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TURK HIJYEN VE DENEYSEL BiYOLOJi DERGISI YAZIM KURALLARI

Dergide yayimlanmak lizere gonderilen yazilar, Tiirk Hijyen ve Deneysel Biyoloji
Dergisi yazim kurallarina gore hazirlanmalidir. Basvurular www.turkhijyen.org
adresinden “Cevrimici Makale Gonder, Takip Et, Degerlendir Program”
araciligiyla on line olarak yapilabilir.

Gonderilen yazilarda asagidaki kurallara uyum aramir. Kurallara uymayan
yazilar daha ileri bir incelemeye gerek goriilmeksizin yazarlarina iade edilir.

1. “Telif Hakki Devir Formu” tiim yazarlarca imzalanarak onaylandiktan sonra
dergimizin makale kabul sistemine yiiklenmelidir.

2. Makale basligi, ingilizce baslik, kisa baslik, yazar adlar, calisilan kurumlara
ait birimler, yazisma isini Ustlenen yazarin a¢ik adresi, telefon numaralan
(sabit ve cep), elektronik posta adresi belirtilmelidir:

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

c. Calisma bilimsel bir kurulus ve/veya fon ile desteklenmisse dipnot veya
tesekkir bolimiinde mutlaka belirtilmelidir.

d. Makale, kongre/sempozyumda sunulmussa sunum tiirii ile birlikte dipnot
veya tesekkiir boliimiinde mutlaka belirtilmelidir.

3. Yazilardaki terimler mimkiin oldugunca Tiirkge ve Latince olmali, dilimize
kullamlmalidir. Oz Tiirkce’ye 6zen gosterilmeli ve Tiirkce kaynak kullanimina
onem verilmelidir.

4. Metin icinde gecen mikroorganizma isimleri ilk kullanildiginda 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 gegen
climlelerde stafilokok, streptokok gibi dilimize yerlesmis cins adlan Tirkce

yazilmali; uluslararasi standardlara 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 c¢ift aralikla
yazilmali ve sayfa kenarlarindan 2,5 cm bosluk birakilmalidir.

8. Yazarlar arastirma ve yayin etigine uymalidir. Klinik arastirmalarda, calismaya
katilanlardan bilgilendirilmis olur alindiginin gere¢c ve ydntem bdélimiinde
belirtilmesi gerekmektedir. Gonillii ya da hastalara uygulanacak prosediirlerin
ozelligi tiimiyle anlatildiktan sonra, kendilerinin bilgilendirilip onaylarinin
alindigin1 gosterir bir ciimle bulunmalidir. Yazarlar Helsinki Bildirgesi’nde
ana hatlan cizilen ilkeleri izlemelidir. Yazarlar, bu tiir bir calisma s6z konusu
oldugunda, uluslararasi alanda kabul edilen kilavuzlara ve yirirliikte olan tiim
mevzuatta belirtilen hiikiimlere uymali ve “Etik Kurul Onay1”’n1 gondermelidir.

9. Hayvanlar iizerinde yapilan calismalar icin de gereken izinler alinmaly;
yazida deneklere agri, ac1 ve rahatsizlik verilmemesi icin neler yapildig1 acik
bir sekilde belirtilmelidir.

10. Hasta kimligini tanitacak fotograf kullamldiginda, hastamin yazili onayi
gonderilmelidir.

11. Arastirma yazilari;

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

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

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

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

d) Giris: Arastirmanin amac1 ve gerekcesi giincel literatir bilgisi ile
desteklenerek iki sayfayr asmayacak sekilde sunulmalidir.

e) Gere¢ ve Yontem: Arastirmanin gerceklestirildigi kurum/kurulus ve
tarih belirtilmeli, arastirmada kullamlan 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 karsilastinnlmalidir. Arastirici, kendi yorumlarim bu boliimde
aktarmalidir.

h) Tesekkiir: Ana metnin sonunda kaynaklardan hemen 6nce yer almalidir.
Tesekkiir boliimiinde calismaya destek veren kisi, kurum/kuruluslar yer
almalidir.

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

Siireli yayn: Yazar(lar)in Soyadi Adinin bas harf(ler)i (alt1 veya daha az yazar
varsa hepsi yazilmalidir; yazar sayis1 yedi veya daha coksa yalmz ilk altisim
yazip “et al.” veya “ve ark.” eklenmelidir). Makalenin basligi, Derginin Index
Medicus’a uygun kisaltilmis ismi, Yil; Cilt (Say): ilk ve son sayfa numarasi.

« Standard dergi makalesi icin 6rnek: 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.

« Yazar verilmemis makale icin ornek: Anonymous. Coffee drinking and
cancer of the panceras (Editorial). Br Med J, 1981; 283: 628.

« Dergi eki icin 6rnek: 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. Kaginci 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 bolimii: Bolim yazar(lar)in soyadi adinin basharf(ler)i. Bolim baslig.
In: Editor(ler)in soyadi adinin basharf(ler)i ed/eds. Kitabin adi. Kaginc1 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 VIIl). 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.

j) 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)” bolimiine bakiniz.

k) Sekil ve Tablolar: Her tablo veya sekil ayr bir sayfaya basilmali, alt ve
Ust cizgiler ve gerektiginde ara siitun cizgileri icermelidir. Tablolar, “Tablo
1.” seklinde numaralandirilmali ve tablo baslig1 tablo iist cizgisinin istiine
yazilmalidir. Agiklayici 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.

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

13. Derleme tiirli 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
kelime icermelidir) ve anahtar kelimeler bulunmalidir. Derleme tiirii yazilar
icin kaynak sayis1 en fazla 60 olmalidir.

14. Olgu sunumlarinda metin yedi sayfay1 asmamalidir. Tiirkce ve ingilizce
olarak baslik, 6zet ve anahtar kelimeler ayrica giris, olgu ve tartisma bolimleri
bulunmalidir. Olgu sunumu tiirli yazilar icin kaynak sayisi en fazla 20 olmalidir.

15. 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. Editore Mektup bir sayfayr asmamali ve kaynak sayis1 en fazla 10
olmalidir.

16. Bu kurallara uygun olmayan metinler kabul edilmez.
17. Yazarlar teslim ettikleri yazinin bir kopyasini saklamalidir.

Tirk Hijyen ve Deneysel Biyoloji Dergisi

Halk Saglig1 Genel Mudirlugi

Tel : (0312) 565 55 79

Faks : (0312) 565 55 91

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



WRITING RULES OF TURKISH BULLETIN OF HYGIENE AND EXPERIMENTAL BIOLOGY

Articles should be prepared according to the rules of the Turkish Bulletin of
Hygiene and Experimental Biology. Submissions can be made online at the
address www.turkhijyen.org through the Online “Manuscript Submission,
Tracking, Evaluation Program”.

Manuscripts are checked according the following rules. If the rules are not
adhered to, manuscripts will be returned to the author.

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, short title, author name(s), names of institutions and
the departments of the authors, full address, telephone numbers (landline and
mobile) and 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”. Importance should e given to use pure Turkish language and as many
as Turkish references.

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
Systéme International (SI).

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

7. Only 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. The Turkish Bulletin of Hygiene and Experimental Biology expects the authors
to comply with the ethics of research and publication. 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
the authors do not have a local ethics committee, the principles outlined in the
“Declaration of Helsinki” should have been followed. Authors should declare that
they have followed the internationally accepted latest guidelines, legislation and
other related regulations and should sent “Approval of the Ethics Committee”.
9. 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.

10. In case patient photos are used which shows his/her ID, a written informed
consent of the patient on the use of the photos must be submitted.

11. 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).

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, Unlii 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
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Community approach towards COVID-19 in Turkey: one month
after the first confirmed case

Hiilya SIRIN', Gamze KETREZ', Ahmad Abed AHMADI', Ahmet ARSLAN', Emre ALTUNEL',
Ibrahim Sefa GUNES', Ebru SECILMIS', Secil OZKAN?, Metin HASDE!

ABSTRACT
During this time when the COVID-19

is rising in Turkey, assessing the knowledge, attitude

Objective:

and practices of the public about the COVID-19 will
be useful in finding out whether the interventions
to control the outbreak are effective and viable.
Furthermore, such studies are needed to properly
manage the outbreak process and cast light on future
interventions. This study aims to assess the knowledge,
attitude and practices of people in Turkey about the
COVID-19.

Methods: A cross-sectional survey was implemented
and 21
questionnaire. The survey was applied online, and social

between 11 April 2020 using an online
media platforms were used to reach out to the highest
number of people who met the inclusion criteria (i.n.,
people aged 18 or older). The questionnaire consists of
three parts (socio-demographic 40 questions, medical
history, and knowledge, attitude, and practice section).
Descriptive statistics and a comparison of participants’
knowledge degrees about COVID-19 is tested using the

Chi square test.

Results: A total number of 8505 participant were

OZET

Amag: Yeni koronaviriis hastalig1 icin koruyucu
hakkinda bilgi
degerlendirmek, salgin kontrolii

onlemler toplumun tutum ve

davramslarim icin
uygulanan miudahalelerin etkinlik ve uygulanabilirlik
diizeyini saptamakta fayda saglayacaktir. Ayrica, bu
konudaki calismalar salgin surecini yonetebilme ve yeni
yapilacak miidahalelere 151k tutmasi acisindan gereklidir.
Bu nedenle calismamizin amaci Tirkiye’de yasayan
bireylerin Yeni Koronavirlis Hastaligi hakkinda bilgi,

tutum ve davranislarin1 saptamaktir.

Yontem: Bu kesitsel calisma 11-21 Nisan 2020
tarihleri arasinda bir cevrimici anketi 10 kullamilarak
uygulanmistir. Anket cevrimici olarak uygulandi ve dahil
edilme kriterlerini karsilayan en yiiksek sayida kisiye
(ornegin, 18 yas ve Ustl) ulasmak icin sosyal medya
platformlarn kullanildi. Anket formu sosyodemografik,
saglik 6zgecmis ve bilgi, tutum ve davrams sorularim
iceren ¢ bolimden olusmaktadir. Calismanin tanimlayici
sonuclan Katiimcilarin

verilmistir. sosyodemografik

ozeliklerine gore bilgi, tutum ve davranislarinin

analizinde ki-kare testi kullanilmistir.

Bulgular: Calismada toplam 8505 kisi katilmistir.
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accepted for the study. 59.3% (5045) of respondents
were women and 77.7% (6808) had a university degree or
higher. 85.6% (7277) of the participants had a good level of
knowledge about COVID-19. Over 90% of participants have
answered the questions about the mode of transmission
of the COVID-19, symptoms,
and treatment correctly. 55.2% (4696) of respondents

risk groups, isolation,

thought that the disease would be successfully taken
under control in Turkey and 38.6% (3282) in the world
eventually. 55.6% (4731) believed that the COVID-19
will not go away when the weather gets warmer. 35.1%
(2983) believed that getting the disease is preordained by
fate. The most frequently practiced protective behaviors
included hand hygiene, staying at home and wearing
mask outside. 98.8% reported that they use their hands in
order to protect theirselves from COVID-19.

Conclusion: Though, the knowledge attitude and
practice of participants in our study was evaluated
high, there were some knowledge and practice gaps in
study population that should be considered in further
community interventions. The future interventions
for the epidemic control need to consider social
determinants such as the level of education, employment

status and religious beliefs of people.

Key Words:
attitude, behavior

COVID-19, pandemic, knowledge,

Katilimcilarin %59,3’U (5045) kadin ve %77,7’si (6808)
Uiniversite veya Usti seviyede egitim diizeyine sahipti.
Katiimcilarin  %90’1indan fazlas1 hastaligin bulasma
yolu, belirtileri, risk gruplar, izolasyon ve tedavisi ile
ilgili sorulari dogru yanitlamistir. Katilimcilarin %55,2’si
hastaligin Tiirkiye’de ve %38,6’s1 ise diinyada basariyla
kontrol altina alinacagini disiinmektedir. Katiimcilarin
%55,6’s1

1sininca sona ermeyecegini ve %35,1’i hastalanmanin

Yeni Koronaviris enfeksiyonunun hava
kaderi oldugunu disiinmektedir. Korunmaya ydnelik
davranislardan en cok uygulananlar el hijyeni, evde
kalma, disarida maske takmadir. Katilimcilarin %98,8’i

hastaliktan korunmak icin ellerini yikiyormus.

Sonug: Calismamiz  kapsamindaki  kisilerin  bilgi
tutumu ve davramslan yiiksek olarak degerlendirilmis
olsa da, calisma poplilasyonunda daha sonraki toplum
midahalelerinde dikkate alinmasi gereken bazi bilgi ve
davranis bosluklar belirlenmistir. Gelecekte olabilecek
salgin kontrolii miidahalelerinde, insanlarin egitim
seviyesi, istihdam durumu ve dini inanclan gibi sosyal

belirleyicilerde dikkate alinmalidir.

Anahtar Kelimeler: COVID-19, pandemi, bilgi,

tutum, davranis

INTRODUCTION

The novel coronavirus disease (COVID-19) was
first defined when unexplained pneumonia cases
occurred among people who worked and shopped
at a seafood market in Wuhan, China, in December
2019 (1). Epidemiological studies on the disease
suggested that the disease extended beyond people
who consumed seafood. Therefore, people were
led to think that there was evidence of human-to-
human transmission (2,3). The latest studies indicate

Turk Hij Den Biyol Derg

transmission through droplets or direct contact (4).

The disease then went on to spread rapidly in
other countries. On 30 January 2020, WHO declared a
“public health emergency of international concern”.
On 11 March 2020, WHO announced the disease as a
pandemic (5).

The disease symptoms often include fever,

dry cough, shortness of breath, muscle soreness,



weakness, headache, chest pain, and diarrhea.
Severe cases are also characterized by respiratory
failure, renal failure, septic shock, and multi-organ
failure (6-8). It was reported that the clinical course
of the disease was more severe among people with
(e.g.,

diseases,

underlying chronic illnesses hypertension,

diabetes, respiratory cardiovascular
diseases, cancer, etc.) and the elderly (6,9). Yet, it
is also known that some people tested positive for

COVID-19 are asymptomatic (10-12).

As COVID-19 is a
preventive measures including wearing masks, hand

communicable disease,

hygiene, staying away from crowded areas, and
social distancing are significant in the prevention and
outbreak control (13).

Contacts of patients identified through contact
tracing are quarantined for 14 days, which is the
disease’s incubation period (14).

Similar to other countries, Turkey took a number of
measures, including the shutdown of schools followed
by distance education, canceling all meetings, closure
of houses of worship, curfew on people aged =65
and under 20, and obligatory use of masks in public
areas in order to curb the spread of the disease.
The first case was detected in Turkey on 11 March
2020. This was followed by further awareness-raising
interventions such as developing and airing public
spots and the use of billboards (15).

During this time, when the COVID-19 is rising in
Turkey, assessing the public’s knowledge, attitude,
and practices about the COVID-19 will be useful in
finding out whether the interventions to control the
outbreak are effective and viable. There are no prior
studies conducted in Turkey on the assessment of
knowledge, attitude, and practices. Yet, such studies
are needed to properly manage the outbreak process
and cast light on future interventions.

Thus, this study aims to assess the knowledge,

attitude, and practices of people in Turkey towards
COVID-19.

MATERIAL and METHOD

Study Population

This was a descriptive survey. The survey was
implemented between 11 and 21 April 2020, one
month after the first case was confirmed in Turkey.
The survey was applied online, and social media
platforms were used to reach out to the highest
number of people who met the inclusion criterion
(i.e., people aged 18 or older). According to TURKSTAT
(The Turkish Statistical Institute)-2020 results,
the population aged 18 or older is 60278977. The
minimum sample size required was calculated as 9603
people within a 95% confidence level using the Epilnfo
computer programme (Centers for Disease Control
and Prevention, Atlanta, USA), assuming anticipated
frequency of 50.0% and absolute precision of 1.0%.
Respond rate was 89,9%. The survey was approved
by the Decision of the Ethical Committee of Gazi
University.

Questionnaire and Data Collection

The questionnaire was developed after reviewing
the literature, preventive strategies in Turkey, and
frequently asked questions on reliable websites.
Questionanarie language have taken as plain as
possible in order to make the questions simple and
easy to understand. The online questionnaire was
designed using Google forms and pre-tested online
on 15 people from different socio-demographic
backgrounds before it was finalized. The online
questionnaire was launched on Google forms on 11
April 2020, and data were collected for ten days. The
survey link was shared with the public using social
media (i.e., WhatsApp, Facebook, Instagram, and
Twitter).

The survey included questions on participants’
information, Medical history,
knowledge, attitude, and practices towards COVID-19.

socio-demographic

The socio-demographic section inquired about age,
sex, civil status, education level, employment status,
province of residence, whether there are individuals
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aged >65 or under 20 in the household, the existence
of any chronic disease and any other illness, and
smoking status. The section on knowledge, attitude,
and practices was included 20 questions: ten on
knowledge, five on attitudes, and five on practices.
The responses were designed as “True”, “False” and
“I Do not know” in the section on knowledge; “Yes”,
“No” and “I Do not know” in the section on attitudes,
and “Do the right thing” and “Do not do the right
thing” in the section on practices.

Statistical Analysis

Categorical variables were summarized with
count and percent and compared using The Chi-
Square Test. Responses to the question on occupation
were grouped as “health worker” and “other”, and
answers to the question on the province of residence
were grouped as “Istanbul” (where nearly 2/3 of
the cases in Turkey occur) and “other”. Regarding
responses to practices, “l never go out” and “l go
out for essential needs” were considered the right
behavior for the question of staying at home. The
response “Yes, | wear a mask whenever | go out” was
considered proper for the question of using masks. As
regards the questions for measuring the knowledge
level, 1 point was given to each right answer marked
“True” and 0 to incorrect answers marked “False”
or “Do not know”. The evaluation was based on 10
points in total. Afterward, the knowledge level of
respondents was classified based on these scores
(0-5: poor, 6-8: fair, and 9-10: good). A Chi-square
test is used to analyze the knowledge, attitudes, and
practices of respondents based on socio-demographic
characteristics. All data management and statistical
analysis of the study is done in SPSS 25.0 packages.
A p<0.05 was considered statistically significant in all
statistical analyses.

RESULTS

Eight thousand six hundred forty respondents
completed the survey, of which 135 people who
participated from abroad Turkey did not complete the
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survey properly were excluded, and 8505 participants
were considered for final evaluation. People from all
provinces of Turkey participated in the survey. Of
total respondents; 59.3% (5045) were woman, 38.9%
(3310) aged 36-50 years, 29.1% (2471) aged 21-35
years, 68.4% (5817) were married, 63.4% (5393) were
working, 77.7% (6808) had a university degree or
higher, and 17.7% (1501) lived in istanbul province.
Participants’ age groups, civil status, employment
status, work arrangement, and the province of
residence had significantly differed across gender
(p<0.001) (Table 1).

The knowledge level of respondents about the
COVID-19 was classified as “good”,”fair” and “poor”.
According to this classification, 85.6% (7277) had a
good level of knowledge.

The knowledge level of participants seemed to
increase in proportion to their level of education
(p<0.001). The knowledge level was higher among
married respondents compared to single participants
(p=0.003),
are better informed than unemployed individuals

and respondents currently employed
(p<0.001). Health workers had a higher level of
knowledge than other professions (p<0.001). Detailed
comparison of participants’ level of knowledge about
COVID-19 according to their
characteristics is shown in Table 2.

socio-demographic

Over 90% of participants have answered the
questions about the mode of transmission of the
COVID-19, symptoms, risk groups, isolation, and
treatment correctly. The percentage of correct
response was the lowest in the questions about the
vaccine 85.8% (7299) and transmission from pets to
humans 78.3% (6657) (Table 3).

55.2% (4696) of respondents thought that the
disease would be taken under control in Turkey, and
38.6% (3282) in the whole world eventually. 55.6%
(4731) believed that the COVID-19 would not go
away when the weather gets warmer. 35.1% (2983)
believed that getting the disease is preordained by
fate (Table 4).



Table 1. Socio-demographic Characteristics of Respondents by Sex

Variable Male n (%) Female n (%) Total n (%) p*
Age (n=8505)
<20 113(3.3) 198(3.9) 311(3.7)
21-35 889(25.7) 1582(31.4) 2471(29.1)
36-50 1326(38.3) 1984(39.3) 3310(38.9)
51-64 1000(28.9) 1164(23.1) 2164(25.4) <0001
65£ 1323(3.8) 117(2.3) 249(2.9)
Civil Status (n=8505)
Married 2587(74.8) 3230(64.0) 5817(68.4)
Single 873(25.2) 1815(36.0) 2688(31.6) 0001
Education Status
Primary School 189(5.5) 289(5.7) 478(5.6)
Secondary School 554(16.0) 865(17.1) 1419(16.7) 0.308
University and higher 2717(78.5) 3891(77.1) 6608(77.7)
Employment Status (n=8505)
Employed 2425(70.1) 2968(58.8) 5393(63.4)
Unemployed 1035(29.9) 2077(41.2) 3112(36.6) <0001
Work Arrangement (n=5394)
Goes to work every day 923(38.0) 614(20.7) 1537(28.5)
Goes to work in shifts 751(31.0) 881(29.7) 1632(30.3)
On paid leave 204(8.4) 386(13.0) 590(10.9)
On unpaid leave 93(3.8) 155(5.2) 248(4.6)
Works from home 367(15.1) 798(26.9) 1165(21.6) <0.001
On medical leave 66(2.7) 108(3.6) 174(3.2)
Other 22(0.9) 26(0.9) 48(0.9)
Province of Residence (n=8502)
istanbul 481(13.9) 1020(20.2) 1501(17.7)
<0.001
Other 2978(86.1) 4023(79.8) 7001(82.3)

%: Column. Bold: The difference between categories was evaluated by corrected p-value (Bonferroni method), and bolded
cells denote a subset of gender categories whose column proportions differ significantly from each other at the 0.05 level.

*p-value refers to the comparison of variables by sex.
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Table 2. Comparison of Knowledge Level of Respondents by Socio-demographic Characteristics (n=8505)

Characteristics Good n (%) Fair n (%) Poor n (%) p*
Sex
Men 2963(85.6) 470(13.6) 27(0.8) 45T
Women 4314(85.5) 702(13.9) 29(0.6)
Age
<20 209(67.2) 95(30.5) 7(2.3)
21-64 6859(86.3) 1044(13.1) 42(0.5)
65£ 209(83.9) 33(13.3) 7(2.8)
Education Status
Primary School 245(51.3) 211(44.1) 22(4.6)
Secondary School 1040(73.3) 362(25.5) 17(1.2) <0.001
University and higher 5992(90.7) 599(9.1) 17(0.3)
Civil status
Married 5026(86.4) 758(13.0) 33(0.6) S
Single 2251(83.7) 414(15.4) 23(0.9)
Employment Status
Employed 4757(88.2) 617(11.4) 19(0.4) G
Unemployed 2520(81.0) 555(17.8) 37(1.2)
Profession
Health worker 1586(92.9) 120(7.0) 2(0.1) A
Profession 5691(83.7) 1052(15.5) 54(0.8)
Province of residence
istanbul 1327(88.5) 170(11.3) 2(0.1) G
Other 5948(85.0) 1001(14.3) 49(0.7)
Smoking status
Yes 1997(83.7) 380(15.9) 10(0.4) Ao
No 5280(86.4) 792(13.0) 41(0.7)
Chronic disease
Yes 1660(85.9) 262(13.6) 11(0.6) L6
No 5616(85.5) 910(13.9) 40(0.6)
Is there a household member aged 20 or younger?
Yes 4026(84.2) 720(15.1) 35(0.7)
No 3251(87.5) 450(12.1) 16(0.4) <0.001
Is there a household member aged >65?f
Yes 1183(84.1) 210(14.9) 14(1.0) e
No 6094(85.9) 960(13.5) 37(0.5)

%: Row. *P-values indicate column total. Bold: The difference between categories was evaluated by corrected p-value
(Bonferroni method), and bolded cells denote a subset of row categories whose proportions differ significantly from each

other at the 0.05 level.
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Table 3. Correct and Wrong Answers of Respondents to Questions about the COVID-19 (n=8505)

Variable Correct answer n(%) | Wrong answer n(%)
The COVID-19 is transmitted by inhaling the droplets from infected 8222(96.7) 283(3.3)
persons when they cough or sneeze.
You may cgntact the COVID-19 by touching contaminated surfaces and 8443(99.3) 62(0.7)
then touching your face, eyes, nose, or mouth.
The most common symptoms of the COVID-19 are fever, dry cough, and 8449(99.3) 56(0.7)
shortness of breath.
The COVID-19 has a higher risk of causing severe disease and death among
the elderly and persons with underlying diseases (e.g., asthma, diabetes, 8432(99.1) 73(0.9)
cardiac disease).
People infected with the COVID-19 do not infect others unless they have 7697(90.5) 808(9.5)
symptoms such as fever, cough, etc.
People Yvho have contacted COVID-19 patients must be isolated in an 8368(98.4) 137(1.6)
appropriate place for at least 14 days.
Isolatmg.and treating people H?fected with COVID-19 is an effective way 8363(98.3) 142(1.7)
of reducing the spread of the virus.
There is a vaccine for the COVID-19 7299(85.8) 1206(14.2)
Children and young adults do not need to take measures to protect from
the COVID-19 7768(91.3) 737(8.7)
The COVID-19 is transmitted from pets to humans. 6657(78.3) 1848(21.7)
%: Row
Table 4. Respondents’ Attitudes about the COVID-19 (n=8505)
Variable Yes n (%)* No n (%)* | Do not know n(%)*
| think the COVID-19 will be successfully controlled in 4696(55.2) 1782(21.0) 2027(23.8)
Turkey
| think the COVID-19 will be successfully controlled in the 3282(38.6) 2291(26.9) 2932(34.5)
whole world
| think that the COVID-19 will go away when the weather 1115(13.1) 4731(55.6) 2659(31.3)
gets warmer
| may get the COVID-19 no matter how many measures |
take if it is the call of fate 2983(35.1) 4002(47.1) 1520(17.9)
| believe hand hygiene and hygiene, in general, are
essential in controlling the outbreak 8450(99.4) 20(0.2) 35(0.4)

%: Row
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The difference in attitudes of respondents toward
the COVID-19 was statistically significant when
evaluated in terms of sex, age, education status, civil
status, employment status, smoking status, province
of residence, and presence of a household member
aged 265 or 20 years or younger (p<0.001).

Men and people with primary education tended to
believe in a higher percentage that the disease will
be controlled in Turkey and worldwide eventually.

Respondents aged less than 65, respondents with low
education levels, health workers, respondents living
in other cities than istanbul, and participants without
chronic disease tend to have a stronger belief that
getting the COVID-19 is the call of fate (Table 5).

The most commonly adopted practices to protect
from the COVID-19 include hand hygiene (hand
washing and using disinfectants), staying at home,
and wearing masks outside (Figure 1).

Table 5. Respondents’ Attitudes towards the COVID-19 by Certain Characteristics (%)

It will be : It will be It will go away | beligve get.ting Hygiene rules
controlled in control!ed when the weather | the disease is are important
Turkey worldwide gets warmer the call of fate
Sex
Men 58.5 43.6 13.2 34.8 99.3
Women 53.0 35.2 13.0 35.3 99.4
p* <0.001 <0.001 0.774 0.626 0.863
Age
<20 56.6 38.3 16.7 37.6 98.1
21-64 55.5 38.5 13.0 35.5 99.4
65£ 43.0 40.6 11.2 17.3 98.8
p* 0.003 0.806 0.113 <0.001 -
Education Status
Primary School 72.6 45.4 24.3 52.5 96.4
Secondary School 59.5 40.8 16.0 39.5 99.1
University and higher 53.0 37.6 11.7 32.9 99.6
p* <0.001 0.001 <0.001 <0.001 <0.001
Civil status
Married 57.6 39.4 13.9 35.2 99.5
Single 50.0 36.9 11.5 34.7 99.1
p* <0.001 0.030 0.003 0.633 0.054
Employment Status
Employed 56.8 38.6 12.6 36.0 99.6
Unemployed 52.5 38.5 14.0 33.5 99.0
p* <0.001 0.930 0.053 0.022 0.002
Turk Hij Den Biyol Derg



Table 5 (cont.). Respondents’ Attitudes towards the COVID-19 by Certain Characteristics (%)

It will be ; It will be It will go away | belit‘eve get.ting Hygiene rules
controlled in control!ed when the weather | the disease is are important
Turkey worldwide gets warmer the call of fate
Profession
Health worker 53.6 34.6 13.8 38.4 99.8
Other Profession 55.6 39.6 12.9 34.2 99.2
p* 0.310 <0.001 0.374 0.001 0.007
Province of residence
istanbul 41.8 32.5 10.5 28.2 99.3
Other 58.1 39.9 13.7 36.6 99.4
p* <0.001 <0.001 0.001 <0.001 0.918
Smoking status
Yes 51.3 36.4 11.6 36.2 99.3
No 56.8 39.5 13.7 34.7 99.4
p* <0.001 0.008 0.012 0.192 0.865
Chronic disease
Yes 52.6 37.9 11.7 32.1 99.3
No 56.0 38.8 13.5 35.9 99.4
p* 0.008 0.505 0.034 0.002 0.632
Is there a household member in the risky age group?
Both <20 and 265 55.5 39.9 14.1 37.0 99.5
One of the above 57.9 38.6 13.9 37.8 99.4
risky age group
i:‘;?_‘:;‘fggfg:‘o‘z”;ber 50.4 38.2 11.5 30.0 99.3
p* <0.001 0.756 0.007 <0.001 0.776

%: Row. *P-values indicate column total. Bold: The difference between categories are evaluated by corrected p-value

(Bonferroni method), and bolded cells denote a subset of row categories whose proportions differ significantly from each

other at the 0.05 level.
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Figure 1. Percentage Distribution of Practices of Respondents about Measures against the COVID-19 (n=8505)

The difference in practices of respondents was
found to be statistically significant when evaluated
in terms of sex, age, education status, civil status,
employment status, smoking status, province of
residence, and presence of a household member aged
>65 or 20 years or younger (p<0.05).

Female respondents stayed at home more
(p<0.001); the rate of wearing masks (p<0.001) was
also higher among them, and they washed their hands

more (p=0.026) than male participants.

From the perspective of age groups, respondents
aged <20 and =265 stayed at home more, and those
aged 21-64 and 265 years wearied masks more than
other participants (p<0.001). From the perspective
of education status, the tendency to use masks
outside was higher among university graduates
than the primary school graduates (p=0.002), and
using contactless credit cards were practiced lower
among people with primary school level of education
(p<0.001). Single respondents stay at home more
than married participants (p<0.001). On the other
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hand, the use of masks (p<0.001), hand washing
(p<0.001), use of contactless credit cards (p<0.001),
and using hand disinfectants (p=0.033) were more
common among married respondents. Respondents
that do not work were more attentive to staying at
home and using masks outside (p<0.001) compared to
participants that work, and the respondents that work
use contactless credit cards and hand disinfectants
(p<0.001) more than those who do not work. From the
perspective of professions, respondents who are not
health workers stay at home more (p<0.001), but the
use of masks and contactless credit cards (p<0.001)
is higher among health workers. Residents of Istanbul
stay at home (p<0.003) and use contactless credit
cards more (p<0.001). Non-smokers stay at home use
masks outside (p<0.001) and contactless credit cards
more than smokers (p=0.016). Respondents with
chronic illnesses were more attentive to using masks
than those without any chronic disease (p<0.001).
The use of contactless credit cards is lower among
respondents with a household member aged <20 and
265 years (p=0.002) (Table 6).



Table 6. Adopting the Right Practices about the COVID-19 by Certain Characteristics (%)

Staying at | Wearing masks Washing Using contactless Using Hand
home outside hands credit cards Disinfectant

Sex

Men 88.5 82.5 98.5 68.4 96.1

Women 93.5 91.5 99.0 67.0 96.1
p* <0.001 <0.001 0.026 0.180 0.867
Age

Aged 20 years and younger 98.7 81.4 95.5 62.1 95.5

Aged 21-65 91.0 88.0 98.9 67.8 96.1

Aged =65 98.4 91.2 98.8 66.3 97.2
p* <0.001 <0.001 <0.001 0.094 0.579
Education Status

Primary School 92.7 83.9 96.7 49.6 94.4

Secondary School 90.8 88.1 98.6 62.4 96.1

University and higher 91.5 88.1 99.0 70.0 96.2
p* 0.835 0.002 <0.001 <0.001 0.127
Civil status

Married 90.9 89.1 99.1 69.4 96.4

Single 92.6 85.2 98.2 63.7 95.4
p* 0.013 <0.001 0.001 <0.001 0.033
Employment Status

Employed 87.1 87.2 99.0 69.0 96.7

Unemployed 98.9 88.9 98.6 65.1 95.1
p* <0.001 <0.001 0.095 <0.001 <0.001
Profession

Health worker 81.3 91.1 99.2 74.7 96.8

Profession 94.0 87.0 98.7 65.8 95.9
p* <0.001 <0.001 0.069 <0.001 0.098
Province of residence

istanbul 93.4 89.7 99.1 72.9 96.0

Other 91.0 87.5 98.8 66.4 96.1
p* 0.003 0.058 0.315 <0.001 0.859
Smoking status

Yes 88.8 85.5 98.7 65.6 95.9

No 92.5 88.8 98.8 68.3 96.2
p* <0.001 <0.001 0.713 0.016 0.491
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Table 6 (cont.). Adopting the Right Practices about the COVID-19 by Certain Characteristics (%)

392

Staying at | Wearing masks Washing Using Using Hand
. contactless .
home outside hands . Disinfectant
credit cards
Chronic disease
Yes 92.2 91.8 98.9 69.0 96.3
No 91.2 86.7 98.8 67.1 96.0
p* 0.182 <0.001 0.636 0.112 0.615
Is there a household member in the risky age group?
Is there a household member 90.7 87.7 98.7 66.5 95.6
aged 20 or younger?
Is there a household member 92.3 89.9 98.9 65.3 97.4
aged >65?
Are there household members
aged 20 years and younger and 88.9 88.8 98.6 62.0 96.9
>65?7
NP LBV ol mEmlacr D 42 91.8 87.2 99.0 69.3 96.4
at-risk age group
p* 0.072 0.636 0.630 0.002 0.182

%: Row. *P-values indicate column total. Bold: The difference between categories is evaluated by corrected p-value

(Bonferroni method), and bolded cells denote a subset of row categories whose column proportions differ significantly from

each other at the 0.05 level.

DISCUSSION

The female-male ratio in our study was higher.
The employment status also reflected the general
situation in the country; the number of employed
men was higher than that of female participants
(16). Likewise, smoking prevalence was higher among
men than women, consistent with the data from the
Turkish Tobacco Atlas (17).
level of the respondents was higher than the Turkey

The overall education

average. This was most likely because the survey
was conducted online, and respondents had to use
smartphones and computers.

More than 90% of the respondents correctly
answered 8 of the knowledge questions. The
researchers also think that the increasing number

Turk Hij Den Biyol Derg

of epidemiological studies and the emergence of
reliable information from December to the day (that
this study started) helped to raise the knowledge
level of the public in the country. Another critical
factor is that this study was conducted one month
after the pandemic announcement and the first
case in Turkey. Similarly, a survey in the Netherlands
showed an increase in knowledge levels in time (18).

90.5% of the participants correctly answered the
question “People infected with the novel coronavirus
do not infect others unless they have symptoms such
as fever cough, etc.” and 91.3% correctly answered
the statement “Children and young adults do not need
to take measures to protect from the COVID-19”.
The rates of the correct response to these questions
in a similar study in the US were 79.3% and 84.9%,



respectively (19). Besides other reasons, the overall
high level of education seems to explain the high
knowledge level among respondents. Because the
knowledge level increases in proportion to the level
of education, this was the case in a study in Egypt, too
(21). There was no statistically significant difference
between the sexes in our study, even though many
studies in the literature suggest a higher knowledge
level among female participants (20, 22).

Moreover, the difference between health workers
and other professions was not statistically significant
in responding to the questions on “the symptoms of
the disease and isolation of contacts.” Health workers
were relatively well informed about it because Turkey
engaged in extensive public information activities in
the period of one month from the first confirmed
case until the time of our survey. One could suggest
that the Ministry of Health in particular and local
CSOs,
and the media generally increased efforts to raise

administrations, professional organizations,

public awareness in the said period of time.

The rate of the correct response to the knowledge
statements “There is a vaccine for the COVID-19” and
“The COVID-19 is transmitted from pets to humans”
was below 90%. The possible reason for this is that
information about the vaccine and transmissibility of
pets is still somewhat unclear.

55.2% of respondents thought that the disease
would be taken under control in Turkey, and 38.6%
believed it would eventually be controlled worldwide.
This rate was higher in a Chinese study (20). The
likely reason for this is that WHO had not announced
the disease a pandemic back then, and people mostly
believed that its spread would remain limited. In
our study, respondents with higher education status
believed that the pandemic would not be taken under
control.

Fatalism is known to be associated with a lack of
measures and taking risks. A high level of fatalism
reduces efforts for having information and taking
measures among patients of cancer and similar

diseases and increases risk-taking among adolescents
(23, 24). Fatalism was included as an aspect of our
survey because fatalistic attitudes in Turkey are an
essential factor in health. In our study, the fatalistic
attitude was significantly higher among female
respondents. Similarly, a study among university
found that fatalistic attitudes
considerably higher among female students (25). This

students were
leads one to think that women have more fatalistic
tendencies in general.

Although they are optimistic in general, the
respondents do not think the disease will disappear
when the weather gets warmer. This is possible
because there are COVID-19 cases in warm climates,
including African countries (26). In contrast, health
workers have a stronger belief that the disease will
go away when the weather gets warmer, and they
display more fatalistic attitudes.

Again, non-smokers were more optimistic than
smokers that the disease will be taken under control,
and it will disappear when the weather gets warmer.
Smokers and respondents with chronic illnesses
seemed to be more worried. Married respondents and
participants with someone aged 20 or younger in the
household were more hopeful.

The tendency to believe that getting the disease is
the call of fate and that the disease will be controlled
in Turkey and worldwide gets lower as the education
level increases. On the other hand, the importance
attached to hygiene increases parallel to the level of
education. The fact that the majority of respondents
think hand hygiene and hygiene, in general, are
important in outbreak control is consistent with
the results of a Hong Kong study on avian influenza,
where the majority of participants thought active
personal hygiene measures reduced the flu risk (27).
A knowledge and attitude survey of health workers
in Vietnam found that the majority of respondents
correctly believed that washing hands is effective in
preventing transmission (28).

In our study, the most commonly practiced
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preventive measure was “handwashing”. A study in
Turkey indicates that 61.6% of the population wash
their hands more than ten times a day. Moreover,
78% believe that washing hands is very important in
preventing diseases (29). The fact that 99% of the
respondents in our survey thought that hand washing is
important indicates that washing hands is indeed the
most crucial measure in protecting from the disease.
This also shows the importance and effectiveness of
public awareness to throw media and other channels.
In our survey, “using contactless credit cards” ranked
the lowest among the inquired protective measures.
This is possible because contactless credit cards are
not commonly used in Turkey.

87.9% of the respondents wear masks. This rate
is lower compared to some countries (98%) and
higher when compared to others (24%) (19, 20). The
researchers also think that using masks could be
affected by sociocultural differences in the countries
and time of a given survey. Because mask use became
widespread and mandatory in different countries
at different times, another potential factor is the
difficulty of getting masks. Furthermore, the US
study was conducted before the recommendations
of the WHO and CDC about mask use. The survey
in Turkey was conducted after wearing masks
became mandatory in Turkey. This could explain the
difference between the surveys. Initially, masks were
recommended for patients and contacts alone. Today,
however, people are urged to wear masks in public
areas (30, 31). CDC has recently recommended that
cloth masks could be used to cover the face (32). The
US study was conducted on 17 March. 19 However, the
Turkish Ministry of Interior announced mandatory use
of masks when visiting marketplaces, grocery stores,
and public workplaces on 3 April 2020, and our study
was conducted on 11-21 2020. The researchers
believe that this rule affected public behavior and
the responses to the survey (33).

The rate of staying home was higher among
respondents aged 20 or younger and 265 as both
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groups were already subject to a curfew by the time
our survey was collecting data. In addition, attention
to other practices (including using masks, washing
hands, and using hand disinfectants etc) increases in
older respondents.

This is consistent with our study: women, older
respondents, and participants with higher education
levels better observe preventive practices. Cross-
sectional studies on SARS in Singapore and Hong
Kong suggested similar results (34, 35). However,
no association was found between these factors and
preventive methods in the Dutch study (36).

Similar to the literature, our survey found lower
compliance with measures among smokers compared
to non-smokers (37). Smoking is an overall risk for
health, and it is expected to be a risk factor for the
COVID-19.

Compliance with the measures was higher
among respondents with chronic illnesses than those
without any chronic condition. This was particularly
true for using masks. The researchers think that
an underlying chronic disease raises concerns and
sensitivity, resulting in better compliance with
A study in Canada suggested

that respondents who feel more at risk of SARS took

preventive measures.

more measures. This is consistent with our study (38).

LIMITATIONS

Given the extraordinary circumstances of the
pandemic, the survey conducted online through
social media platforms as the possibility of a national
sampling survey using face-to-face interviews
was precluded due to the measures and the social
distancing rule in the country. This result may have
been obtained due to the higher education and
health literacy levels of the participants compared
to the general population. In addition, the number of
female participants in our study is higher than that of
men, and they are weak in representing the general

population.



CONCLUSION

In times of public health threats such as pandemics,

the prudence, and interventions of
countries have a substantial effect on the knowledge,

attitudes, and practices of the population. In Turkey,

strategies,

the first case was detected later than in other
countries, and this was helpful in using the experience
of others. The political measures were supported by
intervention programs by the mass media in order to
guide the knowledge, attitudes, and practices of the
public.

Although our survey, which was conducted one
month after the first case was confirmed, was limited
to online media, it has nevertheless reached out to
a significant number of respondents in the pandemic
conditions. The findings of the survey suggest
that the population is sufficiently informed about
the COVID-19. This underlines the importance of
informing people using mass media. The survey shows
that this has been adequately done in the country.

Mass media is crucial in raising the health literacy of

the population, particularly in times of emergencies
that threaten public health.

Our results suggest that interventions aiming to
change the knowledge, attitude, and practices of the
public should consider social determinants of health,
including education level, employment status, and
religious beliefs.

Besides knowledge, other positive factors include
country-wide restrictions (curfew on holidays, curfew
imposed on specific age groups, mandatory use of
masks in public areas, etc.) and enabling interventions
(distributing free masks, paid and unpaid leave for
employees, etc.). Our study found a high level of
compliance with the measure of staying at home. In
times of public health threats, therefore, informing
the population needs to be supported with enabling
conditions and a number of mandatory practices.

As a result, it is necessary to repeat studies on
knowledge, attitudes, and practices of the population
regularly in times of pandemics in order to identify
gaps and develop timely recommendations.

Turk Hij Den Biyol Derg

395



396

REFERENCES

Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et
al. Early transmission dynamics in Wuhan, China,
of novel coronavirus-infected pneumonia. N Engl J
Med, 2020;382(13):1199-207.

Chan JFW, Yuan S, Kok KH, To KKW, Chu H, Yang J,
et al. A familial cluster of pneumonia associated
with the 2019 novel coronavirus indicating person-
to-person transmission: a study of a family cluster.
Lancet, 2020;395(10223):514-23.

Kang M, Wu J, Ma W, He J, Lu J, Liu T, et al. Human-
to-human transmission of 2019-novel coronavirus
(2019-nCoV). medRxiv, 2020; published online
Jan1. DOI:2020.02.03.20019141.

Modes of transmission of virus causing COVID-19:
implications for IPC precaution recommendations.
https://www.who.int/news-room/commentaries/
detail/modes-of-transmission-of-virus-causing-
covid-19-implications-for-ipc-precaution-
recommendations (accessed May 6,2020).

World Health Organization (WHO). Novel
coronavirus (2019-nCoV). Situation report. https://
www.who.int/docs/default-source/coronaviruse/
situation-reports/20200207-sitrep-18-ncov.
pdf?sfvrsn=fa644293_2 (accessed May 6,2020).

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al.
Clinical Characteristics of 138 Hospitalized Patients
With 2019 Novel Coronavirus-Infected Pneumonia
in Wuhan, China. JAMA, 2020;323(11):1061-9.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et
al. Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China. Lancet,
2020;395(10223):497-506.

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et
al. Epidemiological and clinical characteristics
of 99 cases of 2019 novel coronavirus pneumonia
in Wuhan, China: a descriptive study. Lancet,
2020;395(10223):507-13.

Turk Hij Den Biyol Derg

10.

11.

12.

13.

14.

155

16.

17.

Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al.
Clinical course and risk factors for mortality
of adult inpatients with COVID-19 in Wuhan,
China: a retrospective cohort study. Lancet,
2020;395(10229):1054-62.

Bai Y, Yao L, Wei T, Tian F, Jin D-Y, Chen L, et al.
Presumed Asymptomatic Carrier Transmission of
COVID-19. JAMA, 2020;323(14):1406-7.

Lai CC, Liu YH, Wang CY, Wang YH, Hsueh SC,
Yen MY, et al. Asymptomatic carrier state, acute
respiratory disease, and pneumonia due to severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2): Facts and myths. J Microbiol Immunol
Infect, 2020; published online Mar 4. https://doi.
org/10.1016/j.jmii.2020.02.012.

Rothe C, Schunk M, Sothmann P, Bretzel G, Froeschl
G, Wallrauch C, et al. Transmission of 2019-
NCOV infection from an asymptomatic contact in
Germany. N Engl J Med, 2020;382(10):970-1.

CDC. Coronavirus Disease 2019 (COVID-19), How to
Protect Yourself &Others. 2020. https://www.cdc.
gov/coronavirus/2019-ncov/prevent-getting-sick/
prevention.html (accessed May 7,2020).

Turkish Ministry of Health. COVID-19 (SARS-Cov-2
Infection) Guide, Scientific Committee. 2020.
https://covid19bilgi.saglik.gov.tr/depo/rehberler/
COVID-19_Rehberi.pdf (accessed May 5, 2020).

Turkish Ministry of Health. 14 Rules to Counter the
Novel Coronavirus Risk, 2020. https://covid19bilgi.
saglik.gov.tr/depo/afisler/Halk/COVID-19_14_
KURAL_AFIS_50X70.pdf (accessed May 6, 2020).

Tiirkiye Istatistik Kurumu. Istatistiklerle Kadin,
2019. http://www.tuik.gov.tr/PreHaberBultenleri.
do?id=33732 (accessed May 2,2020).

The Tobacco Atlas, Turkey, 2015. https://
tobaccoatlas.org/country/turkey/ (accessed May
2,2020).



18.

19.

20.

21.

22.

23.

24,

25.

Bults M, Beaujean DJMA, de Zwart O, Kok G, van
Empelen P, van Steenbergen JE, et al. Perceived
risk, anxiety, and behavioural responses of the
general public during the early phase of the
Influenza A (H1IN1) pandemic in the Netherlands:
results of three consecutive online surveys. BMC
Public Health, 2011;11(1):2.

Clements JM. Knowledge and behaviors
toward COVID-19 among U.S. residents during
the early days of the pandemic. medRxiv,
2020; published online April 2. https://doi.
org/10.1101/2020.03.31.20048967 (preprint).

Zhong B-L, Luo W, Li H-M, Zhang Q-Q, Liu X-G, Li
W-T, et al. Knowledge, attitudes, and practices
towards COVID-19 among Chinese residents during
the rapid rise period of the COVID-19 outbreak: a
quick online cross-sectional survey. Int J Biol Sci,
2020;16(10):1745-52.

Abdelhafiz AS, Mohammed Z, Ibrahim ME, Ziady HH,
Alorabi M, Ayyad M, et al. Knowledge, Perceptions,
and Attitude of Egyptians Towards the Novel
Coronavirus Disease (COVID-19). J Community

Health, 2020. https://doi.org/10.1007/s10900-
020-00827-7 .
AlLdowyan N, Abdallah AS, El-Gharabawy R.

Knowledge, Attitude and Practice (KAP) Study about
Middle East Respiratory Syndrome Coronavirus
(MERS-CoV) among Population in Saudi Arabia. Int
Arch Med, 2017;10 (254):1-12.

Ramirez AS. Fatalism and Cancer Risk Knowledge
Among a Sample of Highly Acculturated Latinas. J
Cancer Educ, 2014;29(1):50-5.

Haynie DL, Soller B, Williams K. Anticipating early
fatality: friends’, schoolmates’ and individual
perceptions of fatality on adolescent risk behaviors.
J Youth Adolesc, 2013;43(2):175-92.

Kaya A, Bozkur B. Kadercilik Egilimi ile Ozyeterlik
?nanCI ve Savunma Mekanizmalari Arasindaki iliskinin
Incelenmesi. Ege Egitim Derg, 2017;18(1):124-45

26.

27.

28.

29.

30.

3

32.

33.

Euronews. Covid-19 salgim sicak kita Afrika’da
46 llkeye yayildi, viriis Avrupa’dan geldi, 2020.
https://tr.euronews.com/2020/03/30/covid-19-
salg-n-s-cak-k-ta-afrika-da-46-ulkeye-yay-ld-virus-
avrupa-dan-geldi (accessed May 5, 2020).

Chan EYY, Cheng CKY, Tam G, Huang Z, Lee P.
Knowledge, attitudes, and practices of Hong
Kong population towards human A/H7N9 influenza
pandemic preparedness, China, 2014. BMC Public
Health, 2015;15(1):943.

Giao H, Le An P, Thi Ngoc Han N, Van Khanh T, Kim
Ngan V, Van Tam V. Knowledge and attitude toward
COVID-19 among healthcare workers at District 2
Hospital, Ho Chi Minh City. Asian Pac J Trop Med,
2020;13(March):6-11

Turkish Ministry of Health. Survey on Hand Washing
in Turkey, Ankara, 2012. https://sbu.saglik.gov.tr/
Ekutuphane/kitaplar/elyika_tr.pdf (accessed May
3, 2020).

Critically Important Antimicrobials For Human
Medicine. Geneva: World Health Organization. 6th
ed. 2018. https://apps.who.int/iris/bitstream/ha
ndle/10665/312266/9789241515528-eng.pdf, Date
Accessed: 07.06.2017

HASUDER Yeni Koronaviriis (COVID-19) Haber
Postas1 (06.04.2020) - Yeni Koronaviriis Hastaligi
2019. https://korona.hasuder.org.tr/hasuder-yeni-
koronavirus-covid-19-haber-postasi-06-04-2020/
(accessed May 4, 2020)

CDC. Recommendation Regarding the Use of Cloth
Face Coverings, Especially in Areas of Significant
Community-Based Transmission, 2020. https://
www.cdc.gov/coronavirus/2019-ncov/prevent-
getting-sick/cloth-face-cover.html (accessed May
4,2020).

Turkish Ministry of Interior. Sehir Giris/Cikis
Tebirleri ve Yas Sinirlamasi, 2020. https://www.
icisleri.gov.tr/sehir-giriscikis-tebirleri-ve-yas-
sinirlamasi (accessed May 3,2020).

Turk Hij Den Biyol Derg

397



34.

35.

36.

398

Quah SR, Hin-Peng L. Crisis prevention and
management during SARS outbreak, Singapore.
Emerg Infect Dis, 2004;10(2):364-8.

Lau JTF, Yang X, Tsui H, Kim JH. Monitoring
community responses to the SARS epidemic in
Hong Kong: From day 10 to day 62. J Epidemiol
Community Health, 2003;57(11):864-70.

