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Kalsiyum ve fosfor metabolizmasi iizerinde 6nemli etkileri olan Vita-
min D(VD)’nin kas ve iskelet sistemi saglig1 acisindan kokli ve kritik ro-
lilyle birlikte(1),kardiyometabolik saglik,inflamasyon,enerji hemostazi,a-
dipogenez ve adiposit biyolojisi gibi bir ¢ok alanin fizyopatolojisindede
onemli etkileri yer almaktadir. VD’ nin yag dokusu fizyolojisindeki yararh
etkileri ,eksikliginin obezite patogenezindeki 6nemine dikkat ¢cekmekte-
dir(2,3,4).

Vit D Kaynaklar:1 ve Emilimi

D vitamini,yagda eriyen ve ayni zamanda hormon 6zelligine sahip
olan bir vitamindir.Cogu zaman ultraviyole (UV) 1518a maruz kalan ciltte
endojen olarak ftiretilir. UV etkisi altinda 7-dehidrokolesterol, pro-vitamin
D3’e doniisiir(Sekil 1), daha sonra 1s1 etkisiyle D3 vitaminine izomerlesti-
rilir ve ardindan dolagima salinir(5). VD’ nin dogal ekzojen kaynaklar1 ise
nispeten daha azdir.Kolekalsiferol olarak bilinen D3 vitamini temel olarak
balik karacigeri yagi, somon, sardalya, ringa balig1 ,uskumru gibi yagl ba-
liklar ve yumurta saris1 gibi hayvansal kaynakli tirinlerde ,ergokalsiferol
olarak bilinen D2 vitamini ise bitkiler ve mantarlarda yer alir (6,7). Gida-
larla alinan VD formlari ,sindirim ve safra asitleri ile emiilsiyona ugrar ve
ince bagirsagn orta kisminda emilir, silomikronlara dahil edilerek lenfatik
sistem ve karacigere gibi depolama organlarina iletilir(8,9).

Vit D Metabolizmasi

Endojen olarak iiretilen veya diyetle alinan VD, karacigerde enzimatik
olarak 25-hidroksivitamin D’ye (kalsifediol, 25(OH)D) hidroksile edilir
(Sekil 1). Bu reaksiyon, 25 hidroksilasyonun anahtar enzimi olarak kabul
edilen mikrozomal sitokrom P450 enzimi CYP2R1 tarafindan katalize edi-
lir(10,11). Yaklasik 15 giinliik bir yar1 émre sahip olan kalsifediol dolagim-
daki baslica formdur ve klasik olarak VD durumunun bir biyolojik belir-
teci olarak kullanilir(12).Dolagimda bulunan 25(OH)D’nin %80°i vitamin
d baglayici proteine(VDBP),%19’u albiimine bagli halde bulunur,geri ka-
lan %1°lik kism1 ise aktif olan serbest fraksiyonlardir(13). VDBP’ye bagh
25(0OH)D bobreklere ve diger cesitli organ ve dokulara taginir ve burada
la-hidroksilasyon i¢in kullanilir. VD’nin biyolojik olarak aktif formu olan
1,25(0H),D’ye 1o-hidroksilaz CYP27B1 enzimi tarafindan katalize edi-
lir. 1,25(0OH),D PTH ve disiik kalsiyum ve fosfor konsantrasyonlar ile
uyarilir, tersi durumlarda negatif feedback yoluyla sentezi azalir(14,15).
VD metabolizmasi sonugta, 25(OH)D ve 1,25(0OH),D’nin 24,25(0OH),D
doniisiimiine yol agan CYP24A1 aracili 24-hidroksilasyonunu igeren bir
inaktivasyon yoluyla kendi kendini diizenler. 25(OH)D, inaktif kalsitroik
asit halinde katabolize edilir. Bu inaktivasyon , CYP24A1’in indiikksiyonu
yoluyla 1,25(OH),D ‘nin kendisi tarafindan indiiklenir(16).
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Sekil 1.Vitamin D Sentezi
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Vit D Etki Mekanizmalari

1,25 (OH),D biyolojik etkinligin biiyiik kismin1 olusturur ve vita-
min d reseptor(VDR) geni ve reseptorii araciligiyla etkilerini gergekles-
tirir(17). VDR, retinoik asit, tiroid hormonu, seks hormonlar1 ve adrenal
steroidlere yoOnelik reseptorleri iceren steroid reseptor ailesine aittir(18).
1,25 (OH),D ve VDR’nin temel etkisi bagirsaktan kalsiyum emilimidir.
Bu sonug, herediter Vitamin D Rezistans Rikets (HVDRR) hastalarinin
mineral ve iskelet fenotiplerinin, intravendz veya yiiksek oral kalsiyum
ile tedavi edildigi goézlemine dayanmaktadir(19). Ayrica HVDRR ’nin bir
hayvan modelini temsil eden VDR ’si olmayan fareler yiiksek kalsiyum ve
laktoz igeren diyetle beslendiginde rasitizm ve osteomalazi 6nlenir(20,21).

Glomerulustan filtrelenen kalsiyumun ¢ogu, hem proksimal hem de
distal tiibiilde yeniden emilir ve sonugta filtrelenen kalsiyumun yalnizca
%1 ila %2’si idrarla sekrete edilir. Filtrelenen kalsiyumun yaklagik %65°1
proksimal tiibiillerde 1,25(OH),D ‘ten bagimsiz bir sekilde pasif olarak
yeniden emilir.Distal tiibiillerde kalsiyum emilimi 1,25(OH),D ve PTH
tarafindan diizenlenir(22). Bobregin proksimal tiibiilleri ayn1 zamanda
1,25(0OH) ,D sentezinin ve fosfat emiliminin ana bolgesidir. Proksimal tii-
biillerdeki fosfatin reabsorbsiyonu Fibroblast Growth Factor 23 (FGF23)
, PTH ve 1,25(OH),D tarafindan diizenlenir . PTH ve FGF23, apikal
membrandaki sodyum-fosfat ortak (NPT2a/2c) transportunu inhibe ede-
rek fosfat emilimini azaltir. Dolayistyla 1,25 (OH),D etkisi renal kalsi-
yumun reabsorsiyonunu artiriken , fosfatin ise idrarla atilimini artirir(23).
Kalsiyum ve kemik homeostazisi oldukea i¢ ice gegmis durumdadir.Ciinkii
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kalsiyum kemigin 6nemli bir bilesenidir ve iskelete gii¢ saglar , ayn za-
manda iskelet viicuttaki en biiyiik kalsiyum deposudur. Kemigin yapisal
biitiinliigli bu nedenle serumdan yeterli kalsiyum saglanmasina ve dolayi-
styla bagirsaktan ve renal yolla kalsiyum emilimine dayanir(Sekil 2). An-
cak diger yandan hipokalsemi durumunda normal serum kalsiyum seviye-
lerini korumak ig¢in kalsiyum kemikten plazmaya salinabilir. Yetigkinlerde
kemik siirekli olarak yeniden sekillenir ve kemik kiitlesini korumak igin
osteoklastlar tarafindan kemik rezorbsiyonu, osteoblastlar tarafindan ise
kemik olusumu saglanarak dengeler korunur. Biiylime sirasinda kemigin
uzamast biiyiik dl¢iide kondrositlerin koordineli biiylimesine ve farklilas-
masina baglidir. VDR eksikligi olan insanlar ve fareler iizerinde yapilan
caligsmalar, sistemik olarak rasitizm ve osteomalazinin kemik 6zellikleri-
nin, diyet veya genetik yollarla yeterli kalsiyum emilimi saglandiginda iyi-
lestigini kanitlamistir(24,25,26,27).

intestinal Kalsiyum
absorbsiyonu

Renal kalsiyum
absorbsiyonu ve fosfat Kemik rezorbsiyonu
sekresyonu

Sekil 2. Kalsitrioliin(1,25(0OH) ,D) kalsiyum ve fosfat metabolizmast iizerine etkisi

Vit D ve Obezite iliskisi

1,25(0OH),D, biyolojik etkinligini VDR aracilidiyla gosterir ve gok
sayida genin diizenlenmesinde dogrudan veya dolayl gorev alir(17). VDR,
retinoid X reseptorii (RXR) ile heterodimerize olur ve VD tarafindan dii-
zenlenen genlerin promotor bolgelerinde bulunan vitamin D response ele-
ments (VDRE) adi verilen bolgelerde DNA’ya baglanir. Bir ligandin yok-
lugunda bu heterodimer, yardimci baskilayicilar ve histon deasetilazlarla
kompleks olustururken, 1,25(OH),D’nin varhiginda , ortak aktivatorleri ve
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histon asetiltransferazlar1 gorevlendirerek transkripsiyonel aktivasyona
yol agar(28).

Cesitli calismalar, 6zellikle obezite varliginda VDR polimorfizmi-
nin bazi patolojik sorunlarla iliskisine dikkat ¢cekmistir(29). VD’ nin bazi
epigenetik etkileri, cesitli modellerde ve patofizyolojik baglamlarda ta-
nimlanmistir. Bu etkiler, muhtemelen DNA metiltransferaz ve/veya DNA
demetilaz ekspresyonunun modiilasyonu yoluyla DNA metilasyonunu iger-
mektedir(30).VD ayrica histon asetiltransferazlarin ve histon deasetilazla-
rin aktivasyonu yoluyla histon asetilasyonunu ayni1 zamanda histon meti-
lasyonunu ve demetilasyonunu da diizenleyebilir, boylece kromatinlerin
transkripsiyon faktorlerine erisilebilirligini modiile edebilir (31). Son ola-
rak, VD’nin bazi mikro-RNA’larin (miRNA’lar) ekspresyonunu diizenle-
mede de rol oynadigi rapor edilmig(31) ve yakin zamanda 1,25(OH),D’nin
adipositlerde inflamasyonla iliskili miRNA’larin ekspresyonunu azalttigini
gosteren kanitlarda tespit edilmistir (32).

Klinik Calismalar

Cok sayida yapilan kesitsel galismalar, disiik serum 25(OH)D, ile
obezite arasindaki negatif yonlii iliskiye isaret etmistir(33,34,35). Bunlarla
birlikte plazma 25(OH)D ‘nin viicut kitle indeksi (BMI), toplam yag kiitle-
si, deri alt1 ve i¢ organ yaglanmasi ve bel ¢evresi gibi obezitenin ¢ogu para-
metresi ile ters iligkili oldugu ileri siirtildii(36). Bu gozlemler yetiskinlerin
yani sira ¢ocuklarda(37) ve yaslanan insanlarda da (38) bulunmustur .
Ayrica yakin zamanda yapilan baska bir ¢calismada, serbest plazma 25(OH)
D ve 1,25(0OH),D diizeyinin obez kigilerde normal kilolu kisilere gore daha
diisiik oldugunu buldu(39). Bunun nedeni , obezite sirasinda ortaya ¢ikan
izoprenalin aracili lipolizin deri alti yag dokusundan 1,25(OH),D salini-
minin azaltmasina baglanmaktadir (40).

Obezite ile iligkili diisiik 25(OH)D seviyelerini (toplam ve/veya ser-
best) agiklayan ¢esitli hipotezler bulunmaktadir. Obezitesi olan ve olma-
yan kisiler arasindaki beslenme aligkanliklari, hareketsiz yasam tarzi veya
giyim aligkanliklar1 da dahil olmak {izere yasam tarzi farkliliklar goz ardi
edilemez ve ayrica obezite ile iligkili sekonder hiperparatiroidizm nedeniy-
le 25(OH)D’nin hepatik sentezinde de azalma meydana gelir(41). Ancak
anahtar mekanizma VD sekestrasyonundaki azalmadir.Obezite sirasinda
gbzlemlenen asir1 yag dokusu, VD ve/veya 25(OH)D igin genisletilmis bir
depolama alan1 sunar ve bu da diisiik plazma 25(OH)D konsantrasyonlarina
yol agar(42). Drincic ve arkadaglari ise daha farkli bir hipotez ortaya atmig-
lardir.Sekestrasyon azalmasindan ziyade obezitedeki yag dokusu artigina
bagl olarak meydana gelen hacim artisinin plazma 25(OH)D diizeylerini
seyrelterek azalttig goriisiinii ileri siirdiiler(43).Ancak yakin zamanda ya-
pilan bir meta analizde obez bireylerde VD takviyesinin obeziteyi azaltti-
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g1 vurgulamistir ki bu da sekestrasyon hipotezini desteklemektedir(44).
Ayrica obez kisilerde serum VD konsantrasyonlarinin 38,17 nmol/L daha
diisiik oldugu bulundu.Normal kilolu grupla karsilagtirildiginda, obezitesi
olan kisilerde replase edilen VD dozlarmin 25(OH)D plazma konsantras-
yonlarini dnemli 6l¢giide artirmamasi, optimal VD takviyesi igin acil strate-
jiler gelistirme ihtiyacininda altini ¢izmektedir(44).

Prospektif calismalar, diisiik plazma 25(OH)D diizeylerinin ¢cocuklar-
da(45) , yetiskinlerde (46,47) ve yash kadinlarda(48) giiclii bir obezite pre-
valansi ile iliskili oldugunu ve diisiikk VD aliminin daha sonraki obezite ve
metabolik sendrom durumunu 6ngorebilecegini ileri siirmektedir(49,50).
Bazi caligsmalarda VDR polimorfizmleri ile beden kitle indexi (BMI), yag-
lanma belirtecleri veya obezite arasinda iligkiler bulunmustur(51,52) .An-
cak bagka calismalar , VD metabolizmasini kodlayan genlerdeki polimor-
fizmlerin obeziteyle herhangi bir iliskisini gdsterememistir (53,54) ilging
bir sekilde, VDR ’deki polimorfizmlerin, VD ile desteklenmis kisilerde vis-
seral yag ve bel cevresindeki degisiklikleri etkileyebilecegi rapor edilmis-
tir(29). VD metabolizmasinda yer alan genleri (VDBP, DHCR7, CYP2R1
ve CYP24A1) kullanan Mendel randomizasyon analizi ise diisiik 25(OH)
D»ynin BMI {izerinde ¢ok az etkisi oldugunu veya hi¢ etkisi olmadigini,
obezitenin plazma 25(OH)D diizeylerini azalttig1 goriisiinii ortaya atti
(55).Viicut agirhigindaki her 1 kg’lik artis 25(OH)D’de %1,15’lik bir azal-
maya yol agmaktadir Bu bulgularla tutarl olarak, randomize ve randomize
olmayan kontrollii calismalarin sistemik bir incelemesi ve meta-analizi,
kilo kaybinin plazma 25(OH)D konsantrasyonlarini iyilestirebilecegini
gosterdi (56) ve baska bir meta-analiz, yaklasik %10 oraninda kilo kaybi-
nin VD takviyesi olmadan , plazma 25(OH)D konsantrasyonunu 6 nmol/L/
kg ‘ye kadar artirabilecegini ileri stirdii(57).

Preklinik Calismalar

Insanlarda obeziteyle birlikte plazma 25(OH)D konsantrasyon-
larindaki azalma belirgindir ancak farelerde bu kadar net degildir.
Baz1 yazarlar 25(OH)D plazma konsantrasyonunda herhangi bir de-
gisiklik olmadiginm bildirirken(58,59,60) diger calismalar ise azal-
ma gostermektedir(61,62). Fare calismalarindaki bu farkliliklarin
kokeni hala belirsizdir, ancak obeziteyi tetiklemek i¢in kullanilan
yiiksek yagli (HF) diyetin bilesiminden ve/veya 25(OH)D’yi 6lgmek
icin kullanilan yontemlerden, yani immiinolojik testlerden kaynakla-
nabilir. Farelerde obezite ile plazma 1,25(OH),D konsantrasyonlari
arasindaki iliskiyi arastiran ¢aligmalarda celigkilidir.Bazilar1 plazma
1,25(OH),D’nin azaldigim bildirirken(59,61) digerleri higbir degi-
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siklik bulamamig(58) , bagka yazarlar ise plazma 1,25(OH),D’nin
arttigini bile bulmuslardir(63).

Gebelikte Vit D eksikligi

Aragtirmalar hamilelik sirasinda VD»ynin ¢ok 6nemli bir yere sahip
oldugunu ortaya c¢ikarmistir(64,65). Hamilelik sirasinda yeterli VD alimi
hem anne hem de fetal saglik i¢in gereklidir. Epidemiyolojik ¢alismalar,
VD eksikligi ile preeklampsi(66) , gestasyonel diyabet(67) gibi maternal
,prematiire,diisiik dogum agirlig1 ve mikrosefali gibi fetal olumsuz gelis-
meler arasindaki iligkiyi kanitlamistir(68,69).

Vit D takviyesinin Obezite iizerine etkisi

VD takviyesinin obezite lizerine etkisi heniiz belirsizligini ko-
rumaktadir ve calisma sonuglar1 farklilik gdstermektedir. Tki me-
ta-analiz, VD takviyesinin obezite dl¢iimleri (BMI, yag kiitlesi, yag
kiitlesi yiizdesi veya yagsiz viicut kiitlesi) tizerinde yararli bir etki-
sini géstermedigini ileri stirerken(70,71) ,ii¢lincii bir meta-analiz ise
BMI ve bel gevresini iyilestigini gostermistir(72). VD takviyesinin
degerini veya faydasini degerlendirmek i¢in kemirgenlerde yapilan
calismalar ise ¢ok azdir. Yakin zamanda obez farelerde VD takvi-
yesinin 6zellikle yag dokusu inflamasyonu, hepatik steatoz ve kalp
fonksiyonu agisindan ¢esitli fenotipik gelismelere ragmen, viicut
agirhiginda veya yaglanmada gozlemlenebilir bir iyilesme tespit edi-
lememistir(73,74). Bununla birlikte, 1,25(OH),D enjeksiyonlarina
tabi tutulan obez farelerde viicut agirligi ve yaglanmada iyilesme
goriilmiistlir(75). Bu da muhtemelen obezitenin viicut {izerindeki
etkisi nedeniyle 1,25(OH),D’nin VD’den daha etkili olabilecegini
diistindiirmektedir

Sonuclar

VD eksikligiyle obezite arasinda ¢ok giiclii kanitlar bulunmak-
tadir.Ayrica obeziteninde VD diizeylerini azalttig1 ¢alismalarla gos-
terilmis ve ¢ift yonlii iligkisi bulunmustur.VD takviyesinin obezite
tedavisinde iyilestirici rolii heniiz belirlenmemis olsa bile, 6nleyici
rolii, diisiik plazma 25(OH)D diizeyleriyle artmis viicut agirligi ara-
sindaki iligskiyi gosteren prospektif ¢alismalarla desteklenmektedir.
Kemirgen takviyesi ¢caligmalar1 ayn1 zamanda VD takviyesinin obe-
zite ve yaglanmadaki onleyici roliinii de kismen desteklemektedir.
Yine de bazi ¢alismalar 6nleyici etkiyi gosterememistir, bu da bu
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farkliligin nereden geldigini anlamay1 hayati kilmaktadir(61). Sonug
olarak, ¢esitli kanitlar VD yeterliliginin obezite/yaglilik tizerindeki
onleyici etkisini desteklemektedir, ancak VD takviyesinin obezite
ve yaglanma i¢in potansiyel terapétik rolii belirsizligini korumak-
tadir. Klinik uygulamada, obezite ve yaglanma agisindan potansiyel
olarak iligkili risklerden ka¢inmak i¢in 25(OH)D durumunu normal
aralikta tutmak agikca gereklidir. Bu varsayimlarin dogrulanmasi
icin iyi tasarlanmis klinik ¢aligmalara ve temel arastirmalara acilen
ihtiyag vardir.
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1. Introduction

Autophagy is a crucial molecular pathway for maintaining cellular
and organismal homeostasis (Klionsky et al., 2021). In recent years, the in-
volvement of dysfunctional autophagy in the pathogenesis of fundamental
human diseases, including cancer, cardiovascular, neurodegenerative, me-
tabolic, pulmonary, renal, infectious, musculoskeletal, and ocular diseases,
has been demonstrated (Klionsky et al., 2021).

Cancer, with its high mortality rates, stands as one of the most signi-
ficant health challenges today. The incidence of cancer cases worldwide
continues to increase each year (Sung et al., 2021).

Recent research has indicated that autophagy plays a significant role in
the initiation and progression of tumors. However, the relationship betwe-
en cancer and autophagy is quite complex, and there are many mechanisms
to be elucidated.

Classical treatments employed for cancer often struggle to overcome
issues such as tumor metastasis and relapse. In developing targeted thera-
peutic approaches to address these problems encountered with conventio-
nal treatments, the autophagy pathway proves to be an excellent candidate
(Zhang et al., 2023).

2. Autophagy and Basic Mechanisms

“The autophagy mechanism is a physiological phenomenon respon-
sible for the elimination of long-lived proteins, dysfunctional organelles,
cytosolic components, damaged macromolecules, and pathogens. Intra-
cellular macromolecules and organelles are gathered into vesicles by au-
tophagy and transported to lysosomes, where they combine and degrade.
While short-lived proteins are broken down in the ubiquitin-proteasome
system, long-lived proteins and intracellular organelles are degraded by
the autophagy system, and the resulting building blocks (e.g., amino acids)
are recycled for cellular use. Autophagy literally means self (auto) eating
(phagy) and has been used to express how structures within the cell are
broken down to obtain nutrients in physiological conditions where the cell
encounters starvation (Karada, 2016).

