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Amag: Otoimmin hastaliklarin tanisinda ve takibinde kullanilan
otoantikorlardan olan anti-niikleer antikorlarin ve organ spesifik
olmayan antikorlarin pozitiflik oranlari, kadin/erkek hastalardaki
dagilimini saptamaktir.

Gereg ve Yontemler: Calismamizda retrospektif olarak 2016-2017
yillari arasinda laboratuvarimiza basvuran hastalarin serum 6rnek-
lerinde immunfloresans (IFA) yontemi ile calisilan anti-niikleer an-
tikor (ANA), anti-nétrofil sitoplazmik antikor (ANCA), anti-diiz kas
antikorlar (ASMA), anti-karaciger bobrek mikrozomal antikorlari
(anti-LKM1), anti-gastrik pariyetal hiicre antikorlari (anti-GPCA)
ve anti-mitokondriyal antikorlar (AMA) gibi otoantikor degerleri
taranmistir. ANA, HEp-2 hiicre soyu ile ASMA, AMA LKM-1 ve GP-
CA'lan sican karaciger, bébrek, mide dokusunu iceren kombine
preparatlar kullanilarak; ANCA ise etanol ile fikse edilmis insan not-
rofil preparatlari substrat olarak kullanilmistir. ANA icin 1/80, ASMA,
AMA, LKM-1, GPCA igin serum sulandirimi 1/40; ANCA icin ise 1/20
ve Uzeri pozitif olarak kabul edilmistir. Ek olarak, pozitif 6rneklerde
patern &zellikleri ve dillisyon miktarlari da degerlendirilmistir.

Bulgular: iFA yéntemi ile calisilmis 5378'si kadin, 3055'U erkek
(toplam 8433) hastanin serumlarinda otoantikor test sonuglari in-
celenmistir. ANA patern 6zelligi en yogun olarak homojen tip basta
olmak tzere benekli (speckled), grantiler, sentromer, ntikleolar, pe-
riferik ve niikleer tanecikler seklindedir. Kadin hastalarin pozitiflik
degerleri erkek hastalara gore yliksek saptanmistir.

Sonug: Degerlendirmemiz sonucunda, kadin hasta sayisinin fazla
oldugu ve kadinlardaki pozitiflik oranlarinin da erkek hastalarin iki
veya U¢ kati oraninda oldugu goézlenmistir.

Anahtar Kelimeler: Antintkleer antikor, ANA, organ spesifik olma-
yan otoantikorlar, immunfloresans, iFA

ABSTRACT

Objective: This study determines the positivity rates and gender
distribution of antinuclear and liver-specific autoantibodies that
are considered important in the diagnosis and follow-up of auto-
immune diseases.

Material and Method: We retrospectively screened autoanti-
bodies, including antinuclear antibodies (ANA), antineutrophil
cytoplasmic antibody (ANCA), anti-smooth muscle antibodies
(ASMA), anti-liver kidney microsomal-1 antibodies (anti-LKM-1),
anti-gastric parietal cell antibodies (anti-GPCA), and antimitochon-
drial antibodies (AMA) in serum samples of patients applied to our
laboratory during 2015-2016 by immunofluorescence methodolo-
gy. We used the Hep2 cell line for ANA, rat liver-kidney-stomach
combined tissues for LKM-1, ASMA, GPCA and AMA, and ethanol
fixed human granulocytes preparations for ANCA. Dilutions =1/80
for ANA, =1/40 for ASMA, AMA, LKM-1, GPCA, and >1/20 for ANCA
were positive. Positive samples were also evaluated for their stain-
ing patterns and dilutions.

Results: Autoantibody test results studied with immunofluo-
rescence were screened in 8433 (5378 females and 3055 males)
samples. The highest staining pattern observed for ANA was ho-
mogenous, followed by speckled, granular, centromere, nucleolar,
peripheral, and nuclear speckled. Females exhibited a higher pos-
itivity rate than males.

Conclusion: The number and positivity rate of female patients
were found to be two to three times higher than those of male
patients.

Keywords: Antinuclear antibody, ANA, non-organ-specific auto-
antibody, immunofluorescence assay, IFA
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GiRIS

Sistemik otoimmdin hastaliklar bir veya birden ¢ok sayida oto-
antikor olusumuyla ortaya ¢ikmaktadir. Hiicre yiizeyi, nukleusu
ya da sitoplazmada bulunan cesitli bilesenlere karsi gelisen bu
antikorlar, otoimmiin hastaliklarin (OiH) tani ve izlenme siirecin-
de 6nemli rol oynamaktadir (1). Hlicre nukleusuna karsi olusan
otoantikorlara anti-niikleer antikorlar (ANA) adi verilmektedir
(2). ANA'larin serolojik olarak tanimlanmasi romatolojik hasta-
liklarda (3) oldugu kadar, viral (4,5), malign (6) ve organ-spesi-
fik hastaliklar (7) gibi bircok durumda da 6nem kazanmaktadir.
Otoantikorlarin tanimlanmasi ve gosterilmesi, klinik tip ve klinik
imminolojinin dnemli bir bolimind olusturmaktadir. Sistemik
ve organ-spesifik otoimmiin hastaliklarin tanisinda otoantikor
tayini icin immiinfloresans (iFA) metodu kullaniimaktadir. Ginii-
mizde doku kesitleri ve HEp-2 hiicreleri 100'den fazla otoanti-
korun tanimlanmasina olanak saglamaktadir. iFA testi; zahmetli
ve degerlendirilmesinin subjektif olmasi, hiicre komponentle-
rinin boyanma kaliplari (patern) ile antijen tiplerinin kesin ayri-
minin yapilamamasi gibi dezavantajlara sahip olmakla birlikte,
maliyet acisindan avantajli konumdadir (8).

Anti-mitokondriyal (AMA) ve anti-karaciger/bébrek/mikrozom
antikorlar (anti-LKM-1) ise otoimmiin hepatit; anti-diiz kas
antikoru (ASMA-DKA) hepatit ve otoimmin hepatit seroloji-
sinde 6nemli otoantikorlardir (9). Otoimmin anemi tanisinda
ise anti-gastrik pariyetal hiicre antikorunun (anti-GPCA) 6nemi
biiyiiktir (9).

Anti-nétrofil sitoplazmik antikorlar (ANCA), vaskilit ve Wege-
ner granilomatoz hastaliginin tanisinda 6énemli rol oynayan
antikorlardir. insan nétrofillerinin etanol ile fiksasyonu sonucu
hazirlanan preparatlarda sitoplazmada bulunan enzimlere karsi
olusan otoantikorlar tespit edilmektedir. Boyanma 6zelliklerine
gore periferik ANCA (p-ANCA) ve sitoplazmik ANCA (c-ANCA)
olmak tizere iki tipi bulunmaktadir (10).

GEREC VE YONTEM

Bu calismada 2016 nisan - 2017 nisan aylarinda istanbul Univer-
sitesi, istanbul Tip Fakdltesi Tibbi Mikrobiyoloji Anabilim Dali,
Viroloji ve Temel immiinoloji Bilim Dali, immiinoloji Laboratu-
varina farkh klinik ve polikliniklerden bagvuran, 18-75 yaslar
arasindaki 8433 hastanin (5378 kadin, 3055 erkek) serum so-
nuglariretrospektif olarak taranmistir. Kadin erkek orani yaklasik
2:1 dir. Otoantikorlardan ANA, HEp-2 hiicre soyu (Euroimmiin,
Libeck-Almanya) ile ASMA, AMA, LKM-1 ve GPCA'lar sican ka-
raciger, bobrek, mide dokusunu iceren kombine preparatlar
(Euroimmdin, Libeck-Almanya) kullanilarak; ANCA ise etanol
ile fikse edilmis insan notrofil (Euroimmun, Libeck-Almanya)
preparatlarinin (Euroimmun, Libeck-Almanya) substrat olarak
kullanildigi iFA yéntemi ile degerlendirilmistir. ANA icin 1/80,
ASMA, AMA, LKM-1, GPCA icin serum sulandirimi 1/40; ANCA
icin ise 1/20 ve Uizeri pozitif olarak kabul edilmistir. IFA yontemi
ile calisilan testlerde serum 6rnekleri, fosfat tamponlu izotonik
soltisyon (PBS) ile sulandiriimis ve lam Gzerindeki kuyucuklara
50-70 pl konulup, oda isisinda nemli ortamda 30 dakika inkiibe
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edilmistir. inkiibasyon sonrasinda lamlar 5 dakika PBS icinde
bekletilerek yikanmistir. Floresan isaretli anti-insan immiinog-
lobilin G (IgG; Euroimmiin, Libeck-Almanya) ile tekrar inkiibe
edilmistir. Lamlar yikama islemi tekrarlandiktan sonra kapatma
solusyonu (Gliserol iceren PBS) damlatilarak lamel ile kapatil-
mistir. Hazirlanan 6rnekler floresan mikroskobunda (EuroStar I,
Almanya) 6nce X20 sonra X40 objektifler ile degerlendirilerek
boyanma kalip 6zellikleri belirlenmistir. Pozitif bulunan 6rnek-
lerin ileri sulandirimlari hazirlanarak titreleri saptanmistir.

ANA pozitif 6rneklerin ileri seri dilisyonlari (1:160, 1:320, 1:640,
1:1280, 1:2560, 1:5120) yapilarak pozitiflik derecesi belirlenmis;
nikleer antijenlere karsi yesil floresan isima veren otoantikorla-
rin farkl boyanma 6zelligi homojen, speckled (benekli), sentro-
mer, niikleolar olarak ayrica tanimlanmistir.

ANCA, nukleus membraninda goriilen bant boyanmasi ile
pPANCA, sitoplazmadaki tanecikler seklinde goriilen boyanma
ile CANCA olarak tanimlanmistir. pANCA pozitifliginin kesinligi
formalin fikse notrofiller ile hazirlanan preparatlarla tekrarlana-
rak boyanma 6zelligi takip edilmistir.

Kombine preparatlarda bobrek, karaciger ve midede bulunan
hicrelerin mitokondrilerinin boyanmasi ile goézlenen pozitiflik
AMA degerlendirilmesinde kullaniimistir. LKM-1 antikoru ayni
preparatin karaciger ve bobrek dokusundaki mikrozomlarin;
ASMA midede bulunan kas lifleri muskularis mukosa ve kan da-
marlarinin kas tabakasinin verdigi floresans ile tanimlanmistir.
GPCA ise mide bez hiicrelerinin boyanmasi ile degerlendirilmistir.

BULGULAR

Viroloji ve Temel immiinoloji Bilim Dali, immiinoloji Laboratu-
vari'na fakultemizin ve cevre hastanelerin cesitli klinik ve polik-
liniklerinden génderilen hasta serumlarinda otoantikor diizey-
leri retrospektif olarak taranmistir. Calisma kapsaminda 5378
(%64) kadin ve 3055 (%36) erkek olmak tizere toplam 8433 has-
ta sonucu incelenmistir. incelenen antikorlar tek tek degerlen-
dirildiginde; ANA icin 5600 (%66), ANCA icin 428 (%5), AMA icin
842 (%10), ASMA icin 1004 (%12), GPCA icin 215 (%2,5) ve LKM-
1 icin ise 344 (%4) 6rnek degerlendirilmistir (Sekil 1, Sekil 2).

3837

| Kadin
DOErkek

763

593 523
411
319 273
I s R a
ANA ASMA AMA LKM-1 ANCA GPCA

Sekil 1. Otoantikor analizlerinde saptanan pozitifliklerin
cinsiyete gore dagihmlari. ANA (Anti-niikleer antikor); ASMA
(Anti-diiz kas antikoru); AMA (Anti-mitokondriyal antikor);
LKM-1 (Karaciger bobrek mikrozom-1); ANCA (Anti-notrofil
sitoplazmik antikor); GPCA (Gastrik pariyetal hiicre antikoru).
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GPCA %2,5

LKM-1 %4
ANCA %5

AMA %10

ANA %66

Sekil 2. Tim otoantikor analiz sonuclarinda pozitiflik
dagihimlari. ANA (Anti-niikleer antikor); ASMA (Anti-diiz kas
antikoru); AMA (Anti-mitokondiriyal antikor); LKM-1 (Karaciger
bobrek mikrozom -1); ANCA (Anti-notrofil sitoplazmik antikor);

GPCA (Gastrik pariyetal hiicre antikoru).

Calismamizda tim &rneklerde %84 negatif, %16 pozitif sonuc
elde edilmistir. Taranan testler icinde negatiflik orani erkekler-
de %38 iken, pozitiflik orani %29'dur. Kadinlarda %62 olan ne-
gatiflik degerine karsilik, %71 pozitif deger saptanmistir. ANA
incelemesinde 3837'si (%68,5) kadin, 1763l ise (%31,4) erkek
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olgulardan olusan toplam 5600 Ornek incelenmistir. Pozitif
saptanma orani kadinlarda %50,3 olarak saptanmistir; bu oran
erkeklerdeki pozitiflik oraninin yaklasik 3 katidir. Pozitif 6rnek-
lerde saptanan ANA patern 6zelligi de cesitlilik gostermektedir.
En yogun goriilen 6zellik homojen tipte olup, 417 kadin (%77)
olguda gozlenmistir. Bu orani kadin olgularda 103 (%73,5) or-
nekle benekli ve sirasiyla; grandler (%58,1), sentromer (%78,8),
nukleolar (%74,5), nikleer tanecikler (%63) ve periferik (%85,1)
paternlerin izledigi saptanmistir. Erkek hastalarimizda 238 olgu-
da elde edilen pozitiflik orani %17,1 olarak bulunmustur. Pozitif
ANA patern 6zelliginde homojen tip (%22,9) 6rnekler arasinda
ilk sirada saptanmistir. Bunu benekli (%26,4), graniler (%41,8),
nikleer tanecikler (%36,9), niikleolar (%25,4), sentromer (%21,1)
ve periferik (%14,8) tipin izledigi gézlenmistir (Tablo 1, Tablo 2).

ANCA testi 219 kadin ve 209 erkek olmak Uizere toplam 428
olguda taranmistir. ANCA pozitifliginin toplam pozitif 6rnekler
icindeki degeri %11,6'dir; bu pozitifligin %2,1'i kadin, %0,1'i ise
erkek ornekler ile elde edilmistir, cinsiyet olarak kadinlardaki
pozitiflik erkeklerde elde edilen oranin yirmi katidir.

Otoimmiin anemide 6nemli rol oynayan anti-GPCA toplam
pozitiflik icinde kadinlarda %3,1 iken, erkeklerde %1 olarak
saptanmistir ve kadinlar erkeklere gore ¢ kati fazla pozitiflik
gostermektedir.

Tablo 1. Otoantikor analiz sonuclari.

ANA ASMA AMA LKM-1 ANCA GPCA
% (%) (%) (%) (%) (%) (%)

_ . 3140 429 498 48 189 92
Negatif (56,07) (42,72) (59,14) (13,9) (44,5) (42,79)
7048
(84) Erkek 1525 290 311 271 189 66

(27,23) (28,88) (36,93) (78,7) (44,5) (30,69)
Kadin 697 164 25 23 30 43
Pozitif (12,44) (16,33) (2,96) (6,6) 7) (20)
1385
(16) o 238 121 8 2 20 14
(4,25) (12,05) (0,95) (0,58) (4,67) (6,51)
Toplam 5600 1004 842 344 428 215

ANA: Anti-niikleer antikor; ASMA: Anti-diiz kas antikoru; AMA: Anti-mitokondiriyal antikor; LKM-1: Karaciger bobrek mikrozom -1; ANCA: Anti-né&trofil sitoplazmik

antikor; GPCA: Gastrik pariyetal hiicre antikoru

Tablo 2. Anti-niikleer antikorun boyanma 6zelliklerinin cinsiyete gére dagilimi.

Homojen Benekli Sentromer Niikleolar Periferik Graniiler Niikleer
(%) (%) (%) (%) (%) (%) Tanecikler (%)
Kadin 417 103 41 41 23 43 29
(77) (73,5) (78,8) (74,5) (85,1) (58,1) (63)
Erkek 124 37 11 14 4 31 17
(22,9) (26,4) (21,1 (25,4) (14,8) (41,8) (36,9)
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Otoimmiin hepatit (OiH) panelinde dnemli rol oynayan ASMA
pozitifligi, toplam pozitiflik icinde kadinlarda %11,8 iken erkek-
lerde %8,7 olup, anti-LKM-1antikorlarinda ise kadinlarda (%1,6)
erkeklerin (%0,1) 4 kati oraninda daha yliksek goézlenmistir.
Aynioran AMA icin kadinlarda yaklasik 4 kat daha yiiksektir (ka-
dinlarda %1,8, erkeklerde ise %0,5).

Calisilan tim otoantikorlarin kadinlarda pozitiflik ve negatiflik
oranlari erkeklere gore yiiksek bulunmustur. Bu bulgunun elde
edilmesindeki ana nedenin otoimmiin hastaliklarin kadinlarda
daha yliksek oranda goriilmesi oldugu agiktir.

TARTISMA

ANA terimi DNA, ribontikleik asit (RNA) ve cesitli proteinler
ile RNP iceren hiicre nukleuslarinin bilesenleri ile reaksiyona
giren antikorlarin cesitliligini ifade etmekte ve tarama testi
olarak yaygin sekilde kullanilmaktadir. Bu antikorlar, konnek-
tif doku ve romatizmal hastaligi olan, 6zellikle sistemik lupus
eritematozus (SLE) hastalarinda yliksek siklikta gorilmekte-
dir (11). Genellikle bitin SLE hastalarinda (12); ve romatoid
artrit, skleroderma ve dermatomyositis gibi diger konnektif
doku hastaligina (KDH) sahip hastalarda siklikla ANA pozitifli-
gi bildirilmistir (7). ANA, cesitli yaniklar veya viral infeksiyonlar
(4,5) sonrasinda gordilebildigi gibi, bazi saglikli kisilerde 6zel-
likle yash bireylerde de bulunabilmektedir. Saghkli kisilerin
1/3'nde 1/40 dillisyonda, 1/20’sinde ise 1/160 dillisyonda
(13); otoimmiin veya inflamatuvar hastaligi olmayan 108 ¢o-
cukta 1/20 serum diliisyonuyla yapilan bir baska calismada
ise %22 oraninda (14) ANA pozitifligi bildirilmis, ancak ANA ile
birlikte dsDNA ve ENA pozitifligi gozlenmemistir. Deane ve ar-
kadaslarina (15) ait 15 yillik retrospektif calismada tim siste-
mik romatoid hastaliklarda ANA duizeyi yliksek bulunmustur,
bazen de 6zel ANA spesifisitesi ve 6zel romatoid hastalik ara-
sindaki iliski kaybedilmistir. Bundan dolayr ANA'un ayirimi ve
tanimi klinisyenler icin teshisin onayi ve tedavinin takibinde
destek bilgi acisindan yardimci olmaktadir (1). OiH genellikle
kadinlarda daha sik gérilmektedir (7,16). Yaptigimiz ¢alisma-
da toplam olarak saptanan 933 ANA pozitif olgu 697 (%50,3)
kadin hastalar ile 236 (%17,1) erkek hastadan elde edilmistir.
ANA calismasina alinan toplam 5600 olguda cinsiyete gore
pozitiflik oranlari kadinlarda %50,3 ile erkeklerin (%17,1) yak-
lasik 3 katidir. Bu oranin yakin degerler incelenen diger otoan-
tikorlarda gézlenmektedir (Tablo 1).