Rugarabamu S, Byanaku A, Ibrahim M. Knowledge,
attitudes, and practices (KAP) towards COVID-19:
A quick online cross-sectional survey among
Tanzanian residents. medRxiv, 2020; published
online May 1. https://doi.org/10.1101/2020.04.2
6.20080820.

Turk Hij Den Biyol Derg

37.

38.

Tyas SL, Pederson LL. Psychosocial factors related
to adolescent smoking: A critical review of the
literature. Tob Control, 1998;7(4):409-20.

Maunder R, Hunter J, Vincent L, Bennett J, Peladeau
N, Leszcz M, et al. The immediate psychological and
occupational impact of the 2003 SARS outbreak in
a teaching hospital. Cmaj, 2003;168(10):1245-51.



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

Turk Hijyen ve Deneysel Biyoloji Dergisi

Identification of enterococci by MALDI-TOF-MS & 16S rRNA
sequencing isolated from squeezed cheeses and evaluation of
antibiotic susceptibility and antibacterial activity

Furkan AYDIN', Halil ibrahim KAHVE', Mustafa ARDIC!, ibrahim CAKIR?

ABSTRACT

Objective: This study aims to identify enterococci
isolated from squeezed cheeses by MALDI-TOF-MS and
16S rRNA sequence analysis and to evaluate antibiotic
resistance and antibacterial effects of these isolates

against some food pathogens.

Methods: Identification of 84 Enterococcus isolates
obtained from squeezed cheese was carried out using
MALDI-TOF-MS and 16S rRNA gene sequencing. The
isolates were tested for resistance to 14 different
The

antimicrobial effects of isolates against various food

antibiotics by the disc diffusion method.

pathogens were determined by the agar spot test.
SPSS 22.0.0 software (SPSS Inc., Chicago, USA) was
used for the assessment of the correlation between
variance analysis (ANOVA, F test) and antibacterial

results.

Results: As a result of sequence analysis; 33 (39.3%)
were described to E. faecalis, 29 (34.5%) to E. faecium,
14 (16.7%) to E. durans, 4 (4.8%) to E. gallinarum, 3
(3.5%) to E. casseliflavusand 1 (1.2%) to E. thailandicus.
Eighty-one isolates gave the same identification result
as the MALDI-TOF-MS method (96.43%). The difference

OZET

Amac: Bu calismanin amaci, sikma peynirlerden izole
edilen enterokoklarin MALDI-TOF-MS ve 16S rRNA sekans
analizleri kullamlarak tamimlanmasi ve bu izolatlarin
antibiyotik direncleri ile baz1 gida patojenlerine karsi

antibakteriyel etkilerinin degerlendirilmesidir.

Yontem: Sikma peynirlerden elde edilen 84
izolatinin  MALDI-TOF-MS yontemi ile

tanimlanmasi yapilmis ve 16S rRNA bolgeleri cogaltilarak

Enterococcus

sekanslanmistir. izolatlarin 14 farkli antibiyotige karsi
direnclikleri disk difuzyon yontemiyle incelenmistir.
Ayrica izolatlarin cesitli gida patojenlerine karsi
gosterdikleri antibakteriyel etkileri agar spot testi ile
belirlenmistir. istatistiksel degerlendirme icin varyans
analizi (ANOVA, F testi) ve antibakteriyel sonuclar
arasindaki korelasyonun tespiti icin SPSS 22.0.0 yazilirm

(SPSS Inc., Chicago, ABD) kullanilmisir.

Bulgular: Seksen-dort izolat 16S TrRNA sekans
analizi sonucunda; 33 (%39.3) E. faecalis, 29 (%34.5) E.
faecium, 14 (%16.7) E. durans, 4 (%4.8) E. gallinarum, 3
(%3.5) E. casseliflavus ve 1 (%1.2) E. thailandicus olarak
tanimlanmistir. Seksen bir izolat MALDI-TOF-MS yontemi ile

aym tammlama sonucunu vermistir (%96.43). izolatlarin
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between two identification methods has not been
found to be statistically significant (p>0.05); however,
MALDI-TOF-MS has some advantages over 16S rRNA
sequencing, such as being less labor-intensive, more
economical and faster. In total, 83.3% of the strains
A high
incidence of resistance was detected for nalidixic acid,

exhibited multidrug-resistant phenotypes.

oxacillin, and streptomycin. E. faecalis isolates were
found to show lower sensitivity to antibiotics tested
than E. faecium (p <0.05). The anti-listerial effect of
E. faecalis was determined among all enterococcal
isolates (p <0.05). Along with this, a strong correlation
was found between L. innocua and L. monocytogenes
inhibition. The results of antibacterial activity revealed
that enterococci are more effective for the inhibition

of Gram-positive food pathogens.

Conclusion: The correlation between the results
from the two identification methods showed that MALDI-
TOF-MS is a fast, economical, robust, and reliable
method for the characterization of enterococci. When
the results were examined in terms of food safety, it
was observed that squeezed cheese produced from raw
milk without using starter culture was reservoirs of
Enterecoccus spp. with multiple antibiotic resistance.
Enterococci, which does not carry multiple antibiotic
resistance, can be used in starter culture combinations
and in hurdle technology to prevent the growth of Gram-
positive food pathogens; however, to this end, virulence
determinants must be determined to achieve these

goals.

Key Words: Food, Enterococcus, MALDI, sequencing,

antibiotic resistance

Turk Hij Den Biyol Derg

tanmimlanmasinda kullanilan iki tamimlama yonteminin
arasinda anlamli bir fark bulunmamistir (p>0.05). Ancak
MALDI-TOF-MS yonteminin daha az is giicii gerektirmesi,
ekonomik ve hizli olmasi gibi bazi avantajlarinin oldugu
goriilmiistir. izolatlann %83.3’Uniin  coklu antibiyotik
direnci tasiig tespit edilmistir. izolatlarin nalidiksik asit,
oksasilin ve streptomisine karsi direncliklerinin yiiksek
oldugu saptanmisti. E. faecalis suslannmin kullamlan
antibiyotiklere karsi E. faecium’dan daha duisik duyarlilik
gosterdigi bulunmustur (p<0.05). Tiim enterokok izolatlan
icerisinde E. faecalis’in anti-listerial etkisi belirlenmistir
(p<0.05). Bununla birlikte, L. innocua ve L. monocytogenes
inhibisyonu arasinda guicli bir korelasyon saptanmstir.
Antibakteriyel ~ aktivitenin  sonuclan incelendiginde,
izolatlarin gida patojeni olan Gram-pozitif bakterilere kars

inhibasyon etkilerinin daha yiiksek oldugu gorilmiistir.
Sonug: Iki tammlama yonteminden elde edilen
MALDI-TOF-MS’nin

enterokoklarin karakterizasyonu icin hizli, ekonomik,

sonuclar arasindaki  korelasyon
saglam ve giivenilir bir yontem oldugunu gostermistir.

Sonuclar gida giivenligi agisindan incelendiginde,
starter kiltir kullamlmadan direkt olarak ¢ig siitten
uretilen sikma peynirlerin coklu antibiyotik direnci
tasiyan enterokok rezervuarlari oldugu gorulmistir.
Coklu

peynir

antibiyotik direnci tasimayan enterokoklar,

uretim teknolojisindeki baslangic  kulturu
kombinasyonlarinda, engel teknolojileri baglaminda ise
Gram-pozitif gida patojenlerinin gelismesini engellemek
icin kullanilabilir, ancak bu amaca ulasabilmek icin

viriilans determinantlarinin belirlenmesi gerekmektedir.

Anahtar Kelimeler: Gida, Enterococcus, MALDI,

sekanslama, antibiyotik direnci



INTRODUCTION

Enterococci are complex and essential members
of lactic acid bacteria (LAB). Owing to their strong
adaptability and resistance to extreme environmental
conditions, they are ubiquitously found in nature,
mostly in the gastrointestinal tracts of mammals as
well as soil, water, and some of the food products,
especially those of animal origin (1). It was assumed
that the presence of enterococci in dairy products
occurred due to inadequate hygiene practices as a
consequence of solely direct fecal contamination
(2). The Commission Regulation (EC) No 1441/2007
of 5 December 2007 ‘on microbiological criteria for
foodstuffs’ declares that enterococci in food is not
always due to fecal contamination and therefore
sets no limit for their presence in foods (3). They
play significant roles during the fermentation of
cheese products by enhancing the organoleptic
characteristics generally by proteolysis, lipolysis, and
citrate metabolism (4). They are also known to produce
inhibit
the growth of some food spoilage and pathogenic

bacteriocins, so-called enterocins, which
bacteria comprising Clostridium spp., Bacillus spp.,
Listeria monocytogenes, and Staphylococcus aureus
(5). Because of the ability to be used as adjunct or
co-culture, they have comprehensively been studied
for possessing beneficial properties in different foods,
especially in traditional raw milk cheeses (1).
Enterococci are not assumed as GRAS (Generally
Recognized as Safe) unlike most of other LAB. The
European Food Safety Authority did not recommend
them in the QPS (Qualified Presumption of Safety)
(6). On the other hand,
considered to be opportunist pathogens and are often

approaches they are
associated with hospital-acquired infections. Because
some of the species may be intrinsically resistant
to some antibiotics and show the ability to acquire,
accumulate, and transfer their plasmids encoding
antimicrobial resistance genes or virulence traits to
several food pathogens by horizontal gene transfer

@).

Enterococci can be found in raw milk as a
consequence of direct or indirect fecal contamination,
ability to
environmental conditions, they can survive through

and due to their resist extreme
the cheese-making process and ripening (1). The
researchers reported that enterococci populations in
cheeses produced from raw milk might vary between
10* - 10° cfu/g and 10° - 107 cfu/g in curd and during
(8).

cheeses are manufactured using raw

ripening, respectively Traditional ‘sikma/
squeezed’
milk (from raw sheep’s or cows’ milk or mixtures of
these milks) coagulated with artisanal animal rennet
without starter culture addition. Then the curd is
pressed by using heavy stones before scalding at high
temperatures. Scalded curd is molded by squeezing
with the hand before ripening (9). Although squeezed
cheese resembles ‘traditional Sicilian cheeses’, they
differ in shaping and ripening processes. To date,
Enterococcus spp. isolated from squeezed cheese
samples have not been deeply investigated regarding
their antibiotic and antimicrobial susceptibility.

For the identification of enterococci, traditional
or molecular methods, in which 16S rRNA region of
ribosomal DNA is amplified or species-specific primers
are used without additional sequence knowledge,
have been widely used so far (10). Since traditional
methods take time as well as giving indecisive
results, and molecular methods are expensive
and require trained laboratory staff, alternative
methods have been developed. Such as Matrix-
Assisted Laser Desorption lonization - Time of Flight
- Mass Spectrometry (MALDI-TOF-MS) in which protein
signatures of each microorganism is characterized
and then compared to a reference spectrum with a
succession log score ranging from 0.000 - 3.000 (11).

Based on the considerations mentioned above,
this study aims to identify enterococci isolated from
squeezed cheeses by MALDI-TOF-MS and 16S rRNA
sequence analysis, to evaluate antibiotic resistance

of the isolates to various clinically significant
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antibiotics, and to determine their inhibition against
different food pathogens.

MATERIAL and METHOD

Bacterial strains

The study has been conducted in Aksaray University
and Abant Izzet Baysal University Food Microbiology
laboratories in the summer of 2019. Eighty-four
Enterococcus isolates were supplied by Aydin and
Ardic (12) where detailed information of isolation
sources were given. The isolates were identified on
the species level by MALDI-TOF-MS (Bruker, Germany)
as described before (12). Briefly, single colonies
were smeared onto target polished steel plate (MSP
384; Bruker Daltonik GmbH, Karlsruhe, Germany),
and overlaid with 2 pL a-cyano-4-hydroxycinnamic
acid matrix solution in acetonitrile (Sigma-
Aldrich):ddH20:TFA  (Sigma-Aldrich) (50:47.5:2.5,
v/v). After crystallization, MALDI plate was inserted
(Bruker
Daltonics, Germany) equipped with an N2 laser. The
mass range used was 2.000-20.000 m/z. The MALDI-
TOF mass spectra were analyzed with MALDI-bioTyper
3.0 software (Bruker Daltonics, Karlsruhe, Germany)
with a laser intensity of 50 Hz. Results were recorded

into Microflex TOF mass spectrometer

as log scores. Score values between 2.300-3.000 were

evaluated to be true species identification, 2.000-
2.300 were secure genus identification, but probable
species identification, 2.000-3.000 were probable
genus identification. A list of identified strains to
have been used in the present study is in Table 1.

Molecular identification of the strains

The total DNA of the strains was extracted from
overnight cultures in Tryptic Soy Broth (Merck,
Germany) (TSB) following the protocol provided
by Promega Wizard Genomic DNA Purification
Kit (Promega, USA). The DNA concentration was
evaluated spectrophotometrically by NanoDrop ND-
2000 spectrophotometer (Thermo Scientific, USA).
Finally, the DNA of the strains were stored at -20 °C
until used as templates for amplification.

The DNA templates were used to amplify the
16S rRNA region. Amplification was performed as
reported, using the forward primer (Amp-F) 5-GAG
AGT TTG ATY CTG GCT CAG-3’ and reverse primer
(Amp-R) 5- AAG GAG GTG ATC CAR CCG CA-3' (Y is
Cor T, Ris Aor G). PCR mixture contained 1 pL of
template DNA, 10 pL 5x PCR buffer, 0.4 pL dNTPs,
1 pL of 20 mM primers FP and RP, 0.25 pL 5 U Taq
polymerase and sterile ddH20 up to 50 pL of total
volume. The reaction was performed with the
following program: 95 °C for 2 min, 20 cycles of 95 °C

Table 1. Bacterial strains previously identified by MALDI-TOF-MS

Enterococcus spp.

Number of isolates

Enterococcus faecalis 32
Enterococcus faecium 31
Enterococcus durans 13
Enterococcus gallinarum 4
Enterococcus casseliflavus 3
Enterococcus thailandicus 1
Total 84
Turk Hij Den Biyol Derg



for 30s, 55 °C for 20 s, and 72 °C for 30 s with a final
extension of 72 °C for 5 (13). The PCR products were
purified using a GeneJET PCR purification kit (Thermo
Scientific, USA) and analyzed on 1.2% agarose gel
electrophoresis to check the amplification. Then
the amplicons were sent to Soygen Biotechnology
(Istanbul, Turkey) for sequencing. The sequence data
were analyzed and performed via BLAST search in the
GenBank database to identify the closest available
reference sequences in the complete National Center
(NCBI)
collection (14). Accordingly, the accession numbers of
the isoletes submitted to NCBI are MK962023 through
MK962106. The 16S rRNA sequences of the strains
were arranged using Molecular Evolutionary Genetics

for Biotechnology Information nucleotide

Analysis (MEGA) 7.0 software. Phylogenetic trees
were constructed using the Neighbor-Joining (NJ)
method with 1000 bootstrap replicates (15).

Antibiotic susceptibility testing

Antimicrobial susceptibility tests were performed
by the disk diffusion method according to Clinical
and Laboratory Standards Institute (CLSI) (16). For
this purpose, clinically significant antibiotics were
spotted on Muller-Hinton Agar (Merck, Germany).
These include; ampicillin (10 pg), penicillin (10 pg),
teicoplanin (30 pg), vancomycin (30 pg), gentamycin
(120 pg), streptomycin (10 pg), ciprofloxacin (5
pg), chloramphenicol (30 pg), tetracycline (30
pg), erythromycin (15 pg), nalidixic acid (30 pg),
norfloxacin (10 pg), oxacillin (1 pg) and rifampin (5 pg)
(Bioanalyse, Turkey). Then the plates were incubated
aerobically at 37 °C for 24 h. According to diameter
of the inhibition zone, strains were categorized as
susceptible, intermediate, or resistant by taking into
account the criteria of the CLSI (16).

Growth inhibition of bacterial pathogens

An agar spot test was performed as described
elsewhere (17) with minor modifications. Briefly,
overnight cultures (10° cfu/mL) of each isolate to be
tested were spotted onto the surface of Tryptic Soy

Agar (TSA) (Merck, Germany) (containing 1.5%, w/v,
agar) and incubated for 24 h at 37 °C. The pathogenic
bacteria, which are Listeria monocytogenes ATCC
13932, L. innocua ATCC 33090, Staphylococcus
aureus ATCC 43300 and Escherichia coli ATCC 25922
were inoculated into 8 mL of TSA (containing 0.7%,
w/v, agar) at a final concentration of approximately
5x10¢ cfu/mL and poured over the plate on which the
potentially antimicrobial producer strain was grown.
After incubation for 16-24 h at 37 °C, the diameter of
the inhibition zone has been measured. Accordingly,
5-10 mm inhibition zone was evaluated as strong
inhibition (++), whereas inhibition zone between
1-5 mm were assessed to be weak inhibition (+). No-
diameter zone was evaluated to be no-inhibition as
negative (-).

Statistical analysis

Analysis of variance (ANOVA, F test) to compare
identification methods, and the correlation between
antibacterial results was performed using SPSS 22.0.0
software (SPSS Inc., Chicago, USA) to analyze between
groups. The level of significance of differences
between treatments was determined at p<0.05.

RESULTS

Among 84 enterococcal strains: 33 (39.3%) were
ascribed to E. faecalis, 29 (34.5%) to E. faecium,
14 (16.7%) to E. durans, 4 (4.8%) to E. gallinarum,
3 (3.5%) to E. casseliflavus and 1 (1.2%) to E.
thailandicus. Comparing to MALDI-TOF-MS results,
only three isolates have been characterized
differently as a result of 16S rRNA sequencing, as
indicated in Table 2. The difference between the
two identification methods has not been found to be
statistically significant (p>0.05).

Figure 1. represents the MEGA 7.0 alignments of
the 16S rRNA genes of genetically close and distinct
enterococcal strains indicating their phylogenetic
relationship with the formation of different subgroups.
Branches corresponding to partitions reproduced in
less than 50% bootstrap replicates are collapsed. The
analysis involved 84 nucleotide sequences. The cluster
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alignments analysis indicates that E. faecalis differs were clustered within the same subgroup. Similar to
from all other five species in a different cluster. E.  the relationship between E. faecium and E. durans,
thailandicus differs from E. durans with a number of E. casseliflavus, and E. gallinarum strains stay close
nucleotides substitution, however, these two species to each other, as well.

Table 2. Comparative identification results of the strains which differ in two methods

Isolate MALDI score MALDI-TOF-MS 16S rRNA Sequencing
AU11 2.090 E. faecium E. casseliflavus
AU24 2.165 E. faecium E. durans
AU45 2.127 E. casseliflavus E. faecalis
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Figure 1. The evolutionary history was inferred using the Neighbor-Joining method

Numbers on the branches represent bootstrap values obtained from 1000 bootstrap replications
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The results of antibiotic susceptibility testing,
according to CLSI, are summarized as percentages of
strains showing resistance (R), intermediate resistance
(I) and no-resistance (S) in Table 3. Accordingly,
analysis of the antimicrobial susceptibility of the
84 Enterococcus isolates revealed that all of the
strains were found to be resistant to nalidixic acid
(100.0%), which is followed by oxacillin (83.3%) and
streptomycin (79.8%). On the other hand, all strains
were assessed to be susceptible to norfloxacin. Along
with this, E. faecium strains were more resistant to
B-lactam group antibiotics than other species. Among
glycopeptides, a minimal amount of strains (n=3)

showed intermediate-resistance to teicoplanin, while
most of E. faecalis strains (93.9%) displayed either
intermediate or strict resistance to vancomycin.

On the other hand, 62.1% of E. faecium strains
were found to be susceptible to vancomycin. Among
aminoglycosides, especially strains of E. faecalis
(90.9%) and E. faecium (79.3%) exhibited more
resistance to streptomycin rather than gentamycin.
Furthermore, E. faecalis strains were assessed to be
more resistant to chloramphenicol, tetracycline, and
rifampin than others. Additionally, low frequencies of
resistance (n= 6) have been detected to ciprofloxacin
among all strains.

Table 3. Antimicrobial resistance profiles of enterococci against tested antibiotics (%)

E. faecalis E. faecium Enterococcus spp.* Total
Antibiotic (n = 33) (n = 29) (n = 22) (n = 84)

s | m [ R s | 1 | R s | 1 | R s | 1 | R
B-lactams
Ampicillin 87.9 12.1 58.6 41.4 | 77.3 22.7 | 73.8 26.2
Penicilin 100 - - 44.9 | 24.1 31.0 100 - - 80.9 8.4 10.7
Glycopeptides
Teicoplanin 93.9 6.1 - 96.5 3.5 - 100 = - 96.4 3.6 =
Vancomycin 6.1 63.6 | 30.3 | 62.1 17.2 | 20.7 | 81.8 9.1 9.1 44.1 345 | 21.4
Aminoglycosides
Gentamycin 60.4 15.2 | 24.4 | 343 17.4 | 48.3 9.1 18.2 | 72.7 | 38.1 16.7 | 45.2
Streptomycin - 9.1 90.9 6.9 13.8 | 79.3 | 13.7 | 22.7 | 63.6 5.9 14.3 | 79.8
Quinolones
Ciprofloxacin 75.8 15.2 9 75.9 17.2 6.9 95.5 = 4.5 80.9 11.9 7.2
Amphenicols
Chloramphenicol | 15.1 15.1 69.8 | 48.3 10.3 | 41.4 | 45.5 4.5 50.0 | 35.7 9.5 54.8
Tetracyclines
Tetracycline 6.1 39.4 | 54.5 | 62.1 13.8 | 24.1 50 45.5 4.5 36.9 | 28.6 | 34.5
Macrolides
Erythromycin | 24.3 | 242 | 51.5 | 17.3 | 310 | 51.7 [ 27.3 | 13.6 | 59.1 | 22.6 | 23.8 | 53.6
Others
Nalidixic acid - 100 100 100 100
Norfloxacin 100 = - 100 - 100 = - 100 = =
Oxacillin - 15.2 | 84.8 31.1 68.9 100 16.7 | 83.3
Rifampin 18.2 15.2 | 66.6 | 44.8 31 24.2 | 59.1 18.2 | 22.7 | 38.1 21.4 | 40.5
*: Enterococcus spp. includes E. durans, E. casseliflavus, E. gallinarum, and E. thailandicus strains
**: S: susceptible; I: Intermediate-resistant; R: resistant
-: Not detected.
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The summary of enterococci exhibiting resistance
to at least three antimicrobial agents is given in
Table 4. Accordingly, since enterococci are known to
have resistance to nalidixic acid intrinsically, it was
excluded while evaluating the multidrug resistance.
Out of 84 isolates, 70 (83.3%) were found to be
resistant at least three antibiotics, while 14 (16.7%)
of the isolates did not carry multidrug resistance.
Among species, E. faecalis was found to show more
resistance phenotypes than other species.

The antibacterial results of enterococcal strains
against selected food pathogens are summarized in
Table 5. Most of the isolates showed low inhibition
coli ATCC 25922 and S.

level against E. aureus

ATCC 43300. Along with this, 26 out of 33 strains of
E. faecalis showed strong inhibition effects against
L. innocua ATCC 33090, while three strains were
found to have had a more weakly inhibition effect.
It is followed by the strong effect of E. faecalis to
L. monocytogenes ATCC 13932. Comparing to other
Enterococcus species identified in this study, the
inhibition effects of E. faecalis against L. innocua
ATCC 33090, and L.
were statistically found to be significant (p<0.05).

monocytogenes ATCC 13932

Moreover, a strong correlation has been found on the
antimicrobial effect of E. faecalis against these two
food pathogens (p = 0.941).

Table 4. Resistance to multiple antibiotics detected among the strains
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E. faecalis E. faecium Enterococcus spp.* Total
(n = 33) (n = 29) (n = 22) (n = 84)
Resistance to 3 antibiotics 7 5 9 21
Resistance to 4 antibiotics 6 11 6 23
Resistance to 5 antibiotics 17 4 3 24
Resistance to 6 antibiotics 2 = 2

*: Enterococcus spp. includes E. durans, E. casseliflavus, E. gallinarum, and E. thailandicus strains

-: Not detected

DISCUSSION

Fastandreliable identificationin food microbiology
has become a real challenge. Since biochemical
methods based on phenotypic characteristics take
time and give indecisive results, these methods
have been mostly replaced by PCR based molecular
methods, particularly sequencing of the 16S rRNA
region in bacteria (18). Sequencing requires an
additional cost as well as being time-consuming.
Alternative methods, such as MALDI-TOF-MS, are still
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of concern, which gives identification result on species
level within a few minutes from a single colony grown
on an agar plate (19). Therefore, the comparison of
MALDI-TOF-MS and 16S rRNA sequencing, as well as
antibiotic resistance and antimicrobial activity to
various food pathogens, were aimed.

The results of this study revealed that 81 of 84
(96.4%) isolates were identified correctly on species
level (p>0.05) and are in accordance with several
studies, revealing that MALDI-TOF-MS could be a
powerful tool for fast and reliable identification



Table 5. Antibacterial activity of Enterococcus strains against selected reference food pathogens strains

Pathogens E ( nfa=e¢;%l )is E ( nfc;e;ig)m El nter?:o:cg;) spp.*

L. monocytogenes ATCC 13932

++ 23 (69.6%) 8 (27.6%) 1 (4.6%)

+ 5 (15.2%) 2 (6.9%) 3 (13.6%)
5 (15.2%) 19 (65.5%) 18 (81.8%)

L. innocua ATCC 33090

++ 26 (78.8%) 9 (31.0%) 2 (9.1%)

+ 3(9.1%) 1 (3.4%) 2 (9.1%)
6 (18.1%) 19 (65.6%) 18 (81.8%)

E. coli ATCC 25922

++ 1 (3.0%) 2 (6.9%) 4 (18.2%)

+ 8 (24.2%) 12 (41.4%) 7 (31.8%)
24 (72.8%) 15 (51.7%) 11 (50.0%)

S. aureus ATCC 43300

++ 2 (6.0%) 3 (10.3%) 5 (22.7%)

+ 11 (33.3%) 8 (27.6%) 2 (9.1%)
20 (60.7%) 18 (62.1%) 15 (68.2%)

*: Enterococcus spp. includes E. durans, E. casseliflavus, E. gallinarum, and E. thailandicus strains
Results are expressed as a result of diameters of the inhibition zone
++ inhibition zone 5-10 mm, + inhibition zone 1-5 mm, -: no inhibition zone

(20). Apart from other studies, two of E. faecium
strains and one E. casseliflavus strain have been
characterized differently as a result of 16S rRNA
sequencing. Strictly related species are likely a
problem owing to similarities in ribosomal proteins
that are the main proteins targeted by MALDI-TOF-
MS (20). Besides, assessment of intensities of the
common peaks obtained is sometimes not applicable
for differentiation between phase variants, especially
in the case of the high similarity of their profiles (21).
Based on the MALDI scores obtained for Enterococcus

isolates as seen in Table 2, which are below 2.300,
are in accordance with the fact that scores between
2.000-3.000 should not be accepted as correct
identification. According to results reported by
Aydin and Ardic (12), 17 out of 84 isolates had MALDI
scores between 2.000 - 2.300. 16s rRNA sequencing
confirmed 14 of them, for which identification
confidence is 82.35%. Since most of the researchers
assume 2.000 and higher MALDI scores as correct
identification on species level (2,44-45), care must

be taken within this regard.
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The 16S rRNA sequencing of the strains revealed
the presence of E. faecalis, E. faecium, E. durans,
E. gallinarum, E. casseliflavus and E. thailandicus.
Among all, E. faecalis and E. faecium were reported
to have been isolated from traditional cheeses as
members of dominant microflora by researchers
(22). The prevalence of E. faecalis, E. faecium and
E. durans have been associated with geographical
location and to lack of hygienic production
conditions since they are the most abundant in the
human gastrointestinal tract. At the same time,
E. casseliflavus and E. gallinarum strains are
ubiquitously found in environmental reservoirs (23).
Fewer reports have been released regarding the
identification of E. gallinarum, and E. casseliflavus
(13) from cheese samples, which are known to be
intrinsically vancomycin-resistant enterococci (VRE)
and to cause bloodstream infections (24). To best
of our knowledge, it is the first report revealing E.
thailandicus as a result of 16S rRNA gene sequencing
from traditional cheeses, which reveals that this
species cannot only be found in meat and meat-
based products. Therefore, the prevalence and the
contribution of this species to cheese technology
should be of interest as well as other non-dominant
enterococci. Such as E. hirae, E. gallinarum, and E.
italicus. This species was firstly isolated from sausage
specimens in Thailand by Tanasupawat et al. (25). It is
genetically similar to E. hirae by a ratio of 99.3-99.6%
and assumed to be isolated from mostly bovine feces,
which explains its prevalence in mostly meat and
fermented meat products (25). Although genetically
close species sometimes cause some problems when
MALDI-TOF-MS is used due to similarities in ribosomal
proteins, 16s rRNA sequencing indicated that MALDI-
TOF-MS is capable of differentiating E. thailandicus
from E. durans. These two species were clustered
in the same subgroup in the phylogenetic tree
constructed by Neighbor-Joining method with 1000
bootstrap (Fig 1).

The food chain is of great concern owing to being
the main route for the introduction of antibiotic-
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resistant enterococci from animal and environment
sources into the human gastrointestinal tract, where
the genes might be transferred to pathogenic bacteria
(7). In recent years, the concern about antibiotic
resistance has increased dramatically. Raw milk
cheeses harbor many sorts of bacteria, among which
enterococci constitute a considerable portion (1).
Among B-lactams, glycopeptides, and aminoglycosides
group antibiotics, only 5.9% of enterococci have been
found to be susceptible to streptomycin. These results
are in accordance with those reported by Karaalioglu
et al. (26). In combination with cell wall inhibiting
antibiotics like penicillin, and ampicillin which were
found to have inhibited the growth of the strains
by rates of 80.9%, and 73.8%, are the antibiotics
of choice for treating enterococcal infections, as
well (27). Since streptomycin or gentamycin has
been used in combination with penicillin in drinking
water to treat some animals, there is a possibility
that antibiotic-resistant enterococci may develop,
and be transmitted by food (7). The results obtained
in this study reveals that enterococci exhibited a
lower resistance to glycopeptides than other groups.
The reason for this is thought to arise from using
B-lactams and aminoglycosides more in common
alone or combination.

VRE has spread globally and has become a

significant cause of nosocomial infections as
opportunistic pathogens. Treatment of VRE infections
is hindered owing to resistance to multiple other
agents (28). The emerge of enterococci resistance to
vancomycin includes clinical overuse of antibiotics,
cross-resistance, and use of avoparcin, which is
a growth promoter in cattle, and which shares a
chemical similarity with vancomycin causing the
prevalence of vancomycin-resistant strains of
bacteria (29). According to the results, the resistance
between vancomycin (55.9%) and teicoplanin (3.6%)
was found to be significant (p<0.05), which are two
major glycopeptides. They constitute one of the few
available therapies of severe infections that occurred

by enterococci. Given the high number of cases, the



previously documented occurrence of transmission
of VRE to people via the food chain, and the failure
in the treatment, glycopeptides are classified as
being of the highest priority (30). Since the cow milk
is mostly used in the geographical regions in which
squeezed cheeses are manufactured, the difference
in the effect of these two antibiotics belonging to
glycopeptides on the strains is noteworthy. When the
results are investigated, E. faecalis strains displayed
lower sensitivity than E. faecium did (p<0.05),
which are in accordance with the results reported by
Shridhar and Dhanashree (31).

Erythromycin, chloramphenicol, and tetracycline
resistances, which are significant concerns for dairy
enterococci, were 77.4%, 64.3%, 63.1%, respectively.
Although the results reported by Sanlibaba and
Senturk (22) show lower resistance profiles, the
results obtained in this study are in accordance with
The
high prevalence of tetracycline and erythromycin

those reported by Yogurtcu and Tuncer (32).

resistance is in keeping with several studies
revealing the ubiquitous presence of tetracycline and
erythromycin resistance genes in the environment,
and animal facilities, and due to the efficient transfer
mechanisms of the resistance genes by conjugative
plasmids and transposons (33,34). The reason for the
difference between studies are thought to be often

strain- and region-dependent.

The highest resistance was observed in nalidixic
acid in all strains, which is an expected result since
most of the enterococcal strains have been reported
to have resistance to nalidixic acid intrinsically
(35).
transcription of mRNA, and evaluated to be an

Resistance to rifampin, which inhibits the

alternative drug to cure VRE infections, was found
to be the highest among E. faecalis strains (81.8%).
Our findings also indicate that all of the strains were
either intermediate or strictly resistant to oxacillin,
for which most enterococci have innate resistance
(36).

Multidrug resistance refers to resistance at least

three antimicrobial agents, which are found to be
83.33% (70 out of 84) in this study. Although Cariolato
et al. (37) previously reported that multiple antibiotic
resistance was uncommon among dairy enterococci,
our results are not in accordance with what they
stated. This frequency in multidrug resistance can
be related to efficient mechanisms for the transfer
of transposable genetic elements (33). On the other
hand, E. faecalis strains showed more resistance
phenotype than E. faecium did, which differs from
the results revealed by Sanlibaba and Senturk (22) but
resembles with those reported by Yuksel et al. (36).
Therefore, thinking that resistance to a significant
amount of antibiotics can be acquired from the strains
sharing the same microflora or environment, the
difference between the outcome of contrary studies
can be attributed to working with strains obtained
from different regions.

Antimicrobial  metabolites  synthesized by

enterococci contain mainly hydrogen peroxide,
and antibacterial peptides, namely bacteriocins/
enterocins (13). Our results have revealed that E.
coli, which is a Gram-negative bacterium, seems to
be more resistant to the antimicrobial activity of
enterococci to some extent than the Gram-positive
bacterial strains which agree with the results
reported by Veljovic et al. (38). As mentioned above,
even though the results obtained from other studies
are species- and strain-dependent, the anti-listerial
effect of E. faecalis strains has been statistically found
significant in this study (p<0.05), which resembles the

results reported by some other researchers (39).

To sum up, the correlation between the results
obtained from both MALDI-TOF-MS and 16s rRNA
sequencing demonstrates that MALDI-TOF-MS is a
fast, economical, robust, and reliable method for
characterization of enterococci, thereby could be
used as an alternative method on routine analysis.
From the point of view of safety perspective,
squeezed cheeses produced from raw milk without
the addition of starter culture includes a great
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amount of multiple antibiotic-resistant enterococci.
On the other hand, the results of antibacterial activity
revealed enterococci to be more effective against
tested Gram-positive food pathogens. In this way,
enterococci which do not carry multiple antibiotic
resistance can be used in starter culture combinations
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Age-specific anti-mullerian hormone nomogram in Sanliurfa

Adnan KiRMIT!, Ahmet Berkiz TURP?

ABSTRACT

Objective: Antimullerian hormone (AMH) levels
are generally considered a good predictor of ovarian
reserve. Sanliurfa, is the city with the highest fertility
rate in Turkey. The aim of this study is to determine the
age spesific serum AMH nomogram of the patients with
infertility complaints in Sanlurfa and its relationship

with fertility.

Methods: The records of patients who applied to
Harran University Research and Application Hospital
infertility outpatient clinic and whose AMH levels were
measured were reviewed retrospectively. All patients
registered between February 2017 and September 2018
were included in this retrospective study. A total of 3667
patient data were included in the study. Age-specific
distribution of AMH levels was determined. Serum AMH
levels of patients included in the study were routinely
determined in a single laboratory using the ECLIA method
in a C601 autoanalyser with the same brand kits, and
the results were expressed as ng/mL. Excessive values
(> 30 ng/mL) were excluded from evaluation and only
the first AMH value among multiple AMH measurements

was included in the nomogram.
Results: In the histogram analysis, we found that

AMH levels showed two peaks at the age of 19 and 23 and

OZET

Amag: Antimillerian hormon (AMH)

genellikle yumurtalik rezervinin iyi bir ongoriiclisi olarak

seviyeleri

kabul edilmektedir. Sanlurfa, Tirkiye’nin en yiiksek
dogurganlik oranina sahip ilidir. Bu calismanin amaci
Sanlurfa’daki infertilite sikayeti olan hastalarin serum
AMH diizeylerinin yasa 6zgli nomogramlarini belirlemek

ve dogurganlikla iliskisini saptamaktir.

Yontem: Harran Universitesi Arastirma ve Uygulama
Hastanesi infertilite poliklinigine miiracaat eden ve AMH
dizeyleri olclilmis olan hastalarin kayitlar retrospektif
olarak incelendi. Bu retrospektif calismaya Subat 2017
ile Eylil 2018 arasinda kayitli olan tim hastalar dahil
edildi. Calismaya toplam olarak 3667 hasta verisi dahil
edildi. AMH seviyelerinin yasa 6zgii dagilimi tespit edildi.
Calismaya dahil edilen hastalarin serum AMH diizeyleri,
ayn1 marka kitlere sahip bir C601 otoanalizoriinde ECLIA
yontemi kullanilarak tek laboratuvarda rutin olarak
saptanmis ve sonuclar ng/mL olarak ifade edildi. Asirn
degerler (>30 ng/mL) degerlendirme disinda tutuldu ve
birden fazla AMH 6lciimlerinden yalnizca ilk AMH degeri
nomograma dahil edildi.

Bulgular: Histogram analizinde, AMH duizeylerinin 19

ve 23 yasinda iki tepe noktasi gosterdigini ve daha sonra

azalan bir egilim gosterdigini tespit ettik. Serum AMH
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then entered a decreasing trend. Serum AMH levels were
negatively correlated with age (r = -0.518, p < 0.001).

Conclusion: This study presents a review of age-
specific AMH reference values detected in the same
conditions, based on a great number of women with
infertility complaints evaluated in Sanlurfa. It is clear
that, without clinical outcome data, the reference
values provided for AMH cannot be used alone for
counseling about a woman’s successful ovulation
induction or chances of having a child. Whereas, these
data may be useful for clinicians to evaluate the ovarian
reserve of infertile patients and individualizing the
treatment for this, by providing options to evaluate the
AMH value together with regional nomogram, instead of

mere the AMH value.

Key Words: in vitro

fertilization, infertility, ovarian reserve

Antimullerian hormone,

diizeyleri yas ile negatif korelasyon gosterdi (r = -0.518,
p <0.001).

Sonug: Bu calisma, Sanliurfa’da degerlendirilen

infertilite sikayeti olan cok sayida kadinda, aym
kosullarda saptanan yasa 6zgii AMH referans degerlerinin
Klinik

olmadan, AMH icin saglanan referans degerlerinin,

incelemesini  sunmaktadir. sonuc  verileri

bir kadimin basanli yumurtlama indiksiyonu veya
cocuk sahibi olma sans1 hakkinda danismanlik icin tek
basina kullamlamayacag1 aciktir. Bununla birlikte, bu
veriler klinisyenlerin infertil hastalanin yumurtalik
rezervini degerlendirmesinde ve bunun igin tedavinin
bireysellestirilmesinde

sadece AMH degeri yerine

bolgesel nomogramla birlikte degerlendirmelerine

imkan sunarak yararli olabilir.

Anahtar Kelimeler: Antimullerian hormon, yardimc

tureme teknikleri, kisirlik, over rezervi

INTRODUCTION

Sanlwurfa is the city with the highest fertility rate
in Turkey (1). It is located in southeastern Turkey,
it is based on the pre-existing history of 10.000 BC.
Being an important city in the Middle East, Sanlurfa
is home to many different ethnic cultures and has
the characteristics of representing the Middle East
ethnically.

Although the rate of fertility is the highest in
Turkey, infertility rate tends to rise here as well as
all over the world. In this respect, it has become an
attractive subject to investigate the factors affecting
fertility and infertility in Sanlurfa.

Many tests are currently being used in the female
factor research of infertility. Of these, age, antral
follicle count (AFC) and antimullerian hormone (AMH)
levels are generally accepted as the best predictors
of ovarian reserve (2). AMH is a common marker of
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ovarian reserve (3). However, AMH is accepted as the
best biochemical test for ovarian reserve (4).

AMH was first discovered in 1947 by Alfred Jost
(5). AMH is also called mullerian inhibiting agent,
mullerian inhibiting factor and mullerian inhibiting
hormone. It is a dimeric glycoprotein hormone
belonging to the “transforming growth factor-beta”
family (4). In humans, the Antimullerian Hormone is
encoded by the AMH gene located on chromosome
19p13.3 (6), while the AMH receptor is encoded by

the AMHR2 gene located on chromosome 12 (7).

Although the AMH assay is frequently used today,
there are discrepancies in the literature regarding
its direct association with pregnancy or birth rates.
In general, AMH levels play an important role in
determining the counseling provided for the patient
and choice of infertility treatment.



Currently, many studies have shown the correlation
between AMH and age. However, no data are based on
large samples of AMH values with age in Turkey. AMH
may have racial or environmental differences (8).
Thus, the external reference values may not apply
to Turkey.

The aim of our study was to determine the
distribution of AMH levels, which is the ovarian
reserve test, of the patients who applied to the
infertility outpatient clinic of the University Hospital
in Sanliurfa due to their desire to have a child, and
also to partly help determine the correct treatment
strategies for the patients in the future.

MATERIAL and METHOD

Study population

In this study, records of patients who applied to
Harran University Research and Application Hospital
Obstetrics Outpatient Clinic with the complaint of
child request, diagnosed with infertility and was
measured AMH levels were reviewed retrospectively.
All patients registered between February 2017 and
September 2018 were included in our retrospective
study. AMH data in the records were included
regardless of the period in which the menstrual cycle
occurred. Data of 3667 patients were included in
the study. 7 patients’ data were excluded because
of abnormal results (> 30 ng/mL) and among the
subsequent AMH measurements only the first AMH
value was included in the nomogram. As a result
3660 results were used for calculation. Demographic
characteristics of the patients were also examined
from the file records.

AMH assay

All serum AMH
same

were measured as
ECLIA
(Electrochemiluminescence Immunoassay Analyzer)

levels

routinely in laboratory  using

method on an C601 autoanalyzer (Roche, Rotkreuz,

Switzerland) with same-brand kits and the results
are presented as ng/mL. Within-run CV for AMH
concentrations ranging between 0.7 and 3.4%; and
the repeatability CV value were 1.2% for cobas e 601/
MODULAR ANALYTICS E 170 analyzers (9). The limit
of detection for AMH was 0.01 ng / mL. AMH values
of 125 patients whose results were below this were
adjusted to 0.01 ng / mL for statistical calculation.

Statistical analysis

Analyzes was performed using SPSS for Windows
version 22 (SPSS Inc. Co., Chicago, IL, USA). The
normality evaluation of AMH values was done by
Kolmogorov-Smirnov test and it was found that it did
not show normal distribution. Spearman’s correlation
analysis was used to analyze correlation between
serum AMH values and age. The linear R2 value was
calculated to evaluate the degree of fitting of the
curve and log-transformed AMH values were used to
establish the Simple linear regression model.

RESULTS

TIn our histogram analysis, we found that AMH
levels showed two peaks at the age of 19 and 23 and
then entered a decreasing trend (Figure-1). Table-1
summarizes the mean (95% Confidence Interval),
median, minimum, maximum and Interquartile
Range (IQR) values of different age groups. Figure 2
illustrates the trend of change of AMH presented in

Table 1.

Table 2 shows the patterns of decrease in AMH
levels according to age groups. Decrease rates of AMH
according to age groups increased with increasing
age. However, the increased acceleration in this
decline is not easily noticeable, as AMH levels decline
with age. The highest decreases were observed in the
age groups of 31-35, 26-30 and 21-25, respectively.

Although the rate of decrease was found to be
different for each age group, when all age groups

Turk Hij Den Biyol Derg
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were taken together, the correlation between AMH
levels and age was investigated and regression was
formulated.

The correlation of serum AMH values with patient
ages was negative (r = -0.518, p <0.001). The simple
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ANTIMULLERIAN HORMONE NOMOGRAM

linear regression model was log (AMH) = 1.698-
0.052 * age (R2 = 0.249, p <0.001), indicating that
approximately 24.9% of serum AMH concentrations
were age-related and that AMH values would decrease
by an average of 5.2% per year.

15161718192021222324252627282930313233343536373839404142434445464748495051525354
Age (year)

Figure 1. Age spesific AMH levels

Table 1. Distribution of AMH levels (ng/mL) in different age groups

Age Group n Mean SD
<20 150 3,89 (3,71 - 4,87): 3,6
21-25 662 3,85 (3,99 - 4,58) 3,85
26-30 893 3,16 (3,32 - 3,76) 3,34
31-35 780 2,34 (2,60 - 3,10) 3,54
36-40 695 1,14 (1,28 - 1,58) 2,03
41-45 375 0,52 (0,58 - 0,81) 1,09
246 105 0,16 (0,15 - 0,31) 0,40

a : 95% Confidence Interval

IQR : Interquartile Range

Median Min Max Q1 Q3 IQR

3,38 0,01 21,08 2,05 592 3,86
3,30 0,01 | 29,30 | 1,87 | 542 | 3,55
2,67 0,01 27,40 1,33 4,65 3,32
1,72 0,01 28,60 | 0,73 | 3,68 | 2,94
0,79 0,01 2227 026 1,77 1,50

0,30 0,01 8,14 0,06 | 0,88 0,81

0,06 0,01 2,23 0,01 0,23 0,21
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Figure 2. Serum AMH concentrations of different age groups. Values are median (short lines), mean (red point), 25-75th
percentiles (boxes) and 95% confidence interval (whiskers).

Table 2. Declining tendencies of AMH levels according to different age groups

Age Group n Mean? AMH Reduction Amount (ng/mL) AMH Reduction Ratio (%)
<20 150 3,89 0,04 1

21-25 662 3,85 0,69 18

26-30 893 3,16 0,82 26

31-35 780 2,34 1,20 51

36-40 695 1,14 0,62 54

41-45 375 0,52 0,36 69

246 105 0,16

a: According to 95% Confidence Interval
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DISCUSSION

In our study, serum AMH values was oppositely
proportional to rising age, and previous studies
confirm this output (10-12). There are similar analysis
data concerning AHM which is distributed according
to age in both Turkey and the entire world. Scheffer
et. al. stated that the AMH reached its peak level
after the 20s and progressively decreased after this
age (13). In the study by Zhu et al., the age at which
serum AMH levels reached its peak was 24 years (14).
In our study, the ages at which AMH reached its peaks
was 19 and 23 years old.

The fact that AMH reaches its peak at the age of
19, that the decline is stable after 23 years of age
and that the ovarian reserve decreases excessively
after the age of 31-35 seems to explain the biological
reason for the observational early child demand of
the people in Sanliurfa region. Akira lwase recent
review showed also that AMH is the most reliable
marker of ovarian reserve in a wide group of clinical
settings however poor for predicting menopause age
for rAMH trajectories of time to menopause and the
usability of AMH in the assessment of current fertility
is limited and dependent on age (15). See Ling Loy
et. al. study similiar results with Chinese women
however their study population different from ours.
Our study age starts detecting AMH values from age
16 compared to their starting age 26 which made it
possible to detect an earlier decline of AMH value at
an early age (16).

Such nomograms may have different local results,
as we have done and we have seen in other study
results. Such original studies are likely to benefit from
the following: When examining a patient with such
nomograms to be extracted in the future, it may be
more logical to evaluate the patient’s own age range
in her own region rather than merely assessing the
outcome of AMH as an indicator of ovarian reserve.

In this context, Barad et al. (10) demonstrated
that in women reaching IVF (In Vitro Fertilization),

Turk Hij Den Biyol Derg

age-specific AMH predicts low oocyte yield when it is
below the 25th percentile and higher oocyte yield if
it is above the age-specific 75th percentile. Our study
was retrospective and no anral follicle count was
performed. However, these local nomograms can help
clinicians choose the right treatment strategies at
the right time, taking into account local differences.
These local nomograms can help clinicians choose the
right treatment strategies at the right time, taking
into account local differences.

As a result, when considering the AMH value, the
patient can be provided with better information and
counseling compared to the average value generated
by the data pool. If local differences are too small to
be taken into account, perhaps in the future more
accurate AMH reference ranges can be identified by
combining all these data.

Although AMH is a very good ovarian reserve
marker, it is seen that some issues remain inadequate
in explaining infertility. One of them, AMH does not
have a full predictive value in terms of pregnancy and
delivery (17). So it is not a marker that guarantees
pregnancy or birth.

High AMH values can only stimulate the clinician
to be careful and take the necessary precautions. By
gathering such data in different parts of the world in
a common pool, it can be hoped that these data will
contribute to a more accurate clinical prediction.
It is important to include such nomograms in the
literature.

Although the AMH assay is frequently used today,
there are discrepancies in the literature regarding its
direct association with pregnancy or birth rates (15,
16). In general, AMH levels play an important role in
determining the counseling and choice of infertility
treatment.

We hope that with such published studies,
regional AMH nomograms can be used to increase
the pregnancy rate and success rate in infertility
treatments by providing more accurate counseling to
patients. One of the missing points of our study is that



the AMH blood levels, which are ovarian reserve, do
not include all women in Sanliurfa region. The results
here belong only to the patient population. Since AMH
is still an expensive test, it is not used as a screening
test in the world. In the future, as the test price
decreases and accessibility increases, larger data can
be obtained. Nevertheless, the data included in our
study reflects the general population to a large extent
because it is as high as 3600. The real weakness of this
study that we do not know the patients pregnancy
rates. This study consists of ovarian reserve data of
patients only. Future studies may designed as ovarian
reserves corelated with pregnancy rates. This study
can open a horizon also for future studies. We know
that AMH is not a scanning test of ovarian reserve
because of it is high costs, hence this study can open
a horizon also for future studies.
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Carbon monoxide contributes to the regulation of vascular
tonus in renal resistance arteries in spontaneously hypertensive
rats

Giinnur KOCER', Seher NASIRCILAR?, Filiz BASRALI®, Oktay KURU4, Umit Kemal SENTURK?

ABSTRACT

Objective: Carbon monoxide (CO), an end product of
heme oxygenase (HO) involved in the regulation of vascular
tone, may show a compensatory effect in the course of
hypertension. This study aimed to assess the effects of the
HO/CO system on the vascular tone of renal resistance

arteries in spontaneously hypertensive rats (SHRs).

Methods: The contribution of endogenous CO to
vascular tone in renal resistance arteries was evaluated
by the phenylephrine (Phe) contraction response with
or without an HO inhibitor. The effect of the exogenous
CO relaxation response was assessed by a CO releasing
molecule (CORM). The mechanism of the CO relaxation
effect was evaluated by a guanylate cyclase inhibitor,
0ODQ, or a potassium channel blocker, TEA. HO-1 and
HO-2 enzyme protein expressions in renal resistance

arteries were determined by Western blot analysis.

Results: Phe-induced constriction responses were
higher in renal resistance arteries of SHRs compared
to control animals. The extent of the same type of
constriction was even higher in the SHR group after
inhibition of CO production. Relaxation responses to a
CO donor, CORM, were greater in the SHR group versus

the control group. TEA, but not ODQ, suppressed CORM

OZET

Amagc: Vaskiiler tonusun dizenlenmesinde yer alan
karbon monoksit (CO), hipertansiyon gelisimi sirasinda
kompansatuar etki gosterebilir. Bu calisma, spontan
hipertansif sicanlarda (SHR) HO / CO sisteminin renal
direnc arterlerinin vaskiiler tonusu uzerine etkilerini

degerlendirmeyi amacglamistir.