Initial studies indicated that autophagy contributes to the recycling of
intracellular molecules in response to nutrient deprivation, aiding the cell
in adapting to stressful environments and maintaining cellular homeosta-
sis. Recent studies have revealed that autophagy plays an effective role in
the regulation of metabolism, morphogenesis, cell differentiation, aging,
cell death, and the destruction of intracellular pathogens as part of the im-
mune system (Oz Arslan, Korkmaz, & Goziiagik, 2011).
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Autophagy can occur in three different forms: 1) Microautophagy: It is
the degradation of small particles by taking them into the lysosome throu-
gh the indentation formed in the membrane. 2) Macroautophagy: The fun-
damental mechanism that contributes to autophagic cell death. Larger par-
ticles, including organelles, are sequestered into autophagosomes, which
later fuse with lysosomes for degradation. 3) Chaperone-mediated autop-
hagy: Cytosolic proteins with a specific peptide sequence are recognized
and transported to lysosomes by Hsp73 in complex with molecular chape-
rones. In this type of protein degradation pathway, vesicular trafficking is
not required.” (Mehrpour, Esclatine, Beau, & Codogno, 2010; Yamamoto
& Matsui, 2023) (Figure 1).

Macroautophagy
Phagophore Autophagosome Autolysosome
Phagophore
@ — >
Cargos
Lysosome
Membrane elongation Degradation
Endosomal microautophagy I I Microautophagy ] Chaperone-mediated
autophagy (CMA)
Endosome Lysosome / \ Lysosome HSC70
; \9) Cargo
I'e I's A’C>/LAMP2A
Membrane internalization Membrane internalization

Transport

Figure 1. Macroautophagy, microautophagy, and chaperone-mediated
autophagy (Yamamoto & Matsui, 2023).

The primary mechanism observed in autophagy is macroautophagy.
Many proteins involved in macroautophagic mechanisms, termed “autop-
hagy-related proteins” (Atg proteins), have been identified through studies
conducted in yeast, and currently, more than 30 Atg genes are recogni-
zed (Vargas,Hamasaki,Kawabata,Youle,& Yoshimori,2023;Yamamoto,Z-
hang,&Mizushima,2023). Atg proteins and various protein complexes play
roles in the formation of the autophagic vesicle (isolation membrane) and
autophagosome.

Autophagosomes, which are considered the “preautophagosomal stru-
cture” (PAS) in mammalian cells, emerge in structures scattered between
the endoplasmic reticulum and golgi apparatus. Although the exact origin
of the isolation membrane is not fully understood, the prevailing model
suggests that it is either newly synthesized or derived from the endoplas-
mic reticulum, outer mitochondrial membrane, or plasma membrane. This
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basic molecular mechanism can be summarized in four steps: triggering of
autophagy by the Atgl-Atgl3-Atgl7 kinase complex; vesicle nucleation
by class III phosphoinositol 3-phosphate (PI3F) kinase; vesicle elongation
phase in which the Atg6 protein (Beclin-1 in mammals) complex regulates
the activity of Vps34; vesicle elongation phase; lysosome association and
degradation phase (Juhasz et al., 2008; Papinski et al., 2014).

The function of PI3F is to direct proteins and protein groups that bind
to it and play a role in vesicle formation to PAS. The elongation and vesi-
cularization of the autophagasome membrane, whose nucleus is thus for-
med, are controlled by two ubiquitination-like systems. In the first of these,
the covalent binding of the Atgl2 protein to the Atg5 protein is catalyzed.
Atg5 is bound to Atgl2, then associates with Atgl6 and binds to the outer
surface of the isolation membrane (Figure 2). In the second ubiquitin-li-
ke system, a rare reaction occurs involving the covalent binding of Atg8
(MAP-LC3 in mammals, or simply LC3) protein to a phosphatidylethano-
lamine (PE) lipid molecule. The Atgl2-Atg5-Atgl6 complex is required
for the binding of Atg8/LC3 to PE (Anding & Baehrecke, 2015; Xiao,
2007). For this binding to occur, the five amino acids at the C-terminus of
Atg8 or LC3 must be cleaved by the Atg4 protease, exposing the glycine at
the sixth position. The PE molecule binds to this glycine. Binding of Atg8/
LC3 to the FE is a necessary event for membrane transport to the PAS and
membrane elongation there. Additionally, Atg4 enables the separation of
LC3 proteins that have completed their role in vesicle formation from the
lipid, allowing for their reuse.

The Atg9 and cycling systems play a role in autophagic memb-
rane formation and the elongation of these membranes, contributing
to the formation of autophagosomes. The autophagosome then fuses
with the late endosome, or lysosome, leading to the breakdown of
the cargo it carries (Figure 2). Following the degradation of cargo
(proteins, organelles, etc.) by lysosomal enzymes, the resulting bu-
ilding blocks (e.g., amino acids, fatty acids, etc.) are brought back
into the cell for reuse (Anding & Baehrecke, 2015; Oz Arslan et al.,
2011).
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Figure 2. Schematic model of macroautophagy (Anding & Baehrecke, 2015)

"In addition to its crucial role in cellular homeostasis, research in-
dicates that dysfunctional autophagy plays a role in the pathophysiology
of cancer, infectious diseases, neurodegenerative diseases, and metabolic
disorders (Oz Arslan et al., 2011; Gonzalez et al., 2011). The association
between autophagy and these diseases is likely rooted in the accumulation
of damaged molecules and organelles (Gonzalez et al., 2011). The energy
required for the functional maintenance of cells is very high; therefore,
disturbances in the balance of anabolic and catabolic metabolism lead to
diseases (Klionsky et al., 2021).

In diseases where dysfunctional autophagy is observed, the treatment
approach aims to normalize autophagy. Autophagic agents have been uti-
lized for this purpose. To date, numerous autophagic activators and inhibi-
tors have been identified. These agents have been used in research not only
to shed light on the relationship between autophagy and diseases but also
in the exploration of potential treatments for autophagy-related disorders.”

3. Cancer

“Nowadays, one of the biggest health problems is cancer (Sung et al.,
2021). On December 15, 2020, the International Agency for Research on
Cancer (IARC), a subsidiary of the World Health Organization, released
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World Cancer Statistics. The GLOBOCAN 2020 database, accessible onli-
ne, provides data on the incidence and mortality rates of 36 types of cancer
for the year 2020 in 185 countries. According to these data, the global
cancer burden increased to 19.3 million new cases and 10.0 million deaths
in 2020” (Sung et al., 2021).

Cancer is the uncontrolled and abnormal division of cells, le-
ading them to harm other cells and tissues due to the disruption of
mechanisms that regulate normal cell life (Naro, Cunliffe, & Sette,
2022). During the process that involves the transformation of a nor-
mal cell into a cancer cell, six fundamental characteristics change
in the cells: 1. Self-sufficiency in growth signals 2. Insensitivity to
growth-inhibitory signals 3. Escape from apoptosis (programmed
cell death) 4. Unlimited replication potential 5. Tissue invasion and
metastasis 6. Sustained angiogenesis (Kumar, Abbas, & Aster, 2020;
Lodish et al; 2016).

Recent research highlights autophagy’s significance in the biology of
cancer. The results of research indicate that autophagy is involved in the
development and spread of malignancies in a major and complex way. In
some situations, this process promotes cell survival, whereas in others, it
causes autophagic cell death. Developing precise cancer therapy strategies
requires an understanding of the roles and mechanisms of autophagy. Th-
rough the recycling of their own cellular components, autophagy allows
cancer cells to adapt and survive harsh environments. On the other hand,
excessive or protracted autophagy can cause autophagic cell death, which
is essentially a form of self-destruction for cancer cells. Understanding the
molecular processes that govern autophagy in cancer is crucial for creating
tailored treatments. (Zhang et al., 2023).

4. Autophagy in Cancer Development

There are two ways whereby autophagy contributes to the onset and
spread of cancer. Autophagy plays a suppressive role by preventing tumor
initiation and ensuring the survival of tumor cells by reducing cellular me-
tabolic stress, thus contributing to tumor growth and progression (Zhang
et al., 2023).

Studies on the relationship between autophagy and tumor progression
have shown elevated levels of LC3, indicative of the accumulation of au-
tophagosomes, in some tumor tissues. Numerous preclinical studies have
demonstrated that autophagy supports the growth and metabolism of ad-
vanced tumors resulting from the activation of various oncogenes and/or
the inactivation of tumor suppressors (Debnath, Gammoh, & Ryan, 2023).
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The role of autophagy in the development of Ras-driven cancers has
been highlighted in various studies. These cancers progress to some extent
in the absence of autophagy. The activation of Ras in many cancers leads
to tumor development, causing an increased demand for cellular energy
and anabolic precursors. Autophagy supports tumor development by at-
tempting to reduce the limited use of extracellular nutrients. In some cases,
autophagy acts as a tumor suppressor, and the lack of autophagy supports
tumor development.

Studies in mice have shown a decrease in tumor development in the
absence of autophagy after the deletion of tumor suppressors like p53 and
PTEN (Debnath et al., 2023). Furthermore, autophagy’s function in cancer
is complex, as it depends on the tumor microenvironment, biology, and
stage (Debnath et al., 2023).

Autophagy plays a role in regulating processes associated with cancer
development, such as cell cycle, cell metastasis, cell ferroptosis, and cell
apoptosis (Zhang et al., 2023).

4.1. The Relationship Between Autophagy and Apoptosis

Autophagy is closely associated with apoptosis and other cell death
pathways (Karada, 2016). Autophagy has various effects on apoptosis, inc-
luding triggering, inhibition, and delay. It acts as a protective mechanism,
ensuring cell survival under stressful conditions (Zhang et al., 2023).

Apoptosis is categorized into intrinsic and extrinsic pathways based
on signals initiating cell death. Intrinsic apoptosis is activated through Bcl-
2 (an anti-apoptotic protein) and Bax/Bak (pro-apoptotic proteins) under
various stress conditions. Extrinsic apoptosis is initiated by death activa-
tors (TNF-a, TNF-f, and FasL) binding to death receptors (Fas) on the cell
surface.

While autophagy and apoptosis are both crucial mechanisms regula-
ting cell survival and death, they exhibit various differences. There are two
mechanisms linking autophagy to apoptosis. Firstly, apoptotic molecules
or organelles (autophagosomes containing mitochondria, or Fap1, a nega-
tive regulator of Fas) are phagocytosed by autophagy, which causes cell
death. Second, autophagy molecules (ATGS and ATG12 attaching to Bcl-2
and Mcl-1) directly bind to apoptotic molecules, inducing apoptosis (S. Z.
Liu, S. J. Yao, H. Yang, S.J. Liu, & Y. J. Wang, 2023).

Autophagy, especially under stressful conditions, exhibits a protective
effect, increasing the chances of cell survival. It has been shown to protect
cells from cellular damage induced by metabolic stress, hypoxia, detach-
ment-induced anoikis, various cell death triggers, or anticancer treatments
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such as necrosis or apoptosis. Additionally, cancer cells utilize autophagy
to protect themselves from apoptosis. Therefore, studies are being conduc-
ted to combine autophagy inhibitors with anticancer treatments to enhance
cancer cell death (Zhang et al., 2023).

4.2. The Relationship Between Autophagy and Ferroptosis

Ferroptosis is a recently described type of programmed cell death acti-
vated by lipid peroxidation and the accumulation of large amounts of iron,
leading to cell membrane destruction. Unlike apoptosis and necrosis, it is
associated with lipid and iron metabolism (Li et al., 2020).

Ferroptosis has gained significant attention in recent years as a promi-
sing candidate for targeted cancer therapy approaches. Recent studies have
demonstrated complex relationships between ferroptosis and autophagy
(Zhang et al., 2023).

Lipid metabolism, redox equilibrium, and iron uptake and export all
depend on autophagy. Ferroptosis is therefore regarded as an autopha-
gy-dependent mode of cell death. (Liu et al., 2023). The elucidation of
molecular relationships between autophagy and ferroptosis is important
for the prevention and treatment of cancer (Chen et al., 2022).

4.3. The Role of Autophagy in Metastasis

Autophagy is a catabolic process associated with cellular homeostasis,
the regulation of cell growth, and protein degradation. It has significant ef-
fects on cellular phenotypes in cancer development and metastasis (Zhang
et al., 2023).

The impact of autophagy on cancer metastasis is a topic of debate.
Initial studies have shown that autophagy triggers biological pathways cru-
cial for metastasis, such as migration, invasion, epithelial-mesenchymal
transition, anoikis, hypoxia, and adaptation to nutrient deprivation (Figure
3). Inhibition of autophagy may be a promising treatment approach for
preventing metastasis, as demonstrated by reduced metastasis through the
inhibition of autophagy in mouse models.

Recent studies using different models indicate that autophagy can rest-
rict various stages of the metastasis process. For instance, several studies
have highlighted the crucial roles of the autophagy pathway in control-
ling the exit from dormancy and suppressing metastatic colonization and
growth (Debnath et al., 2023).
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Figure 3. The role of autophagy in primary tumor formation and metastasis
(Debnath et al.,  2023)

4.4. Cell Cycle and Autophagy in Cancer

Cells recycle their own components through a process called autopha-
gy in order to preserve homeostasis. There is a tight connection between
autophagy and the cessation of the cell cycle. Studies have indicated that
elevated expression of the cell cycle-related protein p21 triggers autopha-
gy. It has been shown that overexpressing p21 in breast cancer cells causes
autophagy and stops the growth of tumors. In another study, the suppressi-
on of the tumor suppressor gene p3 was shown to induce autophagy in the
G1/S phase (Zhang et al., 2023). It has also been shown that ATGS, a gene
associated with autophagy, contributes to the progression of the cell cycle
(Li et al., 2016)the role of autophagy in renal fibrosis is elusive. Here, we
hypothesized that autophagy activity in tubular epithelial cells is pivotal
for inhibition of cell cycle G2/M arrest and subsequent fibrogenic respon-
se. In both renal epithelial cells stimulated by angiotensin II (AGT I

4.5. The Relationship Between Proliferation and Differentiation
in Cancer and Autophagy

Autophagy also plays a role in regulating proliferation and differenti-
ation in cancer development. In one study, it was discovered that keratino-
cyte cells exposed to sodium hydrosulfide expressed significant quantities
of proteins linked to autophagy, including Beclin-1, ATGS, and LC-3I1.
This suggests that the activation of autophagy leads to the induction of
proliferation and differentiation.

+ 25



26 * Sebnem YILDIRIMCAN KADICESME

Another study found that the long non-coding RNA HOTAIRM1 sti-
mulates autophagy, which in turn causes the PML-RARA oncoprotein to
degrade and myeloid cell differentiation to occur.

Low expression of the autophagy-related protein Beclin-1 was linked
in a different study to poor differentiation, tumor relapse, survival, the epit-
helial-mesenchymal transition (EMT) stage, lymph node metastasis, and
distant metastasis (Zhang et al., 2023).

4.6. Dysfunctional Autophagy in Carcinogenesis

Dysfunctional autophagy is closely associated with the carcinogenesis
process. When the autophagy process is impaired, damaged proteins and
organelles accumulate, genomic instability occurs, cellular metabolism
changes, and the initiation of tumorigenesis is triggered.

Autophagy is closely linked to cellular metabolism. Defective autop-
hagy mechanisms in tumors can interfere with nutrition recycling, upset
metabolic pathways, and push cancer cells to use aerobic glycolysis as
an alternate energy source. Through the reorganization of metabolic pat-
hways, cancer cells gain a growth advantage, making their survival and
proliferation more accessible. Additionally involved in immunological and
inflammatory responses, autophagy controls inflammation by eliminating
damaged organelles and protein aggregates. If autophagy is defective, da-
maged cellular components cannot be removed and accumulate, resulting
in chronic inflammation, which may promote tumor development (Lim et
al., 2019; Rangel, Kong, Bhatt, Khayati, & Guo, 2022).

5. The Role of Autophagy in Tumor Suppression

In studies conducted with heterozygous mice for breast cancer cell
lines and the BECNI gene (encoding beclin-1), allelic loss of BECNI has
been shown to lead to tumor formation. Subsequent studies suggested an
association between BECN] and the tumor suppressor BRCA 1. While stu-
dies related to BECNI are not yet conclusive, defects in genes involved in
autophagy have been identified as associated with tumorigenesis, highli-
ghting the role of autophagy in tumor suppression (Debnath et al., 2023).

Autophagy has a variety of roles in tumor formation, depending on
the tissue and gene relationships. For example, the deletion of ATG7 only
leads to tumor formation in the liver. The tumor-suppressive role of au-
tophagy remains a highly debated topic. Various studies have shown that
autophagy is regulated by tumor-suppressive pathways, especially through
the key tumor-suppressive gene p53. Cytoplasmic p53 at basal levels acts
as a repressor of autophagy. However, under cellular stress conditions such
as DNA damage, the activation of p53 results in the activation of autopha-



Current Research and Evaluations in Health Sciences - June 2024 - 27

gic genes like DRAMI (DNA damage-regulated autophagy modulator 1)
and PRKABI (Protein Kinase AMP-Activated Non-Catalytic Subunit Beta
1) (Yang et al., 2020)shortens life span to 3 mo due to neurodegeneration,
and is lethal upon fasting. As autophagy deficiency causes p53 induction
and cell death in neurons, we sought to test whether p5S3 mediates the let-
hal consequences of autophagy deficiency. Here, we conditionally deleted
Trp53 (p53 hereafter.

It has been shown that ATG2B, ATGS5, ATG9B, and ATGI2 contain
frame-shift mutations in gastrointestinal and liver cancers, while ATG5 and
ATG7 are downregulated in melanoma (Frangez et al., 2021)primary and
metastatic melanoma tissues using customized tissue microarrays (TMA.

Recent studies have highlighted the roles of selective forms of autop-
hagy, especially mitophagy (selective degradation of mitochondria) and
pexophagy (selective degradation of peroxisomes), in tumor suppression.
In mitophagy, the accumulation of damaged mitochondria occurs in the
case of deletion of autophagic genes, leading to DNA damage and the ac-
cumulation of reactive oxygen species (ROS) (Poole & Macleod, 2021).

6. Anticancer Treatments Based on Inhibition or Promotion of
Autophagy

Due to autophagy’s dual functions in cancer cells, its effects on tumor
biology are extremely complex. Studies have demonstrated that while pro-
moting autophagy might cause cell death in some circumstances, blocking
autophagy can be useful in the management of cancer.

6.1. Induction of Autophagy in Treatment

There are numerous studies focusing on inducing the autophagic mec-
hanism in current approaches to cancer treatment. For instance, it has been
demonstrated that luteolin (a flavonoid) triggers apoptosis, inhibits cell vi-
ability, and induces autophagy in liver cancer cells (SMMC-7721) (Cao et
al., 2018). Reactive oxygen species (ROS) produced by another substance,
7-0-geranylquercetin (GQ), a derivative of quercetin, has been demonstra-
ted to cause autophagy and apoptosis in human non-small cell lung cancer
cell lines (A549 and NCI-H1975). The research findings demonstrated that
GQ downregulated p62 levels and enhanced the production of proteins
linked to autophagy and the creation of autophagosomes (Cao et al., 2018).

In another investigation, the impact of Erastin (a cell-permeable
compound) on autophagy in human cervical adenocarcinoma (HeLa) and
lung cancer cells (NCI-H1975) was explored. The data revealed that this
compound induced autophagy, resulting in the upregulation of transfer-
rin receptor 1 (TfR1) expression, ferritin degradation, and iron-dependent



28 - Sebnem YILDIRIMCAN KADICESME

ferroptosis (L. Liu, L. Li, M. Li, & Z. Luo, 2021; Shibata, Yasui, Higashi-
kawa,Miyamoto, & Kuge, 2019).

It has been demonstrated that curcumin, a yellow polyphenol molecu-
le derived from the turmeric plant, activates ferroptosis in non-small cell
lung cancer cells via inducing autophagy (A549 and H1299) (Tang et al.,
2021)the role of ferroptosis in the inhibitory effect of curcumin on non-
small-cell lung cancer (NSCLC.

Another compound, urolithin A (a metabolite compound), was shown
to inhibit cell migration and reduce matrix metalloproteinase-9 (MMP-9)
activity in colorectal cancer cells (Human SW620 cells) (Zhao et al., 2018).

Salidroside, derived from Rhodiola crenulata, increased autophagy
through the mTOR and AMPK pathways and reduced apoptosis after oxi-
dative stress in human umbilical vein endothelial cells. The histone dea-
cetylase inhibitor valproic acid triggered autophagy through the mTOR
and AMPK pathways in lymphoma cells, delaying tumor growth.

Itraconazole induces autophagy in glioblastoma cells by suppressing
Aktl-mTOR signaling and inhibiting cancer cell proliferation both in vivo
and in vitro. Isorhapontigenin, another agent, triggered autophagy in blad-
der cancer, suppressing tumor development (Zhang et al., 2023). Other
autophagy inducers for cancer treatment approaches are summarized in
Table 1.

Table 1
Examples of autophagy inducers for cancer therapy

Process invol-

ved in Cancer Mechanisms Cancer Type
Development

Com-
pounds

Resverat-  Cell apoptosis LKB1-AMPK and PI3K/  The human promye-
rol AKT-regulated mTOR locytic leukemia cell
signaling pathway line(HL-60 cell)

Apigenin  Cell apoptosis Inhibition of PI3K/Akt/ Hepatocellular carci-
mTOR pathway noma

6-Gingerol Cell ferroptosis Increased ROS level and  Prostate cancer
LC3B-II and Beclin-1
expression
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Chrysin Cell ferroptosis Increased ROS, inhibition Pancreas cancer
of carbonyl reductasel
(CBR1)

Gallotan-  Cell metastasis Inhibition of PI3K/Akt/ Colorectal cancer
nin mTOR pathway

Halofugi-  Cell metas- Suppression of STMN1 Breast cancer
none tasis and p53 expression

SGK1 Cell metastasis Inhibition EMT process Pancreas cancer

Valproic ~ Tumor growth Activation of AMPK and Lymphoma
acid inhibition of downstream
MTOR signaling

Note. Modified from (Zhang et al., 2023)

6.2. Inhibition of Autophagy in Treatment

It is proposed that tumor cells depend on autophagy for survival. Sti-
mulation of autophagy in hypoxic regions provides a survival advantage
for cancer cells. In line with these findings, the inhibition of autophagy
has emerged as a potential strategy to prevent the survival of tumor cells,
offering a new target for cancer treatment (Vural, 2020). There are also
studies exploring the inhibition of autophagy, considering its complex role
in cancer.

