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TURKIYE’DE 4 VE 5 YILLIK ECZACILIK EGITIMININ
KARSILASTIRILMASI

COMPARISON OF 4 YEAR AND 5 YEAR PHARMACY DEGREE EDUCATION IN TURKEY
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Amag: Bu calismada, 4 ve 5 yillik eczacilik programindan mezun olan eczacilarin aldiklart egitim
hakkindaki goriisleri karsilastirilarak; 5 yillik eczaculik egitiminin amacina ulasip ulasmadig: tartisiimaktadur.

Gereg ve Yontem: Arastirmada karma bir metot kullanilmig; nicel arastirmaya anket teknigi ile sorulan
sorulara farkl eczacilik fakiiltelerinden mezun 160 eczact katilmistir. Nitel arastirmada ise 3 ayri oturumda 24
eczaci ile odak grup gériismesi gerceklestirilmigtir.

Sonug ve Tartisma: Arastirma sonucunda 5 yillik egitimde 4 yillik egitime gore olumlu yonde degisim
gozlenmekle birlikte halen gelistirilmesi gereken alanlarin oldugu goriilmiistiir. Ornegin; hasta odakli egitim
artmis, ancak yeterli olmamigtir. Klasik ogretim yontemleri yaminda, daha akilda kalici, probleme dayali
yontemlerin kullanilmasimin uygun olacag, staj uygulamalarinin ve denetiminin daha fazla yapilarak devam
etmesinin 6nemi ve son olarak kariyer yonetiminin 5 yillik egitimde daha iyi yapildig1 belirlenmistir. Tespit
edilen eksikliklerin tamamlanmasi ve arastirmalarin artirllmasi onerilmektedir.

Anahtar Kelimeler: Eczacilik, eczacilik egitimi, egitim icerigi, egitim verimliligi

ABSTRACT

Objective: In this study, by comparing the views of pharmacists who graduated from 4-year pharmacy
degree and 5-year pharmacy degree is discussed whether the 5-year pharmacy degree education achieves its
purpose.

Material and Method: A mixed method was used in the research. In the quantitative research, 160
pharmacists graduated from different Pharmacy Faculties participated in the questions asked by the
questionnaire technique. In the qualitative research, focus group discussions were held with 24 pharmacists in
3 separate sessions
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Result and Discussion: As a result, it has been shown that nanocrystals can perform similar imaging by
using less radiocontrast materials with their unique properties. In this way, it is likely to cause fewer side effects
and/or toxic effects due to the lower dosage. In the light of these successful results, it is planned to detail this
study with clinical trials in the future. As a result of the research, although statistically positive changes were
observed in 5-year education compared to 4-year education, it was seen that there are still areas that need
improvement. Such as patient-oriented education has increased, but not enough. In addition to classical
teaching methods, it was determined that it would be appropriate to use more catchy and problem-based
methods, the importance of continuing internship practices and supervision, and finally, career management
was better done in 5-year education. It is recommended to complete the identified deficiencies and increase the
research.

Keywords: Educational content, educational efficiency, pharmacy, pharmacy education

GIRIS

Son yillarda tilkemizdeki eczacilik fakiiltelerinin sayisi hizli bir sekilde artmaktadir. Bu artis, yeni
kurulan eczacilik fakiiltelerinde kaliteli eczacilik lisans egitimi i¢in gerekli alt yap1 olanaklariin ve

egitim standartlarinin degerlendirilmesi ihtiyacini ortaya ¢ikarmustir [1].

Eczacilik fakiiltesinde lisans egitimi 1938 yilindan 2005-2006 egitim-6gretim yilina kadar 4 yil
olarak siirdiiriilmiis ve mezunlara eczacilik lisans diplomasi ile eczact unvani verilmistir [2]. Avrupa
Birligi’nin 85/432/EEC ve 85/433/EEC direktifleri, eczacilarin Avrupa’da serbest dolasgimini ve
diplomalarn, sertifikalarin karsilikli taninmasina iligskindir [3,4]. Bu baglamda, Tiirkiye’de Dekanlar
Konseyi ve meslek orgiitii tarafindan eczacilik egitiminin tasimasi gereken kosullar ve egitim siiresi
yeniden gozden gecirilmis ve degisiklikler yapilmasina karar verilmistir. Eczacilik egitim programi
20052006 egitim-0gretim yilindan itibaren 5 yil olarak uygulanmaya baslanmistir. Eczacilik
egitiminde yasanan bu gelismeler, eczacinin gérev ve sorumluluklarinin hem iiriin hem de hasta odakli
hizmetler olarak genisletilmesi gerekliligi dolayisiyla eczacilik fakiilteleri tarafindan verilen egitim

iceriginde yeniliklere yol agmigtir [1].

Avrupa Komisyonu Eczacilik Egitimi Tavsiye Komitesi’nin Ongoriileri gz Oniine alinarak
hazirlanmig program esas alimarak daha 1iyi bir eczacilik hizmeti verebilecek eczacilarin
yetistirilebilmesi amaciyla ders programlarina yeni bazi zorunlu ve segmeli dersler ilave edilmis, bazi
derslerin ders saati diisiiriilmiistiir. Bes yillik eczacilik programi kapsaminda ilk 4 yilda ¢ekirdek bir
miifredat programi uygulanmaktadir. Besinci yilda ise 6grenciler; eczane, hastane, endiistri eczaciligi
alanlarindan bir tanesini tercih ederek, alanda agilan se¢gmeli derslerden tercihlerine bagli olarak
alabilmektedir. Buna ek olarak son simifta bir mezuniyet projesi hazirlamaktadir. 5 yillik egitim
stiresinde 6 aylik staj zorunludur. Stajin bir kismi 2., 3. ve 4. y1l egitim-6gretim donemlerini takiben yaz
aylarinda periyotlar halinde; son kism1 ise dokuzuncu ve/veya onuncu yariyilda egitim-6gretim dénemi
sirasinda olmak tizere serbest eczanelerde, hastanelerde, ilag fabrikalar1 ve ar-ge merkezlerinde

yapilabilmektedir [5].
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2015 yilinda eczacilik fakiiltelerinin fiziksel kosullar1 ve alt yapisinin egitim kalitesini asgari
diizeyde saglamak amaciyla Ulusal Eczacilik Cekirdek Egitim Programi, Yiiksek Ogretim Kurulu
(YOK) tarafindan kabul edilmistir [6]. Ulusal gekirdek egitim programlarinda yer verilen yeterlilikler,
YOK’iin 2 Subat 2008 tarih/26775 sayili Resmi Gazete’de yayinlanan ve 31 Aralik 2009 tarih/27449
sayili ve 25 Mayis 2018 tarih/30431 sayili Resmi Gazete’de giincellenen “Doktorluk, Hemsirelik,
Ebelik, Dis Hekimligi, Veterinerlik, Eczaciik ve Mimarlik Egitim Programlarmin Asgari Egitim
Kosullarinin Belirlenmesine Dair Ydnetmelik”, 12 Nisan 2014 tarih/28970 sayili Resmi Gazete’de
yayinlanan “Eczacilar ve Eczaneler Hakkinda Y 6netmelik” ile 22 Mayis 2014 tarih/29007 sayili Resmi
Gazete’de yaymlanan yonetmeligin “Saglik Meslek Mensuplarinin Is ve Gorev Tanimlar1” ekinde
eczacinin gorev, yetki ve sorumluluklar dikkate alinarak Ulusal Eczacilik Egitimi Akreditasyon Kurulu
(ECZAK) tarafindan yayinlanan Tiirkiye Ulusal Eczacilik Lisans Egitimi Programi Akreditasyon
Standartlar1 ve Kilavuzlari, diinyada ve iilkemizde eczacilik alanindaki gelismeler ve Tiirkiye Yiiksek

Ogrenim Yeterlilikler Cercevesi esas almarak hazirlanmstir [7-13].

Bu calismada, 4 ve 5 yillik eczacilik programindan mezun olan eczacilarin aldiklar1 egitim
hakkindaki goriisleri karsilagtirilarak; 5 yillik eczacilik egitiminin amacina ulasip ulasmadig
tartisilmaktadir. Giiniimiizde baz1 Avrupa iilkelerinde eczacilik egitiminin 6 yil olmasi giindemde iken

Tiirkiye’de ilk kez bu konu ortaya konmaya calisilmistir.

GEREC VE YONTEM

Aragtirmada karma bir metod kullanilmigtir. Arastirmanin ilk boliimii niceliksel anket yontemi,

ikinci boliimii niteliksel yapilandirilmis odak grup goriismeleri seklinde yapilmistir.

Anket ve odak grup goriismeleri icin hazirlanan sorular, YOK tarafindan kabul edilen ulusal
eczacilik programu yeterlilikleri, eczacilik egitim igerigi ve siiresinin 5 yila ¢ikmasi konusunun
tartisildign Tiirk Eczacilar Birligi tarafindan 1995 yilinda yapilan 1. Eczacilik Egitimi Kurultay: sonug

raporunda belirtilen konu bagliklari esas alinarak aragtirmacilar tarafindan hazirlanmstir.

Calisma igin Ankara Universitesi Rektorliigii Etik Kurulu’'ndan 26.04 2021 tarih ve 82 sayili
karar1 ile etik kurul onayr alinmustir. Etik kurul onaymdan sonra 30.04.2021-15.05.2021 tarihleri
arasinda nicel arastirma verileri; buna paralel olarak nitel aragtirma verileri ise 03.05.2021-17.05.2021
tarihleri arasinda elde edilmistir. Anket i¢in Oncelikle soru/madde havuzu olusturulmus, hazirlanan
sorular hakkinda 10 uzman goriisii alinmis ve 6n uygulama yapilmistir. Anket formlari, cevrimigi olarak
caligmaya goniillii olarak katilmak isteyen eczacilara uygulanmistir. Tiirkiye’de bulunan yaklasik
36.000 eczaciyr temsil edecek Orneklem biyiikliigii, 0.10 Omeklem hata payr ve olaymn

goriilme/goriilmeme sikliklar1 p:0.50, :0.50 olmast durumuna gore 96 olarak belirlenmistir [14,15].
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Calismadaki sorulari ana bagliklari; genel egitim icerigi, hasta ve iiriin odakli hizmetler igin
kazanilan beceriler, 6gretim yontemleri, sosyal ve kiiltiirel yon gelistirici faaliyetler, staj, kariyer
planlama ve bitirme projesinden olugmaktadir. Anket formu 5'li likert 6l¢egi seklindedir (Kesinlikle
Katilmiyorum=1, Katilmiyorum=2, Kararsizim=3, Katiliyorum=4, Kesinlikle Katiliyorum=5). Anket
sonucu elde edilen veriler IBM SPSS Statistics 25 programi kullanilarak analiz edilmistir. Bagimsiz iki
grubun karsilastirllmasinda bagimsiz 6meklem t-testi, iic veya daha fazla bagimsiz grup arasinda
ortalamalar arasi farkliliklari tespit edebilmek i¢in ise ANOVA (Analysis of Variance-Varyans Analizi)
testi uygulanmigtir. ANOVA bulgularinin  degerlendirilmesinde  varyanslarin  homojenligi
saglandigindan post-hoc testlerinden Scheffe kullanilmistir. Arastirmada yapilan analizlerde anlamlilik

diizeyi (a) 0,05 olarak belirlenmistir.

Arastirmanin ikinci boliimii niteliksel arastirma tipinde yapilandirilmis odak grup goriismeleri
seklinde uygulanmustir [16,17]. Odak grup gorismeleri ‘COREQ Checklist” dikkate alarak
yurttilmistir [18]. Odak grup goriismelerinde de 4 ve 5 yillik egitimi karsilagtirmak tizere anket
sorularina paralel sorular arastiricilar tarafindan hazirlanmis ve Covid-19 pandemisi nedeniyle ¢evrimigi
platformda goniillii katilimcilarla gériismeler gerceklestirilmistir. Kartopu yontemi kullanilarak her bir
grupta 4 farkl sektdrde calisan (kamu, hastane, ila¢ sanayi ve toplum eczacilari), 4 ve 5 yillik eczacilik
fakiiltesi mezunu 8 kisiden olusan 3 grup ile yapilandirilmig goriigmeler toplam 24 kisi ile gergeklesmistir.
Her grupta farkli sektorlerde calisan 4 tane 4 yillik, 4 tane 5 yillik mezun bulunmustur. Goriismeler 3 saatte
tamamlanmis, kodlamalar arastirmacilar tarafindan yapilmistir. Odak grup goriismelerinden elde edilen

goriislere icerik analizi yapilmistir [19-22]. Odak grup goriismesinde yoneltilen sorular;

= 4 yillik/5 yillik miifredattan mezun oldugunuzda ¢alistiginiz alanla ilgili ihtiyaciniz olan bilgi,
tutum ve beceriler hakkindaki diisiincelerinizden bahseder misiniz?

= Eksik yer verildigini diisiindiigiiniiz hususlar varsa 5 yillik miifredata gecisle birlikte bu
konular hakkinda ne gibi degisimler gézlemlediniz? (Yeni dersler, staj, kariyer planlama,
bitirme projeleri degerlendirilerek) (Karsilanmayan durumlar 4 yillik mezunlardan 6grenilerek
sadece 5 yillik mezunlara sorulmustur.)

= 5 yillik mezunlarda miifredatta karsilanmayan durumlar nelerdi?

= 4/5 yillik miifredatta kullanilan 6grenme yontemleri nelerdi? Bilgilerinizin kalic1 olabilmesi
icin neler yapildi?

= 4/5 yillik miifredatta staj egitimi ile ilgili diisiinceleriniz nelerdir?

= Bitirme Projesi dersi hakkindaki goriislerinizi paylasir misiniz?

= Egitiminiz sirasindaki Kariyer Planlama etkinliklerinin kariyerinizi planlama noktasindaki
etkilerinden bahseder misiniz?

= Mesleki Branslasma hakkinda ne diisiiniiyorsunuz? Branglagmanin mevzuatta yer almasinin

eczacilik meslegine olasi etkileri hakkinda neler sdyleyebilirsiniz?



668 Yildiz vd. Ankara Ecz. Fak. Derg., 46(3): 664-683, 2022

= Fakiiltede branglara yonelik farkindalik olusturucu segmeli dersleriniz nelerdi?
= Akreditasyonun egitim kalitesine etkileri hakkinda ne diisliniiyorsunuz?

= Eczacilik egitiminin verimliligi i¢in eklemek istedikleriniz nelerdir?

SONUC VE TARTISMA

Bu caligmada, eczacilik egitimi dort yildan bes yila doniistiiriildiikten sonra daha verimli olup
olmadigi, eksikliklerin giderilip giderilemedigi arastirilmis; elde edilen arastirma sonuglari asagida

verilmistir.

Aragtirmacilar tarafindan gelistirilen 6l¢ek icin Cronbach-alpha giivenirlik katsayis1 0,935 olarak
bulunmus olup 6l¢egin yiiksek giivenirlige sahip oldugu sdylenebilmektedir [23]. Arastirmaya, 19 farkl
{iniversiteden mezun olan 160 eczaci katilmistir. %21.3 oraniyla en ¢ok katilim Ankara Universitesi
Eczacilik Fakiiltesi’nden olmustur. Katilimcilarm %51.9u bes yillik egitim alirken dort yillik egitim
alan eczacilarin orami %48.1°dir. Katilimeilarin biiyiik bir kismim1 %55.6’yla toplum eczacilar
olusturmaktadir. Bunu sirasiyla hastane, kamu, endiistri ve akademi eczacilar1 takip etmektedir. Tablo
1’ de katilmcilarin mezuniyet yili, egitim siireleri ve ¢alismakta olduklar1 alanlara gore dagilimlar

gosterilmektedir.

Tablo 1. Katilimcilarin Mezuniyet Yili, Egitim Siiresi ve Calismakta Olduklar1 Alanlara Gére Dagilimlart

Mezuniyet Y1l Sikhik Yiizde
1990 ve oncesi 24 15.0
1991-2000 28 17.5
2001-2010 46 28.7
2011-2020 62 38.8
Egitim Siiresi

4 Y1l 77 48.1
5 Y1l 83 51.9
Cahisilmakta Olan Alan

Toplum Eczacisi 89 55.6
Hastane Eczacisi 30 18.8
Kamu Eczacisi 20 12.5
Endiistri Eczacisi 12 7.5
Akademi Eczacisi 9 5.6
Toplam 160 100.0

Ankette yer alan, egitim icerigi, kazanilan beceriler, kariyer planlama, sosyal ve kiiltiirel yon
gelistirici faaliyetler, 6gretim yontemleri, staj, bitirme projesini degerlendiren ifadeler ve katilimcilarin
bu sorulara verdikleri yanitlarin ortalama ve standart sapmalar1 Tablo 2’de verilmistir. Katilimcilar,
‘Fakiilteden meslegim ile ilgili mevzuata hakim bir sekilde mezun oldum.’, ‘Fakiiltede, bilgiye ulasma

ve ¢calisma amaciyla kiitiiphane ortami saglanmistir.” Ve ‘Fakiiltede 6grenim siiresince alinan tiim
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dersler meslek uygulamalart ile son derece uyumludur.’ sorularina en yiiksek oranda katildiklarinm

belirtmistir.

Tablo 2. Ankette Yer Alan Sorular ve Katilimeilarin Sorulara Verdikleri Yanitlarin Ortalamalari

EGITIM Ortalama | Sandart
Sapma

1.Fakiiltede agirlikli olarak iiriin/ilag odakli bir eczacilik egitimi aldim. 3.67 1.395

2 Fakiiltede agirlikli olarak hasta odakli bir eczacilik egitimi aldim. 2.94 1.326

3.Fakiiltede, hastaliklarin tedavisinde hastanin klinik durumuna uygun ilag segimi, 3.48 1.317

doz ayarlamast, yan etkiler ve kontrendikasyonlar konusundaki bilgiler yeterli

diizeyde verilmistir.

4 Fakiiltede, ilacin iiretiminden giivenli ve uygun kullanimina kadar kapsamli 3.74 1.348

bir farmakoterapi bilgisi edindim.

BECERI

5.Aldigim egitim sayesinde, halk saghgi ile ilgili durumlarda damsmanlik 4.14 1.098

yapabilirim.

6.Aldigim egitim sayesinde, saglik personelleriyle mesleki bakimdan 6zgiivenli 3.81 1.231

iletisim kurabiliyorum.

7.Fakiiltede, yeterli diizeyde verilen egitim ile iletisim becerilerine sahip olarak 3.74 1.255

mezun oldum.

8.Aldigim egitim sayesinde, liderlik yapabilme, disiplin i¢i ve disiplinler aras1 3.73 1.192

galigmalarda etkin bigimde yer alabilme, karar verebilme becerisini edindim.

9.Fakiilteden meslegim ile ilgili mevzuata hakim bir sekilde mezun oldum. 4.65 0.693

10.Ald1gim egitim sayesinde, ilaclar1 ve etki mekanizmalarim smiflandirabiliyorum. 3.74 1.042

11.Aldigim egitim sayesinde, ilag analiz yontemlerini yardim almadan 3.56 1.287

kullanabiliyorum.

12.Fakiiltede, terapdtik kullanim igin uygun olan yeni kimyasal bilesiklerin sentez 4.21 0.974

ve gelistirilme becerisini edindim.

13.Aldigim egitim sayesinde, ilaglarin giivenli ve rasyonel kullanimi konusunda 3.74 1.320

diger saglik personellerine rahatlikla tavsiye verebiliyorum.

14.Aldigim egitim sayesinde, ¢alistigim alanda hastaya rahatlikla Farmasotik 3.61 1.365

Bakim/Klinik Eczacilik hizmeti sunabilirim.

15.Fakiiltede, klinik eczacilik temel ilkelerini 6grenir, eczaciligin uygulandigi tim 4.19 1.106

alanlarda hasta-odakli eczacilik uygulamalarinin ve farmasoétik bakimin esasi olan

akiler ilag kullanimi saglanmasina yardimci olabilirim.

16.Aldigim egitim sayesinde, ilag/tibbi cihaz/kozmetik/bitkisel tibbi {iriinlerin 4.02 1.073

saklanma, stoklanma, dagitim ve imha siireglerini yonetebilirim.

17.Ald1gim egitim sayesinde, regeteye tabi olmayan ilaglarin ve sagliga iliskin tiim 4.49 0.847

tiriinlerin hastanin gereksinimlerine uygun, giivenli ve akilc1 bir sekilde tedarigini

saglayabilir, bu konuda rahatlikla danismanlik hizmeti verebilirim.

*S yillik egitim alanlar cevaplamustir.
**4 yillik egitim alanlar cevaplamugtir.
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Tablo 2 (devami). Ankette Yer Alan Sorular ve Katilimcilarin Sorulara Verdikleri Yanitlarin
Ortalamalari

EGITIM Ortalama Standart
Sapma

18.Fakiiltede aldigim egitim, meslek hayatimda bagimsiz olarak bilgi edinme 4.27 0.963

becerisi kazandirmustir.

19.Ald1gim egitim sayesinde, sik karsilagilan semptomlar1 degerlendirebilir ve 3.66 1.268

gerekli yonlendirmeleri yapabilirim.

20.Ald1gim egitim sayesinde, kronik hastaliklarda kullanilan tibbi cihazlarin akilcl 3.93 1.117

ve giivenli kullanimi1 konusunda hastayi bilgilendirebilirim.

21.Aldigim egitim sayesinde, 6zel hasta gruplarinda akilci ve giivenli ilag 4.03 1.154

kullanimi konularinda hastay1 ve ilgili saglik personelini bilgilendirebilirim.

22.Aldigim egitim sayesinde, ilacin farmakolojik etkisinin devamliligi ile 4.03 1.107

emniyeti, etkililigi ve maliyeti bakimmdan gdzetimini saglayabiliyorum.

23 Fakiilteden, eczacilik hizmetlerindeki uzman roliimii ve gérevlerimi anlayarak 4.13 1.068

mezun oldum.

24.Aldigim egitim sayesinde, olaganiistii hal veya kriz donemlerinde her tiirlii ilag 3.66 1219

tedarik siireglerinde etkin rol alabilir ve kamu kurum ve kuruluslarma yardimei

olabilirim.

25.Aldigim egitim sayesinde, farmakoekonomik analiz i¢in gerekli yontemleri 4.17 1.047

degerlendirebiliyorum.

26.Aldigim egitim sayesinde ilaglarin kullanimi, saklanmasi ve imhasi ile ilgili 4.45 0.783

potansiyel zararlilik risklerine kars1 hasta, toplum ve gevre bilinci olusturulmasini

saglayabilir ve sorunlarin ¢dziimiinde aktif gorev alabilirim.

27.Aldigim egitim sayesinde, 6zel recete ilaglarm sunabilirim. 4.01 1.110

28.Aldigim egitim sayesinde, majistral preparatlari yardim almadan 3.96 1.063

hazirlayabiliyorum.

29.Aldigim egitim sayesinde, gida takviyelerinin akilc1 ve giivenli kullaniminda 4.09 0.983

danigmanlik yapabilirim.

30.Aldigim egitim sayesinde, bitkisel iiriinlerle ilgili damsmanlik yapabilirim. 3.48 1.303

31.Aldigim egitim sayesinde, tanisal testleri degerlendirebilir ve laboratuvar 3.78 1.292

bulgularim yorumlayabilirim.

32.Aldigim egitim sayesinde, farmakovijilans uygulamalarina katilabilirim. 4.09 1.103

33.Aldigim egitim sayesinde, tedavi siiresince hasta uyuncunu izleyebilir ve 2.99 1.416

degerlendirebilirim.

KARIYER PLANLAMA

34 Fakiiltede, mesleki bakis agimiz1 gelistirmek amaciyla kariyer planlamaya 2.89 1.443

Onem verilmistir.

35.Fakiiltede, son simiflar i¢in mesleki yonlendirmeler yapilmustir. 2.49 1.203
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Tablo 2 (devami). Ankette Yer Alan Sorular ve Katilimcilarin Sorulara Verdikleri Yanitlarin

Ortalamalart

EGITIM Ortalama | Standart
Sapma

SOSYAL VE KULTUREL YON GELISTiRiCi FAALIYETLER
36.Fakiiltede, sosyal ve kiiltiirel segmeli derslere yeterince agirlik verildi. 2.87 1.374
37.Aldigim egitim siiresince yeterli sosyal ve kiiltiirel aktiviteye ayiracak zamanim 4.28 1.198
oldu.
OGRETIM YONTEMI
38.Fakiiltede, bilgiye ulasma ve ¢alisma amaciyla kiitiiphane ortami saglanmustr. 4.56 0.791
39.Fakiiltede ezbere dayali bir eczacilik egitimi aldim. 3.44 1.248
40.Fakiiltede egiticiler, 6grenim siiresi boyunca arastirmaya yonelik 6devler verdi. 3.61 1.259
41 Fakiiltedeki egiticiler, 6grencinin derse katilimim sagladilar. 3.61 1.239
42 Fakiiltedeki egiticiler, dersin basinda dersin hedef ve amaglarmi agik bir sekilde 2.96 1.253
belirlerdi.
43 Fakiiltede 6grenim siiresince alman tiim dersler meslek uygulamalari ile son 4.50 0971
derece uyumludur.
STAJ
44 Stajlarm titizlikle yaptim. 2.83 1.430
45.Stajlar denetlenmekteydi. 4.01 1.216
46.Staj siireleri bilgilerimi pekistirip hastalara aktarmak igin yeterliydi. 4.10 1.219
47.Staj siiresince igveren ve galisanlar bana her konuda destek oldu. 3.69 1.289
48 Bilgilerimi stajlarda kolaylikla hastaya aktarabildim. 3,42 1.443
49.Yaptigim stajlarin su an bulundugum alan1 segmemde ¢ok biiytik katkisi 4.04 1.238
olmustur.
50.Yaptigum stajlar, meslek hayatimda daha 6zgiivenli ve dogru iletisim kuran bir 3.88 1.230
birey olmamu sagladi.
51.Yaptigim stajlar, fakiiltede edindigim akademik bilgileri pekistirmemi sagladi. 3.54 1.391
BITIRME PROJESI
*52 Bitirme projesi, bilgi kaynagi bulma, veri toplama, degerlendirme, yorumlama 3.95 1.132
ve elde edilen bilgileri bir konu biitiinliigii icinde rapor haline getirme becerisi
kazandirmustir.
*53 Bitirme projesi, eczaciligin temel ¢alisma alanlarina bakig agimi genigletmistir. 3.62 1.126
*54 Bitirme projesi, eczacilikla ilgili konulara akademik bir bakis agis1 3.78 1.097
kazandirmustir.
*55.Bitirme projesi boyunca damismanimla rahatlikla iletisim kurabildim. 3.73 1.169
**56.Dort yillik eczacilik fakiiltesinden mezun oldugum i¢in Bitirme Projesi 3.70 1.253
hazirlamadim. Hazirlamak isterdim.
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Egitim verimliligi i¢in katilimcilardan elde edilen toplam 6l¢ek puanlari, alt bagliklar icin ise

her alt basliktan elde edilen toplam puanlar ile analizler yapilmistir.
Egitim Verimliligi

Katilimeilarin aldiklan lisans egitimi hakkindaki genel goriislerinde anlamh bir farklilik olup
olmadigini test etmek amaciyla bagimsiz drneklem t-testi uygulanmistir. Analiz sonucunda miifredat
yillaria gore genel egitim igerigi ile ilgili olarak anlaml bir farklilik bulunmus (p<0.05); bes yillik
mezunlarin, dort yillik mezunlara gore aldiklari egitimi verimli bulduklart anlagilmistir (Tablo 3).

Calisilmakta olan alanlarin verimlilik karsilastirilmasi icin ANOVA testi uygulanmis ancak anlamli bir

fark olmadigi sonucu elde edilmistir (p=0.771).

Tablo 3. Katihimeilarin Aldiklart Genel Egitim Igerigi Hakkindaki Gériisleri Igin Yapilan t-Testi Sonuglari

Egitim Siiresi Siklik Ortalama Puan Standart Sapma Sig. (2-tailed)
4 77 208.86 27.55
5 83 222.21 33.57 0.007
Egitim Icerigi

Katilimcilarin aldiklar egitimin igerigi hakkindaki goriisleri ANOVA testi ile incelendiginde
(Tablo 4):
v' 2011-2020 arasi mezunlar, 1991-2010 arasindaki mezunlara gére aldiklari egitimin igerigini
daha verimli bulmuslardir (p<0.05).

v" Toplum eczacilari ve endiistri eczacilari, akademi ve hastane eczacilarina gore aldiklari egitimin

icerigini daha verimli bulmuslardir (p<0.05).

Tablo 4. Katilimeilarin Egitim icerigi Hakkindaki Gériisleri igin Yapilan ANOVA Testi Sonuglari

Mezuniyet Yil Sikhik Ortalama Puan Standart Sapma Sig. (2-tailed)
1990 ve 6ncesi 24 18.04 4.83

1991-2000 28 16.39 3.13 0.002
2001-2010 46 16.80 4.20

2011-2020 62 19.39 3.95

Calisilan Alan

Toplum Eczacisi 89 18.45 4.25

Hastane Eczacisi 30 16.63 4.19

Kamu Eczacisi 20 17.50 4.11 0.041
Endiistri Eczacisi 12 19.75 3.05

Akademi Eczacisi 9 15.44 3.75
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Odak grup goriismelerinde katilimeilara “’Su anki isinizde, ilag ve/veya hasta odakli aldiginiz
egitimin yeterliliklerini degerlendirebilir misiniz?’’ sorusu sorulmus; bu soruya verilen yanitlara gore
dort yillik mezunlarin egitimlerinin odaginin ilag oldugu goriilmiistiir (Benzer ifadeler bir kere

yazilmistir).

E>keqs: Kamuda calisgtigim igin bitkilerle ilgili aldigim egitimimi kullanamiyorum. Liderlik,
yOnetim, iletisim konusunda egitim alabilmeyi isterdim.

Eites: Ilag ve hasta odakl egitimi iyi derecede aldigimiz1 diisiiniiyorum.

E11e4: Teorik bilgileri sentezleyip pratik hayatta kullanmada zorluk ¢ektim.

Ez1e4: Ilag odakli egitim aldik. Hasta odakli egitimin ¢ok zayif kaldigim diisiiniiyorum

Extes: Ik iki sene ilag odakli egitim aldik. Son iki senede klinik derslere agirlik verildi. Hasta

odakli egitim de aldim.

E3tes: Farmasotik Bakim, Klinik Biyokimya, Farmakoterapi gibi derslerin ¢ok faydasim
goruyorum.
Kazanilan Beceri

Katilimcilarin egitimleri sirasinda kazandiklar1 mesleki beceriler hakkindaki goriisleri ANOVA

testi ile incelendiginde (Tablo 5):

v 1990 ve 6ncesi mezunlar ile 2011-2020 arasi mezunlari, 1991-2000 arasi mezunlara gore
egitimleri sirasinda daha ¢ok mesleki beceri kazandiklari belirlenmistir (p<0.05).

v" Caligilmakta olan alanlar agisindan ise anlaml bir fark bulunmamustir (p>0.05).

Tablo 5. Katilimeilarm Egitimleri Sirasinda Kazandiklar1 Mesleki Beceriler Hakkindaki Goriisleri i¢in
Yapilan ANOVA Testi Sonuglari

Mezuniyet Yil Sikhik Ortalama Puan Standart Sapma Sig. (2-tailed)
1990 ve 6ncesi 24 119.25 20.63
1991-2000 28 107.07 18.55
2001-2010 46 111.52 18.10 0.037
2011-2020 62 117.85 19.61
Calisilan Alan
Toplum Eczacisi 89 115.98 20.61
Hastane Eczacisi 30 112.77 17.76
Kamu Eczacisi 20 114.00 18.10 0.736
Endiistri Eczacisi 12 111.75 15.79
Akademi Eczacisi 9 107.89 22.86
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Kariyer Planlama

Katilimeilarin  egitimleri sirasinda kariyerlerini planlama konusunda aldiklari danigmanlik

hakkindaki goriisleri ANOVA testi ile incelendiginde (Tablo 6):

v 2011-2020 aras1 mezunlarin, 2010 ve dncesi mezunlara gore kariyerlerini planlama konusunda

daha fazla danismanlik aldiklar1 belirlenmistir (p<0.05).

v" Caligilmakta olan alanlar agisindan ise anlamli bir fark tespit edilmemistir (p>0.05).

Tablo 6. Katilimcilarin Egitimleri Sirasinda Kariyerlerini Planlama Konusunda Aldiklar1 Danigmanlik

Hakkindaki Gériisleri I¢in Yapilan ANOVA Testi Sonuglari

Mezuniyet Yil Siklik Ortalama Puan Standart Sapma Sig. (2-tailed)
1990 ve 6ncesi 24 5.00 2.17

1991-2000 28 4.46 1.62

2001-2010 46 4.67 2.27 0.000
2011-2020 62 6.48 2.28

Calisilan Alan

Toplum Eczacisi 89 5.46 2.28

Hastane Eczacisi 30 5.23 2.14

Kamu Eczacisi 20 5.20 2.53 0.774
Endiistri Eczacisi 12 6.00 3.10

Akademi Eczacis1 9 4,78 1.86

Odak grup goériismelerinde dort yillik mezunlar, bes yillik mezunlara gore kariyer planlama ile
ilgili yeteri kadar yonlendirilmediklerini, buna ihtiya¢ duyduklarini belirtmislerdir.

E» te4: Kariyer planlamasi ile sekillendirilmis branglasmanin ¢ok énemli oldugunu diisiiniiyorum.

Este4: Kariyer planlama etkinlikleri yapilmadi. Mezun oldugumda hangi alanda caligacagima
karar vermede zorlandim.

Estes: Kariyer planlama egitimi yapildi, zorunlu olarak girdik. O zaman zorunlu girmek
hosumuza gitmemisti ama ¢ok yarar1 oldu.

Eones: Kariyer planlama etkinlikleri vardi, ama yeterli degildi. 1.smiftan itibaren, daha erken
baslamasi gerekiyordu.

E1ke4: Cok nadir kariyer planlamas ile ilgili etkinlikler oluyordu.

Ezise,s: Kariyer giinleri ve ila¢ sanayinde yapilabilen stajlar ¢ok faydali oldu.
Sosyal ve Kiiltiirel Yon Gelistirici Faaliyetler

Bu alanda gruplar arasinda istatistiksel agidan anlamli fark bulunmamustir.
Odak grup goriismelerinde, kariyer planlama konusunda se¢meli derslerin 6nemi de katilimcilar

tarafindan vurgulanmistir.



Ankara Ecz. Fak. Derg., 46(3): 664-683, 2022 Yildizvd. 675

E1te4: Liderlik, iletisim, yonetim becerisi gelistirici segmeli derslerin olmasini isterdim.

Estes: Bazi segmeli derslerimizi ¢ok akilci alamadik. Ders giinii ve saati, dersin igeriginden daha
onemli oldu.

Ezhes: Klinik eczaciliga 6zgii daha fazla se¢gmeli ders olsaydi.

Esnes: Eczaci-Hekim iligkisinin kalitesi ile ilgili segmeli ders ya da etkinlik ¢ok faydali olurdu.

E>ke4: Denetim gorevi yapacak eczacilara yonelik segmeli dersler olmali.

Es,isg4: Branglagma ile ilgili segmeli derslerin olmasi ¢ok faydali olurdu.

Esises: Secmeli dersler, bazi kongrelere katilim ve stajlarin ¢alisma alanimizi belirlemede biiyiik

rolii oldu.
Ogretim Yontemi

Katilimcilarin egitimleri sirasinda uygulanan 6gretim yontemlerinin verimliligi hakkindaki
goriigleri ANOVA testi ile incelendiginde (Tablo 7):
v' 2011-2020 arast mezunlarin 1991-2010 arasi mezunlara, 1990 ve dncesi mezunlarin ise 2001-
2010 arast mezunlara gore Ogretim yontemlerini daha verimli bulduklar1 belirlenmistir
(p<0.05).

v’ Calisilmakta olan alanlar agisindan ise anlamli bir fark bulunmamigtir (p>0.05).

Tablo 7. Katilimcilarin Egitimleri Sirasinda Uygulanan Ogretim Yéntemlerinin Verimliligi Hakkindaki
Gériisleri I¢in Yapilan ANOVA Testi Sonuglar

Mezuniyet Yil Sikhik Ortalama Puan Standart Sapma Sig. (2-tailed)
1990 ve oncesi 24 24.04 4.13

1991-2000 28 21.36 3.38

2001-2010 46 21.02 4.01

2011-2020 62 24.00 4.00 0.000
Calisilan Alan

Toplum Eczacisi 89 22.34 2.81 0.394
Hastane Eczacisi 30 21.38 2.19

Kamu Eczacisi 20 21.79 3.56

Endiistri Eczacisi 12 22.67 3.10

Akademi Eczacisi 9 22.04 2.65

Odak grup goriismelerinde, katilimcilara mesleki beceri kazanmada yiiksek énemi olan ‘Ogretim
yontemi nasild1?’ sorusu sorulmus; verilen yanitlar eczacilik egitiminin 6gretici merkezli ve biyiik
Olciide ezbere dayali oldugunu kanitlar nitelikte olmustur:

Eate4: Ezberci bir 6gretim yontemi uygulandi.
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E11es: Bazen 6dev verilerek sunum yaptiriliyordu, o bilgiler daha kalici oluyordu.

E1He4: Ezberci bir egitim vardi. Stajda bilgileri pekistiriyorduk.

Eikes: Ezberci bir 6gretim yontemi vardi ama bunun olmasi gerekiyordu.

E1,ise4: Pek ¢ok dersimizi ezberleyerek gectik ama akilda kalici olmadi. Kegke tiim derslerde 6dev

sunumu olsaydi.
Staj

Calismanin nicel kismindaki sonuglara gore staj konusunda dort ve bes yillik eczacilar arasinda
anlamlt bir fark bulunmamistir. Odak grup goriismelerinde ise biiyiik 6l¢iide stajlarin yararl oldugu
belirtilmis; ancak, staj yapan O6grenci ve staj yapilan yerlerin fakiilteler tarafindan daha fazla
denetlenmesi Onerilmistir.

Eztes: Stajlarimiz bir denetim mekanizmasi olmadigi i¢in son derece verimsiz gegerdi. Stajin
gerekliligine ve faydasina inantyorum.

Estes: Staj cok dnemli. Verimli gecti. Okul tarafindan kontrol edilmesi gerektigini diistiniiyorum.

E1Heas: Stajlar cok faydali. Fakiilteler dogru yonlendirmeleri yapmali.

Esise4: Stajimi ilag firmasinda yapabildigim i¢in bu alan1 secgtim.

Es.ises: Stajlar bilgilerin pekismesi i¢in ¢ok faydali.
Bitirme Projesi

Katilmcilarin  egitimleri sirasinda bitirme projesi hazirlanmasinin  verimliligi  hakkindaki
goriisleri ANOVA testi ile incelendiginde (Tablo 8):
v’ 2011-2020 arasi mezunlarin, 2010 ve dncesi mezunlara gore bitirme projesi hazirlanmasini
daha verimli bulduklart belirlenmistir (p<0.05).

v' Caligilmakta olan alanlar agisindan ise anlamli bir fark tespit edilmemistir (p>0.05).

Tablo 8. Katilimcilarin Egitimleri Sirasinda Bitirme Projesi Hazirlanmasmim Verimliligi Hakkindaki

Gériisleri I¢in Yapilan ANOVA Testi Sonuglar

Mezuniyet Yil Sikhik Ortalama Puan Standart Sapma Sig. (2-tailed)
1990 ve 6ncesi 24 16.71 4.55

1991-2000 28 15.96 3.33

2001-2010 46 17.41 4.64 0.000
2011-2020 62 21.87 3.47

Calisilan Alan

Toplum Eczacisi 89 15.67 3.15

Hastane Eczacisi 30 16.01 2.97

Kamu Eczacisi 20 16.76 3.12 0.344
Endiistri Eczacisi 12 15.23 2.10

Akademi Eczacisi 9 16.44 4.65
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Odak grup goriismelerinde bes yillik egitimde son sinifta hazirlanan bitirme projesinin ¢ok faydali
oldugu belirtilmistir. Bu konuyla ilgili goriisler asagida yer almaktadir:

E» tes: Bitirme projesi bana 6zgiiven sagladi. Cok faydasi oldugunu diistiniiyorum.

Eonea: 11k ise girdigimde bazi arastirmalar yapmam istenmisti, zorlandim. Keske biz de bitirme
projesi hazirlasaydik.

E2nes: lyi yiiriitiiliirse cok faydali oldugunu diisiiniiyorum.

E>kes: Bir bilimsel aragtirma nasil yapilir bunu arastirma projesi hazirlarken 6grendim.

E.ise4: Keske biz de bitirme projesi hazirlasaydik. Cok faydali olurdu.

Odak grup goriismelerine katilan eczacilara bes yillik egitimde toplum eczanesi, hastane eczanesi
ve ila¢ sanayiinde branglasmay1 saglayan se¢cmeli dersler de alindiktan sonra diplomalarin bu branglara
0zgii verilmesi konusundaki goriisleri sorulmus; yanitlar1 agagida sunulmustur:

E1tes: Branglara 6zgili segmeli dersler giizel bir uygulama ancak bunu belgelendirerek, tek bir
alanda ¢alisma zorunlulugu kisileri mutsuz edebilir.

Extes: Tek bir bransta galisma zorunlulugu uygun olmazdi. Ciinkii 6grencilikteki kosullar
zamanla degisir, fikir de degisir.

Eines: Ogrenciye ¢ok fazla segmeli ders sunulmali, ancak tek bir alanda ¢alisma zorunlulugu
getirilmemeli.

E>kes: Branglagma sinirlayici anlamda olmamali ama kisinin ilgi duydugu alandaki yeterlilikleri
bu sayede gelistirilebilir.

Odak grup goriismelerinde son olarak ‘Eczacilik egitiminin verimliligi i¢in eklemek istedikleriniz
nelerdir?’ diye soruldugunda ise:

Este4: Liderlik ve iletisim konusunda daha fazla ders olabilir.

E1tes: Eczane yonetimi ile ilgili daha fazla uygulamaya yonelik dersler olabilir.

E> He,4: Miistahzar isimleri ve jenerik ilaglarla ilgili daha fazla bilgi verilmeli.

EsHes: Eczaci-Hekim iliskisinin gelistirilmesi ile ilgili egitim verilmeli.

Es,ise,s: Stajlar daha kaliteli yapilabilir.

Odak grup goriismelerinde son olarak akreditasyonun onemi soruldugunda, tiim katilimeilar
tarafindan gerek egitimde gerekse istihdam alanlarinda akreditasyonun yapilan isin belli standartlara
gore yapildig1 ve denetlenebilir 6lgiitleri olmasi nedeniyle ¢cok faydali olacagi ve kaliteyi arttiracagi

goriisli paylagilmstir.

2005 yilinda eczacilik egitim siiresi 5 yila ¢ikartilirken, hasta odakli egitimin de gelistirilmesi
amaciyla mevcut ders miifredatina Farmasotik Bakim, Farmakoterapétikler, Klinik Biyokimya, Akilc
flag Kullanim, flag Etkilesmeleri gibi zorunlu ve segmeli olarak dgrencilerin alabilecegi hasta odakli
derslerin ilave edildigi goriilmektedir. Ayrica, 6grencilerin mezun oldugunda ¢alistiklar1 alan segiminde

kararli ve yetkin olabilmeleri igin, daha 6nce de var olan 6 aylik zorunlu stajlarin daha etkin
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yapilabilmesi i¢in bazi diizenlemeler yapilmis, 5.sinifta tercih edilen alanla ilgili bir bitirme projesi
hazirlanmasi istenmis ve 6grencilerin tercih ettikleri alanla ilgili ¢ok sayida segmeli ders programa ilave

edilmistir [1].

Ulkemizde bilimsel anlamda eczacilik egitimi 1839 yilinda iki yillik egitim siiresi ile baglamustir.
Egitim siiresi daha sonra 3, 1934 yilinda 4 y1l olmustur [2]. Eczacilik lisans egitimi 2005 yilinda dort
yildan bes yila ¢ikarilmis ve egitim programinda bazi degisiklikler yapilmistir. Bu degisikliklerin

verimli olup olmadigi bugiine kadar hig aragtirma konusu olmamustir.

Tirkiye’de eczacilik egitimi ile ilgili yapilan calismalar, eczacilarin ilag iiretim siireclerindeki
yani ila¢ odakli gorev ve sorumluluklari, ilacin hastalarca akile1r kullanimi ve sagligin en iyi bigcimde
stirdiiriilebilmesini saglamaya yonelik hasta odakli bakim uygulamalar1 ve bununla ilgili derslerin/
yeterliliklerin arttirllmasi yoniinde oneriler sunmaktadir [24, 25]. Buna paralel olarak Amerika Birlesik
Devletleri (ABD)' nde eczacilik egitimi incelenmis ve son 45 yilda ilag tizerine yogunlasan egitimden

hasta odakli egitime gecis tizerine degisiklikler yapilmstir [26].

Bu calismada Tiirkiye’de 4 ve 5 yillik eczacilik egitim programi; egitim igerigi, hasta ve iiriin
odakli eczacilik hizmetleri ile ilgili kazanilan beceriler, 6gretim yontemleri, sosyal ve kiiltiirel yon
gelistirici faaliyetler, staj, kariyer planlama ve bitirme projesi konular1 agisindan karsilastirilmastir.
Genel olarak bes yillik programdan mezun eczacilari dort yillik programdan mezun eczacilara gore

aldiklar egitimden daha memnun olduklar sdylenebilmektedir.

Caligma sonucunda tiim katilimcilarin %63.7’si, dort yillik eczacilarin %77’si, 5 yillik eczacilarin
%52.4 ‘i iiriin/ilag odakli egitimi daha yogun aldiklarini belirtmis; 4 yillik eczacilarin %21°1, 5 yillik

eczacilarin ise %58’1 hasta odakli egitimi daha yogun aldiklarini ifade etmislerdir.

Dort yillik egitimle kiyaslandiginda bes yillik egitimin ilag odaklidan hasta odakli egitime
evrildigi anlagilmaktadir. Eczacilik egitiminin 6nemli bir ¢iktis1 da hasta merkezli eczacilik hizmeti
verebilecek mezunlar yetistirmektir. Hasta merkezli bakim, bireysel olarak hastalarin refahina net bir
sekilde odaklanmak anlamina gelmektedir [27]. Bu dogrultuda, bes yillik egitime Farmakoterapétikler,
Farmasotik Bakim, Klinik Biyokimya gibi dersler eklenmis; ancak, 5 yillik programdan mezun olan
katilimcilarin verdikleri yanitlardan hareketle (%58) bu konuda eksiklerin oldugu, bu konuya daha fazla

yogunlasilmasi gerektigi anlasilmistir.

Calismada 6gretim yontemleri sorgulanmis; tiim katilimcilarin %91.8’1, dort yillik mezunlarin
%97’si1, bes yillik mezunlarin ise %901 ezbere dayali egitim yontemi uygulandigimi ifade etmistir.
Buradan hareketle ezberci 6gretim yonteminin degismedigi, halen eczacilik egitiminde baskin oldugu

sOylenebilmektedir.
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Giliniimiizde toplumlarm kalkinmasi ve rekabete dayali ekonomik diizende nitelikli bireyler
yetistirmek i¢in egitim daha da 6nem kazanmistir. Biligsel alanda yapilan arastirmalar, 6grenme siirecine
aktif olarak katilan 6grencilerin daha iyi 6grendiklerini gostermektedir. Bu nedenle 6grencilere bilginin
kaynag1 ve bu bilgileri nasil elde edecekleri, bunlari nasil degerlendirecekleri ve problemi ¢6zmek igin
bu bilgiyi nasil kullanacaklari &gretilmelidir. Bu becerilerin kazandirilmasinda probleme dayali
6grenme yaklasiminin etkili oldugu yapilan bir¢ok ¢aligmada ortaya konulmustur [28-38]. Uygulama
derslerinde probleme dayali 6grenme yontemleri kullanilmasinin mesleki becerilerin kazandirilmasinda

etkili olacagi diisiiniilmektedir.

Calismada mezunlar, iletisim ve liderlik becerilerine yonelik yeterliliklerin 6nemli oldugunu
vurgulamaktadir. Liderlik, uzun zamandir eczacilik meslegi igin gerekli bir nitelik olarak onerilmistir.
ABD’de eczacilik 6grencileri arasinda yapilan bir calismada, liderlik becerisi kazandirilan 6grencilerde

elestirel diistinme becerilerinin 6nemli 6l¢iide daha yiiksek oldugu belirlenmistir [39].

Eczacilik egitimi ve uygulamasinda iletisim becerileri 6nemi artan bir bilesen olarak kabul
edilmektedir. Eczacilik egitimi iginde genel iletisim becerileri egitiminin etkilerini degerlendirmek
amaciyla yapilan bir meta analiz ¢aligmasinda, 2 veya daha fazla donem haftada 5 saat ve {izeri genel
iletisim becerileri egitiminin 6grencilerin iletisim yetkinligini gelistirmek icin etkili bir yol oldugu

belirlenmistir [40].

Katilmcilarin tamami staj egitimin Onemini vurgulamigtir. Staj programlarinin daha fazla
denetlenmesi gerektigi diigiiniilmektedir. Bu konuda meslek orgiitiiniin destegi kaginilmazdir. Eczane
stajlari, diinya ¢apinda eczacilik lisans egitiminin énemli bir pargasidir. Finlandiya 6rneginde stajlar,
dersler ile ¢aligma hayati arasindaki iligkinin daha iyi anlasilmasi i¢in ikinci ve iiglincii yil boyunca

profesyonel egitime entegre edilmistir [41].

Calismanin kariyer planlamasi ile ilgili kisminda bes yillik egitimle beraber kariyer planlamasi
konusunda &grencilere diizenlenen faaliyetlerin arttigi gézlemlenmekle birlikte eczacilik egitiminde bu
konu iizerine daha fazla yogunlagilmasi1 gerektigi anlasilmaktadir. Eczacilik 6grencilerini eczacilik
alaninda kariyer yapmaya yonlendiren etmenleri belirlemek iizere yapilan bir ¢alismada, 6grencilerin
aile tliyeleri, eczacilar ve kisisel deneyimlerinin yani sira "kariyer giinii" etkinliklerinin de etkili oldugu

belirlenmistir [42].

Ulkemizde dort yillik eczacilik egitim miifredatinda bitirme projesi dersi bulunmamaktaydi. Bes
yillik egitime gecisle beraber son yilda bitirme projesi dersleri zorunlu olmustur. Bes yillik mezunlarin

neredeyse tamami bitirme projesi derslerinin kendilerine olumlu katkist oldugunu ifade etmistir.

Sonug olarak dort yillik egitim ile bes yillik egitim karsilastirildiginda; hasta odakli egitim

cergevesinde verilen dersler, kariyer planlama faaliyetleri ve bitirme projesi dersinin olumlu sonuglari
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belirlenmistir. Bununla birlikte hasta odakli egitimin hala gelistirilmeye ihtiyaci oldugu, stajlarin ¢ok
onemli oldugu, Ogrencinin bunu kabul ederek staj egitimine Onem vermesinin saglanmasi ve
denetimlerinin yapilmas1 gerektigi, farkli Ogretim yontemlerinin kullanilarak ezberci egitim
yontemlerinden uzaklagilmas: gerektigi de bu calisma sonucunda ortaya ¢ikmugtir. Bes yillik egitim
miifredatinda yapilan degisikliklerle gelistirilen alanlar yaninda eksik kalan yerler de belirlenmistir.
Egitim icerigi yOniinden hasta odakli egitime gecis cabasi goriilmekle birlikte halen tam olarak
uygulamada karsilik bulamamistir. Farmasotik bakim, farmakoterapi gibi derslerin yaninda sosyal
icerikli mevzuat, iletisim, liderlik konulu derslerin etkisinin artirilldigi ancak yeterli olmadig:
belirlenmistir. Ogretim yontemlerinden olan probleme dayali ¢oziim teknigi eczacihik egitiminde
yetersizdir. Ezbere dayali Ogretim yontemi hala baskindir. Stajlarin  fakiiltelerce yeterince
denetlenmedigi, bu konuda fakiiltelere destek olmak amaciyla meslek orgiitiinden yardim alinabilecegi;
staj yapilan alandaki eczacinin sorumlulugunun arttirilmasi1 gibi ¢dzlimlerin getirilebilecegi
onerilmektedir. Kariyer planlama faaliyetlerinin dort yillik egitimde ¢ok yetersizken, bes yillik egitimle
beraber faaliyetlerin artirilmasina yonelik calismalarin oldugu gézlenmektedir. Bilimsel anlamda bir
arastirma yapma ve raporlama ile ilgili bitirme projesi hazirlamanin 6nemi bes yillik mezunlarin

goriigleriyle ortaya konmustur.

Son olarak, dort yillik egitimden bes yillik egitime gegisle iyilestirmelerin yapildigi ancak
eksikliklerin de bulundugu agiktir. Egitim verimliligini degerlendirmek {izere daha ¢ok arastirma
yapilmali ve eczacilik egitiminin igerigi, diinyada ve iilkemizdeki eczacilik hizmetlerinin kalitesini

attiracak sekilde giincel tutulmalidir.
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ABSTRACT

Objective: Tuberculosis (TB) is an infectious disease that is among the leading causes of death. TB can
easily spread by aerosols from pulmonary TB patients. Pharmacists are unique among healthcare professionals
because patients can easily and directly access them. Therefore, they have to take responsibility for management
and early detection of TB. The aim of this study was to evaluate TB related awareness and level of knowledge
of pharmacy students in a foundation university.

Material and Method: This cross-sectional study was conducted to evaluate the knowledge and attitudes
of undergraduate pharmacy students about TB. A face-to-face survey was made to students in their classrooms
after ethical committee’s approval was received and verbal consent of participants obtained. A total of 238
students answered the survey. Descriptive statistical methods and Pearson Chi-Square test are used for the
evaluation of the data.

Result and Discussion: We found that all of the students knew tuberculosis, but some of them lacked
knowledge on some topics such as the symptoms of the disease, risk factors, definitive diagnosis, and drug
resistance rates. Pharmacists who have an important role in public health should be informed and advised to
be updated about TB during their undergraduate education. In addition, it should be ensured that they take
responsibility to raise public awareness of TB which causes thousands of deaths each year.

Keywords: Awareness, pharmacy students, survey, tuberculosis

Corresponding Author / Sorumlu Yazar: Ozgul Kisa
e-mail / e-posta: kisaozgul@gmail.com, Phone / Tel.: +905322214793

Submitted / Gonderilme: 23.03.2022 Accepted / Kabul: 12.05.2022



https://orcid.org/0000-0002-7160-4595
https://orcid.org/0000-0001-7667-9898
https://orcid.org/0000-0003-3180-8769

[

. Fac. Pharm. Ankara, 46(3): 684-693, 2022 Kisaetal. 685

oz

Amag: Tiiberkiiloz (TB), énde gelen dliim nedenleri arasinda yer alan bir enfeksiyon hastaligidir. TB,
akciger tiiberkiilozlu hastalardan aerosoller araciligi ile kolayca yayilabilir. Eczacilar, hastalarin onlara
dogrudan ve kolayca ulasabildigi tek saghk ¢alisanlaridir. Bu nedenle, TB'nin yonetimi ve erken teshisi icin
sorumluluk almak zorundadirlar. Bu ¢alismanin amaci, bir vakif iiniversitesindeki eczacilik ogrencilerinin
tiiberkiiloz ile ilgili farkindalik ve bilgi diizeylerini degerlendirmektir.

Gerec ve Yontem: Bu kesitsel calisma, eczacilik lisans ogrencilerinin tiiberkiiloz hakkindaki bilgi ve
tutumlarimi degerlendirmek amaciyla yapilmistir. Etik kurul onayi ve katilimcilarin sozlii onamlary alindiktan
sonra ogrencilere smiflarinda yiiz yiize uygulanmistir. Toplam 238 6grenci anketi cevapladi. Verilerin
degerlendirilmesinde tamimlay:ici istatistiksel yontemler ve Pearson Ki-Kare testi kullanilmustir.

Sonu¢ ve Tartisma: Ogrencilerin tamamimin tiiberkiilozu bildigini ancak bir kismimin hastaligin
belirtileri, risk faktorleri, kesin tani, ila¢ direng oranlari gibi konularda bilgi eksikligi oldugunu bulduk. Halk
saghginda onemli bir yere sahip olan eczacilar, lisans egitimleri swrasinda TB hastaligi hakkinda
bilgilendirilmeli ve bilgilerini giincel tutmalar: tavsiye edilmelidir. Ayrica her yu binlerce éliime neden olan
tiiberkiiloz hastaligi konusunda toplumu bilin¢clendirmek icin sorumluluk almalar: saglanmalidr.

Anahtar Kelimeler: Anket, eczacilik grencileri, farkindalik, tiiberkiiloz

INTRODUCTION

Tuberculosis (TB) is transmitted from person to person by inhalation of infected aerosols
(particles called droplet nuclei) generated by coughing, sneezing, or speaking of the active TB patients
[1,2]. The people who are in close contact with patients with active TB (e.g., family members or friends
living in the same household with infected people, health-care professionals directly involved in their

treatment) are at higher risk [3].

Antituberculosis drugs are essentially divided into two groups as first-line drugs (e.g., rifampin,
isoniazid, ethambutol, and pyrazinamide) and second-line drugs consisting of four subgroups;
aminoglycosides (e.g., kanamycin, amikacin, and capreomycin), fluroquinolones (e.g., ofloxacin,
levofloxacin, moxifloxacin, and ciprofloxacin), oral bacteriostatic second-line anti- TB drugs (e.g.,
ethionamide, prothionamide, cycloserine, and P- aminosalicylic acid) and anti-TB drugs with limited data on
efficacy (e.g., bedaquiline, delamanid, and linezolid) [3,4]. However, drug-resistant Mycobacterium
tuberculosis strains have emerged, especially in TB endemic areas. The emergence and spread of drug
resistant strains are one of the primary problems in combating TB. Multi-drug-resistant (MDR) TB is defined
as TB resistant to first-line drugs such as isoniazid and rifampin, and extensive drug-resistant (XDR) TB is

defined as resistance to MDR-TB plus any fluoroquinolone and at least one injectable second-line drug [5,6].

In 2019, the estimate of the new cases was 10 million (range, 8.9-11.0 million) and there were
almost 1.2 million deaths among HIV-negative people [7]. The people with HIV have a much higher
risk of developing TB disease due to weak immune systems. Additionally, 208.000 deaths among HIV-
positive people reported. The incidence rate of TB was 130 cases per 100,000 population in 2019. The

incidence of TB varies among countries due to their healthcare services, economic conditions, and
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policies of governments about TB disease [7]. According to Tuberculosis Report of Turkish Ministry of
Health (2019), estimated incidence rate of TB was 17 cases per 100,000 population for 2017 year. While
MDR-TB strains constitute 3,2% of TB cases in Turkey, only two TB strains are XDR-TB [8].

As the most accessible health counselors, pharmacists play a vital role in the delivery of the
primary health care, including the management of the chronic diseases. They have a face-to-face contact
with people who may have many infectious diseases such as tuberculosis [9-11]. Although the studies
were conducted to investigate the knowledge and attitudes of medical doctors and the other Healthcare
professionals or nursing and medical students about TB, no studies were found with pharmacists or
pharmacy students in Turkey [12-17]. The aim of this study is to evaluate the awareness and knowledge
levels of the Pharmacy Faculty students about the basic information such as the transmission of TB
disease, its symptoms, risk factors and protection from the disease.

MATERIAL AND METHOD

Place of Study

We implemented this cross-sectional study at a Pharmacy Faculty in Istanbul in 2019-2020
education year.

Study Population

Education in pharmacy faculties is five years and the first four years are spent with taking
theoretical courses and internship. In the last year, the again internship and the graduation thesis must
be completed. The survey was conducted in the period of December 2019-March 2020. The students in
the first four grades were included in the study. However, fifth-year students could not be included as
they are often out of school in this term due to their graduation projects or internships (e.g., hospital

pharmacy, community pharmacy, and industry internships).
Data Collection

The data were collected using the “Assessment of Awareness and Knowledge Level of TB"
Questionnaire. It consists of a total of 26 questions, 15 of which contain information about TB and 11
to obtain information about the personal characteristics of the participants. Previously, Enginyurt et al.
[12] carried out a study for TB awareness assessment with healthy workers in 2016 in Turkey. After
permission to use and modify, this questionnaire was obtained from authors and modified by reviewing
current reports and literature about transmission, symptoms, risk factors, diagnosis, prevention, and
treatment of TB disease. As the incidence of TB changes from year to year in the TB Dispensary report,

only choices of one of TB related questions was changed. The other 11 questions were also revised
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according to students. Identity information of participants were not requested, and no question related
to personal privacy or daily life was present in the survey form. The privacy principle was adhered

while preparing the survey questions.

The questionnaire forms were given to the participants who gave informed verbal consent after
explanation of the aims, objectives, and methodology of this study. The questionnaire was administered by
face-to-face interview method. The data in the forms in which all questions were answered, were evaluated.

Statistical Analysis

The data collected were analyzed by using descriptive statistical methods and Pearson Chi-Square

test. P values < 0.05 were considered statistically significant.

Table 1. Answers of pharmacy students to survey questions about tuberculosis (n 238)

Characteristics % of Respondents
First Second Third Fourth
grade grade grade grade Total
students | students | students | students

L—(l:?]\gzly;ou ever had an education about tuberculosis in 19.6% 31.3% 19.2% 22.2% 23 5%
Have you ever h_ad a_role in _monitor_ing or treatment of a 16.1% 14.9% 19.2% 12.7%
tuberculosis patient in your internships? 15,5%
Have you ever encountereq with a_tuberculosw patient in 12.5% 7.5% 11.5% 7.9% 9.7%
your clinical or pharmacy internships?
Do you know a family member who had tuberculosis? 8,9% 10,4% 3,8% 3,2% 6,7%
Do you see Healthcare professionals
tuberculosis as a encounter more likely with 96,4% 88,1% 82, 7% 81,0% 87,0%
professional disease of | tuberculosis patients.
Healthcare It is highly contagious in contacts

i ? ? i i i 0,
professionals? Why? (close contact dqung_e>_<am|nat|on 100,0% 100,0% 98.1% 95.2% 98,3%
and treatment) since it is
transmitted by respiratory tract.

What would your I used to take my medications
thoughts be if you had (rjegulalrly according to_my 16,1% 13,4% 9,6% 12,7% 13,0%
octor's recommendations.
tubeI’Cl-,I|OSIS in t:le Lov:?lgtiﬁ]c;tti%g-health institution 78.6% 82.1% 86.5% 85.7% 83,2%
following years? | would_be sad that the trea_tment 5,4% 4,5% 3,8% 1.6% 3,8%
of the disease took a long time.

How many years have you been studying in Pharmacy 23.5% 28.2% 21.8% 26.5% -

Faculty?

Your sex? Female 69,6% 65,7% 69,2% 69,8% 68,5%
Male 30,4% 34,3% 30,7% 30,2% 31,5%

Your age? 17-19 39,3% 7,5% 0,0% 3,2% 12,2%
20-22 58,9% 77,6% 75,0% 66,7% 69,7%
23-25 0,0% 10,4% 19,2% 30,2% 15,1%
26 or more 0,4% 1,3% 0,8% 0,0% 2,5%

Do you smoke? Yes 19,6% 22,4% 25,0% 17,5% 21,0%

If yes, how many years have you 0-2 years 8,9% 11,9% 1,9% 4,8% 7,1%

been smoking? 3-5 years 5,4% 7,5% 15,4% 6,3% 8,4%
6-8 years 1,8% 6,0% 5,8% 4,8% 4,6%
9-11 years 0,0% 0,0% 1,9% 1,6% 0,8%
12 years or more 3,6% 0,0% 0,0% 0,0% 0,8%
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Table 2. Assessment of pharmacy students' tuberculosis related knowledge (n 238)

Questions % of Respondents Who Answered Correctly
First Second Third Fourth x? (df) p value
grade grade grade grade
students | students | students | students
i i i ?
How is tuberculosis transmitted® 16.1% 49.3% 67.3% 39.7% 7((;.3)0 <0.001
i isi i ?
Which type of tuberculosis is contagious? 3,6% 34.3% 63.5% 38.1% 6(91.;)0 <0.001
- —
Which organs may affect by tuberculosis® 32.1% 50.7% 69.2% 57.1% 4(91,56)9 <0.001
How to mgke a def_lnltlve diagnosis of 16.1% 16.4% 11,5% 23,8% 22.47 0.033
tuberculosis Infection? (12)
Is tuberculosis a disease must be reported? 76,8% 94,0% 90,4% 81,0% | 13,59 (6) 0.034
How often tuberculosis is seen in one year in 8,9% 1.5% 135% 15.9% 25,98 0,011
Turkey? (12)
What is DOT (Directly Observed 29.10
Treatment=DOT) in Tuberculosis? 12,5% 22,4% 13,5% 19,0% (1’2) 0,004
Which is the most important for the treatment 2267
of tuberculosis? 30,4% 52,2% 48,1% 44,4% (1’2) 0,031
Which of the Keeps records of
followings are | tuberculosis patientsand | g; 190 | gg705 | 3650% | 603% | 2541(3) | <0.001
features of notifies the ministry of
Tuberculosis health
Dispensary? Provides follow-up and
(you may mark | treatment of tuberculosis o o 0 0
more than 1 patients with or without 60,7% 47.8% 46.2% 52.4% 2.89(3) 0,409
answer) health insurance

Obtains tuberculosis drugs
to the certain participation 78,6% 82,1% 78,8% 74,6% 1,08 (3) 0,781
fee

It is main component of
the tuberculosis control 76,8% 76,1% 80,8% 66,7% 5,69 (6) 0,458
program in our country

What do you think |s_the most common risk 5,4% 11,9% 21.2% 34,9% 41,67 <0.001
factor for Tuberculosis? (12)
Whe_n do you think tuberculosis should be 14.3% 16.4% 21.2% 15.9% 20,64 0,056
vaccinated first? (12)
What are the symptoms of pulmonary 14.3% 34.3% 48.1% 55,6% 65,84 <0.001
tuberculosis? (13)

i is?
How to diagnose pulmonary tuberculosis? 12.7% 6,0% 9,6% 27.0% 4(4;,54)0 <0.001
Which of the following is a way of preventing o o o o 61,18
Healthcare professionals from tuberculosis? 21,4% 32,8% 40.4% 22.2% (15) <0.001
What would be the precautions to be taken
whgn providing heal@h care in a hospital 10.7% 13.6% 308% 34.9% 43,60 <0.001
environment to a patient with pulmonary ' ' ' ' (18) '

tuberculosis found to be infectious?

RESULT AND DISCUSSION

During the period of the study, a total of 389 students were in either their first, second, third, or
fourth years. Majority of these students (238 of 389) participated voluntarily the survey. Of the 238
participants, 163 (68.5%) were female students, while male students were 75 (31,5%). The

characteristics of them were summarized in Table 1. All participants expressed having heard about TB
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earlier. Although 15,5% of them received information on monitoring or treatment of a TB patients in
their internships, only 9,7% had encountered with a TB patient. Majority of participants had
acknowledged TB disease as a professional disease of healthcare professionals because Healthcare
professionals encounter more likely with TB patients, and it is highly contagious in contacts (close
contact during examination and treatment) since it is transmitted by respiratory tract (Table 1).

Participants' TB-related knowledge and attitudes are shown in Table 2. According to results of
survey, 42.9% of the students knew that TB is transmitted airborne and 34.5% of them said that
pulmonary TB is contagious. More than half of participants, (54.6%) explained that both lungs and
many organs may be affected by TB. There was a significant difference in the answers given to first
three questions in students having different study years (grades) (Tablo 2). The minority of participants
(16,1%, 16,4%, 11,5% and 23,8%, from 1st to 4th grade respectively and mean 17,2%) knew that TB
was diagnosed by examination of sputum whereas 38.7% of them knew the tuberculin skin test (TST)
as a diagnostic tool. Also, 85.7 % of students accurately answered that when a person was diagnosed
with TB, it was compulsory to report to the Health Ministry of Turkey whereas 13.9 % of students had
no idea if it must be reported or not. More than half of students (55%) estimated high incidence of TB
in Turkey (25 or 50 people per 100,000). Less than half of the students (44.1%) expressed that they
must use antituberculosis drugs for at least six months in the treatment of TB patients, students did not
know that directly supervised treatment means administration of TB drugs by a trusted person. Most of
the participants knew the duties -except for one option- of the TB Dispensary, no difference was
observed between the study years in terms of their answers. The question “what is the most important
risk factor for TB disease” was correctly answered as Acquired Immune Deficiency Syndrome (AIDS)
by the students at the rate of 18.5%. Many students (41.2% and 51.7% respectively) reported that they
had no idea about two questions "When do you think people should be vaccinated first for TB?" and
"What is the most important risk factor for TB disease?". More than one of third of students (38.2%)
correctly explained pulmonary symptoms as blood in the mouth/sputum, fever, night sweats, and
prolonged cough. The correct answers were increased from the first to the fourth grades and statistical
differences were observed between the grades. Although 29.0% of the students said that Healthcare
professionals should take measures to prevent transmission as a way of protection from TB such as
wearing a mask, 23.9% of them stated that the BCG vaccine can provide lifelong protection. Some
students also considered getting a chest x-ray or vaccination after they got in touch with a pulmonary
TB patient.

Healthcare professionals are more likely to encounter TB patients. Especially, community
pharmacists frequently encounter individuals with respiratory diseases such as TB. So, it is important to
determine and increase the knowledge level of the pharmacists about TB disease for protecting

themselves and inform the patients. Pharmacy faculty students basically get information about TB from
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the lectures during their undergraduate education. After the students complete their 2nd year theoretical
and practical courses, their internship programs start in community or hospital pharmacies. So, they also
increase their level of knowledge about many diseases during internships. The results of this study
indicated that almost all pharmacy students have heard about TB disease. But they had inaccuracies in
their knowledge related to: How does TB transmit, which type of TB is contagious and which organs
are affected by tuberculosis (Table 2). In the answers given to these questions, there were differences
between grades. The definitive diagnosis of TB is made by bacteriological examination of sputum. In
different studies conducted with doctors, this question was answered correctly by 83.6% [13], 68.4%
[15] and 31.9% [16] of them. While 17.2% of our students stated that the definitive diagnosis of TB is
made by bacteriological sputum examination, 38.7% of them had the wrong information that this can be
done with the TST. Similar studies were found in which participants stated that the definitive diagnosis
of TB was made with the TST [17,18]. The 75.6% of our students correctly knew the symptoms of TB
disease. The awareness rate about TB symptoms was higher in upper-class students (Table 2) and was
statistically significant. Although 41.2% of the students stated that they had no idea about the risk factors
of TB, 18.5% of them stated that AIDS patients had a high risk of developing TB disease. It was
observed that the understanding of the relationship among AIDS and TB in upper-class students
increases and this difference was statistically significant. In our country, it is obligatory to report a
person diagnosed with TB disease and directly observed treatment (DOT) is applied for TB treatment.
TB drugs are given to patients free of charge by TB dispensaries. TB patient records are kept and Turkey'
Tuberculosis Report is annually published [8]. It is known by 44.1% (105/238) of students that it is
important to use medications for at least six months in the treatment of TB disease for effectiveness. On
the other hand, they (85.7 %) stated that it is mandatory to report a person diagnosed with TB. At the
same time, 187 of 238 students (78.6%) students said TB drugs were given free of charge by
dispensaries. When these above summarized results were evaluated statistically, no significant
difference was found between the grades. Interestingly, the students estimated that the number of
incidences of TB is high in Turkey. Essentially, minority of students (9.7%) have encountered TB
patients during their internships yet. Only15.5% students stated that they took an active role in the
monitoring and treatment of TB patients during their internships. Since many students did not encounter
TB patients during their internship, this emphasizes the importance of covering TB during their
undergraduate education and sharing information about TB on television or on social media in order to
increase their awareness of TB. Students consider TB as an occupational disease of Healthcare
professionals because of close contact during the examination and treatment of patients and because the
disease is transmitted through the respiratory tract. In other respects, it is interesting that 83,2% of the
students said that they would get vaccinated if they had TB. The fact that some students think that the

BCG vaccine can provide lifelong protection or that some get vaccinated after encountering a patient



J. Fac. Pharm. Ankara, 46(3): 684-693, 2022 Kisaetal. 691

with TB shows that they do not have enough information about the prevention measures against TB and
the effectiveness of the vaccine. In a previous study in Japan, physicians of 80 medical school hospitals
answered TB-related questionnaire consisting of two sets. Authors emphasized that additional training
is required for physicians and medical students [19]. Nakanishi et al. [20] conducted a study in 2002
and showed that less than 50% of physicians gave correct answers to questions about TB. Kara et al.
[12] evaluated the knowledge, attitudes, and behaviors of 110 pediatric residents from three different
centers and determined that physicians lacked knowledge about TB diagnosis, treatment, and follow-
up. The results of our study also showed that there is a lack of knowledge about TB disease among
pharmacy students. Healthcare professionals are more likely to encounter patients with respiratory
infection such as TB. So, it is important to determine and increase of the knowledge level of all of
healthcare professionals about TB disease to protect themselves and to inform the patients. Therefore,
TB disease should be emphasized in detail in the courses given during the undergraduate education of
health-related occupational groups. The level of knowledge and awareness of TB should be increased
with educational programs conducted by specialists working on TB control of healthcare professionals
working with TB patients after graduation.

Our research has several limitations. First, the survey was carried out only with students of the
first four grades. Since we included all volunteering students in our survey, there were 238 participants
from the first four grades. Therefore, our results may not represent awareness and knowledge about TB
of all students including 5th grade. Second, students were almost never encountered with TB patients
during their internships. Consequently, the majority of the students did not have experience in
monitoring or care for TB patients. Since there were no TB patients (except 6.7%) in their families, they
could not have knowledge and experience about TB from their social circles. Finally, the students

participating in the survey had not yet completed their fifth year's internship.

Pharmacists are frontline Healthcare professionals, and in most countries, they are the first to
come into contact with people with TB. In order to combat TB effectively, it is necessary to improve

the TB knowledge level and awareness of all healthcare teams, including pharmacists.

ACKNOWLEDGEMENTS

We would like to thank Associate Professor Ozgiir ENGINYURT who allowed us using and
modification of questionnaire form of their study. We also want to thank all students who accepted to
participate in our study. Ozgul Kisa (Corresponding Author) was working at Department of
Pharmaceutical Microbiology, Faculty of Pharmacy, A Foundation University when this study was

performed.



692 Kisaetal J. Fac. Pharm. Ankara, 46(3): 684-693, 2022

AUTHOR CONTRIBUTIONS

Concept: O.K.; Design: O.K.; Control: O.K.; Sources: O.K., H.I.; Data Collection and/or
processing: H.1.; Analysis and/or interpretation: O.K., H.E.V.; Literature review: O.K., H.1.; Manuscript
writing: O.K.; Critical review: O.K.; Other: O.K., H.E.V.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ETHICS COMMITTEE APPROVAL

The ethics committee approval has been received from Altinbag University Clinical Research

Ethics Committee (Decision No:03, Date: 29 Nisan 2020).

REFERENCES

1. Nardell, E.A. (2016). Transmission and Institutional Infection Control of Tuberculosis. Cold
Spring Harb Perspect Medicine, 6(2), a018192. [CrossRef]

2. World Health Organization (WHO) guidelines on tuberculosis infection prevention and control,
2019 update, Geneva: World Health Organization; 2019. License: CC BY-NC-SA 3.0 IGO. From
https://apps.who.int/iris/bitstream/handle/10665/311259/9789241550512-eng.pdf. Accessed date
27 January 2022.

3. World Health Organization (WHO) operational handbook on tuberculosis. Module 1: prevention-
tuberculosis preventive treatment. Geneva: World Health Organization; 2020. License: CC BY-
NC-SA 3.0 IGO. From https://www.who.int/publications/i/item/9789240002906. Accessed date
27 January 2022.

4, Rendon, A., Tiberi, S., Scardigli, A., D’Ambrosio, L., Centis, R., Caminero, J.A., Migliori, G.B.
(2016). Classification of drugs to treat multidrug-resistant tuberculosis (MDR-TB): evidence and
perspectives. Journal Thoracic Disease, 8(10), 2666-2671. [CrossRef]

5. Khare, N., Khare, P., Singh, D.A. (2018). A Review: History, Structure, Diagnosis and Treatment
of Tuberculosis Disease. Mycobacterial Disease, 8, 263. [CrossRef]

6. Lange, C., Aarnoutse, RE., Alffenaar, J.W.C., Bothamley, G., Brinkmann, F., Costa, J., Chesov,
D., Creve, R., Dominguez, J., Duarte, R., Grobbel, H.P., Giinther, G., Guglielmetti, L.,
Heyekendorf, J., Kay, A.W., Kirakosyan, O., Kirk, O., Koczulla, R.A., Kudriashov, G.G., Kuksa,
L., Leth, F., Magis-Escurra, C., Mandalakas, A.M., Molina-Moya, B., Reimann, M.,
Rumetshofer, R., Schaaf, H.S., Schon, T., Tiberi, S., Valda, J., Yablonski, K., Dheda, K. (2019).
Management of patients with multidrug-resistant tuberculosis. International Journal
Tuberculosis Lung Disease, 23, 645-662. [CrossRef]

7. World Health Organization (WHO) Global Tuberculosis Report 2019. From
https://www.who.int/publications/i/item/9789241565714. Accessed date 27 January 2022.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Nardell%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=26292985
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4743075/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4743075/
https://doi.org/10.1101/cshperspect.a018192
https://apps.who.int/iris/bitstream/handle/10665/311259/9789241550512-eng.pdf
https://www.who.int/publications/i/item/9789240002906
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rendon%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27867538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tiberi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27867538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scardigli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27867538
file:///C:/Users/user/Desktop/Ankara%20Üniversitesi%20Eczacılık%20Fakültesi%20Dergisi/%20Thoracic%20Disease
https://doi.org/10.21037/jtd.2016.10.14
https://doi.org/10.4172/2161-1068.1000263
https://pubmed.ncbi.nlm.nih.gov/?term=Bothamley+G&cauthor_id=31315696
https://pubmed.ncbi.nlm.nih.gov/?term=Brinkmann+F&cauthor_id=31315696
https://pubmed.ncbi.nlm.nih.gov/?term=Costa+J&cauthor_id=31315696
https://pubmed.ncbi.nlm.nih.gov/?term=Chesov+D&cauthor_id=31315696
https://pubmed.ncbi.nlm.nih.gov/?term=van+Crevel+R&cauthor_id=31315696
https://pubmed.ncbi.nlm.nih.gov/?term=van+Crevel+R&cauthor_id=31315696
https://pubmed.ncbi.nlm.nih.gov/?term=Duarte+R&cauthor_id=31315696
https://doi.org/10.5588/ijtld.18.0622
https://www.who.int/publications/i/item/9789241565714

J. Fac. Pharm. Ankara, 46(3): 684-693, 2022 Kisaetal. 693

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Tirkiye’de Verem Savast 2018 Raporu. From https://toraks.org.tr/site/community/news/5074.
Accessed date 27 January 2022.

Agomo, C.O. (2012). The role of community pharmacists in public health: A scoping review of
the literature. Journal of Pharmaceutical Health Services Research, 3, 25-33. [CrossRef]

Weiss, M.C., Booth, A., Jones, B., Ramjeet, S., Wong, E. (2010). Use of simulated patients to
assess the clinical and communication skills of community pharmacists. Pharmacy
World & Science, 32, 353-361. [CrossRef]

Bell, J., Dziekan, G., Pollack, C., Mahachai, V. (2016). Self-Care in the Twenty First Century:
A Vital Role for the Pharmacist. Advances in Therapy, 33, 1691-1703. [CrossRef]

Enginyurt, O., Iscanl, L., Kilig, M., Cakir, L., Oztiirk, E.H., Depe, Y., Kelem, D., Tomakin, M.,
Camkaya, S., Gires¢i, N., Aydmn, F., Sonmez, B. (2016). Tuberkiiloz Farkindalik
Degerlendirmesi. Klinik Tip Aile Hekimligi, 8, 25-35.

Kara, A., Dogar, O., Yuksek, S.K., Apa, H., Bayram, N., Giines, T., Tezer, H., Devrim, I. (2015).
The evaluation of awareness and level of knowledge about tuberculosis among pediatric residents.
Izmir Dr. Behget Uz Cocuk Hastanesi Dergisi, 5, 48-53.

Akin, S., Gorak, G., Unsar, S., Mollaoglu, M., Ozdilli, K., Durna, Z. (2011). Knowledge of and
attitudes toward tuberculosis of Turkish nursing and midwifery students. Nurse Education Today.
31, 774-779. [CrossRef]

Mumcu, H.K. (2013). Trabzon’da Hekimlerin Tiiberkiiloz Kontrolii ve Dogrudan Goézetimli
Tedavi Stratejisi ile Tlgili Bilgi ve Uygulamalar. Siirekli Tip Egitimi Dergisi. 22, 131-137.

Karahan, A., Cali, S. (2005). Umraniye’de hekimlerin tiiberkiiloz kontrolii ve DOTS hakkindaki
bilgi ve tutumlar1. Siirekli Tip Egitimi Dergisi. 14, 195-201. [CrossRef]

Deger, V., Inang, B.B., Ciftci, S. (2015). Knowlodge of Tuberculosis Among Health Higher
School Students. Journal of Clinical and Analytical Medicine, 6, 358-362.

Deveci, S.E., Turgut, T., Acik, Y., Deveci, F., Muz, M.H. (2003). The Knowledge, attitude and
behavior related to the tuberculosis and approache s of tuberculosis therapy by the physicians
providing first step service. Tiiberkiiloz ve Toraks, 51, 40-47.

Kurane, S., Kudoh, S. (2003). The importance of the examination of education on, and infection
control of tuberculosis in medical school hospitals in Japan. Kekkaku, 78, 573-580.

Nakanishi, Y., lzumi, M., Abe, K., Inoue, K., Wataya, H., Minami, T. Horiuchi, Y., Ishibashi,
R.,Hara, N. (2002). Questionnaire about impression and knowledge of tuberculosis in employees
and students in a university hospital. Kekkaku, 77, 457- 463.


https://toraks.org.tr/site/community/news/5074
https://doi.org/10.1111/j.1759-8893.2011.00074.x
https://doi.org/10.1007/s11096-010-9375-z
https://link.springer.com/journal/12325
https://doi.org/10.1007/s12325-016-0395-5
https://doi.org/10.1016/j.nedt.2010.12.019
https://doi.org/10.5152/ttd.2015.4664
https://pubmed.ncbi.nlm.nih.gov/?term=Izumi+M&cauthor_id=12136600
https://pubmed.ncbi.nlm.nih.gov/?term=Abe+K&cauthor_id=12136600
https://pubmed.ncbi.nlm.nih.gov/?term=Inoue+K&cauthor_id=12136600
https://pubmed.ncbi.nlm.nih.gov/?term=Wataya+H&cauthor_id=12136600
https://pubmed.ncbi.nlm.nih.gov/?term=Minami+T&cauthor_id=12136600

Ankara Ecz. Fak. Derg. / J. Fac. Pharm. Ankara, 46(3): 694-702, 2022 \&?
Doi: 10.33483/jfpau.1100161

OZGUN MAKALE / ORIGINAL ARTICLE

PTILOSTEMON CHAMAEPEUCE (L.) LESS.’IN SITOTOKSIK VE
ANTIMIKROBIYAL AKTIiVITESI

CYTOTOXIC AND ANTIMICROBIAL ACTIVITIES OF PTILOSTEMON CHAMAEPEUCE
(L.) LESS.
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35620, Izmir, Tiirkiye
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Amacg: Bu ¢alismanin amaci, P. chamaepeuce (L.) Less. (Asteraceae)’nin toprakiistii kisimlarindan
hazirlanan n-hekzan, kloroform ve metanol ekstrelerinin antimikrobiyal ve sitotoksik aktivitelerinin
arastirtlmasidur.

Gere¢ ve Yontem: Ekstrelerin antimikrobiyal aktiviteleri, standart bakteri kokenleri (Staphylococcus
aureus, Enterococcus faecalis, Escherichia coli, Salmonella enterica, Pseudomonas aeruginosa, Bacillus
subtilis ve Streptococcus pneumoniae) ve mantar kokenleri (Candida albicans ve C. parapsilosis) iizerinde
mikrodiliisyon metodu ile arastirimis ve minimum inhibitor konsantrasyon (MIK) degerleri belirlenmistir.
Ekstrelerin sitotoksik aktivitesi, WST-1 reaktifi kullanilarak hiicre proliferasyon analiz yontemi ile HeLa, U20S,
PC3, MCF-7 ve 4549 olmak iizere farkli kanser hiicre hatlar tizerinde incelenmistir.

Sonu¢ ve Tartisma: Bitkiden elde edilen n-hekzan, kloroform ve metanol ekstrelerinin MIK degerlerinin
S. aureus, E. faecalis ve B. subtilis’e karsi 250-1000 ug/mL konsantrasyon araliginda oldugu saptanmuistir. n-
hekzan ve kloroform ekstrelerinin tiim kanser hiicre hatlarinda ise degisen diizeyde sitotoksik aktiviteye sahip
olduklart belirlenmistir (ICso: 21.0-67.1 ug/mL).
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ABSTRACT

Objective: The aim of this study is to investigate the antimicrobial and cytotoxic activities of n-hexane
chloroform and methanol extracts prepared from the aerial parts of P. chamaepeuce (L.) Less. (Asteraceae).

Material and Method: The antimicrobial activities of the extracts on standard bacterial strains
(Staphylococcus aureus, Enterococcus faecalis, Escherichia coli, Salmonella enterica, Pseudomonas
aeruginosa, Bacillus subtilis and Streptococcus pneumoniae) and fungal strains (Candida albicans and C.
parapsilosis) were examined by microdilution method and minimum inhibitory concentration (MIC) values
were determined. The cytotoxic activity of the extracts was investigated by cell proliferation assay using WST-
1 reagent on various cancer cell lines including HeLa, U20S, PC3, MCF-7, and A549 cancer cell lines.

Result and Discussion: The MIC values of n-hexane, chloroform and methanol extracts were between
250-1000 ug/mL against S. aureus, E. faecalis and B. subtilis. n-hexane and chloroform extracts had varying
levels of cytotoxic activity in all tested cancer cell lines (ICso: 21.0-67.1 ug/mL).

Keywords: Antimicrobial activity, cytotoxicity, Ptilostemon chamaepeuce

GIRIS

Ptilostemon Cass. (Asteraceae) cinsi, diinyada 15 tiir ile, Tiirkiye florasinda da ikisi endemik
olmak tizere 6 taksonla temsil edilmektedir. P. chamaepeuce (L.) Less. (Sect. Ptilostemon), Kirim
Yarimadasi’nda ve Tiirkiye’nin Marmara, Ege ve Akdeniz Bolgeleri’nden, Iber Yarimadasi ve Fas’a
kadar uzanan Akdeniz havzasinda dogal yayilis gdsteren, mor ¢icekli, ¢ali seklinde ¢ok yillik bir takson

olup iilkemizde halk arasinda bozlanotu adi ile bilinmektedir [1,2]

P. chamaepeuce var. cyprius’un, Kibris’ta halk arasinda kas ve iskelet sistemi ile ilgili
rahatsizliklarda, P. casabonae’nin ise Sardunya Adasi’nda barsak spazmlarini gidermede kullanildigi,
ayrica haslanmis taze ¢icek ve filizlerinin gida olarak tiiketildigi kayithdir [3,4]. Cesitli Ptilostemon
tirleri lizerinde yapilan fitokimyasal caligmalar, P. afer, P. diacanthum [5], P. gnaphaloides [6], P.
greuteri [7], P. niveus [8] ve P. strictus’tan [9] guayanolit tip seskiterpenler; P. greuteri, P. afer, P.
diacanthum [5] ve P. strictus’tan [9] asetilenik bilesikler, lignanlar ve triterpenlerin izolasyonu ile
sonuglanmistir [6-8]. Bir baska ¢alismada P. casabonae’nin fenolik bilesik igerikleri belirlenmistir [10].
Ucucu yag calismalart incelendiginde ise P. gnaphaloides [11] ve P. greuteri’de o-kadinen [7], P.
gnaphaloides subsp. pseudofruticosus’ta ise germakren D’nin [3] ana bilesenler oldugu goériilmektedir.
Tiirkiye’de yayilig gosteren endemik P. afer subsp. eburneus’un meyvelerinin, total fenolik ve flavonoit

icerikleri belirlenmis, ana yag asidi bileseninin linoleik asit oldugu saptanmustir (%58.52+0.10) [12].

Ptilostemon taksonlar1 tizerinde yapilan biyoaktivite ¢alismalar1 ile P. casabonae’nin
antienflamatuvar [13], P. afer’in antitimoral ve antimikrobiyal [14], P. afer subsp. eburneus’un

antioksidan [12] ve P. hispanicus’un sitotoksik [15] etkileri incelenmistir.

Literatiirde P. chamaepeuce iizerinde yapilan fitokimyasal ¢aligsmalar sinirli olup, koklerinden 2
bisabolen tipte seskiterpen (ptilostemonol ve ptilostemonal) [16], toprakiisti kisimlarindan ise

guayanolit tip bir seskiterpen (dezagilsinaropikrin) ve sitosterol--D-glukozit [17] izole edilmistir.
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Ayrica gergeklestirdigimiz literatiir taramalar1 kapsaminda P. chamaepeuce’nin biyoaktivitesi ile ilgili
tek veriye rastlanmistir; Girit Adasi’nda yayilis gdsteren bitkinin toprakiistii kisimlarindan hazirlanan
diklorometan, metanol ve su ekstrelerinde 100 ug/mL dozda antileismanyal etki, 47.6 ug/ mL dozda ise
antimalaryal etki gbzlenmemistir. Vero hiicreleri ile gergeklestirilen denemelerde de 47.6 ug/ mL doza

kadar herhangi bir sitotoksik etki saptanmadig1 rapor edilmistir [18].

Bu caligmada, Tirkiye’de yayilis gosteren P. chamaepeuce’nin toprak {istii kisimlarindan
hazirlanan n-hekzan, kloroform ve metanol ekstrelerinin antimikrobiyal aktivitesi, mikrodiliisyon
metodu ile arastirilmustir. Ekstrelerin sitotoksik aktivitesi ise WST-1 [2-(4-iodofenil)-3-(4-nitrofenil)-5-
(2,4-distilfofenil)-2H-tetrazolyum] reaktifi kullanilarak hiicre proliferasyon analiz yontemi ile HelLa,

U20S, PC3, MCF-7 ve A549 olmak tizere cesitli kanser hiicre hatlar1 tizerinde incelenmistir.

GEREC VE YONTEM

Bitkisel materyal

P. chamaepeuce bitkisinin toprak iistii kisimlar1 Haziran 2013’te ¢igeklenme doneminde, Mugla,
Marmaris, I¢gmeler mevkiinden toplanmustir. Bitkinin teshisi yapilarak, herbaryum o6rnegi Ege

Universitesi Eczacilik Fakiiltesi Herbaryumu’na kaydedilmistir (IZEF-6045).
Ekstraksiyon

Golgede kurutulup mekanik olarak 6giitiilen bitki (266 g) iizerine 3 tekrarli olmak {izere sirasiyla
3’er L n-hekzan, kloroform ve metanol ilave edilerek 15 dk ultrasonik su banyosunda, 24 saat 100 rpm
calkalayicida tutulmus ve tekrar 15 dk ultrasonik su banyosunda tutularak filtre kagidindan siiziilmiistiir.
Stiziilen ekstreler ayri ayri, 40 C°’de vakum altinda evaporator ile yogunlastirilmig ve vial igerisine
almarak vakum konsantrator sisteminde kuruluga kadar ugurulmustur. Hazirlanan ekstreler -20 C°’de

muhafaza edilmistir.
Antimikrobiyal aktivite tayini

Antimikrobiyal aktivite caligmalarinda Amerikan tipi kiiltiir koleksiyonu (ATCC) ve Refik
Saydam Kiiltiir Koleksiyonu (RSKK) standart bakteri ve mantar kokenleri kullanilmigtir
(Staphylococcus aureus ATCC 25923, Enterococcus faecalis ATCC 29212, Escherichia coli ATCC
25922, Salmonella enterica RSKK 04059, Pseudomonas aeruginosa ATCC 27853, Bacillus subtilis
RSKK 02021, Streptococcus pneumoniae ATCC 49619, Candida albicans ATCC 90028 ve Candida
parapsilosis ATCC 22019). Bakteriyel kokenler Mueller-Hinton agarda (Merck) 37°C’de 24 saat,
Candida kokenleri Sabouraud dekstroz agarda (Oxoid) 37°C’de 48 saat inkiibe edilerek
canlandirilmistir. Taze koloniler serum fizyolojik ile siispanse edilmis ve siispansiyonlar dansitometre

cihaz1 (McFarland Densitometer, DEN-1 BIOSAN) ile 0.5 McFarland’a ayarlanmistir. 96°lik mikroplak
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kuyucuklarma bakteri kokenleri i¢in 50 pl Mueller-Hinton broth (MHB) ve Candida kdkenleri igin 50
ul 3-morfolinopropan-1-sulfonik asit (MOPS) ile tamponlanmis Roswell Park Memorial Institute
(RPMI) (Sigma) besiyeri ilave edilmistir. Her bir koken i¢in ilk kuyucuklara 50 pl olmak tizere, ekstre
cozeltisi ilave edilerek seri diliisyonlar1 yapilmistir. Kontrol amaciyla, %25 DMSO, antibakteriyel ajan
olarak ampisilin ve antifungal ajan olarak flukonazol kullanilmistir. Son olarak tiim kuyucuklara 1/100
oraninda diliie edilmis olan mikrobiyal siispansiyonlardan 50 pl ilave edilmistir. 37°C’de bakteriyel
kokenlerin 24 saat ve Candida kdkenlerinin 48 saat inkiibasyonunun ardindan, gbzle goriilebilen
{iremenin 6nlendigi en diisiik konsantrasyon minimum inhibitér konsantraston (MIK) degeri olarak

kabul edilmistir [19].
Hiicre kiiltiirii calismalari ve sitotoksik aktivite tayini

Ekstrelerin sitotoksik etkilerinin degerlendirilmesi amaciyla WST-1 (Roche) reaktifi kullanilarak
iiretici firmanin 6nerdigi protokole uygun olarak hiicre canlilik testi yapilmistir. Calismalarda ATCC
bankasindan temin edilen hiicre hatlar1 kullanilmistir. Kanser hiicre hatt1 olarak insan epitelyal serviks
adenokarsinoma (HeLa), insan epitelyal kemik osteosarkoma (U20S), insan metastatik epitelyal prostat
adenokarsinoma (PC3), insan epitelyal meme adenokarsinoma (MCF-7) ve insan epitelyal akciger
karsinoma (A549) hiicre hatlar1 kullanilirken saglikli hiicre hatt1 olarak Afrika yesil maymunu bobrek
(Vero) hiicre hatt1 kullanilmigtir. Ttim hiicre hatlar1 37°C ‘de %5 COz igeren kiiltiir kosullarinda, %10
fetal sigir serumu (Fetal Bovine Serum, FBS) ve 2mM L-glutamin iceren DMEM (Dulbecco's Modified
Eagle Medium) besi ortami igerisinde biyiitiilmiistiir [20].

Sitotoksisite ¢aligmalarinda her bir hiicre grubu i¢in kuyucuk basina 5000 hiicre olacak sekilde
96 kuyucuklu hiicre kiiltiir kaplarina ekim gergeklestirilmistir. 24 saat sonra P. chamaepeuce bitkisinden
elde edilen ekstreler hiicrelere 6 farkli dozda (200, 100, 50, 25, 10 ve 2 pg/mL) ve 3 tekrar seklinde
uygulanmigtir. Kontrol uygulamasi olarak hiicrelere es hacimde ¢dzgen uygulanmistir. Takiben gegen
48 saatin sonunda ekstrelerin hiicreler {izerindeki sitotoksik etkilerinin belirlenmesi amaciyla WST-1
¢Ozeltisi uygulanarak 440nm’de birer saat arayla mikroplaka okuyucuda (Molecular Devices VersaMax
Tunable Multiplate Reader) spektrofotometrik olarak 6lgtim alinmustir. Ekstrelerin hiicreler tizerindeki
ICso degerlerinin hesaplanmasi amaciyla Graphpad Prism 5.0 programi kullanilmis olup non-lineer

regresyon analizi yapilarak hesaplamalar gergeklestirilmistir [20, 21].

SONUC VE TARTISMA

P. chamaepeuce toprak {istii kistmlarindan elde edilen ekstre miktarlar1 ve kuru drog miktarina

gore % verimleri Tablo 1’de sunulmustur. En yiiksek verim metanol ekstresinde elde edilmistir (% 7.84).
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P. chamaepeuce’nin toprakiistii kisimlarindan hazirlanan ekstrelerin antimikrobiyal aktiviteleri
mikrodilisyon metodu ile incelendiginde, n-hekzan ekstresinin S. aureus’a karsi ve kloroform
ekstresinin B. subtilis’a kars1 MIK degerlerinin 250 pg/mL oldugu belirlenmistir (Tablo 2). Diger
mikroorganizmalara kars1 ekstrelerin 1000 pg/mL ve alt1 konsatrasyonlarinda antibakteriyel/antifungal
aktivitesi saptanamamistir. DMSO’nun calisilan konsantrasyonlarda bakteri ve mantarlarin tiremelerine
etki etmedigi, ayrica ampisilin ve flukonazoliin MIK degerlerinin CLSI kriterlerine gore istenen sinir
degerler icinde oldugu saptanmistir. Bakteri ve mantar kokenleri lizerinde antimikrobiyal etkiler
degerlendirildiginde, ekstrelerin Gram-negatif bakteri kokenlerine ve maya kokenlerine kiyasla, Gram-
pozitif bakteri kokenlerine karsi daha etkili olduklari ve MIK degerlerinin 250-1000 pg/mL

konsantrasyon araliginda oldugu belirlenmistir.

