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Alzheimer	 hastalığı	 (AH),	 günlük	 yaşamsal	 aktivitelerde	 azalma	 ve	 bilişsel	
yeteneklerin	bozulması	ile	karakterize,	nöropsikiyatrik	semptomların	ve	davranış	
değişikliklerinin	eşlik	ettiği	nörodejenaratif	bir	hastalıktır	(1).	Yaşlı	popülasyonda	
görülen	 nörodejeneratif	 demansların	 en	 sık	 nedenidir.	Dünyada	 20	milyondan	
fazla	Alzheimer	hastası	vardır	ve	yaklaşık	300	bini	ülkemizde	olan	bu	hastaların	
sayısı	 gün	 geçtikçe	 artmaktadır.	 Yapılan	 araştırmalarda	 65	 yaşın	 üstündeki	
ortalama	her	15	kişiden	birinde,	80-85	yaşın	üzerindeki	her	 iki	kişiden	birinde	
AH’nın	görüldüğü	belirtilmiştir	(1,2).

1. Alzheimer Hastalığının Patogenezi

AH	patogenezi	için	yapılan	epidemiyolojik	araştırmalar	AH’nın	tek	bir	faktöre	
bağlı	 olmadığına	 işaret	 etmektedir.	 Hastalığın	 oluşumunda	 yaşlanmaya	 bağlı	
olarak	hücre	dışı	amiloid	beta	(Aβ)	protein	birikimi	sonucu	senil	plak	oluşumu,	
hücre	 içi	 tau	 proteinlerinin	 anormal	 fosforilasyonu	 sonucu	 nörofibriler	 yumak	
(NFY)	oluşumu,	kolinerjik	iletide	bozulma,	nöroinflamasyon	artışı,	mitokondriyal	
fonksiyon	kaybı	ve	sinaptik	fonksiyon	kaybı	ile	karakterizedir	(1-3).

AH	patogenezinden	biri	ve	önemli	bir	etkeni	olan	hücre	dışında	senil	plakların	
birikimidir.	AH’deki	senil	plakların	ana	bileşeni	Aβ	proteinidir.	Aβ	proteini,	bir	
ucu	hücre	içinde	diğeri	hücre	dışında	olmak	üzere	hücre	zarını	enlemesine	geçen	
amiloid	prekürsör	protein	(APP)’nin	çözünür	olmayan	parçalarıdır.	Aβ proteini	
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süreli	ve	uzun	süreli	bellek,	mekânsal	algı,	motor	davranış	değişiklikleri,	genel	
lokomotor	aktivitesi	ve	anksiyete	gibi	farklı	davranış	değişiklikleri	araştırılabilir.

Sonuç

Halen	 kullanılmakta	 olan	 deneysel	AH	modellerinin	 hiçbiri	 insanda	 gözlenen	
klinik	tabloyu	tam	olarak	taklit	edememektedir.	Ancak,	oluşturulan	bu	modeller	
günümüzde	AH	ile	ilişkili	bilimsel	çalışmalara	önemli	ölçüde	katkı	sağlamakta	
ve	 gerek	 hastalığın	 etkisini	 anlamaya	 yönelik,	 gerekse	 daha	 etkin	 ve	 özgün	
tedavi	stratejileri	ortaya	koyabilmek	için	tedavi	amaçlı	kullanımlarının	önemini	
tartışılmaz	bir	boyuta	getirmektedir.

KAYNAKLAR

1.	 Mattson	MP.	Pathways	 towards	and	away	 from	Alzheimer’s	disease.	Nature	2004;	
430:	631–639.

2.	 Corey-Bloom	J.	The	ABC	of	Alzheimer’s	disease:	cognitive	changes	and	their	mana-
gement	in	Alzheimer’s	disease	and	related	dementias.	Int	Psychogeriatr.	2002;	14	(1):	
51-75.

3.	 Scheltens	P,	Blennow	K,	Breteler	MMB,	de	Strooper	B,	Frisoni	GB,	Salloway	S	et	al.	
Alzheimer’s	disease.	Lancet	2016;	388:	505-517.

