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TURK HIJYEN VE DENEYSEL BiYOLOJi DERGISi YAYIN ILKELERI VE YAZIM KURALLARI

1) AMAC ve KAPSAM

Turk Hijyen ve Deneysel Biyoloji Dergisi (THDBD), T.C. Saglik Bakanligi, Halk
Sagligi Genel Miidirligi’niin yayin orgam olan bilimsel bir dergidir. Dergi li¢
(3) ayda bir (Mart, Haziran, Eyldl, Aralik) yayimlanir ve dort (4) sayida bir cilt
tamamlanir. Talep olmasi durumunda Ek Say1 ¢ikartilir.

Dergimizin amaci tip alaninda asagidaki konularda yapilan, bilimsel agidan
nitelikli ve literatiire katki saglayacak klinik ve deneysel arastirma yazilarim
yayimlamaktir.

Dergide biyoloji, mikrobiyoloji, enfeksiyon hastaliklari, farmakoloji,
toksikoloji, imminoloji, parazitoloji, entomoloji, kimya, biyokimya, gida,
beslenme, cevre, halk sagligi, epidemiyoloji, patoloji, fizyopatoloji, molekiiler
biyoloji, genetik ve biyoteknoloji ile ilgili alanlardaki 6zgiin arastirma, olgu
sunumu, derleme, editore mektup ve teknik rapor tiiriindeki yazilar yayimlanir.

I1) YAYIN iLKELERI

Dergiye, daha once baska yerde yayimlanmamis ve yayimlanmak iizere baska
bir dergide inceleme asamasinda olmayan yazilar kabul edilir.

Dergi Yayin Kurulu tarafindan uygun goriilen yazilar, konu ile ilgili en az iki
Bilimsel Damisma Kurulu Uyesi’nden (Hakem’den) olumlu gériis alindiginda
yayimlanmaya hak kazanir. Hakemlerin ve yazarlarin isimleri gizli tutulur.
Hakemler degerlendirme siireclerini en ge¢ Ulc ay icinde tamamlar. Bu
kurullarin, yazimn igerigini degistirmeyen her tirlii dizeltme ve kisaltmalar
yapma yetkileri vardir.

Yazilarin bilimsel ve hukuki sorumlulugu yazarlara aittir.
Yazarlar arastirma ve yayin etigine tam olarak uyum gostermelidir.
I1l) TELIF ve LISANS

Makalelerin tibbi ve etik sorumlulugu yazarlara aittir. Makalelerin ve kaynaklarin
iceriginden, yayimlanan makalelerdeki veriler, fikirler ve ifadelerden yazarlar
sorumludur; editorler, yayin kurulu ve T.C. Saglik Bakanligi Halk Saglig1 Genel
Miidurligt bu konularda herhangi bir sorumluluk kabul etmemektedir. Yazarlara
telif licreti 6denmez.

Yazarlar, makalenin yayina kabul edilmesi halinde telif haklarin1 Tiirk Hijyen ve
Deneysel Biyoloji Dergisi’ne devretmeyi kabul ederler. Ancak yazarlar asagidaki
haklara sahiptir:

-Telif haklarimin disinda kalan patent vb. tescil edilmis haklar,

-Dergi ve kitap yayim disinda tiim egitim faaliyetlerinde Ulcret 6demeden
kullanilabilme hakki,

-Ticari olmamak kosulu ile makaleyi ¢cogaltabilme hakki.

Yazarlar, Telif Hakki Devir Sozlesmesini imzalayarak, makalenin Tirk Hijyen
ve Deneysel Biyoloji Dergisi tarafindan yayimlanmak Ulizere kabul edilmesi
durumunda Creative Commons Alint1 GayriTicari-Tiretilemez 4.0 Uluslararas
(CC BY-NC-ND 4.0) kapsaminda lisanslanacagini kabul ederler.

Tirk Hijyen ve Deneysel Biyoloji Dergisi tarafindan yayimlanan tim makaleler,
Creative Commons Alint1 GayriTicari-Tiretilemez 4.0 Uluslararasi (CC BY-NC-
ND 4.0) lisansina tabidir. Bu Lisans, makalenin uygun sekilde belirtilmesi,
kullanimin ticari olmamasi ve herhangi bir degisiklik veya uyarlama yapilmamasi
kosuluyla, herhangi bir ortamda kullanima, dagitilmasina ve cogaltilmasina izin
verir. Lisansin kosullar hakkinda daha fazla bilgi icin litfen bakimz: https://
creativecommons.org/licenses/by-nc-nd/4.0/. Bu lisans altinda yayimlanan
materyalin ticari amagli kullanim (satis vb.) durumunda telif hakki sahibi ve
yazar haklarimin korunmast icin izin gereklidir. icerik bilimsel yayinlarda ve
sunumlarda referans olarak kullanilabilir. Bu kosullar disinda, makalelerin
yeniden kullammina iliskin izinler THDBD Editorlugii’nden alinmalidir.

IV) ACIK ERISIM POLITIKASI

Tirk Hijyen ve Deneysel Biyoloji Dergisi acik erisim politikasin1 benimsemistir.
Acik erisim politikasi Budapeste A¢ik Erisim Girisimi (BOAI) kurallan esas alinarak
uygulanmaktadir. BOAI’'ye gore Acik Erisim, “Hakem degerlendirmesinden
gecmis bilimsel makalelerin, internet araciligiyla; finansal, yasal ve teknik
engeller olmaksizin, serbestce erisilebilir, okunabilir, indirilebilir, kopyalanabilir,
dagitilabilir, basilabilir, taranabilir, tam metinlere baglant1 verilebilir,
dizinlenebilir, yazilima veri olarak aktarilabilir ve her tirlii yasal amag icin
kullamlabilir olmasi”dir.  https://www.budapestopenaccessinitiative.org/
boai-10-translations/turkish-translation

Dergide yayinlanan bilimsel yazilara, Creative Commons Alinti-GayriTicari-
Tiiretilemez 4.0 Uluslararas1 Lisansi cercevesinde Ucretsiz erisilebilir.
Dergimiz, hakem degerlendirmesinden gecmis bilimsel literatiiriin, herkese

serbestce ulasilabilir kilinmasi, daha genis bir kiresel bilgi alisverisini
desteklemesi ilkesine dayanarak icerigine aninda acik erisim saglar. Tiirk
Hijyen ve Deneysel Biyoloji Dergisi’nde yayimlanan tiim makaleler Acik Erisim
talimatlarina uygundur.

Tiirk Hijyen ve Deneysel Biyoloji Dergisi yayimladigi makaleleri tiim diinyada
serbestce cevrimici erisilebilir kilmak icin makalelere aninda acik erisim
saglamaktadir. Makalelere erisim icin abone olunmasinda gerek yoktur. Dergi
kullanmcisi olmadan da sistemdeki tim makaleler ulasiip okunabilmektedir.
Makale gonderme, degerlendirme ve yayimlama Ucreti ainmamaktadir.

V) UCRET POLITIKASI
Makale gonderilmesi, degerlendirilmesi ve yayimlanmasi icin licret alinmaz.
VI) ETiK KURALLAR

Arastirma ve yayin etigi kurallarina uymak yazarlarin sorumlulugundadir.
Yazarlar Helsinki Bildirgesi’nde ana hatlar ¢izilen ilkeleri izlemelidir. Yazarlar,
bu tur bir calisma s6z konusu oldugunda, uluslararasi alanda kabul edilen
kilavuzlara ve yiirirlikte olan tiim mevzuatta belirtilen hiikiimlere uymalidir.

Etik kurul izni gerektiren tiim arastirmalar icin Etik Kurul Onayr alinmis olmali,
belgelendirilmeli; kurul adi, tarih ve sayisi “Gere¢ ve Yontem” béliminde
belirtilmelidir.

Klinik arastirmalarda, calismaya katilanlardan bilgilendirilmis olur alindiginin
gerec ve yontem boliminde belirtilmesi gerekmektedir. Gonilli ya da
hastalara uygulanacak prosedirlerin 6zelligi tiimiiyle anlatildiktan sonra
kendilerinin bilgilendirilip onaylarinin alindigim1 gosterir beyan “Gere¢ ve
Yontem” kisminda bulunmalidir. Olgu sunumlarinda ve arastirma makalelerinde
hasta kimligini iceren herhangi bir dokiiman kullanilmamalidir. Hasta kimligini
ortaya ¢ikaracak bilgiler (fotograf vs.) kullamldiginda hastanin yazili onay
gonderilmelidir.

Hayvanlar iizerinde yapilan calismalar icin de gereken izinler alinmali; yazida
deneklere agr1, aci ve rahatsizlik verilmemesi igin neler yapildigi aik bir sekilde
belirtilmelidir. Hayvan deneylerinde, calisma “Laboratuar Hayvanlarinin Bakim
ve Kullanimi Kilavuzunda” (www.nap.edu/catalog/5140.html) belirtilen etik
diizenlemelere gore yapilmalidir ve yazarlar etik kurul onayr alindigini ve
etik kurul tarih ve sayisim “Gerec ve Yontem” kisminda beyan etmelidirler.
Deneysel ve klinik ilag ¢alismalarinda Tirkiye Cumhuriyeti Saglik Bakanligi
diizenlemelerine uygun olarak yapildigi ve etik kurul onay1 alindigi metin icinde
belirtilmelidir.

Makalenin formati ICMJE (International Committee of Medical Journal Editors)

ve COPE (Committee on Publication Ethics) rehberlerine uygun olmalidir.

VII) YAZI DiLI

Dergimizin yazi dilleri Tiirkce ve ingilizcedir. Dili Tiirkce olan yazlar ingilizce

“abstract” ile, dili ingilizce olan yazilar da Tiirkce &zetleri ile yer alirlar.

Ozet ve “Abstract” boliimleri bire bir cevirileri seklinde yer almalidir. Yazinin

hazirlanmas sirasinda, Tiirkce kelimeler igin Tirk Dil Kurumundan (www.tdk.

gov.tr), teknik terimler icin Tiirk Tip Terminolojisinden (www.tipterimleri.com)

yararlamlmasi énerilir. Dili ingilizce olan yazilarin mutlaka yazim ve dilbilgisi

acisindan yeterliliklerinin kontrol edilmis olmasi gereklidir. Dil agisindan

yetersiz goriilen yazilar degerlendirmeye alinmazlar..

VIIl) YAZIM KURALLARI

Dergide yayimlanmak lizere gonderilen yazilar, Tiirk Hijyen ve Deneysel Biyoloji

Dergisi yazim kurallarina gére hazirlanmalidir.

Basvurular www.turkhijyen.org adresinden “Cevrimici Makale Gonder, Takip

Et, Degerlendir” programi araciligiyla on line olarak yapilmaktadir.
Yayimlanmak Uizere gonderilecek yazilar;

* Bilimsel diizeyi yiksek, orijinal ve kaynak gosterilebilecek 6zellikte olmalidir.

* Bilgiler ve kaynaklar son 5 (bes) yila ait giincel verileri icermelidir.

1. “Telif Hakki Devir Formu” tim yazarlarca imzalanarak onaylandiktan sonra

dergimizin makale kabul sistemine yiiklenmelidir.

2. Makale bashigi, Ingilizce baslik, kisa baslik, yazar ad(lar), yazar(lar)in
calistigi kurum(lar) ve birim(ler), yazisma isini Ustlenen yazarin acik adresi,
telefon numaralar (sabit ve cep), elektronik posta adresi belirtilmelidir.

a. Yazinin basligi kisa olmali ve kiiciik harfle yazilmalidir.
b. Sayfa baslarina konan kisa baslik 40 karakteri gegmemelidir.

c. Calisma bilimsel bir kurulus ve/veya fon ile desteklenmisse dipnot veya
tesekkir bolimiinde mutlaka yazilmalidir. Herhangi bir ticari Uriin ve/veya

Tirk Hijyen ve Deneysel Biyoloji Dergisi

Halk Sagligi Genel Midirligu

Tel : (0312) 565 55 80

Faks : (0312) 565 55 91

e-posta : hsgm.thdbd@saglik.gov.tr



TURK HIiJYEN VE DENEYSEL BiYOLOJi DERGISi YAYIN iLKELERi VE YAZIM KURALLARI

sirketle bir iliski yoksa, basvuru yazisinda belirtilmelidir.

d. Makale, kongre/sempozyumda sunulmussa sunum tiirii ile birlikte dipnot
seklinde mutlaka belirtilmelidir.

3. Yazilardaki terimler mimkiin oldugunca Tirkce ve Latince olmali, dilimize
yerlesmis kelimelere yer verilmeli ve Tiirk Dil Kurumu’nun giincel sozliigi
kullamlmalidir. Yazilarin dili agik ve anlasilir olmali, imla ve yazim hatalan
olmamasina 6zen gosterilmelidir.

4. Metin icinde gecen mikroorganizma isimleri ilk kullamldiginda tam
ve acik yazilmali, daha sonraki kullanimlarda kisaltilarak verilmelidir.
Mikroorganizmalarin orijinal Latince isimleri italik yazilmalidir: Ornegin;
Pseudomonas aeruginosa, P. Aeruginosa gibi. Yazida sadece cins adi gecen
ciimlelerde stafilokok, streptokok gibi dilimize yerlesmis cins adlan Tirkge
olarak yazilabilir. Antibiyotik isimleri dil bitiinliigii agisindan okundugu gibi
yazilmali; uluslararasi standartlara uygun olarak kisaltilmalidir.

5. Metin icerisinde bahsedilen birimlerin sembolleri Uluslararasi Birimler

Sistemi (SI)’ne gore verilmelidir.
6. Yazilar bir zorunluluk olmadikca “gecmis zaman edilgen” kip ile yazilmalidir.

7. Metnin tamami 12 punto Times New Roman karakteri ile ¢ift aralikla yazilmali
ve sayfa kenarlarindan 2.5 cm bosluk birakilmalidir.

8. Arastirma yazilar;

Tiirkce Ozet, ingilizce Ozet, Giris, Gerec ve Yontem, Bulgular, Tartisma,
Tesekkiir (varsa) ve Kaynaklar bolimlerinden olusmalidir. Bu bolim basliklar
sola yaslanacak sekilde biiyiik harflerle kalin yazilmalidir. ingilizce makalelerde
de Tirkce baslik, kisa baslik ve 6zet bulunmalidir.

Dergimizin ve makalenizin olabildigince fazla atif alabilmesi icin 6zetler son
derece kapsamli hazirlanmali; gramer, imla ve yazim hatalar barindirmamalidir.

a) Tirkce Ozet: Amac, Yontem, Bulgular ve Sonug, alt basliklarindan
olusmalidir (yapilandinlmis 6zet) ve en az 250, en fazla 400 sozciik
icermelidir.

b) ingilizce Ozet (Abstract): Tiirkce Ozet bolimiinde belirtilenleri birebir
karsilayacak sekilde “Objective, Method, Results, Conclusion” olarak
yapilandirilimalidir.

c) Anahtar Sozciikler: 3-8 arasinda olmali ve Index Medicus Medical Subject
Headings - (MeSH)’de yer alan sozcikler kullamlmalidir. Tirkce anahtar
sozcilklerinizi  olusturmak icin http://www.bilimterimleri.com/ adresini
kullammz.

d) Giris: Arastirmanin amaci ve gerekcesi giincel literatiir bilgisi ile
desteklenerek iki sayfayr asmayacak sekilde sunulmalidir.

e) Gere¢ ve Yontem: Arastirmanin gerceklestirildigi kurum/kurulus ve
tarih belirtilmeli, arastirmada kullanilan arag, gerec ve yontem sunulmali;
istatistiksel yontemler agikca belirtilmelidir.

f) Bulgular: Sadece arastirmada elde edilen bulgular belirtilmelidir.

g) Tartisma: Arastirmanin sonunda elde edilen bulgular, diger arastiricilarin
bulgulanyla karsilastirilmalidir. Arastirici, kendi yorumlarim bu bolimde
aktarmalidir.

h) Tesekkiir: Ana metnin sonunda kaynaklardan hemen once yer almalidir.
Tesekkiir bolimiinde calismaya destek veren kisi, kurum/kuruluslar yer
almalidir.

i) Kaynaklar: Yazarlar kaynaklarin eksiksiz ve dogru yazilmasindan sorumludur.
Kaynaklar, metnin icinde gecis sirasina gore numaralandiriimalidir. Numaralar,
parantez icinde cimle sonlarinda verilmelidir. Kaynaklarin yaziimi ile ilgili
asagida ornekler verilmistir. Daha detayli bilgi icin “Uniform Requirements for
Manuscripts submitted to Biomedical Journals” (J Am Med Assoc 1997; 277:
927-934) (http://www.nejm.org/) bakilmalidir.

Makalenizin Kaynaklar bolimiinde Turk Hijyen ve Deneysel Biyoloji Dergisinde
yayimlanmis makalelere atif yapilmasina 6zen gosterilmelidir.

- Siireli yayin: Yazar(lar)in Soyadi Adinin bas harf(ler)i (alt1 veya daha az yazar
varsa hepsi yazilmalidir; yazar sayisi yedi veya daha ¢oksa yalmz ilk altisim
yazip “et al.” veya “ve ark.” eklenmelidir). Makalenin basligi, Derginin Index
Medicus’a uygun kisaltilmis ismi, Yil; Cilt (Say1): ilk ve son sayfa numarasi.

- Standart dergi makalesi icin ornek: Demirci M, Unlii M, Sahin U. A case
of hydatid lung cyst diagnosed by kinyoun staining of bronco-alveolar fluid.
Turkiye Parazitol Derg, 2001; 25 (3): 234-5.

- Yazan verilmemis makale igin ©ornek: Anonymous. Coffee drinking and
cancer of the panceras (Editorial). Br Med J, 1981; 283:628.

- Dergi eki icin ornek: Frumin AM, Nussbaum J, Esposito M. Functinal
asplenia: Demonstration of splenic activity by bone marrow scan (Abstract).
Blood, 1979; 54 (Suppl 1): 26a.

- Kitap: Yazar(lar)in soyadi adimin bas harf(ler)i. Kitabin adi. Kacinci baski
oldugu. Basim yeri: Yayinevi, Basim yili.

- Ornek: Eisen HN. Immunology: an Introduction to Molecular and Cellular
Principles of the Immun Response. 5th ed. New York: Harper and Row, 1974.

- Kitap boliimii: Boliim yazar(lar)in soyadi adimin basharf(ler)i. Bolum basligr.
In: Editor(ler)in soyadi adinin basharf(ler)i ed/eds. Kitabin adi. Kaginci baski
oldugu. Basim yeri: Yayinevi, Basim yili: Boliimiin ilk ve son sayfa numarasi.

- Ornek: Weinstein L. Swarts MN. Pathogenic properties of invading
microorganisms. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic Physiol ogy:
Mechanism of Disease. Phidelphia. WB Saunders, 1974:457-72.

- Web adresi: Eger dogrudan “web” adresi referans olarak kullanilacaksa
adres ile birlikte parantez icinde bilgiye ulasilan tarih de belirtilmelidir. Web
erisimli makalelerin referans olarak metin icinde verilmesi gerektiginde DOI
(Digital Object Identifier) numarasi verilmesi sarttir.

- Kongre bildirisi: Entrala E, Mascaro C. New stuructural findings in
Cryptosporidium parvum oocysts. Eighth International Congress of Parasitology
(ICOPA VIII). October,10-14, Izmir-Turkey. 1994.

- Tez: Bilhan O. Labirent savaklarin hidrolik karakteristiklerinin deneysel olarak
incelenmesi. Yiiksek Lisans Tezi, Firat Universitesi Fen Bilimleri Enstitiisii, 2005.

GenBank/DNA dizi analizi: Gen kalitim numaralar ve DNA dizileri makale icinde
kaynak olarak gosterilmelidir. Konuyla ilgili ayrintili bilgi icin “National Library
of Medicine” adresinde “National Center for Biotechnical Information (NCBI)”
béliimiine bakimz.

- Sekil ve Tablolar: Her tablo veya sekil ayr bir sayfaya basilmali, alt ve
st cizgiler ve gerektiginde ara siitun cizgileri icermelidir. Tablolar, “Tablo
1.” seklinde numaralandinlmali ve tablo bashigi tablo st cizgisinin Ustiine
yazilmalidir. Aciklayic1 bilgiye baslikta degil dipnotta yer verilmeli, uygun
simgeler (*,+,++, v.b.) kullamlmalidir. Fotograflar “jpeg” formatinda ve en az
300 dpi olmalidir. Baski kalitesinin artirilmasi icin gerekli oldugu durumlarda
fotograflarin orijinal halleri talep edilebilir.

9. Arastirma Makalesi tiirli yazilar icin kaynak sayisi en fazla 40 olmalidir.

10. Derleme tiirii yazilarda tercihen yazar sayisi ikiden fazla olmamalidir.
Yazar(lar) daha once bu konuda calisma ve yayin yapmis olmali;; bu
deneyimlerini derleme yazisinda tartismali ve kaynak olarak gostermelidir.
Derlemelerde Tiirkce ve ingilizce olarak baslik, 6zet (en az 250, en fazla 400
sozciik icermelidir) ve anahtar sozcikler bulunmalidir. Derleme tiirii yazilar
icin kaynak sayisi en fazla 60 olmalidir.

11. Olgu sunumlarinda metin yedi sayfay1 asmamalidir. Tiirkce ve ingilizce
olarak baslik, 6zet ve anahtar sozciikler ayrica giris, olgu ve tartisma bolimleri
bulunmalidir. Olgu sunumu tiirii yazilar icin kaynak sayis1 en fazla 20 olmalidir.

12. Editore Mektup: Daha 6nce yayimlanmis yazilara elestiri getirmek, katkida
bulunmak ya da bilim haberi niteligi tasiyacak bilgilerin iletilmesi amaciyla
yazilan yazilar, Yayin Kurulu’nun inceleme ve degerlendirmesinin ardindan
yayinlanir. Editére Mektup bir sayfayr asmamali ve kaynak sayisi en fazla 10
olmalidir.

13. Teknik Rapor tiirii yazilar ilgili alanda onemli katkisi olabilecek bilgileri
icermelidir. Teknik raporlarda Tiirkce ve ingilizce baslik, tek paragraf olacak
sekilde Tiirkce ve ingilizce &zet, Tiirkce ve Ingilizce olmak lizere anahtar
kelimeler yer almalidir. Kaynak sayisi en fazla 10 olmalidir.

14. Bu kurallara uygun olmayan metinler kabul edilmez.

15. Yazarlar teslim ettikleri yazinin bir kopyasini saklamalidir.

Tirk Hijyen ve Deneysel Biyoloji Dergisi
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Tel : (0312) 565 55 80
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TURKISH BULLETIN OF HYGIENE AND EXPERIMENTAL BIOLOGY PUBLISHING POLICIES AND WRITING RULES

1) AIM and SCOPE

The Turkish Bulletin of Hygiene and Experimental Biology (TBHEB) is a
publication of the “Republic of Turkey, Ministry of Health, General Directorate
of Public Health “. The Journal is published every three months (March, June,
September, December) and one volume consists of four (4) issues.

Goal of the our journal is to publish clinical and experimental research articles
which are scientifically qualified and will provide a new contribution to the
literature.

The journal publishes biology, microbiology, infectious diseases, pharmacology,
toxicology, immunology, parasitology, entomology, chemistry, biochemistry,
food safety, environmental, health, public health, epidemiology, pathology,
pathophysiology, molecular biology, genetics, biotechnology in the field of
original research, case report, reviews, letters to the editor and technical
reports.

1I) PUBLISHING POLICY

Articles which are not previously published in another journal or not currently
under evaluation elsewhere can be accepted for the journal.

Articles approved by the Scientific Committee and Editorial Board are eligible
to be released after receiving at least two positive opinions from the Scientific
Committee members. The names of the reviewers and authors are kept
confidential. Reviewers complete the evaluation processes within three months
at the latest.Those committees have the authority to make all corrections and
abbreviations but not to change the content of the article.

The authors have the all the scientific and legal responsibilities of the articles.
The authors must fully obey the ethics of research and publication.
1l1) COPYRIGHT and LICENSING

The authors are responsible for the scientific and ethical liability of the
manuscripts. Authors are responsible for the contents of the manuscript and
the references. The data, opinions and statements of published articles are
authors’ responsibility, and the Editors, Editorial Board and Republic of Turkey
Ministry of Health General Directorate of Public Health deny any responsibility
on these subjects. Copyright fee is not paid to the authors.

The authors agree to transfer the copyright to The Turkish Bulletin of Hygiene
and Experimental Biology if the article is accepted for publication. However,
the authors retain the following rights:

-Registered rights rather than copyrights such as patent etc.

-The right to use it no charge in all educational activities except for publication
in journals or books.

-The right to multiply manuscript provided that it is not commercial.

By signing the Copyright Transfer Form, authors agree that the article, if
accepted for publication by The Turkish Bulletin of Hygiene and Experimental
Biology, will be licensed under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International (CC BY-NC-ND 4.0).

All articles published by The Turkish Bulletin of Hygiene and Experimental
Biology are subject to the Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). This License
permits use, distribution, and reproduction in any platform, provided that the
article is properly cited, the usage is noncommercial, and no modifications
or adaptations are made. For more information on the conditions of the
license please look at: https://creativecommons.org/licenses/by-nc-nd/4.0/
Permission is required for the protection of copyright holder and author rights
in the case of commercial use (sales etc.) of material published under this
license. The content can be used as a reference in scientific publications and
presentations. Except these conditions, permissions for re-use of manuscripts
should be obtained from TBHEB editorial office.

1V) OPEN ACCESS POLICY

The Turkish Bulletin of Hygiene and Experimental Biology has adopted
open access policy. Open Access Policy is based on rules of Budapest Open
Access Initiative (BOAI). According to BOAI, Open Access states, “Scientific
articles that have been evaluated by the referee, via the Internet; be
freely accessible, readable, downloadable, copied, distributed, printed,
scanned, linked to full texts, indexed, transmitted as data and used for any
legal purpose, without financial, legal and technical barriers. https://www.
budapestopenaccessinitiative.org/read

Scientific articles published in the journal are freely available under the
Creative Commons 4.0 International License (CC BY-NC-ND 4.0). Our Journal,
provides immediate open access to its peer-reviewed scientific literature on

the principle of making it freely available to the everyone and supporting
a greater global exchange of knowledge. Published articles in The Turkish
Bulletin of Hygiene and Experimental Biology are fully comply with Open
Access instructions.

The Turkish Bulletin of Hygiene and Experimental Biology instant open access
to the articles is provided to make the articles published in journals freely
available online all over the world. There is no need to subscribe to access
articles. All articles in the system can be accessed and read without being a
journal user. There is no fee for article submission, evaluation and publishing.

V) PRICE POLICY
Article submission, evaluation and publication are free.
VI) ETHICAL RULES

The Turkish Bulletin of Hygiene and Experimental Biology expects the authors
to comply with the ethics of research and publication. In case the authors do
not have a local ethics committee, the principles outlined in the “Declaration
of Helsinki” should have been followed. Authors must comply with the
internationally accepted guidelines and provisions set out in all applicable
legislation when it comes to this type of work.

Ethics Committee Approval must be obtained and documented for all
researches requiring ethics committee approval; The name, date and number
of the committee should be stated in the method section of the article.

In human research, a statement of the informed consent of those who
participated in the study is needed in the section of the “Materials and
Methods”. In case of procedures that will apply to volunteers or patients, it
should be stated that the study objects have been informed and given their
approval before the study started. In case reports, information about the
signed informed patient consent form should be included in the article. In
case patient information (photograph, etc.) is used which shows patient ID, a
written informed consent of the patient must be submitted.

In case animal studies, approval also is needed; it should be stated clearly
that the subjects will be prevented as much as possible from pain, suffering
and inconvenience. In animal experiments, the study should be conducted in
accordance with the ethical regulations specified in the “Guide to the Care
and Use of Laboratory Animals” (www.nap.edu/catalog/5140.html) and the
authors should declare that the ethics committee approval was obtained and
the date and number of the ethics committee in the “Materials and Methods”
section. Experimental and clinical drug studies performed in accordance with
the Republic of Turkey Ministry of Health regulations and ethics committee
approval must be stated in the article.

The format of the article should be in accordance with ICMJE (International
Committee of Medical Journal Editors) and COPE (Committee on Publication
Ethics) guidelines.

VII) LANGUAGE of the JOURNAL

The official languages of the our Journal are Turkish and English. The
manuscripts written in Turkish have also abstracts in English, and the articles in
English have also abstracts in Turkish. The Turkish and English abstracts should
be literal translations of each other. When preparing manuscripts, the Turkish
Language Institution (www.tdk.gov.tr) is advised for consulting Turkish words
and Turkish Medical Terminology (www.tipterimleri.com) for technical terms.
Manuscripts in English must absolutely be checked for spelling and grammar.
Manuscripts considered insufficient in language will not be considered for
evaluation.

VIIl) WRITING RULES

Manuscripts submitted for publication in the journal should be prepared
according to the writing rules of the Turkish Journal of Hygiene and
Experimental Biology.

Applications are made online at www.turkhijyen.org via the “Online Manuscript
Submit, Track, Evaluate Program”.

Articles to be submitted for publication;

* Should have a high scientific level, be original and suitable for reference.

* Information and references should contain up-to-date data for the last 5
(five) years.

1. The “Copyright Transfer Form” (Copyright Release Form) after being signed
by all authors should be uploaded using the article accepting system of the
journal.

2. The title of article, Turkish title, short title, author name(s), names
of institutions and the departments of the author(s), full address of the
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corresponding author, telephone numbers (landline and mobile), e-mail
address should be given.

a. The title should be short and written in lower case.
b. The short title should not exceed 40 characters.

c. The study supported by a fund or scientific organisation must be
mentioned in a footnote or in the acknowledgements.

d. The study presented in a conference/symposium must be mentioned with
the type of presentation in footnotes or in the acknowledgements.

3. For Turkish studies; Terms used in articles should be in Turkish and Latin as
much as possible, according to the latest dictionary of the “Turkish Language
Institution”. The language of the articles should be clear, and care should be
taken to avoid spelling and writing mistakes.

4. Latin names of microorganisms used for the first time in the text have to
be written in full. If these names are used later, they should be abbreviated in
accordance to international rules. The original Latin names of microorganisms
should be written in Italic: for example, Pseudomonas aeruginosa, P.aeruginosa.
Names of antibiotics should be abbreviated in accordance with international
standards.

5. Symbols of the units mentioned in the text should be according to “The
Systeme International (SI).

6. Articles should be written in one of the “past perfect, present perfect and
past” tenses and in the passive mode.

7.0nly one side of A4 paper should be used and should have a 2.5 cm margin on
each side. 12 pt, Times New Roman font and double line space should be used.

8. Research Articles;

Research papers should consist of Turkish abstract, English abstract,
Introduction, Materials and Methods, Results, Discussion, Acknowledgements
(if any), and References sections. These sections should be written in bold
capital letters and aligned left. English articles should have a Turkish abstract
and title in Turkish. (If the all of the authors from abroad the manuscript and
abstract can be write English language).

Abstracts should be prepared in an extremely comprehensive way; it should not
contain grammatical, spelling and writing errors.

a) Turkish Abstract should consist of the subheadings of Objective, Methods,
Results and Conclusion (Structured Abstract). It should be between 250 and
400 words.

b) English Abstract: The abstract should be structured like the Turkish abstract
(Objective, Methods, Results, and Conclusion). It should be between 250 and
400 words.

c) Key words The number of keywords should be between 3-8 and the
terminology of the Medical Subjects Headings (Index Medicus Medical Subject
Headings-MeSH) should be used.

d) Introduction: The aim of the study, and references given to similar studies
should be presented briefly and should not exceed more than two pages.

e) Materials and Methods: The date of the study, institution that performed
the study, and materials and methods should be clearly presented. Statistical
methods should be clearly stated.

f) Results: The results should be stated clearly and only include the current
research.

g) Conclusions: In this section, the study findings should be compared with
the findings of other researchers. Authors should mention their comments in
this section.

h) Acknowledgements should be placed at the end of the main text and before
the references. In this section, the institutions/departments which supported
the research should be stated.

i) References: Authors are responsible for supply complete and correct
references. References should be numbered according to the order used
in the text. Numbers should be given in brackets and placed at the end of
the sentence. Examples are given below on the use of references. Detailed
information can be found in “Uniform Requirements for Manuscripts Submitted
to Biomedical Journals” (J Am Med Assoc 1997 277: 927-934) and at http://
www.nejm.org/general/text/requirements/1.htm.

- Periodicals: Author(s) Last Name initial(s) name of author(s) (if there are six

or fewer authors, all authors should be written; if the number of authors are
seven or more, only the first six of the authors should be written and the rest as
“et al”). The title of the article, the abbreviated name of the journal according
to the Index Medicus, Year; Volume (Issue): The first and last page numbers.

- Example of standard journal article: Demirci M, Unli M, Sahin U. A case
of hydatid cyst diagnosed by kinyoun staining of lung bronco-alveolar fluid.
Tirkiye Parazitol Derg, 2001; 25 (3): 234-5.

- Example of an article with authors unknown: Anonymous. Coffee drinking
and cancer of the pancreas (Editorial). Br Med J, 1981; 283:628.

- Example of journal supplement: Frumin AM, Nussbaum J, Esposito M.
Functional asplenia: Demonstration of splenic activity by bone marrow scan
(Abstract). Blood, 1979; 54 (Suppl 1): 26a.

- Books: Surname of the author(s) initial name(s) of author(s). The name of the
book. The edition number. Place of publication: Publisher, Publication year. -
Example: Eisen HN. Immunology: an Introduction to the Principles of Molecular
and Cellular Immune Response. 5th ed. New York: Harper and Row, 1974.

- Book chapters: The author(s) surname of the chapter initial(s) letter of the
name. Section title. In: Surname of editor(s) initial (s) letter of first name(s) ed
/ eds. The name of the book. Edition number. Place of publication: Publisher,
year of publication: The first and last page numbers of the chapter.

- Example: Weinstein L. Swarts MN. Pathogenic properties of invading
microorganisms. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic Physiology:
Mechanism of Disease. Phidelphia. WB Saunders, 1974:457-72.

- Web address: If a “web” address is used as the reference address, the web
address date should be given in brackets with the address. The DOI (Digital
Object Identifier) number must be provided, when a web access article used
in the text as a reference.

- Congress papers: Entrala E, Mascaro C. New structural findings in
Cryptosporidium parvum oocysts. Eighth International Congress of Parasitology
(ICOPAVIII). October, 10-14, Izmir-Turkey. 1994.

- Thesis: Bilhan O. Experimental investigation of the hydraulic characteristics
of labyrinth weir. Master Thesis, Science Institute of Firat University, 2005.

- GenBank / DNA sequence analysis: DNA sequences of genes and heredity
numbers should be given as references in the article. For more information,
check “National Library of Medicine” and “National Center for Biotechnical
Information (NCBI)”.

- Figure and Tables: Each table or figure should be printed on a separate
sheet, the top and bottom lines and if necessary column lines must be included.
Tables should be numbered like “Table 1.” and the table title should be written
above the top line of the table. Explanatory information should be given in
footnotes, not in the title and appropriate icons (*,+,++, etc.) should be used.
Photos should be in “jpeg” format. In case the quality of the photos is not good
for publication, the originals can be requested.

9. Research articles should have up to 40 references.

10. In reviews, it is preferred to have not more than two authors. Author(s)
must have done research and published articles previously on this subject; they
should discuss their experience and use as reference in the review. Reviews
should have Turkish and English titles, abstracts (it should contain minimum
250, maximum 400 words) and key words. Reference numbers for the review
should be maximum 60.

11. Case reports should have a maximum of seven pages of text. Case
report should have a Turkish and English title, abstract, keywords and also
introduction, case description and discussion sections should be given. Number
of references should be maximum 20.

12. Letters to Editor: Written to make criticisms, additions to previously
published articles or scientific updates are published after review and
assessment of the Editorial Board. Letters should not exceed one page of text
and must be supported with up to 10 references.

13. Technical report should contain information that may contribute
significantly to the relevant field. Technical reports should include Turkish and
English titles, Turkish and English abstracts in a single paragraph, keywords in
Turkish and English. The number of references should be maximum 10.

14. The articles which do not comply with the journal rules are not accepted.
15. Authors should keep a copy of the article that they submit.
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ETiK iLKELER VE YAYIN POLITiKASI

ETiK iLKELER

Tiirk Hijyen ve Deneysel Biyoloji Dergisi Editor ve Hakemleri, Uluslararas
Tip Dergisi Editorleri Komitesi (ICMJE), Yayin Etigi Komitesi (COPE), Diinya Tip
Editorleri Birligi (WAME), Bilim Editorleri Konseyi (CSE), Avrupa Bilim Editorleri
Birligi (EASE), ABD Ulusal Tip Kitlphanesi (NLM), Diinya Tip Birligi (WMA) ve
Ulusal Bilgi Standartlan Orgiitii (NISO) rehber kurallarina uymaktadir.

Yazarlara yonelik; dergi politikasi geregince, uluslararasi anlasmalara uygun
bir etik kurul tarafindan arastirma protokollerinin onaylanmasi gereklidir.
[WMA Helsinki Deklarasyonu - insan Denekleri iceren Tibbi Arastirmalar icin
Etik ilkeler (son giincelleme: Ekim 2013, Fortaleza, Brezilya)”, “Tiim arastirma
calismalan icin laboratuvar hayvanlarinin bakim ve kullanimi kilavuzu (8.
baski, 2011) “ve / veya” Hayvanlar iceren Biyomedikal Arastirmalara Yonelik
Uluslararast Rehber ilkeler (2012)]. Gonderilen makale, etik kurul onayi
icermemesi durumunda degerlendirme icin isleme alinmaz.

GIKAR GATISMASI POLITIKASI

Tirk Hijyen ve Deneysel Biyoloji Dergisi’nin editor incelemesi, uluslararasi
editor organizasyonlarnt (ICMJE, EASE, WAME, COPE, CSE,..) tarafindan
belirlenen iyi Editérlik Uygulamalarina uygundur. WAME, yayin siirecinde
(makalenin gonderilmesi, hakem incelemesi, editor kararlan ve vyazarlar,
hakemler ve editorler arasindaki iletisim) yazar, hakem veya editorlerin,
stirecteki sorumluluklarini (akademik dristliik, calismanin ylritilmesinde
ve raporlanmasinda yaniltma olmamasi, karar ve hiikiimlerin uygunlugunu)
etkileyebilecek herhangi bir rekabetci catisma varsa ¢ikar catismasinin mevcut
oldugunu belirtmektedir.

Tirk Hijyen ve Deneysel Biyoloji Dergisi, tiim yazarlarin, hakemlerin ve
editorlerin, WAME tarafindan yukarida belirtilen herhangi bir rekabet ¢ikarinin
yani sira, ailevi, kisisel, finansal, politik veya dini konularla ilgili herhangi bir
cikar catismasini editore bildirmesini istemektedir. Herhangi ¢ikar catismasi ve
finansal destegin olup olmadigi, makalelerin sonunda beyan edilmelidir.

Yazarlar inceleme siirecinde bolim editorlerinden hicbiri ile iletisime
gecmemelidir. Makalelerin sireci ile ilgili tim gerekli bilgiler dergi
sekreterliginden edinilebilir. Editor ve hakemlerin isimleri yazarlara verilmez.
Tirk Hijyen ve Deneysel Biyoloji Dergisi’nin cift kor gozden gecirme ilkeleri
nedeniyle, yazarlarin ve hakemlerin isimleri diger kisilerce bilinmemektedir.
YAYIN POLITiKASI ve HAKEM DEGERLENDIRME SURECI

Tirk Hijyen ve Deneysel Biyoloji Dergisi (THDBD), ¢ift kor hakem
degerlendirmesi ile Tiirkce ve ingilizce dillerinde T.C. Saglik Bakanligi Halk
Sagligi Genel Mudiirligu tarafindan yayimlanmaktadir. THDBD yayin ilkelerinde
belirtilen konularda yazilan makaleleri kapsamaktadir. Sadece cevrimici
(online) basvurular kabul edilmektedir. Dergiye kabul edilme sirecindeki
degerlendirilmelerde aranan temel ozellikler 6zgunlik ve bilim literatiriine
katkidir.

Makaleler gonderildikten sonra oncelikle editorler tarafindan
degerlendirilmektedir.  Editorler  hakem  degerlendirme  sirecinden
once makalelerin THDBD yazim kurallarina uygun yazilip yazilmadigim
degerlendirmektedirler.  Bu  kurallara gére vyazilmayan makaleler
degerlendirilmeye alinmamaktadir.

Sonrasinda, makalenin degerlendirilmesi igin iki hakem atanir. Hakemler ayni
alanda yayinlan olan uzmanlar arasindan secilir. Makaleler ihtiyac halinde
istatistik editorii tarafindan da kontrol edilebilir. Tim makaleler Ingilizce
dil editoru tarafindan da incelenir. Hakemlere degerlendirme icin 30 giin
stire verilmektedir ve eger herhangi bir diizeltme istenirse yazarlarin gerekli
diizeltmeleri yapmak icin 30 giin siresi vardir. Editor, editor yardimcilan,
istatistik editorii ve ingilizce dil editorii kabul edilen makalenin asil anlamini
degistirmeyen kiicik diizeltmeler yapabilirler.

ETHICAL PRINCIPLES AND PUBLICATION POLICY

ETHICAL PRINCIPLES

The Editorial Board and Reviewers of the Turkish Bulletin of Hygiene
and Experimental Biology adhere to the guidelines of the International
Committee of Medical Journal Editors (ICMJE), Committee on Publication
Ethics (COPE), World Association of Medical Editors (WAME), Council of Science
Editors (CSE), European Association of Science Editors (EASE), the US National
Library of Medicine (NLM), the World Medical Association (WMA), and National
Information Standards Organization (NISO).

For Authors; as journal’s policy, an approval of research protocols by an ethics
committee in accordance with international agreements “WMA Declaration
of Helsinki - Ethical Principles for Medical Research Involving Human Subjects
(last updated: October 2013, Fortaleza, Brazil)” ,“Guide for the care and
use of laboratory animals (8th edition, 2011)” and/or “International Guiding
Principles for Biomedical Research Involving Animals (2012)” is required for
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The effect of nasal staphylococcal carriage on the incidence
of prosthesis infection in orthopedic surgery patients: A cohort
study

Elif AGULOGLU BALI' , Halit OzsUT?

, Omer Naci ERGIN3

, Serap SIMSEK YAVUZ?

ABSTRACT

Objective: Prosthetic infections are commonly
caused by coagulase-negative staphylococci (CoNS)
and Staphylococcus aureus (S.

aureus). Despite

recommendations for preoperative S. aureus

screening, data on screening for staphylococcal
carriage, including CoNS, remains limited. Our study
aimed to explore the relationship between nasal
carriage of S. aureus and other staphylococci and

prosthesis infections.

Methods: This

conducted from January to September 2019, included

prospective cohort study,
151 patients undergoing prosthetic surgery. Nasal
cultures for staphylococcal carriage were collected
24 hours before surgery. Patients were monitored
and blood tests were conducted at 1, 2, and 3
months postoperatively to assess prosthesis infection
development. Infection rates were compared between

patients with and without nasal carriage.

Results: In the postoperative three-month period,
5 patients (3.3%) developed prosthetic infections.

Preoperative nasal swabs revealed methicillin-

OZET

Amag: Staphylococcus aureus (S.aureus) ve koagiilaz
negatif stafilokoklar (KNS) protez enfeksiyonlarinin en
sik etkenleridir. Diz ya da kalca protezi ameliyatlarindan
once nazal S.aureus tasiyicilginin taranmasini Gneren
yayinlar olmasina karsin, basta KNS olmak lizere diger
stafilokok tirlerinin taranmasina dair veriler simrlidir.
Calismamiz, S.aureus ve diger stafilokoklarin nazal
tastyiciligi ile protez enfeksiyonlar arasindaki iliskiyi

arastirmay1 amaglamistir.

Yontem: Calismamiz prospektif bir kohort calismas
olup, calismaya Ocak-Eylil 2019 tarihleri arasinda
protez cerrahisi geciren 151 hasta dahil edilmistir.
Nazal stafilokok tasiyiciigi taramasi icin preoperatif
24 saat once burun surunti kulturleri alinmis ve
degerlendirilmistir. Hastalar yakin izlenerek ameliyat
sonrasi 1., 2. ve 3. aylarda poliklinige cagnlmis ve
kan tetkikleri istenmistir. Nazal tasiyiciik saptanan
ve saptanmayan hastalar arasinda protez enfeksiyonu

oranlan karsilastirilmstir.

Bulgular: Postoperatif 3 aylik donemde 5 (%3.3)

hastada protez infeksiyonu gelisti. Enfeksiyon gelisen
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resistant coagulase-negative staphylococci (MR-CoNS)
in four patients and methicillin-sensitive coagulase-
negative staphylococci (MS-CoNS) in one patient.
None of the patients had preoperative Staphylococcus
aureus. The increased risk of prosthetic infection
was significantly associated with nasal CoNS carriage
(p=0.025). The infected group exhibited elevated
leukocyte, neutrophil, and lymphocyte counts, as
well as increased C-reactive protein (CRP) levels at 24

hours post-surgery.

Conclusion: This study found no evidence of an
association between S. aureus carriage and prosthesis
infections, but an association was found for CoNS
carriage. However, it is not possible to establish
a clear relationship between carrying CoNS and
infection. The results of our study suggest that nasal
carriage screening before prosthetic surgery may be
unnecessary. Further studies are needed to clarify the
relationship between nasal carriage and prosthetic
infection. Monitoring leukocyte and CRP levels in the

early postoperative period may indicate prosthesis

infection.
Key Words: Nasal staphylococcal carriage,
prosthesis infection, osteomyelitis, S.aureus,

coagulase-negative staphylococci, C-reaktive protein

hastalardan dorduniin preoperatif surtntu kultirinde
stafilokok
(MRKNS), birinde metisiline duyarli koagiilaz negatif
stafilokok (MSKNS) uremesi oldu. Enfekte hastalarin

metisiline  direncli  koagiilaz  negatif

hicbirinde nazal S. aureus tasiyiciligi saptanmadi.
Protez enfeksiyonu gelisme riski preoperatif nazal KNS
tastyicilarinda anlamli olarak yiiksek bulundu (p=0.025).
Enfeksiyon gelisen hastalarda postoperatif 24. saat

lokosit, notrofil, lenfosit ve CRP diizeyleri yiiksekti.

Sonug: Bu calismada S. aureus tasiyiciligi ile
protez enfeksiyonlar arasinda bir iliski olduguna dair
kamt bulunamamistir, ancak KNS tasiyiciligi icin bir
iliski bulunmustur. Bununla birlikte, mevcut literatiir
verileriyle KNS tastyiciligi ile enfeksiyon arasinda net bir
iliski kurmak mimkiin degildir. Calismarmizin sonuglari,
protez cerrahisi oncesinde nazal tasiyicilik taramasinin
gereksiz olabilecegini duisiindiirmektedir. Nazal tasiyicilik
ve protez enfeksiyonu arasindaki iliskiyi netlestirmek
icin daha fazla calismaya ihtiyac vardir. Ameliyat sonrasi
erken donemde lokosit ve CRP diizeylerinin izlenmesi
protez enfeksiyonuna isaret edebilir, hastalarin yakin
takibi onerilir.

Anahtar Kelimeler: Nazal stafilokok tasiyicilig,
protez infeksiyonu, osteomyelit, S.aureus, koagiilaz

negatif stafilokok, C-reaktif protein, lokositoz

INTRODUCTION

Hip and knee arthroplasties are highly successful
elective surgeries, with a 10-year survivorship rate
exceeding 95%. In the United Kingdom (UK) and
United State of America (USA) , around 800,000 such
procedures are performed annually, with projections
indicating this could rise to over 4 million by 2030.
The rate of periprosthetic infection stands at
approximately 1% for hip replacements and varies
between 1% and 2% for knee replacements each year

(1). Numerous bacteria have been linked to prosthetic

Turk Hij Den Biyol Derg

joint infections (PJI), the microbiological profile can
be influenced by several factors, including the timing
of the surgical intervention, post-surgical soft tissue
complications like poor wound healing, hematoma,
and wound dehiscence, previous infections, known
colonization with drug-resistant organisms like
Staphylococcus spp, and the patient’s underlying
comorbidities (2).

Early prosthetic joint infections (PJIs) typically
occur within the first three months following surgery,
primarily involving bacteria introduced during the
surgical procedure. These infections often involve



organisms with significant virulence or a large

bacterial load, including Staphylococcus aureus,
CoNS, as well as a higher proportion of anaerobic
and aerobic gram-negative bacilli, and polymicrobial
infections. Conversely, delayed infections usually
manifest between three months and one year post-
surgery, often involving less virulent bacteria that
were also likely introduced during or shortly after the
initial surgery. In these later cases, the prevalence
of polymicrobial and aerobic gram-negative bacterial
infections decreases as these are more typical of
earlier presentations (2).

and
the
risk of developing periprosthetic joint infections

Various  patient-specific =~ comorbidities

demographic factors significantly elevate
(PJI). Critical risk factors encompass previous joint
infections, septicemia, active cutaneous or deep tissue
and blood transfusions.

infections, Furthermore,

individual patient factors such as uncontrolled

diabetes, malnutrition, morbid obesity, smoking
habits, alcohol consumption, immunocompromising
diseases, drug use, and nasal carriage of S. aureus
also contribute to the increased vulnerability to PJIs
(1). The community prevalence of MRSA has been
increasing over the course of the last decade, and
patient colonization with S. aureus has been shown
to be an independent risk factor for the development
of a surgical site infection after total hip or knee
arthroplasty (3).

S. aureus colonisation and infection have a
complex and multifactorial relationship, which is
not yet fully understood. The mucosal surfaces that
harbor S. aureus include the nose, throat, vaginal
wall, and GI tract. Nasal carriage is probably most
important because nose-picking could effectively
disseminate the bacterium to other body surfaces
and other hosts (4). However, various immunological
mechanisms may also play a role in the pathogenesis
of infection. There are studies indicating that S.
aureus nasal colonisation may play a role in the
pathogenesis of autoimmune disease due to its

effects on the innate and adaptive immune response

(5). Transient or persistent S. aureus colonization
induces specific systemic immune responses. Humoral
responses are the most studied of these and little is
known of cellular responses induced by colonization.
Nasal S.
procedures are heterogeneous and the evaluation of

aureus carriage screening/decolonization

their clinical impact remains complex. On the other
hand, there are studies that recommend screening
and decolonisation of S. aureus carriage before
cardiovascular surgeries, hip or knee replacement
surgeries and in neonatal intensive care units (6).

CoNS are the most abundant micro-organisms
colonizing human skin and mucous membranes. Among
healthy individuals this commensal flora of CoNS
remains relatively stable over time. However, hospital
admissions, antibiotic treatment, and chemotherapy
have all been shown to alter the flora, reduce the
variety of strains, and result in accumulation of
multi-drug-resistant CoNS. The role of CoNS as a
significant contributor to bloodstream infections
has been increasingly acknowledged, particularly in
the context of immunocompromised individuals and
those with indwelling medical devices. (7). There
are studies indicating that CoNS carriage increases
the risk of bacteraemia and sepsis in neonates and
patients with malignancy (8,9).

The aim of this study was to screen for
staphylococcal
patients who underwent knee or hip prosthesis

preoperative nasal carriage in
surgery in the orthopedic clinic of our hospital and to
compare the prosthetic infection rates in the first 3
months postoperatively in patients with and without

staphylococcal carriage.
MATERIAL and METHOD

Study Population and Design

This
observational cohort study. A total of 151 patients

study was designed as a prospective
older than 18 years of age who underwent knee or

hip prosthesis implantation between January and
September 2019 at the Istanbul University Medical

Turk Hij Den Biyol Derg

511



512

Faculty Orthopedics Clinic were included in the
study. Preoperative nasal staphylococcal carriage was
analyzed in these patients and the rates of prosthesis
infection in the first 3 months postoperatively were
evaluated.

A total of 151 patients older than 18 years of age
who underwent knee or hip prosthesis implantation
between January and September 2019 at the Istanbul
University Medical Faculty Orthopedics Clinic were
included in the study. Pregnant, pediatric patients
and patients scheduled for revision surgery due to
infected prostheses were not included in the study.
staphylococcal
analyzed in these patients and the rates of prosthesis

Preoperative nasal carriage was
infection in the first 3 months postoperatively were
evaluated.

Data collection

Epidemiological and clinical information was
recorded on a form. Demographic data, surgery
indications, duration of surgery, preoperative, and
postoperative
CRP and procalcitonin levels were obtained from
anamnesis and patient records. The patients and/

hemogram data, sedimentation,

or their families were informed that data from the
research would be submitted for publication and
gave their consent. Nasal swabs were taken from
patients undergoing knee or hip replacement surgery
24 hours before surgery and cultured for the presence
of bacteria. After incubation in 5% sheep blood
agar at 37°C for 24 hours, the formation of round,
smooth-surfaced yellow-white colonies represented
growth. The colonies with positive catalase test
were considered as staphylococci and DNAase test
was performed. DNAase test positive strains were
identified as S.
identified as CoNS. Antibiograms were performed
on Mueller-Hinton medium and susceptibility to
cefoxitin, cefazolin, penicillin, rifampicin, fusidic

aureus and negative strains were

acid, trimethoprim-sulfomethoxazole, doxycycline,

ciprofloxacin, erythromycin, clindamycin,

gentamicin, and linezolid were determined using
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the disk diffusion method. Since our study was not
an interventional study, no decolonisation treatment
was given to patients with growth in nasal swab
cultures, and routine prophylaxis schemes were
applied peroperatively.

Definitions

Antibiotic evaluated

according to antibiotic zone diameters determined by

susceptibilities  were
European Committee on Antimicrobial Susceptibility
Testing 2019 data. Patients were examined in the
first, second and third post-operative months. Data
such as swelling, redness, temperature rise, pain
and movement restrictions, if any, were recorded in
the patient form. Infection findings were evaluated
according to the prosthetic joint infections guide
published by the Infectious Diseases Society of
America in 2013.

IBM SPSS Statistics for Windows Version 21.0
(Statistical Package for the Social Sciences, IBM Corp.,
Armonk, NY, USA) was used for statistical analysis of
the study data. Data are expressed as mean, standard
deviation and percentage (%)”. Student’s t-test was
used to analyze normally distributed numerically
measured variables and the Mann-Whitney U test was
used to analyze non-normally distributed numerically
measured variables. x2 test or Fisher’s exact test was
used to analyze categorical variables. And p < 0.05
was considered statistically significant in all analyses

The study was approved by the Istanbul University
Faculty of Medicine Clinical Research Ethics
Committee (Date: 09.07.2018 and Number: 993).

RESULTS

Demographic Characteristics

Thirty-four (22.5%) patients were male and 117
(77.5%) were female; The mean age of the patients was
63.1 years; the mean height and weight were 161.1
cm and 78.3 kg, respectively, and the mean body mass
index (BMI)was 30.3kg/m?. Thirty-four (22.5%) patients
were smokers and 117 (77.5%) were non-smokers.
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Comorbid Conditions

71 (47%) patients had hypertension, 40 (26.5%)
had diabetes, 18 (11.9%) had hypothyroidism, and 7
(4.6%) had rheumatoid arthritis; 30 patients had no
comorbidities. Sixteen patients overall and one patient
who developed infection were immunosuppressed.

Surgical Characteristics

76 (50.4%) and 75 (49.6%) patients underwent
hip and knee prosthesis surgery, respectively. The
indication was gonarthrosis in 76 (100%) patients
who underwent knee prosthesis surgery. Indications
for hip prosthesis surgery were coxarthosis in 30
(19.8%) patients, congenital hip dislocation in 20
(13.2%) patients, avascular femoral head necrosis in 9
(5.9%) patients, and avascular femoral head necrosis
in 15 (9.9%) patients. The mean operation time was
120.5 minutes overall and 132 minutes for those who

M No growth
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developed infection.
Preoperative Nasal Swab Culture Results

Figure 1 shows the distribution of preoperative
nasal swap culture results.

Characteristics of Patients Developing Prosthesis
Infection

Prosthesis infection developed in 5 (3.3%) patients
in the postoperative 3-month period. Only one in five
patients who developed infection was a smoker. The
characteristics of the patients are shown in Table 1.

Preoperative and Postoperative Hemogram, CRP,
and Sedimentation Values

Preoperative and postoperative 24%" hour
hemogram, CRP and sedimentation results of infected
and uninfected patients are shown in Table 2.