For instance, it has been demonstrated that the polyether ionophore
salinomycin suppresses autophagy in breast cancer cells, resulting in the
generation of ROS and death (Cao et al., 2018). Research has shown that
MIR152, an autophagy regulatory protein, decreases autophagy caused by
cisplatin, suppresses cell division in ovarian cancer resistant to cisplatin,
and increases apoptosis induced by cisplatin (Cao et al., 2018).

In another study, deoxypodophyllotoxin (a naturally occurring flavo-
lignan) suppressed autophagy by initiating mitochondrial ROS and inhi-
bited tumor growth in pancreatic cancer (Kim et al., 2017). It has been
demonstrated that metformin, a medication frequently used to treat type 2
diabetes, causes ferroptosis in breast cancer via blocking autophagy throu-
gh IncRNA-H19 (non-coding RNA) (Chen et al., 2022). Other autophagy
inhibitors for cancer treatment approaches are summarized in Table 2.
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Table 2
Examples of autophagy inhibitors for cancer therapy

Process involved

Compounds ;. cancer Mechanisms Cancer Type
Development
Oridonin Cell apoptosis Inhibition of Beclin 1 ~ Breast cancer
AdoMet Cell apoptosis Enhanced beclin-1 Breast cancer
and LC3B-II

Melatonin +  Cell ferroptosis Increased lipid ROS Squamous cell

erastin and P62 carcinoma
MiR-221 Cell apoptosis Downregulation of Colorectal cancer
TPS3INP1

MiRNA-30a Cell metastasis Increased beclin-1 Hepatocellular

and Atg5 carcinoma

PCBP1 Cell apoptosis Downregulation of Colorectal cancer
LC3B

KPNA2 Cell metastasis Inhibition of p53 Oral squamous cell

carcinoma

MCT4 Cell ferroptosis Increasing lipid ROS, Bladder cancer
inhibiting
AMPK pathways

Note. Modified from (Zhang et al., 2023)

7. Nanomedicine in Autophagy Regulation for Cancer Therapy

Recent developments in nanotechnology have introduced a new ap-
proach to more effectively treating cancer. Specially designed biomaterials
responsible for drug delivery in the treatment of the disease offer oppor-
tunities to overcome the side effects seen in traditional treatment methods
and provide more effective treatment.

In autophagy-based cancer treatments, the distribution of non-targeted
autophagy modulatory compounds and their low bioavailability reduce tre-
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atment efficacy. Therefore, the combination of autophagy modulators with
nanoparticles can make these drugs much more effective and reliable for
cancer treatment (Lopez-Méndez et al., 2023).

There are some challenges associated with the clinical use of drugs
that regulate autophagy. Autophagy modulators have low solubility in aqu-
eous environments, reduced activity in acidic microenvironments, and are
non-targeted. Therefore, they often exhibit low bioavailability. New strate-
gies are needed to overcome these problems (Lopez-Méndez et al., 2023).

In recent years, nanomedicine has started to take its place to overcome
many problems in treatments. Various nanoparticles (NPs) are designed
both as drug carriers and imaging agents. Particular physicochemical cha-
racteristics, including load, form, surface ornamentation, and a high surfa-
ce-to-volume ratio, are present in NPs.

Chemotherapeutics may accumulate in tumor areas as a result of na-
nomedicine’s enhanced permeability and retention effect (EPR). Therefo-
re, the diminished lymphatic outflow and leaky vascular system boost the
therapeutic system’s specificity in vivo.

Research in nanomedicine applications for cancer treatment has pro-
duced nanostructures that reduce harmful effects on healthy tissues, carry
chemotherapy agents to target regions, and overcome biological barriers.
Additionally, by conjugating with ligands and nucleic acids, NPs’ surface
can be chemically changed to increase targeted medication delivery to tu-
mor locations and improve the effectiveness of treatment.

Strong autophagy modulators, nanomaterials are being thoroughly in-
vestigated as potential novel therapeutic agents for the treatment of cancer
(Lopez-Méndez et al., 2023) (Figure 3). For instance, a combination of
lysosome deacidification inhibitor Lys-05 and lysosomotropic detergent
(MSDH) has been utilized. The resultant single-drug nanoparticles de-
monstrated superior efficacy against tumors in an in vivo setting, along
with outstanding pharmacokinetic and toxicological profiles.
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Figure 3. Autophagy-based nanomedicine approaches in cancer (Lopez-Méndez
etal., 2023)

To treat uveal melanoma, mTOR kinase inhibitor AZD8055 (ABN-
AZD) was coupled with albumin-stabilized gold nanoclusters (ABN-based
nanoparticles)(Latorre et al., 2021). The nanoparticle achieved more ef-
fective treatment outcomes. Other autophagy-based nanocarrier examples
for cancer treatment are provided in Table 3 (Lopez-Méndez et al., 2023).

Table 3.

Autophagy-based nanocarrier samples for cancer therapy

Target Therapeutic Combined Nanosystem Disease
molecule molecule
Autophago- Hybrld dendritic— Cervical
some fusion linear— cancer
. Chloroquine Cisplatin dendritic block  and lung
with lysoso-
mes copolymers adenocar-
(HDLDBCs) cinoma
N-((2-hydroxy-3-
trimeth .
. . Gastric
ylammonium) Fe304 magnetic .
Lysosomes carcino-
propyl) NPs ma

chitosan chloride
(HTCC)
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mTOR Rapamycin Albumin nano-  Multiple
particles myeloma
mTOR Rapamycin FOLFOX, Albumin nano-  Metas-
Bevacizumab particles tatic
colorectal
cancer
mTOR Paclitaxel Gemcitabine Albumin nano-  Pancrea-
particles tic cancer
mTOR Paclitaxel Carboplatin ~ Albumin nano-  Non-
particles small-cell
lung can-
cer
mTOR Everolimus Albumin nano-  Metasta-
particles tic mela-
noma
mTOR Paclitaxel Rapamycin ~ Albumin nano-  Advanced
particles solid tu-
mors

Note. Modified from (Lopez-Méndez et al., 2023)

8. Conclusion

Autophagy is a promising candidate for illuminating mechanisms re-
lated to cancer and developing new treatment strategies. But autophagy’s
function in cancer is extremely complicated. Therefore, efforts should be
made to elucidate the role of autophagy in tumor development by emplo-
ying different tumor types and various study models.

Studies involving autophagic agents hold promise for cancer treat-
ment. [t is believed that combining these agents with other anti-tumor the-
rapies could pave the way for more effective cancer treatments. However,
the dual effect of autophagy on cancer cells complicates the determination
of the correct treatment approach. There is a significant need for extensi-
ve research on the relationship of this mechanism with the carcinogenesis
process and its contributions to diagnosis and treatment processes.
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1. INTRODUCTION

Neuroplasticity refers to the ability of the brain to undergo functio-
nal and structural changes in response to external or internal stimuli (Voss
et al., 2017). The change and rearrangement abilities of neural pathways
in the brain tissue, a part of the nervous system, and the power required
for the organism to adapt to the environment are called “neurplasticity”.
(Apak, 2001). Neuroplasticity ensures the formation and survival of new
neurons and their increased resistance to deterioration under stress through
processes such as the proliferation of branching of dendrites, their increase
in length, the formation of new synapses and the change in the effective-
ness of existing ones (Uzbay, 2004). The flexibility of connections between
neurons and cells in the nervous system has important functions in the life
of the individual. These connections in the brain are not fixed; therefore, it
can change and shape according to new situations and requirements. This
flexibility allows changes to occur in the activation of existing intercellular
connections (Turhan & Ozbay, 2016).

The brain is constantly restructuring itself with changing connections
at the synaptic level. The increase in synaptic areas occurs with the increase
in environmental stimuli. These changes are not limited to a single neuron;
We can also call the adaptive response that occurs at the synapse level as
“synaptic plasticity”. It is important that synaptic efficiency can change in
the adaptation of the nervous system. Adapting to environmental changes
is only possible through learning. Learning also occurs through synaptic
plasticity (Nelson, 2000). Neuroplasticity affects the brain’s abilities such
as learning and remembering. Accordingly, intense neuroplasticity; It is
seen in brain regions such as hippocampus, amygdala, and frontal cortex.
The subgranular zone (SGZ) of the dentate gyrus of the hippocampus and
the subventricular zone (SVZ), which is the border of the lateral ventricles
of the brain, are the most active areas where new neurons are formed. In
addition, it is known that the plasticity capacities where new neurons are
actively formed in the amygdala, frontal cortex and olfactory bulb, espe-
cially in relation to experiences, are higher than other areas (Ma, 2009).

Exercise is a set of planned and repetitive movements that are perfor-
med consciously and regularly to exercise the muscles, joints and other
tissues in the body, and continue for a certain period of time in order to
improve health and stay vigorous (Akyol et al., 2008). Exercise is divided
into two: aerobic exercise and anaerobic. Aerobic exercises are long-term,
moderate and low-intensity exercise movements. Aerobic exercises consist
of activities that provide oxygen to the body and increase the amount of
oxygen used. Foods containing carbohydrates, fats and proteins are bur-
ned with oxygen to provide energy. The easiest and most common type of
exercise in daily life is walking. In addition, climbing stairs, jumping rope,
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dancing, cycling and swimming are among the aerobic exercises perfor-
med. Anaerobic exercises are very challenging exercise movements, such
as strength training, consisting of sudden movements. The concept of ana-
erobic means that oxygen is limited or absent in providing energy. Passive
and sedentary life brings many health problems to our body. With chronic
passive and sedentary living, there is a risk of developing many diseases
such as neurodegenerative diseases, cardiovascular problems, bone dise-
ases such as osteoporosis, musculoskeletal diseases, metabolic disorders
such as obesity and diabetes, respiratory problems, aging, neuropsychiatric
diseases such as Alzheimer’s, depression, and schizophrenia. is increasing
significantly. Studies have shown that exercise prevents the development of
many diseases, greatly reduces risk factors and increases cognitive abilities
compared to a passive lifestyle. Information has been provided regarding
the release of neurotrophins, angiogenesis, neurogenesis, synaptogenesis,
and neuroendocrinological changes with the increase in physical exercise.
All this evidence, considering developing technology and modern diag-
nostic and treatment methods, suggests that exercise may have effects on
neuroplasticity and the hippocampus.

Figure 1. Aerobic and resistance exercise (Loprinzi, Moore , &
Loenneke, 2020).
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2. EXERCISE AND NEUROPLASTICITY

Exercise is a widely practiced behavior that activates molecular and
cellular mechanisms that support and maintain brain plasticity (Cotman &
Berchtold, 2002). Additionally, exercise causes changes such as increased
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oxygen levels and angiogenesis in areas of the brain that play a role in
thought processes and social interaction. These effects contribute to the
development of individuals. Exercise also leads to a decrease in stress hor-
mones and an increase in the release of neurotransmitters such as serotonin
and norepinephrine, which increase the speed of information processing.
The release of neurotrophins (BDNF, IBD and basic fibroblast growth
factor) is also regulated by exercise. Released neurotrophins support the
survival, differentiation, dendritic branching of neurons in the brain and
promote the formation of synaptic networks in the adult brain (Ersoz,
2021). Neuroplasticity is the ability of the brain to undergo functional and
structural changes in response to external or internal stimuli from the envi-
ronment and organs in the body (Voss et al., 2017). In studies conducted on
experimental animals, it has been claimed that physical exercise activates a
number of functional and structural changes in the nervous system. These
changes include increased neovascularization (Black et al., 1990; Rhyu
et al., 2010), a tight increase in post-synaptic portions (Stranahan et al.,
2007), and long-term potentiation (van Praag et al., 1999a). Additionally,
brain-derived nerve cell growth factors (BDNF) and stimulating growth in
specific cells; It has been suggested that the formation of growth-affecting
factors such as insulin-like growth factor-1 (IGF-1) is increased (Lafenetre
et al., 2010; Vaynman et al., 2004 ; Trejo et al., 2001). Physical exercise
has been shown to positively alter neuroplasticity by increasing levels of
neurotransmitters such as serotonin, noradrenaline and acetylcholine, or
by acting on neurotransmitter systems by increasing brain cortical choline
uptake and dopamine receptor density (Lista & Sorrentino, 2010; Fordyce
& Farrar, 1991). All of these factors play an important role in neuroplas-
ticity. Findings from research on human and animal organisms show that
increased physical exercise promotes new neuron formation, activates bra-
in growth factors, increases hippocampal neuroplasticity, and strengthens
connections between nerve cells. This reveals that it supports cognitive
functions (Yau et al., 2016), emotional (Kolb et al., 2003) and behavioral
responses (Budde et al., 2016).

Studies conducted with magnetic resonance imaging (MRI) show
structural changes in humans after physical exercise. These studies repor-
ted increases in gray matter (Pajonk et al., 2010) in frontal brain regions
(Colcombe et al., 2006) and the hippocampus (Erickson et al., 2011). Re-
sults of functional MRI (fMRI) studies show increased functional activity
and energy efficiency of neurons during executive (Colcombe et al., 2004;
Voelcker & Rehage et al., 2011) and memory functions (Holzschneider et
al., 2012). Following six months of aerobic exercise and stretching control
group training, a difference in task-related activity in the prefrontal and
parietal regions was observed in older adults between the aerobic group
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and the control group (Colcombe et al., 2004). Colmenares et al. (2021)
focused on white matter degradation, aging, and cognitive impairment
associated with Alzheimer’s disease. In the study, they investigated the
effects of aerobic walking and dance exercise on white matter integrity
over a 6-month period using the diffusion Magnetic Resonance Imaging
technique. The findings suggest that areas containing white matter, which
are vulnerable with aging, may maintain a certain plasticity with aerobic
exercise training. They also provided evidence that it may be a useful and
widely accessible measurement tool for examining short-term intraperso-
nal plasticity and degradation in adult white matter. Erickson et al. (2012)
tested the levels of the molecule N-acetylaspartate (NAA) in the frontal
cortex of healthy and older adults using magnetic resonance spectroscopy
(MRS). They reported a positive correlation between levels of the NAA
molecule and cardiovascular fitness and working memory. They have su-
ggested that aerobic conditioning in humans may slow age-related decline
in neuronal tissue that goes beyond vascular effects. Fernandes et al. in
their study, they showed that aerobic and resistance training physical exer-
cise methods, such as high release of neurotrophic factors (BDNF), cell
communication, growth and development, can strengthen neuroplasticity
in animals and humans, resulting in improvement, and physical exercise
improves functional abilities such as anxiety and depression in animals.
They have detected. In the study of Gergin and his team (2023), it was
stated that a combination of melatonin and swimming exercise improved at
least some of the motor deficits. “Furthermore, this combination appeared
to ameliorate changes in the morphological properties of the dendrites and
spines of medium spiny neurons, which are the main target of midbrain
dopamine neurons in the striatum”. Serra et al. (2022) reveals that all types
of activity such as walking, running and swimming have a positive effect
regarding cognitive and behavioral functions. Specifically, the main effects
observed involved memory and executive functions. These effects, along
with structural and functional changes, are specifically linked to the ante-
rior part of the hippocampus.

3. EXERCISE AND HIPOCAMUS

Exercise helps to slow down the shrinkage of the hippocampus and
other basic cognitive brain regions, which are important for learning, plan-
ning, spatial memory, reasoning and processing speed, or to make this regi-
on more active (Hotting & Roder, 2013; Kelly, 2016). The most intensively
researched area related to exercise is at the cognitive level, where improve-
ments have been observed in spatial and relational learning, for which the
hippocampus is responsible (Barak et al., 2015, Herting & Nagel, 2013).
Memory encoding (Roig et al., 2013); Functions such as selective attenti-
on, planning and timing, inhibition of dominant responses, retrieval, and
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information storage capacity depend on higher-level cognitive processes
(Chan, Shum, Toulopoulou, & Chen, 2008). These functions are crucial
for a human’s survival and a better life and are largely dependent on the
frontal lobes, with contribution from the temporal lobe and prefrontal cor-
tex (Miyake et al., 2000). Aerobic exercise increases gray and white mat-
ter volume and the functions of important points in the prefrontal cortex
of older adults (Colcombe et al., 2006; Colcombe et al., 2004; Rosano et
al., 2010). Physical exercise performed for a long time, for example for 9
years, is associated with the protection of prefrontal and temporal brain
regions, and this connection reduces the risk of cognitive impairment (Eri-
ckson et al., 2010). In addition to this information, medial temporal lobe
volumes, such as the hippocampus, are larger in healthy adults (Erickson
et al., 2009; Honea et al., 2009) and larger hippocampal volumes contri-
bute to improvements in spatial memory (Erickson et al., 2009). Exercise
increases cerebral blood volume (Pereira et al., 2007) and perfusion of the
hippocampus (Burdette et al., 2010).

The hippocampus, which plays an important role in learning and me-
mory during adulthood, is the main region in the brain with the highest
neuroplasticity potential. Therefore, the hippocampus constitutes the main
center of neurogenesis in adulthood. (Fuchs & Gould, 2000; Lie et al.,
2004). The hippocampus is located in the medial temporal lobe of the cent-
ral nervous system, which has a very plastic structure in adults (Leuner &
Gould, 2010). The hippocampus is among the most researched neurologi-
cal structures on spatial memory. Additionally, this region plays a central
role in improving declarative memory (Leahey & Harris, 2001). The hip-
pocampus consists of two main structures. The first is the cornus ammonis
(CAL, CA2, CA3) regions, and the second is the dentate gyrus (DG) region
(Lent, 2004). Neuroplasticity occurs in each region, and each region con-
tains specific cell types that can respond differently to physical exercise
and contribute separately to spatial memory skills and memory processes
in the hippocampus (Voss et al., 2013). The DG is the only region of the
hippocampus that can generate new neurons; In rodents, the size of the
DG can double or triple after physical exercise (van Praag et al., 1999; van
Praag, 2008).

In their study on rats, Kim and other researchers (2017) examined the
effects of regular exercise five times a week for four weeks on memory,
which is related to hippocampal demyelination and neuroplasticity. Rese-
arch results show that exercise in patients with Multiple Sclerosis (MS)
leads to an increase in hippocampus volume, increased BDNF expressi-
on in the hippocampus (neurotrophic factors produced in the brain) and
an improvement in memory functions. Additionally, swimming was also
found to improve memory function by preventing cell death in an ethi-
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dium bromide-induced MS animal model (Jin et al., 2014). Erickson et
al. (2011), 120 older adults without dementia participated in an aerobic
exercise program for a 6-month period, and magnetic resonance images
were taken at the end of this period. Aerobic exercise was found to be
effective in increasing the volume of the hippocampus; In other words,
the aerobic exercise group showed an increase of 212% and 1.97% in left
and right hippocampus volume, respectively, in the 1-year period. Cot-
man et al. (2002) examined the effects of exercise on BDNF, one of the
neurotrophic factors produced in the brain. This study demonstrates that
exercise-induced increases in hippocampal BDNF levels are controlled by
interactions with neuronal activity, neurotransmitters, and peripheral fac-
tors such as estrogen, corticosterone, and possibly IGF-1. It also provides
clues as to how exercise may relate overall body condition to brain functi-
on. Gorantla et al. (2016) found that aerobic (swimming) exercise caused
an increase in neurogenesis in the brain after chemically initiated seizures
for focal-onset temporal lobe epilepsy. This exercise-induced neurogenesis
occurred regardless of whether exercise therapy was initiated in the 1-day
or 60-day postictal state. This finding is supported by control studies in
which the same swimming exercise resulted in increased neurogenesis in
normal control animals and in sham-operated control animals subjected to
the same swimming exercise exercise. It is stated that this is the first study
to determine the effects of swimming exercise on neurogenesis in the CA1,
CA3 and dentate gyrus regions of the hippocampus, amygdala and motor
cortex areas in the same animals. The researchers stated that neurogenesis
can be defined as an improvement in the morphometric numbers of survi-
ving neurons, dendritic branch points and intersection points evaluated in
three regions of the hippocampus, amygdala and motor cortex.

4. CONCLUSION

Studies focusing on the effects of exercise on neuroplasticity and the
hippocampus suggest that there may be links between exercise and neurop-
lasticity and the hippocampus. Research from different disciplines such as
neuroradiology as well as brain science and exercise science has summari-
zed the neurobiological mechanisms. It is clear that physical exercise leads
to behavioral outcomes. These findings suggest that exercise may trigger
neuroplasticity, thereby increasing the ability of individuals to respond to
new demands through behavioral changes. However, future studies are ne-
eded to elucidate the effects of exercise on neuroplasticity and its effects
on the hippocampus.
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1. CAVITAS NASI’NIN ANATOMISI

Cavitas nasi, sag ve sol olmak {izere iki kisimdan olusur. Cavitas
nasi’yi bu iki kisma septum nasi ayirir (Arinci&Elhan, 2016). Septum nasi
cogunlukla orta hatta yer almadig1 i¢in cavitas nasi’nin her iki tarafinin
biyiikliigii farklilik gosterebilir (Snell, 2015).

Cavitas nasi’yi nares denilen burun delikleri disartya, choana denilen
gecit ise nasopharynx’e baglar (Drake et al., 2012). Cavitas nasi’nin medi-
al, lateral, superior ve inferior olmak {izere dort duvari bulunur (Drake et
al., 2012; Arinci&Elhan, 2016).

1.1. Cavitas Nasi’nin Superior Duvari

Cavitas nasi’nin superior duvarinin olusumuna anterior’dan poste-
rior’a os nasale, os frontale, os ethmoidale’nin lamina cribrosa’si ve os
sphenoidale’nin corpus’u katilir. Bu yapilarin da dniinde cartilagines nasi
bulunur (Drake et al., 2012; Arinci&Elhan, 2016; Sancak et al., 2017).

