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ABSTRACT

Introduction: Alzheimer’s disease (AD) is one of the most prevalent neurodegenerative :
disorders, characterized by progressive memory loss and cognitive decline, ultimately leading
to dementia. Currently, there is no definitive cure, and available treatments focus only on
alleviating symptoms and slowing disease progression. In recent years, nanomedicine has i
been proposed as a potential approach for the treatment of various diseases, including AD.
Nanotechnology offers novel solutions to key challenges in AD treatment, such as poor drug :
solubility in biological fluids, low bioavailability, limited ability to cross the blood-brain barrier
(BBB), and rapid drug metabolism. This systematic review describes the potential applications
and benefits of nanoparticles in the fight against AD. Materials and Methods: To achieve i
the study’s objectives, a comprehensive literature search was conducted across reputable i
databases, covering publications from 1990 to November 2024. The search included keywords !
related to AD, its diagnosis, and treatment. Results: The findings suggest that nanoparticles
can enhance the effectiveness of existing AD treatments by improving drug solubility, | .
increasing bioavailability, and facilitating drug transport across the BBB. These properties Keywords:
suggest that nanoparticles could be promising tools for more effective AD management. :

Conclusion: Advances in nanomedicine offer significant opportunities for the development 1. Nanotechnology

of innovative therapeutic approaches for AD. By improving drug delivery and treatment 2. Central Nervous System Diseases

efficacy, nanoparticles could contribute to early detection and better disease management. 3. Mem(.nfy Disorders .
i 4. Cognitive Dysfunction
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! Alzheimer’s disease

? Dementia

3 Alois Alzheimer

4 Necrosis

’ Neurofibrillary Tangles

¢ Hyperphosphorylation of t protein

7 Amyloid beta proteins

8 Senile plaques

° Rapid eye movement

19 Non rapid eye movement
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! Cholinesterase enzyme inhibitors (ChEIs)
2 Ginkgo biloba

3 Blood-brain barrier

* Alzheimer’s disease treatment

3 Nanoparticles

¢ Polymeric nanoparticles

7 Lipid-based nanoparticles

8 Potential applications

° Drug delivery

O g—"ro gs'l—bjjb S8 a u‘g—u—d Lol el soiis
Sl ls i oS o] slnoniS fan 5t
5 a il U] mad g L isesll o Lapsiz db
it ladlone Bl 31 ke iols (yeiSh 5,8 5sS
o bl 35w ysbite ay |, SLsS 5 5l (ghos i S
S oo QA:M ‘Jl—».ﬂ 6‘)_1 dilesls )‘)J =
\rl_|31...>95...»_‘> 9 l.»9_~u LSLDQ)BHB.HB RSN = 05)_?
ooy 10 SLaS 5 ol ellS adsd lsee a1 0,
(Y P od_....u).) ‘Su\_e‘) ;.\_..ul.’ a )B_Jb )_.o.ul)” (_5)[_9.».‘
Sl omRlr 5 soleiny slean I plosea ol
u_aLC) J_u),.f )‘)J oolaz_wl Sy u‘)l_o.o.a .L:J‘)_m O gmnts
9 0920 9 S 4lig) B rmae Jobd pllw ol o3,
a1y oo 7 el sla gz Grman Aol imen
i il e 6y lam ol 4s Sl Jlais! sl o
=97 005 J Je) (Geed Sl yei el ogdle
K] o—lei Lo el o Sl syl u_o-j.oT
O alge o o slaodlad LS 50 (hise
O YL Cmoz loo,0 Ve 050> (Sl jobo as
ol 6 5le w5 bagie 5 i glg il 51 o
5 sbem OLadlbl 5 (Ll (0,8 4 BLol a0 =,
5 oole s ol g 00,ind Sl S g ylons
6959 Jl_m_'>| 9 ‘5>l_9h.u‘ )_..c 4_)‘)_|| coolaz_uwl S y9—0 le_ﬁbj)‘b
Lag)ls jo—e Lo e Blos JLuS 30 (oiilr (B)l5<
2 Ll o et adox 51 T g0 - S5 s ]
o, il oo e an el T A e ol 181 yla o
L o)y lee el cooiie slagbs, 45,8 alowl lalllas
=S 5 il Seelalogist eren) il g len
Lol aloslo QLQ,_.“...‘ ‘) (5 l_u 6“&..39.1...;:1 G»La)f
G Sl a Lag s aedan ailw, Jls pa
oy els adge S Gleye Ol S i 6l
YL a5l lres (oSl ol ST el J8las
u‘)byb )‘ ool = U_" 3o (\f‘ \&) Sl )10)3_7),'
Loy e 5 00 e Sl aly azrg L Lol Uil



“ - - 4-‘ -
Ve g oo q@adjen 090 —_m"""—-}"_"":‘*ﬂ )sjﬁ S —
Cdgloe Galidlan ;oo 35 5l gyl 5o Dl,350 Lasly

Lo i L gl s olss Ling I a3 ool )b 0502 6
Sl on s (650 9,8 Ay ez sl S sl
b slasiss an |y bl ol st (Jlie sl
Oty 3 e 00l (6,IAF L gl colo 4 S 3gad
Soielsnied St dn azr g LT 0 )50 Joe 4y
S ﬁL”.‘;‘ l—' 9 “3-.’.)519—0—»‘ s PH — e

2ol Sl g oo oliT sgls Jal> 5l e 3T STy
@bralbl (s se eyl ol an 0S Jlosl | 555
o=y yo Lagyls gjlw ols] ,odle 4 S 0 ai ol b
o el (Sigdnrd Ll o 2  Lagl coulie
QoS g Sl Sl ed ey oS ol ags 5 (S lase
S L g 00 35 et L5 0590 Jme y0 Lag o
i 5 99 Jm] ol Sl
Laolsl ol (53, s Lay] atialssb ol 31 5 o
9,12 39 45 (il (med sl aalys Jes 4y 6,55l
R YY) Cils aalss (6 uRair LiblS 55 5o
b ojarl (s ysld g pde cé iy 4 ey Lo
oS L g 055568 alie 51 Lo lis gl el
=l g Sl Sl oand dy (Il glite sla o,

J-B Sip pede o obolislu Lpsas ciils asg
O—ed Slogar Ly alal, o a5 o

2 o.)lé" )|

5000 ks ey, anlyll w4t S Lilen
Gyl e ailgie Lpis 0990 (slrg,lo 5l ool
o> U5 g Lo samo 5T ol pallay 5l g 00,5 ;5058 |,
s s ay o lél g o &l o 51 ol
e (S e R 9 009 Sgtme (rdgS
3y 0g2rg Layg 8 w55 0Ty (it (wg—Sae
ol )3l o Loguase wgog0 slayle o sl oolaiwl oo ioxen
O3o8) (sl (Bl el S5z g s Ll (e
G5 St o)) i S 555 sl sl
sanlie YL, JLaiol ol iy 5500 (s 5 55 5
et el LS ez B ol o)ls—e
9 S =P S 5l Sl jome 8y cdel o 5 b
e am o5 leeh 319735 G Gl e e 5
S Sl oot g (LB Gl sladel> axwg g
3 e Az e oo e 5 S )lem Sty 9, 0 S
OY ) Cwl ou s 05290 (slg,ls widg—w Dl I

Slhde b g ¢3b (5,98 3l eolai—wl o, =l sl nans 4o
a8 S 8 agi 0)9 e G 5l e (Sbp pode o

5 sy i 1 n gl yd o5l o o L
ogdle il lo 55 (b sl Ty 5l S
@9, sbasge L lanils oleg s o)l 8 0 Ul
b 5o wadhe slse 5l S (S Lol Jo s
sl am L5 ol Xaagh sy o Eala LSl
el S35l 5l glie gl colw 5 (b 4 3350
YV YY) (Y jmgai) Qloads 6” P (6” L) -8 C_gl;.c )|
30 Olydeil oyl ogall o 10 )15 sy aalol o (V4
By mslyS sl o)l L 15 g0 4z 0 05 5le

(S
(il o le o a Slhde bl eolawl Ly L oS
5 b slaplys ol (B)lee ials (o Sty
) 3310y (8 iy s s sl IS 5 by
am el Voo Gl 5 0 S Y ems (goslal Lo S
31 s loming Slasy allgly 45 e o (b (slaisS
Lapl g 00,5 (mgzme 053 09,0 |5 ()ls Lo s
o=l oS solasl (g g 3laaS ol el e o 1)
Sy soslas e e gl LS g B e o )3
Sheslaiwl iyl 1 ogdle Lau il ails oYL (6,0 35344

