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Pharmacologic Advances in Medicines for Alzheimer’s Disease
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Abstract

Alzheimer disease (AD) is neurodegenerative disease. AD is characterized by progressive deterioration in
cognition, function and behavior. Pathological hallmarks of AD present of amyloid plaque (A B) and neurofibrillary
tangles (NFTs).There are 2 types of drugs for AD patients,which include cholinesterase inhibitors and NMDA
receptor antagonist.Both of these regulate neurotransmitter release important to memory function. These therapies
provide minimal symptom relief for a short period of time and have a serious adverse reaction and drug interaction.
This paper provides of the pathology hypothesis in AD and new drug development might help cure, delay or prevent

the progression of AD.
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v v A o 14 1
@ﬂlﬁ'llﬂﬁﬂ"l\uﬂfj HNAYING? tmgmmﬁmumﬁmmmm?unqu cholinesterase inhibitor

Item Tarcrine Donepezil Rivastigmine Galantamine
Structure/ structure C',jb 4 ;o' -"'"‘iiu ;J'n
derivative ! N I - Eb;( oA
Acridine o Tertiary alkaloid Carbamate
Piperidine
Mode of action Reversible, non- Reversible, non- Pseudo-irreversible, dual Reversible,
competitive competitive AChEI AChEI/BuChEI G1 competitive, dual
AChEI/BuChEI (highly selective) isoenzyme specific, mode: selective
selective for AChEI plus
hippocampus, neocortex allosteric nicotinic
receptor modulator
Half-life 2-457 T3 70 $2 T 3 52 Tua(patch) 5-6 3211
1 "I?L’JIMQ (capsule)

Protein binding (%) 75 96 40 10-20
Metabolism CYP1A2,CYP2D6 CYP3A4,CYP2D6 Non hepatic metabolism CYP3A4,CYP2D6
Elimination - Ay o aunagla
Food delayed - No Yes Yes

absorption
Period of disease - All stages of Mild to moderate Mild to moderate
treatment Alzheimer's disease Alzheimer's disease Alzheimer's disease
Adverse reactions NyAAL Roudo nauld Roudy nauld Rouds aau 14
(Hepatotoxicity)

Retrieved from Review of drugs for Alzheimer's disease by Sun, X., Jin, L. & Ling P., 2012. Drug Discoveries &

Therapeutics, 6(6), 285-290.
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I3

4 Y @ ' . . 7.
ﬂ/ummi?Mmmamﬁmwmm?uﬂq;u cholinesterase inhibitor

Disease 41 Starting dose/Adjust Maximum Titration Comment
dose period
. . * A g * a A y A
Alzheimer Donepezil 5mg OD o1 u 10mg OD 4-6 weeks | @10naoIMIAaU 1 1o
10mg OD’ 91M15 NOUFY AT

o 9y A
5pdsemuaes e

anemsuou livay

Rivastigmine | 1.5mgbid” 8191y | 6.0mgbid” | 4 weeks aan 14 iiioens
Afsaz 1.5bid” i Yhiindan msilsy

YIAYIGIFA VAN FIean

o A v
E]’]ﬂﬁéllNLﬂfN‘lﬂ

urunlgAmTa 5y 9.5mg dweeks | 10-20% oranufazendi
911 4.6mg (5em”) OD | (10cm’)OD’ [TePRIE
Galantamine 8 mg PR oD’ 16mg PR 4 weeks mmﬁﬂmmiﬂéu"lﬁ Lﬁ'ﬂ
oD’ o113 indan
Alzheimer with | Galantamine 24 mg/day 1017 cognitive function
cerebrovascular mimﬁuaquaﬂﬁnﬁ
disease u ilefioueaen
Dementia with | Rivastigmine 6-12 mg/day YA IMINAY
lewy WYANI T defeniive
bodies/Parkinson waon W lieims
’s disease with Parkinson 12909
dementia *Joyatslaliieane 39
delainuzrindidu
Nasgulumsinm
Vascular Donepezil 5-10 mg/day 81013 cognitive function
dementia Rivastigmine 6-12 mg/day a:imﬁmzw’qﬁ NSIUA
X < A A
Galantamine 16-24 mg/day Tudnifosiforioue
Memantine 20 mg/day naon