B Methicillin-resistant coagulase-negative staphylococci (MRCNS)

B Methicillin-sensitive coagulase-negative staphylococci (MSCNS)

B Methicillin-susceptible Staphylococcus aureus

B Methicillin-resistant Staphylococcus aurELﬁ 8%

3,2%

15, 10% -

64,42%

57,38%

Figure 1. Distribution of preoperative nasal swab culture results according to factors
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Table 1. Characteristics of Patients Developing Prosthesis Infection

Infection
Patient Surge| Nasal development
Age Sex Comorbidity Surgery type . .g ry swab . o Tissue culture
number indication time (post
culture K
operative/day)
) Hip
. Rheumatoid Femoral neck L
Patient 1 73 Female . replacement MRCoNS 11 days Proteus mirabilis
arthritis fracture
surgery
Hip Femoral neck Corynebacteri
emoral nec orynebacterium
Patient 2 71 Female Hypertension replacement MRCONS 30 days U
fracture spp.
surgery
Knee
Patient 3 71 Female Hypertension replacemant Osteoarthritis MSCoNS 45 days No growth
surgery
Hip Congenital hi C/G gro
i i u
Patient 4 49 Female No comorbidity replacement ,g R P MRCoNS 49 days g p.
dislocation streptococci
surgery
Cereb L Hip Heterotrophi Klebsiell
erebrovascular eterotrophic ebsiella
Patient 5 43 Male . replacement . p MRCoNS 2 days )
disease e ossification pneumoniae

MRCOoNS: Methicillin-Resistant Coagulase Negative Staphylococci
MSCoNS: Methicillin-Sensitive Coagulase Negative Staphylococci

Table 2. Demographic characteristics of patients with and without postoperative prosthesis infection; preoperative and
postoperative 24th hour laboratory values

Patients without prosthesis Patients with prosthesis

Characteristics infection (n = 146) infection (n = 5)

Age, mean + SD 63.17 + 11.46 61.80 + 14.09 0.793
Height (cm) 161.18 + 8.90 158.60 + 9.47 0.525
Weight (kg) 78.64 + 14.55 68.80 + 8.87 0.136
BMI (kg/m?) 30.37 + 0.48 27.69 + 5.24 0.312
Operation time (min) 120.068 + 25.723 132 + 27.522 0.310
Preoperative leukocyte count (mm?3) 7495,83 + 2376,86 8740 + 4383.39 0.561
Preoperative neutrophil count (mm?) 5002.08 + 2315.39 6460 + 4388.39 0.500
Preoperative lymphocyte count (mm?3) 1827.08 + 594.16 1620 + 216.79 0.439
Preoperative CRP level (mg/dL) 9.74 + 17.65 9.60 + 7.40 0.985
Preoperative sedimentation rate (mm/hour) 28.65 +20.09 43.60 +£34.55 0.113
Postoperative leukocyte count (mm?) 9413.47 + 2619.41 14680 + 3778.49 < 0.01
Postoperative neutrophil count (mm?) 7308.65 + 2403 11680 + 3824.52 < 0.01
Postoperative lymphocyte count (mm?) 1331.91 + 545.14 1940 + 733.48 0.017
Postoperative CRP level (mg/dL) 92.80 + 82.97 139 + 102.596 0.230
Postoperative sedimentation rate (mm/hour) 60.32 +28.26 68.40 +27.92 0.534

5 1 4 Turk Hij Den Biyol Derg



In  the univariate analysis, leukocyte and
neutrophil levels at the 24-hour postoperative mark
were notably elevated in patients presenting with
infections (p < 0.01). Additionally, lymphocyte counts
measured 24 hours after surgery were significantly
greater in these patients (p = 0.017).

There was no statistically significant difference in
pre- and post-operative erythrocyte sedimentation
rate and procalcitonin levels between patients with
and without infection.

The study assessed the risk of developing
an infection associated with preoperative nasal
carriage of S. aureus using univariate analysis.
The results showed no significant difference (p =
0.256). However, patients colonized with CoNS had
a significantly increased likelihood of infection on
univariate analysis (p = 0.025).

The mean BMI of patients with preoperative
nasal S. aureus carriage was 32.71 compared to a
mean BMI of 29.96 in non-carriers.

In our investigation, our findings indicate a lack
of substantial relationship between smoking and
immunosuppression in elevating the likelihood of
post-operative prosthesis infection development (p =
0.890, p = 0.528). Furthermore, no notable variance
was observed in the duration of surgery between
patients who experienced infection and those who
did not (p=0.275).

DISCUSSION
Our study suggests that carrying CoNS in the

passage
infection. No other studies in the literature have

nasal increases the risk of prosthesis
shown a link between nasal carriage of CoNS and
an increased risk of prosthesis infection. Although
our study adds value to the literature with this
finding, further research will be needed to establish
a clear association due to the small number of cases.

Furthermore, in five patients who developed
an infection, the
from CoNS found

were different
Although

pathogens

in nasal carriers.

this statistically
challenging to argue that there is an increased

finding s significant, it is

risk of prosthesis infection in CoNS carriers.

The prevalence of CoNS carriage in the community
is high, but the intricacies of this phenomenon have
been little studied. Nasal carriage of methicillin-
resistant coagulase-negative staphylococci (MR-
CoNS) is highly prevalent in community subjects,
but its dynamic has been little investigated (10).

Studies have shown that CoNS weaken host
defences and promote infection by damaging the
natural barriers of the skin and mucous membranes
(11). In addition, some factors, such as bacterial
interactions in the human nose, may influence
S. aureus colonisation and sometimes prevent
colonisation. (12). Studies have demonstrated that
nasal carriage of CoNS triggers various immunological
mechanisms.Although CoNS have a much lower
pathological potential than S. aureus, antigens of
S. haemolyticus and S. epidermidis can induce
dysfunctional immune responses. In vitro studies
have shown that S. epidermidis may antagonise or
cooperate with S. aureus in biofilm formation. These
studies on the interactions of CoNS in mixed biofilms
with S.

individuals (13). Indeed, it has been shown in various

aureus have primarily included healthy

studies that there is a relationship between nasal
CoNS carriage and the frequency and severity of
atopic dermatitis in children (14). Considering the
relationship of CoNS with other bacteria and their
immunological effects, we hypothesise that nasal
CNS carriage facilitates the development of infection
by various mechanisms, although the infectious
agents were non-CNS pathogens in 5 patients who
developed infection. Our conclusion that the
presence of CoNS in the nasal region increases the
likelihood of prosthesis infection is supported by
the results of studies investigating the relationship
between CoNS and the development of infection.

If the

by further

results of our study are confirmed

studies, it will be possible to

clearly demonstrate the effect of nasal CoNS
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on the development of prosthesis infections.

While the literature reports that nasal carriage
of S. aureus is a risk factor for developing prosthetic
infections, our study did not find such an association.
The relationship between nasal S. aureus carriage
and infection development has been evaluated
in the literature and screening is recommended
especially before cardiothoracic and orthopedic
implant placement. In the current investigation,
there was no development of prosthesis infection in
any of the 18 patients with preoperative S. aureus
carriage within the initial 3 months post-surgery (p
= 0.256). In some studies, preoperative S. aureus
carriage was found to be associated with infection,
but there are also studies that did not find such a
relationship. Alandmark randomized-controlled trial
evaluating the impact of S aureus decolonization
reported a significant reduction in health care-
associated S aureus infection, but could not find
a significant reduction in PJIs in an underpowered
(15).
Prosthesis infection developed in five patients

subgroup analysis in orthopedic patients

in our study. Of these, four patients were female
and one was male. One study reported male sex
as a risk factor for developing knee prosthesis
infection (16). In another study investigating the
risk factors for the development of hip prosthesis
infection, female sex was reported as a protective
factor against infection. (17) Since the number
of female patients was significantly higher in
the present study, the incidence of prosthesis
infection was naturally higher in female patients.

In various publications, advanced age has been
shown as a risk factor for the development of
infections (18,19). In this study, the average age
of women participating was 64.0 years, with those
who developed an infection having an average age
of 66.3 years.This finding is important in terms
of demonstrating the increased risk of infection
with age and is consistent with the literature.

A previous study reported that higher BMI was
associated with a higher risk of infection and a

Turk Hij Den Biyol Derg

BMI > 30 kg/m? is considered as a risk factor for
(19).
was

the development of prosthesis infection
mean the BMI
patients compared to

In the present study,
30.37 kg/m? among all
27.69 kg/m? among patients who developed
infection. There was no statistically significant
difference between patients with and without
infection in terms of BMI (p = 0.312). This may be
attributed to the small number of patients who
developed postoperative prosthesis infection.

The mean BMI of patients with preoperative nasal
S. aureus carriage was 32.71 compared to a mean
BMI of 29.96 in non-carriers. Although there was no
statistically significant difference due to the small
sample size (p = 0.059), BMI could be considered a risk
factor for S. aureus carriage. In a study in which risk
factors for staphylococcal carriage were evaluated,
it was shown that every 2.5 kg/m? increase in BMI
increased the risk of nasal staphylococcal carriage
by 7%, which is consistent with our results (20).

One of the infected patients was diagnosed
with rheumatoid arthritis, one with hypertension
and one with diabetes. Diabetes is a known risk
factor for the development of prosthesis infection.

In a cohort study conducted in patients with
knee and hip prosthesis, it was found that the
presence of diabetes increased the risk of infection
1.55 times (21). In the present study, no significant
relationship was found between diabetes and
infection risk (p = 0.187). This may also be attributed
to the small number of patients. In the literature,
rheumatoid arthritis is considered a risk factor for
prosthesis infection. In a study comparing patients
who underwent hip or knee replacement due to
osteoarthrosis or rheumatoid arthritis, the risk of
developing infection in the rheumatoid arthritis
group was found to be 4.08 times higher than the
osteoarthrosis group (22). However, no significant
increase in infection risk was found in patients
with rheumatoid arthritis in the present study (p =
0.204). Although a statistically significant increase
could not be shown in our study due to the fact that



only six patients had rheumatoid arthritis, it is also
interesting that one of the five patients who developed
infection was diagnosed with rheumatoid arthritis.

There was no significant association between
immunosuppression and development of prosthesis
infection (p = 0.528). However, immunosuppression
is considered a risk factor for the development of

prosthesis infection (23). In a study evaluating

the development of bone joint infection in
patients who underwent hematopoietic stem
cell transplantation, it was reported that

immunosuppression constituted a serious risk factor
and treatment response and prognosis were worse in
immunosuppressed patients (23). In a case-control
study conducted to evaluate the development
of prosthesis infection in solid organ transplant
patients, immunosuppression was determined as a
risk factor for the development of infection (24).

Similarly, no

significant  relationship was

found between smoking and development of

infection. However, smoking is considered a
risk factor for the development of infection. In
another study, it was reported that the risk of
1.8-

fold in patients who had been smoking for more

developing prosthesis infection increased
than one year (25). In the literature also reported
that smoking increased MRSA colonization (26).

The lack of such a significant relationship in
the present study may be due to the low number
of smokers and patients who developed infection.

Leukocyte, neutrophil and lymphocyte counts
were significantly increased in the infection group
24 hours after surgery (p < 0.01). In the literature,
(79%) specificity (46%) of
leukocytosis in predicting prosthesis infection were

the sensitivity and
found to be low and it was stated that it should not
be used as a predictor unless there are additional
abnormal findings (27). When comparing the CRP and
erythrocyte sedimentation rates at 24 hours after
surgery, no significant difference was observed.
Although not statistically significant, postoperative
CRP was found to be higher in the infection group

than in the non-infection group. Similarly, a study in
the literature reported that a CRP value > 10 mg/dL
on postoperative day 4 was predictive of infection

patients
(28).
elevation may be indicate developing of infection.

development in undergoing lumbar

instrumentation Early postoperative CRP

This study has several strengths. Firstly, the
results of the study are valuable as it is a prospective
cohort study. Secondly, patients underwent monthly
postoperative evaluations for three months, during
which they received comprehensive examinations
and close monitoring for signs of prosthesis infection
through blood tests. Thirdly, this is a rare study to
evaluate CoNS carriage in relation to prosthesis
infection development and may provide an idea
for further studies. Our study has also several
limitations. Firstly, our sample size was small and
the number of patients who developed infection
was 5 patients.
not performed due to the low number of patients

The multivariate analysis was

who developed infection. Secondly, patients
could be followed up for the first three months
postoperatively. Finally, subtyping of CoNS grown
in preoperative nasal swab cultures could not be
performed due to inadequate laboratory facilities.

In conclusion; our study found no association
between nasal S. aureus carriage and prosthesis

infection. While nasal carriage of S. aureus

is considered a significant risk for prosthetic
infections, it is also likely that CoNS contribute to
the pathogenesis of prosthetic infections. As the
pathogens in patients with prosthesis infection
differ from those causing CoNS, and the number of
patients who went on to develop infection was 5, it is
impossible to establish a clear link between carrying
CoNS and infection. Considering the results of our
study and the available literature data, it is not
possible to make a clear recommendation regarding
nasal staphylococcal carriage screening. Further
studies are needed to clearly demonstrate the
relationship between carriage and the pathogenesis
of infection

development. An understanding
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of the pathogenic mechanisms of CoNS would Finally, monitoring  of  leukocyte and
facilitate the development of therapeutic CRP levels in the early postoperative period
approaches aimed at preventing prosthetic can be an indicator of prosthesis infection.
infections and combating their complications.

ETHICS COMMITTEE APPROVAL

* The study was approved by the Istanbul University Faculty of Medicine Clinical Research Ethics Committee (Date:
09.07.2018 and Number: 993).

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. Kapadia BH, Berg RA, Daley JA, Fritz J, Bhave 3. Weiser MC, Moucha CS. The Current State of
A, Mont MA. Periprosthetic joint infection. The Screening and Decolonization for the Prevention of
Lancet, 2016;387(10016):386-94. Staphylococcus aureus Surgical Site Infection After

Total Hip and Knee Arthroplasty: J Bone Jt Surg-Am
Vol, 2015;97(17):1449-58.

2. Beam E, Osmon D. Prosthetic Joint Infection

Update. Infect Dis Clin North Am,2018;32(4):843- 4. Liu GY. Molecular Pathogenesis of Staphylococcus
59. aureus Infection. Pediatr Res, 2009;65(5 Part
2):71R-77R.

5 1 8 Turk Hij Den Biyol Derg



10.

11.

12.

Ceccarelli F, Perricone C, Olivieri G, Cipriano E,
Spinelli F, Valesini G, et al. Staphylococcus aureus
Nasal Carriage and Autoimmune Diseases: From
Pathogenic Mechanisms to Disease Susceptibility
and Phenotype. Int J Mol Sci, 2019;20(22):5624.

Brown AF, Leech JM, Rogers TR, McLoughlin RM.
Staphylococcus aureus Colonization: Modulation
of Host Immune Response and Impact on Human
Vaccine Design.Front Immunol, 2014;4:507.

Ahlstrand E, Persson L, Tidefelt U, Soderquist B.
Alteration of the colonization pattern of coagulase-
negative staphylococci in patients undergoing
treatment for hematological malignancy. Eur J Clin
Microbiol Infect Dis, 2012;31(7):1679-87.

Boo N, Suhaida A, Rohana J. Frequent
nasopharyngeal suctioning as a risk factor
associated with neonatal coagulase-negative
staphylococcal colonisation and sepsis. Singapore
Med J, 2015;56(03):164-8.

Costa SF, Barone AA, Miceli MH, Van Der Heijden
IM, Soares RE, Levin AS, et al. Colonization and
molecular epidemiology of coagulase-negative
Staphylococcal bacteremia in cancer patients: A
pilot study. Am J Infect Control, 2006;34(1):36-40.

Lebeaux D, Barbier F, Angebault C, Benmahdi L,
Ruppé E, Felix B, et al. Evolution of Nasal Carriage
of Methicillin-Resistant Coagulase-Negative
Staphylococci in a Remote Population. Antimicrob
Agents Chemother, 2012;56(1):315-23.

Heilmann C, Ziebuhr W, Becker K. Are coagulase-
negative staphylococci virulent? Clin Microbiol
Infect, 2019;25(9):1071-80.

Iwase T, Uehara Y, Shinji H, Tajima A, Seo H, Takada
K, et al. Staphylococcus epidermidis Esp inhibits
Staphylococcus aureus biofilm formation and nasal
colonization. Nature, 2010;465(7296):346-9.

18k,

14.

15.

16.

17.

18.

19.

Cau L, Williams MR, Butcher AM, Nakatsuji
T, Kavanaugh  JS, Cheng JY, et al.
Staphylococcus epidermidis protease EcpA
can be a deleterious component of the skin
microbiome in atopic dermatitis. J Allergy Clin
Immunol,2021;147(3):955-966.e16.

Ndhlovu GON, Dube FS, Moonsamy RT, Mankahla
A, Hlela C, Levin ME, et al. Skin and nasal
colonization of coagulase-negative staphylococci
are associated with atopic dermatitis among South
African toddlers. Kaliyadan F, editor. PLOS ONE,
2022;17(3):e0265326.

Romero-Palacios A, Petruccelli D, Main C,
Winemaker M, de Beer J, Mertz D. Screening for and
decolonization of Staphylococcus aureus carriers
before total joint replacement is associated with
lower S aureus prosthetic joint infection rates. Am
J Infect Control, 2020;48(5):534-7.

Lenguerrand E, Whitehouse MR, Beswick AD,
Kunutsor SK, Foguet P, Porter M, et al. Risk
factors associated with revision for prosthetic
joint infection following knee replacement: an
observational cohort study from England and Wales.
Lancet Infect Dis, 2019;19(6):589-600.

Resende VAC, Neto AC, Nunes C, Andrade R,
Espregueira-Mendes J, Lopes S. Higher age, female
gender, osteoarthritis and blood transfusion protect
against periprosthetic joint infection in total hip or
knee arthroplasties: a systematic review and meta-
analysis. Knee Surg Sports Traumatol Arthrosc,
2021;29(1):8-43.

Berbari EF, Hanssen AD, Duffy MC, Steckelberg JM,
Ilstrup DM, Harmsen WS, et al. Risk Factors for
Prosthetic Joint Infection: Case-Control Study. Clin
Infect Dis,1998;27(5):1247-54.

Kunutsor SK, Whitehouse MR, Blom AW, Beswick
AD, INFORM Team. Patient-Related Risk Factors
for Periprosthetic Joint Infection after Total
Joint Arthroplasty: A Systematic Review and
Meta-Analysis. Virdi AS, editor. PLOS ONE,
2016;11(3):e0150866.

Turk Hij Den Biyol Derg

519



20.

21.

22.

238

24,

520

Olsen K, Danielsen K, Wilsgaard T, Sangvik M, Sollid
JUE, Thune I, et al. Obesity and Staphylococcus
aureus Nasal Colonization among Women and Men
in a General Population. Wertheim HFL, editor.
PLoS ONE, 2013;8(5):e63716.

Maradit Kremers H, Lewallen LW, Mabry TM, Berry
DJ, Berbari EF, Osmon DR. Diabetes Mellitus,
Hyperglycemia, Hemoglobin A1C and the Risk of
Prosthetic Joint Infections in Total Hip and Knee
Arthroplasty. J Arthroplasty, 2015;30(3):439-43.

Bongartz T, Halligan CS, Osmon DR, Reinalda MS,
Bamlet WR, Crowson CS, et al. Incidence and risk
factors of prosthetic joint infection after total hip
or knee replacement in patients with rheumatoid
arthritis. Arthritis Care Res, 2008;59(12):1713-20.

Abad CL, Phuoc V, Kapoor P, Tosh PK, Sia IG,
Osmon DR, et al. Bone and Joint Infections among
Hematopoietic Stem Cell Transplant Recipients. J
Bone Jt Infect, 2019;4(5):209-15.

Vergidis P, Lesnick TG, Kremers WK, Razonable RR.
Prosthetic joint infection in solid organ transplant
recipients: a retrospective case-control study.
Transpl Infect Dis, 2012;14(4):380-6.

Turk Hij Den Biyol Derg

25.

26.

27.

28.

Gonzalez Al, Luime JJ, Uckay |, Hannouche D,
Hoffmeyer P, Lilbbeke A. Is There an Association
Between Smoking Status and Prosthetic Joint
Infection After Primary Total Joint Arthroplasty? J
Arthroplasty, 2018;33(7):2218-24.

Kulkarni R, Caskey J, Singh SK, Paudel S, Baral P,
Schexnayder M, et al. Cigarette Smoke Extract-
Exposed  Methicillin-Resistant  Staphylococcus
aureus Regulates Leukocyte Function for
Pulmonary Persistence. Am J Respir Cell Mol Biol,
2016;55(4):586-601.

Deirmengian GK, Zmistowski B, Jacovides C,
O’Neil J, Parvizi J. Leukocytosis Is Common After
Total Hip and Knee Arthroplasty. Clin Orthop,
2011;469(11):3031-6.

Iwata E, Shigematsu H, Koizumi M, Nakajima H,
Okuda A, Morimoto Y, et al. Lymphopenia and
Elevated Blood C-Reactive Protein Levels at Four
Days Postoperatively Are Useful Markers for Early
Detection of Surgical Site Infection Following
Posterior Lumbar Instrumentation Surgery. Asian
Spine J, 2016;10(2):220.



Arastirma Makalesi/Original Article
Makale Dili “ingilizce”/Amcle Language “English”

Turk Hijyen ve Deneysel Biyoloji Dergisi

Questioning: Is Cocos nucifera oil antifungal effective for
dental and oral health or not?
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ABSTRACT

Objective: Aim of this study was to investigate
the antifungal properties of different acrylic resins
coated with Cocos nucifera oil. The escalating threat
to human health posed by serious Candida spp.
infections and the growing challenge of antimicrobial
resistance underscores the pressing need for novel
antifungal compounds. In response to this, our study
explored the antifungal properties arising from the
application of Cocos nucifera oil coating on different
acrylic resins. Since there are no previous studies in
the literature investigating the relationship between
Candida albicans, Cocos nucifera oil, and commonly
used 3D-printed acrylic resins, this topic deserves

further investigation.

Methods:

using the heat-cured method, and the other six discs

In our study, six discs were fabricated

were fabricated using the 3D-printing method. The
surfaces of the experimental acrylic discs were coated
with Cocos nucifera oil, but the surfaces of the acrylic
discs in the control group were not coated with Cocos

nucifera oil. The antifungal activities of acrylic resins

OZET

Amag: Bu calismanin amaci Cocos nucifera yagi ile
kaplanmis farkli akrilik recinelerin antifungal 6zelliklerinin
arastinlmasidir. Ciddi Candida spp. enfeksiyonlarinin insan
sagligina yonelik tehditini arttirmasi ve antimikrobiyal
direncin giderek artmasi, yeni antifungal bilesiklere olan
acil ihtiyacin altin1 cizmektedir. Bu sorunlara cevap olarak,
calismamizda Cocos nucifera yag kaplamasinin farkli
akrilik recineler Uzerine uygulanmasindan kaynaklanan
antifungal ozellikleri arastinlmistir. Literatiirde Candida
albicans, Cocos nucifera yagi ve yaygin olarak kullanilan
3D baskili akrilik recineler arasindaki iliskinin arastirilmasi
konusunda daha oOnce yapilmis herhangi bir calisma

olmadigindan dolayr bu konunun arastirilmasina ihtiyac

vardr.
Yontem: Calismamizda, alt1 adet disk, 1siyla
sertlestirme yontemi kullanilarak, diger alti adet

disk ise 3D baski yontemi kullanilarak Uretilmistir.
Deneysel akrilik disklerin ylizeyleri Cocos nucifera yag
ile kaplanmistir. Kontrol grubundaki akrilik disklerin
ylizeyleri ise Cocos nucifera yag ile kaplanmamistir.

Cocos nucifera yag ile kaplanmis akrilik recinelerin C.
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coated with Cocos nucifera oil against C. albicans
ATCC 90028 strains were determined using the plate

counting method.

Results: Contrary to expectations, Cocos nucifera
oil did not exhibit any antifungal effects; it was
determined that C. albicans promoted growth increase
on acrylic discs coated with Cocos nucifera oil than on
the control acrylic discs. Thus Cocos nucifera oil was

found to promote C. albicans growth.

Conclusion: This study demonstrated that both heat-
cured and 3D-printed acrylic resins coated with Cocos
nucifera oil did not have any antifungal effects against
C. albicans, the contrary, the acrylic resins coated with

Cocos nucifera oil promoted C. albicans growth.

Key Words: Candida albicans, antifungal, coconut

oil, 3D-printed acrylic resins, heat-cured acrylic resin

albicans ATCC 90028 suslarina kars1 antifungal aktiviteleri

plate counting yontemi kullanilarak belirlenmistir.

Bulgular: Beklenenin aksine, Cocos nucifera yaginin
antifungal etki gostermedigi; aksine, Cocos nucifera ile
kaplanms akrilik diskler tizerinde, kontrol akrilik disklere
gore daha fazla C. albicans Gremesi oldugu gorulmustiir.
Cocos nucifera yaginin C. albicans liremesini tesvik

ettigi belirlenmistir.

Sonug: Bu calisma ile Cocos nucifera yag ile
kaplanmis hem 1siyla sertlestirilmis hem de 3D baskili
akrilik recinelerin C. albicans’a kars1 herhangi bir
antifungal etkiye sahip olmadigi, aksine Cocos nucifera
yagi ile kaplanmis akrilik recinelerin C. albicans

Uremesini arttirdig1 sonucuna varilmstir.

Anahtar Kelimeler: Candida albicans, antifungal,
hindistan cevizi yagi, 3D-baskili akrilik recine, 1siyla

sertlestirilmis akrilik recine

INTRODUCTION
Yeasts of the genus Candida are inherent
components of the typical microbiota found in the skin,
oral cavity, gastrointestinal tract, and genitourinary
tract (1). Candida albicans is the most prevalent
strain in oral candidiasis and denture stomatitis (2),
a common inflammatory condition of oral mucosa
in individuals wearing dentures (3). Although other
Candida species can cause infections, they occur less
frequently (4). In addition to infections, several other
factors affect the development of denture stomatitis,
including the nocturnal use of oral cavity prostheses
and poor oral hygiene (5). The irregularities and pores
that develop on the surface of acrylic resin denture
base materials can transform the inner surface of
dentures into a reservoir of microorganism (6).
Complete and partial edentulism lead to an
imbalance in all components of the stomatognathic
system. Consequently, practitioners and researchers

aim to restore all affected functions (7). In the
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past decade, digital technologies have emerged as
alternatives to conventional (heat-cured) fabrication
of acrylic removable dentures (8). Computer-
aided design and computer-aided manufacturing
(CAD-CAM), incorporating additive techniques such
as 3D-printing, has facilitated the manufacture
of removable dentures (9). The advantages of
3D-printing include the ability to build intricate
geometries by adding materials layer-by-layer,
thereby minimizing waste (10). Therefore, the use of
3D-printing to create completely removable denture
bases has become increasingly popular in both
research and clinical practice. Although it is equal
to or surpasses the conventional method in terms of
the overall accuracy of the produced dentures (11),
this method still has some limitations concerning
its mechanical and physical properties (10, 12).
Research has indicated that 3D-printed acrylic resins
exhibit higher surface roughness and inferior surface
characteristics than heat-cured acrylic resins (7, 13,

14).



The widespread use of acrylic resin for edentulism
has led to growing emphasis on maintaining optimal
denture hygiene. Mechanical and chemical methods
are commonly recommended to prevent the buildup
of microorganisms and subsequent oral mucosal
inflammation during denture hygiene (6). Efforts have
been made to produce an antimicrobial acrylic resin.
Nonetheless, the inclusion of such agents may alter the
characteristics of acrylic resins, ultimately affecting
their appearance and strength (15). Additionally, a
variety of antifungal agents are readily available for
treating oral Candida infections. Despite their proven
efficacy, these drugs are associated with undesirable
side effects such as bitter taste, allergic reactions,
and potential drug interactions. Investigating natural
products obtained from plants that are traditionally
used in medicine can offer valuable substitutes for
antifungal agents (5). Studies have indicated that
natural substances, particularly plant essential oils,
have the potential to combat various strains of Candida
spp., including the highly prevalent C. albicans
(16). Among these, coconut oil, scientifically known
as Cocos nucifera, has garnered attention because
of its efficacy against fungal infections. Given the
accessibility, unique composition, and affordability of
coconut oil, it is crucial to investigate its efficacy as an
antifungal agent (17). Although they are widely used
in clinical practice, the effects of natural products
against fungal pathogens remains controversial (5,
18). Furthermore, there is a notable gap in studies
investigating the effects of coconut oil on different
types of denture resins against C. albicans. Thus, this
study aimed to assess the antifungal activity of Cocos
nucifera oil on both heat-cured and 3D-printed acrylic
resin surfaces and compare their effectiveness.

The hypotheses tested were as follows:

1) The application of Cocos nucifera oil would
have antifungal activity against C. albicans growth

2) 3D-printed resin discs would provide an equal
surface topology against C.
heat-cured acrylic resin.

albicans compared to

This study has the potential to shed light on

the role of alternative medicine in digital and

conventional dentistry. Previous literature lacks
evidence of the effects of Cocos nucifera oil on both
conventional and 3D-printed denture resins against
C. albicans. This study was prompted by the urgent
need to control the growth of C. albicans, a major

cause of denture stomatitis.
MATERIAL and METHOD

The sample designs

In this study, a total of 12 acrylic discs were
fabricated: heat-cured and 3D-printed. Six discs
were fabricated by heat-cured method and other six
discs were fabricated by 3D-printing method. The
fabricated rectangular samples had a width of 2 cm,
length of 5 cm, and thickness of 1 cm.

Heat-cured acrylic resin

The heat-cured acrylic resin discs were fabricated
according to the manufacturer’s instructions, as
described in a previous study (7). Wax patterns were
cut using modelling wax (Hindustan Modelling Wax No.
2, The Hindustan Dental Products, Hyderabad, India)
according to predetermined dimensions and invested
in Type 3 dental stones (Moldano, Kulzer GmbH,
Hanau, Germany) using a mixing ratio of 100 g powder
to 30 mL water under vacuum for 30 min, following
the manufacturer’s instructions. Subsequently, the
flask was immersed in water at 100° C for five minutes.
Once the flask was separated, any remaining wax
remnants were removed. A gypsum separator (Model
Sep, Harvest Dental Inc., California, United States)
was used to isolate the mold. The resin was mixed in
a beaker at a ratio of 35 g powder to 14 mL liquid and
stirred with a spatula for one minute.

The acrylic resin (Meliodent Heat Cure, Kulzer
GmbH, Hanau, Germany) reached packable consistency
within 10 min and was poured into the mold. The flask
underwent a 15-minute immersion in boiling water,
after which the heat source was deactivated. The
polymerization process utilized a short cycle method
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according to the manufacturer’s guidelines. After
a 20-minute boiling period, the flask was cooled
gradually in a water bath. Following the completion
of the polymerization phase, the specimens were
removed from the mold. Subsequently, the printed
specimens were trimmed, ground, and buffed using
a polishing machine (Interlab, Hull, UK) with the
application of pumice powder, emery paper, and
tungsten carbide bur.

3D-printed acrylic resin

Wax patterns were digitized to obtain a high-
resolution STL format using a chairside software
(CEREC 5.0.0, Dentsply-Sirona, NY, USA). The resulting
STL file was processed using a software (Blender for
Dental 3.3.1, Blender, New York, USA). Subsequently,
resin discs were produced through 3D printing using
an LCD printer (FreeShape 120, Ackuretta, Taipei,
Taiwan), and resin material (Optiprint Laviva,
Dentona AG, Dortmund, Germany) in a light pink hue
(LOT:48230) was formulated for disc fabrication. The
printing was completed with a wavelength of 405 nm,
maximum laser speed of 5000 mm/s, layer thickness
of 100 pm, and build angle of 90°, as recommended
to achieve optimum material properties (19, 20).
After printing, the specimens were cleaned using a
dual-tank cleaning bath treatment for 3-minute each,
containing 99.8% isopropanol (CLEANI; Ackuretta,
Taipei, Taiwan), followed by a 3-minute post-
curing phase using an ultraviolet curing unit (Tray-
LED; Ackuretta, Taipei, Taiwan) with a 405 nm LED
wavelength and 39 W power at 60 °C, following the
manufacturer’s instructions. The printed specimens
were ground using water lubricant, followed by
polishing using silicon carbide papers with grain
sizes of 400 (P600), 600 (P1200), and 1200 (P2500).
Subsequently, they were polished with 0.05 pm

MasterPrep Alumina discs.

Test microorganism

The test microorganism, C. albicans ATCC 90028,
was obtained from the culture collection of the
School of Pharmacy, Department of Pharmaceutical
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Microbiology Research Laboratory at Istanbul Medipol
University.

Inoculum preparation
C. albicans suspension was prepared from 3 days

culture and the yeast density was adjusted to 4.6x10°
CFU/mL by using a densitometer and diluting (21).

Determination of the Candida growth on acrylic
resin discs

The antifungal activities of acrylic resins coated
albicans ATCC
90028 strains were determined using the plate

with Cocos nucifera oil against C.

counting method described by Hos et al. (21).

Each the acrylic disc surfaces (2 cm x 5 cm) were
sterilized for 10 min using UV light (Philips TUV 30
W, Ultraviolet) (21). The test (experimental) group
was flooded with 1.5 mL of warm (37 °C) Cocos
nucifera oil (Bio Planete, Bram, France), and the
control group was kept without the Cocos nucifera
oil coating. A 100 pL of a 24-hour yeast culture (4.6
x 103 CFU/mL) was transferred onto the test and
control groups, and the surfaces were covered with
polyethylene (PE) film (1.5 cm x 4 cm). Three discs
of 3D-printed acrylic resin were coated with Cocos
nucifera oil and other three discs of 3D-printed
acrylic resin were not coated with Cocos nucifera
oil, as those were controls. Three discs of heat-cured
acrylic resin were coated with Cocos nucifera oil and
other three discs of heat-cured acrylic resin were
not coated with Cocos nucifera oil, as those were
controls. Hence, the tests were performed with three
replicates. The discs were incubated for 24 h at 37
+1°C with relative humidity (RH) exceeding 90%.
Following incubation, the discs were washed with 20
mL of a 0.87% NaCl solution. A 100 pL of this solution
was spread-plated onto Potato Dextrose Agar. After
the 72-hour incubation at 37 +1°C, the colonies were
counted.

Statistical analysis

Statistical analyses were performed using
SPSS version 26 (SPSS Inc., Chicago, IL, USA). The



distribution and homogeneity of the data were
assessed using Kolmogorov-Smirnov and Shapiro-
Wilk tests. The findings revealed that the data did
not display a homogenous distribution, and non-
parametric tests were employed as a result of the
limited sample size. Mann-Whitney U test was used
for statistical analysis, and a significance level of p <
0.05 was used for the analysis.

The study was approved by the Non-Interventional
Clinical Research Ethics Committee of Istanbul Medipol
University (Date: 22.04.2022 and Number: 363).

RESULTS

Cocos nucifera oil

Table 1 presents the number of C. albicans
colonies for control without Cocos nucifera oil and

experimental resins coated with Cocos nucifera oil.

The findings revealed that C. albicans demonstrated
growth increase on Cocos nucifera oil-coated acrylic
discs than on the control acrylic discs. Notably, there
was a statistically significant difference between
the control group and the Cocos nucifera oil-
coated acrylic discs for the 3D-printed acrylic resins
(p:0.022). In the control group of 3D-printed acrylic
resin discs, the median value of C. albicans count
was 266 (172-465) CFU/sample whereas the median
value was 1817 (882-1907) CFU/sample for 3D-printed
acrylic resin discs coated with Cocos nucifera oil.

Additionally, heat-cured acrylic resins revealed
a statistically significant difference between the
control group and the Cocos nucifera oil-coated
discs (p =0.001). Although the control group did not
show C. albicans growth, the Cocos nucifera oil-
coated discs had a median value of 315 (302-324)
CFU/sample. The findings are shown in Figure 1.

Table 1. Comparison of the numbers of C. albicans colonies on acrylic resin surfaces (3D-printed / Heat-Cured) coated

with/without Cocos nucifera oil

3D- Printed Heat Cured
Mean S.D. Med. Min-Max Mean S.D. Med. Min-Max p
Control 301 149.6 266 172-465 0 0 0 0 0.037
Experimental 1535.3 567.6 1817 882-1907 313.7 11.1 315 302-324 0.050
p 0.022 0.001

Mean= mean, S.D.= standard deviation, Med= Median, Min-Max= Minimum-Maximum, p= p-value

2
B

100000

C. albicans (CFU/sample)

3D-Printed / Cantrai

3D-Pnnted /

Expenmental

Heat Curad / Control Haat Cured /

wpernmental

Groups

Figure 1. Effects of Cocos nucifera oil on C. albicans growth
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Manufacturing techniques

The number of C. albicans colonies for 3D-printed
acrylic resins and heat-cured acrylic resins coated
with Cocos nucifera oil are shown in Table 2. It was
found that C.
on 3D-printed acrylic resin discs than on heat-cured

albicans exhibited growth increase

acrylic resins. The number of C. albicans colonies
was statistically significant in control groups (p
:0.037), with no growth observed in heat-cured
acrylic resin discs, but a median value of 266 (172-
465) CFU/sample was found in 3D-printed acrylic

resin discs. The effects of different manufacturing
techniques on C. albicans growth were highlighted
by these findings. Statistically significant differences
were found between the manufacturing techniques
(p :0.050) in the groups coated with Cocos nucifera
oil. The median values of C. albicans count in
3D-printed acrylic resin discs coated with Cocos
nucifera oil was 1817 (882-1907) CFU/sample, while
in heat-cured acrylic resin discs coated with Cocos
nucifera oil, it was 315 (302-324) CFU/sample.

The schematic representation is given in Figure 2.

Table 2. Comparison of the number of C. albicans colonies in terms of the control and experimental groups

n M S.D. P
Control 3 301.0 149.6
3D -Printed 0.022*
Experimental 3 1535.3 567.6
Control 3 0.0 0.0
Heat-cured 0.001*
Experimental 3 313.7 11.1

n= sample size, M= mean, S.D.= standard deviation, p= p-value

Control
Heat-cured
!
3D-printed
w
: JAY
E 24h
v
Control
Heat-cured
3D-printed

Figure 2. Graphical abstract

Experimental

7 :1C
Potato Dextorose
Agar i
Experimental

Schematic representation of the effects about differently manufactured acrylic resin discs
coated with Cocos nucifera oil against to C. albicans.

Q: Cocos nucifera : C. albicans
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DISCUSSION
In the present study, we investigated the
antifungal activity of coconut oil on heat-cured and
3D-printed acrylic resin discs. As modern medicine
comes with the risk of side effects, individuals are
increasingly turning towards traditional practices
as complementary therapies to improve their
overall health. This quest for a solution for denture
stomatitis has unveiled a potential natural remedy.
According to Kumar et al. (17) and Krishnamoorthy
et al. (16), in vitro studies have demonstrated that
when Cocos nucifera oil is incorporated into tissue
conditioner, it was showed a significant reduction in
the colonization of C. albicans. However, our study
yielded contrasting results, with C. albicans growth
in the presence of Cocos nucifera oil. Shino et al. (22)
conducted a study on the impact of Cocos nucifera oil
on early childhood caries. They concluded that Cocos
nucifera oil showed antifungal activity. Our findings
challenge the literature on the potential benefits of
Cocos nucifera oil for inhibiting C. albicans growth.
The initial step in the colonization and invasion
of host tissues by C. albicans is its ability to adhere
to acrylic resin surfaces. In addition, rough surfaces
can increase the accumulation of organisms in
prostheses even after cleaning. Yeast growth is
aided by rough surfaces. The topology of improperly
polished prostheses also favors yeast growth (15).
Baciu et al. (7) revealed that among the tested
denture base resins (heat-cured, CAD/CAM milled,
and 3D-printed), 3D-printed acrylic resin exhibited
the highest surface roughness. These results are
supported by those of Helal et al. (13) and Zeidan et
al. (14) In this study, C. albicans showed more growth
increase on the 3D-printed acrylic resin surface
coated with Cocos nuciferaoil than on the heat-cured
acrylic resin surface coated with Cocos nucifera oil.
A study conducted by da Silva et al. (19) showed
that, despite the lower surface roughness compared
to heat-cured acrylic resins, C. albicans exhibited
growth increase on 3D-printed acrylic resins. They

indicated that surface free energy of 3D-printed
acrylic resins may be more likely associated with
that colonization than their surface roughness.
As previously described by Gad et al. (23), the
surface roughness, the surface free energy, and the
contact angle of the resin are also responsible for
C. albicans growth. Moreover, the inferior surface
characteristics of 3D-printed acrylic resin can be
linked to the processing techniques employed,
light
methodologies, such as the layering technique,

including polymerization and printing
printing orientation, and associated parameters (7).

In conclusion; To sum up, the first hypothesis
was rejected, as Cocos nucifera oil did not have
antifungal activity against C. albicans. Furthermore,
the second null hypothesis was also rejected,
as the 3D-printed acrylic resin discs coated with
albicans

Cocos nucifera oil showed more C.

growth increase compared to the heat-cured
acrylic resin discs coated with Cocos nucifera oil.

In conclusion, this pioneer study proved that
both heat-cured and 3D-printed acrylic

discs coated with Cocos nucifera oil do not have

resin
any antifungal effects against C. albicans. This
is the first report proving that both heat-cured
and 3D-printed acrylic resins coated with Cocos
nucifera oil do not have antifungal effects against C.
albicans. Contrary to expectations, Cocos nucifera
oil did not exhibit antifungal effects; instead, it
unexpectedly promoted a favorable environment
for C. albicans growth, particularly on 3D-printed
acrylic resin discs. These findings challenge the
initial hypotheses and underscore the interactions
between natural products, material surfaces, and
microbial behavior. Additionally, 3D-printed acrylic
resin promoted more C. albicans growth increase
compared to conventional acrylic resin. It is needed
further investigation to determine its efficacy against
other fungal species. To expand on these findings, it
is imperative to thoroughly investigate relationship
among C. albicans, Cocos nucifera oil and widely
utilized 3D-printed resins. Future research should
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focus on elucidating the underlying mechanisms and investigating ways to reduce the enhanced
that contribute to the observed discrepancies growth of C. albicans in 3D-printed acrylic resin.

* The study was approved by the Non-Interventional Clinical Research Ethics Committee of Istanbul Medipol University
(Date: 22.04.2022 and Number: 363).

The authors declare no conflict of interest.
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Glukokortikoid ile olusturulan insiilin direncinde timokinonun
karaciger DNA hasarinin tamiri ve molekiiler yolaklar
uzerindeki etkileri
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OZET

Amac: Bu calismada, insilin direncine bagh
olarak meydana gelen doku hasarinin onlenmesinde
veya tamir edilmesinde cok sayida etken maddenin
roli molekiiler diizeyde incelemektedir. Bu calisma,
Nigella sativa’nin baslica etken maddesi olan ve pek
cok yararli etkisi bilinen timokinonun (TK) deneysel
instilin direncinde karaciger dokusundaki DNA hasarinin
tamiri ve bazi molekiiler yolaklar lizerindeki etkilerinin

degerlendirmesi amaciyla yapilmistir.

Yontem: Bu calismada, glukokortikoid ile induklenen
instlin direnci modeli olusturulmustur. Kontrol (K) 7
adet, Insiilin Direnci (iD) 7 adet, Timokinon (TK) 7 adet,
timokinon ile korunma (TKI) 7 adet ve tedavi (ITK) 7 adet,
tedavi kontrol icin insiilin direnci+metformin (iM) 5 adet
olmak lizere toplam 40 adet rat kullamlmistir. Calisma
sonucunda karaciger dokusunda metabolik genlerin
(antioksidan: Gpx, Sod, nekrotik: Rip1, Rip3, otofajik:
Atg3 Atgb, apoptotik: Kaspaz 3 Kaspaz 8 Kaspaz 9, DNA
hasarini onaran: KU70, KU80, TP53) ekspresyon seviyeleri,
Real-time gPCR yontemi

ile belirlenmistir. Gruplar

ABSTRACT

Objective: This study investigates the role of various
compounds in the prevention or repair of tissue damage
associated with insulin resistance at the molecular
level. It aims to evaluate the effects of thymoquinone
(TK), the principal active compound of Nigella sativa
known for its numerous beneficial effects, on DNA
damage and some molecular pathways in experimental

insulin resistance.

Methods: The insulin resistance model was induced
using glucocotiocoids. A total of 40 Wistar-Albino rats
were utilized, comprising 7 in the control (C) group, 7
in the insulin resistance (IR) group, 7 receiving TK, 7
protection with TK (TKIR), and undergoing treatment
with TK (IRTK) and 5 for tretament control with insulin
resistance plus metformin (IM) groups. Expression
levels of metabolic genes (antioxidant: Gpx, Sod;
necrotic: Rip1, Rip3; autophagic: Atg3, Atg5; apoptotic:
Caspase 3, Caspase 8, Caspase 9; DNA repair: KU70,
KU80, TP53) in liver tissue were determined using Real-

time qPCR. Differences between groups were assessed

arasindaki farklilk kontrol grubunun ekspresyonun by comparing fold changes in expression against the
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artis-azalis kat (fold changes) sayisi ile karsilastinlip
degerlendirilmistir. Istatistiksel analizler SPSS program
ile gerceklestirilmistir.

Bulgular: DNA hasarin1 onaran KU70 ve KU80 gen
ekspresyonlarn, TK verilen gruplarda artis gostermistir.
TP53 geni | grubunda belirgin bir artis gosterirken, tedavi
icin TK verilen grupta azalmistir. Apoptotik Kaspaz8 geni
ekpresyonu ID grubunda artmis, TK verilen gruplarda
azalmis, Kaspaz 3 ve Kaspaz 9 gen ekspresyonlarinda
ise onemli bir farklilk saptanmamistir. Antioksidan
(Gpx1,Sod1)

arasinda anlamli bir fark gorilmemistir. OtofajikAtg5,

gen ekspresyonu bakimindan, gruplar
nekrotikRip1 ve Rip3 genlerinin ekspresyonu | grubunda
artarken, TK verilen gruplarda azalmistir.

Sonug: Sonuc olarak TK’nun, insulin direncini
azaltma, glukoz toleransim iyilestirme ve pankreatik
B-hiicre fonksiyonlarin1 destekleme gibi etkilerinin;
antioksidan ozelliklerinin yani sira, KU70 ve KU80 genleri
araciligr ile DNA onarirmim attirmasi, antiapoptotik
genleri upregiile etmesi ve otofajik ve nekrotik yolaklari
inhibe etmesi gibi mekanizmalardan kaynaklanabilecegi
sonucuna vanlmistir. Bu bulgularin, insilin direncine
bagli komplikasyonlarin tedavisi ve onlenmesinde TK’nun
karaciger koruyucu etkisinin biyokimyasal temellerini

anlamada yararli bilgiler saglayabilecegi distiniilmektedir.

Anahtar Kelimeler: Insiilin direnci, timokinon,

karaciger, DNA hasari, DNA tamiri, molekiiler yolaklar

control group. Statistical analysis was performed using
SPSS.

Results: The expression levels of DNA repair and
damage genes KU70 and KU80 increased in the groups
receiving TK. The TP53 gene exhibited a significant
increase in the IR group but decreased in the TK
treatment group. Apoptotic Caspase 8 gene expression
was elevated in the IR group and reduced in the TK
groups, while no significant differences were observed
for Caspase 3 and Caspase 9 expression. No significant
differences were noted in antioxidant gene expression
(Gpx1, Sod1) among the groups. Autophagic Atg5, and
necrotic Rip1 and Rip3 gene expressions increased in the

IR group but decreased in the TK groups.

Conclusion: The results suggest that TK may
reduce insulin resistance, improve glucose tolerance,
and support pancreatic B-cell functions through
mechanism including enhancing DNA repair via KU70
and KU80, upregulating antiapoptotic genes, and
inhibiting autophagic and necrotic pathways. These
results could provide valuable insights into the
biochemical basis for the hepatoprotective effects
of TK in the treatment and prevention of insulin

resistance-related complications.

Key Words: Insulin resistance, thymoquinone, liver,

DNA damage, DNA repair, molecular pathways

GIRIS

insiilin direnci (iD), hiicrelerin insiiline normalden
daha az duyarli olmasi nedeniyle kan glukozunun
yukselmesi ve pankreasin fazla miktarda insilin
Uretmesine ragmen hiicrelerin bu insiiline yeterli
yanmt vermemesi durumunu ifade etmektedir.
insiilin direnci, metabolik sendrom olarak bilinen
hiicresel ve klinik sorunlara

cesitli metabolik,

(hipertansiyon, yliksek plazma trigliserid, distik HDL,
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hiperinsiilinemi, Tip 2 diyabet, koroner kalp hastalig
ve damar anormallikleri vs) neden olur. Hiicrelere
zarar veren reaktif oksijen tiirlerinin fazlaligi, insilin
etiyolojik
faktor olup, kas, karaciger ve yag dokusunda insiilin

direncinin patogenezinde onemli bir
direncinin gelismesini
birikimiyle olusan bir tur huicresel strese yol acar (1-4).

TK, (Nigella
bulunan ve geleneksel tibbi degere sahip aktif bir ana

kolaylastiran maddelerinin

corek otu sativa) tohumunda

bilesiktir. Iyi bilinen antioksidan, antiinflamautuvar,



antiobezite, antihipertansif, antihiperlipidemik ve
antidiyabetik otofajik 6zelliklerininyaninda, diyabette
hiperglisemi, hiperinsiilinemi, hiperlipidemi, insiilin
direncini onemli 6lcude onlemesi sayesinde insulin
direncinin yonetiminde alternatif bir dogal ilag
olarak kullanilabilecegine dair gorisler vardir (5-9).

TK’un
adaciklarin biitiinligiinin korunmasi, glukoz-insiilin

antidiyabetik  etkilerini,  pankreatik

homeostazisi, lipid metabolizmasi, hepato-renal
fonksiyonlarn  ve
(10),

antioksidan,

histomorfolojisini  iyilestirerek
etkilerinin,
antifibrotik,

antikanserojenik

gosterirken hepatoprotektif

gliclu antiinflamatuar,
antiapoptotik/proapoptotik  ve
ozelliklerinden kaynaklandig1 (11) distiniilmektedir.

Bu calisma; deneysel insiilin direncinde karaciger
dokularindaki DNA hasarimin tamiri ve molekiler
yolaklar (apoptotik, otofajik, nekrotik, oksidatif yolak)
Uzerine, tedavi ve korunma icin TK uygulanmasinin,
etkisinin arastirilmasi

amaciyla planlandi.

GEREC ve YONTEM

“Glukokortikoid
direncinde

Bu calismada, ile induklenen

insulin timokinonun  vitamin D
metabolizmas1 Uzerine etkisi” isimli yiksek lisans
kullanildi.

insiilin direnci tanisi konulmasinda da bu tezden

tezinden saglanan karaciger dokular

alinan degerler kullanildi (12).
Deney hayvanlan

Calisma icin, Van Yiiziincii Y1l Universitesi Deneysel
Uygulama ve Arastirma Merkezi’nden agirliklar1 150
ile 200 gr arasinda degisen 40 adet Wistar-Albino
erkek sican saglandi. Ratlar deneme siiresince 12 saat
karanlik/aydinlik, sicakligi 22 + 2 °C olarak ayarlanmis
odalarda surekli olarak yem ve taze su bulunan
kafeslerde barindirildi.

Deneme gruplarinin hazirlanmasi(12)

1. Grup (Kontrol-K): Rastgele secilen yedi adet
rat kontrol grubu olarak ayrildi. Bu grubun ilk kan
glukoz diizeyi kuyruktan alinan kanda tespit edildi.
intraperitoneal (i.p) yoldan 7 giin boyunca serum

fizyolojik enjekte edilip son 7 giin gavaj ile aycicek
yag verildi.

2. Grup (insiilin Direnci-i): Yedi adet rata 7 giin
boyunca deksametazon 1mg/kg/gun (i.p.)uygulandi.

3. Grup (Timokinon-TK): Yedi adet rattan olusan
gruba 7 giin boyunca agiz gavaji ile TK 10mg/kg/giin
olarak uygulandi.

4. Grup (Timokinon+ insiilin direnci-TKi): Yedi
adet rata 7 gin siresince agiz gavaji ile TK10 mg/
kg/gin (i.p.) uygulandi. Daha sonra 7 giin boyunca
intraperitoneal olarak enjeksiyonla deksametazon
1mg / kg / giin uygulandi.

Timokinon-iTK):
Yedi adet rattan olusan gruba 7 giin suresince
deksametazon 1mg/kg/gun (i.p.) uygulandi. Daha
sonra 7 gin boyunca agiz gavaji ile TK 10mg/kg/giin

5. Grup (insiilin direnci+

verildi.

6. Grup (insiilin direnci+metformin-iM): Bes
adet rattan olusan gruba 7 giin boyunca deksametazon
1mg/kg/gun (i.p.) uygulandi. Toz haldeki metformin
(40 mg/kg/glin) seklinde suda eritilerek, agiz gavaji
ile 6 guin verildi ve deneme 10. gline tamamlandi.

Butun gruplarda, son uygulamanin yapilmasindan
2 saat sonra kuyruk veninden alinan kan orneklerinde
glukoz dizeyleri saptandi (Biyosensor glukoz olcum
cihazi ve stripleri, Lifechek, Tirkiye).

Karaciger dokularinin toplanmasi

Steril ortamda, sakrifiye edilen ratlardan steril
bisturi ve pens yardimiyla alinan yaklasik 200 mg
karaciger dokusu 2 ml steril RNAaz free tiiplere
konulduktan sonra, Uzerini kaplayacak kadar RNA
stabilizator konuldu.

Doku homojenatinin hazirlanmasi

Dokulardan 80 mg kadan steril tiplere alindi.
Dokularin uzerine 0,2 ml steril fosfat tamponu
eklenerek homojenize edildi. Homojenize edilen
dokular 1500 rpm’de 4 °C derecede sicaklikta santrifij
edildi. Tupun uUstiinde kalan sivi kisim atildi ve hemen

total RNA izolasyon asamasina gecildi.
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insiilin direncinin hesaplanmasi (13)

Kan sekeri (FUJI DRI-CHEM NX500, Japonya),
serum insulin duzeyleri (Rat INS ELISA Kiti- USBN
Kod No: CEA448Ra) olculerek elde edilen sonuclara
gore insiilin direnci hesaplandi.insiilin direncinin
hesaplanmasi, asagidaki formiile gore yapildi.

HOMA IR= Plazma glukoz (mg/dL) x aclik plazma
insullin (mu/L)/405.

RNA eldesi ve cDNA izolasyonu

Karaciger orneklerinden total RNA izolasyon
protokoliine gore (geneAll, Gliney Kore) RNA eldesi
yapildi. Uygun olcim sonucunda Total mRNA’dan
High-Capacity cDNA ReverseTranscription izolasyon
kiti (WizScriptTM cDNA Synthesis) kullanilarak cDNA

sentezi gerceklestirildi.
Komplementer DNA (cDNA) sentezi

WizScriptTM cDNA Synthesis Kit protokoliine gore,
cDNA karisimi 200 pl’lik PCR tiplinde hazirlandr (Her
bir tupte 10 pl olacak sekilde karisim hazirlandi). gDNA
eliminasyonu yapilmis RNA’lar 10’ar pl alinarak diger
tiplere eklendi. Qiagen Rotor-Gene Q Software-Run
cihazi ile reverse transkripsiyon asagidaki programa
gore gerceklestirildi.

cDNA  sentezinde  kullanmlan  uygulamanin
sicakliklar ve sureleri; 25°C’de 10 dk, 37°C’de 120
dk, 85°C’de 5 dk, 25°C’de 1 dk, olarak ayarlandi.

RT-PCR analizleri

Tim gruplarda rat karaciger dokusundan elde
edilen RNA izolasyon iirtinlerinde genlerin ekspresyonu
Elde edilen cDNA'lar
kullanilarak tablo 3’de primer sekans dizilimleri

real time-PCR ile belirlendi.

verilen hedef genlerin mRNA transkripsiyon diizeyleri
belirlendi. Her bir gene ait primerlerin uygun
optimizasyon sartlarn belirlendi. RT-qPCR reaksiyonu
ROTOR-GENE Q (Qiagen,

gerceklestirildi. Nekrotik hiicre 6limiiyle baglantil

Germany) cihazinda

olan Rip1 ve Rip3 geni; otofajik hiicre olumiyle

baglantili olan Atg3 ve Atg5 genleri; apoptotik hiicre
olimiiyle baglantili olan Kaspaz -8, Kaspaz -9, Kaspaz
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-3 genleri ve DNA hasarin1 onaran KU70, KU80 ile
timor onleyici TP3 genlerinin transkripsiyon diizeyleri
belirlendi. Ekspresyon analizlerinde kontrol geni olarak
Aktin Beta (ACTB) kullamldi. Calismada amplikasyon
tespiti icin SYBR Green master mix (WizpureTM qPCR
Master) kullanildi. Her bir 6rnek 3 bagimsiz tekrar ile
tekrarlandi, bir ct (cycletreshold) amplifikasyonlarin
logaritmik fazinin baslangici itibariyle belirlendi.
Ekspresyon analizlerinde genlerin drunleri 2-AACt
degerleri ile belirlendi. Gruplar arasindaki farklilik
kontrol grubunun ekspresyonun artis-azalis kat (fold
changes) sayisi ile karsilastinlip degerlendirildi.
Qiagen Rotor Gen model gercek zamanli-gPCR
cihazi kullamlarak cogaltildi. WizpureTM gPCR Master
(SYBR) protokoliine gore, her birdrnek icin asagidaki
Real-time PCR’da kullanilan
karisimin bilesenleri ve miktarlarn; Mastermix 10pl,

karisim  hazirland.

Forward Primer 2pl, Reverse Primer 2pl, Su (Nukleaz-
Free) 5ul, cDNA 1pl olarak yapildi.

Asagida RT-PCR analizinde kullanilan hedef
genlerin forward ve reverse primerlerine ait baz
dizilimleri verildi (Tablo 1).

Hazirlanan 200 pl PCR tipleri Real-time PCR
cihazinda (Qiagen, Rotorgene, USA) ilgili cDNA’lar
cogaltildr.

istatistik Analiz

Elde edilen veriler; Ortalama, Standart Sapma,
Minimum ve Maksimum deger olarak ifade edilmistir.
Bu ozellikler icin gruplan karsilastirmada Tek Yonlu
Varyans analizi yapilmistir. Varyans analizini takiben
farkli gruplan belirlemede, Tukey coklu karsilastirma
testi kullamlmistir. Bu ozellikler arasindaki iliskiyi
belirlemede, genel ve gruplarda ayrn ayri olmak
uzere Pearson korelasyon katsayilari hesaplanmistir.
Hesaplamalarda
olarak alinmis ve hesaplamalar icin SPSS (ver: 22)
istatistik paket programi kullanmlmistir.

istatistik anlamllik dizeyi %5

Bu calisma, Van Yizinci Yl Universitesi

Hayvan Deneyleri Yerel Etik Kurulu’nun onayi ile
(Tarih:25.04.2024,

gerceklestirilmistir Karar no:

2024/04-07).