S pole s ealizul ol b 36l 51 el —Y  guai

e Lss 5

ﬁi 20 Targeted site



VFF e pao o)los qudSi 0)90

& T

At g ed SIS VAl wg —al e @l )3y L a s
d—ate Mo )35 5l ay a S a gy plsear N
Lol oyl (6,5 S 51 oa S (gl g ciloais
e ez oj sl g Ll @ Bge 4 oLulid (sl
—a s 3 b a5l as ol ol g las L
Mo &350 51 (SzgS s sl ol gy
Ol g ad> o p3 s S Sd L Sl (1l s,
Iy e VO (IS JLsls g odl os ) b sba s
Slh3gl egil & g Mo il )3g5L ,egilb A ) 0585l 04>
Bt 51 S350 ol s 5, LSy (kg it
a) TSl sl sl sSge (ool 1B 00,
Wiy sl S sl J5Sge 4y 45 (PEG: L
Loyl omds Pl il 1o ogdle wsog oo ool
neutravi- J . , Gl sl JoSgo (6,5, 5 ISl
Jlasl LUlgs a8 ol ooyl ol 3550500 p,8) din
sl ool (e s 5 (3l 1) g 4o (L5l
sl dsSse JUai) ol se ol |, o ssshol L,
Slgy b 5l 0)del ay Jo S5 Ll
sl sV ay neutravidin Jloasl 5  Ssb_wl 2SI
S92y et (Sl (o VlgsS oSS (L1
Whd ol dis )3 (Geblineg b o5 18) o LS aie
et Sz 5L 9550 (eembline Cpsls Lol 4y
oSy it Ll G Lie sl g, g
(Y0) o230 37— Iy MRI) " cueblise Lulis;,
sl gl G_J o oo oudigy (b ol 39 5L a5
15 (5,05, asilen 5 4SS5 sLaioly) T JLilS ise
O30 Gl 0,8 51 sloslow (gasiged 5 55 s
o—Fan o=l il @Y gl hls o3 bt o
a5l e L azlye 5l ey S350 ol il

(Y9 (¥ jmaad) ol =5 u‘ 599 9 6 J_.a...a u‘

Ole—eds ol e 0o

Jslssise Lol

S sy iy e i ol ay 1,k Sy b
Cd ay Sl L8 s mmen 1,8 e lie sl Lk s
wla Shngaa =gl ald ol lesla o5l
shadsSge s Jail 1t Jalis Uil oo
YL s ol il 5 (L sl ol () ™ S
o arie gembline 5 (S Sl 00 eles S e
5 e g el a DLl e b8 anse s5 cgzr 0,8
Lo Ml Saliuogis by, 4 susheel Lol
I8 ez si 0y G 5l G Pl S m 95w
Sl Sleys (hg) S 25 Semlusgish ol 4 S
Job an as 75 a4 ol ggyls Sl ol o a8
Sebion 32,5 )l dn il (wlows 55 5l (oolS 2o
(a5 P gy Jsb o] 0ol L g amy ad> e 50
95 (Slays Sl Sl g ogine o 095 Jled o8 an gl
1500 5 3 o 5355 e 58 S Jasl
Ogole andl) yo a8 Sl Gloys Loty (m v
Ol 3l Olg—iee g 00,5 Jmas ole S (55,51 4 1) G B
oolawl ol e S poly I8 Ba e 550 gl
S |y s 55 5l eslital L Syl 0,5
Lo op)lae yo i3 o J sl 5 ol
0 a Sl 00, S sl (55l il ol
SVl sy STy Sl o5 Sl s il sy
bl )l g2y LS 5o Siglsm sladae o &l,S
slaon chw o 5l e 2Bl s e
ol gmen olais lom 4 Dol L ke 40 (5518
5o olyd ol sheslawl sla il s 5 v alo
il oloasl 5 5o glaglom padid 5 plasyo
Slydeb 3l eslaiwl jo 4SS s 5 cwlwl o5, ol 3l
Yo goadelS gl Lo ple)lis b (b s 18
YYYF) el ool ol 31 ailw; 8l a6l

sola il

Yo s ol L ol s b e i gl e L S

! Labeling

22 Targeting Ligand

2 Antibody

24 Photodynamic therapy
% Photothermal

26 Photosensitizer

7 Core-Shell

2 PEGylation

2 Polyethylene Glycol

3 Lipoic Acid

3 MRI: Magnetic Resonance Imaging
32 Monoclonal

3 1 protein



Ve g oo q@adjen 090

—y

&:ﬂw J\sjﬁ QG.Q

Ml e Gs—ped skl Slsers LSt
99 3l (JoSge slacgorme Lagutign g 5,5 osnl i
Jelos ol s an) (s 5 o i
P aS o wd (gD C B A Hosran oLl glgl
89S o3l Ols—etr Sy slo a5l L
5 sl Slezslus syl oo S | it o Jol
095 UsS gl ol 5l lo i (6,0 S e Lis
L o) ator SlLagl 5l (5 Loty nsed
ainndls L (g 9 ((VLDL) 7 (0l )l il
Juils s Aaiby (9, Seeskets 5 (LDL) ol
i e ey basd 5 o2 50 oo Lol
liios il o 00,05 soge el — g 3ko ale g
PaSE G Ssnnnl Folede, dnlass o, o
9 &ty 55 5 LDL (gabasly 4y Jg pislS” J25 5 Jo
CSF 4o oYU o bile s s b sl ass ] 39,
e 55 Lo slaadslal gazd ailyi co g Sl o555
G ol e Ml (g a1, 9,8 5 00, g |
ol gl clie by, gl ol sl (YA) oo
—Snnsl Tolor o855l 5 She (s (i
g b e id gl ol 5l 0 (So e 0 (B
e o 5l e @ P ibe ol (lslid 1
Sl E oeignmsl Fojlas o b5l YL los o
Sl 03,8 ke | oanl ol s slaasdshel 4y JLa]
(gadglually glacyatiyy sl ooliiwl Ly st Ll 4
o, o=l 5o e e )3 ly oS nssl o=l e
L slaasglol ols 1,8 L wilan_wiles L fdme
8 o a0 )3 5 Mo (il B0 2,3 (s,
Ceadle i hlan 5l glaz g Jold ooy (IS
Slgs 3929 Dygmo ;0 (Y1) (O jmgad) wuS olulis |,

L o5 )lne 5 et Blyd5b 0, iS5 51 6, Ko JLo
@Wjﬂ‘ L_Suu.us) B Lﬁui )‘ oola__ul s)_o.").ﬂ
Ol b9y o=l 50wl )lem ol LA
Olee b oz s L aiged o, Lo )9 o 83ls
S 1y lae el oy a5 0 g 0 B0l 4 Jlasl
Sl as el Ve 5 dad UMb 5l 51,3450 4 oo
3l A 500 g 3l T gl g A 5
00—l Joate (HRP )Lzl a) ™ 2 S o5 jlasly,
@llid sl 3556 (=S IS 5l slasigas casog:
D3l (elenr iy 2SI gy amy sl e LN
Jeail gl sl =590 YL Sl (F mpad)
)55 g a5 Ui oyl 00,5 o 3L gL
dgidn aS oy Jlds a1, HRP W—i}j g gody
(V) el 5l s g S (sl iy Ly 055
=l ol B L Bl 1)y by ol e a3
s Mo lyds b (55, L a Skl wo slasals
S99 0, ol o aS goszie sl Jln 3o, S snnlis
7 gasil 0, SUl 51 IS tite (6 lame (>l 4 lae ol
)J .\))j o)l_.i'.v| ‘>Ua M(_g\.x_';lf 05)_.5” 9 vvdil_mjl Iﬁw}ﬂ
aSsheal as slagol ol an o Sglal Jlail &y
00)5)_..@ 05).45.” Q_'l J....‘.JL..; c..\_s|).a.a_m.o il K9y as
(YA) 395 o0 sladia (ymnd 7250550 (B9 0 (liee 9
Gl Ll gl @3 b 3l eolawl , S0 Ayl
Ng) @ 5 o Jslse (plwlid (o ls S o) a3l

stloontig Sl gy 0 yel3T 4 lde olalidy polaie 4 JlSLo ags —F pguad

W*

HRP o 551

.

L

* Gelsolin

3 Horseradish peroxidase
3 Anode

37 Aluminum oxide

3% Cathode

3 Lipoproteins
40 Very-low-density lipoprotein
41 Low-density lipoprotein



VFF e pao o)los qudSi 0)90

S E sl Fojlord gl sy s et sl Ly (slmaigbial ey oa asls aiges oo 350 51 oolicnsl —8 sy guats

JUDN(JT PRURE X SN

@
‘ ‘ ®
¢ \ —— Sl
% : M . s
& & %
= P olad o siagel ks Jladt
o E (235909
e

Oy (ilig)) 45T AS (oo 095 ol Jome Joo
Ol ol 09 oo 00l (SPR:,Laisl ay) Wszla_w
638 0)d mhw ploend oS 5 g ojll (S 4 aS
SLaoy i e (S 5SS jlslaz (il ais
Ll (e )L (G 508 a5 (i, o]
(95 (55 59— Jlosel Lo cnles 0 g 00,5
2 Le0s Sl e 5 5l a5, Gy Mol Sl
e Sl wedl ol o sl e sl o) b
g 98l (0 BB olS o Job S )3 0350 (5595
zoe Job » Gelaie (5=d) o0 0l oo Jobo aselis
PR SWIRER S PR I S ENONL f KPR W] PSR N FpR W
4z STATY) o woalss ads 6 iin slo )5 a0
S 5= 5l el (@l S =555 w55 s 0
Lo imlidl oUles 055 (6093 4 a5 09 oo oolai]
ot o0l Ll a0 |, L sty s 55 o L
oSkl Slaess a3 5las 513456 an 45, ol
iy oy wats (o] Jlss 4 g wiloa o g
=8 ©j9—e 4 | Lol sloes (b (9ol
Py e mlple 0 e Y e 5w L end
@le S —95 P Uhyy SIS s (s slaSDL
(85 im=d Slas i (Gl il anly Joole a4y
0,59 Slas e (@ ((oumbline oo 5 z9— Job
254 (g 9 (b gladsSlse 5 cmale colnsl (J52)
XYYE) ookl Slaons Jomo 4o 0,3el oolais]