Tablo 1. P. chamaepeuce toprak iistii kisimlarindan elde edilen ekstre miktarlari ve % verimleri

Ekstre Miktar % Verim
n-hekzan 9.46 ¢ %3.55
Kloroform 7.88¢ %2.96
Metanol 20.85¢g % 7.84

Tablo 2. P. chamaepeuce ekstrelerinde mikrodiliisyon yontemi ile elde edilen MIK degerleri (ng/mL)

n-hekzan Kloroform Metanol Ampisilin
S. aureus 250 1000 500 0.48
B. subtilis 250 250 500 TE
E. faecalis 1000 1000 500 TE

TE: test edilmedi

Ekstrelerin sitotoksik aktivitesi ise HeLLa, U20S, PC3, MCF-7 ve A549 kanser hiicre hatlarinda
hiicre proliferasyon yontemi ile arastirilmis, en yiiksek sitotoksik aktivitenin PC3 ve U20S hiicre hatlar
iizerinde kloroform ekstresine ait oldugu belirlenmistir (ICso: 21.00+£1.10 ve 24.80+1.26 pg/mL,
sirastyla) (Tablo 3). Ancak ayni ekstrenin saglikli hiicre hatti olarak kullanilan Vero’da ICso degeri
18.85+1.11 pg/mL olarak saptanmistir. Diger yandan metanol ekstresinde herhangi bir sitotoksik etkiye

rastlanmamustir.

Tablo 3. P. chamaepeuce ekstrelerinin farkli konsantrasyonlarda uygulanmasi sonucu elde edilen
ICs50£SS degerleri (ug/ml).

HeLA U20S PC3 MCF-7 A549 Vero
n-hekzan 39.68+1.07 | 31.56+1.12 | 40.38+1.22 | 41.40+1.11 | 67.10+1.10 | 24.20+1.75
Kloroform | 33.87+1.31 | 24.80+1.26 | 21.00+1.10 | 44.80+1.16 | 39.58+1.34 | 18.85+1.11
Metanol - - - - - -

- © Aktivite saptanmamigtir
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Tiirkiye’de yayilis gosteren P. afer’den hazirlanan su, etanol ve metanol ekstreleri,
Staphylococcus epidermidis, S. pyogenes, Klebsiella pneumonia ve Enterobacter cloacae’ye karsi
inaktif bulunmustur [14]. Bir bagka ¢alismada, P. afer’den elde edilen su ekstresinin balik patojeni olan
Lactococcus garvieae tlizerindeki antibakteriyal etkisi disk difiizyon metodu ile incelenmis ancak etkili
bulunmadig1 belirtilmigtir (10.1 mm+ 0.29) [22]. ispanya’da yayilis gosteren P. hispanicus’un
toprakiistii kisimlarindan hazirlanan ekstrenin sitotoksik aktivitesi, A549 ve MRC-5 (insan akciger
normal hiicresi) hiicre hatlar1 izerinde incelenerek ICso degerleri belirlenmistir (sirasiyla, 276.6£13.6 ve
285.7+£15.8 pg/mL) [15]. Tirkiye’de yayilis gosteren P. afer’den hazirlanan su, etanol ve metanol
ekstrelerinin, patates disk tiimdr indiiksiyonu modelinde diisiik antitimoral aktivite gosterdigi

saptanmustir (timor inhibisyon oranlari sirasiyla, % 44.4, 61.1 ve 58.3) [14].

Ozellikle Asteraceae familyasinda yaygin bir sekonder metabolit grubu olan seskiterpenler,
kanser tedavisinde genis bir terapotik potansiyele sahip molekiillerdir. Yapilan ¢calismalarla, seskiterpen
tiirevi molekiillerin ¢esitli kanser tiirlerine karst aktiviteleri, preklinik ve klinik ¢alismalarla ortaya
konmaktadir [23]. P. chamapeuce’den daha once izole edilmis olan dezagilsinaropikrinin A549, SK-
OV-3 (insan ovaryum adenokarsinoma), SK-MEL-2 (insan cilt malign melanom), XF498 (insan
merkezi sinir sistemi solid timori) ve HCT15 (insan kolorektal adenokarsinoma) kanser hiicre
hatlarinda sitotoksik aktivite gosterdigi saptanmustir (EDso: 13.29, 11.93, 3.62, 3.91ve 6.03 ug/mL,
sirastyla) [24].

Sonuglarimiz P. chamaepeuce nin toprakiistii kisimlarindan ¢esitli ekstraksiyon yontemleri ile
elde edilen ekstrelerin S. aureus ve B. subtilis tizerinde diisiikk antibakteriyel aktivite sergiledigini,
ozellikle kloroform ekstrelerinin PC3 ve U20S kanser hiicre hatlar1 iizerinde yiiksek sitotoksik
aktiviteye sahip oldugunu gostermistir. Ayrica Fokialakis ve arkadaslari tarafindan gergeklestirilen
calismadaki sonuglara benzer sekilde P. chamaepeuce nin toprakiistii kisimlarindan hazirlanan metanol
ekstresinin Vero hiicreleri ile birlikte test edilen kanser hiicre hatlar tizerinde herhangi bir sitotoksik

etkiye sahip olmadig1 belirlenmistir [18].

Gergeklestirdigimiz literatiir aragtrmasina goére, bu c¢aligma Tirkiye’de dogal yayilis gosteren P.
chamaepeuce tizerinde gergeklestirilen ilk biyoaktivite taramasidir. Elde edilen veriler dogrultusunda, P.
chamaepeuce nin toprakiistii kisimlarindan hazirlanan ekstrelerde, sitotoksik aktiviteden sorumlu sekonder

metabolitlerin karakterizasyonuna yonelik fitokimyasal arastirmalarin yapilmasina gereksinim duyulmaktadir.
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CIKAR CATISMASI BEYANI

Yazarlar bu makale i¢in gercek, potansiyel veya algilanan ¢ikar catigmasi olmadigimi beyan

ederler.

ETIiK KURUL ONAYI

Yazarlar bu ¢aligma i¢in etik kurul onayinin zorunlu olmadigini beyan etmektedir.
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LEAVES FRACTIONS VIA DECREASING THE PRODUCTION OF
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ABSTRACT

Objective: Clausena excavata is known to possess anti-oxidant property. However, this property through
which mechanism it affects the immune cells and suppresses the production of reactive oxygen species (ROS)
has not been explored.

Material and Method: This study evaluated the immunomodulatory activities of ethyl acetate, petroleum
ether, chloroform, and methanol C. excavata leaf extracts by decreasing the production of ROS from whole
blood, polymorphonuclears (PMNSs) cells and macrophages.

Result and Discussion: Among the fractions tested, ethyl acetate C. excavate extract (EACE) showed
potent anti-oxidant property and significantly (p < 0.001) suppressed intracellular and extracellular phagocytic
oxidative ROS burst produced by the zymosan and PMA-activated whole blood, PMNs, and macrophages cells
with 50% inhibitory concentration (ICsq) values of 5.7 £ 0.01, 1.3 + 0.01, and 0.7 £ 0.03 ug/mL respectively.
This study provides information regarding the mechanism behind its anti-oxidant property and its herbal use in
treating various higher oxidative stress associated diseases.
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Amag: Clausena excavate’in anti-enflamatuvar etkinlik gosterdigi bilinmektedir. Bununla birlikte, bu
ozelligi, bagisiklik hiicrelerine hangi mekanizma ile etki ettigi ve reaktif oksijen tiirlerinin (ROS) iiretimini
baskiladigi arastirllmamustir.

Gerec ve Yontem: Bu ¢alismada, C. excavate yapraklarinin etil asetat, petrol eteri, kloroform ve methanol
ekstrelerinin tam kan, polimorfonkleer (PMN) hiicreler ve makrofajlardan ROS iiretimini azaltarak
gasterdikleri immunomodiilator etki degerlendirilmistir.

Sonug¢ ve Tartisma: Test edilen fraksiyonlar arasindan, C. excavate etil asetat ekstrresi en giiglii
antienflamatuvar etkiyi gostermis ve zimosan ve PMA tarafindan active edilmis tam kan, PMN ve makrofaj
hiicrelerinde, intraseliiler ve ekstraseliiler fagositik oksidatif ROS tiretimini anlamli oranda (p < 0.001)
baskilamis ve %50 inhibisyon konsantrasyonlari (ICs) sirasiyla 5.7 = 0.01, 1.3 + 0.01, and 0.7 + 0.03 ug/mL
olarak tespit edilmistir. Bu ¢alisma, bitkinin antienflamatuvar aktivitesinin mekanizmasi ve ¢esitli enflamatuvar
rahatsizliklarin tedavisinde kullanimina dair bilgi saglamaktadir.

Anahtar Kelimeler: Clausena excavata, enflamasyon, makrofaj, ROS

INTRODUCTION

Prolonged inflammation plays detrimental role in the progression of various chronic diseases such
as gastritis, atherosclerosis, cancer, diabetes, and other various diseases. Phagocytes, known for its role
in first line of immune defense system provide protection in the site of inflammation by releasing sudden
burst of reactive oxygen species so that it could counteract with various types of invading agents [1,2].
During higher oxidative stress, the antioxidant system of host cells and tissues could not counteract over
produced ROS due to which excess ROS react with DNA, protein consequently leading to the
progression of chronic inflammatory related diseases. In natural products, there are many compounds
which possess antioxidant property therefore these can prevent oxidative stress and prevent damage to
cells caused by foreign xenobiotics and thereby balancing oxidative stress level and prevent progression

of inflammatory diseases [3-6].

Clausena excavata Burm .f. can be found in tropical and subtropical Asian regions [7]. In many
countries, still the leaves of C. excavata are being practiced in traditional medicine to treat wound,
abdominal pain, headache, diarrhea, and snake-bite [8]. Some of the major bioactive compounds like
alkaloids, flavonoid, carbazole, glycosides, coumarins etc are reported to be present in the leaves of C.
excavata [9]. Even though, many biological activities of C. excavata like anticancer, antiinflammatory,
antioxidant, and antiulcer properties has been reported but till now [10], the immunomodulatory ability of
this plant to decrease oxidative stress has not been reported yet. In pursuance to this unreported activity,
we investigated the ROS inhibiting ability of C. excavata by using chemiluminescence assay and further

gave more evidence regarding its potent antioxidant property.

MATERIAL AND METHOD

Extraction of C. excavata
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C. excavata plant was collected and submitted to Biodiversity Unit, Institute of BioScience,
Universiti Putra Malaysia. It was thoroughly evaluated by Dr. Shamsul Khamis, botanist and after
authentication, a specimen voucher no: T1-013201-CE was issued. At room temperature, fresh leaves
were dried, powdered, and extracted according to the procedure described previously [11]. Briefly, the
extraction was done using 5:1 petroleum ether: dried plant (weight to volume) suspension for 4 days.
Thus, the filtrate collected was subjected to further extraction with chloroform, ethyl acetate, and
methanol. Filtrates of all extracts were dried by evaporating in a rotary evaporator under reduced

pressure to obtain the crude extract.
Immunomodulatory studies
Estimation of intracellular ROS production

Fresh human blood approximately 2-3 mL was withdrawn from a healthy person with consent
which was approved from independent ethics committee with protocol no (IEC-047-HB-2019
/PROTOCOL/1.0), University of Karachi. Ficoll-hypaque density gradient centrifugation method was
used to isolate polymorphonuclear cells (PMNs). Equal volume (2 mL) of blood, lymphocytes
separation medium, and Hank’s Balance Salt solution (HBSS--) were added and mixed. RBCs were
lysed using hypotonic solution for 1 min incubation so that lymphocytes purified will be freed from
contaminating RBCs. Lysis process was stopped by adding HBSS solution. Thus, obtained PMNs were
resuspended in (HBSS++) solution and adjusted to 0.5-1x10° cells/ mL [12].

Estimation of extracellular ROS production

One Balb/c mice (25 g) was taken from animal house facility of ICCBS, with approved animal
study protocol from animal house facility of ICCBS, University of Karachi. It was important to
immunize mice therefore 1 mL of fetal bovine serum (FBS) was injected intraperitoneally. After 3 days,
animal was sacrificed by cervical dislocation. Whole animal was dipped in 70% ethanol to sterilize
whole body. After sterilization process, 5 mL of 10% complete RPMI medium was injected into the
peritoneal cavity, massaged for 2 min and peritoneal cavity was exposed by cutting abdominal skin from
lower side. Previously injected RPMI containing peritoneum exudate cells having macrophage was
collected and centrifuged at 500 rpm for 5 min at 4°C. Cell pellet was formed at bottom, discarded
supernatant and again cells were resuspended in incomplete RPMI medium containing HBSS++
solution. Equal volume (10 uL) of macrophages and trypan blue was mixed and counted cells using

hemocytometer, and cells concentrations adjusted to 2x10° cells/mL [13].
Chemiluminescence assay

The protocol of Mesaik et al., 2012 was performed for luminol enhanced chemiluminescence
assay. 1 mL of whole blood was diluted 20 times in sterile HBSS++. Briefly, 25 uL of this diluted blood
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suspension, 25 pL of PMNs (1x10° cells/mL), 25 pL of mice macrophage (2x10° cells/mL) in different
white 96 well plate, were mixed with 25 pL of different concentration of plant extract (1, 10, and 100
ug/mL) in triplicate and incubated at 37°C. Ibuprofen was used as a drug control. After 15 min
incubation, 25 pL of 0.3% serum opsonized zymosan and 25 pL of luminol dye (7x10° M) were added
to those wells containing PMNs and whole human blood. Whereas 25 pul. of PMA dye and 25 pL
lucigenin dye were added to those wells containing macrophages. The final volume in each well became
100 pL. Plate was inserted inside the luminometer and chemiluminescence was monitored as relative
light units (RLU). The level of the ROS was recorded and inhibition of ROS production (%) was
calculated using following formula and ICs values were determined. Experiment was carried out in six

wells per concentration and was done in triplicate in three different days.

Average reading of test plant extracts

% inhibition of ROS production =100- X 100.

Average reading of positive control

Statistical analysis

One way (ANOVA) with Tukey’s post-hoc test (p<0.05) was applied to compare the data (mean
+ SD) of treated samples with untreated control. All calculations were calculated by using GraphPad

prism 6.0 statistical software.

RESULT AND DISCUSSION

Since many centuries, different medicinal plants present in different geographical locations had
been used locally as medicinal agent to treat various diseases, therefore, medical practitioners, chemical
and biological scientists have been focusing in the area of ethnopharmacology to further explore
undiscovered benefits of those plants, especially natural drug with potent immunomodulation activities
by inhibiting the production of ROS from immune cells in inflammatory processes [14-24]. Previous
studies reported that C. excavata can modulate the immune cell through different mechanism [7, 10].
In pursuance of those studies, this current study intends to evaluate the immunomodulation effects of C.
excavata that could be potential treatment for chronic inflammatory diseases. Activator agents such as
PMA/zymosan are always used for preliminary screening of the immunomodulatory efficiency of a
product. Luminol and lucigenin chemiluminescence dye are used in measuring extracellular and

intracellular ROS, respectively [12-14].

Methanol, chloroform, and ethyl acetate extracts exhibited a significant oxidative burst inhibition
in whole blood, PMNs and macrophages. Table 1 shows the potent inhibition of whole blood and PMNs
cells generated ROS. Among the tested extracts on whole blood for inhibiting ROS production, the ethyl
acetate extract showed potent activity (p <0.01,**) with the lowest 1Cs of < 10 ug/mL, followed by
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methanol (20.2 + 0.3 pg/mL) (p <0.05,*) and chloroform (27.9 + 0.4 ng/mL) (p <0.05,*) fractions. In
another experiment, ethyl acetate and chloroform showed significant (p < 0.001,***) inhibition of

oxidative burst generated from zymosan-activated PMNs at lower concentrations (ICso of 1.3 + 0.3 and

2.1+ 0.1 pg/mL respectively).

Table 1. Intracellular ROS production after treatment with C. excavata fractions.

Fraction/Drug WB ROS/ICso+ SD (pg/mL) PMNs ROS/ICso + SD (pg/mL)
Methanol 20.2+0.3 (%) 7.1+0.05 (*)

Ethyl acetate <10 (**) 1.3+£0.3 (***)

Chloroform 27.9+0.4 (%) 2.1+£0.1 (**%)

Petroleum ether 93.1+05 33.1+21

Standard (Ibuprofen) 10.1+1.7 3.0+05

WB: Whole Blood, ROS: Reactive Oxygen Species, PMNs: Polymorphonuclear cells (*p<0.05, **p<0.01, ***p<0.001)

120

Production of extracellular ROS

B MOH mEACE mCH

-

*k

EE

1

100

Fractions concentration (ug/mL)

Figure 1. Extracellular ROS production after treatment with C. excavata fractions

Abbreviations: P.C, positive control; MOH, methanol; EA, ethyl acetate; CH, chloroform; PT, petroleum ether.

(*p<0.05, **p<0.01, ***p<0.001)

The immunomodulatory activity of different fractions of C. excavata leaves to suppress

extracellular ROS production from macrophages is presented in Fig. 1. Chloroform, methanol and ethyl

acetate of C. excavata showed significant (p < 0.001) decreasing of oxidative burst generated from
PMA-activated macrophages (ICso 2.3 + 0.01, 1.7 £ 0.01, and 0.7 + 0.03 pg/mL respectively).
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The inhibited level of different extracts might be related to high phenolic contents that could be main
contributor to antioxidant and immunomodulatory capacity of the extract, as previously reported publication
[11]. The phenolic compounds can inhibit protein kinase C (PKC) and complement system; therefore, it is
possible that these compounds present in this plant decrease ROS production by inhibiting NADPH oxidase
enzyme [21-28]. Phenolic compounds also block the mitochondrial respiratory chain and ATPase [29].
Different polyphenolic compounds like curcumin [30], resveratrol [31], quercetin [32], ellagic acid [33],
chlorogenic acid [34], exert their antioxidant properties by regulating the antioxidant enzyme genes through
PKC signaling. The phytochemical analysis of essential oil obtained from the leaves of C. excavata through
GC-MS showed anethole, and estragole as the major constituents and these are reported for their strong
antioxidant properties [35]. Current findings of this study are in agreement with a previous outcome [11,36,37],
in which LCMS/MS analysis of methanolic and ethyl acetate leaf extracts of C. excavata contained higher total
phenolic contents, total flavonoid content, quercetin, furocoumarin, 8-geranyloxy psoralen, myricetin
glucoside conjugate, kaempferol conjugate, caffeic acid and showed anti-inflammatory and antioxidant
activities. Based on the outcomes in this study and those reported earlier, the leaves extract of C. excavata

especially ethyl acetate extract has strong therapeutic to be developed into a controlling inflammation agent.

In conclusion, the ethyl acetate, chloroform, and methanol extract possess significant
immunomodulatory activity as evidenced from decreased ROS production from activated immune cells.
Thus, these extracts have potential to retard the progression of acute and chronic inflammatory
conditions, support, and encourage for its traditional use in the folklore herbal medicine to treat

inflammatory-related conditions.
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Amag: Bu c¢alismada Tofisopam in antinosiseptif etkinlik potansiyelinin arastirilmast ve bu etkiye
opioiderjik sistemin olast kattlimmmin aydinlatiimast ama¢lanmistir.

Gerec ve Yontem: Tofisopam in (25 ve 50 mg/kg) antinosiseptif etkinlik potansiyeli sicak plaka ve asetik
asit ile indiiklenen kivranma testleri ile arastirilnms, farelerin motor koordinasyonlart iizerindeki olasi etkileri
ise Rota-rod testi ile degerlendirilmistir.

Sonug ve Tartisma: Tofisopam 50 mg/kg dozda, farelerin sicak plaka testlerindeki reaksiyon siirelerini
anlaml él¢iide uzatmis, kivranma testlerinde ise kivranma davranislarinin sayilarint azaltmistir. Bu bulgular
Tofisopam’in santral ve periferik mekanizmalar araciikli antinosiseptif aktiviteye sahip olduguna isaret
etmigtir. Tofisopam, wuygulandigi dozlarda, farelerin motor aktivitelerinde anlamli bir degisiklige neden
olmamugstir. Antinosiseptif etkiye opioid reseptorlerin olasi katilimini aragtirmak amaci ile yapilan nalokson on-
uygulamalar: Tofisopam i antinosiseptif aktivitesini ortadan kaldirnigtir. Etkiye aracilik eden opioid reseptir
alt-tiplerinin aydinlatilmast amacryla naloksonazin (u-opioid reseptor blokorii), naltrindol (0-opioid reseptor
blokdrii) ve nor-binaltorfimin (x-opioid reseptor blokorii) ile mekanistik ¢alismalar yapumistir. Her ii¢ ajan da
Tofisopam ' antinosiseptif etkisini antagonize etmistir. Elde edilen bu bulgular Tofisopam in 50 mg/kg dozdaki
antinosiseptif etkinligine u-, 6- ve x-oipiod reseptorlerin aracilik ettigini ortaya koymustur.

Anahtar Kelimeler: Analjezi, asetik asit ile indiiklenen kivranma testi, opioiderjik reseptor, sicak plaka
testi, tofisopam
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ABSTRACT

Objective: In this study, it was aimed to investigate antinociceptive activity potential of Tofisopam and to
elucidate the possible involvement of opioid system in this effect.

Material and Method: The antinociceptive efficacy potential of Tofisopam (25 and 50 mg/kg) was
evaluated by hot-plate and acetic acid-induced writhing tests; while possible effects of this drug on the motor
coordinations of mice were evaluated with the Rota-rod tests.

Result and Discussion: Tofisopam at a dose of 50 mg/kg significantly prolonged the reaction times of
mice in hot-plate tests and reduced the number of writhing behaviors in writhing tests. These findings indicated
that Tofisopam has antinociceptive activity mediated by central and peripheral mechanisms. Tofisopam did not
change the motor activities of mice at administrated doses. Pre-administration of naloxone to investigate the
possible involvement of opioid receptors in the antinociceptive effect abolished the antinociceptive activity of
Tofisopam. To elucidate the opioid receptor subtypes mediating the effect, mechanistic studies were carried out
with naloxonazine (u-opioid receptor blocker), naltrindole (5-opioid receptor blocker), and nor-
binaltorphimine (x-opioid receptor blocker). All agents antagonized the antinociceptive effect of Tofisopam.
Obtained findings revealed that Tofisopam at a dose of 50 mg/kg has antinociceptive activity mediated by u-,
0- and x-opioid receptors.

Keywords: Analgesia, acetic acid-induced writhing test, hot-plate test, opioidergic receptor, tofisopam

GIRIS

Geleneksel 1,4-benzodiazepin’lerin kimyasal yapilarindaki nitrojen atomlarmim yerlerinin
degistirilmesi ile elde edilen 2,3-benzodiazepin yapili molekiillere homofitalazinler adi verilmektedir
[1,2]. Bu grubun ilk ilact olan ve 1976°da Grandaxin® ticari adi ile ruhsatlandirilan Tofisopam,
Macaristan, Cek Cumhuriyeti, Japonya ve Rusya gibi iilkelerde anksiyolitik etkisi nedeniyle regete
edilmektedir [3,4]. 2,3-benzodiazepin yapisina sahip olan “girisopam” ve “nerisopam” da Tofisopam
gibi anksiyolitik etkinlige sahip olan molekiillerdir [1,2,5,6].

Tofisopam’mn psikofarmakolojik etkinlik profili klasik 1,4-benzodiazepinlerden farklidir. Bu ilacin
anksiyolitik etkisi selektiftir; mutad dozlarda antikonviilzan, sedatif-hipnotik ya da kas gevsetici etki
gostermez [6,7,8]. Tofisopam’in vejetatif modiilatér ve antiparkinson etkileri de rapor edilmistir [1, 7].
Ayrica psikozun adjuvant tedavisinde; bilhassa negatif ve kognitif bulgularin ortadan kaldirilmasinda fayda
saglayabilecegi One siiriilmiistiir [8]. Arastirma grubumuz tarafindan yapilan bir ¢alismada da Tofisopam’mn
sicanlarda skopolamin ile olusturulan biligsel bozukluklara kars1 antiamnezik etkinlik gosterdigi ve bozulan

hipokampal sinaptogenezi, ndrogenezi ve glial plastisiteyi anlaml 6l¢iide iyilestirdigi bildirilmistir [4].

Tofisopam’in etki mekanizmasina iliskin bazi ¢alismalar dekstofisopam’in (R-enantiomeri)
geleneksel benzodiazepin baglanma yoreleri iizerine kayda deger bir afinite gostermedigini ileri
stirmistiir. Hatta bu molekiiliin santral sinir sisteminde kendisine 6zel bir baglanma bélgesine sahip
olabilecegi ve ‘2,3-benzodiazepin reseptori” olarak karakterize edilebilecek olan bu bdélgenin

geleneksel 1,4- ya da 1,5-benzodiazepin reseptorlerinden farkli oldugu rapor edilmistir [9].

Yapilan galismalar 2,3-benzodiazepinlerin santral sinir sisteminde GABAerjik, dopaminerjik ve

opioid sistemleri etkiledigine isaret etmistir [2,6,10-12]. Bu molekiillerin, klasik benzodiazepinlerin kendi
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baglanma bolgelerine olan afinitelerini gliclendirdikleri gosterilmistir. Bununla birlikte musimol’iin GABA
reseptorlerine baglanma potansiyelini de artirdiklart rapor edilmistir [2,10]. Diger yandan 2,3-
benzodiazepinlerin dopamin reseptorleri iizerinde karigik tip agonist/antagonist-benzeri etkilere neden

olduklart [12] ve opioid agonistlerinin etkinliklerini selektif olarak artirdiklari ileri siiriilmiistiir [2,6,11].

2,3-benzodiazepinlerin etki mekanizmalarma iligkin diger bulgular da bu molekiillerin sinyal
iletiminde rol oynayan cesitli proteinlerin fosforilasyon siireclerini degistirdiklerine iliskindir [6]. Bu
molekiillerin 6zellikle fosfodiesterazlarin (PDE) ¢esitli izoenzimlerine yiiksek afinite ile baglandiklar1 ve
onlar1 inhibe ettikleri rapor edilmistir [8,13]. Literatiirde PDE inhibitorlerinin akut ve kronik agrida etkili
bulunduguna dair ¢ok sayida calisma meveuttur [14-19]. Ornegin rolipram, teofilin ve sildenafil’in deney
hayvanlarinda asetik asitle indiikklenmis kivranma testi yanitlarim iyilestirdikleri [20-22]; zaprinast,

ibudilast ve rolipram’in ise noropatik agrida faydali etkiler gosterdikleri rapor edilmistir [17, 23].

Tiim bu bilgiler 1s181nda bu ¢aligmada Tofisopam’in akut antinosiseptif etkinlik potansiyelinin
arastirilmasi ve bu etkiye agr1 ve analjezi ile son derece yakindan iliskili olugu bilinen opioiderjik

sistemin olasi katiliminin incelenmesi amaglanmustir.

GEREC VE YONTEM

Deney Hayvanlan

Deneylerde 30-35 g agirhginda eriskin erkek Balb/c fareler kullanilmigtir. Deney hayvanlar1 iyi
havalandirilan, 24+1°C sicakliktaki odalarda tutulmustur. 12 saat aydinlik 12 saat karanlik dongiisii
(08:00-20:00) uygulanmustir. Standart hayvan yemi ile beslenen hayvanlara testler boyunca yem veya
su kisitlamasi1 uygulanmamistir. Bu ¢alismada kullanilan protokol ve prosediirler Anadolu Universitesi

Hayvan Deneyleri Yerel Etik Kurulu tarafindan onaylanmigtir (10/3/2020 Karar No: 2020/13).
Kullamlan Kimyasal Maddeler

Tofisopam (Grandaxin®, Egis PLC, Budapeste, Macaristan) ticari olarak temin edilmistir. Morfin
siilfat, nalokson hidrokloriir dehidrat, naloksonazin dihidrokloriir ve nor-binaltorfimin dihidrokloriir
Sigma-Aldrich'ten (St Louis, MO, ABD); naltrindol hidrokloriir Tocris Cookson'dan (Ballwin, MO,
ABD) ve asetik asit de Merck'ten (Darmstadt, Almanya) satin alinmustir.

Farelerin Motor Koordinasyonlarinin Degerlendirildigi Testler
Rota-rod Testi

Farelerin motor koordinasyonlarini degerlendirmek iizere Rota-rod cihaz1 (Ugo-basile, 47600,
Verase, Italya) kullanilmistir [24]. Rota-rod testi “alistirma” ve “test” olmak iizere iki asamali bir testtir.

Ug giin siiren alistirma asamasinda fareler 24 saat ara ile iic kez 16 rpm’lik sabit hizda dénen milin
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tizerinde yiriitlilmiistiir. Deneyler i¢in ti¢lincii giiniin sonunda milde en az 180 s kalabilen hayvanlar
secilmistir. Test asamasinda ise milin iizerine tekrar yerlestirilen hayvanlarin diisme siireleri
kaydedilmistir. Otomatik olarak kaydedilen bu siireler hayvanlarin motor performanslarinin gostergesi

olarak degerlendirilmistir [25].
Antinosiseptif Etkinin Degerlendirildigi Testler

Antinosiseptif etkinligin arastirilmasi i¢in Tofisopam hayvanlara 25 ve 50 mg/kg dozlarda oral

yolla uygulanmis ve nosiseptif testler uygulamalardan 60’ar dakika sonra yapilmistir [8, 26].
Sicak Plaka Testi

Sicak plaka testi, 55+1.0°C sicakliga ayarlanmis olan Sicak Plaka Cihazi (Ugo-basile, 7280,
Verase, Italya) kullanilarak gerceklestirilmistir [27]. Bu testte, termal agrili uyaran uygulanan
hayvanlarin ayaklarini yalamaya baslamalar1 ve/veya plaka {izerinden atlama siireleri kaydedilmistir.
Deneye baslamadan once, hayvanlara duyarlilik testi uygulanmis ve testler i¢cin 15 s igerisinde yanit
veren hayvanlar secilmistir. Testler sirasinda pencenin hasar gérmemesi i¢in uyart maksimum 30 s

stireyle uygulanmigtir [28].

Olgiilen reaksiyon siireleri asagida verilen formiil yardimi ile miimkiin olan maksimum etkinin
yiizdesi (Maximum Possible Effect, MPE) degerlerine ¢evrilmistir.
Uygulama sonrasi siire — Uygulama 6ncesi siire

% MPE = - —— " —— x 100
Maksimum uygulama stiresi — Uygulama 6ncesi siire

Asetik-asit ile indiiklenen Kivranma Testi

Kivranma testi i¢in Koster ve Williamson’un gelistirmis oldugu yontem uygulanmstir [29]. Farelerde
abdominal agri, asetik asit c¢ozeltisinin (%0.6) intraperitonal yolla uygulanmasi ile olusturulmustur.
Enjeksiyondan sonra 5 dakika beklenmistir. Daha sonra, farelerin kivranma davraniglarinin yani, ayaklarini
uzatip gerilmelerinin ve karinlarimi yere siirtmelerinin sayist 10 dakika boyunca kaydedilmistir [30]. Her iki

test i¢in de morfin siilfat (10 mg/kg, i.p.) referans ilag olarak kullanilmistir [28, 30].
Mekanistik Cahismalar

Mekanistik ¢alismalar ig¢in Tofisopam’in 50 mg/kg dozu segilmistir. Tofisopam’m bu ¢alismada
ortaya koyulmus olan akut antinosiseptif etkisine opioiderjik sistemin katiliminin arastirilmasi amaciyla
non-selektif opioid reseptor antagonisti bir ajan olan nalokson (5.48 mg/kg, i.p.) kullanilmistir [30].
Antinosiseptif etkiye aracilik eden opioid reseptdr alt-tiplerinin aydinlatilmasi amaci ile de mekanistik
caligmalara, opioid reseptorlerin alt-tiplerine selektif ajanlar olan naloksonazin (p-opioid reseptor
blokori; 7 mg/kg, s.c.), naltrindol (3-opioid reseptor blokorii; 0.99 mg/kg, i.p.) ve nor-binaltorfimin (k-
opioid reseptor blokorii; 1.03 mg/kg, i.p.) kullanilarak devam edilmistir [28,30]. Antagonizma
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caligmalarinda kullanilan dort ajan da kontrol soliisyonu ve Tofisopam uygulamalarindan 15’er dakika

once uygulanmustir.
Istatistiksel Analiz

Her bir deney grubu i¢in 7 adet fareden alinan veriler Graphpad Prism ver. 8.4.3 paket programi
kullanilarak analiz edilmistir. Rota-rod testlerinden ve nosiseptif deneylerden elde edilen veriler, Tek
Yonli Varyans Analizi ile degerlendirilmistir. Coklu karsilastirmalar Tukey HSD Testleri ile
yapilmistir. Mekanistik ¢aligmalardan elde edilen veriler ise Cift-Yonlii Varyans Analizi ile

degerlendirilmis ve ¢oklu karsilastirma i¢in Bonferroni Testleri uygulanmistir.

P < 0.05 degeri anlaml kabul edilmis ve bulgular ortalama + ortalamanin standart hatas1 olarak

sunulmustur.

SONUC VE TARTISMA

Bu c¢alismada, 2,3-benzodiazepin tiirevi bir molekiil olan Tofisopam’in antinosiseptif etkinlik

potansiyeli ve bu etkiye opioid reseptorlerin olasi katilimi in vivo yontemler kullanilarak arastirilmustir.

Deney hayvanlarmin motor performansini bozan ajanlarin antinosiseptif etki tarama testlerinde
yanlis pozitif sonuglara yol acabildigi bilgisinden hareketle [28,31], Tofisopam’in antinosiseptif
etkinligi aragtirllmadan 6nce, bu ilacin farelerin motor koordinasyonlari tizerindeki olasi etkisi Rota-rod
testleri kullanilarak degerlendirilmistir. Rota-rod testlerinde, kontrol soliisyonunun, 25 ve 50 mg/kg
dozlarda uygulanan Tofisopam’in ve referans ila¢ diazepam’in farelerin “dénen milin tizerinden diisme

stireleri” ilizerine etkileri Tablo 1’°de gosterilmistir [F (3, 24) = 8.31; p < 0.001].

Tablo 1. Rota-rod testinde kontrol soliisyonu, Tofisopam ve diazepam uygulamalarinin farelerin

“diisme stireleri” lizerine etkileri

Diisme Siiresi (s)
Kontrol 600+0
Diazepam (2 mg/kg) 383.43+£37.07™
TOF (25 mg/kg) 543.86+31.71
TOF (50 mg/kg) 495.86+41.18

“p < 0.001: Kontrole gére anlamli farklilik. Tek Yénlii Varyans Analizi, takiben Tukey HSD Coklu Karsilagtirma Testi, n=7
(TOF: Tofisopam).

Tofisopam uygulandigi 25 ve 50 mg/kg dozlarda farelerin motor koordinasyonlarinda anlamli bir
degisiklige neden olmamustir (Tablo 1). Bu bulgular, antinosiseptif aktivite testlerinde elde edilen
sonuglarin hayvanlarin motor performanslarindaki herhangi bir degisiklikten etkilenmedigini gostermis

olmasi acisindan 6nemlidir.
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Tofisopam’in antinosiseptif aktivitesi sicak plaka ve asetik asit ile indiiklenen kivranma testleri

ile degerlendirilmistir.

Akut Tofisopam (25 ve 50 mg/kg) ve referans ilag morfin uygulamalarinin, sicak plaka testinde
hesaplanan % MPE degerleri iizerine etkileri Sekil 1°de sunulmustur [F (3, 24) = 18.96; p < 0.001].
Coklu karsilagtirma testleri, Tofisopam’in 50 mg/kg dozu ile indiiklenen % MPE degerlerinin, kontrol
grubunun karsilik gelen degerlerine gére anlamli dlgiide yiiksek oldugunu gdstermistir (p < 0.01). Ilag
25 mg/kg’lik dozda etkisizdir. Referans ilag olarak kullanilan morfin (10 mg/kg, i.p.), sicak plaka testleri
icin hesaplanan % MPE degerlerinde beklenen artis1 gostermistir (p < 0.001).

60 H Kontrol

H MOR 10 mg/kg

B TOF 25 mg/kg
TOF 50 mg/kg

=20
Sekil 1. Sicak plaka testinde morfin (10 mg/kg) ve Tofisopam (25 ve 50 mg/kg) ile indiiklenen %

MPE degerleri. “p < 0.01, *“p < 0.001: Kontrole gore anlamli farklilik. Tek Yonlii Varyans Analizi,
takiben Tukey HSD Coklu Karsilagtirma Testi, n=7 (% MPE: Maksimum Etkinin Yiizdesi (Maximum
Possible Effect); TOF: Tofisopam; MOR: Morfin)

Sicak plaka testi antinosiseptif etkinin arastirtlmasi igin siklikla tercih edilen, gecerliligi ve
giivenilirligi yiiksek bir testtir [30,32,33]. Yontemin esasi, 55°C’ye 1sitilmis bir plaka {izerine
yerlestirilen hayvanlarin, uygulanan agrili uyarana kars1 gosterdikleri “pence yalama” ya da “atlama”
tepkilerinin siirelerinin saptanmasidir [32]. Bu ¢alismada, Tofisopam’in 50 mg/kg dozda, farelerin
termal nosiseptif uyarana karsi reaksiyon siirelerini anlamli 6l¢iide uzatmis olmasi, bu molekiiliin
antinosiseptif etkinligini termal agrili uyaranlar tasiyan néronal yolaklar iizerinde gosterdigini ortaya
koymustur. Bununla birlikte, sicak plaka testinin Ozellikle supraspinal yolaklarda entegre edilen
nosiseptif iletimi yansittigi bilgisinden hareketle [32,34,35], Tofisopam’in antinosiseptif etkisini

supraspinal diizeyde gosterdigi ileri siiriilebilir.

Asetik asit ile indiiklenen kivranma testi ise antinosiseptif etkinin taranmasi amaciyla siklikla
kullanilan bir viseral agr1 modelidir [36]. Kontrol soliisyonu, akut Tofisopam (25 ve 50 mg/kg) ve
referans ila¢g morfin uygulamalariin, asetik asit ile indiiklenen kivranma testinde farelerin kivranma

davraniglarinin sayilar iizerine etkileri Sekil 2’de sunulmustur [F (3, 24) = 18.94; p < 0.001]. Coklu
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karsilastirma testleri, Tofisopam’in 25 mg/kg’lik dozda etkili olmadigini, ancak 50 mg/kg’lik dozun
farelerin kivranma sayilarmi, kontrol grubunun kivranma sayilarina gére anlaml bigimde azalttigim
ortaya koymustur (p < 0.01). Referans ilag olarak kullanilan morfin (10 mg/kg, i.p.) beklendigi {izere,

farelerin kivranma davraniglarinin sayilarini anlamh 6lgiide azaltmistir (p < 0.001).

40+
H Kontrol

H MOR 10 mg/kg
l TOF 25 mg/kg
TOF 50 mg/kg

Kivranma Sayisi

0=
Sekil 2. Morfin (10 mg/kg) ve Tofisopam (25 ve 50 mg/kg) uygulamalarinin asetik asit ile indiiklenen

kivranma sayilari tizerine etkileri. ~“p < 0.01, *“p < 0.001: Kontrole gore anlamli farklilik. Tek Yénlii
Varyans Analizi, takiben Tukey HSD Coklu Karsilastirma Testi, n=7 (TOF: Tofisopam; MOR:
Morfin)

Farelere kimyasal nitelikli nosisepsiyona neden olan asetik asitin intraperitonal yolla
uygulanmasinin, bu hayvanlarda abdominal kaslarin kasilmasi, arka bacaklarin ekstensiyonu ve
viicudun geriye dogru uzatilmasi seklinde gozlenebilen bir “kivranma” yanitina sebep oldugu
bilinmektedir [37]. Kivranma davranisi, asetik asit enjeksiyonuna bagl olarak asetilkolin, histamin, P
maddesi, prostaglandinler ve kininler gibi endojen maddelerin salinmasindaki artis sonucu
tetiklenmektedir. S6z konusu endojen maddeler vaskiiler gecirgenligi artirmakta, agr1 esigini azaltmakta
ve nonsteroidal anti-inflamatuvar ve/veya opioid ilaglara duyarli nosiseptif noronlar1 uyarmaktadir [38-
40]. Bu ¢alismada, 50 mg/kg dozda akut Tofisopam uygulamasinin farelerde asetik asit ile indiiklenen
kivranma davranislarinin sayisini azaltmis olmasi, bu ilacin periferal diizeydeki antinosiseptif etkinligini
sozii edilen mekanizmalarin en azindan bazilarin1 etkileyerek gdstermis olabilecegini
disiindirmektedir. Tofisopam antinosiseptif etkisini inflamatuvar mediyatorlerin saliverilmesini
azaltarak; bu endojen maddelerin reseptdrlerini antagonize ederek; agr esigi degerlerini degistirerek

veya agr1 stimulusunun noéronal iletimini engelleyerek gergeklestirmis olabilir [30].

Bu c¢alisma kapsaminda, Tofisopam’in antinosiseptif aktivitesinin belirlenmesinden sonra, bu
etkiye analjezi ile yakindan iligkili oldugu bilinen opioiderjik sistemin olas1 katiliminin arastirilmasi
planlanmigtir. Bu kapsamda non-selektif opioiderjik reseptor blokorii bir ajan olan nalokson ile

mekanistik ¢aligmalar gergeklestirilmistir.

Sekil 3A, Tofisopam’in (50 mg/kg) sicak plaka testindeki antinosiseptif etkisinin nalokson 6n-
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uygulamasi varligindaki degisimini gostermektedir. Istatistiksel analizler % MPE degerleri iizerinde
hem tedavi faktoriiniin [F (1, 24) = 34.46; p < 0.001] hem de antagonist faktoriiniin [F (1, 24) = 30.57,
p < 0.001] etkili oldugunu ve tedavi faktorii ile antagonist faktorii arasinda anlamli bir etkilesim [F (1,
24) = 24.21; p < 0.001] bulundugunu ortaya koymustur. Coklu karsilagtirma i¢in uygulanan Bonferroni
Testleri % MPE degerlerinde Tofisopam ile indiiklenen artigin (p < 0.001) nalokson 6n-uygulamasi ile
geri dondiiglinii (p < 0.001) géstermistir.

Tofisopam’in (50 mg/kg) asetik asit ile indiikklenen kivranma testindeki antinosiseptif etkisinin
nalokson &n-uygulamasi varligindaki degisimi Sekil 3B’de sunulmustur. istatistiksel analizler kivranma
sayilar1 tizerinde tedavi faktoriniin de [F (1, 24) = 13.42; p < 0.01] antagonist faktoriiniin de [F (1, 24)
= 5.11; p < 0.05] etkili olduguna isaret etmistir. Bununla birlikte, bu faktorler arasinda anlamli bir
etkilesim s6z konusudur [F (1, 24) = 5.97; p < 0.05]. Coklu karsilastirma i¢in uygulanan Bonferroni
Testleri, kivranma sayilarinda Tofisopam ile indiiklenen azalmanin (p < 0.001) nalokson 6n-uygulamasi

ile kontrol seviyesine geri dondigiinii (p < 0.01) gostermistir.

409 W B Konirol 40 (B H Konirol
H Nalokson B Nalokson

304

204

% MPE
Kivranma Sayisi

Sekil 3. Tofisopam’in (50 mg/kg) sicak plaka (A) ve asetik asit ile indiiklenen kivranma (B)
testlerindeki antinosiseptif etkisinin nalokson dn-uygulamasi varligindaki degisimi. ““p < 0.001:
Serum fizyolojik on-uygulamasi yapilan kontrol grubuna gore anlamli farklilik; ®p < 0.01; %p <

0.001: Serum fizyolojik 6n-uygulamasi yapilan 50 mg/kg Tofisopam grubuna gore anlamli farklilik.
Cift Yonli Varyans Analizi, takiben Bonferroni Coklu Karsilastirma Testi, n=7 (% MPE: Maksimum
Etkinin Yiizdesi (Maximum Possible Effect); TOF: Tofisopam).

Nalokson 6n-uygulamalart her iki testte de Tofisopam’in (50 mg/kg) antinosiseptif etkinligini
ortadan kaldirmustir. Bu bulgular opioid mekanizmalarin, bu ilacin hem santral hem de periferik
diizeydeki antinosiseptif etkinligine aracilik ettigine isaret etmistir. Nitekim literatiirde 2,3-
benzodiazepinlerin farmakodinamik etkilerinin opioiderjik sistem ile iliskili olduguna isaret eden
aragtirmalar bulunmaktadir. Bu molekiillerin opioid agonistlerinin etkilerini selektif bi¢imde

giiclendirdikleri gesitli in vitro ve in vivo yontemler ile gésterilmistir [2,6,11]. Diger yandan, Tofisopam
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ve iligkili molekiillerin opioidlerin antinosiseptif etkinliklerini artirabildikleri de rapor edilmistir [6].
2,3-benzodiazepinlerin farmakolojik etkilerinin morfin toleransi olan hayvanlarda goriilmemesi de, bu

molekiillerin etki mekanizmalarinin opioiderjik sistem ile iligkili olabilecegini diisiindiirmektedir [11].

Bu c¢alismada Tofisopam’in opioiderjik sistem aracilikli antinosiseptif etkinligi ortaya
koyulduktan sonra, etkiye aracilik eden opioid reseptor alt-tiplerinin de aydinlatilmasi planlanmistir. Bu
amagcla sirasiyla p-, 6- ve k-opioid reseptore selektif blokdrler olan naloksonazin, naltrindol ve nor-

binaltorfimin ile mekanistik ¢calismalar yapilmustir.

Sekil 4A, Tofisopam’in (50 mg/kg) sicak plaka testindeki antinosiseptif etkisinin naloksonazin
on-uygulamasi varligindaki degisimini gostermektedir. Istatistiksel analizler % MPE degetleri iizerinde
hem tedavi faktoriiniin [F (1, 24) = 4.94; p < 0.05] hem de antagonist faktoriiniin [F (1, 24) = 14.66; p <
0.001] etkili oldugunu ve tedavi faktorii ile antagonist faktorii arasinda anlamli bir etkilesim [F (1, 24)
= 12.49; p < 0.01] bulundugunu ortaya koymustur. Coklu karsilastirma igin uygulanan Bonferroni
Testleri % MPE degerlerinde Tofisopam ile indiiklenen artisin (p < 0.001) naloksonazin 6n-uygulamasi

ile geri dondiigiinii (p < 0.001) gdstermistir.

Tofisopam’in (50 mg/kg) asetik asit ile indiiklenen kivranma testindeki antinosiseptif etkisinin
naloksonazin &n-uygulamasi1 varhgindaki degisimi Sekil 4B’de sunulmustur. Istatistiksel analizler
kivranma sayilari iizerinde tedavi faktoriiniin de [F (1, 24) = 6.32; p < 0.05] antagonist faktoriiniin de [F
(1, 24) = 11.23; p < 0.01] etkili olduguna isaret etmistir. Bununla birlikte, bu faktorler arasinda anlaml
bir etkilesim s6z konusudur [F (1, 24) =10.45; p <0.01]. Coklu karsilastirma i¢in uygulanan Bonferroni
Testleri, kivranma sayilarinda Tofisopam ile indiiklenen azalmanin (p < 0.001) nalokson 6n-uygulamasi

ile kontrol seviyesine geri dondiigiinii (p < 0.001) gostermistir.

Sekil 5A, Tofisopam’in (50 mg/kg) sicak plaka testindeki antinosiseptif etkisinin naltrindol 6n-
uygulamasi varligindaki degisimini gdstermektedir. Istatistiksel analizler % MPE degerleri iizerinde
hem tedavi fakt6riiniin [F (1, 24) = 40.99; p < 0.001] hem de antagonist faktortinin [F (1, 24) =4.33; p
< 0.05] etkili oldugunu ve tedavi faktorii ile antagonist faktorii arasinda anlamli bir etkilesim [F (1, 24)
=8.04; p <0.01] bulundugunu ortaya koymustur. Coklu karsilastirma i¢in uygulanan Bonferroni Testleri
% MPE degerlerinde Tofisopam ile indiiklenen artisin (p < 0.001) naltrindol 6n-uygulamasi ile geri
dondigiini (p < 0.01) gdstermistir.

Tofisopam’in (50 mg/kg) asetik asit ile indiiklenen kivranma testindeki antinosiseptif etkisinin
naltrindol &n-uygulamas1 varhigindaki degisimi Sekil 5B’de sunulmustur. Istatistiksel analizler
kivranma sayilari iizerinde tedavi faktoriiniin de [F (1, 24) = 32.56; p < 0.001] antagonist faktoriiniin de
[F (1,24)=4.32; p <0.05] etkili olduguna isaret etmistir. Bununla birlikte, bu faktorler arasinda anlaml
bir etkilesim s6z konusudur [F (1, 24) =4.97; p < 0.05]. Coklu karsilastirma i¢in uygulanan Bonferroni

Testleri, kivranma sayilarinda Tofisopam ile indiiklenen azalmanin (p < 0.001) naltrindol 6n-uygulamasi
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ile geri dondiigiinii (p < 0.05) gostermistir.

40 (A) B Kontrol 401 (B) B Kontrol

Naloks i B Naloksonazin
I Naloksonazin 555
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Kivranma Sayisi
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Sekil 4. Tofisopam’in (50 mg/kg) sicak plaka (A) ve asetik asit ile indiiklenen kivranma (B)
testlerindeki antinosiseptif etkisinin naloksonazin én-uygulamasi varligindaki degisimi. ~“p < 0.001:
Serum fizyolojik dn-uygulamasi yapilan kontrol grubuna gore anlaml farklilik; °°p < 0.001: Serum

fizyolojik 6n-uygulamasi yapilan 50 mg/kg Tofisopam grubuna goére anlamli farklilik. Cift Yonli
Varyans Analizi, takiben Bonferroni Coklu Karsilastirma Testi, n=7 (% MPE: Maksimum Etkinin
Yiizdesi (Maximum Possible Effect); TOF: Tofisopam)

4017 (A) H Kontrol 40 (B) H Kontrol
B Naltrindol I Naltrindol

304 Heses

201

% MPE
E4
Kivranma Sayisi

-104 & %\\}-"
.

Sekil 5. Tofisopam’in (50 mg/kg) sicak plaka (A) ve asetik asit ile indiiklenen kivranma (B)
testlerindeki antinosiseptif etkisinin naltrindol 6n-uygulamasi varligindaki degisimi. ““p < 0.001:
Serum fizyolojik dn-uygulamasi yapilan kontrol grubuna gore anlaml farklilik; %p < 0.05, ®p < 0.01:
Serum fizyolojik 6n-uygulamasi yapilan 50 mg/kg Tofisopam grubuna gore anlamli farklilik. Cift
Yonlia Varyans Analizi, Bonferroni Coklu Karsilastirma Testi, n=7 (% MPE: Maksimum Etkinin
Yiizdesi (Maximum Possible Effect); TOF: Tofisopam)
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Sekil 6A, Tofisopam’m (50 mg/kg) sicak plaka testindeki antinosiseptif etkisinin nor-
binaltorfimin 6n-uygulamasi varhigindaki degisimini gdstermektedir. Istatistiksel analizler % MPE
degerleri iizerinde hem tedavi faktoriiniin [F (1, 24) = 24.26; p < 0.001] hem de antagonist faktoriiniin
[F (1, 24) = 4.71; p < 0.05] etkili oldugunu ve tedavi faktorii ile antagonist faktorii arasinda anlamli bir
etkilesim [F (1, 24) =5.03; p < 0.05] bulundugunu ortaya koymustur. Coklu kargilagtirma i¢in uygulanan
Bonferroni Testleri % MPE degerlerinde Tofisopam ile indiiklenen artigin (p < 0.001) nor-binaltorfimin

on-uygulamasi ile geri dondiigiinii (p < 0.01) géstermistir.

Tofisopam’in (50 mg/kg) asetik asit ile indiiklenen kivranma testindeki antinosiseptif etkisinin
nor-binaltorfimin én-uygulamasi varligidaki degisimi Sekil 6B’de sunulmustur. Istatistiksel analizler
kivranma sayilar1 tizerinde tedavi faktortiniin de [F (1, 24) = 35.19; p < 0.001] antagonist faktoriiniin de
[F (1, 24) = 4.91; p < 0.05] etkili olduguna isaret etmistir. Bununla birlikte, bu faktorler arasinda anlamli
bir etkilesim s6z konusudur [F (1, 24) =10.81; p <0.01]. Coklu karsilastirma i¢in uygulanan Bonferroni
Testleri, kivranma sayilarinda Tofisopam ile indiiklenen azalmanin (p < 0.001) nor-binaltorfimin 6n-

uygulamasi ile geri dondiigiinii (p < 0.01) gostermistir.
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Sekil 6. Tofisopam’in (50 mg/kg) sicak plaka (A) ve asetik asit ile indiiklenen kivranma (B)
testlerindeki antinosiseptif etkisinin nor-binaltorfimin én-uygulamasi varligindaki degisimi. “"p <
0.001: Serum fizyolojik 6n-uygulamasi yapilan kontrol grubuna gére anlamli farklilik; ®p < 0.01:
Serum fizyolojik on-uygulamasi yapilan 50 mg/kg Tofisopam grubuna gore anlamli farklilik. Cift

Yonli Varyans Analizi, takiben Bonferroni Coklu Karsilagtirma Testi, n=7 (TOF: Tofisopam; Nor-
BNI: Nor-binaltorfimin)

Naloksonazin, naltrindol ve nor-binaltorfimin 6n-uygulamalar1 hem sicak plaka hem de asetik asit
ile indiiklenen kivranma testlerinde Tofisopam’m (50 mg/kg) antinosiseptif etkinligini ortadan
kaldirmustir. Bu bulgular p-, 8- ve k-opioid reseptor alt-tiplerinin tigtiniin de bu ilacin santral ve periferik

diizeylerdeki antinosiseptif etkilerine katkida bulunduguna isaret etmistir. Antinosiseptif etkinin her ii¢
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ajanin On-uygulamasi ile geri dénmiis olmas1 Tofisopam’in antinosiseptif etkisinin, non-spesifik bir
reseptor aktivasyonundan ziyade endojen opioidlerin salimmindaki bir artigla ya da opioid
reseptorlerinin allosterik modiilasyonu ile iliskili olabilecegini diislindiirmektedir. Ayrica, bu molekiiliin
opioid post-reseptér mekanizmalar iizerine non-selektif bir etkinlik géstermis olmasi da miimkiin
olabilir. Tiim bu varsayimlarin daha kapsamli mekanistik caligmalarla aragtirilmasi gerekmektedir.
Diger yandan, Tofisopam tarafindan indiiklenen antinosiseptif etkiye nosiseptin/orfanin reseptdrlerinin
olast katiliminin arastirilmasi da Tofisopam’in antinosiseptif etki mekanizmasinin daha ileri diizeyde

aydinlatilmasina katki saglayacaktir.

Agri ve analjezi siireglerinde, pek ¢ok regiilator yolagin ve endojen mekanizmanin rol oynadigi
[41,42] distiniildiigiinde, Tofisopam’in etki mekanizmasinin kesin olarak aydinlatilabilmesi igin, bu
molekiilin antinosiseptif etkisine 6rnegin GABAerjik, nitrerjik, kannabinoiderjik, kolinerjik ya da

adenozinerjik sistemlerin olas1 katilimlarmin da arastirilmasinin gerektigi agiktir.

Bu aragtirmanin en 6nemli bulgusu, Tofisopam’in agr ile iligkili hastaliklarin tedavisi igin
terapotik bir potansiyele sahip olabileceginin ilk kez ortaya koyulmus olmasidir. Bu ¢alismanin
preklinik bulgularinin klinik arastirmalar ile dogrulanmasi durumunda, Tofisopam “analjezik” ya da

“adjuvan” bir ajan olarak degerlendirilebilecektir.
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ABSTRACT

Objective: Sambucus L. genus of Adoxaceae (Elderberry) family was investigated in previous studies for
its antioxidant, anti-inflammatory, antiviral and antibacterial activities. Moreover, previous in vivo and in vitro
studies performed on the leaves showed that the plant possesses anti-inflammatory activity. Our study aims to
investigate the in vitro antioxidant and anti-inflammatory potential of the stem, fruit and leaf extracts of
Sambucus ebulus L. plant.

Material and Method: The antioxidant activity was evaluated in a biological assay using Sambucus
ebulus, whereas the radical scavenging activity was measured using the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
and ABTS methods.

Result and Discussion: The maximum anti-inflammatory effect was observed in stem extracts followed by
leaf and fruit extracts, respectively. Stem extracts exhibited the highest ABTS and DPPH free radical scavenging
activity (FRSA) similar to the results of anti-inflammatory activity. As a conclusion, stem extracts were the most
potent extracts among the others regarding the FRSA and anti-inflammatory activities.In our study, the
biological activity potential of the extracts was demonstrated, thus providing data supporting the traditional
use of Sambucus ebulus L.
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Amag: Adoxaceae (Miirver) ailesinin Sambucus L. cinsi, dnceki ¢aligmalarda antioksidan, anti-
enflamatuar, antiviral ve antibakteriyel aktiviteleri nedeniyle arastirilmistir. Ayrica, yapraklarda yapilan
onceki in vivo ve in vitro ¢alismalar, bitkinin anti-enflamatuar aktiviteye sahip oldugunu gostermigtir.
Calismamiz, Sambucus ebulus L. bitkisinin kok, meyve ve yaprak ekstrelerinin in vitro antioksidan ve anti-
enflamatuar potansiyelini arastirmayr amaglamaktadir.

Gere¢c ve Yontem: Antioksidan aktivite, Sambucus ebulus kullanilarak biyolojik bir tahlilde
degerlendirilirken, radikal siipiiriicii aktivite 2,2-difenil-1-pikrilhidrazil (DPPH) ve ABTS + yontemleri
kullanilarak 6l¢iilmiistiir.

Sonuc ve Tartisma: Maksimum anti-enflamatuvar etki, sirasiyla yaprak ve meyve ekstrelerinin ardindan
kék ekstrelerinde gozlendi. Kok ekstreleri, anti-enflamatuvar aktivitenin sonuglarina benzer sekilde en yiiksek
ABTS ve DPPH serbest radikal siipiirme aktivitesini (FRSA) sergiledi. Sonug olarak, kék ekstresi, FRSA ve
antiinflamatuar aktivite agisindan digerleri arasinda en gii¢lii ekstre olmugtur.

Anahtar Kelimeler: Adoxaceae, anti-enflamatuvar aktivite, antioksidan aktivite, ciice miirver, Sambucus
ebulus

INTRODUCTION

Sambucus L. genus, under the Dipsacales order, was previously considered to be a member of
Caprifoliaceae (Honeysuckle) family, but recently was transferred to the Adoxaceae (Elderberry) family
[1]. In Turkey, Sambucus species are represented by two tree-like herbaceous species having drupe type
fruits [2]. Among these, S. ebulus L. is a perennial herbaceous plant growing up to 2 m having an
unpleasant odor [3]. This species is mostly found in the southern and rarely in the northwestern parts of
Turkey, and grows naturally in Europe, Syria, Iraq and Lebanon, as well [2]. The general appearance

and flowers of the plant are given in Figure 1.

Figure 1. S. ebulus; a: general view, b: fruits (Photos by B. Cumhur).

Aerial regions of the plant are used to clear up mastitis in cows [4], gastrointestinal disorders

caused by inflammation, in the treatment of kidney and lung diseases, in the treatment of pathological
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conditions due to oxidative stress, and furthermore, the fruit is an immune system stimulant [5]. Local
names and provinces in which the plant is being used traditionally are given in Table 1 in which

ethnobotanical uses of the plant are also specified.

Table 1. Ethnobotanical usages of S. ebulus.

Province Local name Used part Purpose Reference
Kastamonu Hekimana Fruit and leaves Against stomach pain [6]
Leaves Wound healing
Buzka Aerial parts Relief of rheumatic pain
Kocaeli vivdin Ripe fruits Hemorrhoid treatment [7, 8]
Buds Wool dyeing
Manavgat Ay} Ot Leaves Furuncle treatment [9]
Miirver
Sahmelik Lear\ée(z)stsand Against S(;?irrf)gljgn and bee
Yalova Sultanotu [10]
Bazeotu Ripe fruits Anti-hemorrhoid
. Aerial parts Against ticks
Edirmne Sultan otu Seeds Against constipation [11]
Sile Aerial parts Cold
(istanbul) Sahmelik Leaves Urtlcarl.a [12]
Knee pain

It has been reported that a blue dye is obtained from the fruits and used in textile dyeing in Boshia
and Gorani [13]. In a study completed in the Kirklareli district of Turkey, it was reported that the plant
was used in veterinary medicine, however both, S. ebulus and Chelidonium majus L. are known with

the same local name [14].

Various biological effects of Sambucus species have been reported in prior research, such as anti-
inflammatory [15-17], antibacterial [18], anti-Helicobacter pylori [19], antiviral [20] and radical
scavenging (RS) [21]. Yesilada et al. (1997) also documented the inhibitory effects of S. ebulus and S.
nigra on interleukin (IL)-1a, 1B and tumor necrosis factor- o. Siintar et al. (2010) reported that the
methanolic extract of the leaves collected from the Abant region (Bolu, Turkey) was demonstrated
significant wound healing potential. Ahmadiani et al. (1998) reported that the anti-inflammatory effect
of the plant might be due to its steroid or flavonoid content, however n-hexane extract of the leaves was
reported to lack the aforementioned activity. Previous studies, both in vitro and in vivo, performed on

the leaves showed that the plant had anti-inflammatory activity [16,17,22].

In this study, we aimed to examine in vitro antioxidant and anti-inflammatory potential of

methanol extracts prepared from different parts of S. ebulus.
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MATERIAL AND METHOD

Plant material

Plant materials were collected from Diizce, Akgakoca, Dongelli village, at landsides at an altitude
of 96 m in June 2018, and fruit materials were collected from the same locality in October 2018 and
voucher specimens are kept in AEF (Herbarium of Ankara University Faculty of Pharmacy) with
herbarium numbers AEF 30759 and 30760, respectively.

Preparation of the plant extracts

Dried leaves (2.5 g), stems (5.5 g) and fruits (29.9 g) were grounded and macerated with methanol
at room temperature (3 days). Extracts were filtered, evaporated with a rotary evaporator (Heidolph

VV2000, Germany) and stored in a refrigerator until used.
Anti-inflammatory activity

Blood samples were collected from healthy individuals who were not administered any anti-
inflammatory or steroidal drugs 15 days before the assay. The blood samples were centrifuged at 3000
rpm for 10 min and the packed cells were isolated. Then the cells were washed with isosaline at least
three times (0.85%, pH 7.2) and the volume was determined. 10% v/v was made with isosaline. The
anti-inflammatory effect of the samples was evaluated by measuring their membrane protection capacity
against heat-induced hemolysis using the methods of Shinde et al. (1999) and Gunathilake et al. (2018).
10% cell suspension was mixed with the sample/standard and this mix was incubated at 56°C for 30
min. Following the incubation period, the tubes were cooled to room temp. Then, centrifuge was applied
at 2500 rpm for 5 min, and the absorbance was measured at 560 nm. Only the solvent was used as the
control instead of the test sample, while ASA was the standard compound. Results were presented as
stabilization percentage (%), defined by the formula: [(Ao, —As)/Ac] % 100. A,: The absorbance of the
control. As: The absorbance of the sample/standard. 1Cso values were calculated by linear regression
analysis for each sample. Each assay was run three times. The results were presented as mean ICsp

valueststandard deviation (SD).
Antioxidant activity
The DPPH free radical scavenging activity

The antioxidant effect of the plant extracts was determined by their scavenging ability on DPPH
free radical [23]. 100 uM DPPH solution was made and maintained in dark at room temperature. Several
concentrations of the crude extracts were added to each well containing DPPH solution. The mix was
incubated for 30 min at room temp. Then the absorbance was measured at 517 nm. BHT was served as

the standard compound. Results were calculated as inhibition %, using the following formula: [(A.
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—As)/Aq] x 100. Ao: The absorbance of the control. As: The absorbance of the sample/standard. ICso
values were calculated by linear regression analysis for each sample. Each assay was run three times.

The results were expressed as mean ICsp values+SD.
The ABTS * free radical scavenging activity

The antioxidant effect of the plant extracts was determined measuring their ABTS free radical
scavenging potential [24] 7mM ABTS * aqueous solution and 2.45 mM potassium persulfate was reacted
to get ABTS™ radical solution. This solution was maintained at at room temp overnight in the dark
before usage. At the end of the time, intensely-colored ABTS™* radical cation was obtained. This dark
solution was diluted with ethanol until to get 0.700+0.02 at 734 nm (pH=7.4). Fresh radical solution was
produced every 5 days due to avoid the self-degradation. Various concentrations of the crude extracts
were added to each well containing radical solution and left to kept for 6 min. Then the absorbance was
measured at 734 nm. Trolox was served as the reference compound. Results were calculated as inhibition
%, using the following formula: [(A. —As)/Ac] x 100. A,: The absorbance of the control. As: The
absorbance of the sample/standard. ICso values were calculated by linear regression analysis for each

sample. Each assay was run three times. The results were presented as mean I1Cso values+SD.
Statistical analysis

All tests were done three times and the results were presented as mean value£SD. Statistical
analyses were performed with SPSS V.25.0 using one-way analysis of variance (ANOVA) following
by post-hoc Tukey’s test. A p-value less than 0.05 was accepted as statistically significant.

RESULT AND DISCUSSION

Anti-inflammatory activity of different parts of S. ebulus were analyzed by measuring their red
blood cell membrane stability. Reference compound showed higher anti-inflammatory activity than the
plant extracts (p<0.05). S. ebulus stem extracts displayed the most potent anti-inflammatory effect
followed by leaf and fruit extracts, respectively (Table 2).

Table 2. S. ebulus plant parts’ anti-inflammatory activity

Plant extract I1Cso (mg/mL)
Stem 1.0879+0.0856
Fruit 6.3439+0.7177
Leaves 2.400£0.0511
ASA 0.2915+0.001
Data were expressed as mean ICso + SD.
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Antioxidant activity of different regions of S. ebulus was investigated by measuring ABTS and
DPPH FRSA and the results are presented in Table 3. The highest ABTS and DPPH FRSA were
observed in stem extracts of S. ebulus. Fruit extracts of S. ebulus exhibited greater antioxidant potential
than leaf extracts in both ABTS and DPPH FRSA methods. But still the reference compounds showed
higher RS potentials than the plant extracts (p<0.05).

Table 3. DPPH and ABTS * FRSA

I1Cso (mg/ml)
Plant extract DPPH ABTS
Stem 0.9145+0.0250 0.0188+0.001
Fruit 1.3801+0.0187 0.3969+0.035
Leaves 2.2345+0.1591 0.6681+0.064
BHT 0.0219+0.004 -
Trolox - 0.0171+0.001
Data were expressed as mean ICso + SD.

Medicinal plants have long been used in ethnobotany in the treatment of inflammatory conditions
[25]. When we search the literature, we can see that extract of S. australis Cham. & Schltdl. That have
been used in Brazilian traditional medicine to treat inflammatory ailments [25,26] exhibited antibacterial
activity against Klebsiella pneumoniae (MIC 250 lg/mL) and Salmonella typhimurium (MIC 250
lg/mL). Chlorogenic acid and rutin were reported to be the main compounds as revealed by LC-MS/MS
and this study also established that ethanolic extract of this plant possessed significant anti-inflammatory

activity.

The ICs for DPPH radical scavenging activity of S. ebulus (SE) collected from Mazandaran
Forest was found to be 202.50 + 1.38 for water extract (SW) and 723.62 + 3.36 pg ml™* for methanol
extract (SM). The tested extracts exhibited poor Fe* chelating ability. Both extracts possessed
significant antioxidant activity. SW extracts exhibited a better activity pattern than BHA and Vitamin C
at different incubation period. SE extracts had a good reducing ability for nitric oxide scavenging and
anti-lipid peroxidation activity. The aqueous extract was found to have higher total phenol and flavonoid

content than the methanol extract [27].

In another study that included 21 weel volunteers, aged 20 to 59 years, with a BMI of 23.12 +
1.31, who consumed 200 ml of SE ripe fruit infusion per day for 30 days, blood samples were drawn
before and at the end of the intervention. At the end of the study, significant decreases were found in
triglycerides (14.92%), total cholesterol (15.04%) and LDL-C (24.67%). In addition, the HDL-C/LDL-
C ratio was increased by 42.77% [28]. This study by Ivanova et al. (2014) is the first human intervention
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study with SE fruit infusion, and the results demonstrated the plant's potential to enhance the lipid profile

and serum antioxidant capacity in humans.

Total phenolic content of different extracts (petroleum ether, distilled water, ethyl acetate, acetone
and methanol) obtained from stems, fruits, roots and leaves of SE (collected region of Sumarice,
Kragujevac in central Serbia) were evaluated using Folin-Ciocalteu. Their total phenolic content ranged
from 29.87 to 126.10 mg GAE/g, while the flavonoids ranged from 4.50 to 97.65 mg RUE/g. Their
antioxidant activity was investigated by DPPH assay and ICso values were ranged from 47.37 to 710.94
pg/ml. The ethyl acetate extracts of fruits and methanol extracts of leaves contain the highest level of

phenolics and exhibited powerful antioxidant activity [29].

Total phenolic, proanthocyanidin, phenolic acid and flavonoid content analyses of SE (dwarf
elder) fruit extracts were examined together with several antioxidant activity methods such as metal
reduction and FRSA. High-performance thin-layer chromatography was performed to measure the
quantity of chlorogenic acid, the bioactive metabolite of the plant sampling. It was shown that
methanolic and aqueous extracts of SE fruits were affected by simulated human digestion, with changes
in antioxidant activity consistent with changes in phenolics (collected Bolu province, Turkey) [30].

Table 4 shows collected region, used parts, ingredients and study methods of Sambucus sp.

Table 4. Studies on different Sambucus sp.; composition, used parts and collection localities.

Stud
Collected Used Composition | Solvent Y References
location part

Method Result

anti-inflammatory

activity (inhibition

of

of the transcription
factor NF-kB [25]
activation and

reducing levels of
inflammatory

cytokines and NO)

DPPH (1C50 43.5
S. and 66.2 Ig/mL),
australis FRAP (IC50 312.6
.| leafand EE@E and 568.3 lg/mL)
South Brazil bark - ethanol NO radical and NO radical [27]
scavenging assays | - ovending assays
(1C50 285.0 and
972.6 Ig/mL) were
observed

. Antibacterial
aerial

Northeast | lic acid thanol MIC activity against
Brazil parts | ursoficacid | ethano Escherichia coli

DPPH significant activity.

Species

Brazil aerial ) methanol Inh|b|t|_on c_)f (NF-kB)
parts in vitro

[31]
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Table 4 (continued). Studies on different Sambucus sp.; composition, used parts and collection
localities.
Study
Species (Iiollegted Used Composition Solvent Method Result References
ocation | part significant
DPPH L
activity.
phenolic acids and
flavonoids (flavonols
and
anthocyanins) (LC-
PDA-MS)
hyperoside,
quercetin-3-0O-
glucoside,
3-quercetin-3-0O-
rutinoside,
4- quercetin, 5-
quercetin, 6-
kaempherol (HPLC-
MS); acidified antioxidant
Romania | fruits 5- Cyanidin-3- methanol (0.3% DPPH capacit [32]
Osambubioside- HCI, viv) pacity
5-glucoside; 6-
Cyanidin-3,5-
diglucoside, 7-
Unknown; 8-
Cyanidin-3-
Osambubioside;
9- Cyanidin-3-0O-
glucoside, 10-
Cyanidin-3-O-
glucoside; 11-
Pelargonidin; 12-
cyanidin. (HPLC-
DAD)
DPPH strongest
Folin—Ciocalteu antlo_x '.d ant
activity
moderate
micro-broth effect against
flowers, dilution Candida albicans
; by fruit extract
Turkey f::]'(tjs - methanol Y [33]
L929 (ATCC,
leaves CCL-1) mouse highest
fibroblast cell line, amica'r?:irfggemc
S. HelLa (ATCC, CCI- L
ebulus 2) human cervix activity with leaf
adenocarcinoma extract (10pg/mL)
cell line
anti-herpes
simplex virus type
Bulgaria | fruits - methanol - é:rgggt(l:?:xﬂd;?é [34]
HORACFL)
activities
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Table 4 (continued). Studies on different Sambucus sp.; composition, used parts and collection

localities.
antioxidant
. activity ECso
spectrophotometric (ug/mL) 68.45 +
0.441
Southern ) antimicrobial
Romania fruit - ethanol 70% activity [35]
disc diffusion (significant
S. method and the results against
ebulus well diffusion Pseudomonas
method fluorescens and
Enterococcus
fecalis)
_ Leaf Hexane and repellant activity
KKordkall and - methanol repellant activity (73.4% for Ieaf_ [36]
ola Sofla . - and 78% for fruit
fruit respectively
extracts)
phenolic acids and
flavonoids
(flavonols and
anthocyanins) (LC-
PDA-MS)
quercetin-3-0O-
glucoside,
3-quercetin-3-0O-
rutinoside,
4- quercetin, 5-
quercetin, 6-
kaempherol, 7- p-
coumaric acid acidified
S, Romania | fruits | (HPLC-MS); 5- methanol (0.3% DPPH antioxidant [32]
nigra Cyanidin-3- HCI, viv) capacity
Osambubioside- !
5-glucoside; 6-
Cyanidin-3,5-
diglucoside, 7-
Unknown; 8-
Cyanidin-3-
Osambubioside;
9- Cyanidin-3-O-
glucoside, 10-
Cyanidin-3-O-
glucoside; 11-
Pelargonidin; 12-
Cyanidin.
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Table 4 (continued). Studies on different Sambucus sp.; composition, used parts and collection

localities.

737

fruits

Anthocyanins,
Cyanidin,
Pelargonidin 3-
glucoside, Cyanidin
3-sambubioside-5-
glucoside, Cyanidin
3,5-diglucoside,
Cyanidin 3-
sambubioside,
Cyanidin 3-
glucoside,
Quercetin,
Quercetin 3-O-
rutinoside,
Quercetin 3-0-
glucoside,
Proanthocyanidins

nigra

flowers

Quercetin 3-0O-
rutinoside,
Quercetin 3-0O-
glucoside,
Kaempferol 3-0O-
glucoside,
Isorhamnetin 3-O-
rutinoside,

[37]

fruit,
leaf and
bark

garden of
the Urmia
University

methanol

DPPH

iron chelating
ability

nitric oxide and
hydrogen peroxide
radical scavenging
activities.

leaf extract
showed highest
activity (IC50
=21.6+1.1
pg/ml) and also a
higher NO
radical
scavenging
activity

[38]

When we searched the literature for antioxidant and anti-inflammatory studies performed on

different Sambucus species along with the ones performed with the plant species that we have also

examined, we have seen that similar results were obtained in previous studies. Our results indicate that

stems of SE can be served as a source of natural anti-inflammatory components since this biological

activity that we have observed is compatible with the studies found in the literature. Concurrently, our

results also indicate that the extract prepared from the stems of S. ebulus can be used as a source of

antioxidant components. New studies should be performed to examine the responsible compound(s) for

these biological activity activities.
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0z
Amag: Bu ¢alismada Arctium minus (Hill) Bernh. ssp. minus un toprak iistii kisimlarindan elde edilen
metanol ekstresinin kanser hiicre hatlar: tizerindeki sitotoksik etkilerinin degerlendirilmesi amaglanmstir.

Gereg ve Yontem: Arctium minus (Hill) Bernh. ssp. minus 'un metanol ekstresinin, iki farkli insan meme
kanseri hiicre hattina (MCF-7 ve MDA-MB-231) ve kontrol olarak normal insan fibroblast hiicre hattina (MRC-
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5) uygulanmasi ile in vitro sitotoksik etkileri arastiri/migtir. Hiicre canlilik tayini CellTiter-Blue metodu
kullanilarak gerceklestirilmistir. Istatistiksel analiz icin One-Way ANOVA ve Tukey post-hoc testi
kullanilmistr.

Sonug ve Tartisma: Analizlerde, MCF-7 kanser hiicrelerinde hiicre canliligi %27,8 -38,7 oraninda belirlenmis
olup snemli derecede sitotoksik aktivite tespit edilmistir (1 mg/mL ekstre uygulamast icin p<0.022). Ancak MDA-
MB-231 kanser hiicre hatlarimda %47,8-59,7 oraninda hiicre canliligi gozlemlenmigtir. MRC-5 normal fibroblast
hiicrelerinde ise sitotoksisite gozlemlenmemigtir (%692,4 — 105,4 hiicre canlilig1). Bu bulgulardan yola ¢ikarak, MCF-
7 kanser hiicreleri ve MRC5 normal fibroblast hiicrelerine 1,25 mg/mL Arcitum minus ekstresi ile muamele edilmig
ve flow sitometrisi metodu ile hiicre oliimiiniin olgiimii gerceklestirilmistir. Arctium minus ekstresi uygulamas ile
hiicre oliimii, MCF-7 kanser hiicrelerinde (%698) MRCS5 normal fibroblast hiicrelerinden (%25) ¢ok daha yiiksek
oranda ger¢eklesmistir. Sonug olarak, Arctium minus ssp. minus ekstresi uygulamasinmn hiicre canliligint MCF-7
hiicre hattinda normal fibroblast hiicre hattina gore daha fazla azalttigi soylenilebilir.

Anahtar Kelimeler: Arctium minus ssp. minus, hiicre canliligi, hiicre 6liimii, kanser, sitotoksisite

ABSTRACT

Objective: This study aimed to evaluate the cytotoxic effects of Arctium minus (Hill) Bernh. ssp. minus
methanol extract derived from aerial parts on cancer cell lines.

Material and Method: For cytotoxicity assays, two different human breast cancer cell lines (MCF-7 and
MDA-MB-231) and healthy human fibroblast cell line (MRC-5)as a control were used. Cell viability
determination was performed using the CellTiter-Blue method. One-Way ANOVA and Tukey post test were used
for statistical analysis.

Result and Discussion: Cell viability has been detected between ratios of 27.8-38.7% for MCF-7 cancer
cell line, and a significant cytotoxic activity was observed via the analysis (1 mg/mL extract treatment p< 0.022).
However, 47.8-59.7% cell viability was observed for MDA-MB-231 cancer cell line, and MRC-5 healthy
fibroblast cell line did not demonstrate any cell viability (92.4-105.4% cell viability). Depending on these data,
MCF-7 cancer cell line and MRC-5 fibroblast healthy cell line were treated with Arcitum minus extract, then
cell viability was detected by flow cytometry technique. The ratio of the cell death was higher in MCF-7 cancer
cell line (98%) compared with the MRC-5 fibroblast healthy cell line (25%) after the Arctium minus extract
treatment. In conclusion, Arctium minus ssp. minus extract has significantly decreased the cell viability in MCF-
7 cancer cell line when compared with the MCR-5 fibroblast normal cell line.

Keywords: Arctium minus ssp. minus, cancer, cell death, cell viability, cytotoxicity

GIRIS

Kanser, cevresel ve genetik faktorlerin etkisi ile hiicrelerin biiyiime 06zelliginin bozulmasi ve
kontrolsiiz ¢ogalmalart ile gelisen bir hastaliktir. Somatik genetik hastaliklardan en sik goriilen ve en
komplike olanidir [1]. Uluslararasi Kanser Arastirmalar1 Ajanst (TARC) GLOBOCAN veritabanina gore,
2020 yilinda diinya genelinde 19,3 milyon yeni kanser vakasi bildirilmistir. En yaygin kanser tiirii ise son

yillarda akciger kanserinden (% 22,4) daha fazla tan1 konulan meme kanseri (%47,8) olmustur [2].

Kanser tedavisinde; cerrahi, kemoterapi ve radyoterapi gibi geleneksel yontemler yaygin olarak
kullanilmaya devam etse de agir yan etki profilleri ve kemoresistans gelisimi gibi faktorler kanserle
miicadelede engel olarak karsimiza ¢ikmaktadir [3].Son yillarda bu olumsuz faktorleri azaltmak amaciyla
yeni tedavi segenekleri gelistirilmektedir. Kansere karsi koruma ve kanser tedavisi icin giivenli ve etkin
bilesiklere ihtiya¢ duyulmaktadir [3]. Bu amagla tibbi bitkilerden elde edilen bilesenler, yan etkileri

azaltilamus yiiksek etkinlige sahip yeni terapotik molekiillerin kesfi ve tasarimi i¢in olduk¢a dnemlidir [4].
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Arctium tiirleri, Astaraceae familyasina ait bitkilerdir. Asteraceae cinsi tanimi geregi, A. lappa
L.'nin (=syn. A. major Gaertn.), A. minus (Hill) Bernh., A. tomentosum Mill. ve melezleri veya bunlarin
karisimlarindan olusmaktadir. Ana karakteristik bilesenleri olan iniilin, arktigenin ve arktiin ile yapilan
caligmalar mevcuttur [5]. Terapdtik endikasyonlari arasinda seboreik cilt, egzama, fronkiiller, akne,
sedef hastaligi, idrar miktarimi artirarak kiiciik idrar yolu sikayetlerinde adjuvan olarak kullanimi

bulunmaktadir [6]. Tiirkiye’deki florasinda ssp. pubens ve ssp. minus isimli iki alt tiirii mevcuttur [7].

Arctium tiirlerinde bulunan baslica biyoaktif bilesenler; lignanlar, yag asitleri, asetilenik bilesikler,
fitosteroller, polisakaritler, kafeoilkinik asit tiirevleri, flavonoidler, terpenler/terpenoidler ve hidrokarbonlar,
aldehitler, metoksipirazinler, seskiterpenlerdir [8,9,10]. Arctium tiirleri ayrica antikanser, antidiyabetik,
antioksidan, hepatoprotektif, gastroprotektif, antibakteriyel, antiviral, antimikrobiyal, antialerjik ve
antiinflamatuar etkiler gibi biyoaktif dzelliklere sahiptir [5,11,12] . Avrupa-Akdeniz bolgesinde alt1 ana tiir
bulunur: A. atlanticum (Pomel) H. Lindb., A. lappa L., A. minus, A. nemorosum Legj., A. palladini (Marcow)
R.E.Fr. & Soderb. ve A. tomentosum Mill [5]. Arctium minus, Tiirkiye'de yetisen, Isparta ve Dogu Anadolu'da
yayilis gbsteren bir Arctium tiiriidiir. [13,14]. Ulkemizde daha cok “16slek” olarak bilinen bu tiir, Avrupa’dan
gliney ve doguya dogru Kuzey Afrika ve Kafkasya’ya kadar dogal yayilis gosterir. A. minus tilkemizde
“’kabalak, biiyiik kabalak, acikabalak” veya “gabalak’ isimleriyle de bilinmektedir [15].

A. minus yapraklarinin sulu ekstresi ile yapilan bir c¢alismada 12,5 mg iizerindeki
konsantrasyonunun oral candida tiirlerine kars1 fungastik ve fungasidal etkinligi gosterilmistir [16]. Ayrica
geleneksel Tiirk halk tibbinda, A. minus yapraklar1 hem giines ¢arpmasi hem de giines yamgi tedavisinde
kullanilmaktadir [17]. Ayrica geleneksel tedavide A. minus un taze yapraklarinin tuzla birlikte veya suyun

icinde kaynatilarak eklemlere uygulanmasi romatizmal agrilarin tedavisinde kullanilir [18].

Avrupa Ilag Ajanst (EMA) uzun siireli kullanimda A. lappa, A. minus ve A. tomentosum
koklerinin mindr iiriner sistem sikayetlerinde, gegici istahsizlikta ve seboreik cilt rahatsizliklarinda

adjuvan olarak kullanimini onaylamaktadir [19].

A. minus’ un antiinflamatuvar, antinosiseptif ve antioksidan etkileri 6nceki ¢alismalarda deneysel
olarak incelenmis olsa da heniiz antikanser etkinligi yeterince arastirilmamustir [20]. Bir ¢alismada akut
gut atak fare modellerine A. minus' un tohumlarindan elde edilen ekstre uygulanmis ve ekstrenin
antinosiseptif etkisinin gut agrisinin tedavisinde yan etkilere neden olmadan destekleyici tedavi olarak
kullanilabilecegi bildirilmistir [21]. Ancak, ¢alismamizda kullanmis olan A. minus ssp. minus alt tiirleri
ile yapilmis mevcut deneysel caligmalar sinirlidir. Arctium tiirlerinin sekonder metabolit olarak arktiin

icerdigi bilinmektedir [22,23].

GEREC VE YONTEM
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Bitki Materyali

A. minus ssp. minus’un ¢igekli toprak tUstii kisimlari 25 Temmuz 2020 tarihinde Kirklareli
Demirkdprii'den toplanmistir. Bitki, Ayse Esra Karadag tarafindan teshis edilmis ve herbaryum 6rnegi

(IMEF 1191) Istanbul Medipol Universitesi Eczacilik Fakiiltesi Herbaryumu'nda muhafaza edilmistir.
Ekstraksiyon

Bitki materyalinin toprak Ustii kisimlar1 agik havada golgede kurutulmustur ve ardindan
laboratuvar olgekli bir degirmen kullanilarak uygun bir boyuta kadar toz haline getirilmistir. Bitki
materyali, metanol ile oda sicakliginda ii¢ kez ayr1 ayr1 ekstre edilmistir. Siiziildiikten sonra, metanol

ekstresi 45 °C'de vakumla rotary evoparatdr yardimi ile ¢oziiclisiinden kurtarilmustir.
HPLC Analizi

HPLC ¢alismasinda, A. minus ssp. minus "un toprak tistii kismindan hazirlanan metanol ekstresi,
0.22 pm membran filtrelerden siizilmistiir. HPLC analizi, Agilent 1100 LC Sistemi ile ¢alisilmistir.
Analiz Agilent C18 kolonu (4.6x250mm 5um) fiizerinde gerceklestirilmis ve sicaklik 35 °C'de
tutulmustur. Mobil faz metanol:su (55:45) kullanilarak izoktarik akis ile caligilmistir. Zhou ve
arkadaslarinin (2011) yontemine gore, 280 nm dalga boyunda pikler tespit edilmistir [24]. Enjeksiyon
hacmi 10 pL ve akis hiz1 1,0 mL/dk olarak ayarlanmustir. Arktiin, alikonma siiresi eslestirilerek

tanimlanmis ve ekstre de ayni kosullar altinda analiz edilmistir.
In vitro Sitotoksisite Testleri
Hiicre Kiiltiirii

Sitotoksisite deneyleri i¢in, iki farkli insan meme kanseri hiicre hatti (MCF-7 ve MDA-MB-231)
ve kontrol olarak insan normal fibroblast hiicre hatti (MRC-5) kullanilmigtir. MDA-MB-231 hiicreleri
MCF-7 hiicrelerine kiyasla daha yiiksek metastatik 6zellige sahip triple-negatif meme kanseri (TNBC)
hiicrelerdir [25]. Bu iki hiicre hattinin sitotoksik aktiviteleri doza bagimli olarak karsilagtirilmistir.
Hiicreler ATCC’den alinmustir. Tiim hiicre dizileri, %10 Fetal Sigir Serumu (FBS), %1 L-glutamin ve
%1 antibiyotik (penisilin/streptomisin) ile takviye edilmis yiiksek glukoz igeren Dulbecco's Modified
Eagle's Medium'da (DMEM) Kkiiltiire edilmistir. Inkiibasyon, 37 °C ve %5 CO; atmosfer ortaminda

gerceklestirilmistir. Hiicreler sub-konfluent tutulmustur ve ortam iki giinde bir degistirilmistir.
Hiicre Canhilik Analizi

MCF-7, MDA-MB-231 ve MRC-5 hiicreleri, %0,25 Tripsin/EDTA (Gibco) ile flaskdan
cikarilarak hiicre canliligi deneyleri igin 96 siyah kuyucuklu plaklara (Corning) 1,2x10* hiicre/gukur
yogunlugunda ekim yapilmistir. On denemeler sonucu 0,5 mg/mL altinda hiicre dliimii gézlemlenmesi

ve 5 mg/mL konsantrasyonda ise hiicre canliliginin %1’in altina diismesi sebebiyle analizde
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uygulanacak ekstrenin konsantrasyon araligi 0,5-4 mg/mL olarak belirlenmistir. Gece boyunca
yapismay1 takiben hiicreler, tek basina ortam ile inkiibe edilmis veya farkli ekstre konsantrasyonuna
(0,5;1;1,25; 1,5; 1,75; 2; 2,5; 3; 4 mg/mL) maruz birakilmistir. Stok soliisyonu hazirlamak i¢in A. minus
ssp. minus ekstresi, DMSO igerisinde ¢oziindiiriilmiis ve tam DMEM ortami kullanilarak art arda
seyreltme yapilmistir. 48 saatlik muameleden sonra, her bir kuyucuga CellTiter Blue reaktifi (Promega)
eklenmis ve hiicre canlilig1 analizi tiretici firmanin protokoliine gore gerceklestirilmis, floresan okuyucu
SpectraMax i3x MultiMode Detection Platform ile belirlenmistir. Her kosul i¢in hiicre canliligi 6l¢timii,
sadece medyumla muamele edilen hiicrelere gore standardize edilip yapilmistir. Ug bagimsiz deney,
ticer defa yapilmustir. Her hiicre igin %50 inhibitdr konsantrasyon (1Cso) degerleri GraphPad Prism

stirtim 9.1 programu ile hesaplanmistir.
Hiicre Oliimii Degerlendirmesi

Ekstreye maruz kalan hiicre apoptozunu tespit etmek icin propidium iyodiir (PI) kullanilmistir.
Hiicre oliimiiniin degerlendirilmesi icin her {i¢ hiicre hattinda da 6liim baslatan ve hiicreler arasindaki
farklarin gozlenebilecegi ortak bir konsantrasyon belirlenmesi amaclanmustir. Ug hiicre hattinin
ortalama ICsq’sine (1,31 mg/mL) en yakin deger olan 1,25 mg/mL dozu tercih edilmistir. MCF-7, MDA-
MB-231 ve MRC-5 hiicrelerine, 1,25 mg/mL'lik bir konsantrasyonda A. minus ssp. minus ekstresi ile
muamele edilmis veya kontrol olarak ¢ikarilmistir. Hiicreler, muameleden 48 saat sonra toplanmis ve 1
x 108 hiicre/mL konsantrasyonunda FACS tamponu icinde siispanse edilmistir. 100 pL hiicre
stispansiyonu, 5 pL 100 pg/mL Pl ile karanlikta, oda sicakliginda 15 dakika boyunca inkiibe edilmistir.
Inkiibasyon déneminden sonra hiicreler, 1 saat iginde FACS Ariall flow sitometrisi ile analiz edilmistir

ve FlowJo yazilimi kullanilarak islenmistir [26].

istatistiksel Analiz

Tiim analizler {i¢ tekrar olarak yapilip sonuglarin ortalamasi ahnmustir. Istatistiksel analiz GraphPad
Prism siirtim 9.1 programu ile hesaplanmis ve One-Way ANOVA ve Tukey post-hoc testi kullanilmugtir. p<0,05
degerlerindeki bir fark istatistiksel olarak anlamli olarak degerlendirilmistir (*p<0,05, **p<0,01, ***p<0,001).

SONUC VE TARTISMA

A. minus ssp. minus’ un toprak tstii kistmlarindan arktiin analizi ilk kez bu ¢alismada yapilmig
olup in vitro sitotoksik aktiviteleri arastirilmigtir. A. minus ssp. minus’un toprak dstii kisimlardan
hazirlanan metanollii ekstrenin fitokimyasal bilesen analizi, HPLC teknigi ile gercgeklestirilmistir.
Yapilan analizlerde ekstre icerisinde var olan arktiin varligi ortaya konulmustur. Daha o6nceki
calismalarda farkli Arctium tiirlerinde tiire 6zgii sekonder metabolit olan arktiin farkli yontemlerle analiz

edilmistir [24,27,28]. Ancak bu ¢alisma, bu kapsamda A. minus ssp. minus ile yapilan ilk ¢alismadir. A.
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minus ssp. minus i¢in arktiin standart kromotogrami Sekil 1 ‘de verilmistir. Bu ¢alismada A. minus ssp.
minus toprak tistii kisimlarmin metanol ekstrelerine HPLC ile arktiin analizi yapilmstir (Sekil 2). Sekil
1’de elde edilen kromatogramda yer alan pikin Sekil 2’e verilen kromatogramda da yer almasi ekstre
icerisindeki arktiin varligim gostermektedir. Arktiin daha 6nce sitotoksik etkisi ortaya konulmus bir
bilesiktir [29]. Bu nedenle bu ¢aligmada da arktiin igerigi agisindan zengin bir ekstrenin antikanser etkisi

arastirilmig ve sonuglar literatiirle baglantili olarak tartigilmustir.

VWD1 A, Wavelength=280 nm (001-0101.D)
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Sekil 2. A. minus ssp. minus ekstresinin HPLC Kromatogrami (1: Arctin RT:5.005)
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A. minus ssp. minus ekstresi uygulamasinin, meme kanseri hiicrelerini (MCF-7 ve MDA-MB-
231) duyarli hale getirip getiremeyecegi arastirilmistir. A. minus ssp. minus ekstresinin antikanser
etkilerini analiz etmek i¢in hiicre canlilig1 deneylerine kontrol hiicre hatti olarak MRCS hiicre hatti dahil
edilmistir. A. minus ssp. minus ekstresi i¢in gergeklestirilen hiicre canliligi deneylerinde, MCF-7
hiicreleri (0,97 mg/mL) ve MDA-MB-231 hiicreleri (1,26 mg/mL), kontrol grubu MRCS5 hiicrelerine
(1,72 mg/ mL) gore daha diisiik I1Cso degeri gostermistir (Sekil 3). Ek olarak, MCF-7 hiicrelerinin aksine,
MDA-MB-231 hiicrelerinin oldukga agresif, istilac1 ve gesitli kanser Onleyici ajanlara direngli TNBC
hiicre hattt oldugu bilinmektedir. [30].

1501
MCF-7 1C50: 0,97 mg/ml
—~
2 —&~ MDA-MB 231 IC50: 1,26 mg/ml
100 - -~ MRC-5 IC50: 1,72 mg/ml
=
@
©)
O 504
o
3
I
0 T T \‘; w 1
0 1 2 3 4 5

Konsantrasyon (mg/ml)

Sekil 3: A. minus ssp. minus ekstresinin MCF-7 ve MDA-MB-231 ile MRCS hiicreleri tizerinde

sitotoksik etkileri ve hiicrelerin ICso degerleri

Tablo 1. Farkli hiicre hatlar1 tizerinde A. minus ssp. minus ekstresinin hiicre canliligina etkisi

A. minus ssp. minus Hiicre Canlihgi (%, Ort £ SS)

?;S;/ﬁ') konsantrasyonu MRC-5 MDA-MB 231 MCF-7
0 100,00 = 0,00 100,00 = 0,00 100,00 = 0,00
05 101,24 5,48 99,26 + 1,56 96,64 +1,89
1 105,39 = 7,47 59,73 + 30,00 38,68 21,67
1,25 92,42 + 8,90 47,77 + 16,42 27,83 15,69
15 7731+ 12,26 39,50 + 5,69 27.79+6,58
1,75 45,18 + 24,37 33,88 + 6,94 2391+ 4,17
2 21,60 + 28,53 27,79 + 8,32 18,31 + 6,48
25 8,22 + 12,27 12,57 + 18,83 11,71+ 15,05
3 1,57+ 0,70 477+718 6,84+ 947
4 0,96+ 0,26 0,36 = 0,82 1,57 £0.97

3 farkli hiicre hattinin farkli A. minus ssp. minus ekstre konsantrasyonlarindaki canlilik oranlar1 (%) Ortalama + Standart sapma
seklinde gosterilmistir. Tiim ortalama ve standart sapmalar 3’er tekrarli 3 farkli deneyden elde edilmistir. Tiim degerler ekstre
verilmeyen kontrol gruplarina gére normalize edilmistir. En yiiksek konsantrasyondaki ¢oziicii (DMSO) miktarinin dahi toksik
etkisi olmadigi yapilan denemelerde belirlenmistir.
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1 mg/mL A. minus ssp. minus ekstresi uygulamasi, MCF-7 hiicrelerinde %38,7 (en diisiik)
oraninda hiicre canlilig1 ile sonuglanirken, MDA-MB-231 hiicrelerinde %59,7 oraninda hiicre canliligt
ile sonuglanmustir. Ayrica ekstre uygulamasi sonucu goriilen en yiiksek hiicre canliligi, MRC5 hiicre
hattinda %105,4 oraninda belirlenmistir. 1,25 mg/mL konsantrasyonda A. minus ssp. minus ekstresi
uygulamasi ise sirasiyla, MCF-7 hiicrelerinde %27,8 (en diisiik) hiicre canlilig1 ile sonuglanirken, MDA-
MB-231 hiicre hattinda %47,8 oraninda hiicre canliligi tespit edilmistir. Ekstre uygulamasi sonucu

MRCS hiicre hatt1 %92,4 orani ile en yiiksek hiicre canlilig1 tespit edilen hiicre hattidir (Tablo 1).

MRCS hiicre hatti, MCF-7 hiicre hattinin I1Cso degerinden yaklasik iki kat daha yiiksek olan 1,72
mg/mL ICso degeri gostermistir (Sekil 3). Bu nedenle MRC-5 hiicre hattina 1,25 mg/mL ekstre ile
muamele edildiginde hiicre canliliginda 6nemli bir azalma goriillmemistir. 1 mg/mL A. minus ssp. minus
ekstresi uygulamasi sonucu MCF-7 ve MRC-5 hiicre hatlarinin hiicre canliligi degerlendirildiginde
anlamlh bir fark gézlemlenmistir (p<0,022). 1,25 mg/mL A. minus ssp. minus ekstresi uygulamasi
sonucunda MCF-7 ve MDA-MB-231 hiicre hatlar1 igin hiicre canliligi kontrol grubu ile kiyaslandiginda
anlaml bir fark gézlemlenmistir (MRC-5 ile MCF-7 i¢in p< 0,0033 ve MRC-5 ile MDA-MB-231 igin
p< 0,0191) (Sekil 4). Hiicre 6liimiiniin degerlendirilmesinde her {i¢ hiicre hattinin ortalama ICso’sine
(1,31 mg/mL) en yakin deger olan 1,25 mg/mL dozu tercih edilmistir. Bu bulgulardan yola ¢ikarak,
MCF-7 ve MRCS5 hiicrelerine 48 saat boyunca 1,25 mg/mL A. minus ssp. minus ekstresi ile muamele
edilmistir. Hiicre 6liimiiniin flow sitometrisi 6l¢timii PI boyamasi ile gerceklestirilmistir. A. minus ssp.
minus uygulamasi ile hiicre 6liimii, MCF-7 hiicrelerinde (%98) MRCS5 hiicrelerine gore (%25) ¢ok daha
yiiksek oranda artmustir (Sekil 5).

