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1. TURKCE VE INGIiLiZCE OZET, ANAHTAR SOZCUKLER

ALZHEIMER HASTALIGINDA OLAYA iLiSKiN OSILASYONLAR

Alzheimer hastalig: tipi demansta (AH) beyin patolojisi iyi bilinmektedir. Bu tez, AH
tipi demanst olan bireylerde beyin patolojisinin yarattigi beyin dinamigi degisikliklerini
arastirmak amact ile planlanmustir.

Beynin dinamik cevaplarinin analizi, olaya iliskin oslasyonlar (OIO) yaklasim
kullamlarak gergeklestirilmistir. Denemelere katilan yirmi saglikli, yirmi-iki AH tipi demansi
olan bireye uyaran olarak gorsel uyaranla klasik P300 oddball paradigmasi verilmistir. AH tipi
demansl1 bireyler hastalik sires, yas, cinsiyet, egitim yonunden bire bir eslestirilmis iki gruba
ayrilmustir: 1) Kolinesteraz inhibitori ilag kullanan; 2) ilag baslanmarmis AH olgu gruplar. EEG
kaydi onui¢ elektrottan (F3, F4, Cz, C3, C4, T3, T4, T5, T6, P3, P4, O1, O2) ainmis ve olaya
iliskin potansiyeller secici olarak 0.5-3.5 Hz (delta), 5-8.5 Hz (teta), 9-13 Hz (alfa), 15-24 Hz
(beta) frekans dilimlerinde dijital olarak filtrelenmis ve maksimum tepe amplittdleri
Olctlmustir. Bunun disinda bellek yuku ile yakin iligkili bulunan teta frekans bant araliginda faz

kilitlenmesi incelenmistir.

Saglikli yashi kontrollerle demansli bireylerin Ozellikle delta frekans bantlarinda tepe
amplitudleri Cz ve C3 elektrodlarinda fark gostermis (F (9.120)=2.228; p=0.022), tedavi alan ve
almayan demansl: bireyler arasinda fark saptanmamstir. Ote yandan tedavi alan AH olgulariyla
saglikli kontroller (p= 0.044) ve tedavi amayan AH olgular: (P= 0.026) arasinda teta frekans
araligindaki faz kilitlenmesi F3 elektrodunda farklilik gostermistir.

Giindelik kullammda, delta frekans araligindaki OIO yanitlarimin demans tamsinda, teta
frekans araligindaki yanitlarin ise tedavi izleminde yararli olabilecegi dustinulmisttr. Sonuglar,
olaya iliskin salinimlarin AH tipi demansta beyin dinamiklerini incelemede ve kolinerjik
tedaviye yanitlarini izlemede yararli olacagim gostermistir.

Anahtar sozcikler: Alzheimer, demans, osilasyonlar, delta, teta, viziel, P300, EEG, olaya
iligkin potansiyeller, ERP



EVENT RELATED OSCILLATIONSIN ALZHEIMER’S DISEASE

The brain pathology in Alzheimer type of dementia (AD) is well known. This thesis has
been planned to investigate the changes in brain dynamics in subjects with AD. The analysis of
brain dynamic responses have been realized by means of event related oscillations (ERO). The
classical visual P300 oddball paradigm has been given to the twenty healthy elderly control
subjects and twenty-two AD subjects. AD group has been divided into two groups: those treated
by cholinesterase inhibitors and de novo. Two AD groups have been matched by disease
duration, gender, education and age. Both patient groups consisted of eleven subjects. EEG was
recorded from 13 scalp electrodes (F3, F4, Cz, C3, C4, T3, T4, T5, T6, P3, P4, O1, O2). The
mean peak amplitudes at the frequency ranges of 0.5-3.5 Hz (delta), 5-8.5 Hz (theta), 9-13 Hz
(alpha), 15-24 Hz (beta) were digitally filtered and analysed. In addition, theta phase locking
which is considered as closely related to memory was also investigated.

Significant differences in peak amplitudes of delta frequency range were seen between
the groups at mid- and left central regions, (Cz, C3) being higher in healthy controls than either
patient group (F (9.120)=2.228; p=0.022). The phase locking of theta oscillations at F3 location
was significantly higher in treated AD group than either healthy controls (p= 0.044) or de novo
AD (p=0.026) groups.

In clinical practice, ERO in delta frequency ranges may be adjuctive for diagnostic
purposes, whereas theta responses may help monitoring the treatment responses. This study
once more supports the importance of oscillatory event related potentials for investigating AD

brain dynamics.

Keywords: Alzheimer, dementia, oscillations, delta, theta, visual, P300, EEG, event related
potentials, ERP



2. GIRIS

2.1. SUNUS ve AMAC

Platon, Theaetatus adli yapitinda Sokrates'in geng 6grencisi Theaetatus la konusmasin
sOyle aktarir: “Zihnimiz bir balmumu yumagindan olusur; buyukligu ve kivamu kisiden kisiye
degisir. Bellek, ilham perilerinin annesi olan Mnemosyne' nin bizlere armaganidir”.

Aristoteles de Platon gibi balmumu metaforunu sirdirdr. “De memoria et
reminiscentia’ da “Duyularca elde edilen deneyim bellegimizde tipki mihurtn biraktig: gibi bir
imge birakir” der. “Hastayken nasil akan bir su Gzerine mihir gikmazsa bellek de olusamaz.
Cocuklar gibi cok hizli olanlarin bellegi yumusaktir, imge hizli kaybolur, yaslilar gibi ¢cok yavas
olanlarinsa ¢ok serttir, imge olusamaz”. Galen'in yaklagik 1500 yil gecerliligini srduren
gorUslerine gore, “spiritus animales’  beynin kivrimlarinda veya karinciklarinda depolanan
ugucu bir maddedir ve beynin en arka bolumindeki karincik bellek igin ayrilmistir. Aquinolu
Tomasso'ya 1274'de aziz payesi verildiginde Unu Ozellikle belleginin Gstinligu Uzerine
kuruluydu. Ne var ki, bu denli gucli bir bellek sezgi ve hayalglicline yer birakmayabilir.
Einstein'in dehasi, bilinenlerden uzakta duran sezgilerine givenmesinde yatar. Bellek ve
hayalgtcinun-“memoria’ ve “imaginatio”- karsithig ortagag cizimlerinde de kendini gosterir.
Ancak bellek olmaksizin yaraticilik da gergeklesemez.

Robert Hooke 1682'de bellek teorisini olustururken fosfor iceren “Polonya Tas1” gibi
mekanik benzetmeleri kullanmustir. 1s1g1 depolayip sonra da karanlikta yayan bu madde, bellek
kuramlarimin anlatiminda yerini bulmustur. Hooke biitiin bellek siireglerine maddi agiklamalar
getirilebilecegini dne striyordu. Ona gore her duyu beyindeki 6zel bir maddeyle baglantiliyds;
bu madde o duyu yoluyla beyne ulasan izlenimleri saklayacak ve yeniden dUretilmesini
saglayacak yapidaydi. Hooke, ruhu bellekten ayri tutmus ve Kartezyen ikicilikten yola ¢ikarak
bellegi bir madde olarak gostermistir. (1). Kartezyen ikiciligin yaraticisi Descartes in felsefesi
ise U¢ ana dustinceye dayanir: 1) Ruh ile beden arasindaki ikicilik; 2) Matematik yontem; 3)
“Dusuntyorum dyleyse varim” 6nermesi. Bu Ug dustince, birbiriyle siki sikiya baglantilidir. (2).
Kartezyen evren bir makinedir, bu mekanik ilkeler yalmiz cansiz doga igin degil, canlilar ve
organik dogaicin de gegerlidir. Descartes in 6ne strdigi “béte machine” teorisinde hayvanlarin



otomat oldugu ve hareketlerinin makinelerdekine benzer bigcimde olustugu ileri surdldr.
Descartes agore bellegin isleyisi de aynt mekanik ilkelere dayanir. Hooke' un ¢cagdaslarindan ve
karsitlarindan yeni Platoncu Henry More ise, “bellegin Hooke un 6ne sirdigu gibi beyindeki
bir sekil, leke, salivm ya da hareket olmadigini; ruhun iginde yer aldigint” belirtmistir. Hooke,
“Explication of Memory” adli kitabinda matematigi alamina sokar. Bu nedenlerle modern
psikolojinin baslangicim Hooke'ta aramak gerekir. Bellek psikofiziginin yaraticilarindan
Ebbinghaus 1885'te “Uber das Gedachtnis’te deney dizilerini ve sonuglarimi ayrintil aktarms,
unutma egrileriyle bellegin matematigini olusturmaya calismis ve bu yontemlerin yayginlik

kazanmasin saglamustir (1) .

Freud 1900'lerde “Ruyalarin Yorumu’nda insamn duygularinin iki farkli sistemin
calismasina baglanabilecegini belirtmistir. Bunlardan ilki olan “algisal bilin¢” algilari kaydeder
ama iz birakmaz, her yeni deneyimde bir “tabularasa’ ya da bos bir yap-boz tahtas: gibidir. Bu
sistemin arkasinda ise “bellek sistemi” yer alir ve agilarin kalici izlerini tasir. Bu iki islevin bir
aradalig1 ise sinirbilimlerle ugrasanlarin temel arastirma konularindan biridir. Freud'a gore,
“zihin bu islevleri iki ayr1 amabirbiriyle iliskili parca ya da sistem arasinda bolUsturerek ¢ozer”.
Uyaranlar1 alan tabaka, kalici izler olusturmaz, bellegin temelleri bu tabakaya bitisik baska
sissemlerde ortaya cikar” (1). Sinirbilimlerde 20. yiUzyili 6zetlemek icin bu cimlenin
arastirilmas: yeterlidir. Hooke un X V1. ylizyilda 6ne stirduigu gibi bellegin ad:nda beyinde bir
sal:nim oldugu (3) dustinces beyin dinamiginin XX. ylzyilda en ¢ok arastirilan konularindan

birisi olmustur.

Bellek olmasaydi hi¢ kimse Mnemosyne' nin kizlarimin drettiklerinden yararlanamazd:
seder dagilir gider; siir dizeleri, goranttler silinirdi. Latince’ de bir mihtr mumuna benzerlik
gogteren “impression” sbzcugl, Turkee' de ezberlemekle ilgili “hafiza’, ve zihne derinlemesine

islemek anlamindaki “ bellek” terimleri zihnimize yazilmay: ¢agristirir.

Mentia Y unanca da akil ya da zihin anlamina gelir. Demans ise bunamaya es anlamli
kullanilir ve etimolojik olarak akilsizlagsma anlamin: tasir. Bellegin ilk dnce etkilendigi bunama
gerek gundelik yasantimizda gerekse klinik tip uygulamalarinda sikga karsilasilan bir durumdur.
Demans edebiyatta da ilgi gbrmis, Shakespeare’'den Leyla Erbil’e her ¢agda edebiyatcilarin
esin kaynagi olmustur. Karanligin Gunt'nde Leyla Erbil, annesinin bellek kaybiyla toplumun



bellek kaybimn baglantisim kurar, amnezinin otobiyografik 6gelerle donatilmis romanini yazar.
Demansl1 bir yaslimn cgocuklar: tarafindan incitilmesini konu aan Shakespeare'in Kral

Lear’inde ise hastalarin yasathg: sanrilar ve halusinasyona ait bolumler bulunur.

Demans (bunama) farkli tirden nedenlerle ortaya gikan genis bir Kklinik yelpazedir.
Alzheimer hastaligi (AH) yash bireylerin en fazla etkilendigi ndropsikiyatrik hastaliktir. AH,
tim demanslarin yaklasik Ggte ikisini olusturur; bilissel islevlierde, bellekte ve edinilmis
entelektiiel becerilerdeilerleyici bir cokuntii ile gider; cesitli davrams sorunlari ile seyreder.

Izmir' de diisiik sosyoekonomik diizeyli altmisbes yas tizeri toplum temelli bir calismada
demans oraminin % 22’ lere ulastig1 belirtilmistir (4). AH prevalans: 65 yas Gzerinde % 3'e, 85
yas Uzerinde ise % 47'ye kadar ¢cikmaktadir. TUm diinyada yaklasik 15 milyon AH olgusunun
bulundugu tahmin edilmektedir (5).

Klinik olarak AH’de ana belirti ilerleyici bellek kaybidir. Lisan bozukluklar1 da (anomi,
ekolali, anlama bozuklugu, agrafi, aleksi) erken belirtiler arasindadir. Apraks, gorsel uzamsal
islev bozukluklari, hesaplama zorluklar1 ve agnozi gibi kognitif alan kayiplar1 yavas ortaya
cikan bulgulardir. Hastaligin ileri donemlerinde temel motor beceriler bile kaybedilir (6,7).
AH’nin seyri sirasinda ¢esitli davrams bozukluklari da klinik tabloya eslik eder. Cogu
calismada AH’de baslangicta en sk gorilen davrams bozuklugunun ice kapanma ve apati
oldugu belirtiimektedir. Ayrica anksiyete, irritabilite, gjitasyon ve psikotik belirtiler gozlenir
(8,9). Gunumuzde AH’nin taisinda ve tedavi izleminde ndropsikolojik testler disinda objektif
olarak SPECT ve PET cihazlar1 kullamilsa da bu incelemelerin rutin kullammi yiksek
maliyetleri nedeni ile kisithdir. Elektrofizyolojik calismalar ise tamsal degeri agisindan hentiz
hak ettigi yeri bulmamustir.

AH’de farkli sinyal islemleme yontemleri kullamlarak spontan EEG degisiklikleri
arastirlmustir (10). Spontan EEG’ de teta aktivitesi, AH’de kontrol ve frontotemporal demans
olgularindakinden farkli bulunmustur. Bu ¢alismada tarusal dogruluk oram 26 AH ve 13 FTD
olgusunun ayrimi icin %85, 13 FTD ve 27 kontrol olgusunun ayrimi igin %100 olarak
bildirilmistir. Temporal bolge beta-2, paryetal bolgede teta, afa ve beta2 frekans bantlarinin



guc spektrumu degerleri kullanilarak spontan EEG’ nin demanslarin ayirici tamsinda yararh

olabilecegi vurgulanmgtir (11).

Spontan EEG'de sadece kisith sirelerin sayisal olarak incelenmesi yonteme dair
kisithliklardan birisidir. EEG yanitlarimin bir uyaran sonrasi zamansal toplamlari AH’de
kontrollerden farkli bulunmustur (12). Beyin osilasyon yanitlarinin arastiriimast ginimuizin
Onde gelen arastirma konularindan biridir, ¢unkt farkli frekans araliklarindaki osilasyon
aktivites beynin bilgiyi islemlemesinin farkl: yonleri hakkinda bilgi vermektedir (3,13,14). Su
anki bilgilerimizle en basit kognitif islevlerin bile genis capli noral sebekeleri harekete
gegirdigini bilmekteyiz. EEG ve oradan tlretilmis bazi teknikler buna benzer islev goren taskla
iligkili noral aglar1 tammlamaya odaklanmustir (15). Koherans (16) ya da faz kilitlenmesi (17)
bu iliskileri arastirmaktadir.

Olaya iliskin osilasyonlar (OIO) ise yiksek zamansal ¢ozinurligiyle kognitif siirecler
srasindaki hafif degisiklikleri yansitabilen bir arag olarak kullanilabilecek guclt bir tekniktir
(313). Son on yilda P300 yanitlarimin AH'de azalmis oldugu bilinmektedir, ancak bu
elektrofiyolojik yontemlerin hak ettigi gucte tam (11,12) ve tedavi izleminde (18)
kullamImadig: sdylenebilir, ¢cuinkd klinik kilavuzlarinda EEG ve P300 gibi yontemlerin klinik
tan kriterlerinin duyarlilik ve 6zgulligiine hentiz ulasamadig: belirtilmektedir (19).

Olaya iliskin teta osilasyonlar1 bellek siirecleriyle iliskili bulunmustur (20). Frontal teta
aktivitesinin insanlarda calisan bellek gorevlerinin zorluguyla arttigr bulunmustur (21). Daha
Onceki hayvan calismalarinda uzun sireli potansiasyonun (long term potentiation, “LTP”) yeni
bilgiyi kodlamay: yansitan bir elektrofizyolojik goriingt oldugu bilinmektedir. Bu aktivitenin
hipokampal teta ritminin eszamanli aktivitesyle baglantili oldugu dustnulmektedir (22).
LTPyi optimal olarak uyarmak icin teta ritminde uyaran deseni gerektigi bildirilmistir (23).
Maymun striatal korteksinin disindaki gorsel kortekste yer alan tek ndron aktivitelerinin galisan
bellekle ilgili gorevierde teta osilasyonlarina faz kilitlenmesi gosterdigi bulunmustur (24).
Ayrica teta aktivitesini engelleyen ilaglarin 6grenmeyi de engelledigini (25) ya da teta ritmini
arttran ilaglarin  6grenmeyi  kolaylastirdigimt  (26) gosteren yaywinlar  bildirilmistir. Bu
osilasyonlar yalnizca primatlara 6zgu degildir. Kolinerjik ilaglar simiklibocek beynindeki 4-15
Hz frekans araligindaki yanitlar1 arttrmaktadir (27); ayrica kedilerdeki eletriksel aktiviteyi



yukseltmektedir (28). Korteks igine kolinerjik etkili ilag enjeksiyonundan sonra gorsel
korteksteki gama osilasyonlarinda artistan sdz eden bir calisma daha vardir. (29). AH
tedavisinde son zamanlarda Onerilen en temel tedavi segenegi asetil kolinesteraz inhibitorleridir
(AKEIQ) (30). AH'de Meynert'in bazal nukleusunda belirgin dejenerasyon olmaktadir. Bu
nukleus hipokampusun ve korteksin asetilkolin (AK) iceriginin yaklasik %50-60"1m
olusturmaktadir. AKEI tedavilerinin hastalarda ortalama 1-2 yil siire ile semptomatik bir
diizelme saglayabilecegi gosterilmistir (30,31). Insanlarda kolinerjik aktivitenin olaya iliskin
osilasyonlar1 etkilemesi ya da dizenlemesiyle ilgili bilgilerimiz hentiz net degildir.

