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BOLUM I

Noron Dejenerasyon Mekanizmasinin Biyokimyasal
Temeli ve iliskili Hastahklar

Firuze KURTOGLU!
Varol KURTOGLU?
Emsalnur ACIKGOZ?

Giris

Noron dejenerasyonu ile seyreden hastaliklar, kisa ifadesi ile
norodejeneratif hastaliklar (NH), merkezi sinir sisteminde geri
doniislimsiiz néron kayb1 ya da iglev bozuklugu sonucu gelisir. Bu
gelisim mekanizmasinda normali agsan apoptoz siiregleri, bu siiregte
etkili olan gen mutasyonlari, mitokondrial fonksiyon bozukluklari,
endoplazmik retikulum stresi gibi biyokimyasal etmenler
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basroldedir. Ilerleyen yas, hipoksi, organizmada radikal iiretimini
etkileyen g¢evresel faktorler ve genetik aktarimlar sozii edilen bu
siiregleri  hizlandirarak ~ Alzheimer, Parkinson, Huntington,
Frontotemporal Demans, Multipl Skleroz gibi temelde benzer
bozukluklarla ortaya ¢ikan hastaliklara zemin hazirlarlar.

Hayvan deneyi aragtirmalart ve genetik calismalar
norodejeneratif hastaliklarin gelisim mekanizmalarinin hiicre ici
hatal1 katlanmig protein birikimi ile iliskili oldugunu ortaya koymus
olmakla birlikte, bunun birincil etmen olup olmadigi ya da farkh
segmentlerde bozulmus olan hiicre fonksiyonlarinin sonucunda mi1
olustugu konusunda net bilgiler heniiz ortaya konamamustir.

1.No6ron ve Astrosit Yapilar1 ve Metabolik islevleri

Merkezi sinir sisteminde (MSS)’de bulunan 2 temel hiicre
grubu noronlar ve glial hiicrelerdir. Noronlar sinyal hiicreleri iken;
glial hiicreler grubunda incelenen astrositler noronlar i¢in destek
fonksiyonu olarak islev gosterdikleri i¢in yardimci hiicreler olarak
tanimlanmiglardir. Noronlar mitoz gecirmez iken, astrositler
boliinebilir 6zelliktedirler (Perea ve ark, 2009).

Astrositler, memeli merkezi sinir sistemindeki (MSS)
hiicrelerin yaklagik %30‘unu olusturur ve astrositler merkezi sinir
sisteminde say1 itibar1 ile noronlarin yaklasik olarak 5 kati kadar
bulunabilirler. MSS’de bilgi iletmek ve homeostazi siirdiirmekle
gorevlidirler (Sofroniew ve Vinters, 2010). Noron yikimi, beyin
travmalari, bakteriyel ve viral kaynakli enfeksiyonlar, iskemi gibi
patolojik olgular sonucunda say1 ve yapica degisiklige ugrayarak
reaktif astrositlere doniisiirler (Pekny ve Nilsson, 2005).

Astrositlerin hem saglikli hem de hasarli beyinde bir¢cok

onemli fonksiyonu yerine getirdikleri bilinmektedir. Astrositler,
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MSS noronlart i¢in destek hiicreleridir. Besin maddelerinin kilcal
damarlardan noronlara ulastirilmasindan, atiklarin ndronlardan
atilmasinin saglanmasi, istenmeyen maddelerin MSS ne giriginin
onlenmesi ile kan beyin bariyerine (KBB) katkida bulunulmasi,
noronlar arasindaki hiicre dist  sahada potasyum iyonu
konsantrasyonunun diizenlenmesine kadar bir¢ok konuda noéronlara
destek verirler. Ayni zamanda iyon ve pH homeostazin1 koruma,
glikoz kaynagi, antioksidan etki, salgiladiklar1 norotrofik faktorler,

kemokinler, sitokinler ile sinaptik aktiviteyi saglama gibi aktiviteleri
vardir ( Yu ve ark, 2021).

Bagta Alzheimer, Parkinspon, Huntington, Frontotemporal
demans, Multipl skleroz gibi ndron dejenerasyonu ile seyreden sinir
sistemi hastaliklarinda ve iskemi-travma sonrasi donemlerde
astrositlerin morfolojisinde ve islevinde karakteristik degisiklikler
goriillir; hastaligin ilerleme siddeti ya da iyilesme siireci de bu
degisikliklere bagl gelisir.

Farli nedenler ile noron hasarinin sekillenmesi ile hiicre
uzantilar1 bilylimiis ve hipertrofik goriinim kazanmig olan sayica
artmis reaktif astrositler olusur, sonugta glial kokenli skar dokusu
olusturur. Bu skar dokusunun ise bircok norotoksik madde
iiretiminden sorumlu oldugu bildirilmistir (Akbulut ve ark, 2023).
Aktiflesen ve hipertrofik bir morfoloji gosteren astrositlerden,
ozellikle noron dejenerasyonu ig¢in giiniimiizde spesifik bir
biyobelirte¢ olarak kabul edilen Glial Fibriler Asidik Protein (GFAP)
eksprese edilir (Panickar ve Norenberg, 2005).

Beynin ana yakit molekiilii olan glikoz beyin dokusuna
kapiller dolagimdan glukoz Tasiyic1 yapilar (GLUT) ile nakledilir.
GLUTI, astrositlerin ug¢ boliimlerinden glikoz girisi saglar.
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Noronlarda ise bu tasinma islemi GLUT3 ler ile gergeklestirilir
Astrosit Noron Laktat Mekik Hipotezine gore, ndronlarin kullandigi
enerji astrositlerden ¢ok daha fazladir ancak ndéronlarda hiicre igine
giren glukoz daha azdir ve enerjinin biiyiik bir kism1 astrositlerde
iiretilip noronlara sunulan laktattan saglanmaktadir (Pellerin ve
Magistretti, 2003) (Sekil 1).

Laktatin taginmasi Monokarboksilat Tasiyicilar (MKT) ile
gerceklestirilir. Simpson ve ark, 1999). MKT lerin, beyinde, laktat,
piriivat, keton cisimleri gibi metabolitlerin taginmasindan sorumlu
olan tiirleri, astrosit lizerinde bulunan MKT1 ve MKT4 (Hertz ve
Dienel, 2005); noronlar iizerinde yer alan MKT2 (Simpson ve ark,
2007) ve koroid plexus ile retina gibi sinirlt alanda lokalize olan
MKT3 tiir (Philip ve ark, 2001).

Artan enerji gereksiniminin karsilanmasinda astrositler
tarafindan dis ortamdan alinan glutamat da etkilidir. Bu mekanizma
ayni zamanda eksitotoksisiteye neden olabilecek diizeyde artan
glutamatin dis ortamdan temizlenmesine de ayrica hizmet etmis
olmaktadir (Rossi ve ark, 2000).

Astrositlerde yer alan glikojenden periferden gelen glukozun
sinaptik aktivite icin yeterli olmadigi durumlarda glukoza
doniistiiriilerek enerji elde edilir. Glikojenden saglanan bu enerji
yogun sinaptik aktivitede sinaptik araliktaki glutamat ve K+ geri
aliminda da kullanilmaktadir (Kilig, 2013).
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Sekil 1. Beyinde glukoz, glikojen ve laktat metabolizmast ile ilgili yollar. Kili¢
(2013) den alinmistir.

Astrosit skar dokusunun mevcut oldugu durumlarda ise, dis
ortamdan  temizlenemeyen  yiiksek  orandaki  glutamatlar
eksitotoksisiteye neden olur ve depolarizasyonu olumsuz etkiler
(Pelleri ve Magistretti, 2003). Glutamat tasinimlarini saglayan GLT
ler ve aktiviteleri bu nedenle MSS de glutamat eksitotoksisitesinin
ve buna baglh gerceklesen ndron kayiplarinin ortaya ¢ikmamasi
acisindan Onem tasir. Glutamatin norotoksik olabilmesi ig¢in ¢ok
yiiksek konsantrasyonlara ulagmasi gerektigi vurgulanmaktadir. Bu
durum ise astrositlerin etkili bir glujtamat temizleyicisi oldugunu

ortaya koyabilir (Rosenberg ve Aizenman, 1989).
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Sekil 2. Fizyolojik ve patofizyolojik kosullar sirasinda astrositlerin cesitli
fonksiyonlart (Akbulut ve ark. 2023’ den alinmustir).

Yapilan c¢aligmalarda yangi ve hasara yanit olarak olusan
astrosit aktivasyonunun, mikroglia tarafindan salinan biiylime
faktorii-alfa (TGF-a), interlokin-6 (IL-6) ve tiimor nekroz faktorii-o
(TNF-0) ile iliskili oldugu tespit edilmistir (Klein ve ark, 1997).

2.Endoplazmik Retikulum Stresi ve Apoptoz

Endoplazmik  retikulum (ER), ekstraseliiler ortama
gonderilecek proteinlerin katlanmasinin gerceklestigi ag yapida
yiiksek oranda Ca+2 igeren bir organeldir. Proteinlerin katlanma
asamalarmin basarili bir sekilde tamamlanmasi hiicre metabolizmasi
icin ¢ok oOnemlidir. Bunun i¢in Bip/GRP78, GRP94 (glikozla
diizenlenen protein 78 ve 94) ER saperon proteinleri ve PDI (protein
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disiilfid izomeraz) gibi proteinler senkronize bir sekilde ¢alisirlar
(Bahar ve ark, 2016). Glikoliz yolunun yetersiz ¢alismasi, hipoksi,
hiicre i¢i kalsiyum metabolizmasinin bozulmasi, oksidatif stres, viral
ve bakteriyel enfeksiyonlar gibi cok sayida etkenin proteinlerin
dogru bir sekilde katlanmasi iizerine etkisi vardir. Hiicrelerin bu
sekilde stres altina girmesi ER‘nin protein katlama yetenegini
azaltmakta ve katlanmamuis proteinlerin hiicre igerisinde birikimine

yol agmaktadir (van der Kallen, ve ark, 2009).

Hiicrelerde katlanmamis protein birikimi toksik etkiye
sahiptir ve hiicreye zarar vermektedir. Hiicreler genel olarak ER
stresinin etkilerinden kurtulmak i¢in UPR olarak adlandirilan sinyal
yollarindan olusan bir yolu kullanmaktadir. UPR sistemi; ER
islevlerini diizenleyen kompleks bir mekanizmadir. Katlanmamis
protein birikimini azaltan bir yanit olusturarak, ER islevlerini
diizenler. Adaptasyon saglanamazsa ve katlanmamis protein birikimi

devam ederse hiicre apoptoza gotiiriiliir (Vanlh ve ark, 2022).