KDH'nin tanisinda ANA pozitifligi yeterli olmayip bu pozitifligin
paterninin ve titrasyonunun belirlenmesi gerekmektedir. Sag-
likliinsanlarda bile ANA pozitifligi g6zlenmesi nedeniyle, titras-
yonun 1/160'dan biylik olmasi klinik agisindan énemli kabul
edilmektedir (17). Pozitif patern 6zelligi SLE'de en cok homojen,
KDH hastalarinda ise benekli seklindedir. Ayrica SLE'de dsDNA
antikorlar da cok 6nemlidir ve spesifik bir test olup kesin tani
kriteridir (9,12). Tip 1 ve kriptojenik OiH'de yiiksek oranda ANA
otoantikoru pozitif gortilmekte, bunu ASMA ve pANCA pozitif-
ligi izlemektedir. Ancak dsDNA ve organ-spesifik otoantikor-
lardan anti-tiroid, anti-over ve anti-adrenal antikorlari negatif
bulunmustur (18).
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ANA'larin niikleer ve sitoplazmik floresan boyanma 6zelliklerin-
deki cesitlilik 6rneklerde varolan otoantikorlarin relatif mikta-
r ve tiplerine bagh olarak gériilmektedir. Floresans boyanma
ozelliklerine gore ANA pozitif analizi homojen, benekli, sentro-
mer, nikleolar, periferik, grantiler ve nikleer tanecikler seklin-
de karakteristikler gostermektedir (1,19). Tablo 2'de floresans
boyanma karakteristik degerleri gérilmektedir.

AMA siklikla primer bilier siroz ile iliskili olarak tanimlanir.
AMA'nin disuk titrasyonu kronik aktif hepatit ve kriptojenik si-
roz gibi diger karaciger hastaliklarinda tanimlanmistir. ASMA,
kronik aktif hepatitli hastalarin %70'inin serumlarinda yiiksek
titrasyonlarda bulunur. Dusiik ASMA titrasyonu viral infeksi-
yonlar, maligniteler ve saglkh kisilerde bulunabilmektedir.
GPCA ise pernisiydz anemili hasta serumlarinda %90 oraninda
go6zlenmektedir. Diger klinik ve laboratuvar bilgileri ile pozitif
GPCA sonucu diger megaloblastik anemilerden otoimmiin
pernisiydz anemi ayiriminda yardimci olur. Yirmi yasin altindaki
normal popiilasyonun %2’sinden daha azinda tanimlanmasina
ragmen GPCA'un insidansi 40 yasin tzerindeki kadinlarda ar-
tis gostermekte ve 60 yasin Ustlindeki normal popilasyonun
%16 degerlerine kadar yiikselmektedir (7). Wegener grantilo-
matozu, mikroskobik polianjitis, Churg-Strauss sendromu gibi
nekrotizan vaskiilitlerin, primer sklerozan kolanjit ve primer bi-
lier sirozun teshisinde ANCA testi kullaniimaktadir (20).

Tip1 otoimmiin hepatit, ANA veya ASMA veya her ikisinin bir-
likte pozitifligi ile karakterizedir. Hasta poptilasyonu %70 kadin-
lardan olusmaktadir. Tip 2 otoimmiin hepatit ise hasta serum
orneklerinde karaciger/bdbrek mikrozomal tip 1 (LKM-1) anti-
korunun varlidi ile karakterizedir. Tip 2 otoimmun hepatit has-
talari tip 1 hastalardan farkhliklar gostermektedir, bu hastalarda
yliksek oranda 6rnedin tiroid, pariyetal hiicre veya Langerhans
adaciklarina karsi olusan antikorlar gibi organ-spesifik otoanti-
korlar mevcuttur (21).

Hepatit C virlsi ile infekte olan kisilerde romatoid faktor, ANA,
kardiyolipin, tiroid ve LKM-1 otoantikorlari da gozlenmistir
(5,22). Antikora bagh otoimmiin karaciger hastaliklarindan biri
olan primer bilier sirozda (PBC) AMA, primer sklerozan kolanjit-
de ise PANCA testleri 5nemlidir, PBC olgularinda iFA incelemesi
ile ANA nukleer tanecikler olarak tanimlanir (23).

Kamali ve arkadaslari, 10 yil stresince kliniklerine basvuran
hastalara ait serolojik inceleme sonucunda %94 oraninda ANA
pozitifligini gdstermisler, ancak tim hastalarda dsDNA otoanti-
korunun negatif oldugunu belirtmislerdir (24).

KDH olgulariyla yapilan ¢alismada ANA, dsDNA antikorlarinin
pozitiflik orani sirasiyla %96,5 ve %7,95 bulunmustur (25). Ya-
pilan bir baska retrospektif calismada ise ANA pozitifligi %28,2;
ANA pozitif serumlardaki anti-ENA pozitifligi ise %60,5 olarak
saptanmistir (26).

Sonug olarak, taramamiz sonucunda ANA testinin oran olarak
yiiksek sayida oldugu saptandi. ANA patern &zelliginin homo-
jen tip basta olmak Gzere diger boyanma 6zelliklerinin izledigi-
ni ve kadin hastalarda erkek hastalara gére oranlarinin yiiksek
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oldugunu gézlemlendi. Calistigimiz tim otoantikorlarda bu
oranin kadin hastalarda daha biiylik oranda oldugunu literati-
re paralel olarak gosterildi.
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Maternal plazmadan hiicre-disi fetal DNA'nin (hdfDNA) tespitinde
son yillarda elde edilen basarilar, hamilelik stiresince uygulanabilir,
invazif olmayan tarama ve tani testlerini destekleyen temel teknik-
lerin gelismesine olanak saglamistir. Yakin zamanda yaptigimiz bir
calismada, invazif islem gerektirmeden gebelerden alinan periferik
kandan hiicre-disi DNA izole edilerek, gercek zamanli polimeraz
zincir reaksiyonu (PZR) yontemiyle fetal Rhesus D (RhD) ve cinsi-
yet belirlenmesi gerceklestirilmistir. Bu ve benzeri calismalar neti-
cesinde, kullanilan teknigin fetal RhD tayininde yiiksek dogruluk
oranlarina sahip oldugu ve tani amacl kullanima uygun oldugu
gOsterilmistir. Tanida elde edilen bu basari, 6zellikle RhD negatif (-)
gebelere uygulanan islemleri en aza indirilerek tedavide yol g&s-
tericidir. Bu baglamda, sundugumuz bu calismada Turkiye Cum-
huriyeti, Sosyal Glvenlik Kurumu, Saglik Uygulama Tebligi (SUT)
verileri referans alinarak, gtinimiizde RhD (-) gebelere uygulanan
ek izlem testlerin ve tedavinin olusturdugu maliyet ile fetal RHD ge-
notiplemesi sonucu ortaya ¢ikan maliyetin kiyaslamasi gerceklesti-
rilmistir. Ayrica, boyle bir yaklasimin hastalik tani stirecine yapmis
oldugu destek degerlendirilmistir.

Sonug olarak, her RhD (-) gebe icin, gercek zamanh PZR uygula-
narak fetal RHD genotiplesi ile hali hazirda kullanilan ek tetkik ve
tedaviler kiyaslandiginda, 523,19 TL (3,5 kat) daha az maliyetli ol-
dugu gosterilmistir. Bu testin, is yogunlugu, hastane maliyetleri ve
hastaya uygulanan gereksiz tedavilerin azalmasi yoniinde yenilikgi
bir ydontem oldugu gorilmektedir. Ayrica, bu ve benzeri yaklasim-
lar, erken tedavinin baslatiimasi ve gereksiz miidahale ve maliyet-
ten kacinilmasina olanak saglayacaktir.

Anahtar Kelimeler: Hiicre disi fetal DNA, RHD, genotipleme, ma-
liyet analizi

ABSTRACT

The detection of cell-free fetal DNA (cffDNA) from maternal plas-
ma has enabled the development of essential prenatal diagnostic
techniques supporting the non-invasive screening and diagnostic
tests in recent years.

We performed a non-invasive real-time polymerase chain reac-
tion (PCR) using cell-free DNA isolated from the peripheral blood
of pregnant women to determine fetal Rhesus D (RhD) and sex.
Consistent with the findings of similar studies, our results revealed
high accuracy rates of PCR in determining fetal RhD, making it
suitable for diagnostic use, thereby indicating its effectiveness as
aguide in treating and especially in minimizing the procedures ap-
plied to pregnant women who are RhD negative.

This study compared the cost incurred between follow-up testing
and treatment of RhD (-) pregnant women and the fetal RHD geno-
typing based on Health Implementation Notification (SUT) data of
the Social Security Administration of the Republic of Turkey. Addi-
tionally, the role of PCR to the diagnostic process was evaluated.

Our results showed that fetal RHD genotyping costs 523.19 TL (3.5
times) less for each RhD (-) pregnant women compared with the
current additional tests and treatments. PCR with cffDNA is an
innovative method that minimizes workload, hospital costs, and
unnecessary tests and treatment. In addition, this method allows
an early initiation of treatment and avoidance of unnecessary in-
tervention and cost.
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GiRIS

Eritroblastosis Fetalis, gebelerde annenin Rhesus (Rh) faktor ne-
gatif (-), fetlistin ise Rh pozitif (+) oldugu durumlarda gercekle-
sir. Fetal eritrositler anne dolasiminda belli bir oranin tizerinde
bulundugunda, RhD antijenine karsi olusan maternal IgG an-
tikorlar, fetlise gecerek Rhesus hemolitik hastaliginina neden
olur. Bu durum, fetis icin ylUksek morbidite ve mortalite olus-
turur (1). Fetal hemolizin 6nlenmesi icin, anti-RhD immiinoglo-
bulin ile prenatal ve postnatal profilaksinin rutin kullanimi, RhD
(-) kadinlarin alloimmiinizasyonunu 6nemli dlctide azaltmak-
tadir (2-4). RhD genotipinin prenatal donemde tespiti, Rhesus
hemolitik hastaliginin erken donemde belirlenmesinde 6nemli
bir yer tutmaktadir (5). Son on yillik dénemde dogum oOncesi
RhD (+) fetiistin belirlenmesi amaciyla olusturulmus olan farkli
stratejilerde 6nemli ilerlemeler gorilmustir. Lo ve arkadaslari
tarafindan 1997'de gebe plazmasinda kesfedilen hicre-disi fe-
tal DNA (hdfDNA) ile RhD’nin prenatal donemde belirlenmesi
anti-D profilaksisine ihtiya¢ duyulmayan fetuslerin invaziv ol-
mayan yontemle tespiti icin kullanilmistir (6,7). 2016'da yapilan
genis capta bir metaanaliz calismasinda, RHD genotiplemesinin
tanisal dogrulugu ve klinik etkililigi gdsterilmistir. Bu ¢alisma so-
nucu RHD genotiplemesi icin %0,34 yanlis negatif oran ve %3,86
yanlis pozitif oran tespit edilmistir. Bu ve benzeri sonuglar ne-
ticesinde artik bircok tlkede, maternal plazma veya serumdan,
dolagimdaki hdfDNA'y1 kullanarak fetal RhD durum tespiti rutin
olarak kullaniimaktadir (8,9). Ayrica erken tani anti-D kullanilma-
sinda hassas davranilmasini da saglayacaktir (10).

Yakin zamanda yaptigimiz bir ¢alismada invaziv olmayan yon-
tem ile maternal kandan elde edilen hdfDNA ve hatta eksozom
ile gercek-zamanli PZR yontemi kullanarak fetal RHD ve SRY
genotiplemesinin basarili oldugu gosterildi. Bu ydntemin her
hasta icin uygulanabilir ve gilivenilir oldugu tarafimizdan tes-
pit edildi (11). Ulkemizde, prenatal tanida kullanilan yéntemler
sirasinda karsilasilan tani zorlugu ve bu kaotik siirecte hastaya
yanslyan maddi ve manevi zorluklar dikkati cekmektedir.

Bu calismada, fetiistiin RhD (+) olma stiphesiyle hemen hemen
her RhD (-) gebeye uygulanan ek testler ve tedavinin hastaya
yansiyan maddi yonu ile gercek zamanh PZR teknigi ile fetal
RHD genotiplemesi yapilmasinin maliyet analizini gerceklesti-
rildi. Uygulanilan bu yontem, yaklasik 3,5 kat daha az bir ma-
liyet ile RhD uyusmazhginin tanidaki basarisini arttirmakta ve
gereksiz proflaksi uygulanmasinin 6niine gecilebilmektedir.

GEREC VE YONTEM

Orneklerin Toplanmasi ve Hiicre Disi Fetal DNA izolasyonu
Gercek Zamanli PZR Analizi ve Degerlendirmesi

Bu calisma istanbul Universitesi, Aziz Sancar Deneysel Tip Aras-
tirma Enstitlst, Genetik Anabilim Dali'nda gerceklestirilmistir.
Yapilan calisma istanbul Universitesi Tip Fakiiltesi Klinik Arastir-
malar Etik Kurulu'ndan 08.12.2017 tarihli 20 no'lu toplantisinda-
ki onay ile baslamistir ve istanbul Universitesi Bilimsel Arastirma
Projeleri 29083 nolu proje ile desteklenmistir. Bu retrospektif
calismaya, Saglik Bilimleri Universitesi Okmeydani Egitim ve
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Arastirma Hastanesi'nin Kadin Hastaliklari ve Dogum Klinigine
basvuran, RhD uyusmazhgi bulunup gebelik haftasi 9 ila 40 haf-
ta arasi olan RhD (-) goniilli gebeler, onam formu alinarak dahil
edilmistir. Gergeklestirilen hiicre-disi DNA izolasyon ve gercek
zamanli PZR protokolleri 6nceki calismamizda agiklanmistir (11).

Maaliyet Analizi

Turkiye Cumhuriyeti, Sosyal Guivenlik Kurumunun, devlet has-
taneleri icin kullandigi tcretlendirme sistemi Saglik Uygulama
Tebligi (SUT 2020) verileri referans alinarak maaliyet ve ekono-
mik degerlendirme yapilmistir. SUT verilerine gére RhD (-) ge-
belere yapilan ek test kodlarinin ticretleri ile RHD genotiplemesi
icin girilen SUT kodlarinin lcretlerinin kiyaslanmasi yapilmistir.
RhD (-) gebeye uygulanan maaliyet kalemleri; jinekolojik mua-
yene, yabanci antikor taramasi (indirect Coombs), 1 flakon an-
ti-D uygulamasi, fetal ultrasonografi (USG) ve fetal orta serebral
arter doppler ultrasonografi, (MCA Doppler) uygulamalari ol-
dugu belirlenmistir (Tablo 1). Ucretlendirmesi belirtilen kodlara
gore yapilip gebe basina maaliyet hesaplanmistir.

SONUCLAR VE TARTISMA

Her yil cok sayida gebeyi etkileyerek fetal ve neonatal sonuclari
olabilen kan uyusmazhginin, erken teshis ve taniile ortaya cika-
bilecek komplikasyonlarin engellenmesi ve risk altindaki feti-
sin invazif olmayan takibine imkan saglayan yeni yaklasimlarin
gelistirilmesi, bu alandaki arastirmalarin temelini olusturmak-
tadir. Ginimuizde RhD (-) bir gebenin izlenmesinde uygulanan
yaklasim su sekildedir. Gebelere 12-16 hafta arasi gebe takip
sisteminde uygulanan rutin testlere ek olarak serolojik temel-
li test olan indirekt Coombs testi yapilmaktadir. Uygulanan bu
test sonucuna gére tedaviye yon verilmektedir. indirekt Co-
ombs testi negatif ise, gebeye 28. haftada anti-D proflaksisi uy-
gulanmaktadir (12). Eger indirekt Coombs testi pozitif ise, test-
ten elde edilen titreye gore tedaviye yon verilmektedir. Eger
titre, 1/32'den yiiksek ise, bebegin ultrasonografik bulgulari de-
gerlendirilmeye alinir. Ultrasonografi sonucuna gore fetal MCA
doppler ile bebegin sistolik basing degeri fetlisiin anemiden
etkilenip etkilenilmedigini belirlemede yardimci olur. Yuksek
etkilenme sonucu fetiisiin durumuna goére kordosentez éneri-
lir. Ancak, anneye dnceki gebeliginde yapilan anti-D kaynakli
yalanci indirekt Coombs pozitifligine sebebiyet verebilir. Yalan-
a1 pozitiflik durumunda yapilacak olan tim bu islemler anne ve
fetis icin yipratici olmaktadir. invaziv olmayan ydntem ile ma-
ternal kandan elde edilen hdfDNA ile gercek-zamanli PZR yon-
temi kullanarak fetal RHD genotipleme basarisi tarafimizdan ve
farkli gruplar tarafindan tespit edilmistir (11,13-15).

Calismamizda, maliyet analizi gerceklestirilmistir. Halen kulla-
nilan yaklasim ile yenilik¢i bir yaklasim olan fetal RHD geno-
tipleme sonucu hastaya yansiyan Ucretler kiyaslanmistir. Tablo
1'de RhD (-) gebelere uygulanan ek islemler ve bunlarin maliyet
analizi gosterilmistir. Maliyet analizinde SGK'nin Devlet hasta-
neleri icin kullandigi tcretlendirme sistemi olan Saglik Uygu-
lama Tebligi (SUT 2020) temel alinmistir. Bu sisteme gore RhD
(-) gebeye uygulanilan girisimlerin toplam maliyeti 733,19 TL
olarak hesaplanmistir. RhD (-) gebede fetal RHD durumunun
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belirlenmesi icin uygulanan bu yonteminin karsiligi olan 1-5
¢ift gen analiz islemin maliyeti ise 210 TL olarak belirlenmistir.

Tablo 1. Sosyal Guvenlik Kurumu Saglik Uygulama Tebligi
(SUT 2020) Verilerine Gére Test Ucretleri.

RhD (-) Gebelere Yapilan Ek Testler Ucretler ()
Jinekolojik Gebe Muayenesi 50,00
Yabanci Antibody Taramasi (Indirect Coombs) 10,00

1 Flakon Anti-D 607,76
UsG 30,25
MCA Doppler 35,18
Toplam 733,19
Fetal RHD Genotiplemesi

1-5 Cift Baz RT-PCR Uygulamasi 210,00
Toplam 210,00

iki farkli yaklagim arasindaki ticret farki her bir hasta icin 523,19
TL oldugu gosterilmistir.

Maliyet avantaji agisindan 6ne c¢ikan gercek zamanli PZR yonte-
mi ayni zamandan uygulanabilirlik olarak da en kolay ve ucuz
yontemlerden bir tanesidir. Son donemlerde daha hassas olma-
st bakimindan tani alaninda kendine hizli yer edinen yeni nesil
dizileme teknigine gore pratikligi, sarf malzeme alaninda ki
cesitliligi, teknik eleman yeterliligi ve uygulanabilirligi yontyle
kisa stirede etkinligini gosterecektir. Cesitli tlkelerde, RHD ge-
notiplemesinin maaliyet acisindan yapilan degerlendirmelerin-
de de uygulanilan bu teknigin maliyetinin cok daha dustik ol-
dugu gosterilmistir (16,17). TUm bunlara ek olarak, hastanelerin
gereksiz hasta is yukuni ve invaziv bir girisim olan kordosentez
uygulamasiyla olusabilecek komplikasyon riskini (18) ortadan
kaldirmaktadir. invazif olmayan fetal RhD genotipleme metodu
kullanilarak fettisin RhD durumunun erken belirlenmesi, RhD
(-) gebelerde izlenecek gdzlem ve miidahale yonetimini dnemli
olctide degistirilmesine neden olacaktir (16,19). Uygun anti-D
profilaksi saglamak icin testin tim RhD (-) gebeler icin sistema-
tik bir sekilde kullanilmasi, gereksiz uygulanacak islemle topla-
minda kisi basina 523,19 TL bir kazang saglayacaktir. Maliyetler
farkli stratejilerle azaltilabilse de, elde ettigimiz sonug¢ bu ve
benzeri glincel tani yaklasimlarinin etkin bir maliyet distirme
stratejisi oldugunu gostermektedir. Yapmis oldugumuz dnce-
ki calismada, Tirkiye'de RhD (-) gebeden dogan RhD (-) bebek
oraninin %10 oldugu tespit edildi (11). Bu gebelerin gereksiz
anti-D gibi kan riint almalarinin éniine gecilmesi ve yanhs
kullanimin éniine gecilmesini saglayacaktir.