1.2. Cavitas Nasi’nin Inferior Duvar

Cavitas nasi’nin inferior duvariin olusumuna 6n tarafta maxilla’nin
processus palatinus’u, arka tarafta ise os palatinum’un lamina horizonta-
lis’i katilir. Inferior duvari olusturan yapilar ayni zamanda cavitas nasi (bu-
run boslugu) ile cavitas oris propria (agiz boslugu)’y1 birbirinden ayiran
palatum durum’u da olusturan yapilardir (Arinci&Elhan, 2016; Sancak et
al., 2017).

1.3. Cavitas Nasi’nin Medial Duvari

Cavitas nasi’nin medial duvarinin olusumuna septum nasi katilir (Mo-
ore et al., 2007). Cavitas nasi’nin medial duvarini olusturan anatomik ya-
pilar; os ethmoidale’nin lamina perpendicularis’i, vomer ve cartilago septi
nasi’dir. Ayrica os nasale’ler, os frontale’nin spina nasalis’i, os sphenoi-
dale’nin rostrum sphenoidale’si, maxilla’nin crista nasalis’i ve os palati-
num’un crista nasalis’i az da olsa cavitas nasi’nin medial duvarinin olusu-
muna katilan anatomik yapilardir (Ozan, 2014).

1.4. Cavitas Nasi’nin Lateral Duvari

Cavitas nasi’nin lateral duvar diger duvarlara gore daha karisik olan-
dir (Arinci&Elhan, 2016). Cavitas nasi’nin lateral duvarini posterior’dan
anterior’a; os sphenoidale’nin processus pterygoideus’unun lamina medi-
alis’i, os palatinum’un lamina perpendicularis’i, concha nasalis inferior,
concha nasalis media, concha nasalis superior, os lacrimale ve maxilla’nin
processus frontalis’i olugturur (Sancak et al., 2017). Ayrica lateral duvarin
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anterior’unda cartilago alaris major’un crus laterale’si ve cartilago septi
nasi’nin processus lateralis’i yer alir (Arinci&Elhan, 2016).

Lateral duvarda bulunan concha nasalis inferior en biiyiik olan con-
cha’dir. Cavitas nasi’nin lateral duvar ile arasinda bir gecit bulunur. Bu
gecit meatus nasi inferior olarak adlandirilir. Meatus nasi inferior’a ductus
nasolacrimalis acilir (Moore et al., 2007).

Concha nasalis media orta biiyiikliikteki concha’dir. Anterior ucunun
yukarisinda bulunan kabartiya agger nasi denir. Concha nasalis media ile
cavitas nasi’nin lateral duvari arasinda kalan gegite ise meatus nasi medius
denir. Meatus nasi medius’a agilan anatomik yapilar; cellulae ethmoidales
anteriores, cellulae ethmoidales mediae, sinus frontalis ve sinus maxilla-
ris’tir (Arinci&Elhan, 2016).

Concha nasalis media diseke edildiginde bulla ethmoidalis denilen kii-
clik bir kabart1 ortaya ¢ikar. Bulla ethmoidalis, cellulae ethmoidales medi-
ae tarafindan olusturulur. Bulla ethmoidalis’in asagisinda processus unci-
natus denilen bir ¢ikint1 bulunur. Bulla ethmoidalis ve processus uncinatus
arasinda bulunan yariga ise hiatus semilunaris denir (Arinci&Elhan, 2016;
Sancak et al., 2017). Hiatus semilunaris’in anterior ucu infundibulum et-
hmoidale denilen bir kanal ile sinus frontalis’e uzanir. Sinus maxillaris,
hiatus semilunaris boyunca meatus nasi medius’a agilir (Snell, 2015).

Concha nasalis superior en kiigiik olan concha’dir. Concha nasalis su-
perior’un altindaki gec¢it meatus nasi superior olarak adlandirilir. Cellulae
ethmoidales posteriores bu gecite acilir (Arinci&Elhan, 2016).

Concha nasalis superior’un iizerinde recessus sphenoethmoidalis
isimli kii¢iik bir ¢ikmaz yer alir. Sinus sphenoidalis, recessus sphenoeth-
moidalis denilen bu kii¢iik ¢cikmaza agilan sinus’tur (Snell, 2015; Moore
et al., 2007). Concha nasalis superior’un da yukarisinda fetus’ta siklikla
goriilen fakat yetiskinde zamanla atrofiye olan bir bagka concha daha bu-
lunabilir. Bu concha, concha nasalis suprema olarak isimlendirilmektedir
(Arinci&Elhan, 2016; Sancak et al., 2017).

Nares’in hemen i¢ kisminda bulunan alan vestibulum nasi olarak ad-
landirilir (Snell, 2015). Limen nasi denilen kenar vestibulum nasi’yi sinir-
lar. Burada bulunan ve solunum esnasinda hava ile gelen partikiilleri tutan
killara ise vibriseae denir (Arinci&Elhan, 2016).

Cavitas nasi’nin limen nasi’den i¢erde kalan boliimiinii mukoza taba-
kasi1 orter. Bu mukoza tabakasi septum nasi, concha nasalis superior, con-
cha nasalis media ve concha nasalis inferior’da kalinken, cavitas nasi’nin
inferior duvarinda, meatus nasi superior, meatus nasi medius ve meatus
nasi inferior’da incedir (Armci&Elhan, 2016).
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Cavitas nasi’nin mukoza tabakasi ile ortiilii olan kismi regio olfactoria
ve regio respiratoria isimli iki béliimde incelenir (Arinci&Elhan, 2016).
Regio respiratoria cavitas nasi’nin en bilylik boliimiidiir ve zengin bir
ndrovaskiiler kaynaga sahiptir. Regio olfactoria daha kiigiiktiir ve cavitas
nasi’nin en iist noktasinda bulunur (Drake et al., 2012).

1.5. Cavitas Nasi’nin Arterleri

Cavitas nasi’nin medial ve lateral duvarlarim a. ethmoidalis anterior,
a. ethmoidalis posterior, a. sphenopalatina, a. palatina major, a. labialis su-
perior ve a. facialis’in r. lateralis nasi ve r. septi nasi dallar1 besler (Moore
et al., 2007).

Arteria sphenopalatina, vestibulum nasi’de a. labialis superior’un r.
septalis’i ile anastomoz yapar (Snell, 2015). Sinus maxillaris’in mukoza
tabakasini a. facialis’in dallar1 olan r. septi nasi, a. labialis superior ve a.
maxillaris’in dallar1 olan a. infraorbitalis ile a. alveolaris superior besler.
Arteria maxillaris’in dali olan r. pharyngeus ise sinus sphenoidalis’in mu-
kozasini besler (Arinci&Elhan, 2016).

Septum nasi’nin anterior’unda buray1 besleyen arterlerin anastomoz
yaparak olusturdugu “Kiesselbach alan1” denilen damardan zengin bir alan
bulunur. Buras1 ayn1 zamanda epistaksis’in yogunlukla gerceklestigi alan-
dir (Moore et al., 2007).

1.6. Cavitas Nasi’nin Venleri

Cavitas nasi’nin venleri v. sphenopalatina, v. facialis ve v. ophthal-
mica’ya ag¢ilir. Bu venler viicutta 1s1 degisimini saglayarak akcigere giden
havanin sicakligini artirirlar (Moore et al., 2007).

1.7. Cavitas Nasi’nin Lenfatik Drenaji

Cavitas nasi’nin anterior 'unun lenfatikleri ve nasus externus’un lenfa-
tikleri nodi submandibulares’e, cavitas nasi’nin posterior unun lenfatikleri
ise nodi retropharyngeales’ten gectikten sonra nodi cervicales profundi’ye
acilir (Ozan, 2014).

1.8. Cavitas Nasi’nin Sinirleri

Nervus alveolaris superior anterior’lardan gelen dallar, n. canalis pter-
ygoidei, n. nasopalatinus, n. nasociliaris, n. palatinus anterior ve n. pter-
ygopalatinus’un r. nasalis’leri cavitas nasi mukozasindan genel duyuyu
alirlar. Cavitas nasi’nin lateral duvarinin ve septum nasi’nin anterior unun
genel duyusunu ise n. nasociliaris alir (Arinci&Elhan, 2016).
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Nervus alveolaris superior anterior’dan gelen dallar, concha nasalis
inferior ve meatus nasi inferior’dan genel duyuyu alirlar. Septum nasi ve
concha nasalis superior’un posterior-superior kismindan genel duyuyu n.
canalis pterygoidei ve n. nasopalatinus’tan gelen dallar alir. Ayrica n. na-
sopalatinus, septum nasi’nin orta béliimiiniin, n. palatinus major ise conc-
ha nasalis media ve concha nasalis inferior’un genel duyusunu alir (Arin-
ci&Elhan, 2016). Nervus palatinus major’un dallar1 cavitas nasi’nin lateral
duvarinda dagilir (Moore et al., 2007)

Nervus olfactorius ise regio olfactoria’da dagilir ve koku duyusunu
alir (Arinci&Elhan, 2016; Sancak et al., 2017). Nervus olfactorius olfaktor
epitelden koken alir ve bu siniri olusturan uzantilar foramina cribrosa’dan
gecerek bulbus olfactorius’ta sonlanir (Moore et al., 2007).

2. SINUS PARANASALES’IN ANATOMISI

Sinus paranasales, cavitas nasi ¢evresinde bulunan cranium kemik-
lerinin i¢indeki hava dolu bosluklardir. Sinus paranasales’in gelisimi ve
gelisim siireci sonrasinda aldig sekil ¢ok sayida varyasyon gostermektedir
(Kalabalik&Tarim Ertag, 2019).

Sinus paranasales, sinus sphenoidalis, sinus maxillaris, sinus fronta-
lis ve cellulae ethmoidales olmak {izere dort ¢ifttir. Sinus paranasales, yer
aldig1 kemige gore isimlendirilir ve cilia’li mukoza tabakasi ile kaphdir
(Drake et al., 2012).

2.1. Sinus Sphenoidalis

Sinus sphenoidalis, os sphenoidale’nin corpus’unun i¢inde bulunan,
septum intersinuale sphenoidale denilen bolme ile biribirinden ayrilan iki
adet bosluktur (Moore et al., 2007). Sinus sphenoidalis’ler recessus sphe-
noethmoidalis’e agilir (Ozan, 2014).

Sinus sphenoidalis gl. hypophysialis, chiasma opticum, sinus caver-
nosus ve cavitas cranii ile yakindan iliskilidir (Drake et al., 2012). Sinus
sphenoidalis’in duvarlari ince oldugu i¢in enfeksiyonu halinde komsulu-
gunda bulunan anatomik yapilar etkilenebilir, hatta enfeksiyon orbita’ya
ulagabilir (Arinci&Elhan, 2016).

2.1.1. Sinus Sphenoidalis’in Arterleri, Venleri ve Sinirleri

Sinus sphenoidalis, a. ethmoidalis posterior tarafindan beslenir. Venle-
ri ayn1 isimli venlere agilir. Lenfatikleri ise nodi retropharyngeales’e drene
olur. Nervus ethmoidalis posterior ise sinus sphenoidalis’in innervasyonu-
nu saglar (Ozan, 2014).
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2.2. Sinus Frontalis

Sinus frontalis’ler os frontale’nin igerde ve disarda bulunan laminalari
arasinda yer alir. Her iki sinus frontalis’i ayiran bdlmeye septum intersinu-
ale frontale ad1 verilir. Sinus frontalis yenidoganda bulunmaz ve 6zellikle
puberteden sonra gelisir (Arinci&Elhan, 2016). Sinus frontalis’ler meatus
nasi medius’a ductus nasofrontalis’ler vasitasi ile agilir (Arinci&Elhan,
2016; Drake et al., 2012).

2.2.1. Sinus Frontalis’in Arterleri, Venleri ve Sinirleri

Sinus frontalis’i a. ethmoidalis anterior ve a. supraorbitalis bes-
ler. Venleri v. ophthalmica superior ve v. supraorbitalis’e dokiiliir.
Lenfatikleri ise nodi submandibulares’e drene olur. Sinus fronta-
lis’in siniri n. supraorbitalis’tir (Ozan, 2014; Arinci&Elhan, 2016;
Sancak et al., 2017).

2.3. Sinus maxillaris

Sinus maxillaris, sinus paranasales’in en biiyiikk olanidir. Corpus
maxilla’da bulunur ve piramit seklindedir (Arinci&Elhan, 2016; Drake
et al., 2012; Snell, 2015). Bu piramitin tabani cavitas nasi’nin lateral du-
varina, tepesi ise processus zygomaticus’a bakar. Orbita’nin tabani sinus
maxillaris’in tavanini olusturur. (Ozan, 2014).

Sinus maxillaris’in {ist duvarinda canalis infraorbitalis yer alir. Sinus
maxillaris, ostium sinus maxillaris aracilifiyla cavitas nasi’ye baglanir
(Armci&Elhan, 2016).

2.3.1. Sinus Macxillaris’in Arterleri, Venleri ve Sinirleri

Sinus maxillaris’i besleyen arterler; a. facialis, a. infraorbitalis ve a.
palatina major’dur. Venleri ayn1 isimli venlere, lenfatikleri ise nodi su-
bmandibulares’e drene olur (Ozan, 2014; Arinci&Elhan, 2016). Sinus
maxillaris, n. infraorbitalis, n. alveolaris superior anterior, n. alveolaris su-
perior medius ve n. alveolaris superior posterior tarafindan innerve edilir
(Arinci&Elhan, 2016).

2.4. Cellulae ethmoidales

Cellulae ethmoidales yenidoganda pek gelismemis olmakla birlikte
puberteden sonra hizla gelismektedir. Birden fazla kiiciik boyuttaki bos-
luktan olusan cellulae ethmoidales’teki bosluklarin bir boliimiiniin yapisi-
na os sphenoidale, os frontale, maxilla, os lacrimale ve os palatinum katilir
(Arinci&Elhan, 2016).
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Cellulae ethmoidales, cavitas nasi’nin lateral duvarindaki konumuna
bagli olarak cellulae ethmoidales anteriores, cellulac ethmoidales medi-
ae ve cellulae ethmoidales posteriores olarak isimlendirilir (Drake et al.,
2012).

Cellulae ethmoidales anteriores ve cellulae ethmoidales mediae me-
atus nasi medius’a acgilirken, cellulae ethmoidales posteriores meatus nasi
superior’a agilmaktadir (Arinci&Elhan, 2016). Cellulae ethmoidales’in
her biri birbirinden ince bir kemik yapi ile ayrildigi i¢in enfeksiyon olmasi
halinde orbita’ya enfeksiyon yayilimi olabilir (Snell, 2015).

2.4.1. Cellulae Ethmoidales’in Arterleri, Venleri ve Sinirleri

Cellulae ethmoidales’i besleyen arterler; a. ethmoidalis anterior, a.
ethmoidalis posterior ve a. sphenopalatina’dir. Venleri ise v. ethmoidalis
anterior ve v. ethmoidalis posterior ve v. sphenopalatina’dir (Ozan, 2014;
Arinci&Elhan, 2016; Sancak et al., 2017).

Cellulae ethmoidales anteriores ve cellulaec ethmoidales mediae’nin
lenfatikleri nodi submandibulares’e, cellulaec ethmoidales posteriores’in
lenfatikleri ise nodi retropharyngeales’e drene olur. Nervus ethmoidalis
anterior, n. ethmoidalis posterior ve ggl. pterygopalatinum’un rr. orbita-
les’i tarafindan innerve edilirler (Arinci&Elhan, 2016; Sancak et al., 2017).

3. CAVITAS NASI VE SINUS PARANASALES’TE GORULEN
ANATOMIK VARYASYONLAR

Sinus paranasales’te anatomik varyasyonlar siklikla gozlenmektedir.
Bu anatomik varyasyonlar ¢ogunlukla sinus’larin drenaj yollarinda daral-
maya sebep olarak sinus paranasales’in pndmatizasyonunda azalmaya ne-
den olurlar. Pndmatizasyonun azalmasi ise enfeksiyon riskini artirmaktadir
(Lloyd et al., 1991; Yilmazsoy&Arslan, 2018).

Cavitas nasi ve sinus paranasales’te goriilen anatomik varyasyonlarin
bilinmesi 6zellikle postoperatif komplikasyonlar1 énlemek i¢in oldukca
onemlidir (Kaplanoglu et al., 2013). Cavitas nasi ve sinus paranasales’te
sik goriilen anatomik varyasyonlar asagidaki tabloda gosterilmistir (Tablo
1) (Sahin et al., 2007; Vaid et al., 2011; Akbulut&Demirel, 2019; Erdogan
et al., 2015; Kiziloglu et al., 2021).
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Anatomik yap1 Varyasyon
Septum nasi Nasal septum deviasyonu
Cellulae ethmoidales Agger nasi hiicresi
Sinus macxillaris Haller hiicresi
Bulboz tip
Concha bullosa Lamellar tip
Concha nasalis media Extensive tip

Paradoksal orta konka

Sellar tip
Sinus sphenoidalis SII.I.US P henoidalis Presellar tip
pnématizasyonu
Konkal tip
Tip 1
Fossa olfactoria P
Fossa cranii anterior  derinligi (Keros Tip I
Sinifland .
miflandirmasi) Tip 111

Tablo 1. Cavitas nasi ve sinus paranasales te sik goriilen anatomik varyasyonlar

Bu bolgede en sik goriilen varyasyonlardan biri nasal septum devi-
asyonudur. Nasal septum deviasyonu, konjenital veya sonradan ortaya
¢ikabilen, septum nasi’nin saga veya sola deviye olmasi ile karakterize
bir durumdur. Nasal septum deviasyonu dogum travmasi, trafik kazalar
gibi nedenlerden meydana gelebilir fakat gergek nedeni tam olarak belir-
lenememistir (Koo et al., 2017; Akbulut&Demirel, 2019). Pek ¢ok hasta-
da nasal septum deviasyonu meatus nasi medius’a erisimi engelledigi i¢in
cerrahi miidahale gerektirebilir (Vaid et al., 2011).

Concha nasalis media’nin anatomik varyasyonlar1 kronit siniizit geli-
simine neden olan 6nemli faktorlerden biridir. Concha bullosa, concha na-
salis media’nin sik goriilen anatomik varyasyonlarindan biridir ve tanimi
pndmatize olmus concha nasalis media’dir. Literatiirde siklig1 pnématizas-
yon kriterlerindeki degiskenlik nedeniyle %5-55 arasinda degismektedir.
Concha bullosa varligi, tekrarlayan siniizit, burunda tikaniklik ve bag agrisi
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gibi ¢esitli semptomlara sebep olabilir (Bolger et al., 1991; Sahin et al.,
2007).

Concha nasalis media’nin meatus nasi medius’a dogru kivrik olmasi
klinikte siklikla kullanilan ifade ile “paradoksal orta konka” olarak ifade
edilmektedir. Paradoksal orta konka’nin siklig1 ise literatiirde %3-32 ara-
sinda degismektedir (Sahin et al., 2007).

Concha bullosa ve septum deviasyonu agger nasi hiicrelerinden sonra
en sik goriilen anatomik varyasyonlardir. Concha bullosa, lamellar, bulboz
ve extensive olmak iizere li¢ tipte siniflandirilmistir (Bolger et al., 1991;
Akbulut&Demirel, 2019; Wadhwa et al., 2017).

Concha bullosa’nin siklig1 literatiirde %14-53,6 arasinda degismekte-
dir ve en sik concha nasalis media’da goriiliir (Braun&Stammberger, 2003;
El-Taher et al., 2019). Concha bullosa’nin olusum nedenleri arasinda kon-
jenital anomaliler, septum deviasyonu sonucu meydana gelen agiz solunu-
mu ve yiizdeki yapilarin gelisim anomalileri disiiniilmektedir (El-Taher et
al., 2019).

Keros, fossa olfactoria derinligini cerrahi agidan 6nemli olan ii¢ tipe
ayirmigtir. Bu tiplendirmede fossa olfactoria’nin derinligi 1-3 mm arasinda
ise Tip I, 4-7 mm arasinda ise Tip II, 8-16 mm arasinda ise Tip III olarak
adlandirilir (Keros, 1962; Kara et al., 2018; Kiziloglu et al., 2021).

Lamina cribrosa’nin derinligi arttik¢a, cerrahi esnasinda yaralanma
riski de o oranda artar. Lamina cribrosa’daki hasarlar sinus paranasales
ile cranium arasinda beyin omurilik sizintisina da neden olabilmektedir.
Bu durum da cranium ile sinus paranasales arasinda enfeksiyon gegisine
neden olabilir (O’Brien et al., 2016).

Sinus sphenoidalis, pnomatizasyon tipine gore sellar tip, presellar tip
ve konkal tip olmak iizere ii¢ ¢esittir (Erdogan et al., 2015). Sellar tip sinus
sphenoidalis’te pnomatizasyon, yetiskinlige kadar tuberculum sella’nin
posterior’una ulasir fakat konkal tip sinus sphenoidalis’te pnématizasyon
rudimenter olarak gdzlenir. Literatiirde, sellar tip sinus sphenoidalis’in
konkal tip sinus sphenoidalis’e gore daha sik goriildiigiinii belirten ¢alig-
malar ¢ogunluktadir (Lu et al., 2011; Tomovic et al., 2013; Erdogan et al.,
2015).

Sik gozlemlenen anatomik varyasyonlardan biri de Onodi hiicresi’dir.
Onodi hiicresi, cellulae ethmoidales posteriores’in sinus sphenoidalis’in
iizerinde lateral ve posterior pndmatizasyonu seklinde tanimlanmaktadir.
Onodi hiicresi siklig1 literatiirde %3,4-14 arasinda degismektedir (Wein-
berger et al., 1996; Vaid et al., 2011). Onodi hiicresi ayn1 zamanda “spheno-
ethmoidal hiicre” olarak da adlandirilmaktadir. Nervus opticus’un siklikla
bu hiicre boyunca ilerlemesi sebebiyle dnemli bir anatomik varyasyondur.
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Bu durum cerrahi operasyonlar esnasinda n. opticus’un yaralanmasina ne-
den olabilmektedir (O’Brien et al., 2016).