Gl 343U 5l ool il slo Jlo oy ool 31 S
P 0lsSen ly S sl ol S - (5595 w55
g b O3 b Jlie (gl o (o 3d8 Dl j3g Sl a5
as Lo slassshal oo slagol ol am oo sols
GLQJ)L: Ao i ‘5‘)_) 0)05_01.’ Ls’l-?b.)‘ w‘d& [P
il b a3 cplas el T8 90 ol 5o b &l 34536
by n aily oo (Gl am (Glowgh Hoome S L
(YY) S i ) oS zo— Jsb L Siy=l oS
IS0 sy (p9 CLPFFD gop Jlgs
A oo s ol 0955 Jate Esly slaadslis]

42 Resonance surface plasmon
4 Restoring Coulomb Force
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“ Transferrin

4 Poly (ethylene glycol)-block-poly (2- (diisopropylamino)ethyl methacrylate co-hydroxyl methacrylate)

4 Quantum dot

47 Fe,0,

48 Superparamagnetic
4 Ferromagnetism
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! Top-Down
52 Bottom-up
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% Polystyrene

% PBCA: Poly (Butyl-2-Cyanoacrylate)
° Diffusion

2 Poly (Lactic-Co-Glycolic) Acid

% Poly n-butyl cyanoacrylate
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% Coated

% Cell Penetrating Peptide
5 Thioflavin T



¥ Lo pg0 o)lous e 0,99

“0 ®
M
s> PBCA &l,d4 5L a5 alosls las ol X _cagys
"B oeSann ¥Voojled py Sl Lo a5 (S o8
Jlasl o,k 5l sy a0l co sl oo T 0
505, S jone (S0 — S9—> d—w I LDL o055 a4y
CUNERUET-X WA 1 S DRSO S ] BN ’ulj_.l
o=l 0953 095595 il e LSSl ogdle
S 5 g ot a5 JlB 5o 4 S35 L
300 ladlas ;o .(FO) 0,5 law dopp o151 (esS ,oS
O848 (ol il dge il a s wsly lsd )l S cegys
Guu) Ul_"' J—'—"}-"_g" ad_;.b?..v 00— “—‘-@f PLGA )I as
5 Fol—w iS5 ;0 a5 Pax6 ¢ Nestin (Reelin 'y5>xon
Neuroligin ¢ Neuregulin NeuroD1 , s sl o5 50

(FF) amms il as s i d S0 jmled 0 aS

sl goliaze sl Jobo 4o a5 Slalllae Lolol o
5 0y sl (g)l0 e ga a0 >g il a8 T
2 slagge e cbile Ly )—’“’ lie 0, Sloe

S T I TT-S P RS IR RS R
S 5SS sLage 90 "‘—!"i‘ Az, aS 5 5ba
ol 3 aalss 1S el e S Sy il
= Laggeyge ol (Gtidlos pShan 55 0, Slhee
Lio g olonl )0 (ot (i 45 S dsS slagg)s
3o wyle Gae aly g Do eoligS alidl> g9 5 90
sz Sl oo 4 Layge 90 (ol 4z 5109, 5 o0
w3l e Gl oYL oLy slasjle a s swge
a Lol cbile ioals Jy asijfo,s5 p (s3ie - o
Oy 3O (o> 30 SoiS ol Syud els s
G yo (oo i s Loyl o dadlore Sl ST YL
g5 il (st 0,8 aalys e zlye IS a L,
b cble i ol Sl o)l (g8 slaptn
olslan Gt S8 a3 Lagseso 0!
s Sl3g b ags 0, S s lys Loyl o ladlxe
(g0 yimool a3 ,8) 17B-estradiol 5,5 ,b sl, PLGA
©Hge G I glasse (o] s, sy ssslil
oz $Laige, 98 wiesg SIS ol 6l a5
(?V) (\ ya.:) M‘)_N‘)J‘d)LMl_:O))LM)D

L gie 15 oy (g Slyiety S 5T 5l |5
& m9Mes SO, il wa—e g gl ) e LA
L ol 485 S50 sl (00 1 (laigas )T 5o
s sl ol adde an ig, ol az » J_LL‘SA
D, oad B eolaiwl 0 s e 550 059 ,—al YU

)_'>L~o L;me}) ‘_gl_u Ko ‘u| )| ooLp.»_,...:‘ o\.\_>| LA‘

sl oas Sl el osle S ™ (asS 58
S Sl oS o P)l5s 5 55 GlanST 2T
e iblone 3 e 5l La S50l (g5l i Ly ailgi o
%00 Iatol oS 5| Sy (OF-F+) oS
slagbon Ly atal) 5o (5resS )55 diesgs Ol 51 (gl
loJohos o NIf2 (amsig) (a9 09,5 JLosd (omae
S Sl (S pleea 45 g ol ol
Wy o 4L o] T gl Lol slaoasss
S sladsbo 5l g 08 (oo Jloel ) (ae o lidlone
DS oo Sdallre SLSU e 55 g pge— i 5o
sl Sige QT o as @‘9_.9 4..\_@ S e GE_Jl_a.A &l
et 8,8 18 plesl 0 e e el A S
(G55 595 Dliide) LoadginesS )55 Byce 45 0
S i 1, any sl hge (Lth e bl o Slne
3wl Gyl 5l asilgis (rnesS )5S (29— 51FY)
S o ply L onigdpelats Jolsiyg e sl
Ll o, om0l sladshw 2S5 5 0,
el oo 0l L (FYL FY) amo Lislidl _alS_tole;)]
95 oo oyl Sm8 Slahge 5o Laygyg slass 4
slosliiul Jlsis am 93 o oy Lo bge CSlid 5
Slalllas ooyizman (Ve FY) Dig i o Caysli ysasS 55
g5 595 a8 alosls L T sSogn 5 (G095
JeSi g a il oo Ly slmaSslal gy Jlail Ly
ol s ogdle () A S SaS gy Slrazs
Sr=Sol> Ul (resS )55 45 Cal ou il at e
e (BA) 313 1y sl 259 (gDl y5ind i
b =l 5l JoeSse ol Seinr (Sleys S
Sy Ay g Sl 19)5 5 Sl b sladae (o
a0 oo )8 DgelannST g g paem S e
095555 (o3t g (ol 00 55 cogdle

Sload dd (g ymendy )35 ) aaL&;J»jl Slages =V e guad
e SlLOgeys8 iy s 5wl s =5 )k = PLGA

% Curcumin

 Extracellular Signal-Regulated Kinases
7 Neural stem cells

"' In vivo

SS JA e
Sl slelsse

2 In vitro

3 Apolipoprotein E3 (ApoE3)
™ Decorated

> Androgen

¢ Estrogens




Ve g oo q@adjen 090

ool B gead oo ko L Lcao] &8 5w il
V) oi welys g el sl o colas] ol S

ot o521 glsl 51 (S M Sbgens apnST s o 3
O3S Js—S3n a4 M a1 ST YIS0l Jas
DS o 3 dBS1 (H,0,) assensT T L (0,) (Js—one
olylin 53 s Jgmna Sy STy 31 S,
NP ONPRIV T U 5L JLIE S S  [PU YW B SO |
e Az 5100, 5 o sl slmcansl lsil 55—
u_.\.b ‘_gl_g.:.é)o )_ilo Ia)Jﬁ)J‘ 5.) J)l?)—i A_Tu] Y‘ o)La_.f.'
S5 g 3 s e i s Sen Slled ol
o= il pugmme (V) S Ll (6,0 sl SO
\.\msb.'s_m p-)f—| 6L®w14l3 )| ool )‘ (5‘4_9.@..»

og2g Lals g L Lall g5 aw as aS 565,50 slaes 3]
G g Sl )lS am Laatign md 5 50 sl
Lets (poloaizl jobo ay Loy 56,8 Loy o5l oo
Lall glgslas Jls jo oyl iis Laodelal iy jo

Sl a1 S sie Mo o S Y el IS
U_S)_v O—.’.| . Ot "16 9 Oy ) ‘Ql_nljslf 4_....‘,]
coealS Sy a3, 5 L 555 Lo oIl S
1 ol sl ) bl & iy 4 S a5l o o0
oo (ypeST ol3T sl ISl oy o 51,
b (eaSThs— 5 JenSg 000 slosog S oSl
el G goda S aosla s a >gb oIy cagep
Lo ool 5 St 50 5T ol sloaiss ISl 108
ol A iean il gl o it ol b Lansislal
ol 18l e 500 ] Glatiaid 4 Cwgoo] S
Ly St a5 s T Ly 5
b oo (og—ee Ll )2 g 00ls (falS (wgzes jo-bo
3558 Lol 45 1> (AL $3) s a_alys 5gg