Sonug olarak, invazif olmayan fetal RHD genotiplemesi icin uy-
gulanan bu yontem ile tedavi seyri ve basariyi kolaylastirma ya-
ninda, gebeye gereksiz tedavi uygulama yapilmasini ve olusan
ek maliyeti azaltacagi 6ngorilmektedir.
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Son yillarda, bitkilerin yapisinda dogdal olarak bulunan bilesiklere
duyulan ilgi giderek artmaktadir. Bu bilesiklerin sagladiklari fay-
dalar nedeniyle ginlik kullanimin yani sira kanser tedavisinde
terapotik olarak kullaniimasina yonelik cesitli calismalar yapilmak-
tadir. Bu calismalar, gtincel kanser tedavilerinde kullanilan kemo-
terapétiklerin ortaya cikardigi yan etkiler nedeniyle dogal kaynakh
ve apoptozu uyarabilen kemoterapétiklerin gelistirilmesini amag-
lamaktadir. Bu bilesiklerden biri olan betdlinik asit, lupan tipi pen-
tasiklik triterpenoid olup cesitli agaclarin kabuklarinda bulunan bir
sekonder metabolittir. Betilinik asit, antiviral ve antiinflamatuvar
etkiler gibi biyolojik aktivitelerin yani sira giiclii bir antikanser ak-
tiviteye sahiptir. Bu antikanser aktivitesini, mitokondriyal apopto-
zu tesvik ederek, hiicre siklusunu ve anjiyogenezi diizenleyerek
ve kanser gelisimi icin 6nemli bircok yoladi aktive veya inaktive
ederek gerceklestirir. Betilinik asit gibi dogrudan mitokondriyi et-
kileyen molekailler, tedavi stirecinde olusabilecek ilag direncini en-
gellemek icin bliylk umut vaad etmektedir. Ayrica betulinik asidin
kanser hiicrelerini dogrudan etkileyip saglkli hlicrelere karsi toksik
etkisinin olmamasi gelistirilmekte olan kemoterapi stratejilerinde
onu potansiyel antikanser molekil haline getirmektedir.

Bu derlemede, betiilinik asidin yapisal ve biyolojik &zellikleri ile
cesitli kanser turlerindeki antikanser etkilerinin tartisilmasi amag-
lanmaktadir.

Anahtar Kelimeler: Betlilinik asit, kanser, apoptoz

GiRIiS

Kanser, onkogenlerin aktivasyonu, timor baskilayicilarin
inaktivasyonu, epigenetik modifikasyonlar, kontrolsiz hiic-
re bliylimesi ve metastaz ile karakterize, diinya tzerinde
insidansi ve mortalitesi giderek artmakta olan genetik bir
hastaliktir (1,2). Kanseri etkileyen bu faktorlerin cogu, kan-
ser arastirmalarindaki tani, prognostik ve tiimoral belirteg
ile, tedavi yaklagimlarinin olusturulmasi icin yol gdsterici
olmustur.

ABSTRACT

In recent years, interest in naturally occurring compounds in plants
has been increasing. Due to the benefits of these compounds,
various studies have been carried out for their therapeutic use in
cancer treatment as well as in daily use. These studies have aimed
to develop chemotherapeutics that are natural and can stimulate
apoptosis due to the side effects of chemotherapeutics used in
current cancer treatments. One of these compounds, betulinic
acid, is lupane-type pentacyclic triterpenoid, a secondary metab-
olite found in the bark of various trees. Betulinic acid has strong
anticancer properties as well as antiviral and anti-inflammatory
effects. It performs its anticancer functions by promoting the mi-
tochondrial apoptosis, regulating cell cycle and angiogenesis, and
activating or deactivating many pathways which are important for
cancer development. Molecules that directly affect mitochondria
such as betulinic acid, hold great promise in preventing drug re-
sistance that may occur in the treatment process. In addition, the
fact that betulinic acid directly affects cancer cells and has no toxic
effect on healthy cells makes it a potential anticancer molecule in
developing chemotherapy strategies.

This review aims to discuss the structural and biological properties
of betulinic acid and the anticancer effects in various cancer types.

Keywords: Betulinic acid, cancer, apoptosis

Uzun yillar boyunca gelistirilen tedaviler timor ilerlemesi-
nin, niksiiniin ve mortalitenin azaltilmasi amaci ile gelis-
tirilmis sitotoksik kemoterapiye dayanmaktadir. Bu kemo-
terapiler, tim mitotik hucreleri hedef aldigindan kanser
hicrelerinin yaninda bazi normal doku hiicrelerine de zarar
verebilmektedir (3). Son yillarda kanser vakalarindaki artis
ve mevcut kemoterapilerin yan etkileri, normal hticreler
Uizerinde zararli etkisi olmayan, sadece kanser hiicrelerinde
toksik etki gOsteren yeni ilaglarin arastinlmasina yol agmis-
tir (4).
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Etkili antikanser ajanlar gelistirmek icin dnemli bir strateji, bit-
kilerin, biyolojik olarak uyumlu ve daha az toksik etkileri olan ve
bu nedenle potansiyel antikanser ajan haline gelen sekonder
metabolitleri olmustur. Sekonder metabolitler, cogunlukla bir
organizma tarafindan Uretilen ve biylmesi ve gelismesi icin
gerekli olmayan, stres ve savunma yaniti olarak uretildigi du-
stndlen kiclk organik molekiillerdir (5). Bitkilerin yapisinda
bulunan sekonder metabolitler baslica; fenolikler, alkaloidler,
flavonoidler ve terpenoidlerdir (6).

Bitkiler tarafindan Uretilen sekonder metabolitler arasinda yak-
lasik 40.000 Uyesi ile en blytik ve en cesitli kimyasal sinifi temsil
eden terpenoidler, polimerik izopren tirevleridir ve mevalonik
asit yoladi ile asetattan sentezlenir (7). Bu bilesikler yapisindaki
karbon ve izopren birimlerinin sayisina bagh olarak monoter-
penoidler, diterpenoidler ve triterpenoidler olarak siniflandiril-
maktadir.

Triterpenoid grubunun bir Giyesi olan betiilinik asit, yapisinda pen-
tasiklik izopren birimleri bulunan lupan alt tipi bir bilesiktir. Basli-
ca Betula sp., Betulaceae bitkilerinin kabuklarindan elde edilirken,
Platanus acerifolia, , Euphorbiacea Vochysia divergen, Ficus pandu-
rata, Pterospermum heterophyllum ve Vitex negundo gibi bitkilerin
kabuklari ve yapraklari da betlinik asit icin kaynak olusturur (8).
Betilinik asidin antiinflamatuvar, antianjiyogenik, antiviral ve
immiinmodailator etkilerinin yaninda glicli antikanser aktivitesi
bulunur (9). Bettlinik asidin antikanser aktivitesini, cesitli kanser
turlerinde yapilan calismalarda apoptozu tetikleyerek gercekles-
tirdigi belirlenmistir. Apoptozun mitokondri yolagini hedeflemek
kanser hiicrelerinin yasam stratejilerinden biridir. Betulinik asit ve
tlrevlerinin, pro-apoptotik Bcl-2 proteinlerinin ve kaspazlarin ak-
tivasyonlari ile apoptozun mitokondriyal yolunu aktive etmenin
yaninda, hiicre siklusunu ve anjiyogenezi diizenleyerek potansi-
yel antikanser etki sergiledigi bilinmektedir (10,11).

Bu derlemede, betiilinik asidin biyokimyasal 6zellikleri, anti-
kanser aktivitesi, hiicreler lizerindeki etki mekanizmasi, mev-
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cut durumda ve gelecekteki kanser tedavi seceneklerine olasi
katkilari cesitli kanser tirlerinde yapilan giincel calismalar ile
birlikte tartisilmistir.

Betiilinik Asidin Yapisi ve Sentezi

Sahip olduklar cesitli biyolojik aktiviteler nedeniyle 6nem-
li bir terpenoid grubu olan triterpenoidler, 30 karbonlu, alti
izopren birimine sahip bilesiklerdir ve yapilarindaki izopren
birimleri asiklik (mono) veya polisiklik (mono, bi, tri, tetra,
penta) yapida bulunabilir. Bu bilesikler karmasikliklarina gére
sentezlendikleri bitkilerin farkli bolgelerinde, farkli formlarda
bulunabilirler (12).

Betilinik asit (33-hidroksi-lup-20(29)-en-28-oik asit), temel ola-
rak geleneksel tipta ytzyilardir kullanilan hus agacindan (Betu-
la sp) ve Ziziphus, Syzygium, Paeonia cinslerinin ¢esitli tlrlerin-
den izole edilebilen lupan tipi pentasiklik triterpenoid sinifinin
bir Gyesidir (Sekil 1) (13).

Sekil 1. Betilinik asidin kimyasal yapisi (13. kaynaktan
uyarlanmistir).
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Sekil 2. Betiilinik asidin sentez yollari (50. kaynaktan uyarlanmistir).
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Bitkiler, triterpenoid sentezinde gerekli olan 6ncil bilesenleri
Uretmek icin mevalonik asit (MVA) yolagini tercih ederler. Be-
tllinik asidin biyosentezi, tim terpenoidlerin dnciilleri olan ve
mevalonik asit yolagindan sentez edilen izopentenil difosfat
(IPP) ve dimetil allil difosfat (DMAPP) molekaillleri ile baslar. Bu
biyosentezde iki dnemli basamak bulunur: 1. Bitkilerde triterpe-
niodlerin ve steroidlerin ortak oncusu olan 2,3-oksidoskualen
molekulunun oksidoskualen siklazlar tarafindan halkasal forma
donusmesi ile lupeol sentezi; 2. Lupeol sentezlendikten sonra
sitokrom P450 enzimleri ile C28 pozisyonundan oksidasyonu ile
betulinik asit bilesiginin olusturulmasidir (14,15) (Sekil 2).

Betilinik asit cok sayida bitkinin iceriginde bulunmasina rag-
men ekstraksiyonda elde edilen betilinik asit orani distktir
(%3-4). Bu nedenle ekstraksiyon verimliligini arttirmak icin ya-
ri-sentetik bir tretim sekli olarak, yine pentasiklik triterpenoid
bir bilesik olan ve bitki kabuklarinda betilinik aside kiyasla
daha yuksek miktarda bulunan (%22-30) betilin'den oksidas-
yon yoluyla betdilinik asit Gretimi saglanabilmektedir. Diger bir
Uretim sekli olarak mayalardan mikrobiyal fermentasyon yolu
kullaniimaktadir (8).

Betiilinik Asidin Etki Mekanizmasi

Uzun yillar bitkilerden elde edilen bilesikler, antikanser terapi-
lerinin 6nemli bir kaynagi olarak 6n plana ¢ikmislardir ve kemo-
terapiye kiyasla disik toksisite nedeniyle kanserin dnlenmesi
ve tedavisinde hayati bir rol oynamistir. Bitki kaynakli potan-
siyel antikanser ilaclarin kanser hiicreleri tzerinde cesitli etki
mekanizmalari bulunur. Bu mekanizmalar, cogunlukla intrinsik,
ekstrinsik, kaspaz ve / veya p53'e bagimli veya bagimsiz apop-
totik hiicre 6lima olmakla birlikte apoptotik olmayan hiicre
o6limi mekanizmalarini da icermektedir (16).

intrinsik apoptoz yolagi, mitokondriyal yolak olarak bilinir ve
hiicre icerisinde meydana gelen DNA hasari veya hiicresel
strese cevap olarak aktive olur. Bu yolagin aktivasyonu, dis
mitokondri membraninin permeabilizasyonu (MOMP) ile mi-
tokondri membran potansiyelinin kaybolmasi ile baslar, mi-
tokondriden sitokrom ¢ ve apoptotik proteinlerin salinimi ve
kazpazlarin aktivasyonu ile sonuclanir. Hiicrelerde, mitokondri
membranlarinin gecirgenligi, 61im ve sagkalim arasindaki sini-
r belirleyen faktérdur (17). Diger yandan mitokondri, hlicrede
biyoenerjetik metabolizmasinin diizenlendigi ana merkezdir.
Kanser hicrelerinin cesitli stres kosullari altinda metabolizma-
larini modiile etmelerini saglayarak, metastaz kapasitesinin
elde edilmesi ve kemoterapdtik ilaclara direng gelistiriimesi de
dahil olmak tzere kanser gelisimi ve ilerlemesinin nemli be-
lirleyicileri olarak ortaya ¢ikan hiticre ici sinyal merkezinin kilit
noktasi mitokondridir. Bu nedenle, kanser hiicrelerinin mevcut
kemoterapilere karsi gelistirdigi diren¢ mekanizmalarinin 6ni-
ne gecilmesi ve mitokondri membran gecirgenligini dogrudan
etkileyerek hiicre 6limiind tetikleyen ajanlar gelistirilmesi ke-
moterapi stratejilerinin nihai hedefidir (18).

Apoptozun indiksiyonu yolu ile kanser hiicrelerinin hedeflen-
mesi, tedavi secenekleri agisindan etkili bir ydntemdir. Mevcut
kemoterapiler cogunlukla, hiicresel stresin veya p53'lin aktif-
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lestirilmesi yolu ile intrinsik apoptoz yolaginin indiiklenmesi
veya o6lim reseptorleri ile ekstrinsik apoptoz yolaginin indik-
lenmesini hedefler. Bettlinik asit, mevcut kemoterapi ajanla-
rindan farkli olarak kanser hticrelerinde dogrudan mitokondri
membran potansiyelini etkileyebilen potansiyel antikanser
bilesiklerden biridir (10). Mitokondri membran gecirgenligi-
ni etkileyerek sitokrom C, Smac ve apoptoz indiikleyici faktor
(AIF) proteinlerinin sitozole salinmasina neden olur. Salinan
bu proteinler sirasiyla kaspaz-9, kaspaz-3 ve kaspaz-7'nin ak-
tivasyonuna yol acarak DNA fragmantasyonuna ve sonunda
hiicrenin apoptozuna neden olur (11). Bununla birlikte cesitli
calismalarla betdlinik asidin farkl kanser tirlerinde reaktif ok-
sijen turlerinin (ROS) olusumunu ve pro-apoptotik Bcl-2 pro-
teinlerinin ekspresyonlarini arttirarak mitokondriyal apoptozu
destekledigi gorilmustir (19,20). Ayrica betilinik asit, ana etki
mekanizmasi mitokondriyi etkilemek olsa da timor nekroz
faktori-iliskili apoptoz indukleyici ligand (TRAIL) ile birlikte
FADD seviyelerinin ve p53 aktivitesinin artisina neden olarak
ekstrinsik apoptoz yolagini da uyarabilmektedir (21).

Apoptotik hiicre 6lim mekanizmalarini dogrudan uyarabilme-
sinin yaninda betulinik asit, kanser gelisiminde etkili ve dolayli
olarak apoptoza neden olabilen hiicresel yolaklar tizerinde du-
zenleyici etki gostermektedir (Sekil 3). Bu baglamda, NF-kB'nin
nukleusa transloke olmasini saglayan proteinin aktivasyonunu
baskilayarak (22) ve STAT3 proteininin negatif regulatori olan
proteinin ekspresyonunu arttirarak bu iki yolagin inhibisyonu-
na sebep oldugu gorialmustir (23). Bununla birlikte siklin D1 ve
vaskuler endotelyal biytime faktort (VEGF) (24) ekspresyonla-
rini baskilayarak hiicre siklusunu ve anjiyogenezi diizenledigi
ve metastatik strecleri yonlendiren molekiiller olan matriks
metalloproteinazlarin (25) ekspresyonlarini azaltarak kanser
metastazini baskiladigi bildirilmistir.

Betiilinik Asit
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Sekil 2: Betiilik asidin antikanser etkisi (8. kaynaktan
uyarlanmistir).

Betiilinik Asidin Antikanser Etkileri

Bitkilerden elde edilen dogal bilesikler sagladiklari yararlar
nedeniyle yiizyillardir kullanilmaktadir. lyilestirici 6zellikleri
nedeniyle bu bilesiklerin potansiyel terapotik 6zellikleri tize-
rine yapilan kapsamli ¢calismalar, bu bilesiklerden bircogunun
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kanser tedavisinde kullanilabilecek glclu antikanser etkilere
sahip oldugu ortaya koymustur. Benzer sekilde, betdlinik asit
ve tlrevlerinin antikanser etkileri, cesitli kanser tirlerindeki
hiicre soylarinda, primer tumor kiltirlerinde ve timér ksenog-
raft modellerinde in vivo ve in vitro olarak kapsaml bir sekilde
incelenmistir.

Bircok calisma, betdilinik asidin kanser hiicrelerine etki ettigini
ancak saghkli hiicreler tzerinde toksik etki gostermedigini bil-
dirmistir. Betilinik asidin bu secici toksisite 6zelligiilk olarak Pis-
ha ve ark. tarafindan 1995 yilinda melanoma hiicre soylarinda
yapilan bir calismada gosterilmistir. Calismada, betilinik asidin
melanoma hiicrelerinin canhligini ve melanoma fare modelle-
rinde tUmor blylmesini azalttigi gézlemlenmistir (26). Betdili-
nik asidin hiicrelerdeki apoptotik etki mekanizmalarina yénelik
Fulda S. ve ark. yaptiklar ¢calismalar ile birlikte, betilinik asidin
ndroblastoma hiicrelerinde asiri ROS Uretimine, mitokondriyal
membran potansiyelinin kaybina neden oldugunu ve bunu
takiben mitokondriden sitokrom C ve AIF salinimini uyararak
mitokondrial apoptozu tetikledigi belirlenmistir (27,28). Bu ¢a-
lismalardan yola cikilarak sonraki yillarda betdlinik asidin kolon,
prostat, serviks, renal kanser, akciger ve |6semi gibi diger pek
cok kanser turlerindeki hiicresel toksisitesi ve kanser gelisimin-
de etkili yolaklar ve siirecler tizerindeki olasi etkilerinin incelen-
digi bircok calisma yapilmis ve bu calismalar giinimiizde de
devam etmektedir.

Geleneksel etnofarmakolojide sikca kullanilan Alstonia schola-
ris bitkisinin yapraklarindan izole edilen 13 farkh triterpenoid
ve sterollerin arasindan betulinik asidin, A549 akciger adeno-
karsinoma hicrelerinin canlih@ini azaltarak anti-proliferatif
aktiviteye sahip major bilesenlerden biri oldugu bulunmustur
(29). Akciger adenokarsinoma hiicre soylarinda yapilan diger
bir calismada, akciger kanserinde siklikla mutasyonu gozlenen
endoteliyal blytume faktoru reseptoriiniin (EGFR) tirozin kinaz
inhibitorleri (TKI) Gefitinib ve Erlotinib'e direncli H1975 ve EGFR
mutant TKI duyarli HCC827 hiicre soylarinda betdlinik asidin,
EGFR-TKI ile kombine tedavisi sonucu H1975 hiicrelerinin can-
ihgini azalttigi, apoptotik hiicre oranini arttirdigi ve hiicre don-
gusuiliskili proteinlerin ekspresyonunu azalttigi gézlemlenmis-
tir. Ek olarak, otofaji iliskili proteinlerin ekspresyonlarini arttirip
mitokondri membran potansiyelinin kaybina yol agmistir (30).
Son yillarda ilag etkinliginin iyilestirilmesinde nanoparttkiil
teknolojisi siklikla kullanilmaktadir. Zhao ve ark. bir calismasin-
da akciger kanseri hiicre soylarinda betdlinik asit nanopartiku-
|G uygulanmasi sonrasi, hiicrelerde kolesterol homeostazinda
gorevli, bazi timor hicrelerinde yiiksek seviyelerde bulunan
ve hicresel sagkalim ile iliskili oldugu gosterilen ATP baglayici
kaset tastyici G1 (ABCG1) seviyelerinin 6nemli dlctide azaldig
gorulmustir. Ayni zamanda betilinik asit nanopartikilinin
hiicrelerde migrasyonu ve invazyonu inhibe ettigi ve p21, p53
ve c-Myc seviyelerini azalttigi gozlemlenmistir (31). Nanoparti-
kil teknolojisine yonelik yapilan diger bir calismada, betiilinik
asit iceren poli laktik ko-glikolitik asit (PLGA) nanopartikili he-
patoselliiler karsinoma rat modelinde tek basina betdlinik asit
uygulamasina kiyasla, kaspaz-3 ve kaspaz-9, pro-apoptotik Bcl-
2 proteinlerinin ve i-NOS ve e-NOS seviyelerinde daha fazla ar-
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tisa neden olmustur. Ayrica, sicanlarda karsinojenik kosullarda
ortaya cikan karaciger hasari nedeniyle artmis trigliserit, total
kolesterol, dusilik dansiteli lipoprotein (LDL), ¢cok diistik dansi-
teli lipoprotein (VLDL) ve azalmis ylksek dansiteli lipoprotein
(HDL) seviyeleri betulilinik asit PLGA nanopartikili tedavisi ile
normal diizeylere gelmistir (32).