Olaya iliskin osilasyonlar farkli frekans bandlarinda bilgi islemlemenin farkli yonlerini
yansitiyor olabilir (3,13). Alfa osilasyon yanitlar1 basit bellek goérevlerinde artar ve gorev
zorlastikca aktivite azalir (21). Beta osilasyon yanmitlarinin deneysel calismalarda dikkatle ilgili
(32), insanlarda teta aktivitesinin ise bellek suregleriyle ilgili oldugu 6ne strdlmustir (20,21).
Delta osilasyon yanitlarimin ise daha ¢ok karar verme mekanizmalarinda is gordigiine dair
yayinlar (33) bulunmaktadhr.

Teta frekans araiginda frontal lobun 6zel bir yanithlik gosterdigi daha onceki iki
calismada bildirilmistir. Bu calismalarda “zamamin tahmin edildigi” (33) ve “dizenli olarak
verilen uyaranlarin atlandigi (omitted)” paradigmalarda (34) frontal lobdaki teta yanitliligi,
kognitif islemler sirasindaki hipokampo-fronto-paryetal sistemin isleyisinin bir sonucu olarak

yorumlanmustir.

Primer norodejeneratif ve ilerleyici bir hastalik olan AH’de kognitif etkilenmeyi
yansitabilecek bir yontem olarak OIP (olaya iliskin potansiyeller, “ERP"), OIO (olaya iliskin
osilasyonlar, “ERQ") kullanlabilir ve bu parametrelerdeki olasi degisiklikler tamsal destek
saglayabilir. Ayrica OIP’in hastaligin klinik izleminde de kullammu sz konusu olabilir ve
AH’nin erken donemlerindeki kognitif kayiplarin varligini ve derecesini yansitabilir. Literatirde
P300 ve OIP bu amagla oldukgca fazla arastirilmis, ancak OIO uizerinde yeterince durulmamustir.

Bu calismada AKEI grubu ilag kullanmakta olan veya hi¢ psikotrop ilag kullanmayan
erken evre Alzheimer olgularinda klasik gorsel oddball OIO kayitlamalar: yapilarak saglikl



kontrollerle karsilastirilmstir. Bdylece heniiz AKED baslanmamis Alzheimer olgularinda

OI0 nun tam asamasinda ve tedavi izlemindeki roliiniin arastiriimasi hedeflenmistir.

Bu c¢alismada 0zellikle belli frekans bant araliklarinda olaya iliskin osilasyonlarin saglikli
yasl1 bireylerde ve Alzheimer tipi demans gosteren iki grupta farklilik gosterip gostermedigini
ve kolinerjik ilaglarin osilasyon yanitlarina etkisinin olup olmadigin arastirmak istedik. Bu
yanitlarin incelenmesi patolojik beyin dinamiklerini anlamada yardimct olabilir.

Hipotezimiz AH grubunun osilasyon yanitlarinin kontrollerden daha distk olacag: ve
kolinerjik tedavi alan grupta bu yanitlarin yikselebilecegiydi.

2.2. GENEL BILGILER

2.2.1.0silasyonel Beyin Dinamiginin flkeleri (35)

“Tim Beyin Islev’ kuram, entegratif beyin fonksiyonlarinin, birbirleriyle iliskili
mekanizmalarin beraber ¢alismasini kapsayan bir modeldir. Bu baglamda kuram stiper-sinerji,
stiper-baglanma, dikkat, algilama, 6grenme ve hatirlamanin karsilikl etkilesen islevlerine sahip
mekanizmalari igerir. Bu mekanizmalar ¢ diizeyde gozlemlenmektedir (3,36).

Tek Hicreden Noron Gruplarzn:n Osilasyon Dinamigine Gegis

1. Noron, beynin temel yapitasi ve sinyal Ureten elemamidir.

2. Noronlarin birbirine benzeyen duysal ve kognitif uyaranla uyarilabilme 6zellikleri vardr.
Serebral korteks, hipokampus ve serebrumda farkli néron yapilari olmasina ragmen, ilgili néron
gruplar: ayn: frekans araliklarinda ayarlanabilme (tuning) dzelligi tasir (36-41). Bu yuzden tim
beyin aglarimin EEG frekans kodlar1 araciligiyla iletisim kurduklar: sbylenebilir.

3. Bireysel hucrelerin aktiviteleri, noron gruplarinin frekanslarina temel olustururlar. Noron
topluluklarinin - osilasyon aktivites alfa, beta, gamma, teta ve delta frekanslarindan
olusmaktadhr. Bu frekandar beynin dogal ve gercek yanitlaridir (42,43).

4. EEG ile Olaya lliskin Uyarilma Potandyelleri arasinda ters bir iliski soz konusudur.
EEG nin genligi, Olaya iliskin Uyarilma Potansiyeli ile, beynin yantinda bir kontrol
parametres olarak gorev yapar (44-46).



5. EEG kaotik bir sinyaldir ve basit bir guriltt olarak dusintlmemelidir. Bu 6zelligi ve
yanitlara duyarliligi, EEG'yi olusturan osilasyon aktivitesinin beynin transfer fonksiyonu
oldugu sonucunu dogurur (47,48).

6. TUm beyinde segici olarak dagilmis osilasyon yaratan noron topluluklar: uyarilar ile aktive
olurlar. N6ron dokularinin bu osilasyon aktivites beyinde birden gok islev igin kullamlabilir.

7. Bdlirli bir uyaran ile elde edilen osilasyonlarin sayisi ve parametreler toplulugu, uyarann
karmagiklig1 arttikga veya uyaramn tammlanmasi zorlastikga artar.

Noral Gruplar:n Siper-Snerjid

8. *“Badit baglanma’ (smple binding) hipotezine gore kortikal situnlardaki hiicreler arasinda
zamansal koherans bulunur (38,49).

9. Her islev, beyin osilasyonlarinin farkl: frekans derecelerine uygun stiperpozisyonu ile temsil
edilir. Osllasyonlarin karsilikli kutuplari  (polarite) ve faz agilart isleve 6zgidur. Noron
topluluklar, ndronlarda bulunan “Hep veya Hi¢ Kanuna’ uymazlar (14, 50-53).

10. Sperpozisyon ilkesine gore entegratif beyin islevlieri coklu osilasyonlarin birlesik hareketi
ile elde edilir.

11. Beynin yanithligi, noron aglarn arasindaki elektriksel islemi kolaylastirarak, beyinde
rezonans meydana getirir (54,55). Bu, ndron gruplar: arasinda genel ayarlama islemi olarak
yorumlanabilir (56).

12. Beynin paralel calisma 6z€lligi, beyin yapilarindaki/noron gruplarindaki mekansal koherans
ile ortaya cikar (3,57-59).

13. Beyindeki entropi degisiklikleri, osilasyon aktivitesinin beyin islevlierinde kontrol edici bir
etmen oldugunu gogterir (60-63).

14. Stper-baglanma kavramini, “Slperpozisyon”, “segici olarak dagilmis saliimsal sistem
aktivasyonu” ve “segici olarak dagilmis uzun mesafe koherans varligr” mekanizmalarinin timu
ifade eder. Slper-sinerji kavramu ise “slper-kilitleme”, “entropi” ve “EEG osilasyonlarinin

beyin yanitlarinda kontrol parametres olma’ ozelliklerini igerir (43).

Dikkat, algilama, Ggrenme ve hat:rlaman:n entegrasyonu
15. Beyin islevleri bellek islevlerinden ayrilamaz (64,65). Tum entegratif beyin islevlerinde
oldugu gibi bellek, cok sayida ve Ortiisen osilasyonlar ile temsil edilir.



16. “Dikkat”, “agilama’, “6grenme” ve “hatirlama’ islevleri birbirleri ile baglantilidir. En basit
duysal bellekten en karmasik semantik ve epizodik bellege kadar tUm bellek islevleri tim
beyinde dagilmis ¢ok sayida osilasyonlar ile temsil edilirler (48).

Osilasyonal beyin dinamigi ilkeleri bu tez icin dnem tasimaktadir. Bu tezde amag, farkli
uyaranm algilama ve zihinden sayma gibi bir gérev sirasinda, bellek islevlerinin oncelikle
etkilendigi erken evre Alzheimer olgularinda beyin dinamiklerinin saglikli kontrollerden nasil
farklilik gosterdigini belirlemektir. TUm beyinde segici olarak dagilmis osilasyonal néron
topluluklart duysal, kognitif uyarilar ile aktive olurlar. Bulgularimiz, bellekle ve iliskili

ndrotransmiterlerleilgili yorumlara yol agmaktadr.

2.2.2. Frontal Lob velslevleri

Frontal lob, santral sulkusun 6n kisminda ve silvian fissirin yukarisinda yer alir.
Insanlarda serebrumun yaklasik olarak (gte birini olusturur. Frontal lobun 6n kisimlar:
(Broadmann'in 9-12, 45-47. aanlari) prefrontal alanlar olarak bilinir ve bu alanlar hareketin
planlanmasinda, yuriticl islevler basta olmak Uzere tim kognitif islevierde gorev alir (66).
Frontal agraniler korteks (4 ve 6. aan) kortikospinal trakt olarak bilinen serebral efferent lif
sistemini olusturur ve serebelluma, bazal ganglionlara, subtalamik ve red nukleusa, beyin sapi
retikller formasyona, substantia nigraya, inferior olive, talamus ventrolateral, mediodorsal ve
dorsolateral nukleuslarina projeksiyonlar gonderir. Frontal grantler korteks serebral korteksin
tum bolgeleri ile, ozellikle limbik, paralimbik bolge ve talamus ventral nukleudari, baglant:
igerisinde olup limbik sistemden major aferent lifler alir. Dolayisiyla frontal lob lezyonlarinda
lisan, kognitif islev (dikkat, konsantrasyon, karar verme kapasites, motivasyon), motor
(akinezi, inkontinans) ve davramis bozukluklar: (spontanite kaybi, kisilik-duygudurum
degisiklikleri, davrams disinhibisyonu) gibi klinik belirtiler gorulur. Prefrontal korteksin gorsdl,
isitsel ve somatosensoryel kortekde karsilikli, giclt baglantilar: vardir. Roland ve ark. (1980,
1985) SMA’nin kazanilmig bellegin geri ¢cagrilmasinda, hareketin planlanmasi, baslatiimas: ve
strdurtlmesinde, yirtict islevlerde ve koordinasyonu saglamada énemli fonksiyonu oldugunu
bildirmislerdir (67,68). Frontal lobun OIP olusumunda da 6nemli roliiniin oldugu bilinmektedir
(69).
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2.2.3. Alzheimer Hastaligi (AH)

Alois Alzheimer ilk kez 1907'de, paranoid sanri, bellek ve lisan bozuklugu olan 51
yasindaki bir kadin hastada AH’yi morfolojik olarak tarmmlamistir. AH, demansin en sik
karsilasilan nedeni olup serebral korteks inerve eden kolinerjik néronlarin ilerleyici
dejenerasyonunun eslik ettigi, bellegin ve kognitif islevlerin bozulmasi ile seyreden ileri yas
hastaligidir. Demans nedenlerinin Ucte ikisini AH olusturur. insidans: yas ile artis gogterir ve
baslangi¢ yas1 genellikle 65 yasinin sonrasindadir. Kafa travmasi, dusik egitim seviyesi, sigara,
dogumdaki anne ve babanin yasinin biyUk olmasi, Down sendromu AH igin risk faktorleridir.
Postmenapozal donemde 6strojen replasman tedavisinin ve antiinflamatuar ilag kullanimimin ise
AH’ye yakalanma riskini azatici etkisinin oldugu belirtiimektedir. Yasam sires belirtiler
basladiktan sonra 4-16 yil (ortalama 10 yil) arasinda degismektedir. Kadinlar hafifge daha fazla
etkilenmekte ve hastalarin %10 kadarinda aile hikayesi saptanmaktadir (70).

AH’'nin molekiler genetik temeli incelendiginde ¢ gende mutasyon saptanmustir
(Amiloid prekirsdr protein, Presenilin-1 ve Presenilin-2). Son yillarda yapilan ¢alismalarda,
amiloid prekirsor protein (APP), Presenilin-1 ve Presenilin-2 genlerindeki mutasyonlarin,
toplamin %5’i kadar olguda hastaligin nedeni oldugu ileri strdlmustdr (71,72). Yirmibirinci
kromozomdaki APP gen mutasyonu familyal erken baslangicli %10 kadar vakada gozlenir.
ApoE, 19. kromozomda kodlanan bir proteindir. Bu alanda €2, €3 ve €4 dlelleri ile 3 adet
apoE izoformu (E2, E3, E4) kodlanir. Geg baslangicli AH gelistirme riskinin e4 alelinde
belirgin artisla (yaklasik 2,5 kez), €2 dlelinde ise azalma ile iliskili oldugu saptanmustir.
ApoEe4 AH’de gorilen vaskiler ve plak amiloidlerinde ko-lokalize olarak bulunur. ApoE,
amiloid-p (AP) peptid yapisina baglanir ve Ozellikle E4 izoformu AP peptid yapisinin
polimerizasyonu ile amiloid fibril formuna donlismesine yardim eder (71). Presenilin-1 geni 14.
kromozom Uzerinde yerlesmistir ve bu genin mutasyonu ile Ap Gretimi artar, ndronlar apopitoza
kars1 duyarli hale gelir (73). Presenilin-2, 1. kromozom Uzerinde yerlesir, APP nin proteolitik
yikim seklini degistirip AP Uretimini arttirr ve bazi ¢alismalarda presenilin-2'nin apopitoz ile
iliskili oldugu bildirilmistir.

AH’ de gbzlenen tammlayici patolojik degisikliklerden birisi ekstrasalltler AB birikimidir.

AP bir taraftan amiloid plaklarin olusumunu saglarken diger taraftan mikroglial hicrelerde
sitokinlerin  olusumunu  uyarrr. Proinflamatuar mediatorlerden interlokin-1  (IL-1),
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progtaglandinlerin, |okotrienlerin ve nitrik oksidin sentezini arttirir. Ttm bu mediatorler amiloid
plak etrafindaki enflamasyondan biylk oranda sorumludur. AP proteinin  sentetik
fragmanlarinin nGrodejenerasyon yaptigi, mikroglia aktivasyona neden oldugu ve intraselltler
kasiyumu arttirchgi gozlenmis, amiloid plaklarin etrafinda asetilkolinesteraz aktivitesinin
yogunlasmasina neden oldugu saptanmustir (74). Amiloid plaklarin artisi ile hastaligin siddeti
arasinda pozitif bir korelasyon oldugu bilinmektedir (75). Taumlayici bir diger histopatolojik
degisiklik intrantronal filament6z inkllzyonlardan ibaret olan ve siklikla hipokampus,
parahipokampal girus, fronto-tempora korteks ve Meynert bazal nukleusunda bulunan
norofibriler yumaklardir (76).

AH’nin erken donemlerinde beyin BT ve MRG bulgular1 siklikla normallerden farksizdir;
ancak gec donemlerde ventrikller dilatasyon, temporal ve frontal bdlgelerde daha belirgin
olmak Uzere diffiz olarak kortikal sulkuslarda belirginlesme saptanmir. Ancak son yillarda
yapilan MRG c¢alismalarinda hipokampus ve entorinal korteksin volumetrik dlgtimi ile AH’ de
erken evrede hile kontrollere gore volumetrik farkliliklar saptanmistir (77). Serebral kan akimi
ve glukoz kullanimina yonelik yapilan calismalarda AH'de bolgesel kan akimi ve glukoz
kullammunin her iki pogerior paryetal ve temporal kortekslerde azaldigi, sensorimotor ve
oksipital kortekderin ise gorece korundugu gozlenmistir. Hastaligin ilerleyen safhalarinda
perfuzyon azalmasi daha yaygin hale gelmekte ve frontal kortekste de tutulum
gorulebilmektedir. Ancak primer motor ve sensorimotor korteks, gorsel ve duysal korteks
metabolizmasi, subkortikal ve serebellar metabolizma, assosiasyon alanlarina gore daha geg
donemlere kadar korunmaktadir (78,79).