150+ 150+
o * o * %
S S "
5100 5100+
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S l S T
O 50- © 504 ;
o [3)
e | 3
I I

0- 0-
MCF-7 MDA-MB 231 MRC-5 MCF-7 MDA-MB 231 MRC-5
1 mg/ml A. Minus 1,25 mg/ml A. Minus

Sekil 4. A. minus ssp. minus metanol ekstresinin farkl hiicre hatlarinda sitotoksisite analizi

Veriler, kontrole kiyasla ortalama + SS olarak ifade edildi. Istatistiksel olarak anlamli fark *p<0,05, **p<0,01,
***p<0,001 kabul edildi.



750 Saym Sakul vd.

Ankara Ecz. Fak. Derg., 46(3): 742-754, 2022

Pl

Kontrol

1,25 mg/mL A. minus

3
1
10ty X
< ¢
MRC-5
w0+ 10’
1
i 3
ClF | = o3
-lﬂ’ - ~|'I') -
Ll lJ L L] T LJ
n mor 1my 1*or MK MK n
10’ - 10"
4
1 F 4 . Pl
| (F e
SRR i & g %279
' ‘-ﬁw"( L TR 10!+ =7
2 e
|MDA-MB 231
vo‘ o | lu“ -
-
o d
3
K
104 10° 4
F——r— e — e T L I
] Wk 10K 10K MK 28K 0 WK M0k 10< MK 25K
(
W'
3 V
1 Plv
} %90,2
m‘ -
3
i MCF-7
w' =
1
1
LK |
3
1
!4 10° 4
—r— e r—r —
2 Wk 10K 10K NIK e a K 100K 10< MK MK

Sekil 5. 1,25 mg/mL A. minus ssp. minus ekstresi uygulamasinin MRC-5, MDA-MB 231 ve MCF-7

hiicre hatlarinda flow stimoterisi 6lglimii

Kanser, kesin tedavisinin heniiz bulunmamis olmasi ve insidansinin her gecen giin artmasi

sebebiyle sik calisilan ve ciddi biit¢eler ayrilan bir arastirma konusudur. Kadinlarda en sik goriilen

kanser tiirli olmas1 ve yliksek mortalite profili sebebiyle meme kanseri tedavisi olduk¢a 6nemlidir.

Meme kanseri ¢aligmalarinda dikkate alinmasi gereken en 6nemli 6zelliklerden biri hastaligin hiicresel

diizeyde heterojen olmasi ve farkli molekiiler alt tiplerinin bulunmasidir [31,32]. TNBC; tiim meme

kanseri tiirleri arasinda en agresif olan1 oldugundan tedavisi daha zordur ve hastada yayilma olasilig

daha ytiksektir [33]. A. minus ssp. minus metanol ekstresinin, meme kanseri modeli MCF-7 ve MDA-

MB-231 hiicre dizileri {izerindeki sitotoksik etkileri doza bagl olarak aragtirilmustir.
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Giiniimiizde mevcut caligmalar dogrultusunda A. minus ‘un antidiyabetik, hepatoprotektif,
gastroprotektif, antibakteriyel, antiviral, antimikrobiyal, antialerjik ve antinflamatuar etkileri
bilinmektedir [5]. Bununla birlikte, kanser hiicrelerine karsi A. minus ssp. minus ekstresinin
sitotoksisitesi yeterince ¢alisitlmamigtir. Calismamizda A. minus ssp. minus metanol ekstresi
uygulanmasi sonucu meme Kkanserinin farkli hiicre dizilerinde in vitro sitotoksik etkileri
degerlendirilmistir. /n vitro sitoksisite deneylerimize gore, A. minus ssp. minus ekstresinin 1,25 mg/mL
metanol ekstresi ile muamele edildiginde hiicre canliligi sonuglart MCF-7 hiicrelerinde %27,8 (en
diisiik), MDA-MB-231 hiicrelerinde %47,8 ve kontrol grubu MRCS5 hiicre hattinda ise %92,4 olarak
belirlenmistir. Bu bulgular, A. minus ssp. minus ekstresinin MCF-7 meme kanseri hiicre hatlar1 tizerinde
ciddi sitotoksik etkileri oldugunu, ancak istilaci ve direngli MDA-MB-231 meme kanseri hiicreleri i¢in
sitotoksik etkisinin ¢ok daha diisiikk oranda oldugunu gostermistir. Ayrica A. minus ssp. minus
ekstresinin sitotoksik etkisinin normal fibroblast hiicrelerinde kanser hiicre hatlarina kiyasla olduk¢a
diisiik oldugu gozlemlenmistir. Bu baglamda A. minus ssp. minus ekstresinin MCF-7 hiicre hatt1 igin
umut verici bir tedavi olabilecegi, kanserin diger molekiiler alt tipleri i¢in ise daha fazla calisma
yapilmasi gerektigi sOylenebilir. Bu ¢alismanin, A. minus ssp. minus ekstresinin antikanser etkisine
dikkat ¢ekecegini, bu bitkinin antikanser etkileri arastirilmak iizere in vivo hayvan deneyleri ve klinik

caligsmalara Onciiliik edecegini diisiinmekteyiz.
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CIKAR CATISMASI BEYANI

Yazarlar bu makale igin gergek, potansiyel veya algilanan ¢ikar ¢atigmasi olmadigini beyan

ederler.

ETIK KURUL ONAYI

Yazarlar bu ¢alisma igin etik kurul onayimnin zorunlu olmadigini beyan etmektedir.
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A CROSS-SECTIONAL STUDY: PERCEPTION AND CONSUMPTION
BEHAVIOR ABOUT IMMUNITY BOOSTER SAMBUCUS SP.
PRODUCTS (AZERBAIJAN, GEORGIA, UZBEKISTAN)

IMMUN GUCLENDIRICI SAMCUBUS TURLERI ICEREN URUNLERIN ALGISI VE TUKETIMI
HAKKINDA KESITSEL BIR CALISMA (AZERBAYCAN, GURCISTAN, OZBEKISTAN)
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ABSTRACT

Objective: The aim of this cross-sectional study was to measure and determine the difference between perception
and consumption changes of elderberry products in Azerbaijan (AZ), Georgia (GEO) and Uzbekistan (UZB) countries.

Material and Method: A questionnaire based, cross-sectional, multi country study was conducted by using
an online based with consumers of pharmacies, drug stores and shops where had food supplement category
between April and August 2021.

Result and Discussion: The majority of responders belong to 31-50 age group, and higher gender profile was
on female part, 85%. The results showed that end users of consumed products were children (51%) and older family
members (39%) in the average data of 3 countries. Elderberry products were classified as expensive products but
were consumed high amount during the pandemic. During the pandemic, immune boosting had been in prior place
of individual healthcare, and prophylactic approach had become more important than earlier. This is the first study
in Azerbaijan, Georgia and Uzbekistan as a digital survey based, cross- sectional study.

Keywords: Behaviour, coronavirus, immune booster, Sambucus sp., social media

0z

Amac: Bu kesitsel ¢alismanin amact Miirver igerikli iiriinlerin Azerbaycan (AZ), Giircistan (GEO),
Ozbekistan (UZB) iilkelerindeki algisi ve tiiketimindeki degisimi belirlemek ve dl¢mektir.

Gereg ve Yontem: Anket temelli, kesitsel, coklu iilkede, dijital ortamda; eczane ve gida takviyesi iiriinleri
kategorisi bulunan eczanelerin, saghk tiriinleri magazalarimin tiiketicileri ile, 2021 yilinin Nisan ve Agustos
aylart arasinda ger¢eklestirilmistir.

Sonug ve Tartisma: Ankete katilanlarin biiyiik kismi 31-50 yas araliginda olup ve %85 'lik kismini kadinlar

olusturmaktayd. 3 iilkenin ortalama verilerine gore tiriinlerin nihai kullanicilart ¢ocuklar (%51) ve yasi aile
iiyeleridir (%39). Miirver iceren tiriinler pandemi siiresinde yiiksek miktarda tiiketilmelerine ragmen, pahali
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tiriinler olarak siniflandirilmigtir. Pandemi doneminde, immun sistemi giiclendirmek bireysel saglikta

onceliklenmis ve daha onceki donemlere gore onleyici yaklasimlar daha onemli hale gelmistir. Bu ¢calisma

Azerbaycan, Giircistan ve Ozbekistan'da gerceklestirilmis, dijital anket temelli, kesitsel ilk calismadir.
Anahtar Kelimeler: Davranis, immun gii¢lendirici, koronavirus, Sambucus sp, sosyal medya

INTRODUCTION

The Sambucus genus consists of 5 to 30 species, mostly in the Northern hemisphere, including
study countries, although they have become naturalized throughout much of the temperate and
subtropical regions. Because its fruits are highly desirable for birds, elderberry rapidly colonizes moist
and sunny areas along railways, roadways, forest edges, and fence lines [1]. Various parts of the
elderberry have been used in traditional medicine as a diaphoretic, diuretic, astringent, laxative, and
emetic. The berries were traditionally used in nutrition, such as elderberry wine and pies, and as a
flavoring or dye. Currently, extracts of the berries are used primarily as antiviral agents for colds,
influenza and Herpes virus infection. Also, several clinical trials have shown that symptoms of influenza
like sneezing and fever were quickly treated with elderberry including products which are both
commercially produced or home recipes [2-5]. The effects of the plant and/or parts of plants come from
its main natural components, which are flavonoids, catechins and proanthocyanidins. Generally, these
compound classes are accepted as natural immunostimulators. Scientific literature also emphasizes that

the potent antioxidant activity of the plant is related to these phenolic compounds [6-8].

Currently, elderberry is not only on scientific researchs’ target, but also has gained therapeutic
popularity in the commercial market over herbal supplements. The commercial products of the plant are
in the top recommendations in pharmacy practices, and digital platforms, daily life person to person in
consumer practices. Elderberry is a well-known medicinal plant. Elderberry use is rising in immune
boosting due to the products registered as food supplements in different pharmaceutical forms and
combinations. In many countries, elderberry extracts are combined with Pelargonium extracts,

Echinacea extracts, Vitamin C, Zinc and Vitamin D.

The awareness of elderberry, mostly flowers of the plant, is very high in those countries.
Elderberry has already been placed in their traditional medicine and daily life. Elderberry included
products are available in herbal market of countries. The product portfolio range is highly extended from
medicinal tea to honey. In the pandemic, some medicinal plants have been re-launched to markets for

their medicinal properties with novel marketing tactics [9-10].

The study aimed the determine consumption and perception profile of those 3 countries of medical

plants and their products from a known elderberry point of view.



J. Fac. Pharm. Ankara, 46(3): 755-763, 2022 Ulusoylu-Dumlu 757

MATERIAL AND METHOD

This is a questionnaire based, cross-sectional, multi country study. The study was conducted by
using an online based with consumers of pharmacies, drug stores and shops where had food supplement
category between April and August 2021 in Azerbaijan, Georgia and Uzbekistan. The period of study
was identified just after the winter in period of the pandemic for to gather total perception and
consumption information, after all passed diseases and their treatments in that time.

The questionnaire contained 19 questions regarding the socio-demographic profile of medicinal
plant consumption, knowledge of elderberry, choice of immunity booster if there has any, source of
information and/or recommendation regarding the immunity support of the participant etc. The form

consisted of yes or no answers and multiple-choice questions.

The inclusion criteria were to be a customer (a random consumer - in food supplement category
was established pharmacies, drug stores and shops) in targeted locations and the ability to understand
and answer online Google form questionnaires. Personal information was not requested for
participation. Only google sign-in was kept compulsory to ensure that respondents would fill out the
form only one time and confidentiality of the data was assured. The language of the questionnaire was
simple and written in Russian. The response related to statistics gathered from the system and analyzed
with the use of Excel software. The data was exported to SPSS (Version 17). Descriptive statistics such
as Chi-square, t-test, Pearson and Exact test were used for analysis. p values < 0.05 were considered as
statistically significant in all conducted analysis [11-13].

RESULT AND DISCUSSION

Questionnaires were distributed over digital platforms in each country, out of which 771 (296,
121, 354 Azerbaijan, Georgia, Uzbekistan respectively) responses were obtained and included to the

study. The responses were shown in below Tables.
Demographic profile of population

The majority of total responders, 85% were female and 15% were males. 83% were university
degree and postgraduates. The maximum number of responders was in 31-50 age group (Table 1). The

mean age of responders was 40.76 (SD + 7.44).
Immunity booster consumption profile before and during the pandemic

The main part of responders, 90%, were no COVID-19 infected during the period of the pandemic

outbreak. The percentage was calculated from personal statements, not cross-checked with public
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personal healthcare results. There was no correlation between herbal product consumption and COVID-
19 infection. The detailed consumption profile is shown below.

“During illness” period consumptions were not changed before or in the pandemic in total data.
The drastic change was on ‘“Never” responder side. Before the pandemic 49% of responders were in
“never” consumer but, during the pandemic the number decreased to 3.11%, (p<0.05). Besides,
“everyday” and “twice a day” consumer percentages were increased. Everyday rate was increased from
0.5% to 13.62%. The rate of “twice a week” was increased from 0.9% to 34.5%, (p<0.05). This outcome
showed that herbal product consumption was raised in the pandemic for immunity boosting and
prophylaxis (Table 2). In the pandemic "everyday" and "twice a week" consumption rates were
drastically increased in Azerbaijan; because of this, "During illness" consumption rates were
significantly decreased (Table 2). Triggering of consumption was not related to COVID-19 infection
because there is no correlation between COVID-19 infected responders’ rate and increased

consumption.

Table 1. Socio-demographic profile of population

Variables ‘ AZE (n) ‘ GEO (n) ‘ UZB (n) ‘ Total (n) ‘ Percentages (%) ‘
Age

18-20 3 2 2 7 0.85%
21-30 50 24 43 117 15.18%
31-50 148 68 269 485 62.95%
51-60 86 23 36 145 18.81%
>60 9 4 4 17 2.20%
Gender

Female 255 90 315 660 85.60%
Male 41 31 39 111 14.40%
Education

Till high school 20 10 86 116 15.05%
High school 90 31 95 216 28.01%
University 160 74 150 384 49.80%
Master or PhD 26 6 23 55 7.14%

Differentiation on awareness of herbal product consumption

This study showed that the outbreak of COVID-19 pandemic increased the awareness of herbal
product consumption. The results indicated that recommendations were taken from multiple sources.
The main advisors were healthcare professionals (HCPs) (Doctor and Pharmacist). 84.57% of

responders were taken advice from HCPs (p<0.05) (Table 3).
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Table 2. The consumption changing profile of herbal products outbreak of the pandemic

. Total |Percentages
Variables AZE(n) GEO(n) UZB(n) ™ @)
Everyday 2(1.54) [0.14] 1(0.63) [0.22] |1(1.84) [0.38] 4 0.51%
herbal product |Twice a 7 0
consumption week 5(2.69) [1.99] 1(1.10) [0.01] |1(3.21) [1.53] 0.90%
before the During 156(175.39) 382 0
pandemic illness 148(146.66) [0.01] |78(59.95) [5.43] [2.14] 49.54%
Never 141(145.12) [0.12] |41(59.32) [5.66] %53%1]73'56) 378 149.00%
Everyday  |57(40.31) [6.91]  |13(16.48) [0.73] |35(48.21) [3.62] 105113 6206
herbal product _
consumption  |TWIC®R 447105 19) [19.72] |27(41.75) [5.21] [92(122.13) [7.43] [?%®  |34.50%
_ ( ) [19.72]|27(41.75) [5.21] |92( ) [7.43]
during the week ( )
pandemic, Durlng 211(172.64 376 0
any illness 87(144.35) [22.79] |78(59.01) [6.11] [8.52] 48.77%
Never 5(9.21) [1.93] 3(3.77) [0.16] |16(11.02) [2.25] [24  [3.11%
Table 3. Consume advisor profile
Variables AZE (n) GEO (n) UZB (n) Total (n) | Percentages (%)
Doctor 95(116.33) [3.91] 48(47.55)[0.00]  |160(139.12) [3.13] | 303 39.30%
Pharmacist 146(133.99) [1.08] | 60(54.77) [0.50] | 143(160.24) [1.86] | 349 45.27%
Family Member | 37(26.11) [4.55] 6(10.67) [2.05] 25(31.22) [1.24] 68 8.81%
Friend 18(19.58) [0.13] 7(8.00) [0.13] 26(23.42) [0.29] 51 6.62%

The primary end users were children (50.97%). Old family members were on the second line as
39.43%, p<0.05, Table 4.

Table 4. “Become consumer” end user profile in family members

Variables AZE (n) GEO (n) UZB (n) Total (n) | Percentages (%)
Children 170(150.88) [2.42] 69(61.68) [0.87] 154(180.44) [3.88] | 393 50.97%
Wife/Husband 21(24.57) [0.52] 11(10.04) [0.09] 32(29.39) [0.23] 64 45.27%

Old Family Members | 102(116.71) [1.85] 39(47.71) [1.59] 163(139.58) [3.93] | 304 8.81%

Others 3(3.84) [0.18] 2(1.57)[0.12] 5(4.59) [0.04] 10 6.62%

Elderberry perception

Elderberry - Black Elderberry - bysuna uépnas (belongs to Sambucus sp.) is a well-known plant.
Meanwhile, during the pandemic, people became more fragile to increasing immune system with
“novel” recommendations. Specifically, elderberry related perception was questioned in survey.
Responders received information, recommendations and advice from social media about the registered
(as food supplement), marketed, and “immune booster” products containing elderberry. The primary
information sources were social media 40.96% and HCPs 38.26%, p<0.05.



760  Ulusoylu-Dumlu J. Fac. Pharm. Ankara, 46(3): 755-763, 2022

During this period, the frequency of digital advertising dramatically increased. The results
indicated that social media advice, advertisements, informative blogs, etc. positively influenced
perception development. Consumers followed social media advice much more than traditional advice,

as seen in Table 5.

Table 5. Source of information for perception development

Variables AZE (n) GEO (n) UZB (n) Total (n) | Percentages (%)
Family 36(43.77) [1.38] 22(17.89) [0.94] 56(52.34) [0.26] 114 14.78%

HCPs 99(113.26) [1.79] 46(46.30) [0.00] 150(135.45) [1.56] 295 38.26%

Social Media 155(121.32) [9.35] 47(49.59) [0.14] 114(145.09) [6.66] 316 40.96%

Do not know 6(17.66) [7.70] 6(7.22) [0.21] 34(21.12) [7.85] 46 6.00%

Preferred consumption of elderberry

Consumption preference of natural immunity booster agents/supplements/medicinal plants are
still in developing from the ancient time to date. The most familiar way that to be a follower of the
family heritage. The dilemma of today is traditional remedies/recipes and modern supplements. Table 6
indicates that the majority of the population (66%) preferred to use “elderberry” as a food/herbal
supplement.16% of the population has been using the plant as food. The main gathered information from
this is that even being a well-known medicinal plant, preference for consumption has been derived from

the pharmaceutical form of supplements.

Table 6. Preferred consumption type of elderberry

Variables, as AZE(n) GEO(n) UzB(n) Total(n) Percentages (%)
dried food 6 4 4 14 1.82%

food 65 37 18 120 15.56%

home remedy 56 18 57 131 17%
pharmaceutical food supplement | 169 62 275 506 65.63%

The ratios between willingness to use after the pandemic and affordability perception

Most of the responders were not dedicated chronic-long term users of elderberry products. Also,
the responders almost agreed on high priced profile of the products. There was no significant association
between education and age for willingness and affordability. Another main outcome was that

willingness responders were 100% female.

The use of food/herbal/dietary supplements has increased significantly in the last decade. Both in
developed and developing countries, healthcare providers have suffered from raised pharmaceutical
expenditures. A governmental reimbursement system is not common in many parts of the world, even
if there is no coverage for food supplements, known as supportive care agents or called “anonymous”

therapeutics in some countries. In all parts of the world, societies deeply understood that prophylactic
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approaches are very important to be on the safe-side for wellbeing [14]. Phytopharmaceuticals, food

supplements, vitamin-mineral combinations have potential from this point of view.

This multi country based, cross-sectional study, investigated pandemic related immune booster
use and re-profiled elderberry perception and consumption.

The study demonstrated that the majority of responders belong to 31-50 age group in all 3
countries (63%). And, gender profile also had higher ratio on female part (average 86%, 74%, 89%
Azerbaijan, Georgia and Uzbekistan respectively). The results have shown that the pandemic
enormously increased consumption of herbal products. Habitual consumption was on during the illness
(cold, flu, etc.) period before the pandemic (50%, 64%, 44% Azerbaijan, Georgia and Uzbekistan
respectively). Still, during the pandemic the average ratios were changed such as every day 13%, twice
aweek 34.50% and illness period 48.77%. The main outcomes of this result; immune boosting had been
in prior place of individual healthcare and prophylactic approach had become more important than

earlier. The mentioned above ratio was almost in same pattern in each country (p < 0,05).

The results also indicated that buyer or payer of the products was not always “consumer”. The
median age is 40.76, who have more responsibility for children and aged family members. The results
showed that the consumer of products was 51% for children 39% for older family members in the
average of 3 countries’ data (p < 0,05). However, elderberry products were classified as high priced but

consumed in high volume during the pandemic.

A variety of supplements are utilized during the pandemic, use of any nutritional-food-dietary
supplements remains the traditional experience of medicinal herbs. Future investigation should be into
the effects of food supplements on supportive care and whether optimal supplementation strategies for

immune boosting are required.

In COVID-19 pandemic, science literature and key opinion leaders underline the importance of
having a strong immune system. This well known, heritage information proved its again and again in
the pandemic waves in many parts of the world. This study is the first investigation in those countries
where still follow habitual recipes in their daily life to be healthy. The mentioned cultures ensured the
engagement of family-based attitudes to protection of diseases. Today, countries realize that the
protective advantages of traditional folk medicine, and the novel forms-dosages of food supplements
with their known ingredients are being involved in daily life. They are asked to engage in preventive
practices to protect against possible diseases; exploring their perceptions is important to orient them

towards this change from traditional to current perspective.
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ABSTRACT

Objective: The aim of this preliminary study is to prepare and characterize combined salicylic acid and
povidone-iodine-containing nanoemulgels for use in disease models such as wounds and burns in the future.

Material and Method: Within the scope of the study, first of all, analytical method validation of salicylic
acid was performed. Then, oil solubility studies were carried out and nanoemulsions and nanoemulgels were
prepared. Morphology, zetasizer analysis, type and pH determination, FTIR analysis, spreadability, and in vitro
release studies were performed to determine the characterization of the formulations.

Result and Discussion: Nanoemulsions and nanoemulgels have been prepared successfully.
Nanoemulsions with spherical droplet structure and outer phase water were obtained, and their morphology and
zeta sizer results were compatible. In the 1-month stability study, only the F1 formulation did not decompose.
There was not much change in pH after holding. At the end of the FTIR analysis, it was seen that there was no
interaction between the items. In the release study performed with pH 5.5 phosphate buffer, approximately 40%
of the release occurred after 8 hours. This study is a preliminary study, and formulations with long-term stability
and release rate can be developed by conducting more detailed studies in the future. Salicylic acid and povidone-
iodine were used in combination for the first time. This combination can be translated into formulations that
may be beneficial for skin diseases in the future.
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oz

Amag: Bu dn ¢alismanin amaci, gelecekte yapilmast planlanan yara ve yanik gibi hastalik modellerinde
kullanilmak iizere kombine salisilik asit ve povidone-iyot iceren nanoemiiljeller hazirlamak ve karakterize
etmektir.

Gerec¢ ve Yontem: Calisma kapsaminda oncelikle salisilik asitin analitik yontem validasyonu yapilmistir.
Daha sonra yagda c¢oziiniirliik ¢alismasi yapilip, nanoemiilsiyonlar ve nanoemiiljeller hazirlanmistir.
Hazirlanan formiilasyonlarm karakterizasyonunu belirlemek igin morfoloji, zetasizer analizi, tip ve pH tayini,
FTIR analizi, yayabilirlik ve in vitro salim ¢alismalar: yapiimistir.

Sonu¢ ve Tartisma: Nanoemiilsiyonlar ve nanoemiiljeller basariyla hazirlanmistir. Kiiresel damlacik
yapisina sahip dis fazi su olan nanoemiilsiyonlar elde edilmistir ve morfolojileri ile zetasizer sonuglart uyumlu
ctkmwstir. Yapiulan 1 aylk stabilite ¢alismasinda sadece F1 formiilasyonunda ayrigsma ger¢eklegsmemistir.
Bekletme sonrasinda pH’larda fazla degisim olmamustir. FTIR analizi sonunda maddeler arasinda etkilegimin
olmadigi goriilmiistiir. pH 5.5 fosfat tamponuyla yapilan salim ¢alismasinda 8 saat sonunda yaklasik % 40
oraninda salim gerceklesmistir. Bu ¢alisma bir én ¢alisma olup ilerde daha detayli ¢calismalar yapilarak uzun
stireli stabiliteye ve salim oranina sahip formiilasyonlar gelistirilebilir. Salisilik asit ve povidon-iyot ilk defa
kombine halde kullanilmigtir. Bu kombinasyon gelecekte cilt hastaliklart igin faydali olabilecek formiilasyonlara
doniistiiriilebilir.

Anahtar Kelimeler: Cilt hastaliklari, karakterizasyon, nanoemiiljel, povidon-iyot, salisilik asit

INTRODUCTION

Human skin diseases are one of the most important public health problems, and there has been a
severe increase in skin diseases recently. Between 30 and 70% of people worldwide are affected by
these problems, which are the most common reason for consultation in general practice. More than 3000
skin diseases, both acute and chronic, have been described, affecting people of all age groups [1, 2].
Since the history of ancient medicine, the skin has been the oldest organ widely used in administering
many drugs. Similarly, in modern medical practices in recent years, dermal drug delivery provides an
alternative to oral drug delivery and makes essential contributions to health services [3]. The dermal
delivery of drugs has always been both attractive and challenging to research. Advances in modern
technologies allow dermal delivery of both hydrophobic and hydrophilic small molecule and large
molecule drugs. Dermal drug administration, which is a comfortable and painless way for patients, has
many advantages compared to other administration ways, making it one of the most preferred. Among
the important advantages are the avoidance of hepatic first-pass metabolism and the gastrointestinal tract

for drugs with low bioavailability [4].

Dermal drug delivery systems can come in different physical forms, from liquid to powder, and
the most popular of these are preparations in semi-solid forms, such as creams and ointments. Among
semi-solid products, the use of gels has increased considerably in both cosmetic and pharmaceutical
preparations. Gels are dosage forms formed by entrapping large amounts of aqueous or hydroalcoholic
liquid in a colloidal network that can be created using natural or synthetic polymers. In particular, they
have a high water content that allows the active ingredients to dissolve more. Compared to ointment or

cream bases, gels enable the active ingredient to dissolve easily through the liquid carrier because of
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having a higher aqueous component. In addition, gels are superior in terms of ease of application and
patient compliance. However, gels show a significant limitation in delivering hydrophobic active
substances. Therefore, studies on different gel types have increased recently to overcome these
limitations. Especially with the inclusion of oil-containing systems into gels, different dosage forms
have started to be developed. Among the various nanolipoidal delivery systems such as solid lipid
nanoparticles, liposomes, microemulsions, and nanoemulsions, which have a very important place
among the new generation oil-containing systems, especially nanoemulsions are among the most
successful delivery systems for lipophilic and hydrophilic active substances applied in various ways,

including the topical route [3, 5].

Nanoemulsions are oil-in-water, or water-in-oil biphasic dispersions of two immiscible liquids
stabilized using a suitable surfactant and they can typically be formed with less surfactant than other
colloidal dispersions and have more excellent kinetic stability properties than coarse emulsions [6].
Loading poorly water-soluble drugs into nanoemulsions increases their wettability and/or solubility,
improving their pharmacokinetics and pharmacodynamics by different routes of administration. The
advantages of nanoemulsions such as optimum drug release, long-term efficacy, drug intake control,
low side effects, and drug protection from enzymatic or oxidative processes have been reported in recent

years [7, 8].

Nanoemulgels are emulsion-based topical gel formulations in which nano-sized emulsion droplets
are gelled by adding a suitable gelling agent. Because nanoemulgels contain both nanoemulsion and gel
base, they are among the suitable options as drug delivery systems. The nanoemulsion component of the
nanoemulgel protects the active substance from enzymatic degradation and reactions such as hydrolysis,
and the gel base provides thermodynamic stability to the emulsion by increasing the viscosity of the
aqueous phase by reducing the interface and surface tension. In the presence of suitable penetration
enhancers, the droplet size in nano form can increase the formulation’s effectiveness by improving the

permeability and spreadability of the drug [3, 9].

In this study, salicylic acid (SA) and povidone-iodine (PI) were used as active ingredients. SA is
a natural ingredient derived from the bark of the willow tree (Salix alba). It has been used worldwide
for centuries for its analgesic, antipyretic and anti-inflammatory properties. SA is highly irritating to the
gastric mucosa when taken orally, so topical use is preferred. The absorption of SA in the topical
application is variable. The systemic effects of SA in topical applications are minimal when applied in
low to moderate doses to intact skin. However, if there is deterioration in the structure of the stratum
corneum, measurable levels of SA may be present in the body. SA can be used topically as a keratolytic,
bacteriostatic, fungicide, and photoprotective. Today, it is frequently used to treat warts, calluses,

localized hyperkeratosis, plaque psoriasis, actinic keratosis, ichthyosis, and comedonal acne [10]. Pl is
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a complex formed with iodine with antiseptic properties and povidone, a synthetic carrier polymer that
does not have microbicidal activity. In an aqueous medium, free iodine is released from the Pl complex
into the solution. The antiseptic activity increases and iodine release continues until an equilibrium is
established [11]. PI is also a broad-spectrum antiviral agent against enveloped and non-enveloped
viruses such as adenovirus, rotavirus, rhinovirus, human immunodeficiency virus, herpes virus, and
measles, polio, rubella, measles, and influenza viruses [12]. This preliminary study aims to prepare and
characterize combined SA and Pl-containing nanoemulgels for use in disease models such as wounds

and burns in the future. SA and Pl were combined for the first time.

MATERIAL AND METHOD

Materials

SA was purchased from Riedel-de-Haén (Germany). Olive oil and mineral oil were purchased
from Doga Ilag (Turkey). Sesame oil, linseed oil (LSO), and ethanol were purchased from Sigma
(Germany and USA). Sunflower oil and hexane were purchased from Hasyal¢in Dis Tic. (Turkey) and
J. T. Baker (Holland), respectively. Tween 20 (T20), Tween 60 (T60), Span 80 (S80), and polyethylene
glycol (PEG) 400 were purchased from Merck (Germany). Pl and hydroxypropyl methylcellulose
(HPMC) E15 were kindly received as a gift from BASF (Turkey) and Santa Farma lag A.S (Turkey).

Development of Quantification Method for Salicylic Acid

A stock solution of SA in ethanol was prepared at a concentration of 100 pg/mL in a multipoint
magnetic stirrer (2mag, MIX 15 eco, Germany). After finding the wavelength at which SA gave
maximum absorbance, the absorbance of the series was measured in a UV-VIS spectrophotometer
(Beckman Coulter DU 730, USA) by dilution from this stock solution. The calibration equation with
the calibration curve was found, and then the method was validated. The validation parameters like

accuracy, precision, LOD, LOQ, and selectivity were studied (n=6) [13].
Solubility of Salicylic Acid in Different Oils and Phosphate Buffer

The saturation solubility study of SA in different oils and pH 5.5 phosphate buffer was found by
stirring in @ magnetic stirrer for a long time at room temperature. For this purpose, sesame oil, olive oil,
LSO, sunflower oil, and mineral oil were used. Concentrated suspensions of SA in oils/phosphate buffer
(4 g) were prepared and stirred for 72 hours on a multipoint magnetic stirrer (1200 rpm) at room
temperature. Afterward, the samples were centrifuged (Hettich Micro 200, Germany) at 12500 rpm for
30 min, and the supernatants were diluted at certain ratios with the validation medium and/or hexane.
The amounts of dissolved SA were determined by the validated UV-VIS spectrophotometric method
(n=3) [14].
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Preparation of Salicylic Acid Nanoemulsions

SA-containing nanoemulsions were prepared by the ultrasonication method at room temperature.
First, SA (50 mg) was dissolved at a certain ratio in the oil medium (1000 mg), where it was maximum
soluble via the ultrasonicator (Bandelin Sonopuls HD 2070, Germany). Then, an appropriate
surfactant/co-surfactant (T20 and S80 and/or PEG 400) was added and homogenized with the
ultrasonicator. Finally, ultrapure water (1650 mg) was added to the homogeneous oil solution, and
nanoemulsion formation was carried out with the ultrasonicator at cycle 3 and power of 100% for 4

minutes (minimum n=6) [15]. Nanoemulsions are coded with the letter E.
Morphology of Nanoemulsions

Morphology of nanoemulsions was determined by optical microscope (Zeiss Primo Star,
Germany) and transmission electron microscopy (TEM, Hitachi HighTech HT7700, Japan). For TEM
determination, nanoemulsions were dispersed in ultrapure water, and one drop of diluted nanoemulsions
was placed on a 400-mesh carbon-coated copper grid. The grid was then dried at room temperature
overnight. The TEM imaging was conducted at 120 kV. This analysis was carried out at the East
Anatolian High Technology Research and Application Center (DAYTAM) of Atatiirk University [14].

Zetasizer Analysis of Nanoemulsions

Droplet size distribution, zeta potential, polydispersity index, and conductivity of nanoemulsions
were determined with the zetasizer device (Malvern Zetasizer Nano ZSP, United Kingdom).
Nanoemulsions were diluted with ultrapure water at a ratio of 1:9. Zeta sizer measurements were taken
in the DTS1070 cell at 25°C, and 3x12 measurements were taken with a measurement angle of 173°
utilizing a laser of 633 nm and 10 mW. This analysis was carried out at the East Anatolian High
Technology Research and Application Center (DAYTAM) of Atatiirk University [16].

Type Determination of Nanoemulsions

Type determination of nanoemulsions was made according to the dilution method.
Nanoemulsions were diluted with ultrapure water at a ratio of 1:9 on the watch glass [17]. The outer
phase of the nanoemulsions, which form a homogeneous mixture with water and no phase separation is

observed, was accepted as the aqueous phase.
Preparation of Nanoemulgels with Povidone-lodine

Preformulation studies have been made with natural and synthetic polymers such as sodium
alginate, pectin, and HPMC E15. As a result of the preformulation studies, it was decided to use HPMC
E15. HPMC E15 (500 mg) was swollen in ultrapure water at room temperature. Then, a specific

concentration of Pl (100 mg) and T60 (400 mg) were added and mixed manually until homogeneous.
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Then, nanoemulsions containing SA were added to these gel bases and mixed manually until
homogeneous again (minimum n=6) [18]. Nanoemulgels are coded with the letter F. In order to
determine the phase separation stability, the nanoemulgels were kept at room temperature and in the
refrigerator (4+2 °C) for 1 month. The caps of the vials are tightly closed with parafilm in an airtight

manner.
pH Determination of Nanoemulgels

The pH of the freshly prepared nanoemulsions and nanoemulgels was measured with a pH meter
(WTW inoLab, Germany). When the nanoemulgels’ pH was lower than 5.5, the pH was adjusted to 5.5
with NaOH solution. After the pH was adjusted to 5.5, the nanoemulgels were kept at room temperature

and in the refrigerator for 1 month to determine the pH stability [14].
Spreadability of Nanoemulgels

The spreadability of the nanoemulgels was determined using two transparent plastic plates. For
this purpose, a circle with a diameter of 1 cm was drawn inside one of the plates, and 0.5 g of each
nanoemulgel was weighed on this circle. The second plate is placed on top of the first plate. Finally, a
weight of 1 kg was placed on the upper plate and left for 5 minutes. The spreadability of the nanoemulgel
was evaluated by measuring the increasing diameter at the end of time [19]. In order to determine the

spreadability stability, the nanoemulgels were kept at room temperature for 1 month.
In Vitro Drug Release of Nanoemulgels

The dialysis membrane method of Topal et al. was used for in vitro drug release studies. For this
purpose, a dialysis membrane (MWCO: 20 kD, Spectra/Por®Biotech, USA), pH 5.5 phosphate buffer,
and a shaking water bath (Memmert WNB 14, Germany) were used. pH 5.5 phosphate buffer was
prepared by adding HCI into pH 5.8 phosphate buffer (USP 30/NF 25). The dialysis membrane was
incubated in the release medium for 15 minutes. 0.5 g of accurately weighed nanoemulgels and 0.5 g of
pure SA’s were placed in the middle of the dialysis bags. Then, dialysis bags and 50 mL pH 5.5
phosphate buffer at 37+0.5 °C were added to each amber vial. At the specified time intervals, 2 mL
samples were taken, and the same amount of release medium was placed in the bottles to maintain the
sink conditions. The amounts of SA in the samples were determined by the validated UV-VIS

spectrophotometric method (n=3) [20].
FT-IR Analysis of Nanoemulgels

FT-IR spectra were taken to evaluate whether there is an interaction between the active
ingredients (SA, PI), the excipients (LSO, S80, T20, T60, HPMC E15), and the nanoemulgels (F1-F6).
This analysis was carried out at the East Anatolian High Technology Research and Application Center
(DAYTAM) of Atatiirk University [21].
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Statistical Analysis

The statistical analysis between the samples were evaluated with the “One-Way Analyses of
Variance (ANOVA)” test (according to the homogeneity of the variances and the size of the population).
Results at the p<0.05 level were considered significant.

RESULT AND DISCUSSION

Development of Quantification Method for Salicylic Acid

The quantification method and validation studies for SA were successfully completed quickly and
easily with the UV-VIS spectrophotometric method. The calibration curve, equation, and validation
study results are given in Figure 1 and Table 1. The maximum absorbance was seen at 302 nm. The
desired linearity was achieved, and the validation study was carried out within the desired limits. LOD
and LOQ values were found to be 0.294 pg/mL and 0.892 pg/mL, respectively. In the study of Ahmad
et al., in the presence of combined benzoic acid and SA in ethanol in a UV-VIS spectrophotometer, SA
gave an absorbance at 303 nm [14]. In the validation study of Sinha et al. with methanol in a UV-VIS
spectrophotometer, SA gave an absorbance at 301 nm, and linearity was obtained in the range of 1-10

ug/mL [22]. Our results were similar to the results of these studies.
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Figure 1. Calibration curve and equation of salicylic acid

Table 1. Validation study results of salicylic acid (mean+standard deviation)

Theoretical Concentration Accuracy (% Relative Precision (% Variation
(ng/mL) Error) Coefficient)
5 0.33+1.41 1.49+0.73
Inter-day 9 0.79+0.77 0.994+0.38
13 0.29+0.85 1.11+0.36
5 0.67+2.07 1.09+0.64
Intra-day 9 1.71+0.23 1.02+0.75
13 1.5740.36 1.19+0.29
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Solubility of Salicylic Acid in Different Oils and Phosphate Buffer

When preparing oil-containing formulations of water-insoluble active substances, it is essential that
they are soluble in oil. For this reason, the solubility study was carried out to find the oil with the highest
capacity to dissolve the SA which is insoluble in water. The solubility study results are given in Table 2
below. There are not many studies on the solubility of SA in oils in the literature. Many oils have been
tested in the solubility study of SA in oils by Ashara et al. [23]. The study was carried out in a shaking
incubator at 30 °C for 1 day. The results were evaluated by UV-VIS spectrophotometric method. Olive oil
and mineral oil were used together in both our study and theirs. In Ashara et al.’s study, solubility results
were obtained at 9.66+0.03 mg/g in olive oil, 2.5+0.07 mg/g in mineral oil, and 10.65+1.30 mg/mL and
0.56+0.03 mg/mL in our study, respectively. Although data showed similar results in olive oil, lower
results were obtained in our study in mineral oil. However, when all the results were examined, the highest
solubility value was found in LSO. For this reason, LSO was used as the oil phase in the preparation of
nanoemulsions. Low solubility was also obtained in the solubility study of SA with pH 5.5 phosphate
buffer. Similar low solubility data were obtained in the study of Teng et al., and the results were found to
be 2.205+0.020 mg/mL in water and 5.208+0.010 mg/mL in pH 5.0 phosphate buffer at 25 °C [24].

Table 2. Solubility results of salicylic acid (mean+standard deviation).

. . . . . .. | Sunflower Mineral PH 5.5
Qil Sesame Qil | Olive Oil Linseed Oil . - Phosphate
Oil Oil
Buffer
Solubility 10.624036 | 10.65£1.30 | 13.66£0.66 | 11.52+0.85 | 0.56£0.03 | 1.65+0.06
(mg/mL)

Preparation of Salicylic Acid Nanoemulsions

Many modifications have been made while preparing nanoemulsions. The ratios of the formulation
components are given in Table 3 below. When SA studies in the literature are examined, it is seen that SA is
used at ratios of 0.5% to 40% [10, 25, 26]. For this reason, the dose of SA (50 mg) in our study was chosen
to be 1% in nanoemulgels. In our study, the use of dual surfactants was preferred, and Tween 20 and either

Span 80 or PEG 400 were used. These surfactants are frequently used to form nanoemulsions [27, 28].

Table 3. Formulation components of nanoemulsions (mg)

Formulation Code Salicylic Acid Linseed Oil Tween 20 Span 80 PEG 400
El 50 1000 100 200 -

E2 50 1000 150 150 -

E3 50 1000 200 100 -

E4 50 1000 200 - 100

E5 50 1000 150 - 150

E6 50 1000 100 - 200
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Morphology of Nanoemulsions

In addition, the optical microscope images of the nanoemulsions are given in Figure 3 below. As
can be seen from the images, nanoemulsions with very homogeneous size distribution have been

successfully prepared by the ultrasonication method.

Bl - E2 E3

500 nm 500 nm 1um

B s - E6

eV 200 am| [ B : : 1000m | 500 nm

Figure 3. The optical microscope (scale: 100x) and TEM images of the nanoemulsions

Zetasizer Analysis of Nanoemulsions

The droplet size, zeta potential, polydispersity index, and conductivity results of the

nanoemulsions are given in Table 4. Relatively small droplet sizes were obtained. When the droplet size
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was evaluated statistically, E4, E5, and E6 were found to be significant (p<0.05). This significant
difference was thought to be caused by PEG 400 found in E4- E5 and E6. Zeta potential determines the
surface charge of nanoemulsions and it is very important for their physical stability [14]. When our zeta
potential results were examined, our values were found in the range of (-)11.7+4.04-(-)23.5+3.08 mV.
All our zeta potential values were negative. This is because non-ionic surfactants were used when
developing formulations [29]. In a study by Acharya et al., nanoemulsions were developed using tweens.
In the stability study conducted at room temperature and 2-8 °C for 3 months, it was stated that the
stability of the formulations was quite good even at approximately -12.8 mV [14]. The highest zeta
potentials were seen in the E3 and E4 formulations. When these formulations are evaluated in terms of
content, it can be said that the amount of Tween 20 is the highest (200 mg) in both of them, and the
increase in the amount of Tween 20 also increases the zeta potential. When the zeta potential values
were evaluated statistically, E1, E3, and E4 were found to be significant (p<0.05). This significant
difference was thought to be caused by Tween 20, which is high in E3 and E4, and Span 80, which is
high in E1. PDI gives information about the width of the particle size distribution, and the large size
distribution can cause stability problems. A PDI value of 0.1-0.25 indicates a narrow distribution, while
a PDI value greater than 0.5 indicates an extensive size distribution [30, 22]. When our PDI results were
examined, our values in the range of 0.181+£0.019-0.228+0.006 were below 0.25, which means that the
distribution is narrow. This result was also found to be compatible with the optical microscope and TEM
images. Very high conductivity values were obtained in the range of 245+2-333+0 pS/cm. The high
electrical conductivity values indicate that the outer phase of the nanoemulsions is water. Similar results

were found in the nanoemulsion study of Arbain et al. [31].

Table 4. The droplet sizes, zeta potentials, polydispersity indexes, and conductivity results of

nanoemulsions (mean+standard deviation)

Formulation Droplet Size Zeta Potential Polydispersity Conductivity
Code (nm) (mV) Index (uS/cm)

El 269.9+2.07 -11.7+4.04 0.199+0.016 333+0.00

E2 308.2+1.04 -17.5+5.47 0.207+0.005 283+2.08

E3 295.2+1.65 -23.5+3.08 0.228+0.006 245+2.08

E4 248.2+1.27 -23.0+1.71 0.182+0.006 292+2.52

E5 249.6+1.39 -15.2+3.90 0.181£0.019 318+3.61

E6 315.0+4.46 -17.8+3.59 0.195+0.012 291+3.00

Type Determination of Nanoemulsions

The images obtained by diluting the nanoemulsions with water are given in Figure 4. The fact
that they are immediately miscible with water and a homogeneous mixture was obtained. This means

that their outer phase is water. This result was also compatible with the electrical conductivity results.
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Figure 4. The images obtained by diluting the nanoemulsions with water

Preparation of Nanoemulgels with Povidone-lodine

Nanoemulgels containing both SA and PI (100 mg) combined have been successfully prepared.
The images of the nanoemulgels are given in Figure 2 below. When the PI studies in the literature are
examined, it is seen that PI is generally used at the rate of 0.5% to 10% [12, 32, 33]. Therefore, in our
study, the dose of Pl was chosen as 2% in nanoemulgels. Since the color of Pl was yellowish-
brown/reddish-brown, the color of the nanoemulsion was as seen in the figure. Separation was observed
in all nanoemulgels, except F1, which were subjected to 1-month stability at both room and refrigerator
temperatures. The most separation was observed in F6 and decreased towards F2.

Figure 2. The images of freshly prepared (top) and kept for 1 month-nanoemulgels (RT: room

temperature (middle) and F: refrigerator temperature (down))
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pH Determination of Nanoemulgels

The pH measurement results of the nanoemulsions and nanoemulgels are given in Table 5. When
the results are examined, it is seen that the pH’s of both nanoemulsions and nanoemulgels are acidic. In
addition, it was observed that the pH decreased more by gelling the nanoemulsions. The pH of the
nanoemulgels was adjusted to 5.5 by the addition of NaOH and subjected to 1-month stability at room
and refrigerator temperature. Normal skin pH is between 4.5 and 6.0. In the 1-month stability study, the
pH values of the nanoemulgels were found in this range. Although separations were observed in most
of the nanoemulgels after 1 month, the pH changes were not too much. There were no significant
differences in pH between freshly prepared nanoemulsions and nanoemulgels, and nanoemulgels that

were kept for 1 month at room and refrigerator temperatures (p>0.05).

Table 5. The pH measurement results of the nanoemulsions and hanoemulgels.

Freshl Freshl

Formulation Prepalyed- Formulation Prepa!ed- ther 1 Month- Afte'.' 1 Month-

oom Refrigerator

Code Room Code Room Temperature Temperature
Temperature Temperature

El 2.80 F1 2.14 5.50 5.62

E2 2.78 F2 2.01 5.39 5.42

E3 2.76 F3 2.12 5.23 5.28

E4 2.68 F4 2.08 5.01 5.10

E5 2.64 F5 2.01 4.96 5.08

E6 2.62 F6 2.05 4.82 4.90

Spreadability of Nanoemulgels

Spreadability results of nanoemulgels which are freshly prepared and kept for 1 month are given
in Table 6. Nanoemulgels are easily spreadable by applying a small force. When all the results were
examined, it was observed that the spread was more in the F2 and F5 formulations where surfactants
were used equally. On the contrary, these formulations showed minimal spread after 1 month of storage.
It is thought that the reason for this is the higher water loss in these formulations. Similar results were

seen in the study by Sharma and Tailang [34].

Table 6. Spreadability results of nanoemulgels which are freshly prepared and kept for 1 month.

. Spreadability (cm)
Formulation Code
Freshly Prepared After 1 Month-Room Temperature
F1 2.9 3.1
F2 4.1 2.5
F3 34 3.7
F4 1.9 4.0
F5 3.0 2.9
F6 2.1 4.2
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In Vitro Drug Release of Nanoemulgels

As a result of the 1-month stability study performed, the release study was carried out with the F1
formulation since decompositions were observed in other formulations except for the F1 formulation. Pure
SA was also evaluated in the release study. In vitro drug release profile of F1 and pure SA is given in
Figure 6. The release medium had no further effect on the solubility of SA. It was found to be compatible
with the results obtained from the solubility study. When the release profile is examined, it is seen that the
pure SA is released slightly more than the nanoemulsion. However, this is a normal situation seen in water-
insoluble active substances. When SA in the formulation passes from the oil phase in which it is soluble
to the high viscosity aqueous phase in which it is insoluble, its release is slowed due to decreased solubility
[35]. The polymer concentration that forms the hydrogel outside the droplets causes the release to be
delayed due to the network-like structures formed in the gel [19]. In our study, after 8 hours, F1 released
approximately 40%, while pure SA released approximately 45%. Sinha et al. prepared nanoemulsions of
SA and conducted a release study using a dialysis membrane in a pH 7.4 phosphate buffer. At the end of
8 hours of the release study, approximately 50% of the SA nanoemulsion was released. However, pure SA
solution in methanol showed about 99% release after 2 hours [23]. When compared with our study, it is
quite clear that entrapping the SA nanoemulsion in a hydrogel slows the release of SA a little more. There

are other studies in the literature that found similar results to ours [36].
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Figure 6. The release profile of F1 and pure salicylic acid

FT-IR Analysis of Nanoemulgels

The FT-IR spectra of the active substances, the nanoemulgels, and all the excipients used in the
nanoemulgels are given in Figure 5 below. FTIR analysis of SA and Pl is not very common in the
literature. Since Pl also contains groups similar to SA, it gave a similar FTIR spectrum [37]. SA has two

specific functional groups, a carboxylic acid, and a phenol group. According to the chemical structure
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of SA, the unique O-H phenol group gives specific peaks in the range of 3250-2750 cm™ (O-H and C-
H stretching 3233 cm1 and 2999-2831 cm?), the O-H carboxylic acid group in the ranges of 2750-2250
cm? and 750-500 cm™ (=C-H bending 760-669 cm), and the C=0 carboxylic acid group in the range
of 1700-1500 cm™ (C=0 (COO-) asymmetric stretching 1652-1670 cm™) [38, 39]. When the results are
examined, it is seen that the active substances and excipients in the formulations do not interact, and
there is no change in the spectrum of the active substances.
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Figure 5. The FT-IR spectra of the active substances, the nanoemulgels, and all the excipients
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BILBERRY (VACCINIUM MYRTILLUS L.) FRUIT EXTRACT ON
GASTRIC CANCER, AGS CELL LINE

YABANMERSINI (VACCINIUM MYRTILLUS L.) MEYVE OZU'NUN MIDE KANSERI, AGS
HUCRE HATTI UZERINDE ANTIOKSIDAN AKTIVITESI VE ANTI-KANSER ETKILERI
Nihal KARAKAS!?

, Mehmet Evren OKUR? @, Tugba SAGIR* ©, Damla ULUDAG?

Derya Cicek POLAT® @, Ayse Esra KARADAG®”
Yfstanbul Medipol University, School of Medicine, Department of Medical Biology, 34810, Istanbul,
Tiirkiye
?[stanbul Medipol University, Institute for Health Sciences and Technologies (SABITA), Cancer
Research Center, 34810, Istanbul, Tiirkiye
3University of Health Sciences, Faculty of Pharmacy, Department of Pharmacology, 34668, Istanbul,
Turkey
*Pim Grup Cosmetics Consultancy, Goktiirk, 34077, Istanbul, Tiirkiye
°Ankara University, Faculty of Pharmacy, Department of Pharmaceutical Botany, 06560, Ankara,
Tirkiye
Sistanbul Medipol University, School of Pharmacy, Department of Pharmacognosy, 34810, Istanbul,
Tirkiye
"Anadolu University, Institue of Health Sciences, Department of Pharmacognosy, 26470, Eskisehir,

Tirkiye

ABSTRACT

Objective: Vaccinium myrtillus L. fruits are consumed as food. This research was aimed to evaluate V.
myrtillus methanol extract antioxidant and cytotoxic activities and determine its anti-cancer potential to further
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study against gastric cancer.

Material and Method: V. myrtillus fruit (Bilberry) methanol extract was examined for its antioxidant
activities by ABTS*+ and DPPH* assays. The phytochemical analysis of the extract was studied by HPLC
method. The cytotoxic effect of V. myrtillus fruit methanol extract on gastric cancer cell line AGS was measured
by Cell Titer-Glo assay. Additionally, as healthy control, fibroblast like human mesenchymal stem cell line was
used for testing anti-cancer efficacy.

Result and Discussion: V. myrtillus fruit methanol extract showed 0.1413 and 0.0439 mg/mL 1C50 values
as antioxidant activity by ABTS*+ and DPPH* assays, respectively. Malvidin-3-O-Glucoside was detected as an
anthocyanin compound by HPLC method. Cytotoxicity analysis showed that among different concentrations
(0.5-10 mg/ml), the most significantly, 2 mg/ml of Bilberry extract treatment decreased the viability of AGS
gastric cancer cells while sparing healthy MSC cells. This data suggests the further analysis of Bilberry extract
on several cancer cell lines as well as the determination of a potential active substance in the extract.

Keywords: Anti-cancer, antioxidant activity, bilberry, gastric cancer, Vaccinium myrtillus
0z

Amag: Vaccinium myrtillus L. meyvesi Tiirkiye’'de gida olarak tiiketilmektedir. Bu arastirma V. myrtillus
metanol ekstresinin antioksidan ve sitotoksisite aktivitelerini ve mide kanser hiicresindeki potansiyel etkilerini
belirlemeyi amacglamuistir.

Gerec¢ ve Yontem: V. myrtillus meyvesi metanol ekstresinin antioksidan aktiviteleri spektrofotometrik
olarak ABTS+ ve DPPHe* yéntemleriyle gerceklestirilmistir. Fitokimyasal analiz HPLC ydntemi ile
arastirdmustir. V. myrtillus metanol ekstresinin mide kanseri hiicre hatti AGS iizerindeki sitotoksik etkisi, Cell
Titer-Glo testi ile olgiilmiistiir. Ek olarak, anti-kanser etkinlik analizi igin fibroblast benzeri insan mezenkimal
kok hiicre hatti saglikly kontrol hiicreleri olarak kullanilmustir. Morfolojik degisiklikler, faz kontrast mikroskobu
kullanilarak incelenmistir.

Sonug ve Tartisma: V. myrtillus meyve metanol ekstresinde ABTS+ ve DPPH> testleri ile sirasiyla 0.1413
ve 0.0439 mg/mL IC50 degerleri hesaplannugtir. Bir antosiyanin bilesigi olarak malvidin-3-O-glukozit HPLC
yardimiyla tespit edilmigtir. Sitotoksite analizi, farkli konsantrasyonlar (0.5-10 mg/ml) arasinda 2 mg/ml V.
myrtillus meyve metanol ekstresinin, saglikli MSC hiicrelerini korurken AGS mide kanseri hiicrelerinin
canliligini azalttigint gostermistir. Bu veriler, Yaban mersini oziintin ¢esitli kanser hiicre dizileri iizerinde daha
fazla analiz edilmesini ve ekstresindeki potansiyel aktif maddelerin belirlenmesini onermektedir.

Anahtar Kelimeler: Anti-kanser, antioksidan aktivite, mide kanseri, Vaccinium myrtillus, yaban mersini

INTRODUCTION

Vaccinium myrtillus L. belongs to the Ericaceae family and is known as bilberry, blueberry,
whortleberry, and huckleberry; it is called “yaban mersini” and “ay1 tizimt” in Turkey [1, 2]. V.
myrtillus is a type of shrub that grows naturally in the Black Sea region in Turkey; native to mountain
and forest areas in Northern and Central Europe [3]. This species is a small plant with a height of up to
30 cm, shed its leaves in the winter. The fruit berry type is dark red - purple color [1].

Prepared from V. myrtillus leaves infusion (5%) is used for constipation, antiseptic, strengthening,
and diabetes in Turkey [1]. In general herbal tea of leaves and stems of V. myrtillus are used for
antioxidant activity, and also alcoholic extracts of these leaves and stems have been shown antibacterial
activity [2, 4].

Fruits of V. myrtillus are consumed as food worldwide. The fruits are consumed for their health
protection properties, as anti-inflammatory, anti-hypertensive, anti-microbial, and anti-cancer agents [1,

5]. The fruits include considerable quantities of antioxidant and micronutrients compounds, such as
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polyphenols. These polyphenols, anthocyanins (delphinidin, cyanidin, petunidin, pelargonidin, peonidin
and malvidin with the sugar part consists of glucose, arabinose, and galactose) the main ones, which
belong to the flavonoid group and are responsible for the pigmentation of these fruits. Phenolic acids
(caffeic, p-coumaric, ferulic, chlorogenic acids), flavonols (quercetin, myricetin), and flavonol
(catechin) have been determined in fruits [5—7]. Because of these polyphenols, the fruits have
antioxidant, astringent, antibacterial, and antiseptic properties. Also included are the ability to reduce
the permeability and fragility of capillaries, inhibition of platelet aggregation, inhibition of urinary
infection, and strengthening of collagen matrices through cross-links [8-11]. In recent studies have
shown that extracts of fruit can be used in the prevention and treatment of chronic pathologies such as
diabetes, cardiovascular disease, and obesity and confirm that high antioxidant and antiradical activity
of bilberry fruits [2, 5, 12, 13]. Moreover, anthocyanin containing fruit extracts have the capacity to
inhibit tumor formation and reduce cancer cell proliferation. It was observed that fruits inhibited MCF-
7 cells by 50% at a concentration of 0.3-0.4 mg/ml. [14-21].

In this study, the total phenolic content (TPC) of methanol extract of V. myrtillus fruit has been
determined. The extracts were investigated in vitro antioxidant and cytotoxic activities. To analyze
cytotoxicity, cell viability was measured on the gastric cancer cell line, AGS and healthy MSC cell line
treated with different doses (0.5-1-2-5-10 mg/ml) of methanol extract of V. myrtillus fruit. According to cell
viability assay, at 2 mg/ml concentration significant cytotoxic effects of methanol extract of V. myrtillus fruit

were determined in gastric cancer cell line while no toxicity was recorded in healthy MSC cells.

MATERIAL AND METHOD

Materials

Ascorbic acid, Trolox, 3-O-Glucoside, ABTS™" ve DPPH" radicals were purchased from Sigma,
Germany. Methanol was supplied by Merck, Germany. Dulbecco’s Modified Eagle’s Medium
(DMEM), 10% Fetal bovine serum, 1% Penicillin-Streptomycin were purchased from Gibco. To

examine the effects of All other reagents used were of analytical grade.
Preparation of Samples

Fruits of V. myrtillus were purchased from a local market in Ankara, Turkey, and authenticated
by Dr. Derya Cicek Polat from Ankara University. Samples were pureed and they were extracted with
methanol using a stirrer (250 g sample, 400 mLx3) (Heidolph MR3001). After being filtered, the extracts
were concentrated in a vacuum at 40°C (Heidolph WB2000). The methanol extract yield of V. myrtillus

was calculated as 9.32%.
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Antioxidant Activity

The reaction mixture contains 100 uM DPPHe+ in methanol and different concentrations of V.
myrtillus fruit extract (1-0.5 and 0.25 mg/mL). Free radical capture by measuring the absorbance value
at 517 nm after 30 min at room temperature. The procedure was developed based on Blois's method
[22]. Ascorbic acid was used as a positive control and the trials were carried out in triplicate.

The reaction mixture consists of 2.45 mM potassium persulfate and 7mM ABTS™ aqueous
solution. This mixture is allowed to stand in the dark overnight at room temperature. The ABTS™
solution was diluted with ethanol. Samples were diluted 1/100 with ABTS"" solution. 6 min later at 734
nm, the inhibition rates were determined by measuring the absorbance value [23]. Trolox was applied

as a positive control and the trials were carried out in triplicate.
Determination of Phenolic Content

Folin Ciocalteu technique was used to detect total phenolics (gallic acid equivalent) of V.
mytrtillus fruit methanol extract. The reaction mixture with extract was allowed incubate at 45°C and
the absorbance was determined at 765 nm at room temperature. A linear calibration curve (R? = 0.9913)

was used to determine the phenolic content [24].
HPLC Analysis

HPLC study was completed with an Agilent C18 column (250 x 4.6 mm, i.d. 5 um). The mobile
phases are A: Water:Formic acid (95:5); B: Acetonitrile and the gradient elution set up in the time frame
0-40 min, B%95-80 and the flow rate 1-0.5 mL/min. The detection wavelength was 520 nm and the
injection volume was 20 puL. Malvidin-3-O-Glucoside was used for reference substance and injected at
0.2 mg/mL concentration [25].

Cell Viability Assay

In the study, AGS (ATCC®CRL-1739 ™; gastric adenocarcinoma) and MSC (UE7T-13 cells, #
RBRC-RCB2161; RIKEN, Japan) lines were used. Growing and expansion media of AGS and MSC;
DMEM with 2 mM L-Glutamine, 10% Fetal bovine serum, 1% Penicillin-Streptomycin. To examine
the effects of V. myrtillus fruit methanol extract, AGS and MSC cells were seeded in 96 black well
plates at a density of 5x103-1x10*, respectively. After 24 h the media of the cells were discarded. AGS
and MSC cell lines were treated with V. myrtillus fruit methanol extract at various concentrations (0.5-
1-2-5-10 mg/ml) and incubated for 48 h under standard culture conditions (37°C and 5% CO3). The Cell
Titer-Glo viability assay was performed according to (cat no: G7570, Promega) manufacturer's
instructions. SpectraMax i3x Multi-Mode Detection Platform was used to determine the percentage of
viable cells. The MSC cell line was used as a healthy control cell. Control groups of both cells were

treated with the extract solvent (DMEM media). Each concentration was prepared in triplicate.
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Statistical Analysis

Significance was determined according to unpaired student t-test using GraphPad (GraphPad
Prism 7.0 program) for two group comparisons (p* < 0.05, and p** < 0.001).

RESULT AND DISCUSSION

Antioxidant Activity and Total Phenolic Content

Bilberry is a fruit known for its antioxidant properties and is widely consumed as a food. In
addition, in many previous studies, the high antioxidant capacity of the fruit was revealed many times.
In the results obtained from this study, it is seen that the antioxidant capacity of the bilberry extract used
is high. The ICs findings were presented in Table 1. When the obtained activity results are compared
with the results obtained in previous studies, it can be considered that the results are consistent. In a
previous study, the fruit extract was able to inhibit lipid peroxidation (ICso = 50.28 pg/mL) and to
scavenge superoxide anion (ICso < 25 ug/mL). [25-28]. Studies explaining that the high antioxidant
capacity of bilberry extracts is related to the phenolic compounds they contain [9, 29-31]. In another
previous study, the changes in antioxidant capacity of bilberry extracts according to the seasons were
examined and it was revealed that fruits collected in July had the highest antioxidant capacity, although

there was not much difference [2].

Table 1. ABTS™ and DPPH' scavenging activities V. myrtillus fruit methanol extract.

V. myrtillus \ References
1Cs0 £SD (mg/mL)
ABTS™ 0.1413 + 0.0075 0.0112 +0.001 (Trolox)
DPPH’ 0.0439 £+ 0.0043 0.0135 £ 0.001 (Ascorbic acid)

The phenolic content of V. myrtillus extract was measured as 2908 mg gallic acid/100g and found

to exhibit moderate antioxidant capacity on the ABTS™" and DPPH" analyzes.
HPLC Analysis

The phytochemistry of the V. myrtillus extracts was analyzed using HPLC which headed to the
discovery of several compounds. The main anthocyanin component of V. myrtillus fruit extract was
found to be the malvidin-3-O-glucoside as seen in Figure 1 and Figure 2. Malvidin is thought to be the

major component in the extract.
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Figure 1. HPLC Standard Chromatogram

VWD1 A, Wavelength=520 nm (MALVIDIN 2021-04-28 14-52-54\003-0201.D)

300

——2:007

250

200

150

100

50

—=—23%U32

0 5 10 15 20 25 30 35 min

Figure 2. The HPLC chromatogram of V. myrtillus Methanol extract

Anti-cancer Activity

Morphological analysis displayed that 48h exposure of AGS and MSC cells with 5 or 10 mg/mi
V. myrtillus fruit methanol extract, the cell growth was significantly inhibited, and cells became
shrunken; cell blebbing and cytoplasmic degradation also observed. While there was no change in the
morphology of the MSC cells treated with the 1, 2 mg/ml extract concentrations, changes in the MSC
cell morphology were observed when treated 5 or 10mg/ml. The untreated (0 mg/ml) control cells
preserved their healthy morphology (Figure 3A). The effects of V. myrtillus fruit methanol extract on
the viability of the AGS cell line and MSC cells were studied after 48 h of treatment. The Cell Titer-
Glo viability assay was performed. According to the result, the cell viability of the cells decreased

gradually in a dose dependent manner. In comparison to the control cells, inhibition of viability of
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bilberry extract treated AGS cells was =8% with 0.5 mg/mL, =33% with 1 mg/mL, =51% with 2
mg/mL, =69% with 5 mg/mL, and =97% with 10 mg/ml (Figure 3B). In short, cytotoxicity analysis
showed that among different concentrations (0.5-10 mg/ml), 2mg/ml of Bilberry extract treatment
decreased the viability of AGS gastric cancer cells the most significantly while sparing healthy MSC

cells.
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Figure 3. Cell viability results of AGS (gastric cancer) and MSC (mesenchymal stem cell;
healthy control) cell lines treated with the bilberry extract for 48 h. a) Bright field image (10X
Magnification). b) % Cell viability ratio. The results were expressed as the mean + SD from triple
replicates (p* < 0.05, p** < 0.001).

Bilberry (Vaccinium myrtillus L.) is known as one of the richest natural sources of anthocyanins
especially delphinidins and cyanidins and contains other important phenolic components such as
flavanols, tannins, ellagitannins, and phenolic acids [32]. In this study, the total phenolic content of the
fruit extract was investigated, and an average value was determined. It is known that a significant part

of the biological activities of extracts rich in phenolic substances are caused by these compounds.
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Anthocyanins are the bio-flavonoid phytochemicals that give rich coloring to vegetables, flowers,
and fruits, such as berries, pomegranates, and grapes. The most common anthocyanins in plants are
pelargonidin, delphinidin, peonidin, petunidin, malvidin and cyanidin and are usually seen as 3-
glycosides of these compounds [33-35]. Numerous studies have suggested that anthocyanins possess a
powerful antioxidant, anti-inflammatory, anti-cancer activity [36, 37]. Anthocyanins have been proven
to upregulate tumor suppressor genes, induce apoptosis in cancer cells, repair and protect genomic DNA
integrity [33]. Anthocyanins stimulates redox-sensitive caspase 3-related apoptosis and Bad/Bcl-2

pathway dysregulation in chronic lymphocytic leukemia cells with no effect in healthy cells [38].

Several types of researches concluded that anthocyanin containing extracts significantly inhibited
the growth of various cancer cells such as breast cancer, MCF-7, human colon cancer, HT-29, human
cervical carcinoma, HeL a at different concentrations [16—18]. Although gastric cancer is the third cancer
type worldwide [19, 20] there are no studies about the effect of the Bilberry extract on gastric cancer

cells.

In recent times, a bilberry extract was proven to inhibit cell growth in MCF7-GFP-tubulin cells
[16]. It seems to a similar effect with our results, but low doses inhibited cell proliferation in MCF7-
GFP-tubulin breast cancer cells while higher doses inhibited cell proliferation in AGS gastric cancer
cells. It can be related to gastric cancer being a more aggressive type than MCF7-GFP-tubulin breast

cancer cells.

Another important point is that other studies did not look at the effects of Bilberry extract on
normal cells. In this study, it was determined that blueberries are rich in phenolic compounds, and it was
found that the major anthocyanin was malvidin-3-O-glucoside, which is known anti-cancer effect, by
HPLC method in bilbery extract. It was demonstrated in previous studies that malvidin and its
derivatives prevent oxidation in the cell, and it was thought that this may be related to cell life and its
protective effect against cancer [39]. In addition, the anticancer activity of malvidin and its derivatives
on some cell lines was investigated and its mechanisms were elucidated in detail [40—42]. The findings
in previous studies also support the data obtained in this study. The studied bilberry extract is also rich
in malvidin-3-0-glucoside, as can be understood from the HPLC results, this can explain its antioxidant

and cytotoxic effects on the cancer cells.

In vitro studies have shown the significant cell killing ability of Bilberry extract at a certain
concentration (2mg/ml) in AGS gastric cancer cells while no significant effect was measured for healthy
human cells. Higher doses of extract increased the death cell population without cancer specificity,
indicating cytotoxicity. Therefore, it was determined the optimum dose (2mg/ml) among tested,

decreases cancer cell viability and did not damage normal cells. The extract can be further analyzed for
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a possible active ingredient. More cancer cells can be included as a panel and response to treatments can
be determined. Taken together, this study reveals a potential anti-cancer extract for a detailed analysis.

AUTHOR CONTRIBUTIONS

Concept: N.K., M.E.O., A[EK., D.C.P.; Design: N.K., M.E.O., AEK,, D.C.P.; Control: M.E.O.
Sources: N.K., M.E.O., T.S.; Materials: A.E.K., D.U.; Data Collection and/or processing: A.E.K., D.U.,
T.S.; Analysis and/or interpretation: N.K., M.E.O., A.E.K.; Literature review: M.E.O., AEK,, D.C.P;
Manuscript writing: M.E.O., A.E.K., D.C.P.; Critical review: N.K., M.E.O.; Other: -

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ETHICS COMMITTEE APPROVAL

The authors declare that the ethics committee approval is not required for this study.

REFERENCES

1. Baytop, T. (1999). Tiirkiyede Bitkiler ile Tedavi, Nobel Tip Kitabevleri, Istanbul.

2. Bujor, O.C., Le Bourvellec, C., Volf, I., Popa, V.I., Dufour, C. (2016). Seasonal variations of the
phenolic constituents in bilberry (Vaccinium myrtillus L.) leaves, stems and fruits, and their
antioxidant activity. Food Chemistry, 213, 58-68. [CrossRef]

3. Giiner, A. (2012). Tiirkiye Bitkileri Listesi (Damarli Bitkiler), Nezahat Gokyigit Botanik Bahgesi
Yaynlari, Istanbul.

4, Rouanet, .M., Décordé, K., Rio, D.D., Auger, C., Borges, G., Cristol, J.P., Lean M.E.J., Crozier,
A. (2010). Berry juices, teas, antioxidants and the prevention of atherosclerosis in hamsters. Food
Chemistry, 118(2), 266—-271. [CrossRef]

5. Ochkur, O., Del Bubba, M., Orlandini, S., Kravchenko, I., Koshovyi, O., Checchini, L., Bohachik,
J. (2019). Study on the Polyphenols and Antocyanins Content In the VVaccinium myrtillus L. fruits
harvested in different regions of Ukraine. Electronic Archive of the National Pharmaceutical
University, 285-287. [CrossRef]

6. Benvenuti, S., Brighenti, V., Pellati, F. (2018). High-performance liquid chromatography for the
analytical characterization of anthocyanins in Vaccinium myrtillus L.(bilberry) fruit and food
products. Analytical and Bioanalytical Chemistry, 410(15), 3559-3571. [CrossRef]

7. Nystrom, J., Ostman, U.B., Mossing, T., Hed, L., Geladi, P. (2020). Solvent and Rotating Bed
Reactor Extraction with One- and Two-Phase Solvents Applied to Bilberries (Vaccinium myrtillus)


https://doi.org/10.1016/j.foodchem.2016.06.042
https://doi.org/10.1016/j.foodchem.2009.04.116
http://dspace.nuph.edu.ua/bitstream/123456789/20670/1/285-287.pdf
https://link.springer.com/article/10.1007/s00216-018-0915-z

790 Karakas et al. J. Fac. Pharm. Ankara, 46(3): 781-792, 2022

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

for Isolating Valuable Antioxidants. Food Analytical Methods, 13(4), 933-941. [CrossRef]

Madhavi, D.L., Bomser, J., Smith, M.A.L., Singletary, K. (1998). Isolation of bioactive
constituents from Vaccinium myrtillus (bilberry) fruits and cell cultures. Plant Science, 131(1),
95-103. [CrossRef]

Colak, N., Primetta, A.K., Riihinen, K.R., Jaakola, L., Griz, J., Strnad, M., Torun, H., Ayaz, F.A.
(2017). Phenolic compounds and antioxidant capacity in different-colored and non-pigmented
berries of bilberry (Vaccinium myrtillus L.). Food Bioscience, 20, 67—78. [CrossRef]

Machado, A.P.D.F., Pereira, A.L.D., Barbero, G.F., Martinez, J. (2017). Recovery of
anthocyanins from residues of Rubus fruticosus, Vaccinium myrtillus and Eugenia brasiliensis by
ultrasound assisted extraction, pressurized liquid extraction and their combination. Food
Chemistry, 231, 1-10. [CrossRef]

Satoh, Y., Ishihara, K. (2020). Investigation of the antimicrobial activity of Bilberry (Vaccinium
myrtillus L.) extract against periodontopathic bacteria. Journal of Oral Biosciences, 62(2), 169—
174. [CrossRef]

Carmen Crespo, M., Visioli, F. (2017). A brief review of blue-and bilberries’ potential to curb
cardio-metabolic perturbations: focus on diabetes. Current Pharmaceutical Design, 983-988.
[CrossRef]

Georgieva, A., Stefanova, R., Krastev, K. (2020). Exploration of The Impact of The Extraction
Parameter on Biological Active Substances in The Extracts from Dried Fruit Black Blueberry
(Vaccinium myrtillus L.). Trakia Journal of Sciences, 1(18), 59-68. [CrossRef]

Matsunaga, N., Tsuruma, K., Shimazawa, M., Yokota, S., Hara, H. (2010). Matsunaga, N.,
Tsuruma, K., Shimazawa, M., Yokota, S., Hara, H. (2010). Inhibition of cholinesterase and
amyloid-beta aggregation by resveratrol oligomers from Vitis amurensis. Phytotherapy Research,
24(S1), 42-47. [CrossRef]

Puupponen-Pimii, R., Nohynek, L., Alakomi, H.L., Oksman-Caldentey, K.M. (2005). Bioactive
berry compounds - Novel tools against human pathogens. Applied Microbiology and
Biotechnology, 67(1), 8-18. [CrossRef]

Nguyen, V., Tang, J., Oroudjev, E., Lee, C. J., Marasigan, C., Wilson, L., Ayoub, G. (2010).
Cytotoxic effects of bilberry extract on MCF7-GFP-tubulin breast cancer cells. Journal of
Medicinal food, 13(2), 278-285. [CrossRef]

Kang, S.Y., Seeram, N.P., Nair, M.G., Bourquin, L.D. (2003). Tart cherry anthocyanins inhibit
tumor development in ApcMin mice and reduce proliferation of human colon cancer cells. Cancer
Letters, 194(1), 13-19. [CrossRef]

Eksi, S., Aktura, S.S., Ejder, N., Sahin, K. (2019). In Vitro Cytotoxic Effect of Various Fruits on
Human Cervical Carcinoma Cells. Journal of Biotechnology and Strategic Health Research, 2(3),
111-116. [CrossRef]

Parkin, D.M. (2006). The global health burden of infection-associated cancers in the year 2002.
International Journal of Cancer, 118(12), 3030—3044. [CrossRef]

Cravo, M., Fidalgo, C., Garrido, R., Rodrigues, T., Luz, G., Palmela, C., Santos, M., Lopes, F.
Maio, R. (2015). Towards curative therapy in gastric cancer: Faraway, so close! World Journal


https://doi.org/10.1007/s12161-020-01701-x
https://www.sciencedirect.com/science/article/abs/pii/S0168945297002410?via%3Dihub
https://doi.org/10.1016/j.fbio.2017.06.004
https://doi.org/10.1016/j.foodchem.2017.03.060
https://doi.org/10.1016/j.job.2020.01.009
https://doi.org/http:/dx.doi.org/10.2174/1381612822666161010120523
https://doi.org/https:/doi:10.15547/tjs.2020.01.011
https://onlinelibrary.wiley.com/doi/10.1002/ptr.2895
https://doi.org/10.1007/s00253-004-1817-x
https://doi.org/10.1089/jmf.2009.0053
https://doi.org/10.1016/S0304-3940(02)00583-9
https://doi.org/10.34084/bshr.598060
https://doi.org/10.1002/ijc.21731

J. Fac. Pharm. Ankara, 46(3): 781-792, 2022 Karakag etal. 791

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

of Gastroenterology, 21(41), 11609-11620. [CrossRef]

Duthie, S.J. (2007). Berry phytochemicals, genomic stability and cancer: Evidence for
chemoprotection at several stages in the carcinogenic process. Molecular Nutrition and Food
Research, 51(6), 665-674. [CrossRef]

Blois, M.S. (1958). Antioxidant determinations by the use of a stable free radical, Nature
Publishing Group, p.1199-1200. [CrossRef]

Spanos, G.A., Wrolstad, R.E. (1990). Influence of processing and storage on the phenolic
composition of Thompson Seedless grape juice. Journal of Agricultural and Food Chemistry,
38(7), 1565-1571. [CrossRef]

Cesa, S., Carradori, S., Bellagamba, G., Locatelli, M., Casadei, M.A., Masci, A., Paolicelli, P.
(2017). Evaluation of processing effects on anthocyanin content and colour modifications of
blueberry (Vaccinium spp.) extracts: Comparison between HPLC-DAD and CIELAB analyses.
Food Chemistry, 232, 114-123. [CrossRef]

Martin-Aragon, S., Basabe, B., Benedi, J.M., Villar, A.M. (1998). Antioxidant action of
Vaccinium myrtillus L. Phytotherapy Research, 12(S1), S104-S106. [CrossRef]

Beccaro, G. L., Mellano, M. G., Botta, R., Chiabrando, V., Bounous, G. (2006). Phenolic and
anthocyanin content and antioxidant activity in fruits of bilberry (Vaccinium myrtillus L.) and of
highbush blueberry (V.corymbosum L.) cultivars in North Western Italy, Acta Horticulture, 715,
553-557. [CrossRef]

Dragana, M.V., Miroslav, R.P., Branka, B.R.G., Olgica, D.S., Sava, M.V., Ljiljana, R.C. (2013).
Antibacterial and antioxidant activities of bilberry (Vaccinium myrtillus L.) in vitro. African
Journal of Microbiology Research, 7(45), 5130-5136. [CrossRef]

Burdulis, D., Sarkinas, A., Jasutiene, I., Stackevi¢iene, E., Nikolajevas, L., Janulis, V. (2009).
Comparative study of anthocyanin composition, antimicrobial and antioxidant activity in bilberry
(Vaccinium myrtillus L.) and blueberry (Vaccinium corymbosum L.) fruits. Acta Poloniae
Pharmaceutica - Drug Research, 66(4), 399-408.

Giider, A., Giir, M., Engin, M.S. (2018). Antidiabetic and Antioxidant Properties of Bilberry (
Vaccinium myrtillus Linn.) Fruit and Their Chemical Composition. Journal of Agricultural
Science and Technology, 17(2), 401-414.

Ancillotti, C., Ciofi, L., Pucci, D., Sagona, E., Giordani, E., Biricolti, S., Gori M., Petrucci W.A.,
Giardi, F., Bartoletti, R., Chiuminatto, U., Orlandini, S., Mosti, S., Del Bubba, M. (2016).
Polyphenolic profiles and antioxidant and antiradical activity of Italian berries from Vaccinium
myrtillus L. and Vaccinium uliginosum L. subsp. gaultherioides (Bigelow) S.B. Young. Food
Chemistry, 204, 176-184. [CrossRef]

Martz, F., Jaakola, L., Julkunen-Tiitto, R., Stark, S. (2010). Phenolic Composition and
Antioxidant Capacity of Bilberry (Vaccinium myrtillus) Leaves in Northern Europe Following
Foliar Development and Along Environmental Gradients. Journal of Chemical Ecology, 36(9),
1017-1028. [CrossRef]

Chu, W, Cheung, S.C.M., Lau, R. AW, Benzie, |.LF.F. (2011). Bilberry (Vaccinium myrtillus L.),
Benzie, I.F.F., Wachtel-Galor, S. (Eds.), In Herbal Medicine: Biomolecular and Clinical Aspects,
Herbal Medicine: Biomolecular and Clinical Aspects, Boca Raton (FL): CRC Press/Taylor,


https://doi.org/10.3748/wjg.v21.i41.11609
https://doi.org/10.1002/mnfr.200600257
https://doi.org/10.1038/1811199a0
https://doi.org/10.1021/jf00097a030
https://doi.org/10.1016/j.foodchem.2017.03.153
https://doi.org/10.1002/(SICI)1099-1573(1998)12:1+%3cS104::AID-PTR265%3e3.0.CO;2-O
https://www.actahort.org/books/715/715_85.htm
https://doi.org/10.5897/ajmr2013.2524
https://doi.org/10.1016/j.foodchem.2016.02.106
https://doi.org/10.1007/s10886-010-9836-9

792 Karakas et al. J. Fac. Pharm. Ankara, 46(3): 781-792, 2022

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Francis, pp. 55-71. [CrossRef]

Thibado, S., Thornthwaite, J., Ballard, T., Goodman, B. (2017). Anticancer effects of Bilberry
anthocyanins compared with NutraNanoSphere encapsulated Bilberry anthocyanins. Molecular
and Clinical Oncology, 8(2), 330-335. [CrossRef]

Upton, R. (2001). Bilberry Fruit: Vaccinium Myrtillus L.: Standards of Analysis, Quality
Control, and Therapeutics, American Herbal Pharmacopoeia and Therapeutic Compendium.

Khoo, H.E., Azlan, A., Tang, S.T., Lim, S.M. (2017). Anthocyanidins and anthocyanins: colored
pigments as food, pharmaceutical ingredients, and the potential health benefits. Food & Nutrition
Research, 61(1), 1361779. [CrossRef]

Li, D., Wang, P., Luo, Y., Zhao, M., Chen, F. (2017). Health benefits of anthocyanins and
molecularmechanisms: Update from recent decade. Critical Reviews in Food Science and
Nutrition, 8(57), 1729-1741. [CrossRef]

Erlund, 1., Koli, R., Alfthan, G., Marniemi, J., Puukka, P., Mustonen, P., Mattila, P., Jula, A.
(2008). Favorable effects of berry consumption on platelet function, blood pressure, and HDL
cholesterol. American Journal of Clinical Nutrition, 87(2), 323-331. [CrossRef]

Alhosin, M., Leon-Gonzalez, A.J., Dandache, 1., Lelay, A., Rashid, S.K., Kevers, C., Pincemail,
J., Fornecker, L.M., Mauvieux, L., Herbrecht, R., Schini-Kerth, V.B. (2015). Bilberry extract
(Antho 50) selectively induces redox-sensitive caspase 3-related apoptosis in chronic
lymphocytic leukemia cells by targeting the Bcl-2/Bad pathway. Scientific Reports, 5, 8996.
[CrossRef]

Huang, W., Zhu, Y., Li, C., Sui, Z., Min, W. (2016). Effect of blueberry anthocyanins malvidin
and glycosides on the antioxidant properties in endothelial cells. Oxidative Medicine and Cellular
Longevity, 2016, 1591803. [CrossRef]

Baba, A.B., Nivetha, R., Chattopadhyay, I., Nagini, S. (2017). Blueberry and malvidin inhibit cell
cycle progression and induce mitochondrial-mediated apoptosis by abrogating the JAK/STAT-3
signalling pathway. Food and Chemical Toxicology, 109, 534-543. [CrossRef]

Oliveira, H., Wu, N., Zhang, Q., Wang, J., Oliveira, J., De Freitas, V., Mateus, N., He, J.,
Fernandes, I. (2016). Bioavailability studies and anticancer properties of malvidin based
anthocyanins, pyranoanthocyanins and non-oxonium derivatives. Food and Function, 7(5), 2462-
2468. [CrossRef]

Wang, Y., Lin, J., Tian, J., Si, X,, Jiao, X., Zhang, W., Gong, E., Li, B. (2019). Blueberry
Malvidin-3-galactoside Suppresses Hepatocellular Carcinoma by Regulating Apoptosis,
Proliferation, and Metastasis Pathways in Vivo and in Vitro. Journal of Agricultural and Food
Chemistry, 67(2), 625-636. [CrossRef]


https://doi.org/10.1201%20/%20b10787-5
https://doi.org/10.3892/mco.2017.1520
https://doi.org/10.1080%20/%2016546628.2017.1361779
https://doi.org/https:/doi.org/10.1080/10408398.2015.1030064
https://doi.org/10.1093/ajcn/87.2.323
https://doi.org/10.1038/srep08996
https://doi.org/10.1038/srep08996
https://doi.org/10.1155/2016/1591803
https://doi.org/10.1016/j.fct.2017.09.054
https://doi.org/10.1039/c6fo00445h
https://doi.org/10.1021/acs.jafc.8b06209

J. Fac. Pharm. Ankara / Ankara Ecz. Fak. Derg., 46(3): 793-804, 2022 ﬁ?
Doi: 10.33483/jfpau.1111713 -

ORIGINAL ARTICLE/ OZGUN MAKALE

EVALUATION OF THE ASSOCIATION BETWEEN PROPER
INHALER TECHNIQUE AND ANXIETY IN CHEST DISEASES
OUTPATIENT CLINIC PATIENTS DURING COVID-19 PANDEMIC: A
PROSPECTIVE CROSS-SECTIONAL STUDY

COVID-19 PANDEMISI DONEMINDE GOGUS HASTALIKLARI POLIKLINIGI’NE
BASVURAN HASTALARDA UYGUN INHALER TEKNIGI VE ANKSIYETE ILISKISININ
DEGERLENDIRILMESI: PROSPEKTIF KESITSEL BIR CALISMA
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ABSTRACT

Objective: In this study, we aimed to investigate the association between inhaler use skills and general
anxiety or coronavirus anxiety scores in patients with respiratory diseases.

Material and Method: Inhaler techniques of 70 asthma and chronic obstructive pulmonary disease
(COPD) patients were evaluated by three clinical pharmacists. A pulmonologist assessed the patients' anxiety
scores using the Hamilton Anxiety Rating Scale (HAM-A) and Coronavirus Anxiety Scale (CAS). We used IBM
SPSS 25.0 as a software program for related statistical analysis

Result and Discussion: Proper inhaler technique wasn’t found to be associated with CAS score, age,
comorbidity, inhaler type. HAM-A stage (p=0.096) and educational status (p=0.074) were not found as
statistically significant in affecting the proper inhaler technique. A weak correlation was found between age and
CAS score (r=-0.278, p=0.02). Asthma patients have a higher rate of coronavirus anxiety than COPD patients
(p=0.036). Female patients had higher HAM-A (p=0,037) and CAS scores (p=0,002) than male patients. There
was a moderate correlation between HAM-A and CAS scores (r=0.407, p<0.001). The correlation between
HAM-A and inhaler use skills scores were not found in statistical significance (r=-0.208, p=0.083). In
conclusion, increase of CAS score wasn’t found to be associated with proper inhaler technique. HAM-A score
was found to affect proper inhaler technique negatively, but these results are not significant.
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Amag: Bu ¢calismadaki amacimiz respiratuvar hastaliklar: olan hastalarin inhaler kullanma becerileri ile
koronoviriis anksiyete skorlari ve genel anksiyete skorlar: arasindaki iliskiyi belirlemektir.

Gerec ve Yontem: Yetmis astim ve kronik obstruktif akciger hastaligi (KOAH) hastasinin inhaler kullanma
teknikleri ti¢ klinik eczaci tarafindan degerlendirildi. Gégiis Hastaliklar: Uzmani tarafindan Hamilton Anksiyete
Olgegi (HAM-A) ve Koronaviriis Anksiyete Ol¢egi (CAS) kullanilarak hastalarin anksiyete skorlari élgiildii. IBM
SPSS 25.0 programi kullanilarak ilgili istatistikler yapildi.

Sonug ve Tartisma: Dogru inhaler teknigi ile CAS skoru, yas, komorbidite, veya inhaler tipi arasinda iliski
bulunamamistir. Dogru inhaler teknigi ile HAM-A seviyesi (p=0,096) ve egitim durumu (p=0.074) arasinda
istatistiksel anlamlilik bulunamamistir. Yas ile CAS skoru arasinda zayif bir korelasyon bulunmugstur (r=-0.278,
p=0.02). Astim hastalarimin koronoviriis anksiyete orant KOAH hastalarina gére anlamli derecede yiiksekti
(p=0.036). Kadin hastalarin HAM-A (p=0,037) ve CAS skorlart (p=0,002) erkek hastalardan anlaml derecede
yiiksekti. HAM-A ile CAS skorlari arasinda orta dereceli bir korelasyon bulunmustur (r=0.407, p<0.001). HAM-
A seviyesi ve inhaler kullanma beceri skorlar: arasindaki korelasyon anlamli bulunmamistir. (r=-0.208,
p=0.083)Sonug¢ olarak, hastalarin artmis CAS skorlart inhaler kullanma becerilerini etkilememistir. HAM-A

skorlary inhaler kullanma becerilerini negatif yonde etkilemistir fakat sonu¢ anlaml degildir.
Anahtar Kelimeler: Anksiyete, astim, COVID-19, inhaler teknigi, KOAH

INTRODUCTION

The European Society for Patient Adherence, Compliance and Persistence (ESPACOMP) define
medication nonadherence (MNA) in three categories as initiation, implementation, persistence.
Implementation defined as taken prescribed dose correctly and this comprises patients’ unintentional
behaviour [1]. Although maintenance treatment of inhaled medication is vital for patients with asthma
and chronic obstructive pulmonary disease (COPD), the majority of the patients do not adhere to
therapy. The causes of MNA are complex and multifactorial. Improper inhaler technique is a component
of unintentional MNA.. Inhaler medications complicate drug adherence and patients have insufficient
use skills of inhaler drugs because of various reasons [2]. Patients should be educated on how to use
their inhaler devices, however many patients are unable to do so due to cognitive and physical
limitations. [1]. Anxiety and depression have a negative impact on cognitive function and health
behaviors. In a study which evaluated the association with different types of MNA and depressive and
anxious symptoms has shown that these symptoms caused to unintentional and a greater extend of
intentional MNA. They state that while depression has been identified as a risk factor for MNA in
previous studies, research results on anxiety and comorbidity are confusing. They explained that anxiety
symptoms are heterogeneous. An anxious patient could be more aware of his or her health and concerned
about his or her physical ailment, which may reduce MNA, but even that adverse drug reactions may
still cause MNA. [3]. Improvement in depressive symptoms had a positive effect on MNA in a study in
cardiac patients, but there was no independent correlation between anxiety and MNA. They concluded

that anxiety symptoms may have a lesser impact on the adherence outcomes measured. Besides, patients
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with anxiety may be highly anxious about health concerns, leading to greater vigilance regarding
recommendations about their health [4].

Coronavirus disease-2019 (COVID-19) has affected millions of people around the world. Clinicians
estimate greater mortality rates among individuals with lung disease due to COVID-19's respiratory effects.
Patients with COPD, on the other hand, have a decreased rate of COVID-19-induced hospitalizations. This
lower rate could indicate that COVID-19 patients with COPD are taking effective COVID-19 preventative
action [5]. But anyway respiratory effects of COVID-19 are worried among COPD patients [6].

There is evidence for an association between MNA and anxiety in asthma and COPD patients but
there is no evidence of a correlation between anxiety and improper inhaler technique which is a key
component of inhaler MNA according to our knowledge. As reported from the studies we could think
that anxious patients endeavour to have more advanced knowledge and skills of their inhaler medication

for getting rid of their symptoms [3, 4].

We aimed to investigate general anxiety and coronavirus anxiety scores in patients with COPD
and asthma during COVID-19 pandemic and we wonder if moods of patients with COPD and asthma
are influenced by COVID-19, there are any improve awareness of using their inhaler medication with

proper technique due to increased anxiety about their health.

MATERIAL AND METHOD

This two-month cross-sectional study was conducted in the Chest Disease Outpatient Clinic at

the inénii University Turgut Ozal Medical Center from December 2020 to February 2021.

Demographic data consist of patients’ age, sex, diagnosis, educational level, smoking history,
comorbidities, types of inhalers. Patients with asthma or COPD, who were 18 and over years old, applied
to our hospital and taken at least one inhaler medication were included in the study. Patients over the
age of 80 who could not self-administer their medication, patients who had difficulty speaking Turkish,
patients with other respiratory diseases, acute organ failure, advanced stage cancer, and serious
neurologic, mental or psychiatric diseases were excluded. During our research we conducted all face-

to-face interviews within the scope of COVID-19 measures.

All the included patients’ inhaler technique were assessed by three clinical pharmacists using

either placebo inhalers or patients’ own inhaler while providing the appropriate overdose warnings.

To assess patients’ use skills, our pulmonologist first selected one inhaler medication. This inhaler
medication was chosen to be used on a regular basis as a maintenance treatment, which was appropriate

for their disease stage.
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Inhaler techniques were evaluated in two ways; according to previous articles we evaluated use
skills in nine main steps, which were given in supplementary data [7]. We scored one point for complete
steps and zero points for those that were not performed. Each patient's total score was calculated and

documented.

Based on published researchs and manufacturer instructions, we categorized inhaler types into four
groups according to the following usage steps: metered dose inhaler (MDI), turbohaler, handihaler and
diskus. We determined critical usage steps according to these literature and these steps were given in
supplementary data [8, 9]. We documented the inhaler technique of patients who made one or more mistakes
in critical steps as improper technique, and those who performed these steps correctly as proper technique,

because inappropriate performance of critical steps would result in little or no medication reaching the lungs.

All the included patients were assessed by the same clinician using the Hamilton Anxiety Rating
Scale (HAM-A). This is an asessment tool that measures anxiety in people according to 14 items. We
did the rating as follows according to previous study; the score 6-14 indicated mild anxiety, 15-28
indicated moderate anxiety, 29-52 indicated severe anxiety [10]. Turkish validity and reliability of this
scale has been made [11]. We divided the patients into three groups according to their scores and

calculated total scores for each patient then documented them in these ways.

COPD Assesment Test (CAT) is an 8-items unidimensional measure of health status impairment
in COPD. It was developed to be applicable worlwide and validated translations are available in a many
languages [12]. Turkish validity and reliability of this scale has been made [13]. All COPD patients were

assessed by the same clinician using CAT scale and calculated total scores then documented in this way.

Coronavirus Anxiety Scale (CAS) developed for identify COVID-19 related probable
dysfunctional anxiety cases. Patients with score >9 are classified as having dysfunctional anxiety
associated with COVID-19 crisis. Turkish validity and reliability of this scale has been made [14]. All
patients were assessed by the same clinician. Then we divided patients into two group CAS-positive or
negative according to their score and also, we calculated each patients’ total score then documented in
these ways. We evaluated patients who were diagnosed COPD and asthma by pulmonologists and we

didn’t assess the severity of the disease.

We used IBM SPSS 25.0 as a software program for statistical analysis. The analysis of qualitative
data between the groups were done with the Pearson chi-square test or Fischer's exact test. Analysis of
the quantitative data between the two groups were performed using the Independent Samples T test or
the Mann-Whitney U test, depending on whether the data were normally distributed or not. Analysis of
quantitative data between more than two groups were done by the Kruskal Wallis H test. Pearson (for
normally distributed data) or Spearman’s rho (for non-normally distributed data) correlation tests were

used to determine the correlation of quantitative data.
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RESULT AND DISCUSSION

Thirty-two asthma and 38 COPD patients, whose ability to use inhaler and anxiety scores were
evaluated, were included in the study. The mean age of the patients was 54.33+14.44; 54.2% (38) of the
patients were male and 45.7% (32) were female. The characteristics, anxiety scores, and the evaluation of
inhaler techniques of the patients are summarized in Table 1. As expected, asthma patients were younger
and had less comorbidities than COPD patients (p<0.05). While HAM-A scores of asthma and COPD
patients were similar (p=0.953), CAS score was higher in asthma patients than in COPD patients (p=0.01).

Only 32.9% of the patients included in the study were using their inhalers properly. There were
only 10 (14.3%) patients who had all steps correct.

Table 1. Characteristic features and other data of the patients

Asthma (n=32) COPD (n=38) p value
Age (mean=SD) 43.7+12 63.319.4 <0.001*
Gender <0.001**
Female 27 (84.4%) 5 (13.2%)
Male 5 (15.6%) 33 (86.8%)
Marital status 0.130**
Single 6 (18.8%) 2 (5.3%)
Married 26 (81.2%) 36 (94.7%)
Smoking 0.001**
Current smoker 3 (9.4%) 10 (26.3%)
Former smoker 11 (34.4%) 23 (60.5%)
Never smoker 18 (56.2%) 5 (13.2%)
Level of education
Illiterate 4 (12.5%) 4 (10.5%) 0.906**
Primary or secondary school 19 (59.4%) 25 (65.8%) 0.306**
graduate
High school graduate 6 (18.8%) 8 (21.1%) 0.952**
University graduate 3 (9.3%) 1 (2.6%) 0.325**
Comorbidity 0.002**
Present 7 (21.9%) 22 (57.9%)
Absent 25 (78.1%) 16 (42.1%)
Inhaler type
MDI 4 (12.5%) 3(7.9%) 0.695**
Diskus 12 (37.5%) 19 (50%) 0.294**
Handihaler 14 (43.8%) 15 (39.5%) 0.717**
Turbuhaler 2 (6.2%) 1 (2.6%) 0.589**
HAM-A score (mean+SD) 23.1+8.6 23.1+10.5 0.953*
CAS score (median) 1.5 (0-18) 0 (0-16) 0.01***
CAS positivity 0.036**
Positive 8 (25%) 2 (5.3%)
Negative 24 (75%) 36 (94.7%)
The evaluation of inhaler technique 0.448**
Proper 12 (37.5%) 11 (29%)
Improper 20 (62.5%) 27 (71%)
Inhalation skills score (median) 6.5 (2-9) 5(1-9) 0.142%**

*:  Independent Samples t test
**.  Chi-square test
***: Mann Whitney U test
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There are no differences in CAT score, CAS score, age, comorbidity and inhaler type between
patients who use the inhaler properly or not properly (Table 2). Only the HAM-A stage and educational
status have approached statistical significance in affecting the proper inhaler technique. According to
the HAM-A score, the rate of using inhalers’ properly in patients with mild anxiety (n=16) is 50%, while
in those with moderate (n=31) and severe anxiety (n=23) this rate is 32.2% and 21.7% respectively
(p=0.096). Whilst the rate of proper use of inhalers was 50% for high school and university graduates,
it was 26.9% for illiterate and primary or secondary school graduates (p=0.072). In addition, it was
found that the inhalation skills scores of different education level groups were different (p=0.037). Mean

inhalation skills score was 5.9 + 2.6 for illiterates and was 7.9 + 1.9 for university graduates (p=0.231).