Tablo 1. Ekspresyon analizinde kullanilan primerler ve dizilimleri

Genler Forward (5°’-3’) Reverse (5’-3’)
Kaspaz P3 CGAAACTCTTCATCATTCAGG GAGCATTGACACAATACACGG
Kaspaz P8 GATGTCCTGGTGCTATTTCAGAG CCTCCTTGTCCATGTCTTCTG
Kaspaz P9 TCTCACACCAGAAACACCCA GTCGTTCTTCACCTCCACCA
ATG3 GGGAAGAATTGAAAGTGAAGG TGAACTGAACACATAGGAGG
Atg5 CTATTTGACGCTGGTAACTGAC CTGATGTGAAGGAAGTTGTCTGG
Rip1 CTTCAGCACCTAGCTCCGTC TGTCCAGGTCTTTCCTCTCCA
Rip3 CCATCCAGACCCAACAAGAG GACGAAGATTCACCATAGCC
Gpx1 TCCACCGGTATGCCTTCTC TCTCTTCATTCTTGCCATTCTCC
Sod1 GCTTCTGTCGTCTCCTTGCT CATGCTCGCCTTCAGTTAATCC
TP53 CTGGACGACAGGCAGACTTT GTCCCGTCCCAGAAGATTCC
KU70 GCCCACCCTCTTCTGTCC GGGCTCTGCTCCTCCTCT
KU80 ACAGAAGACCACGACTCCAG AGTTGCTGAAGACTCTCGCT
GAPDH AACCCATCACCATCTTCCAG GCCATCCACAGTCTTCTGAG
BULGULAR KU70 gen ekspresyonu korunma icin TK(TKI)

Calisma sonunda belirlenen HOMA-IR verileri
asagidaki tabloda verildi (Tablo 2).

Calisma sonucunda elde edilen veriler asagida
degerleri de Goktug
(2022)’un yuksek lisans tezinden alinmistir (Tablo 5).
HOMA-IR duzeyleri | grubunda en yiiksek ve kontrole

verilmistir.insiilin ~ direnci

gore onemli (p<0.05) bulunurken, diger gruplar
arasinda birbirileri ve kontrole gore onemli bir fark
bulunmadi (13).

verilen grupta 5.9 kat, tedavide (ITK) ise 23 kat up
regule olurken, TK ve ID gruplarinda ise onemli oranda
down regule oldu. Tedavi kontrol (IM) grubunda ise
kontrolden farkli degildi.KU80 gen ekspresyonu,
tedavi icin TK verilen grupta (ITK) 5 kata yakin up
regiile olurken, TK ve ID grubunda kontrole gore
down regule oldu. Tedavi kontrol (IM) grubunda ise
kontrolden farkli degildi.TP53; ID grubunda 6 kat
up regiile oldu. Tedavi icin TK (ITK) verilen grupta
metformin verilen gruba yakindi. TK ve TKI gruplan
kontrole yakin bulundu (Tablo 3).

Tablo 2. Calisma gruplarindan elde edilen HOMA-IR sonuglar (13).

K TK |

TKI ITK IM

HOMA-IR 544+61.4b 420+122.6b

1080+293.8a

682+125.6ab 443+90.75b 787+120.09ab

a, b, c...: Farkli kiiclik harfi alan gruplar arasindaki fark istatistik olarak anlamulidir.

Tablo 3. Calisma gruplarindan elde edilen DNA hasarini tamir genleri ekspresyon sonuclar

K TK | TKI ITK IM

KU70 1 0,24 + 0,022 0,42 + 0,11 5,90 + 0,56 23,03+ 0,81 1,74+ 0,07°
KU8O 1 0,05 + 0,01 0,59 + 0,02 1,26 + 0,09 4,99+0,40° 1,80 + 0,44
TP53 1 1,05 + 0,01 6,7 + 0,15¢ 0,89 + 0,001 2,15+0,09° 2,73 +0,43

a, b, c...: Farkli kiicuik harfi alan gruplar arasindaki fark istatistik olarak anlamlidir.
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Kaspaz 3 ve Kaspaz 9 genlerinin ekspresyonu

bakimindan gruplar arasinda ortalama farklar
acisindan onemli bir farklilik gozlemlenmemistir. Ama
Kaspaz 3 geninin butiin calisma gruplarinda kontrole
gore 2 kattan fazla up regule oldugu goriildi. Kaspaz
8; ID grubunda 2,9 kat up regiile olurken, TK ve
metformin verilince yariya yakin down regule oldugu
belirlendi (Tablo 4).

Gpx geni; bitin calisma gruplan arasinda
ortalama degerlerde anlamli bir fark bulunmamakla
birlikte, timinun kontrole gore 1.5 kattan fazla
up regule oldugu goriildii. Sod geni;biitiin calisma
gruplar arasinda ortalama degerlerde anlamli bir fark
bulunmamakla birlikte gen ekspresyonu, kontrole
gore 2 kat civarinda up regule oldugu saptandi (Tablo

5).

Atg3 gen ekspresyonu bakimindan, butun calisma
gruplarn ve kontrol grubu arasindaki ortalamalarin
istatistiksel olarak anlamli olmadig1 goriildii.Atg5
geni; ID grubunda kontrole gore 6 kat up regile
olurken, korunma ve tedavi icin TK verilen (TKI ve
ITK) gruplarda kontrole gore ve tedavi kontrole gore
(IM) azald1 (Tablo 6).

Rip1
grubuna gore 2.4 kat artti, tedavi kontrol (IM)

gen ekspresyonu; ID grubunda kontrol
ve korunma ve tedavi icin TK verilen (TKI ve ITK)
gruplarinda yan yariya azaldi. Aym sekilde Rip3 geni
de ID de 7,5 kat artarken, tedavi kontrol (IM) ve
korunma icin TK verilen (TKI ve ITK) gruplarinda cok
azaldi. Ancak tedavi icin TK verilen (ITK) grupta da
azalmakla birlikte, yine de kontrolden 5 kata yakin
daha fazla up regiile oldugu goriildi (Tablo 7).

Tablo 4. Calisma gruplarindan elde edilen apoptozis genleri ekspresyon sonuclar

Gruplar K TK I TKI ITK IM

Kaspaz 3 1 2,56 + 0,43 2,56 + 0,43 2,66 + 0,46 2,76 + 0,48 2,87 + 0,51

Kaspaz 8 1 1,48+0,03  2,99:0,01°  0,52+0,03%  0,59+0,09¢ 0,72 0,02
Kaspaz 9 1 0,22 + 0,02 1,10 £ 0,28 1,04 £ 0,15 0,44 + 0,11 1,00 + 0,47

a, b, c...: Farkli kiicuk harfi alan gruplar arasindaki fark istatistik olarak anlamuidir.

Tablo 5. Calisma gruplarindan elde edilen antioksidan enzim genleri ekspresyon sonuclar

Gruplar K TK | TKI ITK IM
Gpx 1 1,52 + 0,07 1,52 £+ 0,07 1,54 + 0,07 1,57 + 0,08 1,60 + 0,09
Sod 1 1,87 £ 0,02 1,87 £ 0,02 1,92 + 0,02 1,98 + 0,03 2,03 + 0,03

a, b, c...: Farkli kiicik harfi alan gruplar arasindaki fark istatistik olarak anlamuidir.

Tablo 6. Calisma gruplarindan elde edilen otofajik genleri ekspresyon sonuclar

K TK | TKI ITK IM
Atg3 1 1,31 + 0,02 1,31 £ 0,02 1,33 £ 0,02 1,34 £ 0,02 1,36 + 0,02
Atg5 1 2,04+ 0,03 6,20 + 0,93¢ 0,67 + 0,072 0,54 + 0,02° 3,73 £ 0,20°

a, b, c...: Farkli kiicuk harfi alan gruplar arasindaki fark istatistik olarak anlamuidir.
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Tablo 7. Calisma gruplarindan elde edilen nekrotik genleri ekspresyon sonuclari

K TK [ TKI ITK IM
Rip1 1 0,05+0,01°  2,39:0,02  0,56+0,0° 0,40+ 0,03 0,76 0,22
Rip3 1 0,05+0,01°  7,45+0,49°  0,62+0,122  4,99+0,04> 0,39 + 0,05°

a, b, c...: Farkli kiicuk harfi alan gruplar arasindaki fark istatistik olarak anlamuidir.

TARTISMA

Geleneksel tipta uzun suredir kullanilan Nigella
sativa (NS; Ranunculaceae), diyabetes mellitusta
(DM) glukoz toleransini iyilestirerek (arttirarak),
hepatik, hepatik glukoneogenezi azaltarak, kan
glukozunu ve lipit dengesizligini normallestirerek
ve pankreastan

insiilin salgilanmasin1 uyararak

DM tedavisinde adjuvan tedavi olarak oOnemli
etkinlik gostermistir. NS, insilin direncini azaltir,
(13). TK,

antioksidan etkisinin yani sira pankreatik B-katenin

insilin  sinyalini artinr cogunlukla

ekspresyonunun  yukar1  regilasyonu  yoluyla
viicuttaki insiilin seviyelerinin dengede tutulmasini
saglar (14). Biyokimyasal ve ultrastriiktiirel bulgular,
N. sativa ekstraktinin ve timokinonun terapotik
oldugunu ve oksidatif stresi azaltarak STZ diyabetine
kars1 korudugunu, dolayisiyla pankreatik B hiicre
butlinligini korudugunu gostermektedir (15).
TK’un apoptozisi énleme ve cesitli bagisiklik ve
hiicresel sinyal yollarin1 dizenleme, interferonlar,
TNF-a gibi
oksidatif stres seviyelerini, diizenleyici T hiicrelerini
ve NF-kB, JAK-STAT, MAPK gibi hicresel sinyal
yollarim1  etkileyerek molekiiler
gosterdigi bilinmektedir (16-19).
TK, antioksidan enzimlerin (Gpx, Sod, GR, CAT)
ve indirgenmis glutatyonun (GSH) uzerindeki olumlu

interlokinler, bagisiklik faktorlerini,

diizeyde islev

etkileri ile oksidatif stresin olumsuz etkilerini

iyilestirir. Antioksidan o6zellikleri sayesinde oksidatif

stresi azaltir, hepatik fonksiyon bozukluklarina

kars1 koruma saglar, hepatik steatozu ve oksidatif
stresi iyilestirir. TK ve nanopartikul formu da,

antioksidan  ozellikleri ~ sayesinde  apoptotik

belirteclerin ve inflamatuar sitokinlerin asagi

regiilasyonu ile karaciger hasarim azaltir (20,21).
TK, bozulmus glukoz toleransini ve insiilin direncini
onler, HFD (high-fructose diet) kaynakli hepatik
TBARS artisin1 ve Sod, katalaz ve GSH tiikenmesini
iyilestirir (22). Gpx ve Sod gen ekspresyonlarindaki
artislar, oksidatif
bir etki oldugunu gosterir. Ancak bu calismada,

stresin  yonetiminde olumlu
tedavi gruplan arasinda karaciger dokusundaki gen
ekspresyonunu duizeylerinde belirgin bir farklilik
gozlemlenmemistir. Bu durum,TK’un antioksidan
iliskili
sinyal yollarin1 diizenleyerek etkili olabilecegini

enzimlerin aktivitesini etkilemektense,

distindiirmektedir.Ayrica, insiilin direncine bagh
etkilerin yalnizca oksidatif stresle degil, inflamasyon,
hiicresel stres ve metabolik yollarin bozulmas: ile
iliskili olabilecegi ya da antioksidan enzimlerin
aktivitesinin gen ekspresyonundan sonra post-
translasyonel modifikasyonlar ile diizenlenebilecegi
olasiliklar da goz oniinde bulundurulmalidir.

TK, oksidatif stres ve DNA hasarin1 azaltarak,
karaciger hasarin1 6nlemeye yardimci olur. Ayni
zamanda, DNA onarim sireclerini destekleyici
etkiler gosterir (23-26). Boylece DNA hasarin1 ve
apoptozisi azaltarak karaciger hasarin1 da engeller
(21,22). Bu calismada da TK’un DNA onariminda
olumlu etkiler sagladig1 gorilmektedir. TK, hem
korunma hem de tedavi amacli uygulamalarda KU70
ve KU80 gen ekspresyonunu artirmis ve bu genlerdeki
artislar, ozellikle tedavi grubunda belirgin olup, DNA
hasarin1 onlemede onemli bir rol oynar. TK’un DNA
onarim mekanizmalarini dizenlemesi, DNA hasarini
azaltarak hem hicre koruma hem de tedavi amacli
kullanimlarda etkili bir DNA koruyucu olarak islev
gormesini saglar.

TK, oksidatif stres ve DNA hasarin1 azaltarak,
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karaciger hasarini onlemeye yardimci olur. Ayn

zamanda, DNA onarim sireclerini destekleyici

etkiler gosterir. TK, hem korunma hem de
tedavi amacli kullanildiginda KU70 ve KU80 gen
ekspresyonunu artirarak DNA onarimint  tesvik
eder. Ozellikle tedavi grubunda KU70 ve KU80
genlerinde belirgin artislar gozlenmistir. Bu
sonuclar, TK’un DNA onarim genlerini diuzenleyerek
hasarlan azalttigin1 ve hem korunma hem de tedavi
sireclerinde fayda sagladigin1 gostermektedir. Ayni
sekilde, TK’un TP53 gen ekspresyonunu azaltici
etkisi, DNA hasar yanitinin diizenlenmesinde olumlu
bir katkida bulunarak, insilin direncinin (IR) neden
oldugu asin TP53 aktivitesini dengeleyebilecegini
gostermektedir. Tedavi gruplarinda TP53 ekspresyon
seviyeleri kontrol gruplarina yakin olup, metformin
verilen gruba benzer etki gosterdigi ve bu gen icin
potansiyel koruyucu etkisinin bir kanit1 olabilir.
TK’un apoptotik siirece katkilari; insiilin tireten B
hiicrelerininapoptozisinibaskilayarak (10), apoptotik
hiicre olumiinii saglayarak, NF-kB ve MEK sinyalini
inhibe ederek (27), hicre dongistni durdurarak
(22), p53 aracili apoptozis ve kaspaz aktivasyonunu
etkileyerek (23, 28) gerceklesmektedir.Apoptozis,
fazla veya anormal hucreleri ortadan kaldirarak
doku dengesini korumada onemli bir islevi olan
dizenlenmis bir hicresel kendini yok etme
mekanizmasidir (19).TK’un yuksek glukoz verilen
PC12 hicre hattinda oksidatif DNA hasar1 ve bazi
apoptotik parametreleri Uzerinde yararli etkileri
ortaya konulmustur (29-31). Bu calismada Kaspaz
3, Kaspaz 9’da gruplar arasinda fark olmamakla
birlikte Kaspaz 8’de biitiin gruplarda kontrole gore
2 kattan fazla artis gozlenmistir. Insilin direnci
(IR) grubunda Kaspaz 8 gen ekspresyonundaki bu
artis, hiicre olumine katkida bulunabilirken, TK
ve metformin ile tedavinin ekspresyonu belirgin
bir sekilde azaltmasi,apoptozis surecini sinirlamis
olabilir. Bu sonuclar, TK’un apoptozis mekanizmasini
duzenleyici etkisini ve DNA hasarina yanit olarak
apoptozis azaltabilecegini gostermektedir. TK’un,

apoptotik yanit1 hafifleterek hiicresel hasarin kontrol
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altina alinmasina katki sagladigi soylenebilir.

Son yillarda yapilan arastirmalar, TK’un otofaji,
nekrozis ve PI3K/Akt/mTOR gibi kritik hiicresel
yollar lizerinde 6nemli diizenleyici etkileri oldugunu
gostermistir. Nekroz ve otofajiileilgili etkiler dolayli
olarak, oksidatif stres, apoptozis ve DNA hasari
gibi konularla iliskilendirilebilir (16,32,33).Boylece
TK’un ozellikle metabolik hastaliklar, kanser ve
diger kronik hastaliklarin tedavisinde potansiyel bir
terapétik ajan olarak degerlendirilmesi olanaklarin
dusundurmektedir.

Otofaji,
hiicresel homeostazin korunmasi icin kritik bir
Otofaji
obezite ve diger kronik hastaliklarin

hiicresel atiklarin temizlenmesi ve

surectir. sureclerindeki duzensizliklerin
diyabet,
gelisimine katkida bulunabilecegini vurgulamislardir.
TK’un otofaji surecleri uzerindeki yararli etkilerine
dair bilgiler, metabolik bozukluklarin tedavisinde bir
secenek olarak kullanilabilecegini gostermektedir
(9,32).Bu calismada karaciger dokusunda Atg3
anlamli  degisikliklerin

gen ekspresyonundaki

olmamasi, TK’un bu gen uzerindeki etkisinin
sinirll oldugunu goésterebilir. Ancak, Atg5 genindeki
TK’un

etkileyebilecegini ve 6zellikle ID durumunda otofajik

belirgin  degisiklikler, otofaji  sirecini
yanit1 modiile edebilecegini ortaya koyabilir.
Nekrozis, patolojik hicre oliminiin bir formu
olarak, genellikle inflamatuar yanitlarla iliskilidir
ve bu durum, cesitli hastaliklarin ilerlemesinde
rol oynayabilir. TK’un nekrozis Uzerindeki yararl
etkileri, onun potansiyel terapotik kullanimini
(33,34).Bu calismada her iki

nekrozis genindeki artis, IR’nin hiicresel nekrozisi

desteklemektedir

artirdigini ve tedavi seceneklerinin bu siireci
etkileyebilecegini gosterir. Metformin ve TK’un
Rip1 ve Rip3 gen ekspresyonlarini azaltma etkisi, bu
tedavilerin nekrozisi sinirlama potansiyelini ortaya
koyabilir. TK’nun nekrozis sureclerini azaltarak
modiile etme yetenegine sahip olduguna isaret
sayilabilir.

TK’un oksidatif stresi ve DNA hasarin1 azaltma
etkileri, nekrozu dolayli

yoldan etkileyebilir,



cunku oksidatif stres genellikle hucresel nekroza
yol acabilir (35,36). TK’un hicre koruyucu etkileri
nedeniyle otofaji ve nekrozis siireclerini diizenleme
kapasitesine sahip oldugunu géstermektedir. TK’nun
nekrozisi engelleyici etkisi, Rip-1, ve Rip-3 gibi
nekrozis belirteclerinin azaltilmasiyla gosterilmistir.
Otofaji, DNA hasarinin onariminda rol oynayabilir ve
DNA onarimdan sorumlu mekanizmalarin etkilenmesi
otofajiyi etkileyebilir.

Sonu¢ olarak elde edilen bulgular, TK’un
antioksidan ozellikleriyle oksidatif stresi azaltarak
ve DNA onarim siireclerini destekleyerek insiilin
korunma ve

direncine karsi tedavide yararli

olabilecegini, ayrica, apoptozis, otofaji ve

ETiK KURUL ONAYI

nekrozis sureclerini module ederek hiicresel hasar
yonetebilme potansiyeline sahip oldugunu, dolayisi
ile insilin direncine bagli komplikasyonlarindan olan
karaciger hasarinin tedavisinde hepatoprotektif
bir mekanizma sunabilecegini gostermektedir. Bu
calismada elde edilen gen ekspresyon sonuclarini
dogrulamak amaciyla daha ileri protein diizeyinde
analizlerin (Western blot, ELISA gibi) yapilmasi ve
TK’nun uzun vadeli etkilerinin
TK’un
uzerindeki yararli etkilerinin mekanizmalarin1 daha

incelenmesinin,

insulin  direncinde metabolik yolaklar
kapsamli sekilde aydinlatilmasin saglayabilecegi

dusunulmektedir.

* Bu calisma, Van Yiiziincii Yil Universitesi Hayvan Deneyleri Yerel Etik Kurulu’nun onayr ile gerceklestirilmistir

(Tarih:25.04.2024, Karar no: 2024/04-07).

CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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The dual role of cold atmospheric plasma as a promising
modulator in melanoma
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ABSTRACT

Objective: Cold Atmospheric Plasma (CAP),known
for its antibacterial properties and potential therapeutic
benefits, is emerging as a promising alternativeto
traditional chemical disinfectants. This study aims to
investigate the dual role of CAP in skin disinfection
and its potential effects on melanoma. Specifically, the
study examines how CAP affects gene expression and
the potential implications of these effects on both skin

health and cancer progression.

Methods: In this study, gene expression analysis
was performed on human skin epithelial keratinocytes
(HaCaT) post-treatment with Cold Atmospheric Plasma
(CAP) and melanoma cell lines. Raw gene expression
data were obtained from Array Express (E-GEOD-46343)
and Gene Expression Omnibus (GSE22301) databases.
The data were normalized using the Robust Multichip
Average (RMA) method. For the melanoma cell lines,
normal human melanocytes were used as the control
group to ensure a comparative analysis of gene

expression changes between cancerous and non-

OZET

Amagc: Antibakteriyel ozellikleri ve potansiyel
terapotik faydalariyla bilinen Soguk Atmosferik Plazma
(SAP), geleneksel kimyasal dezenfektanlara umut verici bir
alternatif olarak ortaya cikmaktadir. Bu calisma, SAP’nin
cilt dezenfeksiyonundaki cift roliinii ve melanom tzerindeki
potansiyel etkilerini arastirmay1 amaclamaktadir. Ozellikle,
SAP’nin gen ekspresyonunu nasil etkiledigi ve bu etkilerin
hem cilt sagigi hem de kanser progresyonu uzerindeki

potansiyel sonuclar incelenmistir.

Yontem: Bu calismada, insan deri

(HaCaT)

(SAP) tedavisi sonrasi ve melanom hiicre hatlarinin gen

epitelyal
keratinositlerinin Soguk Atmosferik Plazma
ekspresyonu analiz edilmistir. Ham gen ekspresyon verileri
Array Express (E-GEOD-46343) ve Gene Expression Omnibus
(GSE22301) veritabanlarindan alinmistir. Veriler Robust
Multichip Average (RMA) yontemiyle normalize edilmistir.
Melanom hiicre hatlannda, kanserli ve kanser olmayan
arasindaki

hiicreler gen ekspresyonu degisimlerinin

karsilastirmali  analizini saglamak amaciyla kontrol

grubu olarak normal insan melanositleri kullanmlmistir.
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cancerous cells. Differentially expressed genes (DEGs)
were identified using R packages Limma, affy, and
edgeR. Common genes were identified with Venny 2.1.0,
and hierarchical clustering analysis was performed using
Gene Cluster v3.0. Pathway analysis was conducted using
DAVID and KEGG, DAVID provides functional annotation
clustering, while KEGG offers pathway mapping to
identify significant biological processes. In addition,
network analysis was performed using GeneMANIA and

Cytoscape software.

Results: This study revealed significant differential
gene expressions highlighting CAP’s impact on both
antimicrobial activity and cancer-related gene
regulation. Key genes involved in oxidative stress
responses, including ARID1A, NIPBL, BPTF, and OTUB1,
showed notable changes. Downregulation of ARID1A,
NIPBL, and BPTF is linked to impaired DNA repair and
increased genomic instability, critical in melanoma
progression. In contrast, upregulation of OTUB1
promotes cell survival and resistance to apoptosis.
These findings suggest CAP’s dual role in enhancing
antimicrobial defenses and influencing cancer-related
pathways, particularly through the modulation of

oxidative stress responses.

Conclusion: Our findings provide a foundation
for understanding the molecular effectsof CAP and its
potential in developing novel therapeutic strategies for
melanoma.These studies clarify CAP’s beneficial impacts
on skin health and potential carcinogenic risks, providing

robust scientific data for future applications.

Key words: CAP, gene expression, disinfection,

melanoma, oxidative stress, DEG

Diferansiyel olarak eksprese edilen genler (DEG) R paketleri
Limma, affy ve edgeR kullanilarak belirlenmistir. Ortak
genler Venny 2.1.0 ile tanimlanmis, hiyerarsik kiimeleme
analizi Gene Cluster v3.0 ile yapilmistir. Yolak analizi
DAVID ve KEGG kullanilarak yapilmistir, DAVID fonksiyonel
anotasyon kiimelemesi saglarken, KEGG onemli biyolojik
surecleri tammlamak icin yolak haritalamasi sunmaktadir.
Ek olarak, ag analizi GeneMANIA ve Cytoscape yazilimlari

kullamlarak gerceklestirilmistir.

Bulgular: Bu calisma, SAP’nin hem antimikrobiyal
aktivite hem de kanserle iliskili gen diizenlemesi tUizerindeki
etkisini vurgulayan onemli farkli gen ifadelerini ortaya
koymaktadir. ARID1A, NIPBL, BPTF ve OTUB1 dahil olmak
Uzere oksidatif stres tepkilerinde yer alan anahtar genler,
dikkate deger degisiklikler gostermistir. ARID1A, NIPBL ve
BPTF’nin asag1 regiilasyonu, melanom ilerlemesinde kritik
olan bozulmus DNA onarimi ve artan genomik instabilite
ile baglantilidir. Buna karsilik, OTUB1’in yukar regiilasyonu
hiicrenin hayatta kalmasini ve apoptoza direncini
desteklemektedir. Bu bulgular, SAP’nin antimikrobiyal
savunmalar gelistirmede ve ozellikle oksidatif stres
tepkilerinin modulasyonu yoluyla kanserle iliskili yolaklar

etkilemede ikili bir rol oynadigim gostermektedir.

Sonug: Bulgularimiz, SAP’min molekiler etkilerinin
anlasilmas1 ve melanom icin yeni tedavi stratejilerinin
gelistirilmesindeki potansiyeli icin bir temel
olusturmaktadi. Bu calismalar, CAP’nin cilt sagligi
tzerindeki olumlu etkilerini ve olasi kanserojen risklerini
netlestirerek, gelecekteki uygulamalar icin saglam bilimsel

veriler sunmaktadir.

Anahtar Kelimeler: SAP, gen ekspresyonu,

dezenfeksiyon, melanoma, oksidatif stres, DEG

INTRODUCTION

Disinfectants are effective in reducing and

populations, are increasing. Disinfectants must
be strictly controlled to protect human and
environmental health. Because chemical disinfectants

preventing disease transmission, but their potential can irritate the skin, trigger allergies and disrupt the
adverse effects on humans and the environment, microbiota (1). Given these challenges, CAP offers a
such as aquatic ecosystem pollution and resistant safer alternative due to its non-thermal properties
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and minimal environmental impact.

Gaseous partially ionized Cold Atmosphere Plasma
(CAP),
pressure plasma (NTAPP), has reactive species that do

also known as Non-Thermal atmospheric

not require high temperatures and has antibacterial
abilities (2). Comprehensive antibacterial activities
prevent diseases associated with multidrug-resistant
bacteria (3).
can improve wound healing using cold atmospheric

Cell growth and tissue regeneration

plasma (CAP). CAP helps manage permanent wounds
and surgeries that require infection control and good
healing (4, 5).

Melanoma is spreading worldwide, and people
with fair skin are often more exposed to the harmful
effects of the sun. Additionally, mutations and family
histories may also increase the risk of disease. The risk
of melanoma increases significantly due to genetic
changes. For example, mutations in the melanocortin
1 receptor (MC1R) and other genes increase the risk
of melanoma (6, 7).
also been associated with
especially frequent and
persistent exposure. These elements damage skin
Genetics, UV light, and
disinfectants contribute to melanoma (9).

Melanoma has

disinfectant exposure,

cells and structure (8).

In this study, we used advanced computational
methods and comprehensive analyzes to identify
genes that show significant changes after exposure
to CAP in human skin epithelial keratinocytes. By
discovering how CAP exposure affects molecular
pathways in keratinocytes, we have gained valuable
insight into cancer biology and believe it will shed
light on future studies that may reveal potential
biomarkers or treatment targets for melanoma.

MATERIAL and METHOD

Obtaining and Whole-Genome

Expression Data

Normalizing

Whole genome expression data of human skin
epithelial keratinocytes were obtained from Array
Express (E-GEOD-46343) (10). Gene expression data

of Melanoma cell lines and melanocyte controls
were obtained from the Gene Expression Omnibus
(GSE22301). Affymetrix Human Genome U133A 2.0
Array is used for the analysis (11).

In order to address technical differences across
the arrays and eliminate background noise, the raw
sample data undergo normalization using the Robust
Multichip Average (RMA) approach, implemented
using the R packages Limma and affy. (12, 13).
Additionally, to account for potential batch effects
between the datasets (E-GEOD-46343 and GSE22301),
the “ComBat” function from the sva package was
applied. This method adjusts for systematic biases
arising from batch effects, ensuring comparability
across datasets. However, we acknowledge that while
batch correction minimizes technical variance, some
residual effects may persist, which could potentially
influence the interpretation of subtle gene expression
differences.

Identification of Differentially Expressed Genes
and Commonly Altered Genes

Differentially Expressed Genes (DEGs) analysis is a
molecular biology approach that compares the levels
of gene expression across distinct sample groups,
such as healthy and diseased tissues or cells treated
with different substances (14, 15).

The main goal of DEGs analysis is to identify genes
that are expressed differently in the circumstances.

By doing DEG analysis using the R package edgeR,
we identified statistically significant genes (p-value
< 0.05) with a high expression change ratio in human
skin epithelial keratinocytes (HaCaT) after 60 seconds
of cold plasma treatment. We compared these results
to an untreated control group and also compared
them to a melanoma cell line in comparison to normal
human melanocytes.

A Venn diagram was produced using the web
application Venny 2.1.0 to identify the common genes
that exhibit substantial changes in expression in both
cold plasma-treated epithelial cells and melanoma
cells, as compared to their respective control groups
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(16, 17).

Hierarchical Cluster Analysis

To demonstrate the capacity of common genes with
the highest variation between groups to distinguish
between the compared groups, hierarchical cluster
analysis was conducted.

Genes identified were grouped hierarchically
based on their mean standardized expression values
(Euclidean Gene Cluster 3.0). After clustering, the
data was standardized and visualized with Treeview.
The hierarchical clustering enabled the visualization
of distinct gene expression patterns, thereby
highlighting the differential expression profiles and
helped in the identification of key genes involved in
the response to CAP exposure as well as melanoma
(18).

Pathway Analysis

The pathways associated with our genes were
identified by Database for Annotation, Visualization
and Integrated Discovery (DAVID) which is an online
tool to elucidate the biological pathways associated
with the common differentially expressed genes.
Kyoto Encyclopedia of Genes and Genomes (KEGG)
database within DAVID is used to map the genes by
using known pathways that may be implicated in the
response to exposure to CAP in human skin epithelial
keratinocytes (19, 20).

Network Analysis

GeneMANIA software was used and genes in
similar pathways were identified with Cytoscape
version 3.10.2 to explore the network and pathway
relationships between the selected differentially
expressed genes and other genes. The corresponding
network provided valuable insights into the functional
associations and putative regulatory mechanisms of
the discovered genes. The identification of important
genes and crucial pathways that may have major roles
in the response to NTAPP exposure and melanoma
development was achieved via the visualization of
the network (21, 22).
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Statistical analysis

The statistical analysis was performed using the
R programming environment with packages such as
Limma, affy, and edgeR. Data were expressed as
mean * standard deviation (SD). The Shapiro-Wilk test
was applied to determine the data’s suitability for
normal distribution (Data not shown). For normally
distributed data, comparisons between groups were
made using a t-test. Non-parametric data were
analyzed using the Mann-Whitney U test. Statistical
significance was set at a p-value < 0.05. To show the
clustering of selected genes, the pathways they are
involved in, and their network relations, Euclidean
Gene Cluster, DAVID, and GeneMANIA software were
used.

This study does not require Ethics Committee
Approval.

RESULTS

Differential Expression Analysis and Volcano Plot
Visualization

The volcano plot shown in Figure 1A shows the
comparative study of gene expression between
human skin epithelial keratinocytes treated with CAP
and the control group. Every data point corresponds
to a specific gene, where the x-axis represents the
log2 fold change (LFC) and the y-axis indicates
the negative logarithm (base 10) of the adjusted
p-value. Genes that exhibit a substantial increase in
expression (p<0.01) in response to plasma therapy are
visually emphasized in red, while genes that show a
significant decrease in expression (p<0.01) are visually
represented in green. The gray dots represent genes
that do not show statistically significant changes in
expression. The horizontal blue dashed line depicts
the significance threshold, which denotes the critical
level at which p-values are deemed significant
(p<0.01). This image clearly illustrates a noticeable
difference between the treated and control groups,
with a large number of genes displaying substantial



differences in expression. This emphasizes the
influence of plasma therapy on the regulation of genes
in human skin epithelial keratinocytes. A total of 407
genes exhibited substantial up-regulation after NTAPP

therapy, while 10868 genes showed down-regulation.

Heat Map Visualization of Differentially Expressed
Genes

The heat map in Figure 1B provides a complete
display of the genes that are expressed differently
between the control group and human skin epithelial
keratinocytes treated with CAP. Each row represents
a gene, and each column represents samples from
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either the control or treatment groups. The color red
represents an increase in gene expression, whereas
the color green represents a decrease. The intensity
of the color reflects the degree of gene expression.
The heat map clearly displays distinct clustering
patterns that demonstrate substantial variations in
gene expression profiles between the treated and
non-treated groups. Differentiation emphasizes
the substantial impact of plasma treatment on the

gene expression pattern of human skin epithelial

keratinocytes, indicating how this intervention
might regulate certain biological processes.
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Figure 1. (A) Differential gene expression analysis showing genes that are statistically significantly up- or down-expressed
in Non-Thermal Atmospheric Pressure Plasma (NTAPP)-treated human skin epithelial keratinocytes compared to the control
group. (B) Heat map analysis demonstrating that the differentially expressed genes can significantly distinguish between

treated and non-treated groups.

Identifying Molecular Distinctions and Therapeutic
Target Genes

Figure 2A illustrates the comparison of gene

expression between melanoma cell lines and

normal human melanocyte cell lines. The x-axis of

the graph indicates the log2 fold change (LFC) of
each gene, while the y-axis represents the -log10
adjusted p-value. Each dot on the graph represents
an individual gene. The red dots indicate genes that
are considerably elevated in melanoma cell lines
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(p<0.01), whereas the green dots reflect genes that
are strongly downregulated (p<0.01). The gray dots
represent genes that have not shown any substantial
change in their expression levels. The horizontal
dashed lines represent the levels used to determine
statistical significance. Disparities in gene expression
patterns between the two cell line groupings,
emphasizing significant changes in gene regulation
linked to melanoma. This investigation highlights
distinctions between

the molecular malignant

MA Pict

i

1032 Fom G

Avwinge Encrewwon 003 woss |

melanoma cells and normal melanocytes, offering
valuable insights into possible routes and targets for
therapeutic intervention. Atotal of 83 genes exhibited
substantial up-regulation, whilst 154 genes showed
down-regulation in melanoma cell lines as compared
to normal human melanocyte cell lines. Furthermore,
the use of hierarchical cluster analysis revealed that
these genes had the ability to differentiate between
melanoma and healthy groups, as seen in Figure 2B.
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Average Yeuw Lo

Figure 2. (A)Ascatter plot illustrating the significantly up- and down-regulated genes between melanoma cells and healthy
skin cells. The data reveal distinct gene expression patterns, indicating substantial alterations in gene regulation associated
with melanoma. (B) A heat map of gene expression profiles differentiating between melanoma and healthy skin cells. The
expression data highlights clear distinctions, underscoring the potential of these genes to serve as biomarkers for melanoma

detection and characterization.

The Venn (Figure 3) shows the

intersection of genes that are highly regulated in

diagram

both CAP-treated human skin epithelial keratinocytes
and melanoma cell lines. More precisely, the data
reveals that there are 12 genes that are noticeably
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reduced in expression in both scenarios, as seen
in Figure 3A. Additionally, there are 3 genes that
exhibit increased expression, as shown in Figure 3B.
A comprehensive inventory of these genes that have
been downregulated and elevated is shown in Table 1.



DOWN-REGULATED

UP-REGULATED

Figure 3. The Venn diagrams illustrate the overlap of significantly regulated genes between NTAPP-treated human skin
epithelial keratinocytes and melanoma cell lines. (A) The left diagram shows 12 genes that are significantly downregulated
in both NTAPP-treated keratinocytes and melanoma cell lines compared to their respective controls. (B) The right diagram
shows 3 genes that are significantly upregulated in both NTAPP-treated keratinocytes and melanoma cell lines. These
overlaps highlight potential common pathways and molecular mechanisms affected by NTAPP treatment and associated with
melanoma progression.

Table 1. Differentially expressed genes common to NTAPP-treated human skin epithelial keratinocytes and melanoma cell
lines. The table categorizes the genes into up-regulated and down-regulated groups

up-regulated genes
CARMILA1
OTUB1
GUK1

down-regulated genes
SLC7A1
SMG7
EXOC7
NUP54
POU2F1
DST
NIPBL
ARID1A
MRPL57
DCK
ZBTB39
BPTF

Biological Processes and Molecular Functions

The functional annotation clustering study yielded
five separate groups, as shown in Table 2. Melanoma
cell lines and CAP-treated human epithelial
keratinocytes share a set of 15 genes with differential

expression. Clusters of genes have been shown to
be more abundant in relation to certain biological
processes, cellular components, or molecular
activities. An example instance is Cluster 1, which

comprises genes associated with the nucleoplasm,
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nucleus, and phosphoproteins, and has an enrichment
value of 1.42. Cluster 2 consists of genes involved in
chromatin remodeling, transcription control, and RNA
polymerase Il activity. This cluster has an enrichment
value of 0.84. The genes related to cytoplasmic
components and coiled coil domains are emphasized
in Cluster 3, with an enrichment value of 0.58. Cluster

4, which has an enrichment value of 0.2, consists of
genes associated with the cell membrane and plasma
membrane. Cluster 5, which has an enrichment
value of 0.17, specifically targets genes related to
isopeptide bonds, ubiquitin-like conjugation, and
metal-binding. for their regulation in response to
CAP therapy and the advancement of melanoma.

Table 2. Functional annotation clustering of differentially expressed genes common to NTAPP-treated human skin epithelial

keratinocytes and melanoma cell lines

Annotation Cluster 1 Enrichment Score: 1.42 Count P-Value Benjamini
GOTERM_CC_DIRECT Nucleoplasm 9 1.90E-03 1.30E-01

GOTERM_CC_DIRECT Nucleus 8 8.70E-02 1.00E+00
UP_KW_PTM Phosphoprotein 10 3.30E-01 1.00E+00
Annotation cluster 2 Enrichment Score: 0.84 Count P-Value Benjamini
GOTERM_BP_DIRECT Chromatin remodeling 3 2.40E-02 1.00E+00
GOTERM_CC_DIRECT Chromatin 4 3.90E-02 8.10E-01

UP_KW_CELLULAR_COMPONENT Nucleus 5 5.10E-02 6.70E-01

UP_KW_BIOLOGICAL_PROCESS  Transcription regulation 5 1.40E-01 1.00E+00
GOTERM_BP_DIRECT Negative regulation of transcription by RNA polymerase || 3 1.50E-01 1.00E+00
UP_KW_BIOLOGICAL_PROCESS  Transcription 3 1.50E-01 1.00E+00
UP_KW_DISEASE Intellectual disability 3 1.80E-01 1.00E+00
GOTERM_BP_DIRECT Positive regulation of transcription by RNA polymerase I 3 2.20E-01 1.00E+00
GOTERM_MF_DIRECT g:,: E?r:)é:rr];rase Il cis-regulatory region sequence-specific 3 2.40E-01 1.00E+00
GOTERM_BP_DIRECT Regulation of transcription by RNA polymerase || 3 3.20E-01 1.00E+00
UP_SEQ_FEATURE COMPBIAS:Pro residues 3 3.80E-01 1.00E+00
UP_KW_MOLECULAR_FUNCTION DNA-binding 3 5.50E-01 1.00E+00
Annotation cluster 3 Enrichment Score: 0.58 Count P-Value Benjamini
UP_KW_DOMAIN Coiled coil 4 2.30E-01 1.00E+00
UP_SEQ_FEATURE COMPBIAS:Basic and acidic residues 6 2.70E-01 1.00E+00
UP_KW_CELLULAR_COMPONENT Cytoplasm 7 2.80E-01 1.00E+00
Annotation Cluster 4 Enrichment Score:0.2 Count P-Value Benjamini
UP_KW_DOMAIN Coiled coil 4 2.30E-01 1.00E+00
UP_SEQ_FEATURE COMPBIAS:Basic and acidic residues 4 6.40E-01 1.00E+00
UP_KW_CELLULAR_COMPONENT Cytoplasma 4 7.70E-01 1.00E+00
Annotation Cluster 5 Enrichment Score: 0.17 Count P-Value Benjamini
UP_KW_DOMAIN Coiled coil 3 8.90E-01 1.00E+00
UP_KW_CELLULAR_COMPONENT Cell membrane 5 9.50E-01 1.00E+00
GOTERM_CC_DIRECT Plasma membrane 3 5.30E-01 1.00E+00
GOTERM_CC_DIRECT Membrane 3 7.40E-01 1.00E+00
UP_KW_CELLULAR_COMPONENT mMembrane 3 8.10E-01 1.00E+00
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Elucidating Key Interactions and Regulatory interactions, such physical interactions, common
Mechanisms pathways, or co-expression. Larger nodes signify genes

In Figure 4, a network analysis of 15 genes With higher degrees of connectivity, highlighting their
that showed differential expression in human skin potential central roles in the network. Key genes, such
epithelial keratinocytes and melanoma cell lines 2S NUP54, CAD, and DST, show extensive interactions,

that were constructed using Cytoscape is shown. In  suggesting their importance in the regulatory
this network, each node stands for a gene, and the Processes affected by CAP treatment and melanoma.

connections between them show several kinds of
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Figure 4. Network analysis of 15 differentially expressed genes common to NTAPP-treated human skin epithelial keratinocytes
and melanoma cell lines. Each node represents a gene, with larger nodes indicating higher degrees of connectivity. The edges
between nodes represent various types of interactions, such as co-expression, physical interactions, or shared pathways.
Key hub genes, such as NUP54, CAD, and DST, exhibit extensive interactions, suggesting their central roles in the regulatory
processes affected by NTAPP treatment and melanoma progression.
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DISCUSSION

Cold atmospheric plasma has important roles
in the medical field in treatments such as wound
healing, bacterial sterilization, cleaning and tissue
coagulation. However, the molecular mechanisms
underlying these roles are complex as they involve
many physical and chemical activities. Although
studies reveal that CAP produces ROS and RNS, it is
predicted that the presence of these reagents may
cause oxidative stress, which may cause genetic
abnormalities or disruptions in signaling systems, and
this may facilitate the development of cancer. High
ROS production of melanoma cells has the ability to
damage DNA, accelerate tumor growth, and increase
the possibility of metastasis (23, 24). Elevated
amounts of ROS in melanoma cells may trigger the
activation of oncogenic signaling pathways, such
as the often mutant MAPK pathway. Consequently,
blocking these pathways is a fundamental approach
for treatment. ROS and RNS also regulate the tumor
microenvironment, stimulate angiogenesis, and
suppress immune responses, therefore facilitating
melanoma proliferation. Melanoma cells are
susceptible to ROS, so therapeutic strategies are
focusing on targeting oxidative stress pathways.

We identified 15 genes that were expressed
differently in CAP-treated melanoma cells than
in healthy skin cells. 12 of these genes were
downregulated in both CAP-treated cells and
melanoma cells (SLC7A1, SMG7, EXOC7, NUP54,
POU2F1, DST, NIPBL, ARID1A, MRPL57, DCK, ZBTB39
and BPTF).
in both CAP-treated cells and melanoma cells
(CARMIL1, OTUB1 and GUK1). This result suggests

a potential link between differential expression

Three of them were upregulated

of these genes in response to CAP treatment

and their role in melanoma progression.

ARID1A, NIPBL, and BPTF has a significant
impact on ROS and RNS production in
various cancer cells, including melanoma.

Downregulation of ARID1A facilitates cancer
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progression by causing impairments in the cell’s
(25). Additionally, a
decrease in NIPBL expression has been associated

response to DNA damage

with an increase in oxidative stress and genomic
instability. This encourages the growth of melanoma
(26).
increases ROS

cells Similarly, downregulation of BPTF
levels and causes DNA damage.
The results highlight the important functions of
these genes in controlling oxidative stress and
(27).

Conversely, increased expression of OTUB1 has been

influencing the behavior of cancer cells

associated with elevated levels of ROS in cancer
cells, which may cause oxidative stress and affect
the proliferation and survival of cancer cells (28).

Research suggests that the development of
melanoma cancer is strongly dependent on the
growth, movement, and creation of blood vessels
in cells. Melanoma cells exhibit increased rates of
proliferation and migration, which promote the
growth andspread of tumors. Additionally, they display
accelerated growth, resulting in the development of
larger tumors. The process is influenced by several
molecular processes and factors, one of which is
the overexpression of astrocyte increased gene-1
(AEG-1). Studies suggest that AEG-1 promotes the
growth and movement of melanoma cells, hence
(29).
Tissue inhibitor of metalloproteinases-3 (TIMP3)

accelerating the development of tumors

influences tumor growth and blood vessel formation
by regulating the movement of endothelial cells,
which is crucial for the spread of melanoma (30).
suppression of ARID1A, NIPBL,
BPTF and ZBTB39 genes may greatly contribute
to the
Downregulation or mutation of ARID1A, a component

Furthermore,

aggressive behavior of malignancies.
of the SWI/SNF chromatin remodeling complex, has
been associated with increased cell proliferation
and migration. ARID1A dysfunction may lead to
structural disruption of chromatin and changes in
gene expression, contributing to the development of
aggressive cancer behavior (31). NIPBL is essential
for regulating gene expression and maintaining the



connection between sister chromatids. Therefore, its
downregulation may lead to increased susceptibility
to genetic instability and accelerated tumor
development (32). Also, BPTF, which stands for
bromodomain PHD finger transcription factor, is
a constituent of the NURF chromatin remodeling
complex. The decrease in BPTF expression has
been associated with enhanced movement and
infiltration of melanoma cells, hence promoting
metastasis (33). While there is a lack of extensive
research on ZBTB39 in melanoma, its decrease in
activity is linked to changes in gene expression
that might potentially promote the advancement
(34).
Other studies and investigations have shown

of cancer via several signaling pathways

that the up-regulation of OTUB1 has a major impact
on cell proliferation, migration, and angiogenesis
in melanoma cells. OTUB1, also known as OTU
deubiquitinase and ubiquitin aldehyde binding
1, has a role in controlling cellular responses to
oxidative stress and repairing DNA damage. The
upregulation of this gene has been associated
with increased cell proliferation and migration.

According to the functional annotation clustering
findings of our work, out of the 12 genes that were
downregulated, a number of them have previously
linked to
Accordingly, ARID1A is required to control the

been important biological functions.
activation or deactivation of genes. When ARID1A
is suppressed, it is often associated with increased
cell growth and progression of tumors, leading
to the aggressive nature of malignancies such as
melanoma (35). If NIPBL is reduced, it can cause
genomic instability, which is a hallmark of cancer
progression. When downregulated, BPTF, an essential
component of NURF, inhibits cell cycle control and
processes involved in DNA repair (36). If ZBTB39 is
downregulated, it can lead to uncontrolled cell
proliferation and survival, which promotes cancer
development (37). Additional downregulated genes,
such as SLC7A1, SMG7, EXOC7, NUP54, POU2F1, DST,

MRPL57, and DCK, have diverse functions in cellular

processes including transport, RNA surveillance,

vesicle traffic, nuclear pore complex function,

transcriptional regulation, structural integrity,
and other factors. These genes have not been
extensively investigated in the context of cancer.
The simultaneous decrease in the expression of these
genes disrupts the balance in the cells, leading to the
development of cancer features seen in melanoma.
Conversely, increased activity of CARMIL1, OTUB1
and GUK1 genes also has important consequences.
CARMIL1 increases the ability of melanoma cells
to migrate and invade (38). OTUB1 affects protein
degradation and signaling cascades. Its increased
expression has been associated with improved cell
survival and resistance to apoptosis, thus promoting
cancer cell survival (39). GUK1 facilitates rapid
growth of cancer cells by providing a consistent
source of nucleotides for DNA replication (40).
Overall, the differential expression of these
underscores the complex
affected by  CAP

Downregulation of genes associated with cell cycle

genes molecular

interaction treatment.
regulation, chromatin restructuring, and genomic
stability, combined with upregulation of genes
that promote cell motility and survival, appears
to drive the aggressive behavior of melanoma.

Further functional studies are needed to confirm
these findings and explore the therapeutic potential
of targeting these genes in melanoma treatment.

In conclusion, despite its promising applications,
CAP therapy leads to changes in gene expression that
may have implications for melanoma development.
Although CAP is effective in antimicrobial action and
enhancing wound healing, long-term effects on gene
expressionandits potential topromote oxidative stress
and genetic mutations require further investigation.

Our findings suggest that CAP could be a double-
edged sword in clinical settings, offering therapeutic
benefits in wound healing and antimicrobial defense,
while also potentially modulating gene pathways that
influence cancer progression. This highlights the need
for careful clinical application, particularly in patients
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with a predisposition to melanoma or other cancers.

These insights into CAP-induced gene expression
changes may guide future experimental and clinical
studies aimed at optimizing CAP use for melanoma
treatment. For example, understanding which
genes are differentially regulated by CAP can

inform targeted therapeutic strategies that either
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Tetanus immunisation status in the adult population:
Investigation of IgG levels

Burak EZER! , Hilal Sena CiTFCi2

, Tunahan UYGUN3

, Mehmet OZDEMIR?

ABSTRACT
Objective:  Tetanus is a vaccine-preventable
disease; however, approximately one million new

cases of tetanus are reported worldwide each year. As
a result of successful vaccination policies in developed
countries, tetanus cases are observed in individuals
who are not vaccinated or who have not completed
the vaccination schedule. The aim of this study is to
determine the quantitative tetanus antibody levels in
patients admitted to our hospital and to analyse the

correlation between age, sex and antibody levels.

Methods: The study included the serum of 408 adult
patients over 18 years of age who were admitted to the
outpatient clinics and services of our hospital between
01/01/2022 and 06/08/2024. Tetanus IgG antibody
levels were quantitatively determined using the VIRCLIA
ELISA device (Vircell, Spain) using the Tetanus VIRCLIA®
IgG ELISA kit (Vircell, Spain) in the serum of patients
arriving at our medical microbiology laboratory. The
data analyzed with the SPSS (Statistical Package for
Social Sciences) 20.0 package program. The conformity

of the numerical data to the normal distribution was

OZET

Amag: Tetanoz as1 ile onlenebilir bir hastalik
olmasina ragmen diinya genelinde her sene yaklasik
bir milyon yeni tetanoz vakasi oldugu bildirilmektedir.
Gelismis Ulkelerde uygulanan basarili asilama politikalar
neticesinde tetanoz vakalar1 sadece asilanmamis veya
yetersiz asilanmis bireylerde gozlenirken; gelismemis
lilkelerdeki tetanoz vakalan yenidogan mortalitelerine
oldukca sik neden olmaktadir. Bu calismanmin amaci;
hastanemize basvuran hastalardaki tetanoz antikor
diizeylerini kantitatif olarak saptayarak, yas ve cinsiyete

gore antikor diizeylerinin iliskisini incelemektir.

Yontem: Calismaya 01.01.2022-06.08.2024 tarihleri
arasinda hastanemizde cesitli poliklinik ve servislere
basvuran 18 yas ustu 408 yetiskin hastanin serumlan
dahil edildi. Tibbi Mikrobiyoloji laboratuvarimiza ulasan
hasta serumlarinda Tetanus VIRCLIA IgG ELISA kiti
(Vircell, ispanya) kullanmlarak, VIRCLIA® ELISA cihazi
(Vircell, Ispanya) araciigiyla kantitatif olarak tetanoz
IgG antikor diizeyleri olciildii. Veriler SPSS (Statistical
Package for Social Sciences) 20.0 paket program ile

analiz edildi. Sayisal verilerin normal dagilima uygunlugu
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examined by visual (histogram) and analytical methods
(Kolmogorov-Smirnov test). Mann Whitney U test was
performed for pairwise comparisons in groups with
significant differences between them. The statistical

significance level for all tests was accepted as p<0,05.

Results: The mean + standard deviation values of the
ages of the adults included in the study were determined
as 40.07+15.10. 233 (57.1%) of patients were female. In
our study, non-protective tetanus antibody levels of <0.1
IU/mL were detected in 25 adults (6.1%) and protective
tetanus antibody levels of >0.1 IU/mL were detected
in 383 adults (93.9%). The median tetanus antibody
level was 1.12 IU/mL in men and 0.99 IU/mL in women.
However, there was no statistically significant difference
between the sexes (p>0,447). A negative correlation was
found between age and antibody level above 40 years of

age (r=-0,334; p=0,001).

Conclusion: In our study, lower tetanus antibody
levels were found in older ages, and antibody monitoring
should be performed at older ages and a tetanus booster

dose should be administered if necessary.

Key words: Tetanus, IgG, vaccine, antibody level,

immunisation

gorsel (histogram) ve analitik yontemlerle (Kolmogorov-
Smirnov testi) incelendi. Aralarinda anlamli fark bulunan
gruplarda ikili karsilastirmalar icin Mann Whitney U testi
uygulandi. Tum testler icin istatistiksel anlamlilik diizeyi
p<0,05 olarak kabul edildi.

Bulgular: Calismaya dahil edilen yetiskinlerin

yaslarinin ortalama + standart sapma degerleri
40,07+15,10 olarak tespit edildi. Hastalann 233
(%57,1)’Unu kadin hasta olusturmaktadir. Calismada 25
(%6,1) kiside <0.1 IU/ml dizeyinde korumasiz tetanoz
antikoru, 383 (%93,9) kiside ise >0.1 IU/ml seviyesinde
koruyucu tetanoz antikoru tespit edildi. Erkeklerde
ortanca antikor diizeyi 1.12 IU/ml, kadinlarda ise 0.99
IU/ml olarak saptandi. Cinsiyetler arasi istatistiksel
olarak fark saptanmadi (p=0,447). 40 yas ustiinde yas
ile antikor diizeyi arasinda negatif korelasyon saptandi

(r=-0,334; p=0,001).

Sonuc: Calismamizda ileri yaslarda daha dusuk

tetanoz antikor diizeyi saptanmis olup, ilerleyen

yaslarda antikor takibi yapilarak gerekliyse tetanoz

hatirlatma dozu uygulanmalidir.

Anahtar Kelimeler: Tetanoz, IgG, as1, antikor

diizeyi, bagisiklama

INTRODUCTION

Tetanus is an acute disease caused by exotoxins

produced by Clostridium tetani, an anaerobic
bacillus, with a high mortality, usually involving the
musculoskeletal system. There is a vaccine developed
from the bacteria’s toxin. Although it is a vaccine-
preventable disease; it is an important public health
problem that mostly affects newborns and young
adults in developing and the elderly in developed
countries (1). Tetanus is a notifiable disease and its
incidence is estimated to be 18 per hundred thousand.
Mortality rates due to tetanus vary between 30-50%

worldwide. It is reported that at least half of the
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mortality cases belong to the neonatal period (2-
4). Since 1948, diphtheria, tetanus and pertussis
vaccines have been used as combined toxoid vaccines
(5). Turkey’s National Immunisation Program states
that DaBT-IPA-Hib (Diphtheria, Acellular Pertussis,
Tetanus, Inactivated Polio, Haemophilus influenza
type B) is the first vaccination given in the second
month of life.

The administration of three doses of vaccine
continues at intervals of eight weeks. Abooster dose is
administered at 18 months. DaBT-IPA is administered
as a single booster dose in the first grade of primary
school and Td (Tetanus, Diphtheria) in the eighth
year. Moreover, men receive a single dose of the



tetanus vaccine while serving in the military, while
women receive two doses at least two weeks prior
to delivery (3).The risk of developing the disease
increases in older ages due to the decreasing tetanus
antibodies with age. According to a study done in the
US, the vaccination rate for individuals six years of
age and older was 72.3%, while the rate for those
over 70 was 31% (4).

In this study, tetanus immunoglobulin G (IgG)
levels of patients over 18 years of age admitted to
various outpatient clinics and wards in our hospital
is aimed to be investigated quantitatively and the
relationship of antibody titres with age and gender
is analysed.

MATERIAL and METHOD

The tetanus antibody levels of the patients
included in our study were obtained retrospectively
from the hospital information system. All patients
who were requested tetanus antibodies from various
outpatient clinics and services between 01.01.2022
and 06.08.2024 were included in our study.

The serum of 408 adult patients over the age of 18
who applied to various outpatient clinics and services
in Necmettin Erbakan University Medicine Faculty
between 01.01.2022 and 06.08.2024 were included
in the study. Tetanus IgG antibody levels were
quantitatively detected by the VIRCLIA ELISA device
(Vircell, Spain) using the Tetanus VIRCLIA® IgG ELISA

kit (Vircell, Spain) in the serum of patients accepted
in our Medical Microbiology laboratory.

Results were stated in International Units per
mililiter (lU/mL). The detected antibody levels
were grouped according to the investigations in the
literature and kit recommendations. Antibody titers
of <0.1 IU/mL were considered to be non-protective
against tetanus, antibody levels between 0.1-1 U/
mL were considered protective, and antibody levels
above 1 IU/mL were considered to be long-term
protective against tetanus. Protection status and
recommendations according to tetanus antibody
levels are presented in Table-1 (6-8).