2.2.4. Alzheimer Hagtah@ Tedavisinde Asetilkolinesteraz inhibitorleri

AH’de asetilkolin (Ak) sentezinde ve tasinmasinda bolgesel bozukluklar oldugu
gogerilmistir. Bu kolinerjik eksiklige bagli sirasiyla hipokampal, parieto-temporal ve prefrontal
disfonksiyon gorulur. Postsinaptik nikotinik kolinerjik reseptdrlerin géruntilemesi igin yapilan
in vivo positron emisyon tomografisi (PET) ve tek foton emisyon tomografisi (single photon
emission tomography, “SPECT”) ¢alismalarinda, Alzheimer hastalarinin Ggte ikisinde frontal
veya poderior temporal kortekste radyofarmasotigin baglanmasinda azalma oldugu

gosterilmistir (80).
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AH tedavisinde kullamilacak ajanlar iki grupta toplanabilir. ilki hastaliga bagl primer ve
sekonder olarak ortaya ¢ikan belirtilere yonelik semptomatik tedaviler, ikincisi hastalik stirecini
yavaslatmaya veya hastaligin ortaya cikisim geciktirmeye yonelik tedavilerdir (81).
Semptomatik tedavide AKEI, Ak salimmin arttirmaya yonelik ajanlar (linopirdin DUP996,
XE991, DMP543), muskarinik reseptor selektif agonistleri (sabkomdin), selejilin, indolaminler,
somatodtatinler, glutamat antagonisti memantin yer almaektadir (82,83). Hagtaligin seyrini
yavaslatmaya yonelik olarak ogtrojenler, norotrofik faktorler (NGF), antiinflamatuar ganlar
(indometazin), serbest radikal inhibitorleri (vitamin E, vitamin C, selgjilin), kalsiyum kanal
blokerleri ve propentofilin kullanimi giindemdedir (84-86). Ancak AH tedavisinde, AKEI harig
tum diger ganlarin etkinlikleri ve etki mekanizmalar1 net olarak aydinlatilmus degildir ve
cogunun terapdtik kullammi hentiz deney asamasindadir. Ayrica hastaligin seyri sirasinda
gjitasyon, sanr ve diger psikotik belirti durumlarinda psikotrop gjanlar siklikla kullanmilir. AH
semptomatik tedavisinde son zamanlarda AKEI ve memantin, yaygin olarak kullanilmaktachr.

AKEI, presinaptik noronlarda Ak hidrolizini azaltarak kolinerjik reseptér stimiilasyonunu
saglar.

Beyindeki noronal nikotinik Ak reseptorleri, bilissel islevlier ve bellek agisindan 6nem
tasimaktadir. In vitro olarak Alzheimer hastalarimin beyin dokusu incelemelerinde ve in vivo
olarak PET caligmalarinda bu reseptorlerin miktarinda azalma oldugu gosterilmistir. Kolinerjik
ilaglarla tedavinin AH’de beyin Ak reseptorlerinin dizeyinde artisa neden oldugu PET
calismalarinda gogerilmistir (87). Kolinesteraz inhibitérleri AH'de kognitif kayiplarin
tedavisinde ilk planda yer almaktadir. Alzheimer hastalarinin dortte Gigli tarm aldiktan sonra 5 yil
icinde bakimevine muhtag hale gelir. Bu inhibitdrlerin kullamminmin en biyidk amact hastamn
bakimevine gidis sSlresini uzatmaktir. Tedavi edilen ve edilmeyen Alzheimer hastalarinin
karsilastinldig1 ¢ift kor, plasebo kontrolli bir ¢alismada 9-14 aylik tedavi sonrasi tedavi
amayanlarda Mini Mental Durum Testi (MMDT) skorlarinda 3-4 puanlik bir diisme saptanmis
ve hastalarin 3 yillik izleminde tedavi alanlarin % 6’ simin, amayanlarin % 40" 1min bakima
muhtag hale geldigi saptanmustir (88).

AH’ de santral sinir sisteminin amin yapdaki mediatorlerinden asetilkolin, noradrenalin,

dopamin ve serotonin dizeylerinin anlamli dizeyde azaldigi, aminoasit yapisindaki
mediyatorlerinden glutamatin  arttigi, GABA ve taurinin azaldigi ve peptid yapidaki
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mediyatorlerinden P maddes, somatodtatin, noéropeptid Y, vazopressin, norotensin,
kolesistokinin, enkefalin ve VIP'in azaldig1 belirlenmistir (89). AH’ de yikima ugrayan noronal
yollardan en 6nemlisi kolinerjik yollardir ve bu hastalikta hem kolinerjik hem de kolinerjik
olmayan noronlarda asetilkolinesteraz aktivitesinin azaldigi, amiloid plaklarin etrafinda da
asetilkolinesteraz aktivitesinin arttigi gosterilmistir (90).

AH’de ilk zamanlarda asetilkolin prekursori olan kolin ve lesitin kullanmlmisg ancak minor
bir terapotik etki elde edilmistir (91). Muskarinik reseptér agonisti olan RS-86 ile betanekollin
intraventrikiler kullamminda da olumlu bir sonug elde edilememistir (92). Kolinerjik
agonistlerin yetersiz terapotik etkinligi ve iyi tolere edilememesi nedeni ile dikkatler
kolinesteraz inhibitérlerine yonelmistir. Sinaptik aralikta bulunan asetilkolinesteraz enzimi
asetilkolini hidrolize ederek kolin ve asetik asite donustirdr. Bu enzimin kolinerjik sinaps ve
kavsaklarda, hem sinir uglarinda hem de podsinaptik membran Uzerinde yerlestigi
gosterilmistir. Son zamanlarda asetilkolinesterazin beyinde kolinerjik olmayan noronlarda da
bulundugu kabul edilmistir. Kolinesteraz inhibitorleri, enzimi geriye donusli ya da geriye
donuissiiz olarak inhibe eder ve asetilkolin hidrolizini engellerler. Bu yolla reseptor diizeyinde
kolinerjik etkinin artmasim saglarlar. Gunimuizde kullanilan kolinesteraz inhibitorleri arasinda

galantamin, donepezil ve rivastigmin sayilabilir.

Donepezl

Piperidin grubundan ikinci kusak kolinesteraz inhibitérii olan donepezilin periferik
butirilkolinesterazlar tzerine etkisi ¢ok azdir. Plazma yar1 dmri 70 saat oldugu igin ginde tek
dozun yeterli oldugu ileri strilmektedir. Plasebo kontrolll bir calismada hastalarin % 40’ inda
bir iyilesme sagladigi, % 27’ sinde degisime yol agmadig: bildirilmistir (93). Plasebo kontrollu
1900 hasta Uzerinde dort kolinesteraz inhibitorinin karsilastirildig: bir calismada hastalarin %
79 unun donepezili 1yi tolere ettikleri ve organ toksisites gostermedikleri bildirilmistir (72).

Galantamin

Son yillarda tammlanan geriye donuslt, yarismact ve secici kolinesteraz inhibitoradir.
Ayrica nikotinik reseptorleri allosterik olarak moddle ettigi bildirilmistir (94). Cok merkezli,
cift kor, plasebo kontrolll bir calismada hafif ve orta evredeki 285 hastada 18, 24 ve 36 mg/giin
dozunda 3 aylik tedavi sonrasinda galantaminin 6zellikle 18 mg/giin dozunun iyi tolere edildigi,
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buna karsin kolinerjik yan etkiler gosterdigi ve AH'de kognitif fonksiyonlar tzerine olumlu
etkilerinin oldugu bildirilmistir (95).

Rivastigmin

Rivastigmin korteks ve hipokampustaki asetilkolinesterazi segici olarak inhibe eden,
kolinesteraz enziminin esterazik bolgesine baglanan, ancak ¢ok yavas ayrilmasi nedeniyle
yalanci geriye donuslt inhibisyon yapan bir ilagtir. Rivastigmin hem asetilkolinesterazi hem de
butirilkolinesteraz: inhibe eder ve enzim inhibisyonu beyinde 10 saat devam eder. Gunluk 12
mg’ a kadar kullaniminin iyi tolere edildigi ve klinik etkinlik gosterdigi saptanmstir (96). Hafif
ve orta evredeki 699 Alzheimer hastasi tzerinde yapilan bir ¢alismada kognitif fonksiyonlar,
gunlik yasam aktivites ve global fonksiyonlar zerine olumlu etki gosterdigi ileri strilmustir
(97). Rivastigmin tedavisinin AH'de davraris belirtilerinin ilerlemesini  yavaslattigi
bildirilmistir (98). Alzheimer hastalarina rivastigmin verilmesi ile 3-6 aylik bir izlemde serebral
kan akimu (Ozellikle fronto-temporo-paryetal kan akimi) degisiklikleri ile klinik ve kognitif
durum arasinda bir korelasyon saptanmustir (99).

Son calismalar kolinesteraz inhibitorlerinin 6-12 aylik slrede kognitif iglevleri, gunlik
yasam aktivitesini, davrams bozuklugunu dizelttigini, kognitif stabilizasyonda ise ancak iki yil
kadar etkin olabilecegini ileri sirmistur (100). Thomas ve ark. (2001) hefif ve orta evredeki 60
Alzheimer olgusuna donepezil (5-10 mg/g) ve rivastigmin (1,5-12 mg/gilin) vermisler ve tedavi
ile néropsikolojik testlerde diizelme, P300 latansinda da kisalma saptamislardir (101).

3. YONTEMLER

3.1. OLGULARIN OZELLIKLERIi

Bu calisma prospektif agik bir calismadir. Calismaya hasta grubu olarak Dokuz Eylul
Universites Tip Fakilltes Noroloji Anabilim Dali demans poliklinigine basvuran, ayrintili
kognitif bakisi yapilan, daha énce herhangi bir AKEI kullanmanus 11 olgu ve son 6 ay icinde
AKEI tedavisi almaktaolan 11 erken evre (Klinik Demans Skalasi: 1 veya Reisberg’in Global
Bozulma Olgegi: 4) (102) probabl Alzheimer olgusu (DSM-I1V’e gore demans ve NINCDS-
ADRDA’ya gore probabl Alzheimer tipi demans) (103,104) ve kontrol grubu olarak da yas,
egitim, cinsiyet ve el tercihi eslestirmesi yapilan, herhangi bir demansiyel yakinmasi ve bulgusu
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olmayan 20 saglikli birey alindi. Her olguyla yuz yize gorisme yapildi ve depresyon, madde
kullammu, herhangi baska psikiyatrik hastalik, siddetli kafa travmas: Oykusl olan olgular
calismaya dahil edilmedi. Tum olgular kognitif ve sistemik bakidan gegirildi. AH olgularina
beyin goruntileme (BT veya MRG) ve rutin laboratuvar inceleme (Kan sekeri, elektrolitler,
bobrek ve karaciger fonksiyon testleri, tam kan sayimu, tiroid hormon testleri ve B12 vitamin
duizeyi, eritrosit sedimentasyon hizi) uygulandi. Saglikli kontrollerden higbirinin hastalarla kan
bag: yoktu, hepsi toplum icinde yasayan bireylerdi.

Tedavideki olgu grubu ve tedavi baslanmamus olgu grubunda 4 erkek ve 7 kadin vardi.
Kontrol grubunda 12 erkek ve 8 kadin vardi. Tedavi alan (son 3-6 ayda baslanmis) AH
grubunda olgularin kullanchg: tek psikotrop ilag AKEI idi. Hastalardan 8'i donepezil 10 mg/g
ve 3 hastarivastigmine 6-9 mg/g aliyordu. Hasta gruplar: arasinda yas, egitim duizeyi, el tercihi,
cinsiyet, acisindan fark yoktu.. Her iki hasta grubunda semptomlarin baglama siires son 1-2
yildh. Reisberg’in Global Bozulma Olgegi’ ne gére hasta grubunun timii evre 4't0. Mini Mental
Durum Testi (MMDT) skoru (105) agisindan gruplar arast fark yoktu (Tablo 1). MMDT
skorlar1 hasta grubunda 20-24 , saglikli grupta 28-30 arasindaydi. Tedavi alan grupta olgularin
cogu 6/11 tedaviye cevap vermisti. “Tedaviye cevap” tedavi baslangicindan 3 ay sonra MMDT
skorunda en az 1 puan artis ve Brody-Lawton'un gunlik yasam aktivitelerinde degisiklik
olmama ya da diizelme olarak tammmlanch. Calismaya gonullt olan 22 saglikli yasli kontrolden
ikisinin kayitlar1 gekim artifaktlar: yuzinden analize alinmadi. Geriye kalan 20 kontrolun yas,
cinsiyet, egitim, € tercihi agisindan her iki hasta grubundan fark: yoktu (Tablo 1). Yerel etik
komite calismay1 onaylads; her gonilliiden ve AH olgularimin yakinlarindan yazili onam alind.

3.2. UYARANLAR VE PARADIGMALAR

3.2.1. Analiz

Uyariilma Potansiyeleri (UP) tek stpurimler halinde olclltr ve bilgisayarin bellegine
kaydedilir. SUpUrimler Fourier dontsimine ugratilir. Uyaran sonrasi guc¢ spektrumuna
bakilarak, dijital filtrelerin frekans sinirlart belirlenir. Yapilacak isleme goére stplrdmlerin
frekansa yondlik filtreleri elde edilir. Bu asamada segilmis uyariima potansiyeller hesaplanir. Bu
potansiyellerin amplitid frekans karakteristikleri (AFK) hesaplamir. AFK’daki frekans
sinirlarina gore ortalamast alinmis (averajlanmis) uyarilma potansiyeline dijital filtre uygulanr.
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Bu sekilde olaya iliskin potansiyellerin (OiP), frekans bilesenleri o 6zel denemeye katilan Kisi
icin hesaplanir. Son olarak her bireyden elde edilen uyarilma potansiyellerinin genel ortalamasi
elde edilir. Bu isleme de genel ortalama (grand average) denilmektedir. Bu ¢alismada da her
bireyin ortalamasi alinmig olaya iliskin osilasyon sonuclar: ve grubun genel ortalamasi ilgili
frekans araliklarinda 6lgllmustdr.

Tablo 1. Grup ozedllikleri

Kontrol Alzheimer Gruplar aras
(n=20) (n=22) fark, p<0.05
tedavisiz tedavide
(n=11) (n=11)

Ortalama yas (SD) 717 74.2 72.1 AD%
(y1l) (6.6) (6.7) (5.4)
Cingyet *
E/K) 12/8 a7 a7 AD
Egitim *
(5-11/>11 yil) 12/8 714 8/3 AD
El tercihi *
(L/R) /19 /10 1/10 AD
GBO 1-2 4 4

SD: Sandart deviasyon, AD: anlami: degil, E: Erkek, K: Kadin, L: sol, R sag, GBO:
Reisberg’in Global Bozulma Olgesi, (*): Ki-kare, (&): Kruskal-Wallis ve post-hoc LSD testi.

3.2.2. Uyaran

Deneylerde klasik gorsel oddball paradigmas: kullanildi. Gérsel uyaran 10 ms yukselme
ve alcalma zamanina sahipti ve 1 saniye slrtyordu. Standart ve hedef uyaran olmak lzere iki
tip uyaran kullanildi. Standart uyaramin luminanst 35 cd/cm2 iken, hedef uyaran %20 daha
disUktd. Bitin paradigmalarda hedef uyaran standart uyaranlarin arasina rastgele yerlestirildi.
Hedef uyaran siklig1 %20, standart uyaran sikligi % 80 idi. Olgulardan hedef uyaram zihinden
saymalari istendi. Uyaranlar arasi zaman araigi 3-7 saniye arasinda degisiyordu. Olaya iliskin
osilasyonlarin kaydi sirasinda bittin bireyler hedef uyarani yeterli dogrulukta sayabildiler.

Alzheimer olgularinda kontrollerden daha diusiik dogruluk oran izlendi.

3.3. EEG KAYDI

EEG Fs, Fs, C,, Cg, Cy, T3, Ty, Ts, Ts, Ps, Ps, O1 ve O; elektrotlarindan, 10-20 sistemine
gore kaydedildi (106). Kayitlar icin EEG bones olan bir EEG-CAP kullanildi. Baglantili kulak
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memesi elektrotlar: (A1+A2) referansolarak kullanildi. Sag gozden medial Ust ve lateral orbital
rimde kaydedildi. Referans elektrotlari ve elektrookulogram (EOG) kayitlar: icin Ag/AgCl
elektrotlar: kullanildi. TUm elektrot empedandar1 5 k *den daha azdi. 0.1-100 Hz 24 dB/oktav
band limiti olan bir Nihon Kohden EEG-4421 G cihazi kullanildi. EEG, 512 Hz 6rnekleme hizi

ve 1000 ms'si uyarim dnces zemin gizgisi olan 2000 ms'lik toplam kayit stiresinde gevrim igi
olarak dijitalize edildi.