EKSTRINSIK APOPTOZ SINYAL YOLU
INTRINSIK APOPTOZ SINYAL YOLU

Ligand

- N
LV b Endraevee, E g stk Redibfom ivss

b

v

l Niikleus

APOPTOZ APOPTOZ

APOPTOZ

Sekil 3. Apoptotik Sinyal Yolaklar: (Gupta ve ark 2006) ‘den diizenlenmistir.
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2.1.Katlanmamis protein yamit1 (UPR Yolagi)

ER stresine maruz kalan noéronal dokularda siirekli UPR
yolaklarinin sinyalizasyonu, beyin dokularinda geri doniislimsiiz
noredejeneratif hasara neden olabilmektedir (Demirtas ve ark.
2016). Bu g¢alismalardan bazilarinda fare ve insan kadavra beyin
noronlarinda 6zellikle hipokampal ve piramidal néronlarda fosforile
PERK ve fosforile el[F2a’nin asir1 derecede arttigi gdzlenmistir
(O’Connor ve ark, 2008). PERK yolagi kaskadinda bulunan
CCAAT/enhancer binding protein-homolog (CHOP) proteininin
upregiilasyonunun Alzheimer Hastalig1 i¢in bir belirte¢ olabilecegi
diistiniilmektedir. CHOP’un asir1 ekspresyonu reaktif oksijen
tirlerinin olusmasina, yiiksek seviye amiloid-f birikimine, demir
homeostazinin bozulmasina, noroinflamasyon ve nihayetinde
ndronal apoptoza sebebiyet vererek Alzheimer Hastalig
patofizyolojisinde yer aldig1 ileri siiriilmektedir (Li ve ark, 2014).

Katlanmamis Protein Cevabinda (UPR) 3 farkli yolak
tanimlanmistir. ilk olarak, ATF 6 yolaginda normalde Grp78 ile
kompleks halde bulunan ATF 6, ER liimeni i¢inde ¢ok fazla
katlanmamig protein olmasi durumunda Grp78 nin kompleksten
ayrilmasi ile Golgiye transfer olur. Golgide S1 Proteaz ve S2
Proteazlar tarafindan kesilir ve takiben nukleusa gecip ER

saperonlarinin translasyonlarini aktive eder.

Ikinci yolakta ise ER liimeni i¢inde ATF 6 yolaginda oldugu
gibi ¢ok sayida katlanmamis protein oldugunda, serin treonin kinaz
olan PERK, elF2a’y1 fosforilleyerek protein translasyonunu kismen
durdurarak katlanmamis protein yanit1 (UPR) olusturur. Ugiincii
yolakta ise yine katlanmamis protein artist durumunda ER

membraninda bulunan serin treonin kinaz aktivasyonu ile liimen
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icerisinde, X-box baglayici protein 1 (XBP1)’in nukleusta saperon

proteinlerin sentezini uyararak ER stresine yanit olustururlar (Sel ve
Oguz, 2022).

ATFG PERK IRE1
H_ u‘-
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Sekil 4. Sematik UPR yolaklart

2.1.1.PERK (protein kinase R benzeri endoplasmik retikulum
kinaz)

Protein kinaz R benzeri endoplazmik retikulum kinazi olarak
bilinen PERK bir Tip 1 transmembran proteinidir. PERK,
GRP78’den ayrildiginda kinaz domaini otofosforillenir ve PERK,
aktif hale gelir. GRP78, ER liimenine protein katlanmasina yardimci
olmasi i¢in gonderilir. PERK’in aktivasyonu ile birlikte downstream
efektorli olan okaryotik baslatic1 faktor 2 alfa (elf2a) fosforillenir.
Fosforillenen elF2a hiicre i¢indeki genel protein translasyonunu

azaltir (Harding ve ark 2000).
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2.1.2.ATF6

Katlanmamis protein tepkisinin diger bir sinyal yolu aktive
edici transkripsiyon faktorii 6 (activating transcription factor 6,
ATF6)’dir. ATF6 bir Tip 2 transmembran proteinidir. ATF6’nin,
ATF6 a ve ATF6 B iki adet homolog proteini vardir. Bu proteinlerin,
DNA baglayan domainleri benzerdir ve transkripsiyonel aktivasyon
domainleri farklidir. Bu proteinler niikleusa tasinir ve GRP78 gibi
ER stresi cevabinda rol oynayan genlerin ifadesini etkilerler
(Oflamaz ve Demir 2018).

Aktive edici transkripsiyon faktorii 6 ER membraninda GRP78
ile bulunmaktadir ve inaktiftir. Endoplazmik retikulum stresinde
GRP78’in ayrilmasiyla aktif hale gelir ve ayrilan GRP78 ER
liimeninde protein katlanmasina yardimci olur. ATF6 ise ER'den
golgi aygitina tasinir ve burada 6nce S1P (site 1 proteaz) tarafindan
ve sonra S2P (site 2 proteaz) tarafindan kesilerek aktif forma
dontstiiriiliir. Aktif ATF6 daha sonra niikleusa taginir ve ER stres
tepkisi elemani bulunan genleri indiikler. ATF6’nin indiikledigi ER
saperon proteinleri ise GRP78, GRP94, protein disiilflir izomerazdir
(Szegezdi ve ark 2006, Ron ve Walter 2007).

2.1.3.IRE1 (inositol-gerektiren enzim tip 1)

Inozitol gerektiren enzim tip 1, serin-treonin kinaz alam ve
endoriboniikleaz alanina sahip olusuyla ¢ift aktivite gosteren bir
enzimdir. IRE1'in IREla ve IRE1 olmak iizere iki izoformu vardir.
Bir tip I ER transmembran proteini IRE1 N-terminal alani
aracilifiyla ER stresini tespit edebilir ve bagli oldugu GRP782den
ayrilir. IRE1’de oligomerizasyon ve otofosforilasyonla aktif hale
gecer. Aktive olmus IREl X-box baglayici protein 1 (XBP1)
mRNA'sininin baglanmasina yardim eder. XBP1, GRP94 (Glucose-
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regulated protein 94 Glikoz diizenlemeli protein 94) ve GRP78
(Glucose-regulated protein 78 Glikoz diizenlemeli protein 78) gibi
saperon  proteinleri  kodlayan  genlerin  transkripsiyonel
aktivasyonunu saglamaktadir (Bahar ve ark 2016). Inozitol
gerektiren enzim tip 1, serin/treonin kinaz aktivitesine sahip bir tip |
ER transmembran proteinidir ve N-terminal liiminal alam
araciliftyla ER stresini tespit edebilir ve en korunan UPR sinyal

yolunu baglatir.

2.1.4.Saperonlar

Saperonlar  yeni  sentezlenen  proteinlerin  diizgiin
katlanmasinin saglanmasi ve protein mekanizmasimin dogru
caligmasini saglayan ¢ok genis bir protein ailesidirler (Hartl, 1996;
Vabulas et al., 2010). Ilk olarak yiiksek sicakliklara maruz kalan
hiicrelerde izole edildigi i¢in (Bukau, 1993) 1s1 sok proteinleri (Heat
Shock Protein HSP) olarak da adlandirilirlar. Proteinlerin hiicre
sitoplazmasinda ribozomlarda sentezi sonrasi katlanmalarinda rol
oynayarak, sentezlenen polipeptit zincirinin amino (N) terminal
kismina baglanarak polipeptit zincirinin stabilizasyonunda rol alirlar
(Moran et al., 2019).

En yaygin bulunan ve en fazla korunmus saperon proteini HSP
70 (Rosenzweig ve ark., 2019). Hsp 70 katlanma yanisira ayrica
sitozolden hiicre ic¢i organellere (mitokondri, kloroplast ve
endoplazmik retikulum) taginan katlanmamis polipeptit zincirlerine
zar boyunca eslik eder ve organel i¢cinde bulunan diger saperon
sistemine aktarir (Pfanner ve ark, 2019). Hsp70'lerden salindiktan
sonra, yeni sentezlenen polipeptitler ya kendiliginden katlanabilir ya
da daha fazla katlanma ve olgunlagsma i¢in Hsp90 sistemi gibi diger
saperonlara veya saperoninlere aktarilabilir (Kramer ve ark, 2009).
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Saperoninler, hiicrede saperonlarin bir alt grubu olarak
bulunmaktadir. Saperonin i¢inde, protein katlanmasi devam ederken
katlanmayan kisimlarin  birbiri  lizerine katlanmalari  da
engellenmektedir (Cooper & Adams, 2019). Hsp90 da hiicre i¢in ¢ok
onemli olan hiicre sinyallemesinde yer alan proteinlerin ¢ogunun
katlanmasin1 saglar ve ayrica hatali katlanmis proteinleri de
diizeltmeye ¢alisan bir sistemdir (Kijima et al., 2018; Kmiecik et al.,
2020).

2.2.Ubikuitin-Proteazomal Sistem (UPS)

Lizozom dis1 ¢alisan bu sistem hiicresel homeostazi diizenler
(Kocaturk & Gozliagik, 2018). Ubikitin Okaryotik hiicrelerde
bulunan 76 amino asitlik bir polipeptittir ve ATP bagimli proteoliz
gerceklestirir (Wang et al., 2020a). Kisa omiirlii proteinlerin UPS
araciliiyla parcalanmasi, ubikuitin proteinlerinin hedef proteinlere
sirali olarak eklenmesiyle baslamaktadir (Finley, 2009). Coklu-
ubikitinlenmis proteinler daha sonra ATP bagimli olarak
multikatalitik proteaz komplekslerinin alt birimleri tarafindan
proteazomlarda yikilirlar (Schwartz & Ciechanover, 2009). Protein
yikimindan sonra ubikuitin tekrar bagka proteinlere tutunmak {izere
kompleksten ayrilir hiicre i¢ine geri donmektedir (Sekil 5)
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Sekil 5.Proteinlerin Ubikitin sistemi ile par¢alanmasi (Abbak,
2024’ den alinmistir).

3.Noron Dejenerasyonunda Katlanmamis Protein Birikimi ve
Hatali Protein Denetimi

Noron dejenerasyonu ile gelisen hastaliklarda en yaygin
norodejeneratif bulgular hiicre i¢inde biriken nérofibriller yumaklar
(NFY), hiicre dis1 yerlesimli plaklar (amiloid protein kiimeleri) ve
sinaptik kayiplardir.  Norofibriller yumaklarin temelini hiper
fosforilize tau proteini; amiloid plaklarin ana komponentini ise
amiloid prekiirsor proteininin (APP) sekretazlarla kopartilmasi
sonucu olusan, 39-43 amino asit dizilimli fibril yapili beta amiloid
peptid olusturmaktadir (AP). Sozii edilen sekretaz enzimleri
enzimatik olarak alfa(a) ve beta (B) ve gamma (y) sekretazlar olup,
ozellikle B ve vy-sekretaz aktiviteleri ile AP peptidler ortaya
cikmaktadir. A polipeptid uzunlugu ndrotoksisiteyi belirleyen en
onemli etmendir (Hardy ve Israel, 1999).