*OD TUagATY  ** bid Juag 2 AT
Retrieved from Review of drugs for Alzheimer's disease by Sun, X., Jin, L. & Ling P., 2012. Drug Discoveries &

Therapeutics, 6(6), 285-290.
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Wﬁ“l]@\‘ifﬂﬂijil cholinesterase inhibitor 19 cognitive outcome NNAAUN

Drug/Research Design study Duration Dose (mg/day) Outcome measure
ADAS- CIBIC** MMSE
cog*

1.Donepezil randomized, 24 oiing Placebo 1.82 4.51 -
-Rogers, S.L.,et | double-blind, 5 -0.67" 415" -
al., 1998.,p. 136- placebo- 10 -1.06" 407" -
145. controlled

2.Rivastigmine randomized, 240708 Placebo 1.0 - 0
- Emre, M., 2008, | double-blind, Patch (9.5mg) 0.6 - 1.1
p.14-17. double- Capsule (12mg) -0.6 - 0.8

dummy,

placebo- and
active-
controlled,

parallel-group

study
3.Galantamine randomized, 50U Placebo 1.7 49 -
-Tariot, P. N., double-blind, 8 0.4 53 -
et.al., 2000, placebo- 16 -.14" 66" -
.2269-2276. controlled 24 -1.4° 64" -

I { 1 4 @ . I 1 1
* ADAS-cog llﬁﬂﬂWal‘l]u‘f‘wLluufﬁuﬂﬂﬁ'l\‘]lﬁﬂlﬁﬂﬂﬂﬂ baseline f?l"lﬂglluulﬂu‘ﬂ'Jﬂllﬁﬂ\i')’]@’lﬂ’]ilwaﬂ i%}']ﬂglluu

< ' dg
WuayugasneInsavu

=

Y . I J A Y Y oY = dg! .
** CIBIC VBUAVDI donepezil taasnzuuiun gy iﬂﬂ$LL“L!U“L!E]EJLLﬁﬂQ'J'IEjﬂ?ﬂilﬂ?ﬂ'liﬂ"llu galantamine

v
=

& v 9 Aa A A4 aX g 1A DA Aa A A
llﬁﬂ\?ﬂﬂ&ﬂﬂlﬂﬂi@uﬁgﬂmﬂQﬂﬂﬂﬂu@’lﬂ?iﬂﬂﬂﬁﬁ@ﬂﬂlu GWﬂWﬂ']ﬂllﬁﬂQ'J”liJ‘]J%il']ﬂ!Q‘]J'JEJTINE]'Iﬂ'ﬁﬂQV]Wi@ﬂﬁQ

a

Y 1 4 U Y1 ddal
*** MMSE fﬂﬂ$LLL!‘L!1J1ﬂﬂ'ﬂﬂuﬂllﬂ'ﬂﬂﬁ1ﬂ1ﬂ1iﬂlﬂ~1@ﬂlﬂﬂﬂlu

o

" IANUUANANINNGUEHAONENTNBTAYNADA (p<0.05)
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Yn3e13213Ne11Ungu cholinesterase inhibitors (ChEIs) 1iio 155 e nguau

nQUE

A

aaa 9 { a 3
Ufnsemsodeideninaty

da £
Y1NUYND Anticholinergic

sedating antihistamines LU
chlorpheniramine, brompheniramine,
dimenhydrinate, antispasmodics,
tricyclic antidepressants, benztropine,

trihexyphenidyl, orphenadrine

YAYINNITIVUBY Ach N1 muscarinic

receptor

m¥anise Temiornns ¥ ChEls
o Y a o A 9

Haz019 14 INABIMIFUAUY I 01D

(delirium)

digoxin

Cholinergic drug urecholine 1na cholinergic overdose i
@ Yy 9 Y
W luduan uazianes
Antiarrhythmic drug B-blockers, verapamil, diltiazem, mlina bradycardia