Goriilen anatomik varyasyonlardan bir baskasi olan haller hiicresi
“infraorbital ethmoid hava hiicresi” olarak tanimlanmaktadir (Vaid et al.,
2011). Goriilme siklig1 ise literatiirde %4-45 olarak bildirilmistir. Haller
hiicresi varliginin, hem tekrarlayan maksiller siniizite hem de cerrahi es-
nasinda orbita’nin yaralanmasina neden olabilecegi bildirilmistir (Sahin et
al., 2007).

Agger nasi hiicresi, sinus frontalis drenaj paterninde yer alan en on-
deki ethmoidal hiicredir ve popiilasyonun %93’linde goriiliir (Vaid et al.,
2011). Agger nasi hiicresi’nin konumu nedeniyle sinus frontalis ile yakin
iligki iginde bulunmasi kronik ve tekrarlayan siniizit gibi klinik durumlarda
taninin koyulmasi agisindan 6nem arz etmektedir (Sahin et al., 2007).

4. SONUC

Sinus paranasales’te anatomik varyasyonlara sik¢a rastlanmaktadir.
Sinus paranasales’in radyolojik goriintiilemesi sonucu goézlemlenen anato-
mik varyasyonlar, preoperatif donemde meydana gelebilecek komplikas-
yonlarin énlenmesi i¢in ¢ok dnemlidir (Orhan et al., 2014).

Ayrica bu bolgedeki anatomik varyasyonlarin siniizit gibi hastalikla-
rin olusmasinda rol oynamasi da bu anatomik varyasyonlarin bilinmesini
onemli hale getirmektedir (Stimbiillii et al., 2013). Bu nedenle cavitas nasi
ve sinus paranasales’in anatomisinin ve sik karsilasilan anatomik varyas-
yonlarin detayli olarak bilinmesinin klinisyenlere katki saglayacagini dii-
sinmekteyiz.
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Introduction

All foods originating from plants contain flavanoids, which are
classified into several subclasses: flavones, flavanones, flavanols,
isoflavones, and anthocyanidins. Flavanoids are members of the
polyphenolic compound group. Flavanoids have been found to have
a wide range of bioactivities from antioxidant activity to antican-
cer activity. With the identification of the beneficial effects of these
natural products on health, the trend towards the isolation of these
compounds has increased (1,2). One of the flavones showing the-
se promising bioactivities is apigenin (4°, 5, 7, trihydroxyflavone,
C,;H,,0,). This flavone has been reported to be found in high levels
in thyme, cherries, tea, olives, broccoli, oranges, garlic, propolis,
chamomile, parsley and celery (3-6). In another study, flavonoids
were extracted from the leaves of Adinandra nitida, which is widely
used in Chinese traditional medicine, and then Apigenin was obta-
ined from the extract by acid hydrolysis and recrystallization. Api-
genin was examined thermographically, and it was be founded that
at about 355°C, it had an endothermal peak and began to melt (7). It
has been stated that apigenin can be found in some plants in the form
of aglycone or as apigenin glycoside (such as apigenin-7-O-gluco-
side, apigenin-7-O-neohesperidoside apigenin-6-C-glucoside, api-
genin-8-C-glucoside) (8). Among flavonoids, flavanones are the
starting compounds for the synthesis of other flavonoid groups. Na-
ringenin can be synthesized from tyrosine by the action of various
enzymes, while Apigenin has been reported to be synthesized from
naringenin via flavone synthase I (9,10). After the frequent use of
E. coli to synthesize naringenin from glucose (11), Lee et al. (12)
synthesized apigenin from p-coumaric acid using four genes (4CL,
CHS, CHI and FNS) in Escherichia coli to synthesize genkwanin
(O-methyl derivative of apigenin) from tyrosine. Apigenin has vari-
ous biological activities such as anti-oxidant (13), anti-atherogenic
(16), anti-inflammatory (14), neuroprotective (17), anti-cancer (15),
and due to the increasing interest, it is among the favorite compoun-
ds discussed that new effects can be revealed day by day and there
are still many activities to be discovered.

Anti-oxidant Properties of Apigenin

Oxidative stress is a condition that can lead to cell damage, cell
dysfunction and even cell death as a result of disruption of the oxi-
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dant and antioxidant balance in favor of oxidants. Increased oxida-
tive stress triggers a variety of pathological conditions, including
aging, cancer, neurodegenerative diseases, cardiovascular diseases,
metabolic diseases, inflammatory diseases and intoxications, and is
therefore one of the most emphasized pathways in research (18). The
free radicals involved in these pathological processes are actually
unpaired electrons in some atoms and molecules. Because unpaired
electrons tend to form pairs with other electrons, they are generally
unstable and highly reactive. When an oxygen molecule is metabo-
lized, it can undergo four-electron reduction, and with the addition
of energy or interaction with transition elements, reactive oxygen
metabolites are produced (O, ", H)O,, ‘OH, and 'O, ...etc) (19). The
interest in investigating natural antioxidant compounds to eliminate
and/or reduce the effects of oxidative stress, which has been inves-
tigated for many years to be effective in the pathogenesis of many
diseases, has increased day by day.

Singh et al. (20) found that apigenin decreased increased MDA
levels, prevented lipid peroxidation by increasing decreased SOD,
CAT, GPx, GSH, vitamin C and E levels and showed highly effec-
tive anti-oxidant effects in hepatocellular carcinogenesis supported
by N-nitrosodiethylamine effect and phenobarbital. Darabi et al.
(21) also found that apigenin administration significantly decreased
total oxidant level and increased total antioxidant level and SOD
activity in rats with polycystic ovary syndrome. In another study,
apigenin application in rats with polymicrobial sepsis decreased li-
pid peroxidase, one of the oxidative stress markers, while increasing
SOD, CAT activities and GSH levels, and as a result of these results,
it was claimed to improve lung damage that may develop due to
oxidative stress (22). Raskovi¢ et al. (23) determined that the incre-
ased malondialdehyde level in hepatotoxicity caused by high doses
of paracetamol decreased with apigenin administration, moreover
apigenin increased the activities of CAT and GR enzymes. In ethyle-
ne glycol-induced kidney damage, apigenin-treated urolytic animal
groups have showed lower MDA levels and higher CAT, GPX, and
SOD activity than the urolytic control group (24). They determined
that apigenin administered at high doses decreased MDA and cata-
lase activity in brain tissue and increased reduced glutathione levels
in mice with chronic mild stress model (25). It has been reported
that apigenin pretreatment against liver and kidney damage induced
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by edifenphos, an organophosphate pesticide used as fungicide in
agriculture, increased SOD, CAT, GSH and GST levels and decre-
ased lipid peroxidation and protein carbonylation (26). In rats with
doxorubicin-induced cardiotoxicity, one of the anthracycline group
cancer medicines, apigenin administration drastically reduced MDA
levels while significantly increasing SOD and GSH levels (27).
Applying apigenin to counteract H,O, -induced oxidative stress has
been shown to significantly reduce MDA levels and increase CAT
and cholinesterase activities in brain tissue (28). An additional study
found that the application of apigenin magnesium complex against
H,0,-induced oxidative stress in hepatic stellate cells enhanced the
survival rate of H,O,-treated cells while having no detrimental effe-
cts on the cells. Additionally, the complex suppressed MDA and NO
levels and increased SOD activity and GSH levels (29).

Apigenin’s Role in Diabetes

Diabetes Mellitus (DM) is a metabolic disease that develops as a re-
sult of insulin hormone being produced insufficiently and/or not at all, or
insulin hormone being produced but not used effectively. Diabetes is com-
monly categorized as type 1 and type 2. In type 1 DM, insulin replacement
therapy is used to control blood glucose levels; in type 2 DM, diet, weight
loss, exercise and oral hypoglycemic agents are used to control blood glu-
cose levels. However, in cases where blood glucose levels cannot be cont-
rolled in Type 2 DM, additional insulin applications are also performed
(30). Hyperglycemia, a hallmark of DM, can result in the development
of major health issues like retinopathy, nephropathy, neuropathy, and an
elevated risk of cardiovascular disease. According to estimates from the
World Health Organization, there were 108 million more cases of diabetes
in 1980 than there were in 2014 (422 million), and by 2040, there will be
200 million more cases. Diabetes, which has become a global public he-
alth problem, is becoming a serious burden on national economies (31,32).
Ren et al. (33) reported that apigenin can significantly improve impaired
glucose, lipid metabolism and decreased insulin sensitivity, reduce dia-
betic vasculopathy and endothelial disfunction, and is highly effective in
inhibiting NF-kB-mediated inflammatory response in endothelial cells.
In another study, it was reported that apigenin administration decreased
oxidative stress, apoptosis, inflammation and fibrosis with its inhibitory
effect on various pathways in STZ-induced renal injury and thus showed
nephroprotective effect (34). Apigenin injection was founded by Khaled et
al. (35) to lower blood glucose and alleviate diabetes-induced genitouri-
nary dysfunction in rats with type 1 diabetes. In the study investigating the
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neuroprotective potential of apigenin in rats with streptozotocin-induced
diabetes, it was reported that apigenin decreased blood glucose levels, atte-
nuated diabetes-related cognitive decline and improved cognitive function,
decreased MDA levels in cerebral cortex and hippocampus samples, inc-
reased SOD activity and GSH levels, and suppressed apoptosis pathways
(36). Apigenin administration was very successful in bringing blood glu-
cose levels, drug-metabolizing hepatic enzymes, oxidative stress-reducing
enzyme activities and lipid peroxidation levels closer to normal values in
another STZ-induced diabetes study. Furthermore, they discovered that
it boosted GLUT4 translocation while decreasing CD38 expression (37).
Desoky et al. (38) investigated the effects of apigenin on diabetes-indu-
ced impaired vascular reactivity and found that an increase in responses to
phenylephrine, potassium chloride and a decrease in responses to acetyl-
choline occurred in the thoracic aorta due to insulin deficiency and insulin
resistance. However, it was stated that apigenin administration normalized
these diabetes-induced altered vascular responses and that this effect was
mediated by a mechanism involving PKC inhibition. It has been reported
that apigenin-6-C-B-I-fucopyranosidine isolated from Averrhoa carambola
L. decreased blood glucose and stimulated insulin secretion in diabetic rats
and had a stimulatory effect on glycogen synthesis in muscle via MAPK-
PP1 and PI3K-GSK3 pathways. Therefore, apigenin-6-C-p-1-fucopyrano-
sidine have been founded both antihyperglycemic and insulinomimetic
effects (39).

Apigenin and Cancer

Under normal conditions, the cell cycles and proliferation of all cells
are strictly controlled under certain control mechanisms. But sometimes a
cell breaks free from this control and begins to grow, multiply and spread
uncontrollably. This uncontrolled cell behavior is the main distinguishing
feature of cancer (40). Over the last century, many researchers have pro-
posed many different theories about the occurrence of cancer. Viruses, ch-
romosomal abnormalities, somatic mutations, accumulated multiple mu-
tations, immunological surveillance, non-healing wounds, non-mutagenic
mechanisms, and tissue organization field theories are a few of these, listed
chronologically (41-49). According to the widely accepted theory, random
mutations in genes that regulate cell development and change gradually
accumulate, leading to uncontrolled cell proliferation (50).

Today, anti-cancer drugs aim to kill cancer cells by inducing apoptosis
with minimal side effects on normal cells (51). Considering that cancer ca-
ses are increasing day by day, that traditional chemotherapy treatments are
inadequate in the fight against cancer, and that chemotherapy treatments
damage healthy cells as well as target cells, it is clear that the search for
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new strategies for cancer treatments should continue. Of course, the use of
herbal sources with far fewer side effects and active ingredients derived
from them is the first way that comes to mind in this search (52).

Apigenin, a potent flavonoid, has become an important source of an-
ti-cancer research in addition to its anti-inflammatory, antioxidant, anti-
bacterial, antiviral and antihypertensive activities (53,54). Epidemiologic
studies have suggested that eating a diet high in flavonoids may be effec-
tive in reducing the risk of developing different malignancies (55). Inde-
ed, apigenin has been demonstrated to reduce several human cancers both
in-vivo and in-vitro by encouraging cellular autophagy and apoptosis, cell
cycle arrest, and preventing cell migration and invasion (53). Among them,
it is reported to be able to stop cell growth and induce programmed cell de-
ath by modulating various pathways, including in breast, lung, pancreatic,
cervical tumors. (56).

Apigenin administered concurrently with chemotherapy treatment has
been reported to significantly reduce AKT phosphorylation, overexpressed
genes, NFkB, inhibition of Nrf2, overexpression of caspases, upregulation
of MAPK and p53 compared to chemotherapy treatment alone (57). By
modifying a number of cellular signaling pathways, such as those involved
in inflammation, angiogenesis, tumor suppressor genes, MAPK/ERK, NF-
kB, PI3K/AKT, and STAT3, apigenin has also been demonstrated to have
anti-cancer effects (58).

According to a recent research report, giving triple-negative breast
carcinoma mice intraperitoneal 25 mg/kg apigenin for 28 days inhibited
the development and multiplication of tumor cells by increasing apoptosis
(59). Another in vitro study showed that in triple negative breast cancer,
iron-apigenin nanocomplex can cause cell death by promoting apoptosis
and ferroptosis by increasing intracellular oxidative stress and inhibiting
the antioxidant system. In addition, in mice bearing 4T1 tumor, a breast
cancer cell line derived from the mammary gland tissue of BALB/c mice,
iron-apigenin nanocomplex could accumulate at the tumor site and impro-
ve the suppressed immune microenvironment and control tumor growth
by enhancing the response of T cells (60). A study conducted on a triple
negative breast cancer cell line revealed that apigenin increases ROS for-
mation, inhibits cell migration, arrests the cell cycle at various phases, and
stimulates apoptosis (61).

In experiments on human lung carcinoma (A549) and non-small cell
lung cancer cells (H1975), treatment with Apigenin-7-glucoside stimula-
ted cell proliferation and cell apoptosis in these cells. Furthermore, Apige-
nin-7-glucoside treatment induced ROS accumulation in lung cancer cells
by suppressing the PI3K/Akt/mTOR pathway and attenuated the migration
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and invasion of A549 and H1975 cells (62). Studies on A549 and Cellosa-
urus cell line NCI-H1975 have shown that apigenin can inhibit the viabi-
lity of these cells and that apigenin can significantly suppress the colony
forming ability of NCI-H1975 cells and emphasized that apigenin has high
anti-cancer activity (63).

Apigenin has been shown to inhibit AP-1, MAPK, and NF-«kB path-
ways in the keratinocyte layer, which reduces the expression of inflamma-
tory cytokines. Additionally, it has been shown to increase autophagy by
inhibiting Akt and PKC activities and reducing mTOR activity (64).

Apigenin suppresses MED28-mediated cell growth in human liver
cancer cells (65), suppresses colon cancer cell proliferation via blockade of
Pyruvate Kinase M2-dependent glycolysis (66), as well as inducing apop-
tosis in tumorous cells in U937 human leukemia cells, suppressed tumor
growth and proliferation (67,68), inhibited pancreatic cancer proliferation
by arresting the G2/M cell cycle (69), and reduced prostate cancer CD44+
stem cell survival and migration via PI3K/Akt/NF-kB signaling pathway
(70), demonstrated anticancer effects on cervical cancer by down-regula-
ting FAK signaling and PI3K/AKT signaling, which inactivate or activate
various signaling targets (71). It is also known to inhibit the growth and
proliferation of cancer cells by activating mitochondrial programmed cell
death via the Akt/Bad/Bcl2/Bax axis (72) and to show anticancer proper-
ties by causing cell cycle arrest in various phases in oral squamous cell
carcinoma cell line (73).

Apigenin is reported to have several properties like anti-inflammatory
and antitumor that may help prevent and treat skin cancer, but its bio-ef-
ficacy is limited due to poor bioavailability. It seems clear that research is
also needed to increase the absorption of apigenin from the gastrointestinal
tract to increase its efficacy (74).

Apigenin and Neurodegenerative Problems

Apigenin is an essential option for therapy of neurological disorders
since it is well-known for its antioxidative, anti-inflammatory, neurogenic,
and neuroprotective properties and because it passes the blood-brain barrier
very easily. Although apigenin is not harmful to healthy neurons, it causes
cytotoxicity in cancer cells by stopping the cell cycle, triggering apoptosis,
and preventing the migration, invasion, and angiogenesis of cancer cells.
These effects of apigenin on cancer cells spread throughout the nervous
system by activating various molecules and signaling pathways (75). It is
known that apigenin has a protective effect on the blood brain barrier, but
studies on how it accomplishes this are still ongoing. To the best of our
knowledge, apelin is believed to provide this defense by preventing matrix
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metalloproteinases from acting by reducing inflammation and oxidative
stress. It becomes apparent that it may have an impact via the JAK/STAT,
toll-like receptor, and nitrogen metabolism signaling pathways (76).

In a mouse model of focal ischemia, apigenin demonstrated neuropro-
tective effects by suppressing the production of PGE2 and NO in mic-
roglia, which in turn prevented neuronal cell death (77). Additionally,
apigenin was found to significantly reduce disease severity and recurring
by decreasing immune infiltration in the CNS in mice with experimental
autoimmune encephalomyelitis (78); it has also been reported to decrease
cell adhesion molecules such as E-selectin, VCAM-1, and ICAM-1, which
in turn inhibited the activity of the enzyme COX-2 and monocyte adhesion
to the human umbilical vein endothelium (79).

Some researchers have reported that apigenin is effective in preven-
ting depression by showing antidepressant-like effects (80,81). Indeed, Na-
kazawa et al. found that whereas apigenin raised the turnover of dopamine
in the hypothalamus, it lowered the turnover of dopamine generated by the
amygdala in mice that were given the forced swim test (80). Additional-
ly, it has been noted that apigenin therapy effectively inhibits monoamine
oxidase, which is useful in removing neurotransmitters like dopamine, se-
rotonin, and norepinephrine (81). MAO-A and MAO-B are the two classes
of monoamine oxidase. By raising serotonin and noradrenaline levels, se-
lective inhibition of MAQO-A is used to treat depression (82).

Yarim et al. (83) emphasized that apigenin administration allevia-
ted the histopathological changes in the parkinsonian model induced by
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine in mice and was effective in
normalizing the concentrations of TNF-a, IL-1f, IL-6, IL-10 and TGF-f.
Anusha et al. (84) expressed that apigenin administration significantly
prevented rotenone-induced motor impairments and striatal dopaminergic
neuron loss, and also prevented neuroinflammation in the substantia nigra
pars compacta by inhibiting a-synuclein accumulation in the substantia
nigra and reducing NF-«kB gene expression, and showed anti-inflammatory
effects by reducing TNF-a and IL-6 levels.

Currently, the main treatment strategy for Alzheimer’s disease is to
try to prevent the accumulation of misfolded AB-42 proteins inside or out-
side the cell and the production of tau filaments. Existing drugs improve
the symptoms of the disease but are not very effective on the effects of
the disease. In their study on Drosophila melanogaster with Alzheimer’s
disease, Siddique et al. (85) found that apigenin reduced oxidative stress,
delayed the loss of climbing ability, inhibited acetylcholinesterase activity,
prevented AB-42 accumulation and consequently was effective in reducing
the symptoms of Alzheimer’s disease.
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Other Effects of Apigenin

Sepsis is a clinical syndrome defined as a systemic response to infe-
ction and can cause damage in multiple organs, therefore mortality and
morbidity are quite high. In lipopolysaccharide-induced sepsis model, it
has been reported that apigenin administration suppresses apoptosis and
inflammation by inhibiting SphK 1/S1P signaling pathway and accordingly
shows cardioprotective effect (86). Pretreatment with apigenin inflamma-
tion in LPS-induced liver injury by inhibiting NF-xB p65 and MAPK sig-
naling pathways. It also enhances antioxidant levels and may prevent acute
liver injury (87). Apigenin administration has been shown in another study
to stabilize mitochondrial function against LPS-induced mitochondrial dy-
sfunction by preventing inflammation-induced endothelial cell damage.
Because of this anti-inflammatory activity, apigenin can be regarded as a
good alternative in the prevention and treatment of inflammatory diseases
(88). Zhang et al. (89) founded that apigenin treatment reduced IL-1f pro-
duction by decreasing caspase-1 activation in macrophages, IL-6 produc-
tion by inhibiting ERK1/2 activation, and NF-kB activation in LPS-indu-
ced inflammation. As a result of these findings, it has been suggested that
apigenin, which has a significant anti-inflammatory potential, is a good
alternative that may be effective in the treatment of inflammatory diseases.
Apigenin treatment in LPS-administration mice improved cardiac function
and mitochondrial Complex I activity, decreased apoptosis, inflammatory
cell infiltration, and chemotactic factor accumulation in the lungs, and suc-
cessfully controlled NF-kB activity (90).

In another study, apigenin decreased pancreatic TNF-o expression,
prevented pancreatic necrosis, slowed the progression of acute pancreatitis
and reduced its severity (91). In acrylonitrile-induced reproductive dama-
ge, apigenin has been suggested to exhibit protective effects against repro-
ductive damage by affecting NF-«kB signalling, suppressing programmed
cell death in reproductive cells and reducing inflammation (92). Irritable
bowel syndrome (IBS) has been linked to intestinal microbiota dysbiosis
and visceral hypersensitivity. Stress exacerbates IBS, and apigenin appli-
cation has been shown to inhibit mast cell degranulation via the TLR 4 /
MyD88 / NFkB pathway, potentially alleviating visceral hypersensitivity
(93). It has been proposed that by inhibiting oxidative stress, apoptosis,
and inflammation, apigenin pretreatment against hepatic I/R injury may
be useful in avoiding hepatocellular damage (94). According to a different
study, apigenin pretreatment against renal I/R injury may have nephropro-
tective effects by controlling the mitochondria-dependent apoptosis signa-
ling pathway in renal tubule cells, which is mediated by PI3K/Akt (95).