The data were analyzed with the SPSS (Statistical
Package for Social Sciences) 20.0 package program. In
the descriptive analysis, frequency data were shown
as numbers (n) and percentages (%), while numerical
data were given using minimum and maximum values.
The conformity of the numerical data to the normal
distribution was examined by visual (histogram)
and analytical methods (Kolmogorov-Smirnov test).
Mann Whitney U test was performed for pairwise
comparisons in groups with significant differences.
Chi-square test and Fisher’s exact chi-square
test were used to compare categorical data. The
correlation of parameters that did not fit the normal
The
statistical significance level for all tests was accepted

as p<0,05.

distribution was analized by Spearman test.

Table 1. Protection, vaccination and antibody monitoring according to tetanus antibody levels

Tetanus IgG Levels Protective Status

Vaccination and antibody monitoring

A booster dose should be given, and the antibody level

SIS DsjRictection should be measured after 4-6 weeks.

0.1-0.5 IU/mL There is protectiveness sAhl;?J(l);ts; ?:esaeszr;gglgftt):rg;\_':rx::é ‘the Alile@ay; el
0.5-1.1 IlU/mL There is protectiveness Antibody level control is recommended after 2 years
1.1-5.0 IlU/mL There is protectiveness Antibody level control is recommended after 5-10 years
>5.0 IU/mL There is protectiveness Antibody level control is recommended for 10 years
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The study was approved by the Necmettin
Erbakan University Non-Drug and Non-Medical Device
Research Ethics Committee Ethics Committee (Date:
20.09.2024 and Number: 2024/5181).

RESULTS

The mean + standard deviation values of the ages
of the adults included in the study were determined
as 40.07+15.10. Considering the average age of the
patients in the study, two groups under the age of 40
and over the age of 40 were formed in terms of age.
233 (57.1%) of patients in the study were female.

In the study, the median tetanus IgG level of
women was 0.99 (0.44-1.67) IU/mL and of men 1.12
(0.62-1.77) IU/mL (p=0,447). The median tetanus IgG
level was found to be 1.28 (0.66-2.33) IU/mL in the
group aged 40 and under, and 0.71 (0.23-1.36) IU/mL
in those aged 40 and over.

>5.0 lU/mL

The antibody level of 6.1% of the patients was
below <0.1 IU/mL that is not protective against
tetanus. The rate of having a protective antibody level
against tetanus for 2-5 years was 25.2%. The rate of
having a protective antibody level for 5-10 years was
42.4%. The rate of having a protective antibody level
for more than 10 years was 7.1%. (Figure-1).

There was no statistically significant difference
between the antibody levels in males and females
(Figure-2).

Considering the relationship between antibody
levels and patient ages, the high results obtained
for tetanus IgG antibody levels in patients under 40
years of age was found to be statistically significant
(Table-2).

There was moderate negative correlation between
age and tetanus antibodies (r=-0,334; p=0,001).

<0.11U/mL

0.1-0.5 IU/mL

0.5-1.1 1U/mL

Figure 1. Antibody distribution of patients in the study.
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Figure 2. The relationship and distribution of antibody groups with gender
Table 2. The relationship and distribution of antibody groups with age
Age group
Tetanus IgG Level p-value
40 years and younger n (%) Over 40 years old n (%)

<0.1 IU/mL 2 (0.8) 23 (13.4)

0.1-0.5 IU/mL 32 (13.6) 46 (26.7)

0.5-1.1 IU/mL 65 (27.5) 38 (22.1)

0,001

1.1-5.0 IlU/mL 117 (49.6) 56 (32.6)

>5.0 IU/mL 20 (8.5) 9 (5.2)

DISCUSSION Tetanus is a vaccine-preventable disease with

a high mortality and morbidity. For this reason,

In our study, no statistically significant difference it is important to carry out vaccination programs
was found between genders in terms of tetanus in adulthood as well as childhood (9,10). Tetanus
antibodies, while a moderate negative correlation antibody levels vary depending on the development
was found between age and antibody levels. level and vaccination program of the country. A study
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of 255 adults in India reported that 47% had antibody
levels <0.1 IU/mL and were nonprotected against
tetanus (11). In a study in Spain, tetanus antibodies
were evaluated in 1296 people and 68.3% of people
were found to have protective antibody levels (12). In
a study conducted in healthcare workers in China, it
was determined that 29.82% had an antibody level of
<0.1 IU/ml (13). In a study conducted in 295 people
in Edirne, protection against tetanus was found to
be 98.6%, and in a study conducted in our hospital
in 2021, protection against tetanus was found to
be 82.5% (6,14). In our study, protection against
tetanus was found to be 93.9% which is higher than
the literature. We think that the reason for this may
be due to the vaccination programs and the immune
response of the patients included in the study.

In some studies in the literature, it is reported
that higher tetanus antibody levels are seen in the
male gender. It is reported that the reason for this
situation may be the booster doses administered
during military service and injury (12,15). In our study,
although higher antibody titers were detected in the
male gender, no statistically significant difference
was found (p>0.05). The immune response to tetanus
vaccination decreases over the years. Studies have
shown that higher levels of antibodies are produced
in young adults after vaccination than in the elderly.
In the literature, it is reported that after 10 years
or more, a booster dose should be given, especially
in the elderly population (16). In many studies,
antibody titers that are unprotected against tetanus
(<0.1 IU/mL) have been detected, especially in the
elderly population (17-19).

In our study, it was determined that 92% of the
group with antibody titers lower than 0.1 IlU/mL were
adults over 40 years of age. In our study, similar to
the literature, the decrease in tetanus antibodies as
age increased was found to be statistically significant.
(r=-0.334; p<0.001). The lower tetanus antibody
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levels in adults over 40 years of age were found to
be statistically significant compared to adults aged
40 and under (p<0.001). Immigrants leaving countries
where vaccination programs are not effectively
implemented pose a significant risk of tetanus in the
countries where they settle. In a multicenter study
involving six European countries, it was found that
22.3% of migrants did not have a protective tetanus
antibody titer (<0.1 IU/mL) (20).

Since our study is a retrospective study, the
vaccination status of the individuals included in the
study is unknown. We believe that more than 10 years
have had passed since the vaccination of the adults
included in our study whose tetanus antibody levels
were not at a protective level.

Although tetanus is a vaccine-preventable disease
with a high mortality and morbidity, it can still be seen
worldwide. Preventive health services constitute the
most important part of health policies in developed
countries. After routine vaccination in our country
since 1968, a single booster dose is recommended
for men during military service and two doses during
pregnancy for women.

It is essential to administer a booster dose to
increase the levels of antibodies against tetanus that
decrease in older ages. Especially for individuals over
the age of 20, antibody levels should be followed every
10 years and a booster dose should be administered
if necessary. The public should be informed about the
risk factors, transmission routes, clinical findings and
mortality of tetanus, and it should be ensured that
the vaccinations of unvaccinated or of incompletely
vaccinated people should be performed.

Since our study was planned retrospectively, we
believe that the limitations of our study were the
inability to obtain vaccination status, risk factors, and
sociodemographic data of the individuals included in
the study.
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ABSTRACT

Objective: Thisstudy aimstodescribe characteristics
of poisonings in patients who were treated with
extracorporeal methods between January 01, 2011 and
December 31, 2017 in Dokuz Eylul University Drug and
Poison Information Center (DEUDPIC).

Methods: This cross-sectional and descriptive
study included patients who received extracorporeal
treatment for poisoning. The data were obtained
from the hospital automation system, extracorporeal
treatment unit forms, and DEUDPIC forms. The
severity was classified using the Poisoning Severity
Score, and Glasgow Coma Scores (GCS) were recorded.
Statistical analyses involved Kolmogorov-Smirnov
tests for normality, Student’s t-test for parametric
comparisons, and Mann-Whitney U test for non-
parametric data. Risk factors for mortality in specific
common drug toxicities are determined using logistic
regression analysis. Analyses were conducted using
SPSS-24.

Results: A total of 75 cases participated in the
study. The mean age was 51.5+19.7 years, with 60% of

OZET
Amag: Bu calismanmin amaci, 01 Ocak 2011-31

Aralik 2017 tarihleri arasinda Dokuz Eyliil Universitesi
Tip Fakiiltesi ilac ve Zehir Damsma Merkezine (DEUTF-
ZDM) damisilan ve ekstrakorporeal tedavi yontemleri

uygulanan zehirlenme olgularimin degerlendirilmesidir.

Yontem: Bu kesitsel ve tanimlayici calisma,
zehirlenme nedeniyle ekstrakorporeal tedavi yontemi
uygulanan hastalar1 kapsamaktadir. Veriler, hastane
otomasyon sistemi, ekstrakorporeal tedavi unitesi
formlar ve DEUTF-ZDM kayit formlarindan elde edilmistir.
Zehirlenme siddeti, Zehirlenme $iddet Skoru kullanilarak
siniflandinlmis, hastalarin Glasgow Koma Skoru (GKS)
kaydedilmistir. Normalite analizi icin Kolmogorov-Smirnov
testi, parametrik veriler icin Student-t testi ve parametrik
olmayan veriler icin Mann-Whitney U testi uygulanarak
gerceklestirilmistir. En sk goriilen zehirlenmelerde
mortaliteyi etkileyen risk faktorlerini belirlemek icin
lojistik regresyon analizi uygulanmistir. Verilerin analizi,

SPSS-24 yazilim kullamlarak yapilmistir.

75 hasta dahil edildi.
Ortalama yas 51.5+19.7 yil olup, %60’1 erkekti. En

Bulgular: Calismaya
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cases being male. Methanol (37.3%), lithium (18.7%),
(6.7%) caused

Extracorporeal

carbamazepine (10.7%), and digoxin

the most poisonings, respectively.
treatment was used for “increasing the elimination of
the substance exposed” in 74.7% of the cases for “renal
support” in 25.3%, and the method was hemodialysis in
all. Specific antidote treatment was applied to 29.3% of
all cases and 67.9% of methanol poisonings. The most
common complication of hemodialysis was hypotension
(28%). A majority of the patients (73.3%) necessitated
intensive care unit support. Three patients recovered
with sequelae (4%), and 21 (28%) died. Among patients
pH<7.00,

serum creatinine (SCr)>1.2 mg/dL, and lower GCS were

who suffered from methanol poisoning,
associated with mortality in univariate analysis. In the
multivariate regression analysis, the sole independent
predictor of mortality was found to be the GCS (OR 0.62,
95% Cl 0.39-0.99, p=0.05).

Conclusion: Despite adequate hemodialysis,
mortality rate is high in the setting of common drug
poisonings. A low GCS is the only independent predictor

of mortality in the setting of methanol poisoning.

fazla zehirlenmelere neden olan maddeler sirasiyla
metanol (% 37,3), 18,7),
(% 10,7) ve digoksin (% 6,7) olarak tespit edildi.
Ekstrakorporeal tedavi, vakalarin %74,7’sinde “maruz

lityum (% karbamazepin

kalinan maddenin eliminasyonunu artirmak” icin,
%25,3’Unde “renal destek” icin kullanildi ve tim
hastalara uygulanan yontem hemodiyalizdi. Spesifik
antidot tedavisi, tim olgularin %29,3’iine ve metanol
zehirlenmelerinin %67,9’una uygulandi. Hemodiyalizin
en sik komplikasyonu hipotansiyondu (%28). Hastalarin
cogunlugunda (%73,3) yogun bakim unitesi ihtiyaci
vardi. Uc hasta (%4) sekelle iyilesirken, 21 hasta (%28)
hayatin1 kaybetti. Metanol ile zehirlenen hastalarda,
pH<7.00, serum kreatinin (SCr)>1.2 mg/dL ve dusuk
GCS tek degiskenli analizde mortalite ile iliskilendirildi.
Cok degiskenli regresyon analizinde, mortalitenin tek
bagimsiz belirleyicisi GCS olarak bulundu (OR 0.62, %95
C1 0.39-0.99, p=0.05).

Sonug: Yeterli hemodiyalize ragmen, ilac
zehirlenmelerinde olum oram yuksektir. Dusuk GCS,
metanol zehirlenmesi durumunda olum oraninin tek

bagimsiz belirleyicisidir.

metanol,

Key Words: Poisonings, methanol, hemodialysis, Anahtar Kelimeler: Zehirlenme,
toxicity hemodiyaliz, toksisite
INTRODUCTION as intermittent hemodialysis, peritoneal dialysis,

Poisonings are common health problems that
may cause morbidity and mortality. According to
the annual reports of the American Association of
Poison Control Centers (AAPCC), the number of
poisoning cases in 2022 was more than two million
on average (1). In poisoning, extracorporeal therapy
methods can be applied to increase the excretion of
the substance from the body in cases when the level
of the ingested agent in the blood is too high and/
or there is insufficiency in the elimination organs.
Extracorporeal therapy methods can be classified
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intermittent hemofiltration/hemodiafiltration,
hemoperfusion, exchange transfusion, therapeutic
plasma exchange, continuous renal replacement
therapy, and extracorporeal membrane oxygenation
(2-6). These methods can be used for both the
removal of toxic agents and renal support. Lithium,
ethylene glycol, methanol, valproic acid, salicylate,
carbamazepine, theophylline, and tricyclic
antidepressants are the most common poisonings in
which extracorporeal therapy methods are used (7-
9). AAPCC 2022 report shows that extracorporeal

therapy methods are used in 0.13% of the poisoning



cases (1). However, in our country, there is limited
data on the type and frequency of extracorporeal
decontamination methods and for which poisoning
agents they are applied, and the outcomes of
poisoning cases.

This study aimed to find out the characteristics
of hospital admission, demographic data, poisoning
characteristics, clinical and

signs symptoms,

extracorporeal therapy and non- extracorporeal
therapy methods applied, clinical follow-up and
outcomes in poisoning cases who were consulted to
Dokuz Eylul University Drug and Poison Information
Center (DEUDPIC) between January 01, 2011 and
December 31, 2017 and in whom extracorporeal
therapy methods were applied. Determination of
factors related to mortality in the common subgroup

of toxicities is provided.

MATERIAL and METHOD

The study included cases admitted to Dokuz Eylul
Hospital between January 01, 2011, and December
31, 2017, for poisoning, who were 18 years old and
older and who had undergone extracorporeal therapy
for treatment. Patients younger than 18 years of
age and patients whose medical records were not
accessed were excluded from the study.

DEUDPIC is a center working for the diagnosis
and treatment of poisoning cases admitted to Dokuz
Eylul University Hospital for detection, evaluation,
prevention, and risk analysis. DEUDPIC records each
case on a registration form. Data from registration
Probel
System, and Extracorporeal Treatment Unit patient

forms, Hospital Information Management
medical records were used in this investigation.

A nephrologist guided DEUDPIC to treat poisoning
Drug blood

were measured at the hospital before and after

patients with hemodialysis. levels
hemodialysis. The “Poisoning Severity Score” (PSS)
was utilized to grade all DEUDPIC patients who had
extracorporeal therapy as asymptomatic (0), mild
(1), moderate (2), severe (3), or death (4) (10). In

addition, Glasgow Coma Scores of the patients at the
time of admission were evaluated (11).

Kolmogorov-Smirnov  tests were performed
for normality analysis. Categorical variables are
presented as percentages, numeric variables are
given as meanzstandard deviation or median with
the range, as appropriate. In the comparison of
means, Student’s t-test was used in parametric
measurements, while the Mann-Whitney U test was
used in non-parametric measurements. Chi-square
test and Fisher’s exact test were used to compare
the numerical variables. Predictors of mortality were
determined by using logistic regression analysis. Age,
sex, and factors that were significantly associated
with mortality in univariate analysis were included
in the multivariate model. Results are shown as odds
ratios (OR) with a 95% confidence interval. The data
were analysed with SPSS-24 (SPSS INC., Chicago, IL,
USA) software.

The study was approved by the Non-Interventional
Research Ethics Committee of Dokuz Eylul University

(Date: 04.10.2018 and Number: 2018/24-19).

RESULTS

Between 2011 and 2017, extracorporeal therapy
was applied to 75 of the 831 (9.03%) poisoning cases
consulted to DEUDPIC. Median age of the patients was
50 (18-88) years, and 60.0% were male. Acute poisoning
(58.7%) was statistically significantly higher when
compared with other types of poisoning (25.3% were
chronic and 16.0% were acute on chronic) (p<0.001).
It was found that 58.7% of the poisonings were
unintentional, while 41.3% were intentional. It was
determined that 40.0% of the female cases and 42.2%
of the male cases had taken the agent intentionally
(p=0.848). The rate of intentional exposure in the 18-
49 age group was found to be statistically significantly
high when compared with those aged 50 years and
older (62.2% and 21.1%, respectively, p<0.001). The
most common route was oral (97.3%) in all poisonings.

The most common agents causing poisoning in
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cases treated with extracorporeal therapy were exposed to a single agent, while 22.7% (17 cases) had
methanol (37.3%), lithium (18.7%), carbamazepine been exposed to more than one agent. Two (2.7%)
(10.7%), and digoxin (6.7%), respectively. It was cases were exposed to unknown agents (Table 1).
found that 74.7% (56 cases) of all cases had been

Table 1. Demographic and clinical characteristics of all patients

Characteristics R iz ILit
n=30 (%40.0) n=45 (%60.0) n=75 (100.0)

Age (year) (median, min-max) 50 (18-88) 49 (18-82) 50 (18-88)
Time of admission (hour)

0-12 8 10 18

13-24 1

24< 3

Unknown 18 23 41
Type of poisoning

Acute 9 (20.5) 35 (79.5) 44 (100.0)

Chronic 13 (68.4) 6 (31.6) 19 (100.0)

Acute on chronic 8 (66.7) 4 (31.6) 12 (100.0)
Route of poisoning

Peroral 30 (41.1) 43 (58.9) 73 (100.0)

Inhalation > 1 (100.0) 1(100.0)

Unkown > 1 (100.0) 1(100.0)
Reason of poisoning

Intentional 12 (38.7) 19 (61.3) 31 (100.0)

Unintentional 18 (40.9) 26 (59.1) 44 (100.0)

Unknown - -
GCS (median, min-max) 15 (3-15) 15 (3-15) 15 (3-15)
Toxin

Single 21 (37.5) 35 (62.5) 56 (100.0)

Multiple 8 (47.1) 9 (52.9) 17 (100.0)

Methanol 2(7.2) 26 (92.8) 28 (100.0)

Lithium 10 (66.7) 5 (33.3) 15 (100.0)

Carbamazepine 5 (62.5) 3 (37.5) 8 (100.0)

Digoxin 5 (100.0) = 5 (100.0)

Metformin 3 (75.0) 1(25.0) 4 (100.0)

Others 4 (30.8) 9 (69.2) 13 (100.0)

Unknown 1 (50.0) 1 (50.0) 2 (100.0)
PSS

Asymptomatic 1 (50.0) 1 (50.0) 2 (100.0)

Mild 10 (55.6) 8 (44.4) 18 (100.0)

Moderate 8 (40.0) 12 (60.0) 20 (100.0)

Severe 11 (31.4) 24 (68.6) 35 (100.0)
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Table 1 (cont.). Demographic and clinical characteristics of all patients

L Female Wil Total
Characteristics n=30 (%40.0) n=45 n=75
(%60.0) (100.0)

Age (year) (median, min-max) 50 (18-88) 49 (18-82) 50 (18-88)
Clinical sign and symptoms

Central nervous system 22 (39.3) 34 (60.7) 56 (100.0)

Acid-base disorders 13 (29.5) 31 (70.5) 44 (100.0)

Gastrointestinal system 12 (54.5) 10 (45.5) 22 (100.0)

Urinary system 12 (57.1) 9 (42.9) 21 (100.0)

Visual system 2 (14.3) 12 (85.7) 14 (100.0)

Cardiovascular system 3 (42.9) 4 (57.1) 7 (100.0)

Respiratory system 1(16.7) 5(83.3) 6 (100.0)
Reason of haemodialysis

Remove the toxin or metabolite 19 (33.9) 37 (66.1) 56 (100.0)

Renal support 11 (57.9) 8 (42.1) 19 (100.0)
Complications associated with haemodialysis

Hypotension 4 (19.0) 17 (81.0) 21 (100.0)

Clot formation in the catheter 4(22.2) 14 (77.8) 18 (100.0)

g?;lr;(;cser-associated problems before 2 (66.7) 1(33.3) 3 (100.0)

Nausea-vomiting 1 (50.0) 1 (50.0) 2 (100.0)

Catheter-associated problems after dialysis 1 (100.0) 1 (100.0)

Fever 1 (100.0) 1 (100.0)
Specific antidote therapy 2 (9.5) 19 (90.5) 21 (100.0)
Mechanical ventilation need 2 (10.5) 17 (89.5) 19 (100.0)
Admission

Intensive care unit 19 (34.5) 36 (65.5) 55 (100.0)

Medical ward 11 (55.0) 9 (45.0) 20 (100.0)
Duration of hospital stay (median, min-max) ¥ days;iyt;;>urs-84 oy fj1a5y:)ours-53 . daysd(gyt;;)urs-84
Outcome

Alive 23 (42.6) 31 (57.4) 54 (100.0)

Dead 7 (33.3) 14 (66.7 21 (100.0)

GCS: Glasgow Coma Scale; PSS: Poisoning Severity Score
Percentages are calculated by row.

Median time elapsed from exposure to hospital
and 24.0% of
admissions occurred within the first 12 hours. Clinical

admission was 23.4+33.5 hours,

signs and symptoms of the patients at admission
were classified according to PSS. While 2.7% (2

cases) of patients were asymptomatic, 24.0% (18
cases) had mild, 26.7% (20 cases) had moderate,
and 46.7% (35 cases) had severe clinical signs and
symptoms. The mean GCS at admission was 11.4x4.5.
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Overall, the most common symptoms and
findings were related to central nervous system
complaints (74.7%), (58.7%),

and gastrointestinal complaints,

acid-base disorders
(29.4%)
respectively. While the most common central

system

system symptom was orientation-cooperation
34.7%), it was followed by

unconsciousness (14 cases, 18.7%), speech disorder

disorder (26 cases,

(5 cases, 6.7%), tendency to sleep (5 cases, 6.7%) and
other (6 cases, 8.0%) signs and symptoms. Acidosis
(pH<7.35) was found in 58.7% (44 cases) of all cases.
The extracorporeal
patients
Indications for

therapy method applied
(100.0%).
increase
(74.7%,
19 cases).

digoxin,
and blood
levels for carbon monoxide

to all was “hemodialysis”
hemodialysis were to
the elimination of the exposed agent
56 cases) and renal support (25.3%,
Serum

lithium, carbamazepine,

theophylline, phenytoin, ethanol,
carboxyhaemoglobin
could be measured. Drug levels were monitored
in 34 patients (45.3%) before hemodialysis and
in 32 patients (42.7%) after hemodialysis. While
all drug levels measured before hemodialysis
84.4%

decrease to non-toxic levels after hemodialysis.

treatment were toxic, were found to

No complications developed during hemodialysis
in 36 patients (48.0%), and at least one complication
was found to develop in 34 patients (45.3%). It was
not known whether complications developed in five
patients (6.7%). The most common complications
related with hemodialysis were hypotension (28.0%),
clot formation in the catheter (24.0%), and catheter-
associated problems before hemodialysis (4.0%).

All patients received supportive care in addition to
hemodialysis. Twenty-two (29.3%) patients received
specific antidote treatment. Nineteen of these were
suffering from methanol intoxication. Twenty (26.7%)
of the patients were hospitalized in the medical ward,
55 (73.3%) needed intensive care support, and 19
(34.5%) of these who needed intensive care received
respiratory support with mechanical ventilation. The
number of male patients who required mechanical
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ventilation was found to be statistically higher when
compared with female patients (p<0.002). Median
duration of hospital stay was 3 days (3 hours - 84
days). Forty-one (54.7%) patients were discharged
with complete recovery, 8 (10.7%) refused treatment
and were lost to follow-up, and 2 (2.7%) were
transferred to another hospital. Three (4.0%) of the
cases recovered with sequelae, and 21 (28.0%) died
(Figure 1). Except for the cases whose deaths were
reported, the others were stated as “alive” (Table 1).
It was found that the most common poisoning agent in
the patients who died was methanol (52.4%), followed
by digoxin (23.9%), lithium (9.5%), phenytoin (4.8%),
tramadol (4.8%), and verapamil (4.8%), respectively.

Patients with methanol poisoning

The mean age of methanol poisonings was
51.1£12.9 (18-71) years. 60.7% of the cases were
aged 50 years and older. The number of male cases
was higher than the number of female cases (92.9%
and 7.1%, respectively). It was found that 25.0% of
methanol poisonings were intentional, while 75.0%
were unintentional. The relationship between the
reason of poisoning and gender was analysed, and it
was determined that none of the female patients were
exposed to methanol intentionally, while this rate
was 26.9% in male patients. The time of admission
was 32.5+24.5 hours in methanol poisoning. According
to hospital records, discharge with wellness, leaving
the hospital or voluntary discharge, discharge with
sequelae, and transfer to another hospital were
grouped as “survival group” (n=17, 60.7%). The cases
whose deaths were reported in hospital records
were considered the “non-survival group” (n=11,
39.3%). Clinical follow-up and results of the cases
poisoned by methanol are shown in Tables 2 and 3.

The mean of GCS at admission was 10.95+4.72,
and it was found that all the patients with <8 GCS at
the time of admission died. The most common clinical
sign and symptom after acidosis (pH<7.35) (96.0%)
was related to the central nervous system (71.4%).
The most common central nervous system symptom



was orientation-cooperation disorder (10 cases, seizure (3 cases, 10.7%), syncope (1 case, 3.6%),

35.7%), followed by unconsciousness (5 cases, 17.9%), agitation (1 case, 3.6%) and others (2 cases, 7.1%).

75 patients treated with
extracorporeal therapy

- 1
2 (2.7%) patients were
> transferred to another hospital
LS v,
' ™
8 (10.7%) patients refused
—
treatment
h J
‘ 4
- 3 (4.0%) patients recoverad
with sequelae
L v
'd '
> 21 (28.0%) patients died
' R )

41 (54.7%) were discharged
with complete recovery

Figure 1. Follow-up and outcome characteristics of poisoning cases.

Table 2. Demographic and clinical characteristics of methanol poisonings

Characteristics Surv:a(;g;,roup Non-su:]w(\g/éa)l group X2 p*
Age (year)
10 (90.9) 19.1)
<50 (n=11) 6.925 0.016
250 (n=17) 7 (41.2) 10 (58.8)
Gender
_ 2 (100.0) 0 (0.0)
Female (n=2) 15 (57.7) 11 (42.3) 1.394 0.505
Male (n=26)
Time of admission (hour)
5 (62.5) 3(37.5)
<24 (n=8) 2.864 0.209
>24 (n=6) 6 (100.0) 0 (0.0)
Reason of poisoning
Intentional (n=7) 161 ‘(8552'7‘2) 110((1:7'36)) 2.446 0.191
Unintentional (n=21) : :
GCS
0 (0.0) 7 (100.0)
<8 (n=7) 12.320 0.001
»8 (n=15) 12 (80.0) 3 (20.0)
PSS
7 (77.8) 2 (22.2)
0-1-2 (n=9) 0.249 1.619
3-4 (n=19) 10 (52.6) 9 (47.4)
pH
_ 4 (33.3) 8 (66.7)
<7.00 (n:12) 13 (81.3) 3 (18.8) 6.601 0.019
>7.00 (n=16)
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Table 2 (cont.). Demographic and clinical characteristics of methanol poisonings

Survival group

Non-survival group

Characteristics n (%) n (%) x2 p*
Mechanical ventilation need
_ 4 (33.3) 8 (66.7)
Yes (n=12) 10 (76.9) 3 (23.1) 4.812 0.028
No (n=13)
Comorbidity
11 (57.9) 8 (42.1)
Yes (n=19) 0.197 1.000
No (n=9) 6 (66.7 3(33.3)
Complications associated with haemodialysis 7(77.8) 2.(22.2)
Yes (n=19) ; ’ 1.619 0.249
No (n=9) 10 (52.6) 9 (47.4)
Specific antidote therapy
B 14 (73.7) 5(26.3)
Yes (n=19) 3(33.3) 6 (66.7) 4.169 0.095
No (n=9)
Admission
Intensive care unit (n=25) ;4(1(388; 1(1) :390;’) 2.174 0.258

Medical ward (n=3)

GCS: Glasgow Coma Scale; PSS: Poisoning Severity Score
‘: Chi-square test and Fisher’s exact test.

Survival group (n=11): discharged with wellness + discharged voluntarily + discharged with sequelae + leaved

the hospital + transferred to another hospital

Non-survival group (n=18): Cases whose deaths were reported in hospital records

Table 3. Characteristics of methanol poisonings

Survival group

Non-survival group

i e Median (min-max) Median (min-max) P’

Age (year) 46 (18-66) 59 (48-71) 0.007
pH 7.08(6.77-7.30) 6.82 (6.75-7.21) 0.008
HCO, (mmol/L) 8.1(5.3-23.4) 5.8(4.7-9.5) 0.003
SCr (mg/dL) 0.89 (0.57-17.87) 1.41 (0.82-1.95) 0.005
GCS 15 (8-15) 7 (3-15) 0.001

SCr: Serum Creatinine
GCS: Glasgow Coma Scale
¥: Mann-Whitney U test.

Survival group (n=11): discharged with wellness + discharged voluntarily + discharged with sequelae + leaved

the hospital + transferred to another hospital

Non-survival group (n=18): Cases whose deaths were reported in hospital records

Patients who survived had more optimal values
of pH, HCO3, and better levels of GCS compared to
those who died (p<0.05). Patients who experienced
mortality were older and had higher levels of serum
creatinine (p<0.05). Predictors of mortality among

patients who had methanol intoxication are shown
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in Table 4. In univariate analysis, pH<7.00, SCr level
>1.2 mg/dl, and lower GCS were associated with
mortality among patients who suffered from methanol
intoxication. In the multivariate regression analysis,
the sole independent predictor of mortality was found
to be the GCS (OR 0.62, 95% Cl 0.39-0.99, p=0.05).



Table 4. The results of the univariate and multivariate analysis on the factors associated with mortality in methanol poisoning

Variable Univariate analysis Multivariate analysis

OR 95% Cl p OR 95% Cl p
Age 1.14 1.03-1.26 0.014 1.09 0.94-1.27 0.268
Female sex N/A - -
HCO, 0.54 0.29-1.02 0.058 - - -
pH<7.00 8.67 1.53-49.2 0.015 0.94 0.04-24.9 0.971
pH<7.10 4 0.66-24.3 0.132 = = =
SCr>1.2 5.69 1.08-30 0.040 3.29 0.1-108 0.504
GCS 0.65 048-0.89 0.006 0.62 0.39-0.99 0.050

SCr: Serum Creatinine
GCS: Glasgow Coma Scale

DISCUSSION

In this study, 75 patients who were treated with
extracorporeal therapy for poisoning in a 7-year period
were evaluated. The number of patients was lower
than reported studies in other countries (12-14), but
it was higher than reported studies in Turkey (2,15-
19) (Table 5). These other countries in the literature
reflect the data of the national databases of each
country, while the present study is the evaluation
of only the poisoning cases admitted to Dokuz Eylul
University Faculty of Medicine hospital in Izmir.

In a large number of studies in the literature,
it has been reported that the number of women
is higher than that of men in poisoning cases
(1,2,15,16,20,21). In the present study, it was found
that 60% of the cases were male. This difference
from the literature can be due to the fact that
only poisoning cases with severe clinical signs and
symptoms that required the administration of the
extracorporeal therapy method were included in the
present study. In studies conducted by Jon B. Cole
et al. and Ghannoum et al. in which poisoning cases
that applied the extracorporeal therapy method,
the number of male cases was found to be higher
(52.5% and 53.9%, respectively) (14,22), similar to

the present study. Similarly, in a large number of
studies in the literature, it has been reported that
most of the cases poisoned with methanol are men
(76-92%) (23-25). Emma Kuusela et al. found that
82.1% of the methanol and ethylene glycol poisoning
cases that were treated with hemodialysis were
male (19,26). In line with the literature, it was
found that 60% of all poisoning cases that applied
extracorporeal therapy and 92.9% of the methanol
poisoning cases were male in the present study.

There are conflicting results regarding the
reasons of poisoning in various studies. In a study
conducted in lIran, it was reported that more than
half of the poisonings were intentional (suicide
attempt, misuse) (27). Similarly, the 2014 Drug and
Poison Information Center report also showed that
intentional poisonings were frequent (approximately
67%) (2). However, the 2022 AAPCC report and 2017
annual report of the Israel Poison Information Center
showed that unintentional poisonings were more
frequent (76% and 74%, respectively) (1,20). Jon
B. Cole et al. reported that 61% of the poisoning
cases that applied extracorporeal therapy were
unintentional (22). Similarly, it was found in the
present study that approximately 60% of the cases had
been exposed to the poisoning agent unintentionally.
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Table 5. Studies reporting poisoning cases treated with extracorporeal therapy

Number of patients treated with

Authors Year  City/Region Period extracorporeal therapy
National
Aydin B. et al.? 2017 Izmir/Turkey 1 year 2
Aydin K. et al.” 2020  Kayseri/Turkey 1 year 9
Baydin A. et al.”® 2005  Samsun/Turkey 3 years 21
Canakci SE. et al.” 2018  Aydin/Turkey 3 years 14
Mutlu M. et al.” 2010  Black Sea Region/Turkey 5 years 2
Orhan U. et al.” 2022  Adana/Turkey 5 years 55
International
Campion GH. et al. " 2019  New York City/USA 16 years 502
Darracq MA. et al. " 2012 California/USA 10 years 90
United States 29 years 40.258
United Kingdom 2 years 343
Ghannoum M. et al. ™ 2015
Denmark 9 years 481
Canada 24 years 2709

In a study conducted by Holubek et al. in a 21-year-
long period, it was stated that hemodialysis had an
increasing trend in the choice of extracorporeal therapy
method in poisoning cases, whereas the haemoperfusion
method was preferred with a decreasing frequency
(28). In an 11-year-long period study by Darracq et al.,
the most commonly preferred extracorporeal therapy
method was hemodialysis; neither hemodialysis
nor hemoperfusion and hemofiltration showed any
temporal increase (13). Data from Turkey showed that
the most preferred extracorporeal therapy method in
poisoning patients was hemodialysis (42.85%), followed
by hemoperfusion (35.72%), plasmapheresis (14.28%),
and hemofiltration (7.15%) (16). In the present study,
it was found that the extracorporeal therapy method
chosen for poisoning cases in Dokuz Eylul University
hospital was hemodialysis for all patients, while
methods such as hemofiltration, hemoperfusion,

hemodiafiltration, or plasmapheresis were not

preferred as an extracorporeal therapy method in
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any of the patients. The reason why hemodialysis was
preferred over other extracorporeal therapy methods
can be explained by the increase in the efficacy of
hemodialysis treatment with the developments in
technology, higher molecular weights becoming a
suitable indication for hemodialysis, and the increase
in the tolerability of hemodialysis by patients (28).
Our results are consistent with the literature regarding
the reason for hemodialysis treatment (13). The
reason of applied hemodialysis treatment was “to
increase the elimination of the agents exposed to”
in 74.7% of the patients, and it was “renal support”
in 25.3%. This result shows that hemodialysis may be
preferred in cases of poisoning not only to increase
the elimination of the active agent, but also for
renal support in cases such as the development
of renal failure related to the poisoning agent.

Among the non-extracorporeal therapy methods
administered to the patients, it was determined
that all cases received supportive treatment, and



approximately one-third (29.3%) were treated with
specific antidote treatment. It was found that there
were 34 cases poisoned with agents for which a specific
antidote can be used (methanol, digoxin, and tramadol),
and specific antidote treatment was administered
to 19 (55.8%) of these cases. All of the cases that
were treated with a specific antidote were methanol
poisoning cases. Zakharov et al. reported that specific
antidote (ethanol and/or fomepizole) was used in 90%
of the methanol poisonings (23), while this rate was
reported as 80% by Thanacoody et al (29). Paasma et al.
reported the rate of fomepizole use as 16% and ethanol
use as 84.0% (30). In the present study, it was found
that 19 (67.9%) of the cases poisoned with methanol
were administered specific antidote treatment
(ethanol and/or fomepizole). The reason for the lower
rate of antidote treatment can be explained by the
difficulty in accessing specific antidotes in our country.
According to the data in Turkey, the rate of need
for follow-up and treatment in the intensive care unit
varies between 2.4% and 47% in poisoning cases (16,31-
34). This rate is 1.5% in the United States of America
(1), 0.9% in Israel (20), 15.3% in Iceland (35), 0.7% in
Paris (36), and 2.23% in Iran (37). In none of these
studies were cases included that would be severe
enough to require extracorporeal therapy. In the
study conducted by Ghannoum et al., poisoning cases
in which extracorporeal therapy was applied were
evaluated, and the need for follow-up, monitoring,
and treatment in the intensive care unit was reported
as 78.5% in the USA and 84.4% in Canada (14). Similarly,
in the study conducted in Aydin, this rate was reported
as 85.7% (16). In the present study, it was found
that most of the cases (73.3%) developed a need for
follow-up and treatment in the intensive care unit.
In research conducted, the rate of death varies
between 4.6% and 35.0% in patients who applied
extracorporeal therapy (14,16,38,39). The reason for
this wide range may be that the clinical findings and
treatment-related complications vary depending on
the exposure agents in poisoning cases treated with
extracorporeal therapy. In this study, which analysed

poisoning cases in which the extracorporeal therapy
method was applied, the mortality rate was found to
be 28.0% (21 cases), in parallel with the literature.

Emma Kuusela et al. found that increased anion
gap and low pH, bicarbonate levels, and low GCS
and need for mechanical ventilation at admission
to hospital in cases poisoned with methanol were
correlated with 90-day mortality (6). Similarly, low
pH, low GCS, insufficient hyperventilation, respiratory
arrest, duration of hospital admission longer than 24
hours, presence of seizures, and coma at admission
have been associated with poor prognosis or mortality
(24,25,30,40). In this study, in line with the literature,
age, GCS, presence of need for mechanical ventilation,
serum levels of pH, HCO3, and SCr at hospital admission
were associated with mortality in methanol poisoning.
Low GCS, pH<7.00, and SCr >1.2 mg/dL were found to be
a predictor factors of mortality in methanol poisoning.

In addition to being retrospective, cross-sectional,
and descriptive, this study had several limitations.
Standard
systems from previous dates may have caused data

record forms and hospital automation
loss. A university hospital planned this study, thus,
its results cannot be extrapolated nationwide.
Multi-center studies are needed to gather data on
extracorporeal treatment in poisonings in our nation.

In conclusion; DEUDPIC was consulted regarding 75
poisoning cases that applied extracorporeal therapy.
The extracorporeal therapy method administered to all
of the cases was hemodialysis, and the most frequent
poisoning agent was found as methanol. It was found
that approximately three-quarters of the patients were
monitored in the intensive care unit, the majority of
these patients were methanol poisoning cases, and 28%
of all cases died. It is noteworthy that the age, GCS,
presence of need for mechanical ventilation, serum
levels of pH, HCO3, and SCr at hospital admission are
factors associated with mortality in cases of methanol
poisoning. Low GCS, pH<7.00, and SCr>1.2 mg/dL are
factors predicting mortality in methanol poisoning.
Monitoring these parameters may be helpful for
clinicians in the management of methanol poisonings.
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Models of reimbursement to healthcare service providers and
a practice based on diagnosis related groups

Ahmet BABACAN'

, ismail AGIRBAS'

ABSTRACT

Objective: Reimbursement methods are important
for the provision and continuity of health services.
Reimbursement methods significantly affect elements
such as quality and efficiency in the provision of health
services. In addition, the size and diversity of the
services provided by health institutions are also affected
by reimbursement systems.Although there are many
different reimbursement mechanisms for health service
providers, case-based payment-DRG (Diagnosis Related
Groups) is among the reimbursement methods used in
terms of efficient use of resources and reimbursement
according to costs. In this respect, reimbursement
methods are explained in general terms in the study and

the case-based-DRG method is discussed in detail.

Methods: In the study, case mix indexes (CMI) were
calculated with the DRG data of 27 hospitals located in
Ankara. The hospitals studied were evaluated according
to their role groups and the severity levels and cost
requirements of the cases were compared. In addition,
the actual allocations sent according to the global

budget in the studied hospitals were compared with the

OZET
Saglik

devamliligi acisindan geri 6deme yontemleri 6nem arz

Amag: hizmetlerinin ~ sunulmas1  ve
etmektedir. Geri 6deme yontemleri saglik hizmetinin
sunumunda kalite ve verimlilik gibi unsurlari 6nemli
olcide etkilemektedir. Ayrica saglik kuruluslarinin
sundugu hizmetin buyukligli ve cesitliligi de geri
odeme sistemlerinden etkilenmektedir. Saglik hizmeti
sunucularina yapilan geri 6deme mekanizmalan cok
cesitli olmakla beraber kaynaklarin verimli kullanilmasi
ve maliyetlere gore geri odeme yapilmasi acisindan
vaka bas1 6deme-TiG (Teshis iliskili Gruplar) kullanilan
geri 0deme yontemleri arasinda yer almaktadir. Bu
itibarla calismada geri 6deme yontemleri genel anlamda
anlatilmis vaka basi-TIG yontemi detayli olarak ele

alinmistir.

Yontem: Calismada Ankara ilinde yer alan 27
hastanenin TIiG verileriyle vaka karma indeksleri (VKI)
hesaplanmistir.  Calisilan hastaneler rol gruplarina
gore degerlendirilerek vakalarin agirlik dereceleri ve
maliyet gereksinimleri kiyaslanmistir. Ayrica calisilan

hastanelerde global biitceye gore gonderilen fiili
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budget allocations formed according to the DRG-CMI and
the differences between them were emphasized. The
findings obtained as a result of the study indicate that
reimbursement based on case-by-case basis is important

for the financial sustainability of healthcare providers.

Results: BMI values of Group A hospitals were higher
than Group B and C hospitals and A role group hospitals
among the hospitals located in Ankara were affected
negatively as role group by failure to perform planning
according to DRG-CMI in 2023. C role group hospitals
are the hospitals most positively affected. If planning
were performed according to DRG-CMI the allowance
distribution table of the hospitals would be formed very
differently. Since the allowance planning performed
according to DRG-CMI takes into consideration the
complexity and costs of the cases, it shall lead to a more
correct allowance distribution for A group hospitals

compared to B and C group hospitals.

Conclusion: The Ministry of Health hospitals in
the province of Ankara were analyzed by being divided
according to the DRG data and role groups and CMI
calculations were performed in this study. As expected,
CMI values of A role group hospitals were found higher
compared to the B and C group hospitals. In the case
that reimbursement is made according to DRG-CMI, it
is observed that A role group hospitals dealt with more
severe and complex cases compared to the other role
groups and needed higher allowance in terms of source

requirement.

Key words: Reimbursement, case mix index,

diagnosis related groups

ddenekleri TIG-VKi’ye gére olusan biitce 6denekleri ile
karsilastirilmis ve arada olusan farklar vurgulanmistir.
Calisma sonucunda elde edilen bulgular vaka basi-
TiG’e gore geri odeme yapilmasimin saglik hizmeti
sunucularinin  finansal surdurulebilirlikleri acisindan

onem arz etmektedir.

Bulgular: A rol grubu hastanelerin B ve C grubu
hastanelere gore VKi degerleri daha yiiksek cikmistir
ve A rol grubu hastaneler TiG-VKi’ye gore o6denek
planlamasi yapilmamasindan negatif etkilenmistir. C rol
grubu hastaneler ise en fazla pozitif yonde etkilenen
hastanelerdir. Eger TIG-VKi’ye goére bir planlama
yapilmis olsaydi hastanelerin 6denek dagilim tablosu cok
farkl sekilde olusacakt1. TiG-VKi’ye gore yapilan 6denek
planlama vakalarin kompleksliligi ve maliyetleri dikkat
almasindan dolayr A grubu hastanelerin B ve C grubu
hastanelere gore daha dogru bir 6denek dagilimina

neden olacaktir.

Sonug: Ankara iline bagli Saglik Bakanlig
hastaneleri TiG verileri ile rol gruplarina gore ayrilarak
analiz edilmis ve VKi hesaplamalari yapilmistir.
Beklenildigi gibi A rol grubu hastanelerin B ve C grubu
hastanelere gére VKi degerleri daha yiiksek cikmistir.
TiG-VKi’ye gore geri 6deme vyapilmasi durumunda
A rol grubu hastanelerinin diger rol gruplarina gore
daha fazla agir ve kompleks vakalara baktigi, kaynak
gereksinimi agisindan daha fazla 6denek ihtiyaci oldugu

gorilmektedir.

Anahtar Kelimeler: Geri odeme, vaka karma

indeksi, teshis iliskili gruplar

INTRODUCTION

Access to healthcare services is the leading

the access to healthcare services. It is becoming
more expensive to provide healthcare services due
the developed technology and increasing costs in

fundamental rights for human beings. One of the the field of health. Therefore reimbursement after
main duties of states is providing its citizens with  provision of healthcare service gets important (1).
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Since sources are scarce, the concept of cost gets
important for enabling individuals to live healthily
using those scarce sources. The method of earning
the incomes to be earned against the costs borne
for sustaining the healthcare services and using the
The
incomes that the healthcare service providers will

existing sources efficiently is important (2).

earn for providing continuity of the service basically
consist of the payments made by the state, insurance
institutions or the individuals purchasing healthcare
service directly. The methods of reimbursement are
significant for provision of such incomes (3).

The fundamental purpose of development of
models of reimbursement in healthcare services is
enabling the diseased individuals to benefit from
the healthcare service and protecting the patients
against the financial risks that may arise (4). On the
other hand, it is significant to create a reimbursement
system according to costs for the service providers, a
significant element of the health system to sustain
their existence. In this context, the methods of
reimbursement assume a duty of balance both for the
service purchasers and for the service providers (5).

This paper explains the methods of reimbursement
in general terms and discusses in detail the Diagnosis
Related Groups (DRG) included in payment per
case among the methods of reimbursement. The
case mix indices (CMI) of hospitals located in the
province of Ankara was calculated and the severity of
hospitals’ focus on complex cases and their resource
requirements has been determined in this paper.
Furthermore the global budget allowances which
hospitals receive actually and the potential allowance
distribution if they received allowance for DRG-CMI
were calculated and both situations were compared.

METHODS OF REIMBURSEMENT

The payments for the service provided in health
institutions are either paid personally by the
individuals purchasing the service or paid by third
party institutions (6). The financing of the services

offered in Turkey are paid by third parties in general.

Examining the distribution of financing of the health
expenses, the share of governmental health expenses
within the total health expenses realized as 76.4% in
2022. The rate of payment of health expenses out of
pocket was 18.5% within the total health expenses
(7).

The methods of reimbursement made to health
institutions are divided into two as forward and
backward payments on time basis. Forward payments
are the payments made before the healthcare service
is offered. These are daily payments, global budget
capita-DRG
Related Groups) and budget payments. Backward

payments, payment per (Diagnosis
payments on the other hand cover the payment made
after the healthcare service is offered. The payments
made per service could be held as an example for
backward payments (8).

Fixed and variable payments are revealed in the
methods of reimbursement depending on the quantity
of the service offered. Fixed payments are payment of
fixed amount regardless of the quantity of the service
offered. Variable payments on the other hand cover
the payments increasing/decreasing in line with the
quantity of the service offered (8).

The methods of reimbursement could generally be
listed as methods of payment per capita, payment per
service, payment per day, global budget, budget with
expense item, value based payment and payment per
case (9).

Method of Payment per Capita

It is the method of payment made on the basis
of the total number of individuals offered healthcare
service. Payment is generally made in financial
periods according to the number of individuals at the
beginning of the period. The quantity and type of the
service which individuals purchase from the service
provider are not taken into consideration in this
payment method. The method of payment per capita
is more commonly used in the healthcare services
where family practice is performed (8).
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Method of Payment per Service

It covers the payments made for the service
unit produced by the healthcare service providers.
The transactions of reimbursement are performed
over the amounts predetermined per service for the
healthcare service offered. The health institutions
send the invoices on service basis to the reimbursing
institution in specific periods after the service offered
and the payment is made to the health institutions
after the necessary review is performed (10).

Method of Payment per Day

It consists of the systems of payment made for the
healthcare services offered in the health institutions
on the basis of duration. The payments made per day
are generally used for intensive care at hospitals (1).

Different pricings the
reimbursement made depending on the nature of
the healthcare service provider, in the method of

are in question in

payment per day. There is difference between the
unit prices per day to be received by an education
and research hospital at the third grade and a small
size hospital located in a county (11).

Global Budget Method of Payment

It is provision of a fixed budget to Health
Institutions for the expenses they incurred. The
reimbursement is realized in this payment method
in specific periods by the reimbursing institution
after reaching an agreement over a total amount
independently from the quantity of the service given.
A total expense top limit is defined in this payment
method and it is targeted at controlling the health
expenses for the healthcare service providers (12).

The global budget practice which started to be
implemented in Turkey as of 2006 was enforced for the
first time by concluding a lump sum price agreement
among the Ministry of Health, the Ministry of Labor
and Social Security and Ministry of Finance. The
transaction of sending invoice to the Social Security
Institution (SGK) by the hospitals within the scope
of agreement ended in line with the global budget

Turk Hij Den Biyol Derg

practice and the examinations are performed using
the MEDULA system, the information network of SGK.
Effort was paid to access the hospital invoice records
electronically, decrease the paper costs, perform the
transactions faster and prevent any potential abuses
by preventing any potential mistakes, thanks to the
MEDULA system. (5, 13).

Method of Budget with Expense Item

The method of budget payment with expense item
is transferrin a fixed amount to the budget payment
items for a specific period of time. Calculation is
performed by taking the realizations of particularly
the expenses of the previous year into consideration
for each budget item in this method and considering
the inflation and growth data of countries. Although
it resembles the global budget payment system, the
difference of this method from the global budget
method is that the relevant payments are calculated
at the level of budget items and payments are sent on
the basis of those items (14).

Method of Value Based Payment

Another payment method which has started
to become important today among the payment
methods is the value based payment. It is expressed
in the 2025-2027 medium term program published in
the official gazette dated 05.09.2024 and numbered
32653 that value based reimbursement method will
start to be used and an effective reimbursement
shall be made by performing analyses regularly.
The hospitals are assessed within the framework
patient safety,
repetition of the disease as well as the concepts of

of infections, recovery process,
effectiveness and cost in the value based payment.
This payment method focuses on improvement of
the quality of patient care. The value judgment in
treatment of patients comes to the forefront at this
point and it is quite difficult to measure this value
(14).

Transformation into healthy individual and high
quality life is assessed as output in the value based



payment system. On the other hand, when costs are
calculated on patient bases rather than clinic basis,
value increase shall be ensured since separate cost
and output measurement shall be performed for each
patient (Seyfioglu, 2019).

Method of Payment per Case

The method of payment per case consists of the
payments made by the health institutions for each
case treated. This method deals with the amounts
determined for each case or diseases and transactions
of reimbursement are realized over those amounts.
The similar treatments applied are divided into
specific groups and payments are made according to
similar case categories in the method of payment per
case. In this manner, the categorized diseases have
similar diagnoses and treatments, hospitalization
periods and source consumptions within their own
groups. Since the sources consumed by assessing
the severity of the diseases within each group in the
transactions of treatment shall be shaped according to
these severity levels, reimbursements shall increase
or decrease depending on these severity levels (2).
Diagnosis related groups (DRG) are one of the most
significant payment models used in the method of
payment per case.

DIAGNOSIS RELATED GROUPS (DRG)

Diagnosisrelated groups (DRG) areareimbursement
model used in the method of payment per case. Itisa
classification method covering grouping of clinic and
cost data in diagnoses and treatments and inclusion
of similar diseases in specific groups. Furthermore
DRG system is a system where the inpatients are
subjected classification. It is a coding system where
both the costs are controlled and clinic transactions
are taken into consideration. The reimbursement
method according to DRG-CMI adopts an approach of
classifying the sources on the basis of severity of the
cases and centering the concepts of cost and clinic
(16). The purposes of reimbursement based on DRG-
CMI include distributing fairly the scarce resources

according to case severities and types, providing
efficient and effective operation of the hospitals,
collecting systematically the meaningful clinic data
(17).

Doctors may tend to such diagnoses and treatments
more expensive and more complex to perform among
the case groups in DRG. None the less, they do not
want to perform the cheaper transactions and may
want to direct to other hospitals. Furthermore,
method of payment case-DRG is very important for
controlling costs. In certain cases, it may lead to too
much service provision (18).

Cost control is kept at the forefront in DRG and
DRG becomes important on which cases the hospitals
shall head for. The DRG-CMI based payment system
commonly used in the world was applied in Turkey
in 2015 as 5% of the global budget and this rate
was increased up to 10% in 2016. The transaction of
sending payment on the basis of DRG was annulled in
the Ministry of Health in August 2016 and merely used
in statistical studies (14).

DRG Formation Process

Diseases are grouped according to the main
diagnosis and disease transactions respectively in
DRG. At the later stage, diseases are determined as
relative value rather than treatment expenses. The
DRG formation process is realized under 4 titles.
These are the processes of pre-assessment, MDC
(Major Diagnosis Classification), field assignment and
detection of DRG respectively (17).

Pre-assessment covers the stages of general
collection of data and detailed examination of the
same. At this stage the information related to the
disease obtained from the patient’s file is examined
in detail. Another issue to be assessed is assessment
of demographic data covering information such as
the patient’s age, sex, period of hospitalization etc.
Furthermore, the diagnoses containing clinic data,
supplementary diagnoses and clinic transactions
performed are realized in the pre-assessment stage
(19).
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MDC assignment consists of the processes where
the processes of the data obtained after the pre-
assessment are entered in the system. The reason
for treatment of the patient is coded as the main
diagnosis. MDC assignments conforming to the main

Table 1. Example MDC Classification

diagnosis are performed as a consequence of coding
the diseases supplementary to the main diagnosis and
other factors. MDCs consist of 25 classes. MDC disease
classes and abbreviations are given as example in the
Table 1 (17).

MDC CLASSIFICATION

NUMBER OF DRG MDC ABBREVIATION

MDC - 99 False DRGs 6

MDC - 00 Preliminary - Major Diagnosis Classes 12 A
MDC - 01 Nervous System Diseases 53 B
MDC - 02 Eye Diseases 20 C
MDC - 03 ENT & Mouth Diseases 28 D
MDC - 04 Respiratory System Diseases 42 E
MDC - 05 Circulatory System Diseases 67 F
MDC - 06 Digestive System Diseases 52 G
MDC - 07 Hepatobiliary System Diseases 29 H
MDC- 08 Musculoskeletal and Collagen Tissue Diseases 79 |
MDC - 09 Skin and Breast Diseases 29 J
MDC - 10 Endocrinal and Metabolic Diseases 19 K
MDC - 11 Kidney and Urinary Tract Diseases 37 L
MDC - 12 Male Reproductive Organs Diseases 19 M
MDC -13 Female Reproductive Organs Diseases 20 N
MDC - 14 Pregnancy, Birth and Puerperium 17 (0]
MDC - 15 Newborn (and Other Neonates) 25 P
MDC- 16 Blood and Blood Producing Organs Diseases 10 Q
MDC - 17 Neoplastic Diseases 18 R
MDC - 18 Infectious and Parasitic Diseases 17 T
MDC - 19 Mental Health Disorders 13 u
MDC - 20 Alcohol/Drug Use/Organic Mental Health Disorders depending 8 v
thereon

MDC - 21 Injury, Intoxication and Toxic Drug Effects 24 W,X
MDC - 22 Burnts 8 Y
MDC - 23 Factors Affecting Health and Other Type of Contacts 13 7

Established through Healthcare Services
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Field assignment is performed according to the
type of transaction performed for the patients in the
stage of field assignment. These occur in three main
classes and surgical field codes are included within
the range of 01-39, other field codes are included
within the range of 40-59 and medical field codes are
included within the range of 60-99 (20).

DRG formation is realized in the final stage, the
stages of disease diagnoses and treatments, field
assignment and DRG formation grouped in the first
three stages are formed automatically by the program
(Figure 1) (21). DRG code structure consists of three

sections. There is one letter in the first section.
This indicates the MDC group. The field where it is
located is determined in the second section. Here,
it represents the field within the range of 01-99. A,
B, C, D and Z letters are used in the third section.
Those letters indicate that the source used vary from
the higher to the lower. The letter Z represents the
situations where the source is unique and distinction
cannot be made (17).

The example on how the DRG code assignment
occurs has been shown in Table 2.

-#l-}

- a— 2
| “

y N /

DRG 664

DRG 665

Preliminary Evaluation Assignment to MDC

Assignment to relevant

field ’ Determination of DRG

Figure 1. DRG Formation Process (14)

Table 2. Example DRG Code

DRG Code MDC Abbreviation Disease Diagnosis Code Other Explanation
F 60 A
F60A ; ] With Acute Myocardia Infarct, Without Invasive i
Circulatory System Disorders  Cardiac Examination Transactions, Catastrophic With Severe KK
F 60 B
F60B With Acute Myocardia Infarct, Without Invasive

Circulatory System Disorders

Cardiac Examination Transactions, Catastrophic

Without Severe KK
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DRG IN REIMBURSEMENT SYSTEMS

The stages of costing in the financing processes are
started at hospitals after performance of the coding
transactions according to DRG. Since classification is
performed according to severity of the cases in the
diagnoses and treatments performed at hospitals,
costs are observed to have increased in line with the
severity degree of the cases. DRG-CMI based payment
system targets at making much payment for severe
cases and making payment according to the degrees
for cases not very severe. A fair payment system is
realized in this manner (3).

DRG-CMI based payment system requires relative
value and CMI (case mix index) for performing
severity degree of the cases and source distribution.
The relative value is a value indicating how much or
few sources are used in the treatment of any disease
compared to the sources used in the treatment of
other diseases (Aral, 2014). In other words, the
relative value is the severity of the cases compared
to one another. It is found by dividing the average
cost of a DRG into the average cost of all DRGs (23).