Yontem: Renal direnc arterlerinde endojen CO’nun
vaskiiler tonusa katkisi, bir HO inhibitori varliginda ve
yoklugunda fenilefrin (Phe) kontraksiyon yaniti ile test
edildi. Ekzojen CO gevseme yamiti da CO donoru (Carbon
monoxide-releasing molecule (CORM))  kullanilarak
degerlendirildi. CO gevseme yanitinin mekanizmasi,
(0DQ)

kanal blokorii TEA ile degerlendirildi. Renal direng

guanilat siklaz inhibitoru veya potasyum

arterlerindeki HO-1 ve HO-2 protein ekspresyonlari

Western blot analizi ile saptand.

SHR’lerde kontrol

verilen

Bulgular: grubuna kiyasla

Phe’ye kasilma anlami1 olarak

yuksekti (p<0,05). HO inhibisyonu ile CO Uretimi

yaniti

engellendiginde SHR’de kasilma yanit1 daha da artti
(p<0,05). SHR sicanlarda CORM’a verilen gevseme
yanitlari da daha yiiksekti (p<0,05). Her iki grupta
da CORM yanitlarin1 ODQ baskilamazken TEA anlamli
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responses in both groups. HO-2 protein expression
patterns were not different between the groups, while
HO-1 expression was remarkably higher in SHRs when

compared to that in control rats.

Conclusion: Consequently, our results revealed a
CO-based compensatory effect in SHRs by the induction

of CO production and an increase in its bioavailability.

Key Words: CO, HO-1, SHR, renal resistance artery

olarak baskiladi (p<0,01). HO-2 protein ekspresyonu
acisindan gruplar arasinda farkli olmamakla birlikte
HO-1 ekspresyonu SHR’lerde kontrol grubuna gore

onemli 6lclide daha yuksekti.

Sonug: Sonuc olarak verilerimiz, SHR’lerin bobrek
direnc arterlerinde karbon monoksidin kompansatuar

etkisi oldugunu ortaya koymaktadir.

Anahtar Kelimeler: CO, HO-1, SHR, renal direng

arteri

INTRODUCTION

Carbon monoxide (CO) is one of the recently
accentuated relaxing mediators contributing to
vascular tone. CO is endogenously produced by
the heme oxygenase (HO) enzyme via degradation
of heme substances and acts as an important
regulator of vascular tone and blood pressure (1,
2). Its vasodilator effect and consequent decrease
in peripheral vascular resistance is based on the
(sGC)
or with the calcium-activated potassium channels
located in vascular smooth muscle cells (2-4). CO
and nitric oxide (NO) have similar physiological

interaction with soluble guanylate-cyclase

implications, and there is cross-talk between the
two, which affects the production and function of
each other (5). Deterioration of NO metabolism and
function is a well-known process in the development of
spontaneously hypertensive rats (SHRs). Accordingly,
the expressions of HO-1 and HO-2 enzymes, which
are endogenous sources of CO production, are
upregulated during the course of hypertension to
compensate for NO deficiency (5). Despite similar
biological effects, CO and NO cannot replace each
other. In some instances, their functions may be
different; in others, their functions may be synergistic
or antagonistic (6). Low CO concentrations induce
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NO release by eNOS activation, while high levels of
CO reduce eNOS enzyme activity (7). The effects of
the HO/CO system on renal vascular tone are well
described. HO-1 and HO-2 expressions are present
in both vascular and tubular structures of the kidney
(8). CO acts as a vasodilator in the renal circulation
regardless of being endogenous or exogenous (3, 4,
8, 9), and in vivo studies have demonstrated that the
inhibition of HO enzymes reduces renal blood flow
and depresses renal function (8, 10-12).

co,
hypertension, has protective effects on the kidney.

produced during the development of

For instance, besides its blood pressure-lowering
effects by the stimulation of the HO-1 enzyme, shown
in the one kidney - one clip (1K1C) renovascular
hypertension model (13), and the angiotensin Il (Ang
Il) salt-sensitive hypertension model stimulating
renal damage (14), CO can also reduce renal damage.
However, alterations in the HO/CO system in SHR
kidneys are still unknown.

The kidney has important implications in
blood pressure regulation, and renal damage
by hypertension is common (15-17). Functional

impairment of the renal vascular bed is an early sign
of renal damage in both SHRs and other experimental



hypertension models. Renal vascular damage is first
seen in the juxtamedullar cortex (18, 19), followed
by an elevation in systemic blood pressure (20).

Hypertension leads to vascular damage of

but
vasculature is affected as well (20). There are no data

resistance vessels in the periphery, renal
elucidating the process, possible alterations in CO
production, and CO bioavailability in renal resistance
arteries of SHRs. It is speculated that CO acts as a
backup for the NO molecule, and thus, the changes
in the HO/CO system in resistance vessels of SHRs
are worth investigating. Our present study aims to
investigate if CO affects renal resistance arteries of
SHR functionally, and if so, to evaluate the possible

mechanisms involved in the process.
MATERIAL and METHOD

Animals

Animals in the hypertensive group were 12-
15 week-old SHRs, while Wistar Kyoto rats (WKY)
represented the age-matched normotensive group
(Harlan Laboratories, Israel). The rats were housed
on a 12:12 h light-dark cycle at 23 + 2 °C with free
access to standard rat chow and drinking water. All
animal handling and experimental procedures were
approved by the Animal Care and Usage Committee
of Akdeniz University.

Systolic blood pressure measurements were
performed using a noninvasive tail-cuff method.
Blood pressure data were obtained with a MAY-
BPHR 9610-PC unit and an MP 150 data-acquisition
system (BIOPAC Systems; Santa Barbara, CA, USA) as
measurements were completed immediately before
euthanizing the animals.

Preparation of vessels

The animals were euthanized under pentobarbital
anesthesia by withdrawing the blood from the
abdominal aorta. Whole kidney samples were
immediately removed and then transferred to a

dissecting dish containing a cooled Krebs solution (110

mM NaCl, 5 mM KCl, 24 mM NaHCO3, 1 mM KH2PO4,
1 mM MgS04, 2.5 mM CaCl2, 10 mM glucose, and 0.02
mM EDTA). Resistance arteries of renal tissues (the
second-order; 2A branches of the renal artery; 200-
220 pm in diameter) were carefully isolated and then
dissected into 2-mm-long pieces under a dissection
microscope. Vessel segments were then mounted
onto a wire myograph chamber (EMKA Technologies,
Paris, France), and their basal wall tensions were
calculated using computer software (Normalize v1.0,
EMKA Technologies, Paris, France). All vessel samples
were rested for an hour at 37 °C and maintained at
the determined baseline tension.

Protocols

The equilibration period was followed by a
preconditioning and vitalization process by adding
20 mM KCl and 107 M phenylephrine (Phe, Sigma, St.
Louis, USA)]. All vessel rings were then precontracted
by a submaximal dose of Phe (10¢ M) and relaxation
responses to 10°¢ M acetylcholine (Sigma, St. Louis,
USA) were evaluated to examine the presence of
endothelium; >70% relaxation represented acceptable
level. NO production was typically inhibited in CO
studies to observe the true CO-based effects by the
addition of a nonspecific NOS inhibitor L-NAME (1 mM,
Sigma, St. Louis, USA) to the bath solution during each
of the following steps in our experimental protocols.
The chambers were left for 30 min resting intervals
prior to the next protocol application, explained
below.

Endogenous CO responses

Cumulative contraction responses to Phe (10°
to 3 x 10° M) were recorded, and the vessels were
then incubated with the HO inhibitor, chromium
mesoporphyrin (CrMP; 30 pM, Frontier, Utah, USA) for
30 min to repeat the recording of Phe dose-response
curves. The expected increase in the Phe-induced
contraction response was used to demonstrate the
contribution of endogenous CO to vascular tone after
the suppression of CO production by CrMP treatment.

Turk Hij Den Biyol Derg

423



424

Exogenous CO responses

to 3 x 10* M) of

(1 (CORM,
carbon monoxide-releasing molecule, Sigma-Aldrich,
St. Louis, USA) were used to monitor vasodilation
responses in vessel rings pretreated with 3 x 10 M
Phe.

Cumulative doses (10°

tricarbonyldichlororuthenium dimer

Determination of HO-1 and 2 expressions

The collected arterial tissue samples were stored
at -80 °C before assessing the expression levels of
HO isoforms. Then, 100 pg of tissue protein lysates
were applied per lane for SDS-PAGE (in 12.5% gel)
separation, followed by electroblotting to transfer
the samples onto PVDF membranes. A 5% non-fat dry
milk medium was used for the blocking process before
the membranes were incubated overnight at 4 °C
room temperature with primary antibodies: B-actin
(1:500; Abcam, Cambridge, UK), HO-1 (1:1000;
StressGen, Victoria, BC, Canada), and HO-2 (1:1000;
StressGen, Victoria, BC, Canada). All membranes

were then treated for 1 h with appropriate HRP-

Bl SHR

ek o o
n ] n
& ] ]
1 L |

1 WKY

conjugated secondary antibodies (1:80.000; Sigma,
St. Louis, USA). The Image-J program was used for
densitometric analysis and quantification of relative
changes in protein expression.

Statistical analysis

The results are presented as mean + SE. Non-
repeated measurements (blood pressure, HO
expression, and the maximum contraction/dilation
responses-Emax) were evaluated by t-test (between
groups) and paired t-test (within groups). Differences
between the dose-response curves were tested for
significance using two-way ANOVA for repeated
followed by the Newman-Keuls
post hoc test. A value of p<0.05 was considered

measurements,

statistically significant.

RESULTS

Mean arterial blood pressure levels were

significantly higher in SHRs compared to the WKY
control group (p<0.001, Fig. 1).

kkk

100+

Blood Pressure (mmHg)
n
=]
1

0 I
WKY

Figure 1. Systolic blood pressure (mmHg).

***p<0.001 difference from WKY
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Endogenous CO responses

The differences between the contraction response
to Phe and the endogenously produced CO response
after pre-incubation with CrMP and exposure to
Phe are shown in Fig. 2. Contraction dose-response
curves to Phe were significantly higher in the SHR
group compared to normotensive animals (p<0.05,
Fig. 2A). When the HO inhibitor CrMP was used for
pre-incubation prior to Phe application, no statistical
change in contraction responses was seen in the WKY

group, while a significant increase was observed
in the SHR group (p<0.05, Fig. 2B). Comparison
of Emax values of Phe constriction between the
groups demonstrated significantly higher values
in the SHR group than the WKY group (p<0.05, Fig.
2B). Comparison of Emax values of Phe contraction
between samples with and without CrMP pre-
incubation showed no difference in the normotensive
group, but a statistically significant difference in the
hypertensive group (p<0.05, Fig. 2B).

A
3 —a— WKY-Phe
-8-- WKY-Phe+CrMP
- —+— SHR-Phe k- : #
~ SHR-Phe+CrMP
=
= —
= -
=
L 1
[
0-
T T T T T 1
9 8 s 6 5 4
-log [Phe] M
B ey
2.5 - " ]_
2,0 4 W Phe = CrMP
@ 15
g T
g
S 1.0 -
0,5 -
0,0 - T

WKY

SHR

Figure 2. Constriction responses in renal resistance artery rings induced by Phe,

A; Dose-response curves to Phe at baseline and in the presence of HO inhibitor CrMP,

B; Emax values at baseline and in the presence of HO inhibitor CrMP.

* p<0.05 difference from WKY, # p<0.05 difference from basal Phe contractions for each group
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Exogenous CO responses induced relaxation response and Emax values in both

0.01).
Relaxation dose-response curves to the CO donor, groups (p< )

CORM, as well as Emax values, were statistically
higher in the SHR group compared to the WKY group
(p<0.01, Fig. 3A and D). However, CORM responses No differences in HO-2 protein expression was
after pre-incubation with ODQ or TEA were similar observed between the groups (Fig. 4B), but HO-1
in WKY (Fig. 3B and D) and SHR (Fig. 3C-D) groups. expression was found to be higher in the SHR group
CORM relaxation patterns were similar in both the compared to the normotensive control group (p<0.01,
groups with or without ODQ pretreatment, while TEA  Fig. 4A).

pre-incubation resulted in suppression of the CORM-

HO-1 and 2 expressions

A B
04 0+
= 104 = 104
=] =]
= =
= 2
E 201 = 207 B
A A —4— CORM+TEA e .
S 304 % X 39d -8 CORM+ODQ
- WKY I i
- —= CORM
S
40- S % 40
T T T T T T I T T T T T
9 8 7 6 ] 4 9 8 7 6 5 4
-log [CORM] M -log [CORM| M
(6
D
0_
5017
B CORM ok
= 104 = o
2 40 o~
= - BN TEA
= 20 =
= 5 307
) —+— CORM+TEA \ 2
X 304 - corMrODQ PN m & 201
S
—-=— CORM BN iid 44
104
40-
T T T T T T 0
= i 7 ¢ g = WKY SHR

-log [CORM] M

Figure 3. Dose-response curves in renal resistance artery rings for dilatation induced by CORM and maximal
dilatation responses,

A; Curves representing CORM responses in both groups,

B; CORM responses in WKY at baseline and after pre-incubation with ODQ or TEA,

C; CORM responses in SHRs at baseline and after pre-incubation with ODQ or TEA,

D; Emax values at baseline and after pre-incubation with QDQ or TEA in experimental groups.

** p<0.01 difference from WKY, ## p<0.01 difference from basal CORM within groups
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Figure 4. HO enzyme expression in renal resistance artery rings.

A; HO-1 expression,
B; HO-2 expression.
* p<0.05 difference from WKY

DISCUSSION

The kidneys are most the important organs to be
affected by hypertension. This study investigated the
contribution of the HO/CO system to vascular tone in
renal resistance arteries in SHRs. Important findings
of our study are; 1- The vasodilatory effect and
endogenously contribution of CO increases because
of the elevated HO-1 enzyme expression in renal

resistance arteries in SHRs. 2-The vasodilatation
response of CO primarily is induced by potassium
channels in renal resistance arteries.

The contribution of CO to the regulation of blood
pressure has been shown in various experimental
hypertensive models (21). We used SHR, which is a
model of essential hypertension in humans, in our
study. As expected, the blood pressure values were
found to be significantly higher in the SHR group
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compared to the normotensive controls. In addition,
greater vasoconstrictive responses in renal resistance
arteries of SHRs reflect an increase in vascular tone.
The increase in vasoconstrictive responses in SHRs
induced by Phe is presented in other studies as well
(21-23). However, the original finding of our study
is that CO contributes to the increased vascular
responses of renal resistance arteries in SHRs. Phe-
induced constrictive responses in hypertensive
animals, repeated after CRMP incubation (HO enzyme
inhibitor), were seen in SHRs to a greater extent than
in controls. The additional increase in the already
elevated vascular tone in SHRs can be explained by
the lack of compensatory effect of CO due to HO
inhibition. However it is well known that the role
of CO as a vasodilator and protective agent in renal
circulation (2, 12, 24, 25) under physiological and
some pathophysiological conditions, its protective
effects against to elevated vascular tone in SHR was
shown first time in this study.

The findings of Western blotting procedure for HO
protein expression levels in renal resistance arteries
support the hypothesis that CO has compensatory
effects against the constrictive effects of Phe.
Our expression results for the HO-2 enzyme, the
constitutive form of HO, showed no differences
between the groups, similar to the findings from
other studies (26, 27). However, the expression of
HO-1, the inducible form of HO, was significantly
higher in the SHR group compared to the controls.
Taken together, these results suggest that HO-1-
derived CO contributes to the alleviation of the
increased vascular tone in renal vascular tissues of
SHRs. After the detection of elevated endogenous CO
production in hypertensive animals, we proceeded
to examine possible changes in responses to CO by
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evaluating the relaxation responses to CORM, a CO
donor. Renal resistance arteries in the SHR group
exhibited significantly increased dilation of 39% in
SHR and 21% in WKY controls after CORM incubation.

CO exerts its vasodilator effect mainly by
increasing the intracellular levels of cGMP (28) or
by opening calcium-activated potassium channels
(BKCa) in smooth muscles (29). The effects of CO
on the relaxation mechanism were investigated
by the inhibition of cGMP production and by the
blockage of potassium channels by ODQ and TEA,
respectively. Relaxation responses were not altered
in either group after incubation with ODQ, but TEA
incubation suppressed CORM-induced dilation by
inhibiting potassium channels; a greater decline
in relaxation responses was observed in the SHR
group (39% to 7.9%) compared to the WKY group
(21% to 10%). These data suggest a role of potassium
channels in CO-dependent relaxation responses in
renal resistance arteries of SHRs. These results are
supported by previous studies, which revealed an
increased conductance of potassium ions and BKCa
density in aortas of SHRs (30, 31). A higher number
of BKCa channels on the vascular smooth muscle
surfaces may lead to improved vasodilation responses
to exogenously applied CO.

The results of the present study indicate that
CO production stimulated by an increase in HO-1
enzyme expression contributes to the suppression of
vascular tone in renal resistance arteries. Relaxation
responses to exogenous CO in renal resistance arteries
were also improved. The compensatory effect of CO
in renal resistance arteries of hypertensive animals is
an important finding for delay in impairment in renal
function.



ACKNOWLEDGEMENT
This study was supported by Akdeniz University Research Projects Unit (Project number 04.01.0200.004).

REFERENCES

Chan EC, Dusting GJ, Liu GS, Jiang F. Redox
mechanisms of the beneficial effects of heme
oxygenase in hypertension. J Hypertens.
2014;32(7):1379-86;87.

Ndisang JF, Tabien HE, Wang R. Carbon monoxide
and hypertension. J Hypertens. 2004;22(6):1057-
74.

Botros FT, Prieto-Carrasquero MC, Martin VL, Navar
LG. Heme oxygenase induction attenuates afferent
arteriolar autoregulatory responses. Am J Physiol
Renal Physiol. 2008;295(4):904-11.

Botros FT, Navar LG. Interaction between
endogenously produced carbon monoxide and nitric
oxide in regulation of renal afferent arterioles. Am
J Physiol Heart Circ Physiol. 2006;291(6):2772-8.

Ushiyama M, Morita T, Katayama S. Carbon
monoxide regulates blood pressure cooperatively
with nitric oxide in hypertensive rats. Heart
Vessels. 2002;16(5):189-95.

Kim YM, Pae HO, Park JE, Lee YC, Woo JM, Kim
NH, et al. Heme oxygenase in the regulation of
vascular biology: from molecular mechanisms to
therapeutic opportunities. Antioxid Redox Signal.
2011;14(1):137-67.

Thorup C, Jones CL, Gross SS, Moore LC, Goligorsky
MS. Carbon monoxide induces vasodilation and
nitric oxide release but suppresses endothelial
NOS. Am J Physiol. 1999;277:882-9.

Rodriguez F, Zhang F, Dinocca S, Nasjletti A. Nitric
oxide synthesis influences the renal vascular
response to heme oxygenase inhibition. Am J
Physiol Renal Physiol. 2003;284(6):1255-62.

10.

11.

12.

13.

14.

15.

Zou AP, Billington H, Su N, Cowley AW, Jr. Expression
and actions of heme oxygenase in the renal medulla
of rats. Hypertension. 2000;35:342-7.

Aizawa T, Ishizaka N, Taguchi J, Nagai R, Mori |, Tang
SS, et al. Heme oxygenase-1 is upregulated in the
kidney of angiotensin ll-induced hypertensive rats
: possible role in renoprotection. Hypertension.
2000;35(3):800-6.

Arregui B, Lopez B, Garcia Salom M, Valero F,
Navarro C, Fenoy FJ. Acute renal hemodynamic
effects of dimanganese decacarbonyl and cobalt
protoporphyrin. Kidney Int. 2004;65(2):564-74.

O’Donaughy TL, Walker BR. Renal vasodilatory
influence of endogenous carbon monoxide in
chronically hypoxic rats. Am J Physiol Heart Circ
Physiol. 2000;279(6):2908-15.

Wiesel P, Patel AP, Carvajal IM, Wang ZY, Pellacani
A, Maemura K, et al. Exacerbation of chronic
renovascular hypertension and acute renal failure
in heme oxygenase-1-deficient mice. Circ Res.
2001;88(10):1088-94.

Pradhan A, Umezu M, Fukagawa M. Heme-
oxygenase upregulation ameliorates angiotensin II-
induced tubulointerstitial injury and salt-sensitive
hypertension. Am J Nephrol. 2006;26(6):552-61.

Jadhav A, Torlakovic E, Ndisang JF. Hemin therapy
attenuates kidney injury in deoxycorticosterone
acetate-salt hypertensive rats. Am J Physiol Renal
Physiol. 2009;296(3):521-34.

Turk Hij Den Biyol Derg

429



16.

17.

18.

195

20.

21.

22.

23.

430

Artunc F, Amann K, Nasir O, Friedrich B, Sandulache
D, Jahovic N, et al. Blunted DOCA/high salt induced
albuminuria and renal tubulointerstitial damage in
gene-targeted mice lacking SGK1. J Mol Med (Berl).
2006;84(9):737-46.

Shimamura T. 11-Deoxycorticosterone-induced
hypertension,  glomerulosclerosis and renal
arterial and arteriolar lesions. Jpn J Exp Med
1988;58(5):225-8.

Leh S, Hultstrom M, Rosenberger C, lversen BM.
Afferent arteriolopathy and glomerular collapse
but not segmental sclerosis induce tubular atrophy
in old spontaneously hypertensive rats. Virchows
Arch 2011;459(1):99-108.

Ofstad J, Iversen BM. The interlobular artery: its
possible role in preventing and mediating renal
disorders. Nephrol Dial Transplant 1988;3(2):123-9.

Hultstrom M. Development of structural kidney
damage in spontaneously hypertensive rats. J
Hypertens 2012;30(6):1087-91.

Kong JQ, Taylor DA, Fleming WW. Mesenteric vascular
responses of young spontaneously hypertensive
rats. J Pharmacol Exp Ther. 1991;258(1):13-7.

Nilsson H, Folkow B. Vasoconstrictor nerve
influence on isolated mesenteric resistance vessels
from normotensive and spontaneously hypertensive
rats. Acta Physiol Scand. 1982;116(2):205-8.

Coelho EB, Ballejo G, Salgado MC. Nitric oxide blunts
sympathetic response of pregnant normotensive
and hypertensive rat arteries. Hypertension.
1997;30:585-8.

Turk Hij Den Biyol Derg

24,

25.

26.

27.

28.

29.

30.

31.

Kaide JI, Zhang F, Wei Y, Jiang H, Yu C, Wang WH, et
al. Carbon monoxide of vascular origin attenuates
the sensitivity of renal arterial vessels to
vasoconstrictors. J Clin Invest. 2001;107(9):1163-
71.

Kaide J, Zhang F, Wei Y, Wang W, Gopal VR,
Falck JR, et al. Vascular CO counterbalances the
sensitizing influence of 20-HETE on agonist-induced
vasoconstriction. Hypertension. 2004;44(2):210-6.

Ndisang JF, Wang R. Alterations in heme
oxygenase/carbon monoxide system in pulmonary
arteries in hypertension. Exp Biol Med (Maywood).
2003;228(5):557-63.

Ndisang JF, Wang R. Age-related alterations in
soluble guanylyl cyclase and cGMP pathway in
spontaneously hypertensive rats. J Hypertens.
2003;21(6):1117-24.

Christodoulides N, Durante W, Kroll MH, Schafer
Al. Vascular smooth muscle cell heme oxygenases
generate guanylyl cyclase-stimulatory carbon
monoxide. Circulation. 1995;91(9):2306-9.

Wang R, Wang Z, Wu L. Carbon monoxide-induced
vasorelaxation and the underlying mechanisms. Br
J Pharmacol. 1997;121(5):927-34.

Rusch NJ, De Lucena RG, Wooldridge TA, England
SK, Cowley AW, Jr. A Ca(2+)-dependent K+ current
is enhanced in arterial membranes of hypertensive
rats. Hypertension. 1992;19(4):301-7.

Liu Y, Pleyte K, Knaus HG, Rusch NJ. Increased
expression of Ca2+-sensitive K+ channels in aorta of
hypertensive rats. Hypertension. 1997;30(6):1403-
9.



Arastirma Makalesi/Original Article
Makale Dili “Ttirkge”/Article Language “Turkish”

Turk Hijyen ve Deneysel Biyoloji Dergisi

TOBB ETU Tip Fakiiltesi Hastanesi Pediatri Poliklinigi’ne
basvuran akut ust solunum yolu enfeksiyonu tanili cocuklarda
influenza viriis tip A/B ve A grubu beta hemolitik streptokok
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OZET

Amagc: Solunum yolunun bakteri ve virtslerle
olan koenfeksiyonlar tiim diinyada yaygin bir saglik
problemidir. Akut {ist solunum yolu enfeksiyonlar (USYE)
cocuk yas grubunda en sik gorilen enfeksiyonlardandir.
Bu calismada akut iist solunum yolu enfeksiyonu sikayeti
ile TOBB ETU Hastanesi Pediatri Poliklinigi’ne basvuran
cocuk hastalarda Influenza virls tip A/B ve A grubu beta
Hemolitik streptokok (AGBHS) enfeksiyonlarinin yas
gruplarina ve yillara gore goriilme sikliklar1 ve birlikte

gorulme oranlarinin belirlenmesi amaclanmistir.

Yontem: 1 Ocak 2015 - 31 Temmuz 2019 tarihleri
arasinda TOBB ETU Tip Fakiiltesi Hastanesi Pediatri
Poliklinigi’ne basvuran akut USYE tamisi almis ve es
zamanli bogaz kiiltlirli, hizli Strep A antijen testi ve
Influenza virls tip A/B testi yapilmis, 0-18 yas arasi
hastalarin verileri hastane bilgi sisteminden taranarak
calismaya dahil edilmistir.

Bulgular: Akut ust solunum yolu enfeksiyonu tanisi

ile aym giin bogaz kiiltiirii, hzli Strep A antijen testi

ABSTRACT

Objective: Coinfections of the respiratory tract due
to bacteria and viruses are a common health problem
worldwide. Acute upper respiratory tract infections
(URTI) are among the most common infections in the
pediatric age group. This study aimed to determine the
incidence and co-occurrence rates of Influenza virus
A/B and AGBHS infections according to age groups and
years in children who applied to TOBB ETU Hospital
Pediatric’s Clinic with the complaint of acute URTI.

Methods: The data of patients between the ages of
0-18, who were admitted to TOBB ETU Medical Faculty
Hospital Pediatric’s Outpatient Clinic between 1January
2015 and 31 July 2019 with the diagnosis of acute URTI
tested for simultaneous throat culture, which rapid
Strep A antigen test and influenza virus type A / B test,
obtained from the hospital information system and

analysed.

Results: The results of a total of 2515 (1203 F /
1312 M) patients between the ages of 0-18 years, who
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ve Influenza viris tip A/B testleri yapilrms 0-18 yas
arasi, toplam 2515 (1203 K/1312 E) hastanin sonuglar
AGBHS %24,

Influenza A viriisu %18, Influenza B virusu %9 oraninda

hastane kayitlarindan incelenmistir.
pozitif saptanmistir. AGBHS pozitifligi en yiiksek %30
olarak 7-11 yas grubunda, en dusik %15 ile 0-2 yas
grubunda belirlenmistir. Influenza A viriis pozitifligi
3-6 yas, 7-11 yas, 12-18 yas gruplarinda sirasi ile
%18, %18, %17 olarak benzer yiizdelerde saptanirken,
0-2 yas grubunda %12 ile en dusiktur. Influenza B
virlis pozitifligi %13 ile en yiiksek 7-11 yas grubunda
goriilmustur. Cinsiyete gore ise AGBHS, Influenza viris
tip A/ B pozitiflikleri benzerdir. Influenza A virusu
pozitif hastalarin %19’unda, Influenza B virlsi pozitif
hastalarin ise %26’sinda AGBHS birlikteligi saptanmistir.
Mevsimlere gore degerlendirme yapildiginda Influenza
virlis tip A/B ve AGBHS birlikteligi en ylksek kis ve
ilkbahar aylarinda saptanmistir.

Sonug: Influenza virtslerinin bakteriyel
enfeksiyonlara yatkinhigi arttirdigi, sekonder bakteriyel
enfeksiyonlarin morbidite ve mortalitede anlamli oranda
artisa neden oldugu bilinmektedir. USYE endikasyonu
ile basvuran hastalarin %45-66’sina gereksiz antibiyotik
recetelenmektedir. Influenza salginlan sirasinda es
zamanli goriilen bakteriyel enfeksiyonlarin tanisi bu
nedenle 6nemlidir. Influenza virus enfeksiyonlariile birlikte
gorlilen bakteriyel enfeksiyonlarin varligi kamitlandiginda,
antiviral ajanin yaninda tedaviye antibakteriyel ilac

eklenmesinin karar giindeme gelmelidir.

Anahtar  Kelimeler: A grubu beta-hemolitik
streptokok, bogaz kiiltiirii, influenza viris tip A/B, Ust

solunum yolu enfeksiyonu

were simultaneously diagnosed with acute URTI and
who had simultaneous throat culture, rapid Strep A
antigen test and influenza virus type A/B tests were
examined. AGBHS, Influenza virus type A/ B were
found 24%, 18%, 9% positive, respectively. While AGBHS
positivity was found at the highest in the 7-11 age group
(30%) and it was found at the lowest rate (%15) in the
0-2 year group. Influenza A virus positivity was found at
similar rates as 18%, 18%, 17%, in the 3-6, 7-11 and 12-
18 year group, respectively and in the 0-2 year group,
the lowest rate was reported as 12%. Influenza B virus
positivity was highest in the 7-11 age group with a rate
of 13%. According to gender, AGBHS, influenza virus
type A/ B positivity were similar. %19 of influenza A and
26% of influenza B virus positive patients coexistence
of AGBHS were detected. When evaluated according
to seasons, Influenza type A/B and AGBHS coexistence

were high both in winter and spring months.

Conclusion: It is known that influenza viruses
increase susceptibility to bacterial infections and
secondary bacterial infections cause a significant
increase in morbidity and mortality. Unnecessary
antibiotics are prescribed to 45-66% of the patients
who apply for URI. It is therefore important to
diagnose bacterial coinfections during influenza virus
outbreaks. The decision to add the antibacterial drug
to the treatment along with antiviral agent should be
considered when presence of bacterial infections with

influenza viruses are proven.

Key Words: Group A beta haemolytic streptococcus,
throat culture, influenza virus type A /B, upper

respiratory tract infection

GIRIS
Solunum yollarinda gorilen bakteriyel ve viral
etkenlere bagli koenfeksiyonlar tiim diinyada yasami
tehdit eden kiiresel saglik yiiklerindendir (1). Viral
enfeksiyonlar,

es zamanli veya ardisira gelisen

koenfeksiyon veya sliperenfeksiyon olarak bilinen
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bakteri enfeksiyonlar1 ile komplike olurlar ve bu
sinerjistik etki nedeni ile bu enfeksiyonlarin neden
oldugu mortalite, viriis veya bakterinin tek basina yol
actig1 mortaliteden cok daha yiiksektir (2). Cocukluk
doneminde, hastaneye basvurularin %60’indan ve



hastaneye yatislarin dortte birinden solunum yolu
enfeksiyonlari sorumludur (3). Akut Ust solunum
yolu enfeksiyonlari (USYE) cocuk yas grubunda en
sik gorulen enfeksiyonlardan olup klinikte viral veya
bakteriyel tonsillofarenjit gibi tablolarla karsimiza
cikabilirler (4). Akut tonsillofarenjitlerin %50’sinden
Rhinovirus, Coronavirus, Adenovirus, Parainfluenza ve
Influenza virisleri gibi solunum virusleri sorumludurlar
(5, 6, 7). Enfeksiyonlarin cogu yilin soguk aylarinda
solunum hastaliklarn sezonu suresince goriilmekte,
ozellikle Influenza virlsleri Aralik-Nisan aylarinda
epidemiler yapmaktadir (6).

A grubu beta hemolitik streptokok (AGBHS),
Streptococcus pyogenes akut tonsillofarenjitlerin
en sik gorilen bakteriyel etkenidir (7). AGBHS’nin
dogru tamist ve uygun antibiyotiklerle tedavisi;
klinik bulgu ve semptomlarin siddetinin ve suresinin
azaltilmasi, akut romatizmal ates, post-streptokokkal
reaktif artrit gibi komplikasyonlarin onlenmesi ve
bulasiciigin azatilmasi acisindan oldukca onemlidir
(5, 6). Sadece klinik tabloya bakilarak akut USYE’nin
viral ve bakteriyel etken ayriminin yapilmasi giictir
(7,8). Alt solunum yolu enfeksiyonlarinda Influenza
viruslerinin bakteri ile koenfeksiyonlari yaygin olarak
gorilmekteyken, tonsillofarenjit etkenleri olarak
Influenza virlsleri ve AGBHS’nin birlikteligi genellikle

g0z oniinde bulundurulmamaktadir (8).

Glnumiizde hizli antijen testleri ile Influenza viris
tip A/B ve AGBHS tanisi yuksek duyarlilik ve 6zgiillikle
konulabilmekte, pozitif test sonuclarina gore antiviral
veya antibiyotik tedavisi baslanarak hastalar tedavi
klinik  bulgularla
seyreden vakalarda sadece Influenza virusu veya

edilebilmektedir.  Nonspesifik
sadece AGBHS hizli testlerinin yapilmasi, Influenza
viriis tip A/B ve AGBHS’nin birlikteligi hakkinda fikir
vermemektedir. Bu calismada akut ust solunum
yolu enfeksiyonu sikdyeti ile TOBB ETU Hastanesi
Pediatri Poliklinigi’ne basvuran c¢ocuk hastalarda
Influenza virus tip A/B ve AGBHS enfeksiyonlarinin yas
gruplarina ve yillara gore gorulme sikliklar ve birlikte

gorulme oranlarimin belirlenmesi amaglanmistir.

GEREC ve YONTEM

1 Ocak 2015- 31 Temmuz 2019 tarihleri
arasinda TOBB ETU Tip Fakiiltesi Hastanesi Pediatri
Poliklinigi’ne basvuran akut dist solunum yolu
enfeksiyonu tanis1 almis ve aym giin bogaz kiiltird,
hizli Strep A testi ve Influenza virls tip A/B testi
yapilmis, 0-18 yas arast 2515 hastanin verileri
hastane bilgi sisteminden taranarak calismaya dahil
edilmistir. Aym1 donemde sadece Influenza viriis tip
A/B testi ya da sadece hizli Strep A testi yapilmis
hastalar calismaya dahil edilmemistir. Influenza virus
tip A/B tamisinda, nazofarenks suriintli ornekleri
Quidel® Sofia® Influenza virus tip A/B Fluorescent
Immunoassay (FIA) testi (Quidel Corporation,USA)
kullamlarak calisilmistir. AGBHS tanisinda ise bir adet
bogaz siriintli 6rnegi hizli Strep A antijen testi olan
QuickVue® Dipstick Strep A (Quidel Corporation,USA)
ile calisilmis, hastadan ayn1 zamanda alinan ikinci
bogaz siiriintli 6rnegi Columbia agar+%5 Koyun kanli
besiyerine (Biomerieux, Fransa) ekilmistir. Ekilen
besiyerleri 35-37°C’de 24 saat inkiibe edildikten
sonra beta hemoliz yapmis kolonilerin basitrasin
duyarliigina bakilarak AGBHS tanmist  konmustur.
Hizli Strep A testi pozitif ve/veya kiltirde AGBHS
uremesi olan hastalar AGBHS acisindan pozitif olarak
kabul edilmistir. AGBHS kultur, hizli Strep A testi ve
Influenza viris tip A/B oranlari, hastalik etkenlerinin
yas grubu ve mevsimlere gore dagiimi, Influenza A ve
B viriisti pozitif saptanan hastalarda AGBHS siklig1 ve
birlikteligi, hastane kayitlarindan degerlendirilmistir.
Calisma Etik kurul tarafindan KAEK-118/036 protokol

sayisi ile onaylanmistir.
BULGULAR

Akut Ust solunum yolu enfeksiyonu tanisi ile es
zamanli bogaz kiltiirli, hzli Strep A antijen testi ve
Influenza virus tip A/B testleri yapilmis 0-18 yas arasi,
toplam 2515 (1203K/1312 E) hastanin sonuclarihastane
kayitlarindan incelenmis olup yas araligi, mevsim ve
yillara gore degerlendirilmistir. Eszamanli Influenza
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virls tipA/B, bogaz kiiltiirli ve hizli Strep Atesti yapilan
hastalarda; bogaz kiiltiirlerinin %23 (586/2515)’linde,
hizli Strep A testlerinin ise %12 (299/2515)’sinde
AGBHS saptanmistir. AGBHS pozitifligi belirlenirken
bogaz kiltliri pozitifligi ve/veya hizli Strep A testi
sonucu gozoniinde bulundurulmus ve %24 (613/2515)
olarak belirlenmistir.

A grubu beta-hemolitik streptokok, Influenza A ve
B virlis pozitifliklerinin yasa ve cinsiyete gore dagilim
Sekil-1’de gosterilmistir. AGBHS %24 (613/2515),
Influenza A virusu %18 (442/2515), Influenza B virlisu
%9 (232/2515) oraninda pozitif bulunmustur. AGBHS
pozitifliklerinin %30 (283/928) 7-11 yas grubunda, %15
(18/118)’i 0-2 yas grubunda bulunmustur. Influenza
virts A pozitifliklerinin 3-6 yas, 7-11 yas, 12-18 yas
gruplarinda dagilimi sirasi ile %18 (204/1116), %18
(164/928), %17 (60/353) olarak benzer ylizdelerde
iken, 0-2 yas grubunda ise %12 (14/118) bulunmustur.

INFLUENZA VE AGBHS BIiRLIKTELIGININ ARASTIRILMASI

Influenza virlis B pozitifliginin %13 (116/928)’1 7-11
yas grubunda gorulmustur. Cinsiyetler goz onune
alindiginda ise AGBHS, Influenza A ve Influenza B
viruslerinin pozitifliginin erkek ve kadinlarda sirasiyla
%26 ile %22, %17 ile %18, %10 ile %9 gibi benzer
ylizdelerde gorildiigi saptanmistir. Ayrica, yaslara
ve cinsiyetlere gore Influenza viris tip A/B ve AGBHS
birlikteligi de incelenmistir (Tablo 1). Influenza A
virisi pozitif olan hastalarda yaslara gore %7-24
(toplamda %19) arasinda es zamanli AGBHS, Influenza
B virusu pozitif hastalarin da %10-50 (toplamda %26)
arasinda es zamanli AGBHS pozitifligi saptanmistir.
Influenza A virisu pozitif erkek ve kadin hastalarda
es zamanli AGBHS gorulme ylizdeleri %21 ile %16 iken
Influenza B virlsu pozitif erkek ve kadin hastalarda es
zamanli AGBHS goriilme ylizdeleri %28 ile %24 olarak
bulunmustur.

A grubu beta hemolitik streptokok, Influenza

B AGBHS (%)

INF A (%)

" INF B (%)

Sekil 1. 1 Ocak 2015-31 Temmuz 2019 tarihinde USYE sikayeti ile basvuran cocuk hastalarda AGBHS ve Influenza A/B

pozitifliginin yas gruplarina ve cinsiyete gore dagilimi

“USYE Ust solunum yolu enfeksiyonu AGBHS A grubu beta hemolitik streptokoklar, INF A Influenza A, INF B Influenza B
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Tablo 1. 1 Ocak 2015-31 Temmuz 2019 tarihleri arasinda USYE sikayeti ile basvuran Influenza A ve Influenza B viriisii saptanan
cocuk hastalarda yasa ve cinsiyete gore AGBHS birlikteliginin dagilimi.

AGBHS INF A INF B INF A (+) INF B (+)

YAS
cinsiyet n POz % POz % POz % AGBHS % AGBHS %
K 66 10 15 8 12 3 5 0 0 0 0
0-2 E 52 8 15 6 12 2 4 1 17 1 50
T 118 18 15 14 12 5 4 1 7 1 20
K 527 95 18 104 20 34 6 13 13 8 24
3-6 E 589 124 21 100 17 47 8 18 18 12 26
T 1116 219 20 204 18 81 7 31 15 20 25
K 431 125 29 79 18 48 11 19 24 14 29
7-11 E 497 158 32 85 17 68 14 20 24 21 31
T 928 283 30 164 18 116 13 39 24 35 30
K 179 39 22 30 17 20 11 4 13 3 15
12-18 E 174 54 31 30 17 10 6 7 23 1 10
T 353 93 26 60 17 30 8 11 18 4 13
K 1203 269 22 221 18 105 9 36 16 25 24
Toplam E 1312 344 26 221 17 127 10 46 21 35 28
T 2515 613 24 442 18 232 9 82 19 60 26

*AGBHS A grubu beta hemolitik streptokoklar, INF A Influenza A, INF B Influenza B

A ve B virtslerinin pozitifliklerinin yillara ve
mevsimlere gore dagiimi Tablo 2’ de gosterilmistir.
AGBHS pozitiflikleri %24 ve %25 olmak uzere kis ve
ilkbaharda vyiiksek yizdelerde saptanirken, vyaz
aylarinda %12 gibi disiikk degerdedir. Influenza A
virusu pozitifliklerinin %25’i en yuksek kis aylarinda
gozlenirken, Influenza B virisi pozitifligi %18 ile en
yuksek ilkbaharda saptanmistir. Her Uc testin birlikte
istendigi st solunum yolu enfeksiyonu olan hasta

sayilan 2015’te 163 iken, 2016’da 301, 2017’de 544,

2018’de 699 ve 2019’da 808 seklinde diizenli olarak
arttigr dikkat cekmektedir. Influenza A viriisi ve
AGBHS birlikteligi en ¢ok 2017 yiinda %25 (25/100),
Influenza B virlisi ve AGBHS birlikteligi ise en cok
2018 yiinda %39 (12/31) gorulmustur. Mevsimlere
gore degerlendirme yapildiginda hem Influenza A
virtsli ve AGBHS birlikteligi hem de Influenza B virisii
ve AGBHS birlikteligi en yiiksek kis %19 (77/414) ile
%27 (25/93) ve ilkbahar %18 (4/22) ile %25 (35/139)
aylarinda saptanmistir (Tablo 3).
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Tablo 2. 1 Ocak 2015-31 Temmuz 2019 tarihleri arasinda USYE sikayeti ile basvuran cocuk hastalarin yillara ve mevsimlere

gore AGBHS ve Influenza A/B virls pozitifliklerinin degerlendirilmesi

*AGBHS A grubu beta hemolitik streptokoklar, INF A Influenza A, INF B Influenza B
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YL MEVSiM n AG:';';'O)‘” 'N: f‘%()") 'N: :3%§+’
K 77 1 (%14) 18 (%23) 5 (%7)
2015 i 86 17 (%20) 11 (%12) 13 (%15)
T 163 28 (%17) 29 (%18) 18 (%11)
K 206 41 (%20) 46 (%22) 21 (%10)
i 81 18 (%22) 1 (%1) 13 (%16)
2016 Y 3 1(%33) 0 0
S 11 2 (%18) 0 0
T 301 62 (%21) 47 (%16) 34 (%11)
K 431 138 (%32) 91 (%21) 37 (%9)
i 93 34 (%37) 4 (%4) 14 (%15)
2017 Y 2 0 0 0
S 18 3 (%17) 5 (%28) 0
T 544 175 (%32) 100 (%18) 51 (%10)
K 571 138 (%24) 144 (%25) 26 (%5)
i 104 28 (%27) 2 (%2) 5
2018 Y 1 0 0 0
S 23 5 (%22) 1 (%4) 0
T 699 171 (%24) 147 (%21) 31 (%4)
K 379 76 (%20) 115 (%30) 4 (%1)
i 410 99 (%24) 4 (%1) 94 (%23)
2019
Y 19 2 (%11) 0 0
T 808 177 (%22) 119 (%15) 98 (%12)
K 1664 404 (%24) 414 (%25) 93 (%5)
i 774 196 (%25) 22 (%3) 139 (%18)
Toplam Y 25 3 (%12) 0 0
S 52 10 (%19) 6 (%11) 0
T 2515 613 (%24) 442 (%18) 232 (%9)




Tablo 3. 1 Ocak 2015- 31 Temmuz 2019 tarihleri arasinda USYE sikayeti ile basvuran Influenza A ve Influenza B viriisii pozitif

saptanan cocuk hastalarda yillara ve mevsimlere gore AGBHS birlikteliginin dagilimi.

- Mevsim INF :M INF (Ar)1 »E%A)GBHS INFnB(+) INF B(;)(;SGBHS

K 18 3(17) 5 0
2015 i 1 109) 13 4(31)

T 29 4 (14) 18 4(22)

K 46 8 (17) 21 1(5)

i 1 0 13 2 (15)
2016 Y 0 0 0 0

S 0 0 0 0

T 47 8 (17) 34 309

K 91 27 (30) 37 16 (43)

i 4 2 (50) 14 5 (36)
2017 Y 0 0 0 0

S 5 0 0 0

T 100 25 (25) 51 11 (22)

K 144 26 (18) 26 11 (42)

i 2 0 5 1(20)
2018 Y 0 0 0 0

S 1 1 (100) 0 0

T 147 27 (18) 31 12 (39)

K 115 15 (13) 4 2 (50)

i 4 1(25) 94 23 (24)
2019

Y 0 0 0 0

T 119 16 (13) 98 25 (26)

K 414 77 (19) 93 25 (27)

i 22 4 (18) 139 35 (25)
Toplam Y 0 0 0 0

S 6 1(17) 0 0

T 442 82 (19) 232 60 (26)

*AGBHS A Grubu Beta Hemolitik Streptokoklar, INF A Influenza A, INF B Influenza B
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TARTISMA

Influenza virls enfeksiyonlari, diinya capinda tim
yas gruplarinda genis spektrumda semptomlara ve
komplikasyonlara yol acan, anlamli oranda morbidite
ve mortaliteden sorumlu yaygin goriilen solunum
klinik
bakarak tonsillofarenjitlerin en sik gorilen bakteriyel

patojenlerindendir.  Sadece semptomlara
etkeni AGBHS’den ayirt etmek gictiir. Hem Influenza
viris hem de AGBHS tanisi icin gelistirilen hizli testler
sayesinde saglanan hizli ve dogru tani; klinik hasta
yonetimi, antiviral tedavinin zamaninda baslanmasi,
daha az sayida ek tanisal testlerin uygulanmasi,
enfeksiyon kontrol onlemlerinin alinmasi, gereksiz
antibiyotik kullaniminin onlenmesi ve hastaneye yatis
oranlarinda azalma gibi medikal acidan kritik oneme
sahiptir (9, 10, 11).

akut
bakteriyel

A grubu beta-hemolitik

tonsillofarenjitlerin  en

streptokok,
stk gorulen
etkenidir ve ozellikle okul cocuklarinda yilin soguk
aylarinda %15-30 oraninda saptanmaktadir (6). Bu
calismada bogaz kiiltliri sonucuna gore hastalarin
%23’linde pozitiflik saptanirken, hizli Strep A antijen
testi %12 oraminda bulunmustur. AGBHS tanisi icin
bogaz kiltlrii hala altin standart olmakla birlikte
sonuc icin en az 1-2 giin gerekmesi dezavantajidir.
Giiniimiizde duyarliigi ve ozgiilliigii oldukca yiiksek
hizli antijen testleri sayesinde AGBHS farenjit tanisi
15 dakikadan daha kisa bir siirede konmakta, bu
sayede; hastaligin yayilma riski, semptomlarin siiresi,
stipuratif komplikasyonlarin goriilme sikligi, okul-is
icin kaybolan zaman, uygunsuz antibiyotik kullamim
Hizli
negatif cikan hastalarda bogaz kiltiirii ile dogrulama

oran1 azalmaktadir. Strep A antijen testi
gerekmektedir (12). Bu calismada hizli Strep A
testi pozitifliginin %12 gibi diisiik saptanma nedeni,
sadece hizli Strep A testi ile pozitiflik saptanan
bogaz kiiltlirii ve influenza virlis testi yapilmayan
hastalarin calismaya dahil edilmemesidir. USYE tanist
ile basvuran cocuk hastalarda AGBHS sikligi %24
olarak saptanirken, pozitifliklerin dagiimi 7-11 yas

grubunda %30 ile en yuksek, 0-2 yas grubunda ise %15
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ile en dusuk olarak bulunmustur.

Diinya Saglik Orgiitiine gére, Influenza viriis
enfeksiyonlar diinyada tiim Ulkeleri etkileyen, her
yil 1 milyar kiside enfeksiyona, 3-5 milyon kiside
ciddi enfeksiyonlara neden olan ve 290.000-650.000
kisinin 6limiine yol actig1 tahmin edilen kiiresel ciddi
bir saglik tehtididir (13). istanbul’da 669 Influenza
virtsiiniin neden oldugu hastalik benzeri semptomlarla
hastaneye basvuran cocuk hastanin dahil edildigi bir
calismada hizli antijen testi ile %40,1’nde Influenza
virlis pozitifligi saptanirken, %29,9 oraninda Influenza
virlis A ve %10,2 oraninda Influenza viriis B oldugu
belirtilmistir. Influenza virls pozitif hastalarin %42’si
antiviral tedavi alirken, Influenza virus negatif
hastalarin %65,6’sina antibiyotik tedavisi baslanmistir
(14). Bu calismada USYE sikayeti ile basvuran cocuk

hastalarin %18’inde Influenza viris A saptanirken,

sadece %9’unda Influenza viris B pozitifligi
saptanmuistir.
A Grubu Beta Hemolitik Streptokok ile

enfeksiyon kis ve ilkbahar donemlerinde, mevsimsel
influenza viriis epidemilerinin ve diger solunum
enfeksiyonlarinin  goriildigii Aralik-Mart aylan ile
aym doneme rastladigi bilinmektedir (15, 16). Bu
calismada AGBHS pozitifligi daha once bildirilen
calismalarla uyumlu sekilde kis (%24) ve ilkbahar
(%25) aylarinda daha yiiksek saptanirken, Influenza A
virlsu en sik kis (%25) aylarinda, Influenza B virusi ise
en sik ilkbaharda (%18) saptanmistir.

ilk kez 1935 yiinda Coburn ve Pauli, akut
romatizmal atesi olan bir grup cocukta Influenza virus
epidemisinin AGBHS salginini takip ettigini ve AGBHS
yayitimini kolaylastirdigin1 bildirilmis ve bu konuya
dikkat cekmistir (17). Dunya capinda 700 milyon
AGBHS enfeksiyonunun goriildiigii, 1.8 milyonunun
ciddi enfeksiyonlar oldugu ve mortalitenin %20
’ (2).
Influenza virislerinin salginlan siiresince bakteriyel

nin  Ustiinde olabilecegi  bilinmektedir

koenfeksiyonlarin  hastaligin  siddetini  arttirdigi

anlasilmistir, sekonder enfeksiyon sikliginin %2-65’1
buldugunu gosteren calismalar yayinlanmistir (18).