ST s Ul 5095 cmgaol cale Jdo 4
(S G u...._ﬁls L}T J_.J}' Ls‘)—' 6)_;A 6LQJ51_..4 o)_’}'
03Ul (Sme 0ud a LSy slapgjond dts wtbios
S adgkel Ly oo slasol ol Lssos 55 4
‘_S‘)_v u‘).)s_’l.l 05_a.|l.» g_)‘)_>‘ )| oolaz_wl )l 4.;5)_......;.» d_:ﬁ.o.u
2 Il gyl Lo 550 5 e az o o))l e
R )‘0)5_‘>).1 LQJBl_w a °'>)‘5 3_..114........5‘ 6Lbu,u).a_w|

(asishoal s 55 (slasals ) sl sloJ5Spn b o (5 5 056515 55iome o AL, (slapsised ants —1) ppad

C I

slassle ' _@
Ogedlials o

sleJssle
JsSedE Ll Gk
«\/ PEG)

7 Glutathione

8 Oligopeptide

7 Superoxide dismutase
80 Metalloprotein

81 027



VFF e pao o)los qudSi 0)90

& T

2 e sl oaxie sl Sal ) (g e cé iy (o
gDl b i 865l o Sl Lol 5l S
A (5,52l g0 Lo, 5l solai_wl 4 Lﬁm...asL.J
S5 29 9 9 I T g
LS 090 9 Jol ad> 10 4L sl A as
Fohday S13s50 colw asloas ol b Lol
Yo ol 4S5 NiPAM:BAM* ol oS 5l egils
e 5 sadsbeal Ayl loai e 4y Jloail o
sl g, 3l s (S )b gl e A >y

S SLaSY LS5 5l s Sl sl S S
a4 PAMAMM 5loa s aslw MVisla Lz o 6,5 ,15
£ Ay A anla T F L T i gl oy
i L ol e boylis L ool e olgil ale (slmog S
s Lo glaadshol a5 4SS ol an azrg Ly o qig |l
SIS il 93 o gls ab i ole gLty
a5 0, S Leol oy oo wiwn oYL b o
e oondaa Se S L L eah dngs (gla i o
b eign oml am pSome JLail L L as)lo 1) el o
(VF) 0SS Laadshoal (5Dl yod )Lgo 4
Lo op)loe jo Lajlis o loslii il jamd, iy & Sges
e dnaigloal (gl e e Gt 1 el
L5 18 iy Wy S 4 45 el o i
Siloas J—ate KLVFF a pgwgo (g0l ginal Y+
s il 35y 5,5 ol allan ool
Lo ©oBg 0 i LS5 6l iy
9=y Jds (e 4 (VV) Sl (5592 5

5500 )l b5 50 Lmagheal 5 opdle LS
el i S sl 5l 2)ls 4 Lagessy
L 568 2l e sl 5103950 (b ol
Sl olge Sail e (St St o LS 0
g ials’ jo g0 ol I (S alsiee w(g5te - o
g - adb (6 Lol LS5 g Laadslsl
o= I8l S 5 5 gyl (J5SU50 EGCG™ (55l
s ol Sl v gl oy g a ol S
365 L ol e (Ul 5 4z S8 lged!
Sl ey odle a5 Mgud sla s lwgil o
Syman Cell ozl Sl (2)lse 5 50,5 Loy ]
Whylo sy (Jod B (G (ol B L STy
b 5OV el gl yl ol 0, IS 5] gl g
cble I3l S a8 ool lalllae eyl
ay Sl sl Jmlre 50 56,8 Ly o5 Laga 3T o
@l (b s e oSl e a3
Al oo s ire slodslas )0 il ! bl gl
5 it el )l paets slnel, ) S0s (S
CdSe/ 3| JS e cogsilyS blas s .aib pdle 59,
(Dl ~Siuj 9 poailw —pgg—edls I (ogL5e) ZnS
PV slozge Job am ool ool 55 i e LB L
BACE 1 a5 4y (g0t Sy basgs 45 (il y5isld)
3ol )5 dges S casog sad Jae Mb &l 30 4
O 3) Eaal Sl il ool s 39056 o1, b
56,5 Ly 3T 6l |yiasses o5 BACE 1 oty
A 00,558 Cmwd Dygo dn a5 gl lsas ol
Ol &l,35 3 5 coglsS L) Jilugl aly ) g0
bLi (il 958 el 59 5l @ilo il Jate
Dys—o 0 LS (IS e A 005 D o0 (oglsS
Obales (ol jgisls ol sty (o1 50
ol p (B8l pars i (295 w5 ol 4 g 09-d e
(V) 09— o0 Jmol> 5U S L 9929 pae Ly 0924

BACE oy g a5 CdSe/ZnS og—lsS bl 5l oo ags o, 3556 IS ksl VY e guaai
el iU ol o 36,5 Lty a3l el e 25 el aings e o Sl 356 4y 1
&lydg b e (55, )3 5l a5 Ni-nitrilotriacetate JsSJgo 4y BACE 1 oy )0 (HIS) suoni oo
3l g 59 55 3e i 5 gl gy 4 ) IS S L 5 05t Jate g 43S 8
ot sl Loyl il gisl ool s boi 5 sagilys B (g5l s 5,5 Ly

S i gos

82 Epigallotechin-3-gallate

# Nano-lipid particles

8 Nucleation

% Elongation

8 N-isopropylacrylamide: N-tert-butyl acrylamide
8 Dendrimer

8 Polyamidoamine dendrimers

[



VFF Lo a0 o)las quSmn 0)90

—y

d.\_‘:t_o:\.l.u.\.:.u J\s_)ﬁ 4_.“_34

-

[

dhe Lo S peo als o ol oy (ol ]
S =9 S 5| 72l joe Lsl b pe 13 4y
Sl 3l g5 1 d Caad 0l colsl 598 Casl>
ool gl s s o ialS S a1y o] Sley
Glgiie il (S anaS Gloas a LS slepsjsdsil
Wah b waSeg ea s Jmate oy ol ool
St 2 b sl ol 2y 5l o u—_" =
il S slatge 7 0 Laadolesl pocs
cde an it ol A AN (VWY o gad) cils colS>
S P 51950 sty jee Lopgjendsil 4 Jlail
S99 Jdo do rrizmed a0 e (S50 - (S0
Sload ags )Slw (Jo SO LSl L sl sSse
9 99— 9ply> )lo)02 p (owlis (S 6y Gkl
O9bisn G 3 A 3500 sy pee dasd Al

sleadsloel JSis 5l ag Mol Lol sla g5
B DR S Ly W YPVINUINA 5| PRy W L SOV WD W
O9—olinST glo i STy o LQQT kf';_.,...,JL‘;LT ol
o 4 05 ol sla JIGol, a5l o o Jgs g
St sl ol i sla Kal, 5l Koo S o J—do
oola ! a)’_,ul).ﬂ 6)Lo...| MSJ_..M..J 9 l—bm?L.ﬁT HDD

i b Lulul Laasslal 4 Losl 1 cnn™ ol
=yl 50 La] oz S (oo pdo |y 5SSy g 4l

sl 929 4o oS oo ot JloS ol St e
dlgie eSde diln 4 Jmato (slo you yuis 5l colai
5 Gt LN g IS a a6, S5e j b ay
YA) 5l Joe 4 (S gl Lt sloasglel o oo
o plaoeion 4o il (59,050 Gl g )P
OlySsn 45 67503 Byt (mlpliy s s Mgy nlr ol
ookl 0,5 cadaie |, LoD jemdl 8 )] SaS L
A il a sl | LagT o, Slee dlagyg pl> L aliee
o J590 5l eoliiwl L (g ,tegib ¥e LY+ sla s
S, b S Y Yedg 5l eadasle )55 cs;
Jlas! (sl 59 ygdle (gonigi )| S slaaxly 5l e
St (s -y alS J5550) oS 4 o osls
slaygpls 2 Ma ol 4 w)ls Laasslal a Jlasl &l -
LE)L.}LM: U_" )l ra‘;.\j B (V‘\) A;B_M:Ga od_..al.' ‘559_...447
shlal "T'M Sl o G,l)_..._:.. ool Ly g 04—
M) asysl Jos a6 T ol Lol @ 5 (59,950
Sl jetate a sy ly3e U Sl eslan il ) (6,50 A Sgad
i Lo adal) o pls g Ty Lasiglal (ygdly pd
L Laol Goidlyed 5 e 9lsie Loy
oolaiwl Jol o8 jo am ;515 5 cnal i (d S adsie

Sire — 9> o P STORY sy JUasil sl ool alSy lopssoed il LSl WY 2 guai

£33921930

NI
Jsilodail

sy g

% Chaperones

% Nanogel

ol Pullulan

%2 Retro-inverso peptide OR2
% Chelating ligands



VFF e pao o)los qudSi 0)90

. *
&
i 51 (A 0sS ool oyl (6o L g
L 5 Loyl SaS s ot | o0 4l oy 3 lss oo
u.l?) )| oola__wl Lol QJJ u_lL.\.Q LS)—"" LsLble_m a
U_" Q‘_n).b )b M 9 Ga_laﬁ o|) s_La LS;LA)Q L))
PRV I TSR] FO LSNP I ) . PN WY PRI W
oh) L dnlie ) (5, S0g0me (il (B)l5e 5 ;TS
Loyl oy il pghis olie Lsl el y55 1
(51‘_0) o)l_a s_i_g.).) s u_w‘)l_uj OQB—'HSM_)‘]O a4