APB' nin fibriller olusturarak astrositleri aktive ettigi, bu
hiicrelerden salinan molekiillerin nodronlarda ndrotoksik ve
norotropik etkiler olusturdugu diistiniilmektedir. Bu etkiler
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sonucunda da tau proteinlerinin hiper fosforilizasyonu sekillenerek
kiimelesmeye meyilli protein yiginlar1 olusmaktadir. Ozellikle
Alzheimer hastaliginda (AH) gozlenen AP birikimi ve NFY olusumu
sonucu sinapslarda fonksiyonel bozulmalar, noron Oliimii
dejenerasyonu ve Oliimii, norotransmitter eksikligi ve biyokimyasal
degisikliklere neden olmaktadir. (Bush ve ark, 1995)

Mitokondriyal fonksiyon bozuklugu gelisimine bagli olarak
kinaz  enzim  sistemlerinin  aktive  oldugu ve tau
hiperfosforilasyonunun buna bagli sekillendigi belirtilmektedir.
(Wang ve ark, 2020b) AP birikiminin kalsiyum ve sodyum
iyonlarinin gegirgenliklerini etkileyerek 6zellikle hiicre i¢i kalsiyum
oraninda agir1 artmaya neden oldugu; glukoz ve glutamat taginmasini
etkileyecek diizeyde membran lipid peroksidasyonunu tetikledigi,
sonu¢ olarak yine mitokondriyal disfonksiyonu ortaya ¢ikabilecegi
belirtilmektedir (Mark ve ark, 1997)

Hiicre igindeki kontrol sistemlerince diizeltilemeyen hatali
proteinler ¢oziinmeyen yumaklar olusturmaya meyillidirler ve
normal globiiler yapilarinin aksine ¢ok iplik¢ikli uzun liflere sahip
B-tabakasini olusturmakta ve amiloid olarak adlandirilmaktadirlar
(Eisenberg ve Jucker, 2012; Hartl, 2017).

3.1Amiloid Beta (AB)

Amiloid proteinler fibriller yapida bir ya da daha fazla tiirde
protoflamentten olusan ancak tek bir protofibrilden de sekillenebilen
yapilardir. Protofibriller yan zincirleriyle birbirine paralel sekilde
baglanmiglardir. Amiloid hipotezi, (AP) oOzellikle Alzheimer
hastalig1 icin baglica uyaran oldugunu ve asir1 iiretiminin veya
temizlenmesinin azalmasindan kaynaklandigin1 6ne siirer (Allen

2017). Coziinmeyen (AP) plaklar1 Alzheimer hastalifinin baslica
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patolojik 6zelligi olmasina ragmen insanlarda bulunan kanitlar
neticesinde plaklarin mevcudiyetinin bilissel aktivitede azalmaya
sebep olmadigi, asil zarar1 ¢6ziliniir amiloid oligomerlerinin verdigi
ve plaklarin oligomerleri izole ederek korucuyu etki gosterme
olasilig1 da bildirilmistir (Chabrier ve ark 2011).

Amiloid oncii proteinin (APP) parcalanmasindan sorumlu
enzimler a-, B- ve y-sekretazdir. AP, amiloid 6ncii proteinin (APP)
B- sekretaz ve y-sekretaz tarafindan ardisik kesilmesiyle olusur.
Boliinmenin gerceklestigi noktaya bagli olarak 38,40 veya 42 amino
asit igeren ii¢ temel AP beta iiretilmis olur. APP veya presenilin
genlerindeki mutasyonlar APP boliinmesini tesvik ederek amiloid
beta seviyelerini arttirabilir. Bu enzimlerin katalitik bileseni ise
Presenilin 1 veya Presenilin 2’dir (Chabrier ve ark 2011).

a- sekretaz ADAM 9, 10 ve 17 olarak bilinen {i¢ enzimi
kapsamaktadir. B-sekretaz yikimi iki aspartil proteaz olan B-bolge
APP yikim enzimi (BACE) 1 ve 2 aktivitesinden kaynaklanir. y-
sekretaz, presenilin 1 veya 2, nikastrin, PEN2 (presenilin gelistirici
2) ve APhla veya APh1b (6n farenks-kusurlu fenotip 1) olmak {izere
dort proteinin bir kompleksidir. Presenilin, y-sekretazin katalitik
bilesenidir ve APP’nin C-terminal peptidini C99 veya C83’ten
parcalayarak AB’y1 veya toksik olmayan bir peptid olan p3'd
olustururlar. y-sekretazin APP’den baska ¢ok sayida substrati vardir
(Allen 2017).

Ailesel Alzheimer hastalarinda APP, Presenilin 1 veya
Presenilin 2’de mutasyonlarin mevcut oldugunu ve AP iiretimini
arttirarak, AP42/AP40 oranm degistirerek veya kiimelesme
egilimini artirarak hastalifin olusumuna zemin hazirladigi
bildirilmistir. AB42°nin kiimelesme egimi daha yiiksektir ve daha
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patolojik form kabul edilir (Chabrier ve ark 2011). Noronlarda
endozomlarda ve lizozomlarda birikerek protein yikim asamalarini
sekteye ugratir. Ayrica hiicre dis1 AP oligomerlerinin 6zellikle de
AP42 nin, plazma membranindaki normal prion proteinine
baglanarak noérona Ca?" girisini arttirdig1 bildirilmistir (Allen 2017).
Norodejenerasyon ile iligkili cogu protein hiicre i¢inde birikirken A
hiicre disinda birikim gosterir. Fibrillerin biiyiimesi de muhtemelen
hiicre diginda oldugu i¢in ilerleyici birikimi i¢in transseliiler yayilim
icermek zorunda degildir (Vaquer-Alicea ve Diamond 2019).

3.2.Tau

Tau protein agregatlarini igeren norofibriller yumaklar (NFY)
Alzheimer hastaliinin ikinci belirgin patolojik olusumudur
(Monteiro ve ark 2023). Norofibriller yumak (NFY) Ilarin
Alzheimer’m nedeni mi veya sonucu mu oldugu ise hala
belirsizligini korumaktadir (Gallagher ve ark 2016).

NFY’ler eslestirilmis helezonik filamentlerden ve diiz
filamentlerden olusurlar. Eslestirilmis helezonik filamentlerin ana
protein bileseni mikrotiibiil iliskili tau’dur. Eslestirilmis helozonik
filamentlerin ve diiz filamentlerin yapisi normal fibrillerden oldukca
farklidir. Ayrica eslestirilmis helezonik filamentlerin yapisindaki tau
yiksek oranda kiimelenmis, anormal hiperfosforilasyon,
glikozilasyon, ubikitinasyon, glikasyon, poliaminasyon, nitrasyon

ve proteolize ugramistir (Gong ve ark 2005).

Tau proteinleri tiim omurgalilarin sinir sisteminde bol
miktarda bulunan mikrotiibiil iligkili proteinlerdir (Wang ve ark
1993). Tau proteinin beyinde yogun olarak noronlarda bulundugu,
gliada ise az miktarda da olsa mevcut oldugu bildirilmistir (Gong ve

ark 2005). Calismalar sonucunda tau proteinin sinir siteminde genis
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bir dagilimi olsa da néronlarda daha ¢ok aksonlarda yogunlastig1 ve
aksonal mikrotiibiillerle iliskili oldugu bildirilmistir (Binder ve ark
1985). Sitozolik bir protein olan Tau tiibiilin alt birimlerinden
noronal mikrotiibiillerin olusumunu uyarir, stabilite eder, hiicrenin
yapisini stabilize eder ve aksonal biiyiimeyi desteklemede rol
oynarlar (Gong ve ark 2005, Alquezar ve ark 2021).

Fizyolojik kosullarda tau yiiksek ¢6ziiniirliikte ve dogal olarak
katlanmamig  yapidadir, tubulin ile etkilesime  girerek
mikrotiibiillerin birlesmesini tesvik eder (Weingarten ve ark 1975).
Insanda tau kromozom 17q21°de 16 ekzondan olusan mikrotiibiil
iligkili protein tau geni (MAPT) tarafindan kodlanir. Ekzon
1,4,5,7,9,11,12 ve 13 yapida her zaman mevcut iken digerleri ise
alternatif eklenebilmektedir (Andreadis 2006). Insanda tau
proteininin ekzon 2, ekzon 3 ve ekzon 10’un alternatif eklenmesiyle
alti1 tau izoformu goriilmektedir. Ekzon 10’un eklenmesinin
tauopatiler ile iliskili oldugu bildirilmistir (Wang ve Mandelkow
2016).

Taunun izovaryantlarinin heterojenligi nokta fosforilasyon
kaynaklidir. En uzun tau izoformu olan 2N4R’nin 85 tane potansiyel
fosforilasyon bolgesi vardir ve 71’1 fizyolojik veya patolojik
kosullarda fosforile edilebilir. Tau hem normal homeostaz sirasinda
hem de stres kaynakli glikozilasyon, ubikitinasyon, glikasyon,
nitrasyon ve oksidasyon gibi bir dizi post translasyonel
modifikasyonlarla diizenlenmektedir (Medeiros ve ark 2011).
Anormal hiperfosforilasyon ve glikozilasyon nérodejenerasyon igin
kritik rol oynadigi ve Alzheimer hastaligimin erken sathalarinda
goriilebilecegi, ubikitinasyon, glikasyon ve nitrasyonun ise daha ileri
asamalarda ortaya ¢iktig1 diisiiniilmektedir (Gong ve ark 2005).
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Taunun normal diizeydeki fosforilasyonu biyolojik aktivitesi
icin gerekli iken, taunun hiperfosforilasyonu biyolojik aktivitesinin
kaybmma yol ag¢maktadir. Alzheimer hastalifinda birarada
gbzlemlenen amiloid P ve tau olusumlari arasinda baglant1 oldugu,
AP’nin ndron i¢indeki glikoz metabolizmasini bozarak taunun O-
glikozilasyonunu azaltarak hiperfosforilasyonu artirdig1
diisiiniilmektedir. Anormal hiperfosforilasyon tau’yu islevsiz hale
getirir iken glikozilasyonun NFY yapisinin korunmasini sagladigi
bilinmektedir (Gong ve ark 2005). Taunun ayrica MSS de transferrin
gibi davranarak Fe iyinlarim1 baglayip dagitmakla da gorevli
olabilecegi ortaya atilmistir.

3.3.Alfa-siniiklein (a-sinuklein)

Alfa sintiklein ilk kez 1988’de norona 6zgii bir protein olarak
tanimlanmistir. Gilinlimiizde ise o-siniikleinopatiler olarak bilinen
cesitli norodejeneratif bozukluklarin patogenezi ile
iligkilendirilmistir (Stefanova 2023). Alfa-siniiklein 140 amino
asitten olusur ve molekiil agilig1 14 kDa’dir. Multimerik bir protein
olan a-sinuklein, hiicresel lokalizasyon olarak sitoplazmada ve
zarlara yakin lokalizasyonda bulunur. o-siniikleinin anyonik
fosfolipitlerle etkilesime girdigi, sinaptik vezikiil organizasyonunda,
baglanmasinda, saliniminda ve geri doniisiimiinde rol oynadigy;
patolojik  kosullarda ise, o-sinuklein birikiminin sitozolde,
endolizozomal sistemde, ekzosomlarda ve hatta ¢ekirdekte oldugu
bildirilmistir (Bayati ve McPherson 2024).