Calculation of the relative value is performed by
dividing the average cost of a DRG into the average
cost of all DRGs. Calculation of the relative value is
realized with the following formula;

Relative Value=(Average Cost of a DRG)/
(Average Cost of all DRGs)

CMI enables us to make comparison among
hospitals. CMI is an index used for measuring how
severe cases are the treatments performed at
hospitals in medical terms (3).

Calculation of the CMI is realized with the
following formula;

CCl=(ToTotal Relative Value)/(Total Number of
Cases)

For example, assume that hospital A dealt with
100 cases and assuming that the total relative value
of these cases compared to their severity in the DRG
is 120; CMI is calculated as follows:

CMI= 120/100, CMI= 1,2
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Finding the CMI calculated lower than one reveals
the result that treatments simpler in terms of severity
are performed at the hospital and finding CMI higher
than one reveals the result that more complex cases
are treated compared to the average (24).

There are two methods in the payment planning
toward DRG-CMI. The first one of these is planning
The
performing reimbursement determines a base price

payment over the base price. institution
in this method. The payment is made by multiplying
this base price with DRG relative value. The second
is performing payment planning according to the
budgeting method. In this method, the amount
obtained as a consequence of multiplying the base
price, total number of cases in the previous year
and CMI values of the previous year constitutes the

reimbursement size (14).

MATERIAL and METHOD

The research covers the 2023 DRG data of the
hospitals in the province of Ankara affiliated with
the Ministry of Health. The data of 30 hospitals
were used but 3 hospitals were not included in the
calculations due to merger with another hospital, in
the paper. The remaining 27 hospitals were assessed
according to the role group classes determined by
the Ministry of Health. Research was performed in
5 hospitals in the Al role group, 3 in Al branch role
group, 1 in All role group, 1 in All branch role group,
7 in B role group and 10 in C role group. Furthermore,
the data used were obtained with reference to the
permits of the Ministry of Health General Directorate
of Public Hospitals dated 22.07.2024 and numbered
E-96773357. The data obtained from the Ministry of
Health were analyzed by means of Microsoft Excel
program and CMIs were calculated. The purpose of
CMIs calculated is calculating the source requirement
degrees of the hospitals against the services they
offer. Furthermore, the allowances which the
hospitals covered in the research in 2023 from the
global budget were compared to the situation if



allowance distribution is made according to DRG-CMI
and the differences between were calculated. The
restriction of the research is that it was performed
only in the province of Ankara and does not cover
the hospitals located in other provinces. The names
of the hospitals covered in the research were coded
since they did not want their names to be shared.
The originality of the research is that the data of
global budget actually realized were compared to the
budget arising according to DRG/CMI.

The study was approved by the Ankara University,
Presidency of Ethics Board (Date: 13.05.2024 and
Number: 83).

RESULTS

The hospitals in the province of Ankara were firstly
classified on role group basis. They were divided
into totally 6 role groups being Al, Al Branch, All, All
Branch, B and C role groups. The case mix indices
were calculated using the DRG data of 2023. The CMIs
found allowed to make an assessment of the hospitals

in the province of Ankara in terms of both the role
groups and the source requirements of province-
wide hospitals. The province-wide average CMI value
in Ankara realized as 1,39. The total and role group
based DRG data of 27 hospitals located in the province-
wide Ankara are given in the following Table 3.

Al role group hospitals consist of education and
research hospitals and the advanced level operations
are general performed in these hospitals. Examining
Table-4, we observe that the average CMI of 6
hospitals of Al role group located in Ankara is 1,51.
The Al group 3rd hospital is at the top of this group
with CMI value of 1,72. As may be observed herein
the Al group 3rd hospital is a hospital where top level
treatments in terms of difficulty are performed.
Depending on this, the source requirement becomes
higher than other hospitals within the same role
group. On the other hand, the Al group 4th hospital
got the lowest value within the role group with
its CMI of 1,08. It could be found out that this
hospital actually serves as a second grade hospital.

Table 3. DRG Data according to Role Groups in Province-Wide Ankara

HOSPITALS ACCORDING TO ROLE GROUPS NUMBER OF CASES TOTAL RELATIVE VALUE CMI
Al Role Group Hospitals 320.095,00 484.448,54 1,51
Al Branch Role Group Hospitals 56.026,00 80.239,35 1,43
All Role Group Hospitals 13.459,00 14.852,15 1,10
All Branch Role Group Hospitals 5.695,00 5.564,51 0,98
B Role Group Hospitals 58.773,00 58.964,04 1,00
C Role Group Hospitals 22.961,00 19.949,37 0,87
TOTAL 477.009,00 664.017,96 1,39

Table 4. Al Role Group Hospitals DRG Data

HOSPITALS ACCORDING TO ROLE GROUPS NUMBER OF CASES TOTAL RELATIVE VALUE CMI
Al Group 15t Hospital 34.298,00 42.782,91 1,25
Al Group 2" Hospital 101.014,00 142.303,38 1,41
Al Group 3™ Hospital 146.139,00 250.964,17 1,72
Al Group 4t Hospital 14.775,00 15.925,10 1,08
Al Group 5t Hospital 23.869,00 32.472,98 1,36
TOTAL 320.095,00 484.448,54 1,51
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Al branch group role group hospitals are education
and research hospital and they serve in a specific
field in healthcare service. Examining the Al branch
group hospitals, it could be observed that totally 3
hospitals in the province of Ankara belong to this
role group (Table 5). The role group CMI average is
1,43. The highest CMI value is the Al branch group 2nd
hospital with 2,45. This hospital is one which serves
all over Turkey for advanced level and special group
of patients and where treatments requiring advanced
specialization on the case level are performed. The
Al branch group 3rd hospital ranked as the second
with CMI value of 1,55 is a hospital where treatments
with high case severity level are performed.
The high level of DRG values of these hospitals
indicates that the source requirement is high.

On the other hand, the Al branch group 1st hospital
received a value close to the role group average with

CMI of 1,31. Since Al branch group hospitals generally

Table 5. Al Branch Role Group Hospitals DRG Data

perform treatments for a specific disease group,
their patient groups are patients who need long term
treatment and the treatment transactions performed
require particular specialization. Furthermore the
patients in this role group receive treatment for
diseases which could be treated on outpatient basis
and which require monitoring. For this reason it has
received a value lower than the role group average.

There are two hospitals in All and All branch
role groups (Table 6). Among those hospitals, the
All group 1st hospital has CMI of 1,10 and All branch
group 1st hospital has CMI of 0,98. Both hospitals
have a CMI value lower than the general average
of the province of Ankara. Furthermore All branch
group 1st hospital offers treatments for a special
group in terms of service provided and performs
transactions with daily added value not very high.
For this reason the CMI of the hospital is found
to be lower than the other All group hospital.

HOSPITALS ACCORDING TO ROLE GROUPS NUMBER OF CASES TOTAL RELATIVE VALUE CMI
Al Branch Group 15t Hospital 34.190,00 44.693,43 1,31
Al Branch Group 2" Hospital 1.845,00 4.519,89 2,45
Al Branch Group 3™ Hospital 19.991,00 31.026,03 1,55
TOTAL 56.026,00 80.239,35 1,43
Table 6. All Role Group Hospitals DRG Data

HOSPITALS ACCORDING TO ROLE GROUPS NUMBER OF CASES TOTAL RELATIVE VALUE CMI
All Group 1%t Hospital 13.459,00 14.852,15 1,10
TOTAL 13.459,00 14.852,15 1,10
All Branch Group 1¢t Hospital 5.695,00 5.564,51 0,98
TOTAL 5.695,00 5.564,51 0,98

The hospitals in B role group are hospitals of
smaller size compared to A role group and they lack
education and research activities (Table 7). The
average CMI of this role group was calculated as 1,00.
It realized below CMI of 1,39 which is the average of
Ankara. The hospital with the highest value of 1,43
within the group is the group B 7th hospital. And
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the hospital with the lowest CMI is the group B 2nd
hospital. One may explain the high CMI value of the
group B 7th hospital with being close to the center
of the province and high county population. On the
other hand the reason for low CMI of the group B
2nd hospital may be the fact that it serves in a small
county and consequently has less branch doctors.



High CMIs could result from diversity of branch

doctors, availability of advanced level medical
devices, availability of advanced level intensive
care services etc. in general terms. For this reason
it could be expected that B role group hospitals have
lower CMIs compared to the A role group hospitals.
Furthermore CMIs of B role group hospitals could not
be expected to be found high since they are hospitals
located in big county centers and advanced level
treatments cannot be performed in those hospitals.

The hospitals in C role group are county state
hospitals which are smaller in size compared to
the group B hospitals (Table 8). The average CMI
of the role group realized as 0,87. The hospital

with the highest value was group C 2nd hospital.

Table 7. B Role Group Hospitals DRG Data

It has CMI of 1,30 which is approximately fifty
percent higher than the average of the role group. CMI
may have resulted from preference of this hospital
by the patients who cannot take appointment in the
province since it is close to the center of the province.
On the other hand, the hospital with the lowest CMI
was group C 10th hospital with the value of 0,61.
This hospital is the hospital of county with the lowest
population density within the role group. Lowness of
this value may have resulted from low population.

The allowances received by 27 hospitals
located in Ankara from 2023 Ministry of Health
global budget and the relative value as well as the
allowances to be received in the case allowance is
planned according to DRG/CMI are given in Table 9.

HOSPITALS ACCORDING TO ROLE GROUPS NUMBER OF CASES TOTAL RELATIVE VALUE CMI
Group B 1%t Hospital 10.433,00 12.441,50 1,19
Group B 2" Hospital 6.555,00 4.860,06 0,74
Group B 3 Hospital 7.841,00 7.837,28 1,00
Group B 4" Hospital 6.411,00 6.807,35 1,06
Group B 5% Hospital 10.405,00 7.632,55 0,73
Group B 6 Hospital 12.565,00 12.847,95 1,02
Group B 7t Hospital 4.563,00 6.537,35 1,43
TOTAL 58.773,00 58.964,04 1,00
Table 8. C Role Group Hospitals DRG Data
HOSPITALS ACCORDING TO ROLE GROUPS NUMBER OF CASES TOTAL RELATIVE VALUE CMI
Group C 15t Hospital 506,00 483,48 0,96
Group C 2™ Hospital 1.315,00 1.711,98 1,30
Group C 3 Hospital 3.989,00 3.205,67 0,80
Group C 4t Hospital 2.105,00 1.792,37 0,85
Group C 5t Hospital 3.123,00 2.753,48 0,88
Group C 6t Hospital 730,00 712,16 0,98
Group C 7t Hospital 5.205,00 4.488,48 0,86
Group C 8t Hospital 2.362,00 2.105,26 0,89
Group C 9t Hospital 2.182,00 1.816,35 0,83
Group C 10™ Hospital 1.444,00 880,14 0,61
TOTAL 22.961,00 19.949,37 0,87

Turk Hij Den Biyol Derg

589



%61 06¥°STT°LL) %E - VT VLT 9LL- Y€V 979°0SL 891°990°+¥0°L GZ6°158°LT6 L0 00t ¥96°8S €LL°8S aviol
349 G80°766°8S %EE G/1"8SE°LS 88" LTI VLI 8€/°6GL°GL) EL6ELLELL €0°) €l JAX W) €96 L9
44 06€°089°05 %8- 920°TvL 9}~ 9€0°%£0°09} S 96¥°LTT 9Ty ¥SL°0LT €L0 0 8¥8°Tl G96°Z1 9-4
%6 681°0£9°9 %08~ G/8°/ST°09- €61°077°89 LST8¥LGEL 8€°068°7L €50 €20 €€9°L Sov°0l S-d
%81 961°LLL°6) %CL- G1£°G89°C)- 1£9°€L0°88 86°9€5°0C) £98°068°£0) 9.0 90°} £08°9 LIy 9 ¥4
%0y 9€6°SLT V9 %EL 76€°756°0C 6L °6¥¥°S6 9LE°€LL8EL 87L°GTL 6S) o 00t L€8°L 1Ww8'L €9
%Y 119°09%°€€ % L- £6£°689°8- £/T°906°CY 167950798 ¥58°99¢°LL €50 ¥L0 098t G669 9
%9y~ £16°0€£9°9G- %LL- 8G/L°6¥1°96- 129°082°08) 716°667°07C S 6vL vl 980 6Lt Wyt €Er0l -4
%€ 6ZE°SIYEE %b 0L6°EEL"L 89%°8¥7°99 LT8°675°86 L6L°€99°66 0.0 860 G96°G S69°S aviol
349 6CE°GLYEE %1 0L6°€EL") 897"8¥T°99 LT8°615°86 £61°€99°66 00 860 G96°G G69°S 1-19 IV
%0€ G¥/.°SG9°V8 %8 6/8°TLE"LT ¥19°10L°66) 6.v°¥86°79T 8GE°LGE V8T 6.0 oL‘L [A1: 241 65 €L aviol
%0€ S¥L'GG9°¥8 %8 6/8°7LE°)T 71971027661 6L7"¥86°79C 8GE"/SE 8T 6.0 0Lt S8yl 6S7°€EL L1
%LT €ET°6T6°0LY %ET 691°€99°€T 6,9°81G°EEV’L [Ada g TAVIA) TL6°Lyy vy8L €0°} £b°L 6€£7°08 920°9S avioL
%ST €GE°67L7T6) %0€ 0Zt°080°0€C TL9°€TL7986G S09°7LE"6VS G70°€Sy 6/LL Ly (1) 970° 1€ 166°61 €-4g v
%VE 999°L€L°0L %19 9SE°¥79°6TL 609°6L6'¥EL 616°2€0°08 GLT°£59°S0T 9L} T 08’y S¥8°L g v
%LL LT Ly) %8 €69'856°/9 86€°G/8°L1L 816°8LE°16L L19°LE€7648 760 LE°L €69y 061°7€ L-1g IV
% 1- TLG°€88°GT6" %S~ LSELLVTL Y- 879°€GL°160°6 €¥°L¥0°8LG8 960°048°991°8 60°L 161 (44414 G§60°0Z€ aviol
%65 18L°€LL89L %98 §10°720°2€L ¥€L710€°8ES 10G°€66°7/LS 916°G10°£0€E" ) 860 9€‘L [ VA4S 698°€C S-Iv
%S 6T Ly8°69 %1- 987°886°C- Evv Ly 1760T 120°€86° 18T GEL¥66°8LT LL°0 80°L GZ6°Gl SLLYL IV
%6¥- 89€7990°T€L"L- %9T- €90° VLY ¥T6- S6'VLELST'S 029°6LL°Evv'y 866°80€°61G°€ x Al U ¥96°05T 6£L°9Y1 €IV
%L~ 8G6°€60°70¢- %81~ ¥18°991°6.L¢E- LyL7899 Ty T €09°I¥L7616°C 68L°v/S'OV)L"T 10°) 1L €0E° YL vi0°101L «iv
%9€ 189°G12°69C %81 16£°9T¥° 791 84/°097°059 899°6¥5°LSL 6G1°9/6°616 060 (Al €8L°C 8671 LIV
(%) IWJ/94a 9ya

wooud oL SO Caionoy oL owioooy 0L 9NV oLonaiony  GISRNISS  wo i savdo SRR S
2DNI¥IALIa El]\EREEE((] E)EREEEI(] Ep]EEEEI(d IINVMOTIV IINVMOTIV 139an9 1v401o9 aviol STVLIdSOH

9]qeL UolINGLIISIQ SDUBMOY *6 S]qeL

Turk Hij Den Biyol Derg

590



%0 0 % - OLV'ZSO'LSLLL  OMW'ZSYLSLLL  OMP'TS9'LSL'LL 00° 6€L  8L0¥99  600°LLy  TVLOL ONVNO
%08 SL0°159°64T %61 187°122°78 185°€08'S4T 180°0VT"€SE £9€° L9V SEY 29 [80  6v6'6L  196'TZ vioL
%L [TE9UTHT %Aep Obb'877S) 209°9€5°9 885 "¥85°G) 626'718°0€ b0 190 os8 bob'L 01D
%8p £E9VTL9L %8 19's86'C 186'TTr'8) 661'191°TE 079'2vL € 090 g0 918 ®LT &3
%S 082059°0€ %0€ WS 9791 WL €98°TT 6Ly LLT LE LZ0PLS €S 590 680  S0bT 98 8D
%sh 89%"166°8€ % 198979 VLY LvL 9LV 6L G19°€5L°s8 9 980 ssvy o' 3
%L G26°0v9°€2 %19 0vZ96v"61 019V 560°019°Z1 GEE°904°ZE 0 860 7L osz 9
%€z 6vEP86'8 %92- 60v"064°01- 1b9°085°67 66€°55.°8% 066595 °8€ £9°0 880 €57 €21'e )
%19 0£1°607°67 4 916'290°9} GL6°565°81 681 LEL°LE S01°508°2F 19 @80 T6l) 5042 b
%85 V2L 9T ey % STLE98'LL G58'68€ "L 052°792°95 GL6'S79pL 850 080 90Tt 686'€ )
%oLb- 9ET65L V- proae [19°516°L1- Ve LSV LT LE2°E1E°08 01186672} ¥6°0 0gr ulL qiE'l z3
%1 6LLEOL 61 %99 9L 1Ll £88'979°G 868°095'8 199°TELVT 69 960  g8r 905 1D
(%) IW2/9¥a 94d
WpYaxTs] @ wwy_.wvz__%wwww mm_nowonuw«_. o...ﬁ.%%%.ﬁ OL ONIGNODDV oL ONidoooy I IOS B v e S9EcE SLaR

ONIQ¥0IIV AN3S 39 OL AN3S 39 OL Q3IWIOASNVYL Y3IgwnN
DNI¥I44Ia ERLELEEE] ERLELEEE (el ELEEE] ONYMOTIV IONYMOTIV 1395an9 1vao1s IVLOL STVLIdSOH

)qeL uolingLiisiq dduemo)y “(“3uod) 6 ajqeL

591

Turk Hij Den Biyol Derg



592

CMI 1,39 corresponding to total allowance of TRY
11,757,652,410 sent from the global budget, and the
global budget allowance which the hospitals should
receive according to the total relative values and
CMIs were recalculated while calculating Table-7. The
allowance to be received for the relative value was
obtained by multiplying the unit base price obtained
by dividing the total actual global budget allowance
sent for the inpatient into the total relative value
with the relative value of the hospital. The actual
global budget allowance which the hospitals received
was redistributed according to CMIs in the allowance
distribution according to CMIs. Here, the CMIs were
transformed and calculated according to the CMI
average in the province. The calculations were
transformed by dividing the CMI of the concerned
hospital into provincial average CMI. The calculations
that the
allowances to be distributed after CMIs and the total

were performed paying attention
distributed global budget allowance are the same.
For example for A1 role group 1st hospital;
Base Price = (Global Budget Allowance) / (Total
Relative Value) = (11.757.652.410) / 664.018
Allowance to be received according to the relative
value=Base price’relative value of the hospital
In this context; it was calculated as follows:
Allowance to be received according to the
relativevalue=42782,91*17707=TRY 757.549.668
The transformed CMI was found as follows:
CMI = 1,25 / 1,39 = 0,90 The transformed CMI
was multiplied with the actual allowance and the
allowance to be received according to DRG/CMI
was calculated. However, the correction coefficient
of 1,04393107278404 was applied for all hospitals
with the assumption that the total distributed
global budget is the same. In this manner the
allowance to be received by all hospitals became
the same as the total global budget allowance.
Allowance to be received according to DRG-CCI
919.976.459%0,90/1,043393107278404=650.260.
778
was calculated as above.
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The global budget allowance to be
distributed was calculated for hospitals on
the basis of the results both according to

the relative value and according to the CMI.

Examining Table-9 27 hospitals included in the
scope of the research were given allowance of TRY
11.757.652.410 from the global budget in 2023. The
indebtedness condition of the hospitals is taken
into consideration by the Ministry of Health while
performing planning. Comparing the actually planned
global allowance and the global allowances to be
received according to the relative value according to
the role groups; it is observed that Al and B role group
hospitals were affected negatively at the amounts of
TRY 412.177.357 and TRY 116.214.243 respectively.
If planning were performed according to DRG; the
A1 and B role group hospitals would have received
higher global budget allowance. The hospitals in
the other role groups were affected positively by
failure to perform planning according to DRG. If
CMIs were added to this distribution model as well,
the A1 role group hospitals would be affected more
positively and receive allowance of TRY 925.883.572
higher. On the other hand, the negative condition
in the B role group would become positive and it
would receive allowance of TRY 177.225.490 less.

It is observed that dealing with complex cases
and naturally service provision costs in the services
offered by the hospitals are disregarded while
planningallowance from the global budget. Examining
Table-9 carefully, it is observed that allowances of
the A1 role group hospitals were shifted particularly
to B and C role group hospitals. If a distribution were
performed according to DRG-CMI the hospitals in the
A role group would have received allowance higher
approximately 11% of the total allowances. On the
other hand, B and C role group hospitals received
19% and 50% higher
respectively from the global budget allowances.

When performed specific
to the to DRG-CMI;

It was calculated that the biggest difference in

allowance approximately

assessment  is

role groups according



the Al role group was in Al role group 3rd hospital
1.732.066.368 million.
There was a difference of approximately TRY
302.093.958 million in the Al role group 2nd hospital.
The other hospitals were affected positively in

with approximately TRY

allowance distribution according to global budget.
It was observed that the number of cases of the
hospitals affected positively were quite lower
than that of the hospitals affected negatively. Al
branch role group hospitals shall receive allowance
higher approximately 11% in total when allowance
planning is performed according to DRG-CMI.

ItisobservedthattheAlbranchrole group hospitals
were affected positively by performance of planning
for Al branch role group hospitals according to global
budget. If planning were performed according to
DRG-CMI, Al branch role group hospitals would have
received allowance lower approximately 22% in total.

On the other hand; All, All branch, B and C
role group hospitals were affected positively by
performance of planning according to DRG-CMI in
the global budget allowance planning performed
in 2023. Only the B

experienced a negative effect of approximately

role group 1st hospital

46%. Furthermore, particularly C role group 10th
hospital gained 79%
since planning was not performed according to

positive allowance benefit

DRG-CMI. If allowance planning were performed
according to DRG-CMI for C role group hospitals
an allowance loss of 50% would be in question.

In summary, A role group hospitals among the
hospitals located in Ankara were affected negatively
as role group by failure to perform planning according
to DRG-CMI in 2023. C role group hospitals are the
hospitals most positively affected. If planning were
performed according to DRG-CMI the allowance
distributiontableof thehospitalswouldbeformedvery
differently. Since the allowance planning performed
according to DRG-CMI takes into consideration the
complexity and costs of the cases, it shall lead to
a more correct allowance distribution for A group
hospitals compared to B and C group hospitals.

DISCUSSION

The role of financing is major for continuity of
financial sustainability against the services which
hospitals offered. The role of the reimbursing
party is very significant in the process of transfer
of financing sources to hospitals. Although various
methods are used in the reimbursement systems,
most reimbursement methods contain various
advantages and disadvantages within themselves.
DRG data and CMIs of 27 hospitals located in the
province of Ankara were analyzed in our paper with
respect to the method of DRG per case. There are
not many researches in the Turkey with respect to
this field when the literature is looked through.
When the researches performed are examined;

Avcil et al. found the CMI average as 1,56 in their
study conducted in using 2011 data in 3 education
and research hospitals and 1 state hospital (16). The
CMI of the hospital was found as 0,89 in the study
performed by Ozkan and Agirbas at a university
hospital in Ankara using March 2015 data (25).

January data of Adana Numune Hospital and
Ankara Education and Research Hospital were
compared by Aydemir and Agirbas and CMIs of
1,34 and 1,22 were obtained respectively (3). In
this study, 2023 average CMIs of the A role group
hospitals of the province of Ankara are found 1,48.

CMI values of B group hospitals were found as 0,88
in the DRG group studies performed by Ozkan and
Agirbas all over Turkey (25). Sayar and Agirbas found
the CMI value as 0,81 in 235 B group role affiliated with
the Ministry of Health in the study they performed in
(26). CMI was detected as 1,00 for B group hospitals
in the province of Ankara in this study. It is observed
in the studies performed as B role group that B group
hospitals in the province of Ankara have high CMI, and
this indicates that B group hospitals in the province
of Ankara dealt with higher number of complex cases.

CMI of the hospitals in All
detected as 1,01 in the study conducted by Isikcelik,

Oztiirk and Agirbas (14). In this study, CMI value

role group was
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of All-1 hospital, All hospital of the province of
Ankara was found as 1,10. High CMI value of All-
1 hospital could be interpreted as the need of the
concerned hospital for more source requirement.

As a consequence, the Ministry of Health hospitals
in the province of Ankara were analyzed by being
divided according to the DRG data and role groups
and CMI calculations were performed in this study.
As expected, CMI values of A role group hospitals
were found higher compared to the B and C group
hospitals. In the case that reimbursement is made
according to DRG-CMI, it is observed that A role
group hospitals dealt with more severe and complex
cases compared to the other role groups and needed
higher allowance in terms of source requirement.

It is considered that reimbursement according to
DRG-CMI shall play significant role for measurement
of costs and controlling the same. It is considered that
payments to be made to the hospitals according to
DRG-CMI shall be more realistic and fair. Furthermore,
hospitalsshall be ensured to assess clinical transactions
and cost factors jointly thanks to DRG and take
rational decisions in this manner. On the other hand,
it is considered that cost analyses should regularly
be performed at hospitals and relative values should
be updated for the treatment transactions applied.

Global budget practice is currently available at

ETHICS COMMITTEE APPROVAL

Ministry of Health and university hospitals in Turkey
and reimbursement is performed by SGK, the third
party payer according to the lump sum protocol.
Majority of the expenses of the hospitals of Ministry
of Health is personnel and supplementary payment
expenses. It is suggested paying personnel and
supplementary payment expenses which are fixed
expenses using again with the global budget; and
paying the expenses of operation, medical material,
medical drug and laboratory constituting the variable
according to DRG-CMI
reimbursement to hospitals. It is considered that the

expenses while making
reimbursement model to be applied in this manner
shall provide cost control in clinic transactions and
shall prevent unnecessary actions and transactions.
Furthermore, it is considered thinking about the
general economic conditions that the healthcare
service financing shall be more efficient and it shall
be an effective reimbursement model for saving.

It is suggested making reimbursement according
to DRG-CMI in the Ministry of Health hospitals
and University hospitals and private hospitals in
Turkey. The burden of patients with high cost
and complex cases all over the country shall be
undertaken jointly by all health institutions in the
system of reimbursement made in this manner.

* The study was approved by the Ankara University, Presidency of Ethics Board (Date: 13.05.2024 and Number: 83).
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Does donating blood cause oxidative stress?

Soner YILMAZ! , Dilek GURLEK GOKCEBAY?2
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ABSTRACT

Objective: Blood donation is a life-saving activity.
However, it is indispensable to protect the health of
blood donors during and after the donation process. This
study aimed to evaluate investigate the effect of blood
donation on thiol/disulfide homeostasis by the new
automated colorimetric method that measures native
thiol (NT), total thiol (TT), disulfide and ischemia-

modified albumin levels.

Methods: A total of 30 voluntary blood donors who
were eligible to donate blood were enrolled in this study.
Peripheral venous blood samples were collected just
before and after 30 minutes blood donation. Demographic
data (age, sex, weight, height), and the number of
blood donations within one year period of donors, were
recorded. Individuals were classified into four age groups:
Group 1, 18-30; Group 2, 31-40; Group 3, 40 and over. A
repeat donor was defined as a donor who has donated
blood at least once in the past. Body-Mass Index (BMI)
measurement was calculated by use of the formula

weight (kg)/height (m2). Donors were classified according

OZET

Amag: Kan bagisi hayat kurtarici bir islemdir.
Bununla birlikte bagis siireci ve sonrasinda kan
bagiscilarinin  sagliginin  korunmasi  zorunludur. Bu
calismada, bagis isleminin oksidatif strese neden olup
olmadiginin yeni bir otomatik yontem kullanilarak
native tiyol (NT), total tiyol (TT), disulfid ve iskemik-
modifiye albiimin seviyeleri olcimi araciigi ile

degerlendirilmesi amaclandi.

Yontem: Bu calismaya kan bagisi yapmaya uygun 30
gonilli kan bagiscist dahil edildi. Kan bagisindan hemen
once ve 30 dakika sonra periferik venoz kan ornekleri
alindi. Bagiscilarin demografik verileri (yas, cinsiyet,
kilo, boy) ve bir yillk donemde yapilan kan bagisi
sayilar kayit altina alindi. Katilimcilar Grup 1, 18-30;
Grup 2, 31-40; Grup 3, 40 ve uzeri olacak sekilde yas
gruplarina ayrildi. Miikerrer bagisci, gecmiste en az bir
kez kan bagislayan bagisci olarak tamimland. Viicut Kitle
indeksi (VKI), kilogram cinsinden viicut agirliginin, metre
cinsinden boyun karesine bdliinmesiyle hesaplandi.

Bagiscilar VKi degerlerine gore <25 ve 225 olarak
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to their BMI values as <25 and >25. Test parameters of
the dynamic thiol/disulfide homeostasis (TDH) were

measured by the automated spectrophotometric method.

Results: Nineteen of the individuals were first-time
donor and the others were repeat donors. There were
no significant differences in TDH parameters after blood
donation. The IMA levels of repeat blood donors were
statistically significantly higher after blood donation
while other parameters of THD were not (p=0.04).
Statistically significant decreases were found in the
levels of native and total thiol in the 18-30 age group
donors (p=0.03).

Conclusion: Test results of this study showed that
blood donation does not cause oxidative stress. Further
studies designed with the participation of more blood
donors needed to be conducted to present more clearly
the association between blood donation and oxidative
stress. Considering that blood donation has no adverse
effects on human health is considerably valuable in

terms of encouraging people to donate blood.

Key words: Blood donors, blood donation, oxidative

stress, body-mass index, thiol/disulfide homeostasis

siniflandinildi.  Dinamik tiyol/disulfit homeostazinin
(TDH) test parametreleri otomatik spektrofotometrik

yontemle olculdi.

Bulgular: Katiimcilardan on dokuzu ilk defa kan
bagislayan, geri kalanlar ise miikerrer bagisciydi. Kan
bagisindan sonra TDH parametrelerinde anlamli bir fark
yoktu. Mikerrer kan bagiscilarinin IMA seviyeleri, kan
bagisindan sonra istatistiksel olarak anlamli derecede
ylksek iken, THD’nin diger parametreleri agisindan
anlamli fark yoktu (p=0.04). 18-30 yas grubu bagiscilarda
nativ ve total tiyol diizeylerindeki azalma istatistiksel

olarak anlamliydi (p=0.03).

Sonug: Bu calismanin test sonuclari kan bagisinin
oksidatif strese neden olmadigini gostermektedir. Kan
bagis1 ile oksidatif stres arasindaki iliskiyi daha net
ortaya koymak icin daha fazla kan bagiscisinin katilimim
saglayan ileri calismalarin yapilmasi gerekmektedir. Kan
bagisinin insan sagligina olumsuz etkisinin olmadiginin
ortaya konulmasi, insanlari kan bagisina tesvik etmesi

acisindan oldukca degerlidir.

Anahtar Kelimeler: Kan bagiscilari, kan bagisi,
oksidatif stres, vicut kitle indeksi, tiyol/disulfit
homeostazi

INTRODUCTION

Blood is a life-saving biological vital fluid, the
source of which is only human. Over 118 million
blood donations are donated globally every year
(1). It is essential to ensure the health and safety
of donors during blood donation. Some criteria
have been identified to avoid the harmful effects
of blood donation on donors such as the minimum
donor weight for whole blood donation should be at
least 50 kg, and the volume of whole blood donated
should not exceed 13% of the total blood volume (2).
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Since it can only be supplied through the
voluntary donors and has a limited shelf life, there
may be a shortage of blood and blood components
time to time. Therefore, it is crucial to increase the
number of regular and volunteer non-remunerated
blood donors to ensure a reliable supply of safe
blood for patients whose lives depend on it. In order
to encourage people to donate blood regularly, it is
important to explain to them that blood donation
does not harm their bodies as well as the benefits of
blood donation to the health.



The
mechanisms is crucially important for maintaining

balance between oxidant-antioxidant
a healthy life. Oxidative stress is defined as the
deterioration of this balance as a result of an increase
in production and accumulation of oxygen reactive
species (ROS) such as hydroxyl radical, superoxide
radical, and hydrogen peroxide formed during cellular
metabolism and the inadequacy of the antioxidant
system to detoxify these reactive products. Aerobic
organisms have evolved integrated enzymatic
and non-enzymatic antioxidant systems that are
effective in preventing the harmful effects of these
indigenously generated ROS. Primary antioxidants,
including superoxide dismutase (SOD), glutathione
peroxidase (GPx), and catalase (CAT), are enzymatic
antioxidants, which all contain the amino acid
cysteine in their active centers (3,4). Thiols are one
of the most important organic compounds of the non-
enzymatic antioxidant system, which are also known
as secondary antioxidants. Thiols are functional
that with

reactive oxygen radicals and form disulfide bonds.

sulfur-containing compounds react
These bonds can be reduced back to thiol groups
to maintain dynamic thiol/disulfide homeostatic
status. Dynamic thiol/disulfide homeostasis (TDH)
plays a key role in several biochemical processes
such as antioxidation, cellular signal transduction,
apoptosis, and enzymatic regulation (5). As a novel
marker of oxidative stress, it has been studied
in several diseases, including diabetes mellitus,
inflammatory bowel diseases, hypertension, Behcet
disease, migraine, Familial Mediterranean Fever,
basal cell carcinoma, etc.(6-12).

As authors, we wanted to search whether the
donation process causes oxidative stress, even
though the limited volume of blood that does not
endanger donors’ health is collected. In this study,
we aimed to investigate the effect of blood donation
on thiol/disulfide homeostasis by the new automated
colorimetric method that measures native thiol (NT),
total thiol (TT), disulfide, and ischemia-modified
albumin levels.

MATERIAL and METHOD

Study design

According to statistical power analysis, it was
determined thatat least 30 participants wererequired
for the study. A total of 30 voluntary blood donors
who were eligible to donate blood in accordance
with the National Guide to Preparation, Use, and
Quality Assurance of Blood and Blood Components
were included in this study. Blood donation and
sampling processes have been performed at the
Regional Blood Center of Giilhane Training and
Research Hospital. Peripheral venous blood samples
were collected to measure biochemical values
and thiol-disulfide parameters just before blood
donation and 30 minutes after blood donation, and
placed into serum tubes (The BD Vacutainer® SST™ Il
Advance). Whole blood samples were centrifuged at
1600 x g for 10 minutes at room temperature. Sera
were then stored at -80° C until required for analysis.
Demographic data (age, sex, weight, height), and the
number of blood donations within one year period of
donors, were recorded. Individuals were classified
into four age groups: Group 1, 18-30; Group 2, 31-
40; Group 3, 40 and over. Arepeat donor was defined
as a donor who has donated blood at least once in
the past. Body-Mass Index (BMI) measurement was
calculated by use of the formula weight (kg)/height
(m2). Donors were classified according to their BMI
values as 25< and 225.

Blood
parameter

sampling and measurement of study

Measurement of TDH parameters: TDH tests were
measured by the automated spectrophotometric
method described by Erel & Neselioglu. Primarily,
disulphide bonds were reduced to constitute free
functional thiol groups with sodium borohydride.
Unused reductant sodium borohydride was consumed
and removed with formaldehyde to prevent
reduction of DTNB (5,5’-dithiobis-(2-nitrobenzoic)
acid), and all of the thiol groups including reduced
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and native thiol groups were determined after the
reaction with DTNB. The dynamic disulfide amount
was calculated by subtracting the total thiols
from the native thiols amount and dividing the
results by two. After the determination of native
and total thiols, disulfide amounts, disulfide/total
thiol percent ratios (SS/SH+SS), disulfide/native
thiol percent ratios (5S/SH), and native thiol/total
thiol percent ratios (SH/SH+SS) were calculated
(13). Venous blood samples accepted within 1 hour
after collection were kept at room temperature
for 30 minutes and then centrifuged at 3500 rpm
for 5 minutes. Serum samples were transferred to
Eppendorf tubes and stored at -80°C until tests were
performed. Measurement of the ischemia-modified
albumin (IMA): Venous blood samples accepted
within 1 hour after collection were stored at room
temperature for 30 minutes and then centrifuged at
3500 rpm for 5 minutes. The serum samples were
transferred into Eppendorf tubes and stored at -80°C
until tests were performed. The existence of IMAwas
detected using Albumin Cobalt Binding Test. This
test was performed by adding 50 mL 0.1% cobalt (Il)
chloride (CoCl,,6H,0) (Sigma-Aldrich Chemie GmbH
Riedstrasse 2, Steinheim, Germany) to the patient’s
serum. Following the mixing stage, a 10-minute
incubation period was allowed for albumin cobalt
Subsequently, 50 mL of a
containing 1.5 mg/mL dithiothreitol was added.

binding. solution
Following a further mixing stage and a two-minute
incubation period, 1.0 mL of a 0.9% sodium chloride
solution was added in order to reduce the binding
capacity. The blank preparation was conducted in
a similar manner, with distilled water replacing the
dithiothreitol. The absorbance of samples at 470 nm
was detected with a spectrophotometer. The results
of the analyses were shown as absorbance units
(ABSU) (14).

Statistical analysis

All analyses were performed using SPSS version
18 for Windows (SPSS Inc, Chicago, IL, USA). Analysis
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of data was primarily descriptive for continuous
variables using standard deviations, ranges, mean,
and median values. Data were analyzed for normality
of distribution using the Kolmogorov-Smirnov test.
Differences in continuous variables were compared
using a dependent samples t-test or a Wilcoxon rank-
sum test based on the normality of distribution. For
categorical variables, the chi-square test was used.
P value < of 0.05 was statistically significant.

The study was approved by the University
of Health Sciences Ankara City Hospital Ethics
Committee (Date: 02.03.2022 and Number: 2022-E2-
22-1243). This study complies with the Declaration
of Helsinki and informed consent was obtained from
participants in the study.

RESULTS

A total of 30 volunteer blood donors, 29 male,
and 1 female, were included in this study. The
mean age of the blood donors was 35.2 + 9.8 years.
Nineteen of the individuals were first-time donors
and the rest were repeat donors. There were no
significant differences in TDH parameters after
blood donation (Table 1). The IMA levels of repeat
blood donors were statistically significantly higher
after blood donation while other parameters of
THD were not (p =0.043) (Table 2). There was no
statistical difference between the groups with
regard to BMI. A statistically significant decrease
was detected in the levels of native and total
thiol in the 18-30 age group donors (Table 3).

DISCUSSION

Blood donation is a crucial part of healthcare in
worldwide for over a century. The need for blood
and blood components is increasing in all around the
world. It can be associated with the improvement
in the health services provided to patients in
both routine and emergency medical conditions.



Table 1. Thiol/disulfide homeostasis values of blood donors pre- and after donation.

Pre-blood donation After blood donation p-value*
Native thiol (umol/L) 495.4+70.2 476.9+71.7 0.231
Total thiol (umol/L) 537+73.6 516.7+71 0.192
Disulphide (umol/L) 20.7+6,2 19,8+7 0.550
Disulphide/total thiol
4,241.3 4.3+1,7 0.921
percent ratio (SS/SH+SS)
Disulfide/native thiol
3.8+1.1 3.9+1.4 0.874
percent ratio (SS/SH)
Native thiol/total thiol
92.2+2.2 92.1£2.9 0.921
percent ratio (SH/SH+SS)
Ischemia-modified albumin 0.79+0.16 0.83+0.15 0.231
* dependent samples t-test
Table 2. Thiol/disulfide homeostasis values of blood donors according to the donation status.
Donation status
First-time Regular
Parameters (n=19) (n=11)
Pre-blood After-blood Pre-blood After-blood
p value* p value*
donation donation donation donation
Native thiol (umol/L) 486.5+63.7 493.2+65.2 0.604 510.9+80.9 448.9+76.7 0.787
Total thiol (umol/L) 527.4+61.7 532+62.9 0.723 553.6+91.6 490.3+79.3 0.755
Disulphide (pmol/L) 20.445 19.4+5.3 0.483 21.3+8.1 20.749.4 0.842
Disulphide/total thiol
4.3+1.3 4+1.1 0.455 4.1£1.2 4.7+2.1 0.441
percent ratio (SS/SH+SS)
Disulfide/native thiol
3.9+1.2 3.7¢1.2 0.435 3.8+1.1 4.241.7 0.484
percent ratio (SS/SH)
Native thiol/total thiol
92.1£2.3 92.5+2.4 0.438 92.4+2.2 91.4+3.5 0.484
percent ratio (SH/SH+SS)
Ischemia-modified
083+0.14 0.80++0.14 0.337 0.72+0.18 0.88+0.17 0.041

albumin

* dependent samples t-test
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Table 3. Thiol/disulfide homeostasis values of blood donors according to the age groups

18-30 years 31-40 years il et
(n=10) (n=10) (n=10)
Pre-blood  After-blood Pre-blood  After-blood Pre-blood  After-blood
p value* p value** p value*

donation donation donation donation donation donation
Native thiol

534.6+64.3 493.3:31.8  0.031  482,5:74.5 456.1+93.8 0.551 463.4:48.7  492.2163.7 0.171
(umol/L)
Total thiol (umol/L) 576.1x75  534.7¢31.2  0.032  553.6291.6 525.1+78.1 0.382 503.1£37.2  532.1:65.4 0.172
Disulphide (pmol/L) 20.745.8 20.7+8.5 0.872 21.216.6 19.2+5.7 0.345 19.8+6.9 19.9+7.7 0.956
Disulphide/total
thiol percent ratio 3.8:0.6 4,2+1.8 0.447 4.4+1.3 4.4:1.8 0.706 4.4+1.9 4.1+1.6 0.612
(SS/SH+SS)
Disulfide/native
thiol percent ratio 3.5:0.5 3.8+1.5 0.447 4+1.1 4+1.5 0.606 4+1.6 3.7¢1.4 0.618
(SS/SH)
Native thiol/total
thiol percent ratio 92.9+1.1 92.2+3 0.519 91.8+2.3 91.8+3 0.608 91.913.2 92.412.8 0.614
(SH/SH+SS)
Ischemia-modified

0.74:0.13  0.80:0.05 0.128 0.79:0.1 0.87+0.2 0.348 0.8+0.1 0.79+0.9 0.351

albumin

* dependent samples t-test
** wilcoxon rank-sum test

In 2017, the global blood need was over
304 million while the global blood supply was
approximately 272 million, and of the 195 countries,
119 (61%) did not have sufficient blood supply
to meet their need (15). Presenting the changes
that occur in the body during the blood donation
process can be a source of motivation for people to
encourage them to donate blood. Our data showed
that TDH as an indicator of oxidative stress was
not affected by the blood donation process and
there was also no significant difference among the
individuals when they were grouped by BMI and age.
However, IMA values were found significantly higher
in repeat blood donors than in first-time donors.

Several methods and approaches have been used
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to measure oxidative stress in clinical samples:
(i) direct measurement of ROS through the use
of fluorogenic probes, (ii) indirect measurement
of oxidative damage formed by ROS in the cell
lipids, proteins, and nucleic acids, (iii) assessment
(TAS) (16). A new
spectrophotometric method developed by Erel
and Neselioglu is used for assessing TAS (13).
Recently, this method has been widely used to
in several

of total antioxidant status

reveal the role of oxidative stress
clinical conditions including inflammatory diseases,
cancer, and rheumatologic
disorders. In this study, using this new method,
it was investigated whether 450 + 10 ml of blood
lost during blood donation causes oxidative stress.

infectious disease,



The action of sulfur-containing compounds,
which was called thiol groups, is crucial for the
antioxidant system since they act as electron
donors and extinguishing unstable free radicals.
Disulphid compounds, which were the earliest
indicator of oxidation created by ROS, are formed
during this oxidation process. This transformation
may also lead to a decrease in thiol levels. Thus,
native thiol is considered as an antioxidant indicator
while disulfide is considered as an oxidative stress
indicator (17,18). In this study, thiol levels were
found to be lower after blood donation than before
donation. Although this decrease is not significant,
it may be associated with oxidative stress
generated through the blood donation process.

The relationship between blood donation and
oxidative stress has been examined in a limited
number of studies. Yunce et al. investigated the
effect of blood donation on oxidative stress markers
by measuring the activities of superoxide dismutase
(SOD), myeloperoxidase (MPO), and the levels of
malondialdehyde (MDA), nitric oxide (NOx). The
results of this study showed that the level of oxidative
markers (MPO and MDA) was reduced and the activity
of the antioxidant enzyme SOD significantly increased
24 h. after blood donation (19). Mehrabani et al
searched the association between blood donation
frequency, antioxidant enzymes (glutathione
peroxidase (GPX), SOD), and MDA level. They found
a negative association between BMI, SOD activity,
and the number of blood donations in a year (20). In
our study, we found that THD parameters were not
significantly altered after blood donation in blood
donors. Our results show that blood donation does
not cause oxidative stress or imbalance of thiol/
disulfide homeostasis similar to previous studies.

Ischemia-modified albumin (IMA) is considered as
a marker for elevated free radical-induced protein
oxidative injury. This biomarker is associated
with oxidative stress in various clinical conditions
including ischaemic events such as stroke, acute
mesenteric ischaemia, and some cancer types (21-

23). In this study, IMA values were found to be
significantly higher in repeat blood donors than
in first-time blood donors. It is very well known
that high donation frequency increases the risk of
depletion of iron stores and iron-deficiency anemia.
As a result of one donation, whole blood donors
lose 8% (men) to 81% (menstruating women) of their
total iron stores (24). Therefore various strategies
have been developed to monitor the iron status of
blood donors such as hemoglobin-guided donation
donation intervals,
(25). World Health
Organization (WHO) also advises the monitoring

intervals, ferritin-guided

and iron supplementation
of serum ferritin to detect iron deficiency (2).
Although the serum ferritin levels in this study
were not been investigated, the higher IMA level
in repeat blood donors may be associated with the
ischemia resulting from the depletion of iron stores.

Obesity may lead to high amounts of circulating
glucose and lipids overflowing into adipose and non-
adipose cells, resulting in adipocyte hypertrophy
and adipose tissue hypoxia which might induce the
production of ROS(26,27). Mehrabani et al. reported
that as the BMI of the donors increased, the activity
of SOD is decreased which is one of the antioxidant
enzymes (20). In our study, although the decrease
in thiol levels shows an inadequate antioxidant
response, this difference was not statistically
significant compared to pre-donation in obese donors.
We classified the donors into three age groups. The
native and total thiol levels as antioxidant indicators
were found to be significantly lower after blood
donation only in the 18-30 years old age group. To
the best of our knowledge, this is the first study
that investigates the oxidative stress of donors
through the dynamic thiol/disulfide homeostasis by
a new spectrophotometric method. The relationship
between blood donation and oxidative stress will be
better demonstrated by the studies which investigate
other variables such as BMI and age in larger groups.

The blood donation process does not cause
oxidative stress according to the results of our study.
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However, regular blood donation may have a negative
impact on THD. Further studies designed with the
participation of high number of blood donors need
to be conducted to prove an association between

ETHICS COMMITTEE APPROVAL

blood donation and oxidative stress. In conclusion,
demonstrating that blood donation has no adverse
effects on human health is extremely valuable
in terms of encouraging people to donate blood.

* The study was approved by the University of Health Sciences Ankara City Hospital Ethics Committee (Date: 02.03.2022

and Number: 2022-E2-22-1243).

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. Global status report on blood safety and availability
2021. Geneva: World Health Organization; 2022.

2. Blood Donor Selection: Guidelines on Assessing
Donor Suitability for Blood Donation. Geneva:
World Health Organization;2012.

604 Turk Hij Den Biyol Derg

3. Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino
F, Arcoraci V, et al. Oxidative Stress: Harms and
Benefits for Human Health. Oxid Med Cell Longey,
2017;8416763.

4., Hel, HeT, Farrar S, Ji L, Liu T, Ma X. Antioxidants
Maintain Cellular Redox Homeostasis by Elimination
of Reactive Oxygen Species. Cell Physiol Biochem,
2017;44(2):532-53.



10.

11.

12.

Kiikiirt A, Gelen V, Baser OF, Deveci HA, Karapehlivan
M. Thiols: Role in Oxidative Stress-Related
Disorders. In (Ed.), Accenting Lipid Peroxidation.
IntechOpen; 2021.

Hamamcioglu AC, Severcan C, Bayraktaroglu,
T. Relationship of thiol/disulphide homeostasis
with oxidative stress parameters in non-diabetic,
prediabetic and type 2 diabetic Turkish women. Ist
J Pharm, 2022;52(2):121-8.

Yuksel M, Ates |, Kaplan M, Alisik M, Erel M, Saygili
F, et al. The dynamic thiol/disulphide homeostasis
in inflammatory bowel disease and its relation with
disease activity and pathogenesis. Int J Colorect
Dis, 2016;31(6):1229-31.

Ates |, Ozkayar N, Inan B, Yilmaz FM, Topcuoglu
C, Neselioglu S, et al. Dynamic thiol/disulphide
homeostasis in patients with newly diagnosed
primary hypertension. J Am Soc Hyper JASH,
2016;10(2):159-66.

Sandikci SC, Colak S, Omma A, Enecek ME, Ozbalkan
Z, Neselioglu S, et al. An investigation of thiol/
disulfide homeostasis in patients with Behcet’s
disease. Arch Med Sci, 2020;16(6):1353-9.

Gumusyayla S, Vural G, Bektas H, Neselioglu S,
Deniz O, Erel O. A novel oxidative stress marker
in migraine patients: dynamic thiol-disulphide
homeostasis. Neurological sciences: J Neurol Sci,
2016;37(8):1311-7.

Dogru A, Balkarli A, Yildinm Cetin G, Neselioglu
S, Erel O, Sahin M. Evaluation of dynamic thiol/
disulfide homeostasis in patients with Familial
Mediterranean Fever. Siileyman Demirel Uni Sag Bil
Derg, 2018; 9(3):21-5.

Demirseren DD, Cicek C, Alisik M, Demirseren
ME, Aktas A, Erel, O. Dynamic thiol/disulfide
homeostasis in patients with basal cell carcinoma.
Cutan Ocu Toxicol, 2017;36(3):278-82.

18k,

14.

155

16.

17.

18.

19.

20.

Erel O, Neselioglu S. A novel and automated assay
for thiol/disulphide homeostasis. Clin Biochem,
2014;47(18):326-32.

Bar-Or D, Lau E, Winkler JV. A novel assay for cobalt
albumin binding and its potential as a marker for
myocardial ischemia—a preliminary report. J Emerg
Med, 2000;19(4):311-5.

Roberts N, James S, Delaney M, Fitzmaurice C. The
global need and availability of blood products: a
modelling study. Lancet Haematol, 2019;6(12):606-
5.

Katerji M, Filippova M, Duerksen-Hughes P.
Approaches and Methods to Measure Oxidative
Stress in Clinical Samples: Research Applications
in the Cancer Field. Oxid Med Cell Longey,
2019;12:1279250.

Sonmez MG, Kozanhan B, Deniz CD, lyisoy MS,
Kilinc MT, Ecer G et al. Dynamic thiol/disulfide
homeostasis as a novel indicator of oxidative stress
in patients with urolithiasis. Investig Clin Urol,
2019;60(4):258-66.

Georgescu SR, Mitran ClI, Mitran MI, Matei C, Popa
GL, Erel O, et al. Thiol-Disulfide Homeostasis in
Skin Diseases. J Clin Med, 2022;11(6):1507.

Yunce M, Erdamar H, Bayram NA, Gok S. One
more health benefit of blood donation: reduces
acute-phase reactants, oxidants and increases
antioxidant capacity. J Basic Clin Physiol Pharmacol,
2016;27(6):653-7.

Mehrabani M, Djalali M, Sadeghi M, Hajibeigi B,
Zeraati H, Fatehi F, et al. Association between
blood donation frequency, antioxidant enzymes and
lipid peroxidation. Acta Med Iran, 2008;46(5):361-
6.

Turk Hij Den Biyol Derg

605



21.

22.

23.

24,

606

Sinha MK, Roy D, Gaze DC, Collinson PO, Kaski
JC. Role of “Ischemia modified albumin”, a new
biochemical marker of myocardial ischaemia, in
the early diagnosis of acute coronary syndromes.
Emerg Med J, 2004;21:29-34.

Abboud H, Labreuche J, Meseguer E, Lavallee
PC, Simon O, Olivot JM, et al. Ischemia-modified
albumin in acute stroke. Cerebrovasc Dis, 2007;
23:216-20.

Gunduz A, Turedi S, Mentese A, Karahan SC, Hos
G, Tatli O, et al. Ischemia-modified albumin in
the diagnosis of acute mesenteric ischemia: a
preliminary study. Am J Emerg Med, 2008; 26:202-
5.

Sweegers MG, Zalpuri S, Quee FA, Huis In ‘t Veld
EMJ, Prinsze FJ, Hoogendijk EO, et al. Ferritin
measurement IN Donors—Effectiveness of iron
Monitoring to diminish iron deficiency and low
hemoglobin in whole blood donors (FIND’EM): study
protocol for a stepped wedge cluster randomized
trial. Trials, 2020;21:823.

Turk Hij Den Biyol Derg

25.

26.

27.

Vinkenoog M, van den Hurk K, van Kraaij M,
van Leeuwen M, Janssen MP. First results of a
ferritin-based blood donor deferral policy in the
Netherlands. Transfusion, 2020;60(8):1785-92.

McMurray F, Patten DA, Harper ME. Reactive Oxygen
Species and Oxidative Stress in Obesity-Recent
Findings and Empirical Approaches. Obesity (Silver
Spring), 2016;24(11):2301-10.

Nono Nankam PA, Nguelefack TB, Goedecke JH,
Bliilher M. Contribution of Adipose Tissue Oxidative
Stress to Obesity-Associated Diabetes Risk and
Ethnic Differences: Focus on Women of African
Ancestry. Antioxidants (Basel), 2021;10(4):622.



Arastirma Makalesi/Original Article
Makale Dili “ingilizce"/Amcle Language “English”

Turk Hijyen ve Deneysel Biyoloji Dergisi

Healthcare-associated infections in a rehabilitation hospital
in Tirkiye: A six-year retrospective analysis of incidence,
pathogens and risk factors
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, Muhammed Saltuk DENiz*

ABSTRACT

Objective: This study aimed to evaluate the
incidence, risk factors, causative microorganisms, and
antibiotic resistance patterns of healthcare-associated
infections (HAIs) over a six-year period in a tertiary

physical medicine and rehabilitation hospital.

Methods: In this retrospective study, the medical
records of 9,139 patients hospitalized between January
1, 2017, and December 31, 2022, in a 210-bed tertiary
physical medicine and rehabilitation hospital were
reviewed. HAIs were defined according to the National
Healthcare-Associated Infections Surveillance Diagnostic
Guideline of the Directorate General of Public Health,
Ministry of Health of the Republic of Turkiye.

Results: During the study period, 179 patients
developed HAls. The incidence of HAls was 1.95, and
the incidence density was 0.56. The majority of patients

were male (82.7%), with a median age of 40 years. The

OZET

Amac: Bu calismada, uclinci basamak bir fizik tedavi
ve rehabilitasyon hastanesinde alti yillik donemde
gelisen saglik hizmeti ile iliskili enfeksiyonlarin (SHIE)
insidansi, risk faktorleri, etken mikroorganizmalar
ve antibiyotik direnc paternlerinin degerlendirilmesi

amacland.

Yontem: Bu retrospektif calismada, 1 Ocak 2017
- 31 Aralik 2022 tarihleri arasinda, 210 yatakli lcinci
basamak bir fizik tedavi ve rehabilitasyon hastanesinde
yatan 9.139 hastanin tibbi kayitlar incelendi. SHIE’ler,
Tirkiye Cumhuriyeti Saglik Bakanligi Halk Sagligi Genel
Miidiirliigii Ulusal Saglik Hizmeti ile iliskili Enfeksiyonlar

Surveyans Tani Rehberine gore tanmimlandi.

Bulgular: Calisma déneminde 179 hastada SHIE
gelisti. SHIE insidans1 1,95 ve insidans dansitesi 0,56
saptandi. Hastalarin cogunlugu erkekti (%82,7) ve

medyan yas 40 idi. Hastalarin en sik tanilari spinal
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most common diagnoses were spinal cord injury (62%) and
stroke/traumatic brain injury (15.2%). Of the HAls, 92.2%
were urinary tract infections (UTIs) and 7.8% were skin
and soft tissue infections. The most frequently isolated
microorganism was Escherichia coli (E. coli) (52.5%).
Multidrug-resistant organisms accounted for 27.9% of
isolates. Over the six-year period, a decreasing trend
in HAI incidence density was observed; the incidence
density of catheter-associated UTIs decreased by 67%,
while the standardized infection ratio (SIR) declined from
1.6 in 2017 to 0.6 in 2022. This reduction was associated
with infection control measures such as regular staff
training, improved compliance with hand hygiene,
implementation of national infection prevention bundles,
antimicrobial stewardship, daily catheter assessments,

and timely removal of unnecessary catheters.

Conclusion: HAls are common in physical medicine
and rehabilitation centers, and this is particularly
pronounced among patients with neurological disorders.
The most frequent type of infection is UTI, with urinary
catheter use being the main modifiable risk factor. E.
coli was the most frequently isolated pathogen, and
multidrug resistance remains a major concern. The
decline in infection rates underscores the importance
of infection control measures that are implemented

effectively and continuously in rehabilitation hospitals.