Influenza virusleri ile birlikte pnomoni gibi bakteriyel
alt solunum yolu koenfeksiyonlar1 yani bakteri-virus
mikst enfeksiyonlar yaygin olarak bilinmesine karsin
akut tonsillofarenjit tablosunda Influenza virlis ve
AGBHS birlikteligi g6z éniinde bulundurulmamaktadir
ve bu konu ile ilgili az sayida calisma bildirilmistir
(8, 10). Buna ragmen, mevsimsel Influenza virisi
ile invazif AGBHS enfeksiyonlarinin birlikteliginin
klinik tabloyu agirlastirdigi ve mortalite oranlarin
arttirdigr bildirilmistir (19-21). Benzer sekilde, 2009
H1N1 Influenza virlisi pandemisinde Influenza A virisu
ve AGBHS ile koenfeksiyonlar gelistigi ve mortalitesi
yliksek invazif AGBHS enfeksiyonlarimin goriildiigi
saptanmistir (2,22). Gurol ve arkadaslari, mevsimsel
Influenza virls sezonunda 541 tonsillofarenjit tanisi
almis hastanin sekizinde es zamanli Influenza A
viriisi ve lciinde Influenza B virusii birlikteliginin
oldugunu gosterirken, tiim vakalarin antibiyotikle
tedavi edildigi, Influenza viriis saptanan hastalardan
altisinda ek olarak antiviral tedavi olarak oseltamivir
verildigine dikkat cekmislerdir (8). Bu calismada
Influenza A viriisii ve AGBHS birlikteligi kis, ilkbahar
ve sonbahar aylarinda sirasiyla %19, %18 ve %17 ile
benzer yiizdelerde bulunurken, Influenza B virisu ve
AGBHS birlikteligi kis aylarinda %27, ilkbaharda ise
%25 gibi daha yiiksek saptanmstir. ister pandemi,
ister mevsimsel Influenza virlis salgin donemlerinde
olsun, Influenza virislerinin bakteriyel enfeksiyonlara
yatkinligi arttirdig, sekonder bakteriyel
enfeksiyonlarin morbidite ve mortalitede anlamli
oranda artisa neden oldugu bilinmektedir (23).
Antibiyotiklerin asir1 ve gereksiz kullanimi sonucunda
antibiyotik direncinin gelisimi diinya capinda artis
gosteren bir problemdir ve antibiyotiklerin asin
kullanildig1 en 6nemli endikasyon USYE’dir. USYE’ye

neden olan baslica etkenler virlsler olmasina karsin
USYE endikasyonu ile basvuran hastalarin  %45-
66’sina antibiyotik recetelenmektedir (24). Influenza
virls salginlan sirasinda bakteriyel enfeksiyonlarin
saptanmasi, antiviral tedavi yaninda profilaksi dahil

antibakteriyel tedavi stratejilerinin g6z oniinde
bulundurulmasi  acgisindan  onemlidir.  Boylelikle
Influenza viris ile birlikte gorilen bakteriyel

enfeksiyonlarin ~ ve  gelisen  komplikasyonlarin
sayisinda ve mortalitesinde anlamli diisiis saglanabilir
(23). Bu calismadaki kisitliiklar; Influenza virus tip
A/B ve AGBHS birlikteligi saptanan hastalarin klinik
bulgularinin calismaya dahil edilememesi, sadece
hizli strep A testi pozitif olan ve kultur yapilmamis
AGBHS pozitif hastalardaki Influenza virls tip A/B
birlikteliginin oraninin bilinmemesi ve ayrica hastane
kayitlarina bagli kalindig1 icin AGBHS ile gercek
koenfeksiyon mu yoksa ne kadar AGBHS tasiyici
ya da invazif enfeksiyon oldugu konusunda bilgi

vermemesidir.

Bu calismada, USYE endikasyonu nedeni ile
hastaneye basvuran ve mevsimsel Influenza virls
tip A/B enfeksiyonu tamisi alan cocuk hastalarda
AGBHS birlikteliginin saptanmasi ile etkili antiviral
tedavinin yaninda erken donemde antibakteriyel
tedavinin uygulanmasinin saglanmasi ve buna ek
olarak, AGBHS’larin komplikasyonlarinin azaltilmasi
icin dikkat cekmek amaclanmistir. Bu durum, hasta
saglig, toplum sagligi ve maliyet acisindan dikkate
alinmalidir. Bu calisma sonuclarn bize Influenza virus
tip A/B virisleri ve AGBHS pozitifligini ve bir arada
bulunma oranlari ve bunlarin yas gruplanna ve
mevsimlere gore dagiimim da gostermesi acgisindan
onemlidir.
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Corum ilinde sokak kopeklerini enfeste eden
kene tiirlerinin belirlenmesi

Goniil ARSLAN-AKVERAN', Djursun KARASARTOVA?, Arzu COMBA3, Bahat COMBA3,
Adem KESKIN“, Aysegiil TAYLAN-OZKAN?

OZET

Amag: Corum, Kinnm Kongo Kanamali Atesi gibi kene
kaynakli hastaliklar acisindan endemik bir ilimizdir. Bu
calismanin amaci insanlarin yerlesim alanlan icerisinde
yasayan sokak kopeklerini enfeste eden kene tiirlerini

belirlemektir.

Yontem: Bu amacla Nisan 2018-Mart 2019 doneminde
Corum Belediyesi’ne bagli Veteriner Isleri Miidiirligi
blinyesindeki Gecici Hayvan Bakimevi’ne rehabilite
edilmek Uzere getirilen sokak kopekleri arasindan rastgele
secilen 100 kopegin viicutlan kene varligi agisindan
taranmis, tespit edilen keneler bir pens yardimiyla
cikarilarak %96’lik etil alkol iceren tiplere alinmis ve tir

tayinine kadar +4°C’de muhafaza edilmistir.

Bulgular: Kene taramasi yapilan kopeklerin %20
(20/100)’si keneler ile enfesteydi ve keneler Ixodes
kaiseri, Hyalomma spp., Rhipicephalus sanguineus,
Rhipicephalus turanicus ve Haemaphysalis parva tiirlerine
aitti. Enfeste bireylerdeki ortalama kene yogunlugu 3.3
(1-7), bir kopekteki ortalama kene yogunlugu ise 0.7 idi.
En fazla kene Haziran ve Agustos aylarinda, en az kene

ise Nisan ve Mayis aylarinda kaydedildi.

Sonug: Bu calismada, kopekler uzerinden toplanan

kene sayis1 gorece dsiiktiir. Buna gore Veteriner Isleri

ABSTRACT

Objective: The Province of Corum is an endemic
area for tick-borne diseases such as the Crimean Congo
hemorrhagic fever. The aim of this study was to identify
the tick species infesting stray dogs found in the

surrounding of human habitations.

Methods: Hundred stray dogs kept in the Animal
Nursing Home of the Veterinary Service of the
province were randomly selected during the period of
April 2018 and March 2019. Ticks were removed with
the help of forceps and placed in 96% ethyl alcohol
and stored at +4°C until they were taxonomically
identified.

Results: The following tick species were found:
Ixodes kaiseri,

Hyalomma spp., Rhipicephalus

sanguineus, Rhipicephalus turanicus and
Haemaphysalis parva. The infestation prevalence
was 20%, the infestation density 3.3 (1-7) and the
abundance was 0.7. The highest numbers of tick were
recorded in June and August, while the lowest in April

and May.
Conclusion: The number of ticks collected from
dogs in this study was relatively low, showing that

the efforts of the Veterinary Services to control ticks
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Midirliigii’niin sokak kdpeklerini kenelerden korumaya
yonelik miicadelesinin basarili oldugu sylenebilir. Sonug
olarak Il Veteriner isleri Miidiirliikleri, kenelerin ve kene
kaynakli zoonotik hastaliklarin dongiisuine aracilik etme
potansiyeli olan sokak kopeklerine uyguladiklar tedavi
ve koruyucu veteriner hekimlik hizmeti sayesinde,
bu hastaliklarin onemli bir halk sagligi problemine

donusmesini onleyebilir.

Anahtar Kelimeler: Kopek, kene, Corum, kene

kaynakli hastalik, Veteriner isleri Miidurlugii

infesting dogs, is successful. This should lower the
possibilities of tick-borne diseases and zoonoses
which could be transmitted by stray dogs in the

region.

Key Words: Dog, tick, Corum, tick borne diseases,

The Directorate of Veterinary Service

GIRIS
Vektor Hastaliklar(KVKH)’a
eklembacaklilardan bulasan cok cesitli patojenler

Kopek Kaynakli
neden olur. Tim diinyadaki dagilimlarindan ve hizli

KVKH dinyada buyik ilgi
kopeklerde neden olduklan

yayiimlarindan oturd,
KVKH,

mortalite ve morbiditenin yan sira zoonotik oneme
de sahiptirler (1, 2). Kopeklerin insanlarin hayatindaki
sosyal rolii oldukca onemlidir. KVKH kopeklerin sagligini

gormektedir.

tehdit edebilecegi gibi zoonotik vektor kaynakli
hastalik ajanlan araciligiyla insan saghigin1 etkilerler.
Keneler en onemli vektor eklembacaklilardir. Kenelerin
kopeklere bircok patojeni bulastirmadan sorumlu
oldugu bilinmektedir. Kene kaynakli hastaliklar insan ve
hayvan saglig1 acisindan ¢ok onemlidir ve giin gectikce
anlam kazanan “Tek tip-Tek saglik” yaklasiminda
onemli yer tutmaktadir (1, 3, 4).

Keneler, bircok protozoan, bakteriyel, helmint ve
viral patojenin asil rezervuandir ve bu patojenlerin
diunyadaki yayiimindan sorumludur. Kene kaynakli
hastaliklar bliyiik bir halk sagligi problemi olarak
degerlendirilebilir ve vektor kenelerinin dagilimi
patojenlerin dagilimim da belirler (5, 6).

Bu calismada Corum il simrlan icerisindeki

sokak kopeklerini enfeste eden kene tirlerinin

Turk Hij Den Biyol Derg

belirlenmesi amaclanmistir. Bu amacgla Nisan 2018-
Mart 2019 doneminde Corum Belediyesi Veteriner
isleri Miidiirliigi’'ne bagli Sokak Hayvanlan Gecici
Bakimevi’ne rehabilite edilmek uzere getirilen
kopekler uzerindeki keneler toplanmis ve tir tayinleri

yapilmistir.

Elde edilen veriler il sinirlan icerisindeki kene
hakkinda bilgi
verecektir. Ayrica kenelerin dagiiminmin anlasilmasina

varligl, yogunlugu ve cesitliligi
ve Corum ili’ nde kene kaynakli hastaliklar acisindan
risk faktorlerinin ortaya konmasina katki sunacaktir.

GEREC ve YONTEM

Arastirma Alan

Corum ili 34° 04' 28" dogu boylamlan ile 39°
54" 20" kuzey enlemleri arasinda Orta Karadeniz
Bolgesi’nin ic kistminda yer alir; ylzolcumiu 12.820
km2, deniz seviyesinden vyiksekligi ortalama 818
m’ dir. Koppen-Geiger siniflandirmasina gore iklimi
Csb kategorisindedir. Yillik ortalama yagis 450 mm,
ortalama sicaklik 10-11 °C civarindadir. Yilin en sicak
ay1 ortalama 20.2 °C ile Temmuz ve yilin en soguk ay1
0.1 °C ile Ocak’ tir.



Corum Belediyesi Hayvan Bakimevi

Corum Belediyesi Gecici Hayvan Bakimevi, Veteriner
isleri Mudiirliigii tarafindan 5199 sayili Hayvanlar
Koruma Kanunu ve ilgili uygulama yonetmeligi
dogrultusunda basibos sokak hayvanlarini rehabilite
etmek amaciyla 2007 yilinda acilmistir. Sahipsiz sokak
hayvanlarinin  sagliklarint  korumak ve {lremelerini
kontrol altina almak maksadiyla yururlikteki kanun
ve yonetmelikler cercevesinde; sokak hayvanlarin
toplamak, kisirlastirmak, asilamak, isaretlemek,
sahiplendirmek veya alindigi ortama birakmak, sahipli
hayvanlarn kayit altina almak, gerekli durumlarda
Kamu Birimleri ile isbirligi icerisinde hayvanlan
musahede altina almak, miusahede suresince takip

etmek gorevleri arasindadir.
Kenelerin Toplanmasi ve
Kenelerde Tiir Tayini

Nisan 2018-Mart 2019 doneminde Sokak Hayvanlan
Gecici Bakimevi haftanin belirli gunleri ziyaret edilerek

Saklanmasi,

rehabilitasyon amaci ile getirilen kopekler arasindan
secilen bireylerin tim viicudu (kulak ve cevresi, goz
ve cevresi, boyun, on ve arka ekstremitelerin tum
yuzeyleri ve tirnak aralan, ekstremitelerin viicuda
baglanma noktalari, anal bolge, genital bolge, karin ve
sirt bolgeleri vb.) kene varlig acisindan taranmistir.
Her bir kopek tek bir muayenede tim vicut bolgeleri
kontrol edilerek kene taramasindan gecirilmistir.
Kopeklerin bakimevine heniiz getirilen ve diger
bireylerle temas etmemis olanlardan secilmesine
Ozen gosterilmistir. Buna gore haftada 2 ya da 3 kopek
olacak sekilde calisma suresi boyunca toplam 100 farkli
kopek kene muayenesinden gecirilmis, kopeklerin yas
araliklar ve kenelerin tutunma bolgeleri kaydedilmistir.
Tespit edilen keneler kurumun bunyesindeki Veteriner
Hekimler tarafindan bir pens yardimyla cikarnlmis,
%70’lik etil alkol ile
dezenfekte edilmistir. Elde edilen keneler %96’lik

kenelerin cikarildig1 bolgeler

etil alkol iceren 10 ml’lik santrifij tuplerine alinms
ve tir tayinine kadar +4°C’de muhafaza edilmistir.
Kenelerin tiir tayini Tokat Gaziosmanpasa Universitesi
Biyoloji Bolumu Akaroloji Laboratuvari’nda standart

taksonomik anahtarlar kullamlarak Leica MZ16 marka
stereo mikroskop altinda yapilmistir (7, 8). Keneler
icin 3 farkli parazitolojik gosterge degerlendirilmistir:
Enfestasyon prevelansi (%)=100xEnfeste kopek sayisi/
Toplam kdpek sayisi, Enfestasyon yogunlugu=Kene
sayisi/Enfeste kopek sayisi, Bolluk=Kene sayis1/Toplam
kopek sayist (9).
herhangi bir noktasinda en az bir kene tespit edilen

Enfeste kopek sayis1 vicudunun

kopek sayisini, kene sayisi ise calisma boyunca farkl
kopeklerin uzerinden toplanan tiim kenelerin toplam
sayisint  gostermektedir.  Parazitolojik gostergeler
bireyler icin degil, calisilan kopeklerin toplami icin
hesaplanmistir.  Kopeklerin yas, cins, cinsiyet gibi

ozellikleri parazitolojik gostergeler belirlenirken

hesaba katilmamuistir.

Bu calisma icin Yerel Etik Kurul izni alinmmstir
(Erciyes Universitesi Hayvan Deneyleri Yerel Etik
Kurulu, Karar No: 18/087- 16.07.2018).

BULGULAR

Bu calismada kene taramasi yapilan kopeklerde (58
Q ve 42 3) enfestasyon prevelansinin %20, enfestasyon
yogunlugunun 3.3 (1-7) ve bollugun 0.7 oldugu
kaydedilmistir. Kopeklerin yas dagilimlan ve kene ile
enfeste birey sayilarn Tablo 1’de gosterilmektedir. Buna
gore kopeklerin cogunlugu 4-6 yas araligindadir. Ancak
kene ile enfeste birey sayisinin toplam birey sayisina

orani 6-8 yas araligindaki kopeklerde en fazladr.

Kopekleri enfeste eden kenelerin Ixodes kaiseri,

SPP.,
turanicus ve Haemaphysalis parva

Hyalomma Rhipicephalus sanguineus,
Rhipicephalus
tirlerine ait oldugu tespit edilmistir. Kopekler
tizerine tutunan kenelerin tiirlerine gore dagilimlan,
gelisim evreleri ve tutunma bolgeleri Tablo 2’ de
gosterilmektedir. Hae. parva ve R. turanicus calisma
boyunca kopekler lizerinde en sik kaydedilen kene

turleridir.

Kopekler lizerinde en sik rastlanan kene tirlerinin
sirastyla Hae. parva, R. turanicus, Hyalomma spp.,
R. sanguineus ve I. kaiseri oldugu kaydedilmistir.
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Kopeklerin tizerinden toplanan kenelerin cinsiyetleri
ve aylara gore dagiim Tablo 3’ de gosterilmektedir.
Buna gore en fazla kene 2018 yilimin Haziran ve Agustos
aylarinda ve 2019 yiinin Mart ayinda, en az kene ise
2018 yiinin May1s ayinda kaydedilmistir. Calisma takvimi

Tablo 1. Kopeklerin yas dagilim ve kene ile enfeste birey sayisi

icerisinde 2018 yili Nisan ayinda ve 2019 yii Ocak ve
Subat aylarinda kopekler tizerinde kene gozlenmemistir.
Toplam erkek kene sayisimin disi kene sayisina orani
(E/D) 1.2 ve toplam yetiskin kene sayisinin nimf sayisina
oram 8.4 olarak hesaplanmstir.

Yas aralig Kene ile enfeste birey sayisi Toplam birey sayisi
1-3 6 35
4-6 9 54
6-8 5 11
Toplam 20 100

Tablo 2. Kopekler iizerine tutunan kenelerin tir dagiimlari, gelisim evreleri ve tutunma bolgeleri

Tiirler Larva Nimf Disi (?) | Erkek (J) Toplam Tutunma bolgesi
Ixodes kaiseri - - 3 3 Kulak kepcesi
Hyalomma spp. - 7 7 Kulak ici
Rhipicephalus turanicus - - 7 14 21 o gevresll, Kula!( 151, Ll
epcesi

. On ekstremite tirnak aralar1,
Haemaphysalis parva - - 13 18 31 boyun bélgesi
Rhipicephalus sanguineus - - 4 4 Boyun bolgesi, goz cevresi
Toplam - 7 27 32 66

Tablo 3. Kopekler iizerine tutunan kenelerin cinsiyetleri ve aylara gore dagilimi

2018 2019
Kene Tiirleri Mayis Haziran Temmuz Agustos Eyliil Ekim Kasim | Aralik Mart
Kopek sayisi 16 13 13 16 8 2 1 1 30
Ixodes kaiseri 32 - - - -
Hyalomma spp. 2 nimf 5 nimf - - - -
e o | = w o | - [
Haemaphysalisparva - 79 34 33 - 34 34 - 63 62
Rhipic.ephalus 40
sanguineus
Toplam 2 nimf 119 25 B 359}“3;:3’ 84 94 33 49 8
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TARTISMA

Turkiye’deki kene faunasi, 31’i insanlarn enfeste
eden 47 tir icermektedir. Tiurkiye’de her yil binlerce
insan kene 1sirmasina bagli hastaliklardan etkilenir.
Turkiye’de en vyaygin kene kaynakli hastaliklar

arasinda Kirnm Kongo Kanamali Atesi, Lime boreliasis,

Riketsiosis, Tularemi, Babesiosis ve Anaplasmosis
sayilabilir (10, 11, 12, 13, 14).
Corum ili’nde kene enfestasyonu vakalan

yaygindir; daha onceki calismalarda bu bolgede

insanlarin Hyalomma marginatum, Dermacentor
marginatus, Hyalomma aegyptium, Hyalomma spp.,
Hyalomma excavatum, Hae. parva, Haemaphysalis
punctata,

Haemaphysalis sulcata, Haemaphysalis

erinacei taurica, Ixodes ricinus, Ixodes laguri,

Rhipicephalus bursa ve R. turanicus turi keneler
tarafindan enfeste edildigi kaydedilmistir (15, 16,
17). H. marginatum bu bolgede insanlari enfeste eden
en yaygin kene turidir (15, 16, 18) ve Kirnm Kongo
Kanamali Atesi (KKKA) hastaliginin asil vektoridir
(19, 20). il genelinde insanlarda cok sayida KKKA
vakasina (16, 21) ek olarak riketsiosis gibi diger kene

kaynakli hastaliklar da kaydedilmistir (13, 15, 18, 22).

Bu bolgede insanlar izerinden toplanan kenelerde
Rickettsiae, Ehrlichia, Anaplasma, Babesia, Borrelia,
Hepatozoon, Theileria enfeksiyonlarina rastlanitmistir
(15, 17). Ayrica Testudo graeca tiirli kaplumbagalar
Uzerinden toplanan H. aegyptium tirl kenelerde
Hemolivia mauritanica, Rickettsia aeschlimannii,
Ehrlichia spp., ve Bartonella bovis enfeksiyonu
kaydedilmistir (23). Ayn1 bolgede insanlar lizerinden
toplanan H. aegyptium turi kenelerde riketsiyal DNA

varligina rastlamlmamistir (15).

Bu calismada kopeklerde I. kaiseri, Hyalomma
spp., R. sanguineus, R.
turune ait kene enfestasyonu kaydedilmistir. Daha

onceki calismalarda Corum ili’nde Hyalomma spp.,

turanicus ve Hae. parva

R. turanicus ve Hae. parva’nin insanlar da enfeste
ettigi ortaya konmustur (15, 16, 17). Buna gore
kopekler lizerinden toplanan kenelerin tasidigi olasi

patojenlerin insanlar icin de risk olusturdugu aciktir.

R. turanicus Akdeniz Bolgesi, Afrika ve Asya’da
dagilan, evcil ve yaban hayvanlar ve hatta insanlan
enfeste eden bir kene turudur (24). Rickettsia spp.
gibi kene kaynakli patojenlerin vektori oldugu bilinir
(25). Aynca R.
vektorleri arasinda bir yenisi oldugu kaydedilmistir

turanicus’un Hepatozoon canis’in

(26). Corum ili'nde insanlar lizerinden toplanan
R. turanicus turu kenelerin R. aeshlimanni ile
enfekte oldugunu molekiiler olarak ortaya konmustur
(17). Baska bir calismada bu bolgede insanlarda
parazitlenen R. turanicus tirid kenelerde riketsiyal

DNA varligina rastlanmamistir (15).

Hyalomma turu keneler R. aeschlimanni’nin asil
vektoru olarak bilinir. Hyalomma spp. nimf evresinde
insanlara ozel afinite gosterir (10, 27, 28). Corum
ili'nde insanlar iizerinden toplanan Hyalomma spp.
turd kenelerin R. aeschlimanni, Rickettsia slovaca,
Rickettsia raoultii ve Ehrlichia spp. ile enfekte oldugu
kaydedilmistir (17). Daha once bu bolgede insanlar
Uzerinden toplanan Hae. parva tiriine ait kenelerde
Rickettsiae spp., R. aeschlimanni, R. slovaca,
Rickettsiae hoogstraalii, Rickettsiae sibirica subsp.
mongolitimonae, Ehrlichia spp., Anaplasma spp.
tespit edilmistir (17).

Hae.

parva ve R. sanguineus daha once

Yunanistan’da kopekler Uzerinde kaydedilmistir
(29). Hepatozoon canis ve Hepatozoon felis’in kedi
ve kopeklerde hepatozoonosise neden oldugu ve bu
patojenlerin R. sanguineus tirl kenelerle gectigi
bilinmektedir ve Tirkiye’de daha once kopekler
Uzerinden toplanan R. sanguineus tiri kenelerde bu
patojenlerin varlig: tespit edilmistir (30). Ankara’ daki
sokak kopeklerin kanlarinda molekiler yontemlerle
yiiksek oranda kene kaynakli Hepatozoon enfeksiyonu
tespit edilmistir (31).

Erzurum ili’nde hayvan bakimevine getirilen
sokak kopeklerinin kanlarinda molekiiler yontemlerle
babesiosis, hepatozoonosis, leishmaniasis, filariosis
(Dirofilaria Dirofilaria
Acanthocheilonema reconditum),

immitis, repens  ve

ehrlichiosis
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(Ehrlichia canis) ve anaplasmosis (Anaplasma platys)
gibi KVKH tespit edilmistir (32).

I. kaiseri turu keneler, simdiye kadar Tirkiye’de
Ankara’da bir kizil tilki (33) ve Tekirdag’da kopekler
uzerinde kaydedilmistir (34). Bizim kayitlarimizdaki /.
kaiseri Corum icin yeni kayit, Turkiye icin ise Ucuncu
kayittir. Yine Tekirdag’da kopeklerde R. sanguineus,
Rhipicephalus spp., I.
ve Hae. parva turl kene enfestasyonu kaydedilmistir.

ricinus, Ixodes accuminatus
Hae. parva’mn Turkiye’de ve diinyada, kopekleri
enfeste ettigine dair ilk kayit bu bdlgedendir
(34). Bildigimiz kadanyla bizim sonuclarimizdaki
kopeklerdeki Hae. parva enfestasyonu Turkiye’de ve
diinyada ikinci kayittir. Ustelik bizim sonuclarimiza
gore Hae. parva kopeklerde en sik rastlanilan kene
turidar.

Turkiye’de kopekleri enfeste eden kene tirlerinin
belirlenmesine yonelik calismalar yetersiz olsa
da, bizim sonuclarimiza benzer sekilde Trakya
bolgesinde kopeklerin R. sanguineus, R. turanicus
(35), Diyarbakir bolgesinde ise R.

kenelerle enfeste oldugu kaydedilmistir (36).

sanguineus turu

Tekirdag’dasahiplive sahipsizkopeklerin % 8.5’inin
(n:1605) 1-131 kene ile enfeste oldugu kaydedilirken
(34), bizim sonuclarimiza gore kopeklerin %20’si 1-7
kene ile enfesteydi. Corum Belediyesi Veteriner isleri
Miudirligi sokak kopeklerinin ektoparazit miicadelesi
beslenme odaklarinda

kapsaminda, kopeklerin
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besinlerine rutin olarak genis spektrumlu endektosit
ve sestosid kombinasyonu ilaclar eklemektedir. Bu
koruyucu veterinerlik hizmeti sayesinde bu bolgedeki
kopekler gorece dusik sayida kene ile enfeste olmus
olabilir.

Sonuc olarak keneler, insan ve hayvanlari etkileyen
zoonotik hastaliklarin onemli bir vektoridir ve bu
patojenlerin dinyadaki yayilimindan sorumludur.
Corum’un kene kaynakli hastaliklar acisindan onemli
bir bolge oldugu soylenebilir. Daha onceki calismalar,
bu calismada elde edilen kenelerin bazi zoonotik
patojen mikroorganizmanin rezervuarn ve vektoriu
oldugunu ortaya koymustur. Kopekleri enfeste
farkh

insanlar da enfeste edebileceginden, kene kaynakli

eden keneler, gelisimlerinin evrelerinde
hastaliklarin epidemiyolojisinin anlasilmasinda sokak
kopeklerinden elde edilecek veriler degerlidir. Gegici
hayvan bakim evine sehrin farkli noktalarindan cok
sayida sokak kopegi getirilmektedir. Elde edilen
veriler il sinirlan icerisindeki kene varligi, yogunlugu
ve cesitliligi hakkinda bilgi vermektedir. Ayrica
kenelerin dagiiminin anlasilmasina ve Corum ili’nde
kene kaynakli hastaliklar acisindan risk faktorlerinin
ortaya konmasina katki sunacaktir. Keneler ve kene
kaynakli zoonotik hastaliklarla miicadelede, sokak
sorumlu belediyelere

hayvanlarinin  refahindan

onemli bir gorev dismektedir.
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Turk Hijyen ve Deneysel Biyoloji Dergisi

Yaslanma ve yiizme egzersizinin, torasik aorta ve gastroknemius
iletim arterlerinde karbon monoksit gevseme yanitina etkisi

Giinnur KOGER', Seher NASIRCILAR-ULKER?, Yusuf OLGAR?, Nihal OZTURK*, Semir OZDEMIR*

OZET

Amag: Bu calismanin amaci yaslanma ve ylizme
egzersizine bagli olarak sicanlarin torasik aortasinda ve
gastroknemius iletim arterinde karbon monoksit (CO)’e
verilen damar yanitlarinin degisip degismedigini test

etmektir.

Yontem: Calismamizda 4 aylik genc ve 24 aylik yash
Wistar disi sicanlar kullanmildi. Sicanlar rastgele genc-
sedanter (GS), genc-egzersiz (GE), yasli-sedanter (YS)
ve yasli-egzersiz (YE) olmak Uzere dort gruba ayrild.
Egzersiz gruplarina 8 hafta siiresince haftada 5 giin,
glinde 1 saat yuzme egzersizi yaptinldi. Sicanlardan izole
edilen torasik aorta halkalar organ banyosu diizeneginde,
gastroknemius iletim arteri ise telli miyograf diizeneginde
calisildi. Aort ve gastroknemius iletim arteri halkalarinin
fenilefrin (PE) kasilma yanitlarni hemoksijenaz inhibitori
chromium mesoporphyrin inkiibasyonu oOncesi ve
sonrasinda kaydedilerek endojen olarak uretilen CO’in
vaskuler tonusa katkis1 degerlendirildi. CO dondrii (CORM;
monoxide -

carbon - releasing - molecule) kullanilarak

ekzojen gevseme yanitlan degerlendirildi.

CrMP

sonrasinda PE doz yamit egrilerinde hem aortada hem

Bulgular: inkibbasyonu  oncesinde ve

de gastroknemius iletim arterinde gruplar arasinda fark

ABSTRACT

Objective: The purpose of this study is to observe
any aging and swimming exercise associated changes
in the rat thoracic aorta and gastrocinemius feed

artery.

Methods: 4-month and 24-month old female rats
were used and divided into four following groups:
sedentary young, trained young, sedentary old, and
trained old. Swimming exercise was performed for
8 weeks (60 min/day, 5 days/week). Thoracic Aorta
and gastrocinemius feed artery isolated from the rats.
Thoracic Aorta rings were mounted on organ bath
and gastrocinemius feed arteries were mounted on
wire myograph. Contraction responses of all vessel
rings in presence and absence of HO inhibitor (CrMP)
were recorded as an endogenous CO contribution to
vascular tonus. The effect of exogenous CO relaxation
response were assesed by CO releasing molecule
(CORM).

Results: Phenylephrine dose- response curves with
or without CrMP were smilar in all groups both aortic
rings and gastrocnemius feed artery. The maximum PE
contraction responses obtained after CrMP incubation

were significantly higher in the GE, YS and YE groups
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yoktu. CrMP inkiibasyonu sonrasinda alinan maksimum
PE kasilma yanitlann aort halkalarinda GE, YS ve YE
gruplarinda anlamli olarak daha yuksekti (p<0,05),
gastroknemius iletim arterlerinde ise sadece GS ve GE
gruplarinda anlamli olarak yuksekti (p<0,01). CORM’a
verilen maksimum gevseme yanitlarinda gastroknemius
iletim arterinde gruplar arasinda fark yoktu. Aorta
halkalarinda ise maksimum CORM gevseme yanitlar yasl

gruplarda anlamli olarak daha diisuikti (p<0,05).

Sonug: Calismanin sonuglan; gastroknemius iletim
arterinde CO yanitlarina egzersiz ve yaslanmanin etkisi
olmadigini, Aorta halkalarinda ise CO gevseme yanitinin
yaslanmayla birlikte azaldigini ve egzersizin CO gevseme
yanitin1 hem yasli hem de genc sicanlarda arttirnci bir

katkisinin olmadigini géstermektedir.

Anahtar Kelimeler: Karbon monoksit, hemoksijenaz,

vaskiler tonus, aorta, gastroknemius iletim arteri

(p <0.05) in the aortic rings, and only significantly
higher in the GS and GE groups in the gastrocnemius
feed arteries (p <0,01). There was no differences in the
maximum vasodilatation response of CORM reported
for all groups in gastrocnemius feed artery. However,
in the old groups CORM Emax values were established
significantly lower than that the young groups in the
aortic rings (p<0,05).

Conclusion: As a results of this study; exercise
and aging have no effect on CO responses in the
gastrocnemius feed artery. But the CO relaxation
response is decreased by aging in the thoracic aorta of
elderly rats and exercise does not have an enhancing
contribution for CO relaxation response in both old and

young rats.

Key Words: Carbon monoxide, hemo oxygenase,

vascular tonus, aorta, gastrocnemius feed artery

GIRIS
Endotel
hipertansiyon veya

sadece
hipertansiyon (1,
2), hiperkolesterolemi (3, 4) ve ateroskleroz (4)
gibi hastaliklarin olmayip
ginumuzde vyashibikla da iliskilendirilmektedir (5,
6). Bu patolojik durumlardan bagimsiz olarak da
yastiigin,
endotel disfonksiyonuna yol actigi rapor edilmistir

disfonksiyonu, esansiyel

sekonder

karekteristik ozelligi

torasik aorta ve direnc arterlerinde

(5, 7, 8). Endotel fonksiyonunda yaslanmayla birlikte
goriilen degisikliklerin kardiyovaskiiler hastaliklarin
patogenezinde klinik acidan onemli etkileri olabilir.
Yasa bagli olarak goriilen endotel fonksiyonlarindaki
bozulma / azalma oncelikle endotel hiicrelerinin
salgiladiklan
gevsetici mediatorlerin azalmasi ile kendini gosterir.
Bu durum endotelden salgilanan cesitli vazodilator
maddelerin ve ozellikle nitrik oksidin (NO) hem
hem de bioyararlaniminin

vaskiiler tonusu dizenlemek icin

Uretiminin azalmasi

ile aciklanmaktadir (9). Bunun yaninda yaslanma

Turk Hij Den Biyol Derg

stirecinde NO disinda prostasiklin ve endotel kaynakli
hiperpolarize edici faktor (EDHF) gibi endotel bagimli
gevseticilerin katkisimin azaldig1 bilinmektedir (10,
11).

Son yillarda karbonmonoksit,
katkis1 ve fonksiyonlar1 acisindan NO ile benzerliklere

vaskller tonusa

sahip olmasi nedeniyle uzerinde durulan gevsetici
mediyatorlerden biridir (12). Aym1 zamanda CO,
bircok arastirmada NO icin yedekleme molekilu
(13). CO,
(HO) enziminin hem molekuliini CO, biliverdin ve
demire yikmasi sonucu olusmaktadir. HO enzimi HO-

olarak gosterilmektedir hemoksijenaz

1, HO-2 ve HO-3 olmak lzere Uc¢ izoforma sahiptir.
HO-3 izoformu hakkinda az bilgiye sahip olunmakla
birlikte HO-1 uyanlabilir izoform, HO-2 ise yapisal
izoformdur. HO-1 ve HO-2 izoformlan viicutta yaygin
bir dagiim gosterirler ve hem endotelde hem de
vaskiiler diiz kasta yer almaktadirlar (12). CO’in
ekzojen olarak uygulanmasi pek cok dokudan izole



edilen damarlarda gevsemeye neden oldugu bizim
calismamizda ve baska calismalarda gosterilmistir
(13, 14). Yaslanmayla birlikte azalan diger endotel
bagimli vazodilatorler gibi CO diizeyi de azaliyor mu?
Yoksa yaslanmayla birlikte NO biyoyararlaniminin
azalmasina paralel olarak CO biyoyararlanimi artiyor
mu? Yasl bireylerde, CO’in vaskiiler tonusa katkisinda
ne yonde degisiklik oldugu bilinmemektedir.

Saglikli aktif bir yaslanma icin diizenli egzersiz
cok onemlidir. Epidemiyolojik veriler kardiovaskiiler
hastaliklar acisindan yaslanmanin en buyik risk faktoru
oldugunu ortaya koymaktadir (15) ve diizenli egzersiz
yapildiginda sistolik kan basincinda azalma, endotel
fonksiyonunda iyilesme, koroner arter hastaliklarinda
diuzelme gibi pekcok kardiyoskiler hastalik riskini
azaltigr aralarinda onceki calismalarimizin da oldugu
pekcok arastirmada gosterilmistir (16-19). Duzenli
egzersizler sonucu olusan vaskiiler diuzenlemelerde
HO/CO sistemi
egzersizi sonucu normotansif sicanlarda aort HO-1 ve

de etkilenmektedir. Kosu bandi
HO-2 proteinlerinin ekspresyonu ve HO’nun aracilik
ettigi gevsemenin arttig1 gosterilmistir (20).

Bu verilerin 15181 altinda; Bu ¢alismamizin amaci
yaslanma ve ylizme egzersizine bagli olarak sicanlarin
torasik aortasinda ve gastrokinemius iletim arterinde
karbon monoksit (CO)’e verilen damar yanitlarinin
degisip degismedigini test etmektir.

GEREC ve YONTEM

Hayvanlar

Calismamizda toplam 44 adet; 4 aylik genc ve
24 aylik yashi Wistar disi sicanlar kullanildi. Sicanlar
rastgele, genc - sedander (GS, n=12), genc-egzersiz
(GE, n=12), yashi-sedanter (YS, n=10) ve yashi-egzersiz
(YE n=10) olmak lizere dort gruba ayrildi. Akdeniz
Universitesi Hayvan Deneyleri Yerel Etik Kurul onay
ile XXX Deney Hayvanlar Bakim ve Uretim Unitesinden
temin edilen sicanlar, sicaklig1 23 + 2°C olan ve 12 saat
saat giin 15181 - 12 saat karanlik periyodu uygulanan bir
odada tutuldu ve kisitlamaksizin (ad libitium) ticari

sican yemi ile su tiketimine birakildilar.
Egzersiz Protokolii

Egzersiz grubunda yer alan hayvanlara, sicakligi 33
+2°C olan su ile doldurulmus cam havuzlarda 8 hafta
suresince, giinde 1 saat haftada 5 guin olacak sekilde
yluzme egzersizi yaptinildi. Bir haftalik adaptasyon
suresince sicanlar once 10 dk yuzdurildiler sonra
yuzme sureleri hergiin 10’ar dk arttirildi. Bir haftalik
alistirma periyodundan sonra hayvanlarimz calisma
boyunca hergiin 1 saat yuzdurildiler.

Organ Banyosu ve Miyograf Calismasi

Eter anetezisi altinda feda edilen hayvanlarin
torasik aortalar ve gastroknemius kas1 izole edilerek
soguk krebs soliisyonunun (110 mM NaCl, 5 mM
KCl, 24 mM NaHCO3, 1 mM KH2PO4, 1 mM MgSO4,
2,5 mM CaCl2, 10 mM glikoz, and 0,02 mM EDTA)
icerisine alind1 Torasik aortaya ait damar halkalan
diseke edilip, 2 mm uzunlugunda kesildikten sonra %
95 0,, % 5 CO, iceren gaz karigimi ile gazlandirnlms
37°C’de pH’s1 7,4 olan 20 ml Krebs soliisyonu iceren
organ banyosuna alindi. Damar halkalar celik tellere
asilarak gergin bir ip araciligiyla izometrik transdusere
(FDT 1 A-10 MAY, Ankara, Tirkiye) baglandi ve daha
onceden belirlenen 1 gr istirahat gerilimi altinda, her
15 dk’da bir yikanarak 60 dk boyunca dinlendirildi.
Daha sonra deney protokollerinin uygulanmasina
gecildi.
uzunlugunda kesildikten sonra organ banyosu ile ayni

Gastroknemius iletim arteri de 2 mm
kosullara sahip miyograf (Model 620M, Danish Myo
Technology, Aarhus N, Danimarka) diizenegine asildi.
Bazal gerimleri hesaplandiktan sonra bu gerimde 1
saat dinlendirildikten sonra deney protokollerinin

uygulanmasina gecildi.

Ortak Deney Protokolii: Bir saatlik dinlenme
periyodu ardindan damarlar icin bir on-uyarilma
sayilan vitalizasyon asamasina gecildi. Bu islem icin
20 mM KCl iceren Krebs solusyonuna, ayrica 10-7 M
konsantrasyon da fenilefrin (PE) ilave edildi. Bu islem
uc sefer tekrarlandi ve damarlar her uygulamadan
sonra normal Krebs soluisyonuyla yikandi. Vitalizasyon
asamasindan sonra 30 dk dinlenmeleri sagland.
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Dinlenme periyodunu takiben damar limeninin
ic yuzini doseyen endotel tabakasinin saglikli olup
olmadig1 arastirildi. 10-6 M PE ile kastirilan damara
(Sigma A6625,
St. Louis, USA) uygulanarak, gevseme cevabinin

ayn1  konsantrasyonda asetilkolin
ylizde olarak biyikligli saptandi. %60 ve (zerinde
gevseme cevab1 veren damarlar endotel pozitif
olarak degerlendirildi. % 60’1n altinda gevseme yaniti
veren damarlar ise deney protokoline alinmadi
(calismamizda kullandigimiz damarlarin hepsi % 70
ile %90 arasinda gevseme gosterdiler).

Deney protokoliiniin bundan sonraki her asamasi
banyo solusyonuna eklenen spesifik olmayan NOS
inhibitori L-NAME (1 mM, Sigma N5751, St. Louis,
USA) varliginda degerlendirildi. Bu CO calismalarinda
ortamdan NO uzaklastinlarak, yalnizca CO’in etkisini
gozlemlemek icin yapilan rutin bir uygulamadir. Bu
asamaya kadar ayni islemlere maruz kalan damarlar
icin bundan sonra asagida tarif edilen protokoller
uygulandi. Birbirini takip eden uygulamalarin
aralarinda 30 dk dinlenme periyodu birakildi.

Endojen CO yantlar: Damarlarin kimilatif
olarak 10-9 - 3x10-5 M dozda PE’e (Sigma P6126) kars
kasilma yanitlan kaydedildi. Daha sonra damarlar 30
dk boyunca HO inhibitori chromium mesoporphyrin
(CrMP; 30 uM, Frontier CrMP459, Utah, USA) ile inkiibe
edildikten sonra PE doz yanitlan tekrar alindi. CrMP
inkiibasyonu sonrasi kasici ajanlara verilen kasilma
yanitinin artisi, CO’in damar tonusuna endojen olarak
katkis1 olarak degerlendirildi.

Ekzojen CO vyamtlan: Oncelikle banyoya
3x10-6 M PE verilerek
yanit1 elde edildi. Ardindan damarlarin kimilatif
(CORM,
carbon monoxide-releasing molecule, [Ru(C0)3Cl(2]2)
(Aldrich 288144, St. Louis, USA) dozlarina (10-9 -
3x10-4 M) verdikleri gevseme yanitlan kaydedildi.

submaksimal kasilma

tricarbonyldichlororuthenium (ll) dimer

istatistiksel Analiz

Calismamizda elde edilen sonuclar ortalama +
standart hata olarak verildi. PE ve CORM’un artan
dozlarinda alinan kasilma/gevseme cevaplarinin
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degerlendirilmesinde li¢ yonlii tekrarlayan 6lciimlerin
varyans analizi ve posthoc test olarak ta Sidak testi
kullanildi. CO’nun endojen katkisin1 gostermek icin PE
ve CrMP varliginda PE yanitlarini degerlendirilmesinde
eslestirilmis t testi kullamldi. Maksimum kasilma/
gevseme (Emax) yanitlarimin degerlendirilmesinde
degerlendirilmesinde iki yonli varyans analizi
posthoc test olarak Sidak testi kullamldi. istatistiksel

onemlilik derecesi p<0,05 anlamli olarak kabul edildi.
BULGULAR

Torasik Aorta Yanitlari. PE ve CrMP varliginda
alinan PE doz yanit egrileri, endojen katki yiizdesi
ve maksimum kasilma yanitina ait grafikler Sekil 1’de
gosterilmistir. PE, CrMP varliginda PE doz yanit egrileri
ve maksimum kasilma yanitlar karsilastirildiginda
gruplar arasinda anlamli bir fark tespit edilemedi
(Sekil 1A, Sekil 1B). CrMP inkiibasyonu sonrasinda
alinan maksimum PE kasilma yanitlan GE, YS ve YE
gruplarinda anlamli olarak daha yiiksekti (Sekil 1C,
p<0,05). CO donoru CORM verilen gevseme doz yanit
egrileri ve maksimal gevseme degerleri Sekil 2’de
gosterilmistir. CORM’a ait gevseme doz yanit egrileri
kiyaslandiginda gruplar arasinda fark yoktu (Sekil 2A).
CORM’a ait maksimum gevseme yanitlarina egzersizin
anlamli bir katkis1 yokken yasin anlami katkis1 vardi.
Yani maksimum gevseme vyanitlari YS grubunda
GS’den, YE grubunda GE’ den anlamli olarak daha
dusiktu (Sekil 2B, p<0,05).

Gastroknemius iletim Arteri Yanitlari.
Gastroknemius iletim arterine ait tum kasilma ve
gevseme yanitlan Sekil 3 ve Sekil 4’te verilmistir.
Tum gruplarda endojen CO uretiminin vaskuler tonusa
katkis1 acisindan doz-yamit egrilerinde herhangi bir
fark bulunamazken (Sekil 3A ve Sekil 3B), maksimum
PE kasilma yanitlan goz oOniine alindiginda CrMP
inkiibasyonu sonrasinda sadece GS ve GE gruplarinda
anlamli olarak yuksekti (Sekil 3C, p<0,01).

CO uygulamas1 sonucu gevseme yanitlarinda deney

Ekzojen

gruplan arasinda doz-yanit egrilerinde ve CORM’a
verilen maksimum gevseme yanitlarinda istatistiksel
olarak fark tespit edilemedi (Sekil 4A ve Sekil 4B).
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Sekil 2. Torasik aort halkalarina ait gevseme yanitlari
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Sekil 3. Gastroknemius iletim arteri halkalarina ait kasilma yanitlan

A: PE (10-9-3x10-5 M) doz-cevap egrisi,

B: HO inhibitord CrMP varliginda PE (10-9-3x10-5 M) doz-yanit egrisi,

C: PE ve CrMP varliginda PE’e verilen maksimum kasilma yamtlari (Emax).
** p<0,01, maksimum PE kasilma yanitlarindan fark
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Sekil 4. Gastroknemius iletim arteri halkalarina ait gevseme yantlan
A: CORM doz-cevap egrileri (10-9-3x10-4 M),
B: Gastroknemius iletim arteri halkalarinin maksimal gevseme yanitlar (Emax).
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TARTISMA

Endotel olarak

vazokonstriktor ve vazodilator nitelikte maddeler

cevresel uyarilara  yanit

sentezleyip, salgilayabilen dinamik bir organdir.
Endotelyal disfonksiyonu genis kapsamli bir terimdir
ve NO iretiminde bozulma ve / veya endotel-
kaynakli Endotelin1 (ET-1), anjiyotensin ve oksidanlar
gibi gevseme ve kasilma faktorlerinde dengesizligi
ifade eder (21,
disfonksiyonunun olasi mekanizmalan arasinda NO

22). Yasliiga bagh gelisen endotel

ve diger endotel kaynakli damar gevsetici faktorlerin
sentezinde azalma sayilabilir. CO, NO ile benzer
fizyolojik ozelliklere sahiptir ve aynm zamanda NO icin
yedekleme molekiill olarak gosterilmektedir (13, 23,
24). Fakat yaslilikta, CO’in damar yanitlarina etkisi
bilinmemektedir.

Calismamizda; torasik aortada genc-sedanter
grup ile kiyasladigimizda CrMP varliginda maksimum
PE kasilma yanitlan genc-egzersiz, yasli-sedanter
ve yasli-egzersiz gruplarinda anlamli olarak artti.
Yaslanmayla birlikte CO’in vazodilator etkisinin
torasik aortada azaldigim, iletim
arterinde ise degismedigini tespit ettik. Egzersizin,
her iki damar segmentinde gevseme yanitin1 arttirici

gastroknemius

bir katkisinin olmadigini saptadik.

Endojen CO vyamtlarim incelemek icin NO
yanitlarin1 incelemede kullanilan asetil kolin gibi
belli bir uyaran yoktur. Damarin cesitli kasic1 veya
gevsetici agonistlere verdigi yamt sonrasi ortama
eklenen HO inhibitorii sonrasi yine ayni1 agoniste
alinan yanit ile aradaki fark endojen CO olusumunu
gostermektedir. Biz calismamizda once damarlarin
PE’e verdigi kiimilatif kasilma yanitlarim sonra HO
enzim inhibitori olan CrMP ile inkiibasyon sonrasi
tekrar PE’e verdigi kasilma yamtlarin kaydettik. iki
uygulama arasindaki kasilma yaniti artistm CO’in o
damar segmentindeki endojen vazoditor katkisi olarak
kabul ettik. Torasik aorta’da endojen CO Uretimi
incelendiginde gruplara arasinda anlamli bir fark

yoktu fakat gruplar kendi icinde degerlendirdigimizde

GE, YS ve YE gruplarinda anlamli endojen artis tespit
ettik. Bu damar segmentinde; CO’in, GS grubunda %
3,03, GE grubunda % 30,25, YS grupta % 26,88 ve YE
grubunda ise % 32,69’luk endojen bir katkisi oldugunu
tespit ettik.

Calismamizda, Torasik aorta ve gastroknemius
iletim arteri halkalarinda genc egzersiz gruplarinda
CrMP
yanitlarinda anlamli artis saptadik. Bu artisi, Meng-

inkibasyonu  sonrasinda PE  kasilma
Wei Sun ve arkadaslar’min (20) egzersiz sonucu
damar halkalarinda tespit ettikleri HO-1 ve HO-2
HO’1n
uyarilabilir formu olan HO-1’in torasik aortada

proteinlerindeki artis ile aciklayabiliriz.
protein ekspresyonunun onceki calismamizda egzersiz
ile birlikte arttig1 gosterildi (19). Bu durum HO-2’ye
gore daha guiclu bir enzim olan HO-1’in artis1 sonucu
(25) torasik aortada endojen CO duretimi artisim
aciklayabilir. Yash gruplarda da CO’in endojen katkisi
anlamli olarak yiiksekti fakat egzersizin ekstra bir
katkis1 olmadi. HO-1 enziminin uyaranlari arasinda
egzersiz disinda oksidan stres, hipoksi, shear stres, 1s1
soku, hidrojen peroksit sayilabilir (26). Yaslanmayla
birlikte oksidan stresin artmasi HO-1 ekspresyonunu
tetikleyerek endojen katkinin artisina neden olmus
olabilir.

CO son yillarda onem kazanan vazodilator
ajanlardan biridir. Damarlar da vazodilator etkisini
siklik guanozin mono fosfat (cGMP) ve kalsiyum
(BKCa )
gostermektedir (27). Calismamizda, CO’in ekzojen

bagimli potasyum kanallan Uizerinden
katkisin1 ortaya koymak icin CORM’a verilen gevseme
yanitlarn kaydedildi. Torasik aortada yaslanmayla
birlikte CO gevseme yamti anlamli olarak azald.
Yapilan calismalar torasik aortada yaslanma ile
soluble guanilat siklaz’in down regiile oldugunu (28,
29), Marijic ve arkadaslarn da BKCa’nin yaslanmayla
birlikte ekspresyonunun azaldigin1 gostermislerdir,
aynt zamanda Zhou ve arkadaslar da yashilikta
BKca

saptamislardir (30, 31). CO’in etki mekanizmalarinda

kanallarinin  fonksiyonlarinin  bozuldugunu

yaslanma ile meydana gelen azalis CO’in vazodilator
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etkisini maskelemis olabilir. Bu da bizim torasik

aortada maksimum CO gevseme vyanitlarinin

azalmasini aciklayabilir.