Alfa-siniiklein  6zellikle Parkinson hastaliginin (PH) 1n
patolojik etkeni olarak bilinen kiiciik presinaptik bir proteindir. Alfa-
siniiklein hem ailesel PH’da hem de sporadik PH’da Lewy

cisimlerinin ve Lewy ndritlerinin ana bilesenidir. Alfa-sintiklein
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yanlis katlanmaya ve kiimelesmeye egilimlidir (Rideout ve Stefanis
2011). Parkinson hastaliginda hem mutasyona ugramis formda
bulunur hem de asir1 miktarlarda ekspresse edilmistir (Bayati
ve McPherson 2024). Alfa siniiklein oligomerik formlar1 hiire zarim
dengesizligi, hiicre dis1 boslukta birikimi, normal hiicre yapisini ve
islevini bozabilecekleri, protein pargalama sistemlerinde islev kaybi
yaratabilmeleri ve reaktif oksijen tiirlerinin olusumunu tesvik
edebilecekleri i¢in toksik kabul edilir. Alfa siniiklein hiicreden
hiicreye  yayilabildigi i¢in  bir prion proteini  olarak
tanimlanabilmektedir (Stefanova 2023).

3.4.Apo E

APOE geni 19. Kromozomda bulunur ve 299 aminoasit
uzunlugunda lipoprotein sinifindan bir plazma glikoproteini olan
Apolipoprotein E’yi kodlar. APOE MSS de esas olarak astrositlerde
veya patolojik kosullarda néronda ekspresse edilen bir lipit tasima
proteinidir. Apo-E de lipit baglanma bdlgesini temsil eden polipeptit
zincirin karboksil-terminal iigte birinde bir dizi amfipatik heliks
vardir (Rall ve ark. 1982). Noronlarin yani sira karaciger, deri ve
makrofajlarda da sentez edilir. MSS de APOE kolesteroliin noronal
iletimini saglar. Kan beyin bariyeri periferden ve MSS arasindaki
lipoprotein ve APOE degisimini kisitlar (Giau ve ark. 2015).

Organizmada APOE’nin ¢esitli islevleri vardir plazmada ise
cogunlukla HDL, LDL ve VLDL gibi lipoproteinlerle ile
iliskilendirilir. Periferik sistemde ise silomikronlarin, VLDL ve
HDL’nin ayrilmaz bilesenidir. APOE karaciger ve diger dokularda
bulunan diisiik yogunluklu lipoprotein reseptorii ailesinin (LDLR)
iyelerine karsi1 yiiksek afinitesi vardir ve ana ligandidir. Bu aile
LDLR, LDLR ile iligkili protein 1 (LRP1), VLDL reseptorii ve
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APOE reseptorii 2’yi igermektedir. APOE nin LDLR ile etkilesimi
APOE igeren lipoproteinlerin uzaklastirilmasini saglar ve periferik

sistemdeki lipitlerin homeostazini diizenlerler (Van Giau ve ark.
2015).

APOE geninin polimorfizmi ge¢ baslangigli AD i¢in en biiyiik
genetik risk faktoriidiir. APOE glikoz taginmasi, néronal sinyalleme,
noroinflamasyon ve mitokondriyal islev gibi etkileri de oldugu
yapilan c¢alismalarda tespit edildi. APOE insanda ii¢ izoformu
bulunan lipit tasima proteini apolipoprotein E’yi (APOE) kodlar.
[zoformlarmin popiilasyonda goériilme sikhigi ise APOE2 %7,
APOE3 %79 ve APOE4 %]14’tiir. AD igin en giiclii genetik risk
faktori APOE 4 tiir. APOE3 iyi huylu APOE 2 koruyucu kabul
edilmektedir. APOE4 tastyicisi bireylerde bir veya iki alelin mevcut
olmas1 AD riskini 2 ila 15 kat arttirir. APOE AD de bozulan demir
ve bakir metabolizmasiyla iliskili olabilir ¢iinkii APOE4’nin AB
baglama egilimi vardir ve AB’yi baglayip temizleyen diisiik
yogunluklu lipoprotein reseptoriiyle iliskili protein 1 (LRP1) ile
rekabet halindedir. Ancak in vivo ortamda az miktarda APOE AB ‘ye
baglanma egilimi gosterir ve LRP1’ e baglanan pek ¢ok protein daha
vardir. BOS ta APOE4 ferritin artisiyla ve APOE seviyesi hiicreden
demir cikisini diizenleyen bakir baglayict bir protein olan c¢oklu
bakir feroksidaz seruloplazmin seviyeleriyle iliskilidir (Blades ve
ark. 2024).

Farkli ndrodejeneratif hastaliklarda biriken proteinler degisim
gostermekle beraber protein katlanma siireci, ara iiriinler, son iirlinler
ve ana Ozellikleri arasinda Onemli Ol¢lide benzerlikler
bulunmaktadir. Cesitli hastaliklardaki agregatlarin yapisindaki
yanlis katlanmig proteinleri siniflandirilacak olursak AP ve tau

proteinleri Alzheimer hastaligi, frontal temporal demans, kortikal
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bazal dejenerasyon, ilerleyici supraniikleer palsi, arjirofilik. Tane
hastalig1 ve kronik travmatik ensefalopatide, a-sinuklein proteini,
Parkinson hastaliginda, multipl sistem atrofisi ve Lewy cisimcikli
demansta; TAR DNA baglayici protein 43 (TDP-43), amiyotrofik
lateral skleroz ve frontotemporal demansta; prion proteinleri ise
Creutzfeldt-Jakob hastalig1, sigir stingerimsi ensefalopati, kronik
zayiflama hastalig1 ve scrapie gibi hastaliklarinda goriilmektedir
(Soto ve Pritzkow 2018).

4.Norodejenerasyon Gelisimi ve Metal iyonlar

Metal iyonlarin merkezi sinir sisteminde, oOzellikle de
beyindeki hemostazi, normal bir igleyis i¢in esansiyeldir. Alzheimer
basta olmak iizere, bu isleyiste etkili olan ve oOzellikle asir1
birikimleri sonucu ndrotoksisitelerine en sik rastlanan metal iyonlar
demir, bakir, ¢inko ve kalsiyum olup, AP birikimi, tau hiper
fosforilasyonu ve buna bagli tau kiimelenmesi, néron yikimina
neden olmasi en belirgin etkileri olarak bilinmektedir (Adlard ve ark,
2018).

4.1.Demir

Demir, insan beyninde bol bulunan gecis metal iyonlarindandir
(0,04 mg/g doku). Bazal gangliyada buluma orani yiiksek iken,
beyaz madde ve medulla oblangata da daha diisiik konsantrasyonda
tespit edilirler (Drayer ve ark, 1986; Moss ve ark, 2000).

Demir 6zellikle ytliksek oranlarda bulundugu zaman oksidatif
yikim giicii yliksek hidroksil radikallerinin sekillenmesinden
sorumludur. Demir, néronlara transferrin (Tf), divalan metal tasict 1
(DMT1) ve laktoferrin (Lf) ile taginir iken néron disina taginimindan

+3

ferroportinler (FPN) sorumludur. Laktoferrin ozellikle Fe™ ‘e
affinitesi yiiksek olan bir glikoproteindir. DMT1, Lf, Tf ve FPN
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proteinlerinin regiilasyonunda ortaya ¢ikan bozukluklarda demirin
hem dagilim1 hem de birikim mekanizmalar1 etkilenmektedir (Wang
ve ark, 2020).

Artan demir diizeylerinin AP plaklarinin miktar1 ve tau
patolojileri ile direk iligkili oldugu, artan A toksikasyonunun, artan
demir ile iligkili olan AB birikiminden kaynaklandig1 belirtilmektedir
(van Duijin ve ark, 2017). AP lara ya da tau proteinlerine baglanan
demir, AP birikimini ve tau hiper fosforilasyonunu artirarak senil
plaklarin ve NFY larin olusumunu hizlandirir, dolayisi ile
norotoksisite riski artar (Rogers ve ark, 2019). Bu mekanizmada APP
translasyonunun demir tarafindan artarak sekretazlarin aktive
edilmesi ve Ozellikle toksik etkinligi yiiksek AP42 agregatlarinin
birikiminin etkin olmasi belirtilmektedir (Guo ve ark, 2014).

Demir (Fe*?) siklin bagimli kinaz 5 (CDK5) ve glikojen sentaz
kinaz 3B (GSK-3B) enzimlerini hiperaktive ederek tau
fosforilasyonunu hizlandirir iken, demir selatorii olarak etki eden
deferoksaminin fare beyninde bu hiper fosforilasyonu azalttig1 tespit
edilmistir (Guo ve ark, 2013). Demir iyonlar1 etkisi ile artan
hiperfosforilasyon mekanizmasindan sorumlu olan diger enzimler
ise ekstraseliiler protein kinaz %2 (ERK ’2) ve mitojen aktive protein
kinaz (MAPK) olarak ac¢iklanabilir (Huang ve ark, 2007).
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Sekil 6: Alzheimer benzeri norodejenerasyon ve bilissel eksikliklerde metal iyon
dengesizligi. Metal iyon dengesizligi (Fe, Cu, Zn ve Ca) GSH, SOD1 ve
ATOX1I'in azalmis seviyesi/aktivitesi ve artmig ROS seviyesiyle gosterilen
oksidatif strese neden olur. Oksidatif stres, GSK-3f, CDK5, MAPK gibi protein
kinazlari aktive eder ve/veya PP2A"y1 inhibe ederek tau hiperfosforilasyonunu
hizlandirabilir; ayrica p- ve y-sekretazlar: aktive ederek ve/veya a-sekretazi
inhibe ederek AP asir tivetimini tesvik edebilir. Dengesiz metal iyonlari ve
oksidatif stresle birlikte veya bagimsiz olarak hiperfosforile tau (p-tau) ve asiri
tiretilen A, ER stresi, mitokondriyal disfonksiyon ve otofajik bozukluklara neden
olarak p-tau ve Ap agregasyonuna ve birikimine yol acabilir. Yine, p-tau/Ap
birikimi, otofajik/mitokondriyal eksiklikler, ER stresi ve oksidatif stres veya
bagimsiz olarak dengesiz metal iyonlari sinaps hasarlarina neden olabilir ve bu

da sinaptik iglev bozukluguna, norodejenerasyona ve sonunda ogrenme ve hafiza
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eksikliklerine neden olur. Sekilde ¢ift tarafli oklarla gésterildigi gibi, bu
patolojik stire¢lerin ¢ogu ¢ift yonlii bir sekilde ger¢eklesir ve boylece yasa bagh
kronik nérodejenerasyon sirasinda bir kiswr dongii olusturabilir. (Wang ve ark,
2020 den alinmistir).