Key Words:
rehabilitation hospital, spinal cord injury, urinary tract

Healthcare-associated infections,

infection, multidrug resistance, infection control

kord yaralanmasi (%62) ve
hasar1 (%15,2) idi. SHIE’lerin %92,2’si iiriner sistem

enfeksiyonu (USE), %7,8’i ise deri ve yumusak doku

inme/travmatik beyin

enfeksiyonlariydi. En sik izole edilen mikroorganizma
Escherichia coli (E. coli) (%52,5) idi. Cok ilaca direncli
organizmalar izolatlarin %27,9’unu olusturdu. Alti
yillk dénemde SHIE insidans dansitesinde azalma
egilimi izlendi; kateter iliskili-USE insidans dansitesi
%67 oraninda duserken, standardize enfeksiyon orani
(SIR) 2017°de 1,6’dan 2022’de 0,6’ya geriledi. Bu
diisus; diizenli personel egitimi, el hijyenine uyumun
ulusal

artinlmasi, enfeksiyon oOnleme paketlerinin

uygulanmasi, antimikrobiyal yonetim, kateterlerin

giinlik degerlendirilmesi ve gereksiz kateterlerin
zamaninda cikarilmasi gibi enfeksiyon kontrol onlemleri
ile iliskiliydi.

Sonug: Fizik tedavi ve rehabilitasyon merkezlerinde
SHIE’ler yaygin olup, bu durum ozellikle nérolojik
hastaligi olan hastalarda daha belirgindir. En yaygin
enfeksiyon tipi USE olup, iriner kateter kullanim
baslica degistirilebilir risk faktorudir. E. coli en sik izole
edilen patojen olup coklu ila¢ direnci onemli bir sorun
olmaya devam etmektedir. Enfeksiyon oranlarindaki
azalma, fizik tedavi ve rehabilitasyon hastanelerinde
etkin ve siirekli sekilde uygulanan enfeksiyon kontrol

onlemlerinin 6nemini vurgulamaktadir.

Anahtar  Kelimeler: Saglik hizmeti ile iliskili
enfeksiyonlar, rehabilitasyon hastanesi, spinal kord
yaralanmasi, Uriner sistem enfeksiyonu, coklu ilag

direnci, enfeksiyon kontrolu

INTRODUCTION

Healthcare-associated infections (HAIs),
previously termed “nosocomial infections,” have
been defined under this name by the Centers for
Disease Control and Prevention since 2008. The

National Healthcare Safety Network describes HAI as
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a localized or systemic clinical condition caused by
infectious agents or toxins that were neither present
nor incubating at the time of hospital admission (1). In
Turkiye, the Ministry of Health’s National Healthcare-
Associated Infections Surveillance Guideline also
defines HAIs within this framework and provides

standardized criteria for their monitoring and



reporting (2). Bacteria originating from the hospital
environment and the human microbiota are the most
common pathogens, although fungi and viruses may
also be responsible. The most frequently encountered
types of HAls include bloodstream infections, urinary
tract infections (UTI), pneumonia, and surgical site
infections (3).

HAls represent one of the most significant
complications of modern medical care. Major
risk factors include advanced age, comorbidities,
increasing use of invasive devices, and inappropriate
use of antibiotics. These infections increase morbidity
and mortality in hospitalized patients while also
prolonging the length of hospital stay and escalating
healthcare costs (4). Studies from developed countries
have reported that 5% to 15% of patients, particularly
those in intensive care, transplantation, and surgical
units, develop HAIs (5,6). However, HAls are not
limited to high-risk units and are also observed in wards
where surgical procedures are not performed (7).
The risk of developing HAls increases with prolonged
hospital stays, which are most commonly required in
rehabilitation units. Rehabilitation services typically
care for patients who have stabilized after acute
medical processes such as intensive care treatment
or surgical procedures, many of whom present with
multiple comorbidities and require long-term follow-
up (8). Surveillance data from Europe indicate that
HAls cause more deaths than any other infectious
disease under monitoring and occur with similar
frequency in long-term care facilities as in acute care
hospitals (7). The incidence of HAls in long-term care
facilities, including rehabilitation hospitals, has been
reported to range from 1.8 to 13.5 infections per
1,000 patient-days (9).

In the rehabilitation setting, HAIs further prolong
hospitalization, delay recovery, worsen prognosis,
increase disability, and deepen dependency in
activities of daily living (10). Despite these critical
outcomes, the number of studies focusing specifically
on HAls in rehabilitation hospitals remains limited.
Existing research has largely concentrated on specific

patient populations or has evaluated rehabilitation

hospitals together with other long-term care
institutions, such as nursing homes (7,11). Therefore,
in line with both international definitions and the
Ministry of Health’s National Healthcare-Associated
Infections Surveillance Guideline, we aimed to
provide up-to-date and comprehensive data on HAls

among adult patients in a rehabilitation hospital.

MATERIAL and METHOD

This retrospective study evaluated the records
of 9,139 patients hospitalized between January 1,
2017, and December 31, 2022, in a 210-bed tertiary
rehabilitation hospital.

An HAI was defined as an infection occurring on
or after the third day of hospital admission. The
earliest date on which site-specific diagnostic criteria
were fulfilled was considered the ‘date of infection’.
Diagnostic criteria were determined according
to the National Healthcare-Associated Infections
Surveillance Guideline of the General Directorate of
Public Health, Ministry of Health of the Republic of
Tirkiye (2).

Our hospital operates a prospective, hospital-
wide, laboratory-based surveillance system for the
detection and monitoring of HAls. All culture results
obtained throughout the hospital were reviewed
daily by the infection control team. Potential cases
were systematically evaluated and discussed within
the hospital infection control committee. Cases
identified as HAls were recorded and reported on a
quarterly basis.

For each patient, the following variables were
collected: age, sex, primary diagnosis, admitting
type of HAI,
microorganisms with resistance profiles, antibiotics

department, risk factors, isolated
administered, and length of hospital stay. Physical

examination findings, laboratory results, and
treatment protocols were obtained from hospital
surveillance forms and the electronic medical records

database.
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The control group included 185 patients without
HAls, hospitalized in the same clinics during the study
period, selected through simple random sampling.
There was no significant difference between the
study and control groups in terms of age and sex.

Microorganisms isolated from patients were
identified by the hospital microbiology laboratory.
Standard
quantitative urine and tissue cultures. Antimicrobial

laboratory methods were used for
susceptibility testing was performed using the
disk diffusion method on Mueller-Hinton agar in
accordance with the guidelines and breakpoint
values of the European Committee on Antimicrobial
Susceptibility Testing (EUCAST). Plates were
incubated at 36 °C for 16-20 hours; for tissue
cultures, incubation was extended up to 48 hours
when required. Inhibition zones were measured and
classified as susceptible, intermediate, or resistant
according to EUCAST criteria, and antimicrobial
susceptibilities of bacteria were determined
accordingly (12). MDR microorganisms were defined
as non-susceptible to at least one agent in three or
more antimicrobial categories (13).

All analyses were performed using the Statistical
Package for the Social Sciences (SPSS) for Windows,
version 20 (IBM SPSS Inc., Chicago, IL). Normality of
data distribution was assessed with the Kolmogorov-
Smirnov test. Continuous variables were expressed
as mean + standard deviation, and categorical
variables as frequencies and percentages.

Comparisons between two groups were
performed using the Student’s t-test for normally
distributed variables and the Mann-Whitney U test
for non-normally distributed variables. Comparisons
among three or more groups were conducted using
ANOVA for normally distributed variables and the
Kruskal-Wallis test for non-normally distributed
variables. Pairwise comparisons were adjusted using
the Bonferroni correction.

Categorical variables were compared with the
Chi-square test. Longitudinal changes were assessed

using mixed-effects models. A two-sided p-value
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<0.05 was considered statistically significant.

The study was approved by the Ankara Bilkent
City Hospital Clinic Researchers Ethics Committee
(Date: 01.03.2023 and Number: E2-23-3470).

RESULTS

Between 2017 and 2022, a total of 9,139
patients were hospitalized in our rehabilitation
hospital, corresponding to 316,685 patient-days.
HAls developed in 179 patients, yielding an overall
incidence of 1.95 and an incidence density of 0.56.
Among patients with HAI, 148 (82.7%) were male and
31 (17.3%) were female, with a median age of 40
years (range: 18-93).

Regarding primary diagnoses, most patients with
HAls had spinal cord injury (SCI, n=111, 62.0%),
followed by stroke or traumatic brain injury (TBI,
n=27, 15.2%). Other diagnoses included malignancy,
fracture, or amputation (n=21, 11.7%), neurological
disorders such as Guillain-Barré syndrome, transverse
myelitis, multiple sclerosis, or encephalitis (n=11,
6.1%), and degenerative joint or intervertebral disc
disease (n=9, 5.0%). HAls were particularly common
in the SCI rehabilitation department, where they
accounted for 50.3% of all cases.

The majority of infections were UTIs (n=165,
92.2%), followed by skin and soft tissue infections
(SSTIs) (n=14, 7.8%). The overall incidence of
UTI was 1.8. Of these, 133 (74.3%) were non-
catheter-associated urinary tract infections (non-
CAUTI, symptomatic UTI), while 32 (17.9%) were
catheter-associated urinary tract infections (CAUTI,
symptomatic UTI). All SSTIs (n=14, 7.8%) were
identified as infected pressure ulcers. No cases of
asymptomatic bacteremic UTI or pneumonia were
detected during the study period.

HAIs were evaluated according to the method of
bladder drainage. Clean intermittent catheterization
(CIC) was used in 92 patients (51.7%), indwelling
catheterization (IC) in 31 patients (17.4%), while 56
patients (30.9%) had voluntary bladder control.



Escherichia coli (E. coli) was the most frequently
isolated pathogen in healthcare-associated urinary
tract infections (HA-UTIs) (n=94, 52.5%). Pathogens
identified in SSTIs included Klebsiella spp. (n=5),
Acinetobacter spp. (n=4), Pseudomonas spp. (n=3),
methicillin-resistant Staphylococcus aureus (MRSA)
(n=1), and Enterobacter spp. (n=1).

Among the 179 HAIs, 50 (27.9%) were caused
(MDR)
Evaluation of resistance profiles revealed that 23.4%

by  multidrug-resistant microorganisms.

of isolates were extended-spectrum B-lactamase-

producing  (ESBL+) and 4.5% demonstrated

carbapenem resistance. MRSA was identified in

one patient, whereas no vancomycin-resistant
enterococcus was detected.

The most frequently used antibiotics were
fluoroquinolones (29%), nitrofurantoin (20.1%), dual
antibiotic therapy (16.8%), B-lactam/B-lactamase
inhibitor combinations (10.6%), carbapenems (8.9%),
cephalosporins (5.0%), and fosfomycin (4.0%). Other
antibiotics, including tetracyclines, sulfonamides,
and oxazolidinones, were prescribed in 5.6% of
cases. The clinical and demographic characteristics

of the patients are presented in Table 1.

Table 1. Demographic and clinical characteristics of the patients

Variable n (%)
Age (median, range) 40 (18-93)
Gender
Male 148 (82.7)
Female 31 (17.3)
Clinic/Ward
SCI Rehabilitation 90 (50.2)
Acute Rehabilitation 48 (26.8)
Brain Injury Rehabilitation 17 (9.5)
Rheumatologic Rehabilitation 15 (8.4)
Orthopedic Rehabilitation 9 (5.1)
Type of HAI
Non-CAUTI 133 (74.3)
CAUTI 32 (17.9)
SSTls 14 (7.8)
Bladder drainage method
CiC 92 (51.7)
IC 31 (17.4)
Voluntary bladder control 56 (30.9)

Turk Hij Den Biyol Derg

611



612

Table 1 (cont.). Demographic and clinical characteristics of the patients

Variable n (%)

Isolated microorganisms
E. coli 94 (52.5)
Klebsiella spp. 42 (23.5)
Pseudomonas spp. 13 (7.2)
Enterobacter spp. 10 (5.6)
Two types of microorganisms 7 (3.9)
Acinetobacter spp. 4(2.2)
Proteus spp. 3(1.7)
Enterococcus spp. 3(1.7)
S. aureus / Coagulase-negative staphylococci 3(1.7)

Antibiotic treatment
Fluoroquinolones 52 (29.0)
Nitrofurantoin 35 (20.1)
Dual antibiotic therapy 30 (16.8)
B-lactam/B-lactamase inhibitor combinations 20 (10.6)
Carbapenems 16 (8.9)
Cephalosporins 9 (5.0)
Fosfomycin 7 (4.0)
Other (tetracycline, sulfonamide, oxazolidinone) 10 (5.6)

Note: n = number of patients, % = percentage. SCl: Spinal cord injury; HAIl: Healthcare associated infections; non-CAUTI:
non-catheter-associated urinary tract infections; CAUTI: catheter-associated urinary tract infections; SSTI: Skin and soft
tissue infection; CIC: Clean intermittent catheterization; IC: Indwelling catheterization.

HAls occurred significantly more often in patients
with SCI and in those with stroke or TBI (p<0.001).
The distribution of HAI types by primary diagnosis is
presented in Table 2.

Over the six-year period, incidence density
showed a declining trend across most infection
types. A reduction was observed for CAUTI (R2=0.66,

p=0.051), SSTI (R2=0.48, p=0.128), and overall HAI
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incidence density (R2=0.50, p=0.091). In contrast,
non-CAUTI showed a slight downward trend that did
not reach statistical significance (R?=0.16, p=0.432).
Annual incidence densities and regression trend
lines are displayed in Figure 1. Additionally, CAUTI
rates and standardized infection ratios (SIRs) were
analyzed separately due to their clinical importance
as a quality indicator (Figure 2).



When the distribution of the most frequently heterogeneous profile with Klebsiella spp. (38.1%), E.
isolated pathogens was compared by bladder drainage  coli (33.3%), and Pseudomonas spp. (28.6%) (Table 3).
method, significant differences were observed among In patients who developed HAls, both urinary catheter
the groups (p<0.001). E. coli predominated in the CIC  utilization rates and length of hospital stay were
group (79.7%) and in patients with voluntary bladder significantly higher compared with the control group
control (60.5%), whereas the IC group showed a more  without HAIs (p<0.001).

Table 2. Distribution of HAI types by clinical diagnosis

Degenerative joint

SCI Stroke or traumatic Other neurological X Other
HAI type . . A and intervertebral . "

(n=111) brain injury diseases . . diseases p
n(%) disc anomalies

(n=27) (n=11) (n=21)
(n=9)

Non-CAUTI 88 (79.3%) 22 (81.4%) 8 (72.7%) 8 (88.9%) 7 (33.3%)
CAUTI 19 (17.1%) 4 (14.8%) 3 (27.3%) 1(11.1%) 5 (23.8%) <0.001 2
SSTIs 4 (3.6%) 1 (3.7%) -- -- 9 (42.9%)

SCI: Spinal cord injury; non-CAUTI: non-catheter-associated urinary tract infection; CAUTI: catheter-associated urinary
tract infection; SSTI: skin and soft tissue infection.

*Other neurological diseases: Guillain-Barré syndrome, transverse myelitis, multiple sclerosis, encephalitis.

**Qther diseases: malignancy, fracture, amputation, etc.

a: Chi Square Test, (n / %)

non-CAUTI
0.8+ + non-CAUTI trend {R?=0.16, p=0.432)
CAUTI

w - CAUTI trend (R?=0.66, p=0.051)
o SSTI
L= - SSTitrend (R?=0.48, p=0.128)
= Overall HAI
T 0.6 Overall HAI trend (R?=0.56, p=0.088)
o
o
o
o
o
—~
o 0.4¢
o
=
=
w
{ =
X
[1¥] 0.2+
u
=
18]
o
w
c

0.0

2017 2018 2019 2020 2021 2022
Year

HAT: healthcare-associated infection: CAUTTI: catheter-associated urinary tract infection; non-CAUTI: non—
catheter-associated urinary tract infection; SSTI: skin and soft tissue infection.

Figure 1. Annual incidence density trends of HAls between 2017 and 2022
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CAUTL: catheter-associated urinary tract infection; SIR: standardized infection ratio.

Figure 2. Annual CAUTI rates and SIR values, 2017-2022

DISCUSSION

Previous studies conducted in rehabilitation
and long-term care settings have reported similar
incidence rates of HAls.
prevalence study from Germany found an incidence
of 1.7%, while an orthopedics and rehabilitation clinic

For instance, a point

reported 1.98% (14,15). Likewise, a multicenter study
in Italy involving brain-injured patients reported an
incidence of 1.93% (16). Similar to the literature, the
incidence of HAIl was found to be 1.95 in our study.
Over the six-year study period, a gradual decline
was observed in the incidence density of HAls,
including CAUTIs, SSTIs, and overall infection rates.
Specifically, CAUTI incidence density decreased from
0.27 in 2017 to 0.09 in 2022, corresponding to an
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approximate 67% reduction, while the SIR declined
from 1.6 to 0.6, reflecting a 62% decrease. We
believe that these improvements were closely linked
to the strengthening of infection control practices
following the appointment of a full-time infectious
diseases specialist in 2018. During this period, regular
staff training was intensified, national infection
prevention bundles were implemented, antimicrobial
stewardship with feedback mechanisms was
reinforced, daily catheter indications were evaluated
with prompt removal of unnecessary catheters, and
hand hygiene practices were closely monitored. In a
study conducted in India, a 60% reduction in CAUTI
SIR was reported through similar infection control
measures (17). Overall, our findings are consistent

with international evidence and highlight the critical



role of comprehensive and sustained infection control
strategies in reducing infection rates in rehabilitation
hospitals.

The etiopathogenesis of infectious diseases in
physical therapy and rehabilitation hospitals varies
according to the primary diagnosis of patients. SCI
predisposes individuals to multiple complications in
organs below the neurological lesion level. Owing
to respiratory dysfunction—such as atelectasis and
impaired secretion clearance—the risk of pneumonia
is increased in these patients (18). Neurogenic
bladder dysfunction leads to elevated intravesical
pressure and bladder overdistension, which can cause
ischemia and mucosal damage, thereby predisposing
to urinary tract infections (19). In immobilized
patients, sustained pressure over bony prominences
compromises local blood flow and facilitates the
development of pressure ulcers, which in turn
increase the risk of secondary SSTls, often aggravated
by urinary or fecal incontinence (20). Additionally,
patients with neurological disorders may be at
increased risk of developing HAIs because of altered
mental status and a higher tendency for aspiration.
Immune suppression and a greater likelihood of
concomitant trauma also contribute to this increased
(21).
that post-stroke

vulnerability Several studies have shown
immunosuppression contributes
significantly to the increased risk of infections in this
patient population (22,23). In a study conducted in the
physical therapy and rehabilitation service, Demirdal
et al. reported that 58.3% of HAIs occurred in patients
with SCI, whereas 33% were observed in patients with
stroke (24). Consistent with these findings, our study
also demonstrated that HAls were predominantly
observed in patients with SCI or other neurological
disorders, while they were significantly less frequent
among patients with non-neurological conditions such
as degenerative joint disease and intervertebral disc
anomalies (p<0.05).

In a study from Germany, UTIls were the most
common HAls, accounting for approximately 50% of

cases, followed by respiratory, SSTIs (15). Similarly,

a ten-year study from the Netherlands identified UTIs
as the most frequent HAls in long-term care centers,
with a prevalence of 1.7% (95% Cl: 1.6-1.8) (25). In
contrast, a multinational prevalence study from
Europe found that respiratory tract infections were
the most common HAIs in long-term care centers
(21.4% pneumonia and 4.3% other lower respiratory
tract infections), followed by UTIs (18.9%) and
surgical site infections (18.4%) (7).
the most common HAls were UTls (92.2%), followed

In our study,

by SSTIs (7.8%). In the study where respiratory
tract infections were the most common HAls, the
lower frequency of UTIs was attributed to the fact
that most of the evaluated patients were over the
age of eighty-five (7). In contrast, the absence of
healthcare-associated respiratory tract infections
in our study may be explained by the younger age
of our patient population, the high prevalence of
neurogenic bladder dysfunction, and the widespread
use of CIC or IC.

In our study, urinary catheter use was statistically
significantly higher in patients with HAl compared
to those without HAI. This association has also been
emphasized in previous research: a study from ltaly
reported that 59.5% of patients with HAI in post-
acute clinics and all patients with HAI in long-term
rehabilitation centers had a urinary catheter (16),
while another Italian study showed that one-third of
catheterized rehabilitation patients developed HAls
(25). Another study from the Netherlands reported
that 20% of HA-UTIs were catheter-related (26). In
our study, this rate was 17.9%. Collectively, both
our findings and previous reports highlight urinary
catheterization as a major, yet preventable, risk
factor for HAls in rehabilitation settings.

Patients who undergo CIC are typically those with
SCI and neurogenic bladder dysfunction. Compared
to IC or suprapubic catheterization, CIC has been
reported to be safer and associated with lower rates
of complications and UTIs (27,28). In our study,
18.2% of patients were managed with an IC, 54.5%
with CIC, and 27% had voluntary bladder control.
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The higher frequency of HA-UTIs among patients
undergoing CIC may be related to infection control
policies: CIC was preferred over IC when clinically
appropriate, and IC users were transitioned to CIC
whenever feasible. Furthermore, the Spinal Cord
Medical Consortium guidelines state that evidence on
infection risk is mixed and does not clearly favor one
bladder management method over another. Similarly,
a recent systematic review emphasized that the
hypothesis suggesting ICs cause more UTls than CICs is
not supported by current scientific evidence (29,30).

In our study, E. coli was the most frequently
isolated microorganism across all diagnostic groups.
Consistently, studies in similar patient populations
have also reported E. coli as the leading pathogen
in urinary tract infections (7,11,26). Our analysis
showed that patients managed with CIC or voluntary
voiding predominantly harbored common pathogens,
whereas IC users exhibited a higher proportion of
more resistant organisms such as Klebsiella and
Pseudomonas. The literature also suggests that
long-term catheterization may provide a favorable
environment for colonization by more heterogeneous
and resistant microorganisms, and that polymicrobial
infections can be more frequent in this patient group
(31,32). These findings support the importance of
considering bladder management methods when
selecting empirical antibiotic therapy.

In a multicenter study of patients with severe
acquired brain injury, the prevalence of MDR
microorganisms was reported as 30.3% (16). Likewise,
a European point-prevalence study reported MDR in
28% of isolates and carbapenem resistance in 4.2%
of isolates from long-term care centers (7). In our
study, MDR microorganisms accounted for 27.9% of
isolates, and carbapenem resistance was 4.5%. MRSA
prevalence is generally low in rehabilitation hospitals,
and in our study only one case was detected. Although
the overall prevalence of resistant pathogens was
comparable to reports from European rehabilitation
and long-term care facilities, even a single MRSA

case remains clinically significant, as it may trigger
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outbreaks with serious consequences in vulnerable
patients with prolonged hospital stays (33).

When the antibiotics used in patients who
developed HAI were examined in our study, it was
noteworthy that, fluoroquinolones were the most
frequently prescribed, accounting for 29%. Similarly,
in Germany, fluoroquinolones were reported as the
most commonly used agents in 31.3% of patients
with HA-UTI (14). In our cohort, 16.8% of patients
required dual antibiotic therapy, particularly in
cases of polymicrobial growth or suspected highly
resistant organisms. Recent evidence also shows that
for carbapenem-resistant Gram-negative infections,
combination therapy can reduce mortality and
improve outcomes compared with monotherapy (34).
Nevertheless, such regimens should be carefully
balanced with antimicrobial stewardship principles,
favoring targeted therapy guided by susceptibility
testing (35).

Although research on HAIs and MDR HAIs in
rehabilitation and neurorehabilitation settings
remains limited, recent studies have consistently
shown that these infections negatively affect
rehabilitation outcomes and significantly prolong
hospital stay, particularly in patients with severe
brain injury (36). For example, a multicenter study in
Italian neurorehabilitation centers reported a mean
length of hospital stay of 88.3 + 55 days in patients
with HAI, compared with 56 + 50.7 days in those
without infection (p < 0.05) (37). Similar findings
have been reported in other studies (11,16,36).
In our study, the mean length of hospital stay was
significantly longer in patients with HAI (56.6 + 31.9
days) compared to those without HAI (30.8 + 18.6
days) (p < 0.001).

Pressure ulcers are also frequent complications

+

in individuals with SCI, occurring from the acute
through to
reintegration. They are associated with poorer quality

hospitalization phase community
of life, longer hospital stays, and increased morbidity
and mortality (38). Reported prevalence rates during

hospitalization vary, with some studies citing values



between 12% and 16.1% (39,40). In our study, 7.8% of
patients developed healthcare-associated SSTIs, all
of which presented as infected pressure ulcers.

First, it
was conducted retrospectively in a single tertiary

This study has several limitations.

rehabilitation hospital, which may restrict the
generalizability of the findings. Second, due to the
retrospective design, certain clinical details—such as
symptom severity and functional outcomes—could not
be systematically evaluated. Third, detailed molecular
typing of resistant organisms was not performed;

therefore, the epidemiological characterization of

ETHICS COMMITTEE APPROVAL

MDR pathogens remains incomplete.
HAls
were shown to be a frequent complication in

In conclusion; in this six-year study,
rehabilitation among
with HA-UTIs

were the predominant infection type, with urinary

hospitals, particularly

patients neurological disorders.
catheterization identified as the main modifiable risk
factor. Strengthened infection control practices were
associated with a decline in overall HAI incidence and
CAUTI SIR, emphasizing the need for comprehensive
and sustained prevention strategies in rehabilitation

settings.
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Apoptotic effect of doxorubicin delivering micelles on MDA-
MB-231 triple negative breast cancer cells
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ABSTRACT

Objective: Many anticancer agents exhibit limited
therapeutic efficacy due to high systemic toxicity or
rapid elimination by the reticuloendothelial system.
Therefore, nanocarrier systems that enable drug
targeting directly to tumor tissue have become a
significant research area in recent years. The aim of
this study was to prepare and characterize methoxy
polyethylene glycol-block-polycaprolactone (mPEG-
b-PCL)-based doxorubicin (DOX)-loaded micelles
(DOX ,-M) and micelles formed by covalent conjugation
of DOX (DOX_,-

effects of these systems on MDA-MB-231 breast cancer

M), and to compare the biological

cells.

Methods:
mPEG-b-PCL micelles (DOX,-M) or covalently conjugated
to hydrazide-functionalized mPEG-b-PCL (DOX__ .-M),

resulting in micelle formation. The physicochemical

DOX was either loaded directly onto

conj

properties and drug release profiles of the micelles

were determined. At the cellular level, their effects

OZET

Amag: Bircok antikanser ajani, ylksek sistemik
toksisite veya sistem tarafindan
hizl

sinirll dizeyde gosterebilmektedir. Bu nedenle, ilacin

retikiloendotelyal

eliminasyon nedeniyle terapotik etkinligini
dogrudan timor dokusuna hedeflenmesini saglayan

nano-tasiyict sistemler son yillarda dikkat cekici

bir arastirma alanm haline gelmistir. Bu calismanin
amaci,
(mPEG-b-PCL) esasli doksorubisin (DOX) yukli miseller

(DOX,-M) ile DOX kovalent konjugasyonu ile olusturulan

metoksi polietilen glikol-blok-polikaprolakton

misellerin (DOXm].-M) hazirlanmasi, karakterizasyonu
ve bu sistemlerin MDA-MB-231 meme kanseri hiicreleri

uzerindeki biyolojik etkilerinin karsilastirlmasidir.

Yontem: BDOX,

misellerine  yiklenmis

ya dogrudan mPEG-b-PCL
(DOX,-M) ya da hidrazid
fonksiyonlu mPEG-b-PCL’ye kovalent olarak baglanarak

konjuge edilmis (DOX__.-M) ve sonrasinda misel yapisi

conj

olusturulmustur. Misellerin fizikokimyasal ozellikleri

ve ilac salim profilleri belirlenmistir. Hiicresel diizeyde
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on cytotoxicity, cell internalization, cell migration,
and colony formation were evaluated in MDA-MB-231
cells. Apoptotic responses were investigated using flow
qRT-PCR,

potential measurements, and reactive oxygen species

cytometry, mitochondrial transmembrane
(ROS) assays. Furthermore, the anti-angiogenic effects
of both micelle formulations were investigated in a co-

culture system with HUVEC cells.

Results: Both micelle types exhibited faster drug
release under acidic conditions compared to neutral
conditions, offering a therapeutic advantage given the
acidic nature of the tumor microenvironment. DOX
conjugation provided more controlled and slower drug
release compared to loading. Drug-free micelles did
not exhibit any cytotoxicity. The natural fluorescence
of DOX confirmed that the micelles were effectively
internalized by the cells. All DOX-containing micelles
significantly suppressed proliferation and migration
in  MDA-MB-231 DOX,-M was

characterized by an increase in the proportion of

cells. In particular,
apoptotic cells, a significant increase in Bax and p53
gene expression, a significant decrease in Bcl-2 and
Bcl-xL expression, and an increase in ROS production.
Both micelle formulations decreased mitochondrial

membrane potential and triggered apoptosis induction.

Conclusion: The results indicate that DOX ,-M was
more effective than DOX_ .
and inhibiting proliferation of MDA-MB-231 cells. These
findings suggest that mPEG-b-PCL-based DOX-loaded

micelles may be promising nanocarrier systems for

-M in inducing apoptosis

cancer therapy.

Key Words: Doxorubicin, hydrazone, drug loading,

breast cancer, apoptosis

ise, MDA-MB-231 hiicrelerinde sitotoksisite, hiicre icine
alimi, hiicre gocu ve koloni olusumu iizerine etkileri
degerlendirilmistir. Apoptotik yanitlar; akis sitometrisi,
gRT-PCR,

olcumleri ve reaktif oksijen tirleri (ROS) tayini ile

mitokondriyal transmembran potansiyel
incelenmistir. Ayrica, HUVEC hiicreleriyle yapilan ko-
kultur sisteminde her iki misel formulasyonunun anti-

anjiyogenik etkileri arastirilmistir.

Bulgular: Her iki misel tiru de asidik kosullarda
notr ortama kiyasla daha hizli ilac salimi gostermis
olup bu durum, tumor mikrogevresinin asidik karakteri
DOX

konjugasyonu, yiiklemeye kiyasla daha kontrolli ve

acisindan  terapotik avantaj sunmaktadir.
yavas ilac salimi saglamistir. ilac icermeyen miseller
herhangi bir sitotoksisite gostermemistir. DOX’un dogal
floresansi, misellerin hiicreler tarafindan etkin bicimde
internalize edildigini dogrulamistir. Tim DOX iceren
miseller MDA-MB-231

gocii belirgin sekilde baskilamistir. Ozellikle DOX -M,

hiicrelerinde proliferasyon ve
apoptotik hiicre oraminda artis, Bax ve p53 gen
ifadesinde belirgin yiikselis, Bcl-2 ve Bcl-xL ifadesinde
anlamli azalma ve ROS iiretiminde artis ile karakterize
edilmistir. Her iki misel formulasyonu da mitokondriyal
membran potansiyelinde azalmaya yol acmis ve apoptoz

indiksiyonunu tetiklemistir.

Sonug: Sonuclar, DOX -M’nin apoptoz indiklemede
ve MDA-MB-231
engellemede DOX

hiicrelerinin proliferasyonunu

onM’ye kiyasla daha etkili oldugunu
gostermektedir. Bu bulgular, mPEG-b-PCL tabanli DOX
yukli misellerin kanser tedavisinde umut vadeden nano-

tasiyici sistemler olabilecegini ortaya koymaktadir.

Anahtar Kelimeler: Doksorubisin, hidrazon, ilag

yikleme, meme kanseri, apoptoz

INTRODUCTION of cancer-related death after lung cancer (1). Breast
cancer is classified into several subtypes, including
Breast cancer is the most common cancer type estrogen receptor-positive breast cancer (ERBC),
in women, and approximately 20% of these patients progesterone receptor-positive breast cancer (PRBC),

present with metastasis. It is the second leading cause  human epidermal growth factor receptor 2-positive
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breast cancer (HER2-BC) and triple negative breast
cancer (TNBC). TNBC accounts for about 20% of all
breast cancers, which lacks a cell surface receptor
and is highly aggressive. Due to the absence of
targetable receptors, cancer-targeted drug delivery
systems are generally ineffective against this subtype
(2). Moreover, TNBC exhibits resistant to radiotherapy,
making its treatment particularly challenging (3).
Anthracycline antibiotics are commonly used in
cancer treatment. These agents act as alkylating
agents, intercalate into DNA, inhibit topoisomerase
activity, and generate free radicals, thereby causing
oxidative damage to cellular proteins. Doxorubicin
(DOX), a widely used anthracycline antibiotic, binds
directly to DNA, induces single- and double-strand
breaks, and can crosslinks DNA. DNA. However,

its clinical use is limited by dose-dependent
cardiotoxicity (4).

Cancer cells preferentially utilize glycolysis
over oxidative phosphorylation to meet the high
energy demand required for rapid proliferation. This
metabolic shift leads to hypoxia within the tumor
microenvironment, causing pH values to decrease
to 6.5-7.2 in the extracellular space, 5.0-6.5 in
endosomes, and 4.5-5.0 in lysosomes (5). pH sensitive
drug delivery systems, typically exploit this feature
by linking drugs to polymers through pH-responsive
linkers such as hydrazone, disulfide, azo, acetal,
ortho ester, vinyl ether, amine, or imine bonds (6).
Hydrazone linkages are particularly promising, as
they remain stable under physiological conditions (pH
7.4) but are cleaved in acidic environments (7). For
instance, Etrych et al. (2014) conjugated DOX to N-(2-
hydroxypropyl)methacrylamide (HPMA) copolymers
via hydrazone bonds and reported faster drug release
at pH 5.0 compared to pH 7.4 (8). Similarly, Lale et
al. (2015) demonstrated that DOX conjugated to a
pentablock copolymer via hydrazone bonds released
89% of the drug at pH 5.0, whereas only 29% was
released at pH 7.4 (9). More recently, Zhang et al.
(2022) conjugated DOX to a supramolecular organic

framework via hydrazone bonds, reporting DOX

release levels of 80%, 45%, and 15% at pH 4.5, 5.6,
and 7.4, respectively, after 72 hours. The amounts
of the released DOX were 80%, 45% and 15% at pH
4.5, 5.6 and 7.4, respectively after 72 hours (10).
Collectively, these findings confirm that hydrazone
linkages are pH-responsive, enabling accelerated
drug release under acidic conditions compared to
physiological environments.

Polymeric micelles are nano-sized particles
composed of a hydrophilic shell and a hydrophobic core
in aqueous media. Hydrophobic anticancer drugs can
be encapsulated within the hydrophobic core, thereby
improving drug bioavailability, reducing systemic side
effects, and offering advantages in both in vitro and
in vivo studies (11-14). These systems are relatively
easy to prepare, can be synthesized with small and
uniform particle sizes, and provide high drug-loading
capacity as well as controlled drug release. Methoxy
poly(ethylene glycol)-block-polycaprolactone (mPEG-
b-PCL) is a synthetic, amphiphilic, biocompatible
and biodegradable polymer approved by FDA (15).
Poly(ethylene glycol) (PEG) and polycaprolactone
(PCL) are biocompatible polymers which are widely
used in drug delivery systems and tissue engineering
(16).
slow degradation rate, and immunogenicity limit its
application (17). On the other hand, PEG is hydrophilic
and helps nanoparticles evade immune recognition.

However, PCL’s highly hydrophobic nature,

Therefore, di-block or tri-block copolymers of PEG and
PCL have been developed to produce nanoparticles or
micelles, which have shown promising in vitro and in
vivo results as drug delivery systems (18-21).

The aim of the present study was to prepare DOX-
loaded and DOX-conjugated mPEG-b-PCL micelles
and compare their anticancer effects on MDA-
MB-231 breast cancer cells. To develop pH responsive
controlled delivery systems, DOX-conjugated micelles
(DOX___.-M)

conj

were synthesized using hydrazide-
functionalized mPEG-b-PCL, which was covalently
linked to DOX via pH-sensitive hydrazone bonds.
In parallel, DOX-loaded micelles (DOX M) were

prepared using unmodified PEG-b-PCL copolymer. The

Turk Hij Den Biyol Derg
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physicochemical properties of the micelles, as well as
their cytotoxic and apoptotic effects on MDA-MB-231
cells, were systematically evaluated and compared.

MATERIAL and METHOD

Materials

Adriamycin (trade name of DOX) was purchased

from Deva Holding (Turkey) as lyophilized
powder of 10 mg of Doxorubicin hydrochloride
in injection vials. e€-caprolactone (e-CL) was

purchased from Acros Organics,
glycol) (mPEG)
2-ethylhexanoate,

USA. Methoxy
(Mn=5000 Da),
succinic

poly(ethylene
tin(ll)
dimethylaminopyridine,

anhydride,
dicyclohexylcarbodiimide,
N-hydroxysuccinimide, hydrazine hydrate, glycine,
sodium bicarbonate, trinitrobenzene sulfonic acid
(TNBSA), polyvinyl alcohol, 3-(4,5-dimethylthiazol-
(MTT),
paraformaldehyde,

2-yl)-2,5-diphenyltetrazolium bromide
(DMSO0),

crystal violet, and oil red O were the products of

dimethylsulfoxide

Sigma-Aldrich, Germany. Tetrahydrofuran, diethyl
ether, methanol, trifluoroacetic acid, concentrated
sulfuric acid, acetone, and ethanol were purchased
from Merck, Germany. Leibovitz’s L-15 medium,
fetal bovine serum (FBS), gentamicin, and penicillin-
streptomycin were the products of Biological
Industries, Israel.

Methods

Synthesis and Characterization of Hydrazide
Functionalized mPEG-b-PCL Copolymer (mPEG-b-
PCL-CO-NH-NH,)

mPEG-b-PCL copolymer was synthesized by
ring-opening polymerization of e-caprolactone (CL)
according to the method previously reported by
our group (22). In our previous study, the hydrazide
functionalized copolymer was synthesized in two
steps (23):

1. Introduction of a carboxylic acid group at the
PCL end of the copolymer using succinic anhydride in

the presence of dimethylaminopyridine (DMAP) and

Turk Hij Den Biyol Derg

tetrahydrofuran (THF).

2. Subsequent incorporation of the
hydrazide group at the terminal carboxylic acid
moiety using dicyclohexylcarbodiimide (DCC),

N-hydroxysuccinimide (NHS), and THF.

The synthesized copolymer was characterized
with 'H NMR, and FT-IR. The primary amine amount
was calculated with trinitrobenzene sulfonic acid
assay as previously described (23).

Conjugation of DOX to mPEG-b-PCL-CO-NH-

NH

2

DOX was conjugated to mPEG-b-PCL-CO-NH-NH,
following the method reported by our group (23).
Briefly, both mPEG-b-PCL-CO-NH-NH, copolymer and
DOX were dissolved in methanol, a drop of TFA was
added, and the solution was incubated overnight
at 60°C. After methanol removal under vacuum,
the residue was suspended in water and dialyzed
against deionized water at RT. The DOX-conjugated
(mPEG-b-PLC-CO-NH-NH,-DOX)
obtained after lyophilization. Conjugation efficiency

copolymer was
was calculated using a calibration curve constructed
for DOX, following its dissolution in concentrated
sulfuric acid at RT for 5 min (23).

Critical Micelle Concentration (CMC) of DOX
Conjugated mPEG-b-PCL-CO-NH-NH,

The CMC of DOX-conjugated copolymers was
determined using pyrene as a fluorescent probe.
For this purpose, 20 mg of polymer was dissolved
in 5 mL of THF, followed by the addition of 40 mL
of deionized water. The solution was left in a fume
hood for THF evaporation. Pyrene solutions of varying
concentrations (0.5x10-3- 0.5 g/L) in 0.6 mM acetone
were prepared. Subsequently,
solutions were added to 1 mL of polymer solutions

10 pL of pyrene

and the mixtures were incubated at 37°C overnight.
Excitation spectra were recorded between 250-360
nm at a fixed emission wavelength of 390 nm with
a 1 nm bandwidth using a microplate reader. The
intensity ratio at 338 and 333 nm (l,,,/1.,.,) was plotted

3387 333



against the logarithm of polymer concentrations. CMC
was determined from the intersection of the two
tangent plots (24).

Preparation of DOX Conjugated (DOX_ -M) and
DOX Loaded (DOX ,-M) Micelles

co-solvent
-M, 30 mg
copolymer

Micelles prepared  using
evaporation method (25). For DOX_,
of  mPEG-b-PCL-CO-NH-NH,-DOX
dissolved in 0.5 mL of acetone. For DOX,-M, 30 mg
of mPEG-b-PCL-CO-NH-NH, copolymer and 3 mg of
DOX were dissolved in 0.5 mL of acetone containing

were

was

5 pL of triethylamine. To each solution, 3 mL of 1%
PVA was added dropwise under vigorous agitation.
The resulting micelle suspensions were mixed at 1100
rpm for 5 h to allow solvent evaporation and micelle
formation. Micelles were collected by centrifugation
at 14,000 rpm for 20 min at 4°C. For purification,
micelles were washed twice by resuspension in
distilled water and centrifugation. The final micelles
were suspended in 5 mL of distilled water, passed
through a 0.22 pm syringe filter, and freeze-dried
(FreeZone 6 Plus, Labconco Corp., USA) for 24 h
before storage in dry form. Before freeze-drying, the
hydrodynamic diameter and zeta potential of these
micelles (M) (having no drugs) were determined using
a Malvern Zetasizer Nano ZS (Malvern Instruments
Ltd., MA). All measurements were performed in
triplicates (n=3) to ensure reproducibility.
Encapsulation efficiency and drug loading capacity
of DOX_,,
equations given below. Briefly, weighed amounts of
freeze-dried micelles were dissolved in concentrated

-M and DOX -M were calculated using the

sulfuric acid, and DOX absorbance was measured at
543 nm using a UV-visible spectrophotometer (Hitachi
U-2800A, Hitachi Ltd., Japan). DOX content was
quantified using the previously established calibration
curve (23). Blank micelles (without DOX) dissolved in
concentrated sulfuric acid were used as background
controls. All
triplicates (n=3) to ensure reproducibility.

measurements were performed in

(The ameunt of drug inside the micelles)

(The initial amount of drug added) *

Encapsulation ef fictency (%) =

(The amount of drug inside the micelles)

Brvg loadtng eopacicy. () = (The amount of micelles) w100
Release of DOX from DOXconj-M or DOX -M
The release of DOX from DOX_ .-M or DOX,-M

micelles was evaluated in three different media with
pH values of 7.4, 6.8 and 5.0. For this study, 10 mg
of DOX_,-M or DOX M was suspended in 1 mL of
phosphate-buffered saline (PBS, 0.1 M and pH 7.4)
or 1 mL of citrate-phosphate buffer (CPB, 0.15 M;
pH 5.0 or pH 6.8) (n = 6). Free DOX was dispersed in
PBS-7.4 or CPB-5.0 or CPB-6.8 (1 mg DOX/ mL) and
used as control groups. Micelle solutions and free DOX
solutions were transferred into dialysis bags (MWCO is
3500 Da; Spectrum Laboratories, USA), placed in 4 mL
of the corresponding release medium, and incubated
in a thermostatic shaker (37°C, 80 rpm) (Nive ST-
30, Tirkiye). At predetermined intervals, 2 mL of
the release media was withdrawn and replaced with
fresh buffer. Collected samples were freeze-dried,
dissolved in ethanol, and analyzed using a microplate
reader (SpectraMax iD3, Molecular Devices, USA) at
an excitation wavelength of 480 nm and an emission
wavelength of 590 nm. The amount of DOX in the
release medium was quantified using a calibration
curve constructed from DOX solutions in ethanol. To
investigate the release mechanism, the data were
fitted to zero order (cumulative percent release of
DOX versus time plot), first order (log cumulative
percent of DOX remaining versus time plot), Higuchi
model (cumulative percent of DOX release versus
square root of time plot), and Korsmeyer-Peppas (log
cumulative percent release of DOX versus log time
plot) kinetic models.

In Vitro Cell Culture Experiments

Determination of IC,, of DOX on MDA-MB-231
Cells

The cytotoxic effect of different concentrations of
DOX on MDA-MB-231 triple negative breast cancer cells

Turk Hij Den Biyol Derg
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was evaluated to determine the IC,, value. Cells were
cultured in Leibovitz’s L-15 medium supplemented
with 15% FBS, 0.1% gentamicin and 0.1% penicillin-
streptomycin at 37°C in a 5% CO, atmosphere. Then,
cells were seeded in 96-well plates at a density of
2500 cells/well in 100 pL medium and allowed to
adhere overnight. The following day, the medium
was replaced with fresh medium containing DOX at
concentrations ranging from 0 nM to 90 nM (prepared
from 400 pM DOX stock solution) in 0.4% water, and
cells were incubated for 48 hours. Subsequently, 10
pL of MTT solution (5 mg/mL) was added to each
well., cells treated with 0.4% water-containing
medium were used as the negative control. After 4 h
of incubation, the solutions were discarded, and the
formazan crystals were solubilized in 50 pL DMSO for
20 min on an orbital shaker. The solutions were then
transferred to a new 96-well plate, and absorbance
was measured at 570 nm (SpectraMax iD3, Molecular
USA).
the percentage of the negative control, and the

Devices, Cell viability was calculated as
IC50 value was calculated using GraphPad Prism 8
(GraphPad Software, USA) (n=4).

Cytotoxicity of DOX_ -M and DOX,-M on MDA-
MB-231 Cells

MDA-MB-231 triple negative breast cancer cells
treated with DOX_ -M, or DOX -M were incubated
at 37°C in 5% CO2 atmosphere to compare their
cytotoxic effects. Empty micelles without any drug
(M) were also used to show cytocompatibility. Cells
were seeded in 96-well plates at a density of 2500
cells/well in 100 pL medium and allowed to adhere
overnight. The next day, the medium was replaced
with fresh medium containing micelles (1.5 mg/mL)
dispersed in complete medium. Free DOX containing
medium was used to check the effectiveness of
micelles compared to free drug. Cytotoxicity was
evaluated by MTT assay, as described previously. Cells
incubated in pure medium served as positive controls
and were considered 100% viable (n=4).

Turk Hij Den Biyol Derg

Determination of Cell Internalization of Micelles

The intrinsic fluorescence of DOX was used to
assess the internalization of free DOX, DOX , -M, and
DOX,-M in MDA-MB-231 cells. Cells were seeded on
coverslips at a density of 1x105 cells/well in 1 mL
medium and allowed to adhere overnight. The next
day, the medium was replaced with fresh medium
containing free DOX (80 nM), DOX__-M (1.5 mg/mL),
or DOX ;-M (1.5 mg/mL) in complete medium. Samples
were incubated for 1, 2, 4 and 6 h at 37°C. At each
time point, cells were washed with cold PBS, fixed

conj

with 4% paraformaldehyde (w/v) at RT, and stained
with DAPI. Internalization was observed by confocal
microscopy (Zeiss Cell Observer SD, Germany).

Cell Migration Assay

Cell migration was assessed using transwell
chambers for 24-well plates with 8.0 pm pores
(26). MDA-MB-231
seeded in the inserts at a density of 6x10* cells/
insert in 200 pL of serum-free medium containing
free DOX (80 nM), M (1.5 mg/mL), DOX_, -M (1.5
mg/mL), or DOX,-M (1.5 mg/mL). Untreated cells
were used as the control group. The lower chambers
were filled with 500 pL serum containing medium.

(Greiner, Austria) cells were

After 48 h, non-migrated cells were removed with a
cotton swab, while migrated cells were fixed with 4%
paraformaldehyde (w/v) and stained with 0.2% crystal
violet (w/v). Chambers were washed with water and
left to dry. Images were acquired using an inverted
phase-contrast microscope (Nikon Eclipse TS100,
Nikon Corp, USA), and migrated cells were quantified
in three random fields using ImageJ software. The
percentage of migrated cells was normalized with
respect to the control (n=3).

Colony Formation Assay

Colony formation was evaluated after treatment
with M, DOX , .-M, or DOX,-M. MDA-MB-231 cells were
seeded in 6-well plates at a density of 2000 cells/well
and cultured for 24 h. Then, cells were treated with
free DOX (80 nM), M (1.5 mg/mL), DOX__-M (1.5 mg/

conj



mL), or DOX ,-M (1.5 mg/mL) for one week. Thereafter,
colonies were fixed with 4% paraformaldehyde (w/v)
for 20 min, stained with 0.2% crystal violet (w/v), and
counted manually. The experiment was performed in
triplicates (n=3) (26). Untreated cells were used as
controls.

Determination of Lipid Droplets in MDA-MB-231
Cells

To assess apoptosis, lipid droplet formation
was evaluated in cells treated with free DOX, M,
DOX_,,;-M, or DOX-M. Cells were seeded in 24-well
plates at a density of 1x10° cells/well in 1 mL medium
and allowed to adhere overnight. The next day, cells
were treated with free DOX (80 nM), M (1.5 mg/
mL), DOXCOHJ.-M (1.5 mg/mL), or DOX M (1.5 mg/
mL) in complete medium and incubated for 48 h.
Cells were then washed with PBS, and fixed with 4%
paraformaldehyde (w/v) for 20 min. After removing
the paraformaldehyde, fixed cells were treated with
60% isopropanol for 5 min. Lipid droplets were stained
with Oil Red O for 30 min, followed by counterstaining
with Weigert’s hematoxylin for 10 min. Finally, cells
were washed three times with water, and lipid
droplets were visualized and photographed using an
inverted phase-contrast microscope (Nikon Eclipse

Table 1. Primers used in gRT-PCR studies

TS100, Nikon Corp, USA) (27).

Detection of Apoptosis in Cancer Cells with qRT-
PCR

Apoptotic gene expression was evaluated in MDA-
MB-231 cells treated with M, DOX__-M, or DOX M.
Cells were seeded in 6-well plates at a density of

conj

1x10¢ cells/well in 3 mL medium and allowed to
adhere overnight. The following day, cells were
treated with free DOX (80 nM), M (1.5 mg/mL),
DOanJ.-M (1.5 mg/mL), or DOX M (1.5 mg/mL) and
incubated for 24 h. Untreated cells were used as
controls. Total RNA was extracted using the Roche
High Pure RNA Isolation Kit (Switzerland), and cDNA
was synthesized with the Roche Transcriptor High
Fidelity cDNA Synthesis Kit (Switzerland), following
the manufacturer’s qRT-PCR  was
performed using LightCycler® FastStart DNA Master
SYBR Green | (Switzerland). The relative expression
of pro-apoptotic (Bax, and p53) and anti-apoptotic

instructions.

(Bcl-2, and Bcl-xL) genes was quantified relative to
the reference B-actin gene using AACT method. All
measurements were performed in triplicates (n = 3)
to ensure reproducibility. Primer sequences are listed
in Table 1.

Primer Sequence

Bax F CCCGAGAGGTCTTTTTCCGAG
Bax R CCAGCCCATGATGGTTCTGAT
p53 F CCTCAGCATCTTATCCGAGTGG
p53 R TGGATGGTGGTACAGTCAGAGC
Bcl-2 F GGTGGGGTCATGTGTGTGG
Bcl-2R CGGTTCAGGTACTCAGTCATCC
Bcl-xL F GAGCTGGTGGTTGACTTTCTC
Bcl-xL R TCCATCTCCGATTCAGTCCCT
B-actin F ATGTGGCCGGAGGACTTGATT
B-actin R AGTGGGGTGGCTTTTAGGATG

F: Forward primer sequence, R: Reverse primer sequence.

Turk Hij Den Biyol Derg
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Determination of Cell Apoptosis with Annexin
V-FITC Assay

The apoptotic effects of M, DOX_ .-M, and DOX,-M
on MDA-MB-231 cells were evaluated using an FITC
Annexin V-PI kit. Briefly, cells were seeded in 6-well
plates at a density of 1x10° cells/well in 3 mL of
complete medium and allowed to adhere overnight.
The next day, the medium was replaced with fresh
medium containing free DOX (80 nM), M (1.5 mg/mL),
DOX_,,;-M (1.5 mg/mL), or DOX-M (1.5 mg/mL) and
cells were incubated for 24 h. Cells treated with DOX
at its IC,; value (80 nM) were used as the negative
control. After incubation, the medium was discarded,
and cells were washed with sterile PBS (0.1 M, pH
7.4),
by centrifugation at 2000 rpm for 5 min. Cells were

detached using a cell scraper, and collected

then stained with FITC Annexin V and propidium
iodide according to FITC Annexin V-PI kit protocol
(BioLegend, USA). Apoptosis analysis was performed
using flow cytometry (BD Accuri C6, USA). First, cells
from each group were counted and dilutions were
made to obtain 1x10¢ cells/mL for each group. Data
were gated to exclude debris using unstained cell
suspensions. Cells stained with Annexin V-FITC and
propidium iodide were analyzed, and the proportions
of live and apoptotic cells were calculated relative to
the untreated control group (n=3).

Mitochondrial Transmembrane Potential Detection

Changes in  mitochondrial transmembrane
potential (AWm) are an early hallmark of apoptosis.
To assess this, 3,3’-Dihexyloxacarbocyanine iodide
(DiOC6), a membrane permeable fluorescent probe
that dyes mitochondria, was used. DiOCé6 selectively
stains mitochondria
in apoptotic cells with disrupted mitochondrial

membrane integrity,

in healthy cells; however,
DiOC6 uptake is impaired.
MDA-MB-231 cells were seeded in 6-well plates at a
density of 1x10¢ cells/well in 3 mL of medium and
allowed to adhere overnight. The next day, the
medium was replaced with fresh medium containing
free DOX (80 nM), M (1.5 mg/mL), DOX__-M (1.5 mg/

conj
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mL), or DOX,-M (1.5 mg/mL) in complete medium,
and cells were incubated for 24 h. Cells treated
with DOX at its IC,; value (80 nM) were used as the
negative control. After incubation, the medium was
discarded, cells were washed with sterile PBS (0.1 M,
pH 7.4), detached with a cell scraper, and collected
by centrifugation. Cells were then incubated with 40
nM DiOCé for 30 min, and analyzed by flow cytometry
(BD Accuri C6, USA). First, cells from each group
were counted and dilutions were made to obtain
1x10¢ cells/mL for each group. Data were gated to
exclude debris using unstained cell suspensions.
Loss of mitochondrial transmembrane potential was
determined by a reduction in the percentage of cells
in the V1-R region compared with the control group
(n=3) (28).

Reactive Oxygen Species (ROS) Determination

Intracellular ROS levels, which increase during
apoptosis, were determined using the Cellular ROS
Assay Kit (Abcam, UK). The fluorescent probe of
2’,7’-Dichlorofluorescin  diacetate (DCFDA) was
employed to detect ROS in cells. MDA-MB-231 cells
were seeded either on coverslips in 24-well plates
at a density of 1x10° cells/well in 1 mL medium for
confocal microscopy imaging, or in 96-well plates at
a density of 2500 cells/well in 100 pL medium for ROS
quantification. After overnight adhesion, cells were
treated with medium containing free DOX (80 nM), M
(1.5 mg/mL), DOX_ -M (1.5 mg/mL), or DOX ,-M (1.5
mg/mL) in complete medium for 24 h. After that,

conj

the medium was discarded, and cells were incubated
with 20 uM DCFDA solution for 30 min, followed by
washing with PBS. Cells on coverslips were examined
with confocal microscopy (Zeiss Cell Observer SD,
Germany), while fluorescence intensity in 96-well
plates was measured using a microplate reader
(SpectraMax iD3, Molecular Devices, USA) (n=4).
Medium containing 0.4% ethanol (v/v) was used as
the negative control, while tert-butyl hydroperoxide
(TBHP, 50 pM for 4 h) was used as the positive control
prior to DCFDA staining.



Endothelial Cell Tube Formation Assay

The anti-angiogenic effects of the micelles were
investigated using an endothelial cell tube formation
assay (29). Human umbilical vein endothelial cells
(HUVECs) were cultured in endothelial cell (EC)
medium supplemented with 10% FBS. First, 50 pL of
Matrigel solution (Corning, USA) was added to 96-
well plates and incubated for 30-60 min at 37°C to
allow polymerization. Then, 4x10* HUVECs/well and/
or 4x10* MDA-MB-231 cells/well were seeded onto
the Matrigel. Next, 150 pL of medium containing
free DOX, DOX,-M, or DOX,-M was added, and
cells were incubated for 2, 4, 8, and 24 h. Images
were captured at each time point using an inverted

Table 2. Groups for endothelial cell tube formation assay

microscope (Nikon Eclipse TS100, Nikon Corp, USA),
and were analyzed using ImageJ software (National
Institutes of Health, Bethesda, MD, USA). The total
endothelial tube lengths and number of nodes were
quantified using the Angiogenesis Analyzer plugin in
ImageJ software. Results were averaged from three
independent experiments (n=3). The experimental
groups and media compositions are summarized in
Table 2.

Statistical Analysis

All data are presented as mean + standard
deviation.
analysis of variance (ANOVA) and Tukey’s multiple

comparison test.