4.	 Selkoe	DJ.	Alzheimer’s	disease	is	a	synaptic	failure.	Science	2002;	298:	789–791.
5.	 Lee	VM,	Goedert	M	&	Trojanowski	JQ.	Neurodegenerative	tauopathies.	Annu.	Rev.	

Neurosci.	2001;	24:	1121-1159.
6.	 Haam	J,	Yakel	JL.	Cholinergic	modulation	of	the	hippocampal	region	and	memory	

function.	J	Neurochem.	2017;	142	(2):	111-21.
7.	 Du	X,	Wang	X,	Geng	M.	Alzheimer’s	disease	hypothesis	and	related	therapies.	Transl	

Neurodegener.	2018;	7:	2.
8.	 Viola	KL,	Klein	WL.	Amyloid	β	oligomers	in	Alzheimer’s	disease	pathogenesis,	tre-

atment,	and	diagnosis.	Acta	Neuropathol.	2015;	129:	183-206.
9.	 Elçioğlu	HK,	Yılmaz	G,	İlhan	B,	Karan	MA.	Alzheimer	Hastalığında	Deneysel	Hay-

van	Modelleri.	Nobel	Med.	2018;	14:	5-13.
10.	Şahin	 Ş.	 Deneysel	 Alzheimer	 Hastalığı	 Modelleri.	 Turkiye	 Klinikleri	 Journal	 of	

Neurology	Special	Topics	2012;	5:	102-106.
11.	Blaikie	L,	Kay	G,	Maciel	P,	Thoo	Lin	PK.	Experimental	modelling	of	Alzheimer’s	

disease	for	therapeutic	screening.	European	Journal	of	Medicinal	Chemistry	Reports	
2022;	5:	100044.

12.	Hall	AM,	Roberson	ED.	Mouse	models	of	Alzheimer’s	disease.	Brain	Res	Bull.	2012;	
88	(1):	3-12.

13.	Yokoyama	M,	Kobayashi	H,	Tatsumi	L	and	Tomita	T.	Mouse	Models	of	Alzheimer’s	
Disease.	Frontiers	in	Molecular	Neuroscience	2022;	15:	912995.

14.	Götz	J,	Bodea	LG,	Goedert	M.	Rodent	models	for	Alzheimer	disease.	Nat	Rev	Neuros-
ci.	2018;	19	(10):	583-598.

15.	Mohs	RC,	Greig	NH.	Drug	discovery	and	development:	role	of	basic	biological	rese-
arch,	Alzheimer’s	Dement	Transl.	Res.	Clin.	Interv.	2017;	3	(4):	651–657.



314 Bilimsel Araştırmalarda Laboratuvar Hayvanları & Deneysel Modeller

16.	Tomruk	C,	Şirin	C,	Buhur	A,	et	al.	The	four	horsemen	of	neurodegenerative	diseases	
Alzheimer,	Parkinson,	Huntington	and	amyotrophic	lateral	skleroz;	clinical	definition	
and	experimental	models.	FNG	&	Bilim	Tıp	Dergisi	2018;	4:	37-43.

17.	McGowan	E,	 Erikson	 J,	Hutton	M.	A	 decade	 of	modeling	Alzheimer’s	 disease	 in	
transgenic	mice.	Trends	Genet.	2006;	22	(5):	281-9.

18.	Fernandez-Funez	P,	de	Mena	L,	Rincon-Limas	DE.	Modeling	the	complex	pathology	
of	Alzheimer’s	disease	in	Drosophila.	Exp	Neurol.	2015;	274:	58–71.

19.	Gunawardena	S,	Goldstein	LS.	Disruption	of	axonal	transport	and	neuronal	viability	
by	amyloid	precursor	protein	mutations	in	Drosophila.	Neuron.	2001;	32:	389-401.

20.	Bouleau	S,	Tricoire	H.	Drosophila	models	of	Alzheimer’s	disease:	advances,	limits,	
and	perspectives.	J	Alzheimers	Dis.	2015;	45:	1015–1038.

21.	Crowther	DC,	Kinghorn	KJ,	Miranda	E,	Page	R,	Curry	JA,	Duthie	FAI,	et	al.	Intra-
neuronal	Aβ,	non-amyloid	aggregates	and	neurodegeneration	in	a	Drosophila	model	
of	Alzheimer’s	disease,	Neuroscience	2005;	132	(1):	123-135.