4.2.Cinko

Cinko, demirden sonra insan beyninde ikinci en ¢ok bulunan
gecis metal iyonu olup, serumdan yaklasik 10 kat daha fazla
bulunarak beyinde 150 uM konsantrasyona ulasir. Bu miktarin
bliyiik bir kismi enzimatik aktiviteden ve yapisal stabiliteden
sorumlu olan 2800’den fazla proteinin yapisina bagli bulunurken,
%10-20 lik serbest kismi ise sinaptik vezikiillerde depolanmis halde
bulunur; ndronal stimiilasyon ile sinapslardan salinarak
transmisyonu ve diger biyokimyasal fonksiyonlar1 yonetir (Paoletti
ve ark, 2009; Sensi ve ark, 2009).

Beyin dokusunda fazla oranda bulunan c¢inko tau
monomerlerine affinite gostererek baglanir ve GSK-3f3, ERK1/2 ve
c-Jun N terminal kinaz (JNK) proteinlerinin asir1 ifadesine neden
olurken, protein fosfataz 2A (PP2A) inaktivasyonunu Src bagiml
metabolik yol ile saglar ve hiperfosforile tau patolojilerine neden
olur. S6zii edilen bu metabolik yol ¢inko selasyonu saglayan ajanlar
ile PP2A inhibitorik fosforile olur ve tau fosforilasyonu ile birikimini
zayiflatir (Sun ve ark, 2012; Xiong ve ark, 2013).

Protein depozisyonuna ilaveten A rezidiilerine direk baglanan
cinko bu partikiilerin ¢oziiniirliigiinii zayiflatarak, kiimelesmelerine,
dolayist ile bu birikimlere bagli néron dejenerasyonlarina neden olur
(Miller ve Nussinov, 2010). Patolojik durumlarda presinaptik
noronlar ve astrositlerden serbest birakilan yiiksek miktarda ¢inko,
NADPH-oksidaz aktivasyonuna ve ndronlarda ROS f{iretimine,
mikroglial aktivasyona, sonug¢ olarak ise noron dliimlerine neden
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olur (Furuta ve ark, 2016). Metallo-proteinlerden salinan ¢inkonun
da beyinde ¢inko konsantrasyonlarinda yiikselmeye neden olduklari
ve szl edilen bu kaskadlara katkida bulunduklar belirtilmektedir
(Wang ve ark, 2020).

Cinkonun, ubuquitin-proteozom sistemi (UPS) ni zayiflatarak
a-sinuklein birikimini hizlandirdigr ve o6zellikle dopaminerjik
norodejenerasyona yol actig1 da ortaya konmustur (Kumar ve ark,
2018).

4.3.Bakir

Bakir beyinde 6zellikle frontal lobda ve cerebellumda 60-110
uM diizeylerinde bulunur. En yiiksek konsantrasyonda bulundugu
bolgeler ise substansia nigra ve hipokampiistiir (Davies ve ark,
2013). Bakir komplekslerinin ve AP oligomerlerinin noronlara
penetre olma oksidatif stresi tetikleme kapasitesi oldukg¢a yiiksektir.
Alzheimer modellerinde igme suyu ile diisiik miktarlarda bakirin AP
birikimini artirarak, 6grenme giigliigli olusturdugu belirtilmistir
(Sparks ve Schreurs, 2003). Demir iyonlarinin etkilerine benzer
sekilde, bakir iyonlarmin yiiksek konsantrasyonlar1 ile tau hiper
fosforilasyonunun artis1 tespit edilmis, bakirin selasyonunu saglayan
ajanlar ile insan ndroblastoma hiicrelerinde tau hiper fosforilasyon

mekanizmalarinin zayifladig: bildirilmistir (Voss ve ark, 2014).

Bakir yetersizliginin ise bazi norodejeneratif bulgular ile
seyreden vakalarda, Ozellikle cerebral korteks, frontal korteks,
amigdala ve hipokampusta kontrol gruplarina gore %50 ye varan
oranlarda bakir distlislerine neden oldugu, ozellikle siiperoksit
dismutaz 1(SOD1) ve antioksidan protein 1 (ATOX1) gibi bakir
bagimli enzimlerin aktivitesindeki disiislere bagli olarak

antioksidan ve antiinflamatuvar mekanizmalarin yetersizligi nedeni
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ile ROS birikimi ile kronik noéroinflamasyon gelistirdigi ortaya
konmustur (Choo ve ark, 2013).

4.4.Kalsiyum

Noron dejenerasyonu patolojilerinde yangisel reaksiyonlar,
hiperaktif astrosit artisi, ROS {iretimi, AP artis1 ve birikimi, NFY
agregasyonu hiicre i¢i kalsiyum konsantrasyonunda artisa neden
olan esas etmenlerdir. Intraseliiler Ca™ artis1 da ters kaskad olarak
AP tiretimine yol agar. Sarkoplazmik/endoplazmik retikulum (S/ER)
kalsiyum ATP az (SERCA) inhibisyonu ile artan sitoplazmik Ca*?, B
sekretaz aktivasyonu ile A liretimini artirir (Wang ve ark, 2017). Bu
mekanizmaya dayali olarak, Ca*? girisinin inhibisyonu ile de AP
oligomerlerine bagli ndrotoksisitenin ve ¢dziinmeyen AB1-40, AB1-
42 miktarlarinin  azalabilecegi, transgenik farelerde ortaya

konmustur (Samad ve ark, 2017).

Diger metal iyonlarda da belirtildigi gibi artan Ca*?, birgok
kinaz aktivasyonunu artirarak tau hiper fosforilasyonuna neden
olmaktadir (Li ve ark, 2019). Hiicre i¢i artan Ca*?, aym zamanda
mitokondriaya giren Ca*? miktarinda artisa neden olurken, bu durum
mitokondrial disfonksiyona, ROS iiretiminde artmaya, mitokondrial
membran gecirgenliginde bozulmaya ve de apoptotik faktorlerin
etkisi ile ilerleyici hiicresel dejenerasyonlara yol agar (Goldstein ve
ark, 2000).

Sonug¢

Noron dejenerasyonlari, biyokimyasal islev yoniinden oldukga
kompleks olup, birgok faktdriin katilimi ile gelisir. Hatali protein
katlanmalari, hiicre i¢i siklusunda ortaya c¢ikan diizensizlikler,
mutasyonlara bagli olarak tamir mekanizmalarinin diizgiin
islemeyisi daha ¢ok genetik bozukluklar sonucu gercgeklesirken,
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beslenme, yas, yasam tarzi, cinsiyet gibi ¢evresel faktorler ise bu
boliimde agiklanmaya ¢alisilan biyokimyasal mekanizmalara farkli
sekillerde katkida bulunurlar. Giiniimiizde O6zellikle 65 yas {istii
insanlarda biiyiik bir hizla yayginlasan ve néron dejenerasyonu ile
gelismeye baglayip ilerleyen hastaliklar1 konu olan deneysel
caligmalar biiylikk bir hizla devam etmektedir. Netlesen
mekanizmalara ve genetik sahadaki ilerlemelere karsin teshis ve
Ozellikle de tedavi asamalarinda heniiz tam ¢6ziim asamalarina
ulagilamamistir. Cok faktorlii gelisen bu hastaliklarin belirtilerin
ortaya c¢ikisindan yillar Oncesi baglamis olmasi,e klinik
semptomlarin hastaliklarin ilerlemis asamalarinda ortaya ¢ikmasi
nedenleri ile tedavi giicliikleri yasanmakta, nedene yonelikten ziyade
semptomatik tedaviden oteye gidilememektedir. Hizla ilerleyen ¢ok
asamali caligmalarla yakin gelecekte istenen hedeflere ulagilmasi
iimit edilmektedir.
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BOLUM II

Comparision Of The Fatty Acid Compositions Of Six
Cornelian Cherry (Cornus Mas L.)

Ozcan Baris CITIL!
Fatih YILDIRIM?

1. Introduction

Cornelian cherry samples obtained from six different K-1: K-
2: K-3: K-4: K-5: K-6, in Anatolia. The present study describes the
determination of fatty acid composition of the oil samples obtained
from some cornus mas and the comparison of variations species. The
fatty acid compositions of cornus mas were determined by Shimadzu
15-A Gas Chromatography. According to the results, fatty acid
composition of the cornus samples is significantly varied depending

on cornus mas..
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2. Method

Cornelian cherry, is grown as foliage plant in parks and
gardens. Cornelian cherry fruit is very rich in phenol, and
tocopherols (Minovski, 1975). Linoleic acid, oleic, linoleic, palmitic
and stearic acids decrease LDL cholesterol and raises HDL
cholesterol. Cardiovascular diseases are important protective
(Simopoulos 1998).

Cornelian cherry is a kind of fruit which, is from Umbeliflorae
ordo in the Comaceae familia, a bush which sheds it’s leafage in the
winter or can reach height of 7-8 meters, it’s trunk diameter is 24-
45 cm. It’s leaves are dark green and their both sides are hairy
(Baytop 1984). In the result of a study in Konya, its fruit weights

were determined between 3,65-4,57 gram

Cornelian cherry increases the blood’s clotting. It has
antipyretic and antidiarrheal property. When cornelian cherry is boilt
and drunk, it increases the acid content in the urine.it helps to get rid
of the kidney stones. It has antioxidant property. It’s a storage for
vitamin C. It prevents the formation of heart disorders. It prevents
the formation of breast and prostate cancer. The total production of
cornelian cherry is 13000 tonnes in our country (Anonmyous, 1996).
Cornelian cherry which, grows in the mountainous areas in the
Anatolia where, are unavailable for growing fruits and vegetables,
has microclimate property. It’s preferred to vegetable in the
mountainous areas where, growing vegetables are can not be done
(Ozrenk 2002).

Cornelian cherry is resistant against the temperatures until -
35°C (Karakir 1992). In February-March, it has little yellow
coloured flowers, its fruits are red and elliptical shaped. The tree of

--44--



cornelian cherry grows in dry,loam soils. It’s reproduction actualize
by the seeds’s help. The fruits of cornelian cherry tastes sour, its used
for making jam, marmalade, compote, tarhan as it’s eaten fresh and
dried. Dye is obtained from its shell and tannin is obtained from its
leaves. The fruit of cornelian cherry can be kept for a long time in
the closed boxes after boil in the sugar added water. Cornelian cherry
fructifies unless the height increases too much.Also it has a
characteristic which requires so much water. In some parts of
Anatolia, cornelian cherry is called Ergen, Egren, Kiren or Kiran
(Anonmyous 2006).

2.1. Collection of samples

The fruits of Cornus mas which, are used as vegetable material
in this study, obtained from the candidate genotypes ( K-1,K-2,K-
3,K-5,K-6) which, were determined after the reclamation selection,
which is about Cornus mas genotypes are grown up in Konya
province, district of Beysehir, in Kurucuova Town (HMSO 1984).

2.2. Preparation of the samples

The cornelian cherry were collected from the ground and were
then washed. The cornelian cherry were then opened using a
standard method, and the kernels were vacuum-packed in plastic
bags and stored at —20°C until they could be extracted. Identification
of the species of cornelian cherry collected was carried out according
to the usual procedures, based on methods suggested by (Kalyoncu
1996), at the deep-freeze of the Department of Animal Nutrition at
Selcuk University.

