivo experiments (e.g.
streptozotocin-induced diabetes model in rats) are
needed to definitively reveal the antidiabetic effects of
the extracts. It may also be important to conduct fur-
ther studies such as bioactivity-directed fractionation
and isolation studies to reveal the compounds respon-
sible for the activity of the extracts.
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