Coronavirus anxiety rate of our population was 14.2% (10/70). A negative weak correlation was
found between age and CAS score (r=-0.278, p=0.02). Coronavirus anxiety rate (p=0.036) and median
CAS score (p=0,01) were higher in asthma patients than COPD patients. While the rate of coronavirus

anxiety in female patients was 25%, it was 5.2% in male patients (p=0.036).

According to HAM-A score, the anxiety rate of our patients was 77.1%. While the anxiety rate in
asthma patients was 78.1%, the anxiety rate in COPD patients was 76.3%. Although no association was
found between anxiety rates according to HAM-A score and gender (p=0.453), total HAM-A scores of
female patients higher than male patients (p=0.037). Similarly, there was no association between anxiety
and age (p=0.181). There was a strong correlation between HAM-A score and CAT score (r=0.774,
p<0.001), and a moderate correlation between HAM-A score and CAS score (r=0.407, p<0.001). There
was a moderate correlation between the CAS score and the HAM-A score in both groups, asthma
patients (r=0.468, p=0.007) and COPD patients (r=0.469, p=0.003). In addition, the correlation between
HAM-A score and inhalation skills score were not found as statistically significant (r=-0.208, p=0.083).

Patients with COPD may experience a high prevalence of anxiety and depression. Anxiety
symptoms were reported as 6% to 74 % of COPD patients[15, 16].

In a more recent study, the best estimate of anxiety prevalence in COPD patients was 36% (31-
41%). Because of the social isolation induced by the current pandemic, there are little data available to
show whether COPD patients are more likely to engage in negative behaviours such as excessive
drinking and active smoking compared to other chronic conditions. These negative social behaviours
may have a detrimental effect on the emotional health status of COPD patients [17]. In the present study,

the prevalence of anxiety symptoms was shown to be present in 76.3% of patients with COPD.

Anxiety was shown to be more frequent in our study than in previous studies. The high prevalence
of anxiety among COPD patients in our study was thought to be linked to the present pandemic. There
was a moderate correlation between HAM-A score and CAS score in patients with COPD (r=0.469,
p=0.003).
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Table 2. Comparison of patients who use their inhalers properly and those who use them improperly

Proper (n=23) Improper (n=47) p value
Age (mean+SD) 54.0+15.32 54.5+14.2 0.74*
Gender 0.804**
Female 11 (47.8%) 21 (44.7%)
Male 12 (52.2%) 26 (55.3%)
Primary disease 0.448**
Asthma 12 (52.2%) 20 (42.6%)
COPD 11 (47.8%) 27 (57.4%)
Level of education 0.072**
llliterate and primary or secondary school graduate 14 (60.9%) 38 (80.9%)
High school and university graduate 9 (39.1%) 9 (19.1%)
Comorbidity 0.202**
Present 12 (52.2%) 17 (36.2%)
Absent 11 (47.8%) 30 (63.8%)
Inhaler type
MDI 3 (13.1%) 4 (8.5%) 0.676**
Diskus 7 (30.4%) 24 (51.1%) 0.102**
Handihaler 11 (47.8%) 18 (38.3%) 0.447**
Turbuhaler 2 (8.7%) 1(2.1%) 0.249**
HAM-A stage
Mild 8 (34.8%) 8 (17%) 0.096**
Moderate 10 (43.5%) 21 (44.7%) 0.924**
Severe 5 (21.7%) 18 (38.3%) 0.165**
CAT score (mean+SD) 21.8+10.1 21.2+10 0.784*
CAS score (median) 0 (0-18) 0 (0-18) 0.908***
CAS positivity 0.719**
Positive 4 (17.4%) 6 (12.8%)
Negative 19 (82.6%) 41 (87.2%)

*:  Independent Samples t test
**: Chi-square test
**%*: Mann Whitney U test

In clinical studies, the prevalence of depression and anxiety in asthma patients varies.
Psychological distress was found to be present in 7.5% to 80% [18, 19]. In the present study, anxiety
symptoms were shown to be prevalent in 78.1% of asthma patients. People with chronic respiratory
iliness are disproportionately affected by COVID-19 and the measures taken to address it [20]. In our
study the current pandemic might have been to cause for the high prevalence of anxiety in asthma
patients. In asthma patients, there was a moderate correlation between HAM-score and the CAS score
(r=0.468, p=0.007). Meanwhile, when compared to the COPD group, the asthma group had a higher
CAS score positivity (p=0.036). In the trials, which had found relationship between higher CAT scores
and anxiety and/or depression likely our study, several screening tools such as Beck Depression
Inventory (BDI) [21], Hospital Anxiety and Depression Scale (HADS-A, HADS-D) [22], Hamilton
Depression and Anxiety Rating Scale (HAM-A, HAM-D) [23], Patient Health Questionnaire-9 (PHQ-
9) [24] were utilized to define depression and anxiety in patients with COPD. Patients with anxiety in
the COPD group, according to a previous research, are mostly female patients [23]. Our findings support

previous studies on anxiety-female gender association in asthma and COPD groups (p=0.037).
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CAT is a dependable measure of COPD-specific health status [25]. It has been indicated in many
trials that CAT correlates with anxiety symptoms. In the current study, this evidence was approved due
to the strong correlation between the HAM-A and CAT scores (r=0.774, p<0.001).

The results demonstrated that 67.1% of the patient sample could not use their inhaler device as
properly. Only 10 patients were successful in performing all the steps correctly. In previous studies,
rates of inappropriate technique ranged from 4% to 97% depending on the patient sample and type of
inhaler device [26, 27]. In one study, COPD patients with inappropriate inhaler device technique had a
higher CAT score than patients with correct inhaler device technique (p=0.02) [28]. Meanwhile, one
study showed that a remarkable association between CAT score and improper inhaler technique in
patients with COPD [27]. However, in the present study, we could not indicate statistically significant

assocation between CAT score and improper inhaler technique in COPD patients.

The type of inhaler device is a remarkable indicative of improper inhalation technique [9, 26-29].
Several studies have shown that MDI users had significantly more failures than users of other inhaler
types [9, 27]. In contrast, a study indicated that patients using an MDI had a better inhalation technique
[29]. Despite the two aspects, we were unable to discover the association between inhaler type and

proper inhalation technique.

Previous studies evaluating the effects of age on inhaler technique have indicated that older
patients make remarkably more mistakes in inhaler technique [26, 29]. However, two studies
demonstrated that age was not significantly concerned to the patients’ improper inhaler technique [26,

27]. Likewise, we could not show an association between patients age and proper inhalation technique.

The important factor that affected proper inhaler technique is level of education. One study
demonstrated that patients with a higher educational level had significantly lower rate of mistakes [27].
However, it was found that there was no association between education level and proper inhaler
technique in another study [26]. In the present study, while the rate of proper inhaler technique 39.1%
for high school and university graduates and 60.9% for illiterate and primary or secondary school
graduates (p=0.072) were not different, the total inhalation skills scores of different education level
groups were found different (p=0.037). The mean inhalation skills score for illiterates was 5.9, while it

was 7.9 for university graduates.

In this study in which both groups were included, the HAM-A scores weren’t affect the proper
inhaler technique. According to the HAM-A score, the rate of proper inhaler technique in patients with
mild anxiety is 50%, while this rate is 27.7% in those with moderate and severe anxiety (p=0.096). In
addition, the correlation between HAM-A and inhalation skills scores approached statistical significance
(r=-0.208, p=0.083). In a study which was evaluated the association between inhaler MNA and anxiety

in patients with asthma, it has reported that poor medication compliance in patients with asthma were
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shown higher mean score for anxiety than good compliance group but these results were not significant
[30]. In a parallel study involving patients with COPD, researchers could not determine a statistically
significant difference between the inhaler MNA and anxiety [31]. Both studies [30, 31] included a single
patient group (asthma or COPD), and only one inhaler device was evaluated for MNA (turbuhaler or
diskus). Four inhaler device types were also included in our study, and we found patients with anxiety
have more improper inhaler technique, but the results are not significant.

In a research study 84 COPD patients’ treatment status, medication adherence and, and several
factors that influence were evaluated over two months during COVID-19 pandemic. They discovered
that 27.3% were predisposed to treatment reduction or discontinuation due to concerns about the
COVID-19 pandemic, and that 31% of patients had possible depression, which was an independent risk
factor for poor medication adherence. One of their study's limitations was that they couldn't meet with
patients face to face [32]. Unlike this study, we had a face-to-face meeting with each patient. We didn’t
measure directly medication adherence, but our results showed that COVID-19 epidemic and mood

disorders like as apprehensive status were not affect the inhaler technique.

This study has some limitations that may have reduced the generality of the results. If only we
evaluated more patients, we'd be able to find a significant association between anxiety and inhaler
technique. The number of patients admitted to chest diseases outpatient clinics is not at the expected
level because to the social isolation experienced during the COVID-19 pandemic. So, the study's patient
enrollment is not at the desired level. One of the limitations was assessing each patient's ability with a

single inhaler type to keep the interviews short due to the pandemic.

The present study concludes that most COPD and asthma patients use their inhalers improperly.
There wasn’t any statistically significant correlation between proper inhaler technique and any parameter
(CAT score, HAM-A score, CAS score, age, education level, comorbidity, inhaler device type) examined.
However, patients with lower HAM-A stage and higher level of education used inhaler more properly, but
it was not found statistically significant. Therefore, more attention should be paid to inhaler use skills

training, especially in the low education level group and moderate-severe anxiety group.

In the present study, CAS score was not found to be associated with proper inhaler technique. HAM-
A score was found to affect proper inhaler technique negatively, but these results are not significant. More

studies are needed to shed light on the association between anxiety scores and proper inhaler technique.
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AN INVESTIGATION ON THE EFFECTS OF SIRT5 MODULATORS
ON SIRT5 AND CYTOCHROME C PROTEIN EXPRESSIONS IN K562
CHRONIC MYELOID LEUKEMIA CELL LINE

K562 KRONIK MIYELOID LOSEMI HUCRE HATTINDA SIRT5 MODULATORLERININ
SIRT5 VE SITOKROM C PROTEIN EKSPRESYONLARI UZERINE ETKILERININ
ARASTIRILMASI
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ABSTRACT

Objective: SIRT5 is a mitochondrial protein that removes acetyl, malonyl and succinyl groups from lysine
moieties in target proteins and interacts with cytochrome ¢ and causes its deacetylation. There is no study on
the effects of SIRT5 in K562 chronic myeloid leukemia cells. Resveratrol and Suramin are known to play a role
in modulating the deacetylase and desuccinylase activities of SIRT5. It has been reported that Resveratrol
induces apoptosis of K562 cells but effects of Suramin on the apoptosis of K562 cells are largely unknown. In
this study, it was aimed to elucidate the effects of SIRTS modulators Resveratrol and Suramin on proliferation
and apoptosis of K562 cells and on SIRT5 and cytochrome ¢ protein, a known target of SIRT5.

Material and Method: K562 chronic myeloid leukemia cells were treated with increasing concentrations
of suramin and resveratrol, cell proliferation was determined by MTT assay and BrdU incorporation. Apoptosis
was determined with Annexin V staining by Flow cytometry. Western Blot analysis was performed to determine
the effect of resveratrol and suramin on SIRT5 and Cytochrome ¢ protein expression levels.

Result and Discussion: Our results showed that suramin did not affect SIRTS and cytochrome c protein
expressions significantly and resveratrol decreased SIRT5 and increased cytochrome ¢ expression. Suramin did
not cause any changes on the apoptosis of K562 cells. Resveratrol decreased cell proliferation and induced
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apoptosis of K562 cells in accordance with the literature. The SIRT5-lowering effect of Resveratrol may have
mediated its apoptotic effects.

Keywords: Apoptosis, K562, Resveratrol, SIRT5, Suramin
0z

Amag: SIRTS, hedef proteinlerdeki lizin rezidiilerinden, asetil, malonil ve siiksinil gruplarint uzaklastiran
ve sitokrom c ile etkileserek, onun deasetilasyonuna neden olan bir mitokondriyal proteindir. SIRT5'in K562
kronik miyeloid losemi hiicrelerindeki etkilerine iligkin bir ¢alisma bulunmamaktadwr. Resveratrol ve
Suramin'in SIRTS'in deasetilaz ve desiiksinilaz aktivitelerini modiile etmede rol oynadigi bilinmektedir.
Resveratrol'iin K562 hiicrelerinin apoptozunu indiikledigi bildirilmistir. Ancak Suramin'in K562 hiicrelerinin
apoptozu iizerindeki etkileri biiyiik dl¢iide bilinmemektedir. Bu ¢calismada, SIRTS modiilatorleri Resveratrol ve
Suramin'in K562 hiicrelerinin proliferasyonu ve apoptozu ile SIRTS ve SIRTS 'in bilinen bir hedefi olan sitokrom
¢ proteini iizerindeki etkilerinin aydinlatilmasi amaglanmistir.

Gerec ve Yontem: K562 kronik miyeloid I6semi hiicrelerine artan konsantrasyonlarda Suramin ve
Resveratrol uygulandi. Hiicre proliferasyonu MTT analizi ve BrdU inkoporasyon yontemi ile belirlendi.
Apoptoz, Akim sitometrisi ile Annexin V boyamasu ile belirlendi. Resveratrol ve Suramin'in SIRT5 ve Sitokrom
c protein ekspresyon seviyeleri tizerindeki etkisini belirlemek i¢in Western Blot analizi yapuldl.

Sonug ve Tartisma: Sonu¢larimiz, Suramin'in SIRTS ve sitokrom c protein ekspresyonlarini 6nemli 6l¢iide
etkilemedigini ve Resveratrol'iin SIRTS'i azalttigini ve sitokrom c ekspresyonunu artirdigini géstermistir.
Suramin, K562 hiicrelerinin apoptozunda herhangi bir degisiklige neden olmamigtir. Resveratrol, literatiire
uygun olarak hiicre proliferasyonunu azaltmis ve K562 hiicrelerinin apoptozunu indiiklemistir. Resveratroliin,

SIRTS protein ekspresyonunu azaltict etkisi ile apoptotik etkilerine aracilik etmis olabilecegi diistiniilmektedir.
Anahtar Kelimeler: Apoptoz, K562, Resveratrol, SIRT5, Suramin

INTRODUCTION

Chronic myeloid leukemia (CML) has been characterized by Philadelphia chromosome and Bcr-
Abl protein [1]. Although tyrosine kinase inhibitors are used in the treatment of this disease, resistance
to these inhibitors limits the treatment of the disease. ldentification of new therapeutic agents and

molecular pathways are promising strategies for the treatment of chronic myeloid leukemia [2].

Sirtuins (SIRT1-7) which require nicotinamide adenine dinucleotide (NAD(+)) for their activity
are protein deacetylase enzymes and their functions are related with molecular pathways involved in
tumorogenesis [3]. Although Sirtuin 5 (SIRT5) is mainly located in the mitochondrial matrix, it is also
present in the cytosol, peroxisomes and nucleus. SIRTS has vital roles in the regulation of mitochondrial
proteins, mitochondrial respiration, nitrogen metabolism, glycolysis, pentose phosphate pathway and
apoptosis [4-6]. However, increased SIRT5 mMRNA expression has been shown in many cancer types
including mammary tumors, gastric, colorectal and prostate cancer [7-9] and SIRT5 may exhibit tumor
promoter functions and leads cisplatin resistance of ovarian cancer cells [10]. Several studies have
reported decreased SIRTS5 expression in glioblastoma tissues and hepatocellular carcinoma [3, 11].
However, there isn’t any study in the literature that determines the expression of SIRTS protein in

chronic myeloid leukemia cells.

It has been shown that Resveratrol induces apoptosis of K562 chronic myeloid leukemia cell line
[12-16] and one study reports the effects of Suramin on K562 cell proliferation [17]. There is no study
in the literature investigating the effects of Resveratrol and Suramin on the protein expression levels of

SIRTS5 in K562 chronic myeloid leukemia cells. In this study, we explored the effects of SIRT5
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modulators (Resveratrol and Suramin) on the cell viability and apoptosis of K562 chronic myeloid

leukemia cells and also on the protein expression levels of SIRT5 and cytochrome c.

MATERIAL AND METHOD

Cell Culture

K562 chronic myeloid cell line was cultured in RPMI 1640 medium (Sigma) supplemented with
1% L-glutamine (Capricorn Scientific), 1% penicilin-streptomycin (Capricorn Scientific), 10% heat
inactivated fetal bovine serum (Capricorn Scientific) at 37°C incubator which has %5 CO; and %95 O..

Cell Viability

In order to detect the effects of Suramin (Calbiochem) or Resveratrol (Sigma) on the proliferation of
K562 cells, firstly cells (20.000 cells/well) were seeded to 96 well plates and treated with Suramin (0.1-100
uM) and Resveratrol (0.1-100 pM) for 72h. All wells (Suramin and Resveratrol treated and untreated) contained
equal amounts of DMSO. Imatinib mesylate (IMA) was used as a positive control. Following incubation, 3-
(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) solution was added to the wells then
incubated for 4h. To dissolve formazan crystals, Sodium Dodecyl Sulfate-Hydrochloric acid (SDS-HCI)
(0.01M) was used. Absorbance at 550 nm was measured using Microplate Reader (Molecular Devices-Spectra
Max spectrophotometer, Sunnyvale, CA, USA). Cells which weren’t treated with any substances were used as

negative controls and viability of control cells was accepted as %100.
5-Bromo-2'-deoxyuridine (BrdU) Incorporation

Proliferation of K562 cells was determined by 5-bromo-2'-deoxyuridine (BrdU) incorporation
assay according to BrdU Elisa kit (Cell Signalling) protocol. Birefly, cells (20.000 cells/well) were
seeded to 96-well plates and SIRT5 modulators (0.1-100uM) were applied. IMA was used as a positive
control. After 72h incubation, BrdU solution was added. Following 24 h incubation, cells were
centrifuged (300g, 10 min) and supernatant was discarded. Fixing/denaturating solution 1X detection
antibody solution was added. After washing steps, 1X HRP seconder antibody solution was added and
after HRP substrate (TMB) substrate and the stop solution addition absorbance (at 450nm) was

measured.
Western Blot Analysis

Western Blot analysis was performed to determine the effect of SIRT5 modulators on SIRTS5 and
Cytochrome c¢ protein expression levels. K562 chronic myeloid leukemia cells were seeded to 6 well
plates (500.000 cells/well) and incubated with Suramin (100uM) and Resveratrol (100uM) for 72 h.
Total protein isolation was performed according to the manufacturers’ recommendations (Active Motif).
Protein concentrations of cell lysates were determined with Bradford Method (Thermo). Anti-beta actin

primary antibody was used as housekeeping loading control. Proteins were separated by SDS
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poliacrylamide gel electrophoresis and were transferred to nitrosellulose membrane and incubated with
anti-SIRTS (Cell Signaling Technology) and anti-Cytc (Cell Signalling Technology) primary antibodies.
Proper secondary antibodies (Cell Signaling Technology) were used and protein bands were visualized
with chemiluminesans imager (Licor CLX). Protein bands were analysed by Image J program.

Apoptotic Analysis

To determine the apoptotic effect of Suramin and Resveratrol, K562 cells were harvested in 6
well plates, and exposed to Suramin (100uM) and Resveratrol (100uM) for 72h. Cells were stained with
Annexin V-7AAD and apoptosis was assessed with Flow cytometry. Cells treated with IMA were used

as positive control.
Statistical Analysis

Statistical Analysis was performed by GraphPad Prism 7 software. Data were expressed as mean
+ standart deviation. Differences between groups were determined by One Way Anova variance analysis
and Tukey post hoc analysis was used. One Way Anova variance analysis was chosen to determine
whether there are any statistically significant differences between the means of three or more
independent (unrelated) groups. Tukey test was used since it is the most commonly used and powerful

post-hoc test. p<0.05 is accepted as statistically significant.

RESULT AND DISCUSSION

Determination of the effects of SIRT 5 modulators on the proliferation of K562 cells by MTT
Assay

To analyse the effects of SIRT5 modulators (Suramin and Resveratrol) on the viability of K562
cell line, cells were incubated with these modulators for 72h and MTT and BrdU Incorporation assays
were performed. According to our results, Resveratrol (40-100uM) decreased the viability of cells
significantly (p<0.001), whereas Suramin (0.1-100uM) did not exhibit any significant effect on the
viability of K562 cells (Figure 1a and figurelb).

Determination of the effects of SIRT 5 modulators on the proliferation of K562 cells by BrdU

incorporation

While there was no significant difference between the cells treated with Suramin (0.1-100uM)
and the control group, a significant difference was observed between the control group and the cells
treated between 40-100 uM Resveratrol (p <0.05). IMA (0.5uM) was used as a positive control (Figure
2a and 2b).
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Determination of SIRT5 and Cytochrome c protein expression by Western Blot Analysis

Western blot analysis was performed to determine the effect of SIRT5 modulators on the
expression of SIRTS and Cytochrome c protein. According to our results, Resveratrol (100uM)
decreased SIRTS5 protein significantly (p<0.05), but Suramin did not show any significant effect on
SIRTS protein expression (Figure 3a and 3b). Moreover, Resveratrol significantly increased
Cytochrome ¢ protein expression (p <0.05), but Suramin did not show any significant effect on

Cytochrome c protein expression (Figure 3c and 3d).
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Figure 1. Effect of Suramin (a) and Resveratrol (b) on the viability of K562 cells by MTT Assay.
Cells without Suramin or Resveratrol were used as a control group which is denoted by C (Control)
and contains equal amounts of DMSO with the cells treated with different concentrations of Suramin
or Resveratrol. IMA was used as a positive control. While Suramin did not affect cell viability
significantly between 0.1-100uM concentration range, Resveratrol decreased cell viability between

40-100 uM concentration range significantly (p<0.0001). **** p<(0.0001 compared to control.
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Figure 2. Effect of Suramin (A) and Resveratrol (B) on the viability of K562 cells by BrdU Assay.
Cells without suramin or Resveratrol were used as control group which is denoted by C (Control) and
contains equal amounts of DMSO with the cells treated with diffrent concentrations of suramin or
Resveratrol. IMA was used as a positive control. While suramin did not affect cell viability
significantly between 0.1-100uM concentration range, Resveratrol decreased cell viability between
40-100 uM concentration range significantly (p<0.05). *** p<0.001 and ****p<0.0001 compared to

control.
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Figure 3. Effect of Suramin (100uM) and Resveratrol (100uM) on SIRTS5 (a and b) and Cytochrome
C (c and d) protein expression in K562 cell line. Resveratrol decreased SIRT5 and increased
Cytochrome c protein expression significantly (p<0.05). Suramin did not effect significantly both
SIRT5 and Cytochrome c protein expressions. *** p<0.001 and ****p<0.0001 compared to control.

Effects of Suramin and Resveratrol on Apoptosis of K562 cells

As aresult of our analysis, it was determined that Resveratrol induces apoptosis of K562 cells (p<0.05)

and Suramin did not exhibit any significant apoptosis inducing effect in K562 cells (Figure 4a and 4b).

In this study, we investigated the effects of Suramin and Resveratrol on the protein expressions
of SIRT5 and its target Cytochrome ¢ in K562 chronic myeloid leukemia cell line. We aimed to
determine the correlations between the alterations of the SIRT5-cytochrome ¢ axis and K562 cell
apoptosis. Sirtuins which are NAD+ dependent protein deacetylases and mono-ADP-ribosyltransferases
play important roles in cell proliferation, apoptosis, aging, and caloric restriction [18]. Association

between sirtuins and cancer was revealed in recent studies [19, 20].

Cytochrome c is the target of SIRT5 protein and it is released from mitochondria to cytoplasm
and plays an important role in apoptosis [21]. Guan et al reported that SIRT1/SIRT5 can cause
deacetylation of tumor suppressor promyelocytic leukemia protein (PML) [22] and Zhang et al. showed
deacetylation of Cytochrome c¢ by SIRT5 and co-localization of SIRT5 and Cytochrome c [23].

Resveratrol is a natural phenol found in a variety of foods including grapes and berries. It was
reported that it regulates many molecular targets and exhibits antitumor effects in many types of cancer
[13, 24]. Resveratrol induces apoptosis of K562 cells via Bax and cytochrome c release [25] and its
therapeutic effects has been shown in IMA resistant and IMA sensitive K562 cells [12]. In this study,
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the role of Resveratrol on K562 cell apoptosis is evaluated together with its effect on SIRT5 protein
expression. We found that Resveratrol decreases the viability of K562 cells and increases apoptosis
significantly. It has been shown that in endothelial cells, there is a relationship between the anti-
inflammatory effects of Resveratrol and SIRT1 and SIRT5 proteins [26]. Although it has been shown
that Resveratrol activates deacetylase activity of SIRT5, Resveratol did not impact SIRT5 protein
expressions in H295R cells [27, 28]. This is the first study investigating the effects of Resveratrol on
SIRTS5 protein expression in K562 cells. In our study, we found that Resveratrol decreases SIRTS protein
expression and increases cytochrome c expression significantly.

Control Imatinib Resveratrol Suramin

L Q4L ™ g PR “:d0aUL o=y S sV Q4-UR
6.5% 76,7% 21.0% 18,9% .0%

7-AAD

,,“.
=)
327

E
E
.4,
-

2
0
2

Annexin V-PE

-
=]
=)

@
=3

- C
IMA
B Resveratrol

@
=3

cell number (%)

a
=)

Suramin

Percentage of
»
S

o

& &

Figure 4. Effect of Suramin and Resveratrol on the apoptosis of K562 cell line. IMA was used as
positive control. Cells without Suramin or Resveratrol were used as negative controls (C). (a)
According to flow cytometry results, Resveratrol (100uM) increased apoptosis of K562 cells

significantly (p<0.05) and Suramin (100uM) did not show any effect on apoptosis significantly. (b)
Flow cytometry results were represented as bar graph. Viable cells are Annexin V-PE -/7TAAD -, early

apoptotic cells are Annexin V-PE +/7AAD-), late apoptotic cells are Annexin V-PE +/7TAAD +. *

p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 compared to control

Suramin, polysulfonated naphthylurea, has an antiproliferative and antiviral activity [29].
Suramin has also been considered as a pharmacological inhibitor of SIRT5 deacetylase activity [30, 31].
Suramin has broad range functions from antiparasitic/antiviral to anticancer [32]. In studies on the role
of Suramin in cancer, it was shown that Suramin leads to growth inhibition of human stomach cancer
cell lines (SNU-5 and SNU-16) [33] and inhibition of the proliferation of pancreatic cancer cells [34].
While Suramin has marked inhibitory effect on cell proliferation of KMS-11, 12, KMM-1, KMS5

myeloma cells and Raji, KMS-9 and HL-60 hematopoietic cell lines, it hasn’t any singnificant
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antiproliferative effect on RPMI 8226 and K562 cell lines [17]. There is no study in the literature
investigating the effects of Suramin on apoptosis in K562 cells. In our study, we found that Suramin did
not affect the proliferation and apoptosis of K562 cells as well as it did not affect SIRTS5 and cytochrome
c protein expression significantly. According to Schuetz at al., Suramin inhibited NAD (+) dependent
decetylation activity of SIRTS5 via binding to SIRT5 [31]. On the other hand, in our study another SIRTS
modulator Resveratrol was found to increase cytochrome c protein expression significantly in
accordance with the literature [35]. This study reveals that two different SIRT5 modulators may have
different effects on the protein expression of SIRTS5 and apoptosis.

In conclusion, SIRT5 modulators exhibited different effects on the proliferation and apoptosis of
K562 cells. Suramin did not show any significant antiproliferative and apoptosis inducing effect on
K562 cells. On the other hand, Resveratrol was found to reduce cell proliferation and induce apoptosis
significantly. Suramin had no significant effect on SIRT5 and Cytochrome ¢ protein expressions,
whereas Resveratrol decreased SIRTS5 protein expression and increased cytochrome ¢ protein expression
significantly. This study will contribute to future studies on the role of SIRT5 protein in the treatment

of chronic myeloid leukemia.
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ABSTRACT

Obijective: Herbal products are commonly used in public as a part of complementary and alternative
medicine. The aim of our study is to evaluate the patients' attitudes and practices towards herbal products’
uses.

Material and Method: This study was a cross-sectional descriptive study conducted at two community
pharmacies in Istanbul (Turkey) in December 2017-February 2018. Sociodemographic characteristics of the
participants were recorded and a self-structured questionnaire was applied.

Result and Discussion: A total of 200 patients were included in the study. The mean age of the patients
was 34.6 years. Over sixty percent of the patients were using herbal products and approximately half of them
believed that herbal products use was completely harmless (p<0.05). It was determined that the rate of using
herbal products was statistically higher in female, adults, patients with low educational level, patients with
chronic diseases, and non-smokers (p<0.05). Patients with chronic illnesses commonly used herbal products
and most of the patients believed that these products were harmless. It is important to provide reliable
information for the community via pharmacists as health counselors.

Keywords: Attitudes, herbal products, patient, pharmacist
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Amagc: Bitkisel diriinler, tamamlayici ve alternatif tibbin bir parcas: olarak toplumda yaygin olarak

kullanilmaktadir.  Calismamizin  amaci, hastalarin  bitkisel driinlerin  kullanimina  yonelik tutum ve
uygulamalarint degerlendirmektir.
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Gerec ve Yontem: Bu calisma, Aralik 2017-Subat 2018 tarihlerinde Istanbul'da (Tiirkiye) iki serbest
eczanede gerceklestirilen kesitsel tanimlayici bir c¢alismadwr. Katilimcilarin sosyodemografik ozellikleri
kaydedilmig ve kendi kendine yaptlandwrilmig bir anket uygulanmugstir.

Sonuc¢ ve Tartisma: Calismaya toplam 200 hasta dahil edillmistir. Hastalarin ortalama yas: 34,6 dir.
Hastalarn yiizde altmisindan fazlasi bitkisel iriin kullanmakta olup, yaklasik yarist bitkisel diriin kullanuminin
tamamen zararsiz olduguna inandigini belirtmistir (p<0,05). Kadin, yetiskin, egitim diizeyi diisiik, kronik
hastaligi olan ve sigara i¢meyen hastalarda bitkisel iriin kullanim oranmin istatistiksel olarak daha yiiksek
oldugu belirlenmistir (p<0,05). Kronik hastaligi olan hastalarin yaygin olarak bitkisel driinleri kullandigi ve
hastalarin ¢ogunun bu iriinlerin zararsiz olduguna inandigi tespit edilmistir. Saglk danismanlar: olarak
eczacilar araciligryla topluma giivenilir bilgi saglanmasi énemlidir.

Anahtar Kelimeler: Bitkisel iriinler, eczaci, hasta, tutum

INTRODUCTION

Herbal products are a part of complementary and alternative medicine (CAM) and have been used
over thousands of years [1]. Approximately 40% of adults in the United States (U.S.) use CAM therapy
and 1 in every 5 adults report taking an herbal product [2-5]. In Turkey, it was found that 48.8% of
people use herbal medicine in a study conducted in a hospital [6]. In another study in Turkey, it was
showed that almost half of women use at least one herbal product during pregnancy [7]. Also, Tulunay
et al. (2015) found approximately one-third of patients with chronic diseases had used herbal products

for treatment [8].

Pharmacists have critical roles in prevention of adverse effects of short- and long-term use of
herbal products via patient education, counseling and monitoring. The perspectives of patients and
pharmacists regarding the use of herbal products can be different. According to Gelayee et al. (2017)
majority of pharmacists think that use of herbal products has beneficial effects. In the same study most
of pharmacists reported that there is a significant interaction between drug and herbal products [9]. In
another study the most of pharmacists were stated that they dispense herbal products in their pharmacies
and 36% of pharmacists are "always" counseling patients about the use of herbal drugs [10]. According
to Shraim et al. (2017); pharmacists’ recommendations on the use of herbal products include the
following issues; herbal drug use in pregnancy and children, consultation about herb- drug interactions,

side effects, and evidence-based effectiveness of herbal drugs. [11].

Bhat et al. (2019) reported that patients mostly prefer herbal products over conventional
medicines since they think that these products are more efficacious and have minimal side effects. In
the same study, patients' major sources of information regarding herbal medicines were friends and
advertisements [12]. A study from Turkey showed that participant's knowledge on herbal products
depends on advertisements through media and herbal products are usually purchased from herb sellers
[13]. In the same study, it was revealed that most of the participants (84%) did not know that the herbal

products could interact with other drugs.
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Peltzer et al. (2017) reported that 43.6% percent of patients with chronic diseases were using
herbal products and their sources of information about the herbal products were family members [14].
In a cross-sectional study, 44% of participants were found to be using herbal drugs and 45% of those

were also using conventional drugs [15].

Herbal products are frequently used and easily accessible to the public. Evaluation of the profile
of people who use these products may contribute to their rational and safe use. Therefore, the aim of our
study is to evaluate the attitudes and practices of the patients regarding the use of herbal products.

MATERIAL AND METHOD

This cross-sectional descriptive study was conducted in two community pharmacies in Istanbul
(Turkey) between December 2017-February 2018. The ethical approval was taken from a local ethic
committee (Marmara University Medicine Faculty School of Medicine Ethics Committee Protocol code:
09.2017.644). All respondents were asked for their consent before participation in the study. All data

was collected by the authors vis a vis.

Data Collection Method for the Patients to Evaluate the Attitudes and Practices of Patients
Regarding the Use of Herbal Products

The patients' sociodemographic characteristics (age, gender, graduation status, smoking, alcohol

consumption, chronic diseases and herbal product use) were recorded via a standard form.

A structured questionnaire was adapted from previous studies [13,14]. The questionnaire consists
a total of 9 questions (closed-ended) for evaluating the patients' attitudes and practices towards the use
of herbal products (belief on herbal medicines are harmless; where they obtained; reasons to use herbal
products; expectations from the use of herbal products; when to use herbal products; whether or not they
informed their doctors/pharmacists about using herbal products; recommendation for the use of herbal
products to relatives with similar complaints; the most reliable information sources regarding the use of

herbal product and the factors that affect the use of herbal products).
Statistical Analysis

Statistical Package for Social Sciences (SPSS) version 15.0 for windows (SPSS Inc., Chicago,
IL) was used for analysis of data. Descriptive statistics (frequencies, percentages, and means), Pearson’s
Chi-square test of independence and Fisher’s exact test were used to assess correlations between

sociodemographic factors and items of the questionnaire. P value <0.05 was considered significant.
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RESULT AND DISCUSSION

Sociodemographic Characteristics of Patients

The mean age of the patients was 34.6+1.1 (18-83) and 68% of patients were female. The other
sociodemographic characteristics of patients are given on Table 1.

Table 1. Characteristics of patients

N %
Gender
Female | 136 68
Male | 64 32
Educational level*
Low educational level | 112 56
High educational level | 88 44
Chronic disease status
No | 68 34
Yes | 132 66
Smoking status
No | 140 70
Yes | 60 30
Alcohol consumption
No | 184 92
Yes | 16 8
Herbal products use
No | 65 32
Yes | 13 68

N: number of patients; * Educational level: Low educational level (illiterate, Primary school, Secondary school, High school);
High educational level (University and postgraduate degree)

Sixty-eight percentage of the patients stated that they had used herbal products. It was determined
that the rate of using herbal products was statistically higher in patients with female gender, younger

adults, low educational level, patients with chronic diseases and non-smokers (p<0.05) (Table 2).
Attitudes and Practices Towards the Use of Herbal Products

Sixty two percentage of patients believe that the use of herbal products is not completely harmless,
74% of patients stated that they buy herbal products from herbalists, 69% of patients stated that they use
herbal products due to believe that they are beneficial, 38% of patients stated that they use the herbal
drugs to reduce of the symptoms, 46% of the patients stated that they started using herbal products when
the symptoms first appeared, 52% of the patients stated that they notify the doctor or pharmacist that
the usage herbal products report the information about previous or current herbal product use to the
doctor or pharmacist and 76% of the patients stated that they recommend the use of herbal products to

relatives with similar complaints (Table 3).
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n* % P value
Gender
Female | 95 70 >.05
Male | 41 30
Age
<26 | 49 36
26-45 | 40 29 <05
>45 | 47 35
Educational level**
Low educational level | 90 66 <.05
High educational level | 46 34
Chronic disease status
No | 36 26.5 <.05
Yes | 100 73.5
Smoking status
No | 87 64 <05
Yes | 49 36 )
Alcohol consumption
No | 13 90 >.05
Yes | 123 10

n*: number of patients using herbal products; ** Educational level: Low educational level (illiterate, Primary school, Secondary
school, High school); High educational level (University and postgraduate degree)

A majority of patients (68%) stated that they use herbal products and about half of these patients
(use herbal products) stated that they believed that herbal products were completely harmless (48%)
(p<0.05).

According to the report of World Health Organization (WHO), traditional and complementary
medicine continues to be widely used in most countries [1]. Majority of the world population use or
benefit from herbal products as primary health care applications. Although herbal products are widely
used for different reasons in the community, the attitudes and practices towards the use of herbal
products could be differed between the patients and the pharmacists. This study is the one of the studies

which evaluates the attitudes and practices of both towards the use of herbal products.

In our study it was found that the prevalence of the use herbal products as 68%. The frequency of
using herbal products was determined as 35-85% in other studies [6, 13, 15, 16, 17]. Additionally, it
was emphasized that the herbal medicine uses in Africa reaches up to 90%, in Saudi Arabia 94% and in
India 70% of the population [18].

It was determined that the majority of the patients using herbal products were women (70%) in
our study. In many studies it was found that the use of herbal products is higher in women than in men
[3, 6, 13, 15, 16, 19].

In our study, the rate of herbal products use is higher in patients with low education levels (%66).

It was determined that similar results (respectively 70% and 40%) were obtained in other studies [13, 15].
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The majority of patients (69%) stated that they use herbal products due to the belief that herbal
products were beneficial. This ratio is higher than the other similar studies (respectively, 58% vs 57%)
[13, 18]. Approximately half of the patients believed that herbal products were harmless in our study
while Nur (2010) reported this ratio as 21% [13].

Table 3. Patients’ attitudes and practices towards the use of herbal products

N %
Believing that the use of herbal products is completely harmless
No | 123 62
Yes | 77 38
Patients buy herbal products from
Herbalist | 149 74
Gathering from nature | 73 36
Pharmacy | 43 21
Websites | 8 4
Television | 3 1.5
Reasons to use herbal products
Believe in they are beneficial | 139 69
Fail in treatment with conventional drugs | 21 10.5
Public influence | 28 14
Feeling Desperate | 9 4.5
Not believe in effects of drugs | 5 25
Don’t want to go to the doctor | 3 15
Other | 23 11
Expectations from the use of herbal products
To reduce of symptoms | 76 38
To cure the disease/s | 73 36
To support the treatment | 52 26
To prevent recurrence | 31 15
Starting time to use herbal products
When symptoms appear | 93 46
Using even though there is no symptom | 60 30
After the using prescription drugs | 26 13
When the symptoms increase | 26 13
Notifying the doctor or pharmacist about the use of herbal products
No | 96 48
Yes | 105 52
Recommending the use of herbal products to relatives with similar
complaints 49 24
No | 151 76
Yes

n: number of patients (some patients have given more than one answers)

Forty-two percentage of the patients stated that the most reliable source of information regarding
the use of herbal products was the recommendation of their relatives while 19% of patients stated that
the pharmacist (Figure 1). In parallel with this result, the most common factor that affect herbal product

use was determined as “the relatives™ with a rate of 46% (Figure 2).
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Figure 1. Percentage of the information sources regarding the use of herbal products

pharmacist

doctors

herbalist

Media

others

websites

people who have the same symptoms

relatives 46%

T T T T T T T T T 1

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

Figure 2. Percentage of factors that affect patients' use of herbal products

In this study, over half of the patients (52%) stated that they gave information about using herbal
products to the doctor or pharmacist while Nur (2010) reported a lower rate of 37.9% [13].

In our study it was found that approximately 73.5% of the patients with chronic disease use herbal
products. Peltzer et al. (2019) and Tulunay et al. (2015) reported lower ratios compared to our study
(44% and 29%, respectively) [8, 20]. In another two studies it was determined that approximately 40%
of patients with chronic disease used herbal medicine [16,20]. On the other hand, about 40% of patients
with chronic diseases stated that they use herbal products due to the benefices [8].
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In the literature, it has been determined that the 34-62% of patients believe that relatives are the
reliable information source about herbal products [8, 19]. Similarly, in our study it was found that 44%
of the patients stated that the most reliable source of information regarding the use of herbal products

was the recommendation of their relatives.

Twenty percent of patients stated that they get information about using herbal products from the
doctors in our study. This result is similar to the study of Nur (2010) with thirty percent [13].

The rate of informing the doctor or pharmacist about the use of herbal products was found to be
52% in our study. This ratio was found to be in the range of the other studies (50-80%) [15, 21].

In our study, approximately half of the patients (42%) stated that they used herbal products with
the advice of their relatives, and the majority (76%) said that they recommended herbal products to
people with the same symptoms. Less than half of the patients (46%) stated that they started the use of
herbal products via recommendations of relatives. Several studies revealed similar results between the
range of 44-75% [13, 15, 20].

In our study, the approaches towards on using herbal products of patients were evaluated. This
study showed that a majority of patients use herbal products and advise the use of these products to their
relatives. In addition, majority of patient believe that the use of herbal products is completely harmless
and approximately half of the patients stated that they did not give information about using herbal
products to the doctor or pharmacist. According to the results of our study, patients prefer herbal
products especially in minor ailments. For this reason, we think that pharmacists, who are the closest
health consultants, will contribute positively to the rational and safe use of these products, especially

through patient education.
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INVESTIGATION OF PHYTOCHEMICALS IN METHANOLIC HERBA
EXTRACT OF SILENE RUSCIFOLIA BY LC-QTOF/MS AND GC/MS

SILENE RUSCIFOLIA METANOLIK HERBA EKSTRESINDEKI FITOKIMYASALLARIN LC-
QTOF/MS VE GC/MS ILE INCELENMESI

Kenan Can TOK!(®, Muhammed Mesud HURKUL? (®, Nazmiye Neslihan BOZKURT! (),
Ayhan ibrahim AYSAL2 , Seyda YAYLA?

1Ankara University, Institute of Forensic Sciences, Department of Forensic Toxicology, Ankara,
Tiirkiye
2Ankara University, Faculty of Pharmacy, Department of Pharmaceutical Botany, Ankara, Tiirkiye
3Gazi University, Faculty of Pharmacy, Department of Pharmaceutical Chemistry, Ankara, Tiirkiye

ABSTRACT

Objective: Silene L. (Caryophyllaceae) species are traditionally used for the treatment of inflammation,
urinary inflammation, eye trouble, skin problem, stomach ache, dysentery, tooth decay, fever, headache,
malaria, pimples and backache. Chemical ingredients of Silene species consist of flavonoids, anthocyanidins,
terpenoids, triterpene saponins, phytoecdysteroids, benzenoids, vitamins, and show antioxidant, anti-
inflammatory, antitumor and antiviral activities. Silene ruscifolia (Hub.-Mor. & Reese) Hub.-Mor. is called
"gizli nakil" in Tiirkiye.

Material and Method: The plant material was collected from Beynam Forest (Ankara/Tiirkiye). The
aerial parts of the plant were extracted with methanol in an ultrasonic bath. HPLC system (Agilent 1260 Series)
with an autosampler, binary pump, column oven, and a UV detector was coupled with an iFunnel Quadrupole
Time-of-Flight LC-MS system (Agilent G6550A) with a Dual Spray Agilent Jet Stream electrospray ionization
source. Agilent TC C-18 (4.6 mm x 150 mm x 5 um) column was used for the separation of the compounds. The
GC-MS analysis of extract was performed using an Agilent 6890 gas chromatograph equipped with an Agilent
5973N quadrupole mass spectrometer (Agilent, USA). Mass Hunter software (Qualitative Analysis B.07.00)
and the NIST Mass Spectral Library (2014) were used to determine and identify the compounds.

Result and Discussion: LC-MS Q-TOF analysis showed that S. ruscifolia contained rutin, narcissin,
luteolin, isorhamnetin, rhamnetin and quercetin dimethyl ether. GC-MS analysis showed that the extract had
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the highest content of sugar (50.5%) and sugar alcohols (46.39%). It also contains carboxylic acid (0.47%),
fatty acid (0.64%), sugar acid (0.42%), glycoside (0.48%), carotenoids (0.61%) and benzoic acid ester (0.49%).
D-pinitol has the highest content in the extract with 41.14%.

Keywords: GC/MS, Herba, LC-QTOF/MS, Silene ruscifolia
0z

Amag: Silene L. (Caryophyllaceae) tiirleri geleneksel olarak iltihap, idrar yolu iltihabi, goz rahatsizlig,
cilt sorunu, mide agrisi, dizanteri, dig ¢iiriimesi, ates, bas agrisi, sitma, sivilce ve sirt agrisi tedavisinde
kullanilmaktadur. Silene tiirlerinin kimyasal bilesenleri flavonoidler, antosiyanidinler, terpenoidler, triterpen
saponinler, fitoekdisteroidler, benzenoidler, vitaminlerden olusur ve antioksidan, antiinflamatuar, antitiimor,
antiviral aktivite gosterirler. Silene ruscifolia (Hub.-Mor. & Reese) Hub.-Mor. Tiirkiye'de "gizli nakil” olarak
adlandrilir.

Gerec ve Yontem: Bitki materyali Beynam Ormani'ndan (Ankara/Tiirkiye) toplandi. Bitkinin toprak iistii
kisimlart ultrasonik banyoda metanol ile ekstre edildi. Otomatik ornekleyici, ikili pompa, kolon firini ve bir UV
dedektoriine sahip HPLC sistemi (Agilent 1260 Serisi), Cift Sprey Agilent Jet Stream elektrosprey iyonizasyon
kaynagina sahip bir iFunnel Quadrupole Time-of-Flight LC-MS system (Agilent G65504) ile birlestirildi.
Bilesiklerin ayrilmast i¢in Agilent TC C-18 (4.6 mm x 150 mm x 5 um) kolonu kullanildi. Ekstrenin GC-MS
analizi, bir Agilent 5973N dort kutuplu kiitle spektrometresi (Agilent, ABD) ile donatilmis bir Agilent 6890 gaz
kromatografi kullanilarak yapildi. Bilesiklerin belirlenmesi ve tanimlanmasi i¢in Mass Hunter yazilimi
(Qualitative Analysis B.07.00) ve NIST Mass Spectral Library (2014) kullanild:.

Sonu¢ ve Tartisma: LC-MS Q-TOF analizi, S. ruscifolia’'min rutin, narsissin, luteolin, izoramnetin,
ramnetin ve kersetin dimetil eter icerdigini gosterdi. GC-MS analizi, ekstrenin seker (%50.5) ve seker alkolleri
(%46.39) olarak en yiiksek icerige sahip oldugunu géstermistir. Ayrica karboksilik asit (%60.47), yag asidi
(%60.64), seker asidi (%0.42), glikozit (%0.48), karotenoidler (%0.61) ve benzoik asit esteri (%0.49) igerir. D-

pinitol, %41.14 ile ekstredeki en yiiksek i¢erige sahiptir.
Anahtar Kelimeler: GC/MS, Herba, LC-QTOF/MS, Silene ruscifolia

INTRODUCTION

The Caryophyllaceae consists of herbaceous or mostly semi-shrub plants, usually with simple,
entire and exstipulate leaves. Actinomorphic and solitary or in cymes flowers have anthophore or
perigynous. Fruits are baccate or opening capsule [1-3]. The family contains 101 accepted genera
worldwide [4].

Silene L. is a large and polymorphic genus. Subarctic-temperate zone to tropical mountains are
the distribution areas of the genus in the world and includes 887 species [4]. Annual, biennial and
perennial herbs (mostly semi-shrub) consist of this genus. The calyx is tube-shaped and vascularization
is seen on it very clear. Fruit an opening capsule. Petals, stamens and ovary rise on anthophore [2,4].
Silene ruscifolia (Hub.-Mor. & Reese) Hub.-Mor. is perennial-herbaceous and has a strong woody stem
at the base. Basal leaves are oblanceolate and cauline leaves are defined as ovate-cordate. Flowers in
dichasia, and white petals rise on glabrous anthophore. Fruit is a capsule [2]. S. ruscifolia is called "gizli
nakil" in Turkiye [5]. Previous taxonomical studies have reported that S. ruscifolia is very similar to the
Iranian Silene commelinifolia Boiss. [2]. According to current studies, S. ruscifolia is accepted as a

synonym of S. commelinifolia [4].
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Silene species are traditionally used against inflammation, urinary inflammation, eye trouble, skin
problem, stomach ache, dysentery, tooth decay, fever, headache, malaria, pimples and backache [6-14].
Chemical ingredients of Silene species consist flavonoids, anthocyanidins, terpenoids, triterpene
saponins, phytoecdysteroids, benzenoids, vitamins [15-19] and show antioxidant, anti-inflammatory,
antitumor, antiviral activities [20-24].

MATERIAL AND METHOD

Plant materials

The plant material was collected from Beynam Forest (Ankara/Tiirkiye). A voucher specimen
was deposited in the Herbarium of Ankara University Faculty of Pharmacy (AEF30851). Plant samples

were dried in the shade and powdered with a grinder.
Extraction process

The aerial parts of the plant were extracted with methanol in ultrasonic bath for 30 min. The
extract was filtered from 0.45 um filters before injection to the LC-QTOF/MS and GC/MS systems [25].

LC-QTOF/MS analysis

HPLC system (Agilent 1260 Series) with an autosampler, binary pump, column oven, and a UV
detector coupled with an iFunnel Quadrupole Time-of-Flight LC-MS system (Agilent G6550A) with a
Dual Spray Agilent Jet Stream electrospray ionization source (Agilent Technologies, Inc., CA, USA)
was used for analysis of the extracts of the sample. The instrument was operated with negative and
positive electrospray ionization in a 2 GHz extended dynamic range mode. During the run of the
samples, all ions mode with collision energies 0 eV, 10 eV, and 40 eV were used with the acquisition
rate was 1 spectra/second. Agilent TC C-18 (4.6 mm x 150 mm x 5 um) column was used for the
separation of the compounds. Agilent MassHunter software B 06.00 was used for the analysis of the
data. Metlin Metabolite database, Massbank.eu, and Pubchem databases were used for the identification
of compounds [26-27]. The detailed instrumental conditions are tabulated in Table 1.

GC/MS analysis

The two-step derivatization procedure was performed before the GC/MS analysis. During the
procedure, methoxymation followed by silylation was applied before the analysis [28-29].

Methoxymation was used to prevent split or duplicated signals of sugars onto the chromatogram.

Methoxyamine HCI (Merck, Darmstadt, Germany) solution was prepared daily as 25 mg/ml
pyridine. After the sample (100 pl) was evaporated the nitrogen flowed gently, and 50 pl methoxyamine
HCI solution was added to the dried sample. After waiting for 1.5 hours at about 30°C, 50 pl of
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Bis(trimethylsilyl)trifluoroacetamide + 1% Trimethylchlorosilane (BSTFA + 1% TMCS) (Sigma-
Aldrich, Germany) was added, and kept for another 45 min. at 70°C for a complete silylation. GC/MS
system was used for the rest of the analysis (Agilent 6890/5973N model), (Santa Clara, USA).
Crosshbonded diphenyl dimethyl polysiloxane phase-coated Restek Rtx-5MS capillary column (30 m X
0.25 mmi.d. x 0.25 um) (Bellefonte, USA) was preferred for the analysis with the carrier gas (99.999%)
helium at a 1.5 ml/min flow rate. 1 ul of the derivatized sample solution was injected in the splitless
mode. The transfer line, as well as the injection port, were set at 280°C. Quadrupole was arranged at
150°C while the ion source was maintained at 230°C. The temperature program initially started at 50°C
and was held for 2 min, then increased to 280°C at the rate of 3°C/min. In this stage, it was held for 12
min. to complete the analysis (90 min.). Mass Hunter software (Qualitative Analysis B 07.00) and the
NIST Mass Spectral Library (2014) were used for the determination and identification of the
compounds.

Table 1. Instrumental parameters for LC-QTOF/MS system

Column TC C-18 (4.6 mm x 150 mm x 5 pm)

Column Temperature (°C) 30

Injection volume (pl) 10

Run Time (min.) 82

Mobile Phase A 0.1% acetic acid in water

Mobile Phase B 0.1% acetic acid in acetonitrile

Flow rate (ml/min) 0.65

Gradient (time-B%) 0 min-5 % B; 4 min-5 % B; 12 min-10 % B; 15 min-10 % B; 28 min-

20 % B; 48 min-40 % B; 60 min.-60 % B; 65 min-70 % B; 66 min-90
% B; 72 min-90 % B; 72.1 min-5% B

UV (nm) 280

lonization mode Negative and positive electrospray ionization mode with jet stream
technology

Drying gas temp (°C) 200

Drying gas flow (I/min) 14 1/min

Nebulizer pressure (psi) 40

Sheath gas temperature (°C) | 350

Sheath gas flow (I/min) 11

Capillary Voltage (V) 1500

Nozzle Voltage (V) 1000

Mass range (amu) 30-1700

Reference ions 980.0147, 1033.9881 for negative run, 922.0098 for positive run

RESULT AND DISCUSSION

LC-MS Q-TOF systems were used for the identification of compounds using mass spectra of both
precursor and product ions within a mass error of 5 ppm. Using different collision energies (0-10-40
eV) precursor ions were fragmented and product ions gave information about the compounds’ functional

groups and allowed to structure elucidation. Sample extract was analyzed using in gradient elution LC
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program to get enough resolution to identify each compound. The UV chromatogram at 280 nm showed
main composition of the extract and the most abundant 7 compounds were identified using reference
standards and database search via Metlin and Pubchem. MassHunter generated molecular formula and
product ions were used for identification. In case of compound 3 in Table 2, m/z 665 produced 315 ion
(Isorhamnetin), so the compound can be classified as a glycoside of Isorhamnetin. The same product
ion pattern was achieved for Narcissin as well. Isorhamnetin/Rhamnetin seperation on column (retention
time 51.5 min. and 52.8 min. respectively) and product ion spectrum of compounds were used
identification of compounds. Rhamnetin spectra showed m/z 165 product ion as a base peak while
Isorhamnetin had m/z 151. All identified compounds were confirmed both by generated precursor ions
and their fragments with mass error less than 5 ppm. The main components of the sample were eluted
between 40-60 min. interval. Total ion chromatogram (A) and UV chromatogram (B) at 280 nm are

shown below.

x1 06 - TIC Scan Sample_SR_1305AA_nms1.d

A

;5 N S
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2
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Figure 1. Total ion chromatogram of sample, negative mode MS (A) and 280 nm UV chromatogram
(B) and the identified compounds (C)
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LC-MS Q-TOF analysis showed that S. ruscifolia contained rutin, narcissin, luteolin,
isorhamnetin, rhamnetin, and quercetin dimethyl ether. Phenolic compounds are produced as secondary
metabolites in plants and are common [30-32]. They show sedative, hepatoprotective, antibacterial,
antifungal, anticonvulsant, wound healing and antiviral activities [33-44]. Moreover, they also have
antidepressant, diuretic, antiulcer, antidiabetic, antioxidant, anti-hypercholesterolemic, anticancer, and
cardioprotective effects [45-60].

Table 2. Details of identified compounds in the extract

No. | Name Formula Calculated Found ion | Error,ppm | rt, min
ion
Rutin C27H30016 609.1461 609.1441 3.28 41.2
2 | Narcissin CasH32016 623.1618 623.1615 0.48 434
Isorhamnetin glycoside Cs0H34017 665.1723 665.1706 2.56 46.9
compound
4 | Luteolin C15H1006 285.0405 285.0396 3.16 51.2
5 | Isorhamnetin C16H1,07 315.0510 315.0512 -0.63 51.5
6 | Rhamnetin Ci16H1207 315.0510 315.0513 -0.95 52.8
7 | Quercetin dimethylether C17H1407 329.0667 329.0673 -1.82 55.4
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45/ 44522
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Figure 2. GC-MS Chromatogram for the extract

As a result of GC/MS analysis, 38 compounds were detected and 23 of them were identified
(Table 3). These 23 compounds constitute 70.19% of the total peak area. GC-MS analysis showed that
the extract had the highest content of sugar (50.5%) and sugar alcohols (46.39%). It also contains
carboxylic acid (0.47%), fatty acid (0.64%), sugar acid (0.42%), glycoside (0.48%), carotenoids (0.61%)
and benzoic acid ester (0.49%). D-pinitol has the highest content in the extract with 41.14%. D-pinitol,
first isolated from Pinus monticola, is the most common inositol ether in plants, and also has anti-

inflammatory, antidiabetic, antitumoral, antioxidant and cancer chemopreventive effects [61].
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Table 3. Identified compounds in the extract by GC/MS.

Area Sum % of

Area Sum % of

# (Ei—;) C':;gtéﬂﬁis Identified Detected Classification
Compounds Compounds

1 | 31615 Malic acid 0.47 0.33 Car:giﬁy"c

2 | 40.715 Xylitol 0.69 0.49 Sugar alcohol

3 | 44.622 D-Pinitol 41.14 29.3 Sugar alcohol

4 | 46.002 D-Fructose 2.52 1.8 Sugar

5 | 46.369 D-(-)-Fructose 2.01 1.43 Sugar

6 | 46.572 D-Allose 0.69 0.49 Sugar

7 | 46.799 D-(+)-Talose 2.71 0.97 Sugar

8 | 47.289 D-Allose 0.81 0.58 Sugar

9 | 47.719 D-Sorbitol 1.37 0.97 Sugar alcohol

10 | 48.331 D-Pinitol 1.13 0.81 Sugar alcohol

11 | 50.281 Palmitic Acid 0.64 0.46 Fatty acid

12 | 52.476 Myo-Inositol 1.55 1.1 Sugar alcohol

13 | 53.367 | D-Allose (isomer 1) 0.6 0.42 Sugar

14 | 60.453 Dulcitol 0.51 0.37 Sugar alcohol

15 | 61,006 | D-(+)-Gakasturonic 0.42 0.3 Sugar acid

16 | 67.923 Sucrose 22.79 16.23 Sugar

17 | 70.123 D-(+)-Trehalose 5.04 3.53 Sugar

18 | 71.014 Aucubin 0.48 0.34 Glycoside
Methyl 2,4- Benzoic Acid

19 | 75.02 dihydroxybenzoate 0.49 0.35 Ester

20 | 80.761 Lycopene 0.61 0.42 Carotenoids

21 | 85.931 Lactose 8.52 6.07 Sugar

22 | 88.801 | D-(-)-Fructofuranose 2.62 1.87 Sugar

23 |89.133 | Maltose (isomer 1) 2.19 1.56 Sugar
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INHIBITION OF IRE1a/XBP-1 BRANCH OF UPR BY GSK2850163
DRIVES THE SENSITIVITY TO TAMOXIFEN IN BREAST CANCER
CELLS

UPR'N/N IRE1a/XBP-1 DALININ GSK2850163 ARACILI INH/B/SYONU MEME KANSER/
HUCRELERINDE TAMOKSIFENE DUYARLILIGI ARTIRIR
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ABSTRACT

Objective: Tamoxifen is used as the leading treatment against breast cancer and has been broadly applied
for the last 40 years. However, resistance development against tamoxifen is one of the major limitations in the
effective treatment of breast cancer. The aim of our study was to investigate whether blockage of the
IRE1o/XBP-1 branch of UPR by GSK2850163 efficiently limited the carcinogenic ability of tamoxifen-resistant
MCF-7 cells.

Material and Method: Firstly, tamoxifen-resistant breast cancer cells were obtained by regularly
exposing MCF-7 cells to tamoxifen. The biochemical activity of GSK2850163 was confirmed by immunoblotting
and gRT-PCR. The possible effect of combined treatment of GSK2850163 and tamoxifen on proliferation,
invasion, migration, and colony formation abilities of tamoxifen-resistant breast cancer cells were evaluated
by using WST-1 based proliferation assay, Boyden-chamber invasion test, wound-healing assay, and plate
colony formation methods, respectively.

Result and Discussion: Here, we showed that specific blockage of the IRE1a/XBP-1 by GSK2850163
efficiently limited the carcinogenic ability of tamoxifen-resistant MCF-7 cells. Moreover, co-treatment with
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tamoxifen and GSK2850163 significantly reduced the invasion, migration, and colony formation abilities of
breast cancer cells through improved the anti-cancer property of tamoxifen. Our results strongly suggested that
IRE10/XBP-1 inhibitors may be potent therapeutics in breast cancer treatment.

Keywords: Breast Cancer, GSK2850163, IRE10/XBP-1, Tamoxifen, UPR
0z

Amag: Tamoksifen meme kanserine karsi onde gelen tedavi olarak kullanilmaktadir ve son 40 yildir yaygin
olarak uygulanmaktadir. Ancak tamoksifene karsi direng gelisimi meme kanserinin etkin tedavisindeki en biiyiik
smirlamalardan birisidir. Calismamizin amact, UPR'nin IRE10/XBP-1 dalinin GSK2850163 tarafindan bloke
edilmesinin, tamoksifene direncli MCF-7 hiicrelerinin kanserojen yetenegini verimli bir sekilde sinirlayp
strlamadigint arastirmaktir.

Gerec ve Yontem: Ilk olarak, MCF-7 hiicrelerinin diizenli olarak tamoksifene maruz birakilmasiyla
tamoksifene direngli meme kanseri hiicreleri elde edildi. GSK2850163"in biyokimyasal aktivitesi,
immiinoblotlama ve qRT-PCR ile dogrulandi. GSK2850163 ve tamoksifenin kombine tedavisinin tamoksifene
direngli meme kanseri hiicrelerinin proliferasyon, invazyon, migrasyon ve koloni olusturma yetenekleri
tizerindeki olasi etkileri sirasiyla WST-1 tabanli proliferasyon testi, Boyden-chamber invazyon testi, yara
ivilestirme testi ve plaka koloni olusturma yéntemleri ile degerlendirildi.

Sonu¢ ve Tartisma: Calismamizda IREIa/XBP-1'in GSK2850163 tarafindan spesifik blokajinin,
tamoksifene direncli MCF-7 hiicrelerinin kanserojen yetenegini verimli bir sekilde simirladigini gosterdik.
Ayrica, tamoksifen ile GSK2850163 iin es uygulamas: tamoksifenin anti-kanser ézelligini gelistirerek meme
kanseri hiicrelerinin istila, go¢ ve koloni olusturma yeteneklerini onemli olgiide azaltti. Sonuglarimiz,

IRE1a/XBP-1 inhibitorlerinin meme kanseri tedavisinde giiclii terapdtikler olabilecegini 6nermektedir.
Anahtar Kelimeler: Meme Kanseri, GSK2850163, IRE10o/XBP-1, Tamoksifen, UPR

INTRODUCTION

Breast cancer is the second reason of cancer-related deaths among women around the globe [1].
The receptor expression profiles of breast cancer cells directly affect the developmental profile in the
carcinogenesis process. Today, we know that up to 75% of breast cancer cells possess estrogen receptors
(Er) and/or progesterone receptors (PR) [2]. Selective estrogen modulator, tamoxifen behaves as an
estrogen antagonist and prevents the binding of estrogens to the Er in breast tissue. In hormone receptor-
positive breast tumors, tamoxifen is one of the most frequently used and effective chemotherapeutic
agents [3]. It is used as a leading treatment against breast cancer and has been broadly applied for the
last 40 years [4]. However, 20-30% of breast cancer patients develop de novo or acquired resistance to
tamoxifen for various reasons [3,4]. Today, patients can have the chance of hormonal treatment
according to the receptor status of the primary tumor. However, resistance development against

tamoxifen is the main limitation in the effective treatment of breast cancer.

Recent studies have pointed out that Endoplasmic reticulum (ER) stress and the Unfolded Protein
Response (UPR) mechanism are crucial key regulators in cancer progression and acquired drug
resistance [5]. ER comprises 30% of the newly synthesized proteins in eukaryotic cells, therefore
maturation processes of newly synthesized polypeptide chains are tightly controlled by protein quality
mechanisms organized in the ER. Additionally, ER coordinates a variety of metabolic processes, such

as synthesis of lipids, phospholipids, and steroids, biogenesis of autophagosomes and peroxisomes, and
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gluconeogenesis [6,7]. Under altered physiological conditions, ER directly responds to adapt and protect
the eukaryotic cells. Besides, various stressful conditions such as malformed protein accumulation,
imbalance protein synthesis, and hypoxic conditions are caused by the disruption of the ER homeostasis,
which is termed ER stress [6]. To readjust the ER homeostasis, the UPR signaling mechanism is
activated, which is regulated through the ER-membrane localized three transmembrane proteins,
activating transcription factor 6 alpha (ATF6a), protein kinase RNA-like ER kinase (PERK) and inositol
requiring-enzyme 1 alpha (IREla) [6]. Recent studies have pointed out that IRE1a/XBP-1 branch of
UPR is an important key regulator in the process of carcinogenesis, including prostate and breast cancer
[8-10]. Notably, increased IRE1a/XBP-1 activity has been associated with the resistance of breast

cancer cells to tamoxifen [11].

X-box binding protein-1 (XBP-1) (also known as unspliced XBP-1, XBP-1u) is an effector protein
of IREla, which is activated through excising a 26-nucleotide-long intron in the XBP1 mRNA by the
endoribonucleolytic activity of IREla. Activated XBP-1 termed spliced XBP1 (XBP-1s) function as a
transcription factor and induces a specialized transcriptional program of UPR target genes under ER
stress [12]. Previous studies have shown elevated expression levels of XBP-1 in therapy-resistant breast
cancer cells [13,14]. Moreover, XBP-1s overexpression in Er (+) breast cancer enables estrogen-
independent growth and less sensitivity to growth inhibition caused by tamoxifen and Faslodex
independent of p53 [15]. Furthermore, activated XBP-1 has been shown to play a critical role in the
tumorigenicity and progression of triple-negative breast cancer and also other cancer types [9,16—19].
Furthermore, higher ratios of XBP-1s/XBP-1u mRNA were determined in 100 primary breast cancer
patients who received tamoxifen treatment [16]. Lastly, Ming et al. have determined that the modulation
of IREla by STF083010 which inhibits the endonuclease activity of IRE1la, significantly increased

tamoxifen sensitivity of MCF-7 cells, and progressively reduced breast carcinogenesis [11].

In this study, we evaluate the effect of the highly selective inhibitor of IRE1a, GSK2850163 effect
on tamoxifen sensitivity and tumorigenic abilities of tamoxifen-resistant MCF-7 cells (termed MCF-
7(R) hereafter). Our results suggest that GSK2850163 efficiently reverses tamoxifen resistance of MCF-
7(R) cells. Moreover, tumorigenic abilities including proliferation rate, invasion-migration, and colony
formation capability of MCF-7(R) cells are strongly limited by GSK2850163.

MATERIAL AND METHOD

Materials

Cell culture grade reagents including Dulbecco's Modified Eagle Medium (DMEM), fetal bovine
serum (FBS), and additional growth requirements were obtained from Biological Industries. Tamoxifen

was obtained from Santa Cruz Biotechnology. GSK2850163 was obtained from Sigma Aldrich. Rabbit



842 Erzurumlu et al. J. Fac. Pharm. Ankara, 46(3): 839-852, 2022

polyclonal antibodies XBP-1u (25997-1-AP) and XBP-1s (24868-1-AP) were obtained from Proteintech
and Mouse monoclonal beta-actin (#A5316) and polyclonal anti-phospho-IRE1a (#SAB5700519) were
purchased from Sigma Aldrich. Rabbit monoclonal anti-IREla (#3294) was purchased from Cell
Signaling Technology. HRP-conjugated anti-mouse or anti-rabbit 1gG was purchased from Pierce.

Cell culture and treatments

MCEF-7, a human breast cancer cell line was obtained from American Type Culture Collection
(ATCC, USA). The MCF-7 cell lines were cultured and passaged in DMEM media supplemented with
10% FBS at 37°C and 5% CO>. All the treatment compounds were prepared as 1000x in the DMSO or

ethanol. The final concentration of solvent did not exceed 0.1%.
Establishment of Tamoxifen-resistant MCF-7 cells

To develop the tamoxifen-resistant MCF-7 cells were cultured at conventional cell culture
conditions and integrities. Additionally, cell culture media was supplemented with 1 uM tamoxifen and

then cells were cultured for 30 days.
Reverse Transcription PCR (RT-PCR)

Total RNA was extracted from cell pellets using Aurum™ Total RNA Mini Kit (Bio-Rad
Laboratories, Hercules, California). Total RNA (1 pg) was subjected to reverse transcription reaction
using iScript cDNA Synthesis kit (Bio-Rad Laboratories, Hercules, California). Specific primers were
designed against XBP-1u/s and RPLPO. Sequence information of PCR primers is available upon request.
The expression of RPLPO was used for normalization. Target regions were amplified by Polymerase
Chain Reaction (PCR). PCR products were separated by 3% agarose gel and visualized by Gel-Doc UV-

transilluminator (Bio-Rad).
Western blot analysis

MCF-7 cell lysates were prepared by homogenizing cultured cells in RIPA buffer. After removal
of the insoluble phase by centrifugation at 14.000 r.p.m. for 20 minutes at 4 °C, protein concentrations
were determined using the Bicinchoninic acid assay (BCA) kit (Takara). Samples were resolved by
SDS-PAGE and electroblotted to a PVDF membrane. Protein bands were visualized using enhanced
chemiluminescence (Bio-Rad) by ChemiDoc XRS+ System (Bio-Rad). Protein bands were

densitometrically analysed by Image Studio™ Lite (LI-COR®).
Proliferation assay

The cell proliferation rate of MCF-7(R) cells was evaluated in triplicates by WST-1 cell
proliferation assay according to the manufacturer’s protocol (Takara). 5000 cells/well were seeded into

a 96-well plate. After 24h incubation period compounds were applied to the cells for 48h. Following 20
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ul of WST-1 were added to the cells, and the cells were incubated under conventional cell culture
conditions for 2h. The plate was read using a microplate reader (BioTek, Epoch 2) by measuring the
absorbance of the dye at 450nm, with 600nm set as the reference wavelength. Averages of the

absorbance values were calculated.
Colony formation assay

MCEF-7(R) cells were seeded in a 6-well plate (1000 cells/ml). 24h later cells were treated with
compounds and kept at 37 °C in a CO> incubator for 72h. The media was removed, and the plate was
washed with 1xPBS solution twice. Colonies were fixed and stained with 0,05% crystal violet (Alpha
Chemika)

Invasion assay

Matrigel (BD Biosciences) and serum-free DMEM were gently mixed (1:8) in a tube. A volume
of 45 ul mixed Matrigel was used to cover the bottom of the transwell insert with an 8-pum pore size
(Sarstedt). All chambers were placed at 37 °C in a CO2 incubator for 3h. The residual liquid in the upper
chamber was removed, 100 pl serum-free DMEM was added, and the chamber was placed in the
incubator for 30 min hydration. MCF-7(R) cells (10000 cells) were seeded into the Transwell basket
before the addition of 600 ul complete medium containing 20% FBS to the lower chamber. The cells
were kept at 37 °C in a CO; incubator for 72h. Invaded cells were fixed and stained with crystal violet.
Invaded cells were observed using Sunny SopTop microscope and camera system. The invasion was
quantified by counting stained cells.

Wound-healing assay

MCF-7(R) cells were seeded in a 12-well plate (3,5x10° cells/well) and propagated at 37 °C in a
CO; incubator for 24h. The following scratch was made in the 12-well plate with a 200 ul micropipette
tip. Cell culture media was removed and cells were washed off for removing the detached cells with
preheated PBS. Cells were treated with compounds for 72h. Scratch width ratios were monitored, and
images were taken by microscope. Wound closure (%) was analysed by Imagel software
(http://imagej.nih.gov/ij/).
Statistics

Results were presented as means + standard deviation (SD). The statistical significance of
differences between groups was determined by a two-tailed equal variance Student’s t-test with a

confidence interval, minimum, of 95% using GraphPad Prism 5 software. Values of p < 0.05 were

considered significant.
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RESULT AND DISCUSSION

Obtaining Tamoxifen-resistant MCF-7 cells

To achieve tamoxifen-resistant MCF-7, conventional MCF-7 cells were continuously exposed to
1uM tamoxifen for 30 days and then cell viability of these cells and non-exposed MCF-7 cells were
compared at 2uM, SuM, and 10uM tamoxifen doses. Our data indicated that the MCF-7(R) cells
exhibited significantly less sensitivity to tamoxifen at all three concentrations compared to the
conventional MCF-7 cells (Figure 1A). Besides, tamoxifen-resistant MCF-7 cells are known to exhibit
higher XBP-1s expression [15,16] thus we evaluated the endogenous XBP-1s levels by gRT-PCR and
immunoblotting. To analyze the mRNA level of XBP-1s, XBP1s/ XBP1u ratio was used as a measure
of XBP1 splicing activity. Our results showed that MCF-7(R) cells have significantly higher mRNA
expression levels of XBP-1s compared to conventional MCF-7 cells (Figure 1B). Consistently with
these data, XBP-1s protein levels were higher in MCF-7(R) compared to conventional MCF-7 cells
(Figure 1B). Moreover, cell proliferation assay data confirmed the resistance of MCF-7(R) cells to

tamoxifen compared to regularly propagated MCF-7 cells (Figure 1C).

Inhibition of the IRE1a branch of UPR by GSK2850163 sensitizes the tamoxifen-resistant MCF-

7 cells to tamoxifen

GSK2850163 is a novel IRE1a inhibitor, which is specifically inhibited IRE1a kinase activity at
20nM and it also blockage IRE1a RNase activity affecting its endonuclease activity at 200nM [20]. In
this assay system, we used well-known ER stress inducer, Thapsigargin as a positive control. Our results
show that GSK2850163 treatment efficiently reversed Thapsigargin-induced splicing of XBP-1 at 20nM
and 200nM doses (Figure 2A). In addition, kinase activity blockage of IREla at 20nM dose compared
to 200nM treatment is less efficient for inhibition on XBP-1s (Figure 2A).

GSK?2850163 significantly decreased the proliferation rate of MCF-7(R) cells

To evaluate the anticarcinogenic ability of IRE1a inhibition by GSK2850163 in breast cancer, we
tested the tumorigenic features of MCF-7(R) cells by proliferation rate. Our results showed that
GSK2850163 significantly decreased the proliferation rate of MCF-7(R). A combination of tamoxifen
and GSK2850163 showed a more efficient regressive effect in MCF-7(R) (p < 0.05 for all tested groups)
(Figure 2C).

GSK?2850163 and tamoxifen synergistically reduce the invasion-migration and colony formation
capability of MCF-7(R) cells

In these assay systems, we specifically aimed to investigate the effects of IREla inhibition on

breast cancer cells by colony formation, invasion, and migration abilities. To evaluate the effect of
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GSK2850163 on the invasion capability of MCF-7(R) cells, we modelized the invasion assay by using
a Boyden-chamber assay. Our data showed that GSK2850163 and tamoxifen applied groups more
effectively delimitate the invasion of breast cancer cells than only the GSK2850163 treated group
(Figure 3B). Furthermore, we tested the migration ability of MCF-7 (R) cells by scratching assay, our
data indicated that similar to the invasion assay, GSK2850163 significantly decreased the migration
capacity of breast cancer cells (Figure 3C). Similar to migration assay results, the colony formation
abilities of MCF-7(R) cells were significantly limited by GSK2850163 (Figure 3A). Moreover, more
effective results were obtained with the combined application of GSK2850163 and tamoxifen for all

cell-based assays (Figure 3A, B, C).
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Figure 1. Confirmation of high expression level of XBP-1s in obtained tamoxifen-resistant MCF-7
cells. MCF-7 cells were exposed to 1uM tamoxifen for 30 days. a. Endogenous XBP-1s mRNA levels
were detected by RT-PCR. RPLPO gene is used as a housekeeping gene. b. Protein expression levels
of XBP-1s were determined by immunoblotting and beta-actin was used as a loading control.
Representative results are shown. p-values were calculated concerning vehicle-treated cells by two-
tailed equal variance Student’s t-test (*p < 0.05). c. The efficiency of tamoxifen resistance was
evaluated with a WST-1 based cell growth assay of three biological and six technical replicates. Cells
were treated with tamoxifen (2, 5, 10uM) for 48h. p-values were calculated concerning control group

cells by two-tailed equal variance Student’s t-test (*p < 0.05).
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Figure 2. IRELa/XBP-1 inhibitor GSK2850163 reverses the tamoxifen resistance of MCF-7(R). Cells
were treated with 20 or 200nM GSK2850163 and Thapsigargin or combined with Thapsigargin and
indicated doses of GSK2850163. a. XBP-1s levels were analyzed as in Fig. 1a. b. The expression
levels of the related proteins were evaluated by immunoblotting. Beta-actin was used as a loading
control. Representative results are shown. Thapsigargin was used as a positive control. c. The effect of
GSK2850163 on tamoxifen sensitivity of MCF-7(R) cells was determined with cell viability assay,
WST-1. Cells were treated with GSK2850163, tamoxifen, and co-treatment of GSK2850163 and

tamoxifen as indicated doses. Results from three different experiments are presented in a graph.
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Figure 3. GSK2850163 significantly suppresses the tumorigenic properties of MCF-7(R) cells by

acting synergistic effect with tamoxifen. a. MCF-7(R) cells were treated with 20 or 200nM

GSK?2850163 and tamoxifen or combined with tamoxifen and indicated doses of GSK2850163.

Representative microscope images are presented. Quantification was performed with Image J software
(*p < 0.05, #p < 0.005). b. The invaded MCF-7(R) cells on the lower surface of the membrane filter

were fixed and stained with 0.2% crystal violet. Representative images are shown. The efficiency of

invasion was quantified by counting stained cells with an inverted microscope. The mean percentage

of invaded cells compared to control groups was given using the data obtained from two independent

biological replicates in triplicates (*p < 0.05, #p < 0.005). ¢. A wound-healing assay was performed

using MCF-7(R) cells. The closure of the gap created by the removal of the insert was monitored for

72h. The analysis of wound closure % was determined using the ImageJ software. Representative

images are presented. p-values were calculated with respect to control group cells by two-tailed equal

variance Student’s t-test (*p < 0.05, #p < 0.005).
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UPR is a key adaptive cytoprotective mechanism and mediates the adaptation of cells to
changing physiological conditions [7]. In mammals, ER-resident three transmembrane proteins; IRE1a,
PERK, and ATF6 are controlled the UPR [17]. Several researchers reported that the highly active
IRE1a/XBP-1 is correlated with hepatocellular carcinoma, prostate, pancreatic, as well breast cancer
[17-19]. Moreover, previous studies have shown that UPR activity is strictly associated with various
features of tumor cells including invasion, migration, and angiogenesis. In particular, the IRE1a/XBP-
1 has a critical role in implicated in the development of drug resistance in breast cancer [9]. Here, we
indicated that GSK2850163, IRE1a dual inhibitor molecule which specifically inhibited IRE1a kinase
activity RNase activity, is an important therapeutic molecule against drug-resistance development in

breast cancer cells.

Firstly, we established tamoxifen-resistance MCF-7 cells by regularly exposing cells to a low
dose of tamoxifen for 30 days. To validate the tamoxifen resistance, we performed cell viability tests
and our results showed that MCF-7 (R) cells have less sensitivity to tamoxifen than standard MCF-7
cells by up to 60%. The previous study has demonstrated that tamoxifen-resistant MCF-7 cells exhibit
a higher XBP-1s expression profile than standard cells [11]. Next, we investigated the expression level
of XBP-1s and phospho IREla in MCF-7(R) and standard cells by immunoblotting assay, our results
confirmed higher expression level of interested proteins in MCF-7(R) cells (Figure 1A, B). Collectively,
these results showed that MCF-7(R) cells successfully mimic tamoxifen-resistant breast cancer.

GSK2850163 was discovered in an attempt to identify IRE1a-selective inhibitors of XBP-1
splicing that could regulate multiple myeloma cancer cells. It selectively inhibits the kinase and RNase
activities of IRE1a [20]. In studies where we tested the efficiency of GSK2850163 treatment, we showed
that thapsigargin-induced phospho-Irela and XBP-1s levels were significantly reduced compared to the
thapsigargin group. As expected, we determined that 20nM dose of GSK2850163, which blocks the
kinase activity of IREla, suppresses XBP-1s levels less efficiently than 200nM GSK2850163
administration (Figure 2B).

To investigate the limiting role of IRE1a/XBP-1 in tamoxifen-resistant breast carcinogenesis,
we disrupted the IRE1a/XBP-1 by a specific inhibitor of IRE1a, which has a dual role inhibit IREla
kinase activity and RNase activity for dose-dependent manner and evaluated the cell proliferation,
invasive, migrative, and colony formation ability of tamoxifen-resistant breast cells. To evaluate the
possible effect of the combined treatment of GSK2850163 and tamoxifen, MCF-7(R) cells were exposed
and sensitivity to tamoxifen was determined by WST-1 based proliferation assay. Cell viability assay
data showed that the GSK2850163 for both doses significantly reverses the tamoxifen resistance of
MCEF-7(R) cells. Besides, we observed that a higher dose of GSK2850163 treatment, which inhibits the
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ribonuclease activity of IREla, is more efficient than a low dose of GSK2850163 in improving the
tamoxifen sensitivity (Figure 2C).

Recent work has associated the IRE1a/XBP-1 branch of UPR with promoting tumor growth
[19-22]. IRE1a/XBP-1 signaling is proposed as a functional mechanism of survival and adaptation for
cancer cells. To investigate the possible effects of GSK2850163 on the tumorigenic abilities of
tamoxifen-resistance breast cancer cells, we treated the MCF-7(R) cells either with the GSK2850163 at
20nM and tamoxifen, or GSK2850163 at 200nM and tamoxifen. Our data showed that combined
treatment of GSK2850163 and tamoxifen synergistically affected the colony formation capability of
MCF-7(R) cells. Continuity of clonogenic formation ability is an important limitation of cancerous
tissues and cell-based assays evaluate the adhesion-independent cell proliferation of cancer cells [22,23].
Our results suggested that the administration of GSK2850163 in tamoxifen-resistant breast cancer cells

significantly suppresses the colony-forming ability (Figure 3A).

Highly active migration and invasion ability are recognized as hallmarks of aggressive cancer
[24]. We analyzed the limiter effect of GSK2850163 on the invasion of MCF-7(R) cells by using the
matrigel-modified Boyden Chamber assay. Our data indicated that reducing IRE1a/XBP-1 significantly
decreased the invasion ability of MCF-7(R) cells (Figure 3B). We also drastically obtained similar
results in the wound-healing assay (Figure 3C).

The downstream target of IREla, XBP-1 has been suggested as a candidate oncogenic gene
and is overexpressed in various cancers including prostate, oral squamous cell carcinoma, chronic
lymphocytic leukemia as well as breast cancer [10,25-27]. Previous studies have shown that ectopically
overexpressed XBP-1 resulted in metastasis in breast cancer [28,29]. Moreover, XBP-1 was reported to
be significantly correlated with clinical outcomes in various tumors, such as breast carcinoma [28]. In
addition, XBP-1s has been suggested as a critical regulator in drug resistance in certain subtypes of
breast cancers [28].

The previous study has demonstrated that co-treatment with STF083010 inhibits the
endonuclease activity of the IRE1a/XBP-1, without affecting its kinase activity, and tamoxifen
significantly reduced breast cancer progression in a xenograft mammary tumor model [11]. Consistently
with these results, our data suggest that targeting of kinase or endonuclease activity of IREla by
GSK2850163 can restore the tamoxifen sensitivity of MCF-7(R) cells.

In conclusion, our study suggests that therapeutic approaches involving GSK2850163 may

offer a potential therapeutic approach against breast cancer by overcoming tamoxifen resistance.
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ABSTRACT

Obijective: This study aimed to determine and compare the volatile compositions of A. orientalis collected
from Antalya, Balikesir, Erzurum, and Samsun in Turkey.

Material and Method: Microdistilled volatile samples of A. orientalis were determined by GC-FID and
GC-MS systems simultaneously.

Result and Discussion: o-Cresol is also present in the volatiles of three provinces (except Erzurum
province) as a common main compound. The main compounds of the volatiles were methyl hexadecanoate
(15.8%), linalool (11.4%) and hexahydrofarnesyl acetone (9.0%) for Erzurum province; o-cresol (43.7%),
methyl oleate (10.1%) and methyl linoleate (9.1%) for Samsun province; o-cresol (75.2%) for Antalya province;
hexadecanoic acid (20.3%), o-cresol (10.8%) and dihydroactinidiolide (10.8%) for Balikesir province. The
samples are rich in fatty acid+esters in all localities, except Erzurum province.

Keywords: Ajuga orientalis, GC-FID, GC-MS, Lamiaceae, volatile component

0z
Amag: Bu ¢alismada, Tiirkiye'de Antalya, Balikesir, Erzurum ve Samsun'dan toplanan A. orientalis'in
ucucu bilesenlerinin belirlenmesi ve karstlastiriimast amaglamistir.

Gereg¢ ve Yontem: A. orientalis'in mikrodistilasyonla elde edilen ugucu bilesenleri GC-FID ve GC-MS
sistemleri ile es-zamanli olarak belirlenmigtir.
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Sonu¢ ve Tartisma: 0-Krezol ii¢ ilin (Erzurum ili hari¢) ucucu yaglarinda ortak ana bilesik olarak
bulunmaktadir. Ugucu maddelerin ana bilesikleri Evzurum ili i¢in metil hekzadekanoat (%15.8), linalol (%11.4)
ve hekzahidrofarnesil aseton (%9.0); Samsun ili i¢in o-krezol (%43.7), metil oleat (%10.1) ve metil linoleat
(%9,1),; Antalya ili igin o-kresol (%75.2); Balikesir ili igin hekzadekanoik asit (%20.3), o-krezol (%10.8) ve
dihidroaktinidiolid (%10.8). Erzurum ili hari¢ tiim lokaliteler yag asidi+ester yoniinden zengindir.

Anahtar Kelimeler: Ajuga orientalis, GK-AID, GK-KS, Lamiaceae, u¢ucu bilesen

INTRODUCTION

The genus Ajuga L. (Lamiaceae), comprising about 300 species, is mainly distributed in Asia,
Africa, Australia, Europe and North America. In the Flora of Turkey, the genus Ajuga is represented by
23 taxa, seven of which are endemic [1]. The genus of Ajuga contains many important bioactive
compounds are used in traditional medicine against some illnesses such as gout, rheumatism and
gastrointestinal diseases. Also, they have antibacterial, antitumor [2], neuroprotective effects [3] and

antioxidant [4] activities among others biological effects.

A. orientalis is a perennial herbaceous plant with 6-30 cm long stems. The cauline leaves are 1-
2-paired, obovate-oblong shaped. Verticillasters are crowded with violet-blue and cream-colored
flowers [5]. The plant is usually grows in every region of Turkey and it is called “dagmayasili” in the
areas where it grows wildly [1].

Previous studies reported that A. orientalis was characterized with germacrene D (24.7%), B-
cubebene (18.3%) and B-caryophyllene (16.9%) by Sajjadi and Ghannadi [6]; phytol (36.7%), n-
hexadecanoic acid (14.2%) and dodecanoic acid (12.2 %) by Kiiclikbay et al. [7]. Volatile compounds
of A. orientalis from natural habitat and cultivars in the first and second vegetation periods isolated by
SPME analyzed by GC-MS by Dénmez [8]. 2-Hexen-1-al and 1-octen-3-ol were determined as the main
components in the natural habitat and cultivars of the samples. In addition, the amount of limonene in

A. orientalis volatile compounds was found to be another main compound [8].

In this survey, we report chemical compounds of A. orientalis growing in four different regions

(Erzurum, Samsun, Antalya and Balikesir) of Turkey.

MATERIAL AND METHOD

Plant Material

A. orientalis (Fig. 1) was collected from Erzurum (ESSE 14461), Samsun (ESSE 10209), Antalya
(ESSE 9369) and Balikesir (ESSE 14462) provinces of Turkey (Fig. 2). A voucher specimen is kept at
the herbarium of the Faculty of Pharmacy at Anadolu University, Turkey.
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Figure 1. A. orientalis Figure 2. Collection areas

Isolation and Analysis of the Volatiles

The volatiles were obtained by microdistillation of the dried, ground plant materials (~500 mg)
using an Eppendorf MicroDistiller®. The volatiles were analyzed by GC-FID and GC-MS systems,

simultaneously. All processes were performed with reference to Demirci et. al. [9].
Identification of the Components

Identification of the volatile components was carried out with reference to Demirci et. al. [9].

RESULT AND DISCUSSION

Comparisons of the volatile components for the four populations are given in Table 1. Thirteen,
fifteen, eleven and eight components were identified from the volatiles of Erzurum, Samsun, Antalya
and Balikesir localities, respectively, accounting for 72.6%, 95.2%, 97.1% and 64.9% of the oil. The
major constituents of the wvolatiles were methyl hexadecanoate (15.8%), linalool (11.4%),
hexahydrofarnesyl acetone (9.0%) and methyl linoleate (7.5%) for Erzurum province; o-cresol (43.7%),
hexadecanoic acid (11.6%), methyl oleate (10.1%) and methyl linoleate (9.1%) for Samsun province;
o-cresol (75.2%) for Antalya province; hexadecanoic acid (20.3%), o-cresol (10.8%) and
dihydroactinidiolide (10.8%) for Balikesir province. O-cresol is also present in three provinces as a
common main compound. The volatiles are rich in fatty acid+esters and others (except Balikesir
province) while they are poor in oxygenated monoterpenes (except Erzurum province) in all localities
according to Table 1. Oxygenated sesquiterpenes and sesquiterpene hydrocarbones are identified from

only two localities, respectively, Erzurum and Samsun.
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Table 1. The composition of the volatiles of Ajuga orientalis

RRI | Compound E S A B IM
% % % %

1202 | 3-Hexanol - - - 0.8 MS
1452 | 1-Octen-3-ol tr - 0.6 51 MS
1479 | (E,2)-2,4-Heptadienal - - - - MS
1496 | 2-Ethyl hexanol 6.1 - - 4.2 MS
1553 | Linalool 114 - - - MS
1562 | Octanol - 0.3 tr - MS
1600 |Hexadecane 4.2 - - - RRI, MS
1683 |trans-Verbenol - 0.6 - - MS
1703 | Salicylaldehyde - 1.0 0.6 - RRI, MS
1706 (x-Terpineo| 5.8 - - - RRI, MS
1719 |Borneol - 0.5 0.3 - RRI, MS
1725 | Verbenone - 1.6 - - MS
1856 | m-Cymen-8-ol - 0.7 - - MS
1864 | p-Cymen-8-ol - 0.9 - - RRI, MS
2004 | 0-Cresol - 43.7 | 75.2 | 10.8 | RRI, MS
2131 | Hexahydrofarnesyl acetone 9.0 2.2 1.5 6.2 MS
2226 | Methyl hexadecanoate 15.8 6.7 4.0 - RRI, MS
2239 | Carvacrol - 2.8 1.9 75 RRI, MS
2255 | g-Cadinol 5.8 - - - MS
2329 | Methyl heptadecanoate - 3.4 - - RRI, MS
2380 | Dihydroactinidiolide - - - 10.0 MS
2456 | Methyl oleate 4.9 10.1 4.2 - RRI, MS
2509 | Methyl linoleate 7.5 9.1 4.6 - RRI, MS
2583 | Methyl linolenate 15 - - - RRI, MS
2613 | Ethyl linolenate 0.5 - - - RRI, MS
2931 | Hexadecanoic acid 0.1 11.6 4.2 20.3 | RRI, MS

Oxygenated Monoterpenes 17.2 55 2.2 7.5

Sesquiterpene Hydrocarbones - 16 - -

Oxygenated Sesquiterpenes 5.8 - - -

Fatty acid+esters 193 | 472 | 779 | 549

Others 30.3 | 40.9 17 2.5

Total 726 | 952 | 97.1 | 64.9

RRI: Relative retention indices calculated against n-alkanes; %: calculated from FID data

Locality: E: Erzurum, S: Samsun, A: Antalya, B: Balikesir

IM: Identification method based on the relative retention indices (RRI) of authentic compounds on the HP Innowax column;
MS, identified on the basis of computer matching of the mass spectra with those of the Wiley and MassFinder libraries and
comparison with literature data

In an earlier study, the essential oil composition of A. orientalis growing Iran was studied by
Sajjadi and Ghannadi [6] and the main constituents were found as germacrene D (24.7%), B-cubabene
(18.3%) and B-caryophyllene (16.9%). Iran oil was rich in hydrocarbon sesquiterpenes. Contrary to the
earlier report that fatty acid+esters and others were present as main compounds in Turkish oil. In another
study, thirty components were identified and phytol (36.7%), n-hexadecanoic acid (14.2%) and

dodecanoic acid (12.2%) were reported as the main components in the essential oil of the aerial parts of
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A. orientalis from Erzurum by Kiiciikbay et al. [7]. However, the essential oil composition of our
samples was found to be quite different from those already reported. Later, Dénmez [8] analyzed the
leaves and flowers of A. orientalis, which were taken from both their natural habitat and cultivars. 2-
hexen-1-al (30.89% in the natural area and 23.12% cultivated plants) was found as the dominant
component in the first vegetation period of A. orientalis however, there was a nearly 80% decrease
during the second vegetation period. In the first and second vegetation periods of the samples, 1-octen-
3-0l (26.30-28.16% in natural habitat and 26.79-28.34% in cultivars) was determined as the highest
amount of another component. In addition, the amount of limonene (12.26% in natural habitat and
11.69% in cultivars) in A. orientalis essential oil increased in the second vegetation period compared to
the first.

In the literature, some papers have reported on the variation in the essential oil composition
induced by environmental, physiological, and edaphic factors which can cause changes in biosynthesis

accumulation or metabolism of given compounds of the essential oil [10].
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ORIGINAL ARTICLE / OZGUN MAKALE

DETERMINATION OF pKa VALUES OF TENOXICAM, PIROXICAM
AND MELOXICAM BY RP-HPLC AT 25°C AND 37°C IN THF-WATER
BINARY MIXTURES

TENOKSIKAM, PIROKSIKAM VE MELOKSIKAM IN pKa DEGERLERININ RP-HPLC
YONTEMIYLE 25°C VE 37°C’DE THF-SU IKILI ORTAMINDA TAYINI

Dilara BASAT DERELI"

!Bitlis Eren University, Tatvan Vocational School, Department of Chemistry and Chemical Processing
Technologies, 13100, Bitlis, Turkey

ABSTRACT

Obijective: In this study, the ionization constant (pKa) values of oxicam group drug active ingredients,
tenoxicam, piroxicam and meloxicam, were investigated both because of their effectiveness in reducing pain
and inflammation and because of their pharmaceutical importance.

Material and Method: pKa values were determined by RP-HPLC method in tetrahydrofuran-water binary
mixture (30%-40%(v/v)) at 25°C and 37°C. The pK, values of these compounds in water were evaluated by
mole fraction and Yasuda-Shedlovsky extrapolation methods.

Result and Discussion: This study is the first pK, determination study for tenoxicam, piroxicam and
meloxicam in tetrahydrofuran-water media and also at 37°C, which is body physiological temperature. For
tenoxicam, piroxicam and meloxicam, the pKa values calculated by the mole fraction method at 25°C were
5.067 £ 0.037; 5.237 £ 0.065; 4.027 £ 0.144; pKa values at 37°C are 5.166 £ 0.017; 5.197 + 0.084; 4.161 +
0.116. By Yasuda-Shedlovsky extrapolation, pK, values calculated at 25°C were 5.061 + 0.035; 5.232 £ 0.063;
4.021+0.141; pKavalues at 37°C are 5.161 £0.013; 5.192 £0.053; 4.155 + 0.094. The results are in agreement
with previous studies with different methods and different solvents at 25°C.

Keywords: Oxicam, RP-HPLC, THF-water binary mixtures
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Amag: Bu ¢alismada, oksikam grubu ila¢ etken maddeleri olan tenoksikam, piroksikam ve meloksikamin

hem agri ve iltihabt azaltmadaki etkinlikleri hem de farmasotik énemi nedeniyle iyonizasyon sabiti (pKa)
degerleri aragtirild.
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Gerec ve Yontem: pKa degerleri, 25°C ve 37°C'de tetrahidrofuran-su ikili karigiminda (%30-40(h/h)) RP-
HPLC yontemiyle belirlendi. Bu bilesiklerin sudaki pKa degerleri, mol kesri ve Yasuda-Shedlovsky
ekstrapolasyon ydntemleri ile degerlendirildi.

Sonug ve Tartisma: Tenoksikam, piroksikam ve meloksikam icin 25°C'de mol kesri yontemiyle hesaplanan
PKa degerleri 5.067 +0.037; 5.237 £ 0.065, 4.027 £0.144; 37°C'de pKa degerleri 5.166 +0.017; 5.197 + 0.084;
4.161 £ 0.116. Yasuda-Shedlovsky ekstrapolasyonu ile 25°C'de hesaplanan pKa degerleri 5.061 + 0.035; 5.232
+0.063;4.021 +0.141; 37°C'deki pKa degerleri 5.161 +0.013; 5.192+0.053, 4.155 £ 0.094. Sonuglar, 25°C'de
farkly yontemler ve farkl ¢éziiciiler ile yapilan dnceki ¢alismalarla wyumludur. Bu ¢alisma, tetrahidrofuran-su
ortaminda ve ayrica viicut fizyolojik sicakligi olan 37°C'de tenoksikam, piroksikam ve meloksikam icin yapilan
ilk pKa belirleme ¢alismasidir.