2.3. Fatty acid analysis

Fat extraction was carried out according to the AOAC (AOAC
1990). The each part of about 5 g was extracted with
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chloroform/methanol mixture (2/1, v/v) (Folch 1957). The fatty
acids were converted to their methyl esters using standard Boron
trifluoride-methanol method (MOSS 1974). The resultant fatty acid
methyl esters were separated and stored at -20 oC. At the beginning
of each analysis, the samples were allowed to equilibrate to room
temperature and analysed by gas chromatography (Shimadzu 15-A),
equipped with dual flame ionisation detector and a 1.8 m X 3 mm
internal diameter packed glass column containing GP 10 % SP-2330
on 100/120 Chromosorb WAW, cat no: 11851. Column temperature
was 195 °C for 32 min., and then rose progressively at 30 oC/min up
to 225 °C where it was maintained for 11 min at 220 °C. Carrier gas
was nitrogen (2 ml/min). The injector and detector temperatures
were 230 and 240 °C respectively. Conditions were chosen to
separate fatty acids of carbon chain length from 8 to 24. The fatty
acids were identified by comparison of retention times with known
external standard mixtures (Alltech), quantified by a Shimadzu
Class-VP software and the results were expressed as percentage
distribution of fatty acid methyl esters. Each of the experiments was
repeated three times.

2.4. Statistical analysis

Nineteen cornelian cherry samples were analyzed for each
parts of species were analyzed in triplicate. The average results of
peak area are offered as means + SD. The statistical analysis of the
percentages of fatty acid was tested by analysis of variance
(ANOVA) and comparisons between mean values were performed
Duncan’s test. Differences between means were reported as
significant if P < 0.05.
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3. Conclusion

According to literature information, fatty acid composition of
cornelian cherry has not been investigated. The aim of this study is
to determine the fatty acid compositions and w6/w3 ratios of the oil
samples obtained from some cornelian cherry grown in Anatolia, and

to compare species.

Lipid content is around 1% in oil samples obtained from
Cornelian cherry species. The fatty acid compositions of parts of the
cornelian cherry samples and retention times are presented in Table
1. It was identified 24 fatty acids for the cornelian cherry samples
and evaluated their compositions for species. The highest fatty acid
ratios are as follows; linoleic acid 18:2w6 (63.46%) in K-5 species,
palmitic acid 16:0 (6.28%) in K-1 species, oleic acid 18:1 (17.70%)
in K-3, stearic acid 18:0 (2.04%) in K-3, myristic acid 14:0 (0.07%)
in K-1. Linoleic acid is the most abundant polyunsaturated fatty acid
in all parts. Palmitic acid is the most abundant saturated fatty acid in
all parts. The total SFA (saturated fatty acid) composition of the
studied species is assigned between 7.75-8.54% while PUFA (poly
unsaturated fatty acid) composition is 74.07-75.80%.

Table 1. Fatty Acid Composition of Oil Samples Obtained from

Cornus mas Species

Fatty Acids K-1 K-2 K-3 K-4 K-5 K-6
C8:0 0.07+0.05a 0.00:£0.00b 0.00:£0.00b 0.00:£0.00b 0.00+0.00b 0.00+0.00b
C 10:0 0.00+0.01a 0.01+0.01a 0.01+0.00a 0.01+0.00a 0.02+0.01a 0.01+0.01a
C12:0 0.00£0.00a 0.00+0.00ab 0.00+0.00ab 0.00+0.00ab 0.00+0.00ab 0.00+0.00ab
C 14:0 0.07+0.05a 0.02+0.01¢c 0.04+0.0labc ~ 0.04+£0.0labc  0.01+0.01c 0.01+0.00¢
C 16:0 6.28+0.30a 6.52+0.43a 5.45+1.06abc  6.00£0.03abc  6.26+0.99a 6.18+0.20ab
C17:0 0.19+0.15bc 0.11£0.02¢ 0.17+0.04bc 0.14+0.01bc 0.83+0.64a 0.56+0.39ab
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C 18:0 1.55+0.44cd 1.68+0.37cd 2.04+£0.43bcd  1.85+0.03cd 1.37+0.09d 1.65+0.33cd

C 20:0 0.03+0.01ab 0.02+0.01ab 0.03+0.00ab 0.02+0.00ab 0.02+0.01ab 0.02+0.01ab
C21:0 0.02+0.01abc ~ 0.01%0.00c¢ 0.01£0.00bc 0.01£0.00bc 0.01x0.00bc 0.01+0.00¢
C24:0 0.01+0.01ab 0.01£0.01ab 0.01£0.01ab 0.00:£0.00b 0.01+0.00a 0.01x0.01ab
Y. SFA 8.14+0.06ab 8.39+0.64ab 7.75+0.60ab 8.08+0.01ab 8.54+1.26ab 8.46+0.12ab
C14:1 0.00+0.00a 0.00£0.00ab 0.00£0.00ab 0.00£0.00ab 0.00+£0.00ab 0.00+0.00ab
Cl1e:1 0.05+0.01a 0.02+0.01bc 0.03+0.01bc 0.03+0.00bc 0.02+0.01bc 0.02+0.00bed
C17:1 0.01£0.01ab 0.01+0.01ab 0.02+0.01ab 0.01+0.00ab 0.00+0.00b 0.01+0.01ab
C18:1 17.56+0.58a 17.49+1.25a 17.70+0.15a 17.62+0.04a 17.08+1.74a 15.70+1.40a
C20:1 0.03+0.01ab 0.010.00abed ~ 0.01+0.01abed  0.02+0.00abed  0.02+0.00abed  0.01:£0.00abcd
C22:1 0.01+0.00a 0.00+0.00b 0.00+0.00b 0.0040.00b 0.00+0.00b 0.00+0.00b
C24:1 0.00+0.00bc 0.00+0.00abc 0.00£0.00bc 0.004£0.00abc  0.00+0.00ab 0.00+0.00abc
Y. MUFA 17.65+0.58a 17.54£1.26a 17.77£0.15a 17.69+0.04a 17.13£1.75a 15.74+1.40a
C18:2 60.35£1.07ab  60.17+£2.67ab ~ 60.71£0.40ab  60.53+0.06ab  63.46+0.66ab  61.07+3.58ab
C18:3 13.85+1.62a 13.87+3.3%a 13.74+0.12a 13.67+0.10a 10.86+1.35a 14.70+2.34a
C20:2 0.00+0.01bc 0.01£0.01abc 0.01£0.00abc 0.01£0.00abc  0.00+0.00c 0.01+0.01abc
C20:4 0.00+0.01b 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00b
C20:5 0.00+0.00b 0.01+0.01b 0.01+0.00b 0.01+0.00b 0.00+0.00b 0.01+0.01b
C22:4 0.00+0.00b 0.01£0.01ab 0.01£0.01ab 0.01+0.00ab 0.00+0.00b 0.01+0.01ab
C22:5 0.00+0.00a 0.00:£0.00a 0.00:£0.00a 0.00:£0.00a 0.00+0.00a 0.00+0.00a
> PUFA 74.20+0.64ab  74.07+0.76ab  74.49+0.46ab  74.23+0.04ab  74.33+1.93ab  75.80+1.34ab
> UFA 91.86+0.06ab ~ 91.61+0.64ab ~ 92.25+0.60ab ~ 91.92+0.0lab  91.46+1.26ab  91.55+0.12ab
> 03 13.85+1.62a 13.88+3.40a 13.75+0.12a 13.69+0.10a 10.87+1.35a 14.71+2.35a
Y 06 60.35+1.07ab ~ 60.19+2.65ab  60.74+0.4lab  60.55+£0.06ab  63.47+0.66ab  61.09+3.56ab
> SFA/PUFA  0.01+0.00ab 0.11£0.01ab 0.10+0.01b 0.11£0.00ab 0.12+0.02ab 0.11+0.01ab

If the value has denotation of ab, be (or cd) it is found in the range of a and b, b and ¢, ¢ and d.
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Linoleic acid is mostly found in Citil et al. and the major
MUFA, contributing approximately 24.67-61.24% to the total SFA
content in Orchidaceae species. The level of PUFA (poly unsaturated
fatty acid) depends on level of linoleic acid. The greatest proportion
of linoleic acid is found in Citil et al (Anonmyous 2002). EC reported
that erucic acid 22:109 in vegetable oils had to be found at a
maximum value of 5.0% for the human health (Citil 2011). In this
study, erucic acid was found to be between 0 and 0.01% in all

cornelian cherry species.

Dyerberg noted that an increase in the ratio of ®3/w6 PUFA
increased the availability of 3 PUFAs, which are beneficial for
human health (EC 1980). The long chain ®3 and w6 fatty acids
commonly are called PUFAs. Long-chain ®3 PUFAs cannot be
readily synthesised by human bodies and mostly are obtained
through the diet, and ratios of ®3/w6 are considered to be important
(Dyerberg 1986). The lowest linoleic acid content (60.17%) is found
to be in this study. Nutritionists suggested that w3 fatty acids had to
be found more in human diet. Therefore, they reported that ®6/w3
ratio had to be values below 4.0 for the human health (Alasalvar
2002). In the present study, ®6/®3 ratio is between 4.15% to 5.84 in
six different K-1: K-2: K-3: K-4: K-5: K-6, in Anatolia
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BOLUM I1I

Structure and uses of Nigella sativa

Aysen ALTINER!
Tanay BILAL?

Nigella sativa, which is in the Ranunculaceae family and
grows in Southwest Asia, Europe and North Africa and is mostly
grown in the Afyon, Burdur and Konya regions in our country, is a
20-30 cm long flowering plant. It grows along roadsides and in
wheat fields. It has linear-lanceolate leaves. The flowers are usually
yellow, white, pink, pale blue and purple. The seeds are black in
color and flat and cone-shaped (Forouzanfar & al., 2014). The
chemical composition of Nigella sativa varies depending on the
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plant's harvest season, variety, climate and region where it is grown
(Sultan & al., 2009).

The seeds contain essential oils, proteins, alkaloids and
saponin. Most of the biological activities of the seeds are due to
thymoquinone, the main component of the essential oil. Most of the
biological activities of the seeds are due to thymoquinone, the main
component of the essential oil (Ali & Blunden, 2003). The main fatty
acids are linoleic acid, palmitic acid, oleic acid and stearic acid. The
active components of the essential oil are thymoquinone,
dithymoquinone, thymohydroquinone and thymol (Ghosheh & al.,
1999). Neutral lipids constitute approximately 97% of total fat,
followed by glycolipids and phospholipids. Triglycerides are the
main class of neutral lipids. Seeds contain the enzyme lipase. High
levels of glycolipids were found in Nigella sativa seed. Glucose was
the only carbohydrate detected. The major classes of phospholipids
were phosphatidylcholine, phosphatidylethanolamine,
phosphatidylserine  and  phosphatidylinositol.  Stigmasterol,
campesterol and lanosterol were also detected in small amounts
(Ramadan & Moersel, 2002). B-Carotene has been measured at high
levels in Nigella sativa seeds. The seeds have also been found to
contain crude fiber, minerals, and vitamins such as ascorbic acid,
thiamine, niacin, pyridoxine, and folic acid (Takruri & Dameh,
1998).