22.	Newman	M,	Ebrahimie	E,	Lardelli	M.	Using	 the	 zebrafish	model	 for	Alzheimer’s	
disease	research.	Front	Genet.	2014;	5:	189.

23.	Paquet	D,	Bhat	R,	Sydow	A,	Mandelkow	EM,	Berg	S,	Hellberg	S,	Falting	J,	Distel	M,	
Koster	RW,	Schmid	B,	et	al.	A	zebrafish	model	of	tauopathy	allows	in	vivo	imaging	
of	neuronal	cell	death	and	drug	evaluation.	J	Clin	Invest.	2009;	119:	1382-1395.

24.	Hannan	SB,	Drager	NM,	Rasse	TM,	Voigt	A,	Jahn	TR.	Cellular	and	molecular	mo-
difier	pathways	in	tauopathies:	the	big	picture	from	screening	invertebrate	models.	J	
Neurochem.	2016;	137:	12-25.

25.	Alexander	AG,	Marfil	V,	Li	C.	Use	of	Caenorhabditis	elegans	as	a	model	 to	study	
Alzheimer’s	disease	and	other	neurodegenerative	diseases.	Front	Genet.	2014;	5:	279.

26.	Link	CD.	Expression	of	human	β-amyloid	peptide	in	transgenic	Caenorhabditis	ele-
gans.	Proc.	Natl.	Acad.	Sci.	USA	1995;	92:	9368-9372.

27.	Gong	Y,	Meyer	EM,	Meyers	CA,	Klein	RL,	King	MA,	Hughes	JA.	Memoryrelated	
deficits	 following	 selective	 hippocampal	 expression	 of	 Swedish	mutation	 amyloid	
precursor	protein	in	the	rat,	Exp.	Neurol.	2006;	200	(2):	371-377.

28.	Games	D,	Adams	D,	Alessandrini	R,	Barbour	R,	Borthelette	P,	Blackwell	C,	et	al.	
Alzheimer-type	neuropathology	in	transgenic	mice	overexpressing	V717F	β-amyloid	
precursor	protein,	Nature	1995;	373:	523-527.

29.	Xiao	F,	Li	XG,	Zhang	XY,	Hou	JD,	Lin	LF,	Gao	Q,	et	al.	Combined	administration	of	
D-galactose	and	aluminium	induces	Alzheimer-like	lesions	in	brain,	Neurosci.	Bull.	
2011;	27	(3):	143-155.

30.	Hsiao	K,	Chapman	P,	Nilsen	S,	Eckman	C,	Harigaya	Y,	Younkin	S,	et	al.	Correlati-
ve	memory	deficits,	Ab	elevation,	and	amyloid	plaques	in	transgenic	mice.	Science	
1996;	274	(5284):	99-102.

31.	Townsend,	M.	et	al.	Oral	treatment	with	a	g-secretase	inhibitör	improves	long-term	
potentiation	in	a	mouse	model	of	Alzheimer’s	disease.	J.	Pharmacol.	Exp.	Ther.	2010;	
333:	110-119.

32.	Schenk	D.	Amyloid-b	immunotherapy	for	Alzheimer’s	disease:	the	end	of	the	begin-
ning.	Nat.	Rev.	Neurosci.	2002;	3:	824-828.

33.	Morgan	D.	Immunotherapy	for	Alzheimers	disease.	J.	Intern.	Med.	2011;	269:	54-63.
34.	Games	D,	Adams	D,	Alessandrini	R,	Barbour	R,	Berthelette	P,	Blackwell	C,	et	al.	

Alzheimer-type	neuropathology	in	transgenic	mice	overexpressing	V717F	b-amyloid	
precursor	protein.	Nature	1995;	373	(6514):	523-7.