Zhou et al. (96) also found that apigenin suppressed apoptosis and inc-
reased mitochondrial membrane potential by activating PI3K/Akt pathway
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in H9C2 cells in which myocardial ischemia-reperfusion was induced. As a
result of these results, they suggested that apigenin may be an effective the-
rapeutic candidate in myocardial ischemia-reperfusion. Li et al. (97) found
that apigenin reduced NF«kB p65 and oxidized glutathione levels, increased
GSH levels, and reduced endotoxin-induced myocardial damage by regu-
lating TNF-q, IL-1B, MIP-1a, and MIP-2 levels. In cardiac hypertrophy
due to renovascular hypertension has been determined, apigenin treatment
lowered blood pressure, heart weight, cardiomyocyte cross-sectional area,
serum angiotensin II and serum-myocardial free fatty acids, and decreased
the expression of myocardial HIF-1a protein (98).

Conclusion

Apigenin is now recognized as one of the most important flavono-
ids with potent bioactivity. As a matter of fact, many studies on apige-
nin have shown that it has anti-oxidant, anti-inflammatory, anti-diabetic,
cardioprotective, anti-cancer and apoptosis-inducing properties in cancer
cells and suppressing properties in other cells. Although some studies have
suggested that it may be more effective in the aforementioned diseases as
an adjunct to existing treatment protocols rather than alone, some studies
have suggested that it is a good alternative for new treatment protocols to
be developed.
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1. Giris

Saglik sektorii bilgi yogun bir sektordiir ve bilgi akisinda kisisel bilgiler
de fazla diizeydedir. Teknolojinin gelismesi, kagit ortamindan siber ortama
gecilmesi, yesil ve dijital hastane anlayisinin gelismesiyle birlikte saglik
sektoriinde bilgi ve bilgi glivenligi anlayisinda degisimler yasanmistir. Bil-
gi gilivenligindeki ihlaller; hastalar ve saglik kuruluslar tizerinde 6nemli
bir etkiye sahip olmustur. Korunmak istenen bilgilerin zafiyete ugramasi
ciddi bir risktir ve biiyiik maliyetlerin ortaya ¢ikmasina sebebiyet vermis-
tir. 2018 yilinda yayimlanan Thales Veri Tehdit Raporuna gore diinyadaki
saglik kuruluslarimin yiizde 70’1 veri ihlali yasamistir ayrica 1200 kiiresel
giivenlik uzmaninin katildig1 ankette saglik sirketlerinin yiizde 55°1 siber
saldirilara kars1 kendilerini ““asir1 savunmasiz” ya da “¢ok savunmasiz”
olarak hissettigini sdylemistir. (Security Intelligence, https://securityintel-
ligence.com/news/security-breaches-in-healthcare-70-percent-of-organi-
zations-hit-globally-report-shows/. Erisim: 08 Agustos 2023) Kaybedilen
veya calinan saglik bilgilerinin ABD saglik sektoriine yilda 7 milyar ABD
dolarina kadar mal olabilecegi tahmin edilmistir. (Agaku vd., 2014: 374)
Bu baglamda saglik kuruluslar bilgi giivenligine yonelik ulusal ve ulus-
lararas1 mevzuat dahilinde tedbirler almistir ve kurumlarda bilgi giivenligi
kiiltiirii yerlesmistir.

2. Temel Kavramlar

Veri

Veri; enformasyon ve bilginin temelini olusturan, tek basina anlami
olmayan, ham halde olan bir kavram olarak tanimlanmistir. Kalseth ve
Cummings’e gore veriler; olaylar hakkinda bir dizi ayr1 nesnel gergektir.
Veriler baglam, siniflandirma, hesaplamalar, diizeltmeler ve yogunlastirma
yoluyla deger katarak bilgiye doniistiiriiliir. Veriler, baglami veya yorumu
olmayan gercekler ve rakamlardir. (Kalseth, Cumming, 2001: 166) Sag-
lik kuruluslart etkili ve uygun bir saglik bakim hizmetlerini saglamak
maksadiyla ¢ok fazla veriyi biinyesinde barimdirmaktadir. (Abouelmehdi
vd.,2017:75)

Enformasyon

Enformasyon; elde edilen verilerin belirli bir formiilde diizenlenme-
sidir. Bilgi ise enformasyonu belirli bir baglamda {iiretken bir amag i¢in
kullanmaktadir. (Jensen, 2005:54) Enformasyon alici iizerinde degisim
olmasini saglamaktadir. Bu degisim diislince, olaylar1 degerlendirme ve
davranis boyutlarinda olmaktadir. Enformasyon bu 6zellikleriyle verinin
oOtesindedir fark yaratan verilerdir. (Giirdal: 2000, 3)



Current Research and Evaluations in Health Sciences - June 2024 - 83

Bilgi

Bilgi; elde etmek igin ugraslar verilen ve elde edildiginde de olduk-
ca genis boyutlara evrilebilecek bir kavramdir. Tiirk Dil Kurumu Giincel
Tiirkce Sozligiine gore bilgi “Ogrenme, arastirma veya gozlem yolu ile
elde edilen ger¢ek, malumat, vukuf” anlamina gelmektedir. (https://sozluk.
gov.tr/) Barutgugil’in tanimia gore bilgi; insanin etrafinda olup bitenleri
tam ve dogru olarak kavramasini saglayan kisisellestirilmis enformasyon-
dur ve bilgi kendini, diislinceler, ongoriiler, sezgiler, fikirler, alinan dersler,
uygulamalar ve yasanan deneyimler seklinde gdstermektedir. (Barutgugil:
2002:10)

Bu tanimlar 15181nda veri, enformasyon ve bilgi arasindaki iliskiyi su
sekilde aciklanabilir:

*  Veri, enformasyon ve bilgi birbirinden bagimsiz degildir.

*  Veriler enformasyonun; enformasyon da bilginin temelini olugtur-
maktadir.

*  Veriler ham haldedir, enformasyon verileri bir mesaja doniistiirme
yapisindadir ve bilgi ise bunlarin da Gtesinde degisime daha agik
bir yapidadir, kiimiilatif yapisiyla gelisime de miisaittir.

e Zaman zaman ayni anlamlarda kullanilsalar da farkli kavramlar-
dir. (Davenport ve Prusak, 2001: 27).

Saglik sektoriindeki bilgi akis1 saglik kayitlarinin yapilmasi, teshis ve
tedavi saglamanin 6tesinde cesitli amaglara hizmet etmektedir. Bilgi; sag-
lik sistemi icerisinde verimliligi artirmak, kamu politikas1 gelistirmek ve
idaresini yonlendirmek ve tibbi arastirmalarin yiiriitiillmesinde kullanila-
bilmektedir. (Hodge,2003:664)

Dijitallesme

Yasadigimiz ¢agda gelisen ve siirekli gelismekte olan teknoloji, artan
ihtiyaclar, erisilebilirligin kolaylasmasi ile birlikte biitiin sektorlerde istek-
ler sinirsiz boyuta ulagmigtir. Bu isteklere hizli siirede cevap verebilmek,
hayat1 kolaylastirabilmek adina biitiin kuruluslar islerini kolaylastirabilme
ve daha iyi hizmet verebilmek icin teknolojiyi en iist boyutta kullanmak
istegindedirler. Kuruluslar saglik sektoriinde de ekonomik, organizasyonel
ve lojistik sikintilar1 asabilmek adina teknoloji kullanimin1 ve dijitalles-
me oranini yiiksek seviyeye ¢ikarmistir. (Timmis ve Timmis, 2017:1084)
GBCHealth’in tanimina gore dijital saglik; saglik hizmetleri ve bilgileri-
nin kapsamli dijitallestirilmesi i¢in gelistirilmis bir semsiye terimdir. Bu
semsiye terim hizmet sunumun verimliligi, kapsami ve dogrulugu icin ge-
leneksel yontemlerin aksine genellikle yapay zeka ve otomasyon ¢oziim-
lerinin kullanilmasini igcermektedir. Dijital saglik uygulamalar1 hastalarin,
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yatirimcilarin, kurulus sahiplerinin imkanlarinit 6nemli 6lgiide genisleterek
biiyiik bir degisimi saglamakta, saglik hizmetlerini topluma sunabilme adi-
na bilgiye erisimi kolaylastirmaktadir. (Herselman vd., 2016:1-2) Saglik
kuruluslarindaki elektronik saglik kayitlari, e-postalar, yazicilar, sabit ve
tagmabilir diskler gibi yazilim uygulamalar1 hasta bilgilerini igermektedir.
(Fernandez vd., 2015:456) Diinyada ve Tiirkiye’de yasanan dijital donii-
siimle birlikte dijital saglik uygulamalarinda artis goriismiistiir. Ulkemizde
saghgin gelistirilmesi adina pek ¢ok politika iiretilmis, ¢agin ilerisine geg-
mek i¢in adimlar atilmistir ve son yillarda uygulanan politikalara 2003 y1-
linda yayimlanan Saglikta Doniistim Politikalari esas olmustur. Bu program
ile birlikte kaliteli bir saglik hizmeti alabilmek i¢in saglik bilgi sistemlerine
de ihtiyag hasil olmus ve bu ydénde adimlar atilmistir. Ulkemizde kullanilan
saglik bilgi sistemi sistemi Tiirkiye Saglik Bilgi Sistemi olmustur ve bu
programlar ile elektronik kayitlar yapilmis, etkin ve verimli saglik hizmeti
verilebilmis, erisilebilirligi yiiksek, gizlilige sahip ve biitiinciil yapida bir
saglik sistemi elde edilmistir. (Korkmaz, 2018:252)

Kiiltiir

Kurum kiiltiirintin, o6rgiit kiltiiriiniin temelinde kiiltiir yatmaktadir.
Hoftsede kiiltiirii “‘Bir grup veya insan kategorisini digerinden ayiran
zihnin kolektif programlamas1’” olarak tanimlamistir. Kiiltiir; kurumlarin,
orgiitlerin yapisinda yer alan ¢ok temel, i¢sellestirilmis, sair 6zelliklerden
kolaylikla 6n plana ¢ikan, kendine miinhasir, kurumlarin devamliligini da
saglayan ¢ok yonlii bir kavramdir. (Debode ve ark., 2020:69) Kiiltiiriin en
onemli ozellikleri sunlardir:

o Kiiltiir 6grenilir: Kiiltiir dogumdan sonra edinildigi i¢in kurumun
kiltiirii 6grenilebilen bir seydir.

o Kiiltiir tarihi ve siireklidir: Kiiltiir, onceki kusaklardan, gegmisten
aktarilabildigi i¢in siireklidir ve siirekliligini de gelenek, gérenek,
duygu, diisiince, ortak yasam bi¢iminden aldig1 i¢in de tarihidir.

»  Kiiltiir toplumsaldir: Degerler, inanglar, duygu ve diisiinceler top-
lumu olusturan kisilerce paylasildiginda kiiltiir olur bu yiizden
kiiltiir toplumsaldir.

» Kiiltiir degisir: Zaman igerisinde meydana gelen olaylar, diigiin-
celer 15181nda kiiltiirde degisimler yasanabilir. (Yiiksel, 1989:336)

Orgiit Kiiltiirii

Orgiit kiiltiirii biitiin organizasyonu bir arada tutan biitiinciil degerlerin
toplamidir ve Orgiite adeta ayna tutarak oradaki isleyisin nasil oldugu
hakkinda fikirler elde edilmesini saglamaktadir. (Akalin, 2005:144) Ayrica
orgiit kiiltiirti, belirli bir grup, belirli bir topluluk tarafindan 6grenilen,
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kesfedilen veya gelistirilen, belirli bir siire boyunca yeterince iyi isleyen ve
yeni liyelere bunu algilamanin uygun yolu olarak aktarilacak temel varsa-
yimlarm bir modelidir. (Popovici vd. 2021:673) Orgiit kiiltiirii 6rgiitiin var
olmasiyla kendiliginden yerlesmez, bu kiiltiiriin yerlesebilmesi igin istik-
rara, ortak deneyimlere ve ge¢cmise sahip olunmasi gerekmektedir. Zaman
igerisinde kurulus rekabeti siirdiiriir, personel dis taleplerle nasil bas edece-
gini 6grenir ve i¢ istikrar1 kurumsal hale getirirse kalict normlar olugmakta,
degerler gelistirilmekte ve yeni calisanlara da 6gretilmektedir. Kurulusun
basarist ne kadar biiyiik olursa normlar1 da o kadar saglam olmakta ve or-
giit kdiltiirii de kalic1 hale gelmektedir. (Boan ve Funderburk, 2003:3)

Saglik kurumlarinda 6rgiit kiiltiiriiniin 3 diizeyi vardir:

*  Goriiniir Tezahiirler: Hizmetleri ve hizmet organizasyonlari ara-
sindaki dagilimi (Ornegin; birinci basamak ikinci basamak ayri-
mi1), tesislerin fiziksel diizeni (Bilgi islem personelinin durdugu
yerden doktorun bulundugu alana kadar her yeri kapsar), kilik ki-
yafet biitlinliigli (Ayn1 birimler i¢in ayni renk farkli birimler igin
farkli renk onliik giyilmesi gibi), 6diil sistemleri (Personelin hem
calisirken hem emekliliginde 6zliik haklarinin korunmast), kalite
iyilestirme yollari, hasta geri bildirimleri ve sikayetleri bir saglik
kurumunda gozle goriilen tezahiirlerdir.

* Paylasilan Diisiinme Bicimleri: Goriiniir tezahiirleri ve bunlarla
iligkili davranislart hakli ¢ikarmak ve siirdiirmek i¢in kullanilan
degerleri, inanglar1 ve ayrica isleri farkli yapmak i¢in ortaya konan
gerekeeleri icermektedir. Bunlar hasta ihtiyaglar, giivenlik, kalite,
klinik performansi ve hizmet iyilestirme beklentileri gibi normlari
igerir.

* Daha Derin Paylasilan Varsayimlar: Giinlik uygulamanin
(biiyiik olglide bilingsiz ve incelenmemis rutin faaliyetler)
temelleridir. Bunlar profesyonel roller ve tanimlamalar hakkinda
fikirleri, hastalarin ve bakicilarin bilgi ve egitimine iliskin
beklentileri, saglik ¢alisanlarinin gorece seviyesini igermektedir.
(Russell ve Davies, 2018:2)

Giivenlik Kiiltiirii

Giivenlik kiiltiirli kavramiyla kamuoyunun tanigmasi ilk kez 1986 y1-
linda Cernobil faciasindan sonra olmustur. IAEA (Uluslararasi Atom Ener-
jisi Kurumu) ilk defa 1986 yilinda bu kavrami kullanmig ve 1991 yilinda
da tanimlamigtir. Uluslararast Atom Enerjisi Kurumunun tanimina gore
“Giivenlik kiiltiiri; kurumun saglik ve giivenlik programlarinin yeterliligi-
ne, tarzina ve uygulamadaki israrina karar veren birey ve gruplarin deger,
tutum, yetkinlik ve davranis oriintiilerinin bir iiriiniidiir.”” Giivenlik kiiltii-
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rli, orgiitlin tehlikelerden kurtulmasina yardimci olan davraniglar biitiinii-
diir. (Ozkan ve Lajunen, 2003:3)

Giivenlik kiiltiiriinii teknoloji, politikalar, insanlar, yetkinlikler ve bun-
larin arasindaki iligkiler olusturmaktadir. Teknoloji orgiitteki asansorden
malzeme ve techizata kadar her seyi kapsamaktadir. Politikalar sadece ya-
zil1 kurallar1 kapsamaz ayni zamanda yazisiz kurallar1 kapsamakta fikirler,
gelenekler ve sosyal davranislar iizerinde etkilerde bulunmaktadir. Insan
unsuru orgiit icin ¢ok dnemli durumdadir. insan hem teknolojiyi kullanan
ve yonlendiren olmasi, politikalar1 sekillendirmesi ve yonetmesi sebebiyle
kilit roldedir. Insan, teknoloji ve politikalar arasindaki iliski iist diizeyde-
dir. insan davranislar politikalara ve teknolojinin seyrine yon verebildigi
gibi, teknolojideki gelisim ve degisimler politikalarin degismesine, politi-
kalarin gidigatina etki edebilir ve uygulanan politikalarla insan davraniglari
ve teknolojinin diizeyini belirlemede kilit rol oynayabilir. Yetkinlikler bu
iic kavram arasindaki iliskiyi belirlemektedir ve bunlarin arasindaki iliski-
ler de giivenlik kiiltiiriiniin olusmasini ve devamliligini saglayan asli un-
surlardir. (Roer, 2015:30-35)

Giivenlik kiiltiiriinii olusturan unsurlar:

* Gergcegin ve Rasyonelligin Temeli: Kuruluslarin kendi diizey-
lerine gore giivenlik gereksinimlerini belirlemesi o kurulusun en
uygun giivenlik kiiltiiriinii tanimlayabilmesindeki ilk asamadir, bu
agamada Orgiitiin giivenlik kiiltiiriindeki gercekligi ortaya konur.
Giivenlik kiiltiirii literatiir{i, organizasyonda gilivenligi etkileyen
en onemli etkenin hem ¢alisanlarin hem de organizasyonun kendi-
sinin giivenligine yonelik inancin en 6énemli etken oldugunu kabul
etmektedir. Fakat glivenlik kiiltiirliniin kalitesi yalnizca kurulusun
sahip oldugu inanglara gore belirlenmemeli ayn1 zamanda kuru-
lusun, son kullanicilarin ve yoneticilerin bu konuda sahip oldugu
¢esitli inanglardaki gergeklik ve rasyonellik temelini nasil deger-
lendirdigi ve yonettigi ile de belirlenmelidir. Personelin kendi
inanclar1 konusunda elestirel olmasi ve ¢alisanlarinin inanglarinin
kalitesine meydan okuyacak siire¢lerin uygulamaya kondugu bir
kurulus, iyi bir giivenlik kiiltiiriinii kotii olandan ayiran seydir.

e Zamamin Mefhumu: Bir organizasyonda zaman kavrami, orga-
nizasyonun uzun vadeli planlamay, stratejik planlamay1 ve hedef
belirlemeyi benimseyip benimsemedigi veya dncelikle kisa bir
zaman ufku iizerinden tepki verip vermedigi agisindan incelen-
mektedir. Cogu zaman bir kurulusun giivenlik odagi uzun vadeli
olabilecek olaylar tizerine degil kisa vadeli ve hemen ¢ozlilmesi
gereken problemleri ¢6zme iizerinedir. Kisa vadeye odaklanan ku-
ruluslarda zaman odagi “birisi tarafindan ihlal edilmedigi siirece
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giivenlik, ilk egitimden sonra bir daha asla ele alinmaz.” methu-
mu ile agiklanir. Fakat yiiksek kaliteli giivenlik kdiltiiriine sahip
kuruluslarin uzun vadeli bagliliga ve stratejik yonetime 6nem ver-
mesi gerekmektedir.

Motivasyon: Iyi bir giivenlik kiiltiiriine sahip kuruluslarin, ¢ali-
sanlarin glivenlik konusunda motive olmasini saglamak i¢in uy-
gun siireclere sahip olmasi gerekir. Motivasyon sadece c¢alisanin
davranisinin bilgi giivenligini tehlikeye atmamasini saglamay1
amaglamamalidir. Caliganlarin nasil motive edildiginin belirlen-
mesi; bunlarin igeriden mi yoksa disaridan mi motive edildigi
onemlidir. Dahasi, ¢calisanlarin dogasi geregi iyi mi yoksa kotii mii
oldugu, ddiillendirilmeleri mi yoksa cezalandirilmalar1 m1 gerek-
tigi ve bagkalarinin motivasyonunu manipiile etmenin ¢abay1 veya
ciktiy1 degistirip degistiremeyecegi, motivasyonun 6zellikleridir.

Degisime/Yenilige/Kisisel Gelisime Yonelik Istikrar: Bir kuru-
lusun giivenlik kiiltiiriinii seviyesini incelemenin énemli yonlerin-
den bir digeri kurulusun degisime ve yenilige olan toleransi ile
degerlendirilir. Bu istikrar motivasyonla yakindan iligkilidir. Bazi
calisanlar degisime agiktir (risk alan), bazi ¢alisanlar ise istikrara
yiliksek diizeyde ihtiya¢ duyar (riskten kaginanlar). Bu ayni za-
manda organizasyonlar i¢in de gegerli olabilir. Risk alan kurulus-
larin, siirekli ve siirekli iyilestirme ¢abasiyla yenilik¢i olduklari
sOylenir. Riskten kac¢inan organizasyonlar daha az yenilik¢i olma
egilimindedirler ve degisim igin daha az ¢aba harcarlar. Genelde
giivenlik gereksinimi daha diisiik olan kuruluslar degisime tole-
ranshidir fakat giivenlik gereksinimi yiiksek olan kuruluslar ise
degisime daha direnclidirler.

Is, Gérev, Is Arkadaslar1 Arasindaki Uyum: Bazi calisanlar isi bas-
I1 bagina bir amag olarak goriir ve isin basaris1 ve iiretkenligiyle
ilgilenirler. Baz1 galigsanlar ise ¢alismayi, rahat bir yasam siirmek
ve sosyal iligkiler gelistirmek gibi baska amaglara yonelik bir arag
olarak goriirler. Calisanlarin bulunduklar1 pozisyona iligkin hisset-
tikleri sorumluluk, rol ve sorumluluklar1 a¢isindan nasil egitildik-
leri gibi konular burada 6nem tasir. Bilgi giivenligindeki 6nemli
bir prensip, bir kurulusun varliklarinin kullanimai ile giivenligi ara-
sinda her zaman bir dengenin, uyumun bulunmasidir. Bir varliga
erisimi sinirlayarak onun giivenligini dnemli 6l¢lide artirabiliriz.
Ancak erigimin sinirlandirilmasi bazen ¢alisanlarin giinliik ope-
rasyonlarinin ciddi sekilde engellenmesine neden olabilir. Yiiksek
giivenlik gerekliliklerine sahip kuruluglarda ¢aliganlarin, giivenlik
endiseleri nedeniyle kurulusun varliklarina getirilen siirlamalari
daha kolay kabul etme egilimindedir. Giivenlik gereksinimlerinin
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daha diisiik oldugu bazi kuruluslarda ¢alisanlar, yiiksek giivenlikli
bir ortama gore ¢cok daha az olmasina ragmen uygulanan giivenlik
kisitlamalarindan rahatsiz oldugu goézlemlenmistir. Giivenlik ile
calisanlarin iglerinde kendilerini nasil kisitlanmis hissettikleri ara-
sindaki denge giivenlik kiiltiiriiniin 6nemli bir yoniidiir. Personel
motive olursa ve giivenlik konusunda kendini sorumlu hissederse
daha az kisitlanmis hissedecektir. Caliganlarin kurum iginde gii-
venlik konusunda kendilerini sorumlu hissetmelerinin saglanmasi
gerektigi acik olmakla birlikte, belirli glivenlik alanlarindan so-
rumlu personelin de ayni derecede giiglii bir sahiplenme duygusu-
na sahip olmasi 6nemlidir.