Anahtar Kelimeler: Oksikam, RP-HPLC, THF-su ikili karisumi

INTRODUCTION

Non-steroidal anti-inflammatory drugs (NSAIDs) are among the best-selling over-the-counter
medicines in the world, accounting for 5% of prescription medicines used for the treatment of patients
suffering from chronic pain and inflammatory conditions [1]. They cover a wide range of drugs
according to their structural and functional properties. NSAIDs are classified according to their chemical
properties as major derivatives of salicylic acid, acetic acid, enolic acid, anthranilic acid or propionic
acid. In general, they show weak organic acid properties because they have an acidic part such as
carboxylic acid or enol attached to an aromatic functional group [1, 2]. lonization constants (pK,) range
from31t0 6 [2, 3].

Oxicams are enolic acid derivatives and are widely used NSAID drugs in the pain and
inflammation of rheumatic diseases [2, 4]. Tenoxicam, meloxicam and piroxicam are oxicam group

drugs, which are enolic acid derivatives with similar structural properties [2, 5] (Figure 1).
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Figure 1. Chemical structure of tenoxicam, meloxicam and piroxicam
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When their chemical structures are examined, it is seen that while Ry groups are different in
tenoxicam and piroxicam, Rz groups are different in meloxicam and piroxicam. Although they have
different therapeutic activities depending on these similarities and differences in their structures, their
mechanisms of action are similar. At the same time, due to their high lipophilicity, they cause side effects
such as various gastrointestinal complications [1, 4]. Absorption, distribution, metabolism and excretion
(ADME) mechanisms of these drugs in the body need to be improved in order to reduce their side effects
and facilitate their use. In order to improve ADME properties, it is necessary to know the pKa value,
which affects on the properties of drugs such as solubility, lipophilicity, permeability and protein
binding [6, 7]. With the pK, value, it is possible to comment on the effect on the biological behavior of
the molecule, depending on the pH of the media [6]. In particular, it is necessary to know the pK, value
in order to develop and design new drug active molecules, because with this value, it can be interpreted

about the movement of drugs into cells and other membranes [8].

When the literature studies are examined, it is seen that there are comprehensive studies that
include the methods used for the determination of pK, [8, 9, 10, 11, 12]. In these methods, pK, can be
calculated based on the measurement of a physical property of the analyte. At the same time, there are
studies on computer programs developed for the estimation of pK, and their comparison with
experimental results [9, 13, 14, 15, 16]. Among these methods, HPLC method is one of the preferred
methods, especially in determining the pK. of drugs that are poorly soluble in water, in addition to its
features such as obtaining fast results with a small sample, high sensitivity and precision [8, 9, 17]. An
organic solvent-water mixture is generally used to determine the pK, of poorly water-soluble drugs [18,
19]. By performing several experiments in different organic solvent-water mixtures, the pK, values in
these media ($pK,) are determined and the pK, values in water (},pK,) can be estimated by an
extrapolation method such as Yasuda-Shedlovsky [8, 12, 14, 20, 21, 22]. The selected organic solvents
consist of alcohols such as dimethyl sulfoxide, dimethylformamide, acetonitrile, acetone, dioxane,
tetrahydrofuran (THF), which are widely used with this extrapolation method and have the ability to
dissolve ionizable compounds [12]. Although there is no universal organic solvent-water binary mixture
for the determination of pK,, the most preferred solvent mixtures are methanol-water, acetonitrile-water
and THF-water mixtures [12, 23].

When the literature is examined for the determination of pK, values of oxicams, it is stated that
the pK, values of the compounds are determined by different methods. In these literatures, it was
generally studied at 25°C for the determination of pKa. The biorelevant temperature in humans is 37°C.
Therefore, it is known that studies at this temperature are more beneficial in biologically occurring
mechanical dissolution studies, and in elucidating intercellular transmission mechanisms by ionizable

molecules [24].
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In this study first time, pKa values were calculated at both 25°C and 37°C by RP-HPLC method
using THF-water organic solvent mixture (30%-40% (v/v)), which has not been used before in the pKa
determination of meloxicam, piroxicam and tenoxicam compounds. From the $pK, values calculated
for each media, YpK, values were calculated using the Yasuda—Shedlovsky equation and the mole

fraction-pK, extrapolation method.

MATERIAL AND METHOD

Chemicals and Reagents

Meloxicam, piroxicam and tenoxicam, whose pK, was determined by RP-HPLC, were obtained
from Sigma Aldrich (Darmstadt, Germany). THF, the organic solvent used for the mobile phase, and
uracil, the unretained species in the column, were supplied from Sigma Aldrich (Darmstadt, Germany).
Sodium hydroxide used for adjusting the mobile phase pH was purchased from Merck (Darmstadt,
Germany), and ortho-phosphoric acid was obtained from Riedel-de Haén (Seelze, Germany). Potassium
hydrogen phthalate (KHP) used for pH meter calibration, were supplied from Merck (Darmstadt,

Germany).
Apparatus

Agilent 1260 Infinity (Santa Clara, United States) brand High Performance Liquid
Chromatograph device was used to determine the pK, values of the studied compounds. The system
includes 1260 Quat Pump VL pump, 1260 DAD VL detector, 1260 ALS automatic sample injection
part.

Hanna HI 221 pH meter (Carrollton, Texas) device was used for pH measurements of RP-HPLC
mobile phase and Hanna HI 1131 glass electrode was used for measurements. During the adjustment of

the mobile phase pH, the temperature was kept constant at 25 °C.

As a column, ACE C18 (5 pm, 4.6 x 250 mm) column with low silanol activity was used. Thanks
to this feature, it removes the negative effects on the chromatographic separation of silanols, and is
preferred for the separation of both acidic and basic compounds. In addition, due to its high stability, its
repeatability and peak shapes are also very good. The fact that it can work up to 100°C in the pH range

of 2.0-8.0 is one of the other reasons for preference of the column.
Chromatographic Procedures

The electrode was calibrated by keeping it in the working water-organic solvent mixture for 15-
20 minutes so that the readings could be stable. THF-water binary mixtures were prepared with pH in

the range of 3.0-7.0 for each water-organic solvent mixture. In these adjustment processes, 50 mM
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phosphoric acid was used, taking into account the buffer range.

100 ppm stock solutions were prepared by weighing 1 mg of each of the compounds provided in
analytical purity and dissolving them in 10 ml of mobile phase. 20 pl of these prepared solutions were
injected into the liquid chromatography device. In the RP-HPLC study, the required to (dead time) value
for the determination of the capacity factors was determined using uracil. In this study, the average
retention factors of both uracil and compounds were determined by injecting twice for each compound.
For the determination of the ionization constants of the compounds, THF-water binary mixture was
used, the column temperature was determined as 25°C and 37°C, and the flow rate was 1 ml/min. The
studied wavelenghts were 355 nm for compounds and 254 nm for uracil. For the determination of the

ionization constant of the compounds, 30%, 35% and 40% (v/v) THF-water binary mixtures were used.
Data Treatment

The t, value used to calculate the capacity factors of the compounds was calculated with the formula
k=(tr-to)/to using uracil. The variation of the capacity factor values of the compounds with pH shows
sigmoidal behavior. The pH value at the midpoint of this sigmoidal gives the pK, value of that compound
on the working media. The $pK, values of the compounds were calculated by evaluating the capacity
factor —pH relationship in 30%, 35% and 40% (v/v) THF-water binary media with the NLREG program.
NLREG is a nonlinear regression program specially developed for calculating pK, values from capacity
factors and pH values [25]. Mole fraction extrapolation method and Yasuda—Shedlovsky equation were

used for the transition from §pK, values calculated from THF-water mixtures to \vpK, values in water.

In the mole fraction extrapolation method, a linear equation is obtained by plotting the pK, values
against the mole fraction values calculated depending on the volume percent of the organic solvent used
in the mobile phase. The $pK, value is calculated from the intercept value of this equation. Mole fraction

values for THF-water mixtures were obtained from Barbosa, 1999.

Yasuda-Shedlovsky equation is another extrapolation method that helps to calculate $pK, value from

different organic solvent-water mixtures with Equation 1 based on Born electrostatic model [12, 21, 22].
$SpK, + log[H.0] = a. e+ b, Equation 1

Here 3pK, gives the pK, value of the mobile phase, ¢ the dielectric constant of the organic solvent
in the water-organic solvent binary mixture, ag the slope value obtained from the linear equation, and
be the intercept value obtained from the linear equation. In order to calculate the $pK, values in each
media, the dielectric (¢) and autoprotolysis (pKw) constants must be known. These values were obtained

from literature sources [23, 26].
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RESULT AND DISCUSSION

sPK, Values Determined by RP-HPLC

Acetonitrile-water, methanol-water and THF-water media, which are more preferred by RP-
HPLC method in pK, determination, were tested with both Agilent Zorbax Eclipse Plus C18 column
and ACE C18 column at 25°C and 37°C. ACE C18 column, peak shapes and retention times in THF-
water media were found suitable when evaluated in terms of both temperature conditions, since it

provides a short retention time and the peak shapes are good.

In this study, 30%, 35% and 40% (v/v) THF-water mobile phase composition was studied.
Considering the pK, values of the enolic acid group in the structure of the compounds, the retention
factors were determined in the pH range of 3.0-7.0. Chromatograms showing the retention times of the
compounds at pH 3.0 and 7.0 are given in Figure 2. The relationship between the pH value and capacity
factors in 30% (v/v) THF-water media obtained with the NLREG program gives a sigmoidal curve, as
can be seen in Figure 3.

B
]
800 pH7.0 \ | puz.o pH7.0

pH3.0 pH7.0 pH3.0 |

o 1 2 3 4 El min o 1 2 3 4 5 6 7 8 min 0 2 4 6 8 10 12 14 min

Figure 2. Chromatograms showing the retention times of the compounds at pH 3.0 and 7.0 in 35%

(v/v) THF-water media at 37°C (A: tenoxicam, B: piroxicam, C: meloxicam)

The condensation of the benzene ring or thiophene ring in the structure of tenoxicam, meloxicam
and piroxicam compounds with the heterocyclic system and also the presence of the amide group in the
structure gives the enolic group acidic properties [5]. While tenoxicam has a thiophene ring that replaces
the benzene ring in piroxicam; meloxicam is an analog of piroxicam and has 5 methylthiazole groups in
the amidic part of the molecule instead of the pyridyl ring. (Figure 1). In this study, pK, values of enolic
acid group were determined for tenoxicam, piroxicam and meloxicam. The pK, values of the compounds
obtained from this study in THF-water media are given in Table 1. As can be seen from Table 1, an
increase was observed in pK, values as THF content increased. This can be explained by the increase in
THF content, which has a low dielectric constant (€ (H20)=78.36 and € (THF)=7.6), a decrease in the

dissociation of electrolytes and a decrease in conductivity [26].
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Figure 3. NLREG plots of compounds in 30% THF-water media of compounds (A: meloxicam at 25°C,
B: meloxicam at 37°C, C: piroxicam at 25°C, D: piroxicam at 37°C, E: tenoxicam at 25°C, F: tenoxicam

at 37°C.)

Table 1. The pKa values of the studied compounds in THF-water mixture at 25°C and 37°C.

Temperature THF% Tenoxicam Meloxicam Piroxicam
30% 5.184 £0.0662 4.497 £0.032 5.444 +0,040
25°C 35% 5.225 +0.052 4.609 +£0.041 5.512 +£0.067
40% 5.258 £0.176 4.782 +0.015 5.574 £0.064
30% 5.222 +0.084 4.538 £0.039 5.463 +£0.047
37°C 35% 5.236 +£0.063 4.633 +£0.045 5.554 +£0.066
40% 5.256 £0.066 4.768 £0.057 5.631 £0.063

a: Standart deviation

David et al. obtained decreased pKa values (belonging to the pyridinyl group) despite the
increasing methanol percentage of oxicams in 40-60% methanol-water media by RP-HPLC method

[27]. They concluded that this situation is related to the keto/enol equilibrium state of oxicam drugs in
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the methanol-water media. In another study, 30-40% acetonitrile-water with RP-HPLC method and 30-
45% acetonitrile-water media with potentiometric titration method, pKa values (belonging to the enol
group) increased with increasing acetonitrile percentage [20, 28]. Syatesh et al., with the
spectrophotometric method, concluded that the pKa values of both the enol group and the pyridinyl
group of meloxicam increased with increasing ethanol percentage in 20-80% ethanol [29]. In this study,
the pK, values obtained in THF media are slightly higher than the values obtained in different solvent-
water media in the literature. This is because in aprotic solvents such as THF, cationic forms adhere
more than anionic form and pK., values are higher in water-organic solvent media [30]. Kiitt et al. show

that pK, values in THF-water media may differ by about 2-3 units [18].

Unlike other studies, the pK, values were studied both at 25°C and at 37°C, which is the
biorelevant temperature. The effect of temperature on pK, depends on the structure of the functional
group. With the increase in temperature, basic groups tend to protonate more easily, so a decrease was
observed in the pK, values of basic groups while an increase was observed in the pK, values of acidic
groups [24, 31, 32]. The pK, values of the enolic acid group for tenoxicam, piroxicam and meloxicam

increased with temperature, as seen in Table 1.

wpK,Values Obtained Using The Yasuda—Shedlovsky Equation and the Mole Fraction (Xtwr —
pKa) Extrapolation Method

Yasuda-Shedlovsky mathematical equation and Xtue-pKa extrapolation method were used to
calculate \ypK,values from $pK, values obtained from three different THF-water solvent media. The

linear equations obtained from these methods are given in Table 2 and Table 3.

As can be seen in Table 2 and Table 3, positive slope values were obtained in the equations
obtained by both extrapolation methods. This is because Tenoxicam, piroxicam and meloxicam are
weakly acidic, so the acidity decreases with increasing THF content in the solution. Due to the similarity
of the R, groups in Tenoxicam and Piroxicam, the slope values gave close results. Table 4 shows the
wpK, values of the compounds obtained from the Xrue—3pK, extrapolation method, the Yasuda
Shedlovsky method, and the \ypK, values in the literature. It is seen that the }pK, values obtained by
both extrapolation methods are compatible with each other and the results are close to the literature
values. The pK, value of the enolic structure was found to be close to each other with the effect of the

pyridinyl group in Tenoxicam and Piroxicam.

This is the first study in which the pK, values of tenoxicam, piroxicam and meloxicam compounds
were determined by RP-HPLC method in THF-water solvent media. The pK., values of the enolic group
in the structure of these compounds, which have low water solubility, were evaluated in THF-water
solvent mixture in the range of 30-40%. $pK, values were calculated with the NLREG program. Using

these data, the \ypK,, values of each compound were determined.
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Table 2. Linear equations obtained from Yasuda-Shedlovsky extrapolation method of studied
compounds at 25°C and 37°C.

Temperature Compound Yasuda Shedlovsky Equation r
Tenoxicam log[H20] + §pK,= 25.966(1/€) +6.474 0.995
25°C Meloxicam log[H20] + SpK,=105.69(1/€) + 4.418 0.997
Piroxicam log[H20] + $pK,= 46.939(1/€) + 6.377 0.997
Tenoxicam log[H20] + §pK,= 11.111(1/€) + 6.763 0.997
37°C Meloxicam log[H20] + $pK,= 84.871(1/€) + 4.817 0.998
Piroxicam log[H20] + $pK,= 61.087(1/€) + 6.157 0.995

Table 3. Linear equations obtained from the Xru—3pK, method of extrapolation of the studied
compounds at 25°C and 37°C

Temperature Compound XtHr—spK, r
Tenoxicam wpK, = 27.652 X1rr +4.714 0.997
25°C Meloxicam wpK,=107.37 XtHr + 2.657 0.997
Piroxicam wpK,=48.624 Xthr + 4.617 0.997
Tenoxicam wpK,=12.796 XtHr + 5.003 0.998
37°C Meloxicam wpK,=86.557 XtHF + 3.056 0.998
Piroxicam wpKa=62.772 Xthr + 4.397 0.995

Table 4. \ypK, values of studied compounds at 25°C and 37°C and literature values

wpK, values
Temperature Compound Xtur—ipK, Yasuda Shedlovsky Literature values
Tenoxicam 5.067 +0.037 5.061 +0.035 5.34 [33]
5.29 [27]
5.19-5.26 [20]
5.26 [34]
4.97 [35]
Meloxicam 4.027 £ 0.144 4.021 £ 0.141 4.08 [3, 4, 33]
4.34 [27]
o 4.17 [34]
25°C 4.0 [29]
Piroxicam 5.237+0.065 5.232+0.063 6.3 [3, 36, 37]
5.3[4]
5.46 [33]
4.58 [27]
5.98-6.02 [20]
5.3 [38]
5.31[34]
Tenoxicam 5.166+£0.017 5.161 £0.013 -
37°C Meloxicam 4.161 £0.116 4.155 + 0.094 -
Piroxicam 5.197 £ 0.084 5.192 £0.053 -

RP-HPLC method has been preferred because it gives fast and reliable results in the determination
of pKa, in organic solvent-water mixtures. The results obtained showed that the pKa values of these
compounds were dependent on the pH of the capacity factor for different THF contents in the mobile

phase.
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ABSTRACT

Objective: The aim of this research was to assess the effect of the process and formulation parameters
during the preparation of solid lipid microparticles. Solid lipid microparticles (SLMs) have evident advantages
such as biocompatibility, simplicity of production and characterization, prolonged release, and especially high
protein loading capacity, despite being less investigated than lipid nanoparticles.

Material and Method: SLMs were prepared via emulsion solvent diffusion technique using glyceryl
tridecanoate (GTD) as a biocompatible and biodegradable lipid. The optimum formulation conditions for
producing homogenous spherical microparticles were found and represented by a triangle phase diagram area.
After optimizing the particle size and encapsulation efficiency by changing the formulation parameters, the
microparticles were characterized by in vitro release, morphological analysis, thermal analysis and
electrophoretic analysis on the selected formulations.

Result and Discussion: The maximum drug loading efficiency was achieved by combining 100 mg of lipid,
60% triacetin and 3% emulsifier. The average microparticle size was observed as 8.9 um. The in vitro drug
release were analyzed in pH 7.4 phosphate buffer and were mainly completed at 8" hour.

Keywords: Bovine serum albumin, glyceryl tridecanoate, lipid microparticle, triacetin, triangular phase
diagram

oz
Amag: Bu aragtirmamin amaci, kati lipid mikropartikiillerinin hazirlanmast sirasinda proses ve
formiilasyon parametrelerinin etkisini degerlendirmektir. Kati lipid mikropartikiiller (SLM'ler), lipid

nanopartikiillerinden daha az arastirilmig olmalarina ragmen biyouyumluluk, iiretim ve karakterizasyon
kolayligi, uzun siireli salim ve ozellikle yiiksek protein yiikleme kapasitesi gibi belirgin avantajlara sahiptir.

* Corresponding Author / Sorumlu Yazar: Berrin Kiigiiktiirkmen
e-mail / e-posta: bbasaran@pharmacy.ankara.edu.tr, Phone / Tel.: +903122033159

Submitted / Gonderilme: 22.06.2022 Accepted / Kabul: 09.08.2022


https://orcid.org/0000-0001-7026-8932
https://orcid.org/0000-0001-5225-748X
https://orcid.org/0000-0002-2782-3280

[

. Fac. Pharm. Ankara, 46(3): 872-882, 2022 Kiigiiktiirkmen etal. 873

Gerec¢ ve Yontem: SLM'ler, biyouyumlu ve biyolojik olarak par¢alanabilen bir lipid olarak gliseril
tridekanoat (GTD) kullanilarak emiilsiyon ¢oziicii difiizyon teknigi ile hazirlanmigtir. Homojen kiiresel
Mmikropartikiiller iiretmek igin en iyi formiilasyon kosullar: belirlenmig ve bir ti¢gen faz diyagram alani ile temsil
edilmistir. Mikropartikiiller, formiilasyon parametreleri degistirilerek partikiil boyutu ve enkapsiilasyon
etkinligi optimize edildikten sonra, se¢ilen formiilasyonlar in vitro salim, morfolojik analizler, termal analiz ve
elektroforetik analiz ile karakterize edilmistir.

Sonug ve Tartisma: En yiiksek etken madde yiikleme etkinligi 100 mg lipid, %60 triasetin ve %3 emiilgatior
kullamlarak elde edilmistir. Ortalama mikropartikiil boyutu 8.9 um olarak gézlenmistir. In vitro etken madde
salimi pH 7.4 fosfat tampon ¢ozeltisinde degerlendirilmis ve 8. saatte tamamlanmigstir.

Anahtar Kelimeler: Gliseril tridekanoat, lipid mikropartikiil, sigir serum albiimini, triasetin, iicgen faz
diyagrami

INTRODUCTION

In recent years, protein delivery has emerged as a particularly interesting subject of research
due to the selectivity, efficacy, and relative maturity of recombinant protein expression techniques. Solid
lipid particles have shown excellent potentials against proteolysis of integrated proteins among protein
delivery methods designed for parenteral administration. These particles also provide steric barriers that
can contribute in the controlled release of drugs. [1]. The lipid matrix of SLM is composed of
physiological lipids, which lowers the risk of both acute and long-term toxicity [2,3]. On the other hand,
SLMs provide high biocompatibility and stability, and can encapsulate different protein therapeutic

agents effectively [4].

One of the methods to produce lipid nanoparticles is the solvent emulsification-diffusion
method, in which the lipid and active component are dissolved in an organic solvent miscible with water
and dispersed in an external agueous phase including surfactant. Emulsification is carried out by mixing
at high speed. The resulting emulsion is then mixed with the aqueous phase to encourage organic solvent
migration from droplets to the aqueous phase, which solidifies the lipid molecule particles [3]. While
this technique is reproducible and it has the advantage of not exposing the active substance to high
temperature, it has the disadvantage of diffusing especially the water-soluble active substance into the

aqueous phase and lowering the encapsulation efficiency.

Several advantages of SLMs have driven numerous studies for the application of SLMs as
peptide/protein carrier system for oral [5-7], nasal [8] and particularly for parenteral administrations [9-
11]. The physicochemical properties and stability of SLMs also depend on the properties of the
encapsulated active substance. In this context, the effect of formulation parameters on the
physicochemical characteristics of SLMs should be evaluated to obtain an optimal SLM formulation for
each active ingredient. With this objective, glyceryl tridecanoate and triacetin were used as lipids for
SLM formulations in this research for bovine serum albumin (BSA) delivery as a model protein. The
use of glyceryl tridecanoate as a matrix material for SLM formulations for peptides and proteins has

rarely been reported [1, 12, 13]. Triacetin is an oil with many unique features such as non-toxicity, high
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drug dissolving capacity, self-emulsifying formulation ability, and plasticizer properties. There are few
studies in the literature on the use of triacetin in lipid microspheres produced by solvent diffusion
method. It has been stated that the use of triacetin in the microsphere formulation allows the solvent
and triacetin to diffuse easily into the polymer matrix and increases the drug retention efficiency [14,
15].

MATERIAL AND METHOD

Materials

GTD, triacetin, BSA, Pluronic F127 and ethanol were obtained from Sigma-Aldrich Co (USA).

All other reagents were of analytical grade.
Pseudo-Ternary Diagram

In this research, the first step in formulating emulsion-based microparticles was to create the phase
diagram used in the literature to determine the stable emulsion region in the optimization process of
microparticle formulations [16]. The pseudo-ternary phase diagram was constructed based on the
selected lipids and combination of surfactant at different ratios. The lipophilic phase consisted of a GTD
and triacetin solution in ethanol, and Pluronic F127 was used as a surfactant. By maintaining the GTD
concentration constant (100 mg) and altering the amounts of the surfactant and oil, it was possible to
obtain the stable emulsion formation area in a ternary phase diagram. Appropriate amounts of lipophilic
phases were weighed in the beaker and mixed for sufficient time to reach equilibrium, then mixed with
the aqueous phase containing Pluronic F127 and homogenized with a high-speed homogenizer (IKA T
18 digital ULTRA-TURRAX®) at 13500 rpm for 5 min. The resulting mixture was first visually
examined in terms of formation of emulsion. Afterwards, all mixtures produced in the phase diagram
where no separation was observed visually were subjected to particle size analysis to confirm the

microparticle formation.
Preparation of solid lipid microparticles

In order to prepare solid lipid microparticles, firstly, Pluronic F127 was mixed in a calculated
amount of water and kept in the refrigerator overnight to form a solution. GTD was dissolved in 2 ml of
alcohol and triacetin was added and mixed. Afterwards, the lipophilic phase was added to the aqueous
phase containing Pluronic F127 and homogenized with a high-speed homogenizer at 13500 rpm for 5
min. Then, for the removal of the ethanol, the formulations were taken into a dialysis bag (Spectra/Por
Biotech CE Tubing, 300 kD MWCO) and dialyzed for a total of 9 h by changing every 3 h at 350 rpm

against one liter of water. The formulation taken from the dialysis bag was frozen at -40°C and
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lyophilized. In order to encapsulate BSA into SLMs, 10 mg of BSA was first dissolved in 1 ml pH 7.4
PBS by keeping it in the refrigerator and added to the lipophilic phase.

Particle size measurements

A sample of 10 pL formulation was diluted with ultrapure water. The particle size and size
distribution of microparticles were evaluated at 25°C using Malvern Mastersizer 3000 (Malvern

Instruments, UK).
Determination of Encapsulation Efficiency (EE) and Loading Capacity (LC)

To determine the BSA encapsulation efficiency of SLM formulations, 5 mg of SLM was weighed
and dissolved in 0.5 ml of ethanol. 4.5 ml of ultrapure water was added and mixed in a shaking water
bath for 24 h. Then the mixture was centrifuged at 4000 rpm for 10 min and the amount of BSA in the
supernatant was determined by microBCA analysis [17]. Encapsulation efficiency and loading capacity

of SLM formulations were calculated with the following equations:

EE % = Total amount of BSA - Free BSA «100 Eq. (1)

Total amount of BSA

Total amount of BSA - Free BSA
LC% = * 1 Eq. (2
c Weight of SLM formulation 00 q ( )

In vitro BSA release

In vitro release of BSA from SLM formulations carried out with slight modification of the method
used by Sedyakina et al. [18]. In order to determine the in vitro release rate of BSA, the SLM
formulation containing 200 pg of BSA was placed in Eppendorf tube and 2 ml of pH 7.4 Phosphate
Buffered Saline (PBS) was added. Eppendorf tubes were placed in a shaker incubator at 37°C and were
shaken horizontally at 50 rpm. At certain time intervals for 24 h, 0.2 ml of sample was taken and replaced
with fresh medium. The amount of BSA in the samples was determined by microBCA analysis and in

vitro release graphs were created.
Morphology of the SLMs

The morphology of the SLM formulation was determined by both optical microscopy and AFM.
The morphology of the F6 formulation was observed using optical microscopy (BX4, Olympus, Tokyo,
Japan) with a 10x objective lens. Images were acquired using a digital camera (Q- Color 3, Olympus,
Tokyo, Japan). On the other hand, for AFM analysis, F6 formulation was dispersed in distilled water
and then dropped onto mica and dried under nitrogen. Then, the mica surface was scanned, and imaging

was performed with the AFM device (ezAFM, Nanomagnetics Inst., UK).
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DSC Analysis

The thermal properties of BSA, GTD, triacetin, and BSA loaded SLM formulation (F6) were
analyzed with the Shimadzu DSC-60 device. Samples weighing 3-5 mg were placed on an aluminum
pan and compressed. Samples were heated linearly at a rate of 10 °C/min between 30 and 300 ° C while
being examined using nitrogen gas at a flow rate of 50 ml/min. The blank was an empty pan.

SDS-PAGE Analysis

SDS-PAGE was carried out under reducing conditions. The in vitro release samples of the F6
formulation and various amounts of BSA standards produced in PBS (pH 7.4) were analyzed. The
protein solutions (20 puL) were mixed with 5 pL of sample buffer, which was boiled for 5 minutes at
100° C. The sample buffer contains 1.0 M Tris (pH 6.8), 1 % bromophenol blue, 2-mercapto ethanol,
and 50% glycerol. The samples of 10 pL were loaded onto 15% SDS-PAGE gel and electrophoretically

separated. Coomassie brilliant blue was used to visualize protein bands.

RESULT AND DISCUSSION

Construction of the phase diagram

All batches were made with various concentrations of the oil and surfactant and a constant GTD
concentration throughout the optimization procedure. Since the GTD concentration was kept constant
in the lipid phase, the pseudoternary diagram was created using the varying percentage of triacetin.
Pluronic F127 was only employed below 9 % concentration because gel formation was observed above
this rate. The region marked in the phase diagram is the region where the emulsion is stable and
microparticle formation is observed (Figure 1). The formulations were prepared according to the ratios

in this designated area and the formulation compositions are shown in the Table 1.

Pluronic (%)

Figure 1. Triangular phase diagram of the water/oil/surfactant system. The stable region is framed by

a line and represents formulations yielding spherical microparticles.
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Table 1. Composition of SLM formulations

GTD (mg) Triacetin (%) Pluronic F127 (%) BSA (mg)
F1 100 30 6 10
F2 100 20 9 10
F3 100 50 3 10
F4 100 40 6 10
F5 100 30 9 10
F6 100 60 3 10
F7 100 50 6 10
F8 100 40 9 10
F9 100 50 9 10

Particle size measurements

The particle size homogeneity of the SLMs has a crucial role in the repeatability of the drug
release from formulations. [16]. Particle sizes of SLM formulations were found within the range of
1.28-12.4 um (Table 2). Narrow particle size distributions were obtained in this study. Among the
formulations, it was observed that the F4 formulation had the smallest particle size, while the F3
formulation had the smallest particle size distribution.

Encapsulation Efficiency (EE) and Loading Capacity (LC)

Encapsulation efficiencies and loading capacities of SLM formulations were found within the
range of 7.6-43.2 % and 0.182-0.996 %, respectively (Table 2). The increase in the amount of triacetin
and Pluronic F127 together increased the amount of loaded protein. It is known that triacetin weakens
the intermolecular forces between polymer molecules due to its plasticizer function and increases the
free volume in the polymer matrix by causing the polymer relaxation [14]. Therefore, the increased
encapsulation efficiency in the microspheres with the increase of triacetin concentration can be
attributed to the easy diffusion of protein into the polymer matrix. Similarly, in the study of Yiiksel et
al. [14], the addition of triacetin increased the encapsulation efficiency of indomethacin into
microspheres. It was observed that the F6 formulation had the highest encapsulation efficiency and the

F3 formulation had the highest loading capacity.
In vitro BSA release

The invitro BSA release of the F4 formulation with the smallest particle size, the F3 formulation
with the highest drug loading capacity, and the F6 formulation with the highest encapsulation efficiency
were compared. Burst effect was observed in the first hour in all formulations. F6 formulation
significantly slowed the release of the active substance compared to other formulations. It was thought
that this was due to the higher amount of triacetin in the F6 formulation, and that triacetin increased the

encapsulation of BSA into the lipid microparticle structure rather than the surface regions. Similarly, in



878 Kiigiiktiirkmen et al.

the study of Beck et al. [19], the addition of triacetin slowed the release of diclofenac from the
nanoparticle-coated inorganic microparticles. In another study triacetin modified the release of
indomethacin from the microspheres [14]. F6 was chosen as the optimum formulation in this study
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because of its high encapsulation efficiency and relatively slow drug release (Figure 2).

Table 2. Characterization of SLM formulations

Morphology of the SLMs

characteristics of the F6 formulation were investigated. As shown in Figure 3, SLMs were found to be

spherical and monodisperse. As a result of the AFM analysis, it was observed that the SLMs were

After the optimization of the process parameters in the previous section, the morphological

Figure 2. In vitro BSA release

Triacetin | Pluronic Mean size | Span Encapsulation | Loading
(%) F127 (%) (um) efficiency (%) capacity (%)
F1 |30 6 12.4+0.152 3.01 30.0+£3.6 0.559+0.067
F2 |20 9 3.79+0.009 | 1.78 11.9+0.7 0.441+0.026
F3 |50 3 2.51£0.007 | 1.44 17.2+0.6 0.996+0.032
F4 | 40 6 1.28+0.004 241 7.6+0.5 0.510£0.036
F51]30 9 4.62+0.009 | 2.97 29.0+1.3 0.343+£0.016
F6 | 60 3 8.90+0.717 154 432422 0.260+£0.013
F7 | 50 6 2.03+£0.004 1.69 20.7£1.5 0.623+0.045
F8 | 40 9 5.87+0.046 6.00 38.842.5 0.380+0.025
F9 | 50 9 9.95+0.462 | 3.77 33.9+5.4 0.182+0.029
100
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spherical in size and the particle size was similar to the size measured by laser diffraction.
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DSC Analysis

As a result of DSC analysis, GTD created an endothermic peak at 36°C and is compatible with
the literature [1]. Triacetin formed a broad peak at 187°C, corresponding to the flash point [14].
Characteristic peaks of BSA were observed at 89°C and 224°C [20]. DSC thermogram of F6 SLM
formulation exhibited only a peak of lipid at 31°C. The absence of characteristic peaks of BSA in the
DSC thermogram confirmed that BSA was encapsulated in the lipid microparticle structure (Figure 4).

DsSC

mwW
10.00- —

0.00-
-10.00f
-20.00-

36.46C
-30.00- Dwo_ﬁc
I Mﬁzzmoc .
100.00 200.00 300.00
Temp [C]

Figure 4. DSC thermograms of triacetin (green), GTD (black), F6 formulation (red) and BSA (blue).

SDS_PAGE Analysis

In the current study, BSA was loaded on SLMs and the molecular weight integrity of BSA
released from the NPs was measured by SDS-PAGE whether the structure of the protein was affected
during the SLM preparation procedure. As a result of SDS-PAGE analysis, in vitro release samples from
formulation F6 and BSA standards emerged as a single chain aligned (Figure 5). Apart from these, no
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additional bands were observed. This result showed that the protein in the formulation remained stable
during the formulation preparation stage and during the 8-hour in vitro release period.

1 2 3 L 5

— —e ——

e ey N

Figure 5. Results of SDS-PAGE analysis. Lane 1: BSA standard 25 pg/ml, Lane 2: BSA standard 50
ug/ml, Lane 3: 2"@hour in vitro release sample, Lane 4: 4" hour in vitro release sample, Lane 5: 8"

hour in vitro release sample

In this research, the preparation of SLM formulation as well as its potential for application as a
protein carrier system was studied. The triangle phase diagram is used to optimize the effect of emulsion
components employed in the emulsion solvent diffusion method on SLM production. The formulations
were characterized in detail after loading BSA into the SLM formulations in the region defined by the
triangle phase diagram. The optimized F6 formulation was shown to provide BSA release for up to 8
hours and to have acceptable particle size and encapsulation efficiency. Based on these findings, SLM

formulations are recommended as an effective protein delivery system.
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ABSTRACT

Objective: SARS-CoV-2 infection has been spread worldwide since 2019 and declared a pandemic
infection. Unfortunately, humanity is still trying to deal with the infection. Under these circumstances, scientists
head towards drug repurposing studies as the fastest solution for combatting SARS-CoV-2 viral infection.
Betaferon (Interferon beta-1b) is a member of interferons, and its mechanism of action is the same as naturally
produced interferon beta-1a in the immune system.

Material and Method: In this study, the antiviral effect of Betaferon on SARS-CoV-2 infection in vitro
and in silico was analyzed. The drug toxicity, gene expression, and docking calculations are evaluated.

Result and Discussion: Betaferon showed significant antiviral activity against COVID-19. Furthermore,
Betaferon decreased the expression of both viral entries mediating proteins such as ACE2 and TMRPSS2.
Betaferon decreases not only the expression of TMPRSS2 but also the enzymatic activity of TMPRSS2.
Furthermore, in silico analyses revealed that Betaferon interacts with viral Spike protein. Hence, a decrease in
the expression of viral entry mediating proteins, inhibition of the activity of TMPRSS2, and interaction with
viral Spike protein indicate that Betaferon has an antiviral activity for COVID-19 virus through inhibition of
viral entry pathway.
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oz

Amag: COVID-19 enfeksiyonu 2019'dan beri diinya ¢apinda yayilmis ve pandemik enfeksiyon olarak ilan
edilmistir. Maalesef, insanlik hala bu enfeksiyonla basa ¢ikmaya ¢alisiyor. Bu kosullar altinda bilim insanlart,
SARS-CoV-2 viral enfeksiyonu ile miicadelede en hizli ¢oziim olarak ilag yeniden konumlandirma ¢alismalarina
yonelmistir. Betaferon (Interferon beta-1b), interferon ailesinin bir iiyesidir ve immiin sistem tarafindan dogal
olarak iiretilen interferon beta-1a ayni etki mekanizmasina sahiptir.

Gere¢ ve Yontem: Betaferon 'un SARS-CoV-2 enfeksiyonuna karst antiviral etkisi in vitro ve in siliko
olarak arasturldi. Antiviral aktivitenin tayini igin ilag toksisitesi, gen ifadesi ve docking (kenetlenme)
hesaplamalari yapilarak degerlendirildi.

Sonu¢ ve Tartisma: Betaferon, SARS-CoV-2 viral enfeksiyonuna karsi onemli antiviral aktivite
gastermigtir. Ayrica Betaferon, hem viriisiin girisinde rol oynayan ACE2 ve TMRPSS? proteinlerinin ifadesini
azaltmigtir. Betaferon, yalnizca TMPRSS? ifadesini degil, ayni zamanda TMPRSS2'nin proteolitik aktivitesini
de doza bagh bir sekilde azaltmigtir. Bununla birlikte Betaferon'un viral Spike protein ile etkilesime girdigi in
silico analizlerle gosterilmistir. Dolayisiyla, ACE2 ve TMPRSS?2 ifadesinin azalmasi, TMPRSS?2 aktivitesinin
diismesi ve SARS-CoV-2'nin Spike proteini ile etkilesimi, Betaferon'un viral girig yolagimi engellenmesi yoluyla
SARS-CoV-2 viriisiine karst antiviral aktiviteye sahip oldugunu gostermistir.

Anahtar Kelimeler: Betaferon, COVID-19, ila¢ yeniden konumlandirma, SARS-CoV-2

INTRODUCTION

Chinese authorities found the first case of COVID-19 in Wuhan, where it was first reported in
December of this year. There has been an ongoing pandemic since the disease spread around the world
[1]. Globally, pre-clinical and clinical trials for the treatment of COVID-19 have been ongoing. Different
therapeutic strategies have been studied, including antiviral, antimalarial, and immunomodulatory
approaches [2]. However, there is still no definitive therapeutic strategy. One of the methods to introduce

new therapeutics is drug repurposing which significantly reduces the time and cost of drug studies [3].

Interferon beta-1b (Betaferon), the active ingredient in Betaferon, is a member of a class of
medications known as interferons. Betaferon was originally indicated for Multiple Sclerosis (MS)
treatment and its active ingredient is Interferon beta-1b [4]. Interferons are naturally occurring chemicals
that the body produces to aid it in the battle against attacks such as infections caused by viruses, among
other things [5]. It has been shown that Interferon beta-1b has immune modulator activity, and anti-
inflammatory and antiviral activity [6]. It is possible to generate interferon beta-1b by a process known
as 'recombinant DNA technology. The interferon beta-1b is produced by bacteria that has been
implanted with a gene (DNA) that allows it to manufacture the protein [7]. Interferon-beta-1b is the non-
glycosylated version of interferon beta-1a and the replacement interferon beta-1b functions in the same

way as naturally produced interferon beta-1a in the immune system [8,9].

Moreover, interferon beta-1a inhibited the replication of the SARS-CoV-2 virus [10]. Furthermore,
Interferon 1 beta reduced lung fibrosis [11]. In addition, ex vivo lung tissue samples revealed that viral

infection did not induce the production of interferons hence, usage of Interferon beta-1b can have antiviral
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activity against the COVID-19 [12,13]. Herein, the antiviral effect of Interferon beta-1b to combat SARS-
CoV-2 was studied particularly via computational and molecular biology analyses.

MATERIAL AND METHOD

In silico calculations

All reagents were analytical grade and used without processing. Betaferon was kindly provided
by Bayer Pharmaceutical Company (Istanbul-Turkey). Betaferon structure (PDB ID:1aul), spike protein
closed form (PDB ID:6vxx) and spike protein open form (PDB ID:6vyb) structures were used. HDock
server [14] was used for docking calculations. For both forms, the 4 lowest-energy bonds were
examined. The protein structures obtained from the PDB databank are visualized via BIOVIA Discovery
Studio 2021 software [15].

MTT Assay

The MTT assay was carried out the determination of the toxic doses of Betaferon (Millipore,
CT02). Vero E6 cells detached with trypsinization. Detached cells were counted and 10.000 cells per
well were seeded on a 96-well plate and incubated for 24 hours. For the next 48 hours, the cells were
treated with 0.96, 0.48, 0.24, 0.12, and 0.06ug/ml Betaferon for 48 hours. Betaferon had its solvent, it
was applied as solvent control. Absorption was measured at 570 nm using EpochTM Microplate
Spectrophotometer. The OD values were analyzed relative to the control hence, the percentage of cell

viability was determined.
Flow Cytometry for Protein Expression

TMPRSS2 expression of Betaferon treated cells, solvent control cells, and control cells were
examined by flow cytometry (NovoCyte Flow Cytometry). Cells were harvested with trypsinization.
Collected cells were fixed with 4% Paraformaldehyde, permeabilize, and stained using an antibody
against TMPRSS2 (Santa Cruze, sc-515727) respectively. Novo Express 1.3.0 Software (ACEA

Biosciences, Inc) is used for flow cytometry.
Evaluation of Gene Expression Through gRT-PCR

TMPSS2 and ACE2 mRNA expression level alterations after Betaferon treatment were assessed
with quantitative real-time PCR (QRT-PCR). RNA isolation was carried out with RiboEx (GeneAll®
Ribo Ex, 301-001) by following the manufacturer’s protocol. cDNA synthesized with 1ug of isolated
MRNA (TONBO Biosciences, 31-5300-0100R). gRT-PCR was carried out with instructions of the
manufacturer by using CYBER FastTM gPCR Hi-ROX Master Mix (TONBO Biosciences). Gene

expression normalized to the expression of GAPDH. Raw data was analyzed with the 24T method.
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Western Blotting

The impact of Betaferon on ACE2 protein levels was evaluated through Western Blotting. Cells
are harvested with a cell scraper and collected cell pellet lysed with protein lysis buffer. Concentrations
of proteins were measured with BCA Protein Assay Reagent (Pierce, Rockford, IL). 60 ug protein for
each treatment group loaded with polyacrylamide gel. Polyacrylamide gel was transferred to
polyvinylidene difluoride (PVDF) membrane (TransBlot Turbo, Bio-Rad) with a semi-dry transfer
technique due to directives of the manufacturer (Bio-Rad, Hercules, CA). Monoclonal anti-ACE2
antibody from ProSci (1:250) and goat anti-rabbit 1gG-horseradish peroxidase-conjugated antibody
from Santa Cruz Biotechnology (1:2500) were used as primary and secondary antibodies respectively.
Monoclonal anti-B-actin antibodies from Santa Cruz and goat anti-mouse HRP conjugated from Pierce
were used as primary and secondary antibodies respectively for B- actin. All of the antibodies were
diluted in a 5% BSA containing TBST blocking solution. Membrane developed and images were taken
with ChemiDoc MP Imaging System (Bio-Rad, Hercules, CA).

Proteolytic Activity Assay to Evaluate the Enzymatic Activity of TMPRSS2

In Vero EG6 cells, the proteolytic activity of TMPRSS2 after Betaferon treatment was examined.
To assess the proteolytic activity of TMPRSS2, 20.000 cells/well were seeded into a 96-well plate in
100 pl of cell culture maintenance medium. Seeded cells were treated with varied Betaferon
concentrations (0.96pg/ml, 0.48ug/ml, 0.24ug/ml and, 0.12ug/ml) for 48 hours. The cells were washed
with 1X PBS and incubated with fluorogenic synthetic peptide Boc-GIn-Ala-Arg-AMC (Enzo, BML-
P237-0005) at a final concentration of 200 uM at 37°C for 2 hours. Supernatants in the wells were
collected individually. Low-rate centrifugation was performed at 3000 rpm, 10 min at 4°C. A new 96-
well plate was used to replace the cleared supernatants. Fluorescence intensity was measured through a

fluorescence spectrometer at 380 nm (excitation) and 460 (reflection).
Statistical Analysis

Each piece of the data was subjected to statistical analysis to determine its importance. We
conducted in vitro experiments excluding gRT-PCR were performed in 3 biological replicates, whereas
gRT-PCR was performed in 6 biological replicates to obtain the most accurate results. Paired two-tailed
t-tests were used to compare the control and drug-treated group. Significance was defined as p values
less than 0.05. To be considered significant p-value must fall below 0.05. Graph Pad Prism 8.01 was

used to analyze the data.
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RESULT AND DISCUSSION

MTT assay was carried out for the assessment of the viability of Vero EG6 cells after the Betaferon
treatment as a concentration gradient (0.06, 0.12, 0.24, 0.48, and 0.96 pg/ml). We did not observe a
significant decrease in cell viability accompanied by an increasing concentration of Betaferon.
According to these results, the concentration of 0.96 pg/ml was determined to use in the forward
experiments including anti-viral as 0.96 pg/ml is the topmost dose while the viability of the cell is
resembling with the control group. Vero E6 cells were infected with SARS-CoV-2 in which were
pretreated with Betaferon with concentration gradient (0.06, 0.12, 0.24, 0.48, and 0.96 pg/ml) and after
48-hour viral copies in the supernatant were collected and analyzed through gRT-PCR for determination
of the antiviral activity of Betaferon. Based on anti-viral activity results and MTT results (Figures 1 and

2), it was determined that 0.96 pug/ml Betaferon concentration for further molecular experiments.

We performed molecular analysis to understand the downstream impacts of Betaferon on the viral
life cycle. Since TMPRSS2 and ACE2 proteins play a crucial role in enabling virus entry, we tested
whether Betaferon has a repressive effect on both of these proteins. Firstly, we analyzed gene expression
levels of TMPRSS2 after the 0.96 pg/ml Betaferon treatment by qRT-PCR. We verified that the
application of Betaferon significantly lowers TMPRSS2 expression compared to solvent control after
48 hours (Figure 3A). To evaluate the alterations in TMPRSS2 protein expression with the application
of Betaferon, we performed a flow cytometry analysis. TMPRSS2 protein level was reduced in the
Betaferon treated group after 48 hours due to the control. (For Vero-E6; Control cells 91.8 = 0.3 %,
Solvent treated cells 98.8 = 0.45%, Betaferon treated cells 84.68 + 0.31%) (Figure 3B). These data
suggest that the application of Betaferon lowers the expression of TMPRSS2 both at protein and mRNA
grade in 48 hours.
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Figure 1. Antiviral activity of Betaferon. Pre-treated VVero E6 cells with Betaferon at different
concentrations infected with SARS-CoV-2. After 48-hour viral copies in the supernatant were
analyzed through gRT-PCR.
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Figure 2. Cytotoxic effect of Betaferon at the concentrations of 0.06, 0.12, 0.24, 0.48, and 0.96 ug/ml on
Vero E6 for 48 hours. Data show the mean and the SD of samples. The black bar represents the cells
cultured with the maintenance medium (Control). The data obtained from the cells treated with the
maintenance medium including Betaferon’s solvent represented as grey bars in the graph (Solvent
Control). Purple bars show the cells treated with Betaferon. Data was interpreted as the mean + SD (n=
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Figure 3. qRT- PCR manifests relative fold differences of TMPRSS2 mRNA expression after 48 h
Betaferon treatment in A) Vero-E6 cells (p<0.0005). **** indicates p<0.0005. Data was interpreted as
the mean + SD (n= 6). B) Illustration represents flow cytometry graphs of Betaferon (0.96 pg/ml)
treated cells. The Betaferon treated cells show a decrease in the TMPRSS2 expression (Paired Two-

tailed T-test, P<0.05). * indicates p<0.05. Data was interpreted as the mean + SD (n= 3).
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To realize our suggestion about the anti-viral activity of Betaferon, and to reveal the impact of
Betaferon in the regulation of ACE2 at protein and transcript grades, we carried out western blotting
and gRT-PCR. Our gRT-PCR results showed that Betaferon significantly decreases the mRNA level of
ACE?2 after 48-hour treatment (Figure 3A). Consequently, we observed that Betaferon has a significantly
diminishing impact on the regulation of ACE-2 protein in VVero-E6 (Figure 4).
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Figure 4. Betaferon decreases ACE2 protein expression in Vero E6 cells. Analysis of band intensities

shows alterations in protein levels of ACE2 in Betaferon (0.96 pg/ml) treated Vero-E6 cells. The
Betaferon treatment results in a significant decrease in cells. ** indicates p<0.005. Data was

interpreted as the mean + SD (n= 3).
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As we know, SARS-CoV-2 penetrates the host cell through its surface spike protein for binding
on the host cell. Moreover, SARS-CoV-2 priming with the host cell results in fusion. TMPRSS2 has a
cleavage domain that cuts the spike protein to induce fusion of membrane. Our previous study about the
anti-viral activity of Ribavirin on SARS-CoV-2 revealed that the inhibitory impacts on the proteolytic
activity of TMPRSS2 are valuable as a symbol of the anti-viral effect of the drug at the molecular grade
[17]. The TMPRSS2 proteolytic activity is measured with the addition of synthetic commercial protease
substrate into treated Vero-E6 cells with 0.48 and 0.96 pg/ml Betaferon for 48 hours [17]. We
determined the proteolytic activity of TMPRSS2 due to the detection of soluble forms of proteins
liberated from cells. Our results indicated that the application of Betaferon significantly diminishes
TMPRSS?2 activity in a dose-dependent manner (Figure 5). This finding indicates that especially 0.96
ug/ml Betaferon treatment has an inhibitory impact on the proteolytic activity of TMPRSS2.
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Figure 5. Examination of the proteolytic activity of TMPRSS2 carried out through substrate assay

analysis. Betaferon treatment causes a remarkable reduction of the primed substrate by TMPRSS2.

This data demonstrates that Betaferon suppresses the enzymatic activity of TMPRSS2. * indicates
p<0.05; **** indicates p<0.005. Data interpreted as the mean + SD (n= 3)

Concerning the analysis of the drug's mechanism of action against viruses in-depth, we performed

in silico analyzes. In silico analyses revealed that the lowest energy binding score to the closed form of
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Spike protein is -418.13 kcal/mol. All 4 bindings to this region are in the RBD region (Figure 6). Binding
to the RBD region is critical for virus attachment to the ACE2 receptor and inactivating the mechanism
of entry into the cell.

The lowest energy of the bonds to the open form of Spike protein is -339.66 kcal/mol. There are
differences between the patterns of attachment to this form; 15tand 2" pattern binding to the RBD region,
31 pattern binding to the S2 subunit, and 4™ pattern binding are to the N-terminal domain (Figure 7).
Regions other than RBD are also used in antibody targets and are effective in inactivating the virus.

Figure 6. Docking results of Betaferon and spike protein (close form). All docking has been to the
RBD region. The binding energies are respectively A: -418.13 kcal/mol, B: -337.87 kcal/mol, C: -
324.85 kcal/mol, D: -322.86 kcal/mol.
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Figure 7. Docking results of Betaferon and spike protein (open form). The first two binding to the
open form are to the RBD sites (binding energy: -339.66 kcal/mol and -317.65 kcal/mol), the others
are the S2- subunit (binding energy: -316.42 kcal/mol) and N-Terminal (binding energy: -316.42).

kcal/mol) area. These bindings to different regions of the protein are important for virus inactivation.

When the bond profile of spike protein (closed form) and betaferon is examined, it is seen that
there are many hydrogen bonds. In addition to these, electrostatic interactions are also observed, albeit
slightly. The interaction of betaferon with the open form was observed in 4 different regions.
Hydrophobic and electrostatic interactions are observed with hydrogen bonds in the 1st region. The
connection profile here shows a high similarity with the closed form. When the interactions in the 2nd
region are examined, it is seen that the pi-sulfur bond forms a pi-sulfur bond with the residue CYS141.
While hydrophobic interactions increase in the 3rd region, the interaction profile in the 4th region shows
a high similarity with the 2nd region.

In conclusion, Betaferon showed significant antiviral activity against the SARS-CoV-2 virus. In
vitro and computational studies revealed that Betaferon actively inhibits the viral entry pathway. It
decreases in expression of ACE2 and TMPRSS2 proteins in both protein and mRNA grades. In addition
to the decrease in the expression of TMPRSS2 protein Betaferon also inhibits the proteolytic activity of
TMPRSS2. Furthermore, the interaction of Betaferon with the SARS-CoV-2 Spike protein indicates that
Betaferon shows Betaferon is effective not only in the host but also in the SARS-CoV-2 virus. Hence,
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Betaferon has significant antiviral activity against the COVID-19 virus via inhibition of the viral entry
pathway by targeting both host and viral proteins. In our study, it is seen that the experimental data were
confirmed by in silico results. The interaction of betaferon with both the closed and open form of the
Spike protein increases its inhibition capacity. interaction with different regions of the open form
increases the effect of the drug despite the high binding energies. The fact that it is larger than the small
molecule structurally affects the binding profile considerably. In this way, it increases its affinity by
establishing many hydrogen bonds with different residues. Since the spike-ace2 interface is very large,
inhibiting this region is only possible with large molecules such as betaferon. The most important result

of this is that the probability of being affected by mutations in the Spike protein decreases.
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ORIGINAL ARTICLE / OZGUN MAKALE

DRUG REPOSITIONING APPROACH FOR THE TREATMENT OF
ANKYLOSING SPONDYLITIS

ANKILOZAN SPONDILIT TEDAVISINDE ILAC YENIDEN YERLESTIRME YAKLASIMI

Gozde YALCIN OZKATY

'Recep Tayyip Erdogan University, Faculty of Engineering and Architecture, Bioengineering
Department, 53100 Rize, Turkey

ABSTRACT

Objective: In this study, it was aimed to determine an FDA-approved molecule that inhibits the IL-17
receptor, which is an important target for the prevention of inflammation in Ankylosing Spondylitis (AS), using
the drug repositioning approach.

Material and Method: Using the Drug-Gene Interaction database, 18 molecules specific to the active
HLA-B gene were identified in AS. Then, the 3D structure of IL-17 was obtained from the RSCB database. I)
Blind docking 1) Computed Atlas of Surface Topography of Proteins web tool was used to determine the binding
package. The interaction between the known inhibitor of IL-17, rhodomyrtone, and IL-17, was determined by
molecular docking using grid boxes around the determined binding packages. Accordingly, configuration files
were prepared with the selected grid box features, and docking was performed for 18 molecules with the
AutoDock Vina program.

Result and Discussion: The carbamazepine molecule shows the best binding affinity and binding profile
with IL-17. It was also revealed that minocycline, sulfasalazine, and thalidomide are tightly packed in the active
site. It has been demonstrated that these molecules may be lead molecules for the treatment of AS disease.

Keywords: Ankylosing spondylitis, blind docking, drug repositioning, IL-17, molecular docking

(0Y4

Amag: Bu calismada, AS'de inflamasyonun énlenmesinde onemli bir hedef olan IL-17 reseptériinii inhibe
eden FDA onayli bir molekiiliin ilag¢ yeniden konumlandirma yaklasimi kullanilarak belirlenmesi
amaclanmistir.

Gereg ve Yontem: “Drug-Gene Interaction” veritabani kullanilarak AS'de etkin HLA-B genine ozgii 18
molekiil belirlenmigtir. Avdindan IL-17'nin 3D yapisina RSCB veri tabanindan ulasimistiv. Baglanma paketinin

belirlenmesi igin 1) Kor kenetlenme 11) “Computed Atlas of Surface Topography of Proteins” web araci
kullamilmistir. Belirlenen baglanma paketleri ¢evresindeki grid kutulari kullanilarak IL-17'nin bilinen
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inhibitorii rhodomyrtone ile IL-17 arasindaki etkilesim molekiiler doking ile belirlenmistir. Buna gore segilen
grid kutusu ozellikleri ile konfigiirasyon dosyalart hazirlanarak 18 molekiil i¢in de AutoDock Vina programi ile
doking gerceklestirilmistir.

Sonuc ve Tartisma: Karbamazepin molekiilii, IL-17 ile en iyi baglanma afinitesini ve baglanma profilini
gastermistir. Ayrica minosiklin, siilfasalazin ve talidomidin molekiillerinin de aktif bolgede stkica paketlendigi
ortaya ¢tkmustir. Bu molekiillerin AS hastaliginin tedavisi icin bir éncii molekiil olabilecegi gosterilmigtir.

Anahtar Kelimeler: Ankilozan spondilit, IL-17, ila¢ yeniden konumlandirma, Kor kenetlenme, molekiiler
kenetlenme

INTRODUCTION

Ankylosing Spondylitis (AS), which usually occurs at a young age; is a painful, inflammatory
type of autoimmune disease that affects the spine and the joint between the spine and hipbone [1-3].
Although the exact cause of ankylosing spondylitis is unknown, hereditary factors are known to play an

important role. People who carry the HLA-B27 gene have a higher risk of developing the disease [4-6].

As a result of inflammation, these two bones combine to form a single bone. Inflammation and
then ossification occurs in all edges of the disc and ligaments from the lower part of the spine to the
neck. As a result, an anterior curvature occurs in the upper part of the spine. Although most patients can
go on with their lives, the spinal motion may be restricted in a group of patients with advanced disease
[7-10]. Although the course of the disease generally continues with periods of remission, it is sometimes
exacerbated by periods of attacks. During these attacks, the disease also affects the lungs, heart, kidneys,
eyes, and also affects hip joints. Most often, eye involvement occurs with uveitis, and if left untreated,
this leads to loss of vision in the patient. Therefore, the treatment of the disease is of great importance
[11-13].

There is no known cure for AS. The drugs used clinically for AS are mostly aimed at relieving
symptoms. Non-steroidal anti-inflammatory drugs (NSAIDs) are used specifically for pain relief. In
addition, specific drugs such as sulfasalazine (CVS) and methotrexate (MTX), and TNF-alpha inhibitor
immunosuppressants are used to relieve seizures [4, 14, 15]. The biggest problem with these drugs is

their side effects. Therefore, the identification of more specific drugs is of great importance.

As with neurological diseases such as Alzheimer's Disease and central nervous system diseases
such as Multiple Sclerosis, the biggest problem in AS is inflammation [16-18]. Therefore, prevention of
inflammation is the main goal. TNF-a is the primary target in the prevention of inflammation and many
signaling pathways are activated through it. This signaling releases several cytokines and initiates the
apoptotic pathway, resulting in target cell activation, resulting in an inflammatory and immune response
[19]. Currently, five tumor necrosis factor-alpha (TNF-o) inhibitors (Infliximab, Etanercept,
Adalimumab, Certolizumab, and Golimumab) are available in the treatment of AS [20]. However, these

structures, which are monoclonal antibodies, are known for their intense side effects [20, 21]. For this
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reason, researchers turned to studies on the development of IL-17 inhibitors, which is another target in
inflammation [22]. Another important pathway for inflammation in the pathogenesis of AS is IL-23/IL-
17 pathway. T-helper 17 cells are one of the largest immunological flows that are expressed in AS
patients and are involved in the immune response. Both animal models and clinical studies use IL-17
cytokines in this response of T-helper 17 cells [22]. Therefore, it is possible to stop inflammation in AS
by inhibiting IL-17. Although Phase 2 and Phase 3 studies are ongoing for different anti-1L-17 agents
(Secukinumab, Ixekizumab, Bimekizumab, Brodalumab) for rheumatological and inflammatory

diseases, there is no specific IL-17 inhibitor used clinically [22-24].

Drug repositioning, in other words, drug repurposing, is a set of methods that enable us to
investigate the use of drug molecules that have been clinically approved or whose phase studies are in
progress, outside of their medical indications. It provides a great advantage in terms of both time and
cost compared to the detection of a completely new drug molecule, since it works with molecules that

have been clinically and preclinically determined to be safe [25-27].

Within the scope of the study, which is the subject of this article, FDA-approved drug molecules
suitable for the active HLA-B gene family in AS were determined and their IL-17 cytokine inhibitory

properties were examined by web tools and molecular docking methods.

MATERIAL AND METHOD

Drug-Gene Interaction Research

Using the Drug-Gene Interaction database (DGldb) [28], a database containing drug molecules
for genetic sources of diseases, 25 molecules associated with the HLA-B gene were identified. Eighteen
of these molecules (Table 1) were downloaded from the PubChem database [29] for use in this study.

Molecular Docking

The interaction between the IL-17 receptor and 19 molecules (18 molecules from DGIdb and
reference molecule, Rhodomyrtone, a known IL-17 inhibitor) was investigated by molecular docking.
Molecular docking was performed using the AutoDock Vina program [30]. These 18 molecules
determined were prepared by the “Ligand” module of the AutoDock Tools (ADT) [31] package, and
gasteiger loads and TORSDOF parameters were also regulated by this module. The receptor structure
(PDB ID: 4HR9 [32]) was downloaded from the RSCB database [33], and polar hydrogens and gasteiger
charges were added to the ADT to obtain the 3D structure used in docking. However, since the receptor
cannot crystallize with an inhibitor molecule, it is not possible to have a definite judgment about the
binding pocket. For this reason, to determine the dimensions of the grid box be used in docking, firstly,

the determination of the docking package was studied. All binding affinity values given in the article
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are taken for conformations where the RMSD value is 0 Angstrom.

Table 1. Features of selected compounds for molecular docking
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Binding Pocket Prediction of 1L-17 Receptor

Computed Atlas of Surface Topography of Proteins (CASTp) [34], a web tool that scans for
regions where molecules can interact within the receptor by examining receptor cavities and solvent
access points, has been used to predict the receptor binding package. Predictions of the binding pocket
are given in Table 2.

Blind Docking

Blind docking is performed when the target site containing the binding pocket at which receptor-
ligand interaction will occur is unknown. The results of this process are combined by dividing the grid
box into several pieces or repeating the process several times for the different pieces [35]. Another blind
docking method is to specify a grid box containing all the receptors used in this study. Thus, it is
predicted that the region where the greatest number of structures interact from different conformations
of the molecule is the active site of the receptor. Blind docking was carried out using the AutoDock
Vina program, and the dimensions of the grid box containing the whole receptor were determined by
the “Grid” module of ADT (Table 2).

Grid Box Properties

Grid box parameters created by CASTp and blind docking are given in Table 2. In both methods,
amino acid residues estimated to be in the active site were determined. While determining the grid box,

the coordinates and dimensions of the box containing these amino acids were taken as a basis.

Table 2. Grid parameters used for molecular docking

Method Pocket | Xcenter | Y center | Z center | Grid Point Dimensions
- 11.572 28.93 48.65 0.375 A 100 A x 100 A x 100 A
Blind 1 7.034 31.898 42.638 0375A |40A x40A x40 A
Docking 2 21.505 23.063 49.071 0375A |40A x40A x40A
3 -7.205 28.536 65.44 0375A |40A x40A x40A
CASTp 1 -2.998 35541 | 53.645 0375A |40A x40 A x40 A
Web 2 16.385 28.426 48.287 0375A |50Ax70Ax70A
Server 3 -3.586 28.31 63.124 0375A |40A x40A x40 A

RESULT AND DISCUSSION

Binding Pocket Prediction with CASTp

20 binding pockets were identified via the CASTp database. Among these packages, the properties

of the 5 with the highest areas and the amino acid residues in the package are given in Table 3.
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Table 3. Properties of pockets obtained from CASTp

Pocket | Area (SA) | Volume (SA) Aminoacid Residues

1 434.832 256.325 LEU 53, TYR 62, PRO 63,VAL 65, ILE 66, TRP 67, ALA
69, GLN 94, GLU 95, ILE 96, LEU 97, VAL 98, LEU 99,
LEU 112, LYS 114, VAL 117, SER 118, VAL 119

2 208.076 189.577 ARG 46, SER 47, THR 48, CYS 76, ILE 77, ASN 78, ALA
79, ASP 84, MET 87, CYS 123, THR 125

3 59.868 29.344 TYR 44, ASP 45, PRO 50, TRP 51, ASN 52, LEU 53, ARG
72

4 8.462 2.933 ARG 100, ARG 101, GLU 102, PRO 104, ARG 111

5 5.401 0.998 ASN 56, ARG 61, ILE 66, GLU 68, ILE 115, VAL 117

Configuration files were created with the first 3 packages for molecular docking work. The
positions and sequences of the first 3 packages in the receptor are given in Figure 1.

Figure 1. In the receptor shown in Cartoon style on the upper part of the figure, the parts areshown in

CPK style (red balls) constitute the active regions. In the receptor sequence given at the bottom of the
figure, the areas shaded in gray are the predicted binding packages.

Blind Docking

Blind docking was performed with the known inhibitor of IL-17, rhodomyrtone. The
conformation of molecule 20 and its positions on the receptor was given in Figure 2. Accordingly, the
3 binding sites where the highest number of conformations is docked are given in the figure. The features

of the Grid Box created by centering these regions are given in Table 2.



902 Yalcin Ozkat J. Fac. Pharm. Ankara, 46(3): 896-908, 2022

Figure 2. Blind docking conformations of rhodomyrtone. a) Front view of the surface representation

of the receptor b) Back view of the surface representation of the receptor. The white rectangle
represents binding pocket 1, the blue rectangle the binding pocket 2, and the red rectangle the binding
pocket 3.

Molecular Docking

To determine the required docking protocol for examining the interaction of the molecules given
in Table 1 and the IL-17 receptor, the interaction of rhodomyrtone was examined by using all the Grid
Box features given in Table 2. Accordingly, when the obtained binding affinities are examined, it is seen
that the second package obtained by blind docking and the second package obtained through the CASTp
web tool give the same binding affinity (-7.6 kcal/mol) (Table 4).

Table 4. Properties of pockets obtained from CASTp

Affinity

Method Pocket (kcal/mol)
1 -6.9
Blind Docking 2 -7.6
3 -5.9
1 -6.8
CASTp 2 -7.6
Web server 3 -5.8

At the same time, it is understood from Table 2 that these 2 packages also show the same region
on the receptor. For this reason, it was determined that the active site of the receptor was expressed by
package 2, and other molecules were docked with the configuration file of package 2. In Figure 3, the
interaction properties of rnodomyrtone in the binding package are given. Accordingly, it was determined

that rhodomyrtone interacted with TRP 67 in accordance with the literature [36].
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Figure 2. Analysis of interactions detected as a result of docking via Discovery Studio Visualizer
program [37]. a) Interaction profile in binding packet 2 obtained via the CASTp web tool b)
Interaction profile in bind pack 2 obtained with blind docking

The binding affinities of the molecules given in Table 1 with the binding package 2 are given in
Table 5. Accordingly, it was determined that the highest binding affinity was obtained with
carbamazepine (-7.8 kcal/mol). It was also observed that minocycline, sulfasalazine, and thalidomide
gave a higher binding affinity (-7.7 kcal/mol) than rhodomyrtone (-7.6 kcal/mol).

Table 5. Molecular docking results between selected ligands and 1L-17 receptor

. Affinit ) Affinit
Ligand (kcal/mol) Ligand (keal/mol)

Acetazoleamide -5.0 Minocycline -1.7
Carbamazepine -7.8 Oxcarbazepine -5.5
Carbimazole 4.4 Pazopanib -6.8
Clavulanic Acid -55 Phenytoin -6.8
Clozapine -1.4 Stavudine --5.9
Dapsone -6.2 Sulfasalazine -1.7
Floxacillin -6.5 Thalidomide -1.7
Fosphenytoin -5.8 Ticlopidine -4.9
Lamivudine -5.0 Rhodomyrtone -7.6
Methimazole -3.2

Figure 3 shows the interaction between carbamazepine and the receptor. Accordingly, it is
observed that the molecule is in the binding package of the receptor and exhibits a similar interaction

profile with rhodomyrtone and also shows a zt-cation interaction with LY'S 114.



904 Yalcin Ozkat J. Fac. Pharm. Ankara, 46(3): 896-908, 2022

AX3a
BRQ 5
A6
Residue Interaction pi
RS —
Electrostatic s '
van der Waals H' :
E%% % ] Donor
Covalent bond JiE \
Water m S ‘ I
H:AY)
Metal l sty Aceeptor

Figure 3. Binding profiles of the carbamazepine. a) 2D structure view. The orange line demonstrates

m-cation interaction. b) 3D structure view

In Figure 4, it is observed that minocycline, sulfasalazine, and thalidomide are included in the
binding package. Although minocycline does not show a similar interaction profile to the literature, it
has been shown that sulfasalazine and thalidomide exhibit a similar profile to rhodomyrtone.
Accordingly, it was determined that sulfasalazine made z-cation interaction and hydrogen bond with
LYS 114, while thalidomide made hydrogen bonds with TRP 67.
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Figure 4. Binding profiles of compounds. a) minocycline b) sulfasalazine c) thalidomide. The orange

line demonstrates z-cation interaction, blue and green discreet lines demonstrate the hydrogen bond.

In conclusion, the carbamazepine molecule shows the best binding affinity and binding profile
with IL-17. It was also revealed that minocycline, sulfasalazine, and thalidomide are tightly packed in
the active site. It has been demonstrated that these molecules may be lead molecules for the treatment
of AS disease.
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1Cukurova University, Faculty of Pharmacy, Department of Pharmacology, 01330, Adana, Turkey
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ABSTRACT

Objective: Benign prostatic hyperplasia (BPH) and erectile dysfunction (ED) are the most common
illnesses in aged male patients. 5a-reductase inhibitors (5-ARIs) are suggested for the treatment of BPH.
Furthermore, the association of 5ARIs with ED has been indicated. This study aimed to investigate the effect of
intracavernosal injection of sildenafil on ED in 5ARI treated rats.

Material and Method: Sprague-Dawley rats (n=30) were divided into three groups: Control; 10-week
dutasteride treatment (0.5 mg/rat/day); and 6-week durasteride treatment followed by a 4-week washout period.
In vivo erectile responses were assessed before and after intracavernosal injection of sildenafil (0.3mg/kg/rat).
The relaxant and contractile responses of isolated corpus cavernosum were evaluated in in vitro organ bath.

Result and Discussion: Prostate weight decreased after 10-week dutasteride treatment. In vivo erectile
responses, endothelial and nitrergic relaxation responses were decreased in dutasteride groups. The washout
period moderately normalized erectile responses. The intracavernosal injection of sildenafil increased erectile
function in treatment groups. Contractile responses were augmented in 10-week dutasteride treated rats. The
cessation of the treatment did not alter erectile function as well as endothelial relaxation and nitrergic
relaxation. Also, intracavernosal sildenafil caused an improvement in 5ARI treatment-induced ED.

Keywords: 5-alpha reductase inhibitor, corpus cavernosum, dutasteride, erectile dysfunction, sildenafil.

0z

Amag: Benign prostat hiperplazisi (BPH) ve erektil disfonksiyon (ED), yasl erkek hastalarda en sik
goriilen hastaliklardir. BPH tedavisi i¢in 5Sa-rediiktaz inhibitorleri (5-ARI) onerilmektedir. Ayrica, 5ARI'lerin
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ED ile iliskisi belirtilmistir.Bu ¢alismada, 5ARI tedavili sicanlarda gelisen ED iizerine intrakavernozal
sildenafil enjeksiyonunun etkisinin arastiriimast amaglanmustir.

Gereg ve Yontem: Sprague-Dawley sicanlar (n=30) ti¢ gruba ayrinugtir: Kontrol; 10 haftalik dutasterid
tedavili (0.5mg/kg/giin); 6 haftalik dutasterid tedavili ve 4 hafta tedavisiz. In vivo erektil yanitlar, sildenafilin
intrakavernozal enjeksiyonundan (0.3 mg/kg) once ve sonra degerlendirilmistir. Izole korpus kavernozum
dokularmmin gevseme ve kasilma yanitlar in vitro olarak organ banyosunda degerlendirildi.

Sonu¢ ve Tartisma: /0 haftalik dutasterid tedavisinden sonra prostat agwrlhigr azalmistr. Dutasterid
gruplarinda in vivo erektil yamitlar, endotelyal ve nitrerjik gevseme yanitlart azalmistir. Tedavinin kesilmesi
azalan erektil yanitlart kismen geri dondiirmiistiir. Sildenafilin intrakavernozal enjeksiyonu, tedavi gruplarinda
erektil yanmitlar: artumigtir. 10 hafta dutasterid ile tedavi edilen sicanlarda kontraktil yamitlar artmistir.
Tedavinin kesilmesi, erektil fonksiyonun yani sira endotelyal ve nitrerjik gevsemeyi iyilestirmemistir. Ayrica,
intrakavernozal sildenafil, 5ARI tedavisinin neden oldugu ED'de bir iyilesmeye neden olmustur.

Anahtar Kelimeler: 5-alfa rediiktaz inhibitori, dutasterid, erektil disfonksiyon, korpus kavernozum,
sildenafil.

INTRODUCTION

Benign prostatic hyperplasia (BPH), one of the most mutual conditions in aged men, is likely to
induce lower urinary tract symptoms (LUTS) which is linked to a decrement in the quality of life [1, 2].
In addition, the prevalence of BPH rises with age that affects 75% of men over 50 years of age [2, 3].

Sa-reductase inhibitors (5-ARIs), al-adrenoceptor antagonists and phosphodiesterase-5 inhibitors
(PDESIs) are suggested for the treatment of BPH/LUTS [4]. Prostate growth is induced by
dihydrotestosterone (DHT), which is converted from testosterone via 5-AR [5]. Dutasteride, a 5-ARl, is
frequently used as a treatment option for BPH [6]. Dutasteride blocks 5-AR enzyme resulting in a
decrement in serum, intraprostatic concentration of DHT and prostate volume [6-8]. Previous data have
confirmed that 5-ARIs induce side effects on sexual function, especially erectile dysfunction (ED) [9, 10].
Furthermore, in preclinical data, dutasteride treatment induced ED in rats, even after withdrawal of
dutasteride [11, 12]. In addition, PDE5Is are the preferred choice, even though there are conflicting results
[13-15]. Concomitant treatment with 5ARI and PDE5Is prevented ED [14, 16]. Sildenafil is a highly
selective PDESIs and the most used drug for ED [17, 18]. On the other hand, a rat model of BPH treated

with sildenafil displayed a decrease in corporal smooth muscle content compared to the BPH group [13].

To the best of our knowledge, studies assessing the acute effect of sildenafil on 5ARI-induced
ED are lacking. The aim of this study was to examine the effect of intracavernosal sildenafil injection
on ED after 6-week and 10-week dutasteride treatment, as well as to evaluate in vitro relaxant and

contractile responses in the corpus cavernosum (CC).

MATERIAL AND METHOD

Drugs

All drugs were purchased from Sigma Chemical Co (St. Luis, MO) except dutasteride (Avodart,
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GlaxoSmithKline) and sildenafil tablets (Viagra, Pfizer).
Animals

Adult male Sprague-Dawley rats (n=30, ten weeks old, 295.9+5.8 g) were purchased from Bilkent
University (Ankara, Turkey). Rats were randomly divided into three groups; control (n=10), 10 weeks
of dutasteride treatment (n=10), and 6 weeks of dutasteride treatment followed by 4 weeks of washout
(n=10). As in previous studies [11, 12, 19], dutasteride was administered in drinking water (0.5
mg/rat/day). Dutasteride treatment was performed during 6 and 8 weeks in a previous study [19].
However, the alterations of erectile responses were partially restored in the rats treated with dutasteride
after 2 weeks of washout period [19]. Therefore, we performed 4 weeks of washout period instead of 2

weeks.

All experimental procedure was approved by Ankara University Local Ethics Committee of Animal
Experiments (approval no: 2015-16-185). The rats were housed individually in artificially lit rooms (from

7:00 a.m. to 7:00 p.m.) with food and water ad libitum under controlled temperature (22 + 1 °C).

The body weights of all rats were calculated via a precision scale before the sacrifice of animals.

The penis and prostate tissues were excised and weighted by an electronic scale after sacrifice.
In vivo erectile function measurement

Erectile responses were measured by cavernosal nerve (CN) stimulation and monitoring electric
stimulation-induced intracavernous pressure (ICP, mmHg) and main arterial pressure (MAP, mmHg).
After ten weeks, in anesthetized rats (ketamine/xylazine; 100/10 mg/kg, i.p.) [20], polyethylene-50 tubing
was inserted into the right crura of the penis and the carotid artery to measure ICP and MAP with a
transducer (Statham, Oxnard, CA, USA) and a data acquisition system (Biopac MP 100 System, Santa
Barbara, CA, USA). Following the detection of cavernosal nerve (CN), the CN was stimulated (2.5, 5, and
7.5V, 15 Hz, 1 ms pulse width) with a stainless-steel bipolar-hook stimulating electrode and a square pulse
stimulator (Grass Instruments, Quincy, MA) [12]. After intracavernosal injection of sildenafil (0.3 mg/kg)
[21-23], the measurements were repeated in dutasteride-treated animals. Sildenafil was administered via

intracavernosal injection to eliminate the blood pressure-lowering effect [23, 24].
Organ Bath Experiments

Organ bath experiments were performed to measure the relaxation and contractile responses in
isolated CC. Following in vivo experiments, the rats were Killed under anesthesia (ketamine/xylazine;
100/10 mg/kg, i.p.) [20], and CC tissues were isolated for organ bath experiments. After the isolation,
the CC (1 x 1 x 8 mm) was placed under a resting tension (1g) within organ bath system containing
Krebs-Ringer bicarbonate solution (containing mmol/L: NaCl 118.1, CaCl; 2.5, KCI 4.7, NaHCOs 25.0,
MgSOs 1.0, KH2PO4 1.0, glucose 11.1) at 7.4 pH and 37 °C with 95%0,/5%CO,. The isolated strips
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were attached to platinum electrodes (Grass Instruments, Quincy, MA, USA). Electrical field
stimulation (EFS) of the autonomic nerves (15 seconds duration; amplitude 40-90 V; frequency 1-40
Hz; pulse width 5 ms) was executed with platinum electrodes (Grass Instruments, Quincy, MA). All
tension alterations were noted via an isometric force transducer attached to a PC-based data acquisition
system (Biopac System, St. Barbara, CA, USA). After 60 minutes, endothelium-dependent relaxant
response to acetylcholine (ACh, 107°-107°M), nitrergic relaxant response to EFS (1- 20 Hz),
endothelium-independent relaxant response to sodium nitroprusside (SNP, 1078-10 M) and a PDE5I,
sildenafil (10%-10~* M)-caused relaxant responses were obtained following precontraction of CC strips
with phenylephrine (Phe, 10uM). Alpha- adrenergic agonist, Phe (10® to 10°M), EFS-induced
neurogenic contraction (1-40 Hz), and KCI (60 mM)-caused contractile responses in CC strips were

performed and standardized to tissue weight grams [20, 25].
Data analysis

The findings were analyzed by Prism v.4 (GraphPad Software, San Diego, CA, USA) and shown
as mean= standard error of the mean (SEM). Multiple groups were compared via one-way analysis of
variance (ANOVA) with post hoc Bonferroni analysis. A value of p<0.05 was considered to be

statistically significant.

RESULT AND DISCUSSION

The weight of body and penis did not change in groups (Table 1). Furthermore, the weight of
prostate in 10-week treated rats was lower (p<0.001) than in controls, which was partially returned after
the discontinuation (p<0.05 vs. controls, Table 1). Similarly, previous studies have shown a decrease in

prostate weight [26] as well as no alteration in body and penis weights [19].

Table 1. Body, penis and prostate weights of the control, 10-week and 6-week dutasteride groups

Control Dutasteride-10 week | Dutasteride-6 week+4 week w/o
Body weight (g) 418.3+13.6 401.2+10.9 414.1£7.9
Penis weight (g) 0.39+0.04 0.34+0.02 0.38+0.02
Prostate weight (g) 1.0£0.1 0.5+0.1 *** 0.8+0.1*

Values are the mean = SEM from per group (n=10). *p < 0.05, ***p < 0.001 vs control.

Rats in the 10-week dutasteride group displayed reduced ICP/MAP (p<0.001 at 7.5V) and ICP (p<0.01
at 7.5V) values compared to controls (Figure 1A and 1B). In addition, the decrease in ICP/MAP and ICP was
partially returned after the washout period, but there was no significant difference between the 10-week and

6-week dutasteride groups (Figure 1A and 1B). Likewise, earlier data demonstrated that 4 and 8 weeks of
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dutasteride treatment induced a decline in erectile response, and also, the washout period did not alter the
erectile response [11]. Furthermore, after intracavernosal injection of sildenafil, an increase in erectile
responses was noted in all dutasteride treated groups (Figure 1A and 1B). PDES5Is have been involved in
European Association of Urology (EUA) guidelines for the treatment for LUTS. The underlying mechanism
of PDE5I on LUTS stays unclear, and also, it is likely to be dependent on increasing nitric oxide/intracellular
cyclic guanosine monophosphate resulting in decreasing muscle tone of the detrusor, urethra and prostate as
well as enhancing oxygenation and blood perfusion in the lower urinary tract [27]. Furthermore, PDES5I has
good clinical outcomes for 5ARIs-linked ED [14, 16]. Moreover, Munk et al. indicated that the efficacy of the
combined treatment of PDESI plus 5-ARIs is unclear and needs further research [28]. However, other data
reported PDES5Is were not sufficient to treat ED in hypogonadal men [29]. Testosterone is a critical component
for maintaining erectile function. Indeed, castration caused ED and diminished the effectiveness of PDE5I in
rabbits [30]. Also, hypertension-induced BPH and dutasteride treatment induced detrimental morphological
changes in rat penis, which was not improved by coadministration of sildenafil [13]. Unlike the castrate model
or different BPH models, dutasteride treatment may conserve both testosterone and DHT which can preserve
the expression of PDES5 and the activity of PDESIs.

M Control M Dutasteride-10 wk A || Mcontrol M Dutasteride-10 wk
M Dutasteride-6 wk+4 wk w/o W Dutasteride-10 wk+sildenafil M Dutasteride-6 wk+4 wk w/o M Dutasteride-10 wk+sildenafil
4 Dutasteride-6 wk+4 wk w/o+sildenafil i Dutasteride-6 wk+4 wk w/o+sildenafil
1 6000
$89 -
T
¥ om0
T
s T 300
% Q
T 200
0
™
1000
: 0
75 5 25
Voltage Voltage

Figure 1. The effect of sildenafil on in vivo erectile function in all groups. Bar graphs are presenting
ICP/MAP (A) and total ICP (B). Data are shown as the mean + SEM (n=8-10). *p<0.05, **p<0.01,
***n<0.001 vs. control; # p<0.05, ####p<0.001 vs. 10-week dutasterid treated group; $ p<0.05, $$
p<0.01, $$$ p<0.001 vs. 6-week dutasterid treated group.

ACh-induced endothelium-dependent relaxation responses in both dutasteride treated rats were
lower than in controls (p<0.001, Figure 2A). A previous study showed ACh-induced dose response
curve shifted right without an alteration in the maximum response after 4-week dutasteride treatment

[31]. In addition, the relaxation response to ACh was lowered in the 8-week dutasteride and 2-week
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washout groups [19]. Furthermore, the endothelium-dependent relaxation responses were lower after
both 8-week and 12-week dutasteride treatment [12]. According to the results, the reduction in the
endothelium-dependent relaxation response is likely to be associated with a decreased in free and total
T levels following 5-ARIs treatment [12].

EFS-caused relaxant response was considerably decreased in 10-week and 6-week dutasteride
treatment groups (p<0.001 vs. controls), except 1 and 5V (Figure 2B). Similarly, earlier data indicated
the reduction in both EFS-induced relaxation response and normal penile erection after SARI treatment
[31]. Moreover, Oztekin et al. [19] showed that the neurogenic relaxant responses were decreased after

dutasteride treatment.

The endothelium-independent relaxant response to SNP did not change in all groups (Figure 2C).
Pinsky et al. [31] displayed no differences in SNP-induced relaxant responses between control and 4-
week dutasteride treated rats. However, another study showed that relaxation responses to SNP were
decreased after 12-week dutasteride treatment [12]. This difference was most probably due to the

duration of dutasteride treatment.

Sildenafil-induced relaxation response did not change (Figure 2D). A previous study also
indicated no differences in sildenafil dose-response curve between control and 4-week dutasteride
treated groups [31]. Nevertheless, sildenafil-induced relaxation responses at 1 and 10 uM dosages in the
12-week dutasteride treated group was reduced compared to controls without alteration in the maximum
relaxation response [12].

Phe-induced contractile responses at 100 uM and 1 mM were increased in 10-week dutasteride-
treated rats (Figure 3A, p<0.01 vs. control). EFS-induced neurogenic contractile responses in 10-week
dutasteride-treated rats were considerably increased at 15-40 Hz compared to controls (p<0.05, Figure
3B). Also, the increment in contractile responses was decreased after the washout period (Figure 3A-
B). KCl-induced contractile responses were not different among groups (Figure 3C). Similarly, 4-week
and 12-week dutasteride treatment regimens augmented al-adrenergic agonist and neurogenic-induced
contractile responses [12, 31]. Moreover, Phe-caused contraction in castrated rats was greater than in
controls [32]. The current results can indicate that 5ARI treatment increased vasoconstrictor responses

in the penile tissue resulting in ED.
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In conclusion, the current study showed that treatment with dutasteride caused decreasing
endothelial and nitrergic relaxant responses and increasing contractile responses resulting in ED in rats.
The alterations in erectile function and relaxation responses except contractile responses were not
ameliorated after the cessation. The cavernous injection of sildenafil improved erectile function, and
induced the relaxation of the penile tissue in dutasteride treated rats. Further preclinical and clinical
studies are needed to expand the knowledge of the combination treatment of sildenafil and 5ARIs which
is a favorable alternative for the management of BPH and ED.
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ABSTRACT

Objective: A new spectrophotometric method for the gliclazide quantitation in dosage forms has been
developed

Material and Method: The subjects of the study were modified-release tablets ("Diaglizide™ 80 mg,
"Diaglizide MR" 60 mg, "Diaglizide MR™ 30 mg, "Diabeton" MR 60 mg, "Gliklada™ 60 mg). As a reagent,
bromocresol green in acetone was used. Analytical equipment: spectrophotometer Specord 200, electronic
scales ABT-120-5DM.

Result and Discussion: It has been experimentally determined that gliclazide reacts with bromocresol
green in acetone medium at room temperature to form a yellow product with maximum absorption at 411 nm.
The method was validated for linearity, accuracy, precision, and robustness. The agent’s optimal concentration
was established and the stability of the investigated solutions was checked by measuring their optical density
for 30 minutes. Subordination of Beer's law is observed in the range of 62.00 - 94.00 mg/100 ml. The limit of
detection is 4.02-10°® g/ml, which indicates a high sensitivity of the reaction. The proposed method is validated
according to the requirements of the State Pharmacopoeia of Ukraine. The results of the study show that the
developed method is simple and affordable to implement and can be used to determine gliclazide in drugs in
laboratories for quality control of dosage forms.

Keywords: Bromocresol green, gliclazide, spectrophotometry.
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Amag: Dozaj formlarinda gliklazid miktar tayini igin yeni bir spektrofotometrik yontem gelistirilmistir.

Gerec ve Yontem: Gliklazidin oda sicakliginda aseton ortaminda bromokresol yesili ile reaksiyona
girerek 411 nm'de maksimum absorpsiyona sahip sart bir tiriin olusturdugu deneysel olarak belirlenmistir.
Kimyasal ajanin optimal konsantrasyonu belirlendi ve aragtirilan ¢ozeltilerin stabilitesi, 30 dakika boyunca
optik yogunluklar: dlgiilerek kontrol edildi ve 62.00-94.00 mg/100 ml araliginda Beer yasasina uygun oldugu
goriildii. Tespit limiti, reaksiyonun yiiksek hassasiyetini gosteren 4.02~10-6 g/ml'dir. Onerilen yontem, Ukrayna
Devlet Farmakopesi gerekliliklerine gére dogrulanmigtir.

Sonu¢ ve Tartisma: Calismanin sonuglari, gelistirilen yéntemin uygulamasinin basit ve ekonomik
oldugunu ve dozaj formlarimin kalite kontrolii icin laboratuvarlarda ilaglarda gliklazidin belirlenmesinde
kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Bromokresol yesili, gliklazid, spektrofotometri

INTRODUCTION

Nowadays, diabetes is one of the most common issues. As of 2019, the number of patients with
type 2 diabetes was 463 million people. However, according to the IDF, by 2030 the number of patients
will increase to 578 million, and by 2045 — to 700 million [1]. Therefore, there is a need to develop new
and improved existing methods of hypoglycemic drug analysis.

One of the effective drugs for type 2 diabetes treatment is gliclazide 1-
(Hexahydrocyclopenta[c]pyrrol-2(1H)-y)-3-[(4-methylphenyl)sulfonyl]urea, which is a derivative of
sulfonylurea (Figure 1). It lowers plasma glucose levels by stimulating insulin secretion by pancreatic -

cells. Gliclazide-based drugs on the pharmaceutical market are presented in the form of white tablets [2].

O
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NH NH

o 0O
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Figure 1. The structure of gliclazide

According to the literature, chromatographic [3-7], mass spectrometric [3, 8], spectrophotometric
methods of analysis in UV and visible spectrum [9-12] and indicating-micellar electrokinetic
chromatography method [13] are most often used for gliclazide quantitation in dosage forms. However,
most of the proposed methods are characterized by either low sensitivity and selectivity, or require

expensive equipment or hard-to-reach agents.

Spectrophotometry in the visible spectrum allows you to quickly and very accurately quantify,
identify and determine the purity of the substance. According to the requirements of the State

Pharmacopoeia of Ukraine, each method must be validated [14]. Therefore, the work aims to develop
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and validate a new method for gliclazide quantitation in drugs by absorption spectrophotometry in the

visible spectrum.

MATERIAL AND METHOD

The subjects of the study were modified-release tablets "Diaglizide" 80 mg (Farmak (Ukraine)
series 111021), "Diaglizide MR" 60 mg (Farmak (Ukraine) series 101120), "Diaglizide MR" 30 mg
(Farmak (Ukraine) series 240519), "Diabeton” MR 60 mg (Servier Ukraine LLC series 6019126)
"Gliklada" 60 mg (KRKA (Slovenia) series D96697).

The used the following agents and solvent: standard sample solution (SSS) of gliclazide (Jiuzhou,

series 2017-0020), bromocresol green (BCG) of analytical grade, acetone of analytical grade.

Equipment: Specord 200 spectrophotometer (Analytik Jena), 1 cm quartz cuvettes, Kern ABT-

120-5DM electronic scales and Class A chemical utensils.
Gliclazide determination in general methods

Preparation of the gliclazide reference solution: 0.01950 g of gliclazide is placed in a 25.00 ml

volumetric flask, dissolved in acetone and adjusted to the mark with the same solvent.

Preparation of the compensating solution: 1 ml of a 4.2% solution of BCG in acetone is

transferred to a 10.00 ml volumetric flask, adjusted to the mark with acetone and mixed.

Transferred an aliquot of gliclazide solution (6.20-9.40 mg) to a 10.00 ml volumetric flask, add
1.00 ml of 4.2% BCG solution and make up to the mark with acetone. Absorption is measured against
the background of a compensating solution that does not contain the test substance at a wavelength of
411 nm.

Gliclazide quantitation in tablets

The exact weight of crushed tablets "Diaglizide” 80 mg (0.02860-0.04321 g), "Diaglizide MR"
60 mg (0.07830-0.11847 g), "Diaglizide MR" 30 mg (0.07688-0.11641 g), "Diabeton MR" (0.08323-
0.12609) d), "Glyclad" (0.08255-0.12505 g) is transferred into a volumetric flask with a volume of 25.00
ml and adjusted to the mark with acetone. The resulting solutions were stirred and filtered. The first
portions of the filtrate are discarded because the first portions of the filtrate were cloudy. We took 1.00
ml of the solution from the filtrate and transfer it to a 10.00 ml flask and add 2.00 ml of BCG solution,
make up to volume with acetone and analyze according to the general procedure. In parallel, we carried
out the reaction with 1.00 ml of 0.06% SSS gliclazide. The quantitative content of gliclazide in tablets

is calculated according to a typical formula.
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RESULT AND DISCUSSION

In the course of the experiment, it was found that gliclazide reacts with sulfophthalein dies in
acetone to form dyed reaction products (Figure 2).

0,7

Figure 2. The absorption spectrum of gliclazide reaction products with bromocresol green (1),
bromothymol blue (2), bromocresol purple (3), thymol blue (4) in acetone

As can be seen from Figure 2, the highest value of optical density was observed when using
bromocresol green. When choosing a solvent, the solubility of gliclazide and BCG, as well as the
maximum value of the optical density of the obtained solution, were taken into account. It was
experimentally established that gliclazide interacts with BCG in an acetone environment with the
formation of a colored product with a light absorption maximum at 411 nm (Figure 3).

It was experimentally determined that BCG interacts with gliclazide rapidly at room temperature
and does not require temperature and time adjustment. The limit of detection under such conditions is
4.02 pg/ml.

To determine the ratio of stoichiometric coefficients between gliclazide and BCG, the method of
continuous changes (isomolar series method) and the method of molar ratios ("saturation" method) were

used.

As can be seen from the Figures 4 and 5, gliclazide interacts with BCG in a ratio of 1:1.
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Figure 3. The absorption spectrum of gliclazide reaction product (0.06%) with bromocresol green
(4.19%) in acetone
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Figure 4. The graph of dependence of absorption on the ratio of components of an isomolar solution
(V1 —volume of 0.01 M BCG solution, V, — volume of 0.01 M solution of gliclazide)
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Figure 5. Saturation curves: 1 — gliclazide at constant reagent concentration (1.00 ml of 0.01 M

solution); 2 — BCG at a constant concentration of gliclazide (1.00 ml of 0.01 M solution)

Proposed method validation

All validation characteristics of the proposed method are determined by the requirements of the

State Pharmacopoeia of Ukraine. Parameters such as robustness, linearity, accuracy and precision were

taken into account.

Robustness

The stability of the studied solutions was investigated during the robustness test. To do this, we

measured the optical density of the analyzed solution of the corresponding dosage form and the working

standard solution of gliclazide every 5 minutes for 30 minutes. As can be seen in Figure 6, the analyzed

solution is stable for 30 minutes.
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Figure 6. The dependence of the reaction product absorption on time
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Linearity

To determine the linearity, 9 measurements of the absorption of gliclazide comparison solution
were performed in the range of concentrations in which the subordination of Beer's law is observed,
namely 62.00-94.00 mg/100 ml. The curve of absorption dependence on the gliclazide concentration in

normalized coordinates is shown in Figure 7.

140
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0 T T T T T T 1 X, %
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Figure 7. The curve of absorption dependence on the gliclazide concentration (in normalized

coordinates) at a wavelength of 411 nm.

The linearity of the proposed method was estimated by regression analysis using the least square
method. The obtained values are shown in Table 1.

Table 1. Numerical indicators of linear dependence of the method

Size Value Criteria Conclusion
Equation of linear regression Yi=bXi+a
Correlation coefficient, r 0.9998 >0.9962 meets
Residual standard deviation, Sxo 0.4355 < Aas (%) /t (95%, 7) 1.689 meets
Intercept term, a + (Sa ) 0.217 + (0.685) <t(95%, 7) - Sa 1.298 meets
Slope, b+ (Sb) 0.993 + (0,00670) — —

Precision

The precision of the proposed method for each dosage form was determined at the level of
convergence. 9 parallel measurements were performed. Three solutions were prepared from three
samples, each with three parallel measurements under optimal conditions. In parallel, the absorption of
the reference solution was determined and the content of the test substance was calculated. The data

obtained are shown in Table 2.
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Table 2. Determination of precision and accuracy of the method for the gliclazide quantitation in tablets

Dosage form Z% (n=9) S,% Apg A, 8 <Ny,/3
Diahlizid, 80 mg 99.70 1.06 1.6 1.97 0.30<0.66
Diahlizid MR, 60 mg 100.26 0.88 1.6 1.65 0.26 <0.55
Diahlizid MR, 30 mg 100.23 0.95 1.6 1.78 0.23<0.59
Diabeton MR, 60 mg 99.54 1.25 1.6 2.32 0.46<0.77
Gliklada, 60 mg 98.86 0.77 1.6 1.44 0.14<0.48

Accuracy

The used the method of additives to establish the accuracy of the proposed method. Different
volumes of SSS were added to three equal samples of the drug substance and the optical density was
determined three times. As can be seen in Table 3, the results of the determinations are accurate, as the

results obtained are within the established confidence interval.

Table 3. Determination of the convergence of the method for gliclazide quantitation in tablets

Dosage form Z% (n=9) S,% A, 1100 — Z| 6 <Ay,/3
Diahlizid, 80 mg 99.55 0.85 1.57 0.45 0.45<0.52
Diahlizid MR, 60 mg 100.19 0.96 1.78 0.19 0.19<0.59
Diahlizid MR, 30 mg 99.94 0.93 1.72 0.06 0.06 <0.57
Diabeton MR, 60 mg 99.89 0.37 0.68 0.11 0.11<0.23
Gliklada, 60 mg 99.65 0.65 1.15 0.35 0.35<0.38

Complete uncertainty of analytical methods

To confirm that the developed method will be correctly reproduced in other laboratories, the
calculation of the complete uncertainty of the method results was performed. According to the SPU, the

projected complete uncertainty of the methodology should not exceed the maximum allowable value.

The forecast of complete uncertainty was calculated by the formula (1):

Dys= ’Agp +8%0 (1)

Where A, —the uncertainty of sample preparation;

Ar 40 — projected uncertainty of the final analytical operation.

The calculation of the sample preparation uncertainty of the test solution and the comparison
solution is shown in Table 4. The calculations took into account the minimum weight of the finished

drug sample.



928 Leleka and Vasiuk J. Fac. Pharm. Ankara, 46(3): 920-930, 2022

Table 4. Calculation of the sample preparation uncertainty of the test solution and the comparison
solution of gliclazide.

Operation of sample preparation Uncertainty, %

The investigated solution

. - 0.2 mg/28.6 mg - 100 %
Taking a sample of the finished drug

=0.70
Bring the volume to the mark in a volumetric flask of 25 ml 0.23
Taking an aliquot of dilution of the finished drug with a pipette per 1 ml 0.74
Bring the volume to the mark in a 10 ml volumetric flask 0.50

The solution of comparison

. . 0.2 mg/19.5 mg - 100 %
Taking a sample of gliclazide

=1.03
Bring the volume to the mark in a volumetric flask of 25 ml 0.23
Taking an aliquot of dilution of the finished drug with a pipette per 1 ml 0.74
Bring the volume to the mark in a 10 ml volumetric flask 0.50

Agp= v0.702 + 0.232 + 0.742 + 0.502 + 1.03%2 + 0.23% + 0.742 + 0.502=1.80

When performing three parallel measurements with the extraction of the cuvette, the value of the
uncertainty of the final analytical operation was equal to 0.70% [15].