3.3.1. Olaya liskin Potansiyellerin (OIP) ve Olaya iliskin Osilasyonlarin (OIO)
Hesaplanmasi:

Ortalama almadan once, artefakt iceren kayitlar cevrim disi olarak atildi. EOG supurdm
(single sweep) kayitlar: gorsel olarak incelendi ve gz hareketi ve goz kirpmadan kaynaklanan
artefaktlar: olan EEG/UP atildi. Ozne ortalamalar: ve genel ortalamalar her bir elektrot bolgesi
ve deneysel kosul icin hesaplandi. Veriler, belirlenmis ilgilenilen frekans dilimine gore dijital
olarak filtrelendi. Delta ve teta osilasyon yanitlarinin tepe amplittid 6lguimi igin, 0-600 msn; alfa ve
beta icin uyaran sonras: 0-250 msn aralig: segildi.

3.3.2. Amplitid Frekana Karakteristikleri ve Dijital Filtreleme

Amplittd frekans: karakteristiklerinin sayisal degerlendirmesi, Xn bir kesikli zaman dizisi
olmak tzere (Xn = X (nDt),T = ((N-1) Dt) formunun Hizli Fourier donusuimi (FFT)
kullamlarak gergeklestirildi. Bu durumda Xn'nin YK’ sinin Fourier dontsimu:

N 1
Y. Y( ) X, exp( i2 N 'nk); . 2 kT!
0

n

olmaktadir ve bu formulde Yk=ak+ibk geometrik ortalamalar1 amplitiid spektrumuna karsilik
gelen karmasik Fourier katsayilaridir. Arastirilmasi istenilen amplitiid frekans: karakteristikleri
(AFK) belirlendi ve dijital filtreleme icin frekans dilimleri tammmland.

Filtreleme, kullanilan frekans araliklar: igerisinde osilasyondl bilesenleri daha gorundr
kilar. Dijital filtreler, elektronik filtrelere 6zgl faz kaymalarina neden olmadig: icin daha
avantgjlidir. Osilasyon yanitlart olarak, belirlenen frekans araigi icindeki bir uyariimig
potansiyelin tepe maksimum amplittdu tammmlanmustir.
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3.3.3. Tek Supurumlerin Faz Kilitlenmes Analiz

Spektral sinyal analizi ve ondan tireyen koherans ya da faz kilitlenmesi analizleri
ndrofizyolojik sinyallerin degerlendirilmesinde kullanilan 6nemli 6lgitlerden biridir (107). Bu
calismada teta frekans bandinda tek sipurimler arasindaki faz kilitlenmesi arastirildi. Her
bireyin tek stplrdmleri 4-7 Hz frekans araliginda, 350 ms'lik zaman penceresinde (uyaran
sonrast 50-400 ms)  filtrelendi. Tek supUrdmlerin faz kilitlenmesi  analizlerinde, tek
stpurdmlerin birbirleri ile korelasyon-katsayilar: hesaplandi. Her bir stiplrim bir zaman serisi
ile temsil edildi, bu zaman serisi t=1, 2, 3, ..., 179 olarak alindi. Her bir sipurimin bu zaman
serisinin Giftli  kombinasyonlarimin  korelasyon-katsayilari alindi. Elde edilen korelasyon-
katsayilar1 Fisher’ in Z-degerlerine Z=1/2 In (1+r)/(1-r) formult ile dontstirildi ve ortalamalar
alindi. Z-degerlerinin 1 sayisina yakin olmasi, stpurimler arasinda gucli faz-agist uyumu
oldugunu, 0’ a yaklasmas: siipurimler arasinda zayif faz agist uyumu oldugunu gostermekteydi
(108).

3.4. ISTATIKSEL ANALiZ

Istatiksel analiz icin SPSS kullanildi. Maksimum tepe amplitiid yanitlar: her frekans
bandinda tekrarlayan ANOVA 6lguimu ile analiz edildi. Bu analizde olgu gruplar1 (saglikl
kontrol, tedavi alan AH, tedavi almayan AH) olgular arasi faktor (between subjects factor)
olarak aindi. Olgu ici faktor olarak (within subjects factor) elektrod yerlesimi (Fs, Fs, C,, Cs,
Ca, T3, Ta, Ts, Te, Ps, Ps, O1 ve Oy) kullamildi. Greenhouse-Geisser diizeltiimis p degerleri
dikkate alindi. Post-hoc andlizler Wilcoxon eslestirilmis Ornek testi ile yapildi. Teta faz
kilitlenmesi karsilastirmalar: icin Kruskal-Wallis ve post-hoc LSD testleri kullanildi. Tablo 4,
F; ve F4 yerlesimli elektrodlarda +50 ve +400 ms zaman penceresinde Z donisumli tek
SUpUrim korelasyon katsayilarinin grup ortalamalarim gostermektedir.
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4. BULGULAR

4.1. TEPE AMPLITUD OLCUMLERI

Delta, teta, alfa, beta frekans bantlarinda osilasyon yanitlarinin tepe élguimleri yapildi.
Gruplar arasindatepe 6lctimleri arasinda tek fark delta osilasyonlarinda géruldi (Tablo 2).

Amplitid frekans karakteristigine (AFK) gore, delta frekans bandi icin dijital filtreleme
0.5-3.5 Hz olarak saptandi. Delta osilasyon yanitlarinda saglikli yasl kontroller ve tedavi alan
ya da amayan AH gruplarn arasinda fark saptandi. Bu degisiklikler santral elekrod
yerlesimlerinde gozlendi. Tablo 3'te gorlldigl sekilde santral bolgelerde tepe amplittdieri
kontrollerde hasta gruplarindakinden %50-100 daha ytksek bulunabilmektedir.

Tablo 2. Ozgiil frekans bantlarinda ortalama (standart sapma) tepe amplitiidleri (V). t+AH:
Tedavi alan Alzheimer grubu; t-AH: Tedavi almayan Alzheimer grubu; Kont: Yash saglikli
kontroller. igtatistiksel anlaml1 (p<0.05) sonuglar koyu renkle gosterilmistir.

Bdlge Beta Alfa Teta Ddta
t-AH t+AH Kont t-AH t+AH Kont t-AH t+AH Kont t-AH t+AH Kont
F 5.10 4.32 445 527 457 534 5.05 4.16 3.93 6.19 5.90 8.08
3 (1.91) (2.32) (2.37) (2.76) (1.90) (3.15) (2.79) (1.53) (1.74) (2.86) (2.09) (3.21)
= 5.02 4.40 4.83 5.76 521 5.45 5.74 4.05 374 6.56 543 751
4 (2.48) (1.60) (2.26) (2.66) (2.55) (3.02) (3.18) (1.83) (1.75) (2.86) (2.09) (3.11)
C 401 3.56 3.78 553 4.60 5.79 5.74 443 445 552 477 8.38
z (1.14) (2.27) (1.70) (3.46) (2.06) (2.85) (3.13) (1.05) (2.22) (1.64) (1.93) (3.38)
C 4.28 397 3.79 5.64 448 552 497 384 3.98 448 345 725
(2.02) (2.27) (2.05) (322 (2.04) (2.63) (2.93) (1.09) (2.03) (2.03) (1.76) (3.15)
C 4.40 5.02 4.83 6.12 6.11 594 474 4.10 417 597 491 7.28
4 (1.60) (2.48) (2.26) (2.58) (3.09) (3.53) (2.61) (2.73) (2.37) (2.42) (1.06) (3.92)
T 3.85 437 3.85 342 349 3.75 3.00 218 2.66 294 2.73 452
3 (1.25) (2.55) (2.30) (2.27) (2.06) (2.38) (1.82) (0.69) (1.75) (1.03) (1.15) (2.21)
T 490 4.96 3.67 397 4.35 4.38 3.15 2.26 259 3.96 2.70 4.35
4 (2.12) (4.01) (1.76) (1.23) (3.38) (2.27) (1.70) (1.40) (1.17) (2.13) (0.85) (2.34)
T 4.05 4.35 4.35 414 421 3.68 4.39 293 3.01 4.40 349 5.39
5 (1.90) (2.05) (2.93) (1.74) (2.09) (2.04) (2.46) (1.10) (1.83) (1.92) (2.11) (2.08)
T 434 463 4.95 6.87 421 5.16 4.40 297 3.80 419 391 5.56
6 (2.06) (5.77) (3.10) (6.05) (4.17) (3.67) (2.58) (0.55) (2.46) (1.50) (1.57) (3.26)
P 3.67 452 454 6.39 461 5.00 594 271 4.05 59 361 6.88
3 (0.87) (2.29) (2.44) (322 (2.60) (2.75) (1.76) (1.76) (2.61) (2.03) (1.14) (3.87)
P 3.63 361 4.98 7.02 451 5.05 504(1. 285 434 5.00 490 6.29
4 (12.42) (1.36) (2.75) (4.70) (2.62) (2.53) 72) (1.20) (3.14) (1.63) (2.33 (4.37)
o 471 5.45 479 5.63 4.65 517 6.70 4.39 5.12 8.40 5.74 5.69
1 (3.38) (2.59) (2.82) (2.53) (2.22) (2.84) (2.93) (2.34) (3.28) (5.91) (2.67) (3.25)
0, 454 415 487 543 429 4.98 591 4.06 5.20 891 5.58 5.92

(2.04) (183) (277) (203) (185 (245 (360) (152) (312) (634) (240) (381)
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Delta osilasyon yanitlarinin tekrarlayan ANOVA ile analizinde grup X elektrod yerlesimi
anlaml1 sonuglar gostermistir [F (9.120)=2.228; p=0.022]. Post hoc karsilastirmalarda kullanilan
Wilcoxon eslestirilmis 6rnek testinde kontrol grubunun delta yanitlar1 her iki AH grubundan
daha yuksek bulunmustur sol- ve orta-santral (Cs ve C;) elektrodlarda (tum karsilastirmalarda
p<0.05) (Sekil 1,2veTablo 3).

Tablo 3. C; ve C, yerlesimli elektrodlarda delta frekans bantlarinda osilasyon yanitlarinin
ortalama (standart sapma) tepe amplitidleri ( V) ve post-hoc Wilcoxon eslestirilmis testi ile
karsilastirilmas: t+AH: Tedavi alan Alzheimer grubu; t-AH: Tedavi aimayan Alzheimer grubu;
Kont: Saglikli yaslt kontroller.

Yer Tr?:”%;' AH (n=22) Kontvet-AD  Kontvet+AD

t-AH (n=11) t+AH (n=11) Z p Z p

Cs  7.25(315) 448(203)  345(176) -2134 0033 -2490 0013

C, 838(338  551(164)  477(L93)  -2045 0041 -2667 0008

Sekil 1'de saglikli kontrol olgunun delta frekans araliginda tek Slpurimleri
gosterilmektedir. Ornek olarak alinmus saglikli bireylerde tek siipirimlerin delta frekans
araligindaki faz kilitlenmesi C, elektrodunda uyum gostermektedir. Oysa ki bu yanitlar 6rnek
Alzheimer olgusunda gorilmemektedir (Sekil 1). Faz kilitlenmesi, verilen uyarana yuksek

yanithlig1 temsil eder (17).
C; elektrodunda delta osilasyon yanitlarinin biylk genel ortalamasi, kontrol grubunda daha
blyik amplitiidde aciga cikarken, tedavi alan ve almayan AH grubunda daha disukti (Sekil 2).

Kontrol grubun tepe amplitidierinin ortalama ve (standart sapmasi) sirasiyla Cs3 ve C,
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yerlesiminde 7.25 (3.15) ve 8.38 (3.38) mikrovolt olarak saptanmustir. Bundan farkli alarak

tedavi alan ve dmayan AH grubunda daha diistk amplitidl yanitlar elde edilmistir (Tablo 3).

HEDEF GORSEL UYARANA DELTA OSILASYON YANITI
Cz elektrodu

Ornek bir
saglikl:
kontrol
olgu

Ornek bir
tedavi
almayan
AH olgusu

Ornek bir
tedavi
almayan
AH olgusu

Sekil 1. Gruplardan drnek birer olgunun C, elektrod yerlesimindeki gorsel klasik oddball
paradigmasiyla hedef uyaranla elde edilen, delta frekans araliginda osilasyon yanitlarinin tek
supuramleri ve olgunun ortalamast . Siyah ve kalin ¢izgi belirtilen olgu igin tek siptrimlerin
ortalamasini, gri-ince cizgiler olgunun tek stpurimlerini gostermektedir. Bir saglikli yash
kontrol, bir tedavi almayan Alzheimer olgusu, bir tedavi alan (kolinesteraz inhibitdrd)
Alzheimer olgusu
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C, C,
HV .10 —_
Kontrol g W

T Tedavi AH [N
100 P~ Tedavi(+)AH [~~~

Sekil 2. Her grubun Cs ve C, elektrod yerlesimindeki gorsel klasik oddball paradigmasiyla
hedef uyaranla elde edilen, delta frekans araliginda osilasyon yanitlarinin grup ortalamalari.
Saglikli yasl kontrol grubu (Kontrol) (n=20), tedavi almayan Alzheimer grubu
[Tedavi(-)AH] (n=11), tedavi dan (n=11) Alzheimer grubu [Tedavi(+) AH].

4.2. TETA FAZ KILITLENMESI OLCUMLERI

Faz kilitlenmesi olcumleri 6zellikle frontal loba ve teta frekans araligina odaklandh.
Alzheimer grubu Ustte anlatildigi gibi tedavi alan ve almayan AH olarak yine iki grupta

incelendi.

4.2.1. Tedavi almayan Alzheimer grubu
Tedavi almayan Alzheimer grubu kontrollere ve tedavi alan AH grubuna gore sol frontal

bolgede daha zayif teta faz kilitlenmesi ve daha distk ortalama “z donusimune ugratilmis
korelasyon katsayisi” (0.238) gostermistir (108). F, elektrodunda F; elektroduna gére daha
gucli bir teta faz kilitlenmesi gortlmustir ve bu grupta “z donusimli korelasyon katsayist”
daha yuksektir (Tablo 4)
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4.2.2. Kontrol grubu

F; eektrodunda ortalama “z donisumli  korelasyon katsayis”” 0.465 olarak
hesaplanmistir. Bu say1 kontrol grubunda yiksek bir teta faz kilitlenmesi olduguna isaret
etmektedir. Her bir denemede en az 15 siplrdm oldugu distntlecek olursa bu degerin ¢ok
yuksek bir faz kilitlenmesini gosterdigi anlasilabilir. Sol frontal bdlgede (Fs) kontrol grubu
tedavi amayan AH grubundan farklilik gostermekte, ama tedavi alan AH grubundan farklilik
gostermemektedir (Tablo 4).

4.2.3. Tedavi Alan AH grubu

F; elektrodunda tedavi alan AH grubu kontrol grubuna benzer bir teta faz kilitlenmesi
gbgterdi. Bu grubun ortalama “z donusumli korelasyon katsayisi” 0.525 olarak ol¢uldi ve bu
deger tedavi almayan AH grubundan anlaml: olarak yuksekti (Tablo 4).

Bu calismada F3 elektrodunda, tedavi almayan AH grubu hem kontrol grubundan hem de
tedavi alan AH grubundan daha disuk bir teta faz kilitlenmesi gostermistir (Sekil 3 ve 4).

Tablo 4. F; ve F4 yerlesimli elektrodlarda Z dontstimli tek stptrum korelasyon katsayilarinin
grup ortalamalari. Kruskal-Wallis ve post-hoc Wilcoxon analizi kullaniimistir. P< 0.05 anlaml1
olarak kabul edilmistir.

Olgular Gruplar karsilastirma
Elektrod Kontrol AH AH Kont vet- Kont ve t+
(n=20) t- (n=11) t+ (n=11)
Fs ort 0.47 0.24 0.53
0.044 0.026
sD 037 0.15 0.22
F4 ort 0.40 0.32 0.50
AD AD
sD 0.27 0.15 0.27

t-: Tedavi almayan Alzheimer grubu, t+: Tedavi alan Alzheimer grubu, AD: Anlaml1 degil.
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F3

TETA
(4-7H2)
HEDEF
GORSEL
UYARAN

.- i : ms S ¥ SN ég.ﬂ.

400 0 ms 200
T ek supurtmlerin érnek olgu igin ortalamas:
Tek suptrim

Sekil 3. Her gruptan drnek birer olgunun Fs elektrod yerlesimindeki gorsel klasik oddball
paradigmasindaki hedef uyaranla elde edilen, teta frekans araliginda osilasyon yanitlarinin
ortalamalar: A) Ornek saglikli, yasl kontrol olgusu, B) Ornek tedavi almayan Alzheimer
olgusu, C) Ornek tedavi alan Alzheimer olgusu. Siyah ve kalin cizgi her olgunun
supurdmlerinin ortalamasini, gri-ince gizgiler her siplrdmi gostermektedir.