5 S3leShy 2 odle (ol sla sl (1S j5 b 4y
ol qolen 5 40 sladsl—w glel e 50
Ol comizmen S0 e o Sl e |y 009 B g A 6
Slars e gl Lol ;5 oSl bn Jsls
1y (Gasshl 5 (5 )9095 Slrazs aiile) Sy5alsn b et
GBI L as ceal s e d alb sige s
Jloil o gmel Gl sloml 5o pom Glos 2als g
s a8 Lo ba 5 0 slos Lo glgl ay Dl
5 So—ie Lo lon dagll,—w gly il Hy2xen (o
9y o=l 5l oo il 6 Stz 5 boay il
Ols—ise |y T o5 )le sloo Sl 51 Koo (S
Sl Ly o )lre sl G Glo— il B o
3,5 g5 Jld e Ly b & 50 ay iyl
g A slaigaly il 5l ookl diul, sl o
sl gy o bel 5 (S L aSslal L 5L
P )0 a5 098 o0 dlaald ;I (g )le L o))l
Db ool mogs ol slaJlin 3l S (B oly o
A Ui sty 3l eele il Laeyioly Ly Lol
=i dm gl 58 pam (sl gt g 4 S
O3S a0 o 5 0o wlg  ols sl 5 ]
ol Sl ey Sl slaetis ol a0 0
il oo jelate a5 ous jpates T a5 ]
WM266.2 ol 2l e Jlie sl g oo o ] 4
S ol Lo agsloslas 5 JislSgige (soly ol S
g ead Joate 5y sl 4 polais] )3 b oy
e eoltdll iy SLp e glol (s3lolol) 3 b
4z S ojlwoe ool B Olror (il o 55 6l )
o o 55 50 Y Ul sl (st ]
-S> S 3l 3l jee Jdo an Ll o ls LaaSelul
alss s dlae Glie 5l S T (Glaeys Sl Sl g5
@bl Gl 6l soleiin ool 5l (S (AF) 35
Sesg— Lo S sl ooliiul 5Sde Ay (L2l
W Sty elaie ol A ol e D390

% Pro-Chelator

% Neprilysin

% Insulin-degrading enzyme
7 RNA interference

% Antigens

% M266.2 antibody

ool wl aze i jo oylo 5L S8, b s slayesls an
il s an | Lagesls ol asly 4’ ol oL
i 315 sl 5, Sl Laaiploal o
Jlozzl g g5te — g2 a5l Lo ygidls 5ozl y5 e
Ol e pide Ty Loy T 51 oolitasl oo S sl
Ey3al oy el 00,5 Jilano ol c6lms o,
G—b ;| D-penicillamine g5 4 Jlail gl (g0
ol sle gy ol 5| M0 s ailysisd (sl
e I T DN JRENE
Jain god lidgibas as gloy L S Jos
B s dy Lol 100 (SoisS edls o5 e
) o 055 0 JLsd godlyiso slasil pus
AT Ao (6 peS sl Lanadsleal aaz 5l g 05,5 5L
Ol o eolaiwl JobB sla ,edls 5l Ko S N2PY
W o ey o5 SEH (AY) el oyl o, as
FESCS TP, R U HeS G AP SO
LS am e 095 sl (98 Sl 550 S e
iy &S jelailen 095 oo Jous CP
e 50 polaiS] je b any Ly i 36 ,Sw Ly o5
ol sl )l (b b 2 ls 02y
Sl on e ool a5 NMbg p ) wiedan
(M) 092 & Bly 590 (6 LSO JSa5 jlge 5o

\ S af -
7

Loadshoel aomes L oj)le ;550 slagig, );‘ IR S
rb s by a5 el la eyl oolin
ot i g 0t ey 5 ) Logatin g el atilyi o
039l ol ail pals j i o Lo T e LYo
ool aSlis ai o ol 5l el ge Ve 5l i
Oly—er Volydl S 2 o3l g Pk
03_..:1(59 ol l_:ap.;.)‘ﬂ slaiws ol elg sl oy 5 ) gedio
pmpl g0 o clale a S cr il oud et die (piren
Il S e ol 8l s gla s J B o ba
3l 90 ol Bls ammiliz 5y ol ol e alS
3 Sy 9o 5 055 S il sl
LSSl 5 Lonsshal gas Gioals s (sle il LG
sleslai il gl Lsonsl 51 (S 0,5 ool i (5 5—u
Sl (Gley005 b, ] Sr—=Sore 52, o
S an |y Lo 331 ol eauSaS o5 a8 i )5 ol
L5 e s (g5 o sla sl 4 o iUl
13 5 el i 5l i |y 055 Sleys ol
ool 8L Lo aslen, S o o X iaghy wo,lo ol
95 "RNAT (500 (el o o351 808 ol 05
ool 4 ol ] a5 oSl o
ol sl e,y o=l Jloiat (Sl e Dl ST 5l s

[



Ve g oo q@adjen 090

i 5350 Ue

Al 1,81 ol Joele 5 g5 o st Lo 55
e e LS o 4l ai e Loyl
Aol e bl vgmg bea by 5l (S a8 (o) 50l
ol T eolugib | T (S b8 Uy Ko a29)
S5 Cead Lpis Lagobgl a5 Ll 51000 0 gad)
Eoas E3lw oo | Lagol o5l 55 ksl
el gl cle an B isleyl Ll o o Lag]
Gl L —aSgbal 0o slasobgl 5l slasges BIOAP
Jdo a walw Jolim o5 polwl 0 odle a5
29— 9 ] i ST S 20 S oS 83la
“Sr—he ~( P9 S 9 Sl slaclis 5l S,
Jalie glagol ool loawlie o oo 28
6olaglb ol ola 1,3 LAY AR) a—s oo loid 095
Aol ,l5" glaSges ou i 4 LS (Db olde S (59, ,—
Sr= slal g8 alwlid 5 65l (S Cg
Sl oals all)] libions lawg Sl an aS aib o0
LS as e sl az g anl (B 050 H3zmen (AR)
Sb ] Sl Sy GiealS o (LS L o, S
Al aples Laplal o, Slee Ly o500 SYM_S1

S5 Az g Sy

J_Q%I}JTL;)LQ,..{)'\LQ‘o)IaLsé_JJéuélle_S.chs)'u)f\
p=dMe 098 o 0l 15\5_;\ )_wM 3 S= o

Lo assbel oo slasals ‘5';_3] ool L 3L L asles S
Sy eaiogs 0 4 LSy L 5 a5 (6 panky )35l (s,
ol 6slen L i az o 0 (sl Sl 000,
sl Je s a o 5 ol 4 s sl
) ¢;|).59_3L‘ Fmo S (G i 6LQJ)L as Lol ‘S._J
o Loy T sy ol g aczily, ayl58l L s o]
‘05)19 a OF )_:B.aa) O g—ilro ‘S«oL.a,}‘ )_Icu 3,90 J_‘xa
s 4y o3 il sl JsSpe JLail Jds oy
St (o~ P9 S Sl L] jee Glie 6 eih
ri—a> an Lag] (S sy ol e S350
U’“‘_")B‘ 6;.&0 ))_la a ﬁ}‘d_a ool ‘bli_ub 5o
u_>‘ ) )j.)l?b." J_a‘ﬁ.c )| oola__wl (.9 )l J_‘la °
)_n)l.fu ‘Sul_..ul...m ‘5‘)_> U] )| oolaz_wl ulLa‘ co—w ol

@uda_gﬁdu)fjl@p@_ﬂdﬁ_ﬁyrn
L;Lms)b) \A_ia_w 6'-%0).@) )_:ol.:55 4...44.:) 50 09.“:‘5;1
99 Slhleisl dn  cwi¥lgeS wigm Ly as o)ls s (S
o Jate (GaSis sboagil) 1 oS 02
Al glosl o Lol ol (S jeb an Lo ,&5 a o 3
S0 aS cosls amgr ool Ll cl LuSS Lagol ol
S e sl B0 J5Sg0 (555l 90 o sl

e Cmlas 0 gl on £9,mh CBge A Sl 05 g B0

101 Heavy
12 Domaine
13 Nanobody

Sl G531 s bate ay S ou A LSy 5y nsly 36 L F g guas
Ol A 00g ea s Jate L aSslael 05 slasal 45“—’] a2l
Gl ol 55 el sl Ul s s T3l egdle o
St st (St g s Sl S joe (gl Ay sl e
- FNSUIOW] U e 31 - PP O S W L WL NISEE DV SR )
o)l um slsplal b Shae o Pl o by S)lee pluwy

s s='-._,—‘ﬁ
[E) A—,L..I
‘2‘@ e
el
&

ol (50l (T 51 et 050285 (bl 00h 405 0Ll VO g

ol g9 an g aS 3yl 05

if %

Jals galy =T S8 Creagd ooled 1 g2Lgili
gslam S o

VoY . - .