Kanser hiicrelerinin gelistirdigi ila¢ direnclerine yonelik olarak
betilinik asidin, androjen reseptori antagonisti direnci siklikla
gozlenen prostat kanserinde androjen reseptor proteini sevi-
yelerini azaltmis ve multiple deubikuitinaz aktivitesini baskila-
yarak prostat kanseri hiicrelerini segici olarak hiicre canliligini
azalttigi belirlenmistir (33). Bununla birlikte betdlinik asit, hi-
poksik kosullara maruz birakilmis PC-3 prostat kanseri hiicrele-
rinde artmis HIF-1a ekspresyonunu ve hiicrelerde HIF-1a artigi-
na baglh olarak artis gosteren STAT3 ekspresyonunu azaltmistir.
Ayrica HIF-1a ve STAT3'Un hipoksik kosullarda cevap olarak
aktive olan VEGF'nin promotor bdlgesine baglanmasini engel-
leyerek anti-anjiyogenik etki gosterdigi belirlenmistir (34).

Mesua ferrea bitkisinin kabugundan elde edilen ve aralarinda
betlinik asidin bulundugu biyoaktif alt fraksiyonu, HCT116 ko-
lorektal karsinoma hiicrelerinde kaspaz-9, 3 ve 7 seviyelerinin
artisina, hiicrelerin invasyon ve migrasyonunu azaltarak metas-
tatik kapasitelerinin baskilanmasina neden olmustur. Ek olarak,
kanser gelisiminde etkili yolaklar ve molekdller olan Wnt, HIF-
1ave MAPK/ERK yolaginin asagi regiilasyonuna neden olurken,
p53 ve TGF-B'y1 yukari regtile etmistir (35). Benzer sekilde, yine
kolorektal adenokarsinoma HT-29 hiicrelerinin dahil oldugu bir
calismada betilinik asit, bu hiicrelerde Bcl-2 ve siklin D1 eks-
presyonlarini azaltip Bax ekspresyonlarini arttirarak antikanser
etki gostermistir (36).

Melanoma hiicrelerinde yapilan bir calismada betilinik asit,
hiicrelerde apoptotik hiicre 6limiini tetiklemis, mitokondrial
membran potansiyelinin depolarizasyonunu saglamistir. Ayri-
ca, betilinik asit ROS Uretimi ile baglantili olarak pro-apoptotik
mitojen aktive protein kinaz (MAPK) proteinleri p38 ve JNK'nin
fosforilasyonunu uyarmistir (37).

Zeng ve ark. meme kanseri hiicrelerinde betilinik asidin an-
ti-metastatik etkileri izerine yaptiklari bir calismada, metas-
tatik stirecin major molekdlleri olan matriks metalloprotei-
nazlarin (MMP-2, MMP-9) ekspresyonlarini azaltirken MMP-2
inhibitori olan TIMP-2 eskpresyonlarini arttirmistir. Bu veriler,
farkli dozlarda betdlinik asit uygulamasi sonrasi hiicrelerin aza-
lan migrasyon ve invazyon seviyeleri ile paralellik gostermistir.
Ek olarak, timor tasiyan fare modelinde betdlinik asit timor
blyumesini ve timoriin akciger metastazini azaltmistir. Yapilan
immiinohistokimyasal analizlerde matriks metalloproteinaz-
lar, Ki67 ve STAT3 seviyelerinde azalma goérilmustir. Betdlinik
asidin fare modellerinde toksik etki gosterip gostermedigini
belirlemek amaciyla yapilan hematolojik ve serum biyokimya
analizlerinde ise patolojik bir degisime rastlanmamistir (38).

Kanser hiicrelerinin degistirilmis metabolizmalarinin hedef-
lenmesinin timor blylimesi ve metastazinin baskilanmasi icin
faydali bir strateji oldugu distinilmektedir. Bununla baglantih
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olarak, meme kanseri hiicrelerinde betlinik asit, endoplazmik
retikulumda hiicresel stresin sensori olan glikoz iliskili protein
78 (GRP78) araciligi ile laktat dehidrogenaz (LDH) ve piriivat de-
hidrogenaz kinaz 1 (PDK1) gibi glikolitik proteinlerin seviyelerini
azaltmistir. Ayrica betilinik asit tedavisine yanit olarak, kanser
hiicrelerindeki birikimi metastatik ve metabolik degisimlere
yol acan B-katenin ve c-Myc protein seviyelerinde azalma goz-
lemlenmistir (39). Farkli bir calismada betilinik asit, triple nega-
tif meme kanseri hiicreleri, mikrovaskuler endotel hiicreler ile
birlikte kulttrlendiginde VEGF ve temel fibroblast biiyime fak-
torl (bFGF) ekspresyonlarini azaltmis, farkli dozlarda uygulan-
diginda TNF-q, TLR4, NF-kB1, IL-6, , HIF-1q, STAT3 ve i-NOS gibi
inflamatuvar faktorlerin ve p21, p27, siklinD1, CDK-2 ve CDK-6
gibi hiicre dongusu iliskili genlerin ekspresyonlarini azaltarak
anti-inflamatuvar ve anti-anjiyogenik etki gostermistir (40).

Betilinik asit, antikanser etkilerini hiicresel sagkalim ile iliskili
farkl yolaklar tizerinden de gosterebilmektedir. Bu dogrultuda,
Xu ve ark. servikal kanseri (HeLa) hiicrelerinde yaptiklari bir ¢a-
lismaya gore, betiilinik asit, doz ve zamana bagli olarak fosfoti-
dil inozitol 3 kinaz (PI3K) alt birimleri p110a ve p85 seviyelerini
ve PI3K'in akis asagisinda bulunan Akt'nin Ser473 ve Thr308
kalintilarindan fosforilasyonunu baskilayarak PI3K/Akt yoladi
Uzerinde inhibitor etki gostermistir. Betllinik asit etkisi ile ar-
tan ROS Uretiminin PI3K/Akt inhibisyonu tzerindeki dogrudan
etkisini belirlemek amaci ile bir ROS antagonisti olan glutatyon
ile birlikte uygulandiginda, betilinik asidin yolak tzerindeki
inhibitor etkisinin ve kaspaz-9 ve Bad lizerindeki stimtlator et-
kisinin ortadan kalktigi gorilmustir. Bu sonuglar, ROS uretimi-
nin betdlinik asidin aracilik ettigi apoptoz siirecinde énemli bir
faktor oldugunu desteklemistir (41). Hepatosellller karsinoma
hiicrelerinde yapilan bir calismada ise, betdlinik asit pro-apop-
totik proteinlerin ekspresyonlarini arttirmasinin yaninda, Bec-
lin-1, LC3B-Il ekspresyonlarini arttirarak diger bir hiicre 6lim
sekli olan otofajiyi aktive etmistir. Diger yandan otofajik pro-
teinler ile es zamanl olarak PI3K, Akt ve mTOR proteinlerinin
fosforilasyonunda azalma gozlenmesi, betilinik asidin PI3K/
Akt/mTOR yolagini baskilayarak otofaji ve apoptotik hiicre 6lu-
mun uyardigini géstermektedir (42).

Diger bir calismada, hipoksik kosullar altinda inkiibe edilen
Hela hiicrelerinde gozlenen HIF-1a birikimi, artan dozlarda
betulinik asit uygulamasi sonrasi hiicrelerde proteozom aktivi-
tesinin artisini takiben azalma gdstermistir. Bu azalma ile bir-
likte, hipoksik kosullarda HIF-1a’'nin hedef genleri olan VEGF,
GLUT1, Hekzokinaz (HK) ve PDK1 ekspresyonlarinda da azalma
gO6zlenmistir (43). Bununla birlikte farkl bir calismada, betulinik
asit, akut miyeloid 16semi hiicrelerinde aril hidrokarbon resep-
torinun (AHR), promotorunun demetilasyonu yoluyla AHR gen
ekspresyonunu 6nemli dl¢lide arttirmistir. Bu artis, AHR'nin aril
hidrokarbon reseptori niiklear translokatoriintin (ARNT) HIF-
1a ile etkilesimini rekabetci bir sekilde inhibisyonuna ve bu
sayede HIF-1a yolaginin ve VEGF Uretiminin baskilanmasina
neden olmustur (44).

Over kanseri hiicrelerinde son yillarda yapilan bir calismada,
betilinik asidin timor hiicrelerinde metastazin baslangici ola-
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rak kabul edilen, epitelyal karakterdeki hiicrelerinin epitel 6zel-
liklerini kaybedip hareketli mezenkimal karakter kazandigi bir
stire¢ olan epitelyal-mezenkimal gecis (EMT) ile iliskili protein-
lerin seviyeleri tizerindeki etkisi incelenmistir. Buna gore beti-
linik asit, mezenkimal protein N-kaderin ekspresyonunu azaltip
epitelyal protein olan E-kaderin ekspresyonunu arttirarak an-
ti-metastatik etki gostermistir (45). Benzer sekilde renal hiicreli
karsinoma hicre soylarinda betilinik asit, MMP-2, MMP-9 ve
mezenkimal protein Vimentin seviyelerini azaltirken E-kaderin
ve TIMP-2 seviyelerinde artisa neden olmustur (46).

Bir BCR-ABL tirozin kinaz inhibitori olarak kullanilan imatinib
Kronik miyeloid 16semi tedavisinde kullaniimaktadir. Histon de-
asetilazlar (HDAC) hiicre proliferasyonu, farklilasma ve apoptoz
gibi hiicresel fonksiyonlarda rol oynar ve imatinib direncli 16-
semilerde asirn ekspresyonlari gorilir. Kronik miyeloid |6semi
hicreleri K562 ve imatinib direncli K562R hiicrelerinin kullanil-
dig1 ve imatinib ve betdlinik asidin birlikte uygulandigi bir ca-
lismada betdilinik asit, imatinib direncli hiicrelerdeki HDAC eks-
presyonunu posttranskripsiyonel seviyede azaltarak hiicrelerin
imatinibe duyarlihgini arttirmistir (47).

Oral skuamoz hiicreli karsinoma (OSCC) icin etkili tedavilerden
biri de hiicre déngusiini baskilayan, apoptotik hiicre 8limini
arttiran ve timor blyumesini azaltan radyoterapilerdir. Ancak
OSCC vakalarinda radyoterapi direnci yaygin olarak gozlenir.
NF-kB ve STAT3 yolaklarinin yaninda spesifik protein 1 (Sp1)'in;
PTEN tumor baskilayici proteinin ekspresyonunu bastirarak
radyoterapi direncinde etkili oldugu bilinmektedir. Bu bilgi-
lerden yola cikilarak radyoterapi direnci gosteren OSCC hiicre-
lerinde yapilan bir calismaya gore betdlinik asit, Sp1 ekspres-
yonunu azalip ve dolayisiyla PTEN ekspresyonunun artmasina
sebep olarak hiicrelerdeki radyoterapi direncini ortadan kaldir-
mistir (48).

Betilinik asit ve tirevlerinin kanser de dahil bircok hastaligin
tedavisinde ve 6nlenmesindeki yiiksek potansiyeli bir ¢cok ¢alis-
ma ile aydinlatilmis olmasina ragmen bu konu ile ilgili yapilmis
sinirli sayida klinik calisma bulunmaktadir. Bu nedenle betiili-
nik asidin uygulanabilecek tedavilerdeki gercek etkinligi, tolere
edilebilirligi ve glivenligi yeterince acik degildir (49).

SONUC

Kanser, tim diinyada gorilme sikligi ve mortalitesi hizla artan,
yasam tarzi ve genetik faktorlerin etkili oldugu bir hastaliktir.
Kanser olusumunda ve gelisiminde, cevresel faktorler mu-
tasyonlar ve farkh hiicresel yolaklarin etkilesimleri gibi cesitli
patolojik faktorler etkilidir. Bu faktorlerin cesitliligi, kanser te-
davisini standart olmaktan uzaklastirmakta ve dahasi hastalk
strecinde dinamiklesen faktorler mevcut tedavileri de etkisiz
hale getirmektedir. Bu nedenle kanser tedavilerinde yeni yakla-
simlar olusturmaya yonelik calismalara duyulan ihtiyag strekli
hale gelmistir. Bu calismalar neticesinde gelistiren yeni tedavi
ajanlari, hedefe yonelik tedavi stratejileri ve ilag kombinas-
yonlari, gelisen klinik teknolojiler ile birlikte dnemli bir basar
gostermistir. Bununla birlikte, kimyasal ve sentetik ilaglarin et-
kisizligi veya yan etkileri son yillarda terapétik yaklagimlar icin
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dogal bilesiklerin kullanilmasini glindeme getirmistir. Bitkiler-
den elde edilen bilesiklerin kansere karsi terapotik etkilerinin
incelenmesine yonelik cesitli arastirmalar yapilmaktadir. Bu
baglamda, betilinik asit ve tirevlerinin bircok kanser tiirinde
secici toksisite gostermesi, farkli yolak ve molekdller Gzerinde
etki gostermesi ve dogrudan mitokondriyi hedeflemesi, 6zel-
likle tedaviye direncli ve agresif kanser turlerinde yararli olabi-
lecek sonuclardir.

Bu derlemede 6zetlenen calismalar dikkate alindiginda, bettili-
nik asidin kanser tedavilerinde daha etkili kullanilabilmesi icin
molekiiler mekanizmalarinin daha iyi aydinlatilmasi, etkili ilag
iletim sistemlerinin gelistirilmesi ve biyoyararlanimin arttiriima-
sina yonelik yeni calismalara ihtiya¢ duyuldugu goriilmektedir.
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ABSTRACT

Saliva is a body fluid, which is secreted from 3 major salivary
glands (parotid, submandibular and sublingual) and many minor
salivary glands. It contains organic and inorganic substances with
99% water, and has several functions such as contribution to ar-
ticulation, digestion, cleansing and protection of the oral mucosa,
and antimicrobial effects. The concentration of saliva’s substances
vary according to the responses to physiological processes in the
human body. Containing genetic materials such as DNA and RNA
also highlights saliva as a potential diagnostic tool. Saliva analysis
has advantages such as being cheaper, non-invasive, easier pa-
tient cooperation, and low technical sensitivity compared to blood
tests; it can be used in the diagnosis of many diseases or routine
risk assessments. It is also promising for its advantages in collec-
tion and storage of the samples. Advances in molecular biology,
genomics, and proteomics have revealed the importance of saliva
in the detection of many diseases, coining the term salivaomics.
The early diagnosis of the diseases in which symptoms can be seen
in late stages, may provide an easier treatment and improve the
prognosis. In this review, the biomarkers of saliva in the presence
of different diseases and the advantages of their use in diagnosis
were examined.

Keywords: Saliva, oral diseases, diagnosis

INTRODUCTION

Saliva is a body fluid, which is secreted from 3 major sal-
ivary glands, which are parotid, submandibular and sub-
lingual, and nearly 1000 minor salivary glands. It helps to
maintain the health and hygiene of the oral cavity and has
many functions such as contribution to articulation, swal-
lowing, and maturation of erupted teeth (1). Thanks to its
antimicrobial properties, it is beneficial for the protection
of microbial balance and the prevention of infections (2).

0z

Tukuruk; bashca tG¢ major tukirik bezi (parotid, submandibular
ve sublingual) ve bircok mindr tukirik bezinden salgilanan bir
viicut sivisidir. Icerisinde %99 suyla birlikte organik ve inorganik
maddeler bulunduran tiikirigin; artikilasyon, sindirim, agiz mu-
kozasinin temizlenmesi ve korunmasi ile antimikrobiyal etkiler gibi
bircok islevi vardir. Tukurtugun icerisindeki maddelerin konsantras-
yonlari viicuttaki fizyolojik stireclere verilen yanitlara gore degisik-
lik gosterir. DNA ve RNA gibi genetik materyalleri barindirmasi da
tukuragu potansiyel bir teshis araci olarak 6ne ¢ikarmaktadir. Kan
tahlillerine gore hasta kooperasyonunun daha kolay olmasi, daha
ucuz, non-invaziv ve teknik hassasiyetin az olmasi gibi avantajlari
olan tiikuruk testleri; bircok hastaligin teshisinde kullanilabilecegi
gibi rutin risk degerlendirmelerinde de kullanilabilir. Ornek toplan-
masi ve saklanmasindaki avantajlarindan dolay1 da gelecek vaad
etmektedir. Molekuler biyoloji, genomik ve proteomik alanlarinda-
ki gelismeler sayesinde salivaomik terimi ortaya ¢ikmis ve bircok
hastaligin saptanmasinda tiikiirigiin 6nemi belirtilmistir. Ozellikle
semptomlarin ge¢ goriilmeye basladigr hastaliklarin tukurik test-
leri sayesinde erken teshis edilmesi, tedaviyi buiylk oranda kolay-
lastirabilir ve prognozu iyilestirebilir. Bu derlemede, farkli hasta-
liklarin varliginda tukirikte bulunan biyobelirtecler ve teshiste
kullaniminin avantajlari incelenmistir.

Anahtar Kelimeler: Tukurik, agiz hastaliklari, teshis

Saliva, secreted between 0.75 and 1.5 liters per day, is odor-
less, colorless and has a pH range of 6.5-7.5. It contains 99%
water, organic and inorganic substances, and many micro-
organisms that play roles in different diseases (3). Organic
substances are composed of urea, uric acid, glucose, fatty
acids, glycerides, creatinine, peroxidase, amylase, and hor-
mones. As for the inorganic molecules; Na*, K*, Ca*, CI,
Mg?*, F~, I, HCOs- and H,PO, are some of the ions found in
saliva (4,5). These substances in the structure of saliva have
different functions (6). For instance, amylase and lipase
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catalyze the digestion of carbohydrates and fats, while thiocy-
anate ions play a bactericidal role. Calcium in saliva contributes
to the process of remineralization of tissues (7). Also, antioxi-
dant enzymes in saliva protect the oral cavity from the negative
effects of free radicals, reactive oxygen, and different forms of
nitrogen (8,9). Some of the agents in saliva pass through tran-
scellular and paracellular pathways from blood and their con-
centrations vary according to physiological processes, which
makes saliva a potentially good diagnostic tool (10). Develop-
ments in molecular biology, genomics, and proteomics led to
coining the term “salivaomics’, which reveals the importance of
salivary biomarkers in diagnosis of oral and systemic diseases
and current stages of them (10).

The most important step for the treatment is to make an accu-
rate diagnosis. When the clinical, radiological, and histological
features of the disease are known, it will be easier to eliminate
the disease factors (11). Caries, periodontal diseases, and oral
malignant lesions are some of the examples of oral diseases
that can be diagnosed with saliva tests (12). In addition to oral
diseases, saliva can be used for the diagnosis of systemic dis-
eases such as diabetes mellitus, cardiovascular diseases, and
other infections. Also, it can be used for detection of drugs, and
identification in forensics (13,14).