Results were analyzed using one-way

Group name Cells Medium and treatment
Control-1 HUVEC EC medium

Control-2 HUVEC EC:L15 medium (1:1)

Free DOX-1 HUVEC EC medium, free DOX

Free DOX-2 HUVEC EC:L15 medium (1:1), free DOX

Co-culture control HUVEC:MDA-MB-231

EC:L15 medium (1:1)

Co-culture free DOX HUVEC:MDA-MB-231

EC:L15 medium (1:1), free DOX

HUVEC1-DM1 HUVEC EC medium, DOX,, -M
HUVEC1-DM2 HUVEC EC medium, DOX,-M
HUVEC2-DM1 HUVEC EC:L15 medium (1:1), DOX,,,-M
HUVEC2-DM2 HUVEC EC:L15 medium (1:1), DOX,,-M
HUVEC1-EM HUVEC EC medium, M

HUVEC2-EM HUVEC EC:L15 medium (1:1), M

Co-culture DM1 HUVEC:MDA-MB-231

EC:L15 medium (1:1), DOX___-M

conj

Co-culture DM2 HUVEC:MDA-MB-231

EC:L15 medium (1:1), DOX;-M

Co-culture EM HUVEC:MDA-MB-231

EC:L15 medium (1:1), M
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RESULTS

Synthesis and Characterization of Hydrazide
Functionalized mPEG-b-PCL Copolymer (mPEG-b-
PCL-CO-NH-NH,)

The synthesized copolymer was characterized
with '"H NMR, and FT-IR spectroscopy. The presence
of primary amine groups, confirming the hydrazide
functionalization of the copolymer, was detected as
described previously (23). The hydrazide content of
mPEG-b-PCL-CO-NH-NH, polymer was determined to
be 45.6 mole% (100 moles of polymer contains 45.6
moles of -NH, as hydrazide group.) (23).

Conjugation of DOX to mPEG-b-PCL-CO-NH-

NH

2

DOX conjugation was verified using 'H NMR
spectroscopy (23). The yield of DOX-conjugated
polymer synthesis was 78.9%, with a conjugation
efficiency of 36.04%, as reported in our previous
study (23).

Critical Micelle Concentration (CMC) of DOX
Conjugated mPEG-b-PCL-CO-NH-NH,

Critical micelle concentration (CMC) is a key
parameter for assessing the stability of micellar
formulations. Pyrene was used as a fluorescent probe
to determine the CMC. Upon micelle formation, the
excitation wavelength of pyrene shifts from 333
nm to 338 nm and the fluorescence intensity ratio
at 338 nm and 333 nm (l,,,/1,,,
the logarithm of polymer concentration (24). In our
previous study, the CMC values of mPEG-b-PCL, and
mMPEG-b-PCL-CO-NH-NH, copolymers were found as
14.1x10° mg/mL, and 9.8x103 mg/mL, respectively
(30). The CMC of DOX-conjugated mPEG-b-PCL-CO-
NH-NH, copolymers was found as 7.1x10° mg/mL

) was plotted against

(Figure 1A). These results indicate that increased
hydrophobicity in the copolymer decreases the CMC
value, thereby enhancing the stability of micellar
formulations.
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Characterization of DOX Conjugated Micelles
(DOX_,,-M) and DOX Loaded Micelles (DOX -M)

DOX

conj

-M were obtained from covalently DOX-
conjugated copolymers, while DOX ,-M were prepared
from copolymers using the co-solvent evaporation
method without sonication. All micelles were
characterized by hydrodynamic diameter and zeta
potential measurements. Figure 1B shows the size
distribution of micelles. The hydrodynamic mean
diameter of DOX  -M (Figure 1B) was 121.6:16.3 nm
(n=3) with a polydispersity index (PDI) of 0.206, and
the zeta potential was -6.61+£1.49 (n=3). In contrast,
DOX,-M had a hydrodynamic diameter of 265.3+25.6
m (n=3) (Figure 1C), a PDI of 0.353, and a zeta
potential of -10.75+0.78 (n=3). TEM micrographs
(Figure 1D and 1E) confirmed that the micelles
were uniform and spherical in shape. Compared to
DOXconj-M, DOXld-M exhibited a larger hydrodynamic
higher PDI,

diameter, and more negative zeta

potential.

The drug loading capacities of the micelles were
found as 13.54% (+1.13) for DOXconj-M (n=3), and 8.62%
(x0.47) DOX M (n=3). Meanwhile, the encapsulation
efficiency (EE) of DOX in DOX -M was calculated as
83.32% (+4.54). The lower drug loading capacity of
DOX,,-M may be attributed to the micelle preparation
technique, which affects stability and consequently
the drug loading capacity of the micelles (31). For
example, the use of water or polyvinyl alcohol (PVA)
in the aqueous phase during preparation influences
micelle stability. In most cases, the addition of
PVA, which acts as a surfactant and reduces surface
tension, enables the formation of more stable

micelles compared to using pure water (31).

Moulahoum et al. (2022) reported DOX loading into
micelles prepared from carboxylic acid-terminated
mPEG-b-PCL copolymers. They achieved 38% EE with
micelles having a hydrodynamic diameter of 145.6 nm
(PDI = 0.386) and a zeta potential of -37.2 mV (32). In
comparison, the micelle sizes obtained in our study
differed: DOX

conj

-M were smaller while DOX ,-M were
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larger than those reported. Furthermore, the zeta
potentials of both micelles (DOX_, -M, and DOX-M)
in our study were lower than the literature values,
likely due to differences in the copolymers used.
Specifically, Moulahoum et al. (2022) synthesized a

copolymer with a molecular weight of 2510 Da (32),
whereas the copolymer in our study had a molecular
weight of 16 kDa. On the other hand, the EE of DOX -M
in our study was higher than previously reported.
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Figure 1. A) Plot of intensity ratio (l,,,/1,,;) of the excitation spectra of pyrene against log concentration of DOX conjugated
copolymers (DOX_,-M). The CMC of DOX-conjugated mPEG-b-PCL-CO-NH-NH, copolymers was found as 7.1x103 mg/mL.

Size distribution charts of B) DOX

conj-M (121.6£16.3 nm, n=3) and C) DOX M (265.3+25.6 nm, n=3) prepared with 1% PVA -

acetone. TEM images of D) DOX  -M, and E) DOX ,-M prepared by co-solvent evaporation method without sonication using

1% PVA as water phase.

Release of DOX from DOX

conj

-M or DOX -M

In acidic media, the DOX release rate was higher
for both DOX_, -M and DOX -M compared to neutral
media (Figure 2).

For DOX_,-M, no significant difference was
observed between the release profiles at pH 7.4 and
pH 6.8 in the first 2 days (Figure 2A). However, after
this period, a significant increase in the release rate
was observed at pH 6.8 (p<0.05). Moreover, DOX
release was significantly faster at pH 5.0 than at the
other tested conditions after 2 h (p<0.05). This shows

that pH sensitive hydrazone bonds break in acidic
environments, thereby increasing the amount of DOX
released.

For DOX ,-M, no significant difference was observed
between the release profiles up to 2 h. Afterward, the
DOX release rate significantly increased at pH 5.0 and
pH 6.8 compared to physiological pH (p<0.05) (Figure
2B). Moreover, after 5 h, the release was significantly
higher at pH 5.0 compared to pH 6.8 (p<0.05). This
may be attributed to the increased solubility of DOX
in acidic media.
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Figure 2. Cumulative drug release profiles from dialysis membrane of A) free DOX and DOX

-M; B) free DOX and DOX ;-M

conj

under physiological conditions (PBS, 0.1 M and pH 7.4) and acidic conditions (CPB-pH 5.0 and CPB-pH 6.8; 0.15 M) at 37°C

(n=6).

The release of free DOX through a dialysis (2021) conjugated DOX to poly(2-(diethylamino)
membrane was also examined, showing much faster ethyl methacrylate)-polypropargyl methacrylate via
release compared to micelle formulations. Similar hydrazone bonds and prepared micelles from the
results showing fast release in acidic conditions were  conjugated polymer. In acidic environments, the
reported in the literature. For example, Liao et al. diethylamino groups of poly(2-(diethylamino) ethyl
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methacrylate) become protonated, facilitating faster
DOX release, while hydrazone bonds are also cleaved
under acidic conditions. Thus, they achieved a dual
pH responsive system combining hydrazone-bonded
DOX and charge-reversible polymers. They reported
DOX release rates of 63.43% at pH 5.0, 28.48% at pH
6.8, and 13.18% at pH 7.4 after 48 h (33).

In our study, higher burst release was observed in
DOX,-M compared to DOX , -M. Within the first 8 h
at pH 5.0, DOX release values were 60% for DOX  .-M
and 79% for DOX ,-M. At pH 6.8, the release was 40%
for DOX_,,-M and 61% for DOX ,-M, while at pH 7.4, it
was 41%, and 51%, respectively. The slower release
of DOX,,,;-M is likely due to the covalent attachment
of DOX via hydrazone bonds, which reduces the

release rate. After 48 h, 52% and 64% of DOX were

released from DOX
5.0, respectively, compared to 57% and 92% from
DOX,-M. At pH 5.0, complete DOX release (100%)

occurred from DOX -M within 4 days, whereas only

-M at physiological pH and pH

~70% release was achieved from DOX , -M (Figure 2).
Qi et al. (2018)

sensitive micelles with PEG-dihydrazone-PLA. They

also prepared DOX-loaded PLA-PEG-PLA micelles to

compare the effectiveness of dihydrazone bonds under

prepared DOX-loaded pH-

acidic conditions. Their results showed that at pH 7.4,
DOX release was 40% from PLA-PEG-PLA micelles and
38% from PEG-dihydrazone-PLA micelles, while at pH
5.0 the values were 40% and 75%, respectively. The
reported results showed a pH sensitive drug delivery
system with dihydrazone bonds (34).

Table 3. In vitro release kinetic parameters of DOX_,,;-M and DOX -M.

Micelles Release Kinetic Models pH 7.4 pH 6.8 pH 5.0
K, 0.617 0.683 0.557

Zero order
R? -1.387 -1.741 -3.210
K, -0.009 -0.008 -0.006

First order
= R? 0.616 0.679 0.933
><§ K, 7.8552 0.111 9.885

o Higuchi model

e R2 0.240 0.778 -0.028
K, 0.163 0.198 0.199
Korsmeyer-Peppas model n (exponent of release) 0.232 0.203 0.130
R? 0.926 0.951 0.478
K, 0.739 1.012 1.140

Zero order
R? -1.669 -1.577 -0.794
K, -0.008 -0.008 -0.10

First order
= R? 0.612 0.598 0.919
X K, 8.791 0.069 14.225

2 Higuchi model

R? 0.097 0.647 0.095
K, 0.208 0.278 0.254
Korsmeyer-Peppas model n (exponent of release) 0.215 0.222 0.238
R? 0.920 0.913 0.518
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Our findings similarly showed that DOX release was
faster under acidic conditions, and DOX conjugation
(DOX ;M) resulted in slower drug release compared
to DOX loading (DOX ,-M). These results confirm the
pH-responsive nature of DOXconj-M due to hydrazone
bonds, which cleave in acidic environments, as
expected. DOXld-M also showed pH-sensitive
behavior, likely due to the higher solubility of DOX
under acidic conditions compared to physiological
conditions.

The release data were fitted to various kinetic
models to determine the most suitable model for
describing the release profile of DOX from the
micelles. The rate constants (KO, K1, KH, and KP
for zero-order, first-order, Higuchi, and Korsmeyer-
Peppas models, respectively), the release exponent
(n) values, and coefficient of determination (R2)

were presented in Table 3. The Korsmeyer-Peppas
model, which shows that drug release occurs from a
polymeric system, provided the best fit for the release
profiles of both micelles at pH 7.4 (PBS, 0.1 M and pH
7.4) and pH 6.8 (CPB, 0.15 M and pH 6.8). In contrast,
the first-order model, which reflects a faster release
behavior, was the best fit for the release of DOX from
both micelles under acidic conditions (CPB, 0.15 M
and pH 5.0).

In Vitro Cell Culture Experiments

Determination of IC,, of DOX on MDA-MB-231
Cells

Figure 3A presents the cell viability results of MDA-
MB-231 cells. The IC50 value of DOX was calculated
using GraphPad Prism 8 software and was determined
to be 79.98 + 4.37 nM. In the literature, 1C50 value
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Figure 3. A) Cell viability results of MDA-MB-231 cells after treatment with different concentrations of DOX (n=4).
B) Normalized absorbance vs. DOX concentration charts of MDA-MB-231 cells after data fitting using GraphPad Prism 8
software. C) Cytotoxic effect of DOX , -M and DOX-M compared to free DOX (80 nM) on MDA-MB-231 cells (n=4). * shows
the significant difference between the groups and # shows the non-significant difference between the groups (p<0.05; n=4)
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of DOX on MDA-MD-231 cells has been reported as
1262 nM (35). The lower IC50 value observed in our
study may be attributed to differences cell passage
numbers or variations in cell line characteristics
during culture. Figure 3B shows the normalized
absorbance versus DOX concentration curves for MDA-
MB-231 cells. The coefficient of determination (R?)
was 0.9575, indicating that the data closely fit the
regression line (Figure 3B).

Cytotoxicity of DOX
MB-231 Cells

-M and DOX M on MDA-

conj

The viability of MDA-MB-231 cells was assessed
after treatment with DOX .-M and DOX,-M to
examine the effects of different drug loading
mechanisms in the micelles (Figure 3C). The results
showed that both DOX_, -M and DOX -M reduced
cell viability, with no significant difference between
the two groups. Although 1.5 mg/mL of DOX_ -M
and DOX,-M contained 374 uM and 238 uM of DOX,
respectively, this did not result in a difference in
cell viability. This outcome is consistent with the
IC,, study of free DOX, where increasing the DOX
concentration above the IC,, (80 nM) did not further
reduce cell viability.

Cancer cells possess several mechanisms of drug
resistance, including drug efflux. Due to the high
mutation rate in cancer cells, multidrug resistance
transporter proteins may actively expel drugs from
the cell to prevent cytotoxicity (36,37). When DOX
enters the cell via endocytosis, it can be recognized
and removed by efflux mechanisms. Although the
MDA-MB-231 cells used in this study are not classified
as DOX resistant, prolonged passage numbers such as
25-30 may have contributed to acquired resistance.
Ciocan-Cartita et al. (2020) studied the effect of
passage number on mutagenicity of MDA-MB-231 cells
and showed that mutations increased in passages 12
and 24 compared to passage 0. They also showed that
increasing number of passages increased expression
of drug resistance genes (38).

In our study, DOX ,-M caused a significant decrease

in cell viability compared to free DOX. However, DOX
conjugation or loading had similar effects on MDA-
MB-231 cells. DOX_-M had a higher drug loading
capacity but a slower release rate than DOX-M,
which may explain the comparable cell viability
observed for these groups.

Determination of Cell Internalization of Micelles

Cellinternalization of free DOX began after 1 h and
reached maximum levels at 4 h (Figure 4A). Similarly,
DOX_,,;-M was internalized after 1 h and reached peak
internalization at 4 h (Figure 4B). Figure 4C shows
the internalization of DOX ;-M, which localized in the
cell nuclei within 1 h. Overlap of DOX fluorescence
with DAPI (dye for cell nuclei) staining in the images
resulted in a purple coloration of the nuclei.

DOX -M
pattern compared to DOX

showed a different internalization
"M and free DOX. As
shown in the release studies, DOX release from
DOX,-M was faster than from DOX_ -M suggesting
that after internalization, DOX ,-M can deliver more
DOX into the nuclei.
reported by Cai et al. (2014) using DOX-conjugated
hyaluronan nanoparticles (39) and Okur et al. (2016)
with DOX-loaded PEG-dextran nanoparticles (40).
These studies both reported cell nucle localization
of DOX loaded nanoparticles. It is also known that

conj

Similar observations were

DOX cause DNA damage in cells (41,42), so cell nuclei
internalization of DOX ,-M shows that these micelles
may have high therapeutic potential in breast cancer
treatment.

Cell Migration Assay

To simulate cancer cell migration in vitro, a
transwell migration assay was carried out (Figure 4D
and 4E). The results showed that the cell number
at the bottom of the transwell decreased after
treatment with free DOX, DOX_ .-M, and DOX M.
While the cell numbers were similar for DOX__.-M
and DOX -M treatments, both groups exhibited a

conj

conj

significantly greater inhibition of migration compared
to free DOX.
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Figure 4. Cell internalization after 1h, 2h, 4h and 6h of A) free DOX, B) DOXm].-M, and C) DOX ;-M. Cell nuclei was stained
with DAPI. Blue is DAPI, and red is DOX in images. D) Images of MDA-MB-231 cells migrated from the top of the transwell
to the bottom of the transwell after treatment. E) Normalized plot of migrated cells after transwell migration assay. IC,;
concentration of DOX (80 nM) was used in free DOX group. Transwell migration assay was carried out for 48 hours and then,
cells were fixed with 4% paraformaldehyde and stained with 0.2% crystal violet. After that, cells were counted from three
independent experiments. * shows the significant difference between the groups and # shows the non-significant difference
between the groups (p<0.05; n=3).
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Colony Formation Assay

To evaluate the anti-proliferative effects of
micelles (DOX_,,-M, and DOX,-M), a colony formation
assay was carried out (Figure 5A). The results
showed that both micelle formulations showed
similar anti-proliferative effects to free DOX, while
the control (untreated) and M (empty micelles)
groups displayed the highest proliferation. Xie et
al. (2019) co-loaded DOX and miR-34a into micelles
prepared from polyethylenimine-polycaprolactone
and gadolinium(lll)-conjugated polyethyleneglycol-
polycaprolactone. In their study, colony formation
assays on MDA-MB-231 cells showed that micelles
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containing 15 pM DOX reduced colony numbers by
approximately 30%, whereas micelles containing both
15 uM DOX and miR-34a reduced colony numbers by
approximately 55% (43).

In our study, DOX_ -M and DOX M contained
374 pM and 238 pM DOX, respectively, which are
considerably higher amounts of DOX compared to the
micelles prepared by Xie et al. (2019). Consistently,
both DOX_ .-M and DOX -M decreased the colony-

conj

forming ability of MDA-MB-231 cells by 50%. This
enhanced inhibition may be attributed to the higher
DOX content of our micelles, despite the absence of
miR-34a co-loading.

Figure 5. A) Normalized plot of colonies after colony formation assay. IC,; concentration of DOX (80 nM) was used in
free DOX group. Colony formation assay was carried out for a week and then, colonies were counted manually from three
independent experiments. * shows the significant difference between the groups and # shows the non-significant difference
between the groups (p<0.05; n=3). B) Images of MDA-MB-231 cells stained for lipid droplets with oil red after treatment.
Hematoxylin was used to counterstain the cells. IC,; concentration DOX (80 nM) was used in free DOX group. Black arrows
show the lipid droplets. They are seen as small gray dots inside the cells (in the cytoplasm).

Determination of Lipid Droplets in MDA-MB-231
Cells

Lipid droplet formation shows the proliferation
ability of breast cancer cells. To assess the lipid
droplet formation in MDA-MB-231 cells, the cells

were stained with oil red O and hematoxylin after
incubation with free DOX, M, DOX_, -M, and DOX,-M
for 48 h (Figure 5B). The results showed that none
of the treatments altered lipid droplet formation,

although changes in cell morphology were observed.
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Cells in the DOX-treated groups appeared enlarged
compared to the control and M groups. Similar findings
have been reported in the literature: Mehdizadeh
et al. (2017) treated hepatocellular carcinoma and
colorectal cancer cells with DOX and after oil red
O staining, observed that treatment with DOX did
not decrease lipid droplet formation, but, on the
contrary, increased it (44).

Detection of Apoptosis in Cancer Cells with qRT-
PCR

During apoptosis, the expression of pro-apoptotic
genes such as Bax and p53 increases, while the
expression of anti-apoptotic genes Bcl-2 and Bcl-xL
decreases. Therefore, we investigated the apoptotic
effect of free DOX, DOX_, -M, and DOX -M on MDA-
MB-231 cells (Figure 6A, 6B, 6C, and 6D). Free DOX
demonstrated higher Bax gene expression compared
to all other groups (Figure 6A). However, there was
no significant difference in Bax expression between
DOX_,,-M and DOX -M (Figure 6A). In all groups,
Bax expression was higher compared to the control
(untreated cells) and M groups (Figure 6A). Free DOX
also yielded the highest p53 expression (Figure 6B).
Both DOX

conj

compared to the control and M groups, with DOX__ -M

conj

-M and DOX -M increased p53 expression

inducing greater expression than DOX -M (Figure 6B).
Free DOXand DOX_, .-M both elevated Bcl-2 (Figure 6C)
and Bcl-xL (Figure D) expressions, whereas DOXld-M
significantly reduced their expression. Abdel-Hakeem
et al. (2020) similarly reported that DOX-loaded
chitosan-protamine nanoparticles reduced Bcl-2
expression in MDA-MB-231 cells more effectively than
free DOX (45). In our study, cell internalization results
showed that DOXld-M localized in the cell nuclei,
potentially causing greater DNA damage due to DOX
release within the nucleus compared to DOX_, -M.
Lower Bcl-2 and Bcl-xL expressions observed with
DOX,-M may therefore result from this higher DNA
damage. Although both micelle types promoted
apoptosis, DOXld-M was found to be more effective
than DOX__ - M.

conj
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Determination of Cell Apoptosis with Annexin
V-FITC Assay

Apoptosis of MDA-MB-231 cells after treatment
with free DOX, DOX , -M, and DOX ,-M was evaluated
using the Annexin V-FITC assay (Figure 6E, and 6F).
All three treatments significantly increased apoptosis
compared to the control and M groups. The highest
number of apoptotic cells was observed in the
DOX,-M group, while no significant difference was
detected between free DOX and DOX_ -M. In line
with our findings, Gao et al. (2017) prepared DOX-
and honokiol-containing mPEG-b-PCL micelles and
evaluated their effects on apoptosis. Honokiol,
known for its antioxidative, anti-inflammatory, and
potential anticancer properties, did not induce
apoptosis in C6 glioma cells when delivered in
micelles. In contrast, DOX-loaded and DOX-honokiol
co-loaded micelles significantly increased apoptosis
(46). In our study, all DOX-containing formulations
induced apoptosis, which is consistent with our gRT-

PCR and ROS generation results.

3.6.9. Mitochondrial Transmembrane Potential
Detection

DiOC6 was used as the fluorescent probe which
binds to intact mitochondria, where a decrease in
fluorescence intensity indicates loss of mitochondrial
transmembrane potential, ultimately leading to
apoptosis. In Figure 6G, mitochondrial transmembrane
potential analysis results are given. Treatment
with free DOX, DOXconj-M, and DOXld-M decreased
mitochondrial transmembrane potential by 44.4 +
0.7%,41.8 £2.8%, and 43.0 + 1.7%, respectively. These
findings indicated that all DOX-containing micelles
caused mitochondrial dysfunction, which can trigger
apoptosis through the release of apoptotic proteins.
Similarly, Zeng et al. (2014) demonstrated that DOX-
loaded nanoparticles prepared from Boltorn® H30-
based hyperbranched dendritic-linear copolymers
reduced mitochondrial transmembrane potential in

MCF-7 cells (47).
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Figure 6. qRT-PCR results of A) Bax, B) p53, C) Bcl-2, and D) Bcl-xL genes of MDA-MB-231 cells after free DOX, DOX , -M,
DOX,,-M, and M treatment for 24 hours (n=3). IC,; concentration of DOX (80 nM) was used in free DOX group. * shows the
significant differences between the groups (p<0.05) and # shows non-significant differences (p>0.05). E) Annexin-V/FITC
apoptosis assay results of MDA-MB 231 cells without treatment (control group: untreated cells), after treatment with M, free
DOX, DOXconj-M, and DOXld-M for 24 h. Q1-LL: viable cells. Q1-UL: dead cells. Q1-UR: late apoptotic cells. Q1-LR: early
apoptotic cells. F) Percentage of apoptotic cells after 24 h incubation (n=3). IC,; concentration of DOX (80 nM) was used in
free DOX group. * shows the significant differences (p<0.05) between the groups and # shows the nonsignificant differences
(p>0.05). G) Mitochondrial transmembrane potential measurements of MDA-MB-231 cells without treatment (control group:
untreated cells) using DiOC6, after treatment with M, free DOX, DOX_, .-M, and DOX,-M for 24 h using DiOC6.
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Reactive Oxygen Species (ROS) Determination Among the groups, DOX_, -M induced the highest
ROS generation. DOX ,-M significantly increased ROS
generation compared to free DOX group. These
results showed that DOX-conjugated and DOX-

loaded micelles enhanced ROS generation more

DCFDA, a fluorescent probe, was used to detect
intracellular ROS. In this study, ROS fluorescence was
determined with confocal microscopy, and the results
showed that free DOX, DOX_.-M, DOX M, and TBHP
all increased ROS levels compared to the control

conj

effectively than free DOX, potentially contributing

and M groups (Figure 7A). TBHP served as a positive to stronger apoptotic activity, as ROS generation is

control since it generates radical species that elevate an early hallmark of apoptosis. Cheng et al. (2020)

ROS levels in cells. ROS levels were further quantified prepared DOX-loaded mixed micelles from Pluronic

F127 and phenylboronic ester-grafted Pluronic P123.

by measuring fluorescence intensity (Figure 7B).
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Figure 7. CA) ROS determination with confocal microscopy after treatment with TBHP, M, free DOX, DOX__-M, and DOXld-M

conj

for 24 h (TBHP: Tert-butyl hydroperoxide). B) ROS determination by measuring fluorescence intensity using microplate

reader after treatment with TBHP, M, free DOX, DOXm].-M, and DOX-M for 24 h (n=4). * shows the significant differences
between the groups (p<0.05) and # shows non-significant differences (p>0.05). DCFDA is a green fluorescent dye that stains
ROS in cells. C) Quantification of tube formation in terms of number of nodes. D) Quantification of tube formation in terms
of total tube lengths. IC,; concentration (80 nM) was used in free DOX group. Images of HUVECs were taken after 2, 4, and 8
hours of incubation at 37°C from three independent experiments and number of nodes and total tube length were measured
using ImageJ software (n=3). 1: EC medium, 2: EC:L15 medium (1:1), EM: mPEG-b-PCL micelles (M), DM1: DOX__-M, DM2:
DOX M

conj
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Phenylboronic ester was used to give ROS sensitivity
to micelles. They reported that ROS-insensitive and
ROS-sensitive DOX-loaded mixed micelles increased
ROS generation in DOX-resistant MCF7 cells by 5.49-
and 8.96-fold, respectively, compared to free DOX
(48). In our study, DOX_ -M and DOX-M increased
ROS generation compared to free DOX by 3.37-fold
and 2.47-fold, respectively. These results showed
that DOX-containing micelles can increase the
effectiveness of DOX in resistant cells. Furthermore,
as shown in Figure 7A, DOX -M decreased cell numbers
more than DOX_, .

appeared more pronounced, suggesting that DOX -M
M.

-M, and morphological changes

induced stronger ROS generation than DOX

conj

Endothelial Cell Tube Formation Assay

Cancer cells overexpress vascular endothelial
growth factors (VEGFs) to stimulate angiogenesis,
thereby improving access to nutrients. Tube formation
assay was carried out to determine the effects
of DOX- containing micelles on angiogenesis. The
results showed that co-culture of MDA-MB-231 cells
with HUVECs significantly stimulated tube formation
(Figure S1, Figure S2, Figure S3 and Figure S4). Free
DOX further increased tube formation compared
to control groups, whereas both DOXconj-M, and
DOXld-M reduced tube formation relative to free DOX.

There were more meshes in co-cultures of MDA-
MB-231 cells with HUVECs compared to the control
groups (untreated cells) which means that cancer
cells promoted the vessel formation of endothelial
cells. Co-culture of endothelial cells with cancer cells
increases angiogenesis of endothelial cells, because
cancer cells overexpress some growth factors like
VEGF. Breast cancer cells also overexpress VEGF,
which results in new blood vessel formation and
increased permeability of vessels, which causes
metastasis. In brain, the vessels present in ‘blood-
brain barrier’ decrease permeability. This prevents
brain from components as well as bioactive agents
and drugs in the circulating blood. Metastatic breast
cancer cells increase the permeability of these

vessels in the blood-brain barrier, thereby promoting
brain metastasis.

Treatment with empty micelles (M) resulted
in similar mesh formation as the control groups
(untreated cells). Free DOX significantly increased the
number of nodes and total tube length compared to
both the control and co-culture control groups (Figure
7C, and 7D). Among the DOX-containing micelles,
DOXconj-M caused in the highest number of nodes,
whereas DOXld-M produced the lowest. Importantly,
micelles containing DOX did not differ significantly
from the control in terms of number of nodes and
total tube length. In agreement with our findings, Shi
et al. (2021) also showed that 500 nM of free DOX
increased number of nodes compared to control cells
(49).

No significant differences were observed in
number of nodes between the co-culture control and
co-cultures treated with empty micelles (M) after 2h
and 8h of incubations. However, after 4h, co-culture
control group had a significantly higher number of
nodes than the co-culture group treated with empty
micelles (M). Moreover, the total tube length of the
co-culture control group was significantly higher than
that of the groups treated withMat2 h, 4 h, and 8 h.

DISCUSSION

In this study, a hydrazide-functionalized mPEG-
b-PCL copolymer was synthesized, and micelles (M)
were prepared using the solvent evaporation method
without sonication. DOX was either physically loaded
into these micelles or first covalently conjugated to
the copolymer via pH-responsive hydrazone bonds
before micelle formation, and then micelles were
prepared. Characterization studies showed that all
micelles exhibited a uniform shape with nanosized
structures of approximately 100-200 nm, making
them suitable for intravenous administration. Micelles
were highly stable, as confirmed by zeta potential
and polydispersity index analyses.
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APOPTOTIC EFFECT OF DOXORUBICIN DELIVERING MICELLES

DM

Figure S1. Images of tube formation assay after 2 hours of incubation. Scale bar is 500 pm. 40x10* HUVECs and 40x10?
MDA-MB-231 cells were used in the experiments. 1: EC medium, 2: EC:L15 medium (1:1), EM: mPEG-b-PCL micelles (M),
DM1: DOX_,-M, DM2: DOX ,-M
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Figure S2. Images of tube formation assay after 4 hours of incubation. Scale bar is 500 ym. 40x10°* HUVECs and 40x10° MDA-
MB-231 cells were used in the experiments. 1: EC medium, 2: EC:L15 medium (1:1), EM: mPEG-b-PCL micelles (M), DM1:
DOX_, -M, DM2: DOX ,-M.
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Figure S3. Images of tube formation assay after 8 hours of incubation. Scale bar is 500 pm. 40x10* HUVECs and 40x10?
MDA-MB-231 cells were used in the experiments. 1: EC medium, 2: EC:L15 medium (1:1), EM: mPEG-b-PCL micelles (M),
DM1: DOX_,,-M, DM2: DOX-M.
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Figure S1. Images of tube formation assay after 24 hours of incubation. Scale bar is 500 pm. 40x10* HUVECs and 40x10?
MDA-MB-231 cells were used in the experiments. 1: EC medium, 2: EC:L15 medium (1:1), EM: mPEG-b-PCL micelles (M),
DM1: DOX,,, -M, DM2: DOX ,-M.
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Drug release studies showed pH-sensitive behavior,

with DOX-conjugated micelles showing slower
drug release compared to DOX-loaded micelles.
All DOX-containing micelles demonstrated greater
cytotoxic effects on MDA-MB-231 cells compared to
the drug-free micelle control group. Furthermore,
cell migration was reduced in all treatment groups.
DOX,-M induced higher levels of apoptosis and
(ROS) generation than

DOX-containing micelles

reactive oxygen species
DOX___.-M.

conj

caused a decrease in mitochondrial transmembrane

In addition,
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potential, indicating apoptotic progression. Tube
revealed that DOX,-M more
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compared to DOX___.-M.

conj

formation assays

In  conclusion, pH-sensitive micelles were

developed through both DOX conjugation via
hydrazone linkage and DOX loading. Among these
systems, DOX loading was found to be more effective
against cancer cells than DOX conjugation. To
show the effectiveness of these systems on cancer

treatment, in vivo studies should be carried out.
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In vitro evaluation of the cytotoxic effects (IC50) of climbazole-
alcohol compound on various human cancer cell lines

Numan TASPINAR' , Metin CALISKAN? , Melek GOKMEN KARAKAYA:

ABSTRACT

Objective: Cancer is one of the most significant
health problems in both developed and developing
countries today. Most of the currently available
anticancer drugs can cause severe side effects and
toxicities, which negatively affect patients’ quality of
life. Therefore, the development of safer and more
selective anticancer agents remains one of the primary
goals of contemporary oncology research. In recent
years, the cytotoxic and antiproliferative effects of
various pharmacological agents on different cancer
cell lines have been extensively studied. This study
aimed to investigate the potential anticancer effects
of the Climbazole (CBZ) derivative, Climbazole-alcohol,
on different human-derived cancer cell lines (HT-29,
MKN28, A549, MDA-MB-231) and a normal control cell

line (HEK293) under in vitro conditions.

Methods: CBZ was reduced to Climbazole-alcohol
according to previously reported procedures, and the
structure was confirmed by

Human cancer cell lines (HT-29, MKN28, A549, MDA-

"H-NMR  spectroscopy.

OZET

Amag: Kanser, ginumizde hem gelismis hem de
gelismekte olan lilkelerde en 6nemli saglik sorunlarindan
biridir. Mevcut kanser ilaclarinin cogu, hastalarin yasam
kalitesini olumsuz etkileyen ciddi yan etkilere ve
toksisitelere neden olabilir. Bu nedenle, daha guivenli
ve daha secici kanser oOnleyici ajanlarin gelistirilmesi,
cagdas onkoloji arastirmalarinin temel hedeflerinden
biri olmaya devam etmektedir. Son yillarda, cesitli
farmakolojik ajanlarin farkli kanser hiicre hatlarn
uzerindeki sitotoksik ve antiproliferatif etkileri kapsamli
bir sekilde incelenmistir. Bu calisma, Climbazole (CBZ)
tirevi olan Climbazole-alkoliin, farkli insan kaynakli
kanser hiicre hatlar (HT-29, MKN28, A549, MDA-MB-231)
ve normal kontrol hiicre hatti (HEK293) lzerindeki
potansiyel kanser onleyici etkilerini in vitro kosullarda
arastirmay1 amaclamaktadir.

Yontem: CBZ,
gore indirgeme reaksiyonu ile Climbazole-alkol formuna
yapist  'H-NMR analiziyle

dogrulanmistir. Hiicre kiiltiirli calismalan, ATCC kaynakli

literatirde bildirilen yontemlere

doniisturiilmis, bilesigin
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MB-231) and the normal HEK293 cell line were cultured
under standard conditions at 37°C in a humidified
atmosphere containing 5% CO,. Cells were treated with
various concentrations of Climbazole-alcohol for 72
hours. Cytotoxicity was assessed using the MTT assay,
and IC,, values were determined using GraphPad Prism

software.

Results:  Climbazole-alcohol induced a mild
decrease in cell viability in all tested cell lines but did
not exhibit a significant cytotoxic effect. The calculated
IC,, values were 179.2 pM for HT-29, 168.1 pM for
MKN28, 164.1 uM for A549, 158.6 pM for MDA-MB-231,
and 169.8 pM for HEK293. No statistically significant
difference was observed between cancer and normal

cell lines (p>0.05).

Conclusion: Climbazole-alcohol did not display

selective anticancer activity within the tested
The findings indicate that

lacks cancer-specific cytotoxicity,

concentration range.
this compound
suggesting limited potential as an anticancer agent.
Future studies should focus on structural modifications
or combination therapies to enhance its anticancer

properties.

Key Words: Cancer cell lines, Climbazole-alcohol,
Cytotoxicity, HEK293, MTT assay

HT-29, MKN28, A549, MDA-MB-231 ve HEK293 hiicre
hatlan tizerinde yiritilmistir. Hicreler 37°C’de, %5 CO,
atmosferinde uygun kiiltiir ortamlarinda cogaltilrms ve 72
saat boyunca farkli Climbazole-alkol konsantrasyonlarina
maruz birakilmistir. Sitotoksisite, MTT hiicre canlilik testi
ile degerlendirilmis ve IC, degerleri GraphPad Prism

yazilim kullanilarak hesaplanmistir.

Bulgular: Climbazole-alkol, test edilen tim hiicre
hatlarinda diisiik diizeyde hiicre canliigi azalmasina
neden olmus, ancak belirgin bir sitotoksik etki
gostermemistir. IC,, degerleri sirasiyla HT-29 icin 179,2
UM, MKN28 icin 168,1 puM, A549 icin 164,1 pM, MDA-
MB-231 icin 158,6 uM ve HEK293 icin 169,8 uM olarak
hesaplanmistir. Kanser hiicre hatlan ile kontrol hatti

arasinda anlamli bir fark gozlenmemistir (p>0.05).

Sonug:  Climbazole-alkol  bilesigi, incelenen
konsantrasyon araliklarinda secici antikanser aktivite
gostermemistir. Bulgular, bu bilesigin kanser hiicrelerine
ozgli toksisite olusturmadigini ve dolayisiyla antikanser
ajan potansiyelinin sinirli oldugunu ortaya koymaktadir.
farkl

tirevlerinin veya kombinasyonlarinin antikanser etkinlik

Gelecekte yapilacak calismalar, bilesigin

acisindan degerlendirilmesi yoniinde olmalidir.

Anahtar Kelimeler: Kanser hiicre hatlari, Klimbazol-
alkol, Sitotoksisite, HEK293, MTT

INTRODUCTION

Cancer is one of the most significant health
problems in both developed and developing countries
today. The increasing global incidence and mortality
rates of cancer have made it essential to develop
new therapeutic approaches and chemotherapeutic
agents. The fundamental characteristics of cancer
include uncontrolled cell proliferation, evasion
of apoptosis, the ability to metastasize, and the
promotion of angiogenesis (1). These processes

contribute to the emergence of various types of
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cancer in different organs and tissues.

Cell lines such as lung cancer (A549), breast
(MDA-MB-231), (MKN28),
and colorectal cancer (HT-29) are widely used

cancer gastric cancer
in vitro models for understanding cancer biology
and developing new therapeutic strategies(1-3).
Most of the currently available anticancer drugs
can cause severe side effects and toxicities, which
negatively affect patients’ quality of life. Therefore,
the development of safer and more selective
anticancer agents remains one of the primary goals
of contemporary oncology research (4, 5).



In recent years, the cytotoxic and antiproliferative
effects of various pharmacological agents on different
cancer cell lines have been extensively studied
(6). Cell lines used in cancer research are of great
importance for elucidating the molecular mechanisms
of the disease, evaluating the cytotoxic and
antiproliferative effects of drugs, and investigating
resistance mechanisms in cancer cells. Particularly,
the A549 lung cancer cell line, MDA-MB-231 triple-
negative breast cancer cell line, MKN28 gastric
cancer cell line, and HT-29 colorectal cancer cell line
are among the most commonly studied human cancer
cell lines in the literature (7-9).

In addition to these, normal human embryonic
kidney cell line (HEK293) is often used as a control to
assess the selectivity and specificity of toxic effects
toward cancer cells. The use of cancer cell lines plays
a crucial role in developing new anticancer agents
and improving the efficacy of current treatment
strategies (10).

Lung cancer is one of the leading causes of cancer-
related deaths worldwide. The A549 cell line, derived
from human lung adenocarcinoma, is one of the in
vitro models frequently used to study the anticancer
effects of cytotoxic agents and natural compounds
(11, 12). Breast cancer is the most common cancer
among women, and the MDA-MB-231 cell line is widely
used as a model for triple-negative breast cancer (9,
13, 14).

Gastric cancer is one of the most common and
fatal tumors of the gastrointestinal system. The
MKN28, NCI-N87, and AGS cell lines are frequently
used in gastric cancer research. Colorectal cancer is
among the leading causes of cancer-related deaths
worldwide, and the HT-29 cell line is widely used as
an in vitro model for this cancer type (15-17).

Normal cell lines also play a critical role in toxicity
evaluations alongside cancer cell lines. The HEK293
cell line, derived from human embryonic kidney cells,
is widely used to represent normal cell physiology.
The absence of toxicity in normal cell lines such as
HEK293 when exposed to test compounds indicates

selective anticancer potential (18).

In recent years, the development of targeted
and selective anticancer agents has gained great
importance. Compounds that exhibit high toxicity
toward cancer cell lines but show no toxicity toward
normal cells are considered potential anticancer
agents (19). Developing such agents would enable
the preservation of healthy tissues and minimize
side effects during cancer treatment. Numerous
studies have demonstrated that various natural and
synthetic compounds exert significant cytotoxic
and antiproliferative effects on cancer cells while
remaining non-toxic to normal cells (15, 18).

In this study, the anticancer potential of
Climbazole (CBZ) was investigated. Climbazole is
an imidazole-based antifungal compound commonly
anti-dandruff

preservative in personal care products such as shower

used as an and antimicrobial
gels, toothpaste, hair conditioners, hair tonics, and
shampoos (20). The toxicity of CBZ toward various
organisms, including algae, crustaceans, fish, and
plants, has been investigated (21); however, its
potential cytotoxic effects on cancer cells have not
been thoroughly studied. There is no study showing
the anticancer effects of climbazole in the studies
conducted so far.

In summary, the A549 lung cancer, MDA-MB-231
breast cancer, MKN28 gastric cancer, and HT-29
colorectal cancer cell lines are indispensable in
vitro models for understanding cancer biology and
developing novel anticancer agents. The use of normal
control cell lines such as HEK293 in cytotoxicity
assessments plays a critical role in determining the
selective anticancer potential of tested compounds.
Previous studies have shown that many natural and
synthetic agents exhibit strong cytotoxicity in cancer
cells but not in normal cells, suggesting their potential
as anticancer agents (15, 18). These findings further
emphasize the importance of selective toxicity in
cancer treatment and the crucial role of cell culture
models in developing new therapeutic agents.
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MATERIAL and METHOD

Chemicals and Instruments

Analytical-grade chemicals from Sigma-Aldrich,
Merck, and TCl were used as received. Reaction
monitoring was performed via TLC under UV light
(CAMAG). 1H NMR spectrum was recorded at 100 MHz
in CDCL3 using a Varian spectrometer (Palo Alto, USA).

Synthesis of 1-(4-chlorophenoxy)-1-(1H-imidazol-
1-yl)-3,3-dimethylbutan-2-ol

The compound was synthesized according to the
previously reported procedure (20-22). Briefly, CBZ
(1.00 g, 3.416 mmol) and sodium borohydride (NaBH,)
(0.388 g, 10.247 mmol) were dissolved in a mixture

N

O Ny

of tetrahydrofuran (20 mL) and water (20 mL) in a
100 mL round-bottom flask. The reaction mixture was
stirred magnetically at room temperature for 24 h,
and the progress of the reaction was monitored by
thin-layer chromatography (TLC). After completion,
the reaction mixture was extracted with ethyl
acetate (2 x 30 mL), and the combined organic layers
were dried over anhydrous sodium sulfate, filtered,
and concentrated under reduced pressure. The crude
product was purified by recrystallization from ethyl
acetate/hexane to afford 1-(4-chlorophenoxy)-1-(1H-
imidazol-1-yl)-3,3-dimethylbutan-2-ol (CBZ-alcohol).
The reduction reaction is illustrated in Figure
1, consistent with the previously described
transformation of CBZ to CBZ-alcohol (22).

NaBH, / THF / H,0
24 h

Cl O

Cl HO

Figure 1. The schematic representation of the reduction of climbazole into climbazole-alcohol using sodium borohydride

as the reducing agent (22)

Preparation of Climbazole-Alcohol Dilutions

From the compound (molecular weight 294.78
g/mol), 603.7 mg was weighed and dissolved in 10
mL of DMSO to prepare a 204.8 mM stock solution.
This stock was diluted 1/100 with culture medium
to obtain an intermediate concentration of 2048
HM. Serial dilutions with culture medium were then
performed to prepare final concentrations of 1024,
512, 256, 128, 64, and 32 pM. These dilutions were
used for cell treatment applications.

Cell Culture and Anticancer Activity Assay

Five different human cell lines were used in this
study: human colorectal adenocarcinoma (HT-29,
ATTC code; HTB-38 ), human gastric cancer (MKN28),

Turk Hij Den Biyol Derg

human lung adenocarcinoma (A549/ CCL-185), human
breast cancer (MDA-MB-231, ATTC code; HTB-26),
and normal human embryonic kidney (HEK293, ATTC
code; CRL-1573) as the control. All cell lines were
obtained from the American Type Culture Collection
(ATCC).

HEK293 and MDA-MB-231 cells were cultured
in Dulbecco’s Modified Eagle Medium (DMEM, high
glucose, Gibco, USA), while A549, HT-29, and
MKN28 cells were cultured in RPMI-1640 (Gibco,
USA). All media were supplemented with 10% fetal
bovine serum (FBS, Gibco, USA) and 1% penicillin/
streptomycin (Gibco, USA). Cells were maintained in
a humidified incubator at 37°C with 5% CO,.

When cell confluence reached approximately



85-90%, the cells were detached using trypsin-EDTA
(Sigma-Aldrich, USA), washed twice with PBS, and
seeded into 96-well plates at a density of 1x10* cells
per well. After 24 hours of incubation, the culture
medium was replaced with 200 pL of different
concentrations of Climbazole-alcohol solution (in
triplicates), while control wells received only culture

medium. Plates were then incubated for 72 hours.
MTT Cell Viability Assay

After incubation, the media were removed, and
each well received 5 pL of 5 mg/mL MTT solution
and 45 pL of culture medium (final volume 50 pL).
Plates were incubated for 4 hours at 37°C. After
incubation, 100 pL of 99.9% DMSO was added to
dissolve the formazan crystals, and the plates
were further incubated for 1 hour. Absorbance was
measured at 570 nm using a Multiskan Sky Microplate
Spectrophotometer (Thermo Fisher Scientific).

Cell viability (%) was calculated according to the

following formula:
“Cell viability (%)”="Sample OD” /”Control OD” x100

Determination of IC Values and Statistical

50
Analysis

The IC,, value, representing the concentration
viability,

required to inhibit 50% of cell was

-0
=
©
e a

Cell viability (%)

O

determined using GraphPad Prism software. Statistical
significance among viability percentages at the same
concentrations was evaluated using one-way ANOVA
followed by Tukey’s post hoc test. A p-value of <0.05
was considered statistically significant.

RESULTS

Chemical Results

The compound 1-(4-chlorophenoxy)-1-(1H-
imidazol-1-yl)-3,3-dimethylbutan-2-ol (CBZ-alcohol)
was obtained by reduction of CBZ. The progress of
the reaction was monitored by TLC, and the resulting
product was purified by column chromatography.
The physical and spectral data of the synthesized
compound were found to be in good agreement with
those previously reported in the literature (20-22).

Cell Viabilitiy Results

The anticancer activity of Climbazole-alcohol was
evaluated against human colorectal (HT-29), gastric
(MKN28), lung (A549), and breast (MDA-MB-231)
cancer cell lines, along with the normal human
embryonic kidney cell line (HEK293). According to MTT
assay results, the compound caused a mild reduction
in cell viability in a concentration-dependent manner
but did not exhibit a marked cytotoxic effect overall.

Cell lines IC5,(95% Cl) R?
HT-29 179.2 (166 to 192) uM  0.9936
MKN28 168.1 (1520 185)uM  0.9875
A549 164.1 (1510 177)uM  0.9915
MDA-MB-231 158.6 (147 to 169) uM  0.9936
HEK293 169.8 (157 t0 187) yM  0.9929

T T T T T T T ]
16 18 20 22 24 26 28 3.0

log-trasformed concentration (uM)

Figure 2. Dose-response curves of Climbazole-alcohol on HT-29, MKN28, A549, MDA-MB-231, and HEK293 cell lines. Cell
viability (%) is plotted against logarithmically transformed extract concentrations (ug/mL). IC,, values, corresponding 95%
confidence intervals (Cl), and R? coefficients are indicated for each cell line
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The high curve-fitting coefficients (R?2 > 0.987)
confirmed the experimental reliability of the dose-
response curves. The calculated IC,; values were
179.2 pM for HT-29, 168.1 pM for MKN28, 164.1 pM
for A549, 158.6 uM for MDA-MB-231, and 169.8 uM for
HEK293. These values were similar across all tested
cell lines, with no statistically significant difference
between the control (HEK293) and cancer cell lines
(p > 0.05). This finding indicates that Climbazole-
alcohol did not exhibit selective anticancer activity
under the conditions of this study and produced

comparable effects in all tested cell lines.
DISCUSSION
In this study, the in vitro cytotoxicity of

Climbazole-alcohol compound was evaluated on four
different human cancer cell lines (HT-29, MKN28,
A549, MDA-MB-231) and the normal control cell line
HEK293. The IC,, values obtained (HT-29: 179.2 pM;
MKN28: 168.1 pM; A549: 164.1 pM; MDA-MB-231:
158.6 uM; HEK293: 169.8 uM) were within very similar
ranges regardless of cell type and did not show any
significant difference between cancer cell lines and
normal cell lines (p>0.05). This finding suggests
that the compound does not exhibit selective
anticancer activity, but on the contrary, has similar
levels of activity in both cancer and normal cells.

The imidazole ring forms the structural basis
of many biologically active molecules and has
been described as a frequently used scaffold in
the development of anticancer agents (23). In one
study, average IC,, values of compounds containing
an imidazole nucleus were obtained at low
micromolar levels (e.g., 2.4 pM) in the NCI60 cell
line panel (23). Such data suggests that imidazole-
containing compounds can achieve high efficacy.

In contrast, the Climbazole-alcohol derivative used
in our study exhibited relatively low cytotoxicity, with
IC,, values in the range of 150-180 pM. This suggests
that the compound requires structural modification
or does not possess optimal intrinsic activity in
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target cells Another study reported that imidazole-
chalcone derivatives had IC,, values in the range of
7-63 pM in the A549 cell line (24). This comparison
shows that the activity of our compound is weak
compared to imidazole derivatives that have shown
activity at low micromolar levels in the literature.

The anticancer activities of imidazole derivatives
have generally been shown to occur through apoptosis
induction, cell cycle arrest (especially in the G2/M
phase), and inhibition of signaling pathways (25). In
this context, it may be thought that the Climbazole-
alcohol structure cannot reach the relevant targets
or its intracellular concentration is not sufficient.
Furthermore, pharmacokinetic parameters such as
lipophilicity/diffusion properties of the compound,
permeation through the cellmembrane, and metabolic
stability may also contribute to the low efficacy.

There are several possible reasons for the low
cytotoxicity of Climbazole-alcohol. Firstly, although
the high lipophilicity of the compound allows it
to easily cross the cell membrane, its low water
solubility may have limited its effective distribution
in the cell culture medium and thus its ability to
reach intracellular targets. Second, the hydroxyl
group in the compound’s chemical structure may have
weakened its pharmacophoric activity compared to
the original Climbazole structure(26). Furthermore,
although Climbazole-alcohol has been described as a
potent antifungal agent, it appears unlikely to affect
signaling pathways such as STAT3, BCL-2, or p53, key
regulators of cancer cell proliferation. Some imidazole
derivatives have previously been reported to induce
apoptosis by inhibiting these signaling pathways (27,
28). However, MTT results indicate that Climbazole-
alcohol does not exhibit such a mechanism of action.

The findings of the study demonstrate that
Climbazole-alcohol does not induce selective
toxicity and exhibits similar efficacy across all
cell types. This suggests that the compound has a
low anticancer potential. However, the imidazole
ring in the Climbazole skeleton suggests that more
potent anticancer derivatives could be obtained



through future structural modifications. It is

anticipated that Climbazole analogs, particularly
those containing halogenated or aromatic rings,
lipophilicity,

through cell membranes, and enhance interactions

may increase facilitate permeation
with target proteins (29). Furthermore, the use of
Climbazole-alcohol in different combinations, such
as with DNA synthesis inhibitors or oxidative stress
inducers, may produce a synergistic effect (30).
These approaches could be evaluated to enhance
the weak anticancer activity of the compound alone.

In conclusion, this study demonstrates that the
Climbazole-alcohol compound does not produce
significant cytotoxic effects on various human cancer
cell lines. IC,, values, which are close to each other
and range from 158 to 179 pM, indicate that the

compound does not exhibit selective activity against
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Turk Hijyen ve Deneysel Biyoloji Dergisi

Saglikl1 genc¢ eriskinde Streptococcus constellatus’un neden
oldugu nadir ampiyem vakasi: Bir olgu sunumu

Abbas TANER'? , Dilruba GARASHOVA® , Nazmin ALLAHVERDIYEVA? , Sona ALIZADA® ,
Turkana MAMMADLI? , Tahira MAMMADOVA? , Nadir ALIRZAYEV" ,
Turkana FATULLAYEVA* , Ulker CUHACI2

OZET

Streptococcus  constellatus (S.  constellatus),

Gram-pozitif, spor olusturmayan, hareketsiz ve
katalaz-negatif koklardir. CO, varliginda biiyiimeleri
artarken, aerobik kosullarda blyime azalir ve bazi
suslar optimal bliyiime icin anaerobik kosullara ihtiyac
duyar. Streptococcus anginosus grubunun (SAG) bir
liyesi olan S. constellatus, dogal olarak oral kavite,
gastrointestinal sistem ve urogenital sistem florasinda
bulunur. Genellikle kommensal bir organizma olarak
kabul edilmesine ragmen, bagisiklik sistemi zayif
bireylerde firsatci bir patojen haline gelebilir ve ciddi
invaziv enfeksiyonlara neden olabilir. Bu enfeksiyonlar
arasinda ampiyem oldukca nadir goriulmekte olup,
literatiirde sinirli sayida vaka rapor edilmistir. Bu
calisma, Nahcivan bolgesinden bildirilen ilk olgu olma
ozelligi tasimaktadir.Bu calismada, saglikli bir bireyde
S. constellatus’un neden oldugu nadir bir ampiyem

vakas1 sunulmaktadir. Hasta, ates, gogiis agrisi ve

ABSTRACT

Streptococcus constellatus (S. constellatus) is
a Gram-positive, non-spore-forming, immobile, and
catalase-negative coccus. Its growth is enhanced in
the presence of CO,, while growth is reduced under
aerobic conditions, with some strains requiring
anaerobic conditions for optimal growth. A member
of the Streptococcus anginosus group (SAG), S.
constellatus is naturally found in the flora of the
oral cavity, gastrointestinal system, and urogenital
system. Although typically considered a commensal
organism, it can become an opportunistic pathogen
in immunocompromised individuals, leading to severe
invasive infections. Among these infections, empyema
is rare, with only a limited number of case reports in
the literature. This study presents the first reported
case from the Nakhchivan region. This study presents
a rare case of empyema caused by S. constellatus

in a healthy individual. The patient presented with
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nefes darlig1 gibi klasik bakteriyel ampiyem belirtileri
ile basvurmustur. Detayli tam siirecinde mikrobiyolojik
incelemeler yapilmis ve enfeksiyonun sebebinin S.
constellatus oldugu dogrulanmistir.  “Mikrobiyolojik
kultir analizlerinde izole edilen bakterinin beta-
hemolitik 6zellik gosterdigi saptanmis; gerceklestirilen
antibiyotik duyarlilik testleri sonucunda ise hedefe
yonelik ve etkili bir tedavi protokolu olusturulmustur.
Uygun antibiyotik secimi sayesinde enfeksiyon kisa
stirede kontrol altina alinmis ve hastada klinik iyilesme
hizla saglanmistir.” Bu vaka, S. constellatus’un nadir
bir ampiyem etkeni olarak degerlendirilmesi gerektigini
vurgulamakta ve bu tur durumlarda erken taninin
onemine dikkat cekmektedir. Erken tami, yalmzca
enfeksiyonun kontrol altina alinmasinda degil, aym
zamanda tedaviye yanitin optimize edilmesinde de
kritik bir rol oynamaktadir. Sonuc olarak, bu vaka
raporu, literatire nadir bir enfeksiyon sunarak S.
constellatus’un ampiyem etkeni olarak taninmasinin
onemini vurgulamaktadir. Ayrica, bu enfeksiyonlarin
tan ve tedavisinde karsilasilan zorluklar1 ele almakta
ve klinik pratige onemli katkilar saglamaktadir. Bu
vaka, ampiyem gibi ciddi enfeksiyonlarin yonetiminde
atipik patojenlerin dikkate alinmasi gerektigini bir kez

daha vurgulamaktadir.

Anahtar Kelimeler: Streptococcus constellatus,

ampiyem, tani, plevral eflizyon, antibiyotik secimi

classical symptoms of bacterial empyema, including
fever, chest pain, and shortness of breath. During
the diagnostic process, microbiological investigations
confirmed that the cause of the infection was
S. constellatus. “Microbiological culture analysis
revealed that the isolated bacterium exhibited

beta-hemolytic  properties; following antibiotic
susceptibility testing, an effective targeted treatment
protocol was established. With appropriate antibiotic
selection, the infection was quickly controlled, and the
patient experienced rapid clinical improvement.” This
case emphasizes the need to consider S. constellatus
as a rare cause of empyema and highlights the
importance of early diagnosis in such cases. Early
diagnosis plays a critical role not only in controlling
the infection but also in optimizing the response to
treatment. In conclusion, this case report underscores
the importance of recognizing S. constellatus as an
agent of empyema, contributing a rare infection to the
literature. Furthermore, it addresses the challenges
encountered in the diagnosis and treatment of such
infections and provides significant contributions to
clinical practice. This case reiterates the necessity of
considering atypical pathogens in the management of

serious infections like empyema.

Key Words: Streptococcus constellatus, empyema,

diagnosis, pleural effusion, antibiotic selection

GIRIS

S. constellatus, Gram-pozitif, spor olusturmayan,
hareketsiz ve katalaz-negatif koklardir. Bu bakteri, S.
anginosus ve S. intermedius ile birlikte S. anginosus
grubunu (SAG) olusturur. Daha once S. milleri grubu
olarak adlandirilan SAG, orofarinks, (st solunum
yolu, gastrointestinal sistem ve Urogenital sistem
mukozasinda yerlesik olarak bulunan kommensal
bakterilerden olusmaktadir (1,2). SAG bakterilerinin
enfeksiyon etkeni olarak degerlendirilmesi cogu
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zaman guctur. Bununla birlikte, immiinsiiprese
bireylerde veya invaziv islemler geciren hastalarda
ciddi enfeksiyonlara neden olabilirler.