VFF e pao o)los qudSi 0)90

00. @0/
CV
Lol 0y 29 s = 5 I = gl Pl
2o b olen ol gt S gl 1) aie ails o
O3 ol ST ogdle s oS sl b e sLins o
Ole—ieds e 8l 10 (638 LIS xoxg la S Lo
3 e oo sl el T a bl ol Vs 5l S
ol A o e is - aaldT Gleys o Sasl cbge
cmlin \f)il_..mw) So Glaad g aii e g lew
Cbld g anl (g, o dn g b ad,S b s Lal
5l i Lncs Lo lays 5o s )ibgls 5l ol ul a5
=35 il cg oo S Slallas o3l 3
el i ) sl S St S S b Lo
5 oo g v e 23l
A5 el 5] el (ol 5 (VAT e il
Lol 5 S_ipgb 3 Jols ils 3l solit ol L st
sba,Sal, asl)l as 55U 5,5l slaise plw L
Lo los £lsl Az Ol St ySge 5 el )lS

SIoyad g S

o am Gril Sy liese Ss
Sy 5 Dl S
e S ol e ] o Se Sl
sisrtils ]
SreSmy ol ay ola)S Sy pele oSl
g I o il Ly S el FeY e ASA
ol sa s ol olS

a_Jlas U_" B )_’9.0 9 & "C.!A U‘QLTA(

S0 A" fuj S8

wlo (5593 9 (A2

1. Mendez MF. Early-onset Alzheimer’s disease:
nonamnestic subtypes and type 2 AD. Archives
2012;43(8):677-85.

of medical research.

2. Organization WH. The global dementia observatory
reference guide. World Health Organization; 2018.

3. Ballard C, Gauthier
C, Aarsland D, Jones
the Lancet.

S, Corbett A, Brayne
E. Alzheimer’s disease.
2011;377(9770):1019-31.

4. Jack CR, Therneau TM, Weigand SD, Wiste
HJ, Knopman DS, Vemuri P, et al. Prevalence

of biologically vs clinically defined Alzheimer

spectrum entities using the National Institute

on  Aging—Alzheimer’s ~ Association  research

104 Biomarker
105 Pharmacokinetics

Q‘)—t-'." 6L¢W]Qu1¢)l55 &5 oy, o J: e
.09—45¢5°Q‘)L0-,:-3‘5CL03_?-|9‘;45;$6LQ.; S ==)~>)_;..L?L$

Sl Ko izman ol T ()l 4y 2Dl odle 4
SRy 5 el ool IS5 5 ST
O Yoone S0 U (5 o oMo g9, 5l ol 55
Ao Aol ass, s Il oo 0 ol Jlw oo Umy
5hccwloas jLel o Dle 9ol 51 8 o Jlw 51 5, Low
Ol e 095 et sl (2la e, (B vy
G Sl o S ge slapleys anwgs LS o s )len
Sleydgylo “—?)f‘:s.’.ﬁ—"’ heoeslazd s )l 8 azgi oo
ez el gl ol sl Jol—e (35,
Sl SISTL snaz Sleys sl by, (Brre w09t o
‘_g‘)_g |) 6“’"\—;';5)‘9&?"‘ 6@4‘; “\—"5"6" asb Sg—np
(R 3-Y) 33 s 6 )lam oyl Ly s 03, lca

156 gyl 5l ooliasl E il o Ay dalllae (ol 4o
Gl Ly o)l 5 (lwlids gl JT 5 (I =) 518
5| lolgs oslinl (Sl vogdle 4y o azils g ol
GBS Oyed S sl Sleys sla s, 5 DlySsl
8 oy 90550 o ol Seliogis o ol S -5 59
3 oolital o gy 5| Jolo galis Gl 1o 8
o5 o pige Slye odslona il o 5 Lokl 1,5
s U8 GmlB L g () (ool 2 S9t ¢ Jodoee
Sl an yomie oy (S ladlre slasw 5l Lo J9Sge
Sl (e jlad aalst se g0 sLagleys (S
5 5l el JsSse ool 1,8 Ll a5 clils dmgs
St ol oo 05 gl 1 Lagoli T (gren
i S ozt 135 5,50 e gl |, Lagy] ilayo
Pl S A g pSein b an Sl il egdle
QAT ool aalys 3 b L b5 je il
ol T o les yleyo o &34 5k 5l oolawl a > 5]
Lol og—2 yonie (5,90 5 Sie gl 4 0wl oe
b A g oS ol S A S el a g ol

&L
framework. JAMA neurology. 2019;76(10):1174-83.

5. Reitz C, Mayeux R. Alzheimer disease: epidemiology,
diagnostic criteria, risk factors and biomarkers.
Biochemical pharmacology. 2014; 15: 88(4): 640-51.

6.NistorM,DonM, ParekhM, SarsozaF,GoodusM, Lopez
G, et al. Alpha-and beta-secretase activity as a function
of age and beta-amyloid in Down syndrome and normal
brain. Neurobiology of aging. 2007;28(10):1493-506.

7. Allen HB. Alzheimer’s disease: assessing the role of
spirochetes, biofilms, the immune system, and amyloid-f
with regard to potential treatment and prevention.
Journal of Alzheimer’s Disease. 2016;53(4):1271-6.

I
[



VFF Lo a0 o)las quSmn 0)90

i 5350 Ue

]

8. Congdon EE, Sigurdsson EM. Tau-targeting
disease. Nature
2018;14(7):399-415.

therapies for Alzheimer

Reviews Neurology.

9. Shirian S, Tahmasebian N, Bakhtiari Moghadm
B, Kiani FZ, Amini MR. Anatomical, Physiological,
and Pathological Changes in Different Parts of the
Brain in Alzheimer’s Disease. The Neuroscience

Journal of Shefaye Khatam. 2024;12(3):103-16.

10. Martorana A,
Beyond

Koch G.
the cholinergic hypothesis: do

Esposito  Z,
current
disease? CNS
2010;16(4):235-45.

drugs work in  Alzheimer’s

neuroscience & therapeutics.

11.  Dubois B, Villain N, Frisoni GB,
GD, Sabbagh M, Cappa S,
diagnosis  of

Rabinovici et al
disease:
recommendations of the International Working

Group. The Lancet Neurology. 2021;20(6):484-96.

Clinical Alzheimer’s

12. Luchsinger JA, Noble JM, Scarmeas N. Diet

and  Alzheimer’s disease. Current neurology

and  neuroscience  reports. 2007;7(5):366-72.

13. Solfrizzi V, Panza F, Frisardi V, Seripa D, Logroscino
G, Imbimbo BP, et al. Diet and Alzheimer’s disease
risk factors or prevention: the current evidence. Expert
review of neurotherapeutics. 2011; 11(5): 677-708.

14. Brambilla D, Le Droumaguet B, Nicolas J, Hashemi
SH, Wu L-P, Moghimi SM, et al. Nanotechnologies
for Alzheimer’s disease: diagnosis, therapy, and
Nanomedicine:

2011;

Nanotechnology,
7(5):  521-40.

safety  issues.

Biology and Medicine.

15. Laske C, Sohrabi HR, Frost SM, Lopez-de-
Ipina K, Garrard P, Buscema M, et al. Innovative
diagnostic tools for early detection of Alzheimer’s
disease. Alzheimer’s & Dementia. 2015;11(5):561-78.

16. Silva S, Almeida AJ, Vale N. Importance of
nanoparticles for the delivery of antiparkinsonian
2021;13(4):508.

drugs. Pharmaceutics.

17. Karthivashan G, Ganesan P, Park S-Y, Kim J-S, Choi
D-K. Therapeutic strategies and nano-drug delivery
applications in management of ageing Alzheimer’s

disease. Drug delivery. 2018; 25(1): 307-320.

18. Bagheri AM, Ranjbar M. Nanoparticles for
Drug Delivery in Parkinson’s Disease: A Review
Neuroscience
12(4): 67-80.

of Potential Applications. The
Journal of Shefaye Khatam. 2024;

19. Di Stefano A, Iannitelli A, Laserra S, Sozio P. Drug

delivery strategies for Alzheimer’s disease treatment.
Expert opinion on drug delivery. 2011;8(5):581-603.

20.Sarvaiyal,Agrawal Y.Chitosanasasuitablenanocarrier
material for anti-Alzheimer drug delivery. International
journal of biological macromolecules. 2015; 72: 454-65.

21. Banks WA. Drug delivery to the brain in Alzheimer’s
disease: Consideration of the blood—brain barrier.
Advanced drug delivery reviews. 2012;64(7):629-39.

WM. Treatment of Alzheimer’s
blood-brain

Pharmaceuticals.

22. Pardridge
disease and barrier drug

delivery. 2020;13(11):394.

23. Behera A, Sa N, Pradhan SP, Swain S, Sahu PK.
Metal Nanoparticles in Alzheimer’s Disease. Journal
of Alzheimer’s Disease Reports. 2023(Preprint):1-20.

24. Poudel P, Park S. Recent advances in the treatment
of Alzheimer’s disease using nanoparticle-based drug
Pharmaceutics. 2022;14(4):835.

delivery systems.