Projected complete uncertainty of the analysis results:

Ans= V1.80 + 0.70=1.93%

Thus, the projected complete uncertainty of the analysis (1.93%) does not exceed the maximum
allowable uncertainty of the method (2.40%) and the method can be reproduced in other laboratories
[14].

As a result of the study, a spectrophotometric method for gliclazide quantitation in tablets was
developed and validated. The developed method is easy to perform, accessible and meets the
requirements of the State Pharmacopoeia of Ukraine, so it can be recommended for gliclazide analysis

in laboratories for quality control of drugs.
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ABSTRACT

Objective: Objective: Designing matrix structured controlled release systems using polymers or waxy
lipids is a popular option today. Hollowbeads are formulations characterized by the formation of an air-filled
cavity inside. In our study, indomethacin was chosen as a model drug. Cetyl alcohol was selected to create the
hollowbeads structure, and NaCMC was chosen to achieve long-term release. Kollicoat® MAE100P was used
to reduce and/or prevent ulcer formation and control release.

Material and Method: The formulations were prepared using a new “wax removal” technique. Different
concentrations of ZnCl, and CaCl, were used as crosslinkers. In the preformulation studies, 24 different
formulations were prepared by changing the amount of NaCMC, the amount of crosslinker, and the crosslinking
time. The structure, size, encapsulation efficiency, yield, hollow structure, and long-term release capacity were
investigated in the formulations. These parameters were statistically evaluated depending on the amount of
NaCMC, the type of crosslinker, the amount of crosslinker, and contact times with the crosslinker.

Result and Discussion: Hollowbeads were characterized by SEM and FT-IR. In vitro release studies,
release kinetics, and release mechanisms were performed in pH 1.2 HCI and pH 6.8 phosphate buffer media.
Swelling, and buoyancy studies were performed. The long-term stability, encapsulation efficiencies, drug
loading efficiencies, and yields of the formulations were also evaluated. Two promising formulations (F2 and
F19) were found to be able to release indomethacin in both the stomach and intestinal media for 24 hours.
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Amag: Polimerlerin veya mumsu lipidlerin kullanilmasi ile matriks yapili kontrollii salum saglayan sistemler
tasarlamak giiniimiizde popiiler bir segenektir. Ici bos boncuklar (hollowbeads), icinde hava dolu bir boslugun
olusmast ile karakterize formiilasyonlardw. Calismamizda, indometazin model ila¢ olarak secilmistir.
Hollowbeads yapisimi olusturmak igin setil alkol ve uzun siireli salim elde edebilmek i¢in de NaCMC segilmistir.
Ulser olusumunu azaltmak ve/veya dnlemek ve salimi kontollii elde etmek icin Kollicoat® MAE100P kullanimistir.

Gere¢ ve Yontem: Formiilasyonlar, yeni bir teknik olan “wax removol” teknigi kullanilarak
hazirlannmigtir. Capraz baglayict olarak ZnCl, ve CaCly’nin farkli konsantrasyonlart kullanimistir.
Onformiilasyon calismalarinda, NaCMC miktar, ¢apraz baglayict miktar ve ¢apraz baglanma siivelerini de
degistirerek 24 farkli formiilasyon hazirlanmigtir. Formiilasyonlarin yapisi, boyutu, enkapsiilasyon etkinligi,
verimi, hollow yapisi, uzun siireli salim kapasiteleri incelenmistir. Bu parametreler NaCMC miktarina, ¢apraz
baglayict tipine, ¢apraz baglayici miktarina ve ¢apraz baglayiciyla olan temas siirelerine bagh olarak
istatistiksel olarak degerlendirilmistir.

Sonug¢ ve Tartisma: Hollowbeads'ler, SEM ve FT-IR ile karakterize edilmistir. pH 1.2 HCI ve pH 6.8
fosfat tamponu ortamlarinda in vitro salim, sisme ve yiizme ¢alismalari gerceklestirilmistir. Salim kinetikleri ve
salim mekanizmalart agiklanmistir. Formiilasyonlarin uzun siireli stabiliteleri, enkapsiilasyon etkinlikleri, ila¢
yiikleme etkinlikleri ve verimleri de degerlendirilmistir. Umut vadeden iki formiilasyonun (F2 ve F19), 24 saat
stireyle hem mide hem de bagirsak ortaminda indometazin salimi gerceklestirebildigi tespit edilmistir.

Anahtar Kelimeler: indometazin, kontrollii salim, mum verdegistirme, oyuk boncuk, polimer

INTRODUCTION

The oral route is the most common route of drug administration as it is multifunctional and
convenient. Different release systems have been developed to increase bioavailability by reducing toxicity
and side effects in drugs with the advances in pharmaceutical technology [1]. Modified-release dosage
forms have always been a more effective therapeutic alternative to conventional or immediate dosage
forms. The application purpose of modified release dosage forms is to regulate drug absorption from the
gastrointestinal (GI) tract by controlling the release of the therapeutic agent. Such a dosage form can keep
the concentration of the therapeutic agent in plasma stable for a longer period of time, effectively reducing
dose-related side effects [2]. Modified release systems provide great benefits for patients with reduced
dosing frequency and dose amount. Also, they provide the therapeutic advantages of drugs with less
fluctuation in plasma blood levels. It is a popular option today to design matrix structured controlled release
systems using polymers or waxy lipids in order to achieve controlled release [3, 4]. It is now possible to

change the release rate of drugs by adjusting the amount of polymer [5].

Polymers have become an integral part of drug delivery systems with their improved pharmacokinetic
properties. They can be targeted more specifically to tissues. Diffusion-based drug delivery systems are an
important area in investigating the use of polymers in the delivery of solvent-activated drugs. In these systems,
the drug is dissolved in a fully swollen matrix that does not dissociate. These solvent-activated systems swell

when exposed to aqueous media and release the drug. They are also hydrophilic by nature [6-8].

In recent years, polysaccharide-based polymers have been widely used in biomedical and

pharmaceutical applications due to their biocompatibility and biodegradability. It is studied in various fields
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such as chemical engineering, medicine, pharmacy, food, and agriculture [9]. Sodium carboxy methyl
cellulose (NaCMC) is a water-soluble, low-cost polysaccharide derivative that swells on contact with the Gl
system. Their viscosity and solubility change depending on the molecular weight and the length of the
polymer chains [10]. They are used in many studies in formulation development and drug delivery systems
[9-11].

One of the polymers used to prepare floating systems in the stomach is acrylic acid derivative
polymers. Among these polymers is Kollicoat® MAE 100P. Drug delivery systems with mucoadhesive
properties and pH-dependent release can be designed using this polymer [10]. The release of the drug from
the polymeric matrix is controlled by three main mechanisms: diffusion, disintegration, and swelling.
Efforts continue to increase the bioavailability of drugs by adhering to the mucosa, swelling, collapsing,
expanding, gas-producing or super porous systems to increase the residence time of the dosage form in the
stomach [12]. In recent years, scientific and technological advances have been made in the research and
development of rate-controlled drug delivery systems by overcoming the disadvantages such as short
residence times in the stomach and unpredictable gastric emptying times [13, 14]. Gastroretentive systems
are dosage forms that have the feature of self-retention in the stomach to increase the absorption of the
drug released from the acidic media in a controlled manner. Four types of gastroretension can be achieved
with high-density systems, modified systems, mucoadhesive systems, and floating systems. Floating drug
delivery systems have a lower density than gastric fluid. Therefore, they manage to remain floating in the
stomach for a long time without being affected by the gastric emptying rate [10, 15].

Hollowbead systems are characterized by the formation of an air-filled space inside the dried
beads after preparation [16]. It has been reported that hollowbeads are obtained by combining drug-
containing polymeric structures with waxy components and injecting them into the system containing

the organic phase [14, 17].

Indomethacin was chosen as the model drug in our study. Indomethacin is a nonsteroidal anti-
inflammatory drug (NSAID) with antipyretic, analgesic, and anti-inflammatory activity [18, 19]. However,
its serious gastrointestinal side effects limit its use and its poor solubility in biological fluids requires the
design of special formulations [20]. It generally has a plasma concentration of 2 to 3 pg/mL and a
biological half-life of 5 to 10 hours [21]. Indomethacin has been associated with ulcers it causes in relation
to its residence time in the stomach [22]. Indomethacin exerts a higher ulcerogenic effect than other
NSAIDs [23]. Our aim is to design and develop indomethacin-containing hollowbeads formulations
floating in stomach contents with the “Wax Removal” technique [17]. Thus, both the ulcer-forming
potential of indomethacin is reduced and formulations that can provide analgesic and anti-inflammatory
effects have been reached for a longer period. In this study, 24 different hollowbeads formulations were

studied to determine the effect of crosslinker type, crosslinker amount, mixing times, and polymer ratio.
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The hollowbead formulations containing indomethacin were characterized by SEM and FT-IR. In vitro
release studies were carried out in release media containing pH 1.2 HCI (USP30-NF25) and pH 6.8
phosphate (USP30-NF25) buffer. Also, swelling and floating experiments were performed containing pH
1.2 HClI buffer media. The release kinetics of each formulation were determined and the release mechanism
was explained. Long-term stability, encapsulation efficiencies (EE%), drug loading capacities (LC%), and
yields (Y%) of the formulations were also evaluated.

MATERIAL AND METHOD

Materials

Indomethacin was purchased from Alfa Aesar, Germany. Kollicoat® MAE 100P and Ethanol were
purchased from Sigma-Aldrich®, USA. NaCMC was purchased from Doga Ilag, Turkey. Cethyl alcohol
and ZnCl, were purchased from Merck, Germany. CaCl, was purchased from J.T Baker, Germany.

Ultra-pure water with resistivity higher than 18.2 MQ c¢m was used in all experiments.
Development and validation of the quantity assay method

The quantity assay method for indomethacin was developed using UV-spectrophotometer
(Beckman DU 730, Germany). 100 pg/mL stock solution was prepared of indomethacin in ethanol, and
UV spectra were obtained in the wavelength range of 200-400 nm by making various dilutions from this
stock solution. The wavelength at maximum absorbance (Amax) was determined. A calibration curve
was created, and the assay method was validated for ICH parameters. All experimental studies were

conducted in the dark to protect the indomethacin from light.
Experimental design

In our study, 24 different formulations were developed and the relationship between dependent
variables and independent variables was statistically examined. The formulation design and data on the
variables are given in Table 1. The effects on the independent variables (size, encapsulation efficiency,
drug loading efficiency, yield, buoyancy, swelling, and release mechanism) were investigated by

changing the dependent variables (the amount of NaCMC, ZnCl,-CaCl;, and mixing times).

Table 1. Formulation design and variables

Dependent Variables

NaCMC amount (mg) ZnCl; amount (g) CaCl; amount (9) Mixing time (h)
50 0.5 0.5 0.5
100 1.0 1.0 1
- 1.5 1.5 -
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Preformulation studies

In our study, formulations were developed using the “Wax Removal” technique [17]. For this
purpose, 25 mg of indomethacin, 100 mg of Kollicoat® MAE 100P, and 100 mg of cetyl alcohol were
dissolved in a flacon with 2.5 mL of ethanol. In a separate vial, it was dissolved in 2.5 mL of distilled
water by adding 50-100 mg of NaCMC. The ethanolic mixture was added to the mixture containing
NaCMC and vortexed at 2000 rpm for 5 min. Then, 10 mL of solution containing different amounts of
ZnCl; or CaCl, was dropped dropwise with a 22G injector while mixing at 550 rpm. Stirring was
continued for 5 min after dropping. At the end of this period, the hollowbeads were filtered with filter
paper and dried in an oven at 50 °C for 4 hours [24]. Obtained hollowbeads in dry form were stored in
a moisture-free environment for further experiments. Each formulation was studied in triplicate. The
prepared formulations and formulation parameters are given in Table 2. Blank hollowbeads without

indomethacin were also prepared as described above without the addition of indomethacin.
Size, EE%, LC% and Y% of hollowbeads formulations containing indomethacin

The sizes of hollowbeads formulations containing indomethacin were measured manually using
a caliper. Sizes were calculated as mean (X) and standard deviation (SD), over at least 50 randomly

selected beads from each formulation. The images were taken with a digital camera.

100 mg of dry beads of each formulation were powdered in a mortar and mixed in a vial containing 5 mL
of ethanol for 4 hours at 750 rpm. The beads were completely fragmented by passing through a mechanical
homogenizer (IKA®, T-18 Digital Ultra-Turrax, Germany) for 5 minutes at 10,000 rpm. Samples filtered through
0.45 um membrane filters were quantified using a validated assay method. EE%, LC%, and Y% of the

formulations were calculated as X+SD using the formulas below. Each formulation was studied in triplicate [25].

EE% = (The calculated drug amount- Experimentally determined drug amount) / (The calculated drug amount) x 100
LC% = (The calculated drug amount- Experimentally determined drug amount) / (The amount of obtained beads) x 100
Y% = (The amount of obtained beads) / (The calcuated total amount of formulation ingredients) x 100

Swelling study of hollowbeads

50 mg of each hollowbead formulations containing indomethacin was weighed and placed in a
vial. 50 mL of pH 1.2 HCI (USP30-NF25) buffer was added to them, and swelling was carried out at
100 rpm in a horizontal shaker water bath (Memmert WNB 14, SV-1422, Germany) adjusted to 37 °C
for 24 hours. The swelling beads in each formulation were filtered from the medium, and their wet
weights were recorded by reading on a precision balance at certain time intervals (0.5, 1, 2, 4, 8, 12, 24
hours). Each sample was run in three repetitions. The results were evaluated statistically. The weights
of the beads before the experiment were compared with the weights after 24 hours, and the swelling

capacity was determined as percentage [26].
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Swelling Degree (%) = 100 x (W2 — W31) / W1

W, = Beads weight before the experiment
W, = Beads weight after the experiment

Table 2. Formulations and formulation development parameters

Formulation Parameters
Indomethacin Cethyl Kollicoat® NaCMC | CaCl; | ZnCl; Mixing
(mg) alcohol | MAE 100P gy ™ | @) | (@ | time(n)
(mg) (mg)
Fi 25 100 100 50 - 0.5 0.5
F 25 100 100 50 0.5 - 0.5
Fs 25 100 100 50 - 0.5 1
F4 25 100 100 50 0.5 - 1
Fs 25 100 100 50 - 1 1
Fe 25 100 100 50 1 - 1
F7 25 100 100 50 - 1.5 1
Fs 25 100 100 50 1.5 - 1
Fo 25 100 100 50 1 - 0.5
Fio 25 100 100 50 - 1 0.5
Fu 25 100 100 50 1.5 - 0.5
Fi 25 100 100 50 - 1.5 0.5
Fis 25 100 100 100 0.5 - 0.5
Fis 25 100 100 100 - 1 1
Fis 25 100 100 100 1 - 1
Fis 25 100 100 100 - 1.5 1
Fi7 25 100 100 100 1.5 - 1
Fis 25 100 100 100 - 0.5 0.5
Fio 25 100 100 100 1 - 0.5
F2o 25 100 100 100 - 1 0.5
Fa1 25 100 100 100 0.5 - 1
F2 25 100 100 100 - 0.5 1
Fas 25 100 100 100 - 15 0.5
Fos 25 100 100 100 1.5 - 0.5

Buoyancy study of hollowbeads

One hundred beads were taken from each of the hollowbead formulations containing
indomethacin and placed in a vial. pH 1.2 HCI (USP30-NF25) buffer was added to them, and floating
was carried out at 100 rpm in a horizontal shaking water bath adjusted to 37 °C for 24 hours. The number
of floating beads in each formulation was counted and recorded at certain time intervals (0.5, 1, 2, 4, 8,
12, 24 hours). Floated beads were determined at each measurement time as percentage. The time was
examined for the beads to come to the surface of the vial and the total time the beads floated. Floating
behavior and the number of floating beads were statistically compared with other formulations. This

experiment was run in triplicate for each formulation [12, 26].
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In vitro release study of hollowbeads

10 mg of dry hollowbeads were weighed and placed in amber-colored vials. 20 mL of pH 1.2 HCI
(USP30-NF25) buffer or pH 6.8 phosphate buffer (USP30-NF25) was added to them, and the release study
was carried out in a horizontal shaking water bath (37+0.5 °C, 100 rpm). One mL of each release medium
was withdrawn and filtered through a 0.45 um membrane filter at certain time intervals (0.5, 1, 2, 4, 8, 12,
24 hours). The same volume of fresh pH 1.2 HCI buffer or pH 6.8 phosphate buffer was added instead of
the amount taken from each formulation to maintain sink conditions. The amount of indomethacin in
supernatants was calculated using the validated quantity assay method. % cumulative release results were

calculated. Each formulation was studied in triplicate [27, 28].
Release Kkinetics of hollowbeads

Release kinetics is an essential parameter in understanding the absorption, distribution,
metabolism, and excretion of the active substance. Some mathematical processes and equations were
used to explain the mechanism of indomethacin release from hollowbeads. R? values were taken as a
basis in order to determine the appropriate kinetic model. The data for release profile of all the drug
lodaded formulations in pH 1.2 HCI buffer (USP30-NF25) and pH 6.8 phosphate buffer (USP30-NF25)
was processed by Microsoft Office Excel program in order to determine the best fitted kinetic model

(Zero Order, First Order, Korsmeyer-Peppas, and Higuchi models) [12, 29].
FT-IR analysis of hollowbeads

It was carried out in order to determine the interactions between the active substance and excipients
and to determine the presence of the active substance in the prepared formulations. For this purpose,
infrared spectrums of indomethacin and two formulations (F2 and F19) with the longest floating/releasing
time in the stomach, were taken using an FT-IR (Bruker, VERTEX ATR 70v, Germany). FT-IR analysis

were carried out in the wavenumber range 4000-400 cm for all bead formulations [29].
Examination of morphology of hollowbeads

Shapes and surface properties of the pure indomethacin and prepared hollowbeads examined
using a SEM (Zeiss Sigma 300, Germany). The formulations were fixed on metal sheets with two-sided
adhesive tape. The hollowbeads were coated with 100 A thick gold. They were carefully cut in the

middle. Their interiors were examined and photographed [30].
Evaluation of the stability of hollowbeads

Stability studies are an integral part of formulation development. It gives an idea to determine the
most suitable conditions for the structure of the prepared formulation. The stability study was performed

according to ICH guidelines for promising formulations (F2 and F19). The stability test for 12 months
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was carried out at 25+2 °C/60 + 5% RH in a non-hygroscopic package with a certain amount of
hollowbeads belonging to F2 and F19 [26]. The stability and effectiveness of the product were evaluated
with various parameters at the end of the period [31].

Statistical Analysis

All analysis and experiments were statistically analysed determine whether a significant difference
between formulations. Fort his purpose, One-way Analysis of Variance (ANOVA) test was applied. In addition,
all experimental data were calculated as arithmetic mean and standard deviation. The confidence limit was

accepted as 95%. The p<0.05 level was considered statistically significant in the differences between the groups.

RESULT AND DISCUSSION

Development and validation of the quantity assay method

Dilutions were made from the stock solution of indomethacin and the maximum wavelength was
found to be 317 nm (Figure 1). The calibration curve was drawn from 7 points in the concentration range
of 10-55 pg/mL. Method validation was provided on the parameters of specificity, sensitivity, linearity,
accuracy, precision (repeatability, reproducibility) and stability in accordance with ICH guidelines. The
method is specific and sensitive for indomethacin. The method was found to be linear within the range
of the calibration curve. % Relative Standard Deviation (RSD%) and % Relative Error (RE%) were
found below 2%. It was determined that the stock solution remained stable for 3 days at both room

temperature and +4 °C. Other parameters of validation are given in Table 3.

200 400

Figure 1. Indomethacin UV spectrum

Table 3. Validation parameters

Equation y=0.0185x+0.0043
R? 0.9993

A (nm) 317

LOD (ng/mL) 0.857

LOQ (pg/mL) 2.688

* Accuracy and precision calculations were found to be less than +2%.
** Recovery (%) calculations were not found less than 98%.
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Formulation development studies

Images of hollowbeads as a result of formulation development studies are given in Figure 2. It
has been determined that the hollowbeads in our study were generally spherical and their sizes vary
between 1330 um and 1960 pm. The beads formed when they were dropped into solutions containing
Ca?* or Zn?* ions. However, the beads exhibited poor mechanical strength, especially in solution
containing Zn#* ions. It was determined that there was no significant change in the dimensions of the
hollowbeads with the increasing amount of polymer (NaCMC) (p>0.05).

In almost all formulations, it was observed that the use of CaCl. as a crosslinker decreased the
bead size compared to the use of ZnCl,, and this was found to be statistically significant (p<0.05). It
was also found that as the amount of crosslinker increased (such as 0.5, 1 and 1.5 w/v), the size
decreased and this was statistically significant between formulations prepared using the same group
of crosslinkers (p<0.05). This situation has also been reported in similar studies in the literature. In
particular, it has been reported that during the dropping of the polymeric content into the solution
containing high amount of crosslinker results in spherical beads due to the excess number of ions

surrounding the dripped content [32].
Size, EE%, LC% and Y% of hollowbeads formulations containing indomethacin

Size, EE%, LC% and Y% of hollowbeads formulations containing indomethacin are given in
Table 4. It was observed that there was no statistically significant difference among the formulation
yields with the change in the amount of crosslinker (p>0.05). On the other hand, upon comparison of
the cross-linkers, it was determined that the formulations with better yields were those prepared using
CaCl,. They showed statistically significant difference (p<0.05). In literature, it has been reported that
the type and amount of polymer changes the yield in this direction [12]. Another important point is the
mixing time. The data indicated that the yield increased as the mixing time was shortened. It was

observed that the highest yield values were obtained with 0.5 hour mixing time.

The formulations were evaluated in terms of EE% and LC%, it was observed that LC% and EE%
increased statistically with the increase in the amount of crosslinker in the solution (0.5, 1.0, 1.5 @)
(p<0.05). The CaCl; and ZnCl, were compared in terms of LC% and EE%, it was determined that the
formulations prepared with CaCl, had statistically significantly better EE% and LC% (p<0.05). In
addition, increasing the amount of NaCMC from 50mg to 100mg increased EE% and LC% in all
formulations. This situation was found to be statistically significant (p<0.05). Similar results have been
reported in the literature [12, 33].

Swelling study of hollowbeads

The swelling behavior of the polymer is an important factor in controlling the release of drugs from
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the bead systems. The degree of swelling of the formulated beads showed that swelling was associated with
different polymer ratios [26]. The swelling study results of our experiments for 24 hours are given in Table
5 as %. The swelling experiments were conducted in the gastric media since the main route of absorption of
indomethacin is the stomach and the formulations do not dissolve at gastric pH. Due to the dissolution of
Kollicoat® MAE 100P at the intestinal media, no swelling study was performed in the intestinal media.

Figure 2. Images of hollowbeads containing indomethacin



J. Fac. Pharm. Ankara, 46(3): 931-954, 2022 Ozakaretal. 941

In literature, Giri et al. reported that no formulation swelled above 10% at the end of the first 1.5
hours in the floating study performed on the beads prepared using pectin and xanthan gum [32]. Awasthi
and Kulkarni determined that the swelling rate of the beads they prepared was below 3% in the swelling
study conducted in a pH 1.2 HCI media for 3 hours [12]. Taranalli et al. designed hollowbeads by
experimenting with different polymer combinations. They reported that their formulations floated for
12 hours and 24 hours in a pH 1.2 HCI media, but their swelling rate could not exceed 2% [26]. In our
study, it was observed that the formulations swelled in the range of 35-96% even at the end of the first
half-hour. The swelling balance was reached in a short time in all formulations. With the doubling of
the amount of NaCMC (100 mg), it was determined that the water absorption and swelling rates of the
formulations generally showed minor swelling than the formulations prepared using less amount of
NaCMC (50 mg) (p<0.05). This situation may be since water takes longer to enter the beads due to the

increase in polymer amount. It is also thought that the water absorption rate remains low, as the surface

in contact with this water erodes and begins to break down over time.

Table 4. Size, EE%, LC% and Y% of hollowbeads formulations containing indomethacin (X+SD)

Formulations Size (mm) EE% LC% Y%
Fi 0.178+0.011 82.15+3.25 3.42+0.41 82.42+3.61
F» 0.152+0.012 93.68+1.33 5.87+0.78 92.21+1.33
Fs 0.180+0.014 76.73+3.67 2.15+1.11 81.13+3.49
Fa 0.163+0.017 88.19+0.22 4.92+0.78 87.01+1.95
Fs 0.172+0.015 77.68+3.13 2.42+0.55 74.65+3.15
Fe 0.141+0.009 83.41+1.88 3.66+0.71 79.18+1.01
Fr 0.133+0.012 84.56+0.51 3.91+0.58 76.10+0.22
Fs 0.156+0.012 87.75+2.27 4.01+£1.03 79.77+0.36
Fo 0.148+0.013 89.13+0.44 4.28+0.54 84.41+.028
Fio 0.196+0.013 85.05+1.98 3.88+0.97 81.13+0.75
Fu 0.146+0.016 87.42+2.45 4.11+0.48 81.01+1.13
Fi 0.206+0.016 82.69+0.79 3.55+2.12 79.15+1.47
Fi3 0.146+0.017 85.93+2.05 3.75+0.71 88.91+0.18
Fig 0.182+0.019 78.17+3.15 2.61+1.09 73.45+2.46
Fis 0.144+0.014 91.49+0.85 5.13+0.84 89.81+2.12
Fis 0.172+0.014 80.45+2.18 3.88+1.23 76.43+3.08
Fiz 0.154+0.016 90.81+0.43 4.19+1.65 80.17+0.09
Fis 0.176+0.015 78.15+3.59 2.83+0.78 84.12+0.52
Fio 0.150+0.014 95.424+2.38 5.94+1.14 93.11+0.43
Fao 0.189+0.020 82.42+2.10 3.41+0.22 80.81+0.83
Fa1 0.154+0.024 89.41+1.33 4.01+2.12 83.15+0.53
F22 0.166+0.015 81.79+0.97 3.01+1.71 81.94+2.54
Fas 0.171+0.017 87.43+1.89 3.88+1.47 79.13£0.50
Fa4 0.188+0.021 90.71+1.41 4.52+1.03 84.15+1.16

In our study, among the groups with the same amount of polymer (F1-F12 and F13-F25), it was

determined that the formulations prepared with CaCl, crosslinker could absorb water significantly less
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than the formulations prepared with ZnCl; (eg, F2 and F19) (p<0.05). This may have occurred as a result
of the strong interaction of Ca*? ions with the carboxylic end groups on the polymer. This indicates that
the type of crosslinker contributes to the hardener strength and toughness on the bead structure. It has
also been determined that it allows the water to enter the bead at a later time and to remain in the media
for a more extended period of time without disturbing the integrity of the bead. This situation has also

been reported in similar studies in the literature [1].

Table 5. Swelling results of hollowbeads formulations (%)

Formulations Swelling rate (%)
05h 1lh 2h 4h 8 h 12 h 24 h

F1 94 98 74 52 47 23 0
F. 71 81 86 87 84 75 60
Fs 83 99 65 41 19 0 0
Fa 53 62 72 73 72 65 46
Fs Structure was degraded

Fs 46 54 48 41 39 34 23
F7 77 88 62 51 28 20 12
Fs 35 42 51 55 57 42 17
Fo 41 55 60 67 50 28 19
F1o Structure was degraded

Fu 45 26 Structure was degraded

Fi 72 10 Structure was degraded

Fis 63 72 71 | 62 | 39 | 34 34
Fi4 76 16 Structure was degraded

Fis 52 57 56 | 4 | 46 | 4 41
Fie Structure was degraded

Fiz 46 41 41 [ 3 | 28 | 22 19
Fis 64 27 Structure was degraded

Fio 66 74 68 | 65 | 42 | 43 43
F2 82 17 Structure was degraded

Fo1 63 52 49 40 33 32 29
F2 96 41 34 27 18 16 0
Fas Structure was degraded

Fas 42 47 39 | 32 | 24 | 20 18

Buoyancy study of hollowbeads

The results of the buoyancy study of hollowbeads formulations containing indomethacin are given
in Table 6, and the sample images of the F2 and F19 formulations at the end of the 24th hour are given

in Figure 3.
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Table 6. Buoyancy results of hollowbeads formulations (%)

943

. Buoyancy rate (%)

Formulations 4" ih 2h 4h 8h 12h 24h
F 100 100 80 50 25 25 25
F 100 100 100 100 100 75 75
Fs 100 50 50 25 25 10 10
E, 100 100 100 100 100 75 75
Fs 100 0 0 0 0 0 0
Fo 100 80 60 20 25 25 25
= 100 100 90 50 20 25 10
Fs 100 100 100 75 50 25 10
E 100 75 50 50 25 25 25
Fio 0 0 0 0 0 0 0
= 50 25 0 0 0 0 0
Fu 50 25 0 0 0 0 0
Fus 100 100 100 100 50 20 20
Fu 75 25 0 0 0 0 0
Fie 100 100 100 50 50 20 40
Fus 0 0 0 0 0 0 0
Fuy 100 75 75 50 25 10 10
Fus 50 25 0 0 0 0 0
Fuo 100 100 100 100 50 50 50
Fao 50 25 0 0 0 0 0
Far 100 75 75 50 30 30 25
Fa 100 75 50 25 10 10 10
Fas 0 0 0 0 0 0 0
= 100 100 50 25 15 10 10

In the acidic media, the functional carboxyl groups of hollowbeads remain protonated and exert
an insignificant electrostatic repulsive force. As a result, the beads swell at a very low rate. However,
when higher pH values are reached in the medium, the carboxyl groups of the beads may be ionized and
the osmotic pressure inside the beads increases. In this way, swelling and fragmentation of the structure
can be observed by absorbing water faster [34]. Further swelling can be observed due to the exchange
of positively charged ions (such as Ca*? or Zn*?) in the cross-linked beads with sodium ions in the
phosphate buffer in alkaline media. So, it leads to water penetration and swelling [12]. Chemate et al.
reported that calcium pectinate beads completed drug release after 10 hours, and the number of floating
beads was below 20% at the end of 24 hours [35]. Awasthi et al. designed gastroretentive beads
containing sodium alginate, pectin and HPMC. They reported that the floating rate of the formulations
was between 60-70% for 12 hours [12]. Somani et al. prepared calcium pectinate hollowbeads and
determined that the number of beads floating in the stomach medium was reduced by 50% after 12
hours. At the end of 16 hours, they reported that there was no floating bead [36]. Hsu et al. designed
beads in a core-shell structure and reported that they obtained the best floating ratio with 1:4

chitosan:xantham gum. They reported that as the chitosan rate increased, the floating rate decreased [1].
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Chauhan et al. also designed floating tablets containing indomethacin and reported that a floating study
was performed at 37 °C in pH 1.2 HCI buffer for 12 hours [31].

In our study, it was determined that 13 of the 24 formulations floated even at the end of the 24th
hour. It was determined that almost all of the formulations prepared using CaCl; crosslinker floated after
this period. Compared to the formulations prepared using ZnCl, crosslinker, this difference was
significant in terms of floating rate (p<0.05). In addition, it was determined that the amount of polymer
used (NaCMC) did not make a significant difference (p>0.05). It was determined that F2 and F19

formulations floated by 75% and 50%, respectively, even after 24 hours.

Figure 3. Buoyancy images of formulations after 24 hours (upper: F2; bottom: F19)

Among the obtained hollowbeads, two promising formulations (F2 and F19) were selected as a
result of EE%, LC%, Y%, swelling and buoyancy studies. Further studies were carried out on these

formulations.
In vitro release study of hollowbeads

The in vitro release study results for hollowbeads (F2 and F19) conducted in pH 1.2 HCI buffer
and pH 6.8 phosphate buffer media are given graphically in Figure 4 below. While approximately 10%
of pure indomethacin was released in pH 1.2 HCI buffer media in 24 hours, this ratio was approximately
3% in our F2 formulation developed using 50 mg NaCMC, and this ratio was approximately 2% in our
F19 formulation developed using 100 mg NaCMC. These data indicate that the amount of polymer did
not significantly affect the release of indomethacin. Still, both formulations produced significantly less
and more extended indomethacin release than pure indomethacin (p<0.05).
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Approximately 100% of pure indomethacin was released in pH 6.8 phosphate buffer in 4 hours.
This rate was achieved at approximately 12 hours in our F2 and F19 formulations. It has been determined
that our formulations release indomethacin for a long time in pH 1.2 and pH 6.8 buffer media. Especially
with the F2 and F19 formulations, which can float in the stomach content even after 24 hours, the release
of indomethacin in non-ionized form has been found to be sustainable for 24 hours. This also has been
reported by other authors who have designed similar formulations for the gastrointestinal tract. In
particular, hollowbeads underwent very little ionization (~2-3%) at pH 1.2 due to the presence of
carboxylic acid-containing groups from Kollicoat® MAE 100P. Therefore, the bead structure remained
significantly stable at this pH. However, ionization occurred in the pH 6.8 media. The intramolecular
and intermolecular electrostatic repulsive forces of the polymer were increased, and the beads were
fragmented and released faster. Since pH conditions differ in the stomach and intestinal tract, the use of
beads prepared with such pH-sensitive polymers as drug carrier systems provides a significant advantage

over other systems [27].

The release of hollowbeads in a pH 6.8 environment was sustained for approximately 12 hours.
Although it was observed that the increase in the amount of NaCMC polymer used in F19 compared to F2
prolonged the release somewhat, it did not create a statistically significant difference (p>0.05). It was
observed that the drug release between the polymeric matrix chains was delayed in both environments
with the increase in the amount of polymer. These results have also been reported in similar studies in the
literature [32]. It was determined that the F19 formulation produced a longer duration and less
indomethacin release compared to the F2 formulation. However, it was determined that both formulations
released indomethacin in a longer time compared to pure indomethacin (p<0.05). It has also been reported
in studies in the literature that the release of the active substance is accelerated when the amount of polymer
remains too high or too low [1]. The lower drug loading efficiency in the beads results in larger pore
formation resulting in higher swelling and faster drug release. Higher the drug loading efficiency, larger
the drug area formed in the beads. This causes the size of the matrix as well as the shrinkage of the pores,

resulting in a decrease in drug release. A similar finding has been reported by other authors [32].

Slower drug release from the beads in pH 1.2 HCI buffer media may be due to the limited
solubility of the beads in the acidic media as they contain the enteric polymer Kollicoat® MAE 100P, as
well as the weak acidic nature of the drug. At higher pH values, Kollicoat® MAE 100P will dissolve and
the carboxyl groups of the beads will ionize. As a result, the osmotic pressure inside the beads increases.
The result is a higher rate of swelling and faster drug release. In an acidic media, the carboxyl groups
cause the electrostatic repulsion to be lost, thereby reducing the swelling of the beads. This slows down
the release of the drug. It was also observed that the drug release decreased as the crosslinker (CaCly)
concentration increased. This may have been caused by the reduction of the free volume of the polymer

matrix in the presence of higher crosslinkers, thereby inhibiting the movement of solutes through the



946 Ozakar et al. J. Fac. Pharm. Ankara, 46(3): 931-954, 2022

polymer matrix [32].
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Figure 4. In vitro release study of indomethacin, F2 and F19 formulations

Release kinetics of hollowbeads

The release kinetics of F2 and F19 hollowbeads formulations are given in Table 7 and Table 8
respectively, as below. Drug release data were analyzed using Higuchi, Korsmeyer-Peppas, Zero-Order,

and First-Order model equations to determine drug release kinetics from hollowbeads.

Table 7. Release kinetics of hollowbeads in pH 1.2 buffer media

Zero- First- Higuchi Korsmeyer-

Order | Order Peppas Release Mechanism
Hollowbeads R? R? R? R? n
F2 0.987 0.770 0.867 0.666 0.940 | Super Case-1l Transport
F19 0.981 0.600 0.866 0.519 1.026 | Super Case-ll Transport
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Table 8. Release kinetics of hollowbeads in pH 6.8 buffer media

Zero- First- Higuchi Korsmeyer-

Order Order Peppas Release Mechanism
Hollowbeads R? R? R? R? n
F2 0.854 0.645 0.920 0.935 0.799 Non-Fickian diffusion
F19 0.788 0.574 0.885 0.925 0.866 Non-Fickian diffusion

In vitro dissolution data of all series were calculated according to the Peppas equation versus time
to find the drug release mechanism and confirm whether the diffusion mechanism is Fickian or non-
Fickian. If the "n" value resulting from the Peppas equation is less than or equal to 0.5, it indicates that
the drug release mechanism is by diffusion without swelling. However, if the "n" value is greater than
0.5 and less than 1, it is understood that the release is by diffusion based on swelling. If this "n" value is
above 1, it indicates a (non-Fickian) release where the release mechanism occurs by abnormal diffusion
and Fick's laws cannot be applied [12, 29, 37]. It was clear from the kinetic data that the drug release
kinetics followed Peppas' kinetics for F2 and F19 in a pH 6.8 release medium, and the release was via
swelling controlled diffusion. The calculated slope values of the Peppas equations gave a value close to
but less than 1. This confirmed that the mechanism for the release of indomethacin from hollowbeads
was Fickian diffusion with swelling in the intestinal medium. From the kinetic data, it was seen that the
drug release kinetics followed the zero-order kinetics for F2 and F19 in the pH 1.2 release medium, and
the release mechanism of indomethacin from hollowbeads was confirmed to be Super Case-1l Transport
in the gastric media. This indicates that indomethacin release from our formulations occurs at a constant
rate in the pH 1.2 release medium. The value of "n" greater than 0.85 indicates "Super Case-Il Transport"
related to polymer relaxation during swelling [19, 32].

FT-IR analysis of hollowbeads

IR spectra were taken from powder samples of selected F2 and F19 hollowbeads formulations
and pure indomethacin. FT-IR spectra of indomethacin and formulations are shown in Figure 5. It is
seen that the characteristic peaks of indomethacin did not change and were clearly observed in the FT-
IR spectra of the formulations. This showed that there was no interaction between indomethacin and

excipients [38].

The characteristic peaks of pure indomethacin were compared with the peaks obtained from the
formulations. C=0 stretching, one of the characteristic peaks of indomethacin, was observed at the
frequency of 1711.44 cm™' with the same or slight differences. In the spectra were also seen
characteristic peaks at 1689.05 cm™! (C=0 stretching vibrations), 1221.34 cm™' (asymmetric aromatic

O-C stretching), and 1066.31 cm™' (symmetric aromatic O—H stretching) in the formulations [19, 31].
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Figure 5. IR spectra of F2 (upper), F19 (middle) and indomethacin (bottom)

Examination of morphology of hollowbeads

SEM images of pure indomethacin, blank, F2, and F19 hollowbeads formulations are given in
Figure 6. In the image of blank hollowbeads (upper right), it is seen a very smooth and spherical
structure. In the images of F2 (bottom left) and F19 (bottom right), beads were cut in the middle. The
cross-section of beads from F2 and F19 showed a hollow core and multiple small hollow pockets in the
matrix. The layered structure within the bead wall is also an indication of a long-term release during in
vitro release studies. The outer surfaces of the beads were very dense, and the inner layers were very
porous and pocketed. The fact that the core was completely empty may have allowed the formulations
to float for a long time. A similar situation has been reported in studies of hollowbeads and porous beads
in the literature [1, 24, 27].

Evaluation of the stability of hollowbeads

Stability studies were carried out on the two promising formulations (F2 and F19) within the
scope of formulation development studies. EE%, LC%, buoyancy, swelling, and release mechanisms
data were evaluated and comparisons with freshly prepared hollowbeads study results were made at the

end of 12 months. The results obtained are given in Table 9 below.

As a result of the stability study performed for 12 months according to the ICH guidelines on
formulations that could be potential drugs, it has been shown that no significant changes were observed

in the appearance of the formulations, encapsulation efficiencies, drug loading capacity, buoyancy,
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swelling and in vitro release studies. F2 and F19 formulations were confirmed to be stable after 12
months at 25 + 2°C/60 + 5% RH. The obtained results were evaluated and compared to the freshly
prepared formulation data. The obtained data at the end of 12 months for all the analyzes mentioned did
not show a statistically significant change (p>0.05).

100 urm

ZEISS

ZEISS

Figure 6. SEM images of hollowbeads and pure indomethacin (a:indomethacin, b:blank, c:F2, d:F19)

Table 9. Evaluation of the stability of hollowbeads for 12 months (X£SD)

Buoyancy | Swelling Release Release
EE% LC% rate (%) | rate (%) | Mechanism | Mechanism

(24 h) (24 h) pH 1.2 pH 6.8
F2 | 93.68+1.33 | 5.87+0.78 | 75 go | SuperCase- | Non-Fickian

Il Transport diffusion

Freshly

prepared ) Cinki
F19 | 95.4242.38 | 5.94+1.14 | 50 43 | SuperCase- | Non-Fickian

Il Transport diffusion
Super Case- | Non-Fickian

12 F2 | 92.77+2.49 | 5.19+0.91 70 61.5 Il Transport diffusion
months —
later | £19 | 93.4123.18 | 5.63:042 | 50 g6 | Super Case- | Non-Fickian
Il Transport diffusion
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Modified release studies of indomethacin were examined in the literature. Similarities or
differences of these studies with our study are mentioned below. Ekhodairy et al. designed colon-
targeted tablets containing indomethacin and reported that the pectin-based formulation can be released
for 16 hours, which is insoluble in the gastric media [19]. In another study, Abbas et al designed
nanofibers containing indomethacin targeted to the colon. They were able to increase the release time
up to 10 hours with formulations after passing into the intestine [37]. Damiati prepared microparticles
indomethacin-loaded and conducted a release study at pH 7.4. He reported that 36% in the first 6 hours
and 80% in total indomethacin release at the end of 9 days [33]. Sravani et al. developed pulsatile tablet
formulations containing indomethacin. They conducted a release study of the formulations they obtained
at pH 7.2 and reported that they achieved nearly 100% indomethacin release at the end of 4 hours [39].
Chauhan et al. reported that nearly 100% release occurred after 12 hours at pH 1.2 in indomethacin
floating tablet formulations. The tablets were assumed to float for 12 hours and the study was terminated
here [31]. In our study, we were observed that two most effective formulations floated at the rate of 75%
and 50% (F2 and F19) even after 24 hours, thus maintaining the release of indomethacin for a longer

period of time.

Among the anti-inflammatory drugs, indomethacin is one of the NSAIDs that exhibits the most
effective inflammatory response (20 times more than acetylsalicylic acid). It exhibits side effects due to
its non-ionization in the stomach medium. In particular, the potential to cause stomach ulcers, the most
common side effect, limits the use of this effective NSAID. However, it is very effective in treating
chronic inflammatory diseases such as ankylosing spondylitis, osteoarthritis, rheumatoid arthritis, and
gout. Against the most critical side effect of indomethacin, our primary goal was to reduce the number
of daily doses by prolonging the stay in the stomach (daily dose at least 2x1). Thus, we aimed to develop
a formulation in which indomethacin can be used more safely and effectively with a single dose
formulation that floats in gastric fluid for a long time and releases nearly 100% indomethacin in the

intestinal medium for ~12 hours.

It has been determined that hollowbeads' spherical nature, size, encapsulation efficiency, efficiency,
hollowness, and long-term release differ depending on the amount of NaCMC, the type of crosslinker
(ZnCl,, CaCly), the crosslinker concentration and the contact time with the crosslinker. Indomethacin can
be released in both the stomach and intestines for at least 24 hours from our indomethacin-containing
hollowbeads formulations. These formulations can stay for a long time in stomach and prevent the
formation of stomach ulcers. Considering the oral dosage forms of indomethacin in the current drug
market, we think that this formulation, which we have developed as an alternative, will be advantageous
both in terms of reducing the dose frequency and eliminating the restriction of its use due to its side effects.
It could be used safely in the future, when supported by preclinical and clinical studies, for those patients

with anti-inflammatory diseases at risk of developing ulcer.
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ABSTRACT

Objective: The purpose of this study is to better understand the role of community pharmacists in obesity
management by observing their knowledge of weight loss drugs, analyzing their attitudes and behaviors toward
patients, and determining their transfer patterns to patients.

Material and Method: After ethical approval, a cross-sectional study was conducted using an online
questionnere via a Google online form. The research population consists of community pharmacists working in
the province of Kahramanmarags. The questionnaire was designed to assess Community pharmacists' knowledge
and attitudes toward weight loss products. The data was then analyzed using the SPSS for Windows 26.0
program (Statistical Package for Social Sciences).

Result and Discussion: Eighty-six percent of the pharmacists reported always/often counselling
customers who request to buy products for weigh management on the safe and effective use of the product and
69.9% always/often check for drug or food interaction while dispensing weight loss products. The majority of
Community pharmacists (72.8%) agreed that continuous education of the pharmacist should include weight
management and training. Pharmacists surveyed have a moderate knowledge of weight loss products. Time,
staff, budget were the barriers to offering pharmacy weight management services. Continuing education,
supporting pharmacists with sufficient resources, and conducting more comprehensive research can play a
critical role in the fight against obesity.

Keywords: Community pharmacists, knowledge, obesity, perception, weight loss

0z
Amacg: Bu calismanin amaci, toplum eczacilarn kilo verme ilaglari hakkindaki bilgilerini gozlemleyerek,

hastalara yonelik tutum ve davranislarini analiz ederek ve hastalara aktarim sekillerini belirleyerek obezite
yonetimindeki roltinii daha iyi anlamaktir.
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Gere¢ ve Yontem: Etik onaydan sonra, ¢evrimi¢i Google formu araciligiyla bir anket uygulanarak
kesitsel bir ¢alisma yapilmistir. Arasturma Kahramanmarag ilinde ¢alisan toplum eczacilar iizerinden
yuiritiillmiistir. Anketler, toplum eczacilarin zayiflama iiriinlerine yonelik bilgi ve tutumlarini degerlendirmek
icin tasarlanmigtir. Veriler daha sonra Windows 26.0 i¢in SPSS program: (Statistical Package for Social
Sciences) kullanilarak analiz edilmilgtir.

Sonuclar ve Tartisma: Yiizde seksen alti, kilo yonetimi igin iiriin satin almak isteyen miisterilere iirtiniin
giivenli ve etkili kullanimi konusunda her zaman/siklikla danismanik yaptigini ve %69,9'U zayiflama tiriinlerini
dagiirken ilag-gida etkilesimini her zaman/siklikla kontrol ettigini bildirdi. toplum Eczacilarin ¢ogunlugu
(%72,8) eczacinin siirekli egitiminin Kilo yonetimi ve egitimini icermesi gerektigi konusunda hemfikirdi. Ankete
katilan eczacilar, kilo verme iiriinleri hakkinda orta diizeyde bilgiye sahipti. Zaman, personel ve biitce kisitlilig,
eczacilarin Kilo yonetimi hizmetleri sunmalarinin éniinde engeldir. Eczacilarin mezun olduktan sonra kilo
yonetimi konusunda egitimlerinin devam etmesi, etkili kilo yonetimi hizmetleri sunmalar: igin yeterli
kaynaklarla eczacilarin desteklenmesi ve daha kapsamli arastirmalar yapilmasi obezite ile miicadelede Kritik
rol oynayabilir.

Anahtar kelimeler: Alg:, bilgi, kilo verme, obezite, toplum eczacilar:

INTRODUCTION

Obesity is defined as an abnormal accumulation of fat in the body caused by excessive energy
intake. It is a chronic multifaceted disorder. Numerous morbidities are linked to obesity that are
progressively affecting a larger population. Many illnesses, such as type 2 diabetes (DM), cardiovascular
disease, depression, and several malignancies are all made more likely by obesity. Although the Body
Mass Index (BMI) is the most used parameter in obesity classification [1], other parameters such as
waist circumference and body fat may be required when diagnosing obesity. In recent years, three
treatment models for obesity have been used: lifestyle modifications, pharmacological treatment, and
bariatric surgery. If weight reduction through lifestyle modifications is only transitory or the required
goal couldn’t be achieved, pharmacological treatment is required. Lorcaserin, Orlistat,
Phentermine/Topiramate, and Naltrexone/Bupropion combinations are the most commonly used drugs
for pharmacological treatment. Additionally, several newer promising agents are currently being
evaluated. Neuropeptide Y antagonists, cannabinoid type-1 receptor blockers, lipase inhibitors,
glucagon-like peptide-1 (GLP-1) analogues (Liraglutide), leptin analogues, amylin analogues, and anti-
obesity vaccinations [2]. The most common surgical procedures for bariatric surgery are sleeve
gastrectomy, Roux-en-Y gastric bypass, adjustable gastric band, and biliopancreatic diversion. Over-
the-counter weight loss products, dietary and herbal supplements are also popular among overweight

and obese patients [3].

Liraglutide is a GLP-1 receptor agonist used in in the treatment of DM and obesity. Liraglutide
stimulates insulin release while inhibiting glucagon secretion, slows gastric emptying, and increases
satiety after a meal. Liraglutide 3.0 mg daily subcutaneous injection was recently authorized by the FDA
for the treatment of obesity or overweight as well as comorbidities associated with obesity [4]. For the

most part, greater liraglutide dosages are needed to treat type 2 diabetes [5].
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A scoping review stated the critical role of community pharmacists in managing weight loss
programs and treating obesity [6]. An Australian pilot study that examined the impact of a pharmacist-
led, non-product-centered weight control program found improvements in outcomes like weight, BMI,
and waist circumference after three months. Diet, exercise, and behavioral adjustment counseling were
the main interventions [7]. Data from a weight-control program created by community pharmacists in
the United Kingdom were retrospectively analyzed, and the results showed that the pharmacists' efforts
resulted in significant weight loss and waist circumference reduction [8]. Gémez-Martinez et al.
observed that the patient-oriented weight management approach had a positive effect on the
improvement of all clinical and therapeutic outcomes in research to ascertain its effects in community

pharmacies [9].

MATERIAL AND METHOD

A cross-sectional study was conducted using a questionnaire administered in a Google form and
distributed online via WhatsApp or e-mail to all pharmacies in the Kahramanmaras province in Turkey.
The questionnaire is divided into five sections, each of which explores the sociodemographics variables
of pharmacists' and pharmacy's patient population's, community pharmacists' opinions about their role
in weight management, and pharmacy's patient population's sociodemographics., evaluation of
community pharmacist knowledge, community pharmacists' current practices and attitudes toward
weight management services and barriers to community pharmacists providing weight management
services. The questionnaire items were gathered from medical literature, translated into Turkish by two
academicians from the clinical pharmacy department who are native speakers, and then tested in a pilot
study before being given to community pharmacists [10,11]. The Cronbach's alpha was greater than 0.6

for the translated questionner.

The study was approved by the Altinbas University ethical committee (No: 06, Date: 06.01.2022).
The questionnaires were then distributed online to all pharmacists working in Kahramanmaras
pharmacies between 15.02.2022 to 09.03.2022. According to data acquired from the Turkish pharmacist
association, Kahramanmaras has 335 pharmacies with one pharmacist at least employed there. Other
pharmacists who work in fields other than community pharmacy or who are unwilling to participate in

the survey were barred from taking part.

The acquired data was analyzed using the Statistical Package for Social Sciences (SPSS, version
26). The characteristics of the individuals, as well as their views, habits, barriers, and knowledge, were

summarized using frequencies and proportions.
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RESULT AND DISCUSSION

103 community pharmacists took part in the study with a response rate of 31%, 57.3 % were
female. It is not surprising that more female pharmacists than male pharmacists participated in our study,
given that women outnumber men in the pharmacy workforce globally [12] and in Turkey, particularly
in Kahramanmaras. Ages 20 to 29 made up 62.1% of the participants. 19.4 % of the participants aged
30-39, 10.7% of those aged 40-49, and 7.9 % of those aged 50-59. The majority of community
pharmacists, 61.2 % had 0-5 years of experience in community pharmacy, 18.4% had 6-10 years, 7.8%
had 11-15 years, 6.8% had 16-25 years while 5.8% had 26 years or more experience. The most common
age range of patients visited the pharmacy is young adults’ range (20-29 years) (47.6%). 67% of
participants reported often/sometimes to frequency of demand for weight loss products in their
pharmacy, besides that the most common age range of customers that want to buy weight loss products
from participants’ pharmacy is young adults (89.3%). Demographic variables of the pharmacists and

their patient population were listed in Table 1.

In our study, we found a promising higher percentage of pharmacists 69.9 % always/often
evaluate the drug or food interaction while dispensing weight loss products, the majority of them were
always/often asking the patients to eat low calorie diet, do more exercise, and consume more soluble
fiber (63.1%), these rates were 77.6 % and 78.6 %, respectively in study conducted in Lebanon [10].
However, the majority of participants (65.7%) stated that they do not provide BMI calculations,
Likewise, 40.7% and 72.1% of the pharmacists in Hijazi et al study and Almukdad study rarely or never
measured patients BMI [10,11]. However, the pharmacists in other countries such as United Kingdom

were highly participated in practices like calculation of BMI (67.4%) in their pharmacies [13].

In contrast to the Almukdad study, which found that only 34.9 % of the community pharmacists
referred patients to other healthcare providers such as dieticians [11], referral to dieticians was common
in our study (75.7 %). The majority of community pharmacists (62.1 %) said they often question patients
about any adverse effects or unpleasant responses they may have experienced after using weight-loss
drugs, and 51.4% said they regularly report any toxicity or negative consequences of these products.
Data from the survey conducted in Lebanon, however, shows comparable results, with percentages of
66.8%, 73.6%, and 35.7%, respectively [10]. Almukdad et al mentioned that 56.9% of the pharmacists
were counseling their patient regarding the adverse effects of weight loss products [11]. Overall,
although the weight management practices performed by community pharmacists in Kahramanmarag
are somewhat in line with those of previous studies in Qatar, Lebanon, Scotland, Australia, and Kuwait
and United Kingdom, improvements in these practices are needed [10,11-13-15]. Any pharmacist should
not disregard patient counseling regarding the adverse effects of weight loss products because serious

adverse effects that can accompany medication use or herbal medicine use can occur at any time [16,17].
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Additionally, numerous studies suggest using other anthropometric measurements to categorize obesity,

such as body fat and waist circumference, and encourage the pharmacists to use these measurements

while providing weight-management treatments [18]. In our investigation, community pharmacists'

existing practices for offering weight control treatments are shown in Table 2.

Table 1. Demographic variables of the pharmacists and their patient population

QUESTIONS n=103 |%
Gender of the pharmacists

Female 59 57.3%
Male 45 43.7%
Age of the pharmacists

20-29 years old 64 62.1%
30-39 years old 20 19.4%
40-49 years old 11 10.7%
50-59 years old 8 7.8%
Years of experience

0-5 years old 63 61.2%
6-10 years old 19 18.4%
11-15 years old 8 7.8%
16-25 years old 7 6.8%
26 or more years old 6 5.8%
When you consider all the patients who apply to your pharmacy with or without a prescription,
what is the most common age range for patients?

Chidren 2 1.9%
Adults 49 47.6%
Middle Age (50-65) 33 32.0%
Elder (>65) 17 16.5%
What is the frequency of demand for weight loss products in your pharmacy?

Always 1 1.0%
Often 24 23.3%
Sometimes 45 43.7%
Rarely 30 29.1%
No 1 1.0%
What is the age range of patients who want to buy weight loss products from your pharmacy
Chidren 2 1.9%
Adults 92 89.3%
Middle age (50-65) 7 6.8%
Elder (>65) 0 0%

store the drug?

Do you give information to your patients who will use liraglutide about how to apply or how to

Always 45 43.7%
Often 18 17.5%
Sometimes 19 18.4%
Rarely 8 7.8%
No 5 4.9%




960 Aksoy and Erdogan

J. Fac. Pharm. Ankara, 46(3): 955-966, 2022

Table 2. Current practice of community pharmacists in providing weight management services.

QUESTIONS |n=103 | %

Do you check for drug-drug interaction or food-drug interaction while dispensing weight loss
products?

Always 32 31.1
Often 40 38.8
Sometimes 20 194
Rarely 7 6.8

No 0 0

calorie diet, increasing physical activities for weight loss?

Dou you give nonpharmacological recommendations to your costumers such as following low

Always 33 32.0
Often 32 31.1
Sometimes 18 17.5
Rarely 9 8.7
No 7 6.8
Do you provide weight and height, waist circumference measurements for patients?

Always 25 24.3
Often 21 20.4
Sometimes 18 17.5
Rarely 21 20.4
No 13 12.6
Do you provide BMI calculation for your patients?

Always 15 14.6
Often 16 15.5
Sometimes 27 26.2
Rarely 24 23.3
No 17 16.5
Do you refer your patient to dieticians when needed?

Always 21 20.4
Often 39 37.9
Sometimes 24 23.3
Rarely 12 11.7
No 4 3.9
Do you ask patients for any adverse effect or undesirable reaction after taking weight loss
products?

Always 31 30.1
Often 33 32.0
Sometimes 24 23.3
Rarely 10 9.7
No 2 1.9
Do you report any toxicity or adverse reaction of weight loss products?

Always 23 22.3
Often 30 29.1
Sometimes 21 20.4
Rarely 20 194
No 5 4.9
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Most of the community pharmacists in our study have a strong belief that they play an important
role in the field of weight management (65%), ongoing education of pharmacists should incorporate
exercise and weight management (72.8%), weight management products should be sold only in
pharmacies (82.6%) likewise agreeing or highly agreeing that consumers misuse weight-loss
medications. (74.7%). According to research done in Scotland, Australia, and Lebanon, participants
clearly believed that pharmacists played a crucial role in weight control. This was confirmed by
pharmacists' assessments of the provision of weight management services [7,10, 13,19].

Indeed, media and advertisements have both positive and negative effects on our lives. There is
no doubt that if we can standardize and validate information related to drug products, including weight
loss products, we will benefit greatly from media and advertisements. The Kahramanmaras pharmacists
agreed or strongly agreed that commercials and the media are doing a good job of teaching consumers
about weight reduction products and weight control [10] only 48.9% of pharmacists agreed or strongly
agreed with the benefit of media and advertisements. We can explain the pharmacists' disagreement in
our study and the Lebanon study by stating that the pharmacists have doubts about the standardization
and validation of information published in the media. Table 3 displays community pharmacists' opinions

on their involvement in weight control.

When we assessed the community pharmacists' knowledge of weight loss products, we discovered that
while more than half of them answered most of the questions correctly, there was still a significant number of
them who had incorrect answers, but their percentage remained consistent with previous studies. For example,
68 % of participants in our study and 51% of participants in the Lebanon study correctly answered, ‘once the
weight loss goal is met, there is no risk in discontinuing treatment question. When comparing Kahramanmarag
community pharmacists and Lebanon community pharmacists, the correct answers were somewhat similar
for other knowledge questions except for two questions, “‘consuming green tea can harm liver cells, and orlistat
shouldn't be used by anyone with cardiovascular problems”, which were answered correctly in the rate of
83.5% and 72.8% of pharmacists in our study, while in Lebanon study, 17.3% and 54.6% respectively [10].

Table 4 rates the knowledge of weight control among neighborhood pharmacists.

In our study the barriers to provide weight management services in community pharmacies, as
ranked by the participant pharmacists limited number of staff who provide weight management services
(42,8%), limited budget (39.7%), limited time (38.7%), limited knowledge (35.7%), lack of interest
(21.4%). Barriers to provide weight management services in community pharmacies in our study

presented in Table 5.
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Table 3. Community pharmacists’ beliefs towards their role in weight management

QUESTIONS n=101 %

Continuous education of the pharmacist should include weight management and training

Strongly Agree 30 29.1
Agree 45 43.7
Neutral 22 21.4
Disagree 3 2.9
Strongly Disagree 0 0
Do you think the public is conscious about weight loss products?

Strongly Agree 6 5.8
Agree 2 1.9
Neutral 8 7.8
Disagree 50 48.5
Strongly Disagree 34 33.0

Do you think pharmacists give enough information to patients about weight loss products?

Strongly Agree 3 2.9
Agree 24 23.3
Neutral 45 43.7
Disagree 25 24.3
Strongly Disagree 2 1.9

Do you believe that pharmacists have a role to play in the field of weight management?

Strongly Agree 17 16.5
Agree 50 48.5
Neutral 20 19.4
Disagree 10 9.7
Strongly Disagree 1 1.0
Do you think that weight loss products should be sold only in pharmacies?

Strongly Agree 63 61.2
Agree 22 21.4
Neutral 11 10.7
Disagree 2 1.9
Strongly Disagree 1 1.0
Do you think that patients are abusing weight loss products

Strongly Agree 37 35.9
Agree 40 38.8
Neutral 19 18.4
Disagree 3 2.9
Strongly Disagree 0 0

Do you think that companies marketing weight loss products are making false promises?

Strongly Agree 43 41.7
Agree 31 30.1
Neutral 23 22.3
Disagree 1 1.0
Strongly Disagree 1 1.0
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Table 3 (continued). Community pharmacists’ beliefs towards their role in weight management

QUESTIONS

n=101

%

Do you think that media and advertisements are playing a positive role in educating patients
towards weight loss products and weight management

Strongly Agree 51 49.5
Agree 34 33.0
Neutral 13 12.6
Disagree 1 1.0
Strongly Disagree 0 0

Table 4. Evaluation of self-knowledge towards weight management among community pharmacists

% of correct

%o of incorrect

Diabetes Mellitus patients.

Question True/False

answer answer
Once the weight loss goal is achieved, there is no risk
) : F 68 28.6
in stopping the treatment.
Laxatives are considered a beneficial method for
weight loss in people with obesity or overweight F 78.6 16.5
individuals.
Herbal Laxatives (like senna, cascara, v) are F 8.6 16.5
recommended for pregnant or breastfeeding women. ' '
g:eolrssumptlon of green tea can cause toxicity in liver T 835 10.7
Chronic use of laxatives can increase the effect of T 816 126
diuretics, which causes fluid and electrolyte loss. ' '
Orlls_tat is contra_lndlcated in patients with T 798 20.4
cardiovascular disease.
Liraglutide can be used for weight loss in Type 1 F 60.2 34

Table 5. The challenges of community pharmacists in offering weight control treatments.

QUESTIONS n=98 %

I don’t have enough staff to provide weight management services 42 42.8
I don’t have budget to provide weight management services 39 39.7
I don’t have enough time to provide weight management services 38 38.7
I don’t have enough knowledge to provide weight management services 35 35.7
I don’t have the interest to provide weight management services 21 21.4
I don’t have enough space to provide weight management services 0 0

The barrier that presented in Newlands et al study, include high workload (n = 77, 92.8%) and

the need for further compensation (75.9%) and insufficient staff (59.7%) [13]. Infrastructure, time, and

cost-effectiveness were determined to be the key obstacles preventing community pharmacists from

participating in weight management services in another study [7]. The most anticipated barriers to

obesity counseling in a study done in Kuwait were a lack of patient awareness about pharmacists'
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expertise in counseling these types of products (76.2%), while the pharmacists' beliefs that obese
patients lack willpower and are non-adherent to weight loss interventions (71.8%) [20]. Similary, Lack
of time, excessive work demands, and a lack of advertising are obstacles to running a weight loss
program in a community pharmacy in England, according to Peletidi and Kayyali [21]. Age, pharmacy
type, highest level of education, and work status of Malaysian community pharmacists are
sociodemographic and practice variables that have an impact on attitudes, practices, and perceived
barriers related to weight management services [22]. Peletidi and Kayyali Although it is outside the
scope of our study, it is important to note that numerous studies in the medical literature show the
significant advantages of weight-loss programs managed by community pharmacists. With these
programs, significant reductions in waist circumference, systolic and diastolic blood pressure, and lipid

levels were seen [23,24].

Finally, we can conclude that the Kahramanmaras community pharmacists polled have a basic
understanding of weight loss products. Additionally, there were significant obstacles to Kahramanmaras
community pharmacists providing weight control treatments in terms of time, manpower, and money.
Overall, the study's conclusions shed light on community pharmacists in Kahramanmaras's attitudes,
knowledge, and beliefs towards weight loss. Continuing education for pharmacists on weight
management after graduation, providing pharmacists with adequate resources to provide effective
weight management services, and conducting more comprehensive research on this topic can all help in
the fight against obesity. The study's findings could be used to guide future evidence-based community
pharmacist-led weight control services on a national and global scale.
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ORIGINAL ARTICLE / OZGUN MAKALE

DETERMINATION OF ALPHA-2-MACROGLUBULIN IN SERUM
SAMPLES

SERUM ORNEKLERINDE ALFA-2-MAKROGLUBULI/N TAY/N/

Siireyya OZCAN KABASAKALY

!Middle East Technical University (METU), Department of Chemistry, 06880, Ankara, Turkey

ABSTRACT

Objective: Proteomics is one of the fastest growing omics that has been extensively used in clinical studies.
Proteomics involves qualitative and quantitative protein analysis in a wide range of samples starting from a
single cell to complex biological samples. Protein-based biomarker studies have been applied to many diseases
including metabolic diseases, cancer and neuropsychiatric diseases for both diagnostic and prognostic
purposes. Alpha-2-macroglubulin (A2MG) is a clinically relevant secreted protein involving in various
biological processes including blood coagulation, protein binding and protease inhibition. Current methods for
A2MG analysis are limited, as they focus on either immune-specific binding through a certain protein unit or a
unique peptide. As a single protein could be in different forms (complexes, modifications, etc) and the biological
activity is structure specific, an extensive analysis is necessary. Here a new Mass-Spectrometry (MS) based
method was developed for comprehensive A2MG analysis.

Material and Method: A reference human serum and A2MG protein standard were used for method
development. Proteolytic protein digestion was performed using trypsin and Circular-Dichroism (CD)
spectroscopy was used to ensure protein unfolding and denaturation prior to digestion. Targeted MS method
was developed to monitor 12 unique peptides for A2MG in serum.

Result and Discussion: Monitoring multiple peptides for a single protein enabled to observe biological
differences offer a robust and reliable A2MG analysis in serum. The method can also easily be implemented to
other proteins. The concept of targeted-MS provides an ideal quantification and validation platform which then
can be easily transferred to clinical laboratories.

Keywords: Alpha-2-macroglobulin, serum, targeted proteomics

07/
Amac: Proteomik, klinik ¢alismalarda yaygin olarak kullanilan en hizli biiyiiyen omiklerden biridir.
Proteomik, tek bir hiicreden baslayarak karmasik biyolojik orneklere kadar genis bir érnek yelpazesinde

kalitatif ve kantitatif protein analizini icerir. Protein bazli biyobelirte¢ ¢alismalari, metabolik hastaliklar,
kanser ve norvopsikiyatrik hastaliklar dahil olmak iizere bir¢ok hastaliga hem tanisal hem de prognostik
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amaglarla uygulanmistir. Alfa-2-makvoglubulin (A2MG), kan pihtilagmasi, protein baglanmasi ve proteal
inhibisyonu dahil olmak iizere cesitli biyolojik siireclerde yer alan, klinik onemi olan ve salgilanan bir
proteindir. A2MG analizi i¢in mevcut yontemler, belirli bir protein birimi veya benzersiz bir peptit yoluyla
immiin spesifik baglanmaya odaklandiklarindan simirlidir. Tek bir protein farkli formlarda (kompleksler,
modifikasyonlar, vb.) olabileceginden ve biyolojik aktivite yapiya ézel oldugundan, kapsamli bir analiz
gereklidir. Bu ¢alismada kapsamli A2MG analizi igin yeni bir Kiitle Spektrometresi (MS) tabanli yontem
gelistirildi.

Gerec ve Yontem: Bu ¢alismada, kapsamli A2MG analizi i¢in yeni bir Kiitle Spektrometresi (MS) tabanl
yontem gelistirilmistir. Analitik yontem gelistirme referans insan serumu ve A2MG protein standard: ile
yapumistir. Proteolitik protein sindirimi icin tripsin kullaniimis ve sindirimden once ve sonra proteinin
denatiirasyonu Dairesel-Dikroizm (CD) spektroskopisi kullanilarak test edilmistir. Hedefli MS yontemi,
serumda A2MG i¢in 12 benzersiz peptidi izlemek igin gelistirilmigtir.

Sonug ve Tartisma: Bu ¢calismada, biyolojik farkliliklar: gozlemlemek icin gelistirilen tek bir protein igin
coklu peptitlerin ol¢iilmesi ile saglam ve giivenilir serumda A2MG analizi gelistirilmistir. Yontem, diger
proteinlere de kolayca uygulanabilir. Hedeflenen MS konsepti, daha sonra klinik laboratuvarlara kolayca
aktarilabilen ideal bir niceleme ve dogrulama platformu saglayacaktir.

Anahtar Kelimeler: Alpha-2-macroglobulin, hedefli proteomik, serum

INTRODUCTION

Proteins are the main targets for biomarkers as they are involved in biosynthesis, cell, tissue and
organ signaling, cell and tissue structural stability in organisms. Rapidly evolving mass spectrometry
(MS)- based technologies in proteomics enable to study proteins in a wide range of samples starting
from a single cell[1] to complex biological samples such as blood [2] and tissue. Protein-based
biomarker studies have been applied to various diseases including cancer [3] , inflammatory diseases
[2, 3], cardiovascular diseases [6], diabetes [7] and even psychiatric disorders [6, 9].

Alpha-2-macroglobulin (A2MG, Uniprot ID: P01023) is a tetrameric glycoprotein with a
molecular weight of 725 kDa. It is involved in various biological processes including blood coagulation,
protein binding and protease inhibition [10]. It is synthesized by liver and secreted in various biological
fluids including serum, saliva, cerebral spinal fluid, ocular fluid and tissues. The average A2MG level
in human blood is 1.5-4.0 mg/ml [11].

A2MG is an acute phase protein that can be used to monitor immunological response for both
inflammation and infection [12]. Thus, it is also utilized to track the progression of pathological changes
in animal models to unravel the inflammatory and infectious diseases [12]. Recent studies have also
shown that A2MG has increased significantly in patients who showed severe COVID-19 symptoms.
Consequently, the protein is involved in critical biological processes and a valuable biomarker for

clinical studies. Hence, a reliable and reproducible quantification of A2MG in serum is vital.

Current methods commonly used in proteomics are two- dimensional gel electrophoresis (2DE)
[13], enzyme-linked immunosorbent assays (ELISAS) [14], protein arrays and Mass Spectrometry (MS)
based technologies [18,19,20]. Although immunoassays are considered as the gold standard in clinical

laboratories, they suffer from several drawbacks such as non-specific binding, batch to batch variation
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and cross reactivity [15]. MS based methods have several advantages over immunoassays as they require
less sample, provide better specificity due to tandem capacity, low cost and reproducibility [19 -21].

MS based protein quantification is peptide centric and only unique peptide(s) is/are used for both
protein identification and quantification. However, a single protein often has more than one
representative peptide but only limited number of peptides are used in common practice. In order to
reflect the actual biological changes, methods should be validated and the clinical utility must be
assessed for all target analytes.

Here, a new targeted MS method was developed for the simultaneous determination of A2MG
unique peptides in human serum. This study is the most comprehensive method up to now covering
multiple unique peptides for A2MG. The selective measurement in complex biological samples such as
serum and plasma provide a reliable quantification and validation platform. Thus, it can be easily

transferred to clinical laboratories and enable large scale screening.

MATERIAL AND METHOD

Materials

A reference human serum and A2MG protein standard were obtained from Sigma-Aldrich (St.
Louis, MO USA). HPLC grade water, acetonitrile, and formic acid were purchased from Merck
(Darmstadt, Germany). Dithiothreitol (DTT), iodoacetamide (IAA), and ammonium bicarbonate (ABC)
were purchased from Sigma- Aldrich (St. Louis, MO USA). Sequencing grade trypsin was obtained
from Promega (Madison, W1 USA).

Protein Digestion

Proteolytic digestion was performed according to the previous study [21]. Five uL of serum
sample and 5 uL of A2MG protein standard (0.1 pg/uL) were added to an Eppendorf tube containing
105 uL of 50 mM ammonium bicarbonate. Prior to enzymatic degradation, disulfide bonds were reduced
with 10 pL of 45 mM dithiothreitol (DTT) and proteins were denaturated at 65 °C for 45 minutes.
Cysteine residues were then alkylated using 10 uL. of 100mM lodoacetamide (IAA) for 30 minutes at
room temperature. Enzymatic digestion was performed by trypsin at 1:20 (enzyme: protein) molar ratio

for 16 hours. Samples were stored at -80 >C prior to MS analysis.
Circular-dichroism (CD) Spectroscopy

A 0.2 mg/mL pure A2MG dissolved in 10 mM phosphate buffer (potassium dihydrogen
phosphate/disodium hydrogen phosphate) at pH 7.8 was used for CD experiments. CD spectra were

recorded with an Jasco J-1500 Circular Dichroism Spectrometer between 180 and 600 nm at 1 point/sec
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scan speed. Measurements were carried out at 20 °C, using 1 nm band-width and 0.5 nm step size, in a
quartz cuvette with 10 mm optical path length. CD spectra were normalized by subtracting the signal of
the blanks (10 mM phosphate buffer).

Targeted MS Analysis

Quantitation of twelve A2MG unique peptides was performed by an Agilent 1260 Infinity Il
HPLC system coupled to an Agilent 6470A triple-quadrupole (QQQ) system (Santa Clara, CA). Peptide
separation was performed by Infinity Lab Poroshell 120 EC C18 (3.0 x 150 mm, 2.7 microns) column
at 50 °C over a gradient elution. Flow rate was 0.3 ml/min, mobile phase A was 0.1% formic acid in LC-
MS grade water, and mobile phase B was 0.1% formic acid in LC-MS grade acetonitrile. The mass
spectrometer was operated in positive mode. The dynamic Multiple Reaction Monitoring (MRM)
acquisition was used, the cycle time was 500 ms and the dwell time was at least 20 ms. The voltage of
the fragmentor was set to 135 V. The MS method was optimized using Skyline software package
(version 21.1.0). The predominant charge state and interference free transitions were screened for all
unique peptides. An Agilent MassHunter Quantitative Analysis software was used for data acquisition

and processing.
Data Analysis

Raw MS data was processed using the Skyline software package (version 21.1.0) [22]. The peaks
were integrated and the peak areas were calculated. Two-stage normalization were applied. In the first
stage, the peak areas were normalized using total peak intensities. Then log 2 normalization was applied

to normalize the changes that may occur during the analysis.

RESULT AND DISCUSSION

The A2MG protein was first investigated to identify unique peptides and their locations on the
crystal structure. The structure has been obtained from Protein Data Bank (PDB; 4ACQ). The peptide
uniqueness was confirmed via Uniprot human proteome database. The sequence yields 15 unique tryptic
peptides. The position of the peptides on the protein structure is shown in Figure 1. Two peptides,
VGFYESDVMGR and LVHVEEPHTETVR are unstructured in the PDB, thus they are excluded from
the figure. The tryptic peptide PLLVEPEGLEK is represented as DTVIKPLLVEPEGLEK containing

one mis-cleavage. The trypsin is less sufficient when the cleavage site is close to a Proline (P) residue.

The efficiency of the protein denaturation was investigated using CD spectroscopy. CD
Spectroscopy was used for checking the unfoldedness of the protein upon addition of a reducing agent
(DTT), and heating. It was also used for confirming the complete digestion. For this purpose, CD spectra

of the protein in the buffer, after DTT and heat treatment, and after digestion were measured (Figure 2).
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A2MG in the phosphate buffer before any treatment shows a CD spectrum, suggesting a secondary
structure comprising alpha helices and beta sheets, as seen in its three-dimensional structure. After
adding DTT, and heating of the protein, the CD spectrum changed to have features of polyproline 1l
conformation which is a signature for the secondary structure of unfolded state of proteins. After trypsin

digestion, A2MG lost all secondary structure elements, suggesting the complete degradation.
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P \\&
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Figure 1. The A2MG protein structure and the position of unique peptides (shown in turquoise) in the

protein sequence
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Figure 2. CD spectra of A2MG in phosphate buffer (blue), after addition of DTT and heating (green),
and after digestion (red). The changes in secondary structure suggest the transition from unfolding to

complete digestion.

Targeted MS method was developed to profile peptides for A2MG. Thirteen tryptic peptides
representing A2MG were used for the determination of A2MG. Peptides were digested from the
standard protein. Predominant charges and transitions were screened to identify qualifier and quantifier
transitions. One out of thirteen peptides, QTVSWAVTPK showed poor ionization. Thus, it was not
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included in the study. Remaining twelve peptides were further investigated to ensure reliable and
reproducible measurements. Peptide fragmentations were optimized to yield specific and sensitive

measurement.

The chromatographic separation for 12 A2MG peptides is shown in Figure 3. The method enables
simultaneous quantification at different time windows. Overlapping peaks correspond to fragments of
each peptide that can be used as qualifier transitions. First standard A2MG protein was digested to
optimize the instrumental parameters. Figure 3a represents the corresponding peptide separation. Then
the same method was applied to the serum digest to identify potential interferences that might come
from biological matrix (Figure 3b). The most intense and interference free transitions were used for
quantification purposes. Table 1 lists the specific precursors, charge states of each peptide, qualifier and
quantifier transitions shown in Figure 3c. The same unique peptides were identified in both standard
protein and serum samples however, peptide profiles were slightly different. The difference could be
related to the sample matrix. Total protein concentration in serum is higher than that of pure protein
standard. Therefore, digestion efficiency might be different. Future studies should focus on quantitative

protein-unique peptide relationship.

" a) c) R.IAQWQSFQLEGGLK.Q (174, 187] K.FEVQVTVPK.I [228, 236] K.LHTEAQIQEEGTVVELTGR.Q [319, 337]

===
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— _— _—

N 1Y Y A - JL
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Figure 3. Chromatographic separation of A2MG peptides in the a) A2MG standard b) standard human

serum digest and c) qualifier and quantifier transitions for 12 target peptides.

The reproducibility of peptide measurements was further investigated. Table 2 lists the replicates

(N=6) log 2 normalized peak intensities for all 12 A2MG unique peptides.
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Relative peptide abundances of A2MG proteins in the protein standard and human serum are
shown in Figure 4. Each peptide was color coded and were normalized based on total intensities. All
twelve A2MG peptides were detected in both samples. Peptides DTVIKPLLVEPEGLEK,
FEVQVTVPK, FQVDNNNR, LPPNVVEESAR, LVHVEEPHTETVR and QGIPFFGQVR are the
most intense peptides in all samples. However, relative abundances showed discrepancy between the
standard protein and human serum. While the commonly used DTVIKPLLVEPEGLEK containing 1-
miscleavage is the most abundant in the pure protein, FQYDNNNR is the dominant peptide in human

serum.

A2MG s a clinically relevant protein associated with neurological diseases, liver fibrosis, and
many inflammatory diseases. It is an abundant protein secreted in blood. Thus, it has a great potential

to be utilized in clinical studies.

MS is emerging as a standard analytical method to quantify proteins in complex biological
samples. The bottom-up approach involves protein digestion and quantification based on proteolytic
peptides. In order to ensure the specificity of the measurements, only unique peptide(s) are used for this
purpose. However, the number of unique peptides for each target protein varies depending on protein
size and sequence. Often a limited number of peptides are used in clinical studies. Recently, Plubell et
al. disputed using peptides from a protein can be misleading as an important biological difference may
be lost while focusing on a single unit. The peptide-centric approach involves protein denaturation and
proteolytic digestion using specific proteases such as trypsin. In order to verify the change on protein
structure after denaturation and digestion, a CD analysis was performed. The DTT and heat treatment
caused A2MG to unfold from its native state. The completeness of digestion was confirmed by
measuring the CD spectrum after trypsin digestion. The spectrum showed signature signals

demonstrating the degradation of the protein into peptides.

The abundance of specified fragment ions is indicative of the abundance of peptides and proteins
in the sample. As there is often one unique peptide for each protein, it is important to monitor all to
identify the most relevant one(s). There are two fundamental parameters affecting the peak intensities;
proteolytic digestion and peptide ionization. Both parameters were investigated in this study by replicate
measurements of standard A2MG protein and human serum samples. A reproducible digestion was
observed in all samples. The ionization of a peptide depends on the size and the amino acid composition.
The QTVSWAVTPK, GGVEDEVTLSAYITIALLEIPLTVTHPVVR and ALLAYAFALAGNQDK

peptides showed poor ionization and were excluded from the method.
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Table 1. Transition list and method parameters for A2ZMG

Peptide Precursor | MS1 [Transition| MS2 [DwellFragmentor| Collision |Polarity

lon Res Res Energy
IAQWQSFQLEGGLK 535.62 | Unit | 744.43 | Unit | 20 130 14.5 Positive
IAQWQSFQLEGGLK 535.62 | Unit | 616.37 | Unit | 20 130 14.5 Positive
IAQWQSFQLEGGLK 535.62 | Unit | 616.31 | Unit | 20 130 14.5 Positive
FEVQVTVPK 523.80 | Unit | 770.48 | Unit | 20 130 14.1 Positive
FEVQVTVPK 523.80 | Unit | 671.41 | Unit | 20 130 14.1 Positive
FEVQVTVPK 523.80 | Unit | 543.35 | Unit | 20 130 14.1 Positive
FEVQVTVPK 523.80 | Unit | 704.36 | Unit | 20 130 14.1 Positive
LHTEAQIQEEGTVVELTGR| 704.03 | Unit | 931.52 | Unit | 20 130 20.5 Positive
LHTEAQIQEEGTVVELTGR| 704.03 | Unit | 773.45 | Unit| 20 130 20.5 Positive
LHTEAQIQEEGTVVELTGR| 704.03 | Unit | 793.42 | Unit| 20 130 20.5 Positive
LHTEAQIQEEGTVVELTGR| 704.03 | Unit | 832.91 | Unit| 20 130 20.5 Positive
QGIPFFGQVR 574.81 | Unit | 850.46 | Unit | 20 130 15.9 Positive
QGIPFFGQVR 574.81 | Unit | 753.40 | Unit | 20 130 15.9 Positive
QGIPFFGQVR 57481 | Unit| 606.34 | Unit | 20 130 15.9 Positive
QGIPFFGQVR 574.81 | Unit | 425.73 | Unit | 20 130 15.9 Positive
HNVYINGITYTPVSSTNEK| 713.02 | Unit | 962.48 | Unit| 20 130 20.9 Positive
HNVYINGITYTPVSSTNEK| 713.02 | Unit | 861.43 | Unit| 20 130 20.9 Positive
HNVYINGITYTPVSSTNEK| 713.02 | Unit | 431.22 | Unit | 20 130 20.9 Positive
HNVYINGITYTPVSSTNEK| 713.02 | Unit | 638.82 | Unit | 20 130 20.9 Positive
DMYSFLEDMGLK 724.83 | Unit | 1039.51 | Unit | 20 130 21.3 Positive
DMYSFLEDMGLK 724.83 | Unit| 952.48 | Unit | 20 130 21.3 Positive
DMYSFLEDMGLK 724.83 | Unit | 805.41 | Unit | 20 130 21.3 Positive
VGFYESDVMGR 630.29 | Unit | 1160.50 | Unit | 20 130 17.9 Positive
VGFYESDVMGR 630.29 | Unit | 956.41 | Unit | 20 130 17.9 Positive
VGFYESDVMGR 630.29 | Unit | 793.35 | Unit | 20 130 17.9 Positive
VGFYESDVMGR 630.29 | Unit| 664.31 | Unit | 20 130 17.9 Positive
LVHVEEPHTETVR 515.94 | Unit | 667.33 | Unit | 20 130 13.8 Positive
LVHVEEPHTETVR 515.94 | Unit | 598.80 | Unit | 20 130 13.8 Positive
LVHVEEPHTETVR 515.94 | Unit | 420.22 | Unit | 20 130 13.8 Positive
LVHVEEPHTETVR 515.94 | Unit| 707.37 | Unit| 20 130 13.8 Positive
DTVIKPLLVEPEGLEK 594.01 | Unit | 672.36 | Unit | 20 130 16.6 Positive
DTVIKPLLVEPEGLEK 594.01 | Unit| 782.47 | Unit| 20 130 16.6 Positive
DTVIKPLLVEPEGLEK 594.01 | Unit| 73294 | Unit| 20 130 16.6 Positive
DTVIKPLLVEPEGLEK 594.01 | Unit | 336.68 | Unit | 20 130 16.6 Positive
LPPNVVEESAR 605.82 | Unit | 1000.51 | Unit | 20 130 17.0 Positive
LPPNVVEESAR 605.82 | Unit | 690.34 | Unit | 20 130 17.0 Positive
LPPNVVEESAR 605.82 | Unit | 549.28 | Unit | 20 130 17.0 Positive
LPPNVVEESAR 605.82 | Unit | 500.76 | Unit [ 20 130 17.0 Positive
AAQVTIQSSGTFSSK 756.39 | Unit | 114257 | Unit | 20 130 224 Positive
AAQVTIQSSGTFSSK 756.39 | Unit | 104152 | Unit | 20 130 22.4 Positive
AAQVTIQSSGTFSSK 756.39 | Unit | 928.44 | Unit | 20 130 22.4 Positive
AAQVTIQSSGTFSSK 756.39 | Unit | 800.38 | Unit | 20 130 224 Positive
FQVDNNNR 503.74 | Unit | 859.40 | Unit| 20 130 13.3 Positive
FQVDNNNR 503.74 | Unit | 731.34 | Unit | 20 130 13.3 Positive
FQVDNNNR 503.74 | Unit | 632.27 | Unit | 20 130 13.3 Positive
FQVDNNNR 503.74 | Unit| 517.25 | Unit| 20 130 13.3 Positive
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Table 2. Replicate A2MG peptide measurements (N=6) Log 2 normalized peak intensities for all 12
unique peptides.

A2MG Peptides Area (Log?2)

Peptide Sequence Mean Stdev CoV
AAQVTIQSSGTFSSK 15.24 0.22 15
DMYSFLEDMGLK 15.15 0.27 1.8
DTVIKPLLVEPEGLEK 15.05 0.26 1.7
FEVQVTVPK 14.95 0.37 2.4
FQVDNNNR 14.91 0.38 2.5
HNVYINGITYTPVSSTNEK 14.87 0.37 2.5
IAQWQSFQLEGGLK 14.84 0.37 2.5
LHTEAQIQEEGTVVELTGR 14.76 0.27 1.8
LPPNVVEESAR 14.71 0.22 15
LVHVEEPHTETVR 14.65 0.15 1.1
QGIPFFGQVR 15.09 1.33 8.8
VGFYESDVMGR 15.52 1.73 11.2

A2MG Serum
Protein Standard Reference Sample

= AAQVTIQSSGTFSSK DMYSFLEDMGLK = DTVIKPLLVEPEGLEK

= FEVQVTVPK = FQVDNNNR = HNVYINGITYTPVSSTNEK
IAQWQSFQLEGGLK LHTEAQIQEEGTVVELTGR = LPPNVVEESAR

= LVHVEEPHTETVR = QGIPFFGQVR = VGFYESDVMGR

Figure 4. Relative peptide abundance of A2MG peptides in serum and protein standard respectively.

The MS method performance was developed and optimized for 12 peptides that are all specific
to A2MG.The method performance was tested against a standard human protein and a reference serum
sample. The comparison showed that although the top 6 peptides, DTVIKPLLVEPEGLEK,
FEVQVTVPK, FQVDNNNR, LPPNVVEESAR, LVHVEEPHTETVR and QGIPFFGQVR, are the
most abundant in both samples, the relative intensities of those showed differences. The difference could
be associated with the sample matrix. While a standard protein is relatively simple as it is isolated and
purified, the human serum involves hundreds of proteins. Therefore, the digestion performance could
be different, Zhang et al. previously stated that the different digestion protocols may also affect the
targeted quantification from protein-protein interaction analysis [23-24]. The change in peptide
intensities should be further investigated to understand the root cause of the observed differences.
Conventional methods used in clinical proteomics target either specific binding point or single/limited

unique peptide(s). Proposed approach offers comprehensive screening by monitoring multiple unique
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peptides for A2MG. Although results indicate reproducible measurements between replicate samples
for each peptide, the relative peptide abundances show different pattern in reference serum than that of
protein standard. Therefore, the variation in unique peptide responses raise a number of important
questions; i) is the variation due to matrix affect? ii) are digestion efficiencies different in the standard
and serum? iii) Is protein concentration directly proportional to individual peptides? iv) Are all unique
peptides correlated to each other? v) If not, which unique peptide gives more reliable information and
above all iv) Are the differences related to the biological complexity considering the presence of
different protein forms. Consequently, monitoring multiple unique peptides for a single protein offers
great advantages and provide comprehensive information. The approach can easily be implemented to

other proteins and clinical studies. Future studies should focus on the gaps described above.

Here, a new method was developed to profile all the unique peptides isolated from A2MG.This
method is the most comprehensive method available to date for the determination of A2ZMG. Monitoring
multiple peptides for a single protein enables to observe unseen differences at peptide level. The concept

of targeted-MS provides an ideal quantification and validation platform for clinical applications.
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Amacg: Bu ¢alisma kapsaminda meslek egitimi alan égrencilerde Hojat ve Gonnella (2011) tarafindan
gelistirilen Hekim-Eczaci Isbirligine Yonelik Tutum Olceginin Tiirk¢e uyarlamasinin yapilmasi amaclanmistir.

Gere¢ ve Yontem: Calismanin Orneklemini Saghk Bilimleri Universitesi Tip ve Eczacilik Fakiiltesi
ogrencileri (N=189) olusturmaktadir. Olgegin Tiirkce uyarlamasimin yapilmas: amaciyla dil, kapsam, yap:
gecerliligi ve giivenilirligi sitnanmustir.

Sonug ve Tartisma: Gergeklestirilen agimlayict faktor analizi neticesinde toplam varyansin %60,41 ’ini
aciklandigi ve ifadelerin iki faktor altinda toplandigi ve toplam varyansin %52,59 'unu birinci faktoriin ve
%7,82 sim1 ikinci faktoriin agikladigi tespit edilmistir. Orijinal 6l¢ekle uwyumlu olarak 16 ifadeden olusan
olgegin alt boyutlar: Is Birligi ve Ekip Calismast, Sorumluluk olarak adlandirilmis, dlcegin i¢ tutarlilik katsayist
,938 olarak bulunmustur. Arastirmadan elde edilen bulgular neticesinde Hekim-Eczaci Isbirligine Yonelik
Tutum Olgeginin Tiirk kiiltiiriine uygun, gecerli ve giivenilir bir 6l¢me aract oldugu sonucuna varimistir.

Anahtar Kelimeler: Eczaci, hekim, mesleklerarasi is birligi

ABSTRACT

Obijective: The aim of this study is the Turkish adaptation of the Scale of Attitudes Toward Physician-
Pharmacist Collaboration-(SATP?C) developed by Hojat and Gonnella (2011) in a professional education
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Material and Method: The study sample consists of 189 students of the Faculty of Medicine and
Pharmacy at the University of Health Sciences Turkey. The Turkish adaptation of the scale was performed
through language, content, reliability and construct validity testing.

Result and Discussion: Results of the exploratory factor analysis show that the scale items explained
60,41% of the total variance under two factors( Factor 1: 52,59%; Factor 2: 7,82%. ). Concurent with the
original scale, the internal consistency coefficient of the 16-item scale was ,938 and the two dimensions were
were titled Collaboration and Teamwork, Accountability. The findings of this study show that SATP?C is a
valid and reliable instrument suitable for use in the Turkish language and culture.

Keywords: Interprofessional collaboration, pharmacist, physician

GIRIS

Saglik hizmeti sunumu, bir¢ok farkli meslek disiplininin bir araya gelerek hizmet trettikleri
calisma alanlarindandir. Bu yapida basarinin saglanmasi i¢in organizasyondaki her bir halka arasinda is
birligi ve esgiidiim gereklidir. Profesyoneller arasi is birligi “belirli rolleri olan, birbirine bagl gérevleri
yerine getiren ve ortak bir hedefi paylasan” iki veya daha fazla saglik uzmaninin hasta bakimina getirdigi
uzmanliga ve katkiya deger veren miizakere edilmis bir anlagma olarak tanimlanirken, gerekli diizeyde
basarili i birligi istenmeyen olaylari engeller, hasta yatis siiresini kisaltir, hasta sonuglarini iyilestirerek

Mmemnuniyet diizeyini artirir [1,2,3].

Hekimler, hasta odakli tedaviye yonelik planlama ve karar alma siirecinde veri kaynagi olarak
ihtiyag duyduklari bilgilere erisim siirecinde teorik kitaplar, akademik yayinlar, uzman goriisii gibi pek
cok kaynaga basvurabilmektedirler. Hekimlerin hastaya ilag yazdiklar1 regeteler, eczacilarla dogrudan
iletisim amac1 tagimaktadir. Eczacilar ve Eczaneler Hakkindaki 2014 tarihli yonetmelikte eczacilarin
gorev ve sorumluluklari hastaya ilag sunumunun ‘hastanin gereksinimleriyle uyumlu, giivenli ve akilcr’
olmasini da igermekte olup, hastanin ilag uyung siirecinde eczact, hekimin tedavi basarisinda 6nemli bir
rol oynamaktadir [4]. Ozellikle iilkemizde, eczacilarm hastayla iletisimi sosyal olarak sicak ve hekimin
yazdigi ilaglarin dogru kullanimina yonelik agiklayict bir danigsmanligr da igermekte olup, bu empatik
iletisim, bakim ve tedavi ¢iktilarini olumlu etkileyebilme potansiyeli icermektedir. Buna karsin, yapilan
caligmalarda hekimlerin biiyiik bir kisminin eczacilarin aldiklar1 mesleki miifredat ve goérevlerinin
kapsamina tam olarak vakif olmadig1 ve giiven eksikligi, yetersiz iletisim gibi sebeplerle eczacilara
basvurmadigini gostermektedir [5,6]. Oysa eczacilar farmasotik agidan saglik ekibinin ¢ok 6nemli bir
parcas1 olup; hekim ve eczacilar arasindaki dogru is birligi, hastalarin dogru ilag¢ kullanimi ve ilag
yonetiminin dogru isletilmesi saglik hizmeti sonuglarinin iyilestirilmesinde etkilidir [7,8]. Yapilan
caligmalar Ozellikle kronik hastaliklar1 olan ve/veya diizenli ila¢ incelemeleri gerektiren hastalar
iizerinde dogru antibiyotik kullanimi, enfeksiyon kontrolii, hasta uyumunun artirilmasi ile advers etkinin
azaltilmasi gibi bir¢cok alanda yiiz giildiiriicii sonuglar dogurdugunu gostermektedir [9,10,11]. Seostianin
ve arkadaslar1 tarafindan yayinlanan bir ¢alismada, hekim ve eczacilarin hasta bakimi sirasinda video

goriismeleri/ylizyiize gorligmelerle siirdiirebilecekleri isbirliginin gerek farmakoterapi uygunlugu ve
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tedavinin gilivenliligini arttiracagi, gerekse ilag baglantili problemlerin sikligim azaltabilecegi
vurgulanmustir [12]. Tiirkiye’de 2018 yilinda yapilan bir pilot calismada da ‘birinci basamak saglik
hizmetlerinde yapilan yasal diizenlemeler sonrasinda’ serbest eczacilarin %60’min hasta bakimi
siirecinde hekimlerle gerek ila¢ uygulamasi gerekse ilag etkilesimleri konusunda iletisim istegi

belirttikleri bulgulanmigtir [13].

Ulke literatiiriinde saglik profesyonelleri arasinda multidisipliner is birligini degerlendiren
6lgekler bulunmakla birlikte caligma ortaminda veya egitim siirecinde Hekim-Eczac is birligine yonelik
bir dlgege rastlanmamustir. ingilizce orijinalinden dilimize uyarlanan Hekim-Eczaci Isbirligine Yonelik
Tutum Olgegi (Scale of Attitudes Toward Physician-Pharmacist Collaboration), her iki meslekten
ogrencilerin disiplinleraras: isbirligini destekleyen egitim miifredatlarimin olusturulmasina katki
saglamak, hekim ve eczacilarin isbirlik¢i tutumlari arasindaki farklar1 karsilagtirmak ve profesyoneller
arasindaki igbirlik¢i caligmanin klinik sonuglarini ortaya koymak amaciyla kullanilmaktadir [14,15].
Calismada orijinal 6lgegin Turk dili ve kiiltiiriine uyarlanmasi siirecinde, orijinal soru formunun dil
cevirisi ve icerik gecerliliginin saglanmasina iliskin gerekli metodolojik diizen uygulanmistir. Bu
calismanin amaci, tip / eczacilik Ogrencileri ile hekim/ eczacilara yonelik is birligi tutumlarim
degerlendirmeye yonelik Hekim-Eczaci Isbirligine Yénelik Tutum Olgeginin  Tiirk diline

uyarlanmasidir.