25



-6
A KONTROL SEZLTA
uv GRUBU (0.5-3.5 HZ)
HEDEF GORSEL
UYARAN
TEDAVI
ALMAYAN
AH GRUBU
ast 6 ;
=p (7] S00
C -
TEDAVI ALAN
AH GRUBU

=40 (4] 800

—  OTUP genel ortalamas:
Her bir olgunun siiparimlerinin ortalamast

Sekil 4. Her grubun Cz elektrod yerlesimindeki gorsel klasik oddball paradigmasindaki
hedef uyaranla elde edilen, teta frekans araliginda osilasyon yanitlarinin grup ortalamalart:
A) Saglikl yaslt kontrol grubu (n=20), B) Tedavi aimayan Alzheimer grubu (n=11), C)
Tedavi alan (n=11) Alzheimer grubu. Siyah ve kalin ¢izgi her grubun genel ortalamasin, gri-
ince gizgiler her bir olgunun ortalamasin gostermektedir.
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5. TARTISMA

5.1. P300 ve JENERATORLERI

Bir grup arastirictya gore, olaya iliskin potansiyeller veya P300 yanitlar1 neokorteksten,
Ozellikle de frontal lobdan (109) veya santroparyeta / temporoparyetal asosiasyon korteksinden
[26] kaynaklanir. Limbik sistem ve hipokampal formasyonun P300 olusumunda etkili oldugu
da belirtilmistir (110,111). intrakranyal kayitlar ©zellikle putamen olmak Uizere bazal
ganglionlarin  kognitif bilgi ve P300 olusumunda bltunleyici bir gorevi oldugunu
disUndUrmistdr  (112,113). Hipokampusun C3 tabakasindan volum konduksiyonu ile
korteksten elde edilmesi olasiligi deneysel hayvan calismalariyla dislanmustir (114). insan
intrakranyal calismalarinda gorsel calisan bellek gorevieri kisa sire icin gorsel asosiasyon
korteksini uyardiktan sonra ¢ogul olarak oksipital, paryetal, frontal bolgelere dagilir ve uzun
sire aktif kalir. Prefrontal korteks de iceren cogul beyin bolgelerinde teta ve alfa frekans
araliklarinda faz kilitlenmesi izlenmektedir (115).

Ayrica baz1 yazarlara gore, olaya iliskin potansiyeller farkli frekans araliklarindaki olaya
iliskin osilasyonlarin stiperpozisyonundan olusmustur (3). Bu yaklasima gore bazi frekans
bantlarinda osilasyon Ureten jeneratorlerin aktivitelerinin toplam: EEG'yi olusturmaktadir. Bu
osilatorler genellikle gelisiglizel aktivite gogterirler. Ancak, duysal uyaramin verilmesiyle bu
jeneratOrler koherans gosterecek sekilde davranirlar. Bir néron toplulugunun yarattig: uyarilmis
potansiyeller diizensiz bir durumdan diizenli bir duruma gegisin sonucudur (116). Olaya iliskin
osilasyonlar arasinda, teta osilasyonlar: (4-8 Hz) bellek yiki, gorevin zorlugu ve daha 6nceki
uyaran tanima ile iliskilidir (21,117-119). Delta araligindaki osilasyonlar ise “odaklanmus
dikkat”, “sinyal ayirt eéme”, “tamma’ ve “karar verme” stregleriyle ilgilidir (113,120,121). Bu
yayinlarda ileri teta yanitlari delta osilasyonlarina benzer davramir. Dustk frekansi beyin
osilasyonlarimin uzun mesafedeki iletisimi dizenlemede gérev adigi 6ne strdlmistir (122).
Buna uygun olarak delta ve teta gibi disuk osilasyon bantlarimn uzun mesafelerde
senkronizasyondan sorumlu olmasimin daha anlasilir olacagina isaret edilmistir (123).
Bilinenden farkl1 olarak sadece talamik noronlarin degil kortikal néronlarin da delta gibi yavas
frekans araliklarinda bosalim gosterebilecegi bildirilmistir (124). Sinyal ayirt etme ve karar

27



vermeileilgili oddball paradigmalarinda delta yanitlarinin amplittidi artar (125). P300 yanitinin
seklinin temel belirleyicisi olan delta osilasyon yanitlari, anlik bellek ve dikkatin olusturulmasi
gibi temel bilgi islem basamaklartyla ilintili bulunmustur (126). Bellek ve surdirilebilir dikkat
AH’de belirgin olarak bozuldugundan (127), pskofizyolojik agidan beklentimiz delta

aktivitesinin azalmastyla uyumludur.

5.2. ALZHEIMER TiPi DEMANSTA BEYIiN OSILASYONLARININ TOPOLOJIK
DAGILIMI VE FREKANSARALIKLARI

Daha 0Onceki ve son zamanlardaki yayinlarda P300 amplitidlerinin AH'de azaldig:
(12,126,128) bildirilmistir. PET, SPECT, fMRG gibi islevsel gorunttleme yontemlerinde de sol
santrofrontal, sol temporoparyetal bolgelerde hipoperflizyon ya da hipometabolizmanin azaldig:
vurgulanmustir. Daha yakin zamandaki bir olaya iliskin desenkronizasyon c¢alismasinda AH’ de
alfa osilasyon aktivitesinin tepe amplitlid yanitlarinin frontal, santral, sol temporal elektrodlarda
dustk oldugu bildirilmistir (129). Calismamizda saglikli bireylerle her iki AH grubu arasinda
delta osilasyon yanitlarinda kolinerjik tedaviden bagimsiz olarak farklilik saptanmustir. Bu
farklilik her iki grupta C; ve C, alanlarinda belirgin olarak bulunmustur. AH hastalarinda
gozlenen calisan bellek ve karmasik dikkat eksikliginin santral bolgelerdeki elektrofizyolojik
yantin azalmasi ile iliskili olabilecegi dusuntlebilir. Ancak AH olgularinda hedef uyaram
saptamada daha yiksek oranlarin elde edilmesi de delta aktivitesindeki azalmis yanitin
gorilmesinde rol oynayabilir. Sol ve orta santral bdlgelerde delta osilasyon yanitlarimin
farklihigi fIMRG veya PET calismalarinda gorilen sol frontal, singulat, temporoparyetal bolge
degisiklikleri ile de uyumludur. Calismamizin sonuglarina gore AH’ de sol hemisfer, hastaligin

etkilerini ve tedaviye yanit1 daha 6ncelikli olarak yansitmaktadir.

5.3. TETA VE DELTA OSILASYON AKTIVITELERINIiN KOLINERJIK TEDAVIYE
YANITLARININ FARKLILIGI

Daha onceki islevsel gorintileme calismalart AH de AKEI uygulamalarindan sonra
tedaviye yanit veren olgularin segici olarak sol prefrontal veya sol anterior singulat (130)
bolgede dizelme gosterdigini bildirmistir. Kortika asetil kolinin (Ak) kisinin uyaram segcme

yeteneginde ve daha sonraki islemleme igin baglantilar1 diizenlemede payinin oldugu varsayilir.
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Prefrontal korteksin daha podgerior kortikal bolgelerdeki sinyal iletimini  dizenlemesi
“yukaridan asag1” dikkati kontrol etme mekanizmasini temsil ediyor olabilir (131). Bazal 6n
beyin, Ak’nin neokorteksteki en blyuk kaynagidir. AH olgularinda en erken evrede
dejenerasyona ugrayan beyin bolgeleri arasinda bazal 6n beyin yer alir ve bu hastalar pre-
sinaptik kortikal Ak eksikligi gosterirler (132). Bu calismada AH’ de delta osilasyon yanitlarinin
kolinerjik ajanlardan etkilenmedigi sonucuna varilmistir. Cinkl erken evrede gerek tedavi alan,
gerekse almayan AH gruplarinda delta osilasyon yanitlar: kontrollerden daha disuktir ve iki
hasta grubu arasinda fark gozlenmemistir. Ancak, randomize kontrollt bir calismanmin bu
konuda daha kesin bilgi verecegi inancindayiz. Bu calisma sirasinda yayinladigimiz gorsel
olaya iliskin teta osilasyon aktivitesinin faz kilitlenmesi, tedavi ailmayan AH grubunda tedavi
alan AH ve kontrol grubuna gore sol frontal bélgede daha dusiik degerler gostermektedir (133).

Kolinerjik tedavinin delta ve teta osilasyon yanitlar: Gzerine farkli etkisi vardir. Teta
osilasyonlar1 AH grubunda kolinerjik tedavi alanlarda kontrollere benzerlik gostermekteyken,
delta osilasyon yanitlar tedaviden bagimsiz olarak her iki AH grubunda disuk bulunmustur
(133). Diger bir deyisle teta osilasyon yanitlarindaki faz kilitlenmesi AH’deki kolinerjik
girisimlere duyarliyken delta osilasyon yanitlarimin amplittdleri kolinerjik tedaviden etkilenmez
gbzikmektedir.

Dédlta ve teta yanitlarimin farkliligimin o kadar da 6nemli olmadigini sdyleyen yazarlar
vardir. Ancak bulgularimiz bu iki frekans bandinin en azindan norotransmiterlere segici olarak
farkli davrandigini gosterir niteliktedir. Farmakolojik yanitlara verilen bu secici yanitlar, delta
ve teta osilasyon yanitlarimin farkli islevsel karsiliklart oldugunu dustndirmektedir. Ancak
bununla ilgili altta yatan mekanizmalar heniiz aydinlatilmamistir. Delta ve teta osilasyon
yanitlarinin fizyolojik olarak ayr1 islevleri oldugunu bildiren yayinlara ek olarak bu galismanin
sonuclart da farmakolojik gjanlara yanitta bu iki bant araiginda farkliliklarin olabilecegini
destekler niteliktedir.

Farkl1 nérotransmiter sistemlerinin osilasyon yanitlarin etkiledigi bilinmektedir. Ornegin,
valproat gibi GABAerjik ve glutamaterjik aktivite gosteren bir farmakolojik ajamn bipolar
affektif bozuklukta delta osilasyon yanitlarim azalttigi belirtiimistir (134). AH'de gorilen
calisan bellek ve karmasik dikkat ekskliginin baska noérotransmiter sistemlerin  de
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etkilenmesiyle ilgili oldugu distinilmektedir (135,136). Kolinerjik tedavi teta osilasyonu faz
kilitlenmesini duzelttigine gore baska transmiter sistemler ayrica arastirmalidir. Deneysel
hayvan calismalarinda serotoninerjik ajanlarin  delta osilasyon aktivitesini - arttirdigi
bildirilmistir. Serotoninerjik bir ajan olan fluoksetin, AH'nin Onctsi olan hafif kognitif
bozuklukta bellek ve kognitif islevlieri dizeltmektedir (137). Bu c¢alisma santral bolgelerdeki
delta yanmitim diizeltmek igin bir fizyolojik girisim geregini ortaya koymaktadir. Bu ¢alisma
disinda baska farmakolojik gjanlarla osilasyon yanitlarinin degerlendirilmesine ihtiyag vardir.

Su ana dek AH’de olaya iliskin osilasyon aktivitesini arastiran bir ¢calisma yapilmstir.
Karrasch ve ark’mn 2006 yilinda yayimlanan ¢alismasinda, AH grubu ve kontroller arasinda
teta frekans bandinda fark gosterilmemistir (129). Soz konusu galismada olgularin klinik evres,
kullanlan testler ya da ilag kullamp kullanmadigi hakkinda bilgi verilmemistir. Y azarlar, alfa
frekans araliginda (7-17 Hz) sol temporal, frontal ve santral bdlgelerde anlamli fark saptanmus,
bir sonraki calismalarinda teta faz kilitlenmesini arastirmay: planlamiglardir. Olasilikla es
zamanl baslayan bizim calismamizda ise teta faz kilitlenmesi arastirilmis, kolinerjik tedavi alan
AH’li olgularda teta osilasyon aktivitesinde, kontrollere ve tedavi aimayan AH’li olgulara
oranla yuksek faz kilitlenmesi gosterilmis, ayrica delta osilasyon aktivitesinin hasta grubuyla
kontrol grubunu ayirmada belirleyici oldugu bulunmustur (133).

Kortikal Ak, duysal ya dailigkili bilginin kortekste islenmesinde diizenleyici role sahiptir,
daha Ozgul olarak kisinin uyaram segme yetenegini ayarlar (131). Bazal 0On beyin,
neokorteksteki Ak’ nin en temel kaynagidir; 6zellikle temporoparyetal korteks olmak tizere tim
korteksde AH’li bireylerin beyinlerinde Ak eksikligi gorlur (132). Bazal 6n beyin kolinerjik
uzantilart yam sira prefrontal korteksteki kolinerjik ve glutamaterjik uzantilar da posterior
paryetal korteksten Ak salinmasim dizenler (138). Ek olarak Ak, intrakortikal baglantilart
talamokortikal liflere gore daha fazla baskilayarak aferent inputlarin korteks tGizerindeki etkisini
buyutur (139). Boylece kolinerjik sistem, uyarimi stiregiden bir dikkat geldiricinin performansa
olumsuz etkilerini azaltmis olur (131). Daha Onceki calismalar kolinerjik girdilerin entorinal
korteks ve hipokampusta uzun sireli potensiasyonu (LTP) arttirdigim gostermistir (140).
Neokortikal beyin kesitleri, kolinerjik agonist olan karbakol veya GABA antagonisti bikukulin
ile perflize edildiginde 3-12 HZ'lik ritmik osilasyonlar gosterir (141). Kolinerjik bazal 6n beyin
ile gorsel korteks arasinda yakin bir iliski vardir. Bazal 6n beynin kainik asitle olusturulan
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lezyonlar kolin asetil transferaz pozitif terminallerini %90 oramnda azaltir. Ek olarak gorsel
uyarana cevap veren ndron sayisint azaltir. Ak’nin mikroiyontoforez yontemi ile yerine
konmasi yanit vermeyen hicrelerin yaridan fazlasinda gorsel uyarana verilen yaniti dizeltir
(142).

Insanlarda AKEI uygulamasinin ekstradtriat korteksteki noral yamiti derhal arttirchg:,
gorsel calisan bellek gorevlerinin kullamldigi fMRG c¢alismasiyla gosterilmistir (143). Bu
gjanlardan sonra vibrotaktil uyaran verilmesiyle bolgesel beyin kan akinunda artis izlenmistir
(144). Yine benzer olarak AKEI, AH olgularinda gérsel P300 latanglarini diizeltmistir (145).

Y eni yaklasimlara gore EEG birkag frekans araliginda ritmik aktivite Ureten jenerattrlerin
birlikte calisgmasindan olusur. Bu osilatorler rastgele aktivite gosterirler, ancak bir duysal uyaran
uygulanmasi ile bu jeneratorler es zamanli ve uyumlu hareket ederek senkronize olur ve
“indiklenmis ritm olustururlar”. Uyarilmis potansiyeller noron populasyonlarinin diizensiz bir
durumdan dizenli bir duruma gegcmesi olarak dusUndlebilir (116). Olaya iliskin teta
osilasyonlar1 asosiyatif 6grenme ve dikkatle, bellekten geri cagirma ile yakindan iliskili iken
frontal teta osilasyonlari, yanmiti kontrol etme islevine sahiptir (42). Bizim bulgularimiz sol
frontal alanda teta oslasyonlarinin faz kilitlenmesinin tedavi edilmemis AH’den dusik
oldugunu, kolinerjik tedavi alanlarda ise kontrollerdeki gibi yiksek oldugunu gostermistir. Sol
frontal alanda bu degisikligin gorilmesi, AH’de sol hemisferin etkilenmeye daha yatkin
oldugunu ve erken donemdeki kolinerjik girisimin bu bozuklugu giderebildigini gostermektedir.
Asimetrik sol hemisferik degisiklikler, daha énceki OIP calismasinda da sol temporal alanda
alfa frekans bandinda daha az alfa aktivitesi seklinde bildirilmistir (129). AKEI uygulamasindan
sonra yuritulen islevsel gorinttleme calismalarinda klinik yanit veren olgularda, 6zellikle sol
prefrontal  alanlarda aktivite dizelmesinden sbz edilmistir. Calismacilar, rivastigmin
kullamlmasindan sonra (146) frontal bolgede perfiizyon degisikligi, galantamin kullammindan
sonra (130) sol anterior singulat bdlgede metabolizma artis1 bildirmislerdir. AKEI nin dikkat ve
yuritict islevlier Uzerine etkileri anterior singulat bdlgenin dorsolateral prefrontal korteks ile
yakin iliskisine baglanabilir (136). Bizim olgularimizda da 3-6 aylik tedavi siresince, MMDT
olgularin cogunda stabil ya da iyilesmis oldugundan sol frontal alandaki faz kilitlenmesinin
tedavi gorenlerde fazla olmasi, bu olgularin tedaviden yararlandigi ve bunun OIO’larina
yansidhgi izlenimini vermistir. Ancak Alzheimer hastaliginda yalnizca kolinerjik degil, diger
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norotransmiter sistemlerinin de etkilendigi bilinmektedir. Belki de bu nedenle AKET nin Klinik

tabloda yarattig1 diizelme yeterince memnuniyet verici degildir.

Erken evre AH'de en temel kognitif kayip bellek ile ilgilidir ve karsilik gelen
noropatolojik degisikler medial temporal loblarda ve biparyetal alanlarda olmaktadir. Bu
nedenle norofizyolojik karsiliklarin da bu bolgelerde olmast beklenir. Ancak gorilen
elektrofizyolojik degisiklikler dncelikle frontal lobda olmaktadir. Erken evrelerde frontal loblar
anatomik degisiklikler gostermemesine karsin etkilenen limbik ve heteromoda asosiasyon
alanlarinin frontal bolgelerle ¢cok gucli baglantilarimin olmast nérofizyolojik degisikliklerin
frontal bolgede gbzlenmesinin temelini olusturuyor olabilir. Bu baglantilar gerek AH'nin
transgenik hayvan modellerinde (147), gerek PET temelli islesel baglant: haritalamasinda (148),
gerekse EEG koherans calismalariyla gosterilmistir (149).