DENTAL CARIES

Dental caries is a common multifactorial oral disease that can
progress to the loss of teeth with symptoms of pain by demin-
eralization of mineralized tissues in enamel, dentin and cement
(6). Dental caries are not reversible especially in the later stages,
therefore it's essential to prevent it with good oral hygiene or
to diagnose in early stages. Saliva can be easily used to detect
risk factors because it contains structures such as molecules
that cause remineralization and bacteria. There are many stud-
ies analyzing biomarkers by taking different saliva samples.
Among the most important caries markers in saliva are micro-
organisms. Lactobacilli and Streptococcus mutans are the pri-
mary bacteria that cause caries. Other bacteria such as Strep-
tococcus sobrinus, Streptococcus cricetus, Streptococcus rattus,
Streptococcus macacae, Streptococcus downei, and Prevotella ge-
nus differ between healthy individuals and patients (8,15). Pro-
teins like statherin, cystatin, histatins, and proline-rich proteins
(PRP) contribute to maintenance of enamel’s structural integri-
ty, so they are important biomarkers in caries diagnosis. It has
been shown that these proteins are found in larger amounts
in individuals without previous caries history (16). It is thought
that there is a difference in immunoglobulin (Ig) levels in the
presence of caries. Although studies on this subject are limit-
ed, it has been revealed that IgA levels are higher in individuals
with caries (17). Oxidative stress in saliva also causes the cari-
ous lesions, restricting the movement of dentin fluids, so the
inflammatory response of dentin is affected. As a result, dentin
becomes more sensitive to bacterial acids and the destruction
of hard dentin tissues is observed. A study that examines the
relation of salivary glutathione and dental health also showed
that there may be a relation between caries and antioxidants
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found in saliva (18). Matrix metalloproteinases (MMP) such as
collagenase in extracellular fluids, are enzymes that show cell
death. Dentin contains collagen Type | and a small amount of
collagen TypeV, so the presence of collagenase in saliva caus-
es destruction of dentin and indicates pulp or periodontal tis-
sue destruction due to severe dental caries (19). Studies have
shown that mucins may be another potential biomarker of
caries. Mucins help to enhance the agglutination of bacteria,
therefore they contribute to the protection of teeth from car-
ies. So the decrease in mucins may accelerate demineralization
(20). The amount, flow rate, and viscosity of saliva are import-
ant as well as the content for the prevention of dental caries
(21). In the patients whose salivary flow rate is insufficient, sa-
liva may not be able to clear the acids of the food consumed
and eventually, the pH balance will deteriorate thorough acidic
direction, which will increase the risk of caries (20). In a study
in which erosion was examined by taking unstimulated saliva
in children, the rate of saliva flow in children with erosion was
noticeably lower than the control group. In the same study, the
amount of chloride was higher in children with erosion (22).

PERIODONTAL DISEASES AND PERI-IMPLANTITIS

Periodontal diseases develop with inflammation of the gingi-
va, the periodontal ligament and alveolar bone around teeth
and it is one of the reasons for tooth loss (23). Peri-implantitis,
on the other hand, is a disease that develops in tissues around
the implant and includes bone loss (24). Although their etiolo-
gies are similar, resorption in peri-implantitis progresses much
faster. Many studies were carried out to provide early diagno-
sis of these diseases by detecting biomarkers in gingival fluid
and saliva. The most important biomarkers are gram (-) bacte-
ria such as Aggregatibacter actinomycetemcomitans, Porphyro-
monas gingivalis, Tannerella forsythensis, Treponema denticola,
Prevotella intermedia, Campylobacter rectus, Fusobacterium
nucleatum and Eikinella corrodens (4,16). Studies revealed that
an increase in the amount of salivary IgA, 1gG, and IgM could
contribute to the immunological response against these bacte-
ria. The most commonly used methods for the detection of Igs
in saliva are radial immunodiffusion and nephelometer. Also,
an enzyme-linked immunosorbent assay (ELISA) can be used
in detection of many biomarkers found in saliva in addition to
Igs. Likewise, it has been observed that these glycoproteins de-
crease after treatment (25). Interleukins (IL) such as IL-1 and IL-6
are also involved in the inflammatory process in periodontitis
and they have been proved to trigger osteoclastic activity and
cause bone and tissue destruction. Interleukins may be prod-
ucts of epithelial cells, fibroblasts, osteoblasts, polymorphonu-
clear neutrophils, and endothelial cells and play a role in the ac-
tivity of MMPs and their inhibitors (26). MMP-8 and MMP-9 are
very important biomarkers in periodontal and implant-related
diseases. PerioSafe and ImplantSafe, which are developed as
applicable chair-side, are used in detecting active MMP-8,
especially in oral fluids. While active MMP-8 was positive in
patients with periodontitis or peri-implantitis, the response
turned negative after the treatments (27). Other important fac-
tors determining periodontal health are oxidative stress mark-
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ers. Studies that evaluated the total antioxidant capacity levels
showed a decrease in antioxidants in non-smoking individuals
with periodontal disease. The level of antioxidants rises again
after the treatment (28,29). In another study, it was observed
that the level of nitric oxide in saliva increased in patients with
gingivitis, chronic and aggressive periodontitis as compared to
healthy individuals, while adrenomedullin may be an import-
ant marker only in patients with aggressive periodontitis (8).

SJOGREN’S SYNDROME

Sjogren’s syndrome (SS) is an autoimmune disease that affects
the secretory glands. Although the cause of this disease is not
yet fully known, it may be accompanied by some inflammato-
ry rheumatic diseases (30). Today, the diagnosis of SS is made
by evaluation of the symptoms and the biopsy of the salivary
glands. But it is possible to distinguish primary and secondary
SS from each other or other autoimmune diseases such as sys-
tematic lupus erythematosus by conducting proteomic and
transcriptomic examinations of saliva. Rheumatoid factor, An-
ti-Ro/SS-A and Anti-La/SS-B are conventional biomarkers used
in the diagnosis of SS (31). Other than that, studies showed a
relation between SS and 19 different genes, which were in-
volved in the presentation of antigens and osmosis of lym-
phocytes (32). When patients and healthy individuals are com-
pared; higher levels of IL-2, IL-4, IL-5, IL-6, clusterin, cathepsin-d,
a-enolase, and 2-microglobulin are observed (10,26). It is also
mentioned that there is oxidative stress in the presence of a
disease. Markers such as increased oxidative DNA damage can
play an important role in controlling the disease (4). A recent
study evaluating lymphocytes in patients with SS concluded
that lymphocytes are found in parotid saliva in both primary
and secondary SS while there are no findings in healthy indi-
viduals (33).

ORAL PREMALIGNANT LESIONS AND ORAL
CANCERS

Oral premalignant lesions are among the abnormalities that
dentists frequently encounter after caries and periodontal dis-
eases in their clinical applications. These lesions can turn into
cancer if they are not treated or controlled with follow-up ex-
aminations. Lichen planus (LP) especially when it shows an ero-
sive-atrophic pattern, leukoplakia, erythroplakia, precancerous
melanosis and oral submucous fibrosis are some of the prema-
lignant lesions that could be seen in the oral cavity (34).

Lichen planus: Chronic inflammation in epithelial cells can be
seen as a white lesion with reticular structure and erythem-
atous borders. Amalgam, non-steroidal anti-inflammatory
drugs, and hepatitis C virus are thought to cause antigenic
change as etiological factors (35). Currently, the most studied
biomarkers in the diagnosis of lichen planus are cortisol, Igs,
cytokines, and oxidative stress-related molecules. In a study, an
increase was observed in salivary cortisol levels due to anxiety
in patients with lichen planus when compared to healthy indi-
viduals (36). An analysis of Ig by ELISA showed an increase in
IgA and IgG levels (25).
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Leukoplakia: It is one of the frequently encountered precancer-
ous lesions. There is a 10% risk of developing cancer in leuko-
plakia (37). Studies are carried out on cytokines as biomarkers.
There are studies showing the increase in IL-1B, IL-6, cystatin,
and apolipoprotein A-1 on unstimulated whole saliva in pa-
tients with leukoplakia (38,39).

Oral cancers: Carcinomas seen in the oral cavity are among the
most common cancers in the head and neck region (34). The
most common is oral squamous cell carcinoma (OSCQ). It has a
high mortality rate in many countries. The initial diagnostic tool
of carcinomas today is biopsies which are mostly invasive pro-
cedures (3). So the need for non-invasive diagnostic tools is in-
creasing. More than 100 biomarkers are known for the diagno-
sis of oral cancers, primarily salivary proteins, RNA and DNA (4).
While unstimulated whole saliva is generally used in detecting
these biomarkers, there are studies showing that stimulated
saliva gives the same valuable results. MicroRNAs (miRNA) ob-
tained from saliva may have an important role in the diagnosis
of head and neck cancers (10). It has been observed that miR-
NA-9 and miRNA-191 obtained from small amounts of saliva
using the miRNA isolation kit and QIAzol methods together
can be important biomarkers while there was a decrease in
miRNA-125a and miRNA-200a levels in samples taken from
patients with OSCC (16,40). In addition to miRNA, the tumor
suppressor p53 gene and anti-p53 proteins that are produced
in the presence of multiple DNA damages, CA15-3 and CA125
can be used as biomarkers for cancers in other regions (breast,
ovarian, and lung cancers, etc.) as well as head and neck can-
cers (41). Moreover, MMPs are thought to play a role in differ-
ent stages of the progression of tumors. In the cell proliferation
phase, proteolytic MMPs may cause the activation of growth
factors or intercellular destruction (19). In angiogenesis, they
can change the activities of the endothelial and epithelial
growth factor, control the inflammatory response, and affect
invasion in the pathological process of new blood vessels. At
the stage of invasion and metastasis, tumors need MMPs to in-
teract with the membrane and extracellular matrix. Therefore,
some MMPs can be produced by tumors or growth factors,
chemokines, and cytokines. This way, tumors may grow locally
and metastasize. Studies evaluating MMPs found in higher lev-
els of MMP-1, MMP-2, MMP-9, MMP-10, and MMP-12 in patients
as compared to healthy people (12,19).

SYSTEMIC DISEASES

Cardiovascular Diseases

They are among the leading causes of death in the world, in-
clude diseases such as hypertension, atherosclerosis, and myo-
cardial infarction. In the presence of these diseases, changes in
the levels of some biomarkers can be detected in saliva (42). In
addition to the classical diagnostic methods (clinical findings
and electrocardiogram, etc.) used today, studies on saliva anal-
ysis as a supportive tool are continuing. The level of C-reactive
protein (CRP) in saliva can be determined by using a system
based on nano-biochips, that can be applied chair-side (5). In
a study of acute myocardial infarction patients who experi-
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enced chest pain in the previous 48 hours, CRP, MMP-9, IL-1(3,
adiponectin, gro-a, E-selectin, and IL-18 increased in saliva
more than serum (42). In addition, there are studies showing
that the amount of MMP-8 and lysozyme in saliva increases in
the presence of hypertension (42). The level of vitamin C and
antioxidants in serum and saliva can also affect the nitric oxide
level, indicating carotid endothelial damage in atherosclerosis
patients (43). In a study in individuals with ischemic heart dis-
ease and periodontitis, it was found that patients with ischemic
heart disease have lower levels of lutein, lycopene, a-tocopher-
ol and B-carotene levels in saliva (43).

Diabetes Mellitus

Today, the control of diabetes is done with blood tests, which is
an invasive method. In saliva, glucose and urea levels are found
to be in direct relation with blood levels (44). In diabetic pa-
tients, there was also an increase found in the levels of amylase,
total protein, and electrolytes such as potassium, calcium and
chloride (44,45).

Infections

It is common to use viral DNA and RNA biomarkers in saliva for
the diagnosis of infections. Saliva is used in the diagnosis of many
viruses such as Human Immunodeficiency Virus, Hepatitis A, B
and C viruses, and rubella (8). Many studies are conducted on
the use of saliva as a non-invasive tool to detect the COVID-19,
which appeared in 2019 and the number of cases is increasing
rapidly. The results of studies comparing the saliva and nasopha-
ryngeal samples are promising (46). In a study conducted with
200 patients, who have symptoms of COVID-19, with an average
age of 36, viral DNA was obtained from the samples taken and
19 patients were found to carry the virus according to the naso-
pharyngeal samples. When the saliva samples of these patients
are examined, it has been shown that saliva can be used in virus
detection by determining the compatibility of two samples with
84.2% sensitivity and 98.9% specificity (47).

Renal Diseases

Saliva can also be used in the diagnosis of renal diseases. Sal-
ivary creatinine levels show an increase in patients with renal
diseases (48). Studies also have shown that selenium in saliva
decreases in the presence of renal stones so it can be used as
a biomarker (49). In addition, dialysis patients’ salivary pH in-
creases because of high urea concentrations (48).

CONCLUSION

Saliva is an important tool that contains biomarkers that are
used in the diagnosis and treatment of many oral and systemic
diseases. Saliva analysis has advantages such as being non-in-
vasive, cheaper compared to blood tests, having good patient
cooperation and low technical sensitivity. It is also promising
for its advantages in collecting and storing samples. Saliva is
actively used for some diseases today and with the advances
in salivaomics, it can help as an alternative to serum or can be
used in addition to some conventional diagnostic methods.
However, studies need to be more comprehensive and stan-
dardized so that saliva tests will become more widespread and
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gain more importance in early diagnosis by using routine con-
trols in the coming years.
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ABSTRACT

Despite the widespread changes induced by general anesthetic
agents, their exact effect sites are not clearly defined in the central
nervous system (CNS). Recent molecular studies have pointed out
specific sites in CNS on which anesthetic drugs show their effects.
Hypnosis, amnesia, sedation are mediated by different receptors,
neurotransmitters and neuronal pathways in the CNS. Protein base
theory of anesthesia, which focuses on ion channels, took the
place of lipid-based theory in the 1980's. There are two types of
receptors, which are known to be responsible for the general anes-
thetic action: neurotransmitter receptors and ion channels. Back-
ground channels are also described as targets for anesthetic ac-
tion. Enhancement and block of TWIK Related K* channels (TREK),
TWIK related arachidonic acid activated K* channel (TRAAK), and
TWIK related acid-sensitive K* channels (TASK) channels have
been reported at low concentrations of volatile anesthetic agents.
Two-pore-domain potassium channels are protein complexes em-
bedded in cell membranes. They selectively allow potassium ions
to pass through the cellular membrane. These channels are also ca-
pable of changing the membrane potential by means of neuronal
excitability, neurotransmitters and hormone secretion. Of those
channels, TASK-1 and TREK-1 are activated by volatile anesthetic
agents. In this article, receptors responsible for anesthesia in CNS
and their mechanism of action will be reviewed.

Keywords: General anesthesia, molecular pharmacology, con-
sciousness

INTRODUCTION

Our understanding of mechanisms involving the conduct of
general anesthesia has improved in recent years. Some spe-
cific sites within the central nervous system as the target of
the anesthetic agents have been introduced. Hippocampus
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Genel anestezik ajanlar, nérotransmitterleri modiile ederek santral
sinir sisteminde yaygin néronal degisime neden olmaktadir. Yeni
yapilan molekiler arastirmalarda anestezik ajanlarin etki ettigi
spesifik alanlar Gzerinde durulmaktadir. Hipnoz, amnezi, sedasyon
santral sinir sisteminde farkl reseptér, nérotransmitter ve néronal
yolaklar araciligiyla saglanir. 1980'lerin basinda yapilan calismalar
sonrasinda, iyon kanallarina odaklanan protein temelli anestezi te-
orisi, lipid temelli anestezi teorisinin yerini almistir. Protein temelli
teoriye gore, genel anestezik etkiden sorumlu iki tip reseptor mev-
cuttur; nérotransmitter reseptorler ve iyon kanallari. “Background”
iyon kanallari da anestezik etki icin yeni tanimlanmis hedef resep-
torlerdir. iki porlu (two-pore-domain) potasyum kanallarindan
TWIK iliskili K* kanal (TREK), TWIK iliskili arasidonik asitle aktive K*
kanali (TRAAK), TWIK iliskili asit duyarli K* kanallari (TASK) tipteki
kanallarin volatil ajanlarin disiik konsantrasyonunda gu¢lendigi ya
da bloke oldugu bildirilmistir. iki porlu potasyum kanallari, biyolo-
jik membranlarda bulunan protein kompleksleridir. iki porlu potas-
yum kanallari, potasyum iyonlari icin 6zeldir ve potasyumun hiicre
membranindan ge¢mesine izin verirler. iki porlu potasyum kanal-
lari, néronal uyarilma, nérotransmitter ve hormon salinimi yoluyla,
membran potansiyelindeki degisikliklerden de sorumludurlar. iki
porlu potasyum kanallarin TASK-1 ve TREK-1 alt tipleri volatil anes-
tezik ajanlarla (6rnegin, izofluran, kloroform, dietil eter) uyarilir. Bu
makalede santral sinir sisteminde bulunan ve genel anesteziklerin
etkisinden sorumlu reseptorler ve bunlarin etki mekanizmalari
gozden gecirilecektir.

Anahtar Kelimeler: Genel anestezi, molekuler farmakoloji, biling

has been shown to be responsible for the amnestic effects,
neo cortex and thalamus were found to be related with seda-
tion, and hypothalamus was thought to be the site responsi-
ble for the hypnotic action (1). Hypnosis, amnesia and seda-
tion are mediated by different receptors, neurotransmitters
and neuronal pathways in the central nervous system (CNS).

Corresponding Author/Sorumlu Yazar: Sibel TemUr E-mail: stemur@yeditepe.edu.tr
Submitted/Bagvuru: 12.11.2020 Revision Requested/Revizyon Talebi: 28.11.2020
Last Revision Received/Son Revizyon: 28.11.2020 Accepted/Kabul: 01.12.2020

Content of this journal is licensed under a Creative Commons
BY _NC Attribution-NonCommercial 4.0 International License.


https://orcid.org/0000-0002-5618-2216
https://orcid.org/0000-0002-4494-2265
https://orcid.org/0000-0002-7350-6032

Koner et al.
Molecular Mechanism of General Anesthesia

Protein base theory of anesthesia, which focuses on ion chan-
nels, took the place of lipid-based theory in the 1980's.

Recent studies again have been focusing on the anesthetic’s
effect on lipid membranes. Anesthetics have been shown to
disrupt lipid ordered membranes, and shift their melting tem-
perature (2-9).

RECEPTORS

There are two types of receptors, which are known to be re-
sponsible for the general anesthetic action: neurotransmitter
receptors, and ion channels.

1. Neurotransmitter receptors (10)
a. Ligand gated receptors (ionotropic receptors)

These are excitatory or inhibitory in nature according to the
neurotransmitter that binds to it. Ligand gated receptors have
got two domains. The first one has got a trans-membrane do-
main. It functions as a channel. The other one, which has got
ligand-binding sites, is extracellular (11).

Examples of ligand-gated receptors are nicotinic acetylcholine
receptors, 5-HT3 receptors, gamma-aminobutyric acid type A
(GABA-A) receptor, glutamate (ionotropic) receptors, glycine
receptors, and purinergic receptors.

b. G protein-coupled receptors (metabotropic receptors)

Binding to this metabotropic type of receptors changes the
structure and causes the activation of G protein. Then gener-
ation of messengers such as cAMP, cGMP, diacylglycerol or cal-
cium is controlled. At the end of the process G protein is inacti-
vated by GTPase enzyme.

Metabotropic glutamate receptors, muscarinic acetylcholine
receptors, GABA-B receptors, most of the serotonin receptors,
and receptors for epinephrine, norepinephrine, dopamine, his-
tamine, neuropeptides and endocannabinoids are the exam-
ples of G protein-coupled receptors (12).

2. Neurotransmitter receptors

GABA receptors: GABA is the major inhibitor receptor in the
CNS. GABA receptor has five subunits (a, B, y, 6, and €) which
cluster to compose a chlorine channel. The most frequently en-
countered receptor combinations are a1l 32 y2 (60% of GABA
a receptors), a1l 3 y1 and a3, fn y2 (13,14). Volatile anesthetic
agents and barbiturates have an agonistic effect on GABA-A
receptors whereas ketamine has an antagonistic effect on GA-
BA-A receptors (15-17).