BÖLÜM 26: Deneysel Alzheimer Hastalığı Modelleri 315

35.	Calhoun	ME,	Burgermeister	P,	Phinney	AL,	Stalder	M,	Tolnay	M,	Wiederhold	KH,	
et	al.	Neuronal	overexpression	of	mutant	amyloid	precursor	protein	results	in	promi-
nent	deposition	of	cerebrovascular	amyloid.	Proc	Natl	Acad	Sci	USA	1999;	96	(24):	
14088-93.

36.	Van	Dam	D,	D’Hooge	R,	Staufenbiel	M,	Van	Ginneken	C,	Van	Meir	F,	De	Deyn	PP.	
Age-dependent	cognitive	decline	in	the	APP23	model	precedes	amyloid	deposition.	
Eur	J	Neurosci.	2003;	17:	388-396.

37.	Kelly	PH,	Bondolfi	L,	Hunziker	D,	Schlecht	HP,	Carver	K,	Maguire	E,	et	al.	Progres-
sive	age-related	impairment	of	cognitive	behavior	in	APP23	transgenic	mice.	Neuro-
biol	Aging	2003;	24:	365-378.

38.	Lalonde	R,	Dumont	M,	Staufenbiel	M,	Sturchler-Pierrat	C,	Strazielle	C.	Spatial	lear-
ning,	exploration,	anxiety,	and	motor	coordination	in	female	APP23	transgenic	mice	
with	the	Swedish	mutation.	Brain	Res.	2002;	956:	36-44.

39.	Lewis	J,	McGowan	E,	Rockwood	J,	Melrose	H,	Nacharaju	P,	Van	Slegtenhorst	M,	et	
al.	Neurofibrillary	 tangles,	 amyotrophy	and	progressive	motor	disturbance	 in	mice	
expressing	mutant	(P301L)	tau	protein.	Nat	Genet.	2000;	25:	402-405.

40.	Arendash	GW,	Lewis	J,	Leighty	RE,	McGowan	E,	Cracchiolo	JR,	Hutton	M,	et	al.	
Multi-metric	behavioral	 comparison	of	APPsw	and	P301L	models	 for	Alzheimer’s	
disease:	linkage	of	poorer	cognitive	performance	to	tau	pathology	in	forebrain.	Brain	
Res.	2004;	1012:	29-41.

41.	Zhang	B,	Higuchi	M,	Yoshiyama	Y,	Ishihara	T,	Forman	MS,	Martinez	D,	et	al.	Retar-
ded	axonal	transport	of	R406W	mutant	tau	in	transgenic	mice	with	a	neurodegenera-
tive	tauopathy.	J	Neurosci.	2004;	24	(19):	4657-67.

42.	Lewis	J,	Dickson	DW,	Lin	WL,	Chisholm	L,	Corral	A,	Jones	G,	et	al.	Enhanced	neuro-
fibrillary	degeneration	 in	 transgenic	mice	 expressing	mutant	 tau	 and	APP.	Science	
2001;	293	(5534):	1487-91

43.	Oddo	S,	Caccamo	A,	Shepherd	 JD,	Murphy	MP,	Golde	TE,	Kayed	R,	 et	 al.	Trip-
le-transgenic	model	of	Alzheimer’s	disease	with	plaques	and	tangles:	intracellular	Aβ	
and	synaptic	dysfunction.	Neuron	2003;	39:	409-421.

44.	Oddo	S,	Caccamo	A,	Kitazawa	M,	Tseng	BP,	LaFerla	FM.	Amyloid	deposition	pre-
cedes	tangle	formation	in	a	triple	transgenic	model	of	Alzheimer’s	disease.	Neurobiol	
Aging	2003;	24:	1063-1070.

45.	Martin	LJ,	Sisodia	SS,	Koo	EH,	Cork	LC,	Dellovade	TL,	Weidemann	A,	et	al.	Amylo-
id	precursor	protein	in	aged	nonhuman	primates.	Proc.	Natl.	Acad.	Sci.	U.	S.	A.	1991;	
88:	1461-1465.

46.	Struble	RG,	Price	Jr.	DL,	Cork	LC,	Price	DL.	Senile	plaques	in	cortex	of	aged	normal	
monkeys.	Brain	Res.	1985;	361:	267-275.