Hepatic enzyme inducer Ao

CYP2D6 itag CYP3A4

carbamazepine, phenytoin, rifampin,

dexamethasone

e
§)N 581 donepezil LIA galantamine AAAN

Hepatic enzyme inhibitor
* CYP2D6

* CYP3A4

« fluoxetine, paroxetine, duloxetine,
quinidine

« fluoxetine, fluvoxamine,
erythromycin,clarithromycin,
ketoconazole, itraconazole,
verapamil, diltiazem, ritonavir,

atazanavir

'
)N 581 donepezil LA galantamine
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Y 1o & 1 .
AU lasiuiiTae Lisuiludestigrangae (washout period)

1 9 [l A 9 o o 1 Y
uao1a e lru luvinasudumuauziiney 1a)
o E A qu . a !
UV YuF19430 1981 memantine a3 uAYIN
Y 1 v aq Y
Aoamangaen Linrsvganuilinosganuuiaeiad
o 4 a
19 Uszanmfosaz 50 0 q 2 dland (Reudosd
o a 4
NUNNUNTING, 2557; PMUAI gNTAT, 2546)
A v A A Aq yo °
nrunnquilaziuaen 15 ulszniu i
Trdheoniidymisearasauld degiiulaiing

wanndenTieg lugduuuInimendymidinan

1% U rivastigmine UWUIUEHINIY (transdermal patch)
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2. non-cholinergic therapy
. <3| A o &
Memantine 1 uenniina lnduda NMDA
receptor (partial agonist NMDA receptor) CAGERNLE
ﬁ‘]Ji%’U“UﬂqmliJﬁ (glutamate system) sTUUAINANY
1 = s 13 A A o 4
WaABNIILTYUILUASAITN WBUNITMagLsan

2 C A :
szanluausaniununeziimslaallaseas

11J30R 1 NMDA receptor 1 1¥tAamsitlasonves

. o q ¥ . Y s 1 g
calcium channel Vl”lﬁlﬁcalcmml,‘lﬂqmiamﬂﬂﬂlu NUU

J = = .
wanazideauga taza1e 1) luNga memantin von

4 v
NP8 VYI NMDA receptor 111U noncompetitive Taoa?
192 JisUNIUglutamate 1TUA1I2UNA 91N NAADS

aa ' . a9 1 v
NNAAUNNLIN memantine N1 1% lumssnmn
U o £

AiheTsaoa lawes luszezihunan-zunss Tag
auauiiamanil nd¥inen uazindyraumans

(Birgit, A. P. M., et al, 1997, Bishara, D., 2009) L&A

1 v
ﬁ@ﬂi$ﬁ1ﬂﬂ@.§]1m@9@ﬂlﬂlﬂﬂ mﬂuuﬂqmmmwfﬁ Tumsn e

M99 6

va ¥ A o 14
@ﬂlﬁ’lli]ﬁﬂ?\?!ﬂﬁ HTYINGT UQSIATYIAUMIAAT VON memantine

Properties Memantine

Structure NH;

Mode of action partial agonist NMDA receptor

Dosage form tablet, oral solution

Daily dose (mg) Smg Sazase uaziity 5 mg NndAW audIvuIAngaga 0191559 Acetyl choline esterase
inhibitor (max dose 10 mg Llﬁﬂiﬁ}’s'ua$2ﬂ§\1ﬁ§ﬂ 20 mg iuazﬂéza) Titration period 1§l