25. Choi J-s, Choi HJ, Jung DC, Lee J-H, Cheon J.
Nanoparticle assisted magnetic resonance imaging
of the early reversible stages of amyloid B self-
assembly. Chemical communications. 2008(19):2197-9.

26. Brazaca LC, Sampaio I, Zucolotto V, Janegitz
of biosensors in Alzheimer’s
2020; 210: 120644.

BC. Applications

disease diagnosis. Talanta.
27. Yu Y, Sun X, Tang D, Li C, Zhang L, Nie D, et
(1-40/1-
42): electrochemical evaluation of levels of soluble
with
Biosensors and Dbioelectronics.

al. Gelsolin bound p-amyloid peptides

disease.
115-21.

Alzheimer’s
2015; 68:

peptide  associated

28. WuC-C,KuB-C,Ko C-H, ChiuC-C, Wang G-J, Yang
Y-H, et al. Electrochemical impedance spectroscopy
analysis of A-beta (1-42) peptide using a nanostructured
biochip. Electrochimica Acta. 2014; 134: 249-57.

29. Liu C-C, Kanekiyo T, Xu H, Bu G. Apolipoprotein
E and Alzheimer disease: risk, mechanisms and therapy.
9(2): 106-18.

Nature Reviews Neurology. 2013;

30. Kang MK, Lee J, Nguyen AH, Sim SJ. Label-free
detection of ApoE4-mediated (-amyloid aggregation
on single nanoparticle uncovering Alzheimer’s disease.

Biosensors and bioelectronics. 2015; 72: 197-204.

31. Naziroglu M, Muhamad S, Pecze L. Nanoparticles
as potential clinical therapeutic agents in Alzheimer’s
disease:

focus on selenium nanoparticles. Expert

review of clinical pharmacology. 2017; 10(7): 773-82.



VFF e pao o)los qudSi 0)90

“0 ®
M
32. Jana J, Ganguly M, Pal T. Enlightening
effect

nanoparticles for practical spectroscopic
application. RSC advances. 2016; 6(89): 86174-211.

surface  plasmon resonance of metal

33. Eustis S, El-Sayed MA. Why gold nanoparticles
are more precious than pretty gold: noble metal surface
plasmon resonance and its enhancement of the radiative
and nonradiative properties of nanocrystals of different
shapes. Chemical society reviews. 2006;35(3):209-17.

34. Zeng F, Peng K, Han L, Yang J. Photothermal and
photodynamic therapies via NIR-activated nanoagents
in combating Alzheimer’s disease. ACS Biomaterials
2021;7(8):3573-85.

Science &  Engineering.

35. Prades R, Guerrero S, Araya E, Molina C, Salas E,
ZuritaE, etal. Delivery of goldnanoparticlestothebrainby
conjugation with a peptide that recognizes the transferrin
2012; 33(29): 7194-205.

receptor. Biomaterials.

36. Lee JS, Lee BI, Park CB. Photo-induced
inhibition of Alzheimer’s B-amyloid aggregation in
vitro by rose bengal. Biomaterials. 2015; 38: 43-9.

37. Jiang Y, Zeng Z, Yao J, Guan Y, Jia P,
Zhao X, et al
disease ~ with  small-molecule  photosensitizers.
Chinese Chemical Letters. 2023; 34(5): 107966.

Treatment of Alzheimer’s

38. Zhang J, Liu J, Zhu Y, Xu Z, Xu J, Wang
T, et al. Photodynamic micelles for amyloid [
degradation and aggregation inhibition. Chemical

Communications. 2016; 52(81): 12044-7.

39. Mahmoudi M, Quinlan-Pluck F, Monopoli
MP, Sheibani S, Vali H, Dawson KA, et al.
of the
superparamagnetic iron oxide

Influence physiochemical properties of
nanoparticles on
amyloid P protein fibrillation in solution. ACS

chemical neuroscience. 2013; 20; 4(3): 475-85.

40. Mirsadeghi S, Shanchsazzadeh S, Atyabi F,
Dinarvand R. Effect of PEGylated superparamagnetic
iron oxide nanoparticles (SPIONs) under magnetic
field on amyloid beta fibrillation process. Materials
2016;59:390-7.

Science and  Engineering: C.

41. Carradori D, Balducci C, Re F, Brambilla
D, Le Droumaguet B, Flores O, et al. Antibody-
functionalized polymer nanoparticle leading to memory
recovery in Alzheimer’s disease-like transgenic
Nanomedicine:

2018;

mouse model. Nanotechnology,

Biology and Medicine. 14(2):  609-18.

42. Demeritte T, Viraka Nellore BP, Kanchanapally R,

Sinha SS, Pramanik A, Chavva SR, etal. Hybrid graphene
oxide Dbased plasmonic-magnetic —multifunctional
nanoplatform for selective separation and label-free
identification of Alzheimer’s disease biomarkers. ACS

applied materials & interfaces. 2015;7(24):13693-700.

43.Li M, Yang X, Ren J, Qu K, Qu X. Using graphene
oxide high near-infrared absorbance for photothermal
treatment of Alzheimer’s disease. Advanced Materials
(Deerfield Beach, Fla). 2012;24(13):1722-8.

44. Huang H-M, Ou H-C, Hsieh S-J, Chiang L-Y.
Blockage of amyloid [ peptide-induced cytosolic
free calcium by fullerenol-1, carboxylate C60 in
PC12 cells. Life Sciences. 2000;66(16):1525-33.
45. Benedict C, Hallschmid M, Schmitz K, Schultes B,
Ratter F, Fehm HL, et al. Intranasal insulin improves
memory in humans: superiority of insulin aspart.

Neuropsychopharmacology. 2007;32(1):239-43.

46. Liu Y, Liu F, Grundke-Igbal I, Igbal K,
Gong CX. Deficient brain
in  Alzheimer’s

insulin  signalling
disease and diabetes.

2011;225(1):54-62.

pathway

The Journal of pathology.

47. Picone P, Sabatino MA, Ditta LA, Amato
A, San Biagio PL, Mul¢ F, et al. Nose-to-brain
delivery of insulin enhanced by a nanogel carrier.
release. 2018;270:23-36.

Journal of controlled

48. Soreq H, Seidman S. Acetylcholinesterase—
new roles for an old actor. Nature Reviews
Neuroscience. 2001;2(4):294-302.
49. Cheung J, Beri V, Shiomi K, Rosenberry TL.
Acetylcholinesterase complexes with the natural
product inhibitors dihydrotanshinone I and territrem
B: Binding site assignment from inhibitor competition
and validation through crystal structure determination.
Journal of Molecular Neuroscience. 2014;53(3):506-10.

50. Hartig W, Kacza J, Paulke BR, Grosche J, Bauer
U, Hoffmann A, et al. In vivo labelling of hippocampal
B-amyloid in triple-transgenic mice with a fluorescent
acetylcholinesteraseinhibitorreleased fromnanoparticles.
European Journal of Neuroscience. 2010;31(1):99-109.

51. Baysal I, Ucar G, Gultekinoglu M, Ulubayram K,
Yabanoglu-Ciftci S. Donepezil loaded PLGA-b-PEG
nanoparticles: their ability to induce destabilization
of amyloid fibrils and to cross blood brain barrier in

vitro. Journal of neural transmission. 2017;124:33-45. g

q.
52. Wilson B, Samanta MK, Santhi K, Kumar KPS, I.



VFF Lo a0 o)las quSmn 0)90

i 5350 Ue

[

ParamakrishnanN, SureshB.Poly(n-butylcyanoacrylate)
nanoparticles coated with polysorbate 80 for the
targeted delivery of rivastigmine into the brain to treat
Alzheimer’s disease. Brain research. 2008;1200:159-68.

53. Yang Z-Z, Zhang Y-Q, Wang Z-Z, Wu K,
Lou J-N, Qi X-R. Enhanced brain distribution and
pharmacodynamics of rivastigmine by liposomes
administration. International
2013;452(1-2):344-54.

following intranasal

journal of pharmaceutics.

54. Khurana R, Coleman C, Ionescu-Zanetti C,
Carter SA, Krishna V, Grover RK, et al. Mechanism
of thioflavin T binding to amyloid fibrils. Journal
2005;151(3):229-38.

of structural biology.

55. Siegemund T, Paulke B-R, Schmiedel H, Bordag N,
Hoffmann A, Harkany T, et al. Thioflavins released from
nanoparticlestargetfibrillaramyloid finthehippocampus
of APP/PSI transgenic mice. International journal of

developmental neuroscience. 2006;24(2-3):195-201.

56. Kumar K, Kumar A, Keegan RM, Deshmukh
R. Recent
neuropharmacology ~ of  Alzheimer’s  disease.
Biomedicine & pharmacotherapy. 2018;98:297-307.

advances in the neurobiology and

57.  Selkoe DJ.
proteins, and therapy. Physiological reviews. 2001.

Alzheimer’s  disease:  genes,
58. Suzuki T, Nakaya T. Regulation of amyloid -protein
precursor by phosphorylation and protein interactions.

Journal of Biological Chemistry. 2008;283(44):29633-7.

59. Casadesus G, Smith MA, Zhu X, Aliev G, Cash AD,
Honda K, et al. Alzheimer disease: evidence for a central
pathogenicrole ofiron-mediated reactive oxygen species.
2004;6(2):165-9.