+ Izolasyona Kars1 Uyum/isbirligi: Calisanlarin tek basina veya is-
birligi halinde nasil ¢alisabilecegine odaklanir. Insan iliskilerinin
dogasina ve igin en etkili ve verimli sekilde nasil gergeklestirile-
cegine iligkin temel degerlerdir. Baz1 kuruluslarda isin cogunlugu
bireyler tarafindan gergeklestirilir ve igbirligi genellikle 6zerkligin
ihlali olarak goriiliir. Baz1 kuruluslar ise isbirligini memnuniyetle
karsilar ve ekip ¢alismasini tesvik eder, genellikle calismalart ca-
lisan gruplan etrafinda diizenler. Genelde bir kurulusun giivenlik
planlamasi ve uygulamasi yalnizca kii¢lik bir uzman ve yonetici
grubu tarafindan yiiriitiilmektedir. Ancak bu sorumluluklarin tek
bir kisi tarafindan yapilmasi siirdiiriilebilir degildir, hatalara sebe-
biyet vermeye miisaittir. Ayrica orta diizey yonetim diizeyindeki
giivenlik yoOnetisim siirecleri ve yapilart giivenlikle ilgili giinliik
karar alma siire¢lerinde paydaslarla isbirligi eksikliginin yalnizca
motivasyonu ve ise yonelimi olumsuz yonde etkilemekle kalma-
y1p, ayn1 zamanda tehlikeli derecede dar bir giivenlik odagina yol
acar. Kapsam, bilgi giivenliginde segilen giivenlik kontrollerinin
kalitesi kadar 6nemli oldugundan, personel giivenligi veya veri
giivenligi gibi belirli alanlarin géz ard1 edilmesi, bir kurulusun gii-
venliginin 6nemli 6l¢iide ¢okmesine yol acabilir.

* Kontrol ve Sorumluluk: Bir kurulusta giivenlik yonetisiminin
odak noktas1 siki bir kontroliin veya gevsek bir kontroliin olup
olmadigidir. Merkezi karar almaya sahip bir kurulus siki bir kont-
role sahip olma egilimindeyken, merkezi olmayan karar almaya
sahip bir kurulusun esnek bir kontrole sahip olmasi muhtemeldir,
ancak degisiklik yonetimi siiregleri kontroliin ger¢ekte ne kadar
gevsek oldugunu hala etkileyebilir. Siki kontroliin oldugu yerde,
¢ogunlugun davranigina rehberlik etmek iizere birkag kisi tara-
findan belirlenen resmilestirilmig kurallar ve prosediirler vardir.
Kontroliin daha az oldugu yerlerde ise daha az kural veya resmi
prosediir ve ortak karar alma ile birlikte ¢alisanlarin esnekligi ve
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ozerkligi vardir. Kurulusun karar verme siireci iizerinde siki veya
gevsek bir kontroliin olup olmadigi, ayn1 zamanda kurulusun bi-
reysel inisiyatife tolerans gosterme diizeyini de etkiler. Siki bir
kontrol ya da gevsek bir kontrol olup olmadigma bakilmaksizin,
giivenligin farkli alanlarinda kimin ve ne zaman karar hakkina sa-
hip olduguna dair ag¢ik kurallarin bulunmasi 6nemlidir. Bu hususa
genellikle sorumluluk denir ve tiim sorumluluklarin tahsis edilme-
si stratejik glivenlik politikasinin gerekli bir 6zelligidir. Gilivenlik
hedefleri ile kurumsal hedeflerin yanlis hizalandig1 kuruluslarda,
giivenlik girisimlerini destekleme konusunda isteksizlik olmasi
muhtemeldir ve sonug olarak kurulusun giivenlik konusunda ¢ok
az koordinasyonu olabilir. Giivenlik kiiltiirii kavramimin gilivenlik
yOnetisimi kavramina genislemesine etki eden en 6nemli boyutu
kontrol, koordinasyon ve sorumluluktur.

* Yonelim ve Odaklanma (Dahili ve/veya Harici): Bir kurulusun
giivenliginin yonelimi ve odagi kurulusun faaliyet gdsterdigi orta-
ma baghdir. Bir kurulus, i¢sel bir yonelime (kurum i¢indeki insan-
lara ve siireclere odaklanan) veya digsal yonelime (dis bilesenlere,
miigterilere, rakiplere ve ¢evreye odaklanan) veya her ikisinin bir
kombinasyonuna sahip olabilir. D1g denetim ve hiikiimet gerekli-
liklerine uymak zorunda olan ¢ok sayida kurulus bulunmaktadir.
Bu nedenle, risk yonetimi siireglerinin vurgusu genellikle giiven-
liklerini artirmak degil, yalnizca bu gereksinimleri karsilamaktir.
Orta ila yiiksek diizeyde giivenlige sahip olan kuruluslarin ¢cogu,
hem ice hem de disa doniik bir odaga sahiptir. Bir kurulusta gii-
venlik hem dis faktorlerden hem de i¢ ihtiyaclardan etkilendigin-
den, ideal bir giivenlik kiiltiirinii i¢ ve dis odaklar arasinda bir
dengeye sahip olan kurulustur. (Ruighaver vd., 2007:57-61)

3. Bilgi Giivenligi

Bilgi giivenligi bilginin ve bilgi sistemlerinin her tiirlii korunmasidir.
Bilgi giivenligi saglanirken “bilmesi gereken” prensibine gore hareket
edilmelidir. En mahrem bilgilerin sadece yetkili kisiler tarafindan kullanil-
masi elzem olup her tiirlii tehlikeye kars1 onlem alinmalidir. Bilgi giiven-
ligi sistemdeki en zayif halka kadar gii¢liidiir. Bu 6nlem bilgilerin yalniz-
ca paylasilmasi degil ifsa edilmesinden, hasar verilmesine, bilgilerin yok
edilmesine kadar biitiin tedbirleri kapsamaktadir. (Glingor, 2015:5) Bilgi
giivenliginin amaci bilgi varliklarinin siirdiiriilebilir olmas1 ve yeterli dii-
zeyde giivenli olmasi ve koruma saglamasidir. (Box ve Pottas, 2014:1463)
Hastanelerde kisisel bilgiler kullanilir ve saklanir. Saglik tesisleri bu bil-
gi giivenligi konusunda dikkatli olmali, ihlalleri ve sizintilar1 6nlemelidir.
(Baran ve Sener, 2019:109) Bilgi giivenligi farkindaligin1 saglamak, risk-
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lerin siirekli degismesinden Gtiirii daha da zorlasan dinamik bir siiretir.
(Kruger ve Hearney, 2006:290) Bilgi giivenligi Solomon’un bilgi giivenli-
gi ticgeni adin1 verdigi gizlilik, biitiinliik ve erisilebilirlikten olusan 3 unsur
tizerine insa edilmistir. Gizlilik; sadece yetkili kisilerin gerekli bilgilere
erisebilmesini ifade eder. Cesitli sifreleme, oltalama teknikleriyle gizlilik
saglanir ve yetkisiz kisilerin bilgiye ulagmas1 engellenir. Biitiinliik; bilgile-
rin yetkisiz kisilerce biitiinliigline zarar verilmemesini saglamak demektir.
Biitlinliigiin bozulmas: kasten ya da ihmal sonucu olabilir. Biitiinliik bil-
gilerin silinmesi, degistirilmesi, bozulmasi gibi hususlar1 kapsamaktadir.
Biitiinliik saglandigi takdirde bilgi deformasyonunun da oniine gegilmis
olur. Kullanilabilirlik; bilgiye kolayca erisebilmek demektir. Bu ilkenin
saglanmasi durumunda herhangi bir olumsuz durumda karsilagildig: tak-
dirde bilgiye rahatlikla ulagim saglanir. Bu erisim kullanict haklar gerge-
vesinde siirlidir. (Baykara ve ark., 2013:239)

Bilginin Durumu

Bilginin Karakteristigi

(Korunan Nitelilder)
Giivenlik Onlemleri

Sekil 1: Me Cumber’in Bilgi Giivenligi Modeli

Mc Cumber’in bilgi giivenligi modeli 3 temel {izerine insa edilmistir.
Bilgi giivenliginin temel unsurlari kabul edilen gizlilik biitiinliik ve kullani-
labilirlik Mc Cumber’in modeline gére bilginin karakteristik 6zelliklerin-
dendir. Bilginin durumu ytiziinde; bilginin transferi, bilginin depolanmasi
ve bilginin iglenmesi vardir. Herhangi bir bilgi herhangi bir zamanda bu
{ic durumdan en az birinde yer almaktadir. Iste bu bulundugu yer bilginin
durumunu tayin eder. Diger yiiz olan giivenlik 6nlemleri unsurunda; tek-
noloji, politika ve prosediirler son olarak da egitim ve farkindalik unsurlart
yer alir. Giivenlik tedbirleri unsuru diger iki yiiz olan bilginin karakteristigi
ve bilginin durumu unsurlariin birlesimi noktasinda yer alir. Bu 6zelli-
gi ile glivenlik tedbirleri tamamlayici unsur olarak karsimiza ¢ikmaktadir.
Bu boyutlardan biri eksik olursa giivenlik acig1 yasanmus olur. (Ozdemir,
2019:16-17)



Current Research and Evaluations in Health Sciences - June 2024 - 91

4. Giivenlik Kiiltiirii

Giivenlik kiiltlirii kavramiyla kamuoyunun tanismasi ilk kez 1986 y1-
linda Cernobil faciasindan sonra olmustur. TIAEA (Uluslararasi
Atom Enerjisi Kurumu) ilk defa 1986 yilinda bu kavrami kullanmis ve
1991 yilinda da tanimlamistir. Uluslararasi Atom Enerjisi Kurumunun ta-
nimma gore “Guivenlik kiiltiirli; kurumun saglik ve giivenlik programla-
rinin yeterliligine, tarzina ve uygulamadaki 1srarina karar veren birey ve
gruplarin deger, tutum, yetkinlik ve davranis oriintiilerinin bir tiriintidiir.”
Giivenlik kdiltiirii, orgiitiin tehlikelerden kurtulmasma yardimer1 olan dav-
ranislar biitiiniidiir. (Ozkan ve Lajunen, 2003:3) Giivenlik kiiltiiriinii tekno-
loji, politikalar, insanlar, yetkinlikler ve bunlarin arasindaki iliskiler olus-
turur. Teknoloji drgiitteki asansdérden malzeme ve techizata kadar her seyi
kapsar. Politikalar sadece yazili kurallar1 kapsamaz ayni zamanda yazisiz
kurallar kapsar fikirler, gelenekler ve sosyal davranislar tizerinde etkilerde
bulunur. insan unsuru &rgiit icin ¢ok dnemlidir. Insan hem teknolojiyi kul-
lanan ve yonlendiren olmasi ve politikalar sekillendirmesi ve yonetmesi
sebebiyle kilit roldedir. Insan, teknoloji ve politikalar arasindaki iliski iist
diizeydedir. Insan davramslar politikalara ve teknolojinin seyrine yon ve-
rebildigi gibi, teknolojideki gelisim ve degisimler politikalarin degisme-
sine, politikalarin gidisatina etki edebilir ve uygulanan politikalarla insan
davranigslar1 ve teknolojinin diizeyini belirlemede kilit rol oynayabilir. Yet-
kinlikler bu ti¢ kavram arasindaki iliskiyi belirler ve bunlarin arasindaki
iligkiler de giivenlik kiiltliriniin olugmasini ve devamliligin1 saglayan asli
unsurlardir. (Roer, 2015:30-35)

Organizasyonun giivenlik kiiltiiriinii 8 baslik altinda incelenebilir.:

Gerg¢egin ve Rasyonelligin Temeli: Kuruluslarin kendi dii-
zeylerine gore gilivenlik gereksinimlerini belirlemesi o kurulugun
en uygun giivenlik kiiltiirinii tanimlayabilmesindeki ilk agamadir,
bu agamada orgiitlin giivenlik kiiltiiriindeki gercekligi ortaya konur.
Giivenlik kiiltiirii literatiirli, organizasyonda giivenligi etkileyen en
onemli etkenin hem ¢alisanlarin hem de organizasyonun kendisinin
giivenligine yonelik inancin en 6nemli etken oldugunu kabul etmek-
tedir. Fakat giivenlik kiiltiiriiniin kalitesi yalnizca kurulusun sahip
oldugu inanglara gore belirlenmemeli ayn1 zamanda kurulusun, son
kullanicilarin ve yoneticilerin bu konuda sahip oldugu ¢esitli inang-
lardaki gerceklik ve rasyonellik temelini nasil degerlendirdigi ve
yonettigi ile de belirlenmelidir. Personelin kendi inanglar1 konusun-
da elestirel olmasi ve ¢alisanlarinin inanglarinin kalitesine meydan
okuyacak siire¢lerin uygulamaya kondugu bir kurulus, iyi bir giiven-
lik kiiltiirtinii kotii olandan ayiran seydir.
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Zamanin Mefhumu: Bir organizasyonda zaman kavrami, organizas-
yonun uzun vadeli planlamayi, stratejik planlamay1 ve hedef belirlemeyi
benimseyip benimsemedigi veya oncelikle kisa bir zaman ufku {izerinden
tepki verip vermedigi agisindan incelenmektedir. Cogu zaman bir kurulu-
sun giivenlik odag1 uzun vadeli olabilecek olaylar tizerine degil kisa vadeli
ve hemen ¢oziilmesi gereken problemleri ¢ozme iizerinedir. Kisa vadeye
odaklanan kuruluglarda zaman odagi ““birisi tarafindan ihlal edilmedigi sii-
rece glivenlik, ilk egitimden sonra bir daha asla ele alinmaz.” mefthumu ile
aciklanir. Fakat yiiksek kaliteli glivenlik kiiltiiriine sahip kuruluslarin uzun
vadeli bagliliga ve stratejik yonetime 6nem vermesi gerekmektedir.

Motivasyon: lyi bir giivenlik kiiltiiriine sahip kuruluslarin, calisanlarin
giivenlik konusunda motive olmasini saglamak i¢in uygun siireglere sahip
olmasi gerekir. Motivasyon sadece calisanin davraniginin bilgi giivenligini
tehlikeye atmamasimi saglamayir amacglamamalidir. Calisanlarin nasil
motive edildiginin belirlenmesi; bunlarin iceriden mi yoksa disaridan
m1 motive edildigi onemlidir. Dahasi, ¢alisanlarin dogas1 geregi iyi mi
yoksa kotii mii oldugu, ddiillendirilmeleri mi yoksa cezalandirilmalart m1
gerektigi ve bagkalarinin motivasyonunu manipiile etmenin ¢abay1 veya
ciktiy1 degistirip degistiremeyecegi, motivasyonun ozellikleridir.

Degisime/Yenilige/Kisisel Gelisime Yonelik Istikrar: Bir kurulusun
giivenlik kiiltiiriinii seviyesini incelemenin 6nemli yonlerinden bir digeri
kurulusun degisime ve yenilige olan toleransi ile degerlendirilir. Bu istik-
rar motivasyonla yakindan iligkilidir. Baz1 ¢alisanlar degisime agiktir (risk
alan), bazi ¢alisanlar ise istikrara yiliksek diizeyde ihtiya¢ duyar (riskten
kaginanlar). Bu ayni zamanda organizasyonlar i¢in de gecerli olabilir. Risk
alan kuruluglarin, siirekli ve siirekli iyilestirme ¢abasiyla yenilik¢i olduk-
lar1 sdylenir. Riskten kaginan organizasyonlar daha az yenilik¢i olma egi-
limindedirler ve degisim i¢in daha az ¢aba harcarlar. Genelde giivenlik ge-
reksinimi daha diisiik olan kuruluslar degisime toleranslidir fakat giivenlik
gereksinimi yiiksek olan kuruluslar ise degisime daha direnglidirler.

Is, Gorev, Is Arkadaslar1 Arasindaki Uyum: Bazi calisanlar isi bash
basina bir amag olarak goriir ve isin basarisi ve iiretkenligiyle ilgilenirler.
Bazi ¢aliganlar ise caligsmayi, rahat bir yasam siirmek ve sosyal iligkiler
gelistirmek gibi baska amaclara yonelik bir ara¢ olarak goriirler. Calisan-
larin bulunduklar1 pozisyona iliskin hissettikleri sorumluluk, rol ve sorum-
luluklar1 agisindan nasil egitildikleri gibi konular burada 6nem tasir. Bilgi
giivenligindeki 6nemli bir prensip, bir kurulugun varliklarimin kullanimi ile
giivenligi arasinda her zaman bir dengenin, uyumun bulunmasidir. Bir var-
liga erisimi sinirlayarak onun glivenligini énemli 6lgiide artirabiliriz. An-
cak erigimin sinirlandirilmas: bazen ¢alisanlarin giinliik operasyonlariin
ciddi sekilde engellenmesine neden olabilir. Yiiksek giivenlik gereklilik-
lerine sahip kuruluslarda galiganlarin, giivenlik endiseleri nedeniyle kuru-
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lusun varliklarina getirilen sinirlamalar1 daha kolay kabul etme egilimin-
dedir. Giivenlik gereksinimlerinin daha diigsiik oldugu baz1 kuruluslarda
calisanlar, yiiksek gilivenlikli bir ortama gore ¢ok daha az olmasina ragmen
uygulanan giivenlik kisitlamalarindan rahatsiz oldugu gozlemlenmistir.
Giivenlik ile ¢alisanlarin islerinde kendilerini nasil kisitlanmaisg hissettikleri
arasindaki denge giivenlik kiiltiiriiniin nemli bir yoniidiir. Personel motive
olursa ve giivenlik konusunda kendini sorumlu hissederse daha az kisitlan-
mis hissedecektir. Calisanlarin kurum iginde giivenlik konusunda kendi-
lerini sorumlu hissetmelerinin saglanmasi gerektigi acik olmakla birlikte,
belirli giivenlik alanlarindan sorumlu personelin de ayn1 derecede giiglii bir
sahiplenme duygusuna sahip olmasi 6nemlidir.

[zolasyona Karst Uyum/Isbirligi: Calisanlarin tek basma veya
isbirligi halinde nasil calisabilecegine odaklanir. Insan iliskilerinin
dogasina ve isin en etkili ve verimli sekilde nasil gerceklestirilecegine
iligkin temel degerlerdir. Bazi kuruluslarda isin c¢ogunlugu bireyler
tarafindan gerceklestirilir ve igbirligi genellikle 6zerkligin ihlali olarak
goriiliir. Bazi kuruluslar ise isbirligini memnuniyetle karsilar ve ekip
calismasin tesvik eder, genellikle ¢aligmalar1 ¢alisan gruplari etrafinda
diizenler. Genelde bir kurulusun giivenlik planlamasi ve uygulamasi
yalnizca kii¢iik bir uzman ve yonetici grubu tarafindan yiiriitilmektedir.
Ancak bu sorumluluklarin tek bir kisi tarafindan yapilmas: siirdiiriilebilir
degildir, hatalara sebebiyet vermeye miisaittir. Ayrica orta diizey yonetim
diizeyindeki giivenlik yonetisim siirecleri ve yapilan giivenlikle ilgili
giinliik karar alma siireglerinde paydaslarla isbirligi eksikliginin yalnizca
motivasyonu ve ise yonelimi olumsuz yonde etkilemekle kalmayip,
ayn1 zamanda tehlikeli derecede dar bir giivenlik odagina yol agar.
Kapsam, bilgi giivenliginde secilen gilivenlik kontrollerinin kalite-
si kadar 6nemli oldugundan, personel giivenligi veya veri giivenligi
gibi belirli alanlarin goéz ardi edilmesi, bir kurulusun giivenliginin
onemli Ol¢iide ¢okmesine yol acabilir.

Kontrol ve Sorumluluk: Bir kurulusta giivenlik yonetisiminin
odak noktasi siki bir kontroliin veya gevsek bir kontroliin olup ol-
madigidir. Merkezi karar almaya sahip bir kurulus siki bir kontrole
sahip olma egilimindeyken, merkezi olmayan karar almaya sahip
bir kurulusun esnek bir kontrole sahip olmasi muhtemeldir, ancak
degisiklik yonetimi siirecleri kontroliin ger¢ekte ne kadar gevsek ol-
dugunu hala etkileyebilir. Siki kontroliin oldugu yerde, cogunlugun
davranigina rehberlik etmek iizere birkag kisi tarafindan belirlenen
resmilestirilmis kurallar ve prosediirler vardir. Kontroliin daha az ol-
dugu yerlerde ise daha az kural veya resmi prosediir ve ortak karar
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alma ile birlikte calisanlarin esnekligi ve 6zerkligi vardir. Kurulusun
karar verme siireci lizerinde siki veya gevsek bir kontroliin olup ol-
madig1, ayn1 zamanda kurulusun bireysel inisiyatife tolerans goster-
me diizeyini de etkiler. Sik1 bir kontrol ya da gevsek bir kontrol olup
olmadigina bakilmaksizin, giivenligin farkli alanlarinda kimin ve ne
zaman karar hakkina sahip olduguna dair agik kurallarin bulunmasi
onemlidir. Bu hususa genellikle sorumluluk denir ve tiim sorumlu-
luklarin tahsis edilmesi stratejik giivenlik politikasinin gerekli bir
ozelligidir. Giivenlik hedefleri ile kurumsal hedeflerin yanlis hiza-
landig1 kuruluslarda, giivenlik girisimlerini destekleme konusunda
isteksizlik olmas1 muhtemeldir ve sonug olarak kurulusun giivenlik
konusunda ¢ok az koordinasyonu olabilir. Giivenlik kiiltiirii kavra-
minin giivenlik yOnetisimi kavramina genislemesine etki eden en
onemli boyutu kontrol, koordinasyon ve sorumluluktur.