GEREC VE YONTEM

Bu aragtirma kapsaminda, Mayis 2019 - Mayis 2020 tarihleri arasinda Hojat and Gonnella
tarafindan gelistirilen 16 maddelik Scale of Attitudes Toward Physician-Pharmacist Collaboration

(SATP?C) 6lgeginin Tiirkgeye uyarlanmasi amaci ile gegerlilik giivenirlik ¢aligmasi yapilmistir.
Dil Cevirisi

Ik asamada 6lgek anadili Tiirkge olan ve anadiline yakin diizeyde Ingilizce bilen bagimsiz 3
akademisyen tarafindan Tirkceye c¢evrildikten sonra, bu {i¢ geviri karsilastirilarak tercime edilen
sozciiklerdeki anlam uyumsuzluklar: ve belirsizlikler giderildi. ingilizce’ye geri terciime islemi iKi
uzman akademisyen tarafindan gerceklestirildi. Olgek iyi derecede ingilizce bilen klinik eczaci, tip
6grencisi ve bir akademisyen tarafindan tekrar Tiirkge’ye ¢evrildi ve ¢eviri siireglerinde karsilagilan tim

tutarsizliklar giderildikten sonra Tiirk¢e son halini aldu.
Orneklem

Tirk diline uyarlamasi yapilan 6lgekte toplam 16 madde bulunmaktadir. Kaynaklarda dlgek
gecerliligi siireclerinde Ol¢ekteki madde sayisimin on kati kadar orneklem kullanilmasi gerektigi

belirtilmektedir [16,18]. Bu dogrultuda, arastirmaya Saghk Bilimleri Universitesi Tip ve Eczacilik
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Fakiiltesinde 6grenim goéren ve ¢evrimigi veri toplama aracini dolduran 200 6grenci dahil edilmis,
calismada dlgegi ve soru formunu eksiksiz olarak dolduran 189 (86 eczacilik fakiiltesi, 103 tip fakiiltesi)

Ogrencisine ait veriler kullanilmustir,
Verilerin Toplanmasi

Olgek formu Saglik Bilimleri Universitesinde okuyan Tip ve Eczacilik fakiiltesi dgrencilerinin
tiimiine ¢evrimici olarak génderilmistir. Olgek, cinsiyet, yas, kayitli olduklar1 boliim ve siif sorgulanan
demografik sorular1 takiben 4°lii Likert tipi (l1=kesinlikle katilmiyorum, 2= katilmiyorum,
3=katiliyorum, 4= kesinlikle katiliyorum) 16 sorudan olugmaktadir. Tiim sorular dogrudan puanlanirken
9. Soru ters (1=kesinlikle katiliyorum, 2= katiliyorum, 3= katilmiyorum, 4=kesinlikle katilmiyorum)
olarak puanlanmstir. Olgekten elde edilecek en diisiik puan 16, en yiiksek puan ise 64 ‘diir. Herhangi
bir kestirim noktasi olmaksizin, 6l¢ekten ve alt boyutlarindan alinacak yiiksek puan hekim ile eczaci
arasindaki iliskinin daha olumlu bir tutum gosterdigini belirlemektedir. Tiim katilimcilar anket
formunun giris boliimiinde calisma hakkinda bilgilendirilmis; gonilliiliikk, vazgegme hakki, kisisel
bilgilerin korunma giivencesi verilen onam metnini takiben ¢evrimic¢i anketi doldurmaya devam eden

katilimcilar, arastirmaya katilmaya zimni onam vermis sayilmistir.
Verilerin Analizi

Aragtirmanin veri analizi IBM SPSS Statistics 250 paket programu kullanilarak yapilmgtir. Tlk
asamada, olgegin i¢-tutarliligi Cronbach’s Alpha testi ile sinanmis ve 0=0,93 olarak bulunmustur.
Korelasyon degeri 0,30’dan biiyiik olan tiim dl¢ek maddeleri analize dahil edilmistir. Olgegin yap1
gecerliligi temel bilesenler yontemi ve Varimax donlisiimi kullanilarak agiklayici faktor analizi ile
smanmustir. Bu amagla 6nce Kaiser-Meyer-Olkin (KMO) o6rneklem yeterliligi testleri ve Bartlett
kiiresellik testi yapilarak veritabaninin faktor analizine uygunlugu sinanmis; agiklayici faktor analizi ile
Ol¢egin igerigindeki faktorler belirlenedikten sonra bu faktérler Olgegin alt boyutlar1 olarak

tanimlanmugtir [17].

Son olarak, faktor analizi sonucunda bulunan alt boyutlar i¢in yeni degiskenler olusturularak
katilimcilarin 6lgek toplam ve alt-boyut puanlart hesaplanmus, arastirma orneklemi tizerinde Glgek
puanlan1 ve katilimeilarin demografik bilgilerine ait tanimlayict analizler yapilmistir. Katilimeilarin

ogrenim gordiikleri fakiilte ve cinsiyete gore puanlar ise bagimsiz gruplar t-testi ile karsilastirilmistir.

SONUC VE TARTISMA

Demografik Ozellikler

Katilimcilarin demografik bilgilerine ait frekans ve ylizde dagilimlar1 Tablo 1’de sunulmustur.

Yas degerine ait ortalama ve standart sapma degerleri ile minimum ve maksimum degerleri
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belirtilmigtir. Buna gore olgularin %65,6’s1 kadin, %86,2 ile ¢ogunlugu TC vatandasi olup, 103 (%54,5)
tip ve 86 (%45,4) eczacilik fakiiltesi dgrencisinden olugmakta olup yas ortalamalar1 20,86+1,78

bulunmustur.

Tablo 1. Katilimcilarin demografik 6zellikleri

Cinsiyet N % Uyruk N %
Kadin 124 65.6 | TC Vatandasi 163 86.2
Erkek 65 | 344 | Diger 26 138
Toplam 189 100 | Toplam 189 100
Fakiilte N %
Eczacihk 86 155 Min. Maks. | N Ort. £ss
Tip 103 | 545 | Y& 18 36 | 189 | 20.86+
1.78
Toplam 189 100

(")lg:egin Gegerlilik-Giivenirlik Analizleri

Hojat and Gonnella’min gelistirdigi Tiirkge dil uyarlanmasi tamamlanan Attitudes Towards
Physician and Pharmacist Collaboration (SATP?C) 6l¢eginin maddeleri Tablo 2’de verilmistir. Tiirk
diline uyarlama siirecinin ardindan Hekim- Eczaci Isbirligine Yénelik Tutum Olgegi (HEIYTO) olarak
adlandirdiginiz bu arag, 4’li Likert tipi 16 maddeden olusmaktadir. Olgek hekim-eczaci isbirligine
yonelik tutum, alg1 ve beklentileri ifade eden ciimlelerden olugsmakta olup, orijinal 6lgekteki maddelerin
tamamini igermektedir (Tablo 2). Tablo 2’de 6l¢ege verilen yanitlarin ortalama ve standart sapmalari
incelendiginde katilimcilarin agirlikli olarak ‘katiliyorum’ ya da ‘kesinlikle katiliyorum’ seklinde yanit

verdikleri goriilmektedir (ortalama>3,00).

Ancak, o6lgek maddelerine verilen yamitlar meslek egitimi gruplarina ayrildiginda, eczacilik
Ogrencilerinin yanitlar1 6rneklemin tamamiyla uyumlu goziikmekle birlikte; tip Ogrencilerinin,
eczacilarin sorumluluk ve yetkinlik alanlarina yonelik maddeler olan 2,4,7,8,9,14 ve 15. maddelerin

puan ortalamalar1 incelendiginde ‘katilmiyorum=3’ yanitina yakin diistiikleri dikkat cekmektedir.

Olgekte yer alan ifadelerin i¢ tutarliligini 6lgmek amaciyla 189 katilimcinin yanitlari {izerinden
oncelikle Cronbach’s Alpha giivenilirlik analizi yapilmistir (Tablo 3). Cronbach’s Alpha testi
sonucunda, 6l¢egin tiimi i¢in 0=0,938 olarak bulunmustur. Bu deger 0,70’in iizerinde bulundugu icin

genel kabuller dogrultusunda 6lgegin yiiksek giivenilirlikte oldugu goriilmektedir [18].
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Tablo 2. Hekim- Eczaci Isbirligine Yénelik Tutum Olgegi ifadelere gore yanitlarin dagilimi

Orneklem | Eczacihik Tip Ogr.
N=189 Ogr. N=86 N=103

No | ifadeler Ortalama +standart sapma

1 Bir hekim bir eczacinin amiri gibi degil meslektasi 3574065 | 3.86 +0.38

+
ve is ortag1 olarak goriilmelidir 3.3340.72
2 Eczacilar, hastalarin ilag tedavisi ile ilgili
ihtiyaglarmi degerlendirme ve cevaplamada 3.23+0.76 | 3.71+0.48 2.84+0.74

niteliklidir

3 Egitimleri sirasinda eczacilik ve tip 6grencileri,
birbirlerinin rollerini anlamak i¢in ekip 3.47+£0.65 | 3.75+0.43 3.23+0.72
calismasina dahil edilmelidir

4 Eczacilar, hastalan etkileyebilecek ilag etkilesimi | 3 54,080 | 37440 47 5 834078
ile ilgili kararlarda katkida bulunabilirler ' ’ ' . : .

5 Eczacilar verdikleri ilag konusunda hastalara karst | 3 45,964 | 3.65+055 3.2340.66
sorumlu olmalidir : : : - : :

6 Hastalan{l 11:&@ tedgwsmde, eczacilar ve hekimler 3.39+0.66 | 3.7240.45 3.1240.68
arasinda Ortlisen bir¢ok sorumluluk alani vardir

7 Eczaci, hastanin ilag tedavisi ile ilgili danigsmanlik 3014087 | 3.624056 5 5020.77
yapacak 6zel uzmanliga sahiptir ' ' ‘ . . .

8 Hem eczacilar hem de hekimler hastalara verilen

ilacin tiirii ve dozu ile ilgili kararlara katkida 3.06+0.92 | 3.65+0.53 2.57+0.88
bulunmalidir
9 Eczaciin birincil islevi, hekimin recetesini 313+082 | 3.55+0.66 27940.79

sorgulamadan yerine getirmektir (ters puanlama)

10 | Eczacilar ¢aligma alanlari olan hastane veya
eczane hizmetlerindeki ilag politikalarina yonelik | 3.38+0.61 | 3.74+0.47 3.09+0.54
verilen kararlarda s6z sahibi olmalidirlar

11 Ecz_am_la_r ve _hekimler, ilaglarin hastalar iizerindeki 3.3740.69 | 3.61+0.51 3.1740.76
etkilerini takip etmekten sorumludurlar

12 | Eczacilar hekimlerin verdigi ilacin hasta tizerinde
kotii sonuglar dogurabilecegini diigtindiigiinde 3.56+0.59 | 3.79+0.44 3.38+0.64
hekimle goriisiip ilaci teyit etmelidir

13 | Hekimler ve eczacilar isbirlik¢i iliskiler kuracak 355£0.60 | 378042 3372066
sekilde egitilmelidir : : : - : :

14 | Hekimler, ilag tedavisine olumsuz reaksiyonu olan
veya ilag tedavisine direngli hastalara yardimci 3.16+0.83 | 3.67+0.50 2.75+0.84
olmak i¢in eczacilara danigmalidirlar

15 | Hekimler, eczacilarin dogru/isabetli ilag tedavisi
konusunda kendilerine yardim edebileceklerini 3.32+0.73 | 3.76+0.45 2.95+0.71
bilmelidir

16 | Hekimler ve eczacilar arasindaki mesleklerarasi
iletisim konulart, iiniversite egitim programlarina | 3.40+0.70 | 3.67+0.52 3.18+0.74
dahil edilmelidir
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Tablo 3. Giivenirlik analizi sonuglar

Diizeltilmis Madde
Madde- Cikarilirsa Cronbach’s
Madde Toplam Cronbach's Alpha Madde Say1s:
Korelasyonu Alpha
MADDE 1 0.619 0.935
MADDE 2 0.637 0.935
MADDE 3 0.663 0.934
MADDE 4 0.736 0.932
MADDE 5 0.461 0.939
MADDE 6 0.696 0.934
MADDE 7 0.752 0.932
MADDE 8 0.733 0.933
MADDE 9 0.657 0.935 0.938 16
MADDE 10 0.735 0.933
MADDE 11 0.570 0.936
MADDE 12 0.616 0.935
MADDE 13 0.695 0.934
MADDE 14 0.770 0.932
MADDE 15 0.835 0.930
MADDE 16 0.655 0.934
Faktor Analizi

Calismanin faktor analizi asamasinda. her madde ¢ikarildiginda o degerlerindeki degisim
incelenerek. madde-toplam korelasyon degerlerine bakilmis. korelasyon degeri 0.30’dan kii¢iik olan
madde bulunmadig i¢in tiim maddeler analize dahil edilerek 6lgegin igerigindeki maddelerin hangi
temel kavramlar altinda kiimelendigini saptamaya yonelik aciklayic1 faktor analizi gerceklestirilmistir
(Tablo 3). Olgegin yap1 gegerliligi incelemesi amaciyla yapilan aciklayici faktor analizi sonucunda; 16
maddelik 6lgegin Kaiser-Meyer-Olkin orneklem yeterliligi testi sonucu 0.932 ve degiskenler arasinda
faktor analizi yapmak i¢in yeterli diizeyde bir iligki olup olmadigini inceleyen Bartlett kiiresellik testi
sonucu <0.001 olarak bulunmustur (Tablo 4). Buna gore 6lgegin faktor analizi yapmak igin uygun. saha
calismasinda elde edilen ve analize esas olarak kullanilacak orneklemin ise ¢alismamiz amaglari

dogrultusunda yeterli olduguna karar verilmistir [16.19].

Asagida. Tablo 4’de goriildiigii iizere faktor yapilarini ortaya ¢gikarmaya yonelik Temel Bilesen
analizi ve Varimax —Kaiser Normalizasyon yontemiyle olgegin iki faktorlii bir yapida oldugu
bulunmustur. Bu iki faktdre dagilan dlcek maddeleri arasinda faktor yiik degeri 0.30’un altinda olan
madde bulunmamaktadir. Bu bulgular 1s181inda Slcek. orijinal dlgekte kullanilan 16 maddenin tamami
iizerinden ve iki faktorlii olarak degerlendirilmistir. Birinci faktor toplam varyansin %52.588’ini ve
ikinci faktor %7.826’sin1 agiklamaktadir. Olgegin tamami ise toplam varyansmn %60.415%ini
aciklamaktadir [19] Bulunan iki faktor. orijinal 6l¢ekle uyumlu olarak ve kullanilan madde igeriklerine

uygun olarak: 1: Isbirligi ve ekip calismasi. 2: Sorumluluk olarak adlandirilmustir. (Tablo 4).
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Tablo 4. Agiklayici faktor analizi sonucunda maddelerin faktorlere dagilimlart ve faktor yiikleri

Madde _ Falftii.ll.l: Faktor 2:
No Ifade Isbirligi ve Sorumluluk
) Ekip Calismasi
1 Bir hekim bir eczacinin amiri gibi degil meslektasi
. < e s 0.504
ve is ortag1 olarak goriilmelidir
3 Egitimleri sirasinda eczacilik ve tip 6grencileri.
birbirlerinin rollerini anlamak i¢in ekip ¢aligmasina | 0.745
dahil edilmelidir
6 Hastalarin ila¢ tedavisinde. eczacilar ve hekimler 0.633
arasinda Ortiisen bir¢ok sorumluluk alani vardir '
10 Eczacilar caligma alanlar1 olan hastane veya eczane
hizmetlerindeki ilag politikalarina yonelik verilen 0.642
kararlarda s6z sahibi olmalidirlar
12 Eczacilar hekimlerin verdigi ilacin hasta tizerinde
kotii sonuglar dogurabilecegini diigiindiigiinde 0.678
hekimle goriisiip ilaci teyit etmelidir
13 Hekimler ve eczacilar isbirlikei iligkiler kuracak
) . .1 0.856
sekilde egitilmelidir
16 Hekimler ve eczacilar arasindaki mesleklerarasi
iletisim konular. iiniversite egitim programlarina 0.797
dahil edilmelidir
2 Eczacilar. hastalarm ilag tedavisi ile ilgili
ihtiyaglarini degerlendirme ve cevaplamada 0.773
niteliklidir
4 Eczacilar. hastalar etkileyebilecek ilag etkilesimi ile 0814
ilgili kararlarda katkida bulunabilirler '
5 Eczacilar verdikleri ilag konusunda hastalara karsi
0.319
sorumlu olmalidir
7 Eczac1. hastanin ilag tedavisi ile ilgili danigmanlik
. N . 0.839
yapacak 0zel uzmanliga sahiptir
8 Hem eczacilar hem de hekimler hastalara verilen
ilacin tiirii ve dozu ile ilgili kararlara katkida 0.779
bulunmalidir
9 Eczacini birincil islevi. hekimin regetesini
. . . 0.503
sorgulamadan yerine getirmektir
11 Eczacilar ve hekimler. ilaglarin hastalar iizerindeki
R 0.443
etkilerini takip etmekten sorumludurlar
14 Hekimler. ilag tedavisine olumsuz reaksiyonu olan
veya ilag tedavisine direngli hastalara yardimci 0.673
olmak igin eczacilara danismalidirlar
15 Hekimler. eczacilarin dogru/isabetli ilag tedavisi
konusunda kendilerine yardim edebileceklerini 0.644
bilmelidir
Ozdeger 8.415 1.251
Aciklanan Varyans Yiizdesi 52.596 7.816
Kiimiilatif varyans 52.596 60.412
Boyut Cronbach’s Alfa Giivenirlik Katsayisi 0=0.889 a=0.908
KMO: .932.

Bartlett Kiiresellik Testi: Ki-kare=1899.561. df=120. p>0.0001
Olgek Cronbach’s Alfa Giivenirlik Katsayis1 ¢=0.908
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‘Eczacilar verdikleri ilag konusunda hastalara karst sorumlu olmalidir’ ifadesini igeren Madde 5.
orijinal ¢alismaya benzer sekilde. iki faktor altinda birbirine yakin katsayilarla bulgulanmig. bu madde

Tiirkge igerik acisindan degerlendirilerek ‘Sorumluluk’ alt boyutuna dahil edilmistir [14].
Olcek Puan Ortalamalari ve Gruplar Arasi Farklarin incelenmesi

Faktor analizi sonucunda iki alt boyuttan olustugu belirlenen HEIYTO 6lgeginin. katilimcilardan
elde edilen puan ortalamalar1 Tablo 5 de goriilmektedir. Calisma 6rnekleminde. 7 maddeden ve olusan
en diisiik 7 en yiiksek 28 puan alinabilen ‘Isbirligi ve ekip calismas1’ alt boyutundan ortalama 24.31
(£3.46) puan elde edilmistir. Buna karsin 9 maddeden olusan ve en diisiik 9. en yiiksek 36 puan

almabilen ‘Sorumluluk’ alt boyutunda ise ortalama 28.96 (+5.41) puan elde edilmistir.

Tablo 5. Katilimeilarin HEIYTO puan ortalamalar

Olcek Puanlar: N Min. Maks. Ortalama Standart
sapma
isbirligi ve Ekip Cahsmasi 189 7.00 28.00 24.31 3.46
Sorumluluk 188 15.00 36.00 28.96 5.41
Olcek Toplam Puam 189 22 64 53.24 8.38

Olgek alt boyut puan ortalamalarinin cinsiyet ve egitim goriilen fakiilteye gore farkliliklari
incelendiginde. iki alt boyut puan ortalamasinin da eczacilik Ogrencilerinde (26.31+2.23) tip
Ogrencilerine gore (22.7043.46) daha yiiksek oldugu. aradaki farkin istatistiksel olarak anlamli diizeyde
oldugu bulunmustur (Tablo 6. p<.0001).

Tablo 6: Tip ve eczacilik dgrencilerinin HEIYTO puan ortalamalari

; -
Olcek Puanlar Ecgﬁi:sl;l K 0:;' zss Studen[tt]s t-testi p degeri

Isbirligi ve Ekip 26.31+2.23 22.70+3.46 8.642 <0.0001*

Calismasi

Sorumluluk 32.96+3.27 25.61+4.53 12.863 <0.0001*

Olgek Toplam Puami | 59.27+5.24 48.29+7.18 12.095 <0.0001*

N 85 103

*[statistiksel olarak anlamli diizeyde fark
Ort : Ortalama
ss: Standart sapma

Cinsiyete gore farkliliklarin bagint1 analizlerinde ise kadin 6grencilerin HEIYTO alt boyut puan
ortalamalarmin (24.95+ 3.01; 30.22 £5.02) erkeklere (23.54+ 3.44; 27.05 +£5.27) gore daha yiiksek
oldugu. ve bu farklarin istatistiksel olarak anlamli diizeyde oldugu gbzlenmektedir (Tablo 7. p=.004.
<.0001). Benzer sekilde. 6l¢ek toplam puani ortalamalar1 da kadin olgularda erkeklere gore istatistiksel
olarak anlaml: diizeyde yiiksek bulunmustur (55.12 +7.66; 50.58+ 8.05).
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Tablo 7: Cinsiyete gore HEIYTO puan ortalamalari

Olcek Puanlan Kadin Erkek Student’s t-testi dederi
Ort.tss Ort.£ss t p degen

Isbirligi ve Ekip 24.95 +3.01 23.54 +3.44 2.894 0.004*

Calismasi

Sorumluluk 30.22 +5.02 27.05 £5.27 4.026 <0.0001*

Olcek Toplam 55.12 +7.66 50.58 £8.05 3.774 <0.0001*

Puam

N 120 65

*[statistiksel olarak anlamli diizeyde fark (p<0.05)

Ancak. 6l¢ek puanlarinin cinsiyete gore tabakali analiz ile incelenmesi sonucunda. Tablo 6
bulgularina yakin ve benzer sekilde gercek farkliligin 6grencilerin egitim gordiigii fakiilteler arasinda

oldugu gortilebilmektedir (Tablo 8).

Tablo 8: Tip ve eczacilik dgrencileri arasinda cinsiyete gére HEIYTO puan ortalamalar

Olcek Student’s
Cinsiyet | o Fakilte | N Ort+ss | ttesti | pdegeri
Puanlari X
11.27 <0.0001*
Olgek Toplam Eczacilik | 70 59.76+4.67
Puam
Kadin Tip 50 48.62+6.15
isbirligive | Eczacilik | 70 26.44+2.03 | 1469 | <0.0001%
Ekip
Caligmasi Tip 50 22.86+2.93
Eczacilik | 70 33.31+£2.93 11.896 <0.0001*
Sorumluluk
Tip 49 25.8+3.97
3.890
Olcek Toplam Eczacilik | 15 57+7.09 0.001
Puanm
Erkek Tip 50 48.66+7.34
isbirligive | Eczacilik | 15 25.67+2.99 | 2882 0.005
Ekip
Calismasi Tip 50 22.943.33
Eczacilik | 15 31.33+4.32 3.993 0.005
Sorumluluk
Tip >0 25.76+4.86

Bu ¢alismada hekim- eczaci isbirligine yonelik tutum 6lgeginin Tiirkce gecerlilik ve giivenilirligi
incelenmistir. T1p ve eczacilik 6grencilerinden olusan bu 6rneklemde HETYTO niin 6zgiin ¢alismasiyla
uyumlu sekilde 16 maddeden olusan ve iki faktorlii bir yapr ortaya ¢ikmistir. Hojat and Gonnella

eczacilik Ogrencilerinin hekim-eczac1 igbirligine yonelik tutumlarini 6lgmek ve bu tutumlarn tip
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ogrencilerinin tutumlariyla karsilagtirmak icin 6lgegin gecerli ve giivenilir oldugunu gostermistir [14].
Bu calismada da 6l¢egin eczacilik ve tip dgrencisi popiilasyonunda gegerli ve giivenilir oldugu

saptanmigtir.

Hojat and Gonnella. 6lgegin gelistirilmesine yonelik ilk yaymlarinda sorumluluk ve hesap
verebilirlik. is birligi ve ekip ¢aligmasi olarak adlandirliklart iki faktorlii ¢oziimiini dogrulamistir [14].
Yine ayni ¢aligmada eczacilik 6grencilerinin puan ortalamasi (56.2 + 4.3). tip 6grencilerinden (52.8 +
8.6) anlamli diizeyde yiiksek bulunmustur. Bu calismada ise iki faktor ‘is birligi ve ekip galigmast’.
‘sorumluluk’ alt boyut bagliklar1 ile tanimlanmis. puan ortalamalar1 benzer sekilde eczacilik fakiiltesi
ogrencilerinde anlamhi diizeyde yiiksek bulunmustur (Tablo 6). Ancak. yazarlarin daha sonra
yayinladiklar1 6rneklem biiyiikliigii genisletilmis ¢aligmada 6lgek ii¢ faktorlii olarak ve farkli alt boyut
isimleriyle degerlendirilmistir (sorumluluk ve hesap verebilirlik. paylasilan yetki ve disiplinlerarasi
egitim) [15]. Bulgular. 6zgiin ¢alisgmanin ikinci uygulamasiyla bugalisma arasinda faktor yapisi
acisindan farkliliklar gostermektedir. Bunun nedeninin c¢alismalarin uygulandigi tip ve eczacilik
Ogrencileri gruplart arasindaki farkliliklar ya da Olgegin cevrimi¢i uygulanmasi olabilecegi
diisiiniilmektedir. Ozgiin ¢alismada arastirmaya katilan tip ve eczacilik 6grencilerinin miifredat geregi
ortak dersler aldigi belirtilmekte. ancak bu arastirmanin orneklemini olusturan tip ve eczacilik
ogrencileri arasinda bdyle bir disiplinlerarasi egitim programi bulunmamaktadir [15]. Ancak Wang ve
arkadaslarmin SATP?C 6lgegini kullanarak yiiriittiikleri bir girisimsel arastirmada miifredatta ortak ders
bulunmamasina karsin disiplinlerarasi bir toplum sagligi calismasina katilan tip ve eczacilik

ogrencilerinin 6lgek puanlarinin kurs sonrasi anlamli diizeyde arttigi da bulgulanmistir [20].

Olgegin ii¢ faktorlii versiyonuyla Endonezya’da yapilan bir ¢alismada da eczacilik dgrencileri ve
eczacilar igin ortalama SATP?C toplam puanlari sirastyla 56.53 ve 56.77'dir (veya olast maksimum puan
64). bu da her iki grubun isbirligine yonelik olumlu tutumunu gosterir. Eczacilarn iki isbirligi faktori
(“isbirligi ve ekip calismas1” ve “hesap verebilirlik™) igin eczacilik 6grencileri ve eczacilari olumlu

tutumlart da rapor edilmistir [21].

Ayni 6lgegin Brezilya’da tip ve eczacilik 6grencilerinde uygulandig: bir bagka ¢aligmada. 6lgek
maddelerinin puan ortalamalar1 karsilastirilmis ve bu aragtirmanin bulgulariyla uyumlu sekilde tip
Ogrencilerinin. eczacilarin sorumluluk alanlarinin tanimlanmasina ydnelik 6lgek maddelerinden
istatistiksel olarak anlamli diizeyde disiik puan ortalamalari aldiklari bulgulanmistir [22]. Cunha ve
arkadaglarinin bu caligmasinda olgek faktdr yapisiyla puanlandirilmamis olup. sadece 6lgek toplam
puanlarinin gruplara gore istatistik olarak anlamli diizeyde farklilifi vurgulanmistir. Ancak madde
bazinda degerlendirmeler bu aragtirmanin bulgulartyla da uyumlu sekilde tip 6grencilerinin eczacilarin
sorumluluk alanlar1 konusunda net bir fikirleri olmadig1 seklinde sonuglar gostermektedir. Cunha ve

arkadaglarinin bulgularinda da bu ¢aligmanin 6n analizlerine benzer sekilde kadin 6grencilerin erkeklere
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gore tip ve eczacilik branglar arasindaki igbirligi konusunda daha pozitif bir tutum igerisinde oldugu
bulgulanmustir. hatta cinsiyetler arasindaki bu istatistiksel olarak anlamli farklilik kadmnlarin sosyal ve
iletisimsel becerilerine dayandirilarak yorumlanmistir. Ancak Brezilya’da yapilan bu c¢aligmada
cinsiyete gore tabakali analiz sonuglar1 verilmediginden. esas ayrimin. bu arastirmada oldugu gibi tip

ve eczacilik egitimi alan dgrencilerin arasindaki tutum farkliligina indirgenebilecegi olasidir [22].

Bu galismada. eczaci- hekim is birligine dayal bir 6lgek olan HEIYTO (SATP?C)’ nin. hekim-
eczaci igbirligine yonelik tutumlardaki grup farkliliklarimi incelemede gecerli ve giivenilir bir 6lgek
oldugu bulunmustur. I¢inde yer alan maddelerin say1s1 ve kapsami agisindan sahada kisa siirede ve kolay
uygulanabilen HEIYTO. hekim ve eczacilarin farkli ortamlarda en yiiksek kalitede bakinmi saglamak
icin hastalar. hasta aileleri ve gevreleri ile birlikte ¢alisarak kapsamli hizmetler sagladigi bir durum

olarak tanimlanan profesyonel igbirliginin uygulamaya yonelik ve dogrulanmig bir tutum 6lgegidir.

Saglik sisteminin 6nemli profesyonellerinden olan hekim ve eczacilarin birbirlerinin ekip i¢indeki
rollerini bilmeleri. karsilikli agik ve etkili ilesitim ile birbirlerini daha iyi anlamalar1 egitim stirecinden
itibaren 6nem kazanmaktadir. Hekim ve eczacilarin bilgi ve becerilerin paylasilmasi ile saglik bakim
hizmeti talebinde bulanan bireylerin sorunlarina biitiinciil bir bakis agis1 getirilerek. ortak amag ve

hedeflere ulasilmasi noktasinda saglik ¢iktilarinda 6nemli kazanimlar saglayacaktir.

HEIYTO. farkli meslekten 6grencilerin birbirleriyle olan isbirliklerini. birbirlerinden
ogrenecekleri disiplinler aras1 egitim programlarinin olusturulmasini ve degerlendirilmesini ve saglik
sonuglarin iyilestirmek igin kullanilma potansiyeline sahiptir. Olgek. mesleki egitim sirasinda ve klinik
ortamda hekim-eczaci isbirligine yonelik tutumlardaki grup farkliliklarini incelemenin yanisira saglik
uzmanlari arasindaki ekip ¢aligmasi ve igbirliginin klinik sonuglarin1 degerlendirmek amaciyla deneysel
arastirmalarda da kullanilabilecektir. HEIYTO’niin Tiirkge’ye kazandirilmasi. gelecekte farkli saglik

meslek grup 6rneklemlerinde yapilabilecek igbirlik¢i tutum arastirmalarina da kapi agabilecektir.
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DEVELOPMENT OF IN SITU GEL FORMULATION CONTAINING
BISPHOSPHONATE-LOADED PLGA MICROSPHERES FOR BONE
REGENERATION IN MAXILLOFACIAL SURGERY APPLICATIONS;
FORMULATIONS, IN VITRO CHARACTERIZATION AND RELEASE
KINETIC STUDIES
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BIFOSFONAT YUKLU PLGA MIKROKURELERI ICEREN IN SITU JEL
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ABSTRACT

Obijective: In this study, it was aimed to locally apply the bisphosphonate-loaded microsphere drug
delivery system with in situ gel formulation, which was prepared to increase bone regeneration in the implant
area in maxillofacial surgery.

Material and Method: In order to design the combination delivery system, bisphosphonate-loaded PLGA
microspheres were embedded in the prepared in situ gel formulations. In vitro drug release, pH, clarity, sol-gel
transition temperature and release kinetic studies were all assessed for the developed formulations.

Result and Discussion: The produced formulations' in situ gelation temperatures ranged from 33 to 37°C;
their pH values were in the range of 6; and they were all syringeable, which is defined as the force required to
expel each formulation from a syringe equipped with a 20-gauge needle. With the preparations, the amounts of
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P407 and chitosan increased, lowering in vitro burst release while simultaneously raising viscosity. However,
each in situ gel formulation releases over a period of 14 days. Consequently, Bisphosphonate loaded PLGA
microspheres embedded in situ gel formulations were elucidated in detail and presented as a locally applicable
drug delivery system in maxillofacial surgery, especially in dental implant applications

Keywords: Bisphosphonate, combination delivery systems, plga microspheres, poloxamer, chitosan
0z

Amag: Bu ¢alismada maksillofasiyal cerrahide implant bolgesinde kemik rejenerasyonunu artirmak igin
hazirlanan bifosfonat yiiklii mikrosfer ilag tastyici sistemin in situ jel formiilasyonu ile lokal olarak uygulanmasi
amaclanmistir.

Gerec ve Yontem: Kombinasyon tasiyici sistemini tasarlamak igin bifosfonat yiiklii PLGA mikrokiireleri,
hazirlanan in situ jell formiilasyonlarina yiiklenmigtir. Gelistirilen formiilasyonlar igin in vitro ilag¢ salim, pH,
berraklik, sol-jel gecis sicakligi ve salim kinetik ¢alismalart degerlendirilmigtir.

Sonu¢ ve Tartisma: Uretilen formiilasyonlarin yerinde jellesme sicakliklar: 33 ila 37°C arasinda; pH
degerleri 6 civarinda ve biitiin formiilasyonlar 20 gauge’lik siringalardan uygulanabilir diizeydeyd;.
Preparatlar icerisinde yer alan, P407 ve kitosan miktarlar: arttikca, in vitro patlama salimimint diigiiriirken
ayni zamanda viskoziteyi yiikselmistir. Bununla birlikte, her bir in situ jel formiilasyonu, 14 giinliik bir siire
icinde salim yapmigtir. Sonug olarak, Bifosfonat yiiklii PLGA mikrokiireleri yiiklii in situ jel formiilasyonlarina
ayrintili olarak degerlendirilmis ve ozellikle dental implant uygulamalarinda maksillofasiyal cerrahide lokal

olarak uygulanabilir bir ila¢ tasima sistemi olarak sunulmustur.
Anahtar Kelimeler: Bifosfonat, kombinasyon tasima sistemleri, plga mikrokiireler, poloksamer, kitosan

INTRODUCTION

Due to the restricted amount of bone available for implant placement and the postoperative
bone's mechanical characteristics, bone regeneration is a critical component of maxillofacial surgery,
particularly in implantology procedures increased osteoclastic activity, which accelerates bone
resorption, may be the root cause of low bone density at the surgical site and the associated clinical
implant failure [1]. In order to address peri-implant bone abnormalities, particularly for maxillofacial
processes, preclinical and clinical investigations have concentrated on novel therapeutic approaches
using multidisciplinary concepts [2]. Working together in disciplines like medicine, pharmaceutical
sciences, biology, and materials science can help create effective and novel approaches to bone

regeneration because it is an interdisciplinary and complicated process.

According to their affinity for hydroxyapatite, bisphosphonates are strong inhibitors of
osteoclastic bone resorption and can improve bone density by shifting the ratio of bone production to
bone resorption [3, 4]. The U.S. Food and Drug Administration (FDA) has approved a class of third-
generation bisphosphonates called alendronate sodium (AS), which is well known for preventing bone
loss and boosting bone mass [5, 6]. Because of bone resorption, it is sometimes difficult to employ
bisphosphonates, which include AS, to repair bone abnormalities, especially in maxillofacial surgery.

These issues are still being researched as current pharmaceutical issues [7].

Innovative polymeric micro drug delivery systems that can be applied locally to the site of the

bone defect administer medications with a controlled release while acting as mechanical supports for
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the region where bone resorption takes place. Research is still being done on methods to improve AS's
stability and duration spent in the resorption zone, prolong the drug's release, and lessen side effects.
Due to the aforementioned problems, AS is rarely used, particularly in procedures involving dental
implants and maxillofacial surgery [8, 9].

One of the most popular synthetic biodegradable polymers in the pharmaceutical industry,
Poly(lactic-co-glycolic acid) (PLGA), has received FDA and European Medicines Agency approval
(EMA [10]. It is frequently employed in the creation of novel drug delivery systems (NDDS),
biomedical and bioengineering applications due to its physiological inertness, biocompatibility, and
biodegradability [11]. Problems with solubility and associated bioavailability of active ingredients can
be overcome with the use of micro/nanoparticulate drug carrier systems comprised of PLGA
copolymers. As a result, therapeutic effectiveness and side effects related to dose can be improved.
Additionally, release patterns may be changed, dosage frequency may be decreased by controlled or
delayed release, and the required dose may be reduced by increasing the molecule's cellular interaction
[12].

The periodontal pocket, the intended location for local drug delivery, is a complicated area with
a continuous flow of saliva fluid. To deliver the drug's intended effects in the challenging environment,
an injectable in situ sustained release gel would be the rational and effective choice. An innovative
technique being used at the moment to do this is the use of in-situ gel-forming formulations, which first
supply drugs in a liquid dosage form before producing powerful gels at the delivery site. Among in-situ
gelling polymers, thermosensitive systems like poloxamer have been researched as an acceptable dosage
form for injection into periodontal pockets. In order to improve contact intimacy and lengthen the
residence time of the dose form in the periodontal pocket, semisolid formulations containing
mucoadhesive polymers such, hydroxyethyl cellulose (HEC), chitosan, and carbopol have also been
proposed [13].

The objective of the current study is to prepare and evaluate the in situ gel formulation
containing Bisphosphonate-loaded PLGA microspheres (BMA) (22) as a local medication with
combination delivery system approach for bone regeneration in maxillofacial implant operations. These
formulations contained chitosan, a mucoadhesive polymer, as well as the thermosensitive polymer
poloxamer 407 (P407). For this purpose, AS loaded PLGA microspheres prepared and published within
the scope of our previous study were used [14]. The present study is designed as a further study inspired
by the results of the previous study. Promising results of PLGA microspheres prepared with AS, which
is widely used in bone regeneration in order to prevent post-operative bone defect and bone loss in the
implant area in maxillofacial surgery applications, have been extensively reported in our previous study.

In this study, an in situ gel formulation, which allows easy application of AS-loaded PLGA microspheres
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to the implant site where bone regeneration is desired, prolongs the residence time of the formulation

and drug release, was developed and in vitro characterization studies were completed.

MATERIAL AND METHOD

Materials
Poly(lactide-co-glycolide) (PLGA) 50:50 (RG 503H), alendronate sodium trihydrate (solubility
in water 10 mg/mL), poloxamer, chitosan (low molecular weight), phosphate buffered saline (PBS)

tablet were purchased from SigmaAldrich.
Method
Preparation and in vitro characterization of BMA formulation

Within the scope of this study, AS loaded PLGA microsphere formulations embedded in gel
formulations were prepared in our previous study and comprehensive in vitro characterization studies
were completed and reported [14]. In summary, PLGA microspheres were prepared by the multiple
emulsion method (W/O1/02) and characterization parameters, morphology, release profiles,
degradation studies, stability and in vitro release kinetics were analyzed. It was observed that the AS
release could be maintained for 14 days with the prepared drug delivery system, and PLGA microspheres
deteriorated over time during this period. The release kinetics of the microspheres were mathematically
modeled and found to be compatible with the Weibull and Peppas-Sahlin models [14].

In conclusion, the in vitro properties of AS loaded PLGA microspheres, which can be used in
maxillofacial surgery applications, were elucidated in detail and presented as a locally applicable
microparticulate drug delivery system for dental bone regeneration. In the light of the results obtained,
it is aimed to design an in situ gel formulation that can be applied locally to the effect area with an
advanced formulation approach for the microsphere formulation, which was designed and characterized.
Comprehensive in vitro characterization data of AS-loaded PLGA microspheres prepared within the
scope of the previous study and forming the basis of this study’s details are available in our previous
study [14].

Preparation of the In Situ Forming Gels

The in situ gel formulations were prepared using a modified cold technique [15]. The polymer
was combined with cold (4 °C) water to create all of the P 407 solutions (17, 19 and 21 % w/v) utilized
in this work. For 24 hours, the polymer solutions were refrigerated. The chitosan (0.5, 1% w/v) solution
was then made ready for formulations. Chitosan was first dissolved in a 2 % v/v acetic acid solution,

after which the chitosan solution was refrigerated for 24 hours. The chitosan solution and PF127 solution
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were then mixed together at 4 °C then 0.2% BMA was added to the solution. The samples are still kept

at 4 ° C in preparation for auxiliary exercise.

Table 1. Ingredients of in situ gels

Content of ingredients in each formulation (%, w/w)

Chitosan (low molecular

Code Poloxamer 407 BMA weight) Water (qs)
Al 17 0.2 0.5 100
A2 17 0.2 1 100
A3 19 0.2 0.5 100
A4 19 0.2 1 100
A5 21 0.2 0.5 100
Ab 21 0.2 1 100

pH
Using a pH meter, the pH was determined. (HANNA of Germany) A total of three
measurements were made (n=3).

Clarity

After gelation, the formulation of the in situ gel was examined in bright light against a dark

background to determine its clarity [16].
Syringeability study

The ability of the created formulations to flow easily through a syringe with a 20 gauge needle
was assessed using the same method as Maheshwari et al. [17]. Before assessing the flowability of the

cold gel at standard handling pressure, one cc of the gel was placed into a 20 gauge needle syringe.
Gelation Temperature

In a water bath, a magnetic stirrer was used to stir each polymer solution (10 ml). At a speed of
100 rpm and 1 °C/min, heated polymer solutions were swirled (Thermomac-TM19). Three

measurements were made on each [18].
Viscosity

The viscosity of in situ gels was measured using a CP 52 spindle and the Brookfield, DV2T-RV
viscometer (Essex, UK). Additionally offered for comparison was viscosity at 10 rpm. Viscosities of all
in situ gels were measured at both 25°C and 37°C (Table 3). Three measurements were made on each
[19].
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In Vitro Release Studies

The release of in situ gel compositions in vitro was examined using the dialysis bag method.
[20]. The next procedure was to seal the dialysis bags, add 100 uL of BMA loaded in situ gel, and then
place them at 37 °C in 25 mL of an isotonic phosphate buffer with a pH of 7.4. Such is the provision of
the sink condition. Equivalent amounts of the medium were removed and replaced with equivalent
amounts of the new buffer media at various intervals (0, 0.5, 1, 2, 4, 7, 10, 12, and 14 days). BMA
concentrations were measured using a UV-vis spectrophotometer. To create a BMA release profile, the
total amount of medicine released from each formulation over time was used. Three times were run

through the experiment.
Release Kinetic Studies

DDSolver software was used to evaluate the in vitro release kinetic of AS from in situ gel
formulations. In this regard, various mathematical models were used to examine the kinetics of drug is
released from in situ gel formulations (Zero order, First order, Higuchi, Korsmeyer-Peppas, Peppas-
Sahlin and Weibull). In order to select the "best fit" models, data were computed using the DDSolver
program after evaluating the in vitro AS release profiles from formulations. Four criteria were evaluated;
Akaike Information Criterion (AIC), coefficient of determination (R?), adjusted coefficient of
determination (R2adjusted), and model selection criterion (MSC). The greatest R?, R%gjustes, MSC, and
lowest AIC values were used to choose the model that best fitted the in vitro release data and had a
higher correlation [21].

RESULT AND DISCUSSION
Preparation and in vitro characterization of BMA formulation

The characterization findings of AS loaded PLGA microspheres, which were prepared in our
previous study and whose comprehensive in vitro characterization studies were completed, and
embedded in the in situ gel formulations prepared in this study, was briefly explained in the method

section. Details are available in our previous study [14].
Characterisation of in situ gel formulations

The viscosity results of blank in situ gels are shown in table 2. Viscosity coefficients were
measured at 10 rpm at both 25 °C and 37 °C for A1-A6. When compared with microsphere loaded in

situ gels, it is seen that there is no significant difference (p<0.05).

All of the in situ forming gel formulations for BMA were found to gel between 31 and 37 °C,

making them all appropriate for use in dental procedures. Table 3's data serve as evidence. All
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formulations have a pH that ranges from 5.92 to 6.11. It can be syringed using a 20 gauge needle,
according to research.

Table 2. Results of in situ gels' in vitro characterisation analysis

Formulation Viscosity (centipoise) 25 °C Viscosity (centipoise) 37 °C
Al 240+34 8904+102
A2 282+29 8994+154
A3 300+17 91874297
A4 308+25 93724203
A5 315424 9888+302
A6 331428 10057+197

As a result, viscosity coefficients were measured at 10 rpm at both 25 °C and 37 °C for all
formulations. The findings demonstrated that the values of viscosity varied according to the amounts of

polymer (Table 3).

Table 3. Results of in situ gels' in vitro characterisation analysis

: Gelation Viscosity Viscosity :
Formulation | pH (+SD o o lari

ormulation | pH (+SD) temperature (centipoise) (centipoise) Clarity

(°C£SD) 25°C 37°C

Al 6.1120.01 37+0.7 231+21 8842+121 Clear

A2 6.02+0.02 36+0.3 275431 8938+169 Clear

A3 5.99+0.03 35+0.1 290+22 9145+312 Clear

A4 5.95+0.02 34+0.2 301+14 9352+218 Clear

A5 5.93£0.08 33+0.4 314438 9868+214 Clear

A6 5.92+0.02 33+0.6 326+29 10042+231 Clear

Two different temperatures-room temperature of 25°C and the application periodontal pocket
site temperature of 37°C-were used in the sol-gel transition studies to determine if the formulations were
suitable for in-situ application as well as storage conditions [22,23]. According on the grade,
concentration, and other formulation elements used, poloxamer solutions have been observed to undergo

thermoreversible gelation.

When temperatures are lower than the critical micelle temperature (CMT), at which the critical

micelle concentration (CMC) occurs, poloxamer maintains each molecule’s separation in an aqueous
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environment. When the temperature exceeds CMT, the molecules are stimulated to organize into
micelles that surround the hydrophobic core while maintaining contact with the agueous media through
hydrophilic pluronic chains. Consequently, a lower CMT value is produced by a higher poloxamer
concentration [23]. The gelation temperature is also negatively impacted by this circumstance. The
concentration of poloxamer's polymer is mostly associated with the gelation temperature. At lower
concentrations, they produce monomolecular micelles, but at greater concentrations, multimolecular

lattice structures are produced [24-26].

Our formulations use lower poloxamer concentrations so that gelation happens at corneal
temperature. As a result, as the concentration of poloxamer decreased, gelation temperatures increased.
The literature turned up similar results [27]. Increasing the chitosan concentration has a detrimental
impact on the gelation temperature. P407's hydrophobic domains were aggregated during gelation to

lessen the hydrophilic surfaces and the amount of water surrounding the hydrophobic domains [28].

Table 3 displays the in vitro characterization findings of in situ gels. The look of all formulations
was clear. The pH of all formulations ranges between 5.92 to 6.11. Hypodermic syringes with gauges
19-27 are used for oral injection. An extremely viscous solution requires the use of a needle with a
smaller gauge [29]. Syringeability is defined as the amount of force necessary to discharge each
formulation from a syringe fitted with a 20-gauge needle. The syringeability requirements are met by

all formulations.

The formulations with a larger amount of chitosan were found to be more viscous than those
with a lower amount, according to the results of the viscosity test. The amount of gel that may be injected
into periodontal pockets is extremely constrained, so it must be thickened for improved retention and
medication release control. On the other hand, the formulation ought to have the ideal viscosity to easily

infuse in the periodontal pocket.

As a result, viscosity coefficients were measured at 10 rpm at both 25 °C and 37 °C for all
formulations. The findings demonstrated that the values of viscosity varied according on the amounts
of polymer (Table 3). This illustration shows how viscosity is significantly influenced by the
concentration of the polymer. When the findings were analyzed in literary context, the conclusions are

consistent [30].
Drug Release

Experiments on the in vitro release of drugs were conducted on in situ gels at 35 °C in an isotonic
phosphate buffer with a pH of 7.4 and BMA (% 0.2). In vitro release profiles of AS loaded MS and the
BMA loaded in situ gels were monitored for 14 days (Figure 1).



J. Fac. Pharm. Ankara, 46(3): 993-1008, 2022 Polat and Unal 1001

Comparing release profiles revealed a noticeable variation between them (Fig. 1). The overall
release percentage for AS loaded MS was 96 +3.1%. When BMA loaded (A1-A6) in situ gels are
examined, it is seen that drug release is between 88+ 1.1% and 91%<+ 1.3. The burst effects of the
formulations are clearly shown in Fig.2. It is also seen that the burst release from the microspheres is
less with the gel formulation. It indicates that from O h to 24 h, the cumulative release percent of AS
loaded MS were 31.2+ 2.54% and when BMA loaded (A1-A6) in situ gels are examined from Oh-24h,
it is seen that drug release is between 16.7 + 0.7% and 19.6+1.2%. In comparison to in situ gels, AS

loaded MS had a much greater release percentage.

~ASloaded MS —<+FreeAS <Al —-<-A2 —-A3 +A4 —-A5 A6

[y
[=]
o
»
0
£

;

®
o

S5
o

Cumulative Release of AS (%)
N (=)
o o

0 2 4 6 8 10 12 14 16
Time (Days)

Figure 1. Cumulative release of AS from microspheres and in situ gel formulations containing AS-

loaded microspheres (A1-AB)

Poloxamer gel deteriorated fully in 24 hours in our earlier erosion investigation, which isn't
discussed in this publication. As a result, it is reasonable to assume that in situ gel release profiles
consisted of two steps: in the first, the in situ gel gradually degraded while simultaneously releasing the
microspheres from the skeleton carrier. The second phase involved the drug's gradual release from
PLGA microspheres. This provided an explanation for the differences between the two release profiles
of the two formulations. At first, the gel prevented AS loaded MS from touching the release medium.
An increasing number of microspheres discharged as the gel slowly degraded. Because the release

behavior of microspheres was dependent on a diffusion mechanism, they all released after the gel had
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completely dissolved at 24 hours and did so at a rate that was comparable to that of AS loaded MS.
When the literature is evaluated, it can be shown that the findings are consistent [31-35].

When in situ gel formulations are examined among themselves, the burst release diminished
when poloxamer P407 concentration grew from 17% to 21%. It's possible that fewer and larger water
channels and more and larger micelles inside the gel structure are the mechanisms producing this
improved resistance. Because of the closer proximity of the micelles, there are more cross-links, which
results in a higher viscosity and a slower rate of drug release. This hypothesis might be supported by

rheology research, which shows a direct correlation between gel concentration and viscosity [15]

40
35
30
25
20 T :[
15

10

Cumulative Percent Release %

(5,1

AS loaded Al A2 A3 A4 A5 A6
MS

Figure 2. Comparison of in vitro AS release from microspheres and in situ gels (Oh-24h)

Release Kinetic Studies

Various kinetic models were applied mathematically to the formulations in order to examine the
AS release mechanism from the prepared combined delivery systems (Zero order, First order, Higuchi,
Korsmeyer-Peppas, Peppas-Sahlin, and Weibull). Six different models were applied to six different
combination delivery systems and microsphere formulations to examine critical parameters and
comprehensively evaluate their release kinetics. Details and results on parameters that are valuable for
release kinetic studies are shown in Table 4. As can be seen in the table, higher correlation was found
for all formulations in Peppas-Sahlin and Weibull models compared to other models. From this point of

view, it was evaluated that the kinetics of AS release from the prepared drug delivery systems fit both
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Weibull and Peppas-Sahlin models, and it was seen that the release kinetics fit not only one model but
more than one model. These results are consistent with the reports that the release kinetics of new drug
delivery systems can fit more than one model and combined release kinetics can be observed, in line
with the literature [36]. In the Weibull model, the "B" exponent is a indicator used to evaluate the release
from a polymeric structures and "$"<0.75 indicates Fickian diffusion [37]. Diffusion was considered to
be the dominant mechanism in the Weibull model for all formulations. This situation was interpreted as
compatible with both the release mechanism from the gel and the release mechanism from the
microspheres. Considering the other compatible model, it should be evaluated in terms of the Peppas-
Sahlin model. In principle, The Peppas-Sahlin model is based on Fickian diffusion and erosion of the
polymeric matrix [38]. Polymeric matrix erosion is important both for microspheres and for release from
the gel structure. When evaluated in the light of this information, the Peppas-Sahlin model also supports
the diffusion phenomenon associated with erosion of the polymeric structure. In this context, It was
observed that there was a mixed process in both the Fickian (pure diffusion phenomena) and non-Fickian
models for the release of AS from formulations (due to the relaxation of the polymer chains between the
networks). At the end of the release kinetic analysis, it was determined that both diffusion-based Fickian
and polymeric structure degradation-based non-Fickian mechanisms were observed with the in situ gel
combination delivery system.

In conclusions, bone loss in the surgical site caused by bone resorption is still one of the most
common clinical consequences, particularly in maxillofacial surgery applications. Pharmaceutical
research on the viability of medications that act locally in the surgical site and can stimulate bone growth
by preventing bone resorption is ongoing for this purpose. The usage of AS, which is supposed to stop
bone loss and increase bone mass, is still ineffective, particularly following dental implant placement.
As part of the experiment, various polymer solutions including different concentrations of P407, the
mucoadhesive polymer chitosan, and BMA were created. These formulations were all put to the test in
vitro (pH, clarity, gelation temperatures and syringeability). The gelation temperature dropped when the
poloxamer concentrations were compared to the gelation temperatures. However, it was discovered that
the pH of all formulations was close to 6. The compositions would not irritate the dentition, according
to research. When the drug release of formulations is examined, it is seen that busrt release decreases
with increasing concentration. However, when all these in vitro characterization studies are evaluated,
it is seen that Al and A2 may be the most appropriate formulation. Since bone resorption is one of the
most significant challenges in maxillofacial surgery applications, this formulation can be assessed as a
novel medication delivery strategy that may improve bone regeneration in order to overcome the issues
associated with them. In light of this, it has been deemed to be a promising drug delivery for upcoming

preclinical and clinical studies.
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Table 4. Release kinetic modeling and results of AS-loaded PLGA MC and BMA loaded In Situ Gels

Evaluation criteria

Model and equation Formulation
Parameter| R? |Rza,,iumd AIC | msc [n/m*

Zero-order A1 k0 7.970 04918 04918  77.2040 -0.0160 -
w A2 k0 7.841 05470 0.5470 759833 0.1168 -

=
'% A3 k0 7.796 0.6313  0.6313  74.0604 0.3398 -

=]
£ A k0 7.555 0.4957  0.4957  76.0188 -0.0196 -

F=k0*t &
A5 k0 7.702  0.8511 0.6511  73.6385 0.4191 -
AB k0 7.532 05912 05912  74.4478 0.2354 -
-loaded PLGAMS | k0 8732 01763  0.1763  81.7092 -0.0282 -
First-order k1 0.265 0.9342 0.9342  58.8002 2.0289 -

k1 0.255 0.9306 0.9306 59.0898  1.9928 -
k1 0.261 0.9166 0.9166 60.6840  1.8261 -
k1 0.231 0.8833 0.8833 62.8467  1.4439 -

formulations

F=100"[1-Exp(-k1*t
[1-Exol 2 k1 0.252  0.9221 0.9221 60.1488  1.9180 -

83& &R X

k1 0.232 0.9068 0.9068 61.1379  1.7143 -

oaded PLGAMS | k1 0.364 0.9261 0.9261 60.0101  2.3828 -

Higuchi Al kH 26.739 09332 09332 58.9376 2.0136 -
® A2 kH 26.208 0.9506  0.9506  56.0392 2.3328 -

c
}*QE A3 kH 25.877 0.9757  0.9757  49.5694  3.0610 -

=
E M kH 25321 0.9352 09352 57.5535 2.0321 -

F=kH*t"0.5 s
A5 kH 25534 09747 09747  50.0353 3.0417 -
A kH 25.087 0.9610  0.9610  53.3071 2.5844 -
oaded PLGAMS | kH 29.697 0.8366  0.8366  67.1514  1.5893 -
Korsmeyer-Peppas Al kKP 31.538 0.9620  0.9565  55.8744 23540 0.434
w A2 kKP 30.111 0.9704  0.9662  53.4355 26221 0.446

c
£ A3 kKP 29.724 0.9904  0.9890  43.2572 3.7624 0.442
g M kKP 30.559 0.9689 = 0.9645  52.9455 2.5441 0.422

F=kKP*t*n B
A5 kKP 27.720 0.9812 = 0.9785  49.3660 3.1161  0.470
A kKP 28.072 0.9738  0.9700 51.7317 2.7594  0.458

oaded PLGA MS |kKP 42.812 0.9622 0.9568 55.9752  2.8311 0.336

Peppas-Sahlin k1 40.079 0.9851 0.9802  49.4194 3.0712  0.450
k1 37.309 0.9881 0.9841  47.2227 3.3125  0.450
k1 33.461 0.9953  0.9937 38.8371 4.2535 0.450

k1 37.571 0.9858 0.9811 47.8819  3.1067 0.450

formulations

F=k1*"m+k2*tN(2*m)
k1 32.265 0.9896 0.9862 45.9934 3.4908 0.450

k1 34.040 0.9879 0.9839 46.7403 3.3140 0.450

E&EEER X

oaded PLGAMS | k1 52.786  0.9857 0.9809 49.2549 3.5778  0.450

Weibull 0.604 0.9973  0.9964  34.0547 4.7784 =
0.609 0.9975  0.0966 33.2835 4.8612 -
0.610 0.9957  0.9959  37.9087  4.6900 -

0.565 0.9929 0.9906 41.5984  3.8049 -

formulations

F=100"1-Expl-(t-Ti)"B)al} 0.632 0.9922 0.9896 43.4439 3.7741

E& &R X

0.603 0.9944 0.9925 39.8409 4.0806 -

MS embedded in situ gel a MS embedded in situ gel a MS embedded in situ gel a MS embedded in situ gel a MS embedded in situ gel E MS embedded in situ gel

AS-loaded PLGA MS 0.566 0.9910 0.9881 45.0154  4.0489 -

D™ W T T ™ ™ ™

Best fit release kinetic models shown with gray fill; In all models, F is the fraction (%) of drug released in time t, kO: zero-
order release constant, k1: first-order release constant, kH: Higuchi release constant, kKP: release constant incorporating
structural and geometric characteristics of the drug-dosage form, n: is the diffusional exponent indicating the drug-release
mechanism, m: diffusional exponent and similar exponent like ’n’’, m use in Peppas-Sahlin model equation only, f: the shape
parameter which characterizes the curve as either exponential (B=1; case 1), sigmoid, S-shaped, with upward curvature followed
by a turning point ( > 1; case 2), or parabolic, with a higher initial slope and after that consistent with the exponential (f < 1;

case 3). Values shown in bold and with gray fill in the table are selections made according to criteria.
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PACLITAXEL-LOADED POLYCAPROLACTONE NANOPARTICLES
FOR LUNG TUMORS; FORMULATION, COMPREHENSIVE IN VITRO
CHARACTERIZATION AND RELEASE KINETIC STUDIES

AKCIGER TUMORLERINE YONELIK PAKLITAKSEL YUKLU POLIKAPROLAKTON
NANOPARTIKULLERI; FORMULASYON, KAPSAMLI IN VITRO KARAKTERIZASYON VE
SALIM KINETIK CALISMALARI
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Erciyes University, Faculty of Pharmacy, Department of Pharmaceutical Technology, 38280, Kayseri,
Turkey
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ABSTRACT

Objective: Today, cancer is still among the most common chronic diseases. Nanoparticular drug delivery
systems prepared with biocompatible and biodegradable polymers such as polycaprolactone are rational
solution for anticancer agents with poor solubility and low bioavailability. The aim of this study is to prepare
paclitaxel-loaded polycaprolactone nanoparticles, which is known to be a potent anticancer, and to elucidate
in vitro characteristics and release kinetic mechanisms.

Material and Method: It was aimed to prepare paclitaxel-loaded polycaprolactone nanoparticles by
nanoprecipitation. Preformulation studies were carried out with different molecular weights of
polycaprolactone (Mw: 14.000, Mw: 80.000). Nanoparticles were coated with Chitosan or Poly-I-lysine to
obtain cationic surface charge and to increase cellular interaction. Comprehensive characterization of
formulations and release kinetic studies were performed.

Result and Discussion: The particle size of the formulations ranged from 188 nm to 383 nm.
Encapsulation efficiency increased to 77% in different formulations. SEM analysis confirmed the nanoparticles
were spherical. Within the scope of in vitro release studies, the release continued for up to 96 hours and less
than 50% of the therapeutic load was released in the first 24 hours. Mathematical modeling indicated that the
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release kinetics fit more than one model with the Korsmeyer-Peppas, Peppas-Sahlin and Weibull models, which
show high correlation.

Keywords: Chitosan, lung cancer, paclitaxel, polikaprolakton, poly-I-lysine
0z

Amac: Giiniimiizde kanser hala en sik goriilen kronik hastaliklar arasinda yer almaktadur.
Polikaprolakton gibi biyouyumlu ve biyoparcalanir polimerlerle hazirlanan nanopartikiiler ilag tasiyict
sistemler, diisiik ¢oziiniirliik ve diisiik biyoyararlamim gosteren bircok antikanser ajan icin rasyonel bir
¢oziimdiir. Bu c¢alismanmin amaci, giiclii bir antikanser oldugu bilinen paklitaksel yiiklii polikaprolakton
nanopartikiillerinin hazirlanmasi ve hazirlanan nanopartikiillerin in vitro karakterizasyonlarini ve salim kinetik
mekanizmalarim aydinlatmaktir.

Gerec¢ ve Yontem: Nanog¢éktiirme yontemi ile paklitaksel yiiklii polikaprolakton nanopartikiillerinin
hazirlanmast amag¢lanmigtir. Polikaprolakton polimerinin iki farkli molekiiler agirligi (Mw: 14.000 ve Mw:
80.000) ile on formiilasyon ¢alismalari yapilmistir. Hazirlanan nanopartikiiller, katyonik yiizey yiikii elde etmek
ve hiicresel etkilesimi artirmak igcin Chitosan (CS) veya Poly-lI-lisin (PLL) ile ayri ayri kaplanmigstir.
Formiilasyonlarin kapsamli karakterizasyon ¢alismalar ve salim kinetik ¢alismalart yaptimuistir.

Sonu¢ ve Tartisma: Formiilasyonlarin partikiil boyutu 188 nm ila 383 nm arasinda degismektedir.
Enkapsiilasyon etkinligi, farkli formiilasyonlarda %77've kadar yiikselmistir. SEM analizi, nanopartikiillerin
kiire seklinde oldugunu dogrulamistir. In vitro salim ¢alismalar kapsaminda 96 saate kadar salim devam etmis
ve ilk 24 saatte terapotik yiikiin %50'sinden azi salinmistir. Matematiksel modelleme ¢alismalari,
formiilasyonlarin salim kinetiginin, yiiksek korelasyon gosteren Korsmeyer-Peppas, Peppas-Sahlin ve Weibull
modelleri ile birden fazla modele uydugunu géstermistir.

Anahtar Kelimeler: Akciger kanseri, kitosan, paklitaksel, polikaprolakton, poli-I-lizin

INTRODUCTION

Cancer is a leading cause of death throughout the world, characterized by metastasis and
uncontrolled proliferation. Approximately, 40% of cancer cases consists of breast, lung, prostate,
stomach, colon, and skin cancer [1]. Among them, lung cancer is one of the most commonly diagnosed
cancers in both men and women. Lung cancer related deaths account for approximately 20% of total
cancer related deaths [2]. Lung cancer is classified into two main types, non-small cell lung cancer
(NSCLC) and small cell lung cancer (SCLC). NSCL accounting for %87 of total lung cancer cases, is
highly resistant to treatment including surgery, radiotherapy and chemotherapy [3]. Despite recent
advances in cancer treatment, patients with lung cancer still have few therapeutic options and a very low
survival rate which remains under 20%, due to poor prognosis, late diagnosis, development of drug
resistance as well as low tumor selectivity [4]. In addition to these shortages, current traditional
chemotherapeutics not only have limited efficacy but also cause systemic adverse effects which are
among the most important factors in treatment discontinuation [5]. Another disadvantage of current
traditional chemotherapeutic agents is that extremely high dose needs to be used in order to provide
effective treatment. Thus, healthy tissue cells die more, and it is more likely to occur multi-drug
resistance [6]. Given all of these drawbacks, it is obvious that a novel effective treatment method is

required to increase the survival rate of lung cancer.

Paclitaxel (PCX) is a natural product isolated from North American Pacific yew tree, Taxus
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brevifolia. Shortly after the discovery of PCX, it was found that PCX exhibited high anti-cancer activity
[7]. Today PCX is one of the widely utilized molecules for an effective treatment of cancers namely
lung, ovarian, breast and other cancer types. PCX is a classical microtubule inhibitor that acts by
inhibiting the depolymerization of microtubules and block cancer cell at the G2/M phase [8]. Although
PCX seems to be an acceptable candidate as anti-cancer agent, its severe side effects restrict the use of
PCX in cancer therapy. PCX also adversely influences healthy cell such as immune system cells which
may result in escaping tumor cells and the propagation of drug-resistant clones [9]. Another issue that
relates to the drawback of PCX is the poor solubility of PCX in water (less than 1 pg/ml) [10]. Owing

to its poor aqueous solubility, natural form of PCX cannot be used efficiently in treatment.

Nanomedicine provides a wide range of benefits that can overcome significant obstacles which
other conventional chemotherapeutics suffer from and increase the survival rate in cancer treatment.
Therefore, in recent years, enormous time and effort have been dedicated to developing
nanotechnological approaches. Nanotechnology-based drug delivery systems offer longer circulation
time, accumulation in targeted area, controlled release profile, resulting in more efficient therapeutic
effect [11]. In particular many anti-cancer agents currently used in treatment such as paclitaxel,
docetaxel, camptothecin have quite poor aqueous solubility due to their large polycyclic nature [12].
Nanoparticles (NPs) may also help to solve solubility problem of hydrophobic molecules [13]. After it
has been realized that NPs is a promising carrier to encapsulate and deliver poorly soluble molecules,
different types of NPs have been developed including carbon-based nanoparticles, metal nanoparticles,
polymeric nanoparticles, lipid-based nanoparticles. Among them, polymeric NPs have emerged as
promising carrier platform because of their capability of high drug entrapment, biocompatible properties
and protection against drug degradation [14]. Polycaprolactone (PCL) is a semi-crystalline aliphatic
polyester approved by FDA (Food and Drug Administration) to be used in clinical studies. High drug
permeability, slow in vivo degradation as well as non-toxic properties of PCL make it a suitable polymer
for drug delivery. In order to achieve an outstanding therapeutic potential, PCL has been combined with
various drugs such as docetaxel, campthotecin, mitomycin C [15-17]. Various modifications can be
made with a state-of-art approach in the design of PCL-based nanoparticulate drug delivery systems in
order to increase the therapeutic efficacy, increase the cellular interaction through cationic properties,
and revise the drug release profile in line with the objectives [17-19]. Therefore, various modification
approaches can provide pharmaceutical advantages in the design of PCL-based nanoparticle drug

delivery systems.

Recently, surface coating has aroused a great deal of interest. Surface modification materials
have an essential role in fate and behavior of NPs between in biological environment. Despite the unique
features of NPs, they cannot reach optimum point to show maximum impact. Surface coating of NPs

with appropriate material enhances the adhesion and the retention time of NPs on target tissue [19].
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Chitosan (CS) is a natural cationic polysaccharide consisting of two main units, glucosamine and N-
acetylglucosamine [20]. CS has been widely preferred polymer as coating material mainly owing to its
positive charge which increases the mucoadhesion of NPs. Besides, other properties of chitosan such as
non-toxic, biocompatible, antimicrobial make it one of the most suitable materials for nanomedicine
[21]. Poly-L-lysine (PLL) is another cationic biocompatible polymer. PLL significantly enhances cell
adhesion as positively charged PLL causes interaction between NP and negatively charged cell
membrane. Furthermore, PLL has good solubility in water, stable structure in biological environment as

well as exerts antimicrobial effect in neutral or weak acid conditions [22].

In the present study, we prepared PCX-loaded PCL NPs as a new drug delivery system for PCX
by nanoprecipitation method. In the scope of the study, passive targeting strategy was aimed for tumor
targeting of nanoparticles. The passive targeting strategy is one of the most common tumor targeting
approaches in nanotechnology studies. With the passive targeting approach realized due to the particle
size being at the nanoscale, tumor site accumulation as a function of the size of the nanoparticles and
due to the degeneration of the vasculature in the tumoral region was determined as a preliminary
phenomenon [23]. NPs were coated by CS or PLL to increase cellular interaction because of their
cationic charges. There are several studies that point out impact of molecular weight of PCL on
characterization of NPs [23,24]. Therefore, two different kinds of PCL with different molecular weight,
14.000 and 80.000 were used in this study. In order to characterize NPs, polydispersity index, zeta
potential, particle size, drug entrapment efficiency, and in vitro PCX release from PCL NPs and

mathematic modeling of release kinetic were examined.

MATERIAL AND METHOD

Materials

Polycaprolactone (PCL) (Mw:14.000 and Mw:80.000), Paclitaxel (Mw:853.91,>95% (HPLC))
and Poly-L-lysine solution (0.1% (w/v)) was purchased from Sigma—Aldrich (St. Louis, MO, USA).
Chitosan (Protasan UP G-113; Mw:<200 kDa) was purchased from Novamatrix, Norway. Acetone and
dialysis cellulose tubing membrane (average flat width 25 mm, MWCO: 14,000 Da) were purchased
from Sigma&Aldrich, USA.

Preparation of blank and PCX-loaded PCL nanoparticles

Preparation of blank and PCX-loaded PCL NPs was carried out by nanoprecipitation method.
Organic phase was prepared using two different PCL types, 14.000 and 80.000 molecular weight. For
PCX-loaded PCL NPs, 10 mg PCL was weighed for each batch and 1mg of PCX was added to the

organic phase. Polymer and PCX were dissolved in 5 mL acetone by magnetic stirring for 45 min. To
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prepare the aqueous phase, three batches were designed according to coating material, CS and PLL. 75
mg of Pluronic F-68 and 2.5 mg chitosan or 0.01% PLL (v/v) were added to 10 mL ultra-pure water and
stirred at 500 rpm at room temperature. The third group consists of NPs that do not contain any coating
materials. Organic phase was added dropwise to aqueous phase at 800 rpm. In order to evaporate organic
phase, solutions were mixed at 500 rpm at room temperature overnight. Dispersions were centrifuged at
3500 rpm for 5 min. Finally, in order to to remove the aggregate from solution, supernatants were filtered

using 0.45 um pore size filter. Same process was conducted for blank formulations.

Characterization of nanoparticles
Determination of particle size, PDI and zeta potential

Particle size, polydispersity index and zeta potential of PCL NPs were analysed by Malvern
Zetasizer Nano ZS series, UK. All measurements were conducted at an angle of 173° for particle
diameter and 12.8° for zeta potential. Measurements were performed in triplicate at room temperature.
Particle size distribution was calculated as mean diameter (nm) = standard deviation (SD) and PDI. Zeta

potential (mV) was expressed as the average of three subsequent measurements = SD.
Morphological analysis

For the determination of the surface morphology of NPs, Scanning Electron Microscopy (SEM)
(Zeiss evo LS-10, Germany) was employed. The lyophilized PCL NPs were embedded on metal stubs
and then coated with 100 A° thick layer of gold and palladium and dried for 24 h. The shape and surface
morphology of drug loaded formulations were determined by SEM.

Determination of entrapment efficiency (EE) and drug loading (DL)

The entrapment efficiency of PCX-loaded PCL NPs was quantified directly by UV
spectrophotometer. Briefly, 3 mg of the freeze-dried PCL NPs were dissolved in 300uL
dichloromethane (DCM) and mixed thoroughly for 10 min so that polymer structure is disrupted and
entrapped drug is released from nanoparticles. To dissolve PCX, 3 mL of methanol was added, and
dichloromethane was evaporated by stirring at 500 rpm for 2 hours. Final solution was centrifuged at
3000 rpm for 5 min and supernatant was tested to determine entrapment efficiency of PCL NPs (Eg. 1
and Eqg. 2). Within the scope of the validation of the spectrophotometric method for PCX quantification,
linearity, specificity, precision, repeatability, limit of detection (LOD), limit of quantification (LOQ)
were determined. Quantitation of PCX was determined by the validated spectrophotometric method
(r=0.9974) at 230 nm.

DL (%) = (Weight of PCX in the NPs / Total weight of NPs) x 100 1)

EE (%) = (Weight of PTX in NPs / Initial weight of PTX used) x 100 2



1014 Unal et al. J. Fac. Pharm. Ankara, 46(3): 1009-1029, 2022

In vitro release of PCX from PCL nanoparticles

In vitro drug release of PCX from PCL nanoparticles were determined by using dialysis
membrane (MWCQO: 14,000 Da). Dialysis membrane was activated with 1% w/v NaOH overnight. PCL
nanoparticle formulations loaded with PCX were prepared freshly. 2 mL of PCL NPs suspension was
transferred into a dialysis membrane, hermetically sealed, and subsequently incubated in a beaker
containing 75 mL phosphate buffer saline (PBS) (pH: 7.4). The system was conducted under sink
conditions at 37 °C stirring at 200 rpm. At predetermined time intervals (0.5, 1, 2, 4, 8, 16, 24, 36, 48,
72, 96h), 1 mL sample was collected and replaced with fresh PBS at same volume and temperature. The
amount of released PCX in PBS was analysed with UV spectrophotometer at 230 nm. Release
percentage over time of the PCX-loaded PCL NPs was evaluated and plotted for each formulation.

Release kinetic studies

The release profile of PCX-loaded PCL nanoparticles was examined using DDSolver, a program
intended to speed up computations and avoid computational mistakes. The resulting data were fitted to
several kinetic models and examined for release mechanism (Zero order, First order, Higuchi,
Korsmeyer-Peppas, Peppas-Sahlin, Weibull and Baker-Lonsdale model) [25]. After the in vitro release
profiles of nanoparticles were clarified, inputs were computed using the DDSolver program to determine
the four most significant and meaningful criteria: coefficient of determination (R?), coefficient of
determination adjusted (RZgjusted) Akaike Information Criterion (AIC), and Model Selection Criterion
(MSC). The highest R?, R%gjusted and MSC values and the lowest AIC values were used to determine the
best fist model [25, 26]. Additionally, using the "difference (f1)" and "similarity (f2)" factors, the release
variations or similarities of PCX-loaded PCL nanoparticles were evaluated [25, 27]. In order to compare
the release profiles of nanoparticles, the difference factor (f1) and similarity factor (f2) were computed
using a method outlined in the Guidance for Industry from the FDA's Center for Drug Evaluation and
Research (CDER) [28]. These two factors can be calculated mathematically by the following equations
[29]. R and T represent the dissolved percentages of the reference and test profiles, respectively whereas
t represents the time point, and n is the total number of sample points. It should be noted that f1 values

for 0-15 and f2 values for 50—100 show that these release profiles are similar [30, 31].

f1={Q¢=1IR - TD/Xt=1 R)} x 100 (3)

100

t=n 2
=N[Rt-Tt
1+27t—1[n ]

f2 =50.log (4)
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RESULT AND DISCUSSION

Determination of particle size, PDI and zeta potential

The particle size, PDI, and zeta potential of both types of PCL NPs are shown in Table 1. Particle
size plays vital role in interaction between NPs and cell membrane, cellular uptake, penetration as well
as determining the administration route. Particularly for intravenous administrations, nanoparticle
diameter should be below a certain size since they might cause occlusion in blood capillaries. On the
other hand, smaller particles are likely to have toxic effects due to their greater surface area [32].
Therefore, mean size of NPs should be at optimal range for in vivo delivery. The particle size of the
developed PCL NPs ranged from 199 nm to 383 nm indicating that the size of the produced particles is
in the acceptable range. The first group prepared with 80.000 MW PCL has greater particle size
compared to second group prepared with 14.000 MW PCL. The main reason of this difference could be
elucidated by viscosity resulted from high molecular weight. The increase of PCL molecular weight
causes enhancement of viscosity in organic phase that hinders the diffusion of organic phase into
aqueous phase. As a result, larger particles are formed. Our results showing that the increase of the
particle size relies on molecular weight are in accordance with the data presented by Miladi et al. [23].
Particle size of uncoated NPs are between 188nm-230nm. While the particle size of CS-coated NPs
ranged from 316nm-383nm, particle size of PLL-coated NPs ranged from 199nm-248nm. Both coating
polymers caused an increase in particle size due to their settlement on the nanoparticle surface. This
increase was higher in CS coated nanoparticles than in PLL. There are studies with similar results in the
literature, and our findings were evaluated in accordance with previous studies [15, 17, 31]. As expected,

surface modification had remarkable impact on particle size.

PDI values indicate homogeneity of NPs size in formulation. Values close to O indicate a
monodisperse system while values close to 1 indicate that the system has a heterogeneous structure
consisting of aggregate, polymer residues, particles with different size. As presented in Table 1, each

PDI values were quite close to 0. There were also no notable variations between two types of PCL.

Zeta potential is among the most important factors affecting particle character and stability. In
the literature, it is emphasized that NPs with positively charged are highly likely to interact with cell
membrane since cell surface is charged negatively [23]. Yue et al. reported that positive charge
encouraged the internalization of NPs to cells and further enhanced the cellular uptake. Additionally,
while majority of positively charged NPs escape from lysosome, negatively or neutrally charged
nanoparticles localize with lysosome [34]. According to this study, Unal et al. stated that NPs coated
with positively charged materials considerably increased the interaction between NPs and mucus layer
[35]. PCL has negative surface charge because of terminal carboxylic groups. Coating materials used in

the current study, PLL and CS, markedly shifted zeta potential of NPs from negative to positive. As
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illustrated in Table 1, zeta potential values of uncoated NPs were all negative, between -20.1 and -25.8,
while surface charge of coated NPs are range from +29.6 to +57.1. Coating materials not only altered
surface charge positively but also provided higher zeta potential. Regardless of the charge type, NPs
with low zeta potential tend to form aggregation owing to low electrostatic repulsive forces between the
NPs [36]. In Table 1, it is clearly observed that surface modification with PLL and CS considerably rose
the surface charge of NPs, from -21.4 mV to +57.1 mV. CS also showed superiority to PLL in terms of
increase in zeta potential and encapsulation efficiency. It can be interpreted that CS coating has more
influence on the properties of nanoparticles than PLL coating. There are studies with similar results in

the literature, and our findings were evaluated in accordance with previous studies [15, 17, 31].

Table 1. Mean particle size, PDI and zeta potential of blank and PCX-loaded PCL nanoparticles
prepared with different molecular weight of polymer (Organic solvent is acetone, PCL concentration is
0.2 % (w/v), CS concentration is 0.025 % (w/v), PLL concentration is 0.01 % (w/v), Pluronic F-68

concentration is 0.75% (w/v), organic phase: aqueous phase ratio 1:2 (v:v)) (n =3, + SD).

PCL Nanoparticle Formulations
Formulation Paricg%[zl'in”;ﬂer PDI = SD ZE:VS)D
Muw(Da) | ° C“a oM Blank/PCX loaded
ode
Blank 209.2+1.1 0.081+0.009 -21.4+1.1
PCL NPs
PCX loaded 234.4+1.3 0.112+0.014 -24.9+2.1
Blank 342.2+1.9 0.216+0.091 +57.1+£3.1
80,000 | CS/PCL NPs
PCX loaded 383.8+2.4 0.253+0.122 +51.3+6.1
PLL/PCL Blank 226.5+1.5 0.098+0.014 +34.1+3.1
NPs PCX loaded 248.7+1.6 0.121£0.103  +30.6+4.2
Blank 188.3£1.2 0.099+0.004 -20.1£1.0
PCL NPs
PCX loaded 204.4+1.9 0.125+0.036 -25.8+2.3
Blank 316.1£3.2 0.197+0.022 +52.3+£2.3
14,000 | CS/PCL NPs
PCX loaded 346.243.9 0.224+0.018 +48.94+2.3
PLL/PCL Blank 199.7+1.4 0.133+0.008 +31.6%1.1
NPs PCX loaded 227.5+1.6 0.148+0.012 +29.6+1.1
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Figure 1. Analysis results of nanoparticles by Malvern zetasizer ZS. Representative images are
presented for PCX-loaded CS coated PCL NPs (CS/PCX-PCL NPs) (Mw 80,000 Da) as the largest

nanoparticles.

Determination of entrapment efficiency (EE) and drug loading (DL)

Table 2. summarizes the entrapment efficiency and drug loading of batches of PCX-PCL NPs
prepared with two types of PCL polymer and different coating materials. Encouragingly, all prepared
NPs exhibited a high entrapment rate of more than 50%. Encapsulation efficiency of NPs prepared with
80.000 MW PCL ranged from %59.4 to %64.7 while entrapment efficiency of NPs with 14.000 MW
PCL varied between %51.3 and %63.1. The drug loading of PCX-loaded NPs prepared with 80.000 and
14.000 MW PCL resulted in between %6.2-8.4 and %5.2-6.6, respectively.

As it can be seen from Table 2, maximum encapsulation efficiencies were obtained with 80.000
MW of PCL. In accordance with results reported by Ali et al. and Miladi et al. NPs prepared with high
molecular weight PCL showed higher encapsulation efficiency compared to NPs prepared with low
molecular weight PCL [23,37]. The reason why NPs prepared with 80.000 MW PCL have higher
encapsulation efficiency is the same as the reason why NPs have higher size. Increasing organic phase
viscosity caused bigger particles resulting in high encapsulation efficiency. Considering the effects of

coating material on encapsulation efficiency; it is clearly seen in Table 2 that minimum entrapment
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ratios belonged to uncoated NPs while coating materials significantly increased encapsulation rates.
This situation proves that due to the presence of coating materials, more PTX was absorbed into the
surface of PCL NPs. In addition to that, NPs coated with CS had higher encapsulation efficiency than
NPs coated with PLL. It can be interpreted that CS coating has more influence on the properties of
nanoparticles size than PLL coating. The reason for this situation may be experimental differences, as
well as the high hydrophilic character of the PLL polymer solution has a tendency to leak into the
aqueous phase in the coating process. This situation was found to be compatible with similar results in
previous studies [17, 31]. Also similar results regarding effect of coating material on encapsulation were

presented by Badran et al. [38].

Table 2. Encapsulation efficiency (EE) and drug loading (DL) of PCX-loaded PCL nanoparticles

prepared with different molecular weight of polymer.

PCL Nanoparticle Formulations Encapsulation Drug loading % +
efficiency % + SD SD
. (EE) (bL)
Mw (Da) Formulation Code
PCX-PCL NPs 59.4+.1.6 6.2+0.3
80,000 CS/PCX-PCL NPs 77.242.1 8.4+0.7
PLL/PCX-PCL NPs 64.7+1.9 6.7+0.2
PCX-PCL NPs 51.3£1.1 5.2+0.1
14,000 CS/PCX-PCL NPs 63.1+1.7 6.6£0.3
PLL/PCX-PCL NPs 58.4+1.4 5.9+0.1

Morphological analysis

In order to elucidate the surface morphology of PCX-loaded NPs, SEM pictures were taken.
Figure 2 and Figure 3 present SEM picture of NPs prepared with 14.000 MW and 80.000 MW PCL,
respectively. In Figure2, size of NPs ranged between 200-310 nm, and they were in coincidence with
results obtained from DLS. In Figure 3, size of NPs was 238-380 nm which shows coherence with data
obtained from DLS. As seen in Figure 2 and 3, coated NPs are larger than uncoated NPs. These SEM

pictures indicate that all NPs formulations have smooth and spherical surfaces.
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Figure 2. Scanning electron microscopy (SEM) micrographs of PCX-loaded NPs. (a, b) PCX-PCL
NPs. (c, d) CS/PCX-PCL NPs. (e, f) PLL/PCX-PCL NPs. (a, b, c, d, e, f; PCL MW: 14,000Da). (b, d,

f; Representative images with measuring scales)
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Figure 3. Scanning electron microscopy (SEM) micrographs of PCX-loaded NPs. (a, b) PCX-PCL
NPs. (c, d) CS/PCX-PCL NPs. (e, f) PLL/PCX-PCL NPs. (a, b, c, d, e, f; PCL MW: 80,000Da). (b, d,

f; Representative images with measuring scales).

In vitro release of PCX from PCL nanoparticles
Fig. 4 displays the in vitro release profiles of PCX from PCL NPs determined by using the
dialysis membrane. In the light of the information obtained from the pre-formulation studies, since PCL

80.000 had higher encapsulation and drug loading, it was selected for in vitro release studies. As it can
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be seen in Figure 4, PCX release from uncoated PCL formulation exhibited markedly faster profile up
to 96 h in comparison with coated formulations. On the other hand, in the first 24 hour as highlighted in
Figure 4, a burst release of PCX was observed for both CS and PLL coated formulations. It is believed
that some of the drug which is absorbed to the coating material provides an initial fast release [39]. The
reduction in the acceleration of the release profile of the coated NPs after burst effect proved this theory.

Negatively charged PCX has a stronger interaction with cationic NPS and thus, positively
charged NPs extend the release time of the anionic molecules [40]. In our study, positively charged NP
formulations established strong interaction with PCX and prolonged the release time of PCX from NPs.
It is known that NPs with small particle size tend to exhibit faster drug release due to larger surface area
[41]. As seen in Figure 4, the CS coated formulation had the slowest release profile and the uncoated
PCX-PCL formulations had the faster release profile. When evaluated together with the particle sizes,
according to the release profile of the formulations, smaller particles (PCX-PCL) showed a higher
release rate and larger particles (CS/PCX-PCL) showed a slower release. The same is true for PLL/PCX-
PCL NPs and is clearly visible. These results showed that the increase in particle size led to a decrease

in the release rate, and the results were considered to be compatible with similar studies in the literature
[17, 31, 41].
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Figure 4. Release profile of PCX from PCL nanoparticles (n=3)

Release kinetic studies

In vitro dissolution test has an important role in drug development processes and quality control.

It is not only a way to observe the stability of drug products but also rapid and affordable technique to
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estimate fate of drug in vivo. Thus, recently quantitative examination of drug dissolution profiles has
received considerable attention [25].

Kinetic modeling of PCX release from PCL NPs are demonstrated in Table 3. In order to
determine the commonly used parameter (R?, RZgjustes, AIC, MSC) in release kinetic, obtaining data
were processed using DDSolver program. According to the results, the model having the highest R?,
RZ.justed; MSC as well as the lowest AIC was considered as the best-fitted one [42].

For the Weibull model, B exponent is used to explain the release from a polymeric matrix. If
is less than 0.75, it points out Fickian diffusion. 0.75< B <1 means Fickian diffusion and swelling
controlled release [43]. Considering the Peppas-Sahlin model, “m” represents diffusional exponent.
Release exponent (“n” for Korsemeyer-Peppas) value helps to explain how the drug released from their
matrix. m<0.45 indicates Fickian diffusion. “m” value between 0.45-0.85 indicates non-Fickian
diffusion and for m=0.85 the drug release occurs through case Il transport [44]. The Peppas-Sahlin and
Weibull model were the two-model having highest R?, R%gjustesy MSC values and lowest AIC. In other
words, there was a remarkable correlation between Peppas-Sahlin and Weibull model. Our results
pointed out that release of PCX from PCL NPs was predominantly driven by Fickian release. In the

literature, there are studies showing consistency with our results [45, 46].

Diffusional exponent value was represented using “m” in Peppas-Sahlin and “n” in Korsmeyer-
Peppas model. In the case of CS-coated NPs, Korsmeyer-Peppas model exhibited superior to portray
the release of PCX. The R? value was 0.9858 and release exponent of Korsmeyer-Peppas (n) was 0.329.
The n value lower than 0.43 indicates the approach of PCX release mechanism toward Fickian diffusion-
controlled release [47]. On the other hand, data obtained from CS/PCX-PCL formulations were also
well fitted by Weibull model. According to the results obtained by Weibull model, PCX release kinetics
from PCL NPs was found to be compatible with Fickian diffusion. Both two models showed almost
same R? and RZgjusted Values. Soares et. al. reported similar results suggesting the possibility of two

models for a formulation [48].

Regarding the PLL/PCX-PCL NPs, Peppas-Sahlin and Weibull were the model with the best
fitting. This means that release of PCX from PLL-coated NPs, like uncoated PCX-PCL NPs, is driven

by mechanism of Fickian release [45,46].

For each formulation, similarity and difference factors were evaluated. As it can be seen in
Table 4, all formulations have the difference factor below 15 and similarity factor above 50. All the
formulations were similar to each other in terms of release profile. This means that although different
materials were used for coating resulting in changes in properties of NPs, release profile of formulations

exhibited similarity due to the use of the same polymer constructing the common structure.
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Table 3. Release kinetic modeling and results of PCX-loaded PCL NPs

del and o/ lati Evaluation criteria
Model and equation / Formulation Parameter l R leadjustedl AIC l MSC l n/m*
Zero-order PCX-PCL kO 1.084 04452 0.4452 102.8355 0.2077 -
Foio* CS/PCX-PCL kO 1.004 0.2343 0.2343 102.8346 -0.1918 -
=k0*t
PLL/PCX-PCL | kO 1.023 0.3049 0.3049 103.0578 -0.0601 -
First-order PCX-PCL k1 0.028 0.8284 0.8284 88.7561 1.3809 -
CS/PCX-PCL k1 0.025 0.6319 0.6319 94.0461 0.5405 -
F=100*[1-Exp(-k1*t)]
PLL/PCX-PCL |kl 0.025 07202 0.7202 92.1401 0.8497 -
Higuchi PCX-PCL kH 9219 09319 0.9319 77.6686 2.3049 -
CS/PCX-PCL kH 8601 0.8650 0.8650 82.0087 1.5437 -
F=kH*t"0.5
PLL/PCX-PCL |kH 8765 0.8932 0.8932 80.5806 1.8130 -
Korsmeyer-Peppas PCX-PCL kKP 11.280 0.9378 0.9316 785728 2.2295 0.466
FkKP CS/PCX-PCL  [kKP 16.878 0.9858 0.9844 56.9837 3.6291 0.329
= n
PLL/PCX-PCL |kKP 14.467 0.9730 0.9703 66.0692 3.0223 0.380
Peppas-Sahlin PCX-PCL ki 15.077 0.9918 0.9899 56.3194 4.0840 0.450
CS/DCX-PCL k1 15161 0.9776 0.9726 64.4759 3.0047 0.450
F=k1*t"m+k2*t"(2*m)
PLL/PCX-PCL |kl 15.395 0.9926 0.9909 52.6259 4.1426 0.450
Weibull PCX-PCL 0.547 0.9930 0.9915 54.3357 4.2493 -
CS/PCX-PCL 0.394 09830 0.9793 61.1209 3.2843 -
F=100*{1-Exp[-((t-Ti)"B)/a]}
PLL/PCX-PCL 0.449  0.9929 0.9914 51.9966 4.1950 -
Baker-Lonsdale PCX-PCL kBL 0.003 0.9631 0.9631 70.3079 2.9183 -
CS/PCX-PCL kBL 0.002 0.9193 0.9193 75.8300 2.0586 -
3/2*[1-(1-F/100)(2/3)]-F/100=kBL*t
PLL/PCX-PCL |kBL 0.002 0.9498 0.9498 71.5278 2.5674 -

Best fit release kinetic models for PCX-loaded PCL NPs shown with grey; In all models, F is the fraction (%) of drug released
in time t, kO: zero-order release constant, k1: first-order release constant, kH: Higuchi release constant, kKP: release constant
incorporating structural and geometric characteristics of the drug-dosage form, n: is the diffusional exponent indicating the
drug-release mechanism, m: diffusional exponent and similar exponent like “’n’’, m use in Peppas-Sahlin model equation only,
o: is the scale parameter which defines the time scale of the process; B: the shape parameter which characterizes the curve as
either exponential (B=1; case 1), sigmoid, S-shaped, with upward curvature followed by a turning point (p > 1; case 2), or
parabolic, with a higher initial slope and after that consistent with the exponential (B < 1; case 3), Ti: the location parameter
which represents the lag time before the onset of the dissolution or release process and in most cases will be near zero. Values
shown in grey in the table are selections made according to criteria.

Table 4. Calculation of the differences and similarities of the release profiles of the nanoparticle

formulations with the difference (f1) and similarity (f2) factors

Nanoparticle Eormulation Difference Factor Similarity Factor
P (f1) (f2)
PCX-PCL NPs and CS/PCX-PCL 11.84 64.35
PCX-PCL NPs and PLL/PCX-PCL 6.98 74.21
PLL/PCX-PCLPgPLs and CS/PCX- 5 42 79.82




1024 Unal et al. J. Fac. Pharm. Ankara, 46(3): 1009-1029, 2022

PCX-PCL NPs CS/PCX-PCL NPs PLL/PCX-PCL NPs

g
3
g

+ Observed * Observed * Observed
~—Predicted ~— Predicted —Predicted

Zero-order

Fraction dissolved (%)
o 8 8 8 8

Fraction dissolved (%)
o 8 &8 & 8

Fraction dissolved (%)
o 8 8 8 8

c3888883888

-

First-order
Fraction dissolved (%)
o3888883888

Fraction dissolved (%)

o38885883888
Fraction dissolved (%)

-

Higuchi
Fraction dissolved (%)
o3888883888

Fraction dissolved (%)
o3388883888

c588888388¢8

Korsmeyer-Peppas
Fraction dissolved (%)

issolved (%)
8838388
issolved
£ 88
Fraction dissolved (%)
8888838

Peppas-Sahlin
n di

»*

% 80
80 70 * Observed = .
£, £ —P-oaugd///

5 le iu

2 i dai/f

L

= g” =
20
[Ty w10

o
5. ° 50 100
Time (h)
& % & Observed
= - Vi

© g: 5: —Predicted " o

3 T iﬂ) .

& §co (3% .

3 v:: S

% §w 30 3

X 20 8”1

8 10 10

b 150 0 150 o 150

%0 100 50 100
” Time (h) » Time (h) Time (h)

Figure 5. Mathematical model fitting of PCX release from PCL NPs for Zero-order, first-order,
Higuchi, Korsmeyer-Peppas, Peppas-Sahlin, Weibull and Baker-Lonsdale models (*best fit models).
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In this study, our aim was to prepare PCX-loaded PCL NPs by the nanoprecipitation method
and to elucidate the in vitro characteristics and release kinetic mechanisms of PCL NPs. Six formulations
were prepared with using PCL with two different molecular weight and different coating material in
order to observe influence of both molecular weight and coating material on characterization of NPs.
According to the results, high molecular weight PCL increased the particle size but increased the
encapsulation efficiency. With the cationic coating, the zeta potential of the nanoparticles could be made
positively charged. On the other hand, coating materials significantly increased the particle size and
encapsulation efficiency, as well. Coating materials also provided longer release time compared to
uncoated formulation. Considering the mathematical modeling of release Kinetic, the release profile of
PCX-PCL NPs and PLL/PCX-PCL were compatible with Peppas-Sahlin and Weibull model.
Korsmeyer-Peppas and Weibull model was superior to describe the release of PCX from CS-coated PCL
NPs. For each formulation, PCX release kinetic from PCL NPs was compatible Fickian diffusion. This
study constitutes a preliminary research for the PCX-loaded PCL NPs to increase the therapeutic

efficacy in lung cancer.
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TURKIYE'DE YETISEN ULMUS L. TURLERININ YAPRAK, DAL VE
KABUK YAPILARININ ANATOMIK ACIDAN KARSILASTIRILMASI

ANATOMICAL COMPARISON OF LEAF, BRANCH AND BARK STRUCTURES OF ULMUS
L. SPECIES GROWING IN TURKEY
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Amacg: Ulmaceae familyasina ait Ulmus cinsi Tiirkiye 'de dort tiir (U. glabra Hudson, U. minor Miller, U.
canescens Melville ve U. laevis Pallas) ile temsil edilmektedir. Karaagag olarak bilinen bu tiir halk ilact olarak
kullanilmaktadwr. Bu tiirlerin tedavi edici kismi i¢ kabugudur ve ¢ogunlukla haricen yaralarin ve kemik
kariklarinin tedavisinde kullanir. Bu ¢calismanin amaci Ulmus tiirlerinin yaprak, yaprak sapi, dal ve kabugunun
anatomik ozelliklerini belirlemek ve karsilastirmaktir.

Gerec ve Yontem: Dogadan toplandiktan sonra %70 lik alkolde muhafaza edilen tiim érneklerin enine
kesitleri ve yapraklarin her iki tarafindan alinan yiizeysel kesitler sartur reaktifi ile boyandiktan sonra 151k
mikroskobu ile incelenmistir.

Sonug ve Tartisma: Anatomik incelemede tiim tiirlerin tipik Ulmaceae familyasina ait elementlere sahip
oldugu belirlenmistir. U. canescens’in diger tiirlere gore anatomik yapisinda gozlenen farkliliklar, yaprak
sapinda hilal seklinde iletim demetleri, koseli kollenkimanin varligi ve dalin 6z bolgesinde yer alan kalsiyum
oksalat kristalleridir. Diger taraftan U. laevis’de daldaki miisilaj kanallarinin sayisi diger tiirlere gére énemli
olciide azdw. Glandular olmayan trikomlar ve kristaller tiim tiirlerde yogunluk ve biiyiikliik bakimindan
farklidir. Kabuk anatomisinde, U. minor ve U. canescens’in periderminde diizenli bir sekilde siralanmis
kristaller bulunmustur.

Anahtar Kelimeler: Bitki anatomisi, dal, kabuk, Ulmus tiirleri, Ulmaceae, yaprak
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Obijective: The genus Ulmus belonging to the Ulmaceae represented with four species (U. glabra Hudson,
U. minor Miller, U. canescens Melville, and U. laevis Pallas) in Turkey. This genus, known as "Karaagag," is
used in folk medicine. The therapeutic part of these species is the inner bark; externally, it is mainly used to
treat wounds and bone fractures. This study aims to determine and compare anatomical characteristics of the
leaf, petiole, branch, and bark of Ulmus species.

Material and Method: Cross-sections of all samples preserved in 70% alcohol after collection from the
field -also superficial sections taken from both sides of the leaf- were examined with a light microscope.

Result and Discussion: The anatomical examination determined that all species had typical Ulmaceae
elements. Differences observed in the anatomical structure of U. canescens compared to other species; a
crescent-shaped vascular bundle and angular collenchyma on the petiole, and calcium oxalate crystals located
in the pith region of the branch. On the other hand, in U. laevis, the number of mucilage channels in the branch
is significantly less compared to other species. Non-glandular trichomes and crystals are different in density
and size in all species. In the bark anatomy, crystals showing a regular arrangement were found in the periderm
of U. minor and U. canescens.

Keywords: Bark, branch, leaf, plant anatomy, Ulmus species, Ulmaceae

GIRIS

Ulmaceae familyasina ait UImus cinsinin diinyada degisik cografyalarda yayilis gosteren 45 tiirii
mevcuttur [1]. Tirkiye Florasi’na gore bu cins Tiirkiye'de ise {ig tiir ve bes takson (U. glabra Hudson,
U. minor Miller (U. minor ssp. minor ve U. minor ssp. canescens (Melville) Browicz & Zielinski), U.
laevis Pallas) ile temsil edilmektedir [2]. U. minor ssp. canescens, U. canescens Melville’in sinonimi
olarak onaylanmustir [3]. Indirgenmis cicek ve meyveler, degisken vejetatif karakterler ve tiirler arasi
hibridizasyon nedeniyle tiirlerin smirlar1 ve taksonomik yakinligi tartismalidir [4]. Genis bir literatiir
taramasi yapildiginda, Ulmaceae familyasinin anatomik 6zelliklerini tanimlayan veya karsilagtirmali
olarak ele alan yayinlara [5-7] kolayca ulasilabilir, ancak bildigimiz kadariyla UImus tiirlerinin kapsamli
bir anatomik incelemesi mevcut degildir. Diger yandan, yapilan bir ¢aligmada Sicilya'daki Ulmus
tiirlerinin ve melezlerinin yaprak anatomisi ve morfolojisi, UImus sistematigindeki karmasikligi ¢6zmek
ve atipik yaprak yapisi i¢in belirleyici karakterlerin tespiti amaciyla karsilastirmali olarak ele alinmistir
[8].