Half-life (hr) 60-70

Protein binding (%) | 45

Metabolism Urinary excretion

Adverse effects Tdnwzdiheaueudonszeziunarsiaguuse 81 GFR < 30 mL/min. IH1/Suaavuiaen

y g A ) ! wy 2 v .. . A qy A o ,
g M3 othiluennedluszezeinmsies wuan Tuldwanslud cognitive function usiio ldentismnuengy
AchEI Tugihe 91m3thunans - juuss wun ldwadniuiiefeuny msln ACKEI Weswiiamen Taviszd@nsnimms
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v

gnmaanasiiel¥lulsnsalaies A2 cognitive function 1412518 1/nI1AN wams
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[

< { @ ' o o o Y 1 1
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wos Inmewala Taeinlierlungu cholinesterase aenandalilszansualumssnunuldldua

4 & = 7 - v ' o Vo
inhibitors (e8¢ NMDA receptor antagonists iovzan ANHUUNIUY ‘L!@ﬂmﬂﬁﬂﬂuﬂqiJmﬂm’JENWU’NEN
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9 2

douiunNuIzlasy I lumnalnTeszIem
a2 9 . = an o J
9N (Sundquist, C., 2014; INMUMU FNDTATIV, 2546;
3’, [ 1 = Y

Swerdlow., R. H., 2007) aziuntlyrniaina 129914
= Aa Aav 3 ] :ﬁ o Y A a A
uMsnaIdeea Inie e limalssansmiag

a a @ [ Jd {
Usz@nswalumssnulsnoa lawesae 11 Tasen
masegluszniumsnannivalengy a5y B and
Y- secretase inhibitor 17 FIPNNMIVUDON

(clearance) UD4 AB

. | @ o A
Anti-Af drug Hluuuanamsianndeive
aamssmaIue3 AP Tasawnsorh ldnatonuang
' A A a g
IUMIaANIOvIgANIaEaNvod A Nezinaiiy
v
v @ ] . .
plaques, 8183013 328 1T Usoluble toxic oligomers
V04 amyloid beta, T2ADNILNA neurodegeneration
] A @ I
W3 0TI TUDDN (clearance) Y03 A 1iludu
1 A 4
(39008 noayny In tazaug, 2553; Findeis, M. A.,
2007; Ferreira., S. T., et al., 2007)
i A Yt o v 2
Tugrnaririuan laimsiawe lunguil
NV 1Y solanezumab (LY-2062430, Eli Lilly)
[l v
iagbapineuzumab (AAB-001, Pfizer) %3914 2 fina'ln
£ <
miaaﬂqmﬁﬁmﬂu monoclonal antibody ¥1
9 Y A o
solanezumabeansoan liuny AP wagiiiumsau
1 A v o J
vod AP eonninaueIneun AP azsaudnuiluy
[ U [ J .
plaques 195 npgilreda lanwes Tuszey mild-
moderate (Doody, R. S., ef al. 2014; Reitz, C., 2012)
' 1< = a A
a8 lsneuInmMIAnlszansamveaen Tagns
v v
IINNAAUATUN 3 (Phase III clinical trial) N
1 1% I . 1%
Aiheoa lawes Iuszer mild-moderate ¥4 1@5UM3
U315 A0AIADAM (intravenous infusion)
WU solanezumab T3'1d sz ansamlums
@ @ o sldzg A =1 @ Y
$nuTsnoa laues Iavuiomsuduaviasn ugl v
[ <3 dy @ U v A [
1 luszAugInam uenvIntienaanadalionns b
=3 4 o Yy a 3 a o
Nalszaannnegs Tasorhlvimauez 5 a@Inga
o A A & 4 2 a9
HaZdINNIZMIAATONUNINIUDNAY (Doody, R.