Glycine receptors: Glycine receptors are inhibitory receptors
located in the CNS, but predominantly in the spinal cord. The
receptor is composed of five subunits (3a and 2p). Its function
resembles that of the GABA-A receptors and once the inhala-
tion anesthetics bind to glycine receptors in the spinal cord the
inflow of chloride ions into the cells is enhanced, the result is
loss of response to a painful stimulus (18,19). The minimal al-
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veolar concentration (MAC) value of volatile anesthetic agents
is increased when glycine receptors are blocked. They are re-
sponsible for the 20-55% of isoflurane-mediated immobility,
and 20% of halothane-induced immobility (20,21).

Nicotinic acetylcholine receptors (nAChR): These receptors
control the synaptic conduction in CNS. Once activated, the re-
sulting excitatory postsynaptic currents (EPSCs) lead to the cel-
lular cation inflow. Low concentrations of general anesthetics
display suppressive action on nAChR by blocking EPSCs. (22).
Propofol inhibits human neuronal a3p2 and a7 nAChR sub-
types expressed in oocytes (23).

Glutamate receptors: These receptors are the dominant ex-
citatory neurotransmitter of the CNS. It acts via metabotropic
(pre-synaptic) and ionotropic (post-synaptic) receptors. lon-
otropic glutamate receptors are NMDA, AMPA, and kainate.
Nitrous oxide, xenon and ketamine are glutamate receptor
antagonists with high potency (21,24). lonotropic glutamate
receptors generate EPSCs by leading the inflow of the cation
as well. Volatile anesthetic agents block excitatory neurotrans-
mission by both inhibiting postsynaptic glutamate receptors
and releasing glutamate from the presynaptic area (25,26).
Isoflurane has been shown to inhibit GLUR6 kainate receptor
subunits at medullary level, thereby increasing the MAC of an-
esthetic agents. AMPA receptors and different subunits have
been found to be responsible for the Xenon’s ability to induce
immobility (21,24,27).

Serotonin receptors: Serotonin receptors are responsible for
the cation conductance which leads to membrane depolariza-
tion and neuronal excitation. The main member of this receptor
family is the serotonin subtype of 5-HT3. The activation of se-
rotonin receptors by halogenated anesthetic agents, and inhi-
bition by barbiturates or ketamine results in an altered state of
consciousness (21,28). Experimental studies, which have been
given specific serotonin capture inhibitors in determined cere-
bral nuclei, have reported an increase in MAC necessary for im-
mobility.

3.lon channels

a. Potassium channels: Potassium channels are activated by
volatile agents and ketamine, as a result the transport of potas-
sium ions is increased, cell membrane is hyperpolarized, and
neuronal activity is inhibited (29,30).

b. Sodium channels: Volatile anesthetic agents inhibit presyn-
aptic voltage-gated sodium channels located in the glutamater-
gic synapses. Therefore, the release of presynaptic neurotrans-
mitters is blocked and neuronal activation is inhibited (31).

4. Background channels

Background channels are also described as targets for the ac-
tion of the anesthetic agents. The action of TWIK Related K*
channels (TREK), TWIK related arachidonic acid activated K*
channel (TRAAK), and TWIK related acid-sensitive K* channels
(TASK) channels is enhanced and blocked at low concentra-
tions of volatile anesthetic agents (32).
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Two-pore-domain potassium channels (K2p): Potassium
channels are protein complexes embedded in the biological
membranes. They are selectively permeable to potassium ions
and allow potassium to pass through the cellular membrane.
Two-pore-domain potassium channels are also responsible for
the changes of the membrane potential by means of neuronal
excitability, neurotransmitters and hormone secretion. There
are four different types of K2p channels, Tandem of pore do-
mains in weak inward rectifying K* channel (TWIK)-1, TWIK-2,
TREK-1, and TRAAK. Volatile anesthetic agents (e.g. isoflurane,
chloroform, diethyl ether) activate two of those K2p channels,
TASK-1 and TREK-1 (32-38). TREK-1 is an inhibitory mechanore-
ceptor or an inhibitory effector. Once activated, TREK-1 inhibits
neuronal firing by hyperpolarizing the cell (39).

It has recently been shown that volatile anesthetics activate phos-
pholipase D2 (PLD2) by disruption of palmitate-mediated local-
ization and substrate presentation causes anesthetic sensitivity in
TREK-1 (4). The PLD2 appears to be an important factor for under-
standing the regulation of TREK-1. Transferring the PLD2 binding
site to it could transfer the anesthetic sensitivity to an anesthetic
insensitive channel TRAAK. However, the reason as to why anes-
thetic induced expansion by anesthetics lead to PLD2 transloca-
tion is not clear. The suggested mechanism of action is dependent
on the affinity of PLD2 to the carboxyl C-terminal in TREK-1 (39).

The role of anesthetics on lipid membrane: Physiological
role of the TREK-1 receptor in anesthesia has been clarified
(32,40,41).This receptor’s anesthetic action depends on the lip-
id membrane. This dependence has led us to think that the lipid
cellmembrane may be a target for anesthetic agents. It has also
been shown that anesthetic sensitivity could be transferred to
an insensitive channel TRAAK by means of PLD2. Therefore it is
suggestive that this effect may be transferable (4). The nicotin-
ic acetylcholine receptor (PA activates), GABA-A receptor and
NMDA (PIP2 regulates) are other channels which have anes-
thetic action potential by disruption of lipid regulation (42-44).

Anesthetic agents have activating action on mechanical chan-
nels whereas they both activate and inhibit anesthetic sensi-
tive membrane channels. However, most of the anesthetic
agents inhibit excitatory channels but activate inhibitory chan-
nels. Inhibitory channels are generally neurotransmitter-gated
in nature (45). An intermediary structure such as a lipid would
be an explanation for this opposite effect.

CONCLUSION

General anesthetic drugs are used for inducing unconscious-
ness. They have been traditionally known as nonspecific drugs
with their widespread effects. However, recent molecular phar-
macology studies have shown selective receptors and structures
in CNS, which are modulated by specific anesthetics and as a
result inducing unconsciousness. Future treatment modalities in
medicine focus on molecular receptors for patient based specific
therapies. Molecular explorations on effects of general anesthet-
ics will be more precise for performing patient based anesthesia.
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ABSTRACT

Infertility is a global health problem and is defined as an inability
to achieve a clinical pregnancy after 12 months of regular unpro-
tected sexual intercourse. The global incidence of infertility is ap-
proximately 8-12%, and half of these patients seek medical help
for the condition. The use of assisted reproduction technology
(ART) has been increasingly used worldwide, and advances in ART
have enabled many couples to overcome infertility. Infertility can
be related to female infertility, male infertility, a combination of the
two or unexplained factors. Male infertility constitutes nearly half
of all instances of infertility and affects approximately 7% of the
male population. The initial evaluation of male infertility includes
obtaining a detailed medical history, a physical examination, an
endocrine assessment and semen analysis. Male infertility can be
due to hormonal imbalances, genetic problems, physical causes,
environmental lifestyle factors or psychological or behavioural
factors. Also, advanced male age may affect the quality of sperm,
which can lead to male infertility. In conclusion, the causes of male
infertility are multifarious. The evaluation and management of
male infertility during infertility treatment are of the utmost im-
portance for couples.

Keywords: Male infertility, infertility

Infertility is a global health problem and is defined as an
inability to achieve a clinical pregnancy after 12 months
of regular unprotected sexual intercourse (1). The global
incidence of infertility is approximately 8-12%, and half
of these patients seek medical help for the condition (2).
Assisted reproduction technology (ART) has been increas-
ingly used worldwide, and advances in ART have enabled
many couples to overcome infertility. Infertility can be re-
lated to female infertility, male infertility, a combination of
the two or unexplained factors. Male infertility constitutes
nearly half of all instances of infertility and affects approxi-
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infertilite diinya capinda bir saglik sorunu olup, 12 aylik diizenli
korunmasiz cinsel iliskiden sonra klinik bir hamilelik elde edeme-
me olarak tanimlanmaktadir. Diinya capinda infertilitenin insidansi
yaklasik %8-12 olarak belirtilmekle birlikte hastalarin yarisi bu du-
rum icin tibbi yardim istemektedir. Yardimci tireme teknolojisinin
(YUT) kullanimi diinya capinda giderek artmakla birlikte, YUT'deki
gelismeler birgok ciftin infertilite sorunun Ustesinden gelmesine
izin vermistir. Infertilite, kadin infertilitesi, erkek infertilitesi, kadin
ve erkek veya aciklanamayan faktorlerin bir kombinasyonu ile ilis-
kili olabilmektedir. Erkek infertilitesi, tim infertilite vakalarinin ne-
redeyse yarisini olusturur ve erkek niifusun yaklasik %7'sini etkile-
mektedir. Erkek infertilitesinin ilk degerlendirmesi, ayrintili bir tibbi
oykd, fizik muayene, endokrin degerlendirme ve semen analizini
icermektedir. Erkek infertilitesi hormonal dengesizlikler, genetik
problemler, fiziksel nedenler, cevresel yasam tarzi faktorleri veya
psikolojik veya davranissal faktorlerden kaynaklanabilecegi rapor-
lanmistir. Ayrica, ileri erkek yasi, sperm kalitesini etkileyerek erkek
infertilitesine yol acabilir. Sonug olarak, erkek infertilitesinin ne-
denleri cok yénliidir. infertilite tedavisi sirasinda erkek infertilitesi-
nin degerlendirilmesi ve yonetimi ciftler icin son derece 6nemlidir.

Anahtar Kelimeler: Erkek infertilitesi, infertilite

mately 7% of the male population (3). The initial evaluation
of male infertility includes obtaining a detailed medical his-
tory, a physical examination, an endocrine assessment and
semen analysis. The parameters assessed in a semen analy-
sis are the sperm concentration, motility and morphology,
and the semen volume and pH.The sperm vitality, the pres-
ence of leukocytes, and the number of immature germ cells
are also assessed and compared to reference values from
the World Health Organization (WHO) (1).

It is well documented that male infertility can be due to
hormonal imbalances, genetic problems, physical causes,
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or psychological or behavioural factors. Malnutrition, anae-
mia, excessive stress and exposure to environmental hazards
such as pesticides, lead paint, radioactive substances, mercury,
benzene, boron and heavy metals have also been reported to
cause male infertility (4-6). Furthermore, advanced male age
may affect the quality of sperm, which can lead to male infer-
tility (7).

Spermatogenesis and steroidogenesis (steroid hormone pro-
duction) are the main functions of the testis. Spermatogenesis
is the process by which spermatogonia transform into mature
spermatozoa through mitotic and meiotic division (8). Sper-
matogenesis begins at puberty and occurs in the epithelium
of seminiferous tubules in the testis. The induction of sper-
matogenesis and the persistence of sperm production are
regulated through the hypothalamic-pituitary-gonadal axis.
In the seminiferous tubules, Sertoli cells are the main cell type,
while Leydig cells predominate in the interstitium, which is
another main compartment of the testis that consists of loose
connective tissue along with blood and lymph vessels (9-11).
Testosterone, follicle-stimulating hormone (FSH) and luteiniz-
ing hormone (LH) participate in spermatogenesis. The synthe-
sis of these hormones is stimulated by gonadotropin-releasing
hormone (GnRH), which is secreted from the hypothalamus.
Testosterone production occurs in Leydig cells and is induced
by LH. FSH acts on Sertoli cells to support the synthesis of an-
drogen-binding protein and the blood-testis barrier. GnRH
secretion disorder causes testosterone deficiency and impairs
sperm production (12).

Genetic factors that cause male infertility are heterogeneous.
Chromosomal abnormality is defined as any alteration in one
or more chromosomes and is categorised as either numerical
or structural. Numerical abnormality is when a chromosome is
missing or when there is an extra chromosome. For instance,
Klinefelter syndrome, the presence of an extra X chromosome
in men, is the most common numerical abnormality in men
with impaired spermatogenesis (13-15). By contrast, the mod-
ification of chromosomal structures, such as translocations,
inversions, Y chromosome microdeletions and copy num-
ber variations (CNVs), are defined as structural chromosomal
abnormalities. Translocations can be Robertsonian (where a
whole chromosome has joined to another at the centromere)
or reciprocal (sections from two distinct chromosomes have
been swapped). Translocations are 10 times more common
among infertile men compared with the normal population.
These translocations can lead to decreased fertility, sponta-
neous abortion and birth defects (16). Inversions occur when
a piece of a chromosome rotates 180 degrees within the same
chromosome; thus, there is no loss of genetic material (17). Like
translocations, inversions may cause infertility, spontaneous
abortions and birth defects (16-18). Y chromosome microdele-
tions may also be a cause of spermatogenetic failure. Three re-
gions on the long arm (Yq) of the Y chromosome have been
identified: the azoospermia factors (AZFs) AZFa, AZFb and
AZFc. Any deletions in these regions might cause male infer-
tility (19). CNVs are large DNA segments that repeat in the ge-
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nome; the number of repeats varies among individuals (20,21).
CNVs have been found to cause spermatogenetic failure by
affecting genes that are essential for spermatogenesis (22,15).

Spermatogenesis is a complex process, and large numbers of
genes are present during this event. Gene mutations that cause
abnormal spermatogenesis without any other symptoms give
rise to non-syndromic male infertility (23). Identified gene mu-
tations have been generally grouped according to the resulting
phenotype, such as spermatogenic failure, teratozoospermia
and asthenozoospermia (13). Technological advances have
enabled researchers to analyse the whole genome to identify
various specific gene mutations that lead to male infertility
(24). However, no single gene is known to cause male infer-
tility (25). Some genes are notable owing to their prevalence
in specific groups. AURKC and DPY19L2 mutations have been
related to teratozoospermia (26, 27). Two recurrent mutations
have been identified for AURKC: one in the North African pop-
ulation and one in the European population. A carrier frequen-
cy of 1/50 was established in North African patients who had
macrocephaly (large head and multi-tailed spermatozoa) (26).
Later, it was demonstrated that the majority of macrocephalic
spermatozoa are tetraploid, meaning that they have no chance
of intracytoplasmic sperm injection (ICSI) (28). Mutations in the
DPY19L2 gene have been correlated with globozoospermia
(round-headed spermatozoa); this mutation is found in 60%
of globozoospermic patients (27). It has been demonstrat-
ed that assisted oocyte activation enables better fertilization
rates (29). Although there is no dominant gene yet to be the
reason for spermatogenic failure, it has been reported that
TEX11 mutation can cause meiotic arrest and azoospermia with
a frequency of 2-15% in azoospermic men (8,13,30). Further-
more, although there is limited evidence, mutations in TEX15
are thought to cause spermatogenic failure and a decreased
sperm count over time. Patients with this mutation could be
advised to undergo sperm cryopreservation at an early age
with the aim of protecting future fertility potential (31). Accord-
ing to a recent study, it has been demonstrated that M1AP mu-
tation can cause severe spermatogenic failure leading to male
infertility. In the study, they were able to trace MTAP mutation
in different independent patients in different countries and
concluded that MTAP should be included in the growing list
of validated non-obstructive azoospermia (NOA) genes (32).
In recent years, due to the discovery and presence of various
specific gene mutations, there are few custom gene panels for
infertility that are available as a diagnostic tool. Genes included
in each custom panel are different but in general, gene panels
would provide a definitive causal diagnosis and more accurate
treatment in ART (33-36).

Physical problems can decrease the sperm count and/or sperm
morphology. Varicocele is a congenital vascular anomaly that
causes impaired sperm motility, decreased sperm count, and
impaired sperm structure (37). Moreover, in some infertile men,
sperm cannot travel from the testicles to the penis because of
sperm duct obstruction. The blockage or deficiency of one or
both tubes can be caused by genetic or developmental factors.
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Torsion occurs when the testicle is bent in the scrotum and
is characterized by excessive swelling. This leads to testicular
damage because the blood vessels that feed the testicle are
compressed. Furthermore, infections and diseases such as tu-
berculosis, brucellosis, gonorrhoea, typhoid, flu, chickenpox,
rubella and syphilis can cause obstructions and testicular atro-
phy (38). These conditions can lead to changes in sperm qual-
ity by decreasing the sperm count and motility. Retrograde
ejaculation (where the semen does exit the body at the time
of ejaculation but instead transfers to the bladder), premature
ejaculation or anejaculation (the lack of ejaculation) can also be
reasons for male infertility (39).

In conclusion, the causes of male infertility are multifarious.
Along with the assistance of emerging technology, the iden-
tification of genes for diagnostic purposes would provide bet-
ter guidance to clinicians. The evaluation and management of
male infertility during infertility treatment are of the utmost
importance for couples.
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INSTRUCTIONS TO AUTHORS

Context

Experimed is an international, scientific, open access periodical
published in accordance with independent, unbiased, and dou-
ble-blinded peer-review principles. The journal is the official on-
line-only publication of istanbul University Aziz Sancar Institute of
Experimental Medicine and it is published triannually on April, Au-
gust, and December. The publication languages of the journal are
Turkish and English.

Experimed aims to contribute to the literature by publishing manu-
scripts at the highest scientific level on all fields of basic and clinical
medical sciences. The journal publishes original articles, case re-
ports, reviews, and letters to the editor that are prepared in accor-
dance with ethical guidelines.

Editorial Policy

The editorial and publication processes of the journal are shaped in
accordance with the guidelines of the International Council of Med-
ical Journal Editors (ICMJE), the World Association of Medical Edi-
tors (WAME), the Council of Science Editors (CSE), the Committee
on Publication Ethics (COPE), the European Association of Science
Editors (EASE), and National Information Standards Organization
(NISO). The journal conforms to the Principles of Transparency and
Best Practice in Scholarly Publishing (doaj.org/bestpractice).

Originality, high scientific quality, and citation potential are the most
important criteria for a manuscript to be accepted for publication.
Manuscripts submitted for evaluation should not have been previ-
ously presented or already published in an electronic or printed
medium. The journal should be informed of manuscripts that have
been submitted to another journal for evaluation and rejected for
publication. The submission of previous reviewer reports will expe-
dite the evaluation process. Manuscripts that have been presented
in a meeting should be submitted with detailed information on the
organization, including the name, date, and location of the orga-
nization.

Peer-Review Policy

Manuscripts submitted to Experimed will go through a double-blind
peer-review process. Each submission will be reviewed by at least
two external, independent peer reviewers who are experts in their
fields in order to ensure an unbiased evaluation process. The edito-
rial board will invite an external and independent editor to manage
the evaluation processes of manuscripts submitted by editors or by
the editorial board members of the journal. The Editor in Chief is the
final authority in the decision-making process for all submissions.

Ethical Principles

An approval of research protocols by the Ethics Committee in
accordance with international agreements (World Medical As-
sociation Declaration of Helsinki “Ethical Principles for Medical
Research Involving Human Subjects,” amended in October 2013,
www.wma.net) is required for experimental, clinical, and drug
studies and for some case reports. If required, ethics committee
reports or an equivalent official document will be requested from

the authors. For manuscripts concerning experimental research
on humans, a statement should be included that shows that writ-
ten informed consent of patients and volunteers was obtained
following a detailed explanation of the procedures that they may
undergo. For studies carried out on animals, the measures tak-
en to prevent pain and suffering of the animals should be stated
clearly. Information on patient consent, the name of the ethics
committee, and the ethics committee approval humber should
also be stated in the Materials and Methods section of the manu-
script. It is the authors’ responsibility to carefully protect the pa-
tients’ anonymity. For photographs that may reveal the identity
of the patients, signed releases of the patient or of their legal
representative should be enclosed.

Plagiarism

Experimed is extremely sensitive about plagiarism. All submissions
are screened by a similarity detection software (iThenticate by
CrossCheck) at any point during the peer-review or production
process.Even if you are the author of the phrases or sentences,
the text should not have unacceptable similarity with the previously
published data.