47.	Wisniewski	HM,	Ghetti	B,	Terry	RD.	Neuritic	(senile)	plaques	and	filamentous	chan-
ges	in	aged	rhesus	monkeys.	J.	Neuropathol.	Exp.	Neurol.	1973;	32:	566-584.

48.	Kanemaru	K,	Iwatsubo	T,	Ihara	Y.	Comparable	amyloid	beta-protein	(A	beta)	42(43)	
and	A	beta	40	deposition	in	the	aged	monkey	brain.	Neurosci.	Lett.	1996;	214:	196-
198.

49.	Schultz	C,	Dehghani	 F,	Hubbard	GB,	Thal	DR,	 Struckhoff	G,	Braak	E,	Braak	H.	
Filamentous	 tau	pathology	in	nerve	cells,	astrocytes,	and	oligodendrocytes	of	aged	
baboons.	J.	Neuropathol.	Exp.	Neurol.	2000;	59:	39-52.



316 Bilimsel Araştırmalarda Laboratuvar Hayvanları & Deneysel Modeller

50.	Schultz	C,	Hubbard	GB,	Rub	U,	Braak	E,	Braak	H.	Age-related	progression	of	tau	
pathology	in	brains	of	baboons.	Neurobiol.	Aging	2000;	21:	905-912.

51.	Kiatipattanasakul	W,	Nakayama	H,	Yongsiri	S,	Chotiapisitkul	S,	Nakamura	S,	Koji-
ma	H.	Abnormal	neuronal	and	glial	argyrophilic	fibrillary	structures	in	the	brain	of	
an	aged	albino	cynomolgus	monkey	(Macaca	fascicularis).	Acta	Neuropathol.	2000;	
100:	580-586.

52.	Sadigh-Eteghad	S,	Sabermarouf	B,	Majdi	A,	et	al.	Amyloid-Beta:	A	Crucial	Factor	in	
Alzheimer’s	Disease.	Med.	Princ.	Pract.	2015;	24:	1-10.

53.	Mc	Larnon	J.	Correlated	inflammatory	responses	and	neurodegeneration	in	peptid-in-
jected	animal	models	of	Alzheimer’s	disease.	Biomed	Research	International	2014;	
923670.

54.	Paxinos	G,	Watson	C.	The	Rat	Brain	in	Stereotaxic	Coordinates	-	7th	Edition	–	Else-
vier.	7th	Edition,	2013;	eBook	ISBN:	9780124157521.

55.	Paxinos	G,	Franklin	K.	Paxinos	and	Franklin’s	the	Mouse	Brain	in	Stereotaxic	Coor-
dinates.	5th	Edition,	2019;	eBook	ISBN:	9780128161586

56.	Pilipenko	V,	Narbute	K,	Pupure	J,	Langrate	JK,	Muceniece	R,	Klusa	V.	Neuroprotec-
tive	potential	of	antihyperglycemic	drug	metformin	in	streptozocin	induced	rat	model	
of	sporadic	Alzheimer’s	disease.	Eur.	J.	Pharmacol.	2020;	881	(173290):	1-49.

57.	Zhang	X,	Li	Y,	Hu	Y.	Green	synthesis	of	silver	nanoparticles	and	their	preventive	ef-
fect	in	deficits	in	recognition	and	spatial	memory	in	sporadic	Alzheimer’s	rat	model.	
Colloids	Surf.	A.	Physicochem.	Eng.	Asp.	2020;	605	(125288);	1-6.

58.	Salkovic-Petrisic	M,	Tribl	F,	Schmidt	M,	Hoyer	S,	Riederer	P.	Alzheimer-like	changes	
in	protein	kinase	B	and	glycogen	synthase	kinase-3	in	rat	frontal	cortex	and	hippo-
campus	after	damage	to	the	insulin	signalling	pathway.	J.	Neurochem.	2006;	96	(4):	
1005-1015.

59.	Calvo-Ochoa	E,	Arias	C.	Cellular	and	metabolic	alterations	in	the	hipocampus	caused	
by	insülin	signalling	dysfunction	and	its	association	with	cognitive	impairment	during	
aging	and	alzheimer’s	disease:	studies	in	animal	models.	Diabetes	Metabolism	Rese-
arch	and	Reviews	2015;	31:	1-13.