Cok fazla sayida damar yataginda iletim arterinden
direng arterine kadar CO yamtim inceledigimiz
calismada gastroknemius kasina ait damar yataginda
sadece iletim arterinde endojen katki tespit ettik
(14). L-NAME hipertansif sicanlarla yapmis oldugumuz
calismamizda ise kontrol grubunda gastroknemius
diren¢c arterinde CO yamitinda bir farklilik tespit
edemedigimiz icin simdiki calismamizda egzersizin

damar yanmtlarinda ki adaptasyonel etkisini
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Calismamizin = sonuclar, yaslanmayla birlikte
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Klorokuin endoplazmik retikulum stresini ve enflamasyonu
inhibe ederek sicanlarda adriamisin uyarili kardiyotoksisiteyi
engeller

Emin KAYMAK!, Ali Tugrul AKIN2, Emel OZTURK?, Tayfun CEYLAN“, Nurhan KULOGLU*,
Derya KARABULUT*, Birkan YAKAN*

OZET

Amag: Adriamisin  (ADR) kanser tirlerinde
kullamlan kemoterapatik bir ila¢ olarak bilinmektedir.
ADR uyanli kardiyomiyopati toksik 6zelliginden dolay:
ADR

endoplazmik

ilacin  kullammin1  zorlastirmaktadir. uyarili

kardiyotoksisitede  enflamasyon ve
retikulum stresi (ERs) artmaktadir. Pek cok kanser
tiriinde kullanilan kemoterapotik ilac olan ADR’nin yol
actig1 kardiyotoksisiteye karsi sitma ilaci olan klorokuin
(CLQ) kullaniminin ERs ve enflamasyon Uzerinden

koruyucu etkilerinin arastirilmasi amaclandi.

Yontem: Sicanlar rastgele 4 gruba aynldi: Kontrol
grubu (n = 8) disindakilere, CLQ (n = 8) guinde 50 mg/kg
intraperitoneal (i.p.), ADR (n = 8) 2 mg/kg i.p.
her 3 giinde bir, ADR + CLQ grubuna da (n = 8) 2mg/kg
i.p. ADR + 50 mg/kg i.p. CLQ uygulandi. Deney toplam

olarak

30 giin suirdii. Deneyin sonunda, sicanlar sakrifiye edildi ve
kalp dokulan inceleme icin hayvanlardan cikarildi. Kalp
dokularindaki histopatolojik degisiklikler degerlendirildi ve
ERs’yi belirlemek icin (Glukoz duzenleyici protein) GRP78
antikoru ve enflamasyon icin tiimor nekroz faktori-a
(TNF-a) antikoru ile immin boyama yapildi. Fotograflar

Olympus BX53 mikroskobu ile cekildi analiz edildi.

ABSTRACT

Objective:  Adriamycin (ADR) is known as a
chemotherapeutic drug used in cancer types. ADR-
induced cardiomyopathy makes it difficult to use the
drug due to its toxic properties. Inflammation and ER
stress increase in ADR-induced cardiotoxicity. The aim
of this study was to investigate the protective effects of
chloroquine (CLQ), a malaria medication used in many
types of cancer, against the cardiotoxicity caused by

ADR on endoplasmic reticulum stress and inflammation.

Methods: Rats were randomly divided into 4 groups:
Control (n = 8), CLQ (n = 8) 50 mg/kg intraperitoneal
(i.p.) daily, ADR (n = 8) 2 mg/kg i.p. every 3 days, ADR
+ CLQ (n = 8) 2mg/kg i.p. ADR + 50 mg/kg i.p. CLQ.
The experiment lasted a total of 30 days. At the end of
the experiment, the rats were sacrificed and the heart
tissues were removed from the animals for examination.
Histopathological changes in the heart tissues were
evaluated and immune staining was performed with
Glucose-regulated protein 78 (GRP78) antibody and tumor
necrosis factor-a (TNF-a) antibody for inflammation to
determine endoplasmic reticulum stress. Photos were

taken with Olympus BX53 microscope and analyzed.

"Yozgat Bozok Universitesi Tip Fakiltesi, Histoloji-embriyoloji Anabilim Dali, Yozgat
?Erciyes Universitesi Fen Fakiiltesi, Biyoloji Béliimii, Kayseri

*Harran Universitesi Tip Fakiltesi, Histoloji-embriyoloji Anabilim Dali, Sanlurfa
“Erciyes Universitesi Tip Fakiiltesi, Histoloji-embriyoloji Anabilim Dali, Kayseri

i

L=y

iletigim / Corresponding Author : Emin KAYMAK
Yozgat Bozok Universitesi Tip Fakiltesi, Histoloji-embriyoloji Anabilim Dali, Yozgat - Ttirkiye Gelis Tarihi / Received : 07.09.2020

E-posta / E-mail : e_kaymak@hotmail.com Kabul Tarihi / Accepted : 01.10.2020

Kaymak E, Akin AT, Oztiirk E, Ceylan T, Kuloglu N, Karabulut D, Yakan B. Klorokuin endoplazmik retikulum stresini ve enflamasyonu inhibe ederek sicanlarda adriamisin
uyanli kardiyotoksisiteyi engeller. Turk Hij Den Biyol Derg, 2020; 77(4): 459-466

459



460

Bulgular: ADR grubunun kontrol grubuna kiyasla
histopatolojik bozulma gosterdigini ve CLQ tedavisinin
ADR tarafindan
ADR
immunoreaktivitesinde kontrol
vardi (p<0.0001). ADR + CLQ grubunda GRP78 ve TNF-a
immunoreaktivitesinde ADR grubuna gore azalma vard
(p<0.0001).

indiklenen bu hasan iyilestirdigi
GRP78 ve TNF-a

grubuna gore artis

gozlemlendi. grubunda

Sonug: Kronik olarak ADR uygulanan sicanlarin kalp
dokusunda enflamasyonun ve ERs’nin onemli olciide
arttig1 goriilmistir. Fakat ADR verilen sicanlarda CLQ
uygulamasiyla, ERs ve enflamasyon baskilanmistir. Bu da
tedavi uygulanan gruplarda kalp hasarini onemli olciide

azaltmistir.

Anahtar Kelimeler: Adriamisin, klorokuin, kalp,

endoplasmik retikulum stresi, enflamasyon

Results: We observed that the ADR group showed
histopathological impairment compared to the Control
group and that CLQ treatment improved this ADR-
induced damage. In the ADR group, there was an increase
in GRP78 and TNF-a immunoreactivity compared to the
control group (p <0.0001). In the ADR + CLQ group, GRP78
and TNF-a immunoreactivity decreased compared to the
ADR group (p <0.0001).

Conclusion: As a result, it was observed that
the inflammation and endoplasmic reticulum stress
significantly increased in the heart tissue of rats
administered chronically ADR. However, endoplasmic
reticulum stress and inflammation were suppressed by
CLQ application in rats given ADR. This significantly

reduced heart damage in the treated groups.

Words:

endoplasmic reticulum stress, inflammation

Key Adriamycin, chloroquine, heart,

GIRIS

Adriamisin (ADR) pek cok kanser tedavisinde
kullamlan kuvvetli bir terapotik maddedir (1).
ADR solid ve hemotopoetik tiimorlerin tedavisinde
kullanmilan antrasiklin bir ilactir (2). ilac kanser
hiicrelerinde bu ozelligini topoizomeraz Il ile DNA
hasarinin baslatilmas1 ve apoptozisi gibi sireclerle
yapmaktadir (3). ilac klinikte kullamilmasina ragmen
yan etkieri de bulunmaktadir. Kanser hastalarinda ADR
kullamm arasinda bobrek, karaciger, testis ve kalp
gibi onemli organlarda hasara yol acmaktadir (4-7).
ADR uyarili kardiyomiyopati toksik 6zelliginden dolay1
ilacin kullanimin1 sinirlandirmaktadir (8). ADR uyarili
kardiyotoksisiteye bircok mekanizma karismaktadir.
ADR kardiyomiyositlerde geri
olusturabilmektedir. Sistolik ve diastolik fonksiyon

donusumsuz  hasar

acabilmektedir.
ADR

kaybina yol Kalp yetmezligine

gotirmektedir (8, 9). viicuda girdigine
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mitokondride birikir ve oksidatif stresi olusturarak
(10). yillarda
kaydedilen calismalarda ADR uyarili kardiyotoksisitede

apoptozise yol acmaktadir Son
endoplazmik retikulum stresinin (ERs) de onemli
rol oynadigi gosterilmistir. Endoplazmik retikulum
(ER)
degisikliklere ve serbest radikallere maruz kalmaya
aciktir (11).  ADR uyarili kardiyotoksisitede ER

lumeninde yanlis katlanan proteinler ve katlanma

yiksek oranda kalsiyum homeostazindaki

seviyesindeki artisa bagli olarak ERs’nin arttigi
gorulmustur (11). Saperon glikoz ayarli protein 78
(GRP78) ER’da Ca+2 homeostazi icin onemlidir. ERs
sirasinda katlanmamis protein cevabinin merkezi
aracis1 olan (GRP78), ADR kardiyotoksisitesinde gen
terapisi icin potansiyel bir adaydir (12).

ADR uyanli kardiyotoksisite mekanizmalarindan
bir digeri de asin inflamasyon olusumdur. inflamatuar



hiicrelerin aktivasyonu ve pro-inflamatuarlarin salinimi
ile birlikte kardiyak fonksiyon bozuklugu meydana gelir
(13). Proenflamatuar sitokinlerden olan tiimor nekroz
(TNF-a) ADR uyanli kardiyotoksisitede
Kardiyotoksisitede TNF-a
seviyesinin arttig1 gorilmastir (14).

(CLQ)
kullanilmaktadir. Son donemde ise yeni koronaviris
hastaligi 2019 (COVID-19)’ da kullanilmaktadir (15,
16). CLQ’nun oksidatif stres ve enflamasyonu azalttig

faktoru-a

onemli role sahiptir.

Klorokuin antimalarial bir ilac olarak

gosterilmistir (15, 17).

ADR uyanli kardiyotoksisitenin hala aydinlatilmis
olmamakla birlikte kullanmiminda da sinirlamalar
bulunmaktadir. Bu nedenle, bu calismanmin amaci,
CLQ’nun ADR kaynakli
koruyucu etkilerini ve

kardiyotoksisiteye kars
olast mekanizmalarin

arastirmaktir.
GEREC ve YONTEM

Bu calismada, Deneysel Arastirma Uygulama ve
Arastirma Merkezi’nde (DEKAM) uretilen 8 haftalik
150-200 g eriskin 32 Wistar albino tipi erkek sican
kullanildi. Kafeslerde tutulan sicanlar giiniin normal
duzeninde 21 °C’de ve 12 saat aydinlik / karanlik
ortamda tutuldu ve su ve besin ihtiyac1 karsiland.
Deney gruplan deneklerin tartilmasi ve agirliklarinin
birbirine yakin olacak sekilde bir araya getirilmesiyle
olusturulmustur.

Deneysel prosediir

Deneyin baslangicinda, ratlar rastgele asagidaki
gibi dort gruba aynldi; Kontrol grubu (n=8) tedavi
edilmeyen sicanlar, literaturle benzer sekilde 30
gln boyunca uc gunde bir olmak uzere 2 mg/kg
ADR intraperitoneal olarak (i.p.) ADR (n=8) grubuna
uygulandi (18), CLQ grubu (n = 8) grubu 30 glin boyunca
i.p. 50 mg/kg CLQ (19) ve ADR art1 CLQ grubu (n=8)
Uc gunde bir i.p. 2 mg/kg ADR ve 30 giin boyunca i.p.
50 mg/kg CLQ verildi. Deneyin sonunda hayvanlara
ketamin ve ksilazin kombinasyonu ile anestezi
uygulandi. Kalp dokulan deneklerden alindiktan sonra

histopatolojik ve imminohistokimyasal inceleme icin
formaldehite kondu.

Histopatolojik degerlendirme

Kalp dokusunun yapisinin histopatolojik
degerlendirmesi rutin histolojik metodlar kullanilarak
yapildi. Kalp dokulan, %10 formalin cozeltisi icinde
alkol ile dehidre

edildi, ksilen ile temizlendi ve parafin icine gomildi

24-48 saat sireyle sabitlendi,

ve 5 um kalinhiginda bolimler halinde kesildi.
Doku orneklerindeki histopatolojik degisikliklerin
(H&E)

boyamasi yapildi (20). Fotograflar 1s1k mikroskobuyla

degerlendirilmesi icin hematoksilen-eozin
(Olympus BX53; Olympus, Tokyo, Japan) cekildi ve
calisma grubu tarafindan analiz edildi.

immiinohistokimya

Kalp dokularinda GRP78 ve TNF-a antikorlarin
arastirmak icin immunohistokimya yontemi kullanilds.
Avidin biyotin peroksidaz yontemi, GRP78 (bs-1219R,
Bioss) ve TNF-a (bs-2081R, Bioss) ekspresyonundaki
farki belirlemek icin kullanildi. Parafin kesitlerin
ksilen ile parafini giderildi. Antijen geri kazanimi icin,
mikrodalgada 7 dakika siireyle 600 w’de 0.01 M% 10
sitrat tamponu uygulandi ve dahasonraodasicakliginda
10 dakika sogumaya birakildi. Fosfat tamponu (PBS)
ile yikanan kisimlar, endojen peroksidaz aktivitesini
onlemek icin 12 dakika boyunca %3 hidrojen peroksit
(H202) ile muamele edildi. 5 dakika boyunca tekrar
PBS ile 3 kez yikandi. Boyama Kkiti (TA-125-HDX,
Thermo Fisher Scientiec, Waltham, MA, ABD) sonraki
adimlar icin kullamldi. PBS icinde 3 kez tekrar
yikandiktan sonra, dokulara ultra v blok ¢ozeltisi ilave
edildi ve tankta 10 dakika tutuldu. Daha sonra GRP78
ve TNF-a antikorlari, dokulara ilave edildi ve gece
boyunca 4 °C’de inkiibe edildi. Yeniden yikandiktan
sonra, kitte bulunan ve iminobenzidin (DAB) (TA-
060-HDX, Thermo Fisher Scientific, Waltham, MA,
ABD)
gorunur hale getirmek icin peroksidaz substrati ile
1.5 dakika muamele edildi (6, 21, 22). Fotograflar
151k mikroskobuyla (Olympus BX53; Olympus, Tokyo,
Japan) cekildi ve calisma grubu tarafindan analiz

sergileyen peroksidaz, immiinoreaktivitesini
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edildi. Antikor ekspresyonlarini degerlendirmek
icin boyama yogunluguna gére 3 histolog tarafindan
her gruba 30 farkli alanda skor verildi. Bu skorlar
asagidaki sekilde o6zetlenmistir;

0: boyanma yok, 1: az boyanma var, 2: orta
siddette boyanma var, 3: yogun boyanma var.

istatistiksel Analiz

Verilerin  normal dagilimin1  belirlemek icin
Kolmogorov - Smirnov testi kullamldi. Gruplar
arasindaki farkliliklari belirlemek icin One-way varyans
analizi ve posthoc Tukey testi kullamldi. Sonuclar
ortalama +SEM olarak sunulmustur. Istatistiksel analiz
icin SPSS/PC programi (Surim 20.0; SPSS, Chicago,
IL) ve Graph pad Prism 8.0 yaziim1 kullanildi. P<0.05.

KLOROKUIN KARDIYOTOKSISITEYi iYILESTIRIR

istatistiksel olarak anlamli kabul edildi.
BULGULAR

Histopatolojik bulgular

Hematoksilen ve eozin boyama goriintisu
Sekil 1’de gosterilmistir. Kontrol grubunda ve CLQ
grubunda normal saglikli kalp goriintiisii mevcuttur.
ADR uygulanan gruba bakildiginda, kalp hiicrelerinde
piknotik cekirdek, nekrotik hiicreler ve hemorajinin
oldugu alanlar goriilmektedir. ADR+CLQ grubuna
bakildiginda ise bu hasarli bolgelerin azaldigi ve
kontrole yakin bir kalp dokusu goriilmektedir.

immiinohistokimyasal sonuclar

Sekil 1. Gruplarin Hematoksilen ve Eozin (H&E) boyama goriintuisi.

A. Kontrol grubu, B. CLQ grubu, C. ADR grubu, D. ADR+CLQ grubunu gostermektedir.
Sar ok: nekrotik hiicre, kirrmzi ok:piknotik cekirdek ve siyah ok: hemoraji,

Gorlintli bliylitmesi x200.

Kisaltmalar: ADR: Adriamisin, CLQ: Klorokuin
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E. KAYMAK ve ark.

Kalp dokusunun immiinohisto kimyasal sonuglari ve
boyama goriintusu Tablo 1 ve Sekil 2’ de gosterilmistir.
GRP78 ve TNF-a imminreaktivitesi ADR grubunda
kontrol grubuna gore istatistiksel olarak anlaml

Tablo 1. Gruplar arasinda GRP78 ve TNF-a immiinohistokimya sonuclari

Cilt 77 m Say1 48 2020

azalma gostermistir (p<0.0001).

bir sekilde artis gostermistir (p<0.0001). ADR+CLQ
grubunda GRP78 ve TNF-a immiunreaktivitesi ADR
grubuna gore istatistiksel olarak anlamli bir sekilde

Gruplar Kontrol cLQ ADR ADR+CLQ P
GRP78 imminreaktivitesi 0.33+0.5% 0.28+0.502 1.77+0.90° 0.77+0.70¢ 0.0001
TNF-a immiinreaktivitesi 0.20+0.402 0.24+0.432 2.28+0.66° 0.86+0.72¢ 0.0001

Veriler ortalamasstandart sapma olarak ifade edilmistir. Ayn1 harfi iceren gruplar arasinda anlamli farklilik bulunmamaktadir.
p<0.05 anlamli kabul edilmistir.

Kisaltmalar: ADR: Adriamisin, CLQ: Klorokuin, GRP78: Glukoz diizenleyici protein 78, TNF-a: Tuimor nekrozis faktor-a

GRP78 immiinoreaktivitesi

ADR/

TNF-0: immiinoreaktivitesi

~

Sekil 2. Kalp dokusunda gruplardaki GRP78 ve TNF-a immiinohistokimya boyama gorintiileri.

Siyah oklar ile boyali alanlar gosterilmektedir.

Gorunti buyttmesi X200.

Kisaltmalar: ADR: Adriamisin, CLQ: Klorokuin, GRP78: Glukoz diizenleyici protein 78, TNF-a: Tumor nekrozis faktor-a

>
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TARTISMA

Biz bu calismada ADR uyarili kardiyotoksisite
tzerine CLQ’nun etkisini hayvan model iizerinde
degerlendirdik. Bir antrasiklin kemoterapotik olan
ADR’nin kardiyotoksisiteye yol acmakta ve olumcul
kalp hasar olusturmaktadir. ADR uygulanmasi reaktif
oksijen turlerinin olusmasiyla hasar baslatmaktadir
ve bunu da antrasiklin demir serbest radikal olusumu
ile yapmaktadir (23, 24). ADR ile yapilan calismalarda
kalp dokusunda en onemli patojenik olaylardan birisi
nekrozis, piknotik cekirdek, hemoraji ve vakuolizasyon
gibi hasarlar goriilmesidir (23, 25). Bizim calismamizda
da nekrozis, piknotik cekirdek ve hemoraji gibi
hasarlar ADR uygulanan grupta gozlenmektedir. Bu
hasarlar ADR’nin kardiyotoksisitesini yansitmaktadir.
CLQ ile tedavi edilen grupta bu kardiyotoksisitenin
verdigi hasar onemli dlclide azaldigim gérmekteyiz.

ER, protein katlanmasinda kilit rol oynayan bir
organeldir. Cesitli yikici uyaranlar ve hipoglisemi,
enflamasyon, oksidatif stres ve hipoksi gibi patolojik
durumlar ER fonksiyonunu bozabilir.  Yapilan
calismalarda ADR uyanli kardiyotoksisitede ERs’nin
arttig1 ve bu siirecte rol oynayan GRP78 ifadesininde
belirgin diizeyde yiikseldigi gorilmistir (11, 12, 26-
28). CLQ ile tedavi edilen grupta GRP78 ifadesinde
onemli Olclide azalma oldugu ve ERs’nin distiigu
gorulmektedir. Bu da gosteriyorki ADR tarafindan
olusturulan ERs’nin
azaltilmasinda ve kalp hasarinin azaltilmasinda

potansiyel olarak CLQ’ nun onemini gostermektedir.

kardiyotoksisiteye  kars

Turk Hij Den Biyol Derg

ADR, ERs yolunun bir kismini spesifik olarak aktive
eder, boylece enflamasyona yol acar (26, 27). ADR’ye
maruz kalan dokuda daha sonra proenflamatuar

sitokinlerden TNF-a artis gostermektedir (28-
30). Yapilan calismalar CLQ’nun proenflamatuar
sitokinlerden  TNF-a seviyesini  dusurerek

enflamasyonu azalttigin gostermistir (31-33). Bizim
sonuclarimizda benzer bir sekilde ADR ile birlikte
inflamatuar cevabi1 artirirken kalp fonksiyonunun
bozulmasina yol acmaktadir. Calismamizda ADR
grubunda artmis olan proenflamatuar sitokin TNF-a
seviyesinin CLQ ile tedavi edildikten sonra onemli
olclide azaldig CLQ’nun

calismalarda yuksek dozlarda uzun sure kullaniminda

gorulmastur. yapilan
kardiyotoksisiteye yol actigi belirtilmistir (34). Fakat
baz1 calismalarda bu ilac1 kullanan ve kullanmayan
kisilerde farkliik olmadigi da goriilmistiir (35). Yiiksek
doz kullaniminda kardiyotoksisiteye yol acmasina
ragmen calismamizda kullanilan doz ile ADR uyarili
kardiyak enflamasyonun ve ERs’nin azalmasinda rol
oynadigi gosterilmistir.

ADR
tarafindan olusturulan kardiyotoksisitede CLQ’nun,

Bu sonuglarla bizim calismamizda,
enflamasyonu ve ERs’yi azaltarak kalbin hasarina karsi
korumada onemli rol oynayacagi yapilan yontem ve
analizlerle gosterilmistir. Bu bulgular, CLQ’ nun ADR
kaynakli kardiyotoksisitenin tedavisi icin potansiyel
bir  terapotik olabilecegini  disuindiirmektedir.
Yapilacak calismalar ile CLQ’ nun antiinflamatuvar ve

ERs Uzerine etkileri aydinlatilacaktir.
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Nrf2 inhibitor brusatol ameliorates cecal ligation
and puncture-induced lung injury in rats via
anti-inflammation and anti-oxidative stress
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ABSTRACT

Objective: The aim of this study is to investigate
the possible beneficial effects of brusatol on lung injury
caused by cecal ligation and puncture (CLP) model in

rats.

Methods: In this study, 32 Sprague Dawley male rats
were divided into 4 random groups. The groups were
programmed as group 1 (sham), group 2 (CLP), group 3
(DMSO), and group 4 (0.5 mg/ml brusatol). In group 1,
a midline vertical incision was applied to the abdominal
region and closed again without forming a CLP model.
Group 2 performed CLP for 18 hours. In group 3, 1%
DMSO was administered intraperitoneally 0.3 ml once
every two days for 10 days. The last application was
made 30 minutes before CLP. In group 4, brusatol was
administered intraperitoneally at 0.5 mg/ml once every
two days for 10 days. The last application was made 30
minutes before CLP. After CLP was over, the rats were

sacrificed and lung tissues were removed.

Results: MDA, MPO, OSI, TOS, TNF-a and IL-18 values
increased significantly in groups 2 and 3 compared to
group 1, while SOD and TAS values decreased. Unlike the

OZET

Amac: Bu calismanmin amaci, brusatoliin sicanlarda
cekal ligasyon ve delinme (CLD) modelinin neden
oldugu akciger hasari iizerine olas1 yararli etkilerinin

incelenmesidir.

Yontem: Bu calismada 32 adet Sprague Dawley
erkek sican 4 rastgele gruba aynldi. Gruplar; grup
1 (sham), grup 2 (CLD), grup 3 (DMSO) ve grup 4 (0.5
mg/ml brusatol) olarak programlandi. Grup 1’de karin
bolgesine orta hatta dikey insizyon uygulandi ve CLD
modeli olusturmadan tekrar kapatildi. Grup 2’de 18
saat CLD yapildi. Grup 3’e, %1 DMSO 10 giin boyunca iki
glinde bir periton icine 0.3 ml uygulandi. Son uygulama
CLD’den 30 dakika once yapildi. Grup 4’e brusatol 10
glin boyunca iki glinde bir periton icine 0.5 mg/ml
olarak uygulandi. Son uygulama CLD’den 30 dakika once
yapildi. CLD bittikten sonra sicanlar sakrifiye edildi ve

akciger dokular ¢ikanldi.

Bulgular: MDA, MPO, OSI, TOS, TNF-a ve IL-18
degerleri grup 2 ve 3’te, grup 1’e kiyasla anlamli
derecede yilkselirken, SOD ve TAS degerleri azaldi.

Antioksidan enzim aktivitesindeki artisin aksine; MDA
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increase in antioxidant enzyme activity; MDA level, MPO
activity, TOS, OSI, TNF-a and IL-18 values decreased

significantly in group 4 compared to groups 2 and 3.

Conclusion: As a result, brusatol may play an

effective role against CLD-induced lung injury in rats.

Key Words:

cecal ligation and puncture, lung

Brusatol, oxidative stress, cytokine,

seviyesi, MPO aktivitesi, TOS, OSI, TNF-a ve IL-18
degerleri grup 4’te grup 2 ve 3’e gore onemli Olclide
azaldi.

Sonug: Sicanlarda CLD kaynakli akciger hasarina

kars1 brusatol etkin rol oynayabilir.

Anahtar  Kelimeler: Brusatol, oksidatif stres,

sitokin, cekal ligasyon ve delinme, akciger

INTRODUCTION

Sepsis is a complex and multifactorial disease
which often causes morbidity and mortality after
surgery, trauma, and burns. If it is not controlled, it
threatens life by leading to multiple organ failure and
evenshock (1, 2). Lungs are believed to be the first and
mostly affected organ due tointraabdominal sepsis (3).
Sepsis studies show that excessive proinflammatory
cytokine production causes severe acute lung injury
(ALl) (4, 5).
the lung is a main characteristic property in the ALI
pathogenesis (6, 7). Reactive oxygen species (ROS)
cause peroxidation of proteins and lipids, activation

Infiltration of inflammatory cells into

of transcriptional factors and nucleic acid injury
which may cause lung damage (8).

Brusatol (BRU) is a quassinoid obtained from
Brucea species. Its effects were investigated in
various in vivo and in vitro research models (9-
11). BRU is an inhibitor of nuclear factor erythroid
derivative 2 (Nrf2) (12) and its positive effects have
been reported in various cancers such as pancreas
and lung cancers (13, 14). It has also been found to be
effective in various intracellular signaling pathways
(11, 15).

In present study, we aimed to evaluate the effects
of BRU on lung tissue by using a cecal ligation and
puncture (CLP) model (9) similar to human septic
patients with metabolic and hemodynamic properties.
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MATERIAL and METHOD

Ethical Approval and Animals

Current study was admitted by Atatirk University
Experimental Animal Ethics Committee (Protocol
no: 28.03.2019-58). The experimental study was
performed at Atatirk University Experimental
Animals Research and Application Center using
healthy Sprague Dawley male rats weighing 230-260 g,
procured by Ataturk University Experimental Animal
Research and Application Center. Rats were placed in
cages in laboratory mediums such as 12 hours of light,
12 hours of darkness, humidity of 55 % and 25°C mean
temperature. They were fed with standard rat feed,
and provided drinking water. The rats were deprived
of food 12 hours before the experiment, but were
allowed to drink water.

Experimental Animals

Design

and Experimental

In this study, 32 healthy Sprague Dawley male
rats were used. The rats were randomly assigned to 4
groups. The formation of groups and the applications
(Sham group, n=8):
Abdominal area was opened with a 2 cm incision to

were as follows. Group 1

attain peritoneum and then closed with a 3.0 silk
suture without any procedure. Group 2 (CLP group,



n=8): Creation of the CLP model: The abdominal area
was opened with a 2 cm incision, and the cecum
was isolated by reaching the peritoneum. Before
piercing the ileocecal valve with an 18-gauge needle
(4 holes), it was tied up to 2 cm distally. After the
cecum was stepped back, the abdomen was sutured
with a 3.0 silk suture. Group 3 (DMSO group, n=8): 1%
DMSO was administered intraperitoneally 0.3 ml once
every two days for 10 days and the last application
was applied 30 minutes before the CLP model was
performed. Group 4 (0.5 mg/ml BRU group, n=8): BRU
was given intraperitoneally 0.5 mg/ml every second
days for 10 days, as described previously (16) and the
last application was administered 30 minutes before
the CLP model was performed. In the all groups, the
abdominal region was washed with povidone-iodine
after being shaved. Analgesic lidocaine solution was
applied to the suture areas to remove the error
margin that might be caused by pain stress. The rats
were fasted postoperatively but were allowed access
to drinking water.

Biochemical Analysis

The samples were weighed for 100 mg and
homogenized with 2 mL of phosphate buffer.
Homogenized samples were centrifuged at 5000 rpm
for 20 minutes at +4 °C. Then, the supernatants
were carefully placed to microcentrifuge tubes and
maintained at -80 °C. The principle of measurement
of MDA, as a result of lipid peroxidation, is based
on measuring the absorbance at 532 nm of the pink
color compound formed as a result of MDA reaction
and thiobarbituric acid (17). TAS and TOS values were
determined using ELISA kits (Rel Assay Diagnostics,
Gaziantep, Turkey). TOS to TAS ratio was admitted as
OSI. Measurement of OSI value was as follows:

OSI=(TOS (pmol/L))/(TAS(mmol/L))x10

OSlI was preferred as another indicant for
oxidative stress. It has been proposed that OSI may
demonstrate oxidative status more correctly than

TOS (18). The activity of MPO measurement depends

on kinetic measurement of absorbance which has
a 460 nm wavelength of yellowish-orange colored
complex as due to action of o-dianisidine with MPO
(oxidation) in the presence of hydrogen peroxide
(19). The xanthine oxidase enzyme catalyzes the
formation of uric acid from xanthine. In the end,
consisted superoxide generates hydrogen peroxide
and molecular oxygen via superoxide dismutase
(SOD) enzyme. And also superoxide and tetrazolium
react together to create a formazan dye in cases
where SOD effect is inadequate and the act ability of
SOD is determined with reference to this reaction’s
inhibition degree (20).

TNF-a and IL-1B levels in the lung homogenate
ELISA kits
(Elabscience, Wuhan, China) using an ELISA reader
(BioTEK Powerwave XS Winooski, UK). The entire
experimental procedure was performed according to

were measured through commercial

the manufacturer’s working protocol.
Statistical analysis

Biochemical parameters results were analyzed
using a statistical analysis program. One-way ANOVA
test was preferred for this purpose. Then, Tukey test
was performed for group comparisons. The results
were demonstrated as meanzstandard deviation (SD).
P values < 0.05 were considered significant.

RESULTS

Effect of Brusatol Pretreatment on The Lung
Tissues Levels of Oxidative Stress

When TOS and OSI levels were evaluated, it was
found that these levels increased significantly in CLP
and DMSO groups compared to sham control group.
Same values significantly decreased in BRU group
compared to CLP and DMSO groups (Table 1, p<0.05).
It was determined that TAS value was significantly
decreased in CLP and DMSO groups compared to sham
group. But it was significantly increased in BRU group
compared to CLP and DMSO groups (Table 1, p<0.05).
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Table 1. TAS, TOS and OSI levels of Brusatol in CLP-induced sepsis in rats

TAS (mmol/L) TOS (umol/L) osl
Sham 0,79:0,97 6,34:0,62 0,80:0,10
cLp 0,34:0,41° 10,28+1,15° 3,02+0,48°
DMSO 0,33:0,03° 10,341,110 3,15:0,53°
BRU 0,77:0,04° 6,75:0,80° 0,87:0,12°

Results were expressed as mean + SD.

n = 8 for each group.

ap < 0.05 compared with sham group (C).

bp < 0.05 compared with CLP and CLP+DMSO groups.

SOD activity decreased significantly in CLP and were significantly higher in CLP and DMSO groups
DMSO groups compared to sham group. On the other compared to sham group. But decreased in BRU group
side in BRU group there was a significant increase in compared to CLP and DMSO groups (Fig. 1b and 1c,
SOD activity compared to CLP and DMSO groups (Fig.  p<0.05).
1a, p<0.05). In addition, MPO activity and MDA levels
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Figure 1. Effect of BRU (0.5 mg/ml every second days for 10 days i.p.) in sepsis models by CLP-induced in rats.
(a) SOD levels, (b) MDA levels and (c) MPO levels.

Results were expressed as mean+SD.

n=8 for each group.

ap<0.05 compared with sham group.

bp<0.05 compared with CLP and DMSO groups
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Effect of Brusatol on
Cytokines

Pro-inflammatory

When TNF-a and IL-18 levels were analyzed,
CLP and DMSO groups were found to be significantly
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0- | I
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elevated compared to sham group, whereas in BRU
group these values were significantly decreased
compared to CLP and DMSO groups (Fig. 2, p<0.05).
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Figure 2. Effect of BRU (0.5 mg/ml every second days for 10 days i.p.) on different cytokines levels in CLP-induced sepsis

rats.

(a) TNF-a levels and

(b) IL-18 levels.

Results were expressed as mean+SD.

n=8 for each group.

ap<0.05 compared with sham group.

bp<0.05 compared with CLP and DMSO groups.

DISCUSSION

Sepsis is the most common cause of death in
hospitalized patients, resulting in millions of deaths
each year (21). Organ failure is one of the most
common sepsis complications, and the lung is the
most easily damaged organ in the sepsis process (22).

In more or less 50% of severe sepsis cases, ALl and
its more dangerous form, acute respiratory distress
syndrome (ARDS) occurs (23, 24). Sepsis related
morbidity/mortality takes place due to multiple organ
injury and dysfunction (most commonly causes ALI/
ARDS) (25-28). In the injury pathogenesis and repair
process of ALI, inflammatory response has a main role
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(29). It has been shown in numerous clinical studies
that proinflammatory cytokines, especially TNF-q,
IL-18 and IL-6 participate in early development of
ALl (30).
it has been demonstrated that harmful

In experimental and clinical researchs
tissue
conditions such as sepsis is sensed by monocytes and
macrophages which take role in cytokine secretion
(IL-1, TNF-a, etc.) (31, 32). A certain part of CLP
sepsis pathophysiology is composed of neutrophil
accumulation and degranulation (33, 34). Neutrophil
cytoplasmic granules include MPO as a main content
and so, MPO activity is accepted as a pulmonary
neutrophil accumulation index (35). MDA is an end
product of lipid peroxidation which causes cell
damage by membrane polymerization and cross
(36). When polyunsaturated fatty
acids are oxidized, MDA occurs and it is an indicator
for ROS damage (37).

linking induction

SOD performs as an antioxidant agent by
catalyzing superoxide free radical conversion into
oxygen molecule and hydrogen peroxide. SOD and
so on antioxidant agents neutralize free radicals
and prevent tissues (38). Reduction in antioxidant
amounts and increase in ROS production result in favor
of oxidative stress when the oxidative-antioxidative
balance is evaluated (39). If the immune system is
triggered to be activated, free radical releasing is
observed and this leads to lipid, protein and DNA
peroxidation. Furthermore, macrophage-induced ROS
production causes injury in lung tissue endothelium
and ARDS (40). Demirbilek et al. (41) indicated that
levels of glutathione peroxidase (GSH-Px), SOD and
catalase (CAT) reduced in lung tissue during CLP-
induced sepsis.

When compared to other models, it has been
observed that CLP model supports much more the
nature and course of clinical sepsis (42, 43). The
dominant animal model of intraabdominal sepsis is
rodent CLP (44).

Many BRU-related studies are available in the
literature supporting the results of present study.

Turk Hij Den Biyol Derg

In this study, reduction of IL-18 and TNF-a levels in
septic rats by BRU suggests that BRU alleviated CLP-
induced ALI. BRU has been shown to be a potent
antitumor agent in the colorectal cancer model in
mice (45).
induced neurotoxicity and decrease ROS in U-251

BRU has been shown to inhibit amyloid-

cells (46). BRU has been shown to normalize glucose
intolerance due to high fat diet in C57BL/6 mice and
to have anti-inflammatory properties (47). BRU has
been reported to improve the experimental colitis
model in rats by decreasing IL-18 and TNF-a levels
and by increasing SOD, GSH and CAT levels (48). BRU
has been shown to inhibit the response of cultured
beta cells to proinflammatory cytokines in vitro (49).
In another study, it was reported that BRU reduced
TNF-a and IL-18 levels against chronic obstructive
pulmonary disease-like inflammation in the mouse
model (9).
study, antioxidant and anti-inflammatory properties

In parallel with these studies, in this

of BRU have been shown in CLP-induced sepsis model
in rats. In the CLP group, TAS and SOD decreased
while MDA, MPO, TNF-a, IL-18, TOS, OSI levels were
increased compared to sham control group and BRU
treatment reversed these levels compared to CLP and
DMSO groups.

We investigated oxidative stress in lung tissue
to find the potential protective mechanisms BRU
against CLP-induced lung injury. It was observed that
oxidative stress related parameters decreased with
BRU.

To perform effective changes in sepsis clinical
management, septic organ damage pathogenesis
should be understood to develop better therapeutic
strategies. It is clearly observed in sepsis studies
that inflammation, oxidative stress suppression can
provide significant contributions to sepsis treatment.
In current study inflammatory response and oxidative
stress pathways were diminished by BRU and this may
be an important step in the treatment of sepsis.



CONCLUSION

BRU provides a protection against lung injury by model. Moreover, further researches are necessary
CLP-induced sepsis with its antioxidant and anti- to explain the other protective mechanisms in lung
inflammatory effects. Treatment with BRU reduces tissue damage induced by sepsis.

lung damage in rats exposed to CLP-induced sepsis
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Grup A Streptokok ve influenza A/B’nin sebep oldugu iist
solunum yolu enfeksiyonlarinin karsilastirilmasi

Hayrettin TEMEL!, Mehmet GUNDUZ'

OZET

Amag: influenza koenfeksiyonu seklinde olan
bakteriyel enfeksiyonlar ozellikle yaslilar ve kiiclik
cocuklar gibi yiiksek riskli gruplar arasinda ciddi
bir morbidite ve mortalite nedenidir. Calismamizda
olgularnmizda saptanan grup A streptokok ile
influenza virls tip A ve tip B nedenli ust solunum yolu
enfeksiyonlarinin klinik ve laboratuvar bulgularinin
karsilastinilmasi ile her iki etkenin koenfeksiyon sikliginin

irdelenmesi amaglanmistir.
Yontem: Calismaya uciinci basamak hastanemiz

pediatri
sikayetiyle 2019 Ocak - 2020 Ocak tarihleri arasinda

klinigine st solunum yolu enfeksiyonlan

basvuran ve streptokok hizli antijen testi ile influenza
A ve B hizli testleri uygulanan toplam 1884 cocuk hasta
dahil edildi. Eszamanli olarak cocuklarin tam kan sayimi
ve C-reaktif protein testleri de calisilmis olup sonuclar
influenza virlisii ve grup A steptokok enfeksiyonlari icin
karsilastinldi. Sonuglarin istatistiksel analizi yapildi ve
p<0.005 degerleri anlamli kabul edildi.

Bulgular: Hastalarin %54.6’s1 erkek, %45.4’40 kiz
olup yaslar ortalamasi yasi 5.0+3.1 yildir. Hastalarin
1174’linde (%62.3) grup A streptokok veya influenza
virusleri saptanmadi. Toplam 226 hastada (%12.0) grup

ABSTRACT

Objective: Coinfections of influenza virus with
bacterial infections are an important cause of morbidity
and mortality, especially among high-risk groups like
young children and the elderly. This study aimed at the
comparison between clinical and laboratory findings
of upper respiratory tract infections caused by group
A streptococcus and influenza virus type A and B to

determine the frequency of coinfection.

Methods: A total of 1884 patients who applied to
the pediatrics clinic of our tertiary referral hospital with
complaints of upper respiratory tract infections between
January 2019 and January 2020 which were performed
the antigen group a streptococcus and influenza A and B
rapid tests were included to our study. Complete blood
counts and C-reactive protein tests were compared in
between the patients with influenza virus and group
A streptococcus. Values of <0.005 p were considered

statistically significant.

Results: Total of the patients of 54.6% were male and
45.4% were female. Mean age was 5 + 3.1 years (range, 2-26
years). 1174 (62.3) of patients were tested negative for
the group A streptococcus and the influenza virus. Group

A streptococcus was found in 226 patients (12.0%), the
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A streptokok, 319 hastada (%16.9) influenza virus tip
A, 118 hastada (%6.3) influenza virls tip B, 47 hastada
(%2.5) ise grup A streptokok ve influenza virls tip A
birlikte saptandi. Gruplar arasinda cinsiyet acisindan
istatistiksel farklilik yoktu (p=0.6). Ortalama lokosit
ve notrofil diizeyleri streptokok enfeksiyonu olan hasta
grubunda diger tiim gruplara gore anlamli yiiksek
bulundu (p<0.001). Ortalama notrofil diizeyi negatif
grupta grup A streptokok disindaki gruplara gore;
grup A streptokok grubunda ise influenza A ile grup A
streptokok+influenza A gruplarina gore anlamli yuksekti
(p<0.001). Ortalama monosit, trombosit ve C-reaktif
protein diizeyleri hem negatif grupta hem de grup A
streptokok grubunda diger gruplara gére anlamli yiiksek
bulundu (p<0.001). Gruplar arasinda ates, bogaz agrisi,
yutkunma giicliigii, burun akintisi ve tikanikligi, hinltili
solunum, bulanti, kusma, karin agrisi, istahsizlik ve
halsizlik diizeyleri acilarindan anlamli fark bulunamadi
(p>0.005). Ancak influenza A grubunda oksurik diizeyi
(%61.8) diger gruplardan anlamli yiiksek bulundu
(p<0.001).

Sonug: Sonug olarak ust solunum yolu enfeksiyonu
geciren cocuk hastalarda etkenin viral mi bakteriyel
mi oldugu hizli ve dogru olarak saptanmalidir.
Calismamizin, hem grup A streptokoklarin hem
hizh

calisilmis olmasi ve klinik ve laboratuvar bulgularin

de influenza viruslerin antijen testleriyle

karsilastirilmasi yontyle klinisyenler ve arastirmacilar

icin yol gosterici olabilecek veriler sagladig

distincesine ulasilmistir.

Anahtar Kelimeler: Grup A streptokok, influenza

A, influenza B, koenfeksiyon

influenza virus type A was found in 319 patients (16.9%),
the influenza virus type B was found in 118 patients
(6.3%) and the coinfection of group A streptococcus and
influenza virus type A were found positively in 47 patients
(2.5%). There was no significant statistical difference
between the groups regarding gender. Mean leukocyte
and neutrophil levels were significantly higher in patients
with the streptococcal infection than in all the other
groups (p<0.001). The mean neutrophil levels in the
negative group were higher than other groups, except the
group A streptococcus group. Also the neutrophil levels of
group A Streptococcus were significantly higher than the
influenza A and the influenza A + group A streptococcus
(p<0.001). Mean monocyte, platelet, and C-reactive
protein levels in the negative group and the group A
streptococcus group were determined significantly higher.
(p<0.001). There was no significant difference between
the groups in terms of fever, sore throat, difficulty in
swallowing, runny nose, nasal congestion, wheezing,
nausea, vomiting, abdominal pain and loss of appetite
and weakness (p>0.005). The cough levels in the influenza
Agroup (61.8%) were significantly higher compared to the
other groups (p<0.001).

Conclusion: Whether the agent of the cause of the
upper respiratory tract infections is viral or bacterial
should be determined rapidly and accurately in children.
It was concluded that our study provided data that could
be a guide for clinicians and researchers by rapid antigen
tests of both group A streptococci and influenza viruses

and by comparing clinical and laboratory findings.

Key Words: Group A streptococcus, influenza A,

influenza B, co-infection

GIRIS

(USYE)
ozellikle cocuk hastalarda kliniklere en sik basvuru

Ust solunum vyolu enfeksiyonlan Viral nedenli USYE olgularinda gereksiz antibiyotik

kullaniminin onlenmesi acisindan etkenin belirlenmesi

nedenlerindendir. USYE olgulan cogunlukla viral ©nem tasimaktadir (1-3). influenza A ve B virlsleri

veya bakteriyel etkenlerden kaynaklanmaktadir. ise en sik USYE nedeni olan viriisler arasindadir.
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influenza viriisii kaynakli USYE olgular yiiksek ates,
burun akintisi, istahsizlik, halsizlik, bulanti, kusma,
bogaz agris1 ve oksiriik gibi cok cesitli belirtilerle
kendini gosterebilir ve ozellikle alt solunum yolu
enfeksiyonlarinin eslik etmesiyle mortal seyredebilir.
Cocuklarda solunum yolu enfeksiyonlan
%30-60
hastaneye yatirilan hastalarda %20-30 sikliginda

ayaktan

klinige basvuran hastalarda sikliginda,
gorilmektedir. Rutin mikrobiyolojik tanmida maliyeti

uygun ve hizl testler tercih edilmektedir (4-7).

USYE olgularimin bir kism1 bakteriyel nedenlidir.
Bakteriyel etkenler arasinda en sik etken grup A
streptokoklardir (GAS). GAS kaynakli Uist solunum yolu
enfeksiyonlar olgularinda supuratif ve non-supiratif
komplikasyonlar gelisebilmektedir. Bu nedenle
etkenin hizli ve dogru olarak belirlenmesi dogru ve
tedavinin hizli sekilde baslanmasi acisindan onemlidir.
Uysgun 6rnek alimi yapilmis USYE olgularinda GAS’larin
saptanmasinda bogaz kiiltiirii altin standart yontem
olsa da bu yontemle sonuc alinmasi zaman almaktadir.
Bu nedenle bu olgularda hizli strep A testi ile GAS’lara

0zgl antijenler saptanabilmektedir (8-12).

influenza ve GAS’larin neden oldugu akut
USYE dikkatli
karisabilen enfeksiyonlardir. Her iki etken kis aylan

ayrict  tanisi yapilmazsa kolay
gibi aym sezonda artis1 olan enfeksiyona neden
olmaktadir. influenza viriislerinin neden oldugu bir
USYE’de gereksiz antibiyotik ve uygun olmayan
tedavi verilebilecegi gibi GAS’larin neden oldugu
enfeksiyonun tedavisinde de zamaninda verilmeyen
dogru tedavi olas1 komplikasyonlarin gelisimine neden
olabilir. Hal boyle iken bazi durumlarda hastalarda her
iki mikroorganizmanin koenfeksiyonu da s6z konusu
olabilir. Bu iki etkenin koenfeksiyonu ozellikle tonsillit,
otit ve pnomoni gibi solunum yolu enfeksiyonlariyla
karsirmza cikabilir (13,14). Bu hastalikta her iki
etkenin klinik bulgular da karsabilir, eksik tedavi
verilmesine neden olabilir.  Bunun sonucunda
kliniginin diizelmemesi, hastaneye vyatis vs. gibi
ortaya cikabilecek komplikasyonlarin onlenmesi hizli,

dogru tan ve tedavi ile engellenebilir. Calismamizda

olgularimizda saptanan GAS ile influenza virus tip Ave
tip B nedenli USYE’nin klinik ve laboratuvar bulgular
ile her iki etkenin koenfeksiyon sikligi irdelenmesi
amaclanmistir.

GEREC ve YONTEM

Bu calisma yerel etik kurul tarafindan onaylanmis
ve retrospektif olarak planlanmistir.

Hastalar ve Testler

Calismaya uclinci basamak hastanemiz pediatri
klinigine 2019 Ocak ve 2020 Ocak tarihleri arasinda
ayaktan basvuran ve akut tonsillofaranjit veya USYE
sikayetleri olan ve eszamanli olarak strep A hizl
antijen testi ile influenza A ve B hizli antijen testleri
uygulanan 1884 hasta calismaya alindi. Hastalarin
timiinden bogaz siriintlisii alinarak Strep A antijen
testi (STANDARD F Strep A Ag FIA, SD Biosensor) ve
influenza virus A ve B antijen testi (STANDARD F Strep A
Ag FIA, SD Biosensor) firmalarin 6nerileri dogrultusunda
calisilmis. Strep A antijen testinin sensitivitesi%93.3,
spesifitesi %95.7, influenza virls A sensitivitesi% 97.0,
spesifitesi % 97.6 ve B antijen testinin sensitivitesi
ise 94.3%
hasta verileri retrospektif olarak incelendi. Hastalar

ve spesifitesi 97.6% idi. Test sonuclan ve

test sonuclan negatif, GAS, influenza A influenza B
ve influenza ile GAS koenfeksyonu seklinde Grup 0,
Grup 1, Grup 2, Grup 3, Grup 4 olmak lizere bes gruba
ayrildi. Es zamanli olarak cocuklara tam kan sayimi
ve C-reaktif protein (CRP) testleri de calisilmis olup
sonuclar gruplar arasinda karsilastinldi.

istatistiksel analiz

Calismadaki tum istatistiksel analizler SPSS 25.0
yazilimi (IBM SPSS, Chicago, IL, ABD) kullanilarak
yapildi. Tanimlayici veriler say1 ve ylizde olarak verildi.
Kategorik degiskenler acisindan gruplar arasindaki
karsilastirmalar Ki Kare testi ve Fisher’s Exact Test
ile yapildi. Sirekli degiskenlerin normal dagilima
uygun olup olmadigi Kolmogorov-Smirnov Testi ile
dogrulandi. Siirekli degiskenler acisindan gruplar
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arasindaki farkliiklar Student’s t Test ve coklu gruplar

arasindaki ortalama degerlerin karsilastirmalan
varyans analizi ile yapildi.
araliginda degerlendirildi ve p<0.05 degerleri anlaml

kabul edildi. Kan parametreleri acilarindan gruplar

Sonuclar %95 given

arasinda anlamlilik degerlendirmesi icin Bonferroni
diizeltmesi yapildi ve p<0.005 degerleri anlamli kabul
edildi.

BULGULAR

Hastalarin 1024’ (%54.6) erkek, 855’i (%45.4)

Tablo 1. Hizli test sonuclarinin dagilim

kiz idi. Hastalarin ortalama yas1 5.0£3.1 yil (yas
araligi: 2-16 yil) idi. Hastalarin 1174’inde (%62.3)
GAS enfeksiyonu veya influenza virisleri saptanmadi.
Toplam 226 hastada (%12.0) GAS, 319 hastada (%16.9)
influenza A virlsi, 118 hastada (%6.3) influenza B
viriisu, 47 hastada (%2.5) ise GAS ve influenza A virlisu
koenfeksiyonu saptandi. Pozitif vakalarin Ekim-Nisan
aylarinda  yiksek oldugu goriildii. Koenfeksiyon
saptanan hastalarin hicbiri mortal seyretmemistir.
Klinikleri ile ilgili daha detayli bilgi alinamamistir
(Tablo 1). Gruplar arasinda cinsiyet acisindan

istatistiksel farklilk yoktu (p=0.6) (Tablo 2).

Gruplar n %

Negatif 1174 62.3
GAS 226 12

influA 319 16.9
influB 118 6.3
GAS + influA 47 2.5
Toplam 1884 100

GAS: Grup A Streptekok, influA: influenza viriis Tip A, influB: influenza viriis Tip B

Tablo 2. Gruplara gore cinsiyet dagilim

Cinsiyet
Gruplar Erkek Kiz

n % n %
Negatif 630 53.7 544 46.3
GAS 134 59.3 92 40.7
influA 175 54.9 144 45.1
influB 66 55.9 52 44.1
GAS + InfluA 24 51.1 23 48.9
Toplam 1029 54.6 855 45.4

GAS: Grup A Streptokok, influA: influenza viriis Tip A, influB: influenza viriis Tip B
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influenza A grubunda oksiiriik (%61.8) ve burun
akintisi/tikanikligr (%40.8) bulunma diizeyleri diger
gruplardan anlamli yiiksek bulundu (sirasiyla p<0.001
ve p=0.001).
bulunma diizeyleri diger gruplardan anlamli yiiksekti

influenza A ve B gruplarinda ates

(p=0.002). Bogaz agrisi bulunma diizeyi streptokok
grubunda (%18.6) diger gruplara gore anlamli yiiksek
olarak saptandi. Gruplar arasinda ates, bogaz agrisi,
yutkunma giicliigli, burun akintisi ve tikanikligi, hirilti
solunum, bulanti, kusma, karin agrisi, istahsizlik ve
halsizlik yuzdeleri acisindan anlamli fark bulunamadi
(her birisi icin p>0.01) (Tablo 3).