5.4. NOROPSIKIYATRIK KLINIK ARASTIRMALARDA BEYIN OSILASYON
YANITLARI

Noropsikiyatri odakli klinik arastirmalarda da olaya iliskin osilasyonlar arastirma yontemi
olarak siklikla kullamlmustir. Frontal teta osilasyonlarimn basta yurittct islevlerle ilgili olmak
Uizere tim korteks lizerine etkisinden sbz edilmistir. Sizofreni ve Parkinson hastaliginda OIO
calismalarinda her iki tabloda teta osilasyonlarinin saglikli kontrollere gore daha diistk diizeyde
saptanmasi, teta oslasyonlarimin mnemonik  aglarla iliskilerinin - oldugu  gorustni
desteklemektedir (150,151). Sizofreni hastalarinda algilama ve basit kognitif gorevlerde ayrica
gama ve teta osilasyon aktivitesinde azalma saptanmustir (151,152). Beta osilasyon aktivitesinin
insanlarda ytzdeki duygu ifadelerini tamima ya da tamdik yizleri ayirt etme gibi gorsel dikkat
gerektiren gorevlerle iliskili oldugu bildirilmistir (153-155). Kizginlik ve mutluluk gibi duygu
disavurumunu yansitan yuzlerdeki duyguyu tamma gorevi sirasinda beyin osilasyonlarinin
farkl: frekans yanitlar: olusturdugu dikkati cekmektedir. “Kizgin” yiz beyinde, Ts, Ps, O, alfa,
Fs, C;, Cs betaile temsil edilmektedir. Alfa ve beta frekanslarinda agiga ¢ikan bu degisiklikler,
kisilerin uyaran sonrasindaki duygulammlarina duyarhilik gostermektedir. Delta ve teta
frekanslarinda ise temporal-oksipital yanitlarin, ttim yiz ifadelerinde ortak olmak tzere, frontal
bolgelerden yuksek oldugu gorilmistir. Cinsiyet farkliligi, yiz tanmmada dikkati ¢ceken diger
bir noktadir. Bu yanitlarda en basit duysal uyaran diizeyinde bile farklilik gozlenmektedir. Delta
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tepe amplitudleri kadinlarda oksipital, paryetal, santral ve temporal elektrod yerlesimlerinde
erkeklerden daha yiiksek bulunmustur. Primer gorsel alanlarin Gizerindeki sag oksipital elektrod
yerlesiminde gama ve beta frekans araliklarinda farkliliklar en belirgin olarak izlenmistir
(153,154). Bipolar hastalikta ise, 6timik ila¢ kullanmayan hastalarin gorsel oddball paradigma
gorevi sirasinda delta ve afa frekans araliklarinda osilasyon yanitlarinin kontrol olgulara gore
farklihk gosterdigi bulunmustur. Bu farklilikta gabaerjik ve glutamaterjik ganlarin roll
tartisiimaktadir (134) . Daha 6nceki bir calismada da bipolar hastalarda ndral senkronizasyonun
azlig1 belirtilmistir (156).

Ozetle siylersek, bulgularimiz sol frontal bolgede tedavi edilmemis AH olgularinin teta
osilasyon aktivitesinin faz kilitlenmesinin zayif olduguna, kolinerjik tedavi ile bunun
guclendigine isaret etmektedir. Kisaca kolinerjik ganlar beynin kognitif hedeflere yamtin
arttirmada etkili olabilirler. Delta aktivites ise tedaviden bagimsiz olarak kontrol grubunda her
iki AH grubundan daha diistk diizeyde elde edilmistir.

AH’de cogul transmiter degisikliklerinin izlenmesi nedeniyle, teta osilasyonlarinin faz
kilitlenmesindeki fakliliklarinin sadece kolinerjik nedenlere bagli oldugunu 6ne sirmek zor
gozikmektedir. Yine de OIO'larin incelenmesi, kognisyon Uizerine farmakolojik ya da diger
girisimlerin etkilerini arastirmada yeni bir yol agabilir. Beyin osilasyonlarini diizenleyebilecek
farklh fizyolojik girisimlerin (0rn. elektriksel ya da manyetik stimilatorlerin) bu osilasyonlar
Uzerine terapotik etkilerini arastirmak yeni bir alamn gelismesini saglayabilir.

Bu calismadan ¢ikan 6nemli sonuglar ve Oneriler sdyle siralanabilir:

1. AH hastalarinda delta osilasyon yanitlarinin tepe amplittid degerleri tedaviden bagimsiz
olarak sol santral ve orta santral bolgelerde disuktir. Kolinerjik tedaviden sonra teta
osilasyon yanitlarinda faz kilitlenmesinde diizelme gorultirken delta frekans araliginda
tepe amplittdlerinde degisiklik gorulmemektedir.

2. Bir anlamda kolinerjik ajan uygulanmasi sonrasinda teta ve delta gibi iki yavas
osilasyon aktivites farkli davranmaktadir. Bu farklihk daha sonraki calismalarda
arastirilmasi gereken onemli bir noktadir.

33



3.

Bu calismalar olaya iliskin oslasyonlarin ayirici tamda destekleyici olarak
kullanlabilecegini ve farmakolojik ajanlarin etkilerini izlemek icin yararli olabilecegini
distndlirmektedir.

Tlerideki calismalarda beyin osilasyonlarinin elektriksel, manyetik uyaranlar veya baska
farmakolojik gjanlar tarafindan dizenlenip dizenlenmeyecegi arastirilmay: bekleyen

onemli bir konudur.
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Abstract

This is a pilot study describing event-related oscillations in patients with Alzheimer-type dementia (AD). Theta responses of 22 mild probable AD
subjects according to NINCDS-ADRDA criteria (11 non-treated, 11 treated by cholinesterase inhibitors), and 20 healthy elderly controls were analyzed
by using the conventional visual oddball paradigm. We aimed to compare theta responses of the three groups in a range between 4—7 Hz at the frontal
electrodes. At F; location, theta responses of healthy subjects were phase locked to stimulation and theta oscillatory responses of non-treated Alzheimer
patients showed weaker phase-locking, i.e. average of Z-transformed means of correlation coefficients between single trials was closer to zero. In treated
AD patients, phase-locking following target stimulation was two times higher in comparison to the responses of non-treated patients. The results indicate
that the phase-locking of theta oscillations at F5 in the treated patients is as strong as the control subjects. The F, theta responses were not statistically
significant between the groups. Our findings imply that the theta responses at F location are highly unstable in comparison to F, in non-treated mild AD

patients and cholinergic agents may modulate event-related theta oscillatory activities in the frontal regions.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Alzheimer’s disease (AD) is a common form of dementia,
constituting over half of cases. With the recent developments in
pharmacotherapy of AD, diagnosis and monitoring treatment
effects are among the major issues in management of dementia.
Within the last decade, the most common therapeutic strategy of
AD has been the administration of cholinesterase inhibitors
(AChEI).

To date, many signal-processing techniques were utilized in
order to reveal pathological changes in spontaneous EEG
associated with AD (Jeong, 2004). Theta activity in the
spontaneous EEG had been reported to be different in AD than
controls (Yener et al., 1996). Furthermore, spontaneous EEG has
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been suggested as a useful predictive technique in patients with
mild cognitive impairment who will later develop AD (Cichocki
et al,, 2005).

The use of quantitative evaluation of only certain periods of
spontaneous EEG poses some limitations in reflecting responses
in different frequency bands. Temporal summation of EEG
responses after stimulation is different in AD than controls (Polich
and Herbst, 2000). The search for the functions of brain
oscillations is now an important trend in neuroscience, since
oscillatory activity in various frequency bands may reflect
different aspects of information processing (Basar, 2004, 1980;
Karakay et al.,, 2000). It is now clear that even the simplest
cognitive functions involve large-scale neural networks, most of
the results gained after EEG or derived techniques try to describe
the related networks (Basar, 1999). Coherence (Gardner, 1992) or
phase-locking statistics (Lachaux et al., 2002) are some of the
common techniques used to evaluate those relationships.

Event-related theta oscillations have been proposed to be
related to the memory processes (Klimesch et al., 1997) and
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frontal theta activity increases with memory load in a working
memory task in humans (Jensen and Tesche, 2002). In earlier
animal studies, long-term potentiation (LTP), as an electro-
physiological phenomenon reflecting the encoding of new
information, had been considered to be related to the
synchronous activity of the hippocampal theta rhythm (Kandel
and Schwartz, 1982) and LTP can be optimally evoked with a
stimulation pattern of theta rhythm (Larson et al., 1986). Single
neuron activity during working memory in monkey extrastriate
visual cortex demonstrates phase-locking to theta oscillations
(Lee et al., 2005). In subjects with Parkinson’s disease or
schizophrenia, theta oscillations seem to be less than controls,
indicating that these oscillations appear to be involved in
mnemonic networks (Schmiedt et al., 2005a,b). Furthermore,
pharmacological agents which decrease theta activity inhibit
learning (Givens and Olton, 1995), whereas drugs that evoke
the theta rhythm facilitate it (Staubli and Fang, 1995).
Cholinergic agents have been shown to cause a response
increase at a range of 4—15 Hz in the snail brain, (Schiitt and
Basar, 1992) or to promote firing rates in cats (Eysel et al.,
1986) and to increase synchronization of the gamma oscillations
in visual cortex after intracortical application (Rodriguez et al.,
2004). The question whether cholinergic mechanisms affect or
modulate the event-related oscillations in human subjects still
remains to be clarified.

A special responsiveness of the frontal lobe in the theta
frequency range has been demonstrated previously, in a time
prediction task in humans (Bazar-Eroglu et al., 1992) and in a
paradigm with regular omitted stimuli in cats (Demiralp et al.,
1994). In these studies, the theta responsiveness in frontal lobes
was interpreted as an indication of the function of the
hippocampo—fronto—parietal system during cognitive processes.

In the present study, we aimed to investigate the phase-locking
of visual event-related theta oscillations in frontal locations in two
groups of AD and elderly controls. We hypothesized that the non-
treated AD would show weaker phase-locking of theta oscilla-
tions than both controls and the AD group treated with AChEIL

2. Materials and methods
2.1. Subjects

A prospective open study was conducted. Twenty-five
consecutive, community-dwelling patients suffering from demen-
tia according to the DSM IV criteria and also with the diagnosis of
probable Alzheimer disease according to the NINCDS-ADRDA
criteria (McKhann etal., 1984) were referred to the study. Three of
the AD patients were excluded from the final analysis because of
excessive motor artifact in their EEG. We analyzed 22 mild
probable AD subjects. AD group was divided into two subgroups
as the treated and the non-treated. In the treated AD group, eleven
subjects (4 males, 7 females) were taking only cholinesterase
inhibitors (AChEI) as a psychotropic agent from 3 to 6 months
including the titration period (eight subjects were on donepezil
10 mg/d with the initial dose of 5 mg/d that was titrated to 10 mg/d
by 4 weeks, and three subjects were on rivastigmine 6—9 mg/d
with the initial dose of 3 mg/d, titrated every 4 weeks either to

6 mg/d or to 9 mg/d depending on the tolerance of the drug) and
eleven AD patients (4 males, 7 females) not taking any
psychotropic medication comprised the non-treated AD group.
Both AD groups did not differ from each other regarding
Folstein’s Mini-Mental State Examination (MMSE) scores,
Reisberg’s Global Deterioration Scale (GDS), gender, education,
age, or handedness as shown in Table 1. Disease duration was
between one and two years in both of the AD groups. The MMSE
scores of all AD subjects ranged between 20 and 24, whereas those
of healthy subjects were between 28 and 30 points. All of the AD
subjects were in stage 4 according to the GDS. Twenty-two
healthy elderly control subjects volunteered for the study, two
subjects were excluded for motor artifacts, the remaining 20
control subjects (12 males, 8 females) were not significantly
different from both AD groups regarding age, gender, handedness
and education (Table 1). All AD subjects underwent a thorough
cognitive and complete neurological, neuro-imaging (CT or MRI)
and laboratory examination including blood glucose, electrolytes,
liver and kidney function tests, full blood count, erythrocyte
sedimentation rate, thyroid hormone, vitamin B12, HIV, VDRL.
Healthy controls were recruited from various community sources;
none of them were relatives of the patients. The study was
approved by the local ethics committee. All subjects and relatives
gave written informed consent.

2.2. Stimuli and paradigms

Classical P300 oddball paradigm was used in the experiments.
The visual stimuli had 10 ms r/f time, 1 s duration and were
presented through the monitor. Two types of stimuli were used:
the standards and the deviants. The luminance of the standard
stimuli was 35 cd/cm? and the deviant stimuli were 20% lower. In
all the paradigms, the deviant stimuli were embedded randomly
within a series of standard stimuli. The probability of the deviant
stimuli was 0.20 and that of standard stimuli 0.80. During the
elicitation period of event-related oscillations, all subjects
displayed enough accuracy of mental count of target stimuli,
being slightly worse in both groups of AD than that of controls.

2.3. Electrophysiological recording

The EEG was recorded from Fs, Fa, Cz, Cs, C4, T3, Ty, Ts,
Te, P3, P4, O; and O, locations according to the International

Table 1
Group characteristics
Controls  Alzheimer (n=22) Pairwise
(#=20) Non-treated  Treated Ezr)(;ltlrl;s "
(n=11) (n=11) P<0.05
Mean age (SD) (yrs) 71.7(6.6) 742 (6.7) 72.1(54) Ns*
Gender (M/F) 12/8 477 4/7 NS*
Education (5-11/+11 yrs) 12/8 7/4 8/3 NS*
Handedness (L/R) 1/19 1/10 1/10 NS*
GDS 1-2 4 4 0.0001*

NS: non-significant, M: male, F: female, L: left, R: right, GDS: Reisberg’s
Global Deterioration Scale, (*): Chi-square test, (&): Kruskal-Wallis and post-
hoc LSD tests.
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Table 2
The group averages of means of the Z-transformed single sweep cotrelation
coefficients at the F5 and F, locations

Site Subjects Pairwise
Controls AD (n=22) comparisons
(#=20) (p vatues)
Non- Treated Controls Non-
treated (n=11) vs. Non- treated
(n=11) treated  vs. Treated
AD AD
F3 Average 0.47 (0.37)0.24 (0.15) 0.53 (0.22) 0.044*  0.026*
of means (SD)
F,4 Average of  0.40 (0.27)0.32 (0.15) 0.50(0.27) NS* NS*
means (SD)

(*) Kruskal-Wallis and post-hoc LSD tests, (SD) Standard deviation, (Average
of means) The average of means of the Z-transformed correlation coefficients
between single sweeps, (NS) Non-significant.

10-20 system. For the recordings an EEG-CAP was used. For
the reference, EMG and EOG recordings Ag/AgCl electrodes
were used. Linked earlobe electrodes (Al+A2) served as
reference. EOG from medial upper and lateral orbital rim of the
right eye was also registered. The EEG was amplified by means
of a Nihon Kohden EEG-4421 G apparatus with band limits
0.1-100 Hz 24 dB/octave. The EEG was digitized on-line with
a sampling rate of 512 Hz and a total recording time of 2000 ms,
1000 ms which served as the pre-stimulus baseline.

2.3.1. Computation of selectively averaged ERPs

Before the averaging procedure, the epochs with artifacts
were rejected by an off-line technique. In the off-line procedure,
single sweep EOG recordings were visually studied and trials
with eye-movement or blink artifacts were rejected. Subject
averages and grand averages were calculated for each electrode
site and experimental condition. The data was digitally filtered
according to determined frequency bands of interest.

In the present study, two approaches were taken in
determining the frequency responses of the system: the transient
response frequency characteristics (TRFC) method and digital
filtering (DF) method.

2.3.2. Digital filtering

Filtering produces visual displays of the time courses of
oscillatory components within the frequency limits of the
utilized filters. The digital filters are advantageous because they
do not produce the phase shifts that are characteristic of
electronic filters. The digital filtering was employed in the
present study for the digital pass-band filtering of the event-
related potentials (ERPs) and thus to demonstrate the event-
related oscillations (EROs) in selected frequency-bands (delta:
0.5—3.5 Hz, theta: 4—7 Hz, alpha: 8—13 Hz, beta: 15-30 Hz and
gamma: 28—48 Hz) (Basar, 2004).

2.4. Correlation analysis of single sweeps and statistical analysis

Spectral signal analysis constitutes one of the most important
and most commonly used analytical tools for the evaluation of

neurophysiological signals (Bruns, 2004). Coherence or phase-
locking are important coupling measures derived from it.