60.	Erasmus	R,	Savory	J.	Wills	M,	Herman	M.	Aluminum	neurotoxicity	in	experimental	
animals.	Ther.	Drug	Monit.	1993;	15	(6):	588-592.

61.	Thirumangalakudi	 L,	 Prakasam	A,	 Zhang	 R,	 Bimonte-Nelson	 H,	 Sambamurti	 K,	
Kindy	MS,	et	al.	High	cholesterol-induced	neuroinflammation	and	amyloid	precursor	
protein	processing	correlate	with	 loss	of	working	memory	 in	mice.	 J.	Neurochem.	
2008;	106	(1):	475-485.

62.	Zhang	Z,	 Simpkins	 J.	An	 okadaic	 acid-induced	model	 of	 tauopathy	 and	 cognitive	
deficiency.	Brain	Res.	2010;	1359	(1):	233-246.

63.	Flood	JF,	Cherkin	A.	Scopolamine	effects	on	memory	retention	in	mice:	a	model	of	
dementia?	Behav.	Neural.	Biol.	1986;	45	(2):	169-184.

64.	Bajo	R,	Pusil	S,	López	ME,	et	al.	Scopolamine	effects	on	functional	brain	connecti-
vity:	a	pharmacological	model	of	Alzheimer’s	disease.	Sci	Rep.	2015;	5:	9748.

65.	Dixon	CE,	Kochanek	PM,	Yan	HQ,	Schiding	JK,	Griffith	RG,	Baum	E,	et	al.	One-ye-
ar	study	of	spatial	memory	performance,	brain	morphology,	and	cholinergic	markers	
after	moderate	controlled	cortical	impact	in	rats.	J.	Neurotrauma	1999;	16	(2):	109-
122.

66.	Carmo	SD,	Cuello	CA.	Modeling	Alzheimer’s	disease	in	transgenic	rats.	Molecular	
Neurodegeneration.	2013;	8:	1-11.



BÖLÜM 26: Deneysel Alzheimer Hastalığı Modelleri 317

67.	Chesselet	MF,	Carmichael	ST.	Animal	models	of	neurological	disorders.	Neurothera-
peutics	2012;	9:	241-244.

68.	Kordower	JH,	Bloch	J,	Ma	SY,	Chu	Y,	Palfi	S,	Roitberg	BZ,	et	al.	Lentiviral	gene	
transfer	to	the	nonhuman	primate	brain.	Exp.	Neurol.	1999;	160:	1-16.

69.	Kanninen	K,	Heikkinen	R,	Malm	T,	Rolova	T,	Kuhmonen	S,	Leinonen	H,	Ylä-Herttu-
ala	S,	Tanila	H,	Levonen	AL,	Koistinaho	M,	Koistinaho	J.	Intrahippocampal	injection	
of	a	lentiviral	vector	expressing	Nrf2	improves	spatial	learning	in	a	mouse	model	of	
Alzheimer’s	disease.	Proc.	Natl.	Acad.	Sci.	U	S	A.	2009;	106	(38):	16505-10.

70.	Bachmeier	C,	Mullan	M,	Paris	D.	Characterization	and	use	of	human	brain	micro-
vascular	endothelial	cells	to	examine	β-amyloid	exchange	in	the	blood-brain	barrier.	
Cytotechnology	2010;	62	(6):	519-529.

71.	Burkhart	A,	Thomsen	LB,	Thomsen	MS,	JLichota,	Fazakas	C,	Krizbai	I,	et	al.	Trans-
fection	of	brain	capillary	endothelial	cells	in	primary	culture	with	defined	blood-brain	
barrier	properties.	Fluids	Barriers	CNS	2015;	12	(19):	1-14.

72.	Gali	 CC,	 Fanaee-Danesh	 E,	 Zandl-Lang	M,	Albrecher	 NM,	 Tam-Amersdorfer	 C,	
Stracke	A,	 et	 al.,	Amyloid-beta	 impairs	 insulin	 signaling	 by	 accelerating	 autopha-
gy-lysosomal	degradation	of	LRP-1	and	IR-β	in	blood-brain	barrier	endothelial	cells	
in	vitro	and	in	3XTg-AD	mice.	Mol.	Cell.	Neurosci.	2019;	99	(103390):	1-19.