Ampiyem, plevral boslukta gelisen bakteriyel
enfeksiyon sonucu apse olusumu ile karakterize ciddi
bir klinik tablodur. Yuksek morbidite ve mortalite
oranlarina sahip olan bu durumun, 6zellikle COVID-19
pandemi surecinde olmak lzere, diinya genelinde
insidansinda artis gozlenmistir (2,3) Ampiyem tedavisi
siklikla torakotomi ile plevral dekortikasyon, gogiis

tupuiledrenaj ve uygunantibiyotik tedavisi gibiinvaziv



yaklasimlar gerektirir. Erken tam, basarili tedavi
sureci acisindan kritik oneme sahiptir. SAG kaynakli
ampiyem vakalari, genellikle alkol bagimliigi Gykisi
bulunan, bagisiklik sistemi baskilanmis veya ciddi
komorbiditeleri olan hastalarda ortaya cikmaktadir.
SAG Uuyeleri arasinda S. anginosus en sik izole edilen
tur olup, S.
daha invaziv bir klinik seyir gostermektedir (1-4). Bu

intermedius ise S. constellatus’a kiyasla

calisma, saglikli bir bireyde S. constellatus kaynakli
ampiyem gelisimini ele almakta ve tani surecindeki
zorluklar ile enfeksiyonun klinik seyrini detayli bir
sekilde tartismaktadir.

OLGU SUNUMU

On sekiz yasinda, erkek hasta, lic glindur suregelen
ates, nefes darligi, kuru oksiiriikk ve plevritik gogis
agns1 sikayetleri ile acil servise basvurmustur.
Hastanin 6zgecmisinde saglikli bir cocukluk donemi
gecirdigi, Uflemeli bir mizik aleti caldig1 ve son bir
aydir ek is olarak soguk bir depoda calistig1 bilgisi
alinmistir.  Hastanmin  kronik hastaligi veya onceki
hastaneye yatis oykisu bulunmamaktadir. Son bir
aydir kuru oOksiirik ve gece terlemeleri yasadig
bildirilmistir. Bu bulgular, sistemik bir inflamatuvar

yanita isaret etmektedir.

-
Ll b

™ m
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-
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Fizik Muayene Bulgulari: Hastanin vital bulgulan
degerlendirildiginde, bilincinin acik oldugu, viicut
sicakliginin 38,5°C, kalp atim hizimin 117/dakika,
solunum sayisinin 30/dakika ve periferik oksijen
satlirasyonunun %80 oldugu tespit edilmistir. Fizik
muayenede, genel durumunun orta derecede
oldugu ve fiziki gelisiminin yasina uygun oldugu
gozlemlenmistir. Cilt ve skleralarin soluk oldugu dikkat
cekmistir. Akciger oskiiltasyonunda sag akcigerin
tamaminda solunum sesleri alinamamis, bu durum
plevral bir etiyolojiyi dusundurmustur. Kardiyak
oskiiltasyonda normal kalp sesleri duyulmus, herhangi
bir ufurim veya ek ses izlenmemistir. Abdominal
muayenede hassasiyet saptanmazken, kostovertebral
ac1 hassasiyeti ve pretibial odem gozlemlenmistir.
Hastamin atesi, tasikardisi, takipnesi ve hipoksemisi
sistemik bir inflamatuvar yanita isaret etmektedir.

Radiyoloji Bulgular: Hastanin basvuru aninda
sag

izlenmektedir.

cekilen posteroanterior akciger grafisinde,
hemitoraksta diffliiz opasite artis
Bu opasite, sag hemitoraksi neredeyse tamamen
dolduran yaygin plevral effuzyona isaret etmektedir.
Efflizyona bagli olarak mediastinal yapilarda, 6zellikle
trakeada sola dogru belirgin bir sift goriilmektedir.
Bulgular, parankimal volum kaybindan ziyade, plevral
bosluktaki yuksek hacimli sivinin baskilayic1 etkisini

disundurmektedir (Sekil 1).

Sekil 1. Basvuru aminda cekilen akciger grafisinde, sag hemitoraksi neredeyse tamamen dolduran yaygin plevral effiizyon
izlenmis; buna bagli olarak trakeada ve mediastinal yapilarda sola belirgin sift gozlenmistir
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Toraks bilgisayarli sag

hemitoraksta 16 cm kalinlikta olculen lokalize (lokiile)

tomografisinde,
plevral effiizyon izlenmektedir. Efflizyona komsu
akciger segmentlerinde kompresif atelektazi alanlar
mevcuttur. Ayrica sag kostal plevrada yaygin kalinlik

artis1 gozlenmis olup, bu kalinlik en fazla 13 mm
olarak ol¢iilmustiir. Mediastinal yapilarda sola dogru
sift izlenmis ve sag akciger hacminde belirgin azalma
dikkat cekmistir. Bu radyolojik bulgular enfeksiyoz/
inflamatuvar sureci desteklemektedir (Sekil 2).

Sekil 2. Toraks BT’de sag hemitoraksta 16 cm’lik lokiile plevral effiizyon, kompresif atelektazi, 13 mm’ye ulasan plevral

kalinlik ve mediastinal yapilarda sola sift izlenmistir.

Laboratuvar Bulgular: Lokosit sayis1 22.300/
mm?3, notrofil oram %89, hemoglobin diizeyi 12,4
g/dL, hematokrit degeri %39,8 olarak olclilmistdir.
C-reaktif protein (CRP) seviyesi 309 mg/L, kreatinin
diizeyi 0,8 mg/dL ve prokalsitonin diizeyi 0,8 ng/mL
olarak belirlenmistir. Anti-HIV, Anti-HCV ve HBsAg
testleri negatif sonuclanmistir. Bu parametreler, ciddi
bakteriyel enfeksiyon lehine yorumlanmistir.

Torasentez  Bulgulari: Torasentez ile elde
edilen plevral sivi; LDH: 4824 IU/L, glukoz: 0,4 mg/
dL, albiimin: 3,18 g/dL degerleriyle eksiida ozelligi
tasiyordu. Glukozun ileri derecede dusuk olmasi ve
yiuksek LDH diizeyi, komplike parapnomonik efiizyon
veya ampiyemi distindurmekteydi. Tanisal inceleme
amaciyla ornekler mikrobiyoloji laboratuvarina
gonderildi.

Tanmisal amacla plevral sividan Mycobacterium
tuberculosis kulturt, tuberkiloz PCR testi, aerobik

Turk Hij Den Biyol Derg

ve anaerobik kiltur incelemesi icin ornekler alinarak
Mikrobiyoloji Laboratuvari’na gonderilmistir.

Mikrobiyolojik Bulgular: Hastadan alinan plevral
sivinin 5’er mL’si aerobik ve anaerobik kan kultir
siselerine inokiile edilmistir. Ayrica periferik venoz
kandan alinan birer adet aerobik ve anaerobik kiiltur
sisesi ile birlikte tum ornekler Biomerieux Bact Alert
3D cihazinda inkiibasyona alinmistir.

Plevral sivi ayrica %5 koyun kanli agar ve EMB
agara ekilmis; %10 CO, iceren inkibatorde, 37°C’de
inkiibe edilmistir. Gram boyamada plevral sivida
koklar
48. saatinde tum kultur siselerinde pozitif sinyal

Gram-pozitif gozlenmistir.  inkiibasyonun
saptanmis; mikroskobik incelemelerde Gram-pozitif
kok morfolojisi dogrulanmistir.

Kanli agarda beta-hemolitik zonlar ve bu alanlarda
koloni gelisimi izlenmistir. Hemokiiltiir pasajlarinda

kontaminasyon saptanmamistir.



Saf koloniler, VITEK 2 Compact sisteminde
tanimlanmis; VITEK® 2 GP (REF 21342) ve VITEK® 2
AST-STO3 (REF 421040) kartlar1 kullanilmistir. Sistem,
izolat1 %50 olasilikla S. constellatus, %50 olasilikla
S. intermedius olarak tammlamistir (Sekil 3).
Literatirde, belirgin beta-hemolizin S. constellatus

icin ayirt edici oldugu belirtilmektedir (7).
Antibiyotik duyarlilk testinde, makrolidlere,
glikopeptitlere, penisilinlere ve diger B-laktam grubu
antibiyotiklere karsi duyarli oldugu saptanmistir.
Aside direncli boyama ve tuberkiloz PCR testi
negatif sonuc¢ vermistir.

Sekil 3. Kanli agarda S. constellatus kolonileri

Tedavi Siireci

Ampirik olarak baslanan ampisilin-sulbaktam
tedavisine, mikrobiyolojik kiiltlr sonuclarinin ardindan
da devam edilmistir. Hastada tedavinin ilk 72 saati

icerisinde atesin diismesi ve solunum semptomlarinda

gerileme ile belirgin klinik dizelme gozlenmistir. On
guinliik intravenoz tedavi suirecinin ardindan yapilan
kontrol toraks bilgisayarli tomografisinde (BT) akciger
parankiminin acik oldugu, ancak sag alt lobda parsiyel
atelektazi izlendigi raporlanmistir (Sekil 4, 5).

Sekil 4. Hasta kabuliinden 10 giin sonra yapilan X-Ray karsilastirma da sag tarafta plevral eflizyonda belirgin azalma
izlenmekle beraber kardiyofrenik ve kostofrenik sinisler hala kapali olarak izlenmektedir
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izlemde oral antibiyotik tedavisine gecilerek
amoksisilin-klavulanik asit baslanmis, toraks kateteri
goglis cerrahisi birimi kontroliinde cikarilmistir. Oda
havasinda rahat solunum yapan, klinik ve laboratuvar
parametrelerinde belirgin iyilesme izlenen hasta,
solunum egzersizlerinin ve antibiyotik tedavisinin
devam onerilerek, 10 giin sonra poliklinik kontrolu
planlanacak sekilde taburcu edilmistir.

TARTISMA

SAG (Streptococcus anginosus grubu), ilk kez
1956 yilinda Guthof tarafindan dental apselerden ve
diger oral inflamatuar lezyonlardan izole edilerek
tammlanmistir (5). S. constellatus, SAG icerisinde
yer alan, Gram-pozitif, fakiltatif anaerob ve katalaz
negatif bir kok bakteridir. Pek ¢ok vicut sistemine
ait doku ve organlarda kommensal olarak bulunan
bu bakteri, genellikle patojen kabul edilmez ve
ozellikle altta yatan hastalig1 bulunmayan bireylerde
goz ardi edilebilir. Ancak, S.
enfeksiyonlara yol acma egilimindedir ve farkli

constellatus pyojenik

anatomik bolgelerde degisken klinik tablolarla kendini
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Sekil 5. Onuncu giin toraks BT karsilastirmasinda, sag hemitoraksta en kalin yerinde 4 cm 6l¢lilen reziduel plevral effiizyon
izlenmis; onceki BT bulgularina gore effiizyon miktarinda belirgin azalma kaydedilmistir.

gosterebilir (6). Bu tlir enfeksiyonlarin tedavisinde
genellikle uzun siireli antibiyotik tedavisi ve/veya
cerrahi miidahaleler gerekebilir. Ampiyem, plevral
boslukta irin birikimiyle karakterize edilen bir klinik
tablodur. En sik goriilen semptomlar arasinda dispne,
ates, gogilis agris1 ve oOkslriikk yer almakta olup,
hemoptizi nadiren eslik eder. Laboratuvar bulgular
genellikle notrofil sayisinda artis ve eksiida formunda
plevral efiizyon varligin1 gostermektedir. S. anginosus
(SAG) virilansi,
kaynaklanmakta

grubu’nun kapsiler yapilarindan

olup, bu vyapilar empiyemli
hastalarda patojeniteye katkida bulunmaktadir (7).
SAG kaynakli

aspirasyonu, travma veya cerrahi yoluyla dogrudan

ampiyem, oral sekresyonlarin

bulas, komsu dokulardan yayiim ya da viicudun

diger bdlgelerinden hematojen yol ile tasinma
yoluyla akcigerlere ulasabilmektedir (8). Pnémoni,
torasik cerrahi, malignite, diyabet, norolojik

hastaliklar, alkol kullanim1 ve mukozal hasar (sinuzit
ve periodontal hastaliklar) ampiyem gelisimi icin
bilinen risk faktorleri arasindadir (9,10). Geleneksel
olarak en baskin

nedenin bakteriyel pnomoni

oldugu diisiinilmekle birlikte, ampiyemin bakteriyel



etiyolojisi pnomoni ile her zaman ortusmemektedir.
Ampiyeme en sik neden olan etkenler arasinda
S.pneumoniae, S. pyogenes ve Staphylococcus aureus
yer almakla birlikte, son yillarda SAG uyelerinin
etken organizmalar olarak goériilme sikliginda artis
gozlemlenmektedir (11).
S. anginosus grubu (SAG) turleri

enfeksiyonlarin biiylik cogunlugunda etken patojen S.

arasinda,

anginosus olmakla birlikte, gogiis enfeksiyonlarinda en
sik izole edilen tir S. constellatus’tur. S. intermedius
genellikle piyojenik enfeksiyonlarla iliskilendirilirken,
S. anginosus ve S. constellatus turleri ise daha cok
bakteriyemi ile iliskilidir (1,4). S.
kaynakli enfeksiyonlarin klinik seyri genellikle daha

constellatus

hafif olup, plevral drenaj ve antibiyotik tedavisi ile
etkin bir sekilde kontrol altina alinabilmektedir.
Ancak, immiinkompromize bireylerde, S.
constellatus enfeksiyonlart dekortikasyon amaciyla
cerrahi miidahale gerektirebilir (12). Ozellikle altta
yatan hastaligi bulunan bireylerde, S. constellatus
enfeksiyonlar hafife alinmamalidir. S. anginosus grubu
(SAG), siklikla diger anaerob mikroorganizmalarla
birlikte ko-enfeksiyon olusturma egilimi gosterir.
Ozellikle odontojenik enfeksiyonlu hastalarda, SAG
ile zorunlu anaerob bakterilerin birlikte enfeksiyon
(13).

mikroorganizmalarin

olusturdugu sikca bildirilmektedir Bu es

zamanli enfeksiyon durumu,
virilansinda artisa yol a¢maktadir. Bu nedenle,

SAG kaynakli ampiyem olgularinda diger anaerob

BILGILENDIRILMIS ONAM FORMU

mikroorganizmalarin varliginin saptanmasi
gereklidir. Ampiyemli hastalarda, genellikle plevral
dekortikasyon, drenaj ve antibiyotik tedavisini iceren
invaziv girisimlere ihtiyac duyulmaktadir.

Son donemde yapilan calismalarda, supragingival
dental plagin apselere yol acan enfeksiyoz
patojenlerin kaynag1 olabilecegi belirtilmistir. Bu
calismalarda, dental plak orneklerinden izole edilen
mikroorganizmalarin biyiik cogunlugunu S. anginosus
grubu (SAG), ozellikle de S. constellatus tiirli oldugu
gosterilmistir (14).

Bu calismada, bagisiklik sistemi saglam bir genc
hastada gelisen ve S. constellatus kaynakli ampiyem
olgusu sunulmustur; hastanin torasentez ve antibiyotik
tedavisiyle basarili bir sekilde iyilesme saglanmistir. Bu
olgumuzda enfeksiyona neden olan S. constellatus’un
kaynag kesin olarak belirlenememistir. izole edilen bu
susun penisilin G basta olmak lizere, B-laktam grubu
antibiyotiklere, makrolidlere ve glikopeptitlere kars
tamamen duyarli oldugu saptanmistir.

S. constellatus kaynakli ampiyem, altta yatan
hastaligi olmayan hastalarda nadir goriilse de,
toplum kokenli ampiyemlerde dikkate alinmalidir.
Etkili tedavi icin, hekimlerin erken plevral drenaj ve
uygun antibiyotik tedavisini goz ontinde bulundurmasi
onemlidir. Bu yaklasim, cerrahi dekortikasyon
gerekliligini en aza indirerek, uzun siireli hastanede
yatisa bagli komplikasyonlari onleyebilir ve dolayisiyla

hastanin prognozunu iyilestirebilir.

* Hastanin kendi imzaladigi Bilgilendirilmis Onam Formu alinmistir. (Tarih: 27.12.2024)

CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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Tek saglik yaklasimi ve halk saghiginda iyi uygulamalar

Bilal BUZGAN'

, Dilek ASLAN'

OZET
Tek  Saglik;

ekosistemlerin sagligin1 sirindurilebilir bir uyum

insanlarin, hayvanlarin ve
icinde en iyi hale getirmeyi amaclayan bitiinciil

birlestirici bir yaklasimdir. Bu yaklasim; insan,
hayvan ve cevre sagliginin birbirleriyle yakindan
iliskili kabul

kapsaminda Tek Saglik yaklasiminin halk sagligi icin

oldugunu etmektedir. Bu yaz
onemini bilerek konu ile ilgili Diinya’da iyi uygulama
orneklerinin aciklanmasi amaclanmistir. Calismanin
yapilabilmesi icin PubMed ve Google Akademik veri
tabanlarn taranmistir. Konu ile ilgili WHO, CDC, FAO,
UNEP, WOAH, PAHO, European Commission, FDA
Tlrk Tabipleri Birligi, Veteriner Hekimler Dernegi,
Halk Sagligi Uzmanlari Dernegi, Saglik Bakanlig1 ve
Tarim Orman Bakanligina ait kurumsal web siteleri
incelenmistir. Konu ile ilgili eylem planlar ve one
cikan kiiresel metinler incelenmistir. Yeni ortaya cikan
bulasic1 hastaliklar, yeniden onem kazanan bulasici
hastaliklar, vektor kaynakli hastaliklar, antimikrobiyal

ilag direnci, gida giivenligi ve giivencesi, cevre

ABSTRACT

One Health is a holistic and integrative approach
aimed at optimizing the health of humans, animals,
and ecosystems in a sustainable harmony. This approach
recognizes the close interconnections between human,
animal, plant, and environmental health. This paper
seeks to highlight the significance of the One Health
approach for public health and to discuss successful case
studies worldwide. To conduct this study, a thorough
review of literature and resources on PubMed and Google
Scholar databases was undertaken. Institutional websites
of major health and environmental organizations such
as WHO, CDC, FAO, UNEP, WOAH, PAHO, the European
Commission, FDA, the Turkish Medical Association, the
Association of Veterinary Physicians, the Association
of Public Health Specialists, the Ministry of Health,
and the Ministry of Agriculture and Forestry were
examined. Relevant action plans and prominent global
texts on the subject were reviewed. In critical areas
impacting public health—such as emerging infectious

diseases, re-emerging infections, vector-borne diseases,
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halk

yakindan ilgilendiren konularda Tek Saglik yaklasimi

sagligt ve iklim degisikligi gibi sagligin
daha fazla bilginin bir arada degerlendirilmesini
saglayarak, riskleri 6nceden belirleyip onlem alarak,
kontrol altinda tutarak; konuyu daha genis bir
bakis acisiyla degerlendirip daha etkili ¢oziimler
iiretilebilmektedir. insan, hayvan ve cevre saghiginin
yakin iliskisi ve saglik sorunlarinin karmasik yapisi
nedeniyle ortak saglik sorunlar ile ilgili kalici
cozimler elde edebilmek icin disiplinlerin konu ile
ilgili ayrn ayr1 cozimlerinden ziyade disiplinler ustu
timelci bir yaklasim olusturulmalidir. Bu tiimelci
yaklasimin gerceklestirilebilmesi icin kamu otoritesi
onderliginde kurulacak yerel ve ulusal yapilarin
sistemlerini entegre edecek ve toplum katiimini da
saglayacak yapilarin olusturulmas1 gerekmektedir.
Bu entegre yapilarin tlkelerin Tek Saglik kapsaminda
cozim uretilebilecek oncelikli sorunlarini
belirlemesi gerekmektedir. Tek Saglik kapsaminda
belirlenen oncelikli sorunlarla ile ilgili olarak iliskili
disiplinlerden akademisyenlere de danisarak bir
mudahale plani gelistirilmeli ve bu miidahale planlar
pilot bolgelerde gerceklestirildikten sonra mevcut
eksiklikler saptanip ulusal diizeyde uygulanmalidir.
Bu yazida Tek Saglik kavraminin gelisimine, halk
saglig ile benzesen ve tamamlayici yonlerine, iyi

uygulama orneklerine yer verilmistir.

Anahtar Kelimeler: Tek saglik, halk sagligi,

hayvan sagligi, zoonoz, cevre saglig

antimicrobial resistance, food safety and security,
environmental health, and climate change—the One
Health approach facilitates a comprehensive assessment
of information, allowing for early risk identification,
preventive measures, and enhanced control strategies.
Due to the close interrelationship between human,
animal, and environmental health, as well as the complex
nature of health issues, achieving lasting solutions to
common health problems requires a transdisciplinary,
holistic approach rather than isolated solutions from
individual disciplines. Sustainable solutions for shared
health problems require moving beyond isolated,
discipline-specific solutions to establish an integrative
approach that involves multiple disciplines. For the
successful implementation of this approach, it is
essential to establish local and national frameworks, led
by public authorities, to integrate systems and ensure
community engagement. These integrated structures
should prioritize the main issues that can be addressed
under the One Health framework. An intervention
plan, developed with insights from academics across
relevant disciplines, should address these priority issues.
Following implementation in pilot regions, gaps should
be identified and adjustments made to expand the plan
nationally. This paper explores the development of the
One Health concept, its parallels and complementary
aspects with public health, and highlights exemplary

practices worldwide.

Key Words: One health, public health, animal

welfare, zoonoses, environmental health

GIRiS

insan, hayvan, bitki ve cevre sagligi yakin bir
iliski icindedir ve birbirlerinden etkilenmektedir (1).
Bulasic1 hastaliklarin %60’1indan fazlasinin zoonotik
kaynakli oldugu, her yil 2,5 milyar hastaligin ve
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2,7 milyon olimin zoonotik hastaliklar nedeniyle
gerceklestigi tahmin edilmektedir (2, 3). Diger
yandan dogal kaynaklarin yenilenme hizindan daha
hizli tiketilmesi, tarimin surdirilebilir yontemlerle
arttirmaktadir  (4).

Glnumuzde, nifusun artmas1 ile daha genis bir

yapilmamasi saglik risklerini



cografyada yasamin siirdiiriilmesi, hayvansal iriinlere

daha fazla ihtiya¢c duyulmasi, iklim degisikligi,

kentlesme, ormanlik alanlarin azalmasi, artan
tanmsal faaliyetler, artan madencilik, uluslararasi
ticaretin ve seyahatin artmasi nedeniyle insan, hayvan
ve cevre etkilesimi artmistir. insan, hayvan ve cevre
etkilesiminin artmasi yeni salginlarin ortaya ¢cikmasini
kolaylastirmaktadir (1, 5). Birden fazla sektoriin
bir araya gelerek ortak calismasin1 gerektiren bu
alanlarda hicbir sektor veya kurulus tek basina hareket
ederek bu sorunlara kars1 etkili bir cozim uretemez
(6). Saglik risklerine karsi onlem alabilmek, etkili
¢ozumler uretebilmek icin konu ile ilgili sektorlerin
arasinda iyi bir iletisim ve is birligi gerekmektedir. Bu
konuda bilimin farkli alanlarn esglidiim icinde hareket
etmektedir ve genis perspektifler sunmaktadir.
Kiresel saglik, halk sagligi, Tek Saglik bu kapsamda
one cikan kavramlardir. Tek Saglik, dinamik ve giincel
bir yaklasim olup insanlarin, hayvanlarin ve cevre
sagliginin uyumunu gozeterek en iyi hale getirmeyi
amaclayan, is birligi gerektiren tiimelci, birlestirici
bir perspektif sunmaktadir (1, 5, 7).

Bu yazi kapsaminda Tek Saglik yaklasiminin halk
sagligi icin onemini bilerek konu ile ilgili Diinya’da
iyi uygulama orneklerinin a¢iklanmasi amaclanmistir.
Bu amaca ulasabilmek icin calismada yaklasimin
tanimlanmasi, tarihsel gelisiminin aciklanmasi, Tek
Saglik ve halk sagligi kavramlarinin kesisimselliklerinin
tammlanmasi, Tek Saglik ile ilgili halk sagligi alaninda
Dinya’da iyi uygulama orneklerinin aciklanmasi,
konu ile ilgili arastirma ve diger gereksinimlerin
tanimlanmasi ve gelecege dair onerilerin aciklanmasi
hedefler
yapilabilmesi icin PubMed ve Google Akademik veri
tabanlan taranmistir. Konu ile ilgili WHO, CDC, FAO,
UNEP, WOAH, PAHO, European Commission, FDA

Tirk Tabipleri Birligi, Veteriner Hekimler Dernegi,

arasinda yer almisti.  Calismanin

Halk Sagligi Uzmanlar1 Dernegi, Saglik Bakanligi ve
Tannm Orman Bakanligina ait kurumsal web siteleri
incelenmistir. Konu ile ilgili eylem planlarn ve one
cikan kiresel metinler incelenmistir.

Kavramlar ve ilkeler

Tek Diinya Tek Saglik, Tek Tip ve Tek Saglik
kavramlan insan, hayvan ve cevre sagligi ile ilgili
Tek Tip
kavrami, insan ve hayvan sagliginin pek cok ortak

calismalara yon veren yaklasimlardir (8).

nokta icermesi nedeniyle iki farkli disiplinin entegre
edilmesinin insan ve hayvan sagligina katki sunacagi
dusuncesiyle 1984 yilinda ortaya cikmistir. Cevre
sagliginin insan ve hayvan sagligi ile yakin iliskisinin
zamanla daha iyi anlasilmas1 uzerine Tek Tip
kavraminin daha genis bir cercevede ele alinmaya
baslanmistir (9, 10).

Tek Saglik; insanlarin, hayvanlarin, bitkilerin ve
ekosistemlerin sagligin1 sirlindiiriilebilir bir uyum
icinde en iyi hale getirmeyi amaclayan tumelci ve
birlestirici bir yaklasimdir. insan, hayvan, bitkive cevre
sagliginin birbirleriyle yakindan baglantili ve birbirine
bagl oldugunu kabul etmektedir. Farkli disiplinlerin,
sektorlerin bir arada calismasini gerektirir; saglikli
gida, su, enerji ve hava gereksinimini vurgular.

Yaklasim bes temel ilkeye oncelik verir (Sekil 1) (10).
Tek Saghik Kavraminin Gelisimi

Tek Saglik kavraminin kokenine dair ilk 6rnekler
milattan once 300-400 yillarina dayanmaktadir.
Aristoteles’in calismalarinda hayvan hastaliklarindan,
Hipokrat’intemizbircevreilehhalksagligininbirbirlerini
etkilemesinden bahsetmesi Tek Saglik kavraminin
kokenine dair ilk ornekler olarak gosterilmektedir
(11). Rudolf Virchow 19. yiizyilda yaptig1 arastirmalar
sirasinda domuz paraziti Trichinella spiralis’in
insanlarda da hastalik yaptigin1 kesfetmesi (izerine
kullanmistir ve insan

sagligi ve hayvan sagligi kavramlarimin ayri ayri

ilk kez zoonoz kavramini

degerlendirilmemeleri gerektigini tip ve veteriner
hekimlikte gerceklesecek ilerlemenin birbirlerine
fayda saglayacagini belirtmistir (12, 13). 2004 yilinda
DSO, BM Gida ve Tarim Orgiitii (UN Food and Agriculture
Organization FAO), Amerika Birlesik Devletleri
Hastaliklar Kontrol ve Korunma Merkezi (USA Centers
for Disease Control - CDC)
katiimiyla gerceklestirilen “Kiresellesen Diinyada

gibi pek cok kurulusun
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1 2
Disiplinler ve sektorler arasinda Tim insanlarin ve toplumlarin
hakkaniyet hi¢bir bireyin dislanmadan
herkesin dahil oldugu ve esit
firsatlarin tanindigi bir yaklasim
4
3 Siirdiiriilebilir ¢éziimlerle
Sosvoekoloiik d ] gelecek nesillerin refahini
bivoqg;?lt(l)i(ltigoilfj(liogglngﬁi i glivence altina alan, ekosistemin
* I e biitiinltigliniin ve hayvan
Ky cakiati Crisimin saglanemis] refahinin 6nemini kabul eden
insani sorumluluk ve yénetim

5

Transdisipliner bir yaklasim
icinde tiim disiplinlerden hem
geleneksel hem modern
bilgilerin ve bakis a¢ilarinin yer
aldig1 ¢ok sektorlii is birligi

Sekil 1. Tek Saglik yaklasiminin dncelik verdigi ilkeler (10)

Saglikta interdisipliner Kopriiler Kurmak” baslikli
sempozyumda Manhattan ilkeleri yayinlanmistir. Tek
Diinya, Tek Saglik slogani ile yayinlanan Manhattan

ilkeleri 12 maddeden olusmaktadir. Manhattan
ilkelerinde;
. insan ve hayvan sagliginin birbirini etkiledigi

ve Tek Saglik yaklasimiyla insan ve hayvan sagliginin
bir arada degerlendirilebilecegi bunu saglayabilmek
icin de ortak biutuncul yaklasimlar gelistirmek
gerektigi

. Yeniden ve yeni ortaya c¢ikan bulasicl
hastaliklarin insanlarla beraber biitiin canlilar igin bir
tehdit olusturdugu

. insan ve hayvan sagligi icin biyolojik
cesitliligin onemi

. Ekosistemlerin siirdirebilirliginin saglanmasi
acisindan topragi isleme ve suyu kullanma ile ilgili
kararlarin onemi

. Yabani yasamin hastaliklar1 onlemede temel
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bir bilesen oldugu

. insan sagligin1 korumaya yonelik programlarin
onemi
. Turler arasi bulasici hastaliklan

engelleyebilmek icin yabani hayvan et ticaretine
yonelik diizenlemeler yapmanin ve talebi azaltmanin
onemi

. Kiresel olarak insan ve hayvan sagligina
yonelik yatinmlarin arttirilmasi gerektigi

. Hiikiimetler, halk ve kar amaci giitmeyen
kuruluslar arasinda is birliginin saglanmasinin 6nemi

. Kiresel erken uyari sistemlerinin
kurulabilmesi icin gerekli destegin saglanmasinin
onemi

. Kiiresel anlamda farkindaligin arttinilmasi ve
egitimin desteklenmesi icin yatirimlarin yapilmasinin
onemi vurgulanmistir (14, 15).

Tarihcede yer alan onemli hatirlatmalar Tablo

1’de sunulmustur.



Tablo 1. Tek Saglik yaklasiminin tarihcesine iliskin bazi 6nemli hatirlatmalar (14, 16)

Donem/yiizyil One cikan olay
19. yiizyil Virchow zoonoz kavramini ilk kez kullanmistir.
1947 CDC biinyesinde Veteriner Halk Saglig1 bolimu kurulmustur.
2004 Manhattan ilkeleri yayinlanmistir.
111 ulkenin katiim1 ile Yeni Delhi’de gerceklestirilen uluslararasi bir konferansta Tek Saglik
2007
yaklasiminin gelistirilmesi tesvik edilmistir.
2008 FAO, WOAH, DSO is birligiyle Tek Saglik uygulamalarina yonelik stratejik bir cerceve olusturulmustur.
2009 Tek Diinya, Tek Saglik baslig1 altinda temel dneriler gelistirilmistir.
2011 1. Uluslararas1 Tek Saglik kongresi diizenlenmistir.
2024 8. Diinya Tek Saglik kongresi diizenlemistir.

Turkiye’de Refik Saydam Hifzisthha Enstitusuniin
1928 yilinda zoonotik hastaliklarla
mucadele farkl
arada calismasina olanak saglamistir. Tek Saglik
kavraminin  uluslararasi

kurulmasi,
kapsaminda disiplinlerin  bir
alanda daha fazla vyer
bulmaya baslamasiyla beraber, Tiirkiye’de de 2008
yiinda Halk Sagligi Uzmanlarn Derneginin ve yine
ayn yil Veteriner Hekimleri Mikrobiyoloji Derneginin
diizenledigi
bahsedilmeye baslanmistir. 2009 yilinda ise Tirk
Tabipleri Birligi ve Tiirk Veteriner Hekimleri Birligi

kongrelerde Tek Saglik kavramindan

arasinda “Tek Diinya, Tek Saglik” sloganiyla ortak bir
deklarasyon yayinlanmistir (17). Ortak yayiwnlanan
ilgili
birliginin gelistirilmesinin, farkli kurumlardan elde
birlikte degerlendirilebilecegi
bir yap1 kurulmasinin ve Veteriner Halk Sagligi

deklarasyon metninde kurumlarla ilgili is

edilecek verilerin
biriminin onemi
(18). Diinya Saglik Orgiitii’niin, Diinya Hayvan Saglig1
Orgiitii’niin (WOAH), Birlesmis Milletler Gida ve Tarim
Orgiitiiniin (FAO) ve Cevre Programi’min (UNEP) ortak

calismasiyla tiim diinyada Tek Saglik uygulamalarin
yayginlastirabilmek

olusturulmasinin vurgulanmistir

icin  Ulkelerde  kurulmasim

planladiklarn koordinasyon yapisimm Tirkiye’de de

kurulmasini saglamak amaciyla 2023 yilinda bu dértli
yapinin onderliginde Tirkiye’de Ulusal Tek Saglik
Koordinasyon Mekanizmas1 Olusturulmasina Yonelik
Calistay yapilmistir. Calistaya Saglik Bakanligi, Tarim
Orman Bakanligi, Sivil Toplum Kuruluslan ve konu
ile ilgili akademisyenler ve pek cok meslek calisani
katilim saglamistir (19).

Yaklasim1 Nerelerde Kullanalim?

Yeni salginlarn onleyebilmek, kontrol altinda
tutabilmek, etkin bir sekilde tedavi edebilmek icin
her gecen giin 6nemi artan Tek Saglik yaklasimina
daha fazla ihtiyac duyulmaktadir. Bulasici hastaliklar,
antimikrobiyal direnc, vektorel hastaliklar, gida
giivenligi ve giivencesi, kronik hastaliklar, ruh sagligi
ve hastaliklar, biyolojik cesitliligin azalmasi, hava
ve su kirliligi, iklim degisikligi gibi bircok halk saglig
sorununa Tek Saglik yaklasimi ile coziimler Uretilebilir
birincil, ikincil ve UGguncil koruma etkili bir sekilde
gerceklestirilebilir (1, 5, 6, 20). Tek Saglik yaklagimi
doktorlar, veteriner hekimler, halk sagligi uzmanlan,
yaban hayati uzmanlar, cevre sagligi uzmanlan
basta olmak uzere bircok farkli meslek grubunun bir

arada calismasim gerektirir (1, 21). insan, hayvan ve
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cevre sagligimin birbirleriyle olan karmasik iliskisi
farkli
bir arada uyum icinde calismasinin ve elde edilen

nedeniyle disiplinlerden profesyonellerin
verilerin diger disiplinler tarafindan etkili bir sekilde
kullamlmasinin, verilerin butiincul bir yaklasimla
degerlendirilebilmeleri icin bir araya getirilmesinin
gerekmesi kapsayici cozumleri ve sistemleri zorunlu
hale getirmektedir (4).

icinde calismasim saglamak icin yapilmasi gereken

Farkli disiplinlerin  uyum

saglik harcamalan ile ilgili olarak bitiincil bir
yaklasim sergilemeden saglik sorunlarini ayri ayr
cozmeye calismak, COVID-19 siirecinde de goriildugi
uzere daha fazla maliyete neden olmaktadir. Tek
Saglik kapsaminda yapilacak saglik harcamalarinin,
Tek Saglik yaklasimi sayesinde elde edilecek faydanin
%10’undan daha az maliyetli olacag1 6ngoriilmektedir
(5).

Tek Saglik yaklasimi; insan, hayvan ve cevre
sagligim ayn ayn degerlendirmek yerine tiimelci
bir yaklasimla Tek Saglik basligi altinda hepsini
bir arada degerlendirerek en iyi saglik sonuclarim
elde etmeyi hedefler (5). Bu tumelci yaklasim
saglayabilmek icin konu ile ilgili farkli disiplinlerden
uzmanlarin bir arada calismasi, ayrica farkli kurum ve
kuruluslarin kaynak ve bilgi paylasimi ile birbirlerini
desteklemesi gerekmektedir (22). Insan, hayvan,
bitki ve ekosistem biitlinliigliniin birbirine bagl olan
yapisi ve sorunlarinin karmasikligi genis bir cercevede
planlanmis cozumleri gerekli kilar. Genis bir
cercevede planlanmis cozimler ancak her disiplinin
diger disiplinlerden bagimsiz siiregelmis ¢coziimlerinin
otesinde tumelci bir yaklasimla elde edilebilir. Bu da
ancak Tek Saglik yaklasiminin ilgili bitiin sektorler
tarafindan benimsenmesiyle mimkiindiir. Tek Saglik
ilgili
bilgilerin

yaklasimi ile, disiplinlerin bilgi toplamasi

ve toplanan paylasilmasi, planlanan

faaliyetlerin gerceklestirilmesi ve kurumsal bir
kimlikle sirdiriilmesi, sektorler arasinda saglikla ile
ilgili uyan ve tehditlere yonelik surecin basar ile

yiritilmesini saglayacak protokoller ve biitiincil

coziimlerin elde edilebilecegi kurumsal karar
sireclerinin  saglanmas1 gerekmektedir (4). Bu
Turk Hij Den Biyol Derg

ylizden Tek Saglik yaklasimi icin farkli disiplinlerin
bir arada tumelci yaklasimlarini sergileyebilecekleri;
iletisimi, es gidumu ve kapasiteyi arttirabilecekleri
yapisal degisiklikler gereklidir. Yapisal degisikliklerle;
entegre bir siirveyans sistemi, erken uyan sistemleri,
rutin izlemlerin yapilabilecegi ve acil durumlarda
kullanilabilecek es gidumu destekleyecek platformlar
saglanmalidir (1, 5).

Gida ve Tarim Orgiitii, Birlesmis Milletler Cevre
Program, Diinya Saglik Orgiitii, Diinya Hayvan Sagligi
Orgiitii katiimiyla 2021 yilinda Tek Saglik Ust Diizey
Uzman Paneli (One Health High-Level Expert Panel)
gerceklestirilmis ve ardindan Tek Saglik Ortak Eylem
Plan (One Health Joint Plan Of Action) yayinlanmistir
(23). Bu eylem plani, Tek Saglik uygulamalari icin bir
cerceve hazirlamak, Tek Saglik faaliyetlerinin kalici
bir buyumeyle gelistirebilmek icin cesitli faaliyetler
onermektedir. Tek Saglik Ortak Eylem Plam alt1 ana
tema uzerine olusturulmustur.

. Tek Saglik kapasitelerini gelistirerek, saglik
sistemlerini giiclendirmek

. Yeni ortaya ¢ikan ve yeniden onem kazanan
zoonotik salginlar ve pandemilerin neden oldugu
riskleri azaltmak

. Endemik, tropikal ve vektor kaynakli
zoonotik hastaliklar kontrol altina almak ve ortadan
kaldirmak

. Gida ilgili
degerlendirmek, yonetimini giiclendirmek ve iletisimi

glivenligi ile riskleri
desteklemek

. Antimikrobiyal direng salginin1 kontrol altina
almak

. Cevreyi Tek Saglik yaklasimi ile uyumlu bir
sekilde butunlestirmek (4).

Halk sagligi calismalarinda da farkli disiplinlerin
is birligi icinde calismas1 gerekir. Tek Saglik yaklasimi
halk saglig1 sorunlarimin ¢oziimiinde etkili bir sekilde
kullamlabili.  insan, hayvan ve cevre saghigini
birlikte tehdit eden saglik sorunlarina yonelik hicbir
disiplin tek basina ¢ozim Uretemez. Bu sorunlarin
¢ozimii icin iyi kurgulanmis yapisal degisikliklerle
desteklenmis bitiincul yaklasimlar sergileyen ortak



yaklasimlara ihtiyac vardir (1, 4, 5, 24).

Yeni ortaya cikan ve yeniden onem kazanan
zoonotik hastaliklar, endemik, tropikal ve vektor
kaynakli zoonotik hastaliklar, antimikrobiyal direnc,
gida giivenligi ve gida giivencesi, cevre kirliligi, iklim

degisikligi ve insan, hayvan, cevre sagligini tehdit
eden diger hastaliklar ve saglik sorunlan Tek Saglik
Tek
Saglik perspektifinin kullamldig1 alanlara Sekil 2’de

yaklasimi ile kontrol altina alinabilir (1, 25).

yer verilmistir.

— Yeni Ortaya Cikan Hastaliklar

—  Yeniden Onem Kazanan Hastaliklar

u Vektor Kaynakl Hastaliklar

] Antimikrobiyal Ila¢ Direnci

Tek Saghk
I

u Gida Gilivenligi

— Gida Giivencest

u Cevre Sagligi

= iklim Degisikligi

Sekil 2. Tek Saglik perspektifinin kullamldigi alanlar (1)

Son ylizyilda toplum sagligini tehdit eden, sosyal
ve ekonomik problemlere neden olan c¢ok sayida
yeni ortaya c¢ikan veya yeniden onem kazanan
zoonotik hastalik gorilmektedir (26). Nifusun hizla
artmasi ve daha genis cografyalara yayilmasi, artan
nifusla beraber hayvansal Urlinlere olan ihtiyacin
artmasiyla beraber artan insan-hayvan iliskisi,
iklim degisikligi, kiiresel hareketliligin artmasi gibi
pek cok sebep yeni ortaya cikan ve yeniden onem
kazanan hastaliklarin daha fazla goriilmesine ve
daha hizli yayilmasina neden olmaktadir (1, 5). Yeni
ortaya cikan hastaliklar, pandemilere neden olarak

ciddi ekonomik kayiplara da neden olabilmektedir.

SARS salginin yaklasik 40 milyar dolar, kus gribinin
yaklasik 30 milyar dolar domuz gribinin ise yaklasik
50 milyar dolar ekonomik kayba neden oldugu
tahmin edilmektedir (27). Yeni ortaya cikan ve
bulasici
bircogu hayvanlara yakin temas yolu ile insanlara

yeniden onem kazanan hastaliklarin
bulasmaktadir. insan ve hayvan sagliginin yakin
iliskisi nedeniyle bu konuya Tek Saglik yaklasimi
ile yaklasmak, Tek Saglik yaklasimi ile hazirlanmis
ulusal bir stratejiden yoksun ilkeler ulusal bir Tek
Saglik plani olusturmalari, hali hazirda bu yaklasima
sahip Ulkelerde ise Tek Saglik yaklasimi ile miidahale

kapasitelerini arttirmalar icin desteklenmelidir(28).

Turk Hij Den Biyol Derg

673



674

Bulasic1 hastaliklarin  %17’sini  vektor kaynakli
hastaliklardan olusurken vektor kaynakli hastaliklar
700.000’den
tutulmaktadir.

yilda fazla  olumden  sorumlu
Sitma her yil 249 milyon Kkisiye
bulasip 600.000’den fazla olime neden olurken dang
atesi genis bir cografi alanda 132’den fazla ulkede
etkili Vektor

hastaligin bulasma sekline gére insan, hayvan, cevre

olmaktadir. kaynakli hastaliklarin,
ve vektor olmak uzere pek cok bileseni vardir (29,
30). Amerika’da Arizona eyaletinde 2018 yilinda
yerel kabilelerde Rocky daglart benekli atesini
kontrol altina almak icin bir Tek Saglik uygulamasi
gerceklestirilmistir. Uygulama kapsaminda yerel
orgutlerde calismaya dahil edilerek kopeklere
kene tasmalan takilmis, evler ilaclanmis, egitim
materyalleri hazirlamp dagitilmis, saglik uzmanlan
egitilmis, copler toplanmis, hayvanlara yodnelik
kontrol calismalar yapilmistir. Bu yolla bolgede vaka
ve olum sayis1 Ucte ikiden fazla azaltilrmistir (31).
Mikroskobik dogal

parcasi olarak zamanla antimikrobiyal ilaclara karsi

canlilar, sureclerinin  bir
direnc gelistirmektedir. Antimikrobiyal ilaclarin hem
insanlarda hem de hayvanlarda gereksiz veya fazla
kullanilmas1 mikroskobik canlilarin antimikrobiyal
ilaglara karsi direng gelistirmesini hizlandirmakta ve
ayni zamanda yayginlastirmaktadir (32). Hayvanlarda
antimikrobiyal ilaclarin tedavi dozlarinin altinda
ve uzun sure kullanilmasi mikroskobik canlilarin
antimikrobiyal ilaclara kars1 direnc gelistirmesini
kolaylastirmaktadir. Hayvanlarda direnc kazanan
gidalar

cevre yolu ile insanlara bulasabilmektedir.

mikroskobik  canlilar kontamine veya
Ayrica
hayvanlarda kullanilan

antimikrobiyal ilaclarin

insanlarda  kullanilanlarla  buyuk  benzerlikler
gostermektedir. Antimikrobiyal ilaclara karsi dirence
kars1 68. Diinya Saglik Asamblesinde bes ana hedeften
olusan bir eylem plam hazirlanmistir. Bu bes ana
hedef konu ile ilgili farkindalik olusturmayi, daha
fazla arastirmay1 destekleyerek daha fazla kanita
ulasmayi, bulasici hastaliklari sanitasyon ve hijyen
tedbirleriyle azaltmay,

antimikrobiyal ilaclarin

direnc gelisimini goz onuinde bulundurarak en uygun
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sekilde kullamlmasin, yeni ilag, as1 ve tani araclarina
yonelik yatinmlarin arttinlmasin seklindedir (33).
Sorunun kaynagi ve c¢oziimiine yonelik hazirlanan
ana hedefler incelendiginde bu konuyu Tek Saglik
yaklasimi ile ele almanin onemi ortaya ¢cikmaktadir
(29, 30).

Yukarida bahsedilen yeni ortaya cikan bulasic
hastaliklar, yeniden 6nem kazanan bulasici hastaliklar,
vektor kaynakli hastaliklar, antimikrobiyal ilac direnci
gibi konularin yani sira gida giivenligi ve giivencesi,
cevre sagligi ve iklim degisikligi gibi konular Tek Saglik
perspektifiyle degerlendirilmesinin yani sira aym
zamanda halk sagligi ile de yakindan iliskilidir(29).
Tek Saglik kavraminin 6nemli halk sagligi konularina
tiimelci bir yaklasim saglamasi, Tek Saglik kavraminin
halk saglhigi icin 6nemli bir ara¢ oldugu seklinde
yorumlanabilir.

iyi Uygulama Ornekleri

Amerika Birlesik Devletleri’nde, Oregon’da 2020
yilinda insanlarda hastaliga neden olan bir Salmonella
tird yabani bir ispinozdan izole edilmistir. Yine 2020
yiinda Kaliforniya’da yabani kuslarda Salmonella
enfeksiyonlarimin arttigina dair veriler paylasilinca
iki olay arasinda baglanti olabilecegi disiinilms.
Kisin go¢ eden kuslarda Salmonella enfeksiyonu ve
enfeksiyona bagli dlimler olagan olmasina karsin
bildirilen vaka sayisinda 5 y1l 6nce gerceklesen salgina
gore ug¢ katlik bir artis gozlenmistir. Bu yabani kuslarla
veya yabani kuslarin yasam alanlan ve kus bakicilan
ile temasta bulunan hayvanlara ve el hijyenine dikkat
etmeyen insanlara Salmonella bulasabilir ve hastalik
meydana gelebilmektedir. Bu gelismeler Uzerine
CDC Halk saghigi uzmanlan araciligiyla Salmonella
typhimurium enfeksiyonu olan kisilerde yabani
kuslarla temas oykusunu sorgulatmistir. CDC farkli
eyaletlerden kuruluslarin bir araya gelerek ortak
calismasini saglamis diger yandan kus besleyicilerin
egitimi icin literatiir taramasi gerceklestirip ilgili
uzmanlik alanlarina danisarak bolgesel kuruluslar
araciligiyla kus bakimi, 6li kuslara nasil yaklasacagin
iceren tavsiyelerde bulunmustur. ilk kez bu yaban



kuslari ile insanlarda gorilen Salmonella enfeksiyonu
iliskilendirilerek enfeksiyonun daha iyi anlasiimasi
saglanmistir. Yaban hayati calisanlari kus 6limlerinin
ilgili
CDC’nin olaya dahil olmasiyla farkli eyaletlerle is

insan sagligiyla olabilecegini  6grenmistir.
birligi saglanmis ve uygulamanin ulusal diizeyde
yapilmas1 planlanmistir (34).

Diinya Saglik Orgiitii’niin 2030 yilinda kuduz
hastaligindan sifir 6lim taahhiidiinde bulunan Cin
kuduz olum hizinda tim dinyada ikinci sirada yer
almaktaydi. Kuduza bagli olimlerin bircogu kopek
1511ng1 sonrasinda gelismektedir. Kuduz riskli temastan
sonra profilaksiye ulasmanin kolaylastirilmasi olum
sayllarinda ciddi bir dususe yol acsa bile kopek
popilasyonunu kontrol altina almak, buyiuk olcekli
asilama kampanyalar ve kuduz ortaya ¢ikmadan tam
koyabilmek gerekmektedir.

Cin’de kuduz problemine c¢ozim bulmak icin
CDC ve Cin ofisi 2019 yilinda Kuduz Eliminasyonuna
Adim Adim Yaklasim Calistayin1 (Stepwise Approach
to Rabies Elimination) gerceklestirdi. Bu calistay ile
kuduzun onlenmesine yardimci olacak uygulamalar
belirlemek i¢in insan ve hayvan sagligi disiplinlerinden
ulusal ve yerel yetkililer ve uluslararasi kuruluslarin
temsilcileri (Diinya Saglik Orgiiti, Birlesmis Milletler
Gida ve Tarim orgiitii ve Diinya Hayvan Sagligi Orgiitii)
katilmistir. Calistayda kuduzu ortadan kaldirmak
icin yedi temel alandan 115 sorudan olusan bir arac
kullamlmistir. 0 ila 5 puan arasinda puanlandirilan bu
aractan sifir puan almak henuiz kuduz calismalarina
baslamamis, 5 puan alan llkelerse kopeklerden
bulasan kuduzun ortadan kaldinldig1 ve bakim

asamasina gecildigi seklinde yorumlanmaktadir.
Bakim asamasi insanin kuduza maruz kalmasi ve
hayvan kuduz vakalarinin rutin olarak izlendigi
asamadir. Calistay sirasinda katilimcilarin  aldig
ortalama puan 1,5 olarak belirlenmistir. Bu puan
Cin’de kuduz oliimlerinin arastinldig1 ve incelendigi
mevcut sistemi, proflaksi uygulamalarimin varlig,
kirsal kesimde kopek asilamalarinin kapsami ve kopek
poplilasyonu yonetim stratejilerini yansitmaktadir.

Ayrica Cin’de hiikimet tarafindan koordine edilen

kuduzla ilgili calisma yapan biri birimin olmadig
belirlenmistir. Calistay sonucunda yedi degerlendirme
alam (verilerin toplanmas1 ve analizi, kuduzunun
onlenmesi ve kontroll, kopek populasyonunun
belirlenmesi ve kontrolii, laboratuvar, saglik egitimi,
is birligi ve yasal diizenlemeler) ile ilgili oncelikli
faaliyetler belirlenmistir.

. Kuduz kaynakli insan ve hayvan olimlerine
iliskin verilerin entegrasyonunun iyilestirilmesi

o insanlarin kuduz riskli temasi ve profilaksi
ihtiyacimin  belirlenmesi icin yeni yaklasimlarin
uygulanmasi

. Laboratuvar tani kapasitelerinin arttirilmasi

. Merkezi hiikimet o©nderliginde sektorler
arasindaki is birligini gelistirmek icin bir calisma
grubu olusturulmasi ve bu olusturulan grubun kopek
popilasyonunu tahmin etmek ve asi kampanyalarim
desteklemek icin yapilacak pilot projelerin koordine
edilmesine yardimci olmasi (35)

CDC Kazakistan’in Jambil eyaletinde Jambil halk
saglig1 ve veterinerlik calisanlariyla birlikte Jambil
eyaletinde 2000 - 2013 yillan arasinda artan Kirim-
Kongo Kanamali Atesi (KKKA) vakalar hakkinda bilgi
edinmek ve bir miidahale tasarlamak icin bir calisma
yuratmustar.

KKKA’da salgin baslangic noktasi inek, keci, koyun
gibi ciftlik hayvanlandir. Hastalik insanlara enfekte
hayvanlarin kanina temasla, keneler araciligiyla
veya hasta bireylerin vicut sivilarina temasla
bulasmaktadir. Hastalik olimcildir ve herhangi
bir asis1 veya tedavisi bulunmamaktadir. Enfekte
kisilerin beste dordinde herhangi bir semptom
gorilmemektedir ve bu durum hastaligin yayilmasini
kolaylastirmaktadir. Bolgede oncelikle insanlarda ve
hayvanlarda hastaligin yayginligim 6lgmek icin bir
tam testi uygulanmis, toplumda ozellikle hastalik
acisindan riskli bireylere de bilgi, tutum ve uygulama
CDC bir

calisma protokolu olusturmus, veri toplama oOncesi

bilesenleri olan bir anket yapilmistir.

veri toplama ile ilgili bir egitim diizenlemis ve veri

toplama asamasin yerinde izlemistir. Ekipler anket ve
tan testi icin 30 koy ziyaretinde bulunmus ayrica test
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icin kene de toplamislar. Tani testi yapilan bin kisiden
besinin son dort ay icinde on dorduntin ise dort aydan
daha once enfekte oldugu tespit edilmistir. Son
dort aydan daha once enfekte olan on dort kisinin
tamaminin hayvanlarla direkt temas gerektirenislerde
calismaktaymis. Tespit edilen kisilerin bircogunun
hastalik bildiriminin yapilmadigr fark edilmistir.
Ankete katilan her bes kisiden yalmzca birinin
riskli miidahaleler yapacag zaman kisisel koruyucu
ekipman kullandigt  bulunmustur. Hayvanlardan
toplanan kenelerin %97°den fazlasinin hastalikta
vektor olarak roli bulunan Ixodidae ailesinden
oldugu, hayvanlarin %1,2’sinde hastalik tasiyan bir
kene varlig1 ve kenelerde sadece Ivermectin’in etkili
oldugu tespit edilmistir. Bu calisma ile bolge KKKA
ile ilgili bircok bilgi toplanmistir. Bolgede toplumun
KKKA ile ilgili bilgi ve becerisini artirmak icin cesitli
kampanyalar, insanlara ve hayvanlara yonelik tarama
sayilarinin arttinlmasi ve ilaca direng ile ilgili daha

fazla calisma yapilmasi planlanmistir (36).
SONUC

insan, hayvan ve cevre sagliginin yakin iliskisi
ve saglik sorunlarinin karmasik yapisi nedeniyle
ortak saglik sorunlar ile ilgili kalic1 ¢oziimler elde
edebilmek icin disiplinlerin konu ile ilgili ayrn ayn
cozumlerinden ziyade disiplinler uUsti tumelci bir
37).
yaklasimin gerceklestirilebilmesi icin kamu otoritesi

yaklasim olusturulmalidir (5, Bu bitlncil
onderliginde kurulacak yerel ve ulusal yapilarin
sistemlerini entegre edecek ve toplum katiimin1 da
saglayacak yapilarin olusturulmasi gerekmektedir(38).
Bu entegre yapilarin iilkenin Tek Saglik kapsaminda
¢ozum uretilebilecek oncelikli sorunlarini belirlemesi

CIKAR CATISMASI

gerekmektedir. Tek Saglik kapsaminda belirlenen
oncelikli sorunlarla ilgili olarak ilgili disiplinlerden
akademisyenlere de damsarak bir miidahale plan
gelistirilmeli ve bu mudahale planlan pilot bolgelerde
gerceklestirildikten sonra mevcut eksiklikler saptanip
ulusal diizeyde uygulanmalidir. Tek Saglik yaklasim
bircok farkli disiplin tarafindan kabul gormus ve cesitli
saglik sorunlarinda uygulanmis olsa bile (22) Tek
Saglik ile ilgili iyi kurgulanmis uygulamalardan elde
edilecek sonuclara yeni uygulamalarin kurgulanmasi
icin ihtiyac vardir. Bu ylizden Tek Saglik ile ilgili
uygulamalar yerel, ulusal ve uluslararasi kaynaklarla
desteklenmelidir.

Kisa donemde kamu otoritesi farkli disiplinlerin
katilimiyla  gerceklestirilecek bir calisma ile
ulusal diizeyde Tek Saglik ile ilgili bilgi alisverisini
kolaylastiracak disiplinler Ustu bir yap1 planlanmali,
orta donemde bu yapinin ilk orneklerinin pilot

calismalarla  bolgesel  oncelikleri  belirlemesi
saglanmali ve bu pilot yap1 oOnceliklere yonelik
uygulamalar planlayip  uygulamalidir. Uzun

donemde ise bolgesel diizeyde yapilan uygulamalar
degerlendirilip tiim bolgeleri kapsayacak sekilde
uygulama genisletilmelidir. Konu ile ilgili olarak
Tek Saglik yaklasimimin halk sagligi sorunlari ile
ilgili
olmak, gerekli onlemleri daha erken ve daha genis

saglayabilecegi risklerden erken haberdar
bir yelpazede alabilmek, kalici ¢cozimler icin farkl
disiplinlerin esgiidiim icinde calismasini saglayabilmek
gibi faydalarn g6z oniinde bulunduruldugunda halk
sagligi uygulamalan icin elverisli bir ara¢c olarak
kullamlmasiyararli olacaktir. Her asamada uluslararasi
izlenmesi,

vizyon ve uygulamalarin is birlikleri

oncelenmeli ve ulusal calismalara yansitilmalidir.

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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