Ortalama lokosit ve notrofil dizeyleri GAS grubunda
diger tim gruplara gore istatistiksel acidan anlamli
olarak yiiksek; hizli testlerin negatif sonuclandigi grup

ise GAS disindaki gruplara gore istatistiksel acidan
anlamli olarak yiksek bulundu (p<0.001). Ortalama
notrofil seviyesi, testleri negatif olan grupta GAS
disindaki gruplara gore; GAS grubunda ise influenza
Aile GAS+influenza A gruplarina gore anlamli yiksekti
(p<0.001). trombosit ve CRP
dizeyleri hem negatif grupta hem de GAS grubunda

Ortalama monosit,

diger gruplara gore istatistiksel acidan anlamli olarak
yuksek bulundu (p<0.001). Ortalama eozinofil ve
bazofil diizeyleri GAS grubunda diger tiim gruplara
gore; negatif grupta ise GAS disindaki gruplara gore
anlamli yiiksekti (p<0.001). Diger kan parametreleri
acilarindan gruplar arasinda anlamli farklibk yoktu
(Her birisi icin p>0.005) (Tablo 4).

Tablo 3. Gruplara arasinda belirtileri bulunma oranlarinin karsilastintmas

Sikayet ve belirtiler n Negatif (%) | GAS (%) | influA (%) | InfluB (%) | GAS + InfluA (%) p
Ates 1458 75.4 73.5 83.4 85.6 85.1 0.002
Bogaz agrisi 202 9.8 18.6 7.8 12.7 10.6 0.001
Yutkunma glicliigti 110 5.6 7.5 5.3 5.9 6.4 0.837
Burun akintisi/tikanikhig 597 29.2 32.3 40.8 28.8 36.2 0.003
Okstiriik 948 47.1 51.8 61.8 49.2 48.9 <0.001
Hinltih solunum 43 2.7 1.8 1.9 0 2.1 0.138
Bulant1 74 3.7 3.5 4.4 5.9 4.3 0.81
Kusma 167 8.4 9.7 10 8.5 8.5 0.902
Karin agrisi 85 4 6.6 4.1 6.8 4.3 0.327
istahsizlik 121 6.5 8.8 4.7 5.9 6.4 0.428
Halsizlik 64 3.4 3.1 2.8 4.2 6.4 0.797

GAS: Grup A Streptokok; , InfluA: influenza viriis Tip A, InfluB: influenza viriis Tip B

Bonferroni diizeltmesine gore anlamlilik p<0.005 olarak kabul edilmistir.
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Tablo 4. Gruplara arasinda ortalama kan parametre degerlerinin karsilastirilmasi

Grup O Grup 1 Grup 2 Grup 3 Grup 4

Degiskenler Negatif GAS influA influB GAS + influA p
Yas 5+3.2 5.2+2.8 4.9+2.9 5.2+2.9 5+2.5 0.777
Ates 37+5.9 38.7+31.5 38+4.2 37.7+5 38.3+1 0.651
RBC 4.6+0.5 4.7+0.4 4.7+0.4 4.7+0.4 4.6:0.4 0.033
WBC 11.845.4 1416.3 9.1+4 7.7+3.1 8.3+2.9 <0.001*
Notrofil 7.5+4.6 9.8+5.8 5.913.5 4.5+2.6 5.5+2.4 <0.001*
% Notrofil 60.1+16.6 66.3+16.4 62.3+16.4 56.7+15.6 65.2+14.8 <0.001*
Lenfosit 3+1.8 2.8+1.7 2.1:1.4 2.3+1.2 1.9+1.2 <0.001t
% Lenfosit 28+15 23.1+14.7 25.3+14.3 3115 23.8+14.1 <0.001t
Monosit 1.2+0.6 1.2+0.6 1£0.5 0.9:0.4 0.8+0.4 <0.001%
% Monosit 10.8+3.9 9.3+3.4 11.7+4.5 11.7£3.7 10.2£3.5 <0.001%
Eozinofil 0.09:0.15 0.13:0.19 0.04:0.03 0.04:0.04 0.07+0.1 <0.0018
% Eozinofil 0.9+1.5 1+1.4 0.4+1.1 0.4+0.5 0.5+0.8 <0.0018
Bazofil 0.04:0.03 0.04:0.03 0.03:0.02 0.02+0.01 0.03:0.02 <0.0018
% Bazofil 0.3+0.2 0.3+0.2 0.3+0.2 0.3+0.2 0.3+0.2 0.015
PLT 293+92.8 301.7+88.9 262+84.6 241.1+67.4 246.8+56 <0.001%
HCT 34.6+3.2 34.9+3.1 34.8+2.8 35.1+3 34.8+3.1 0.471
HGB 11.9£1.2 1211.2 1211 12.1£1.1 12.1+1 0.365
MCH 25.91+2.2 25.8+2.1 25.7+2 25.612.2 26.4+1.5 0.227
MCHC 34.4+1.3 34.611.2 34.5+1 34.411.1 34.8+1.1 0.218
MCV 75.1£5.3 74.6+4.9 74.6:4.7 74.4+5.3 75.9+4 0.207
MPV 9.4:0.8 9.3+0.8 9.4:0.8 9.5:0.7 9.5+0.8 0.132
PCT 0.3+0.1 0.3:0.1 0.2+0.1 0.2+0.1 0.2:0.1 <0.001%
PDW 10+1.5 9.9+1.5 10+1.4 10.2+1.4 10.2+1.5 0.563
RDW-SD 36.7+3.6 36.3+2.7 36.4+2.3 36.3+3.1 37.412.6 0.274
RDW-CV 13.7£1.5 13.6+1.2 13.6+1.2 13.8+1.5 13.6+0.9 0.792
CRP 27.7+37.4 31.5£39.7 15.2+18.9 12.1£17.2 11.4£9.5 <0.001%

HGB:Hemoglobin, HCT:Hematokrit, PLT: Trombosit. RBC: Eritrosit, WBC: Lokosit, GAS: Grup A Streptokok;
influA: influenza viriis Tip A, influB: influenza viriis Tip B

*Grup 0 ve 1 birbirlerine ve Grup 2,3 ve 4’e gore farklidir.

T Grup 0, Grup 2,3 ve 4’e gore; Grup 1 Grup 2 ve 4’e gore farklidir.

$Grup 0 ve 1, Grup 2,3 ve 4’e gore farklidir.

§Grup 1 tum gruplara gore; Grup 0 Grup 1,2 ve 3’e gore farklidir.
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TARTISMA

influenza koenfeksiyonu seklinde olan bakteriyel
enfeksiyonlar ozellikle yaslilar ve kiicik cocuklar
gibi yuiksek riskli gruplar arasinda ciddi bir morbidite
ve mortalite nedenidir. influenza ile birlikteligi ve
patojenik sinerjizmi Uzerinde en fazla calisma yapilan
bakteri S. pneumoniae dir. GAS’lar ve influenza
birlikteligi USYE’de nadir bir durumdur. Az sayidaki
calismada kis aylarinda artisa gecen influenza viris
GAS’larin  enfeksiyon
(13,15-17).
koenfeksiyonunun

enfeksiyonlarinin stkligim
Literaturde
ciddi

sonuclar olabilecegi Uzerinde durulmustur. Ancak

arttirdigi  vurgulanmistir

influenza ve GAS’larin

bu konuda yapilan calismalarda vaka sayilarn dusik
diizeyde kalmistir (18). 2009’da influenza A (H1N1)
pandemisinde tanimlanan influenza ve GAS eszamanli
enfeksiyonu bulunan on olgudan yedisinin kaybedildigi
bildirilmistir (19). Calismamizda influenza ve GAS
koenfeksiyonunun irdeleyen her iki enfeksiyonun
klinik ve laboratuvar bulgularin karsilastiran calisma
sonucunda elde ettigimiz veriler sunulmustur.

influenza ve GAS koenfeksiyonunun ayirici
tanmsinin yapilmasi, gereksiz antibiyotik kullanimindan
kacinilmasi; etkenin GAS olup olmadiginin belirlenmesi
ise olast komplikasyonlarin onlenmesi dogru ve
hizli antibiyotik tedavisinin baslanmas1 acisindan
kritik oneme sahiptir (14). Bu nedenle gelistirilen
hizli testler dogru tedavi yonetimine onemli katki
saglamaktadir. Bu hizli antijen testleri dakikalar
icinde sonu¢ verebilmektedir. Ancak ortak antijeni
olan bazi mikroorganizmalar nedeniyle yanlis pozitif
sonu¢c da verebilen bu testlerin duyarliiklarinin
%50-90 araliginda, Gzgiilliklerinin ise %85-95 oldugu
rapor edilmistir (3,8,18-20). Ozellikle bakteriyel
etkenin belirlenmesi acisindan hem kultir hem de
hizli test icin 6rnek alimindan ornegin islenmesine ve
sonuclandinlmasina kadar gecen siire¢ icerisindeki
subjektif degerlendirme kisimlan testlerin duyarlilik
ve ozgulliklerini etkileyebilmektedir. Yine de
hizli testlerden elde edilen veriler kabul edilebilir

guivenilirlik diizeyindedirler (18,21,22). Cohen ve ark.

(23) 2013 yiinda yaptiklar calismada hizli antijen testi
ile yanlis pozitif bulunan orneklerin polimerize zincir
reaksiyonu (PCR) yontemiyle de pozitif saptandigini,
bu orneklerin kulturlerinde Staphylococcus aureus’un
grup A streptokoklarin Uremesini inhibe etmis
olabilecegini ve hizli antijen testi 6zgullik oraminin
%100’e yakin bulundugunu bildirmislerdir. Bu nedenle
hizli antijen testleri klinisyene tani sirasinda yol

gosterici olmaktadirlar (19,24).

GAS kaynakli tonsillofarenjitlerin en sik 5-15 yas
araliginda goriildiigu bildirilmistir (21,25). Bans ve
ark. (26) 5-15 yas araliginda GAS pozitiflik diizeyini
%18.4; Saygili ve ark. (21) ise %14.4 olarak bildirmistir.
Gozikiiclik ve ark. (27) 0-18 yas araliginda GAS
saptanma diizeyini %25.0; Altindag ve ark. (28) ise
%24.6 olarak rapor etmislerdir. Calismamiz 2-16 yas
araligim kapsamis olup ve toplam %14.5 hastada
GAS saptanmisti. Calismamizdaki bu diizey diger
calismalarla benzer bulunmustur. Ancak calismamizda
GAS saptanan grubun ortalama yas1 5.2+2.8 yil olarak
bulunmus ama diger gruplarla arasinda ortalama
yas acisindan istatistiksel olarak anlamli farklilik
saptanmamistir. Bu veriler cocuk hastalarda GAS’larin
mutlaka test edilmesi gerektigini gostermekte, ancak
yas faktoriyle tonsillofarenjit etkeni arasinda bir
iliskinin olmadigin1 gostermektedir.

USYE tablosuyla gelen cocuk hastada viral etkenler
onemli yer tutmaktadir. Bu etkenler icinde influenza
virtslerinin ayirt edilmesi kritik onem tasimaktadir.
Clnki influenza virilisii diger viral etkenlere gore
ozellikle riskli grup hastalarda yiiksek morbidite ve
mortalite oranlarina neden olabilmektedir. Ayrica
influenza enfeksiyonu asi ile onlenebilmekte ve 6zgiil
olarak tedavi edilebilmektedir. influenza virisiiniin
hizl1 tanis1 6zellikle bagisiklik durumu kritik olan cocuk
hastalarda uygun tedavinin baslanmasi acisindan
onem tasimaktadir (3,5-7). Onal ve ark. (29) yaptiklan
calismada 0-14 yas grubunda influenza virus tip A
saptanma oranini %34 olarak bildirmislerdir. Kuciik ve
ark. (30) ise bu duizeyi %47.3 olarak rapor etmislerdir.
Calismamizda influenza viris tip A saptanma orani
toplam %19.2 olarak bulunmustur.

Turk Hij Den Biyol Derg

483



484

USYE’de bakteriyel ve viral etkenlerin yol actigi
klinik tablolar farkliik gosterebilse de bu etkenleri
ayirt etmek genellikle mimkin olmamaktadir (3,8).
Calismamizda GAS saptanan hastalann %73.5’inde
ates saptanirken influenza gruplarinda ates dizeyi
%80-85 civarinda bulunmustur. GAS ve influenza
virlisi saptanmayan grupta bu dizey %75.4 olarak
saptanmis ve influenza gruplarindaki ates oranlan
anlamli yuksek bulunmustur (p:0.002). Her ne kadar
hastalarin atesinin ¢ikmasi durumunda bir ates
dusuricu ilac alip almadiklart konusunda bilgiye
ulasilamamis olsa da bu veriler ates varliginin etkeni
tahmin etmede ayirici bir etkisi olmayabilecegini
gostermektedir.

Calismamizda GAS saptanan hastalardaki bogaz
agnsi bulunma diizeyi %18.6 olarak saptanmistir ve
diger gruplara gore anlamli yiiksek bulunmustur
(p:0.001). Bu veri bogaz agrisinin ist solunum yolu
enfeksiyonlarinda etkeni tahmin etmede yardimci
olabilecegini gostermektedir.
(26)
hastalarinin

Gultekingil ve ark. influenza virlis tip
%71.4’linde

bulundugunu rapor etmislerdir. Calismamizda da

A saptanan oksuriik
influenza virls tip A saptanan gruptaki oksurik
(%61.8) diger tum
gruplara gore anlamli yuksek olarak saptanmistir.

sikayetinin bulunma yiizdesi

Bu veriler influenza viris tip A ile oksliriik arasinda
anlamli iliski bulundugunu ve oksiiriik sikayeti olan
cocuk hastalarda influenza virls tip A'min taranmasi
gerektigini gostermektedir (p<0.001). Calismamizda
ayrica burun akintis1 ve/veya tikanikligi da influenza
viris tip Agrubunda diger gruplara gore anlamli yiiksek
bulunmustur. Bu veri de burun akintisinin tst solunum
yolu enfeksiyonu olgularinda etkenin viral olabilecegi
yoniinde ipucu verebildigini gostermektedir.

Calismamizda hinltii solunum, bulanti, kusma,
karin agrisi, istahsizik ve halsizlik gibi belirtiler
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tim gruplarda benzer oranlarda bulunmustur. Bu
veri bu belirtilerin Ust solunum yolu enfeksiyonunun
hastalarda farkli tablolarla kendini gosterebilecegini

ancak etkenin ayrimi  konusunda yol gosterici
olmayabilecegini gostermektedir.
Bakteriyel enfeksiyonlarda serumda lokosit,

notrofil ve CRP dizeylerinin viral enfeksiyonlara
gore daha cok yikseldigi bilinmektedir (3,8,32,33).
Calismamizda da ortalama lokosit, notrofil ve
CRP diizeyleri GAS tespit edilen hastalarda diger
gruplara gore anlamli yuksek bulunmustur. Bu veri
tam kan sayiminin etkenin bakteriyel mi viral mi
oldugu konusunda yol gosterici oldugu bilgisini

desteklemektedir.

GAS’larin ozellikle cocukluk doneminde %5-15
oranlarinda nazofarenkse vyerlestigi ve tastyiciliga
neden olduklan belirtilmistir. Tasiyiciik durumunda
enfeksiyon bulgularimin  goriilmedigi ve serolojik
testlerin tamya yardima olmadigi bildirilmistir.
Nazofarenksteki bu streptokoklarin tonsillofarenjite
neden olabilecegi rapor edilmistir (34).

Calismamizda baz1 kisitlamalar bulunmaktaydi.
Calismamizdaki tiim olgularda USYE belirti ve bulgulan
oldugundan tasiyiciik agisindan bir degerlendirme
yapilamamistir.  Koenfeksiyon

seklinde seyreden

olgularda prognoza iliskin bilgiye ulasilamamistir.

Sonuc olarak USYE geciren cocuk hastalarda
etkenin viral mi bakteriyel mi oldugu hizli ve dogru
olarak saptanmalidir. Bunun icin hem GAS’larin
hem de influenza virlslerinin antijen testleriyle
calisilmas1 ve klinik ve laboratuvar bulgularinin
birlikte degerlendirilmesi gerekliligi klinisyenler ve
arastirmacilar icin yol gosterici olabilecek veriler
sagladig1 disiincesine ulasilmistir. Bunun yaninda
dogru, hizli ve givenilir tam icin uygulanan hizli
antijen testlerinin hasta tedavisini yonlendirmesinde
onemli oldugu kanisindayiz.
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Bir devlet hastanesinde 2013-2018 doneminde Acinetobacter
enfeksiyonlarinda antibiyotik duyarlihigi ve cogul antibiyotik direnci

Ahmet CALISKAN', Ozlem KiRiSCi2

OZET

Amac¢: Bu calismada Acinetobacter baumannii
suslarinin yillara gore antibiyotik duyarlik degisiminin
ve cogul

arastirilmasi antibiyotik diren¢c oraninin

belirlenerek  antibiyotik  kullanim politikasinin

gelistirilmesine yardimc1 olunmas1 amaclanmistir.
Yontem: Calismaya; Necip Fazil Sehir Hastanesi
Ocak 2013 Aralik

2018 tarihleri arasinda cesitli kliniklerden gonderilen

Mikrobiyoloji Laboratuvarina,
orneklerden izole edilen Acinetobacter tirleri dahil
edilmistir. Izolatlann tammlanmasinda ve antibiyotik
duyarliiklarinin  belirlenmesinde Vitek 2 Compact

(bioMérieux-SA, Fransa) otomatize sistemi kullamlmistir.

Bulgular: En fazla Acinetobacter izolat1 73 (%35)
trakeal aspirat orneginden ve en cok Anestezi ve
Reanimasyon Yogun Bakim Unitesinden génderilen 160
(%68) ornekten izole edilmistir. Antibiyotik duyarlilik
yiizde (%) oranlarinin dagiimi yillik olarak, 2013-2015 ve
2016-2018 olmak lizere, iicer yillik ortalamalar seklinde
ve 2013-2018 toplam ortalamasi seklinde verildi.
Calisma doneminde en yiiksek antibiyotik duyarliligi
%97 ile kolistine, en disuk duyarlilik ise %5 orani ile
seftriaksona karsi tespit edildi. A. baumannii’nin,

antibiyotik duyarlilik oranlarina kabaca bakildiginda;

ABSTRACT

Objective: In this study, it was aimed to investigate
the change of antibiotic susceptibility of Acinetobacter
baumannii strains over the years and to help develop
antibiotic use policy by determining the multiple

antibiotic resistance rate.

Methods:

various clinical samples sent to Necip FazilCity Hospital

Acinetobacter species isolated from
Microbiology Laboratory between January 2013 and
December 2018 were included. Vitek 2 Compact
(bioMérieux-SE, France) automated systems were used
for the identification and antibiotic susceptibility of the

isolates.

Results: Acinetobacter isolates were isolated at the
most from tracheal aspirate samples (n=73; 35%) and
samples sent from Anesthesia and Reanimation intensive
care unit(n=160; 68 %). The distribution of antibiotic
sensitivity percentages (%) was given as yearly, three-year
averages for 2013-2015, 2016-2018, and the total average
for 2013-2018. In the study period, the highest sensitivity
was determined to colistin at 97 % and the lowest to
ceftriaxone at 5 %. When the antibiotic sensitivity rates
of A. baumannii are evaluated roughly; In the period
of 2016-2018, compared to 2013-2015, there was a
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2016-2018 doneminde,

amikasin, ampisilin-sulbaktam, sefepim, seftriakson,

2013-2015 donemine gore

kolistin ve tigesiklin duyarliiginda azalma egilimi
gorlliirken, diger antibiyotiklere karsi duyarlilikta artis
goriilmektedir. izole edilen toplam 237 A. baumannii’
de cogul antibiyotik direncine bakildi. MDR direnci %92,
XDR direnci %84, PDR direnci %3 bulundu.

Sonugc: A.  baumannii’de yillar icinde baz1
antibiyotiklere karsi direncin arttigi, bazi antibiyotiklere
karst da direncin azaldig1 goriilmektedir. XDR direng
oranimizin cok yiiksek oldugu goriilmektedir. PDR direnc
oranimizin ise Amerika’dan yiksek oldugu, buna karsin
bircok Avrupa iilkesinden diisiik oldugu goriilmektedir.
Tiirkiye ortalamasindan ise cok disik oldugu goze

carpmaktadir.

Anahtar Kelimeler: Acinetobacter enfeksiyonlari,

bakteri duyarlilik testi, coklu antibakteriyel ila¢ direnci

decrease in sensitivity to amikacin, ampicillin-sulbactam,
cefepime, ceftriaxone, colistin and tigecycline, while
sensitivity to other antibiotics was observed. Multiple
antibiotic resistance was examined in a total of 237 A.
baumannii isolated. Multidrug resistant (MDR) resistance
was 92 %, Extensively Drug Resistant (XDR) resistance was

84 % and Pan Drug Resistant(PDR) resistance was 3 %.

Conclusion: It is observed that resistance against
some antibiotics has increased in A. baumannii over
the years, and resistance to some antibiotics has
decreased. It seems that our XDR resistance rate is
very high. Our PDR resistance rate is higher than that
of America, but lower than many European countries.
In the other hand our result is lower than the average

of Turkey.

Key Words: Acinetobacter infections, bacterial

sensitivity test, multiple antibacterial drug resistance

GIRIS

Acinetobacter baumannii kompleksi, idrar yolu
enfeksiyonu, cilt ve yumusak doku enfeksiyonlar gibi
cesitli enfeksiyonlara neden olabilir. Pnomoni ve kan
dolasim1 enfeksiyonlarinda olim oram yiiksek olan
onemli bir patojendir (1).

Hastanede yatan hastalarin kolonizasyon ve
enfeksiyonunda A. baumannii tirlerinin onemli
bir rol oynadigi bilinmektedir. Travma, mekanik
ventilasyon ve cerrahi islemler bu mikroorganizma
icin nozokomiyal enfeksiyonlarla ilgili onemli risk
faktorleridir (2,3).
ilaca direncli A. baumannii infeksiyonlarinin sayisi

Firsatc1 patojen olarak coklu

kiresel olarak son yillarda artmistir. Nozokomiyal
gram negatif patojenler icerisinde kontrol ve tedavisi
en gi¢ olanlardan biri haline gelmistir (4,5). A.
baumannii salginlarinin pek cogu hasta yataklan,
klimalar ve mekanik ventilasyon ekipmanlar gibi
cevresel kaynaklidir (6). Acinetobacter spp.kuru

cansiz yuzeylerde 3 giin-5 ay arasinda canli kalabilir
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(7,8,9).
Bu calismada A. baumannii suslarinin yillara gore
antibiyotik duyarliik degisimini ve cogul antibiyotik

direnc oranim belirleyerek antibiyotik kullanim

politikasimin  gelistirilmesine yardimci  olunmasi
amaclanmistir.

GEREC ve YONTEM

Hastanemiz servislerinden ve yogun bakim

tinitelerinden (YBU), Ocak 2013-Aralik 2018 tarihleri
arasinda izole edilen, 237 A. baumannii retrospektif
olarak calismaya alindi. Aym hastada birden fazla
tireyen A. baumannii izolatlarindan sadece bir
tanesi calismaya dahil edildi. Kan kiilturleri BacT/
ALERT (bioMérieux, Fransa) kan kultiri otomatize
sisteminde 7 giin inkube edildi. Bu sure zarfinda pozitif
sinyal veren siselerden % 5 koyun kanli, eosin metilen

mavisi ve cikolata besiyerlerine ekimleri yapildi.



idrar 6rnekleri % 5 koyun kanli ve eosin metilen mavisi
besiyerlerine, diger ornekler ise % 5 koyun kanli,
eosin metilen mavisi ve cikolata besiyerlerine ekildi
ve 370C’de 18-24 saat inkubasyondan sonra ureyen
mikroorganizmalar koloni morfolojisi, boyanma
ozellikleri, oksidaz ve katalaz testleri yoniinden
degerlendirilmistir. izolatlarin kesin tiir tanimlamasi
ve antibiyotik duyarliliklarimin belirlenmesi icin 0,5
Mc Farland bulanikliginda siispansiyonlar hazirlanarak
Vitek 2 Compact (bioMerieux, Fransa) otomatize
sistemi  kullamlmisti. izole edilen bakterilerin
antibiyotik duyarlilik testleri Klinik ve Laboratuvar
Standartlan Enstitust (CLSI) standartlarina uygun

olarak calisitmistir(10).

Calismamizda, A. baumannii  duyarliiginda
kullamlan  antibiyotik  gruplari;  aminoglikozid
(gentamisin, amikasin), antipsodomonal
karbapenemler (imipenem, meropenem),
antipsodomonal  florokinolonlar  (siprofloksasin,
levofloksasin),  antipsodomonal  penisilinler  +
betalaktam inhibitorler (piperasilin-tazobaktam),
sefalosporin  grubu  antibiyotikler  (seftriakson,

seftazidim, sefepim), sulfonamidler (trimetoprim/
beta

kolistin  ve

sulfametoksazol), penisilinler + laktam

inhibitorleri  (ampisilin-stulbaktam),
tigesiklindir. A. baumannii’ de cogul antibiyotik
direncini tammlamak icin “multi-drug resistance
(MDR)”, “extensive-drug resistance (XDR)” ve “pan-
drug resistance (PDR)” gibi terimler kullamlmaktadir.
Calismamizda, tum gruplardan bir ile uc¢ antibiyotik
grubuna direncli izolatlar MDR, bir ya da iki antibiyotik
grubu disinda tum antibiyotiklere direncli izolatlar
XDR, mevcut tum antibiyotiklere direncli izolat PDR

seklinde tammlanmistir (11,12).
BULGULAR

Calismamizda; hastanemizin servis ve yogun
bakimlardan, Ocak 2013-Aralik 2018 tarihleri arasinda
laboratuvarimiza gonderilen cesitli orneklerden
izole edilen toplam 237 A. baumannii elde edildi.
A. baumannii’nin izole edildigi klinik ornekler ve
izole edilen 6rneklerin servislere dagilim Tablo 1’de

sunulmustur. Laboratuvariniza gonderilen  kultir

Tablo 1. Acinetobacter baumannii’nin izole edildigi klinik 6rnekler ve izole edilen 6rneklerin servislere dagilimi.

SERVISLER/ Trekeal Yara Kan Balgam idrar Katater Toplam ornek
ORNEKLER Kiiltiru Kiilturi Kiilturi Kiiltiiri Kiiltiiri Kiilturi n(%)
Anestezi

nestezi ve 73 10 64 3 9 1 160 (68)
Reanimasyon YB
Dahiliye YB 0 3 1 0 2 0 6(2)
intaniye Servisi 0 4 0 0 1 0 5(2)
Kardiyovaskiiler

. 1 1 4 0 1 1 8 (3)

Cerrahi YB
Noroloji YB 4 1 2 1 3 0 11 (5)
Plastik C hi

as .1. errahi 3 5 0 1 1 0 70)
Servisi
Yanik Tedavi

ank fedavi 0 4 0 0 1 0 5 (2)
Servisi
Palyatif Bak

YAt Baxm 2 5 2 0 11 0 20 (9)
Servisi
Diger Servisler 1 3 2 1 8 0 15 (6)
Total (%) 84 (35) 33 (14) 75 (32) 6(2) 37 (16) 2 (1) 237 (100)
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ornekleri arasinda, en fazla A. baumannii trakeal
aspirat orneklerinden (%35) izole edilmistir. Yogun
bakimlar arasinda, A. baumannii, en fazla Anestezi
ve Reanimasyon yogun bakimindan gonderilen
orneklerden (%68) izole edilmistir. izole edilen toplam
237 A. baumannii’nin antibiyotik duyarlilik yiizde (%)
oranlarinin dagilimi yillik olarak, 2013-2015, 2016-
2018 ucer yillik ortalamalar seklinde ve 2013-2018
toplam ortalama seklinde tablo 2’de sunuldu. Calisma

doneminde en yuksek duyarlik % 97 ile kolistine,

en dustuk duyarliik ise % 5 oram ile seftriaksona
kars1 tespit edilmistir. Duyarlilik seyirlerine kabaca
bakildiginda; 2016-2018 yillarinda 2013-2015 yillarina
gore
seftriakson, sefoperazon-sulbaktam, imipenem ve

amikasin, ampisilin-sulbaktam, sefepim,
kolistin azalma egilimi izlenirken diger antibiyotiklere

kars1 duyarlilikta artis izlenmektedir.

izole edilen toplam 237 A. baumannii’ de cogul
antibiyotik direncine bakildi. MDR direnci % 92, XDR
direnci % 84, PDR direnci % 3 bulundu.

Tablo 2. Acinetobacter baumannii’nin antibiyotik duyarlilik ylizde (%) oranlan

2013 2014 2015 2016
(n) % (n) % (n) % (n) %
Amikasin (11) 27 | (10) 80 | (18)22 | (19) 37
Ampisilin-
(76) 20 | (18)44 | (18)6 | (19) 16
sulbaktam
Sefepim (77)9 | (21)19 | (32) 16 | (36) 14
Seftriakson 77) 7 (18) 6 (34) 9 (32) 3
Sefoperazon/
(65) 30 | (13) 69 | (22) 18 | (20) 30
sulbaktam
Siprofloksasin (58) 7 (22) 14 | (31) 10 | (36) 20
Levofloksasin (35) 11 3)0 (7) 14 (2) 11
Gentamisin (55) 4 (19) 32 | (32) 13 | (36) 20
imipenem (78) 6 (22) 14 | (25)24 | (24) 17
Meropenem (5)0 (10) 10 | (19) 5 (19) 16
Trimetoprim
sulfametoksazol (65) 5 (21)14 | (31)13 | (36) 14
Piperasilin-
(69) 6 (17)18 | (32) 13 | (37) 22
tazobaktam
(22)
Kolistin (83) 99 (31) 97 | (36) 97
100
(18)
Tigesiklin (68) 76 (31)94 | (36) %94
100

2017 2018 2013-2015 | 2016-2018 | 2013-2018
(n) % (n) % (n) % (n) % (n) %
(11) 9 (16) 0 (39)38 (46)17 (85) 27
(31)0 (23)0 (112) 21 (73)4 (185) 15
(31)3 (28) 0 (130)12 (95)6 (225) 10
(32)0 (28) 0 (129)7 (92)2 (221) 5
(27) 11 (27) 11 (100)33 (74)16 (174) 26
(32) 14 (26) 4 (111)9 (94)12 (205) 10
(7)29 (23) 29 (45)11 (32)25 (77) 13
(32) 9 (18) 6 (106)11 (86)13 (192) 12
(28) 39 (28) 7 (135)11 (70)9 (205) 22
11)9 (28) 7 (34) 6 (58)10 (92) 10
(28) 16 (28) 14 (113)9 (96)15 (209) 12
(32) 9 (28) 7 (118)9 (97)13 (215) 11
(28) 94 (28) 93 (132)99 (96)95 (228) 97
(34) 76 (27) 96 (117)85 (97)89 (214) 87

n= Test edilen izolat sayisi
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TARTISMA

Acinetobacter suslarn gecmiste nadir veya orta
siddette firsatc1 enfeksiyonlarla iliskili iken, son
20 yilda enfeksiyonlarin siddeti, gorulme oranlan
artmis ve yogun bakim (nitelerindeki hastalar
Acinetobacter turlerinin ana hedefi haline gelmistir
(13). Saglik Bakanligi Tirkiye Halk Sagligi Kurumu
Bulasic1 Hastaliklar Dairesi Baskanliginin hazirlamis
oldugu “Ulusal Saglik Hizmeti iliskili Enfeksiyonlar
Siirveyans Ag1 Etken Dagilimi Ve Antibiyotik Direnc
Raporu 2017” raporunda; Tirkiye’de saglik hizmeti
iliskili enfeksiyonlarin tiirline gore etken dagilim,
tum enfeksiyonlar icinde, A. baumannii enfeksiyonlan
% 21 ile yiksek bir orana sahiptir. Sebep oldugu
enfeksiyonlar, pnomoni (% 35), ventilator iliskili
pnomoni (% 44), kan dolasim enfeksiyonu (% 11) ile
onemi artan bir bakteri haline gelmistir. Ayn1 raporda
A. baumannii’nin  farkli antibiyotiklere direnc
oranlan degerlendirilmis; amikasin % 74, gentamisin
% 75, imipenem % 94, kolistin % 3, levofloksasin %
93, meropenem % 94, netilmisin % 83, siprofloksasin
% 91, tigesiklin % 31 olarak belirtilmistir (14).
Calismamizdaki antibiyotik duyarliiklar1 bu rapor ile
karsilastinldiginda, gentamisinde direng oranlarimizin
daha vyiksek oldugu goriilirken, amikasin,
levofloksasin, imipenem, meropenem ve tigesiklinde
direng oranlarimizin daha disiik oldugu goriilmektedir.
Kolistin ve siprofloksasinde ise duyarlilik oranlarimizin
benzer oldugu goriilmektedir.

iranda, Babaei ve arkadaslarinin calismalarinda,
2012-2013, 2014-2016 wyillarinda kan  kulturd
enfeksiyonlarinda A. baumannii’nin antimikrobiyal
duyarliliklarinin yiizde oranlarini sirasiyla amikasin 33-
32, gentamisin 29-20, tobramisin 28-24, levofloksasin
veri  yok-14, ampisilin-sulbaktam veri  yok-17,
seftazidim 23-9, imipenem 19-16, meropenem 14-
15 saptamislardir (15). Donemler karsilastinldiginda
meropenem  disindaki  antibiyotiklerde duyarlibk
oranlarinin azaldig goriliyor. Bizim calismamizda ise
amikasin, ampisilin-sulbaktam, sefepim, seftriakson,
sefoperazon-sulbaktam, imipenem ve  kolistin
duyarliiginda azalma egilimi izlenirken, gentamisin,
siprofloksasin, levofloksasin, piperasilin-tazobaktam,
meropenem, trimetoprim - sulfametoksazol ve
tigesiklinde duyarlilikta artis izlenmektedir.

SENTRY (Antimicrobial Surveillance Program 1997-
2016) raporunda; 13,762 Acinetobacter calcoacetius-
A. baumannii Complex izolatlarinin yaptig1 enfeksiyon
tipi incelenmis, yatan hastalarda, pnomoni (% 43), kan
kiltirt (% 37), yara kilturt (% 15) intraabdominal (%
0.6), uriner sistem (% 2) digerleri (% 0.7) olarak tespit
edilmistir. Aynm calismada antimikrobiyal ajanlara karsi,
cografi bolgelere gore 4 yillik araliklarla duyarliliklan
incelenmistir. 2005-2008, 2009-2012, 2013-2016 Avrupa
ortalamalarina bakildiginda sirasiyla duyarliliklar
ylizde oranlan olarak; amikasin 32-32-22, gentamisin
27-27-24, tobramisin 50-46-42, levofloksasin 20-15-13,
ampisilin-sulbaktam 31-25-19, seftazidim 23-17- 15,
imipenem 50-42-23, meropenem 47-28-22, minosiklin
82-71-64, kolistin 99-97-89 goriilmektedir (16).

Aym calismada XDR oranlari; Asya-Pasifik % 56,
Avrupa %66, Latin Amerika % 61, Kuzey Amerika % 39
ve totalde % 56 bulunmustur. PDR oranlar toplamda
% 2,6 olup, Amerika Birlesik Devleti % 2,5, Turkiye
% 6, Yunanistan % 19, italya % 9, Brezilya % 1,4 ve
Glney Kore % 4 tespit edilmistir. En yiiksek prevalans
gozlenen lilkeler sirasiyla: Yunanistan (% 19), italya (%
9), Slovenya (% 7), Tiirkiye (% 6), Israil (% 4) ve Giiney
Kore (% 4)’dir (16).

Bizim calismamizda da A. baumannii’nin yaptigi
enfeksiyon tipleri SENTRY programinda vyapilan
calismayla karsilastinldiginda trakeal aspirat %
35, kan kultura % 32, yara kultura % 14 oranlan ile
benzer iken, Uriner sistem enfeksiyonlan % 16 ile
yilksek bulunmustur. Uriner sistem enfeksiyonlan
en fazla Palyatif Bakim Servisinde uzun sire yatan
hastalarda izole edildi. Uriner sistemdeki enfeksiyon
oramimizin yiksek olmasim bundan kaynaklandigim
dusuniyoruz. Antibiyotik duyarlilk yuzdelerimiz
ilgili donemlerle karsilastinldiginda sadece kolistin
duyarlibk ylzdelerimiz Avrupa’dan daha yiiksek bir
orana sahip iken calisilan diger antibiyotiklere karsi
duyarlik oranlanmiz disikk bulunmustur. Cogul
antibiyotik direnci incelendiginde ise XDR direnci % 84
ile Avrupa ve diger kitalara gore cok yiiksek bir orana
sahip oldugumuz goriilmektedir. XDR direncimizin
yiksekligini, yogun bakimlarda kolinize olan direncli A.
baumannii ile hastalarin enfekte olmasina bagliyoruz.
Bunun icin daha ileri molekiler calismalara ihtiyac
oldugunu diisiiniiyoruz. PDR direncimiz ise % 3 (7/237)
Amerika’dan yuksek olup, bircok Avrupa Ulkesinden
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diisiik oldugu goriilmektedir. Tirkiye ortalamasindan
cok diisiik oldugu goze carpmaktadir.

Sahin ve arkadaslarimn aym ilimizde bulunan
universite hastanesinde, 2012-2017 yillan arasinda A.
baumannii izolatlarinda antimikrobiyal duyartiiklarim
kolistinde % 97, amikasinde % 11, imipenemde %3,
tigesiklinde %51, levofloksasinde %2,5 bulmuslardir
(17). Kolistin duyarliik oranlanimiz benzer olup,
amikasin, levofloksasin, imipenem ve tigesiklin
oranlarimiz daha yuksektir.

Sonuc olarak: A. baumannii’ de yillar icinde bazi
antibiyotiklere karsi direnc arttig1, bazi antibiyotiklere
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Early switch therapy from ceftriaxone to ampicillin in an
immunocompromised patient with Listeria monocytogenes
septicemia and meningitis

Giilsen HAZIROLAN', Giilgin DIZMAN2

OZET

Listeria monocytogenes is an important pathogen
that may cause infection in the elderly and in
immunocompromised  patients with  predisposing
conditions. It can be an important cause of life-
threatening bacteremia and meningoencephalitis in
immunocompromised individuals. In this report, it was
described a case of sepsis and menegititis caused by L.
monocytogenes in a 39-year-old female with adenoid
cystic carcinoma of the larynx. L. monocytogenes
identification was performed at the species level using
matrix-assisted laser desorption ionization-time of flight
mass spectrometry (MALDI-TOF MS, Bruker Daltonics,
Germany). The patient was treated with an early switch
therapy from ceftriaxone to ampicillin. This report
indicates that early detection and treatment of Listeria
sepsis and meningitis are important to obtain a better

prognosis.

Anahtar
meningitis, septicemia, MALDI TOF MS

Kelimeler: Listeria monocytogenes,

ABSTRACT
Listeria monocytogenes,  yaslilarda ve
predispozan  kosullar1  olan bagisikik  sistemi

baskilanmis hastalarda enfeksiyona neden olabilecek
onemli bir patojendir. Bu bakteri, bagisiklik sistemi
baskilanmis kisilerde hayati tehdit eden bakteriyemi
ve meningoensefalitin onemli bir nedeni olabilir. Bu
raporda, larenks adenoid kistik karsinomu olan 39
yasindaki bir kadin hastada L. monocytogenes’in
etken oldugu sepsis ve menenjit olgusu tamimlandi.
L. monocytogenes’in tir diizeyinde tanimlanmasi
matrix-assisted laser desorption and ionization time-
of-flight mass spectrometry (MALDI-TOF MS, Bruker,
Almanya) ile yapildi. Hasta tedavide seftriaksondan
ampisiline erken gecis ile tedavi edildi. Bu rapor,
Listeria sepsis ve meninjitinin erken saptanmasinin ve
tedavisinin, daha iyi bir prognoz elde edilmesindeki

onemini isaret etmektedir.

Key Words: Listeria monocytogenes,
sepsis, MALDI TOF MS
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INTRODUCTION

Listeria  monocytogenes is a facultatively

anaerobic non-spore-forming gram-positive
bacterium. It is known to be responsible for severely
invasive disease and it can cause sepsis, meningitis,
and encephalitis (1). L. monocytogenes infection
occurs predominantly in the following populations:
elderly people, pregnant women, newborns, and
immunodeficient patients; patients with chronic
liver disease, malignant hemopathies, and diabetes;
patients on chronic hemodialysis; and, less frequently,
healthy individuals (2). The main route of transmission
is confirmed to be through the consumption of
contaminated food and via vertical transmission
from mother to child (3). L. monocytogenes has the
ability to cross three significant barriers in humans,
the blood-brain

barrier and the fetoplacental barrier. It can invade

such as the intestinal barrier,
normally nonphagocytic cells such as endothelial
cells, enterocytes, and fibroblasts, utilizing certain
surface invasion proteins, of which internalin A (InlA)
and internalin B (InlB) are the best studied (4).
Meningitis caused by this bacterium is associated
with high mortality rates (5). Diagnosis of meningitis
caused by L. monocytogenes is a challenge due to
the absence of typical clinical symptoms (6). L.
monocytogenes is considered susceptible to a wide
range of antibiotics, such as ampicillin, tetracyclines,
erythromycin, and gentamicin. However, most strains
of L. monocytogenes exhibit intrinsic resistance to
cefotaxime, cefepime, fosfomycin, oxacillin, and
lincosamides (7). In this report, we describe a case
of sepsis and meningitis caused by L. monocytogenes
which  developed after chemotherapy and
radiotherapy for metastatic adenoid cystic carcinoma
of the larynx. Patient was treated with an early

switch therapy from ceftriaxone to ampicillin.

CASE REPORT

A 39-year-old female with diffuse metastatic

Turk Hij Den Biyol Derg

the
Emergency Department of Hacettepe University

adenoid cystic carcinoma presented to
Hospital because of fever and general weakness in
June 2019. Patient was evaluated for infectious
diseases because of high fever. Lumbar puncture
(LP) was recommended as a preliminary diagnosis of
central nervous system infection. Cranial magnetic
resonance imaging (MRI) showed diffuse intracranial
metastasis and edema. LP could not be performed due
to widespread intracranial metastases. All diagnostic
procedures and the treatment were performed after
the informed consent had been obtained orally.
Empiric acyclovir (3x10 mg/kg) and ceftriaxone (2x2
grams) were started. One set (one aerobic and one
anaerobic bottles) of blood sample was taken for the
culture. Bactec Plus Aerobic/F and Bactec Lytic (BD
Diagnostic, USA) aerobic and anaerobic blood culture
bottles were incubated in a Bactec FX instrument
(BD Diagnostic, USA). Anaerobic blood culture bottle
had a positive signal at the 19th hour of incubation.
Microscopy of Gram-stained smears was performed
for the positive blood culture bottle. Gram-positive
rods were observed and clinicians were informed.
Subcultures were performed in %5 sheep blood agar
(BD, USA), schaedler agar (BD, USA), chocolate
agar (BD, USA) and MacConkey agar(BD, USA), and
incubated in aerobic (%5 sheep blood agar, chocolate
agar and MacConkey agar) and anaerobic (schaedler
agar) conditions. Semi-transparent colonies having
beta-hemolysis were obtained from the aerobic
culture at the end of 24 hours incubation, and
Gram staining of the colonies showed gram-positive
rods. The isolate was a catalase-positive, oxidase-
negative, CAMP-positivite. Semi-solid motility test
medium was used for detecting bacterial motility
activity (BD, U.S.A) and the isolate was motile
bacterium.  Matrix-asssisted laser desorption/
ionization-time of flight mass spectrometry (Bruker,
Germany) was used for the identification. The isolate

was identified at the species level with a score of



>2.0 as L. monocytogenes. Antibiotic susceptibility
test was performed by gradient test according to the
European Committee on Antimicrobial Susceptibility
(EUCAST)
concentration of ampicillin, penicillin, meropenem,

Testing guidelines. Minimum inhibitory
erythromycin, and trimethoprim/sulfamethoxazole
were 0.38 pg/ml, 0.38 pg/ml, 0.19 pg/ml, 0.50 pg/
ml, 0.032 pg/ml respectively. L. monocytogenes was
susceptible to all tested antibiotics. Due to detection
of L. monocytogenes from blood culture at the 48®
hour of treatment, initial acyclovir and ceftriaxone
therapy was changed to ampicillin (6x2 grams).
Fever response was obtained at the 48th hour of the
ampicillin  treatment and CRP value decreased to
1.55 mg/dl. Control blood culture showed absolutely
no growth. The patient was discharged after 21 days
of ampicillin treatment with the diagnosis of Listeria
bacteremia and a preliminary diagnosis of Listeria

meningitis.

DISCUSSION

An empirical therapy for bacterial meningitis,
generally third-generation cephalosporins, is always
applied at an early stage when bacterial meningitis
is suspected. However, this treatment option does
not cover L. monocytogenes. Cephalosporins, which
are effective for some bacterial agents of meningitis,
are ineffective against L. monocytogenes. This is
important to remember in the empiric selection
of drugs for pyogenic meningitis. Ampicillin is the
preferred agent, resistance to this agent has not

been observed (8, 9). Listeria meningitis should be
considered in cases that have immunosuppression and
do not improve following first-line treatment with
extended-spectrum cephalosporins. Unfortunately,
adequate therapy might be delayed in our case, since
initial empirical therapy was not adjusted to include
ampicillin. Ampicillin should be added to initial
empirical therapy especially for Listeria suspicion
due to the risk factors. In this report, we described
a case of meningitis and bacteremia caused by L.
monocytogenes in a cancer patient. MALDI-TOF MS
has become a standard tool for rapid and reliable
microbial identification in clinical laboratories. Rapid
and reliable identification of L. monocytogenes using
MALDI-TOF MS allows a rapid detection of bacteria that
cause a life-threatening infection and also provide
accurate therapy. When L. monocytogenes was
isolated from blood culture, antibiotic treatment was
switched from ceftriaxone to ampicillin immediately,
and the patient was cured. It is very important to
adjust the appropriate antibiotic therapy as soon as
possible once Listeria is highly suspected or confirmed
by a culture. We encountered a case with sepsis
and meningitis caused by L. monocytogenes which
developed after chemotherapy and radiotherapy
for metastatic adenoid cystic carcinoma of the
larynx. Early management of sepsis and meningitis,
by performing rapid diagnostic methods and by
administration of adequate antimicrobial therapy,
can be defined as life-saving circumstances in patients
with listeriosis.
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Gida kaynakh hastaliklarda intestinal mikrobiyotanin onemi

Liitfiye PARLAK', Derya DIKMEN'

OZET

Gida kaynakli patojenlerin neden oldugu hastaliklar
her yil milyonlarca kisiyi etkileyen ve ozellikle cocuk
olimlerine neden olan 6nemli bir saglik sorunudur.
Gidalarin Uretimi, hazirligi, pisirilmesi ve tiketimi
esnasinda yapilan yanlis uygulamalar ve meydana gelen
patojen kontaminasyonu gida kaynakli patojenlerin
neden oldugu hastaliklara yol acmaktadir. Gida kaynakli
bircok patojen vardir fakat bu hastaliklarin cogu
bakteriyel kaynaklidir. Insan gastrointestinal sistem
mikrobiyotast da trilyonlarca bakteri ile kolonize
olmasina ragmen bu bakteriler konak ile simbiyotik
bir iliski icerisindedir. Vicutta ek bir organ olarak
diisiinilecek kadar fonksiyona sahip olan bagirsak
mikrobiyotasi, gastrointestinal sisteme alinan patojen
bakterilerin cogalmasinin ve enfeksiyona neden
olmasinin onlenmesi icin sahip oldugu kolonizasyon
direnci mekanizmalan ile konak savunmasina katkida
Saglikli

bakteriler ile antibakteriyel bilesikler ve inhibitor

bulunur. bagirsak mikrobiyotasi patojen
metabolitler Ureterek ve temasa bagli 6ldiirme yoluyla
patojen viriilansina miidahale ederek fiziksel alan, eser
elementler, vitaminler, karbon kaynaklar1 gibi gida
kaynaklar ve metabolitler icin yarisa girerek dogrudan

miicadele etmektedir. Ayrica hem bagirsak epitel

ABSTRACT

Foodborne diseases are an important health problem
that affect millions of people every year and especially
lead to children mortality. Malpractices did during the
production, preparation, cooking, and consumption of
foods and the occurrence of pathogen contamination
lead to diseases caused foodborne disease. There are
many foodborne pathogens, but most of these diseases
occur from bacterial sources. Although the microbiota
of the human gastrointestinal system is colonized by
trillions of bacteria, these bacteria are in a symbiotic
relationship with the host. The intestinal microbiota
with enough function to be considered as an additional
organ in the body contributes to host defense with
the mechanisms of colonization resistance, to prevent
the colonization of pathogenic bacteria enter to
the gastrointestinal system and prevent to develop
infection by pathogenic bacteria. The healthy intestinal
microbiota fights directly against pathogen bacteria
by producing antibacterial compounds and inhibitory
metabolites and by contact-dependent killing; by
interfering with pathogen virulence; entering the race
for the physical area, food sources and metabolites
such as trace elements, vitamins, carbon sources. In

addition, regulation of the intestinal epithelial cell
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bariyerini hem de iliskili immuin doku fonksiyonlarini
koruyarak konagin bagirsak epitel hiicre fonksiyonunun
diizenlenmesi, dogustan gelen bagisikligin uyarilmasi
ve kazanmlmis bagisiklik yamtlarim, B hicrelerini, T
hiicrelerini ve dogrudan antijen sunumunu modiile
ederek de dolayli yoldan miicadele etmekte ve boylece
patojenlerin bagirsak yiizeylerine baglanmasin1 ve
onlemektedir.

cogalarak enfeksiyon olusturmasini

Bagirsak mikrobiyotasi basta diyet ve antibiyotik
kullanim1 olmak tizere bircok faktorden etkilenmektedir.
Saglikli

kolonizasyon direncinde azalmaya ve bununla beraber

bagirsak mikrobiyotasinin  bozulmasi ise
patojenlere kars1 duyarlilikta artisa neden olmaktadir.
Bu nedenle gida kaynakli patojenlerin neden oldugu

hastaliklarda bagirsak mikrobiyotasi oldukca 6nemlidir.

Anahtar Kelimeler: Gida kaynakli

kolonizasyon direnci, mikrobiyota

hastaliklar,

function by preserving both intestinal epithelial barrier
and related immune tissue functions, stimulation
of innate immunity and by modulating adaptive
immune responses, B cells, T cells, and direct antigen
presentation; thus, it prevents binding of pathogens
bacteria to the intestinal surfaces and developing an
infection by colonization. The intestinal microbiota
is influenced by many factors, especially dietary and
antibiotic use. Unhealthy intestinal microbiota causes a
decrease in the resistance to colonization and therefore
an increase in susceptibility to pathogens. Therefore,
the intestinal microbiota is very important in foodborne
diseases. In this review, antimicrobial mechanisms of
intestinal microbiota against foodborne bacterial

pathogens have been discussed.