When you are discussing others’ (or your own) previous work,
please make sure that you cite the material correctly in every in-
stance.

In the event of alleged or suspected research misconduct, e.g.,
plagiarism, citation manipulation, and data falsification/fabrication,
the Editorial Board will follow and act in accordance with COPE
guidelines.

Authorship

Each individual listed as an author should fulfill the authorship crite-
ria recommended by the International Committee of Medical Jour-
nal Editors

(ICMJE - www.icmje.org). The ICMJE recommends that authorship
be based on the following 4 criteria:

1  Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data for
the work; AND

2  Drafting the work or revising it critically for important intellec-
tual content; AND

3 Final approval of the version to be published; AND

4  Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and re-
solved.

In addition to being accountable for the parts of the work he/she
has done, an author should be able to identify which co-authors
are responsible for specific other parts of the work. In addition,
authors should have confidence in the integrity of the contributions
of their co-authors.
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All those designated as authors should meet all four criterias for
authorship, and all who meet the four criteria should be identified
as authors. Those who do not meet all four criterias should be ac-
knowledsed in the title page of the manuscript.

Experimed requires corresponding authors to submit a signed and
scanned version of the authorship contribution form (available for
download through http://experimed.istanbul.edu.tr/en/_) during
the initial submission process in order to act appropriately on au-
thorship rights and to prevent ghost or honorary authorship. If the
editorial board suspects a case of “gift authorship,” the submission
will be rejected without further review. As part of the submission
of the manuscript, the corresponding author should also send a
short statement declaring that he/she accepts to undertake all the
responsibility for authorship during the submission and review stag-
es of the manuscript.

Conflict of Interest

Experimed requires and encourages the authors and the individuals
involved in the evaluation process of submitted manuscripts to dis-
close any existing or potential conflicts of interests, including finan-
cial, consultant, and institutional, that might lead to potential bias
or a conflict of interest. Any financial grants or other support re-
ceived for a submitted study from individuals or institutions should
be disclosed to the Editorial Board. To disclose a potential conflict
of interest, the ICMJE Potential Conflict of Interest Disclosure Form
should be filled in and submitted by all contributing authors. Cases
of a potential conflict of interest of the editors, authors, or review-
ers are resolved by the journal’s Editorial Board within the scope of
COPE and ICMJE guidelines.

The Editorial Board of the journal handles all appeal and complaint
cases within the scope of COPE guidelines. In such cases, authors
should get in direct contact with the editorial office regarding their
appeals and complaints. When needed, an ombudsperson may be
assigned to resolve cases that cannot be resolved internally. The
Editor in Chief is the final authority in the decision-making process
for all appeals and complaints.

Copyright and Licensing

Authors publishing with Experimed retain the copyright to their
work, licensing it under the Creative Commons Attribution-Non-
Commercial 4.0 International (CC BY-NC 4.0) license that gives
permission to copy and redistribute the material in any medium or
format other than commercial purposes as well as remix, transform
and build upon the material by providing appropriate credit to the
original work.

Disclaimer

Statements or opinions expressed in the manuscripts published in
Experimed reflect the views of the author(s) and not the opinions
of the editors, the editorial board, or the publisher; the editors,
the editorial board, and the publisher disclaim any responsibility or
liability for such materials. The final responsibility in regard to the
published content rests with the authors.

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with ICM-
JE-Recommendations for the Conduct, Reporting, Editing, and
Publication of Scholarly Work in Medical Journals (updated in
December 2015 - http://www.icmje.org/icmje-recommendations.
pdf). Authors are required to prepare manuscripts in accordance
with the CONSORT guidelines for randomized research studies,
STROBE guidelines for observational original research studies,
STARD guidelines for studies on diagnostic accuracy, PRISMA
guidelines for systematic reviews and meta-analysis, ARRIVE guide-
lines for experimental animal studies, and TREND guidelines for
non-randomized public behavior.

Manuscripts can only be submitted through the journal’s online
manuscript submission and evaluation system, available at http://ex-
perimed.istanbul.edu.tr/en/_. Manuscripts submitted via any other
medium will not be evaluated.

Manuscripts submitted to the journal will first go through a technical
evaluation process where the editorial office staff will ensure that
the manuscript has been prepared and submitted in accordance
with the journal’s guidelines. Submissions that do not conform to
the journal’s guidelines will be returned to the submitting author
with technical correction requests.

Authors are required to submit the following:

e  Copyright Agreement Form,

e ICMJE Potential Conflict of Interest Disclosure Form (should be
filled in by all contributing authors)

during the initial submission. These forms are available for down-
load at http://experimed.istanbul.edu.tr/en/_.

Preparation of the Manuscript

Title page: A separate title page should be submitted with all sub-

missions and this page should include:

e The full title of the manuscript as well as a short title (running
head) of no more than 50 characters,

e  Name(s), affiliations, ORCID IDs and highest academic de-
gree(s) of the author(s),

e Grant information and detailed information on the other
sources of support,

e Name, address, telephone (including the mobile phone number)
and fax numbers, and email address of the corresponding author,

e  Acknowledgment of the individuals who contributed to the
preparation of the manuscript but who do not fulfill the au-
thorship criteria.

Abstract: A Turkish and an English abstract should be submitted
with all submissions except for Letters to the Editor. Submitting a
Turkish abstract is not compulsory for international authors. The ab-
stract of Original Articles should be structured with subheadings
(Objective, Material and Method, Results, and Conclusion). Please
check Table 1 below for word count specifications.

Keywords: Each submission must be accompanied by a minimum
of three to a maximum of six keywords for subject indexing at the
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end of the abstract. The keywords should be listed in full without
abbreviations. The keywords should be selected from the National
Library of Medicine, Medical Subject Headings database (https://
www.nlm.nih.gov/mesh/MBrowser.html).

Manuscript Types

Original Articles: This is the most important type of article since it
provides new information based on original research. The main text
of original articles should be structured with Introduction, Material
and Method, Results, and Discussion subheadings. Please check Ta-
ble 1 for the limitations for Original Articles.

Statistical analysis to support conclusions is usually necessary. Statis-
tical analyses must be conducted in accordance with international
statistical reporting standards (Altman DG, Gore SM, Gardner MJ,
Pocock SJ. Statistical guidelines for contributors to medical jour-
nals. Br Med J 1983: 7; 1489-93). Information on statistical analyses
should be provided with a separate subheading under the Materi-
als and Methods section and the statistical software that was used
during the process must be specified.

Units should be prepared in accordance with the International Sys-
tem of Units (SI).

Editorial Comments: Editorial comments aim to provide a brief criti-
cal commentary by reviewers with expertise or with high reputation
in the topic of the research article published in the journal. Authors
are selected and invited by the journal to provide such comments.
Abstract, Keywords, and Tables, Figures, Images, and other media
are not included.

Review Articles: Reviews prepared by authors who have extensive
knowledge on a particular field and whose scientific background
has been translated into a high volume of publications with a high
citation potential are welcomed. These authors may even be invit-
ed by the journal. Reviews should describe, discuss, and evaluate
the current level of knowledge of a topic in clinical practice and
should guide future studies. The main text should contain Introduc-
tion, Clinical and Research Consequences, and Conclusion sections.
Please check Table 1 for the limitations for Review Articles.

Case Reports: There is limited space for case reports in the journal
and reports on rare cases or conditions that constitute challeng-
es in diagnosis and treatment, those offering new therapies or re-
vealing knowledge not included in the literature, and interesting

and educative case reports are accepted for publication. The text
should include Introduction, Case Presentation, Discussion, and
Conclusion subheadings. Please check Table 1 for the limitations
for Case Reports.

Letters to the Editor: This type of manuscript discusses important
parts, overlooked aspects, or lacking parts of a previously pub-
lished article. Articles on subjects within the scope of the journal
that might attract the readers’ attention, particularly educative cas-
es, may also be submitted in the form of a “Letter to the Editor.”
Readers can also present their comments on the published manu-
scripts in the form of a “Letter to the Editor.” Abstract, Keywords,
and Tables, Figures, Images, and other media should not be includ-
ed. The text should be unstructured. The manuscript that is being
commented on must be properly cited within this manuscript.

Tables

Tables should be included in the main document, presented after
the reference list, and they should be numbered consecutively in
the order they are referred to within the main text. A descriptive
title must be placed above the tables. Abbreviations used in the
tables should be defined below the tables by footnotes (even if
they are defined within the main text). Tables should be created
using the “insert table” command of the word processing software
and they should be arranged clearly to provide easy reading. Data
presented in the tables should not be a repetition of the data pre-
sented within the main text but should be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as sep-
arate files (in TIFF or JPEG format) through the submission system.
The files should not be embedded in a Word document or the main
document. When there are figure subunits, the subunits should not
be merged to form a single image. Each subunit should be submit-
ted separately through the submission system. Images should not
be labeled (a, b, ¢, etc.) to indicate figure subunits. Thick and thin
arrows, arrowheads, stars, asterisks, and similar marks can be used
on the images to support figure legends. Like the rest of the sub-
mission, the figures too should be blind. Any information within
the images that may indicate an individual or institution should be
blinded. The minimum resolution of each submitted figure should
be 300 DPI. To prevent delays in the evaluation process, all submit-
ted figures should be clear in resolution and large in size (minimum
dimensions: 100 x 100 mm). Figure legends should be listed at the
end of the main document.

Table 1. Limitations for each manuscript type

Type of manuscript Word limit Abstract word limit  Reference limit Table limit Figure limit
Original Article 3500 200 (Structured) 30 6 7 or total of 15 images
Review Article 5000 200 50 6 10 or total of 20 images
Case Report 1000 200 15 No tables 10 or total of 20 images
Letter to the Editor 500 No abstract 5 No tables No media
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All acronyms and abbreviations used in the manuscript should be de-
fined at first use, both in the abstract and in the main text. The abbre-
viation should be provided in parentheses following the definition.

When a drug, product, hardware, or software program is men-
tioned within the main text, product information, including the
name of the product, the producer of the product, and city and
the country of the company (including the state if in USA), should
be provided in parentheses in the following format: “Discovery St
PET/CT scanner (General Electric, Milwaukee, WI, USA)”

All references, tables, and figures should be referred to within the
main text, and they should be numbered consecutively in the order
they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original articles
should be mentioned in the Discussion section before the conclu-
sion paragraph.

References

While citing publications, preference should be given to the lat-
est, most up-to-date publications. Authors are responsible for the
accuracy of references. References should be prepared according
to Vancouver reference style. If an ahead-of-print publication is cit-
ed, the DOI number should be provided. Journal titles should be
abbreviated in accordance with the journal abbreviations in Index
Medicus/ MEDLINE/PubMed. When there are six or fewer authors,
all authors should be listed. If there are seven or more authors,
the first six authors should be listed followed by “et al.” In the main
text of the manuscript, references should be cited using Arabic
numbers in parentheses. The reference styles for different types of
publications are presented in the following examples.

Journal Article: Rankovic A, Rancic N, Jovanovic M, Ivanovi¢ M, Ga-
jovi¢ O, Lazi¢ Z, et al. Impact of imaging diagnostics on the budget
— Are we spending too much? Vojnosanit Pregl 2013; 70: 709-11.

Book Section: Suh KN, Keystone JS. Malaria and babesiosis. Gor-
bach SL, Barlett JG, Blacklow NR, editors. Infectious Diseases. Phila-
delphia: Lippincott Williams; 2004.p.2290-308.

Books with a Single Author: Sweetman SC. Martindale the Complete
Drug Reference. 34th ed. London: Pharmaceutical Press; 2005.

Editor(s) as Author: Huizing EH, de Groot JAM, editors. Functional
reconstructive nasal surgery. Stuttgart-New York: Thieme; 2003.

Conference Proceedings: Bengisson S. Sothemin BG. Enforcement
of data protection, privacy and security in medical informatics. In:
Lun KC, Degoulet P, Piemme TE, Rienhoff O, editors. MEDINFO 92.
Proceedings of the 7th World Congress on Medical Informatics;
1992 Sept 6-10; Geneva, Switzerland. Amsterdam: North-Holland;
1992. pp.1561-5.

Scientific or Technical Report: Cusick M, Chew EY, Hoogwerf B,
Agrén E, Wu L, Lindley A, et al. Early Treatment Diabetic Retinopathy

Study Research Group. Risk factors for renal replacement therapy in
the Early Treatment Diabetic Retinopathy Study (ETDRS), Early Treat-
ment Diabetic Retinopathy Study Kidney Int: 2004. Report No: 26.

Thesis: Yilmaz B. Ankara Universitesindeki Ogrencilerin Beslenme
Durumlari, Fiziksel Aktiviteleri ve Beden Kitle indeksleri Kan Lipidleri
Arasindaki lligkiler. H.U. Saglik Bilimleri Enstitiisti, Doktora Tezi. 2007.

Manuscripts Accepted for Publication, Not Published Yet: Slots
J. The microflora of black stain on human primary teeth. Scand J
Dent Res. 1974.

Epub Ahead of Print Articles: Cai L, Yeh BM, Westphalen AC, Rob-
erts JP, Wang ZJ. Adult living donor liver imaging. Diagn Interv Radiol.
2016 Feb 24. doi: 10.5152/dir.2016.15323. [Epub ahead of print].

Manuscripts Published in Electronic Format: Morse SS. Factors in
the emergence of infectious diseases. Emerg Infect Dis (serial on-
line) 1995 Jan-Mar (cited 1996 June 5): 1(1): (24 screens). Avail-
able from: URL: http:/ www.cdc.gov/ncidodIEID/cid.htm.
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When submitting a revised version of a paper, the author must
submit a detailed “Response to the reviewers” that states point by
point how each issue raised by the reviewers has been covered
and where it can be found (each reviewer’s comment, followed
by the author’s reply and line numbers where the changes have
been made) as well as an annotated copy of the main document.
Revised manuscripts must be submitted within 30 days from the
date of the decision letter. If the revised version of the manuscript
is not submitted within the allocated time, the revision option may
be canceled. If the submitting author(s) believe that additional time
is required, they should request this extension before the initial
30-day period is over.

Accepted manuscripts are copy-edited for grammar, punctuation,
and format. Once the publication process of a manuscript is com-
pleted, it is published online on the journal’s webpage as an ahead-
of-print publication before it is included in its scheduled issue. A
PDF proof of the accepted manuscript is sent to the corresponding
author and their publication approval is requested within 2 days of
their receipt of the proof.
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YAZARLARA BiLGi

Icerik

Experimed; istanbul Universitesi Aziz Sancar Deneysel Tip Arastirma
EnstitlsU’'niin cift-kor hakemli, elektronik, acik erisimli bilimsel yayin
organidir. Dergi Nisan, Agustos ve Aralik aylarinda olmak Uizere, yilda
3 sayi olarak yayinlanir. Yayin dili Turkce ve ingilizce’dir.

Experimed, temel ve klinik tip bilimlerinin tum alanlarinda orijinal
arastirma, olgu sunumu, derleme ve editore mektup tirlerinde ma-
kaleler yayinlamaktadir.

Yayin Politikasi

Derginin editdryel ve yayin surecleri International Committee of Me-
dical Journal Editors (ICMJE), World Association of Medical Editors
(WAME), Council of Science Editors (CSE), Committee on Publicati-
on Ethics (COPE), European Association of Science Editors (EASE),
ve National Information Standards Organization (NISO) organi-
zasyonlarinin kilavuzlarina uygun olarak bigimlendirilmistir. Experi-
med'’in editdryel ve yayin suregleri, Principles of Transparency and
Best Practice in Scholarly Publishing (doaj.org/bestpractice) ilkeleri-
ne uysun olarak yurtttulmektedir.

Ozgunliik, yiksek bilimsel kalite ve atif potansiyeli bir makalenin
yayina kabull i¢in en énemli kriterlerdir. Gonderilen yazilarin daha
once baska bir elektronik ya da basili dergide, kitapta veya farkli
bir mecrada sunulmamis ya da yayinlanmamis olmasi gerekir. Daha
once baska bir dergiye gdénderilen ancak yayina kabul edilmeyen
yazilar hakkinda dergi dnceden bilgilendirilmelidir. Bu yazilarin eski
hakem raporlarinin Yayin Kuruluna génderilmesi degerlendirme su-
resinin hizlanmasini saglayacaktir. Toplantilarda sunulan calismalar
icin, sunum yapilan organizasyonun tam adi, tarihi, sehri ve Ulkesi
belirtilmelidir.

Degerlendirme Siireci

Experimed’e gonderilen tum makaleler cift-kor hakem degerlendir-
me surecinden ge¢cmektedir. Tarafsiz degerlendirme siirecini sagla-
mak igin her makale alanlarinda uzman en az iki dis-bagimsiz hakem
tarafindan degerlendirilir. Dergi Yayin Kurulu Uyeleri tarafindan gon-
derilecek makalelerin degerlendirme sirecleri, davet edilecek dis
bagimsiz editorler tarafindan yonetilecektir. Bitlin makalelerin karar
verme sureclerinde nihai karar yetkisi Bas Editor'dedir.

Etik ilkeler

Klinik ve deneysel calismalar, ila¢ arastirmalari ve bazi olgu sunum-
lan icin World Medical Association Declaration of Helsinki “Ethical
Principles for Medical Research Involving Human Subjects”, (amen-
ded in October 2013, www.wma.net) cercevesinde hazirlanmig
Etik Komisyon raporu gerekmektedir. Gerekli goérulmesi halinde Etik
Komisyon raporu veya esdegeri olan resmi bir yazi yazarlardan talep
edilebilir. insanlar tizerinde yapilmis deneysel calismalarin sonucla-
rini bildiren yazilarda, calismanin yapildigi kisilere uygulanan prose-
durlerin niteligi timuyle agiklandiktan sonra, onaylarinin alindigina
iliskin bir agiklamaya metin icinde yer verilmelidir. Hayvanlar Gzerin-
de yapilan calismalarda ise agri, aci ve rahatsizlik veriimemesi igin
yapilmis olanlar acik olarak makalede belirtiimelidir. Hasta onamlari,
Etik Kurul raporun alindi§i kurumun adi, onay belgesinin numara-

sI ve tarihi ana metin dosyasinda yer alan Yontemler bashgi altinda
yazilmalidir. Hastalarin kimliklerinin gizliliini korumak yazarlarin so-
rumlulugundadir. Hastalarin kimligini aciga cikarabilecek fotograflar
icin hastadan ya da yasal temsilcilerinden alinan imzali izinlerin de
gonderilmesi gereklidir.

Dergiye gonderilen makaleler, hakem degerlendirme slirecinde ya
da yayina hazirlik asamasinda herhangi bir noktada bir benzerlik
tespit yazilimi (CrossCheck, iThenticate) tarafindan taranmaktadir.
Cumleler ve ifadeler yazar olarak size ait olsa dahi, metnin daha
dnce yayinlanan verilerle kabul edilemez bir benzerligi olmalidir.

Baskalarinin énceki calismalarini (veya kendi calismalarinizi) tartisir-
ken, lutfen materyali her durumda dogru bir sekilde alintiladi§iniz-
dan emin olunuz.

Yayin Kurulu, dergimize gonderilen calismalar hakkindaki intihal, atif
manipulasyonu ve veri sahteciligi iddia ve supheleri karsisinda COPE
kurallarina uysun olarak hareket edecektir.

Yazarlik

Yazar olarak listelenen herkesin ICMJE (www.icmje.org) tarafindan
onerilen yazarlik kriterlerini karsilamasi gerekmektedir. ICMJE, yazar-
larin asagidaki 4 kriteri karsilamasini dnermektedir:

1. Calismanin konseptine/tasariming; ya da c¢alisma icin verilerin
toplanmasina, analiz edilmesine ve yorumlanmasina énemli
katki saglamis olmak; VE

2. Yaz taslagini hazirlamis ya da onemli fikirsel icerigin elestirel
incelemelerini yapmis olmak; VE

3. Yazinin yayindan énceki son halini §6zden gecirmis ve onayla-
mis olmak; VE

4. Calismanin herhangi bir boélimuinin gegerliligi ve dogruluguna
iliskin sorularin uygun sekilde sorusturuldugunun ve ¢éziimlen-
diginin garantisini vermek amaciyla ¢alismanin her yoniinden
sorumlu olmayi kabul etmek.