S.,etal., 2013) bapineuzumab ﬁﬂa"lﬂrﬂu humanized
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N-terminal—specific anti—AB monoclonal antibody 311
M3ANY pre-clinicAenamisnaamsaii AR lu
AUDIVDY transgenic mice A VINMIANHIININ
ﬂaﬁﬂ%uﬁ 2 (Phase 1II clinical trial) WUN
bapineuzumab T11500A amyloid 48& phosphorylated
tauiu;j'ﬂaﬂﬁi"a“lmm%’Lﬁagﬁﬂuﬁnamaaﬂ (Salloway,
S., etal., 2014) aena l5fanuiilaimsanenisems
ﬂﬁﬁﬂéﬁ’uﬁ 3 (Phase III clinical trial) ﬁuﬁﬂwé’a%
wodluszey mild-moderate 34 145UNUIMITEIM
YaoAam (intravenous infusion) NUNAIEN
bapineuzumab Hsz@ninmlumsanismaves A3
Tugthesalswes liuanmseiisddaiefioy
AUviaon (Salloway, S., ef al., 2014) MonNg 84T
81 gantenerumab (Hoffmann-La Roche Ltd.) 5]? ainaln
13114 monoclonal antibody 'ﬁﬁwada N-terminal LLD1g

v @ [}

central regions of AP} 11991iudaeglusening

v
=)

MmsanEIsen1enain sud 3 (Phase 111 clinical
trial) (Panza, F., et al., 2014)

Active immunization (Abeta vaccine) (ﬁ’m
MosA NURTUNIING, 2557) 1&anuasei | daad
Sagugarimifidy antibody ves AP 1B AN-1792
(Elan Pharmaceutical) Saaualsznoudae AB e
peptide Wlﬁ} 1NNITEAY amyloid precursor protein
394N immune adjuvant QS-21 (Panza, F.,
et al., 2012; FueAi gruna, 2012) vaminaasslu
A INAa04 (transgenic mice) wuhsaduaiiail
Amnsnaamsad e AP uagdeine10IMINI
AuT1R (Gilman, S., ef al., 2005) Aouiess
FUNNBTNTUT 1 (Phase I clinical trial) Tudiheda

£

4 A 1 o
laesszozisudu wuneaainsaansanszau
Ay o F2 = =3 9 a o =4
pigunuld vaz luliseaudamadiaufios (Fueds g

a U

v
a U

51uA.2555) 0813 15 lunsiseneaainuui 2
(Phase 11a) Tueranasiasniheda lawes 300 aulu

[ a Y Yo a2
ansyosnuazglsl dihelasumsuimsen




¥aPAIADAA (intravenous infusion) NMIANHIADINYA

noumnua 1MUY 6 % Manzauea

]
=

DNAUNT UL (septic meningoencephalitis (LA

leukoencephalopathy) (Gilman, S., et al., 2005;
Orgogozo, I. M., et al., 2003) thgmsaiaana laiins

v
Astoduling 11U antigenluinguiinnuanse

v
19

NFZAU QUANNUNG B cell 1oz T cell TagTuianaves

a A o [} = J .
nsaezl TunA WU 11-15 Fuiu B cell epitope
nszAuliing anti-A antibody Tdnmindosnts ua

a { o ' X o
Turanavesnsaozd Tund e 15-42 Failu T cell

131397

’ v Y
grmmaveg luvuaeunmu Tuduneg

epitope lalng z@j}uiﬁlﬁﬂ Thl-mediated cellular
immune response (T cell induced autoantibody) 1aq

#15 IL-2 uaz IFN eenyneliing

[ 4 a )
meningoencephalitis (‘ﬁ‘LlEJeJi ATUND. 2555) MINAU
o A v = Jq 9 9
nauluganeuvseanuuy v lamnsanseau

v

IMWIZantibody! MU 1ALAAMINTLAW T cell 131
JA%U CAD106 (Novartis and Cytos) H4f1a4

Y H
MMIANYINAATNTUN2 ( phase II clinical trial)

(Winblad, B., et al., 2012; Graf, A., et al., 2011)