Key Words: Foodborne disease, colonization

resistance, microbiota

GIRIS

insan viicudunda en genis yiizey alanina sahip
(GIS),
olarak adlandinlan trilyonlarca bakteri ve yuzlerce
bakteri
Bu bakteriler esas olarak konak ile simbiyotik bir

olan gastrointestinal sistem mikrobiyota

kommensal turt ile kolonizedir (1, 2).
iliski icinde bulunur (1, 3). Mikrobiyota, bir yandan
bagisiklik sisteminin uygun sekilde gelistirilmesi,
besinlerin sindirimi ve emilimi, vitaminlerin tiretimi ve
hem besin metabolizmasina hem de gastrointestinal
immtun sisteminin gelisimine ve fonksiyonuna katkida
bulunur; ote yandan konak da bakteri topluluklarinin
hayatta kalmasin1 saglamak icin zengin besleyici
yerler saglar (1, 3-6). Ancak konagin karsilastig
bakteriler yalmzca simbiyotik bakteriler degildir (1).
Gastrointestinal sistem dis ortamdaki gida kaynakli
patojen bakterilere de maruz kalir (5).

Gida kaynakli hastaliklar diinya capinda onemli

Turk Hij Den Biyol Derg

fakat onlenebilir bir saglik sorunudur (7, 8). 250’den
fazla farkli besin kaynakli hastalik tanmimlanmistir
(9). Bu hastaliklarin ¢ogu, cesitli bakteri, virlis ve
parazitlerin neden oldugu enfeksiyonlardir (8, 9).
HACCP (Hazard Analysis and Critical Control Points-
Tehlike Analizi ve Kritik Kontrol Noktalar1) kurallarim
uygulayan gida givenligi

yonetim sistemlerinin

gelistirilmesiyle beraber cogu (lkede ozellikle
gida kaynakli hastalik vakalarinda ciddi bir azalma
olmustur (10). Buna ragmen Diinya Saglik Orgiitii’ne
(DSO) gére diinyada neredeyse her 10 kisiden biri
gida kaynakli patojenler nedeniyle hastalanmaktadir
ve her yil hastalanan 600 milyon kisiden yaklasik
125.000’i bes yas alt1 cocuklar olmak uzere 420.000
kaybetmektedir (11).

noktada kontaminasyon

kisi hayatim Gida zinciri,

herhangi bir nedeniyle

bozulabilir (10). Gidalarin uretim, hazirlik, pisirme



ve tiuketim esnasinda yapilan hijyenik olmayan ve
yanlis uygulamalar gida kaynakli hastaliklara neden
olmaktadir (12).
kokenli gidalar da dahil olmak Uzere cig, yeterince

Et, sut ve uriunleri gibi hayvansal

pisirilmemis gidalann tuketimi; diski ile kontamine
olmus, yikanmamis meyve ve sebzeler; balik ve
kabuklu deniz drtinleri gibi ¢ig deniz Urlinleri, besin
iliskili

(7, 11). Gida kaynakli hastaliklara gida giivenligini

kaynakli hastaliklarla baslica etmenlerdir
tehdit eden fiziksel, kimyasal ve biyolojik etmenler
neden olabilir. Ancak patojen bakteriler gida kaynakli
hastaliklarin ana nedenidir (13). Salmonella spp.,
Clostridium perfringens, Campylobacter spp. basta
olmak Uzere Listeria monocytogenes, Escherichia
coli, Yersinia enterocolitica, Shigella spp., Vibrio
cholerae, Vibrio parahaemolyticus, Bacillus cereus
ve Staphylococcus aureus’un gida kaynakli hastaliklara
neden oldugu ve yilda milyonlarca insani etkiledigi
bilinen en yaygin bakteriyel patojenlerdendir (11,
12).

Saglikli mikrobiota, patojenlerin biliyimesinin,
kalictigin  ve ardindan enfeksiyonun &nlenmesi
anlamina gelen kolonizasyon direncinde onemli bir rol
oynar ve mukozal bagisiklik sistemi lizerinde lizerindeki
etkileriyle konak savunmasina katkida bulunur (14,
15). Dogal korumanin altinda yatan mekanizmalar
hala tam olarak netlige kavusamamistir (16). Ancak
(17-19),
mikrobiyotasinin patojenlere karsi korudugu iddiasin

yapilan calismalarda normal bagirsak
destekleyen cok sayida veri vardir. Mikrobiyotaya sahip
olmayan germ-free hayvanlarla yapilan calismalarda,
bu hayvanlarin Shigella flexneri, L. monocytogenes,
Clostridium difficile ve Salmonella enterica gibi
enfeksiyonlara kars1 konvansiyonel hayvanlardan daha
az direnc gosterdikleri ve enfeksiyon duyarliliklarinin
arttig1 gosterilmistir (17-19).

Bu derlemede, gida kaynakli patojenlere kars
insan dogal intestinal mikrobiyotasinin antimikrobiyal

mekanizmalar ele alinmistir.
insan mikrobiyotasi

Yakin zamana kadar infant GiS’in steril oldugu

kabul edilmistir. Fakat yapilan calismalarda, GIS’deki
kolonizasyonun aslinda dogumdan &nce basladig
(20, 21).
gastrointestinal sistemi cesitli arkea, bakteri, mantar,

anlasilmistir Dogumla beraber insan
viris ve mikrookaryot topluluklar ile hizla kolonize
olmaktadir. Yasamin ilk yillarinda mikroorganizmalarin
kolonizasyonu yetiskinlere gore daha az cesitlidir ve
bircok faktorden etkilenir (3, 14).

Vicut agirigimn  yaklasik 2 kg’im1  olusturan
intestinal alan, yuzlerce turden olusan vyaklasik
100 trilyon (1014) mikroorganizma icerdigi ve insan
viicudundaki hiicre sayisindan 10 kat daha fazla
oldugu tahmin edilmektedir (22, 23). Yemek borusu
ve midedeki bakteri sayis1 101 ila 103 arasinda
degisiklik gosterirken, ince bagirsaga gecisle artis
gostermekte ve kolonda ise 1 gram, diskida 1014’e
kadar ulasabilmektedir (22). GiS mikrobiyota bilesimi
bireyler arasi farklilik gostermesine ragmen, saglikli
yetiskin bir mikrobiyotanin cogunlugu Bacteroidetes
ve Firmicutes’in hakimiyetiyle beraber Actinobacteria
ve Proteobacteria olmak uzere dort ana filumdan ve
bunlara ek olarak Verrucomicrobia, Fusobacteria
ve Cyanobacteria gibi bircok kicuk filumdan olusur
(2, 16, 24). Bu filumlar, farkli mikro ortamlardan
ve besin kullanilabilirliginden etkilenen GI (gastro
intestinel) kanal boyunca degisir (24, 25). Yeni dogan
bagirsagindaki oksijenin bollugu nedeniyle, yasamin
ilk haftasinda bulunan mikrobiyotada, cogunlukla
Proteobacteria  turleri Escherichia,
gibi
fakultatif anaeroblar baskindir. Proteobacteria ait

(6rnegin,
Klebsiella ve Enterobacter‘e ait tirleri)
tlirlerinin bagirsagi, saglikli yetiskin mikrobiyotasinda
bol bulunan diger anaeroblarin kolonizasyonu icin
hazirladig1 séylenebilir (26).

Toplam bakteri yogunlugu kolonda ince bagirsaktan
daha fazladir. Firmicutes ve Bacteroidetes, kolondaki
%90’1ndan
olustururken Actinobacteria ve
disuk miktarda bulunur (2, 26).
Firmicutes filumunun bir Uyesi olan Lactobacillus ve

bakteriyel  popilasyonun fazlasini
Proteobacteria

Genel olarak,

Proteobacteria, ince bagirsagin baslica elemanlardir
(2, 4). Firmicutes filumu, temel olarak Gram pozitif
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aerobik ve anaerobik bakterilerden olusur ve bu
filumun Uyeleri, yararli ve koruyucu ile patojenik
arasinda degisen Clostridia tirleridir. Potansiyel
olarak patojenik olan streptokoklar, enterokoklar
ve stafilokoklar da Firmicutes’dir. Bacteroidetes
filumu ise bagirsak ortamina son derece iyi adapte
(24).

olan

olan Gram negatif bakterileridir Konagin

sindirim  enzimlerine  direncli kompleks
polisakaritleri sindirir (2). Aktinobakteriler, genellikle
Bifidobacterium cinsi gibi faydali oldugu dusiiniilen
ve bircok probiyotik preparasyona dahil edilen Gram
pozitif bakterilerdir (4, 24). Proteobacteria filumu
ise, E. coli ve Klebsiaella pneumoniae dahil olmak
uzere, oOzellikle Enterobacteriaceae familyasi olan

Gram negatif bakterileri icerir (24).

Bagirsak mikrobiyotasi, viicutta ek bir organ olarak
diistiniilecek kadar fonksiyona sahiptir. Bagirsaklarda
patojen kolonizasyonunu onler, immun gelisimi
ve homeostazi, konak hiicre proliferasyonunu,
vaskiilarizasyonu, norolojik sinyalizasyonu, intestinal
endokrin fonksiyonlari, kemik yogunlugunu, enerji
biyojenezini de etkiler. Vitamin, norotransmitter ve
steroid hormon sentezler (22, 24, 27). Dalli zincirli
ve aromatik amino asitlerin, besin bilesenlerinin,
safra tuzlannin, ilaclarin ve ksenobiyotiklerin
metabolizmasinda rol oynar. Mikrobiyotanin etkisi
bagirsakla simrli degildir ve beyin de dahil olmak

lizere cogu organin fizyolojisini etkiler (24, 27).

Bakteriyel patojenlerin gastrointestinal sisteme
girisi

GIS, konakcinin hem simbiyotik hem de patojenik
olan cesitli mikroorganizma dizileriyle etkilesime
girdigi karmasik bir ortamdir. Besin veya su ile alinan
bakteriler, oncelikle midedeki gastrik asit nedeni ile
asit ortama (pH=2) daha sonra ise duedonumda daha
yiiksek pH’a(pH=6) maruz kalir (28, 29). Ancak asite
direncgli bir miktar bakteri ince bagirsaga gecebilir.
Alinan bakterilerin bazilan zararsiz bir sekilde
bagirsak mukozasinda kolonize olurken, cogu bakteri
ise GIS’den atilir. Eger bagirsak mukozasini normal
flora kolonize ederse, inflamatuar yamti ve doku
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hasarina neden olan metabolik olaylan tetiklemez
(13). Alinan bakteriler probiyotik ise, mikrobiyotanin
sekillenmesini ve cesitlenmesini saglayarak metabolik
uretkenligi gelistirir. Eger bakteriler mikrobiyotada
kiiclik ve olumsuz degisikliklere neden olursa hizla
diizeltilerek normal duruma geri dondurulur (6). Gl
kanalina giren cogu bakteri, mikrobiyal baglanma ile
aktive olan bir siire¢ olan normal bagirsak mukozasin
kolonilestirme kabiliyetine sahip degildir. Baglanma,
bakterinin konak hiicrenin yiizeyine baglanmasin
iceren spesifik bir olaydir ve bakterinin, konagin
epitel hiicresine baglanmast GiS’den atilmasini
geciktirir (13, 28). Ancak alinan bakteriler patojen
ise  mikrobiyotada disbiosis olusturabilir  (6).
Hastallk meydana getirebilmek icin patojenlerin,
bagirsak limeninde cogalarak yeterli bir popilasyon
yogunluguna ulasmasi gerekir (16). Bu nedenle,
bakteriler GIS’i kolonize etmek ve epitel bariyeri
gecmek icin cesitli stratejiler gelistirir. Patojen

bakteriler, cesitli baglanma faktorleri, biyofilm
olusumuna izin veren hiicre dis1 matrisler uretirler.
Farkli metabolitleri algilama sistemleri sayesinde
mikrobiyotaya kars1 yarisarak bagirsaklar1 kolonize
edebilirler (29, 30). Béylece GiS’e giren bakterilerin
az bir miktar hastaliga neden olabilir. Fakat bununigin
bakterinin bir dizi daha antimikrobiyal mekanizmayi

da asmasi gerekir (16, 22).

Bagirsak mikrobiyotasinin antimikrobiyal direng
mekanizmalari

Mikrobiyotadaki bakterilerin varligi genel olarak
faydali olsa da, patojen bakterilerin ekstraintestinal
organlarayayilmasiveyaenterik patojenik bakterilerin
bliyimesi konak icin ciddi saglik sorunlarina neden
olabilir ve bagirsaklarin genis yiizey alam da bu
riski artirmaktadir (5, 31). Bu nedenle patojenlerin,
bagirsak luimeninde cogalarak hastaliga neden
olmasinin onlenmesi ve dengenin korunmast icin cesitli
mekanizmalar mevcuttur (16, 22). Bu mekanizmalar,
trilyonlarca kommensal bakterinin bagirsak limenini
kapladigi ve kompleks mikrobiyal aglarla birbirleriyle

oldugu gibi konakci ile de yakindan etkilesime girdigi



bagirsakta en sekilde karakterize edilmistir

iyi
(32). Bagirsak mikrobiyotasinin, bakterilerin asir
miktarda cogalmasinin engellenmesi, ekstraintestinal
organlara yayilmas1 veya bagirsagin patojenlerin
kolonizasyonundan korumasi ve enfeksiyona en
basindan miidahale etmesi kolonizasyon direnci
olarak adlandintir (2, 16). Mikrobiyota bakteriler
arasi etkilesim ve konak modulasyonu olmak uzere iki
mekanizma ile patojenlere karsi kolonizasyon direnci

saglamaktadir (Sekil 1) (4, 33).

1. Dogrudan mekanizmalar (Bakteriler arasi
etkilesim)
Patojen biyiimesinin inhibisyonu; dogrudan

bakteri yok edici mekanizmalar, besin ve yer yarisi
ve patojenlerin spesifik virilans mekanizmalarim

Metabolik yaris: Kommensal bagirsak bakteriyel
floras1 ve enterik bakteriyel patojenler, ihtiyaclan
olan nisler ile cesitli karbon ve enerji kaynaklari,
demir gibi eser elementler, B12 gibi vitaminleri
iceren bazi onemli besin kaynaklarim paylasir. Ayrica
konakc1 epitel hiicrelerini kolonilestirmek, besin
maddelerine kolay ulasmak ve bagirsak boyunca
cogalmak icin de benzer ekolojik nislere ihtiyac
duyar. Bu yiizden bakterilerin bagirsakta sinirli besin
kaynaklar ve aym zamanda fiziksel alan i¢in rekabet
etmesi gerekir. Kommensal bakteriler, metabolik
kaynaklar icin enterik patojenlerle yansarak, ihtiyaci
olan aminoasitleri ve organik asitleri tuketir, bu da
patojenik bakterilerin yars dis1 kalmasina, acligina

ve 6limiine neden olur. Boylece bagirsak yiizeylerine

patojenik mikroorganizmalarin baglanmasin
zayiflatma yoluyla meydana gelebilir (4, 33). < .. . .
ve cogalmasim onler, patojen kolonizasyonunu
Kolonizasyon
Direng
Mekanizmalar:
|
1 1
Dolayli Mekanizmalar
Dogrudan Mekanizmalar , Sl
(Bakteriler Arasi Etkilesim) (Konak Modiilasyonu)
| |
| ] | |
( N\ N N N\
Direk Bakteriyel Epitel Bariyer
Miicadele Fonksiyonunun
ve Metabolik Artirillmasi Adapu’tv(lf.aza'm]mw)
) Yaris ve Bagisikligin
Patojen arty Artirilmasi

Virtilansina Dogustan Gelen

Miidahale Bagisikligin Uyarilmasi
[ /L J - J
Sekil 1. Bagirsak mikrobiyotasinin kolonizasyon diren¢ mekanizmalan (4, 32)
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ve enfeksiyonu sinirlamada, yani kolonizasyon
direncinde kritik bir rol oynar (16, 23, 33-36). Ayrica
kommensal bakteriler, konak¢i ve diger bakterilerin
erisemedigi kompleks polisakaritlerin sindirimini
saglayan bircok gene sahiptir. Bu bakteriler tarafindan
serbest birakilan metabolitler, diger kommensal
bakteriler tarafindan tuketilmektedir. Mikrobiyota
kompozisyonunda degisiklik meydana geldiginde
kommensal bakteriler tarafindan tiiketilemeyen besin
kaynaklarn ve metabolitlerin, patojenik bakteriler
tarafindan tiiketilmesiyle patojen kolonizasyonuna
destek vermektedir (36). Ek olarak bakteriler oksijen
icin de yansa girerek en sik karsilasilan patojenler
olan anaerobik fakiiltatif patojenlerin buylimesini
engelleyebilir (16). Saglikl bir bagirsak mikrobiyotas,
boylece gelen patojenleri yansarak saf dis1 birakabilir

(23).

Direk bakteriyel miicadele ve patojen
viriilansina miidahale: Kommensal bakteriler,
patojenlerin ve diger komsu bakteri tiirlerinin

yapismasini, cogalmasini, hayatta kalmasin1 ve
kolonizasyonunu engelleyen bazi antimikrobiyaller
uretir (23, 37, 38). Uretilen intestinal bakteriyosinler,
mikrosinler ve enterotoksinler gibi antimikrobiyaller;
patojenik bakterileri hedef alarak bu bakterileri
inhibe
kolonizasyonunu dogrudan bloke edebilir (4, 23,

oldurebilir  veya  blylmesini ederek
39-41). Bagirsak mikrobiyotasinin patojenlere kars
dogrudan inhibe edici bir baska etkisi de safra
asitlerini iceren bir mekanizmadir. Karacigerde
uretilen ve duedonumdan salinan safra asitleri daha
sonra bagirsak mikrobiyotasi tarafindan antibakteriyel
faktorler olarak patojen bakterilere etki edebilen
sayisiz sekonder safra asidi haline getirilir (41).
Kommensal bakteriler, diger bakteriyel tiirlerin
buylimesini, antibakteriyel bilesiklerin ve inhibitor
metabolitlerin yan1 sira temasa bagli oldiirme
yoluyla da sinirlayabilir. Bircok Gram negatif bakteri
tird, sahip olduklan Tip-VI salgilama sistemi (T6SS)
kullanarak komsu hiicreleri dogrudan antagonize
edebilir (33). T6SS, sadece Gram negatif bakterilerde

bulunan ve efektor molekiillerin Gram negatif
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bakterilerin i¢ ve dis zarlarina ve bitisik bakteri veya
okaryotik hucrelere tasinmasina izin veren kompleks
yapilardir. Bu nedenle, antimikrobiyal bilesiklerden
veya metabolizmanin toksik yan urunlerinden farkl
olarak, T6SS aktivitesi, antagonizm icin hucreden
hiicreye temas gerektirir. iletilen efektér maddeler
genellikle bir antimikrobiyal toksindir ve cesitli
etki mekanizmalan ile komsu hucreleri antagonize
eder (2, 42). Ayrica kommensal bakteriler, viriilans
gen ekspresyonunun entegre ettigi, cesitli cevresel
ipuclarint  modifiye ederek patojen virllans
dogrudan etkileyebilir (33). Ek

olarak bu bakterilerin iirettigi cesitli kisa zincirli yag

mekanizmalarin

asitleri (KZYA) ve coklu doymamis yag asitleri (PUFA)
gibi metabolik yan uriinler de, konakgi bagisikligin
modiile etmenin yaninda cesitli patojenlerin virilans
gen ekspresyonuna dogrudan modiile etmektedir (23,
33).

2. Dolayh
modiilasyonu)

mekanizmalar (Konak

Mikrobiyota, bagirsak epitel bariyeri ile dogustan
gelen ve adaptif immiin sistemlerini gelistirmelerine
araciik eder ve kolonizasyon direncini artirarak
enfeksiyona duyarliigi azaltabilir (33). Tablo 1’de
besin kaynakli hastaliklara neden olan bazi onemli
bakterilerin intestinal epitel hiicrelere baglanma yolu
ve mikrobiyotada karsilastiklar1 kolonizasyon direnci
ornekleri gosterilmektedir (32, 34, 35, 34, 43-47).

Epitel bariyer fonksiyonunun artirilmasi ve
dogustan gelen bagisikhigin uyarilmasi: Saglikli
bagirsak mikrobiyotasi, hem epitel bariyerini hem de
iliskili immun doku fonksiyonlarim koruyarak konak
intestinal epitel hiicre fonksiyonunun dizenlenmesi
yoluyla enterik bakteriyel patojenlerin kolonizasyon
(48).
Enterositler, panet hiicreleri ve goblet hucreleri gibi

ve enfeksiyonuna karsi koruma saglar
farkli hiicre tiplerinden olusan bagirsak mukozasinin
epiteli, bakteri uriinlerinin ve potansiyel antijenlerin
gecisini engelleyen siki bir bariyer olusturur (22,
37). Fakat bagirsak epiteli besin ve su alisverisine

uyum saglamak icin yalmzca tek tabakali, bir



Tablo 1. Bazi patojen bakterilerin intestinal epitel hiicrelere baglanma yolu ve mikrobiyotada karsilastiklar1 kolonizasyon

direnci

Patojen Bakteri Epitel Hiicreye Baglanma Yolu

Mikrobiyotada Karsilastigi Kolonizasyon Direnci

Tip Il Salgilama Sistemi (T3SS)

Salmonella typhimurium (43)

*SCFA (Propiyonat) (32)
*SCFA (Clostridia tarafindan uretilen butirat) (43)

*E. coli Nissle 1917 ile demir rekabeti (34)

Bakteri yuzeyindeki Adezin Pro-

Campylobacter spp.
Py PP teinleri (44)

*Mikrobiyotada yiiksek tiir cesitliligi (45)

Escherichia coli 0157:H7 | Salgiladig1 Shiga Toksini (46)

*Kommensal E. coli (E. coli Nissle 1917 ve HS) ile besin
rekabeti (35)

Sahip oldugu internalin Proteini

Listeria monocytogenes
ytog (47)

*Lactobacillus spp. suslari ile karbon ve azot rekabeti (47)

hiicre kalinligindadir. Ayrica alt Gl kanalinin (ince
bagirsak ve kolon) epiteli, sindirime yardimci olan
trilyonlarca bakteriye yakin bir sekilde bulunur (31).
Patojenlerin bagirsak kolonizasyonu icin ilk adim,
mukozal yizeylere yapismalandir. Bu adim, goblet
hiicreleri tarafindan salgilanan musin sayesinde, kalin
bir mukus tabakasi tarafindan bagirsak epitelinin
kaplanmasiyla engellenir ve bu da bakteriyel
kolonizasyona kars1 ilk savunma katmanin1 saglar
(1, 4, 22). Mukus tabakasi, musin, glikoproteinler,
trefoil peptidler, yiizey-aktif fosfolipidlerden olusur.
Hepsi beraber mikroorganizmalara kars1 koruyucu
bir engel olarak onemli rol oynayan, polisakkarit
icerigi sayesinde ise ayrica besin yoniinden zengin
bir tabaka olusturur (29, 49). Mukus, baglanma ve
beslenme icin iyi bir ortam saglasa da, hem epitel
hiicresinin engajmanini onler hem de immunoglobulin
A (IgA) ve antimikrobiyal peptitler (AMP) gibi diger
antimikrobiyal maddeleri icerir (1). AMP’ler bagirsak
homeostazin1 saglamada biiylik 6neme sahiptir ve
genis bir antimikrobiyal aktivite spektrumu gosterir
(50). Ozellikle defensinler ve kathelisidinler gibi
katyonik antimikrobiyal peptitler (CAMP) membranda

gozenekler olusturarak bakterileri oldirmektedir
(1, 33). CAMP’ler ayrica, notrofillerin enfeksiyon
bolgelerine toplanmasina yol acan imminomodiilator
aktivitelere de sahiptir (1). Konagin ozel bir ince
bagirsak epiteli olan panet hiicresi antimikrobiyal
peptitlerin (ozellikle C tipi lektinler ve a-Defensinler)
ana kaynagidir ve bu antimikrobiyal peptitler bagirsak
mikrobiyotasinin bilesiminin diizenlenmesinde rol
oynar ve lumen bakterilerine karsi mukozal bariyer
fonksiyonunu arttirirlar (4, 15, 16).

Bagirsak immiinitesini artiran bir baska mekanizma
ise epitelyal hucreler tarafindan kemokinlerin ve
antimikrobiyallerin  salgilanmasin1  indukleyerek
patojenlere karst1 mukozal bariyeri gliclendiren
bir sitokin olan IL-22’nin uyarilmasidir (4). Ayrica
bagirsaktaki makrofajlar ve dendritik hiicreler
kommensal bakterilere kars1 disik duyarliiga
sahipken, patojenlere karsi yiiksek duyarlilik gosterir
ve buna cevaben IL-1b salgilanmas1 ve uyarimiyla
beraber notrofiller enfeksiyon bolgesine toplanir
(4, 23). Bariyer biitiinliglinii korumak icin ise baz
bakteriler ile kucuk mukozal alanlar arasindaki
uzun siireli etkilesimi engelleyen bagirsak mobilitesi
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mevcuttur. Ayrica klorir saimmmi  da bariyer
biitlinligiiniin korunumunda oldukca dnemlidir (22).
Bazi kommensal bakteriler de, spesifik metabolitlerin
uretilmesi yoluyla epitel
artirabilir  (4). Bifidobacterium,
Bacteroides spp. gibi

tarafindan diyet liflerinin fermantasyonu ile butirat,

bariyer fonksiyonunu
Lactobacillus,
kommensal bakteriler
propiyonat gibi KZYA’larin iiretimi, bagirsak ortamini
asitlestirerek patojenik enterohemorajik E. coli 0157:
H7 (EHEC), Salmonella typhimurium dahil olmak
tizere birkag bagirsak patojeninin bliylimesini engeller
(23, 32, 42). Aynca KZYA'lar, bagirsak limenindeki
sinirli oksijen ve nitrat mevcudiyetinin korunmasinda
da kritik bir rol oynar. KZYA’larin kayb1 artan oksijen
ve nitrat salimin tetikler (43, 51). Kommensal
bakteriler ayrica hicrenin i¢sel mikrobiyal temizleme
mekanizmalarim da diizenleyebilir. Ozellikle, hiicre
ici geri donusum yolu olan otofaji, intestinal bariyer
fonksiyonunun ve dogal bagisiklik sisteminin 6nemli
bir parcasi olarak ortaya cikmistir (33).

Adaptif (Kazanilmis) bagisikhigin artirilmasi:
Mikrobiyota, adaptif immun yanitlan diizenleyerek
enterik patojenlere kars1 savunmada merkezi bir rol
oynar (33). Kommensal bakteriler bagisiklik sistemi
olgunlasmasini etkileyen T hiicrelerinin, T Helper
(Th) ve T Regulatuvar hiicrelerine (Treg) olmak lizere
farkli alt gruplara farklilasmasinda gorev alir (37).
Ozellikle bakteriler tarafindan iiretilen KZYA, epitel
hiicreler ile diger immiin hiicrelerin yiizeyindeki
insan genomundaki en yaygin membran proteini
olan G protein-bagh reseptorlere (GPCR) baglanarak
anti-inflamatuar sitokinlerin ve Treg hucrelerinin
uyarilmasina yol acmaktadir (33). Th-17 patojenlere
(ekstraselliler bakteriler ve bazi mantarlar)
kars1 korumada onemli rol oynayan IL-17 ve IL-22
sitokinlerini sentezler. Treg ise enfeksiyona karsi doku
hasarin1 onlemek icin inflamasyonun kontroliinde rol
oynayan IL-10, TGF-B ve IL-35 gibi immunosupresif
sitokinleri sentezler (37). Kommensal bakteriler,

cesitli yollarla bagisikik sistemi olgunlasmasini
etkileyen bu hiicrelerin oranini etkileyerek, bakteriyel

patojenlere kars1 konakc1 yamtini etkileyebilir (33).
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Ayrica bakteriyel peptit ve protein antijenleri;
bakteriye ozgu T hicre yanitlan olusturmak icin,
major doku uygunluk kompleksi (MHC) simif | ve Il
molekulleri tarafindan islenir ve T hucrelere sunulur
(33). Bu nedenle bakteriyel metabolitler, antijen
sunum yollarin1 dogrudan degistirerek de adaptif

immiin yanitta rol oynar (33).

Bagirsak bakterileri, B hiicre gelisimini ve

IgA antikor uretimini de etkilemektedir (37). Son

zamanlarda bagirsak  mikrobiyotas1  tarafindan

uretilen KZYA’larin, B hicresi farklilasmasi icin

gerekli molekiller icin gen ekspresyonunu kontrol

ettigi, B hiicre yamtlarim metabolik olarak
arttirdig1 ve patojene 0Ozgl antikor yanitlarim
kolaylastirdigi,  patojen  duyarliigili  azalttig

gosterilmistir (52). B hicreleri tarafindan Uretilen
IgA, bagirsak bariyer fonksiyonunu desteklemede,
mikrobiyota  kompozisyonunu  belirlemede ve
enterik patojenlerin temizlenmesinde rol oynayarak
GiS’deki enfeksiyonlarin kontroliinde gérev alir (4,
16, 33, 37). IgA Uretiminin etkilenmesine ek olarak
bazi kommensal bakteriler, IgG antikor yanitlarim
da etkileyebilmektedir. Yapilan bir calismada
gibi
kommensal bakterilerin enfeksiyonlar onlemek icin

Enterobacteriaceae ailesinin Uyeleri bazi
sistemik olarak yayilarak IgG’ye 6zgi antikorlarin
sentezini indikledigi gozlenmistir (53).

Sekil gibi

mikrobiyota patojenlere kars1 etkili bir kolonizasyon

2’de gorildigu cogu durumda,
direnci saglar ve patojenlerin c¢ogalmasina imkan
vermez (36, 41).

Eger patojen bakteriler bagirsakta cogalarak
yeterli sayiya ulasip hastalik meydana gelebiliyorsa
bu durum genellikle kolonizasyon direncinin
zayifligindan kaynaklanir. Ornegin yeni doganlarda
oldugu gibi olgunlasmamis bagirsak mikrobiyotasi
diisiik kolonizasyon direncine sahiptir (3). insan GiS
mikrobiyota tir bilesimi kolonizasyon direncinde
onemli rol oynadig1 icin mikrobiyotamin tir
cesitliginde azalma da azalmis kolonizasyon direnci

ve enfeksiyonlara artan duyarlilikla iliskilidir (45).
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Sekil 1. Saglikli intestinal mikrobiyotamn enterik patojen ile micadelesi (35, 40)
KZYA: Kisa Zincirli Yag Asitleri, lgA: Imminoglobulin A, AMP: Antimikrobiya Peptitler, T6SS: Tip-VI Salgilama Sistemi

Mikrobiyotadaki degisiklikler patojen bakterilerin

enfeksiyonunu engelleyebilecegi gibi destek de
verebilir.  Mikrobiyotanin  bozulmasi,  bagirsak
ekosistemini bozar ve patojenlerin kommensal

bakteriler tarafindan tiketilecek olan kaynaklara
ulasmasint saglar. Bu durumda mikrobiyota, konak
ve patojen arasindaki cok yonlii etkilesimler patojen
lehine degistirilir (16, 39). Mikrobiyotay1 etkileyen
cevresel faktorler heniiz tam olarak belirlenememis
olsa da gastrointestinal mikrobiyota konagin
genetiginden, yasindan, diyetinden, cinsiyetinden
ve yasam tarzindan etkilenebilir (3, 29, 54-57).
Diyet bagirsak mikrobiyotasin etkileyen en onemli
cevresel faktorlerden biridir. Kisa ve uzun vadeli diyet
degisiklikleri mikrobiyotanin bilesimini etkiledigi,
diyetteki degisikliklere bir giin
icerisinde bile cevap verebilecegi gosterilmistir (55,
58). Yapilan bir calismada, tek bir nesildeki olumsuz

mikrobiyotanin

diyet degisikliginin biiyiik olclide diizeltilebilir oldugu

ancak birkac kusak aynmi sekilde kotu beslenmenin
sonraki nesillere bozulmus bir mikrobiyota aktardig
gorulmustur (59). Ayrica antibiyotik tedavisi sonrasi
patojenlerin besin kullanabilirliginin degismesiyle
beraber, kommensal bakteri kaybi, bazi taksonlarin
orantisal artis1 ile mikrobiyota ciddi sekilde degiserek
bozulmakta, kolonizasyon direnci azalmakta ve
enterik enfeksiyonlara kars1 duyarliik onemli olclide

artmaktadir (33, 60).

SONUC
Gida kaynakli patojenlerin  neden oldugu
hastaliklar siklikla gozlenen ve toplumun her

kesimini etkileyen onemli bir saglik sorunudur. Bu
hastaliklarin 6nlenmesinde gida giivenligi, hijyen ve
sanitasyon uygulamalarinin yan sira saglikli bagirsak
mikrobiyotasinin da onemli rol oynadigi aciktir.
Saglikli

bagirsak mikrobiyotas1 enterik patojen
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bakterilerin kolonizasyonuna kars1 antimikrobiyal

direnc mekanizmalarina sahiptir. Bu mekanizmalar
hala net olarak coziilemese de, antibiyotik kullanimi,
diyet degisikligi gibi mikrobiyotayr degistirebilen

faktorler, kolonizasyon direncini de degistirip

enterik patojenlere karst duyarliigi artirabilir. Bu
nedenle gida kaynakli patojenlerin neden oldugu
hastaliklardan korunmada saglikli mikrobiyota oldukca
onemlidir. Buna ek olarak kaybedilen kolonizasyon
direncini yeniden saglamak veya artirmak ya da
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Nano-ila¢ tasima sistemleri ve toksikolojik degerlendirmeleri

Ozge MARANGOZ', Oguzhan YAVUZ'

OZET

Bilim ve teknoloji diinyasina 1960’11 yillarin basindan
itibaren giren nanoteknoloji, nanometre boyutundaki
parcaciklarin bilimi olarak tanimlanmaktadir.
Nanoteknoloji giinimiizde organik kimya, molekiiler
biyoloji, endustri, elektronik ve saglik gibi bircok alanda
kullamlmaktadir.  Nanoteknolojinin  6zellikle saglik
alaninda kullanilmas1 ile hastaliklarin erken teshisi,
onlenmesi ve daha iyi takibi mimkin olabilmektedir.
Beseri ve veteriner hekimlikte ila¢ etkin maddelerinin
nedenlerle etki istenen yogunluga

cesitli yerinde

ulasamamasi veya toksik diizeyin (Ustline c¢ikmasi
siklikla karsilasilan istenmeyen durumlardir. Bu nedenle
biitin dinyada etkin maddeyi hedef bolgeye yiksek
yogunluklarda ulastiran ve istenmeyen etkileri miimkiin
oldugunca azaltan ila¢ tasima sistemleri elde edilmesi
icin calismalar yurutulmektedir. Bu amacla son yillarda
nanoteknoloji yardimiyla gelistirilen nano-ilac salinim
sistemleri ile birlikte ila¢ aktif maddeleri etki yerinde
yeterli yogunluga ulastirilabilmekte, sadece hedeflenen
organ, doku ve hiicrelerde etkin olabilmekte ve kullanilan
doz ve doz aralig1 azaltilarak istenmeyen etkilerin dniine
gecilebilmektedir. Bunun gibi bircok avantaja sahip
olmasina ragmen nano-ilac komplekslerinin boyutlar

ve bilesenlerinin cok kiiciik olmasi nedeniyle, insan ve

ABSTRACT

Nanotechnology, which involved in the science
and technology from beginning of 1960s, defined
as science of nano-sized particles. Nanotechnology
is used in many fields, such as organic chemistry,
molecular biology, industry, electronic and medicine.
Thanks to usage of nanotechnology in the health
prevention and better

sector, early diagnosis,

monitoring of diseases can be possible. Lower
access of drug active

their

ingredients than desired

concentrations and higher accumulations
than the toxic levels in the action point are usual
adverse effects in human and veterinary medicine.
Therefore, studies are performed worldwide on drug
delivery systems for transferring active ingredients
in high concentrations to the target place and for
reducing adverse effects as much as possible. Owing
to nano-drug delivery systems, active ingredients
can be transported to the effect point; they can be
effective only in the target organ, tissue and cells;
dose and dose intervals can be reduced and adverse
effects can be decreased. But, because of small sizes
of nano-drug complexes, exposure risk of humans and
domestic animals to these materials increased and

their toxic effects became conflictive. Thus, toxicity
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evcil hayvanlarin bu yapilara maruziyet riski oldukca
artmistir ve toksik etkilerinin olup olmadigi tartismali
hale gelmistir. Bu nedenle nano-ilac salinim sistemlerinin
giivenliklerinin tespitine yonelik toksikolojik
calismalar onem kazanmistir. Yapilan arastirmalarda
nanomateryallerin hiicrelerde apoptoz, nekroz, otofaji,
mitotik yikimlanma gibi istenmeyen etkilere yol actiklari
rapor edilmistir. Ancak bu tiir sonuglarin elde edildigi
toksikolojik arastirmalar daha cok in vitro denemelerdir
ve in vivo calismalarin yetersizliginden dolayr nano-
ilac ve nano-ilag tasima sistemlerinin canli viicudu
Uzerindeki etkileri tam olarak ortaya konamamistir. Bu
nedenle nano-ilaclarin toksisitesi konusunda ayrintili,
sistematik ve uzun soluklu in vivo calismalara ihtiyac
duyulmaktadir. Bu derlemede, onemli nano-ilac ve
nano-ilag tasima sistemleri ile ila¢ tasima sistemlerinde
kullanilan nanomateryallerin toksisitesi ve glivenli

kullamimlar degerlendirilmistir.

Anahtar Kelimeler: Nano-ilag, tasima sistemleri,

toksisite

studies for determination of safety of nano-drug
delivery systems are very imported. It was reported
that nanomaterials caused adverse effects on cells,
such as apoptosis, autophagy, mitotic catastrophe.
However, toxicological researches are mainly based
on in vitro experiments and due to lack of enough
in vivo studies, exact effects of nano-drug delivery
systems on live organisms are not clear. Therefore,
detailed, systematic and long term in vivo studies
regarding toxicity of nano-drugs, are needed. In this
review, important nano-drug and nano-drug delivery

systems and their toxicities were evaluated.

Key Words: Nano-drug, delivery systems, toxicity

GIRIS

Bilindigi gibi, bir ilac etkin maddesinin istenilen
etkiyi olusturabilmesi icin etki yerine ulasmasi, etki
yerinde belirli bir yogunlukta olmasi ve etki yerinde
belirli bir sure kalmas1 gerekmektedir. Beseri ve
veteriner hekimlikte tedavi amaciyla kullanilan
ilagclar bu gereklilikleri saglamak icin hastalara
genellikle sik araliklarla ve tekrarlanan dozlarda
uygulanir. Ancak cesitli nedenlerle etkin maddenin
etki yerinde istenen yogunluga ulasamamasi veya
toksik diizeyin Ustiine cikmasi siklikla karsilasilan
istenmeyen durumlardir. Bu nedenle biitin dinyada
daha dusik dozlarda ve daha uzun doz araliklarinda
etkin maddeyi hedef bdlgeye yiiksek yogunluklarda
ulastiran ve istenmeyen etkileri miimkiin oldugunca
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azaltan ilac tasima sistemleri gelistirilmesi icin
calismalar yurutulmektedir. Farmakolojide ideal ilag
uygulamalann karsilayan bu tir sistemlerden birisi
son yillarda lzerinde yogun olarak durulan nano-ilag
tasima sistemleridir (1).

Nano, Yunanca bir kelime olan ‘nanos’ yani
‘clice’ anlamina gelir. Nanometre, metrenin milyarda
biridir. Nanoteknoloji ise cok kucuk maddelerin,
yani nanometre (genellikle 1-100 nm) boyutundaki
parcaciklarin bilimi olarak adlandirlir. Nanoteknoloji,
cesitli disiplinler arasinda bircok koklu etkiler
olusturmus olup, en onemli uygulama alanlarindan
biri saglik alamdir. Nanotip, patolojik siireclerin

erken saptanmasi, onlem alinmasi ve hedefe yonelik



tedaviler gibi tibbi amaclar icin organik ya da
sentezlenmis nano-olcekli materyallerin kimyasal,
fiziksel, elektriksel, optik ve biyolojik o6zelliklerinden
yararlanilmas1 olarak tanimlanabilir. Gunumizde
nanotip uygulamalarinin gelismesine paralel olarak
cesitli sekillerde kullanilabilecek ilac ve ilac tasiyici
nanopartikilleri Uretmek mumkin hale gelmistir.
Nano-ilaclar ve nano-ila¢ tasima sistemleri sayesinde
biyoyararlanimi diisiik olan ilaclarn dogrudan istenen
bolgeye hedeflendirme, taniya yonelik daha verimli
gorintuleme ve ozellikle tumoral dokularin daha
yiiksek dogrulukta tespiti, kanserli hiicrelere ilaclarin
yliksek yogunluklarda ulastirnlmasi gibi Onemli
faydalar saglanabilmektedir (2,3).

Son derece avantajli ozelliklerine karsin canli
uzerinde kullanmilacak nanopartikullerin fizyolojik
olarak uyumlu (biyouyumlu) olmasi, fizyolojik ortamda

parcalanabilmesi ve bobrek veya safra yoluyla atilma

kabiliyeti gibi cesitli ozelliklere sahip olmalan
gerekir. Ancak, asagida ayrintili sekilde agiklanacag
gibi, yapilan calismalar baz1 nanopartikiillerin

kompozisyonlarina ve boyutlarina bagli olarak

cesitli sekillerde hicrelere geri donusumsuz hasar
verdiklerini ortaya koymaktadir (2,4).
ozellikle nano

Bu nedenle, ilag

nanopartikillerin  viicuttaki

tasiyicl
sistemlerdeki etkileri
ve hasta icin guvenilirlikleri, lzerinde 0zel olarak
durulmasi gereken hususlardir. Bilindigi gibi bir ilacin
tiiketime sunulmadan 6nce etkinlik ve giivenliginin
ortaya konmasi, zehir potansiyeli olan kimyasal
maddelerin zehirlilik profillerinin belirlenmesi son
derece onem tasimaktadir. Bu amacla bilgisayar
programlari ve matematiksel modeller yardimiyla
gerceklestirilen in siliko yontemlerden baslayarak,
in vitro ve in vivo bircok denemenin yapilmasi
gerekmektedir (2,4). Buna ragmen, farmakolojide
gittikce o©nem kazanan nanopartikillerin cevre,
hayvan, insan saglig1 iizerindeki etkileri ve riskleri
hakkinda bilgiler halen cok yetersizdir ve yapilan
calismalarin onemli bolumund in vitro denemeler
olusturmaktadir. Bu materyallerin ortamlardaki tespit

calismalarinin yani sira cevre ve canlilar Uzerindeki

toksik etkilerinin belirlenmesi Uzerine yapilan
ozellikle in vivo calismalar son derece sinirlidir (1-4).

Bu derlemede, onemli nano-ilac ve nano-ilag
tasima sistemleri ile ila¢ tasima sistemlerinde
kullanilan nanomateryallerin toksisitesi ve guvenli

kullanimlar1 degerlendirilmistir.

ONEMLI  NANO-ILAC  TASIYICI SISTEMLER ve
TOKSIKOLOJiK DEGERLENDIRMELERI

Nanoteknolojinin en onemli uygulama
alanlarindan birisi hedeflendirilmis nano-ila¢c tasima
sistemleridir. Ozellikle kanser arastirmalarinda ve
as1 gelistirme calismalarinda modifiye edilmis ve
fonksiyonlastinlmis nano-ilag tasima sistemlerinin
etkinligi konusunda umut verici calismalar yapilmistir.
Bu sayede ilac molekiilerinin ulasmasi zor olan
kanser dokusu,

saglanmis ve tedavide basarli

kan-beyin bariyeri gibi engelleri
asmasi sonuclar
alinmisti. Nano-ilag tasima sistemleri lipozomlar
ve misellerle baslamistir. Gunumiizde, bunlarin yam
sira kati-lipit nanopartikiiller, polimerik sistemler,
dendrimerler, karbon nanotiipler, fullerenler, metalik
nanopartikiiller, nano boyutlu yar iletken kristal
yapilar (kuantum noktalar1), metaloksitler gibi bircok

nano-ilac sistemi kullanilmaktadir (1,4,5).

1. Lipozomlar

Lipozomlar ilk olarak gelistirilen onciu nano-
ilac tasima sistemleri olarak kabul edilmektedir.
Lipozomlar 50-200 nm blyiikligiinde, temel olarak
hiicre zarimin yapisina benzeyen sistemlerdir. Aym
hiicre zarlarinda oldugu gibi icte ve dista polar, arada
ise apolar uclara sahip cift tabaka fosfolipidlerden
olusurlar. Bu sayede lipozomlarin biikulebilen bir
vezikil olusturma kabiliyetleri vardir. Lipozomlar
biyouyumlu olmalarinin yani sira ¢ok yonlu ve iyi ilac
baglama verimliligine sahip sistemlerdir (4,6).

Lipozomlarin ila¢ tasima sistemi olarak onemli
avantaj ve dezavantajlan avantajlan  vardir.
Lipozomlarin onemli avantajlar geri dontsiimlerinin
mumkiin olmasi, biyouyumlu ve non-iyonik olmalari,

hem suda hem de vyagda c¢oziinebilir ilaglarin
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tasinabilmesi, etkilerinin  arttinlabilir  olmasi,

kapsulleme yoluyla stabilitelerinin artmasi ve
kapsillenmis ajanlarin toksisitelerinin azalmasini
saglamalari sayilabilir. Lipozomlarin dezavantajlari ise
uretim maliyetlerinin yuksek olmasi ile kapsillenmis

ilag/molekiillerin sizma ve fuzyon riskidir (7).
Lipozomlar en eski ilac tasima sistemlerinden
oldugu icin toksisitelerine iliskin gecmisten giinimiize
kadar
Roursgaard ve ark. (2016), insan akciger (A-549)

yapilmis  cesitli calismalar mevcuttur.
ve karaciger (HepG2) hiicre hatlarinda lipozom ve
katyonik misel ila¢ tasima sistemlerinin doza bagimli
olarak mitokondriyal fonksiyonlarda ve membran
biitlinliglinde bozukluklara yol actiklarini, bunun
yaninda oksidatif stres belirteclerinin ortaya ciktigini
belirlemislerdir. Ayrica iki nano-tasima sistemi
karsilastinldiginda, meydana gelen bu istenmeyen
etkilerin lipozomlarda cok daha yiksek oranda
goriildiigu tespit edilmistir (8).

Bununla birlikte son yillarda yapilan calismalarda
lipozomlarin toksik olmadig1 ve cesitli konvansiyonel
ilaclarn toksisitesini de azalttiklar ortaya konmustur.
Yin ve ark. (2019), BALB/C farelere CT-26 (fare kolon
kanseri) hicrelerinin deri alti yolla uygulanmasi
ile bir ksenograf timor modeli olusturmuslar ve
tumor olusan hayvanlara kanser tedavisinde yaygin
olarak kullamlan bir ila¢ olan kabazitaksel’i tek
basina ve PEG’lenmis lipozom ile birlikte damar ici
uygulamislardir. Calisma sonunda lipozomun ilacin in
vivo olarak hem tumor hiicreleri uzerindeki inhibe
edici etkisini artirdigi, hem de ilaca bagh sistemik
toksisiteyi azalttig1 ortaya konmustur (9). Pippa ve ark.
(2019) ise karbon nanotiip ve lipozom nanopartikil
kombinasyonlarininin fare embriyonik fibroblast
hiicre hattinda in vitro toksisitesini incelemisler ve
herhangi bir toksisite gozlemlememislerdir (10). Abud
ve ark. (2019) lipozom ile kapsullenmis sirolimus
(rapamisin) formulasyonlarinin in vitro olarak ARPE-
19 ve HRP hiicre hatlarinda ve in vivo olarak Yeni
Zelanda tavsanlarinda goz ici uygulama sonunda

toksisite saptanmadigini bildirmislerdir (11).
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Zhangveark. (2018) ise farelerde melanoma modeli
olusturmuslar ve sistemik olarak immin stimilan
ajanlar olan anti-CD137 ve interlokin-2’yi lipozomal
nano-tasima sistemleri ile uygulamislardir. immiin
stimiilan ajanlar anti-timor immiinite saglamada
yararli olmalarina ragmen énemli toksisitelere neden
olabilmektedirler. Bu calisma sonunda nano-tasima
sistemi ile uygulanan immun stimilan ajanlarin
timoral doku ilizerinde tek baslarina verilmelerine
esit sekilde etkili olduklari, ancak herhangi bir
sistemik toksisiteye yol acmadiklar1 bulunmustur.
Sonucta lipozomal nano tasima sistemlerinin immun
agonistlerin uygulamasinda genel bir yaklasim olarak
kabul edilebilecegi bildirilmistir (12). Bunun yaninda
lipozomlarin sisplatin gibi kanser tedavisinde yaygin
olarak kullanilan diger ilaglarin toksik etkilerini
onemli Olcide azalttigina dair bildirimler de
bulunmaktadir (9-12).

Goriildiigu gibi lipozomlar genel anlamda giivenli
nanomateryaller olarak degerlendirilse de bilesimleri,
partikil blyiikliglu ve yiklerine bagh olarak cesitli
toksik etkilerin ortaya ¢ikabilecegi unutulmamali ve
lipozomlara bagli bu istenmeyen etkiler lipozom-ilag
tasima sistemleri tasarlanirken mutlaka g6z ontine
alinmalidir (8-12).

2. Miseller

Miseller, ancak tek
tabakali olmalar1 ile aynlan, lipid ya da polimer
yapida, boyutlar1 10 nm civarinda olan sistemlerdir.
kolay
edilebilmeleri, radyoaktif olarak isaretlenebilmeleri,

hidrofilik ve hidrofobik gruplara sahip olmalan

lipozomlara benzeyen,

Misellerin en onemli avantajlan elde

nedeniyle ¢oziinlirliigii az olan vitaminler, enzimler,
steroidler gibi etkin maddeleri ¢coziinur hale getirerek
emilimlerini arttirmalandir (5).

illac ve gen tasima sistemi olarak kullamlan
misellerin toksisitelerine iliskin calisma say1s1 oldukca
sinirlidir. Ancak, yap1 olarak cok benzer olduklarindan
misellerin toksisitesinin lipozomlara benzer oldugu
dustinilmektedir. Misellerin hiicresel gecis ve toksik
potansiyelleri boyut, yap1 ve yiik durumlarina bagli



olarak degismektedir. Sicanlarda polimerik yapida
farkli misel ve lipozomlarin damar ici yolla 7 gun
sureyle uygulanarak tekrarlanan doz zehirlilikleri ve
genotoksisitelerinin incelendigi bir calisma sonunda
her iki nano-tasiyici sistemin (lipozomlar ve miseller)
disiik dozlarda toksik etkilere neden olmadigi,
yiuksek dozlarda ise muhtemelen katyonik ylzey
yukleri nedeniyle cesitli bozukluklar olusturduklar
gorilmustur. Aym calismada genotoksisite testleri
sonunda misellerin sadece en yiksek dozda (100
mg/kg, 48 saat) genotoksik oldugu bildirilmistir
(13). Benzer bir calismada, misel ve lipozomlarin
insan akciger (A-549) ve karaciger (HepG2) hiicre
hatlarinda doza bagli olarak mitokondriyal fonksiyon
bozukluguna, membran bitunligiiniin kaybolmasina
ve oksidatif strese yol actiklar1 gorulmus ancak
bu etkilerin misellerde lipozomlara gore daha az
oldugu tespit edilmistir (8). Bunun yaninda katyonik
polimerik misellerin akciger, karaciger, bobrek gibi
organlarda birikebildigi ama diger misel tiplerine
gore daha az toksik oldugu belirlenmistir. Ornegin
(2019), polietilen glikol ile
kaplanan polimerize (p-DA-PEG) ve polimerize
edilmemis (DA-PEG ) misellerin RAW 264.7 makrofaj
hiicre hatt1 Uzerinde toksisitelerini incelemisler ve

Costamagna ve ark.

polimerik olmayan misellerin ozellikle hilicre zarinda
yiiksek oranda birikip gecirgenligini degistirerek
polimerik misellerden cok daha yiksek sitotoksisite
(14).
ve ark. (2019) ise polimerik misellerin silimarin’in

gosterdigini ortaya koymuslardir Soodvilai
biyoyararlanimin1 arttirdigim ve sisplatin’e bagl

bobrek hasarini azalttigin1 gostermislerdir (15).