Thymoquinone is a hydrophobic molecule. It is highly
sensitive to light and is degraded by light. After oral administration,
thymoquinone is metabolized by liver enzymes to form
hydroquinone, which is then converted to mercapturic acid and
excreted in the urine (Darakhshan & al., 2015). The seeds, which are

widely used in bread, buns and some types of cheese, were used by
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ancient Egyptian and Greek physicians for headaches, nasal
congestion, toothaches, shedding of intestinal worms, regulating
menstruation in women and increasing breast milk. It has long been
used among the people of the Middle East and Far East as a
traditional medicine in the treatment of a wide range of diseases such
as dysentery, infections, obesity, back pain, hypertension, asthma,
bronchitis and gastrointestinal problems (Ahmad & al. 2013).

Nigella sativa seeds are used as a flavoring agent in the
production of pastry, cheese, pickles and bakery products (Cheikh-
Rouhou & al., 2007). Seeds have a strong peppery flavor and have
found use in coffee, tea and salads. Nigella sativa has been shown to
have anti-inflammatory, antioxidant, antitumor, antibacterial
activity and a stimulating effect on the immune system. The seeds
were found to provide 80% protection against methyl nitrosourea-
induced oxidative stress, inflammatory response and carcinogenesis
in rats (Mabrouk & al., 2002). Nigella sativa seeds are used
externally for alopecia, eczema, leukoderma, freckles and acne. Oral
administration of thymoquinone has provided significant protection
against carbon tetrachloride hepatotoxicity (Nagi & Almakki, 2009).
Active ingredients such as thymol lowered blood pressure through
blockade of calcium channels. Thymoquinone protected the testicles
against the harmful effects of cadmium exposure with its anti-
inflammatory and antioxidant effects (Fouad & Jresat, 2015).

Administration of thymoquinone together with ethanol and
high-fat diet decreased serum amylase, lipase and caspase-1 enzyme
levels, protected the pancreas against pathological changes and
produced a cholesterol-lowering effect in diabetic rats (Al-Nageep
& al., 2009). Thymoquinone accelerates respiration. Thymoquinone

has been shown to be used as an anticonvulsant in epilepsy
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(Hosseinzadeh & Parvardeh, 2004). B-sitosterol found in Nigella
sativa seeds increased secretory activity, reduced blood cholesterol
levels and was therapeutic in prostate enlargement. Nigella sativa
extract caused an increase in the number of immune system-related
cells in the bone marrow and stimulated myelopoiesis.
Thymoquinone treatment attenuated doxorubicin-induced elevations

in serum urea, total cholesterol, and triglyceride in mice (Badary &
al., 2000).

Nigella sativa seeds have been effective in regulating blood
pressure and blood lipid levels. It is known to be a good appetite
stimulant, as well as being used in the treatment of skin diseases, as
an antidiarrheal and antiemetic. The main effects of thymoquinone
are on apoptosis, angiogenesis, migration, invasion, metastasis, cell
cycle and proliferation, inflammation and oxidative stress
(Darakhshan & al., 2015). Thymoquinone has protective effects
against cardiac toxicity induced by cyclophosphamide and
doxorubicin, renal toxicity induced by cisplatin, vancomycin,
doxorubicin, gentamicin and mercury chloride, and hepatotoxicity
induced by carbon tetrachloride, cyclophosphamide, aflatoxin Bl
and acetaminophen (Farooqui & al., 2017). Tincture made from
Nigella sativa seeds has been used to treat dysmenorrhea,
indigestion, diarrhea, loss of appetite, amenorrhea, worms, and skin
rashes. Nigella sativa seeds have also been given internally to
prevent vomiting, and the oil has been used externally as an
antiseptic (Mollazadeh & Hosseinzadeh, 2014).

Thymoquinone reduces oxidative stress with its antioxidant
and anti-inflammatory effects, increases the expression and activity
of antioxidant enzymes, and protects cells from cancer by inducing

apoptosis (Kou & al., 2017). Ismail et al. (2010) reported that Nigella
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sativa oil and thymoquinone have antioxidant activity and increase
the activities of antioxidant enzymes such as superoxide dismutase,
catalase and glutathione peroxidase. Thymoquinone has been found
to inhibit eicosanoid formation and membrane lipid peroxidation
through inhibition of the cyclooxygenase and 5-lipoxygenase
pathways of arachidonate metabolism. Nigella sativa oil is
considered a natural radioprotective agent against ionizing radiation
and its oxidative and immunosuppressive effects. Thymoquinone
has been reported to reduce bleomycin-induced pulmonary fibrosis
progression in rats, to reduce lymphoid hyperplastic cell activation
around the bronchi, emphysema in the air alveoli, inflammatory cell
infiltration, and to increase glutathione S-transferase and superoxide
dismutase enzyme activities to normal values (El-Khouly & al.,
2012). Thymoquinone prevented neuropathy and oxidative stress in
streptozotocin-induced diabetic rats (Radad & al., 2014).

Thymoquinone protected cultured dopaminergic Th
immunoreactive cells from 1-methyl-4-phenyl pyridinium and
rotenone toxicity. Thymoquinone prevented gentamicin-induced
acute renal failure in rats by regulating mitochondrial functions and
increasing ATP production, and reduced nephrotoxicity and
degenerative  changes (Sayed-Ahmed &  Nagi, 2007).
Thymoquinone reduced acetaminophen-induced hepatotoxicity and
nitrate/nitrite  formation in mice and inhibited nitric oxide
production. Thymoquinone increased glutathione levels and
superoxide dismutase activity in gastric dysfunction and ulcers of
rats and decreased malondialdehyde levels and myeloperoxidase
activity, thus showing protective effects due to its antioxidant
properties (El-Abhar & al., 2013). Thymoquinone showed a
protective effect against vancomycin-induced renal injury by
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decreasing serum blood malondialdehyde, urea nitrogen and
creatinine levels and increasing glutathione peroxidase and
superoxide dismutase activities in renal tissue (Basarslan & al.,
2012).

Thymoquinone protected the kidney from oxidative damage
caused by pyelonephritis by regulating the levels of catalase,
superoxide dismutase and malondialdehyde (Evirgen & al., 2011). It
has been determined that the antioxidant activity of Nigella sativa is
not only due to thymoquinone but also to other components such as
carvacrol. Thymoquinone decreased malondialdehyde and serum
glucose levels in pancreatic B cells and increased serum insulin and
tissue superoxide dismutase levels in diabetic rats (Abdelmeguid &
al., 2010). Nigella sativa oil reduced cyclosporine A-induced tissue
damage by increasing catalase, superoxide dismutase, and
glutathione peroxidase activities and decreasing malondialdehyde,
protein carbonyl, and nitric oxide levels in heart tissue in mice (Ebru
& al., 2008). It has been determined that thymoquinone has a
protective effect against tertiary butyl hydroperoxide-induced
oxidative damage in isolated rat hepatocytes and increases
intracellular glutathione production (Daba & Abdel-Rahman, 1998).

It is suggested that the antioxidant effect potential of
thymoquinone may be related to the redox properties of the quinone
in its structure and the easy passage of thymoquinone into
subcellular compartments (Darakhshan & al., 2015). Thymoquinone
has been shown to reduce liver damage caused by parasites and its
antioxidant properties are responsible for this effect. It has been
reported that thymoquinone significantly reduces peroxynitrite-
induced histone-A2 damage and can prevent oxidative damage of

tyrosine, lysine, arginine, proline and threonine amino acids
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(Rasheed & al., 2018). It has been suggested that thymoquinone
increases catalase activity and that thymoquinone treatment may

protect liver tissue against ischemia-reperfusion injury (Yildiz & al.,
2008).

It has been found that thymoquinone can inhibit the expression
of nitric oxide synthase enzyme, which plays a role in oxidative
stress, and increase the expression of antioxidant enzymes such as
superoxide dismutase and glutathione peroxidase, and cause
inhibition of lipogenesis in hepatocytes by reducing the level of
NADH (Khalife & Lupidi, 2007). It has been shown that
thymoquinone can protect hepatocyte cell membrane integrity by
increasing the decreased intracellular glutathione level in isolated rat
hepatocytes exposed to oxidative stress with tertiary butyl
hydroperoxide and by preventing the oxidation of the formed
pyridine nucleotides. It has been reported that Nigella sativa and
thymoquinone exhibit antioxidant effects against nitrosative stress in
the brain tissue of rats induced by exposure to radiation (Ahlatci &
al., 2014). Thymoquinone has been shown to have antioxidant and
anti-inflammatory  effects 1in samples of hippocampal
neurodegeneration induced by long-term exposure to toluene.
Thymoquinone reduced high-cholesterol diet-induced hepatic
oxidative stress and lowered plasma cholesterol levels in rabbits
(Fouad & Jresat, 2015). Thymoquinone inhibited mitochondrial
cytochrome C-mediated reactive oxygen species formation in the
liver and reduced inflammation (Usta & Dede, 2017).

Nigella sativa has been shown to have strong antibacterial
effects against both gram-positive and gram-negative species. The
methanolic extract was found to have a strong inhibition of

Streptococcus mutans, thus preventing plaque formation and dental
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caries. It was found to have antibacterial activity against Shigella
sonnei, Shigella dysenteriae, Vibrio cholerae, Shigella boydii, and
Escherichia coli (El-Kamali & al., 1998). In a study using mouse
cytomegalovirus, intraperitoneal administration of the oil
significantly reduced the viral load of the liver and spleen (Salem &
Hossain, 2000). Alcoholic extracts have shown antibacterial activity
against Micrococcus pyogenes var. aureus. The essential oil was
found to exhibit activity against Shigella flexneri in vitro
(Chowdhury & al., 1998).

It has been reported that the volatile fatty acids of Nigella
sativa are effective against bacteria, fungi and cestodes. Nigella
sativa has been found to inhibit the growth of bacteria that cause
gastrointestinal morbidity, such as Salmonella, Escherichia coli and
Helicobacter pylori (Bakal & al., 2017). It has been reported that
Nigella sativa has an inhibitory effect on the growth of pathogenic
bacteria such as Corynebacterium pseudotuberculosis, Yersinia
enterocolitica, Brucella  abortus, Listeria monocytogenes,
Pasteurella multocida, Corynebacterium renale, Escherichia coli,
Mannheimia haemolytica, Staphylococcus aureus and Trueperella
pyvogenes (Namjoo & al., 2013). El-Far et al. (2017) concluded that
the mixture of Nigella sativa and honey is anti-Helicobacter pylori
and antidyspeptic agent. Following the administration of
thymoquinone, biochemical and histological results showed
regression of acute bacterial prostatitis caused by Pseudomonas

aeruginosa (Rifaioglu & al., 2013).