Yonelim ve Odaklanma (Dahili ve/veya Harici): Bir kurulusun
giivenliginin yonelimi ve odagi kurulusun faaliyet gosterdigi ortama
baghdir. Bir kurulus, i¢sel bir yonelime (kurum ig¢indeki insanlara
ve siireclere odaklanan) veya dissal yonelime (dis bilesenlere, miis-
terilere, rakiplere ve cevreye odaklanan) veya her ikisinin bir kom-
binasyonuna sahip olabilir. D1g denetim ve hiikiimet gerekliliklerine
uymak zorunda olan ¢ok sayida kurulus bulunmaktadir. Bu nedenle,
risk yonetimi siire¢lerinin vurgusu genellikle giivenliklerini artirmak
degil, yalnizca bu gereksinimleri karsilamaktir. Orta ila yiiksek dii-
zeyde giivenlige sahip olan kuruluslarin ¢ogu, hem ige hem de disa
dontik bir odaga sahiptir. Bir kurulusta giivenlik hem dis faktorler-
den hem de ig¢ ihtiyaglardan etkilendiginden, ideal bir giivenlik kiil-
tiirlinii i¢ ve dis odaklar arasinda bir dengeye sahip olan kurulustur.
(Ruighaver vd., 2007:57-61)

5. Bilgi Giivenligi Kiiltiirii

Tiirkiye’de kisisel verilerin korunmasi kanunu kapsaminda saglik
verileri “6zellikli veri” olarak tanimlanmis olup gizliligi ve giivenliginin
saglanmas1 saglik kuruluslarinca zorunludur. (KVKK, md 6.) 1982 Ana-
yasast 20. Maddesinde yer alan “Herkes, 6zel hayatina ve aile hayatina
saygi gosterilmesini isteme hakkina sahiptir. Ozel hayatin ve aile hayatinin
gizliligine dokunulamaz”(T.C. Anayasasi, Md.20) ibareleri geregi kisisel
verilerin korunmasi 6nemlidir. Bilgi giivenligi kiiltiirii bir kurulusta kabul
edilen ve tesvik edilen bilgi giivenligi algilari, tutumlar1 ve varsayimlari
- dolayisiyla bir kurulusta bilgi varliklarimi korumak igin iglerin yapilma
seklini ifade eder. (Alnatheer, 2014:104) Bilgi giivenligi politikalariin
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orgiit icerisinde basarili sonuclar verebilmesi bu bagli bulunan politika-
larin personel tarafindan kabuliine, kuruma uygunluguna ve dogru uygu-
lanmasina baghdir. (Gaunt, 2000:154) Bu uygulama alani kurulusun bilgi
giivenligi uygulamasi ve bilgi giivenligi politikalarinda ve bu politikalara
uyum ve anlayis diizeyinde kurulusa yonelik giivenlik tehditlerinin kabul
edilmesinde ve bunlarin farkinda olunmasiyla kendini gosterir. (Sherif vd.,
2015:439) Bilgi giivenligi kiiltiirii bir kere olusturulup daha sonra higbir
degisiklik olmadan dmiir boyu kullanilabilecek bir kavram degildir, kiiltii-
rlin orgiitiin hedefleriyle ortlismesi ve orgiit tiyelerinin unutmamasi i¢in sii-
rekli olarak olusturulmasi, siirdiiriilmesi veya degistirilmesi gerekir. Bu hi¢
bitmeyen bir siireg, bir degerlendirme, degisim veya bakim dongiistidiir.

Bilgi Giivenligi Kiiltiiriinii Etkileyen Faktorler
Bilgi giivenligi kiiltiirii ¢esitli faktorlerden etkilenir:

1. Yonetim: Yonetim kademesi ve liderler orgiit igerisindeki rolleri ve
olusturmak istenen kiiltiirii olusturmada cok etkilidir. Yetkili kisilerin
Orgiitiin bilgi giivenligi kiiltiirii stratejisini tanimlayip 6rnek olarak li-
derlik yapmasi gerekmektedir.

2. Bilgi Giivenligi Politikalari: Calisanlarin bilgi giivenligi politikalar
kurallar1 ve prosediirleri hakkindaki bilgisi ve algist bilgi glivenligi
kiiltiiriinii olumlu etkileyebilir. Bu politika, bilgi giivenligi kiiltiiriinii
yonlendirmek ve ortak degerler ve inanglar olusturabilmek i¢in temel
yapi tagidir.

3. Isyeri Yetenekleri: Organizasyonun i¢ yetenekleri, calisanlar, gecici
caligsanlara olan giiven, calisanlarin becerisi, i memnuniyeti, gérev
baskisi, gorevin 6nemi, giivenlik uygulamalari, disiplin prosediirleri,
denetim, 6diil gibi faktorler orgiitiin isyeri yeteneklerini etkiler.

4. Risk ve Yamit Faktorleri: Organizasyon igerisinde giivenlik olaylari-
na kars1 teshis, dnleme, tespit etme ve yanit verme sekli bilgi glivenligi
riskini en aza indirmek i¢in 6nemlidir.

5. Operasyonel Yonetim: Organizasyonun risk degerlendirme yaklagi-
mina dayanarak bilgi giivenligini yonetmek i¢in kapsamli bir deger-
lendirmeye ihtiya¢ vardir. Gézden gecirme, denetim ve izleme olumlu
bir bilgi giivenligi yonetiminde 6nemlidir.

6. Egitim ve Farkindalk: Bilgi giivenligi farkindalig1 ve bilgi glivenligi
politikalarin1 dogru uygulayabilmek icin ¢alisanlara egitim vermek ge-
rekir. Egitim ve farkindaligin bilgi giivenligi {izerinde olumlu bir etki
biraktigi kanitlanmustir.

7. Degisim Yénetimi: Orgiitteki yasanan teknolojik degisimler verilerin
islevselligi, kullanilabilirligi, mahremiyet ve giivenlik izerinde olumlu
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10.

11.

12.

etkiler dogurur. Degisim yOnetimi siireclerine ¢alisanlar da dahil edil-
melidir.

Ulusal ve Orgiitsel Kiiltiir: Organizasyonun faaliyet gosterdigi top-
lum bilgi giivenligi kiiltiirli iizerinde olumlu etki gostermektedir. Bazi
toplumlarda bilgi akis1 seffaf ve agiktir fakat bazi toplumlarda ise bilgi
akis1 simirlidir. Bu durum da kiiltiirel faktorlerde, bilgilerin islenme-
sinde, korunmasinda ve nihayetinde bilgi giivenligi kiiltiiriinii etkile-
mektedir.

Bilgi: Yerlesik bir bilgi giivenligi olusturabilmek Organizasyondaki
bireyler bilgiyi ve bilgi giivenligini kullanip kullanmadiklar1 konusun-
da test edilebilir. Yerlesik bir kiiltiire sahip olmak daima avantaj saglar.

Giivenlik Davramslari: Giivenlik bilesenlerinin uygulanmasi, g¢ali-
sanlarin bilgi varliklar ile etkilesimi iizerinde etki eder ve bunun so-
nucunda ¢alisanlarin giivenlik davranisi olarak ifade edilen davraniglar
olusur. Amag Orgiitiin politikalarina dayali bilgi varliklarinin korunma-
sinin benimsenmesidir.

Giivenlik Uyumlulugu: Isgiiciiniin, bilgi giivenligi politikas1 ve pro-
sediirleri hakkindaki bilgisi ve bilgi giivenligi politikalarina kars1 tu-
tumu ve uyumu 6rgiit icin olumlu bir etkidir. Giiglii bir bilgi giivenligi
kiiltiirii olan bir orgiitte kiiltiiriin goriiniir bir 6zelligi olarak uyum sag-
lamasi beklenir.

Kisisel Konular: Calisanlarla ilgili sahsi konular, giivenlikle ilgili
olaylar, medya, kisisel faydalar, grup/toplum yarar1 ve farkindalik,
politikanin kabul edilmesi, baglilik, itaat ve etik gibi konular bilgi
giivenligi kiiltlirlinii etkiler. Ayrica alt kiiltiir normlar da etkilidir. (Ve-
iga ve Martins, 2017:77-79)

6. Tiirkiye’de Durum
Tiirkiye’deki saglik kuruluslarinda bilgi giivenligi Tiirkiye Cumhu-

riyeti Saglik Bakanligi Saglik Bilgi Sistemleri Genel Miidiirliigiine bagh
Sistem Yonetimi ve Bilgi Giivenligi Dairesi Bagkanlig1 marifetiyle yiirii-
tiilmektedir. Sistem Y onetimi ve Bilgi Giivenligi Dairesi Bagkanliginin go-
rev tanim formlarina bakacak olursak;

a. Bilgi giivenligi ihlal olay1 tespit ettiginde https://bilgiguvenligi.sag-

lik.gov.tr adresine ihlal bildiriminde bulunmak

b. Bakanlik ve bagli kuruluslarinin yerel aglarini tesis etmek

veya ettirmek

c. Veri merkezlerinin altyapisini planlamak, kurmak ve isletmek
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¢. Sistem ve aglarin 7 gilin 24 saat kesintisiz ¢aligmasini sagla-
mak

d. Projelere ait sunucular1 kurmak, konfigiire etmek, isletmek

e. Veri tabanlar1 performansini 6lgmek, degerlendirmek ve ba-
kimlarint yapmak

f. Saglik Bilisim Ag1 (SBA) Projesi’nin idari olarak tiim siireg-
lerinin koordinasyonunu ve takip edilmesini saglamak, projede yer
alan katma degerli hizmetlerin yiriitiilmesini saglamak

g. Bakanlik bilgisayar ve ¢evre birimleri temin siireclerinde tek-
nik destek vermek, bunlarin tamir ve bakim hizmetlerini saglamak,
ariza tespit sistemine bildirilen talepleri takip etmek

g. Bakanlik tarafindan yiiriitiilen bilisim temelli tiim projelerde
kullanilan ve kullanilacak olan kullanici hesaplarinin siirekliligini
saglamak

h. Bilgi giivenligi standartlarini belirlemek

1. Son kullanic1 giivenligini saglamak iizere egitim programlari
ve egitim materyalleri gelistirmek, kongre, seminer, konferans vb.
etkinlikler diizenlemek

1. Saglik Sektorti ile ilgili SOME (Siber Olaylara Miidahale Eki-
bi) organizasyonunu kurmak, raporlamak, calistirmak ve denetlemek

j. Ulusal Siber Olaylara Miidahale Merkezi (USOM) ve istihbarat sag-
layan kurumlarla koordinasyonu saglamak, ilgili kurum ve kuruluslardan
gelen 6zel siber giivenlik dnlemlerinin Bakanliga bagh tiim tegkilatta uy-
gulanmasini saglamak

k. Bilgi Giivenligi Yonetim Sistemini kurmak, siirdiiriilebilirligini
saglamak, iyilestirmek ve gelistirmek maddelerinin oldugunu gérmekte-
yiz.  (https://sbsgm.saglik.gov.tr/TR,12830/sistem-yonetimi-ve-bilgi-gu-
venligi-dairesi-baskanligi.html#)

Saglik Bakanlig1 Bilgi Giivenligi Politikalar1 Yonergesine gore bilgi
giivenligi konusunda yetkili kurullar belirtilmistir ve Tiirkiye Cumhuriye-
ti Saglik Bakanlig1 tarafindan 2014 yilinda yayimlanan Bilgi Politikalar1
Kilavuzuna gore esaslarin belirlendigi goriilmektedir. (Bakanlig: S., 2018:
1-7) Saglik Bakanlig1 Bilgi Politikalar1 Kilavuzuna gore bilgi gilivenligi
konusunda bir standart aranmaktadir ve bu standartlar TS ISO/IEC 27001
Bilgi Giivenligi Yonetim Sistemine gore belirlenmektedir. Kurumlar bu
standartlara sertifikalandirilmaktadir. Ayrica bu kilavuzda bilgi giivenligi-
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nin ihlal yonetimi, bilgi giivenligi denetimleri, kilavuzun uygulanmasina
dair hal tarz, bilgi giivenligi egitimleri de belirlenmistir. Bu sayede bilgi
giivenligine dair olumlu yonde gelismeler ve geri doniisler goriilmekte-
dir. (Bakanlig1 S., 2014:1-10) TS ISO/IEC 27001 Bilgi Giivenligi Y netim
Sisteminde amag¢ herhangi bir olumsuz durum olugmadan tedbir almak,
bilgiyi ve bilgi akisinin devamini aksaksiz bir sekilde siirdiirmektir. Bir
saglik kurulusunda yatak kapasitesine gore sistemin geligsmisligini ince-
leyecek olursak; 1200 yatak kapasiteli bir iiniversitesi hastanesinde tam
elektronik otomasyon sistemine sahiptir. Saglik kurulusu 7 giin 24 saat
esasina gore hizmet verir ve ayni anda yaklasik 2000 islem yapilabilir. Bu
veriler Bilgi Giivenligi Yo6netim Sisteminin gelistigi noktay1 gozler 6niine
serer. (Ileri, 2016:59)

7. Sonug ve Oneriler

Dijitallesen ve degisen diinyada bilgi glivenligi cok daha kritik
noktaya ulagmistir. Saglik kurumlari da bilgileri korumak maksadiy-
la gesitli 6nlemler almaktadir ve kurumsal bir bilgi giivenligi kiiltiirii elde
etmeye ¢aligmaktadir. Bilgi giivenligi kiiltiiriiniin kuruma yerlesmesi et-
kin ve verimli bir ¢alismanin 6niinii agacagi goriilmektedir. (Marsap,
2010:39)



Current Research and Evaluations in Health Sciences - June 2024 *+ 99

Kaynakc¢a

Abouelmehdi, K., Beni-Hssane, A., Khaloufi, H., & Saadi, M. (2017). Big data
security and privacy in healthcare: A Review. Procedia Computer Science,
113, 73-80.

Agaku, I. T., Adisa, A. O., Ayo-Yusuf, O. A., & Connolly, G. N. (2014). Concern
about security and privacy, and perceived control over collection and use
of health information are related to withholding of health information from
healthcare providers. Journal of the American Medical Informatics Associ-
ation, 21(2), 374-378.

Akalin, H. E. (2005). Yogun bakim iinitelerinde hasta giivenligi. Yogun Bakim
Dergisi, 5(3), 141-146.

Alnatheer, M. A. (2014). A conceptual model to understand information security
culture. International Journal of Social Science and Humanity, 4(2), 104.

Baran, S.,& Sener, E. (2018). Hastanelerde Bilgi Giivenligi Yonetimi: Nitel Bir
Arastirma. Siileyman Demirel Universitesi Vizyoner Dergisi, 10(23), 108-
125.

Barutcugil, 1. (2002). Bilgi Yénetimi. Istanbul: Kariyer Yayincilik

Baykara, M., Das, R., & Karadogan, 1. (2013, May). Bilgi giivenligi sistemlerinde
kullanilan araglarin incelenmesi. In Ist International Symposium on Digi-
tal Forensics and Security (ISDFS’13) (Vol. 20, p. 21).

Boan, D., & Funderburk, F. (2003). Healthcare quality improvement and organi-
zational culture. Delmarva Foundation, 5, 1-18.

Box, D., & Pottas, D. (2014). A model for information security compliant behavi-
our in the healthcare context. Procedia Technology, 16, 1462-1470.

Coventry, L., & Branley, D. (2018). Cybersecurity in healthcare: A narrative re-
view of trends, threats and ways forward. Maturitas, 113, 48-52.

Da Veiga, A., & Martins, N. (2017). Defining and identifying dominant informa-
tion security cultures and subcultures. Computers & Security, 70, 72-94.

Davenport, T. ve Prusak L. (2001), ‘Is Diinyasinda Bilgi Y&netimi’, Rota Yayin,
Istanbul.

DeBode, J. D., Haggard, D. L., & Haggard, K. S. (2020). Economic freedom and
Hofstede’s cultural dimensions. International Journal of Organization
Theory & Behavior.

Fernandez-Aleman, J. L., Sdnchez-Henarejos, A., Toval, A., Sanchez-Garcia, A.
B., Hernandez-Hernandez, 1., & Fernandez-Luque, L. (2015). Analysis of
health professional security behaviors in a real clinical setting: An empi-
rical study. International journal of medical informatics, 84(6), 454-467.

Gaunt, N. (2000). Practical approaches to creating a security culture. International
journal of medical informatics, 60(2), 151-157.



100 + Mehmet DAGDELEN, Ali YILMAZ

Giingor, M. (2015). Ulusal Bilgi Giivenligi: Strateji ve Kurumsal Yapilanma. 7C
Kallkinma Bakanhg: Bilgi Toplumu Daire Baskanhgi, Yayn, (2919).

Giirdal, O. (2000). Tekstil Endiistrisinde Enformasyon Olgusu. Ankara: Tiirk Kii-
tiiphaneciler Dernegi.

Hassan, N. H., & Ismail, Z. (2014, May). A conceptual model towards information
security culture in health informatics. In The Malaysia-Japan Model on Te-
chnology Partnership: International Proceedings 2013 of Malaysia-Japan
Academic Scholar Conference (pp. 187-196). Tokyo: Springer Japan.

Hodge, J.G. (2003) ‘Health information privacy and public health’, Journal of
Law, Medicine and

Ethics, Vol. 31, No. 4, pp.663-671.
https://sozluk.gov.tr/ Erisim: 03 Ocak 2024

Jensen, P. E. (2005). A contextual theory of learning and the learning organizati-
on. Knowledge and Process Management, 12(1), 53-64.

Kai Roer. (2015). Build a Security Culture (Vol. 00002). ITGP.

Kalseth, K., & Cummings, S. (2001). Knowledge management: development stra-
tegy or business strategy. Information Development, 17(3), 163-172.

Kisisel Verileri Koruma Kanunu, Md.6 (Erisim:10 Ocak 2024)

Korkmaz, S., & Hosman, I. (2018). Saglik Sektoriinde Tele-Tip Uygulamalari:
Tele-T1p Uygulama Boyutlarini igeren Bir Arastirma. Uluslararas1 Saglik
Yonetimi ve Stratejileri Aragtirma Dergisi, 4(3), 251-263.

Kruger, H. A., & Kearney, W. D. (2006). A prototype for assessing information
security awareness. Computers & security, 25(4), 289-296.

Mannion, R., & Davies, H. (2018). Understanding organisational culture for healt-
hcare quality improvement. Bmj, 363.

Marsap, A., Akalp, G., & Yeniman, E. (2010). Saglik isletmelerinde insan kay-
naginin kurumsal bilgi giivenligi kiiltiirii gelisimi. Bilisim Teknolojileri
Dergisi, 3(1).

Nifakos, S., Chandramouli, K., Nikolaou, C. K., Papachristou, P., Koch, S., Pa-
naousis, E., & Bonacina, S. (2021). Influence of human factors on cyber
security within healthcare organisations: A systematic review. Sensors,
21(15), 5119.

Ozdemirci, F., & Torunlar, M. (2018). Bilgi-Degisim-Siber Giivenlik-Bagimsiz-
lik. Bilgi Yonetimi, 1(1), 78-83.

Ozkan, T., & Lajunen, T. (2003). Giivenlik kiiltiirii ve iklimi. Pivolka, 2(10), 3-4.

Pieters, W. (2011). The (social) construction of information security. The Informa-
tion Society, 27(5), 326-335.



Current Research and Evaluations in Health Sciences - June 2024 - 101

Popovici, N., Horga, M. G., & Botoc, L. (2021). The Organizational Culture of
State Operated Healthcare Facilities. Ovidius University Annals, Econo-
mic Sciences Series, 21(1), 673-676.

Security  Intelligence,  https://securityintelligence.com/news/security-breac-
hes-in-healthcare-70-percent-of-organizations-hit-globally-report-shows/.
(Erisim: 08 Agustos 2023)

Ruighaver, A. B., Maynard, S. B., & Chang, S. (2007). Organisational security
culture: Extending the end-user perspective. Computers & security, 26(1),
56-62.

Sherif, E., Furnell, S., & Clarke, N. (2015). An identification of variables influen-
cing the establishment of information security culture. In Human Aspects
of Information Security, Privacy, and Trust: Third International Conferen-
ce, HAS 2015, Held as Part of HCI International 2015, Los Angeles, CA,
USA, August 2-7, 2015. Proceedings 3 (pp. 436-448). Springer Internati-
onal Publishing.

https://some.saglik.gov.tr/TR-87722/hakkimizda.html (Erisim:10 Subat 2024)

Tekerek, M. (2008). Bilgi giivenligi yonetimi. KSU Doga Bilimleri Dergisi, 11(1),
132-137.

Tiirkiye Cumhuriyeti 1982 Anayasasi, Md. 20 (Erisim:11 Ocak 2024)

Van Niekerk, J., & Von Solms, R. (2006, July). Understanding Information Secu-
rity Culture: A Conceptual Framework. In 1SS4 (pp. 1-10).

Yiiksel, B. (1989). Kiiltiirel Niteliklerimizin Y 6netime Etkileri. Anadolu Universi-
tesi Iktisadi ve Idari Bilimler Fakiiltesi Dergisi, 7(1), 333-347.



102 + Mehmet DAGDELEN, Ali YILMAZ