Journal of Alzheimer’s disease.

60. Ferreira ST, Clarke JR, Bomfim TR, De Felice

FG. Inflammation, defective insulin signaling,
and neuronal dysfunction in Alzheimer’s disease.
Alzheimer’s &  dementia. 2014;10(1):S76-S83.
61. Cheng KK, Chan PS, Fan S, Kwan SM, Yeung
KL, Wang Y-XJ, et al. Curcumin-conjugated magnetic
nanoparticles for detecting amyloid plaques in
Alzheimer’s disease mice using magnetic resonance
imaging (MRI). Biomaterials. 2015;44:155-72.
62. Barchet

opportunities

T™, Amiji MM. Challenges and
in CNS delivery of therapeutics
diseases. Expert

2009;6(3):211-25.

for neurodegenerative

opinion on drug delivery.

63.Mc Carthy DJ,MalhotraM, O’Mahony AM, CryanJF,

O’Driscoll CM. Nanoparticles and the blood-brainbarrier:
advancing from in-vitro models towards therapeutic
significance. Pharmaceutical research. 2015;32:1161-85.

64. Maulik M, Westaway D, Jhamandas J, Kar
S. Role of cholesterol in APP metabolism and its
in Alzheimer’s

significance disease pathogenesis.

Molecular neurobiology. 2013;47:37-63.

Chen
agents.

65. Xie J, Lee S,
based
delivery

X. Nanoparticle-
Advanced  drug
2010;62(11):1064-79.

theranostic
reviews.

66. Li Y, Cheng Q, Jiang Q, Huang Y, Liu H,
Zhao Y, et al. Enhanced
escape by distearoyl

endosomal/lysosomal
phosphoethanolamine-
polycarboxybetaine lipid for systemic delivery of
siRNA. Journal of controlled release. 2014;176:104-14.

67. Prakapenka AV, Bimonte-Nelson HA, Sirianni RW.
Engineering poly (lactic-co-glycolic acid)(PLGA) micro-
and nano-carriers for controlled delivery of 17p-estradiol.
Annals of biomedical engineering. 2017;45:1697-709.

68. Nunomura A, Castellani RJ, Zhu X, Moreira PI,
Perry G, Smith MA. Involvement of oxidative stress
in Alzheimer disease. Journal of neuropathology

&  experimental neurology. 2006;65(7):631-41.

69. Liu H, Wang H, Shenvi S, Hagen TM, LIU
RM. Glutathione metabolism during aging and
Annals of the New York
2004;1019(1):346-9.

in Alzheimer disease.

Academy of Sciences.

70. Rotman M, Welling MM, Bunschoten A, de
Backer ME, Rip J, Nabuurs RJA, et al. Enhanced
glutathione PEGylated liposomal brain delivery of
an anti-amyloid single domain antibody fragment
Alzheimer’s  disease.
2015;203:40-50.

mouse model for
of Controlled Release.

in a
Journal

71. Hayyan M, Hashim MA, AlNashef IM.
Superoxide ion: generation and chemical implications.
2016;116(5):3029-85.

Chemical reviews.

72.ReddyMK,WuL,KouW,GhorpadeA,LabhasetwarV.
Superoxidedismutase-loaded PLGA nanoparticlesprotect
cultured human neurons under oxidative stress. Applied
biochemistry and biotechnology. 2008;151:565-77.

73. Smith A, Giunta B, Bickford PC, Fountain M,
Tan J, Shytle RD. Nanolipidic particles improve
the bioavailability and o-secretase inducing ability
(EGCG) for the
disease. International
2010;389(1-2):207-12.

of  epigallocatechin-3-gallate
treatment of  Alzheimer’s

journal of pharmaceutics.



VFF e pao o)los qudSi 0)90

“o ®
e
74. Choi Y, Cho Y, Kim M, Grailhe R, Song R.
Fluorogenic quantum dot-gold nanoparticle assembly
for beta secretase inhibitor screening in live cell.
2012;84(20):8595-601.

Analytical chemistry.

75. Cabaleiro-Lago C, Quinlan-Pluck F, Lynch
I, Lindman S, Minogue AM, Thulin E, et al
Inhibition of amyloid [ protein fibrillation by
polymeric nanoparticles. Journal of the American
Chemical Society. 2008; 19; 130(46): 15437-43.

76. Wasiak T, Ionov M, Nieznanski K, Nieznanska
H, Klementieva O, Granell M, et al. Phosphorus

dendrimers affect Alzheimer’s (AB1-28)
peptide and MAP-Tau protein  aggregation.
Molecular pharmaceutics. 2012;9(3):458-69.

77. Lowe TL, Strzelec A, Kiessling LL, Murphy
RM. Structure— function relationships for inhibitors
of p-amyloid toxicity containing the recognition
sequence KLVFF. Biochemistry. 2001;40(26):7882-9.

78. Chafekar SM, Malda H, Merkx M, Meijer E,
Viertl D, Lashuel HA, et al. Branched KLVFF
tetramers strongly potentiate inhibition of B-Amyloid

aggregation. ChemBioChem. 2007;8(15):1857-64.

79. Boridy S, Takahashi H, Akiyoshi K, Maysinger
D. The binding of pullulan modified cholesteryl
nanogels to AP oligomers and their suppression of
2009;30(29):5583-91.

cytotoxicity.  Biomaterials.

80.IkedaK,Okada T, Sawada S-i, Akiyoshi K, Matsuzaki
K. Inhibition of the formation of amyloid B-protein
fibrils using biocompatible nanogels as artificial
chaperones. FEBS letters. 2006;580(28-29):6587-95.

81. Gregori M, Taylor M, Salvati E, Re F,
Balducci C, et al
inhibitor

Mancini = S, Retro-inverso

peptide nanoparticles as  potent

inhibitors of aggregation of the Alzheimer’s
AB  peptide.

Biology and

Nanomedicine: ~ Nanotechnology,

Medicine. 2017;13(2):723-32.

82. Cui Z, Lockman PR, Atwood CS, Hsu C-H,
Gupte A, Allen DD, et al. Novel D-penicillamine

carrying  nanoparticles  for  metal  chelation
therapy in  Alzheimer’s and other = CNS
disecases. European journal of pharmaceutics
and biopharmaceutics. 2005;59(2):263-72.

83. Liu G, Men P, Kudo W, Perry G, Smith MA.

Nanoparticle—chelator ~ conjugates as  inhibitors

of amyloid-p aggregation and neurotoxicity: a
novel therapeutic approach for Alzheimer disease.
2009;455(3):187-90.

Neuroscience letters.

84. Folk DS, Franz KJ. A prochelator activated by
B-secretaseinhibits ABaggregationandsuppressescopper-

induced reactive oxygen species formation. Journal of
the American Chemical Society. 2010;132(14):4994-5.

85. Hong C, Goins W, Goss J, Burton E, Glorioso
J. Herpes simplex virus RNAi and neprilysin
reduce accumulation of

gene transfer vectors

Alzheimer’s  disease-related  amyloid-p  peptide

in vivo. Gene therapy. 2006;13(14):1068-79.

86. Legleiter J, Czilli DL, Gitter B, DeMattos
RB, Holtzman DM, Kowalewski T. Effect of
different anti-AB antibodies on AP fibrillogenesis
as assessed by atomic force microscopy. Journal
2004;335(4):997-1006.

of  molecular  biology.

87. Zameer A, Kasturirangan S, Emadi S,
Nimmagadda SV, Sierks MR. Anti-oligomeric Af
single-chain variable domain antibody blocks Ap-
induced toxicity against human neuroblastoma cells.
Journal of molecular biology. 2008;384(4):917-28.

88. Muyldermans S. Nanobodies: natural
single-domain antibodies. Annual review
of biochemistry. 2013;82(1):775-97.

89. Pansieri J, Plissonneau M, Stransky-Heilkron
N, Dumoulin M, Heinrich-Balard L, Rivory P, et al.
Multimodal imaging Gd-nanoparticles functionalized
with Pittsburgh compound B or a nanobody for amyloid
plaques targeting. Nanomedicine. 2017;12(14):1675-87.

90. Salari S, Bagheri M. Advancements and Challenges
in Preclinical Study Models of Neurodegenerative
Brain Diseases: Alzheimer’s and Parkinson’s Diseases.
The Neuroscience Journal of Shefaye Khatam.0-.

91. Rastegarian R, Moghadasi M, Mosalanezhad
Z, Zeinalebadi R. The interaction effect of high
intensity  interval swimming and gallic acid
consumption on pain tolerance mechanisms in
an animal model of Parkinson’s disease. The

Neuroscience Journal of Shefaye Khatam.10-21.

92.  Zendehbad SA.
of  Diagnostic ~ Techniques in
Disease: The Role of Al Biomarkers, and
Methods. The  Neuroscience

Khatam. 2024;12(3):91-102.

Comparative  Analysis

Alzheimer’s
Brain  Mapping

Journal of Shefaye

93. Moradi HR, Heydarian S, Abdollahinezhad S. Effects
of Nanoplastics and Microplastics on the Health of the

Peripheraland Central Nervous System. The Neuroscience
Journal of Shefaye Khatam. 2024, 12(4): 97-110. I