3. Kat1 Lipit Nanopartikiiller

Kati lipit nanopartikiiller (Solid-lipid nanoparticles,
SLN), oda ve viicut sicakliginda kati olan lipitlerden
yapilmis ve yizey aktif maddeler ile dengelenmis
parcaciklardir. Bu yapilar yuksek oranda saflastirilmis

trigliseritler, kompleks gliserol karisimlari, hatta
balmumundan olusabilirler.  SLN’ler parenteral
uygulamalar icin mukemmel fiziksel stabiliteye

sahiptir ve bu sayede eklenen kararsiz ilaglarin

bozunmaya kars1 korunmasi saglanirken, ekleme
modeline bagli olarak kontrolli ilag salinimi (hizli
veya uzun sireli), iyi tolere edilebilirlik ve hastaya
0zgl hedeflenme gibi avantajlara sahiptir. Bununla
birlikte yeterli dizeyde yikleme kapasitesinin
olmamasi, polimorfik gecis sonrasi ila¢ atilimi ve
dagiimda yiiksek oranda su iceriginin aciga ¢cikmasi
(% 70-99.9) gibi dezavantajlarn gozlenmistir. SLN’nin
bu potansiyel zorluklarinin tstesinden gelmek icin
nanoyapili lipit tasiyicilar (Nano lipid carriers, NLC)
ve lipit ila¢ konjugatlar (Lipid-drug conjugates, LDC)
gibi ilac tasima sistemleri gelistirilmistir (16).
SLN’lerin toksisitelerine iliskin in vitro ve in
vivo calismalar mevcuttur. Shahgaldian ve ark.
(2003) ampifilik kaliks-aren tirevi SLN’lerin insan
eritrositleri Uzerinde herhangi bir hemolitik etkisinin
olmadigin1 bildirmislerdir (17). Buna karsin Silva
ve ark. (2012), farkli orijinli ve surfaktan eklenmis
SLN’lerin toksisitelerini iki fibroblast hiicre hattinda
(Vero ve MDCK) incelemis ve 500 pg/mL maruziyet
sonucunda ozellikle vazelin ve tristearin iceren
SLN’lerin oldukca yiiksek toksisiteye sahip olduklarini
belirlemislerdir (18). Albuquerque ve ark. (2015)
ise, romatoid artrit tedavisinde kullanilmak Uzere
metotreksat ve siiperparamanyetik demir oksit’i
SLN’ler ile kapsile etmisler ve benzer sekilde
THP-1 hiicre hattinda 500 pg/mL doza kadar hicbir
formiilasyonun sitotoksisiteye neden olmadigin
gostermislerdir (19). Mendonca ve ark. (2019) suda
cozinurligi dusik bilesiklerin ve aynm1 zamanda
genetik materyallerin iletimi icin oldukca elverisli
olan katyonik kati lipid nanopartikiilleri erkek Wistar
sicanlara damar ici yolla uygulamislardir. Calisma
sonunda dalak, karaciger, akciger ve bobreklerde hafif
ve gecici olarak (<72 saat) hematolojik, biyokimyasal
ve histopatalojik degisiklikler belirlemislerdir. Ayrica
kan- beyin bariyerine zarar vermeden beyin parenkim
hiicrelerinde kat1 lipid nanopartikil sayisinda artis
oldugu goriilmistiir (20). SLN’lerin disiik toksisiteye
sahip olduklarina dair calismalar da mevcut olmasina
karsin farkli ylizey aktif maddelerle birlikte uygulanan

SLN’lerin kullanilan yiizey aktif maddesine bagl
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olarak toksisitelerinin degisebilecegine dair yayinlar
da bulunmaktadir (18). Sonuc olarak, literatirdeki
farkli in vitro ve in vivo bulgular, SLN’lerin insan ve
hayvanlarda ilac salimm sistemi olarak kullanilmalar
sirasinda dikkatli olunmasi gerektigini gostermektedir
(18-20).

4. Polimerik Nanopartikiiller

Polimerik nanopartikiller (PNP’ler),

polikaprolakton, poliakrilamid ve poliakrilat gibi
sentetik ve albiimin gibi dogal polimerlerden olusan,
boyutlan Ozellikle
biyolojik olarak inert bir polimer olan polietilen
glikol

baglanarak ila¢ tasima sistemlerinde yaygin olarak

10-100 nm olan vyapilardir.

(PEG) nanopartikiillerin yiizeyine kovalent

kullamlir. PEG ile kaplamanin, antijenik &zelligi
azalttigl, retikiiloendotelyal sistem (RES) tarafindan
nanopartikillerin  fagositozunu sinirladigi,
gibi
diizeylerinde artisa yol actigi bildirilmistir. Bunun

beyin,

bagirsaklar ve bdobrekler organlarda kan
yaninda FDA, insan kullanimi icin polilaktik asit (PLA)
ve polilaktik-ko-glikolik asit (PLGA) gibi biyolojik
olarak parcalanabilir

polimerik nanopartikiilleri

onaylamistir (21).

PNP’lerin kolay sterilize edilebilmeleri, fizyolojik

ortamda  parcalanabilmeleri ve  parcalanma
uriinlerinin toksik olmamasi, etkin madde yiikleme
kapasitelerinin yiiksekligi ve bu sayede etkin
maddenin hiicre ici dagiiminin artmasi, agiz yoluyla
uygulandiginda etkin maddenin biyoyararlaniminin
yuksek olmasi, cok uzun sire (giinler, hatta haftalarca)
kontrollli ilag salimmina olanak vermesi, diger
kolloidal tasiyici sistemlerle kiyaslandiginda biyolojik
sivilarda cok daha yuksek stabiliteye sahip olmalan,
kiicuk partikul boyutlan sayesinde kucik kapillerlere
girisin ve hicreler tarafindan tutulmasinin mimkiin
olmasi, yuksek hedeflendirme yetenekleri sayesinde
diger doku ve organlarda toksik etkileri azaltmas,
parenteral yolla uygulanmalarinin kolay olmasi ve
uretim tekniklerinin genel olarak basit olmasi gibi

onemli avantajlan vardir (21).

PNP’lerin tek baslarina toksisitesine bakildiginda
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in vitro ve in vivo denemelerde genel olarak giivenli
maddeler oldugu goriilmektedir. In vitro calismalar
cok yiksek dozlara kadar farkli PNP’lerin sitotoksik,
mutajenik ve genotoksik olmadiklarin1 géstermektedir
(22, 23). Ritter ve ark. (2019) bakteriyel akciger
enfeksiyonlarina karsi yeni tedavi seceneklerinden
biri olan yeni antimikrobiyal peptitler ile birlikte

kullanilan PNP’lerin antimikrobiyal peptitlerden
kaynaklanan toksisiteyi azalttigim  bildirmistir
(22). Deney hayvanlarinda yapilan calismalarda

da PNP’lerin sadece normal kullanimda uygulanan
dozlarn cok Ustiinde (PEG icin ortalama 600 kat) ve
parenteral yollarla verildiginde toksik etkilere yol
actig1 bildirilmektedir. Patolojik incelemelerde de
organ ve hiicre diizeyinde kayda deger bir fonksiyon
bozuklugu belirlenmemistir (23).

Sonug olarak normal terapotik dozlarda ozellikle
PEG ve diger
sahip olduklan,

PNP’lerin cok dusuk toksisiteye
ayrica nanopartikillerin  PNP’ler
ile kaplanmasinin in vitro ve in vivo toksisiteyi
bildirilmektedir.
Uretiminde

onemli diizeyde azalttig

Ancak,  nanopartikiil proteinlerin
kullamminda antijenik reaksiyonlarin olusmasi gibi
olumsuz sonuclar meydana gelirken, biyobozunur
olmayan sentetik polimerlerin kullaniminda bu
polimerlerin toksik olma potansiyeli onemli bir risk
olusturmaktadir. Bu nedenle PNP’lerin yiizeyleri
genellikle kimyasal gruplar arasindaki imminolojik
ve molekiler etkilesimleri azaltmak icin non-iyonik

yuizey aktif maddelerle kaplanmaktadir (21,23,24).
5. Dendrimerler

“Dendrimer” ismi Yunancada aga¢ anlamina gelen
‘dendron’ kelimesinden gelmektedir. Dendrimerler,
cekirdek, cekirdek etrafindaki dallanma birimleri
ve fonksiyonel grup olarak adlandinlan yiizey
gruplarindan olusan polimerikilag tasiyici sistemlerdir.
Dendrimerlerin hem i¢ kismindaki bosluga hem de
dallanmis yapilarindaki bircok fonksiyonel gruba

ilac baglanmasi, kontrollii olarak saliverilmesi

ve hedeflendirilmesi mumkindir. Bunun yaninda

dendrimer ilac tasima sistemleri kiiciik boyutlan



sayesinde RES etkilerinden kurtulabilmektedir (25).

Dendrimerler tUimor hicrelerine diger kiiciik
daha
tutulma gosterebilirler.

molekiillerden fazla permeabilite ve
Bu vylizden genel olarak
kanser tedavisinde ilaclarin hedeflendirilmesinde
kullamlmaktadirlar. Dendrimerik tasiyicilar yaygin
olarak dogrudan tiimor dokusu icine veya sistemik
olarak damar ici ya da diger parenteral yollarla
uygulanmaktadir. Uygun konjugasyon icin bol miktarda
primer amin ile asin yikli ylizey gruplan nedeniyle
suda iyi cozunen poliamidoamin (PAMAM), ticari
olarak temin edilebilen ve son yillarda ilac tasima
sistemlerinde yaygin olarak kullanilan dendrimerdir.
PAMAM gibi dendritik yapiya sahip olan polimerlerin,
bagirsak epitelini gecebilmeleri nedeniyle oral
uygulamalar icin de umut vaat ettigi bildirilmektedir
(25).

Dendrimerler, son derece onemli hedeflendirilmis
ilac tasiyicilar olmakla birlikte toksisite potansiyeline
sahip maddelerdir.  Dendrimerlerin  toksisitesi
katyonik yiizeylerinin negatif yuklu biyolojik zarlarla
etkilesime girmeleri ile iliskilidir. Dendrimerler ve
biyolojik zarlar arasindaki etkilesim sonucu zarin
incelmesi

parcalanmasi, ve erozyona ugramasi

gerceklesebilir.  Biyolojik sistemlerde dendrimer
toksisitesi genellikle hemolitik toksisite, sitotoksisite
ve hematolojik toksisite seklinde ortaya ¢cikmaktadir.
PAMAM, PPI (peanut protein isolate) ve PLL (poly-l-
lysine) gibi dendrimerlerin bu tiir etkileri asagida
belirtildigi gibi in vitro denemelerde goriilmesine

ragmen bu yonde in vivo kanit cok azdir (26).

Yapilan in vitro denemelerde dendrimerlerin

cevresinde bulunan serbest amin gruplarnnin
konsantrasyonuna ve olusumuna bagli toksisite rapor
edilmistir. Amin, guanidin, karboksil, sulfonat veya
fosfonat gibi ylizey gruplarina sahip katyonik melamin
dendrimerlerinin sitotoksisitesi degerlendirildiginde;
katyonik dendrimerlerin, anyonik veya PEG’lenmis
dendrimerlerden cok daha sitotoksik oldugu sonucuna
varilmistir. (26). PAMAM dendrimerlerinin in vitro hiicre

canliig1 lzerine etkisini ortaya koymak icin yapilan

calismalarda serbest oksijen turlerinin (Radical Oxygen
Species, ROS) olusumu, lizozomal aktivitenin artmasi,
apoptozun indiiksiyonu ile DNA hasar1 belirlenmistir.
Bu etkilerin mitokondride PAMAM dendrimerlerinin
iliskili oldugu bildirilmektedir.
Aynica fotosentetik mikroorganizmalar (yesil algler

lokalizasyonu ile

ve siyanobakteriler) uzerinde yapilan calismalarda
dendrimerlerin jenerasyona ve partikil ylizey alanina
bagli olarak sitotoksisite gosterdigi rapor edilmistir.
Zebra baligi embriyosunda yapilan calismalarda
ise dendrimerin yuzey gruplarindan kaynaklanan
toksisitenin, jenerasyona bagli toksisiteden daha
fazla ve onemli oldugu gosterilmistir. PAMAM ve PPI-
DAB dendrimerlerinin RAW 264.7 sican makrofaj hiicre
hattinda doza bagli sitotoksisite meydana getirdigi

ve apoptozu indiikledigi goriiliirken, fare fibroblast

(NIH/3T3) ve fare karaciger (BNL CL.2) hiicre
hatlarinda apoptozu indilkklemedigi belirlenmistir
(27).

Bu in vitro calismalarin yaninda sinmirli sayida in
vivo deneme mevcuttur. Zebra baliginda (Danio
rerio) yiizey amino gruplarina sahip katyonik PAMAM
dendrimerlerin 24 saat inkiibasyon sonrasi % 100 6lime
neden oldugu, amino asit etanol ylizey gruplarina
sahip notr PAMAM dendrimerler ve suksinamik asit u¢
gruplarina sahip anyonik dendrimerlerin ise katyonik
amin gruplu dendrimerlere gore daha az toksik oldugu
bildirilmistir. Bunun yaninda PAMAM dendrimerlerinin
farelerde nazal maruziyetten sonra noronal etkilere
yol acabilecekleri one surulmustir. Yine farelere
farkli PAMAM tiplerinin farkli dozlarda tek ve 10 hafta
siireyle uygulanmasi sonucunda, herhangi bir agirlik
kayb1 ve davranis degisikligi goriilmemis, ancak baz
PAMAM tiplerinin degisik periyotlarda hayvanlarda
oliime ve karaciger hiicrelerinde cesitli bozukluklara
neden oldugu belirtilmistir. Bunun yaninda PAMAM ve
PEG’lenmis PAMAM bilesiklerinin kisa sureli maruziyet
sonucu deney hayvanlarinda onemli degisikliklere
neden olmadigina dair calismalar bulunmaktadir.
Ancak bu calismalardan elde edilen sonuglarin
dogrulanmasi icin farkli doz ve siirelerde yapilmis
daha detayli denemelere ihtiyac vardir (28).
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toksik
etkilerin onlenmesi icin biyouyumlu dendrimerlerin

Dendrimerlerden kaynaklanabilecek
tasarlanmasi ve sentezlenmesi yoluna gidilmektedir.
Bunun yaninda dendrimerlerin cevresel yiiklerinin
PEG ile kaplanma, asetilasyon, karbonhidrat ve
peptid baglanmasi yoluyla notralize edilmesi gibi
uygulamalar toksisitenin azaltilmasinda son derece
yararli olmaktadir (26). Bu konuda yapilan son
calismalardan birinde Wang ve ark.(2020), yeni bir
tiyoketal cekirdekli poliamidoamin dendrimeri (ROS-
PAMAM) sentezlemisler ve yaygin olarak kullanilan
polieterimid katyonik polimerlerile karsilastirildiginda
daha disiik sitotoksisite gosterdigini bildirmislerdir
(27). Gorzkiewicz ve ark. (2020) ise iki yeni lizin
bazli dendritik makromolekiilin (D3K2 ve D3G2)
toksik etkiler

gostermeden kanser hiicre hattina karst spesifik

normal hucreler Uzerinde onemli
sitotoksisite gosterdigini, bundan dolay1 denrimer
nanopartikillerin klinik uygulamalar icin umut verici
bir ila¢ tasima sistemi oldugunu belirtmislerdir (29).

6. Karbon Nanotiipler

Karbon nanotiipler (Carbon nano tubes, CNT)
uzunluklar1 1-100 nm ve caplar1 1 nm olan altigen
karbon atom aglarndir. Bugiin kullanimda tek
duvarli ve cok duvarli nanotupler olmak lizere
iki tip CNT bulunmaktadir. CNT’ler,

elektriksel ve yiizey ozelliklerinden dolay1 avantajli

mekanik,

sistemlerdir ve ginimizde otomobil imalatinda,
sprey boyalarda, plastik panellerde ve lityum iyon
pillerde kullanmlmaktadir. igne benzeri sekillerinden
oturu zarlardan gecisleri kolaydir ve ilac tasima
sistemi olarak da kullanilma potansiyelleri vardir.
ilaclar, CNT’lerin cekirdegine dahil edilebilir veya
kovalent olarak baglanabilirler. ilac uygulamalan
icin potansiyelleri umut verici olsa da canlilarin bu
bilesiklere toleransi bilinmemektedir ve asagida
ornekleri goriilecegi gibi celiskili toksisite raporlar
bulunmaktadir. Baz1 calismalarda nanotiplerin
akut toksiteye ve oksidatif stres yolu ile hicresel
olime neden olabildigi gosterilmistir. Tek ve cok

duvarli nanotiiplerin uzunluk ve sekillerine bagli
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olarak farkli toksik etkileri vardir ve organlarda
farkli birikim o6zelligi gosterirler. CNT’lerin toksik
etkilerine en duyarli organlar bobrek, akciger, deri ve
konjunktivadir (30).

CNT’lerin belirtilen toksik etkilerine dair genellikle
in vitro calismalar bulunmaktadir. Lee ve ark.
(2019) farkli karboksillenmis karbon materyallerin
hiicre dongiisii ve apoptoz mekanizmasina etkilerini
incelemislerdir. Nanopartikullere maruz kalan insan
H1299 akciger

onemli bir degisiklik gozlemlenmemis olsa da, yiiksek

kanser hiicrelerinin canliiginda
konsantrasyonda (50 pg/mL) tek duvarli CNT’lerin
normal gelisim gostermeyen hiicrelerin cogalmasina
ve G2 fazinda duraksamaya neden oldugu goriilmistir
(31). Nahle ve ark. (2018) tek duvarli ve cok duvarli
CNT’lerin sican alveol makrofaj hiicrelerindeki toksik
etkisini arastirmislardir. Tek duvarli CNT’ler apoptozu
ve bozulmus mitokondriyal fonksiyonu indiiklerken,
CNT’lerin
gozlemlenmis ve cok duvarli CNT’lerin daha toksik
oldugu belirlenmistir (32). Siegrist ve ark. (2019),
farkli tip cok duvarli CNT’lerin insan akciger epitel
hiicrelerinde (BEAS-2B ve SAEC) cesitli genotoksik
etkilere neden oldugunu bildirmistir (33).

CNT’lerin
toksisitesinin amorf karbon ve metalik nanopartikuller
CNT’lerin
fonksiyonlastinlmalan

cok duvarl inflamasyonu indikledigi

hicre kilturlerinde belirtilen

icermelerinden kaynaklandigi ve
toksisitesinin caplan,
icin kullamlan maddeler, ortamdaki diger toksik
bilesenlere bagli olarak degisebildigi bildirilmektedir.
Zhaoa ve ark. (2019) insan umblical ven endotel hiicre
hattinda (HUVEC) ticari olarak elde edilen ¢ farkli
capta (caplarina gore kiiciikten biiylige dogru XFM4,
XFM22 ve XFM34) CNT’lerin toksisitesini arastirmis ve
en kiiciik capli CNT’nin daha toksik oldugu goriilerek
sitokinlerin salinmasi, monositlerin yapismasi ve ROS
seviyelerinde artisin sadece XFM4 kullanimdan sonra
arttig1 sonucuna varilmistir (34). Requardta ve ark.
(2019) da iki farkli cok duvarli CNT’lerin in vitro
toksisitesini A549 akciger epitel ve HepG2 karaciger
hiicre hatlarinda incelemisler, doza ve maruziyet



siiresine bagli olarak laktat dehidrojenaz (LDH)
diizeyinde artis, hiicre zarinin biitiinligiinde bozulma
ve hiicre dongusiinde durma gozlemlemislerdir. Bu
calismada 151l islem gormus cok duvarli nano karbon
tuplerin 1s1l islem gormemislere kiyasla daha toksik
oldugu belirlenmistir (35).

Yapilan calismalarda CNT’lerin
fonksiyonellestirilmesinin de toksisitelerini
degistirdigi, ozellikle oksitlenmis ve PEG’lenmis

CNT’lerin in vitro toksisitelerinde azalma meydana
geldigi ortaya konmustur (36). Mohammadiana ve
ark. (2019), havada bulunan onemli bir kirletici olan
benzo[a]piren (BaP) ile saf ve fonksiyonellestirilmis
¢ok duvarli CNT’lerin kombinasyon toksisitelerini
A549 akciger hiicre hattinda arastirmislar, CNT’lerin
serbest oksijen radikali olusumunu arttirdigin,
additif,

acabilecegini ve

ortamda BaP bulunmasinin sinerjistik
ve antagonistik etkilere yol
fonksiyonellestirilmenin hem tek basina hem de
kombine toksisiteyi azalttigini bulmuslardir (37).
Tian ve ark. (2020) ise kan proteinlerinin CNT’lere
baglanmasinin hicresel etkilesim yolaklarin1 giicli
bir sekilde etkileyebilecegi, sitotoksisitelerini biiyiik
Olclide azaltabilecegi ve boylece nanomalzemelerin
biyouyumlulugunu artirabilecegi hipotezi ile sigir
serum albiimini ile CNT’leri baglamislar ve bu
baglanma sonucunda CNT’lerin toksisitesinin HUVEC
hiicre hattinda 6nemli 6lclide azaldigin bildirmislerdir
(38).

CNT’lerin toksisitesine ait in vivo calismalar daha
cok zebra balig1 iizerinde yapilmis ve tek duvarl
CNT’lerin beyin dokusunda dopamin ve serotonin
seviyelerinde 3 ila 6 kat oraninda artis ve asetilkolin
aktivitesinde 6énemli oranda azalmaya neden oldugu
gorulmustur. Cok duvarli CNT’lerin ise lokomotor
aktivite, kalp atim hizinda degisiklikler, davranis
bozukluklar ve yiiksek dozlarda embriyo olimiine yol
actig1 bildirilmistir (39). Chowdhry ve ark. (2019) ise
cok duvarli CNT’lere karboksi ve amino gruplarinin
eklenmesinin zebra baliklarinda oksidatif stresi

azalttigin gozlemlemislerdir (40).

Pandey ve ark.(2020) mum isinden elde edilen
karbon nanopartikiller ile karbon nanotiliplerin

toksisitesini  Drosophila melanogaster larvalan

uzerinde arastirmislardir.  Sonuc¢ta organizmanin
gelisiminde herhangi bir etki gozlenmezken, oksidadif
stres parametrelerinin yiikseldigi ve yalnizca yiiksek
dozlarda ic organlarda ve beyin gangliyonlarda cesitli
toksik etkiler meydana geldigi gorilmistir (41).

Semak ve ark. (2019) ise sig@ir serumu ile sulu
cozeltisi hazirlanms CNT’lerin kuslardaki etkilerini
incelemislerdir. CNT’ler erkek Moskovskaya kuslarinda
arka bacak ve pektoral kas icine enjekte edilmis ve
enjeksiyon bolgesinde lokal yangi olustugu, ancak bu
yanginin 100 giin sonra yapilan incelemede iyilestigi
ve CNT’lerin kuslar icin goriinirde onemli bir etki
meydana getirmedigi bildirilmistir (42).

Knudsen ve ark. (2018), disi C57BL/6N BomTac
farelerde 11 iyi karakterize edilmis cok duvarli
CNT’leri intratrakeal uyguladiktan 1 yil sonra akciger
ve karaciger dokusundaki histolojik degisiklikleri
incelemislerdir. ince ve karmasik cok duvarli CNT’ler
lenfositik agregat, granilom ve makrofaj infiltrasyonu
olusumunu indiikleyerek akciger yangisina neden
olurken, kalin ve diz cok duvarli CNT’lerin boyle
bir etkisi gozlemlenmemistir. Ayrica akcigerlerde ve
pleurada fibroz veya tumor olusumu gorulmemis,
ince ve karmasik ¢ok duvarli CNT’lerin karacigerde
DNA zincir kopmalarina neden oldugu belirtilmistir
(43). CNT’ler ile ilgili tavsan, kobay ve gonullu
insanlarda yapilmis sinirli sayidaki diger calismalarda
ise CNT maruziyetinin cilt tahrisi veya alerji riski
bulunmazken, giic solunum ve akciger dokusunda
cesitli patolojilerin indiiklenmesinde kritik rol oynadigi
gosterilmistir. Ayrica fonksiyonlastinlmis CNT’lerin
deney hayvanlarinda akciger hava yollarinda yangi
ve fibrotik reaksiyonlara neden oldugu rapor edilmis
ve bu etkinin tek veya cok duvarli olup olmadiklarina
gore degistigi belirtilmistir (44). Tek duvarli CNT’lerin
akut pulmoner toksisiteye, cok duvarli CNT’lerin
ise apoptozu belirleyen, ROS artisi, hiicre dongusu

durmasi, mitokondriyal membran potansiyelindeki
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diistise neden oldugunu gosteren calismalar mevcuttur
(44).
olmadigina, hatta cok duvarli CNT’lere akut ve diisiik

Butlin bu calismalarin aksine CNT’lerin toksik

dozlarda 6 ay boyunca surekli maruziyetten sonra bile
in vitro hiicre 6limuni uyarmadiklarina dair yayinlar
da bulunmaktadir (44).
7. Fullerenler

Fullerenler, CNT’lere benzeyen, ancak karbon
farkli (28->100)
tammlanmaktadir. ilk olarak 1985 yilinda sentezlenmis

sayilan kiresel kafesler olarak
fullerenlerin en yaygin formu 60 karbon atomu iceren
C60’dir. Fullerenler birbirine bagli karbon besgenleri
veya altigenlerden olusan futbol topuna benzeyen
ici bos kiirelerdir. Kimyasal olarak degistirilmis
fullerenler noroprotektif, antiviral, antibakteriyel,
antitimoral, antiapoptik ve antioksidan maddeler
icin tek baslarina veya CNT’lere baglanarak ilag

salinim sistemleri olarak kullanilmaktadir (45).

Saf C60’1n fare derisine topikal olarak akut ve
subakut maruz birakilmasinin ardindan, epidermisde
toksik etki gozlenmedigi rapor edilmistir. Ayrica
su icinde suspanse C60’1n insan keratinosit hiicre
hattinda herhangi bir akut toksisitesinin olmadig
bildirilmistir. Escherichia coli PQ37 susu kullanilarak
in vitro ve Drosophila melanogaster larvalarinin
somatik hicreleri lzerinde vyapilan in vivo
calismalarda C60’1n mutajenik toksisitesi olmadigi da
gozlemlenmistir. Sonuc olarak yapilan calismalar saf
C60’1n bakteri, mantar, insan lokositleri lizerinde ve
ayrica Drosophila’lar, fareler, sicanlar ve kobaylarda
akut veya subakut toksisiteye sahip olmadigim
gostermistir (45). Son yillarda yapilan calismalar
C60 nanopartikillerin tedavi sirasinda ¢ok onemli
toksik etkilere neden olan antineoplastik ilaclarin
toksisitelerinin azaltilmasinda da oldukca vyararl

oldugunu gostermektedir. Elshater ve ark. (2020)

sicanlarda in-vivo olarak C60 nanopartikillerin

bir kemoterapotik ajan olan siklofosfamid’in

hepaototoksisitesine  etkilerini  incelemislerdir.

Siklofosfamid’e fulleren eklenmesi ile hematolojik

parametreler, karaciger  enzimleri,  oksidatif
Turk Hij Den Biyol Derg

stres ve antioksidan sistem parametreleri ile
histopatolojik inceleme sonuclan goz oniine alinarak
olusan karaciger toksisitesinin normalize edildigi
gorulmustur. Boylece, fullerenin gelecekte toksik
kemoterapotiklerin klinik uygulamalarinda guvenli

bir yol olacagi sonucuna varilmistir(46).

Saf C60 toksik olmasa da, cesitli islemlere maruz
birakilarak modifiye edilmis fullerenlerin toksisite
potansiyeli vardir. Biby ve ark. (2020) tarafindan
yapilan calismada, sulu cozeltilerde stabilitesinin
arttinlmasi icin dekstran eklenen C60 molekullerinin,
C6 glial
toksisitelerinin arttig1 goriilmistiir. Bunun yaninda,

hiicre hattinda doza bagimli olarak

1518a maruz kalma durumunda, oksijen sekillenmesi
toksik C60
molekiillerinin, yiliksek derecede toksik olabilecegi

ile  karanlikta olmayan fulleren
ortaya konmustur. Bu nedenle modifiye C60 fulleren
molekulleri kullaniminda ve cevreye saliniminda son
derece dikkatli olunmasi gerektigi belirtilmektedir
(45,47).

8. Metalik Nanopartikiiller

Metalik nanopartikiiller, nano araliktaki metal
elementlerden olusur. Metalik nanopartikiiller kiiciik
boyutlan
dolasimda uzun sire kalabilirler ve oncelikli olarak

ve ylzey modifikasyonlari nedeniyle,
timor bolgelerini hedefleyerek etkili olabilirler. Ayrica
metalik nanopartikillerin bir alt tipi olan manyetik
nanopartikiiller, manyetik rezonans gorintiileme
icin kontrast ajanlar olarak kullanilabilir. Metalik
nanopartikiller icerisinde ozellikle altin ve gumus
nanopartikiller ilac tasima sistemlerinde yaygin
olarak kullanilmaktadir. Ancak, bunlarin giivenlik ve

etkinlikleri hala tartisilmaktadir (48).
8.1. Altin nanopartikiiller

Altin nanopartikiiller, sentezlerinin kolayligi,
kimyasal stabiliteleri ve gelismis optik ozellikleri
nedeniyle bilimsel ve teknolojik anlamda umut
verici inorganik nanomateryallerden birisidir. Altin
nanopartikiillerin bu ozellikleri onlar kanser teshis
ve tedavisinde cekici hale getirmektedir. Bununla

birlikte yaygin klinik uygulamadan once altin



nanopartikillerin toksisite riskini incelemek icin artan
sayida calismalar, toksisitenin sentez yontemlerine ve
bunun sonucunda altin nanopartikil blyiiklugd, sekli,
ylizey kimyasi ve ylizey yiikiine blylik olclide bagimli
oldugunu gostermektedir (48).

Altin nanopartikiillerin boyuta (0.8-15 nm) bagli
toksisitesi dort farkli hiicre hattinda arastinilmis, test
edilen en kucuk nanopartikillerden birinin (1.4 nm),
15 nm’ye kadar olan diger altin nanopartikillerle
karsilastinldiginda en yiiksek

toksisiteye sahip

oldugu gosterilmistir (49). Ayrica, kilce altinin
buharlastirilmasi ve 6giitiilmesiyle ortaya cikan kiiresel
altin nanopartikiillerin toksik oldugu ve daha kiiciik
altin nanopartikullerin interlokin-1 (IL-1), interlokin-6
(IL-6) ve timor nekroz faktoru (TNF-a) ekspresyonunu
indiikledigi bildirilmistir (49). Yine yapilan calismalar
CTAB (Cetyltrimethylammonium bromide) kapli altin
nanopartikillerin kiiresel altin nanopartikiillerden
(230 nm) HaCat (human keratinocyte cell line) hiicre
hattinda daha toksik oldugunu gostermistir (49,50).
Akciger fibroblastlar lizerinde yapilan calismalarda
ise 20 nm boyutunda altin nanopartikullerin toksik
miktarda oksidatif DNA
hasar1 olusturdugu yéniinde bulgular elde edilmistir.
fibroblast
nanopartikiller nedeniyle anormal aktin ve hiicre

olmadigi, ancak &nemli

Ayrica dermal hiicre hattinda altin
dis1 matriks olustugu tespit edilmistir (49). Sicanlarda
yapilan deri calismalarinda, daha kiicuk boyutlu altin
nanoparcaciklarinin derinin daha derin bodlgesinde
biriktigi, daha biiyiik parcaciklarin ise cogunlukla
epidermis ve dermiste yogunlastig1 gozlemlenmistir
(48,49). Son yapilan ilginc calismalardan birinde
Barkur ve ark. (2020), 10-100 nm arasindaki farkli
boyutlardaki altin ve glmis nanopartikillerin
eritrositlerile etkilesimini Mikro-Raman spektroskopisi
ile incelemis ve her iki nanopartikiliin boyuta bagh
olmaksizin hemoglobinin oksijen baglamasini bozdugu
ve gumus nanopartikullerin oksidatif strese yol acarak

daha toksik oldugunu bildirmislerdir (50).

Sentez  metodunun altin  nanopartikiillerin

toksisitesini degistiren onemli bir faktor oldugu

bildirilmektedir. Bircok calismada, cesitli bitkiler,
bal,
ve yesil

propiyonik asit gibi biyolojik kaynaklardan

sentez yontemleri ile elde edilen

altin nanopartikillerin genel olarak sitrat gibi
molekiillerden kimyasal sentez yoluyla elde edilen
altin nanopartikullere gore hem in vitro, hem de in
vivo olarak daha giivenli oldugu rapor edilmistir (51).
Bu nedenle biyolojik ve yesil sentez yoluyla elde edilen
nanopartikiillerin daha dusiik toksisiteye ve daha iyi
biyouyumluluga sahip oldugu diisiiniilse de Hernandez-
Adame ve ark. (2019)’nin yaptig1 calismada Yarrowia
lypolitica D1 mayasindan izole edilen B-D-glukanlar
kullanilarak elde edilen altin nanopartikillerin
sitotoksisitesi fare dalak hicrelerinde arastirilmis
ve beklenenin aksine B-D-glukan/altin nanopartikul
kompleksinin oksidatif stresi arttirdigi ve toksik
oldugu goriilerek biyomedikal uygulamalar icin uygun
bir aday olmadig1 sonucuna varilmistir (52). Bailly ve
ark. (2019) ise alternatif bir sentez yontemi olarak
sulu dekstran cozeltisinden lazer ablasyon yoluyla
altin nanopartikilleri uretmisler ve farelere damar ici
yolla uygulayarak dagilim, farmakokinetik ve giivenlik
acisindan degerlendirmislerdir. Calisma sonucunda
hayvanlarin viicut agiriginda bir degisme goriilmemis,
nanopartikillerin cok hzli dagilip elimine edildigi
ve ozellikle karaciger ve dalakta akiimiile olduklan
gozlenmistir. Histopatolojik incelemelerde bobrek,
dalak ve karacigerde toksisite verilerine rastlanmamis
ve lazer yardimiyla elde edilen nanopartikiillerin

biyomedikal uygulamalar icin yararli olacag
belirtilmistir (53).
Son yillarda vyapilan calismalarin geneline

bakildiginda altin nanopartikiillerin toksisitelerinin
disiik oldugu kanisinda varilmakta ise de ozellikle
yuksek dozlarda zebra baliklarinda davrans
degisiklerine, genetik farkliliklara ve oral uygulama
sonrasi ratlarda hemen tiim organlarda histopatolojik
degisikliklere yol actigin1 bildiren yayinlar da vardir
(54). Wang ve ark. (2019) ise altin nanopartikilleri
BALB/c farelere 7 giin sureyle oral yolla vererek
bagirsak mikrobiyatasi lizerine etkileri incelemis ve

ilk 3 giinde bir degisiklik gozlenmezken, 7. giinde
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bagirsak  mikrobiyatasinda onemli  degisiklikler
olustugu belirlenmistir (55).
8.2. Giimiis nanopartikiiller

Gumis nanopartikiller,  kozmetik  urunler,

ayakkabilar, deterjanlar, diyet takviyeleri, solunum
maskeleri, oyuncaklar, dizistu bilgisayarlar, su
filtreleri gibi bircok uriinde kullanilmaktadir. GUmius
nanopartikillerayrica, gucluantibakteriyeletkinlikleri
nedeniyle tekstil, tibbi cihazlar, kontraseptifler ve
oda spreyi gibi Uriinlerin iceriginde de yer almaktadir.
Bunlarin yaninda, gimis nanopartikillerden yara ve
yaniklarin tedavisi amaciyla yararlanir. Gumus genel
olarak memelilerde toksik etkili bir madde degildir.
Ancak gumus elementine kronik mesleki maruziyetin
deri, mukozolar ve konjunktivada renk degisikligi
bozukluguna

ile karakterize argyria (argrozis)

neden oldugu bilinmektedir. Bu yiizden glimiis
nanopartikiillerin canlilar Gizerindeki etkileri dikkatle
degerlendirilmelidir. Ayrica, altin nanopartikiillerle
kiyaslandiginda ozellikle oksidatif stres mekanizmalan
araciligiyla giimiis nanopartikiillerin daha toksik

olduklan bildirilmektedir (49).

Gumiis nanopartikullerin toksisitesini
degerlendirmek icin yapilan calismalarin énemli bir
bolimi diger nano-tastyicilarda oldugu gibi in vitro
denemelerdir. Sican karaciger hiicrelerinde giimis
nanopartikillerin dusuk dozlarda bile oksidatif stres
ve mitokondriyal fonksiyon bozukluguna neden oldugu
belirlenmistir. GUmus nanopartikillerin ayrica hiicre
zarinin potasyum ve sodyum iyonlarina gecirgenliginde
degisiklikler meydana getirdigi bildirilmistir. Glimis
nanopartikiillerin erkek Ureme sistemi lzerinde
ciddi toksik etkiler gosterdigi de bilinmektedir.
nanopartikiillerin  kan-testis

Arastirmalar, gimius

bariyerini gecebilecegini ve sperm hiicrelerini

olumsuz etkileyerek testislerde birikebilecegini
gostermektedir. GUmus nanopartikilleri uygulanan
akciger hiicre hattinda boyuta bagli toksisite meydana
gelmis ve 10 nm boyutundaki gimus nanopartikullerin
daha blylk boyuttaki partikiillere gore daha toksik

oldugu gosterilmistir (56).
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Gumius nanopartikullerleilgili in vivo calismalarda,
Drosophila’larda oksidatif strese; Daphnia magna
Uzerinde ise doza baglh olarak cesitli olumsuz
etkilere yol Farelerde

actiklan  belirlenmistir.

gumus nanopartikullerin oral toksisitesi uzerine
yapilan az sayidaki in vivo calisma hedef organin
karaciger oldugunu gostermistir. Ayrica, glmiis
nanopartikiillerin farelerde oral yolla kullaniminin
mikrovilluslarin tahrip olmasi nedeniyle ince bagirsak
mukozasinin islevinin engellenmesine neden oldugu
(2019) oral

yolla uygulanan gimis nanopartikiillerin farelerde

bildirilmistir (56). Mozafari ve ark.

gebelik Uzerine etkilerini incelemisler ve 1 mg/kg/
glin dozda 7 ve 14 gun sireyle uygulanan gumus
nanopartikillerin fotal viicut kitle indeksinde azalma,
kisitlanma,
eksansefal, bas, toraks ve govdede anormalliklere

fotuslarin  blyumesinde fotuslarda
ve orta beyinde fibroz ve nekroza neden olduklarin

ortaya koymuslardir (57).
9. Kuantum Noktalarn

Kuantum noktalari  (Quantum dots, QD),
2-10 nm boyutlanindaki yari iletken kristallerdir.
QD’ler cok kiicuk boyutlara sahip olmasi ve yiksek
parlaklik, fotostabilite, ayarlanabilir emisyon
spektrumu ve fonksiyonel gruplara baglandiginda
spesifik biyoaktivite gibi benzersiz fotokimyasal ve
fotofiziksel ozelliklere sahip olduklarindan bircok
QD’ler biyomedikal

sahada goruntiilemelerde kontrast madde ve o6zellikle

kullanim alanina sahiptirler.

kiicuk molekillu hidrofobik ilaglar icin tasima sistemi

olarak kullanilmaktadir (58).
kullanimlan QD’lerin

toksisitelerinin incelenmesi onem tasimaktadir. QD

Yaygin nedeniyle
cekirdegi kadmiyum icermektedir ve toksik etkileri
genellikle  kadmiyum ile
(59). Sican hepatositleriyle inkube edilen QD’lerin
serbest

iliskilendirilmektedir

yuzey oksidasyonu yoluyla kadmiyumu
biraktigim cekirdeklerinin
ortamda bozunabilecegi ortaya cikanlmistir (59).

ve partikil biyolojik

Sican feokromositoma hiicrelerinde (PC12) 1 pg/mL
konsantrasyondaQD’ lerinsitotoksikolduguvekromatin



yogunlasmasi ile membran parcalanmasi dahil olmak
lizere apoptoz benzeri hiicre oliminin indiikledigi
gosterilmistir.  Bunun yaninda, keratinositlerin
QD’lere maruz birakilmas ile IL-1b, IL-6 ve IL-8’in
onemli oOlciide arttigi ve buna baghi deri lizerinde
toksisite olustugu ortaya konmustur (59). Ayrica
kadmiyumlu QD’lerin fare mikroglia hucrelerinde
(BV2) DNA hasarini indiikledigi belirlenmis, ancak
bu degisikliklerin ekzojeni

azaltilmis  glutasyon

uygulamasiyla tersine cevrilebildigi bildirilmistir.
Cinko ve kadmiyum ile kapli QD’lerin toksisitesi zebra
balig1 Uizerinde tek tek ve kombine halde incelenmis
ve QD’lerde bulunan ¢inko ve kadmiyumun baliklarda
biriktigi ve kombinasyon uygulamasinin oksidatif stres
enzimlerini ve 1s1 sok proteinlerini (HSP70) arttirarak
daha yiiksek toksisiteye neden oldugu belirlenmistir
(60).

Kadmiyum yerine farkli metallerle birlesim
halindeki QD’lerle yapilan calismalarda, mangan
baglanmis cinko siilfit QD nedeniyle 6-8 haftalik
erkek BALB/c farelerde hematolojik ve biyokimyasal
parametrelerde dozdan bagimsiz olarak degisiklikler
meydana geldigi,
histopatolojisinde bozukluk olmadigi belirlenmistir

ancak organ isleyisinde ve
(61). PEGlenmis bakir indiyum sulfur ve cinko sulfit
QD’lerin DC2.4 (fare dendritik) hiicre hattinda ve
BALB/c farelerde immunotoksisitesi arastirilmis ve
QD’ler in vitro cesitli degisikliklere neden olmasina
ragmen in vivo toksisite saptanmamistir (62). Ayni
sekilde Singh ve ark. (2018), biyomedikal goruntuleme
alaminda yaygin olarak kullanilan azotlu karbon
QD’lerin insan serviks kanser hiicre hattinda (Hela)
ve Swiss albino farelerde herhangi bir toksik etkiye
yol acmadiklarini rapor etmistir (63).

10. Metal Oksit Nanopartikiiller

Metal oksitler, kimya, fizik ve malzeme bilimlerinin
bircok alaninda onemli rol oynayan maddelerdir.
Metal oksit nanoparcaciklari kozmetik driinlerde,
farmasotik preparatlarda ve gidalarda renklendirici
olarak yaygin sekilde kullanilmaktadir. Metal oksit
nanopartikiiller, ilaclar ve goriintiileme ajanlar icin

tasima sistemi olarak da kullanilmaktadir. Metal
oksitler icerisinde en yaygin olarak kullanilanlar
titanyum dioksit (TiO2) ve cinko oksit (ZnO)’dir. Bu
iki madde bircok ilag, kozmetik uriin, UV kaynakli
cilt hasarina kars1 gunes koruyucular1 ve gidalarin
icerisinde opaklik ve beyazlik saglamak amaciyla yer
almaktadir (48).

Genellikle stabil ve biyouyumlu olarak kabul
edilen bu maddelerin toksisiteleri ile ilgili tartismalar
uzun suredir devam etmektedir. Bu ¢ozunur olmayan
metal oksit nanopartikiillerin neden oldugu potansiyel
sitotoksisite mekanizmas1 hala tartismalidir. Bazi
calismalarda bu nanopartikillerin immunotoksisite
ve genotoksisiteyi indiikledigi belirtilmistir (28,30).
Yapilan arastirmalarda bu nanopartikiillerin
fototoksisiteye neden oldugu ve olusan fototoksisite
bir iliski
oldugunu goérilmistiir. UV 15181 ile fotoaktivasyondan

ile partikil boyutu arasinda karsiikl

sonra 10 nm boyuttaki TiO2 nanopartikillerin
hiicrelerin mortalitesinin, daha bliylk partikillere
(20 ve 100 nm ) kiyasla daha fazla artirdig1 ortaya
konmustur (48). TiO2 nanopartikiillerin fototoksik
etkilerini degerlendirmek icin zebra baliginda bircok
calisma yapilmisti. Bu calismalar sonunda TiO2
maruziyetinin fototoksik etkisini oksidatif hasar
yoluyla meydan getirdigi, kulucka randimani, canlilik
ve malformasyon oranin1 etkilemezken larvalarin
ylizme parametrelerinde degisiklise neden oldugu,
kan-beyin bariyerini kolayca gecerek norotoksisite
olusturdugu ve subkronik maruziyette iireme
bozukluklarina neden oldugu rapor edilmistir. Ayrica,
100 nm’den kucuk olan TiO2 nanopartikullerinin farkl
insan ve hayvan hiicre hatlarinda apoptotik hiicre
olimini tetikledigi, blylikliige bagh keratinosit hiicre
hattinda hiicre olimii mekanizmasim etkiledigi ve
biiyiiklikten bagimsiz bir sekilde nekroz olusturdugu
gosterilmistir (64).

Metal

onemli aracilarindan biri oksidatif strestir. Yapilan

oksit nanopartikillerin  toksisitelerinin

bircok calismada TiO2 nanopartikiillerin baliklarda,
farelerde ve sicanlarda ROS olusumunu indiikledigi

Turk Hij Den Biyol Derg

521



522

ve oksidatif stres parametrelerinde degisikliklere
neden oldugu bildirilmistir. Bunun yaninda TiO2
nanopartikillerin memelilerde lipit, karbonhidrat ve
protein metabolizmasina zarar verdigi gosterilmistir.
Aynica hiicre disina asin glutamat salinimina yol acarak
noronal disfonksiyona ve norodejeneratif hastaliklara
neden olabilecegi bildirilmistir. TiO2 maruziyeti,
karacigerde detoksifikasyon tepkimelerinde ¢ok
onemli bir rolu olan glutatiyon seviyesinde azalmaya
diger
calismalarinda TiO2’in erkek C5BI/6 farelerine

neden olabilmektedir. Yapilan toksisite
8 hafta siureyle 2 mg/kg dozlarda orofaringeal
aspirasyon yoluyla uygulanmasi sonrasinda akcigerde
yangi, BEAS-2B akciger normal hiicrelerinde pulmoner
toksisite, erkek Wistar sicanlarda bobreklerde lre ve
urik asit seviyelerinde degisiklikler ve ICR farelerde
WBC (beyaz kan hiicresi) sayisinda artisa neden
oldugu gorilmistiir (65,66).

Zn0
bakildiginda, Franz tipi diflizyon hiicreleri kullanarak

partikiilleri  ile yapilan calismalara

deri Uzerindeki etkilerinin elektron mikroskobu
ile incelenmesi sonucunda, alt stratum corneum
ve epidermiste ZnO parcalarina rastlanmamis, bu
partikiillerin deriyi cok az miktarda gecebildigi
(65,66). Zebra baliginda

calismalar ZnO nanopartikiillerin kulucka geriligi,

saptanmistir yapilan
mortalitede artis ve ROS olusumuna neden oldugunu
gostermis, kitosan ve PEG ile kaplamanin bu etkileri
ROS artis1
calismalarinda da goriilmius ve cesitli hiicre hatlarinda

azalttigr bildirilmistir. hiicre kulturu
sitotoksisite rapor edilmistir. ZnO nanopartikilllerin
foto-genotoksik potansiyeli ise, hamster yumurtalik
hiicre hattinda incelenmis ve ZnO nanopartikillerinin,
es zamanl olarak radyasyon oncesi ve UV 1sinlama
kromozomal
olabildigi
gosterilmistir (65). Yousef ve ark.(2019) aliminyum

kosullari  altinda  uygulandiginda

sapmalara ve klastojenisiteye neden

ve c¢inko oksit nanopartikillerin erkek Wistar
sicanlarin subkronik maruziyetinden sonra karaciger
ve bobrek toksisitesine neden oldugunu gostermistir.
Her iki
sinerjistik etkilere neden olmustur (66). Bu toksisite

nanopartikilun birlikte kullamlmas1 ise
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verilerine karsin, Hassan ve ark. (2019) bircok alanda
yaygin olarak kullanilan ve Simif 1IB karsinojen bir
madde olan potasyum bromat (PB)’in sicanlarda
olusturdugu zararli etkilerin ZnO nanopartikiller ile
azaltilabilecegini ortaya koymuslardir (67).

SONUC

Hayatimizin her alanina buytik birhizlagirmekteolan
nanopartikillerin ozellikle ilac salimm sistemlerinde
kullamlmasi, kanser basta olmak iizere bircok hastalik
icin umut verici sonuclar elde edilmesini saglamstir.
Yaygin kullammlarina karsin nanopartikiillerin toksik
etki mekanizmalari halen tam olarak bilinmemektedir.
Yapilan bircok calismada nanomateryallerin toksisitesi
fizikokimyasal ozelliklerine yani kiclik boyutlarina ve
ylizey alanina baglanmaktadir. Bu nedenle geleneksel
toksikolojiden farkli olarak, belirli bir nanopartikilin
giivenlik/toksisite degerlendirmesi, o nanopartikiliin
biyolojik etkilerinin yalmzca kimyasal icerigi esas
alinarak degil, aym zamanda biyikligl, yiizey
yapisi, sekli vb. ozellikleri ile birlikte incelenmek
durumundadir (4,6,11).

Bu veriler 15181nda 0Ozellikle insan ve hayvanlarda
ilac tasima sistemleri, goruntiuleme vb. medikal

uygulamalar icin  kullamlacak nanopartikiillerin
toksik etkilerinin g6z online alinmasi ve son derece
dikkatli olunmasi gerektigi ortadadir. Hali hazirda
nanopartikillere iliskin elde edilen toksisite verilerinin
kismi

onemli bir in vitro deneme sonuglarina

dayanmakta ve birbiri ile celisen bircok yayin
bulunmaktadir. In vitro calismalar, ilaclarin etkilerinin
ve giivenliklerinin degerlendirilmesinde ilk basamak
olmalan, standardize ve valide edilmis in vitro
calismalarin cok énemli veri kaynagi olmalar ve deney
hayvanm kullamminin azaltilmasi yoniinde ¢ok onemli
bir role sahip olmalarina ragmen organizmay1 tam
olarak temsil etmediklerinden elde edilen sonuclarin
in vivo denemeler ile dogrulanmasi gerekmektedir. Bu
nedenle, nanopartikiillerin yerel ve sistemik toksisite
mekanizmalan ile toksikokinetiklerine iliskin genis

kapsamli in vivo calismalara ihtiyag vardir.
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