Correlation analysis was used for the statistical estimation of
the covariance of oscillations within single sweeps, within a
350 ms time window (i.e. between +50 and +400 ms), therefore
may be considered as a measure for phase-locking. Each single
sweep within this time window was presented by a discrete time
series of the amplitudes, at, r=1, 2, 3, ..., 179. Correlation
coefficients were computed for each pairwise combination of
such time series. The obtained correlation coefficients were
converted into Fisher’s Z-values [Z=1/2 In (1+7)/(1 —7)] and
then averaged. The arithmetic mean of Fisher’s Z-values was
considered to be a measure of similarity for the theta oscillations
in the interval analysis. The mean Z-values increase when the
oscillations get phase aligned, and close to “0” where sweeps
have divergent behavior (Maltseva et al., 2000).
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Fig. 1. Examples from each group showing single sweeps to the target stimuli
elicited by a classical visual oddball paradigm recorded from the scalp electrode
of F3. The black and thick line indicates the average of single sweeps, and the
grey and thin lines show each single sweep for the subject. A. An elderly healthy
control. B. A non-treated Alzheimer subject. C. A treated (cholinesterase
inhibitor) Alzheimer subject.
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SPSS was used for statistical analysis and the differences
between the groups were tested by Kruskal-Wallis and
post-hoc LSD tests. Table 2 describes group averages of
means of the Z-transformed single sweep correlation coef-
ficients in a time window of +50 and +400 ms at the F5 and
F4 locations.

3. Results

We focused our investigations on phase-locking of oscilla-
tory responses in the theta range at the frontal locations and
divided probable mild AD subjects into two sub-groups: 1) the
non-treated, i.e. those without any psychotropic medication, 2)
the treated, i.e. subjects on cholinesterase inhibitors (donepezil
or rivastigmine).

3.1. The non-treated AD group

The non-treated AD group showed a weaker phase-locking
at the left frontal area (F3) location compared to controls and the
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Fig. 2. Grand averages of each group to the target stimuli elicited by a classical
visual oddball paradigm recorded from the scalp electrode of F3. The black and
thick line indicates the grand average of each group, and the grey and thin lines
show averages of single sweeps from each subject. A. The healthy elderly
control group (N=20). B. The non-treated Alzheimer group (N=11). C. The
treated (cholinesterase inhibitor) Alzheimer group (N=11).

treated AD group with lower average mean of Z-transformed
correlation coefficients (0.238) (Maltseva et al., 2000). In the
F,, phase-locking was more pronounced when compared to the
F; location, as observed by higher Z-transformed correlation
coefficients (Table 2).

3.2. Control group

The mean average of Z-transformed correlation coefficients
was 0.465 in the F; electrode indicating that a strong phase-
locking existed for the control group. Since in every
measurement there were at least 15 trials, this value indicates
a stronger phase-locking. At the F3 location, the control group
was different than the non-treated AD group, but not from the
treated AD group (Table 2).

3.3. The treated AD group

At the F3 location, the treated AD group displayed a phase-
locking similar to that of controls. Their average value of mean
Z-transformed correlation coefficients, 0.525, was much signi-
ficantly higher than the non-treated AD group. A significant
phase-locking was observed in all subjects of the treated AD
group both at the F; and F, locations (Table 2).

Our results indicated that at the F5 location, the non-treated
AD patients had a weaker theta response both than controls and
the treated AD groups. This result was related to the less phase-
locking in this group (Figs. 1 and 2).

4, Discussion

In the present study, we compared phase-locking of the
event-related theta oscillations in untreated and AChEI treated
mild AD patients with that of healthy elderly controls.

Evaluation of phase-locking of the visual event-related
theta oscillations over frontal regions indicates that non-treated
AD have lower phase-locking both from controls and AD
group treated with AChEI at F3. Treated AD and controls are
not significantly different from each other.

Among the neurophysiological methods used, the event-
related oscillatory activity in AD had been rather scarcely
investigated. The only existing preliminary report on the
event-related oscillatory activity in AD has reported that both
AD group and controls show event-related synchronization
during retrieval period in theta frequency band (5-7 Hz), i.e.
a frequency range which is commonly considered to be
related to working memory, and surprisingly do not differ
between the groups, whereas the significant differences have
been noted in alpha (7-17 Hz) range over frontal, central and
left temporal electrodes (Karrasch et al., 2006). The phase-
locking of event-related oscillations in AD patients has not
been investigated before.

Cortical acetylcholine (Ach) is hypothesized to modulate
either the general efficacy of the cortical processing of
sensory or associational information or more specifically to
mediate the subjects’ abilities to select stimuli and associa-
tions for further processing (Sarter et al., 2005). Basal
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forebrain is the main source of Ach in the neocortex and
Alzheimer patients show depletion in cortical Ach due to
degeneration of basal forebrain early in the course of illness.
Not only basal forebrain but also glutamatergic and
cholinergic mechanisms within prefrontal cortex may regu-
late Ach release in other parts of cortex such as posterior
parietal cortex (Nelson et al., 2005). The ability of prefrontal
cortex to regulate transmission in more posterior cortical
regions may represent a “top—down” mechanism to control
attention (Sarter et al., 2005). For example, thalamocortical
fibers are suppressed much less than intracortical connections
by acetylcholine, thus possibly enabling the afferent input to
have a relative effect in the cortex (Kimura et al., 1999).
Therefore, the detrimental performance effects of an on-
going distracter are diminished most likely by increasing the
cholinergic processing of sensory inputs (Sarter et al., 2005).
Earlier experimental studies indicate that cholinergic input
facilitates induction of long-term potentiation in entorhinal
cortex and hippocampus (Yun et al., 2000). Neocortical brain
slices had been shown to display oscillatory activity in the
3- to 12-Hz rhythmic slow activity range when perfused with
carbachol, a cholinergic agonist, and bicuculline, a g-
aminobutyric acid-A (GABAA) antagonist (Lukatch and
Maciver, 1997). On the other hand, a close relationship
between cholinergic basal forebrain and visual cortex exists.
Kainic acid lesions of the basal forebrain reduce both
choline acetyl transferase-positive terminals by 90% in visual
cortex and the number of neurons that respond to visual
stimulation. Local replacement of Ach via microiontophor-
esis immediately restores the visual response in more than
half of the nonresponsive cells (Sato et al., 1987).

In humans, administration of AChEI increases selectivity
of neural responses in extrastriate cortices during visual
working memory, particularly during encoding as shown
with functional MRI (Furey et al., 2000). These agents can
restore age-related impairment of functional regional cerebral
blood flow (rCBF) response to the vibrotactile stimulation in
the normal aged (Tsukada et al, 2000) or improve the
latencies of the visual P300 in AD patients (Reeves et al.,
1999).

According to new approaches, the EEG consists of the
activity of an ensemble of generators producing rhythmic
activity in several frequency ranges. These oscillators are
active usually in a random way. However, by application of
sensory stimulation these generators couple and act together
in a coherent way. This synchronization and enhancement of
EEG activity gives rise to “evoked” or “induced rhythms”.
Evoked potentials representing ensembles of neural popula-
tion responses were considered as a result of transition from
a disordered to an ordered state (Yordanova and Kolev,
1998). The event-related theta oscillations are highly
correlated with mechanisms of associative learning and
attention as well as retrieval, and frontal theta has a response
controlling function (Bajar et al, 200lab,c). Our findings
indicating a weak phase-locked activity in the non-treated AD
and a stronger phase-locked activity in the treated AD in
theta oscillations over the left frontal area may imply that the

left hemisphere may be more prone to be affected first and
more readily modulated by cholinergic medication in the
early course of the disease. Asymmetric left hemisphere
changes were also mentioned in an earlier ERP study
showing less synchronization in alpha frequency ranges
over the left temporal area (Karrasch et al.,, 2006). Earlier
functional imaging studies showed that after administration of
AChHEI clinical responders to treatment selectively display
improvements over left prefrontal areas. Potkin et al. (2001)
have found prefrontal and hippocampal metabolic increases
after rivastigmine. Vennerica et al. (2002) evaluated brain
perfusion with rivastigmine treatment and responders showed
increased bilateral anterior cingulate and left dorsolateral
fronto—parietal perfusion compared with baseline. Nobili et
al. (2002) also explored brain perfusion in stable versus
nonstable AD patients treated with either donepezil or
rivastigmine, and at the follow-up the nonstable group had
a frontal defect compared to the stable group. Mega et al.
(2005) measuring brain metabolism stated that cognitive
responders significantly increased metabolism in the left
anterior cingulate after treatment with galantamine. These
effects of enhancing attention and executive functions of
AChEI may be explained by monosynaptic connections of
anterior cingulate with dorsolateral prefrontal association
cortices (Mesulam, 1985). Since the majority of our treated
AD subjects remained stable or improved over the 3—
6 months period (same or higher MMSE score than baseline)
after the treatment, we believe that stronger phase-locking
observed in left frontal area may be in line with earlier
functional imaging studies mentioned above. However, even
in the presence of a cognitive response to the currently
available AChEI, the improvements in daily activities are far
from the expected, implying the fact that not only
cholinergic, but many other neurotransmitter systems are
involved in AD.

In earlier AD, an amnestic syndrome is essential and the
corresponding neuropathological changes are seen in medial
temporal lobes and biparietal areas. Therefore, neurophysio-
logic correlates are expected over these areas. Even though
structurally frontal lobes seem to be preserved at early stages,
the strong functional connections arising from the affected
limbic or heteromodal areas to the frontal areas may be the
cause of changes in the function of the frontal lobes, as shown
by transgenic animal models of AD (Delatour et al., 2004) or
PET-based functional connectivity mapping (Grady et al.,
2001), and EEG coherence recordings (Leuchter et al., 1992). A
recent study on theta oscillations of schizophrenia patients
indicated reduced late theta responses from all locations,
suggesting that theta oscillations are involved in mediating
frontal lobe activity and functions related to enhanced executive
control (Schmiedt et al., 2005b). Furthermore, the changes in
the long distance fronto—parietal interactions during visual
working memory retention and mental imagery may result in
the oscillatory changes of theta and alpha frequency ranges (von
Stein and Sarnthein, 2000).

Our results indicate that at F3 location the non-treated AD
patients have a weaker theta response. This may be the result of
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less phase-locking, in contrast to the treated patients who show
stronger phase-locking. Therefore the cholinergic agents may
improve the phase-locking of responses or responsiveness of the
brain to cognitive targets.

The difference in phase-locking of theta frequency band
between treated and non-treated AD patients in the left frontal
area is a novel observation. If further clinical studies confirm, it
can be a tool for the reflection of deficits seen in AD or the
response to the treatment. Also missing theta response may
further demonstrate the role of working memory in the
generation of theta oscillations in the non-treated AD. The
theta oscillations in the treated AD similar to controls may
indicate that the cholinergic pharmacotherapy help synchroni-
zation of theta oscillations. Yet it is not conclusive whether this
difference in phase-locking of theta oscillations between treated
and non-treated patients is completely due to cholinergic
effects. Studying event-related oscillations may open a new
venue to detect pharmacologic influences. In the next step, we
intend to compare results of non-treated patients prior to and
after medication. For the time being, the differentiation or effect
from the cholinergic drugs seems to be highly meaningful.
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ABSTRACT

In the present report, event related oscillations of patients with Alzheimer type of dementia
(AD) were analyzed by using a visual oddball paradigm. A total of 22 mild probable AD
subjects according to NINCDS-ADRDA criteriaand 20 age-, gender-, and education-matched
healthy control subjects were compared. AD group consisted from11 untreated patients and
11 patients treated with cholinesterase inhibitor. Oscillatory responses were recorded from 13
scalp electrodes. Significant differences in delta frequency range were seen between the
groups by using repeated measures of ANOV A analysis [F (9.120)=2.228; p=0.022]. Post-hoc
analyses using Wilcoxon test showed that at mid- and left centra regions, (Cz, C3) peak
amplitudes of delta responses of healthy subjects were significantly higher than either group.
Also cholinesterase inhibitors did not have effect on delta oscillatory responses.

Our findings imply that the delta oscillatory responses at central locations are highly instable
in mild probable AD patients regardless of treatment when compared to the healthy aged
controls. This study supports the importance of oscillatory event related potentials for

investigating AD brain dynamics.

Keywords: Alzheimer, dementia, oscillations, delta, visual, P300, event related potentials,

ERP

INTRODUCTION
One of the leading neurological conditions most responsible for neuropsychiatric morbidity in
elderly individuals is Alzheimer type of dementia (AD). Event related oscillations (ERO)
provide a powerful technique, with high temporal resolution, which can be used as a tool for

detecting subtle abnormalities of cognitive processes[1,2]. It has been well known for several



decades that P300 is attenuated in AD. However, the full potential of electrophysiological
methods in helping to predict [3-5], to diagnose [6-10], and to monitor either treatment or

progress [11] in AD patients has not been reflected into routine clinical practice.

Event related oscillatory activity in various frequency bands may reflect different aspects of
information processing [1,2]. Alpha oscillatory responses increase with simple memory tasks
and decrease with demanding memory tasks [12,13]. Beta oscillatory responses are important
in attention related tasks in cats and [14], recognition of facial expression in humans [15,16].
Event-related theta oscillatory responses have been proposed to be related to the memory
processes [12,17]. In subjects with Parkinson's disease or schizophrenia, theta oscillations
seem to be less than controls, indicating that these oscillations appear to be involved in
mnemonic networks [18,19]. Also theta responsiveness in frontal lobes is interpreted as an
indication of the function of the hippocampo-fronto-parietal system during cognitive
processes [20,21]. Our recent report evaluating phase locking of the visual event-related theta
oscillations indicated that untreated AD group has lower phase locking than controls at left
frontal region and the cholinesterase inhibitor treatment increases phase locking in theta
frequency ranges similar to controls [22]. The question whether cholinergic mechanisms
affect or modulate event-related oscillations in other frequency ranges still remains to be
clarified. Investigating these oscillations may help to understand differences in brain

dynamics of AD subjects.

We hypothesized that the AD group would show lower oscillatory responses than controls. In
this report, we aimed to compare the peak amplitudes of event related oscillatory responsesin
specific frequency ranges in AD subjects, either the untreated or those on cholinesterase

treatment, to those of healthy elderly.



METHODS

1. Subjects:

We conducted a prospective open study. Twenty-two consecutive, community-dwelling
patients suffering from dementia according to the DSM 1V criteria and also with the diagnosis
of probable Alzheimer disease according to the NINCDS-ADRDA criteria[23] were included
in the study. AD group was divided into two groups as the treated and the untreated. In the
treated AD group, eleven subjects (4 males, 7 females) were taking only cholinesterase
inhibitors (AChEI) as a psychotropic agent for 3 to 6 months including the titration period
(eight subjects were on donepezil 10 mg/d with the initial dose of 5 mg/d that was titrated to
10 mg/d by 4 weeks, and three subjects were on rivastigmine 6-9 mg/d with the initial dose of
3 mg/d, titrated by every 4 weeks either to 6 mg/d or to 9 mg/d depending on the tolerance of
the drug) and eleven AD patients (4 males, 7 females) not taking any psychotropic medication
comprised the untreated AD group. Both AD groups did not differ from each other regarding
Folstein’s Mini-Mental State Examination (MMSE) scores, Reisberg's Global Deterioration
Scale (GDS), gender, education, age, or handedness as shown in Table 1. Time from the onset
of symptoms was between one and two years in both AD groups. The MMSE scores of all
AD subjects ranged between 20 and 24, whereas those of healthy subjects were between 28
and 30 points. All of the AD subjects were on stage 4 according to the GDS. In treated AD
group, the majority (8 out of 11 subjects) was “responder” defined as “at least 1 MM SE point
increase” 3 months after onset of treatment, while three showed decrease in their scores.
Twenty-two healthy elderly control subjects volunteered for the study, two subjects were
excluded for motor artifacts, remaining 20 control subjects (12 males, 8 females) were not
significantly different from both AD groups regarding age, gender, handedness and education

(Table 1). All AD subjects underwent a cognitive and a complete neurological, neuro-imaging



(CT or MRI) and laboratory examination including blood glucose, electrolytes, liver and
kidney function tests, full blood count, erythrocyte sedimentation rate, thyroid hormone,
vitamin B12, HIV, VDRL. Healthy controls were recruited from various community sources,
none of them were consanguineous to the patients. The study was approved by the local ethics

committee. All subjects and relatives gave written informed consent.

Table 1. Group characteristics

Controls Alzheimer Pair-wise group
contrast, P<0.05
(n=20) (n=22)
Untreated Treated
(n=11) (n=11)
Mean age (SD) 71.7 74.2 72.1
(yrs) NS®
(6.6) (6.7) (5.4)
Gender
12/8 4/7 4/7 NS>
M/ F)
Education
12/8 7/4 8/3 NS*
(5-11/ =11 yrs)
Handedness
1/19 1/10 1/10 NS*
(L/R)
GDS 1-2 4 4

SD: Standard deviation, NS: non-significant, M: male, F. female, L: left, R: right, GDS:
Reisberg' s Global Deterioration Scale, (*): Chi-square test, (&): Kruskal-Wallis and post-hoc
LSD tedts.