Bir yazar, calismada katki sagladigi kisimlarin sorumlulug§unu almasina
ek olarak, diger yazarlarin calismanin hangi kisimlarindan sorumilu
oldugunu da teshis edebilmelidir. Ayrica, yazarlar birbirlerinin katki-
larinin bltinltigune gliven duymalilardir.

Yazar olarak belirtilen her kisi yazarligin dort kriterini karsilamalidir
ve bu dort kriteri karsilayan her kisi yazar olarak tanimlanmalidir.
Dért kriterin hepsini karsilamayan kisilere makalenin baslik sayfasin-
da tesekkur edilmelidir.

Yazarlik haklarina uygun hareket etmek ve hayalet ya da lutuf ya-
zarligin onlenmesini saglamak amaciyla sorumlu yazarlar makale
yukleme stirecinde http://experimed.istanbul.edu.tr/tr/_ adresinden
erisebilinen Yazar Katki Formu’nu imzalamali ve taranmis versiyonu-
nu yaziyla birlikte gondermelidir. Yayin Kurulu’'nun génderilen bir
makalede “lUtuf yazarlik” oldugundan siphelenmesi durumunda
sOz konusu makale degerlendirme yapilmaksizin reddedilecektir.
Makale gonderimi kapsaminda; sorumlu yazar makale génderim ve
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degerlendirme surecleri boyunca yazarlik ile ilgili tim sorumlulugu
kabul ettigini bildiren kisa bir 6n yazi géndermelidir.

Cikar Catismasi
Experimed; gonderilen makalelerin degerlendirme slrecine da-
hil olan yazarlarin ve bireylerin, potansiyel ¢ikar ¢atismasina ya da
onyarglya yol acabilecek finansal, kurumsal ve diger iligkiler dahil
mevcut ya da potansiyel ¢ikar ¢atismalarini beyan etmelerini talep
ve tegvik eder.

Bir calisma icin bir birey ya da kurumdan alinan her tirll finansal
destek ya da diger destekler Yayin Kurulu’na beyan edilmeli ve po-
tansiyel cikar catismalarini beyan etmek amaciyla ICMJE Potansiyel
Cikar Catismalari Formu katki saglayan tim yazarlar tarafindan ayri
ayr doldurulmalidir. Editorler, yazarlar ve hakemler ile ilgili potansi-
yel ¢ikar catismasi vakalari derginin Yayin Kurulu tarafindan COPE ve
ICMJE rehberleri kapsaminda ¢ézulmektedir.

Derginin Yayin Kurulu, itiraz ve sikayet vakalarini, COPE rehberleri
kapsaminda isleme almaktadir. Yazarlar, itiraz ve sikayetleri icin dog-
rudan Editéryel Ofis ile temasa gecebilirler. ihtiya(; duyuldugunda
Yayin Kurulu’nun kendi icinde ¢ézemediSi konular icin tarafsiz bir
temsilci atanmaktadir. itiraz ve sikayetler icin karar verme siireclerin-
de nihai karari Bas Editor verecektir.

Telif ve Lisans

Yazarlar Experimed Dergisi'nde, yayinlanan calismalarinin telif hak-
kina sahiptirler ve calismalari Creative Commons Atif-GayriTicari
4.0 Uluslararasi (CC BY-NC 4.0) olarak lisanslidir. Creative Commons
Atif-GayriTicari 4.0 Uluslararasi (CC BY-NC 4.0) lisansi, eserin ticari
kullanim disinda her boyut ve formatta paylasilmasina, kopyalan-
masina, ¢ogaltilmasina ve orijinal esere uygun sekilde atifta bulun-
mak kaydiyla yeniden dizenleme, donlstlirme ve eserin Uzerine
insa etme dahil adapte edilmesine izin verir.

Yazarlar, basill ya da elektronik formatta yer alan resimler, tablolar
ya da diger her turll igerik dahil daha dnce yayinlanmis icerigi kulla-
nirken telif hakki sahibinden izin almalilardir. Bu konudaki yasal, mali
ve cezai sorumluluk yazarlara aittir.

Sorumluluk Reddi

Dergide yayinlanan makalelerde ifade edilen gorusler ve fikirler
Experimed, Bas Editor, Editorler, Yayin Kurulu ve Yayincrnin desil,
yazar(lar)in bakis agilarini yansitir. Bas Editor, Editorler, Yayin Kurulu
ve Yayinci bu gibi durumlar icin hicbir sorumluluk ya da yukdmltltk
kabul etmemektedir. Yayinlanan icerik ile ilgili tim sorumluluk ya-
zarlara aittir.

MAKALE HAZIRLAMA

Makaleler, ICMJE-Recommendations for the Conduct, Reporting,
Editing and Publication of Scholarly Work in Medical Journals (up-
dated in December 2015 - http://www.icmje. org/icmje-recommen-
dations.pdf) ile uyumlu olarak hazirlanmalidir. Randomize calismalar
CONSORT, gozlemsel calismalar STROBE, tanisal degerli calismalar
STARD, sistematik derleme ve meta-analizler PRISMA, hayvan deneyli
calismalar ARRIVE ve randomize olmayan davranis ve halk sagligiyla
ilgili calismalar TREND kilavuzlarina uyumlu olmalidir.

Makaleler sadece http://experimed.istanbul.edu.tr/tr/_ adresinde
yer alan derginin online makale ylkleme ve degerlendirme sistemi
Uzerinden gonderilebilir. DiSer mecralardan génderilen makaleler
degerlendirilmeye alinmayacaktir.

Gonderilen makalelerin dersi yazim kurallarina uygunlugu ilk olarak
Editoryel Ofis tarafindan kontrol edilecek, dergi yazim kurallarina
uysun hazirlanmamis makaleler teknik dizeltme talepleri ile birlikte
yazarlarina geri génderilecektir.

Yazarlarin; Telif Hakki Anlasmasi Formu, Yazar Katki Formu ve ICMJE
Potansiyel Cikar Catismalari Formu’nu (bu form, tim yazarlar tarafin-
dan doldurulmalidir) ilk génderim sirasinda online makale sistemine
yuklemeleri gerekmektedir. Bu formlara http://experimed.istanbul.
edu.tr/tr/_ adresinden erisilebilmektedir.

Baslik sayfasi: Gonderilen tim makalelerle birlikte ayr bir baslk
sayfasi da gonderilmelidir. Bu sayfa;

- Makalenin basligini ve 50 karakteri gecmeyen kisa bashgini,

- Yazarlarin isimlerini, kurumlarini, ORCID numaralarini ve egitim
derecelerini,

- Finansal destek bilgisi ve diger destek kaynaklari hakkinda de-
tayl bilgiyi,

- Sorumlu yazarin ismi, adresi, telefonu (cep telefonu dahil ve
e-posta adresini,

- Makale hazirlama stirecine katkida bulunan ama yazarlik kriter-
lerini karsilamayan bireylerle ilgili bilgileri icermelidir.

Ozet: Editére Mektup tiiriindeki yazilar disinda kalan tim makale-
lerin Tlrkce ve ingilizce dzetleri olmalidir. rijinal Arastirma makalele-
rinin &zetleri “Amac”, “Gere¢ ve Yontem”, “Bulgular” ve “Sonug” alt
basliklarini icerecek bicimde hazirlanmalidir.

Anahtar Sozciikler: Tim makaleler en az 3 en fazla 6 anahtar keli-
meyle birlikte génderilmeli, anahtar sézcukler ézetin hemen altina
yazilmalidir. Kisaltmalar anahtar s6zcuk olarak kullanilmamalidir. Anah-
tar sézcukler National Library of Medicine (NLM) tarafindan hazirla-
nan Medical Subject Headings (MeSH) veritabanindan secilmelidir.

Makale Tirleri

Orijinal Arastirma: Ana metin “Giris”, “Gerec ve Yontem”, “Bulgular”
ve “Tartisma” alt basliklarini icermelidir. Ozgiin Arastirmalarla ilgili ki-
sitlamalar igin litfen Tablo 1’i inceleyiniz.

Sonucu desteklemek icin istatiksel analiz genellikle gereklidir. istatis-
tiksel analiz, tibbi dergilerdeki istatistik verilerini bildirme kurallarina
gore yapilmalidir (Altman DG, Gore SM, Gardner MJ, Pocock SJ.
Statistical guidelines for contributors to medical journals. Br Med J
1983: 7; 1489-93). istatiksel analiz ile ilgili bilgi, Yontemler bolimi
icinde ayr bir alt baslik olarak yazilmali ve kullanilan yazilim kesin-
likle tanimlanmalidir.

Birimler, uluslararasi birim sistemi olan International System of Units
(SI)’a uygun olarak hazirlanmadir.

Editoryel Yorum: Dergide yayinlanan bir arastirmanin, o konunun
uzmani olan veya Ust diizeyde degerlendirme yapan bir hakemi ta-



E)dDERIMED

rafindan kisaca yorumlanmasi amacini tasimaktadir. Yazarlar, dergi
tarafindan secilip davet edilir. Ozet, anahtar sézciik, tablo, sekil,
resim ve diger gorseller kullaniimaz.

Derleme: Yazinin konusunda birikimi olan ve bu birikimleri uluslara-
ras literatlire yayin ve atif sayisi olarak yansimis uzmanlar tarafindan
hazirlanmis yazilar degerlendirmeye alinir. Yazarlar dergi tarafindan
da davet edilebilir. Bir bilgi ya da konunun klinikte kullaniimasi icin
vardigi son diizeyi anlatan, tartisan, degerlendiren ve gelecekte ya-
pilacak olan c¢alismalara yon veren bir formatta hazirlanmalidir. Ana
metin “Giris”, “Klinik ve Arastirma Etkileri” ve “Sonuc¢” bdélUmlerini
icermelidir. Derleme turundeki yazilarla ilgili kisitlamalar igin lUtfen
Tablo 1’i inceleyiniz.

Olgu Sunumu: Olgu sunumlari icin sinirli sayida yer ayrilmakta ve
sadece ender gorilen, tani ve tedavisi gli¢ olan hastaliklarla ilgili,
yeni bir ydntem 6neren, kitaplarda yer verilmeyen bilgileri yansitan,
ilgi cekici ve 68retici 6zelligi olan olgular yayina kabul edilmektedir.
Ana metin; “Girig”, “Olgu Sunumu”, “Tartisma” ve “Sonu¢” alt baslik-
larini icermelidir. Olgu Sunumlariyla ilgili kisitlamalar icin litfen Tablo

1’i inceleyiniz.

Editore Mektup: Dergide daha énce yayinlanan bir yazinin dnemini,
gozden kacan bir ayrintisini ya da eksik kisimlarini tartisabilir. Ay-
rica derginin kapsamina giren alanlarda okurlarin ilgisini ¢cekebile-
cek konular ve 6zellikle egitici olgular hakkinda da Editére Mektup
formatinda yazilar yayinlanabilir. Okuyucular da yayinlanan yazilar
hakkinda yorum iceren Editére Mektup formatinda yazilarini suna-
bilirler. Ozet, anahtar sdzciik, tablo, sekil, resim ve diger gérseller
kullanilmaz. Ana metin alt basliksiz olmalidir. Hakkinda mektup yazi-
lan yayina ait cilt, yil, sayi, sayfa numaralari, yazi bash§i ve yazarlarin
adlari agik bir sekilde belirtiimeli, kaynak listesinde yazilmali ve me-
tin icinde atifta bulunulmalidir.

Tablolar

Tablolar ana dosyaya eklenmeli, kaynak listesi sonrasinda sunulmali,
ana metin icerisindeki gecis siralarina uygun olarak numaralandiril-
madir. Tablolarin Uzerinde tanimlayici bir baglik yer almali ve tablo
icerisinde gecen kisaltmalarin acilimlar tablo altina tanimlanmalidir.
Tablolar Microsoft Office Word dosyasi icinde “Tablo Ekle” komutu
kullanilarak hazirlanmali ve kolay okunabilir sekilde dizenlenmeli-
dir. Tablolarda sunulan veriler ana metinde sunulan verilerin tekrari
olmamali; ana metindeki verileri destekleyici nitelikte olmalilardir.

Resim ve Resim Altyazilar
Resimler, grafikler ve fotograflar (TIFF ya da JPEG formatinda) ayri

dosyalar halinde sisteme ylklenmelidir. Gorseller bir Word dosyasi
dokiimani ya da ana dokiiman igerisinde sunulmamalidir. Alt birim-
lere ayrilan gorseller oldugunda, alt birimler tek bir gorsel igerisinde
verilmemelidir. Her bir alt birim sisteme ayri bir dosya olarak yuklen-
melidir. Resimler alt birimleri belli etme amaciyla etiketlenmemelidir
(a, b, c vb.). Resimlerde altyazilari desteklemek icin kalin ve ince
oklar, ok baslari, yildizlar, asteriksler ve benzer isaretler kullanilabilir.
Makalenin geri kalaninda oldugu gibi resimler de kér olmalidir. Bu
sebeple, resimlerde yer alan kisi ve kurum bilgileri de kdrlestiriimeli-
dir. Gorsellerin minimum ¢ézunurligt 300DPI olmalidir. Degerlendir-
me slrecindeki aksakliklari dnlemek icin génderilen bitin gorselle-
rin ¢6zunurligu net ve boyutu blyik (minimum boyutlar 100x100
mm) olmalidir. Resim altyazilari ana metnin sonunda yer almalidir.

Makale icerisinde gecen tum kisaltmalar, ana metin ve 6zette ayr
ayr olmak Uzere ilk kez kullanildiklari yerde tanimlanarak kisaltma
tanimin ardindan parantez icerisinde verilmelidir.

Ana metin icerisinde cihaz, yazilim, ilac vb. Urtinlerden bahsedildi-
ginde Urlinun ismi, Ureticisi, UretildiSi sehir ve Ulke bilgisini iceren
Urdn bilgisi parantez icinde verilmelidir; “Discovery St PET/CT scan-
ner (General Electric, Milwaukee, WI, USA)".

Tum kaynaklar, tablolar ve resimlere ana metin icinde uygun olan
yerlerde sirayla numara verilerek atif yapiimalidir.

Ozgiin arastirmalarin kisitlamalari, engelleri ve yetersizliklerinden
Sonug paragrafi dncesi “Tartisma” béluminde bahsedilmelidir.

Kaynaklar

Atif yapilirken en son ve en giincel yayinlar tercih edilmelidir. Kay-
naklarin dogrulugundan yazarlar sorumludur. Kaynaklar Vancouver
referans stiline uygun olarak hazirlanmalidir. Atif yapilan erken
cevrimici makalelerin DOl numaralari mutlaka saglanmalidir. Dergi
isimleri Index Medicus/Medline/PubMed’de yer alan dergi kisaltma-
lari ile uyumlu olarak kisaltiimalidir. Alti ya da daha az yazar oldu-
gunda tUm yazar isimleri listelenmelidir. ESer 7 ya da daha fazla
yazar varsa ilk 6 yazar yazildiktan sonra “et al” konulmalidir. Ana
metinde kaynaklara atif yapilirken parantez icinde Arabik numa-
ralar kullanilmalidir. Farkli yayin turleri icin kaynak stilleri asagidaki
orneklerde sunulmustur:

Dergi makalesi: Blasco V, Colavolpe JC, Antonini F, Zieleskiewicz L,
Nafati C, Albanése J, et al. Long-term outcome in kidney recipients
from donors treated with hydroxyethylstarch 130/0.4 and hydrox-
yethylstarch 200/0.6. Br J Anaesth 2015; 115: 797-8.

Tablo 1. Makale tirleri icin kisitlamalar

Makale tiirii Sozciik limiti  Ozet sézciik limiti  Kaynak limiti  Tablo limiti Resim limiti

Ozgiin Arastirma 3500 200 (Alt baslikli) 30 6 7 ya da toplamda 15 resim
Derleme 5000 200 50 6 10 ya da toplamda 20 resim
Olgu Sunumu 1000 200 15 Tablo yok 10 ya da toplamda 20 resim
Editore Mektup 500 Uygulanamaz 5 Tablo yok Resim yok
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Kitap boliimii: Sherry S. Detection of thrombi. In: Strauss HE, Pitt
B, James AE, editors. Cardiovascular Medicine. St Louis: Mosby;
1974.p.273-85.

Tek yazarh kitap: Cohn PF. Silent myocardial ischemia and infarcti-
on. 3rd ed. New York: Marcel Dekker; 1993.

Yazar olarak editor(ler): Norman |J, Redfern SJ, editors. Mental he-
alth care for elderly people. New York: Churchill Livingstone; 1996.

Toplantida sunulan yazi: Bengisson S. Sothemin BG. Enforcement
of data protection, privacy and security in medical informatics. In:
Lun KC, Degoulet P, Piemme TE, Rienhoff O, editors. MEDINFO 92.
Proceedings of the 7th World Congress on Medical Informatics;
1992 Sept 6-10; Geneva, Switzerland. Amsterdam: North-Holland;
1992.p.1561-5.

Bilimsel veya teknik rapor: Smith P. Golladay K. Payment for du-
rable medical equipment billed during skilled nursing facility stays.
Final report. Dallas (TX) Dept. of Health and Human Services (US).
Office of Evaluation and Inspections: 1994 Oct. Report No: HHSI-
GOE 169200860.

Tez: Kaplan SI. Post-hospital home health care: the elderly access
and utilization (dissertation). St. Louis (MO): Washington Univ.
1995.

Yayina kabul edilmis ancak heniiz basiimamis yazilar: Leshner Al.
Molecular mechanisms of cocaine addiction. N Engl J Med In press
1997.

Erken Cevrimici Yayin: Aksu HU, Ertirk M, Gul M, Uslu N. Succes-
sful treatment of a patient with pulmonary embolism and biatri-
al thrombus. Anadolu Kardiyol Derg 2012 Dec 26. doi: 10.5152/
akd.2013.062. [Epub ahead of print]

Elektronik formatta yayinlanan yazi: Morse SS. Factors in the emer-
gence of infectious diseases. Emerg Infect Dis (serial online) 1995

Jan-Mar (cited 1996 June 5): 1(1): (24 screens). Available from:
URL: http:/ www.cdc.gov/ncidodIEID/cid.htm.

REVIZYONLAR

Yazarlar makalelerinin revizyon dosyalarini génderirken, ana metin
Uzerinde yaptiklari degisiklikleri isaretlemeli, ek olarak, hakemler
tarafindan 6ne strllen onerilerle ilgili notlarini “Hakemlere Cevap”
dosyasinda géndermelidir. Hakemlere Cevap dosyasinda her hake-
min yorumunun ardindan yazarin cevabi gelmeli ve degisikliklerin
yapildigi satir numaralari da ayrica belirtilmelidir. Revize makaleler
karar mektubunu takip eden 30 giin icerisinde dergiye gonderil-
melidir. Makalenin revize versiyonu belirtilen sure icerisinde ytklen-
mezse, revizyon seceneSi iptal olabilir. Yazarlarin revizyon igin ek
sureye ihtiyac duymalari durumunda uzatma taleplerini ilk 30 gin
sona ermeden dergiye iletmeleri gerekmektedir.

Yayina kabul edilen makaleler dil bilgisi, noktalama ve bicim agisin-
dan kontrol edilir. Yayin streci tamamlanan makaleler, yayin planina
dahil edildikleri sayiyla birlikte yayinlanmadan énce erken cevrimigi
formatinda dergi web sitesinde yayina alinir. Kabul edilen makale-
lerin baskiya hazir PDF dosyalari sorumlu yazarlara iletilir ve yayin
onaylarinin 2 gun icerisinde dergiye iletilmesi istenir.
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Adres: istanbul Universitesi Merkez Kampiisti,
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