73.	Brambilla	A,	Lonati	E,	Milani	C,	Rizzo	AM,	Farina	F,	Botto	L,	et	al.	Ischemic	con-
ditions	and	β-secretase	activation:	the	impact	of	membrane	cholesterol	enrichment	as	
triggering	factor	in	rat	brain	endothelial	cells.	Int.	J.	Biochem.	Cell	Biol.	2015;	69:	
95-104.

74.	Roux	F,	Couraud	PO.	Rat	brain	endothelial	cell	lines	for	the	study	of	blood-brain	bar-
rier	permeability	and	transport	functions.	Cell.	Mol.	Neurobiol.	2005;	25	(1):	41-57.

75.	de	Medeiros	LM,	De	Bastiani	MA,	Rico	EP,	Schonhofen	P,	Pfaffenseller	B,	Wollen-
haupt-Aguiar	B,	et	al.	Cholinergic	differentiation	of	human	neuroblastoma	SH-SY5Y	
cell	line	and	its	potential	use	as	an	in	vitro	model	for	Alzheimer’s	disease	studies.	Mol.	
Neurobiol.	2019;	56	(11):	7355-7367.

76.	Chang	W,	Teng	J.	β-asarone	prevents	Aβ25-35-induced	inflammatory	responses	and	
autophagy	 in	SH-SY5Y	cells:	down	expression	Beclin-1,	LC3B	and	up	expression	
Bcl-2,	Int.	J.	Clin.	Exp.	Med.	2015;	8	(11):	20658-20663.

77.	Kuo	YC,	Tsao	CW.	Neuroprotection	against	apoptosis	of	SK-N-MC	cells	using	RMP-
7-	and	lactoferrin-grafted	liposomes	carrying	quercetin.	Int.	J.	Nanomed.	2016;	12:	
2857-2869.

78.	Yang	J,	Ju	B,	Yan	Y,	Xu	H,	Wu	S,	Zhu	D,	et	al.	Neuroprotective	effects	of	phenylet-
hanoid	glycosides	in	an	in	vitro	model	of	Alzheimer’s	disease.	Exp.	Ther.	Med.	2017;	
13	(5):	2423-2428.

79.	Houck	AL,	Hernandez	F,	Avila	 J.	A	 simple	model	 to	 study	 tau	 pathology.	 J.	 Exp.	
Neurosci.	2016;	10	(1):	31-38.

80.	Myre	MA,	Washicosky	K,	Moir	RD,	Tesco	G,	Tanzi	RE,	Wasco	W.	Reduced	amyloi-
dogenic	processing	of	the	amyloid	β-protein	precursor	by	the	smallmolecule	Differen-
tiation	Inducing	Factor-1.	Cell.	Signal.	2009;	21	(4):	567-576.

81.	Zu	HB,	Liu	XY,	Yao	K.	DHCR24	overexpression	modulates	microglia	polarization	
and	inflammatory	response	via	Akt/GSK3β	signaling	in	Aβ25–35	treated	BV-2	cells.	
Life	Sci.	2020;	260	(1508):	1-7.

82.	Choi	SH,	Kim	YH,	Quinti	L,	Tanzi	RE,	Kim	DY.	3D	culture	models	of	Alzheimer’s	
disease:	a	road	map	to	a	“cure-in-a-dish.	Mol.	Neurodegener.	2016;	11	(75):	1-11.



318 Bilimsel Araştırmalarda Laboratuvar Hayvanları & Deneysel Modeller

83.	Marrazzo	P,	Angeloni	C,	Hrelia	S.	Combined	 treatment	with	 three	natural	 antioxi-
dants	enhances	neuroprotection	in	a	SH-SY5Y	3D	culture	model.	Antioxidants	2019;	
8	(10):	1-16.

84.	Grenier	K,	Kao	J,	Diamandis	P.	Three-dimensional	modeling	of	human	neurodegene-
ration:	brain	organoids	coming	of	age.	Mol.	Psychiatry	2020;	25	(2):	254-274.