2. Stimuli and paradigms

A classical visual oddball paradigm was used in the experiments. Two types of stimuli were
used: the standards and the deviants. The probability of the deviant stimuli was 0.20 and that
of standard stimuli 0.80. As stimulation we used a white screen with a luminance of 35
cd/en? for standard signals. The luminance of the deviant stimuli were 20% lower (i.e. 28

cd/cm?). The rise-time of the stimulation signal was 10 ms, the duration of the stimulation was



1 second. In all the paradigms, the deviant stimuli were embedded randomly within a series of
standard stimuli. The application of the signal including the rise-fall time and the duration
occurs electronically and is supported by a matlab program. Further, the rise time and the
duration of the signal were also checked by means of a photo-sensor recorded in a storage
oscilloscope. The task required was mental counting of the target stimuli. These stimulation
signals were applied randomly with the inter-stimulus intervals varied between 3 to 7 seconds.
During the elicitation period of event related oscillations, all subjects had displayed enough
accuracy of mental count of target stimuli, with being slightly worse in both groups of AD

than that of controls.

3. Electrophysiological recording

The EEG was recorded from Fs, Fa, Cz, Cs, C4, T3, Ta, Ts, Ts, P53, P4, O1 and O, locations
according to the International 10-20 system. For the recordings an EEG-CAP was used. For
the reference, EMG and EOG recordings Ag/AgCl electrodes were used. Linked earlobe
electrodes (Al + A2) served as reference. EOG from medial upper and lateral orbital rim of
the right eye was also registered. The EEG was amplified by means of a Nihon Kohden EEG-
4421 G apparatus with band limits 0.1-100 Hz 24 dB/octave. The EEG was digitized on-line
with a sampling rate of 512 Hz and a total recording time of 2000 ms, 1000 ms of which

served as the pre-stimulus baseline.

4. Computation of selectively averaged ERPs and digital filtering
Before the averaging procedure, the epochs with artifacts were reected by an off-line
technique. In the off-line procedure, single sweep EOG recordings were visually studied and

trials with eye-movement or blink artifacts were rejected. Subject averages and grand



averages were calculated for each electrode site and experimental condition. The data was
digitally filtered according to determined frequency bands of interest.

In the present study, two approaches were taken in determining the frequency responses of the
system: the transient response frequency characteristics (TRFC) method and digital filtering

(DF) method.

Filtering produces visual displays of the time courses of oscillatory components within the
frequency limits of the utilized filters. The digital filters are advantageous because they do not
produce the phase shifts that are a characteristic of electronic filters. The digital filtering was
employed in the present study for the digital pass-band filtering of the event related potentials
(ERPs) and thus to demonstrate the event-related oscillations (EROSs) in selected frequency-

bands (delta: 0.5-3.5 Hz, theta: 4-7 Hz, alpha: 8-13 Hz, and beta: 15-30 Hz [2].

The numerical evaluation of the frequency characteristics was accomplished using a Fast
Fourier transform (FFT) of the following form: Let Xn be adiscrete time series (Xn = X

(nDt),T = ((N-1) Dt). Then the Fourier transform of Yk of Xnis:

N 1
Y, Y( ) X, exp( i2 N 'nk); . 2 kT,
0

n

where Yk = ak + ibk are the complex Fourier coefficients whose geometric mean is the
amplitude spectrum. According to the results of the amplitude frequency characteristics
(AFC) the frequencies of interest were determined and the frequency ranges for the digital
filtering defined. For the frequency ranges grand averages were computed based on single

subjects averages of the AFCs for each condition and location.

As oscillatory responses, we measured the peak—to-peak amplitudes of each subject’s

averaged responses filtered in the frequency ranges of delta, theta, alpha, and beta. The



poststimulus time intervals for peak amplitudes of oscillatory responses were chosen as
follows:. frequency ranges of delta and theta, 0-600 msn; of alpha and beta 0-250 msn.
According to the literature of brain oscillations and basic principles of systems theory, the

range of oscillatory signals are chosen in correlation to the frequency signal studied [24].

5. Statistical analysis

SPSS was used for statistical analysis. Peak-to-peak maximum amplitude responses were
separately analyzed for each frequency band by means of a repeated measure ANOV A
including the between -subjects factor as groups (healthy aged controls, untreated AD, treated
AD) and the within subject factor location (Fs, Fa, C,, Cs, Ca, T3, T4, Ts, Te, Ps, P4y, O; and
0O5). Greenhouse-Geisser corrected p-values have been taken into consideration. Post-hoc

analysis was conducted using Wilcoxon paired sample test.

RESULTS
The peak amplitudes of oscillatory responses in delta, theta, alpha and beta frequency ranges
were measured. The only difference in peak amplitudes between groups was seen in delta

oscillations (Table 2).

Table 2. The mean (SD) peak amplitudes ( V) of oscillatory activities in specific frequency
bands in treated AD (t-AD), untreated AD (u-AD) and healthy elderly controls (Cont). The

statistically significant (p<0.05) results were indicated in bold style.

Beta Alpha Theta Delta

Site u-AD t-AD Cont u-AD t-AD Cont u-AD t-AD Cont u-AD t-AD Cont

F3 5.10 4.32 4.45 5.27 4.57 5.34 5.05 416 3.93 6.19 5.90 8.08

(1.91) (2.32) (237) (2.76) (1.90) (3.15) (2.79) (1.53) (L.74) (2.86) (2.09) (3.21)



F4 5.02 4.40 483 576 521 545 574 405 374 656 543 751
(2.48) (160) (2.26) (2.66) (255) (3.02) (3.18) (1.83) (L75) (2.86) (2.09) (3.11)
Cz 4.01 3.56 378 553 460 579 574 443 445 552 477 838
(1.14) (127) (1L70) (3.46) (2.06) (2.85) (3.13) (1.05) (2.22) (1.64) (1.93) (3.38)
c3 4.28 3.97 3.79 564 448 552 497 384 398 448 345 725
(2.02) (127) (205) (3.22) (2.04) (263) (293) (1.09) (2.03) (2.03) (1.76) (3.15)
ca 4.40 5.02 483 612 611 594 474 410 417 5.97 491 7.8
(1.60) (2.48) (2.26) (258 (3.09) (353) (2.61) (L73) (237) (242) (1.06) (3.92)
T3 3.85 437 385 342 349 375 300 218 266 294 273 452
(1.25) (255) (2.30) (227) (2.06) (238) (1.82) (0.69) (1.75) (1.03) (1.15) (2.21)
T4 4.90 496 367 397 435 438 315 226 259 396 270 435
(2.12) (401) (1L76) (1.23) (3.38) (227) (L70) (140) (117) (213) (0.85) (2.34)
T5 4.05 435 435 414 421 368 439 293 301 440 349 539
(1.90) (2.05) (2.93) (1.74) (2.09) (2.04) (246) (1.10) (1.83) (1.92) (2.11) (2.08)
T6 4.34 463 495 687 421 516 440 297 380 419 391 556
(2.06) (5.77) (310) (6.05) (4.17) (3.67) (258) (0.55) (2.46) (1.50) (1.57) (3.26)
P3 3.67 452 454 639 461 500 594 271 4.05 59 361 688
(0.87) (229) (2.44) (322) (260) (275 (L76) (1.76) (2.61) (2.03) (1.14) (3.87)
P4 3.63 361 498 702 451 505 5.04( 285 434 500 490  6.29
(1.42) (1.36) (2.75) (470) (262) (253) 172) (1.20) (3.14) (1.63) (233 (4.37)
o1 4.71 545 479 563 465 517 670 439 512 840 574 569
(3.38) (259) (2.82) (253) (222) (2.84) (293) (234) (328) (591) (267) (3.25)
02 4.54 415 487 543 429 498 591 406 520 891 558 592

(2.04) (1.83) (2.77) (2.03) (185 (245) (3.60) (152) (3.12) (6.34) (2.40) (3.81)

For the delta frequency range digital filtering was determined between 0.5-3.5 Hz according
to the amplitude frequency characteristics (AFC). Oscillatory delta responses showed
significant differences between event-related responses of healthy aged controls, untreated
and treated AD subjects. The main differences are observed at the central electrode locations:
From the values of Table 3, one can recognize that in central locations the peak-to-peak

amplitudes can be 50-100 % larger for controls than for AD subjects.



The ANOV A on delta oscillatory responses revealed a significant effect for group X location
[F (9.120)=2.228; p=0.022] indicating higher delta response in controls. Post hoc comparisons
using the Wilcoxon paired sample test revealed that the peak-to-peak delta response was
significantly larger for controls than for either treated or untreated AD subjects over left and

mid-central electrodes (p<0.05 for al comparisons) (Figures1, 2 and Table 2).

Table 3. Mean values and standard deviations of delta oscillatory responses and comparisons
of the treated AD (t-AD), untreated AD (u-AD) and healthy elderly controls (Cont) groups

with post-hoc Wilcoxon paired test.

Site Controls AD Cont vs Cont vs
(n=20) (n=22) u-AD t-AD
Untreated Treated Z value p Z value p
(n=11) (n=11)

C3  7.25(315)  4.48(203) 3.45(L76) -2134 0033 -2490 0013

Cz  838(338) 551(164) 477(L93) -2045 0041 -2.667 0.008

The single sweeps of a typical healthy aged control subject show good congruence and
accordingly phase locking of delta responses at Cz, whereas responses of an AD subject do

not (Figure 1). Phase locking indicates a stronger response to a given stimulus [25].

In the grand-averages of delta oscillatory responses at Cz, it is shown that the control group

has larger amplitude in comparison to either trested or untreated AD groups (Figure 2). Peak-



to-peak amplitudes of the control group are 7.25 (3.15) and 8.38 (3.38) V in C3 and Cz

locations, showing a regular oscillatory pattern. On the contrary, treated and untreated AD

subjects have smaller amplitudes with an irregular shape (Table 3).

DISCUSSION

1. Generation of P300

According to a group of authors, event related potentials or P300 responses are generated in
the neocortex, especially in frontal locations [26] or centroparietal / temporoparietal
association cortices [27]. Involvement of limbic system or hippocampal formation in the
generation of P300 has been also proposed [28,29]. Intracranial recordings also suggested that
basal ganglia, especially putamen, may play an integrative role in cognitive information and
in generation of P300 [30]. The possibility of volume conduction from C3 layer of the
hippocampus to the cortex in the generation of P300 is excluded as animal experiments
showed [31]. In human intracranial recordings, visual working memory task activates briefly
visual association cortex and then activation soon spreads at once to multiple occipital,
parietal and frontal sites, which all remains active for the entire epoch. Phase-locked
oscillations in theta and alpha frequency ranges areprominent in multiple structures including

the prefrontal cortex [32]

Further, according to several authors event-related potentials arise by superposition of event-
related oscillations in various frequency ranges [1]. These approaches hypothesize that the
EEG consists of the activity of an ensemble of generators producing oscillatory activity in
several frequency ranges. These oscillators are active usually in arandom way. However, by
application of sensory stimulation these generators couple and act together in a coherent way.

Evoked potentials representing ensembles of neural population responses were considered as



aresult of transition from a disordered to an ordered state [ 25]. Among event-related
oscillations, theta (4-8 Hz) oscillations are correlated with memory load, task difficulty or
recognition of previous stimuli [12,13,19,33]. Oscillations at delta frequency range are related
to “focused attention”, “signal detection”, “recognition” and “decision making” [29,34,35]. In
these reports late theta responses behave similarly to delta oscillatory responses. Brain
oscillations in lower frequencies are proposed to play arole in mediating long range
interactions [36]. In agreement with this, simulation studies have indicated that lower
frequencies such as delta or theta oscillations are better suited to sustain long range
synchronization [37]. Not only thalamic neurons but also cortical neurons may discharge in
the slow frequency range as delta [38]. The amplitude of delta response increases during
oddball paradigms and may be related to signal detection and decision making [20]. Asthe
major shape determining oscillatory activity of P300, delta responses are related to basic
information processing mechanisms of attention allocation and immediate memory [39].
Since memory and complex attention functions are highly reduced in AD [40], our results are

in accordance with cognitive deficits from the psychophysiologic viewpoint.

2 Topologic distribution and frequency ranges of brain oscillationsin AD subjects
Earlier reports have shown that the P300 amplitudes are decreased in Alzheimer’ s disease
[8,10,39]. Reportson AD using other functional methods such as PET, SPECT or f-MRI also
have a tendency to show deficits at left centro-frontal, left temporo-parietal locations. A
recent report on the event-related oscillatory activity in AD has reported that the significant
differences have been noted in peak amplitudes of alpha oscillatory activity (7-17 Hz) over

frontal, central and left temporal electrodes[9].



In the present paper, we aso found significant differences between healthy controls and two
groups of AD subjects in delta oscillatory responses regardless of cholinergic medication.
This difference was insisting prominently over C; and C, in both AD groups in comparison to

the control group.

In our study, classical oddball paradigm was used. In thistask, mental counting of visual
target stimuli is considered to be related to memory and complex attention functions. Major
reduction in working memory and complex attention observed in Alzheimer patients may be
possibly correlated with reduction of electrical response in central regions. However we
cannot exclude the possibility of higher error ratesin detecting target stimuli of AD group

may have lead to reduced responses in delta activity.

Delta difference in left and mid-central positions are also in accordance with earlier reports of
AD subjects studied with fMRI or PET reflecting mainly frontal or cingulate regions of left
hemisphere. Our recent and other earlier reportsimply that in AD, either effects of disease or

response to treatment can be more readily seen over the left frontal hemisphere.

3. Differentiation of delta and theta oscillationsin AD subjects on cholinergic
treatment

Earlier functional imaging studies in AD showed that after administration of AChEI, clinical

responders to treatment selectively display improvements mainly over left prefrontal areas or

left anterior cingulate [41]. Cortical acetylcholine (ACh) is hypothesized to mediate the

subjects abilities to select simuli and associations for further processing. The ability of

prefrontal cortex to regulate transmission in more posterior cortical regions may represent a

“top-down” mechanism to control attention [42]. Basal forebrain is the main source of ACh in



the neocortex and Alzheimer patients show depletion in cortical ACh due to degeneration of

basal forebrain early in the course of illness [43].

We believe that delta oscillatory responses are not affected by cholinergic agents, because in
our AD group, the degree of clinical impairment did not differ between the treated and
untreated; and subjectsin the treated group was not more advanced than the untreated.
Finally, majority of the treated group was considered as responder to trestment. However, a

randomized controlled study can give a more probabilistic result on this matter.

Our recent report evaluating phase locking of the visual event-related theta oscillations
indicated that untreated AD group has lower phase locking than controls at left frontal region.
However, the treated AD group showed phase locking in theta frequency range similar to
controls [22]. In the present report, peak amplitudes of delta oscillatory responses are highly
reduced in AD regardless of cholinergic treatment. Therefore cholinergic agents seem to have
differentiated effect on delta and thetaresponses in AD subjects. In other words, phase
locking in theta oscillatory response may be sensitive to cholinergic interventionsin AD,

whereas amplitudes of delta oscillatory responses are not affected by these agents.

One might question whether the separation of delta and thetaresponses is a natural way of
decomposition. If delta and theta responses would behave in a similar way such a separation
could not be strongly assumed. These selective responses to pharmacological agents
demonstrate the independent functional correlates of delta and theta responses. However, the
underlying mechanism is yet obscure. Although a great number of studies establish that both
components are physiologically separable, we have another argument: This is the selectivity

based on the application of a pharmacological agent enhancing cholinergic transmission. We



also mention here the selectivity of another pharmacological agent such as valproate with
GABAergic or glutamatergic activity which reduces delta responses in bipolar affective

disorder [44].

Certainly, it can be stated that in cognitive functions of Alzheimer patientsthere isa high
decline in working memory and complex attention [37,45,46]. Since cholinergic medication
improves theta phase locking, but not delta oscillatory response; other transmitters such as
serotonin which increases delta activity in animal studies [47] may help to enhance delta
oscillatory activity in human. A recent report on administration of fluoxetin, a serotoninergic
agent, to patients with mild cognitive impairment, a prodromal state for AD, improves

memory and cognition [48].

The present paper opens new conjecture to search a new type of physiological intervention to
restore reduction of delta response in central regions. This question cannot be answered by

this study, but remained to be searched.

There are afew conclusions and remarks related to our findings on AD patients:

1) Amplitudes of delta oscillatory responses are lower in Alzheimer disease regardless
of medication over left and mid-central regions. Activation upon cholinergic medication is
observed in theta oscillatory response but not in delta frequency range.

2) In away, these two slow oscillatory activities behave separately upon application of
cholinergic agents. Possibly, the separation of delta and theta oscillatory response in AD

patients on cholinergic medication will gain high importance in future similar studies.



3) The studies on event-related oscillations may help for the diagnostic purposes and
also for monitoring the effects of pharmacological agents, therefore in evaluating the

transmitter effects.
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Figure 1. Examples from each group showing single sweeps in delta oscillatory frequency
range, to the target stimuli elicited by a classical visual oddball paradigm recorded from
the scalp electrode of Cz. The black and thick line indicates the average of single sweeps,
and the grey and thin lines show each single sweep for the subject.

A. An elderly healthy control

B. Anuntreated Alzheimer subject

C. A treated (cholinesterase inhibitor) Alzheimer subject

Figure 2. Grandaverages of delta oscillatory response of each group to the target stimuli

elicited by a classical visual oddball paradigm recorded from electrodes of C3 and Cz.

A. The healthy elderly control group (N=20)
B. Theuntreated Alzheimer group (N=11)

C. Thetreated (cholinesterase inhibitor) Alzheimer group (N=11)