Ulmus tiirleri Anadolu’da "Karaagag" olarak bilinir ve halk ilaci olarak kullanilan kismi daha ¢ok
i¢c kabuklaridir. U. glabra'nin i¢ kabuklarindan hazirlan lapa, ateroskleroz ve kemik kirigi [9] veya
apseleri [10] tedavi etmek i¢in kullanilmaktadir. U. canescens'in i¢ kabuklari, yaralar1 [11] ve ellerdeki
catlaklar1 tedavi etmek i¢in dogrudan veya kaynatma ile hazirlanarak disaridan uygulanmaktadir [12].
Ayrica U. minor'iin i¢ kabuklarinin kaynatilmasiyla hazirlanan lapa, haricen uyuz [13], kas agrilari,
kadin hastaliklar1 tedavisinde ve kemiklerin uygun sekilde iyilesmesinde kullanilmaktadir [14-15].
Ulmus tiirlerinde tedavi amagli kullanilan i¢ kabuk, kambiyumun diginda kalan tiim dokular igin
kullanilan kabuk yapisinin bir pargast olup kabuk anatomisine gore canli floem kismini

tanimlanmaktadir [16].

Yapilan literatiir arastirmalart ise yalmzca U. glabra kabugunun biitiin olarak anatomik agidan

incelendigini gostermistir [16-18]. Ayrica, tedavide kullanimi olan ve Ingilizce “Slippery EIm” olarak



1032 Diker vd. Ankara Ecz. Fak. Derg., 46(3): 1030-1043, 2022

bilinen U. rubra Muhl i¢ kabuguna ait toz drog anatomisi iizerine ¢alismalar da mevcuttur [19-20].
Tiirkiye’de ise Ulmus tiirleri tizerinde Akkemik (1994) tarafindan yapilan ¢ok kapsamli bir ¢alismada;
morfolojik karakterler (habitat, yaprak, aga¢ kabugu, siirgiin, tomurcuk, ¢icek ve meyve), yaprak
damarlanmasi farkliliklari, odun anatomisi (trakeler, 1ginlar, lifler ve odun parankimasi) ve polen

morfolojisi ele alinmigtir [21].

Bu ¢alismanin amaci, Tirkiye'de dogal olarak yetisen Ulmus tiirlerinin yaprak, yaprak sapi, dal

ve kabuk anatomilerini belirlemek ve karsilagtirmaktir.

GEREC VE YONTEM

Bitki ornekleri 2019 ve 2021 yillar1 arasinda Tiirkiye'nin farkli bolgelerine yapilan arazi
calismalarinda dogal habitatlarindan toplandi. Ornekler, taksonomik olarak "Flora of Turkey and the
East Aegean Islands" [22] ve Akkemik (1994) tarafindan yazilan yiiksek lisans tezi kullanilarak
tanimlandi [21]. Tiiriin ayriminda kullanilan tiim karakterleri tasiyan ve teshislerinde siiphe birakmayan
ornekler ile calisilmistir. Calismada yer alan bitkilere ait sahit herbaryum oOrnekleri Hacettepe
Universitesi Eczacilik Fakiiltesi Herbaryumu (HUEF) ve Ankara Universitesi Eczacilik Fakiiltesi
Herbaryumu (AEF)'na kaldirildi. Bu ¢aligmanin bitki materyallerine ait lokasyon bilgileri ve sahit 6rnek

herbaryum kayit numaralar1 Tablo 1.'de verilmistir.

Tablo 1. Ulmus tiirlerinin toplandig1 lokasyon bilgileri ve sahit 6rneklerine ait herbaryum numaralari

Bitki Tirleri Lokasyon Bilgileri Herbaryum Numaralari
A4: Bolu; Merkez; Ankara-Bolu yolu tizeri, HUEE AEF
U. minor Miller Bolu’ya 15 krr_l kala yol kenar1, 724 m, 29.04.2019, 19060 28808
N.Y.Diker, S.D.Erkakan, E.Erkakan
C5: Adana; Yumurtalik; Yumurtalik kéyii’nden
. Ayvalik kOyii’ne dogru, Biiyiik Bagirsak deresini HUEF AEF
U. canescens Melville geZiVnce, yolyllienan, %% m, 09%4.20%1, N.Y .Diker, 21008 30930

C.Diker, M.Diker
A4: Bolu; Merkez; Yedigoller Milli parki igi, HUEE AEF
U. glabra Hudson Mengen yoluna dogru, yol kenar1, 626 m, 19056 28803
29.04.2019, N.Y.Diker, S.D.Erkakan, E.Erkakan
A3: Diizce; Golyaka; Golyaka Kiiltiir Parki, yaprak
U. laevis Pallas doken orman, 120 m, 27.04.2019, N.Y.Diker,
C.Diker, M.Diker

HUEF AEF
19062 28804

Anatomik inceleme i¢in toplanan taze yaprak, dal ve aga¢ kabugu 6rnekleri %70’lik etanol i¢inde
sakland1. Her organ icin enine kesitler ve sadece yapraklar icin yiizeysel kesitler keskin bir jilet
kullanilarak elle alindi. Kesitler Sartur reaktifi ile boyandi [23] ve LeicaDM500 151k mikroskobunda 4x,
10x ve 40x biiyiitmelerde gdzlemlendi. Orneklerin fotomikrograflari LeicaDM500'e entegre edilmis bir
dijital kamera kullanilarak alindi. Sekil 6l¢ekleri, ayn1 optik kosullar altinda (bir milimetre 6lgegi)
fotograflanarak elde edildi. Fotomikrograflar CorelDRAW X8 yazilimi kullanilarak diizenlendi.

Anatomik 6zelliklere ait tanimlayici terimler standart anatomi kitab1 ve makalelerden alindi [24-27].
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SONUC VE TARTISMA

Yaprak Anatomisi

Laminanin enine kesitleri incelendiginde, epidermis tek sira halinde, dikddrtgen veya
izodiametrik hiicrelerden olusur. Adaksiyal yiizeyde hiicreler abaksiyale gbre goreceli olarak daha
biiyiiktiir. U. canescens ve U. minor’iin adaksiyal epidermis hiicreleri koseli veya diizensiz bir sekle
sahiptir. Her iki epidermisin {izeri diizensiz ve kirigik bir kiitikula tabakasi ile ortiiliidiir. Ttim tiirlerde
yaprak enine kesitte bifasiyaldir ve mezofil tabakasi palizat ve slinger parenkimasi olmak {izere iki ayr
bolgeye ayrilmistir. Mezofil kalinlig tiirler arasinda degisiklik gostermektedir. Adaksiyal epidermisin
altinda ¢ogunlukla iki tabaka halinde diizenlenmis, uzun ve silindirik hiicrelere sahip palizat parenkimasi
yer almaktadir. Palizat parenkimasi hiicrelerinin boyutlart tiirlere gore degisiklik gostermektedir.
Ornegin U. minor ve U. canescens palizat parenkima hiicrelerinin boyu eninin 3 katindan fazla iken U.
glabra ve U. laevis hiicrelerinin boyu eninin 2 kati1 kadardir. Siinger parenkimasi ¢ogunlukla yuvarlak
hiicrelerden olusur ve farkli biiyiikliikte hiicreler arasi bosluklara sahiptir. U. minor’de bu dokunun
kalinlig1 diger tiirlere gore daha azdir. Hiicreler arasi bosluklar U. minor ve U. canescens’de oldukca
genis olarak gozlenirken U. glabra ve U. laevis’de bosluklar daha kiiciik ve dardir. iletim demetini
cevreleyen demet kilifi tek katmanli hiicrelere ve uzantilara sahip oldugundan yapraklar hem heterobarik
hem de homobariktir. U. canescens’in mezofil tabakasinda druz kristalleri bulunmaktadir (Sekil 1.: M,
N, O ve P).

Yiizeysel kesitlerde ise, her iki yaprak ylizeyinde hem basit Ortii tiiyleri hem de salgi tiiyleri
bulunmaktadir. Tek hiicreli basit ortii tiiyleri oldukga genis ve dairesel (bulbose-based) tabana sahiptir
ama boyutlar1 ve yogunlugu tiirlere gore degisiklik gostermektedir. Buna ek olarak, alt yiizeyde yer alan
basit Ortii tilyleri orta damar ve ikincil damarlarda daha yogundur. Salg tiiyleri ise daha seyrek yayilis
gostermesinin yani sira tek hiicreli bir sapa ve ¢ok hiicreli bir bag yapisina sahiptir. Nigasta taneleri
iceren stomalar yalnizca abaksiyal yiizeyde, farkli biiyiikliiklerde (U. minor — 2,62-3,20 um, U.
canescens — 2,5-3,62 um, U. glabra — 3,80-4,96 um, U. laevis — 1,89-2,88 um), daginik bir sekilde yer
almakla birlikte anomositik tiptedir (Sekil 1.: Q, R, S, T, U, V, W ve X).

Orta damar yapragin abaksiyal yiizeyinde belirgin bir ¢ikinti olusturmaktadir. Adaksiyal
epidermanin altinda yer alan kollenkimatik kalinlasma gosteren hiicreler tiirlere gore farkli hiicre
sayilaria sahiptir. Abaksiyal epidermaya bitigik annular kollenkima ise U. glabra, U. laevis ve U.
minor’de ¢ogunlukla tek veya 2-3 sirali olarak gozlenmektedir. U. canescens’te ise kollenkima
dokusuna ait hiicreler lakunar tipte olup daha kalindir. Laminadaki palizat parenkimasi orta damarda
aniden bitmektedir. Kollenkima hiicreleri ile iletim demeti arasinda yer alan parenkima hiicreleri genis
yuvarlak sekle ve daha ince duvarlara sahiptir. U. canescens ve U. glabra'da parankimatik hiicreler

arasinda miisilaj hiicreleri ve bosluklar1 bulunmaktadir. Ayn1 zamanda, biiyiik kristaller yalnizca U.



1034 Diker vd. Ankara Ecz. Fak. Derg., 46(3): 1030-1043, 2022

canescens'in parankimatik hiicrelerinde dagilim gostermektedir. Tiim tilirlerde orta damarin merkezinde

hilal seklinde bir damar demeti bulunur (Sekil 1.: A, B, C, D, E, F, G, H, 1, J, K ve L).

Sekil 1. Ulmus tiirlerinin yapraklarina ait enine ve yiizeysel kesitler. A, E, I, M, Q ve U. Ulmus glabra.
B, F, J, N, Rve V. Ulmus laevis; C, G, K, O, S ve W. Ulmus minor; D, H, L, P, T ve X. Ulmus
canescens. Cu, kiitikula; Ep, epidermis; Pp, palizat parenkimasi; Sp, siinger parenkimasi; St, stoma;
Xy, ksilem; Cy, kristal; Md, miisilaj kanali; Cm, kambium; Vb, iletim demeti; Ph, floem; Co,
kollenkima. Olgek: (A, B, C ve D) 20um, (E,F, G, H,1,J,K,L,M,N,0,P,Q,R,S, T, U, V, W ve
X) Sum.
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fletim demeti adaksiyal epidermis yoniinde 1smsal yayilan ligninlesmis ksilem ve abaksiyal
epidermis yoniinde ince duvarli ve kiigiik hiicrelerden olusan floem kemerinden olusmaktadir. Vaskiiler
kambiyum belirgin olmamakla beraber 2-3 siralidir. Tirlerin tamaminda iletim demetlerini ¢evreleyen
sklerenkima dokusuna rastlanmamustir. Floem ve ksilem hiicreleri etrafinda tiirlere gore degisik
yogunluk ve boyutlarda kristaller bulunmaktadir. Kesitte gozlenen oOrtii tliylerinin boyutlar1 ve
yogunlugu tiirlere gore degisiklik gostermekte olup 6zellikle U. canescens, U. minor ve U. laevis’de
oldukga biiylik yapida gézlenmektedir (Sekil 1.: A, B,C, D, E,F,G,H, I, J, Kve L.).

Petiol Anatomisi

Yaprak sapimin enine kesiti (Sekil 2.) U. canescens harig tiim tiirlerde silindirik bir sekle sahiptir.

Sekil 2. Ulmus tiirlerine ait yaprak sapi enine kesitleri A, E, | ve M. U. glabra. B, F, J ve N. U. laevis;

C, G, Kve O. U. minor; D, H, L ve P. U. canescens. Xy, ksilem; Cy, kristal; Md, miisilaj kanali; Cm,

kambiyum; Ph, floem; Co, kollenkima hiicreleri; Aco, kdseli kollenkima hiicreleri; Cu, kiitikula; Ep,

epidermis; Ngt, ortii tiiyii; Gt, salgi tiiyii; Str, nisasta. Olcek: (A, B, C ve D) 20um, (E, F, G, H, I, J, K,
L, M, N, O ve P) Spm.
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Epidermiste, tek hiicreli basit, farkli boyut ve yogunluklara sahip ortii tilyleri ve ¢ok hiicreli salgi
tiiyleri vardir. 1 sirali epidermis hiicreleri kutikula tabakasi ile ortiiliidiir. Epidermanin altinda 4-6 siral
kollenkima dokusu yer alir. Iri hiicreli parankima dokusu igerisinde miisilaj hiicreleri ile ¢evrelenmis
salgi kanallar1 ve biiyiik basit kristaller tiim tiirlerde bulunur. Kristaller U. glabra’da en fazla yogunlukta
olup U. laevis'te ise rastlanmamustir. Iletim demeti merkezde kollateral tiptedir. U. glabra ve U.
leavis’de halkasal bir yap1 gosterirken U. minor ve U. canescens’de neredeyse kapanmis halkasal ve at
nali seklinde bir yap1 goriilmektedir. Ksilem 6z bolgesi yoniinde floem ise epidermis yoniinde
konumlamistir. Degisken nisasta yogunluguna sahip 1 sirali hiicre hatti, floem ve parankima dokusu
arasinda bulunur. Koseli kollenkima U. canescens’de damar demetleri etrafinda, U. laevis’te ise dis

tarafinda yer almaktadir.

Dal Anatomisi

Enine kesitin en dis tabakasinda kdseli hiicrelerden olusan periderm tabakasi bulunur ve kalinlig
tirlere gore degismektedir. Kortekste yer alan parenkima dokusu U. minor ve U. glabra’da belirgin ve
¢ok yogun miisilaj kanallar1 i¢erirken U. canescens ve U. laevis’te miisilaj kanallar1 azdir veya yoktur.
Cesitli biyiiklik ve yogunluktaki basit kristaller U. laevis hari¢ tiim tiirlerde parenkima hiicreleri
icerisinde bulunur. Ek olarak, iletim demeti dairesel bir sekle sahiptir ve kollateral tiptedir. U. glabra ve
U. laevis’te 6z ve ksilem arasinda yer alan degisken yogunlukta nisasta igeren ¢ok sirali bir hiicre hatti

bulunmaktadir (Sekil 3.).

Kabuk Anatomisi

Dis kabuk veya olii floem dokusu olarak da bilinen ritidom i¢ kabuk yapisi ile benzerlik
gostermektedir. Periderm dokusu fotografta goriilmesine karsin igerisindeki fellem, fellogen ve
felloderm olan 3 farkl tabakalasma net ayirt edilememektedir. Periderm hiicreleri yan hiicre duvarlar
ayni1 hizada olan kare veya dikdortgen sekle sahiptir ve tiirlere gore farkli kalinliklar gosterseler de tiim
tirlerde goriilmektedir. Diger tiirlerden farkli olarak U. minor ve U. canescens’de fellem yapisi
icerisinde diizenli dizilisli ve oldukga iri billurlar bulunmaktadir. Tiim tiirlerde i¢ kabuk yapis1 diizenli
tegetsel katmanlar seklindedir. Oz kollar1 2-3 hiicreli ve kismen dalgalanma gdstermektedir. Miisilaj
kanallar karakteristiktir. Parenkima hiicreleri pek ¢ok biiylik prizmatik kristaller ile birlikte nisasta
taneleri igerir. Morfolojik olarak fiber yapisina benzemesine karsin sklereit hiicrelerinde oldugu gibi
eksensel floem parenkima hiicrelerinin ikincil olarak farklilagmasindan olusan [25] fiber benzeri sklereit

hiicre gruplar1 parenkima dokusunda dagilim gostermektedir (Sekil 4.).
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Sekil 3. Ulmus tiirlerine ait dal enine kesitleri. A, B ve C. U. glabra. D, E ve F. U. laevis; G, Hve I. U.
minor; J, K ve L. U. canescens. Xy, ksilem; Cy, kristal; Md, miisilaj kanali; Cm, kambiyum; Pt, 6z;
Vb, iletim demetleri; Cx, korteks; Ph, floem; Pm, periderm; Co, kollenkima hiicreleri; Ray, 6z kollari,

Scl, sklereitler, Str, nisasta; C. Olgek: (A, D, G ve J) 20um, (B, C, E, F, H, I, K ve L) Sum.
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Sekil 4. Ulmus tiirlerine ait kabuk enine kesitleri. A, B ve C. U. glabra. D, E ve F. U. laevis; G, H ve I.
U. minor; J, K ve L. U. canescens. Cy, kristal; Md, miisilaj kanali; P, Parenkima; Pm, periderm; Rh,
ritidom; Ib, i¢ kabuk; Ray, 6z kollar1; Scl, sklereitler, Str, nisasta; C. Olgek: (A, D, G ve J) 20um,
(B,C,E,F,H,I,KveL)5um
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Bu ¢alismada, Tiirkiye'de dogal olarak yetisen ve halk ilaci olarak kullanilan dért Ulmus tiiriiniin
yaprak, yaprak sapi, dal ve kabuk anatomisi karsilastirmali olarak incelenmistir. Tiirler, Ulmaceae'nin
genel karakteristik 6zelliklerini sergilemektedir [5]. Bu 6zellikler sunlardir: I) bifasiyel yapraklar; II)
basit tek hiicreli ortii ve ¢ok hiicreli salgi tiiyleri; I11) yapragin sadece alt yiiziinde bulunan, karakteristik
bir diizende dizili olmayan komsu hiicrelere sahip stomalar; [V) kabukta ve yaprak mezofilinde bulunan

miisilaj hiicreleri; V) basit kristaller.

Ulmus tiirlerinde yaprakta epidermal silika hiicreleri [5] ve yilizeyde mineral plaklari [6] oldugu
bildirilmistir. Mineral plaklar1 6zellikle U. glabra ve U. laevis'te gozlenmistir. Ancak bu 6zellikler, tiir
ayrimi i¢in 6nemli degildir. Epidermal silika hiicrelerinin gorevinin, bitkiyi bdceklere [28] veya
dogrudan giines 1s1nimina karsi korumak oldugu tahmin edilmektedir [29]. Isik mikroskobu ile yapilan
incelemelerde bu hiicrelerin varliginin gozlenmesi miimkiin degildir. Bu hiicrelerin varliginin

belirlenmesi i¢in ancak bazi analiz yontemlerinin uygulanmasi dnerilir.

Metcalfe ve Chalk (1983) ve Sweitzer'e (1971) gore Ulmus cinsinde mezofilde yer alan siinger
parenkimasi biiyiik hiicreler arasi bosluklara sahiptir [5-6]. Ancak U. laevis ve U. glabra'nin siinger
parenkima hiicreleri arasinda oldukca kiigiik bosluklar gozlenmistir. Bitkinin bulundugu ortamdaki
15181n siddeti, yaprak gelisimi sirasinda mezofildeki palizat ve siinger tabakalarindaki hiicre yogunlugu
ve diizeni tizerinde etkilidir. Golgede gelisen yapraklar, U. laevis gibi tek sira halinde dizilmis palizat
hiicrelerine ve siinger parenkimasinda dar hiicrelerarasi bosluklara sahiptir. Ayni zaman araliginda ve
Akdeniz ikliminden toplanan U. canescens, diger tiirlere gére daha fazla 1s1ga maruz kalmasi nedeniyle
kalin bir palizat tabakasina sahiptir ve siinger tabakasindaki hiicreler arasi bosluklar1 da oldukca

bityiiktiir [27].

Baz1 Ulmus tiirlerinde iletim demetleri, parenkima kilifi veya sklerenkima hiicreleri tarafindan
cevrelenmemistir [5]. Sekil 1.'de gorildiigii gibi, iletim demeti klorofil igermeyen parankimatik
hiicrelerle gevrilidir ve mezofil boyunca uzanir. incelenen tiirlerin higbirinde iletim demetleri etrafinda
sklerenkima hiicrelerine veya parenkima kilifina rastlanmamigstir. Demet kilifi uzantist mevcuttur [6].

Is1gin mezofilin i¢ tabakasina ulagmasina ve hidrolik islevi gormesine izin verilir [30].

Bu ¢alismada, tiiylerin ve kristallerin yogunlugunun Ulmus tiirleri arasinda farklilik gosterdigi
gozlemlenmistir. Scialabba ve digerleri (1997) tarafindan yapilan ¢alismada da yapraklarda bulunan tiiy
ve kristal varliginin ve dagiliminin tiirler arasi ayrim i¢in kullanilabilecegi bildirilmistir [8]. Mezofilde
yer alan kristaller, fotosentetik dokulara 151k girisini destekler. Ayrica ortil tiiyleri, yaprag: giines 151g1mnin
zararli dalga boylarindan korur veya yaprak yiizeyinin optik ozelliklerini etkiler. Genel olarak
yapraklardaki tliy ve kristallerin islevi fotosentezde 1siktan maksimum yarar1 saglamaktir. Bu nedenle

degisen ortam kosullarina gére yogunluklar1 ve boyutlar1 degismektedir [30].

Petiolde genellikle yaklagik olarak ortada yer alan ve demet aksesuarlarina sahip olmayan, tam
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ya da yaklasik dairesel sekilde iletim demetleri gozlenir [5]. Bu genellestirmeden farkli olarak, U.
canescens hilal seklinde gozlenen bir iletim demetine sahiptir. Kristal yogunlugu, U. laevis disinda tiirler
arasinda farklilik gostermistir. Dal yapisi ayr1 ayn liflerden olusan belirgin perisiklik sklerenkima
formuna sahiptir; kortekse dagilmis cok sayida miisilaj hiicresinin bazen bosluklar olusturmak {izere
birlestigi gdzlenir; bunun yaninda basit ve bilesik kristallerin varligi da korteks i¢in ayirt edici bir
karakterdir [5]. Bu caligmada, U. laevis’in diger tiirlere kiyasla daha az ve kiiglik miisilaj hiicre
bosluklarina ve basit kristallere sahip oldugu belirlenmistir. Ayrica, U. canescens’in 6z bolgesinde

kristaller mevcuttur.

Schweingruber (2019) tarafindan yalnizca U. glabra'nin kabuk anatomisi incelenmistir [16]. Bu
calismada yapilan incelemede tanimlanan anatomik karakterler ve doku dizilimi tiim tiirler i¢in ortak
olup Schweingruber tarafindan yapilan calisma ile ortiismektedir. Kabuk oOrneklerindeki doku
kalinliklar1 6rneklerin yasia bagli olarak degismektedir. U. minor ve U. canescens'in periderminde
kristallerin varlig1 belirlenmis olup, bu 6zellik tiirler arasinda goriilen tek fark olarak degerlendirilmistir.
Bunun nedeni ise bu iki tiirin birbirine yakin tiirler olarak kabul edilmesidir [2]. Karaaga¢ kabuk
anatomisi ¢aligsmalarinda hibrit tiirlerin belirlenmesinde bu karakterin ayirt edici bir 6zellik olarak

degerlendirilebilecegi diistiniilmektedir.

Sonu¢ olarak, Ulmus cinsine ait dort tiirde incelenen kisimlara ait anatomik O6zelliklerdeki
farkliligin, degisken ortam kosullarina bagli oldugu anlasilmigtir. Ayirt edici bir 6zellik olarak
goriilmese de tiirler arasinda farklilik gosteren karakterler sunlardir; I) U. canescens'in yapraklarindaki
mezofil tabakasindaki druz kristallerinin varligi, II) ayn tiiriin petiol enine kesitinde hilal seklinde bir
iletim demeti ve genis bir sekilde etrafini saran lakunar kollenkima dokusunun varligs, I1T) U. laevis'in
dal kesitinde miisilaj kanali sayisinin diger tiirlere kiyasla daha az olmasi ve kristal yapilariin
gbzlenmemesi, IV) U. canescens'de ise dal kesitinin 6z bolgesinde ¢ok sayida kristal varhigi, V) U.
canescens yaprak enine kesitinde ise yine kollenkima dokusuna ait hiicrelerin lakunar tipte olmasi, VI)
Basta U. canescens ve U. laevis olmak iizere tiim tiirlerde ortii titylerinin ve kristallerin yogunluk ve
biiyiikliik bakimindan farkli olmasidir. Bununla birlikte, tiirleri ayirt etmek i¢in kullanilabilecek belirgin
sabit bir anatomik karakter gozlenmemistir. U. glabra disindaki tiim tiirlerin kabuk anatomisinin ilk kez
incelendigi bu ¢alisma ile Tiirkiye'de dogal olarak yetisen Ulmus tiirlerinin karakterizasyonuna katki
saglanmaya ¢aligilmistir. Ancak anatomik karakterlerin hibritlerin ayriminda kullanimu ile ilgili olarak,
belirgin karakterlere sahip tiirler ile birlikte hibrit drnekleri de iceren daha kapsamli ¢aligmalarin
yapilmasi Onerilmektedir. Tibbi degeri olan Ulmus tiirlerinin ayriminda kullanilacak ayirt edici
karakterlerin belirlenmesi i¢in ¢aligmalarin siirdiiriilmesi dnemlidir. Bu baglamda, galisma ekibimiz
tarafindan bu tiirlerin fitokimyasal (veya kemotaksonomik) agidan daha ayrintili bir sekilde arastirilmasi

planlanmaktadir.
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ABSTRACT

Objective: Radiopharmacy is a special field of pharmacy that examines, develops, conducts quality
controls, deals with distribution and application of pharmaceutical forms called radiopharmaceuticals that are
used for diagnostic and therapeutic purposes, carrying pharmaceutical and radioactive properties together.
Radiopharmaceuticals contain radionuclides. This is the most important difference that distinguishes
radiopharmaceuticals from other conventional drugs. Since radiopharmaceuticals are administered to humans,
they must be sterile, pyrogen-free, isotonic, isohydric, and subject to all quality control tests required for
conventional drug. Also, additional quality control tests are required due to radionuclide they contain. In this
review, quality control tests applied to radiopharmaceuticals, hospital radiopharmacy laboratory types and
Good Radiopharmacy Practices (GRP) will be discussed.

Result and Discussion: Radiopharmaceuticals should be prepared in accordance with standards specified
in relevant sections of pharmacopoeias. For each series of radiopharmaceuticals, tests prescribed in the
pharmacopoeias and records must be kept. Production and preparation of radiopharmaceuticals should be
carried out in accordance with Good Manufacturing Practices for sterile preparations and GRP for radioactive
products. However, radiopharmaceuticals that pass quality control tests can be administered to patients after
dose measurements are made in dose calibrators. Thus, the patient's safety and benefit are maximized, while
the risk is minimized. Some radiopharmaceuticals with a short half-life are used before quality control tests are
completed. In this case, the effectiveness and continuation of the quality assurance system should be tested at
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appropriate intervals. According to procedures performed by hospital radiopharmacy laboratories,
international standards are determined as Level 1A/B, Level 11A/B and Level I11A/B/C. Quality assurance of
radiopharmaceuticals is provided by a sufficient number of trained personnel within the scope of GRP, devices
that have been calibrated and controlled, appropriate substances and a working order in which tests determined
at each stage are made and results are recorded accurately and regularly.

Keywords: Good radiopharmacy practices, radiopharmaceuticals, radiopharmacy lab, quality
assurance, quality control
oz

Amag: Radyofarmasi, radyofarmasétik adi verilen, teshis ve tedavi ama¢h kullanilan, farmasétik ve
radyoaktif ozellikleri bir arada taswyan farmasétik formlart inceleyen, gelistiren, kalite kontrollerini yapan,
dagitimi ve uygulamasi ile ugrasan ézel bir eczacilik alamidir. Radyofarmasétikleri diger konvansiyonel
ila¢lardan ayiran en énemli fark; radyofarmasétiklerin radyoniiklid icermesidir. Radyofarmasdétikler insanlara
uygulandigi icin steril, pirojensiz, izotonik, izohidrik olmall ve geleneksel ilag icin gerekli tiim kalite kontrol
testlerine tabi olmalidir. Ayrica icerdikleri radyoniiklid nedeniyle ek kalite kontrol testlerinin uygulanmas: da
gereklidir. Bu derlemede radyofarmasitiklere uygulanan kalite kontrol testleri, hastane radyofarmasi
laboratuvar tipleri ve fyi Radyofarmasi Uygulamalar: (GRP) ele alinacaktir.

Sonug ve Tartisma: Radyofarmasdétikler, farmakopelerin ilgili boliimlerinde belirtilen standartlara uygun
olarak hazirlanmalidir. Her radyofarmasétik serisi icin farmakopelerde belirtilen testler ve kayitlar
tutulmalidir. Radyofarmasétiklerin iiretimi ve hazirlanmas, steril preparatlar icin Iyi Uretim Uygulamalart ve
radyoaktif tirtinler i¢cin GRP uyarinca yapilmalidir. Ancak kalite kontrol testlerini gecen radyofarmasotikler,
doz kalibratorlerinde doz olgiimleri yapildiktan sonra hastalara verilebilir. Boylece hastamin giivenligi ve
faydasit maksimize edilirken risk minimuma indirilir. Yari 6mrii kisa olan bazi radyofarmasdétikler kalite kontrol
testleri tamamlanmadan kullanilmaktadir. Bu durumda kalite giivence sisteminin etkinligi ve devamliligi uygun
araliklarla test edilmelidir. Hastane radyofarmasi laboratuvarlart tarafindan yapilan iglemlere gore
uluslararasi  standartlar  Seviye IA/B, Seviye IIA/B ve Seviye IIIA/B/C olarak belirlenmisitr.
Radyofarmasatiklerin kalite giivencesi, GRP kapsaminda yeterli sayida egitimli personel, kalibre ve kontrolleri
yapilmig cihazlar, uygun maddeler ve her asamada belirlenen testlerin yapildigi ve sonuglarin dogru ve diizenli
olarak kayit altina alindigi bir ¢alisma diizeni ile saglanir.

Anahtar kelimeler: Iyi radyofarmasi uygulamalari, radyofarmasétikler, radyofarmasi laboratuvari,
kalite giivencesi, kalite kontrol

INTRODUCTION

Radiopharmaceuticals are sterile and pyrogen-free drug formulations, which are mostly prepared
to be administered intravenously to patients for diagnosis and treatment in nuclear medicine [1,2]. The
most important difference from traditional drug formulations is that they contain a short half-life
radionuclide in their structure. Unlike traditional drugs, they are produced, quality control tests are
performed and administered to patients within the same working day [3]. Because some radionuclides
have short half-life like 'C, N, O, ®F, these radiopharmaceuticals do not allow all quality control
tests to be completed before being administered to patients. The quality control tests of these
radiopharmaceuticals are specified in the relevant pharmacopoeias, which should be done before
administration to the patient or which ones can be done retrospectively [4,5].

The purpose of quality control tests is to ensure that radiopharmaceuticals are administered to
humans effectively and safely. Quality control of radiopharmaceuticals protects patients from
unnecessary radiation exposure and side effects. It provides image quality and accurate diagnostic

information in diagnosis, and maximizes patient benefit by providing maximum effect in treatment [6].
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Quality assurance is a system that includes all the necessary components to ensure the safety,
efficacy and purity of radiopharmaceuticals [7]. This system consists of many components. These are:
1. A sufficient number of personnel who have received the necessary training
A properly planned and traceable laboratory
Adequate equipment with proper calibration and maintenance

2
3
4. Documentation consisting of appropriate job descriptions and traceable regular records
5. Suitable chemicals and auxiliaries

6

Appropriate quality control tests at every stage [7]

Before the radiopharmaceuticals are administered to the patient, differential tests are performed
quickly and effectively. These tests can be examined under four groups as physicochemical tests
(radioactivity, radionuclidic purity, radiochemical purity and chemical purity), biological tests (sterility,
pyrogenicity), pharmaceutical tests (appearance, color, pH, mean particle size, particle distribution,
ionic strength, isotonicity, and osmolality) and toxicity tests [8]. In this review, quality control tests of
radiopharmaceuticals, hospital radiopharmacy laboratory types and Good Radiopharmacy Practices

(GRP) to ensure quality assurance of radiopharmaceuticals will be discussed.
Physicochemical Tests of Radiopharmaceuticals
Radioactivity

Radioactivity is the number of nuclear transformation per unit time in the amount of radioactive
preparation. The unit of radioactivity Becquerel (Bg) expresses the number of transformations per
second [9]. When working with radiopharmaceuticals, since it is a very small unit in practice, multiples
such as kBq (10° Bq), MBq (10° Bq) and GBq (10° Bq) are used instead of Bg. To measure radioactivity,
dose calibrators measure in micro Curie (uCi), mCi or MBq, GBq. There are well-type gas ionization
chamber or dose calibrator systems to measure the radioactivity delivered to the patient. These devices
must pass certain tests to achieve the correct activity. The dose calibrator quality control tests should be
carried out at the installation stage and at the specified periodic intervals after installation. These tests
are accuracy, stability, linearity, and geometry [10-12]. The acceptable limits of the dose that should be
given to the patient according to the rules of the Nuclear Regulatory Commission (NRC) is £10%. If the
deviation in the dose calibrator is greater than 10%, the device must be repaired, recalibrated or replaced
[13-15].

Radionuclidic identity

In order to determine the identity of the radionuclide in pharmacopoeias, some tests depending
on the half-life and energy of the radionuclide are recommended [4,5]. The energy test is done by taking

the gamma spectrum of the radionuclide, which is the unique identifier for identity testing [16]. It is
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difficult to perform in the radiopharmacy laboratory as it requires equipment. The spectrometer system
must also be calibrated for accurate measurement. In the ionization chamber linearity test proposed to
determine the identity of the radionuclide, the radioactivity is measured at regular intervals for about 3
half-lives and plotted against time. The slope gives the decay constant A. Half-life is calculated from the
activity at time t with the formula In(A))=In(Ao) — A (Eq.1).

T12=In(2)/A (Eq. 2)

A: = The activity at time t

Ao = The activity at the beginning
Ty = Half-life of radionuclide

A = Decay constant of radionuclide
Radionuclidic purity

Radionuclidic purity is defined as the ratio of the activity of the radionuclide to the total
radioactivity. The undesired radionuclides can belong to the same element as the desired radionuclide
or to a different element. The purpose of radionuclide purity control is to protect the patient from
unnecessary radiation and to use the radiopharmaceutical effectively [17]. The radionuclide must be free
from all other species. Impurities arise from the production method of the radionuclide: Ge-68 in Ga-68
eluate in ®Ge/%®Ga generator, Sr-82 in Rb-82 eluate in 82Sr/®?Rb generator, or M0-99 in Tc-99m eluate
in ®Mo/**"Tc generator.

Radionuclidic purity is determined by measuring the type of radiation emitted from each
radionuclide and its half-life. Gamma-emitting radionuclidic impurities are measured by multi-channel
analyzer systems with Nal(TI) or Ge(Li) detectors, while pure beta-emitting radionuclides are measured
with beta spectrophotometer or liquid scintillation methods [18]. Identifying pure beta emitters is not as
easy as gamma emitters due to the counting problem. Mo-99 impurity in Tc-99m is practically measured
by gamma photon absorption (lead shield) method. ®*Mo/**™"Tc generator is loaded on glass column
(Al203), M0-99 activity is adsorbed on column material in the form of MoO4? (molybdate). The *Mo
activity in the eluate should be less than 0.15 pCi.mCi™* Tc-99m. The quantities of impurities should not
exceed acceptable limits. The molybdenum impurity in the product obtained from the *Mo/*™Tc
generator at each eluating and the expiry time of Tc-99m should be determined. Expiry time should not

exceed 12 h after eluating. NRC has set acceptable limits for each radionuclide [19].
Radiochemical purity

Radiochemical purity indicates the ratio of radionuclide contained in the radiopharmaceutical in
the chemical compound and is expressed in percent. Radiochemical purity is calculated by the ratio of

the activity in the desired chemical form to the total radioactivity. Radiochemical impurities are caused
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by changes in solution temperature or pH, light, the presence of reduced or oxidized agents, and
structural deterioration due to radiolysis. The distribution in the biological system and the absorbed
radiation dose are directly related to the radiochemical purity. This situation causes low quality images
to be taken and the patient to receive high doses of radioactivity due to the weak localization of the
radiopharmaceutical in the desired area and the high ground activity from the surrounding tissues. The
reason for the radiolabeled compounds to decay by radiolysis is the type and energy of radiation the
radionuclide has. As a result of the absorption of the radioactivity of the radiolabeled molecule, free
radicals with unshared electrons are formed and these free radicals cause other molecules to degrade.
Secondly, chemical structures such as hydrogen peroxide (H20) or hydrogen dioxide (HO_) formed as
a result of the radiolysis of water (H-O) cause the labeled molecule and other molecules to deteriorate.
Particular radiation releases its energy at a shorter distance than gamma radiation. In order to ensure the
stability of radiopharmaceuticals, substances such as ascorbic acid, p-aminobenzoic acid and gentisic

acid are added to the formulations as antioxidant agents in some cases [20,21].

There are chromatography methods such as gel chromatography, gas chromatography (GC), high
performance liquid chromatography (HPLC), and paper chromatography (PC) to determine
radiochemical purity. In the hospital radiopharmacy laboratory, the applicable quality control method is

PC or thin layer chromatography (TLC) in terms of being fast and economical [20].

Chromatography is a method of separating and purifying the components that make up the
chemical mixture in a two-phase system, one of which is stationary and the other is mobile phase. It is
based on the principle that the components are drifted with different speeds on the stationary phase with
the help of the moving phase [22]. Radiochromatography, unlike ordinary chromatography, detects
radioactive species based on their location rather than their chemical or physical properties [23]. Paper
is used as the stationary phase in PC. Separation is ensured by passing a solvent that will provide
separation from the paper, by making use of the different speed of the substances to be separated on the
paper. The difference of TLC from PC is that instead of paper, silica gel, aluminum oxide, aluminum
silicate or cellulose coated papers (Whatman 3M) are used and the separation process is completed faster
and in a short time. The Relative front (R) value of a compound is descriptive as the distance that
compound travels through a liquid through a stationary phase. The Rt value must be between 0-1. If the
administered compound remained at the application point, Ry is indicated as 0, if it progressed to the
extreme point, it is designated as Rr 1 [23,24]. Figure 1 shows the calculation of the Rs value on the strip.
While Table 1 shows R; values of radiopharmaceuticals labeled with Tc-99m, Table 2 shows R; values

of various radiopharmaceuticals labeled with radionuclides other than Tc-99m [25,26].
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Table 1. Chromatographic data of radiopharmaceuticals labeled with Tc-99m

Figure 1. Determination of Rf value

Radiopharmaceutical

Chromatographic System

R

Radiopharmaceutical

) Chromatography paper /
9MTc-Sodium pertechnetate o 0.9
Acetone: 2N Hydrochloric acid (80:20)
9%mTc-Sodium pertechnetate ITLC-Silica gel / 0.9% NaCl 1.0
. Chromatography paper / Water: Methanol
9mTc-Sodium pertechnetate 0.6
(20:80)
9MTc-(pyro and trimeta) Chromatography paper / Physiological saline 0.0-0.1
phosphate o
9mMTc-(pyro and trimeta)
Chromatography paper / Methyl Ethyl Ketone 0.0-0.1
phosphate
) Chromatography paper / Dilute methanol
9mTc-Albumin aggregate 0.0-0.1
(7:10)
9mTc-Albumin aggregate ITLC-Silica gel / 2-Butanone 0.0-0.1
9mTc-Arkitumomab Silica gel / Acetone 0.0-0.1
9mTc-Bisisate Silica gel / Ethyl acetate 0.4
9mTc-Bisisate ITLC-Silica gel / Saturated NaCl 0.0-0.1
. ITLC-Silica gel / Methanol: Ammonacetate
%9mTc-Bisisate 0.9-1.0
(50:50)
o Chromatography paper / Water: Acetonitrile 0.9-1.0
9mTc-Etifenin
(40:60)
9mTc-Etifenin Chromatography paper / Methyl Ethyl Ketone 0.0-0.1
9%mTc-Gluconate Silica gel / 0.9% NaCl 0.9-1.0
9%mTc-Gluconate Silica gel / Methyl Ethyl Ketone 0.0-0.1
9mTc-Gluseptat Chromatography paper / Acetone 0.0-0.1
9mTc-Human albumin Silica gel / Methyl Ethyl Ketone 0.0-0.1
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Table 1 (continued). Chromatographic data of radiopharmaceuticals labeled with Tc-99m

Radiopharmaceutical

Chromatographic System

R

Radiopharmaceutical

9mTc-Stannous

Penta Acetate

Silica gel / Sodium acetate 0.9-1.0
pyrophosphate
9mTc-Stannous .
Silica gel / Methyl Ethyl Ketone 0.0-0.1
pyrophosphate
9mTc-Colloidal tin Silica gel / 0.9% NaCl 0.0-0.1
9mTc-Colloidal Rhenium o ]
. Chromatography paper / Physiological saline 0.1
sulfide
9%mTc-Colloidal sulfur Chromatography paper / Physiological saline 0.1
Silicylic acid impregnated fiberglass paper
9mTc-Lidophene ] ) 0.0-0.1
tape / Nitrogen-leached solution of NaCl
9mTc-Medronat Silica gel / Sodium acetate 0.0-0.1
9mTc-Nofetumomabmer - ) o
Silica gel / 0.73 N Trichloroacetic acid 0.0-0.1
pentane
9mTc-Oxydronate Chromatography paper / Physiological saline 0.9-1.0
9mTc-Oxydronate Silica gel plate / Methyl Ethyl Ketone 0.0-0.1
9mMTc-Pentetate Silica gel / 0.9% NaCl 0.9-1.0
9mMTc-Pentetate Silica gel plate / Methyl ethyl ketone 0.0-0.1
Octadecylsilyl silica gel plate /
9mTc-Sestamibi Tetrahydrofuran: Ammonium acetate: 0.3-0.6
Methanol: Acetonitrile (10:20:30:40)
Aluminum oxide coated TLC / 0.9-1.0
9mMTc-Sestamibi
Ethanol
9mTc-Sucimer Silica gel plate / Methyl Ethyl Ketone 0.0-0.1
9mTc-Sulfur colloid Chromatography paper / Methanol 0.0-0.1
ITLC-Silica gel / Acetone: Dichloromethane
9mTc-Tetrofosmine 0.5
(35:65)
9mTc-Dimercaptosuccinic .
) ITLC-Silica gel / 2-Butanone 0.0-0.1
acid
9mTc-Diphosphonates ITLC-Silica gel / 1M NaAcetate 0.9-1.0
9mTc-Diphosphonates ITLC-Silica gel / 2-Butanone 0.0-0.1
9mTc-Diethylene Triamine ITLC-Silica gel / NaCl 0.9-1.0
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Table 1 (continued). Chromatographic data of radiopharmaceuticals labeled with Tc-99m

Radiopharmaceutical

Chromatographic System

R

Radiopharmaceutical

9%mTc-Diethylene Triamine

ITLC-Silica gel / 2-Butanone 0.0-0.1

Penta Acetate
9mTc-Ethyl Cysteinate Dimer Baker Silica gel / Ethylacetate 0.9-1.0
9MTc-Hexamethylene- ITLC-Silica gel /2-Butanone 0.9-1.0
propyleneamine oxime
9MTc-Hexamethylene- -

. . ITLC-Silica gel / 0.9% NaCl 0.0-0.1
propyleneamine oxime
9mTc-Dimethyl-acetanilide- N
R ITLC-Silica gel / 0.9% NaCl 0.0-0.1
iminodiacetic acid
9mTc-Dimethyl-acetanilide- - o
ST ITLC-Silica gel / 50% Acetonitrile 0.9-1.0
iminodiacetic acid
9mTc-Ethylenedicysteine ITLC-Silica gel / 2-Butanone 0.0-0.1
9mTc-Ethylenedicysteine ITLC-Silica gel / 0.3M Acetic acid 0.9-1.0
9%mTc-Monoclonal Antibodies ITLC-Silica gel / 0.9% NaCl 0.0-0.1

Table 2. Chromatographic data of various radiopharmaceuticals labeled with radionuclides other than

Tc-99m
Radiopharmaceutical Chromatographic System Rt Radiopharmaceutical
1BE-Alovudin Silica gel / Water: Acetonitrile (5:95) 0.7
BE-Fluorodeoxyglucose Silica gel / Water: Acetonitrile (5:95) 0.0
Octadesylsilyl silica gel / Methanol: Water
8F-Fluorodopa 0.3
(50:50)
BE-Fluoroethyl-L-Tyrosine Silica gel / Acetic acid: Methanol (10:90) 0.7
] Silica gel / Acetonitrile: NaCl solution
BF-Fluorocholine 0.5
(50:50)
BF-Fluoromisonidazole Silica gel / Water: Acetonitrile (5:95) 0.8
_ Silica gel / 77 g.L"* Ammonium Acetate
%8Ga-Edotreotide o 0.8-1.0
solution in water: Methanol (50:50)
) Silica gel / 77 g.L"* Ammonium Acetate
8Ga-Chloride o 0.0-0.2
solution in water: Methanol (50:50)
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Table 2 (continued). Chromatographic data of various radiopharmaceuticals labeled with radionuclides

other than Tc-99m

Radiopharmaceutical

Chromatographic System

Rr Radiopharmaceutical

n-1britumomab Silica gel / 0.9% NaCl 0.0-0.1
Hn-Kapromab Pentetate Silica gel / 0.9% NaCl 0.0-0.1
n-Chloride Silica gel / NaCl solution (pH:2.3) 0.5-0.8
Hn-Pentetate Silica gel / 0.9% NaCl 0.9-1.0
Hn-Satumomab Pentetate ITLC-Silica gel / 0.9% NaCl 0.0-0.1
1n-Octreotide ITLC-Silica gel / 0.1M Na-Citrat pH:5 0.0-0.1
0Y-1britumomab Tiuxetan Silica gel / 0.9% NaCl 0.0-0.1
Chromatography paper / Diluted methanol
1251-Albumin Jraphy pep 0.0-0.1
(7:10)
Chromatography paper / Methanol (adjusted
125]-|otalamate sodium to pH 3-6 with 2N Sulfuric acid): 0.0-0.1
Ammonium hydroxide (100:1.5)
1381]-Rosebengal sodium Chromatography paper / N Acetic acid 0.0-0.1
Chromatography paper / Concentrated
SICr-Edetat i 0.8-0.9
Ammonia: Ethanol: Water (1:2:5)
) Chromatography paper / Ammonia: Ethanol:
S1Cr-Sodium chromate 0.9
Water (25:50:125)
$2P-Chromic phosphate Chromatography paper / Water 0.0-0.1
o Octadecylsilyl silica gel / Methanol: Water
11C-Methyl-L-Methionine 0.58
(50:50)
st Silica gel / NaCl solution (pH:2.3) 0.4-0.7

Each radiopharmaceutical must be tested for radiochemical purity before being administered to

the patient. In terms of radiochemical purity, only free Tc-99m is expected in eluating product obtained

from generator.

The presence of Reduced/Hydrolyzed (R/H) Tc-99m in the eluating solution creates an impurity.

In radiopharmaceutical kits, a Tc-99m substrate becomes captive in a special organ system by binding

to the molecule. It may cause some problems in imaging by creating both free Tc-99m (**™TcO,) and

R/H Tc-99m (TcO,) radiochemical impurity that occurs during the radiopharmaceutical preparation

process [20].

Radiochemical impurities may cause difficulty in evaluating images and even inaccurate clinical

diagnosis. Therefore, it is important to effectively couple the radionuclide and the desired molecule to

ensure the accuracy of reported disease diagnoses. The desired efficacy and safety will not be achieved
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after treatment with radiopharmaceutical with low binding activity. United States Pharmacopeia (USP)
has established minimum standard binding efficiencies for many radiopharmaceuticals [4,5]. The rate
of radiochemical impurities can be at most 5% [27].

Chemical purity

Chemical impurities are all non-radioactive chemical structures in the radiopharmaceutical
preparation and cause adverse effects directly or by radiolabeling. The most common chemical impurities
are Al for ®"Tc radiopharmaceuticals and Kryptofix 2.2.2 for ¥F-FDG. According to USP standards,
the amount of Al*3ions in the Tc-99m eluate should not exceed 10 pg.mL*[4,5]. If there is more, colloidal
Tc-Al particles are formed. These particles can be accumulated in the liver and cause cell damage by
aggregation, with capillary blockage when larger particles appear, and by binding to red blood cells. The
amount of chemical impurities is measured by the spectrophotometric method. A simpler method to detect
aluminum is that the indicator paper gives the reagent red in the presence of Al*3, A standard solution of
10 pg.mL"* of aluminum is used for color analysis. All commercial kits contain stannous ions as reducing
agents. If there is too much stannous ions in the kit, it may cause some problems; for example, while the
bone should be visible, the liver is visible. Another problem is that the excess stannous remaining in the

circulation is destroying the red blood cells and collecting in the spleen [27].
Biological Tests of Radiopharmaceuticals

Each parenterally injected product must be sterile, pyrogen-free, and non-toxic. Biological tests
are performed during and after production to ensure that radiopharmaceuticals are sterile and clear of
pyrogens. In order for the product to be sterile and free of pyrogens, it must be manufactured under
sterile conditions, with sterile environments and materials. Toxic dose should be determined in animal

studies before being used in humans.
Sterility

Sterile solution is the solution medium in which there are no pathogenic or non-pathogenic living
organisms. Sterilization can be done by autoclaving at 121°C at 15 psi pressure or by 0.22 um membrane
filtration sterilization under aseptic conditions. Sterility control is performed to show that there is no
live bacteria or microorganism in the radiopharmaceutical preparation. It is carried out by taking a
sample from the drug and making a culture in a suitable medium. Incubate for 14 days at 30-35°C in
liquid thioglycolate medium or incubate for 14 days at 20-25°C in soy-casein medium. If there is no

microbial growth, the drug is sterile [28].

Many radiopharmaceuticals are produced and used on the same day. Since the sterility test is time-
consuming, the radiopharmaceutical which has radionuclide with short half life, is sent to the user before

the sterility test is completed, and the sterility results are recorded retrospectively. Clean environmental
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conditions should be maintained during production, High Efficiency Particulate Air (HEPA) filters take
particles of 0.3 um and larger, sterile disposable materials, sterile chemicals (water for injection, NaCl,
etc.) should be used. If aseptic conditions are applied correctly, the possibility of bacterial contamination
is reduced. It is recommended to take samples from the radiopharmaceutical prepared periodically once a
week and send it to the microbiology laboratory for bacteriological testing [3].

Pyrogenicity

Pyrogens are metabolic wastes of living organisms, or non-living organisms. Pyrogens are typical
bacterial endotoxins. They cannot be destroyed in the autoclave and cannot be separated by membrane
filtration. Although the solution is sterile, it may contain pyrogen. The way to prevent it is to use high
quality water and chemicals. The patient experiences fever, chills, headache and chest pain 45-90 min
after the injection of the pyrethetic substance, and this non-lethal situation ends after 3-4 h. Pyrogen test

is determined by two different methods.
Limulus Amebocyte Lysate (LAL) test

Gram negative endotoxin is the most important source of pyrogen contamination. The LAL test
is a fast and sensitive method that detects the presence of pyrogen and displays pyrogens at the ng.mL"
! level. The protein isolated from the blood cells of the horseshoe crab (limulus polyphemus) forms a
matte gel with nanograms or greater concentrations of gram negative bacterial endotoxin. The sample
to be tested is incubated with lysate at 37°C for 60 min. Formation of a matt gel indicates the presence

of pyrogen [29].
Rabbit pyrogenicity test

In the rabbit test, the test sample is injected into 3 rabbits. After injection, rectal temperature is
recorded once an hour for three hours. It is compared with the temperature before injection. A rise in
temperature of 0.6°C in each rabbit or a total temperature of 1.4°C in three rabbits is indicative of the
presence of pyrogenic matter. The rabbit test method, which is decided by considering the rise in fever
of rabbits, is no longer used [30].

Radioassay/radioactive dose for the patient

During the preparation of the radiopharmaceutical and before it is given to the patient, the
radioactivity of the radiopharmaceutical should be known according to the dose calculation made for
each patient. The amount of radioactivity in the radiopharmaceutical that is drawn into the injector to be
administered to the patient is measured with a dose calibrator. The amount of radioactivity is given in
Ci or Bg. The activity of the radiopharmaceutical decreases over time depending on the half-life of the
radionuclide used [31]. The following formula is used to calculate the activity of the pharmaceutical

over time (Eqg. 3):
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Ar= Ag x 0698 t/T, (Eq. 3)
A:= Activity (Bq or Ci) at time t

Ao = Activity (Bq or Ci) in original sample
t=Time

T¢= Physical half-life of radionuclide

Pharmaceutical Tests of Radiopharmaceuticals

Radiopharmaceuticals must have the proper ionic structure, isotonicity, and osmolality in order
to be used in humans. After each preparation, the radiopharmaceutical should be examined visually. The
mean particle size and size distribution should be determined, as well as the quantity of particles to be
supplied to the patient. The pH of the first product must be controlled in each batch prepared. An

injectable drug's isotonicity should be the same as a 0.9% sodium chloride solution.
Appearance and color

The physical appearance of a radiopharmaceutical after preparation and during use is specified in
the relevant monograph of the relevant pharmacopeia [4,5]. The radiopharmacist should check the
clarity and color of the radiopharmaceuticals after each preparation. If the radiopharmaceutical is not in

particle form, but in solution form, it should not contain particles.
pH

In the dilution of radiopharmaceuticals, liquids with an ionic structure and pH long-term value
that will not disturb the stability and physiological compatibility are used. For the stability of the
radiopharmaceutical, all radiopharmaceuticals are formulated in the optimum pH range. The most
suitable pH value for parenteral use is the blood pH value of 7.4. At the same time, due to the buffering
property of blood, radiopharmaceuticals can be prepared between pH 2-9. In clinical routine use, pH

value measurement with pH paper is a simple and fast method [2,6].
Mean particle size and size distribution

Mean particle size and size distribution is an important test that must be controlled in order to
achieve the desired distribution of the radiopharmaceutical in the biological system. The particle-
containing radiopharmaceutical is heterogeneous, and the mean particle size is determined by light
microscope, hemocytometer or dynamic light scattering. It contains two main types of
radiopharmaceutical particulate structures: aloumin microspheres [macro aggregated albumin (MAA),
human albumin microspheres (HAM), human serum albumin (HSA)] for lung scintigraphy and colloids
for the reticuloendothelial system. According to USP standards, at least 90% of the particles to be used

for lung imaging should be 10-90 um in diameter [4,5]. Smaller particles easily pass through the lungs
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and are accumulated in the reticuloendothelial system (liver, bone marrow). No particle should exceed
150 pm. The number of particles is determined according to the condition of the disease and the child
patient. Particles should be in the range of 0.1-1 um for liver and spleen imaging and 0.01-0.3 um for
lymphoscintigraphy. Dynamic light scattering is the best methods for measuring mean particle size and
size distribution [32,33].

lonic strength, isotonicity, and osmolality

The final form of the radiopharmaceutical must be isotonic, in other words the ionic strength must
be the same as the blood. Isotonic fluid has the same osmotic pressure as human serum.
Radiopharmaceuticals with 250-350 mOsm.kg™ are considered isotonic. Isotonia test is done using an
osmometer. Osmolarity controls the transitions between intracellular and extracellular. When an equal
concentration of solute occurs between the inside and outside of the cell, the cells are not damaged
because the pressure inside and outside the cell will be equal. Hypertonic or hypotonic fluid damages
cells. 0.9% sodium chloride solution is an isotonic solution, and the applied radiopharmaceuticals are
usually injected in this solution [34]. Due to the blood’s high dilution and buffering capacity, the
tolerances for pH and osmolality of intravenous injections are broad. However, the osmolality tolerances
are critical for intrathecal administrations. The preparation and selection of radiopharmaceuticals, and

diluents used for intrathecal administration requires special consideration.
Toxicity Tests of Radiopharmaceuticals

Acute and chronic toxicity test of radiopharmaceuticals is carried out by animal testing. After the
autopsy performed 2-6 weeks after the radiopharmaceutical administration, toxicity limits are

determined by cell culture study. The dose that kills 50% of the animals is shown as LDsxo [3].
Hospital Radiopharmacy Laboratory Types and Required Quality Controls

The procedures performed in hospital radiopharmacy laboratories around the world are classified

under 3 main categories [35-37].
Operational level |
Operational level | A

It includes radiopharmaceuticals, in the final form, purchased from authorized manufacturers, in
single or multiple dose form where no combination is required. Quality control studies consist of
measuring the radioactive dose of the radiopharmaceutical. The consistency of the dose calibrator should

be evaluated daily with a long half-life radionuclide such as Cs-137 [35-37].
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Operational level 1 B

This level of operation includes the preparation of ready-to-use injections of Sr-90 and Sm-153
used for therapy and pain relief therapy, and other ready-to-use open source radionuclides. Periodically,
radionuclidic and radiochemical impurities should be checked [35-37].

Operational level 11
Operational level 11 A

Routine use of the Tc-99m generator involves the reconstitution of pre-sterilized
radiopharmaceutical cold kits. Quality controls are quality controls on generator and generator eluating
in addition to Operational Level I. In the first eluating, radionuclidic impurity test, sterility,
radiochemical impurity and aluminum ion contamination should be checked. Radiochemical impurity

tests should also be performed before the radiopharmaceuticals are administered to the patient [35-37].
Operational level 11 B

It involves radiolabeling of blood cells taken from the patient to display infection or inflammation.
In quality controls, the shelf life of ®™Tc-HMPAO, !In-Oxine and Tc-99m colloids should be

considered and the radiolabeling percentage of leukocytes should be calculated routinely [35-37].
Operational level 111
Operational level 111 A

This level covers radiopharmaceuticals prepared for diagnostic applications. Procedures in Level
I and II, sterility test, bacterial endotoxin test, microbiological and pyrogenicity tests, specific activity,
chemical purity, HPLC, GC, TLC, radiochemical purity, stability and toxicity studies are required for
quality control studies [35-37].

Operational level 111 B

This level involves the preparation of radiopharmaceuticals (Metaiodobenzylguanidine (MIBG)
radioionidation, '®8Re-lipiodol, etc.) for therapeutic applications for research and development purposes.

Radionuclidic purity of the radiopharmaceutical is important in quality control [35-37].
Operational level 111 C

This level includes the synthesis of Positron Emission Tomography (PET) radiopharmaceuticals,
research and development purpose radiopharmaceuticals produced from long-life generators such as Ga-
68 and Re-188 generators. Quality control of radiochemical purities must be done quickly by HPLC.
Sterility, pyrogenicity and physicochemical tests should also be performed routinely [35-37].
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Good Radiopharmacy Practices (GRP)

Regarding the preparation and administration of radiopharmaceuticals, GRP combines the
principles of traditional Good Manufacturing Practices (GMP) of pharmaceuticals with radioprotection
concepts. The components of GRP are personnel and resources, qualifications, quality assurance, facility
and equipment, quality control, documentation and labeling [38,39].

Personnel and resources

In radiopharmacy lab, radiopharmacist is the responsible person which the owner of this area.
Also, the number of personnel should be such that all necessary procedures are completed before the
application of the prepared radiopharmaceutical. It is recommended that the duties and responsibilities
of all personnel are clearly defined in written documents. In GRP, an organizational chart is created
between the preparation steps and personnel responsibilities. All operations must be carried out under
the control of the responsible person (radiopharmacist). All personnel in charge from the preparation to
distribution of radiopharmaceuticals should be properly trained in quality systems, GRP and all
regulatory requirements related to radiopharmaceuticals. Personnel exposure to radiation should be
monitored by approved personnel dosimeters that are regularly checked and readings are recorded. After
the radiopharmaceutical preparation is completed, it should be checked whether there is radioactive

contamination in both the staff and the working area with appropriate monitors [39,40].

Qualifications:

¢ The radiopharmacist must establish procedures for the inspection and evaluation of incoming
materials and ensure that every incoming material is examined and evaluated before it is used
against specifications.

e The person responsible for quality assurance of radiopharmaceuticals should establish and
manage the overall quality assurance system and verify that the documentation is written
correctly.

e The person responsible for the production of radiopharmaceuticals must approve the
production processes, evaluate, sign and store production records.

The person responsible for quality control must describe the specifications, test methods and other

quality control procedures. It must evaluate, sign and keep quality control reports and records [39,40].
Quality assurance

It is recommended to establish a quality assurance program to comprehensively design and
correctly implement a quality assurance system, taking into account the appropriate risk assessment in
GRP. Risk assessment plays an important role in all stages involved in the preparation of

radiopharmaceuticals. The quality assurance team should inform the persons involved in the preparation
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of radiopharmaceuticals according to up-to-date information, and declare the necessary measures in
writing to ensure that the radiopharmaceuticals are released, stored and transported in a manner that
ensures the desired quality throughout the shelf life and in accordance with the expiry date [7].

Facility and equipment

Facilities should be designed to ensure proper handling of materials and equipment, and prevent
contamination of the equipment or product according to personnel or environmental conditions. It
should be such that all equipment used in production (eg particle accelerator, synthesis units or other
special equipment) is located and maintained in an easily accessible manner to all work areas in the
normal production stage. Access to workplaces should be limited to responsible personnel. In the
preparation of radiopharmaceuticals, the same area or room can be used for multiple purposes. However,
in the case of multiple radiopharmaceutical preparations, it is important to develop the appropriate level
of control required to avoid confusion and contamination. In order to avoid confusion and
contamination, different production areas should be clearly defined and segregated, especially with
regard to unidirectional material flow, intermediate and finished products. The preparation of
radiopharmaceuticals, quality control and storage of all approved ingredients, including laboratory
procedures (such as release testing), containers and lids can be done in the same room. All equipment
can potentially affect the quality and purity of radiopharmaceuticals or give incorrect or invalid test
results when used or not performed incorrectly. It is therefore essential to demonstrate that the equipment
is fit for the intended purposes, is properly installed, maintained and can produce valid results over and

over again [41].
Quality control

It is recommended that any quality control method required for radiopharmaceuticals have the
appropriate equipment to perform its function. For this purpose, the dose calibrator, radioactive TLC

scanner, HPLC device should be checked and maintained at recommended times [8].
Documentation

Quality control and assurance is based on an appropriate documentation system, organized in
written or electronic form, containing any documents, standart operating procedures (SOPs) and records
regarding any relevant step in the radiopharmaceutical preparation process to ensure traceability of the
entire process. Written procedures should cover how to select each material (ingredients, containers and
lids), the preparation process and all controls. The processes must cover the life of a material from
receipt of the material to final consumption. Records should be kept accessible and readily available to
any internal or external auditor within a reasonable time during the audit. Records must be kept for at

least 1 year. However, archiving time must comply with local and national regulations [42].
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Labeling

Labels can be computer-generated or handwritten. It is common practice to prepare most of the
labeling ahead of time due to radiation exposure concerns. For example, an empty product bottle can be
pre-labeled with partial information (product name, serial number, date) prior to infiltration of the
radioactive product, and upon completion of the quality control test, the outer shielded box is labeled to
contain the required information (radioactivity). A final check should be performed to verify that the
correct and complete label is attached to the can and container [43].

RESULT AND DISCUSSION

Quality control tests for radiopharmaceuticals are specified in pharmacopoeias. Quality control
procedures should be carried out at all operational levels and accurate and regular retrospective records
should be kept. Quality assurance and quality products are obtained with calibrated and controlled
devices, quality suitable materials, working order in which determined tests are performed by trained

personnel at every stage and a properly planned laboratory according to GRP rules.
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Yayim Kosullar

1.

Ankara Universitesi Eczacilik Fakiiltesi Dergisi (Ankara Ecz. Fak. Derg. — J. Fac. Pharm. Ankara)
yilda ii¢ kez (Ocak-Mayis-Eyliil) yayimlanir.

Dergiye Eczaciligin her alaninda daha once hi¢ bir yerde yaymlanmamis, Tiirkge veya yabanct
dilde (Ingilizce, Fransizca, Ispanyolca ve Almanca) olarak hazirlannms makaleler kabul edilir.
Deneylerde, insan icin “the Declaration of Helsinki” ve hayvan i¢in “European Community
Guidlines™’a bagh kalinmalidir.

Yayin Komisyonuna gelen makaleler en az 2 danismana gonderilir.
Makaleler yayia kabul edilis sirasina gore yayinlanir.

Danismanlar tarafindan onerilen diizeltmelerin yapilmasi ic¢in yazar/ yazarlara geri gonderilen
makaleler, diizeltilip yayinlanmak tizere 3 ay iginde tekrar yaym kuruluna gonderilmezse, yeni
bagvuru olarak iglem goriir. Makale yayimlandan dnce yazarlarin yayimciya makalenin “Copyright
Transfer Form’unu doldurarak telif hakkin1 gondermesi gerekmektedir.

Yayimlarda intihal olup olmadig1 kontrol edilmelidir.
Dergimize asagidaki makale tiirleri kabul edilir:

a) Arastirma makalesi: Tirkge veya ingilizce hazirlanmis, sekiller ve tablolar dahil tamami en
cok 20 A4 kagidi sayfasi olan, orjinal arastirmalarin bulgu ve sonuglarimi agiklayan
makalelerdir.

b) Derleme: Tiirkge veya ingilizce hazirlanmis, sekil ve tablolar dahil tamami en ¢ok 25 A4
kagidi sayfasi olan, yeterli sayida bilimsel makale taranarak, o giine kadarki gelismeleri
Ozetleyerek ortaya koyan ve sonuglarini yorumlayarak degerlendiren makalelerdir.

c¢) Onbilgiler: Devam etmekte olan bir calismanin bulgularini zaman kaybetmeden duyurmak
icin Tiirkce veya ingilizce yazilan en ¢ok 5 A4 kagidi sayfasi olan makalelerdir.



Yazim Kurallan

=
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©

10.

11.

Metinler, A4 normunda (21 x 29,7 cm) yazilmis olmalidir.

Metinler A4 normundaki sayfanin sag ve sol tarafindan 2,5 cm., iist ve alt kenarlarindan 3 cm.
bosluk birakilarak (ilk sayfada yukaridan 5 satir aralig1) 1,5 satir aralikla yazilmalidir. Yayim
kabul edilen makaleler dogrudan “Microsoft Word” dosyas1 halinde online olarak sisteme
yiiklenecektir (online submission). Ana metin yazi karakteri “Times New Roman” ve 11 punto
olmalidir.

Sayfa numaralar1 makalede belirtilmemelidir.

Paragraf baglar1 1 cm iceriden baslamalidir. Paragraflar arasi ilave bosluk birakilmamalidir.
Baslik sayfasinda yayin adi, yazar/yazarlarin adlar1 ve yazisma yapilacak yazarin acik adresi,
telefon ve faks numaralari, varsa e-mail adresi belirtilmeli ve ortali yazilmalidir. Sorumlu
yazarin soyadinin iistiine (*) isareti konularak belirtilmelidir. Bu kisinin Ad1 Soyadi, agik adresi,
faks numarasi, telefon numarasi ve e-mail adresi baslik sayfasinin en altinda belirtilmelidir.
Yazar Adi (ilk harfi biiyiik digerleri kii¢iik harf) ve SOYADI (tamamu biiyiik harf) koyu
olarak basligin altina ii¢ satir aralik verildikten sonra altina unvan belirtmeden yazilmalidir.
Birden ¢ok yazar varsa virgiille ayrilip bir bosluk birakilarak yazilmalidir. Yazarlarin soyadlar
iizerine konulacak rakamlarla hemen isimlerin altindaki satira kurum adlar1 ve posta adresleri
(Ornegin: Ankara Universitesi Eczacilik Fakiiltesi, Farmasotik Kimya Anabilim Dali, 06100,
Ankara, Tirkiye) acikca yazilmalidir.

e Tiim yazarlar icin ORCID numarasi1 mutlaka beyan edilmelidir. Yazarlarin ORCID
ID’leri ilgili logoya koprii olusturularak URL linklerinin  eklenmesiyle
gerceklestirilmelidir.

Uluslararasi kisaltmalar kullanilabilir. Metin iginde mililitre i¢in ml; dakika i¢in dak. olarak
belirtilen sekliyle yazilmalidir.

Birimler metrik sistemi kullanilarak ifade edilmelidir.

Biitiin tablo ve sekiller metin i¢indeki yerlerine yazim alanindan tagmadan yerlestirilmis
olmalidur.

Tablolar istlerine, sekiller (formiil, grafik, sema, spektrum, kromatogram, fotograf vb.) de
altlarina arabik rakamlarla (Sekil 1., Tablo 2.,) numaralandirilmali ve metin iginde yer
verilmelidir. “Tablo”, “Sekil” sozciikleri ile bunlara ait numaralar koyu yazilmali ve 11 punto
olmalidir. Sekil/Resim (JPG formatinda) makale iginde yerlesmis ve resimler yiiksek
¢Oziiniirlilkte olmalidir. En yiiksek baski kalitesini saglamak icin sekilleriniz miimkiin olan en
yiiksek ¢oziiniirliikte (300 dpi veya daha yiiksek) JPEG formatinda gonderilmelidir. Uzerinde
oynanmis (parlaklik, kontrast, gama ayar1 vb.) sekillerde sekil alt1 metninde yapilan ayarlar
belirtilmelidir. Yazarlar, 6nceki makalelerinden alintilanmig olsalar bile, diger kaynaklardan
herhangi bir goriintiiyii ¢ogaltmak icin ilgili yayincilardan yazili izin almalidir.

Tablo basliklar1 Tablolarin Gstiine ve iki yana yasli ve bunlarin genisligini asmayacak sekilde
11 punto yazilmalidir. Tabloya ait agiklama varsa tablonun altina bosluk birakmadan 9 punto
ile yazilmalidir. Tablo icindeki metin 8-11 punto arasinda yazilabilir. Sekil basliklar1 ise
Sekillerin altina birer satir aralikla ortali ve 11 punto yazilmalidir. Tablo ve Sekiller metin i¢ine
yerlestirilirken metin ile aralarinda net ayirimi saglayacak kadar bosluk birakilmalidir.

Ornek tablolar i¢in bakimz.
e Tiim satir ve siitun ¢izgileri yer almali.
e Tablo tasarinm tiim makalede tek tip ve diiz olmali, herhangi bir
renklendirme/g6lgelendirme kullanilmamalidir.
e Tablo iginde yer alan bagliklar bold/koyu renkte yazilmalidir.



Tablo 1. Tiirlere ait morfolojik 6zellikler

Bitki kisim* C. nummularia C. integerrimus

Yaprak Genisge eliptik-orbikular, | Orbikulardan ovata kadar farkli
0.9-2.5-(4) x 0.5-2.5-(3-5) cm | sekillerde, 1.2-(4-5) x 0.9-3 cm

Tohum 354 x 1-2 mm, koyu | 3-4x1.5-2 mm, agik kahverengi
kahverengi

*Aciklama: 9 punto, 1 aralik olmali. A¢iklama ile tablo bitiminde bosluk birakilmamalidir.

Tablo 2. Hastalarin dzellikleri

Demografik bilgiler A grubu* B grubu C grubu
Erkek cinsiyet 10 (%30) 20 (%60) 10 (% 30)
Sigara kullanimi 20 (%60) 10 (%30) 20 (%60)

*Aciklama: 9 punto yazilmalidir.

Ornek sekil;

Sekil 1. C. nummularia’nin genel goriiniisii

12. Makalelerin boliimleri BASLIK (Tiirkce ve Ingilizce), OZ, ABSTRACT, GIiRIS, GEREC
VE YONTEM, SONUC VE TARTISMA, TESEKKUR (varsa eklenmeli), YAZAR
KATKILARI, CIKAR CATISMASI, ETIK KURUL ONAYI (varsa eklenmeli) ve
KAYNAKLAR sirasina uygun olarak hazirlanmalidir. Bu boliimler birbirlerinden 2 satir aralik
ile ayrilmalidir. Bu béliimleri ifade eden basliklar (Makalenin ilk baglig1 hari¢) 12 punto ile
koyu olarak biiyiik harflerle ve sayfanin solundan baslanarak yazilmalidir. Ana
basliklardan 6nce ve sonra sirasiyla 18 nk ve 6 nk aralik olmalidir. Boliim bagliklari ile metin
arasinda belirtilenin disinda ayrica aralik_birakilmamahdir.

e BASLIK: Tiirkge ve Ingilizce olarak biiyiik harf ve ilk bashk (Tiirkce makalelerde Tiirkce
bashk, Ingilizce makalelerde ingilizce baslik ilk basliktir) 14 punto, koyu ve ikinci baslik 12
punto, italik olarak yazilmalidir. Baslik metine uygun, kisa, ¢aligmay1 tanitici ve agik ifadeli
olmalidur.

e OZ ve ABSTRACT: Tiirkge (OZ) ve ingilizce (ABSTRACT) olarak makalelerin basinda
200’er kelimeyi gegmeyecek sekilde 10 punto ile italik olarak ve ¢erceve icinde yazilmalidir.
Yabanci dilde yazilmis makalelerde 6nce ABSTRACT daha sonra mutlaka Tiirkge olarak OZ
bulunmahdir. OZ ve ABSTRACT basliklar1 12 punto ve koyu yazilip kendi i¢lerinde alt
basliklar halinde makalenin 6zeti sunulmalidir. Her bir alt baslik 10 punto, koyu, normal ve 1



cm icerden baslayarak yazilmalidir. OZ ve ABSTRACT 16 cm genisligindeki kutucukta yer
almalidir.

Ozgiin makalelerde;

OZ. i¢in kullanilacak alt bagliklar:
Amac: Metin italik yazilmalidir.
Gerec¢ ve Yontem: Metin italik yazilmaldir.
Sonug ve Tartisma: Metin italik yazilmalidr.
Anahtar Kelimeler: Metin italik yazilmalidwr, alfabetik siralama gozetilmelidir

ABSTRACT i¢in kullanilacak alt basliklar:
Objective: Metin italik yazilmalidir.
Material and Method: Metin italik yazilmalidir.
Result and Discussion: Metin italik yazilmalidir.
Keywords: Metin italik yazilmalidir, alfabetik siralama gozetilmelidir

Derleme makalelerde;

OZ igin kullanilacak alt bagsliklar:
Amac: Metin italik yazilmalidir.
Sonug ve Tartisma: Metin italik yaziimaldir.
Anahtar Kelimeler: Metin italik yazilmalidwr, alfabetik siralama gozetilmelidir

ABSTRACT igin kullanilacak alt bagliklar:
Objective: Metin italik yazilmalidir.
Result and Discussion: Metin italik yazilmalidir.
Keywords: Metin italik yazilmaldwr, alfabetik siralama gozetilmelidir

o Anahtar Kelimeler (Keywords): En fazla 5 s6zciikten olusmali, ilgili dilde alfabetik,
italik olarak, yalnizca ilk anahtar sdzciigiin ilk harfi biiylik olacak sekilde (biiyiik harf
kullanilarak yapilan kisaltmalar hari¢) aralara virgiil konularak yazilmali son anahtar
sOzclikten sonra ise bir imla isareti Kullamlmamahidir.

METIN: Orijinal tiirkce makalede metin kismi GIRiS, GEREC VE YONTEM, SONUC VE
TARTISMA olmak iizere 3 ana bagliktan olusmalidir. Bu ana basliklarin tamami 12 punto,
bityiik harflerle ve koyu olacak sekilde yazilmalidir. Derleme makalelerde ise GIRIS ile
SONUC VE TARTISMA ana bashklar1 olmali, diger bagliklar yazarin belirleyecegi sekilde
her kelimenin ilk harfi biiyiik digerleri kiigiik ve koyu olacak sekilde yazilmalidir. Alt bagliklar
11 punto, 1,5 satir aralik, bold/koyu yazilmali ve sola dayali olmalidir Alt basliklarda
numaralandirma sistemi kullamlmamahdir.

GiRiS: Arastirmanin amaci ve konuyla ilgili ¢aligsmalarin yer aldigi boliim olmalidir.

GEREC VE YONTEM: Kullanilan gereg belirtilerek, uygulanan yontem hakkinda gerekli
bilgiler agik¢a ifade edilmelidir. Bilesiklerin karakterizasyonu ayr1 bir paragraf ile
gosterilmeli ve yeni bilesiklerin safliklari ve yapi aydinlatilmalari saglanmalidir. Eger
caligmada hayvan ya da insan 6rnekleri/goniilliiler kullaniliyorsa, arastiricilar tiim islemlerin
ilgili kanun ve kurumsal kilavuzlara uygun sekilde gergeklestirildigine ve uygun idari kurul
tarafindan bu islemlerin onaylandigina ve Etik Kurul onayi alindigina dair ifadenin ¢aligma
icinde yer almasini saglamalidirlar. Etik Kurul onayinin zorunlu oldugu ¢alismalarda, etik kurul
onay1 alinan kurumun adi ve etik kurul onay numarasi, gere¢ ve yontem kisminda belirtilmelidir.
Ayrica, kullanilan protokol ve prosediirlerin etik olarak gozden gegirildigi ve onaylandigi,
makalenin gere¢ ve yontem boliimiine eklenmelidir. Detayli bilgi i¢in lLitfen
http://journal.pharmacy.ankara.edu.tr/en/ethical-principles-and-publication-policy/ web
sayfasini ziyaret ediniz.



about:blank

SONUC VE TARTISMA: Bulgularin verilerek degerlendirildigi boliimdiir.
¢ Metinde sonuglar (conclusions) baslig1 yer almamahidar.

TESEKKUR: Varsa arastirmay: destekleyen kurulusa ve katkisi olan kisilere Yazarlarin
Katkisindan 6nce yer alan bu boliimde kisaca tesekkiir edilebilir.

YAZAR KATKILARI: Makalede yer alan yazarlarin katkis1 yazarlar tarafindan imzalanan
Telif Hakki Devir Sozlesmesi (Copyright Transfer Agreement) uyarinca, ¢ikar catigmast
bildiriminden hemen 6nce, makalede yer alan isim siras1 gozetilerek yazilmalidir. Liitfen bu
bildirim i¢in agik ad ve soyad yerine asagidaki 6rnekte oldugu gibi yazarlarin bas harflerini
kullaniniz.

Ornek:
YAZAR KATKILARI

Kavram: Y., MM.H., C.H.,, K.B.; Tasarim: 1.Y., C.H., 1.0O.G., O.U.; Denetim: C.H.,
1.0.G.,, M.\M.H., K.B.; Kaynaklar: 0.U., ZK., K.B., MM.H., AK., IA., GAG., B.G., BK;
Malzemeler: 1.0.G., B.E., G.A.G., BK., D.C.P.; Veri Toplama ve/veya Isleme: 4.K., O.U.,
MK, AS., D.C.P., T.C.S.T.; Analiz ve/veya Yorumlama: O.U., B.G., T.C.S.T., E.K.S.; Literatiir
Taramasi: B.K., D.C.P, B.G., B.E.; Makalenin Yazilmas1: 4.K., [ A., T.C.S.T.; Kritik Inceleme:
LY., B.G,O0.U, [A.;Diger: 1Y, AK.

CIKAR CATISMASI BEYANI

Cikar catismasi varsa ne sekilde oldugu agikca beyan edilmelidir. Eger yok ise
“Yazarlar bu makale i¢in gercek, potansiyel veya algilanan ¢ikar ¢atigmasi olmadigini beyan
ederler.” ifadesini kullanmalidirlar.

ETIK KURUL ONAYI

Calismanin sonunda kaynaklardan 6nce etik kurul onay1 alinmigsa hangi kurumdan ve
ne zaman alindig1 onay numarasi ile mutlaka belirtilmelidir. Etik kurul onayina gerek olmayan
calismalarda asagidaki climle yazilmalidir.

“Yazarlar bu galigma i¢in etik kurul onayinin zorunlu olmadigini beyan etmektedir.”

KAYNAKLAR: Kaynak yazim stili Amerikan Psikoloji Dernegi’ne (APA) goredir. Yazi
karakteri “Times New Roman” ve 11 punto, “1” aralik, iki yana yasli. Metinde, ge¢is sirasina
gore koseli parantez iginde, drnegin: [1,2,...] gibi numaralandirilmali ve metin sonunda bu
numaralara gore siralanmalidir. Alt bagliklarin yanina kaynak belirtilmemelidir. Tablo i¢inde
kaynak bildirilmesi gerekiyorsa metin i¢inde verildigi gibi belirtilmelidir. Kaynaklar asagidaki
orneklere uygun olarak aralarinda 1 satir bosluk birakilarak yazilmahdir.

e Makale icin: Yazarin soyadi, adinin bas harfleri (Birden fazla adi olan yazarin her bir
isminin bas harfinden sonra nokta konmali ve arada bosluk birakilmamalidir. Birden fazla
yazarlarin arasinda virgiil yer almalidir. Son yazar ile bir onceki yazar arasinda “ve”
kelimesi veya “&” sembolii kullamlmamalidir.), makalenin tam bashgi derginin adi
(italik), cilt no (italik), varsa say1 no (parantez i¢inde), baslangic ve bitis sayfa numarasi, y1l
yazar isimlerinden sonra (parantez ig¢inde) yazilmalidir. Birden fazla yazar varsa hepsi
yazilmahdir. Makalenin adi yazilirken ilk kelimenin ilk harfi biiylik diger kelimelerin ilk
harfi kiigiik yazilmalhidir. Kaynaklarda verilen dergi adlar1 kisaltma yapilmadan agik
olarak yazilmahdir.




Her bir referansin sonuna [CrossRef] ekleyerek asagidaki formatta DOI numarasim
koprii olarak giriniz.
https://doi.org/10.1016/0006-2952(89)90403-6

Ornekler:

Moncada, S., Palmer, R.M.J., Higgs, E.A. (1989). Biosynthesis of nitric oxide from L-
arginine. A pathway for the regulation of cell function and communication. Biochemistry
and Pharmacology, 38(11), 1709 — 1715. [CrossRef]

Macedo, T., Ribeiro, V., Oliveira, A.P., Pereira, D.M., Fernandes, F., Gomes, N.G.M.,
Andrade, P.B. (2020). Anti-inflammatory properties of Xylopia aethiopica leaves:
Interference with pro-inflammatory cytokines in THP-1-derived macrophages and flavonoid
profiling. Journal of Ethnopharmacology, 248, 112312. [CrossRef]

Elektronik Makale icin:

Ornek:

Perneger, T.V., Giner, F. (1998). Randomized trial of heroin maintenance programme for
adults who fail in convential drug treatments. British Medical Journal, 317, from
http://www.bmj.com/cgi/content/full/317/7150/ Erisim tarihi: 14.03.2021

Web sitesi icin:

Ornek:
Clinical Pharmacology Web site. (2001). From http://cpip.gsm.com/ Erisim tarihi:
14.03.2021.

Kitap icin: Yazarin soyadi, adinin bas harfleri, kitabin adi, cilt no (varsa), kitabevi,
yayinlandigi sehir, sayfa no, basildigi y1l (parantez i¢inde) yazilmalidir.

Ornek:
Franke, R. (1984). Theoretical Drug Design Methods, Elsevier, Amsterdam, p.130.

Kitap béliimii icin: Yazarin soyadi, adinin bag harfleri, boliimiin basligi, editdr/editorlerin
soyadi, admin bag harfleri, (Ed./Eds.) ibaresi, kitabin adi, varsa cilt no, kitabevi,
yayinlandigi sehir, sayfa no, basildig1 yil (parantez i¢inde) yazilmalidir.

Ornek:
Weinberg, E.D. (1979). Antifungal Agents. In: M.E. Wolff and S.E. Smith (Eds.), Burger’s
Medicinal Chemistry, (pp. 531-537). New York: John Wiley and Sons.

Tez i¢in: Yazarin soyadi, adinin bas harfleri, yil yazar isimlerinden sonra (parantez i¢inde)
yazilip nokta isareti konmalidir. Ne tiir tez oldugu belirtildikten sonra tezin basligi, nerde
yapildig1 yazilmalidir.

Ornek:

Ahmed, J. (2008). PhD Thesis. Pharmaceutical Botany investigations on Prangos Lindl.
(Umbelliferae) growing in Konya province. Department of Pharmaceutical Botany, Faculty
of Pharmacy, Ankara University, Ankara, Turkey.
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Guide for Authors

1.

The Journal of Faculty of Pharmacy of Ankara University (J. Fac. Pharm. Ankara) is published
three times (January-May-September) a year.

The Journal of Faculty of Pharmacy of Ankara University publishes articles in every field of
Pharmaceutical Sciences. The manuscript to the journal should not be published previously as a
whole or in part and not be submitted elsewhere. Manuscript should be written in Turkish or in a
foreign language (English, French, Spanish or German). The experiments used have to be adhered
to the Declaration of Helsinki for humans and European Community Guidlines for animals.

All manuscripts will be submitted to a review process by the editors and by qualified at least 2
outside reviewers.

Manuscripts are published in order of final acceptance after review and revision.

If a manuscript returned to the authors for revision is not received back to the editor within 3 months
it will be treated as a new article. When the article is published, the by authors are considered to
transfer all rights of the manuscript to the Publisher.

Manuscript will be controlled using plagiarism checker.
Manuscripts with the following charactheristics are accepted:

a) Research article: Articles written in English or Turkish in scientific format presenting original
research. Articles should be printed on A4 size papers not exceeding 20 pages (including tables
and figures).

b) Review: An updated comprehensive review of scientific works on a particular subject.
Acrticles written in English or Turkish should be printed on A4 size papers not exceeding 25
pages (including tables and figures).

¢) Rapid communication: Rapid announcement of the results of a continuing research written
in English or Turkish, no longer than 5, A4 size pages.
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10.

11.

Texts must be written in A4 norm (21 x 29.7 cm).
Texts should be written with 1.5 line spacing, with 2.5 cm margins on the left and right sides
of the A4 norm page, 3 cm margins each from the top and bottom edges (5 line spacing from
the top on the first page). Articles accepted for publication will be directly uploaded to the
system as a "Microsoft Word" file (online submission). The main text font should be "Times
New Roman' and 11 pt.
Page numbers should not be specified in the article.
Paragraph headings must begin 1 cm inside. Additional spaces should not be left between
paragraphs.
On the title page, the name of the publication, the names of the author / authors, the full address
of the correspondent author, telephone and fax numbers, e-mail address, if available, should be
written and centered. It should be indicated by placing (*) above the surname of the
corresponding author. Name, surname, full address, fax number, telephone number and e-mail
address of this person should be specified at the bottom of the title page.
Author's Name (first letter capital, others lowercase) and SURNAME (all capital letters)
should be written in bold, three lines spaced under the title, and without a title underneath. If
there is more than one author, they should be written by separating them with a comma and
leaving a space. The numbers to be placed on the surnames of the authors and the institution
names and postal addresses (For example: Ankara University Faculty of Pharmacy, Department
of Pharmaceutical Chemistry, 06100, Ankara, Turkey) should be clearly written on the line just
below the names.
e ORCID ID number must be declared for all authors. ORCID IDs of the authors should
be created by creating a hyperlink to the relevant logo and adding URL links.
International abbreviations may be used. ml for milliliter in the text; min. for minutes It should
be written as specified.
Units should be expressed using the metric system.
All tables and figures should be placed in their places in the text without exceeding the writing
area.
Tables should be numbered on the top, figures (formula, graph, chart, spectrum, chromatogram,
photograph, etc.) and Arabic numbers (Figure 1., Table 2.) below them and should be included
in the text. The words "Table", "Figure" and their numbers should be written in bold and in 11
pt. Figure / Picture (in JPG format) must be placed in the article and pictures must be in high
resolution (300 dpi or higher). Authors must obtain written permission to reproduce any images
from other sources.
Table titles should be written in 11 font size justified on the top of the tables and not exceeding
their width. If there is an explanation for the table, it should be written in 9 font size without
leaving any space at the bottom of the table. The text in the table can be written between 8-11
points. Figure titles should be written at the bottom of the figures with a line spacing, centered
and 11 pt. While placing tables and figures in the text, enough space should be left to provide
clear separation from the text.

See for below examples for tables:
e All row and column lines should be included.
e Table design should be uniform and straight throughout the article, no coloring /
shading should be used.
e Headings in the table should be written in bold.



Table 1. Morphological characteristics of the species

Plant part* C. nummularia C. integerrimus

Leaf Broadly elliptical-orbicular, | From orbicular to ovate,
0.9-2.5-(4) x 0.5-2.5-(3-5) | 1.2-(4-5) x 0.9-3 cm,
cm

Seed 3.5-4 x 1-2 mm, dark brown | 3-4 x 1.5-2 mm, light brown

* Explanation should be 9 font size, 1 range. There should not be any space between end of the table and
the explanation.

Table 2. Patient demographics

Demographics Group A* Group B Group C
Male gender 10 (%30) 20 (%60) 10 (% 30)
Cigarette consumption | 20 (%60) 10 (%30) 20 (%60)
* Explanation should be 9 font size, 1 range. There should not be any space between the end of the table and the
explanation.

Example for figure:

Figure 1. General view of C. nummularia

12. The sections of the articles should be prepared in accordance with the TITLE (Turkish and
English), ABSTRACT, INTRODUCTION, MATERIAL AND METHOD, RESULT AND
DISCUSSION, ACKNOWLEDGEMENTS (if available), AUTHOR CONTRIBUTIONS,
CONFLICT OF INTEREST, ETHICS COMMITTEE APPROVAL (if available) and
REFERENCES. These sections should be separated from each other by 2 line spacing. Titles
expressing these sections (except the first title of the article) should be written in 12 pt, bold
capital letters and starting from the left of the page. There should be 18 nk and 6 nk intervals,
respectively, before and after the main headings. Between the chapter titles and the text, a
separate space should not be left other than the specified one.

e TITLE: Capital letters and first title in Turkish and English (Turkish title is the first title in
Turkish articles, English title is the first title in English articles), 14 pt, bold and the second
title should be written in 12 pt, italic. The title should be appropriate to the text, short,
introducing the work and clearly worded.

e ABSTRACT and OZ: It should be written in English (ABSTRACT) and Turkish (OZ) at
the beginning of the articles, not exceeding 200 words, 10 pt, italic and within a frame. In
articles written in a foreign language, first ABSTRACT and then OZ in Turkish. ABSTRACT
and OZ titles should be written in 12 pt. And bold and the summary of the article should be
presented as subheadings. Each subtitle should be written in 10 pt, bold, normal and 1 cm
indented. ABSTRACT and OZ should be placed in the box of 16 cm width.



For original articles;

Subheadings to be used for ABSTRACT:
Objective: Text should be written in italic.
Material and Method: Text should be written in italic.
Result and Discussion: Text should be written in italic.
Keywords:

Subheadings to be used for OZ.:
Amag: Text should be written in italic.
Gerec ve Yontem: Text should be written in italic.
Sonug ve Tartisma: Text should be written in italic.
Anahtar Kelimeler: Text should be written in italic.

For review articles;

Subheadings to be used for ABSTRACT:
Objective: Text should be written in italic.
Result and Discussion: Text should be written in italic.
Keywords:

Subheadings to be used for OZ:
Amag: Text should be written in italic.
Sonug ve Tartisma: Text should be written in italic.
Anahtar Kelimeler:

o Keywords (Anahtar Kelimeler): It should consist of a maximum of 5 words,
should be written alphabetically, italic in the relevant language, with only the first
letter of the first keyword capitalized (except for abbreviations using capital
letters) with commas between them and a spelling mark should not be used after
the last keyword.

TEXT: The text part of the original Turkish article should consist of 3 main headings:
INTRODUCTION, MATERIAL AND METHOD, RESULT AND DISCUSSION. All of
these main headings should be written in 12 pt, capital letters and bold. In review articles,
there should be the main headings of INTRODUCTION and CONCLUSION AND
DISCUSSION, other titles should be written with the first letter of each word capital, the others
in lowercase and bold, as determined by the author. Subheadings should be written in 11 font
size, 1.5 line spacing, bold and aligned to the left. Numbering system should not be used in
subheadings.

INTRODUCTION: There should be a section containing the purpose of the research and
studies on the subject.

MATERIAL AND METHOD: Required information about the method should be clearly
stated by indicating the material used. Characterization of compounds should be shown in a
separate paragraph and clarification of the purity and structure of the new compounds should
be provided. If animal or human samples / volunteers are used in the study, researchers should
ensure that a statement stating that all procedures are carried out in accordance with the relevant
laws and institutional guidelines and that these procedures have been approved by the
appropriate administrative committee and that the approval of the Ethics Committee is included
in the study. In studies for which Ethics Committee approval is mandatory, the name of the
institution for which the ethics committee approval was obtained and the ethics committee
approval number should be specified in the materials and methods section. It should also be
included in the materials and methods section of the article that the protocols and procedures
used are ethically reviewed and approved. For detailed information, please visit
http://journal.pharmacy.ankara.edu.tr/en/ethical-principles-and-publication-policy/ web page.
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RESULT AND DISCUSSION: This is the section where findings are given and evaluated.
o The title of conclusions should not be included in the text.

ACKNOWLEDGMENTS: If any, the organization supporting the research and the people
who contributed can be acknowledged briefly in this section prior to the Authors' Contribution.

AUTHOR CONTRIBUTIONS: Contribution of the authors in the article should be written
just before the conflict of interest notification, in accordance with the Copyright Transfer
Agreement signed by the authors. Please use the initials of the authors for this notice instead of
the full name and surname as in the example below.

Example:
AUTHOR CONTRIBUTIONS

Concept: .Y., MM.H., C.H., K.B.; Design: 1.Y., C.H., 1.0.G., O.U.; Control: C.H.,
10.G., MM.H., K.B.; Sources: O.U., ZK., KB, MMH., AK, A, GAG., B.G., BK,
Materials: 1.0.G., B.E., G.A.G., B.K., D.C.P.; Data Collection and / or Processing: A.K.,
O0.U, MK, A.S., D.C.P., T.C.S.T.; Analysis and / or Interpretation: O.U., B.G., T.C.S.T.,
E.K.S.; Literature Review: B.K., D.C.P, B.G., B.E.; Manuscript Writing: 4.K., 4. ,
T.C.S.T.; Critical Review: LY., B.G., O.U., I.A.; Other: Y., A.K.

CONFLICT OF INTEREST

If there is a conflict of interest, it should be clearly declared in what form it is. If not,
"The authors declare that there is no real, potential, or perceived conflict of interest for this
article." They should use the expression.

ETHICS COMMITTEE APPROVAL

If the ethics committee approval is obtained before the sources at the end of the study,
the approval number must be specified from which institution and when it was obtained. In
studies that do not require ethics committee approval, the following sentence should be
written.

"The authors declare that the ethics committee approval is not required for this study"'.

REFERENCES: Bibliography style is according to the American Psychological Association
(APA). Typeface "Times New Roman" and 11 font size, "1" spacing, justified. In the text, it
should be numbered in square brackets according to the order of appearance, such as: [1,2,...]
and listed according to these numbers at the end of the text. Reference should not be given next
to the subtitles. If it is necessary to provide a source in the table, it should be specified as given
in the text. References should be written in accordance with the examples below, with 1 line
space between them.

o For the article: Author's surname, the initials of the name (There should be a period
after the initial letter of each name of the author with more than one name, and there
should not be a space in between. There should not be “and” between the last author
and the previous author. The “&” symbol should not be used. The full title of the
article should be written as the name of the journal (italic), volume number (italic), if
available, the number (in brackets), the beginning and ending page number, the year
after the author names (in parentheses). If there is more than one author, all of them
should be written. While writing the name of the article, the first letter of the first word
should be capitalized and the first letter of the other words should be written in



lowercase. Journal names given in references should be written clearly without
abbreviation.

Add the [CrossRef] sign at the end of each reference and enter the DOl humber as
a hyperlink with the right click in the format below.
https://doi.org/10.1016/0006-2952(89)90403-6

Examples:

Moncada, S., Palmer, R.M.J., Higgs, E.A. (1989). Biosynthesis of nitric oxide from L-
arginine. A pathway for the regulation of cell function and
communication. Biochemistry and Pharmacology, 38(11), 1709 — 1715. [CrossRef]

Macedo, T., Ribeiro, V., Oliveira, A.P., Pereira, D.M., Fernandes, F., Gomes, N.G.M.,,
Andrade, P.B. (2020). Anti-inflammatory properties of Xylopia aethiopica leaves:
Interference with pro-inflammatory cytokines in THP-1-derived macrophages and
flavonoid profiling. Journal of Ethnopharmacology, 248, 112312. [CrossRef]

Online articles:

Example:

Perneger, T.V., Giner, F. (1998). Randomized trial of heroin maintenance programme for
adults who fail in convential drug treatments. British Medical Journal, 317, from
ttp://www.bmj.com/cgi/content/full/317/7150/ Retrieved August 12, 2005

e Web sites:

Example:
Clinical Pharmacology Web site. (2001). Retrieved June 16, 2004, from
http://cpip.gsm.com/. Accessed date 14.03.2021.

Books: The surname of the author, the initials of the name, the name of the book, volume
number (if any), the bookstore, the city where it was published, the page number, the year it
was published (in parentheses) should be written.

Example:
Franke, R. (1984). Theoretical Drug Design Methods, Elsevier, Amsterdam, p.130.

Book chapters: Author's surname, initials of the name, the title of the section, the editor /
editors' surname, the initials of the name, the phrase (Ed./Eds.), The title of the book, if any,
the book house, the city where it was published, the page number, the year it was published
(in parentheses) should be written.

Example:
Weinberg, E.D. (1979). Antifungal Agents. In: M.E. Wolff and S.E. Smith (Eds.), Burger’s
Medicinal Chemistry, (pp. 531-537). New York: John Wiley and Sons.

For the thesis: The surname of the author, the initials of the name, the year should be written
(in parentheses) after the author's names and a full stop. After specifying the type of thesis,
the title of the thesis and where it was made should be written.

Example:

Ahmed, J. (2008). PhD Thesis. Pharmaceutical Botany investigations on Prangos Lindl.
(Umbelliferae) growing in Konya province. Department of Pharmaceutical Botany,
Faculty of Pharmacy, Ankara University, Ankara, Turkey.
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