85.	Papaspyropoulos	A,	Tsolaki	M,	Foroglou	N,	Pantazaki	AA.	Modeling	and	Targeting	
Alzheimer’s	Disease	With	Organoids.	Front	Pharmacol.	2020;	11:	396.

86.	Penney	J,	Ralvenius	WT,	Tsai	LH,	Modeling	Alzheimer’s	disease	with	iPSCderived	
brain	cells.	Mol.	Psychiatr.	2020;	25	(1):	148-167.

87.	Li	L,	Kim	HJ,	Roh	JH,	Kim	M,	Koh	W,	Kim	Y,	et	al.,	Pathological	manifestation	of	
the	induced	pluripotent	stem	cell-derived	cortical	neurons	from	an	early-onset	Alzhe-
imer’s	disease	patient	carrying	a	presenilin-1	mutation	(S170F).	Cell	Prolif.	2020;	53	
(4):	1-12.

88.	Fanselow	 M.	 Conditioned	 and	 unconditional	 components	 of	 post-shock	 freezing.	
Pavlovian	J.	Biol.	Sci.	1980;	15	(4):	177-182.

89.	van	der	Poel	A.	Ethological	study	of	the	behaviour	of	the	albino	rat	in	a	passiveavoi-
dance	test.	Acta	Physiol.	Pharmacol.	Neerl.	1967;	14	(4):	503-505.

90.	Morris	R,	Garrud	P,	Rawlins	J,	O’Keefe	J.	Place	navigation	impaired	in	rats	with	hip-
pocampal	lesions.	Nature	1982;	297	(5868):	68-683.

91.	Olton	D,	Samuelson	R.	Remembrance	of	places	passed:	 spatial	memory	 in	 rats.	 J.	
Exp.	Psychol.	Anim.	Behav.	Process.	1976;	2	(2):	97-116.

92.	Barnes	C.	Memory	deficits	associated	with	senescence:	a	neurophysiological	and	be-
havioral	study	in	the	rat.	J.	Comp.	Physiol.	Psychol.	1979;	93	(1):	74-104.

93.	Blodgett	H,	McCutchan	K.	Place	versus	response	learning	in	the	simple	T-maze.	J.	
Exp.	Psychol.	1947;	37	(5):	412-422.

94.	Ennaceur	A,	Delacour	J.	A	new	one-trial	test	for	neurobiological	studies	of	memory	in	
rats,	Behav.	Brain	Res.	1988;	31	(1):	47-59.

95.	Bryan	KJ,	Lee	H,	Perry	G,	Mark	A.	Smith,	Casadesus	G.	Transgenic	mouse	models	
of	Alzheimer’s	disease:	behavioral	testing	and	considerations.	In:	Buccafusco	JJ,	eds.	
Methods	of	Behavior	Analysis	in	Neuroscience.	2nd	ed.	Boca	Raton:	Taylor&Francis	
Group;	2009;	p.1-18.

96.	Morris	R.	Developments	of	a	water-maze	procedure	for	studying	spatial	learning	in	
the	rat.	J	Neurosci	Methods	1984;	11	(1):	47-60.

97.	Morgan	D,	Diamond	DM,	Gottschall	PE,	Ugen	KE,	Dickey	C,	Hardy	J,	et	al.	A	beta	
peptide	vaccination	prevents	memory	loss	in	an	animal	model	of	Alzheimer’s	disease.	
Nature	2000;	408	(6815):	982-5.

98.	Hamann	S,	Monarch	ES,	Goldstein	FC.	 Impaired	 fear	conditioning	 in	Alzheimer’s	
disease.	Neuropsychologia	2002;	40	(8):	1187-95.

99.	McGaugh	 JL.	 Time-dependent	 processes	 in	 memory	 storage.	 Science	 1966;	 153	
(3742):	1351-8.

100.Hrnkova	M,	Zilka	N,	Minichova	Z,	Koson	P,	Novak	M.	Neurodegeneration	caused	
by	expression	of	human	truncated	tau	leads	to	progressive	neurobehavioural	impair-
ment	in	transgenic	rats.	Brain	Res.	2007;	1130	(1):	206-13.