Mechanism o . .
Company Drug 5 f Clinical Phases Status Notes
Action
1. Phase Ill (EPOCH); 2.
. Phase llI: specific for N In earlier trials of the drug, a-beta
Merk & Co. MK-8931 BACE inhibitor prodromial patients Ongoing peptide production cut 79%
(APECS )
: . Phase Il trial showed 90% reduction
[TauRx Therapuetics LMTX Tau.af.ﬂ;(.egaUOn Phase lll Ongoing in the rate of disease progression
Ltd inhibitor over two years
si 18 Phase I1a; 2 subgroups: .
Anavex Life |gma-. 8 use alone & in ) Phase | found.no.adverse side effects;
Sci Co ANAVEX 2-73 muscarinic binati ith Ongoing phase Il aim is dose response,
clences Corp. receptors combina On-WI bioavailibity, & cognitive efficacy
donepezil
e S
Probiodrug AG PQ912 cy.cl:.s:t(QC) Phase | 2014 completion formation of AB variant. Company Is
Intnikor planning Phase Il study
Trail is investigating varying doses in
5-HT, Receptor 5 combination with donepzil. Phase Il
Lundbeck & Otsuka Lu AE58054 antagonist Phase Ill Ongoing rasults showed significant
improvements in ADAS-cog scale
. AB vaccine; currently recruiting
Novartis AG CAD106 Immunotherapy Phase Il 2015 start healthy adults with APoE4 gene
1st anti-Tau vaccine to enter clinical
trial; preclinical studies showed
. reduction of both misfolded and
AC Immune ACI-35 Immunotherapy Phase | Ongoing ohusphorylated Tatiand
improvement in cognitive clinical
parameters
AB vaccine to stimulate immune
AC Immune ACl-24 Immunotherapy Phase I/l Ongoing response to produce antibodies
against misfolded AB

Retrieved from The edifice of Alzheimer’s treatment: 2014 Construction Update, by Sundquist, C., 2014.

Retrieved from http://csundquist.scienceblog.com/49
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B-secretase inhibitor (BACE inhibitor) Wue i
wihngugaueu 'l beta-secretase 1 (BACE) Tagiln@
I /A o Y Ao .
BACE ueu lminvhnihnda amyloid precursor
° a g % oo &
protein (APP) ¥ 1dinaiilu AP deaunsaneduilu
Y Y
o LY o & [
plaque REHUMITUEIMITOUveseu lsidinaln

9
F911926063M58319 amyloid plaque 1@ Tutlagiiu

H,

wmﬂqu‘%ﬁw"lﬁ'ﬁwmﬁﬁmmﬂﬂuﬂfjuﬁaéndmﬁm
915%U AMARANTH (AZD3293/LY3314814,

Eli Lilly and Company-AstraZeneca) GTf IMaq
MsFaYINeAaTinTLR 2 1ag 3 (phase II, 1II

clinical trial) (Paler, E. E., 2014; Sundquist, C., 2014)

N4 Tasaa1amanlived AMARANTH (AZD3293/LY3314814)

Neurceal
<ol deain

Copntive and
behavioral -

A3 apregution

abrormni ey

l'smnw ~

@ SCIHace = |
Col merrbaane 1 !

MNS ﬂﬁ"lﬂﬂﬁ‘ﬁN']u"Uﬂﬂ BACE inhibition

|

1

|

| Ct hibitor
|

|

4

|

Emm& L:

AT lllH
I

‘ / _
. aonaad? -
.............................. T

Irkepcatstar
ACD
ca9

Retrieved from Reviewing reasons for the decreased CSF Abeta,, concentration in Alzheimer disease, by Spies, P. E.,

Verbeek, M. M., Groen, T. V. & Claassen, J. A. H. R., 2012, Frontiers in Bioscience. 17(1), 2024-2034.
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o Y v Aav a

v ' ) i
mlfinItenenenuaanuedd Insaiiomy NNAAUNVUAN 3 (phasell clinical trial), 8101 BACE
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