The number of Streptococcus pyogenes able to adhere to renal
epithelial cells was decreased in a dose-dependent manner by the use
of thymoquinone. It has been reported that thymoquinone has

antibacterial effects against some bacteria such as Escherichia coli,
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Staphylococcus aureus, Streptococcus faecalis, Bacillus subtilis and
Peudomonas aeruginosa and bactericidal effects especially against
gram-positive cocci (Khan & al., 2013). Lipopolysaccharide-
induced liver injury was ameliorated in rats given 5 mg/kg/day or 10
mg/kg/day intraperitoneal thymoquinone for 3 weeks. It is reported
that thymoquinone has activity against Mycobacterium tuberculosis
and also shows activity against pathogenic strains such as Candida
albicans, Candida krusei, Candida tropicalis (Mahmoudvand & al.,
2014). Thymoquinone was able to improve prostatitis caused by

Pseudomonas aeruginosa with its antioxidant and anti-inflammatory
effects (Rifaioglu & al., 2013).

Thymoquinone has been found to have anti-inflammatory
activities and prevent the formation of edema and granuloma.
Administration of thymoquinone significantly alleviated the
symptoms of allergic conjunctivitis by reducing the levels of
histamine, IgE, and cytokines (Hayat & al., 2011). Thymoquinone
reduced the production of reactive oxygen species, osteoclast
activity that causes bone resorption, and the levels of
proinflammatory cytokines such as interleukin-6, interleukin-la,
and tumor necrosis factor-o, which cause differentiation of
osteoclast precursors. It has been observed that the antinociceptive
effect of Nigella sativa oil is due to its inhibitory effect on
nociceptive systems and/or inflammatory mediators (Amin &
Hosseinzadeh, 2016). Thymoquinone induced the production of
interferon gamma and reduced the production of interleukin-4,
interleukin-5, and interleukin-13 in bronchoalveolar lavage fluid (El-
Gazzar & al., 20006).

Thymoquinone reduced leukotriene-B4 and leukotriene-C4

levels by inhibiting the expression of 5-lipoxygenase, the key
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enzyme in leukotriene biosynthesis (El-Gazzar & al., 2006). Anti-
schistosomiasis effect of Nigella sativa oil and thymoquinone has
been reported in mice infected with Schistosoma mansoni.
Timokinonun Thymoquinone prevented acetic acid-induced colitis
in rats by inhibiting platelet activating factor and histamine release
(Mahgoub, 2003). Ethanol extract has been found to have
anticestode effect in children. The aqueous extract was found to have
potent in vivo antifungal activity against candidiasis in mice.
Thymoquinone promoted apoptotic cell death by causing lysosomal
membrane permeability and leakage of lysosomal proteases
(Racoma & al., 2013). Nigella sativa seeds have therapeutic effects
against respiratory problems such as dyspnea and asthma. Gali-
Muhtasib et al. (2004) showed that the apoptotic effects of
thymoquinone are regulated by the Bcl-2 protein and are p53
dependent.

Nigella sativa is a safe and promising anticancer agent.
Extensive research with Nigella sativa may contribute to the
discovery of new anticancer strategies. Sethi et al (2008) found that
thymoquinone blocked NF-kappa B activation induced by various
carcinogens and inflammatory stimuli and suppressed tumor
necrosis factor-induced activation in a dose- and time-dependent
manner. Nigella sativa oil reduced the fibrinolytic potential of
human fibrosarcoma cell line in vitro. Mabrouk et al. (2002) reported
that dietary supplementation with honey and Nigella sativa had a
protective effect against methylnitrosourea-induced inflammatory
response, oxidative stress and carcinogenesis in the skin, lung and
colon Nagi and Almakki (2009) reported that oral administration of
thymoquinone was effective in increasing glutathione transferase
and quinone reductase activities, making thymoquinone a promising
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prophylactic agent against chemical carcinogenesis and toxicity in

liver cancer.

Oral treatment of rats with Nigella sativa resulted in decreased
DNA synthesis, hydrogen peroxide formation and tumor incidence.
Khan and Sultana (2005) reported the preventive effect of Nigella
sativa against ferric nitrilotriacetate-induced renal oxidative stress,
hyperproliferative response and renal carcinogenesis. Kaseb et al
(2007) suggested that thymoquinone is effective in the treatment of
prostate cancer. Shafi et al. (2009) reported that methanol,
chloroform and n-hexane extracts of Nigella sativa killed human
epithelial cervical cancer cells by inducing apoptosis Yi & al. (2008),
timokinonun in vitro ve in vivo anjiyogenezi engelledigini ve diisiik
dozda neredeyse hi¢ kemotoksik yan etki olmadan insan prostat
tiimori biiylimesini engelledigini buldular. It has been reported that
a-hederin isolated from Nigella sativa seeds has potent in vivo
antitumor activity. El-Mahdy et al. (2005) reported that
thymoquinone induced apoptosis of myeloblastic leukemia cells,
disrupted mitochondrial membrane potential, and increased the
activation of caspases 3, 8, and 9 in these cells. Yi et al (2008) found
that thymoquinone inhibited angiogenesis and human prostate tumor
growth at low doses

Gali-Muhtasib et al. (2004) suggested that thymoquinone is
anti-neoplastic and pro-apoptotic against colon cancer cells. El-
Mahdy et al. (2005) reported that thymoquinone exhibited anti-
proliferative effects on human myeloblastic leukemia cells.
Thymoquinone can abolish gemcitabine- or oxaliplatin-induced NF-
kappa B activation and cause chemosensitization of pancreatic
tumors to conventional therapeutics. Salim and Fukushima (2003)

showed that the essential oil of Nigella sativa inhibited post-onset
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colon carcinogenesis in rats. Chehl et al. (2009) reported that
thymoquinone induced apoptosis and inhibited proliferation in
pancreatic ductal adenocarcinoma cells. Topical application of oil
extract of the seeds inhibited skin carcinogenesis in mice. Badary &
Gamal-El-Din, 2001 found that thymoquinone significantly
inhibited the incidence and burden of fibrosarcoma tumor induced
by methylcholanthrene in Swiss Albino rats.

Nigella sativa has been found to be effective in inactivating
breast cancer cells in vitro (Farah & Begum, 2003). Thymoquinone
was found to improve therapeutic efficacy by reducing ifosfamide-
induced nephrotoxicity and enhancing the antitumor activity of
ifosfamide. Thymoquinone or dithymoquinone has been found to be
cytotoxic to a variety of human tumor cells. It was found to
significantly increase splenic natural killer cells in mice to induce
cytotoxicity against tumor targets (Abuharfeil & al.,, 2001).
Thymoquinone has been reported to induce p53-dependent and p53-
independent apoptosis mechanisms. It has been reported that
thymoquinone is equivalent to 5-fluorouracil, a drug used in the
treatment of colon cancer, exhibits antitumor activity against colon
cancer cells, reduces lung damage caused by cyclophosphamide,
toluene and bleomycin, prevents benzopyrene-induced gastric
tumors and plays a protective role by preventing gentamicin toxicity
(Darakhshan & al., 2015). Thymoquinone showed significant dose-
dependent antitumor activity in HepG2 cell line (Bai & al., 2013).

It has been shown that oral administration of thymoquinone to
diabetic rats for 6 weeks causes a decrease in plasma glucose and an
increase in insulin levels (Pari & Sankaranarayanan, 2009). Oral
administration of thymoquinone significantly reduced the blood

glucose increase and glycated hemoglobin level in streptozocin-
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induced diabetic hamsters. Treatment with Nigella sativa oil in rats
with non-insulin dependent diabetes caused significant decreases in
plasma glucose levels (Fararh & al., 2005). Nigella sativa seed
extract administered orally reduced blood glucose levels in alloxan-
induced diabetic rabbits after 2 months of treatment. It has been
determined that the hypoglycemic effect of Nigella sativa seed is due
to the inhibition of hepatic gluconeogenesis. A human study found
that consuming 1 g of Nigella sativa seeds twice daily reduced blood

glucose levels after 2 weeks (Bamosa & al., 1997).

The active ingredients of Nigella sativa reduced the risk of
atherosclerosis by lowering serum low-density lipoprotein
cholesterol levels and increasing serum high-density lipoprotein
cholesterol levels (Nader & al., 2010). Nigella sativa seed reduced
serum cholesterol levels. When patients with high cholesterol were
fed 1 g of Nigella sativa seeds per day for 2 months, blood LDL
cholesterol and triglyceride levels significantly decreased, while
HDL cholesterol levels increased (Bhatti & al., 2009). It has been
reported that Nigella sativa significantly increases HDL-cholesterol
concentration and reduces total cholesterol, LDL-cholesterol and
triglyceride levels (Nader & al. (2010). Asgary et al. (2013) reported
that Nigella sativa had positive effects on the lipid profile in
hypercholesterolemic rabbits. Nigella sativa has been reported to
significantly reduce serum triglyceride and LDL cholesterol (Al-
Nageep & al., 2009).

Thymoquinone decreased norepinephrine and dopamine levels
and increased serotonin levels in one study. It has been reported that
thymoquinone  protects  cholesterol-fed  rabbits  against
atherosclerosis and may prevent the formation of hyperlipidemia and

atherosclerosis (Nader & al., 2010). Thymoquinone has been
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reported to protect primary dopaminergic neurons in cell cultures
obtained from Parkinson's disease patients (Radad & al., 2009).
Thymoquinone exhibited anxiolytic effects in stressed mice with
decreases in plasma nitrite and increases in brain y-aminobutyric
acid content. Thymoquinone has been reported to protect against
amyloid-B-induced toxicity and disruption of synaptic functions and
to suppress the production of reactive oxygen species (Alhebshi &
al., 2013).

Nigella sativa seed is carminative, meaning it has the ability to
remove gases from the stomach and intestines and aid digestion. It
supports peristalsis and evacuation. The essential oil of Nigella
sativa is antimicrobial and helps to deworm the intestines. It is used
in diarrhea, indigestion, dyspepsia and eructation, and also as a
breath freshener. The gastroprotective effect of thymoquinone is due
to proton pump inhibition. The seeds have a bile-reducing property.
Thymoquinone treatment significantly inhibits acid production and
pepsin in the stomach (El-Abhar & al., 2013). It is known that
Nigella sativa oil is effective in relieving gastrointestinal complaints
due to its smooth muscle relaxant properties and has an
antispasmodic effect in many cases. It has been reported that the
aqueous extract of the seeds exhibited anti-ulcer activity by reducing
the acid volume in the gastric juice in rats treated with acetylsalicylic
acid. Administration of seed oil in rats caused a significant increase
in the mucus content and glutathione level in the stomach and a
significant decrease in mucosal histamine content, providing
significant protection against ethanol-induced ulcer (El-Dakhakhny
& al., 2000). Thymoquinone prevented lead-induced steroidogenic
and spermatogenic dysfunction of the testis (Mabrouk & Ben
Cheikh, 2016).
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