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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 ) 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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1. Amyloid plaque: Amyloid plaque

amyloid -protein (A ) (

, 2550) plaque

( , 2546) A

precursor protein amyloid precursor protein 
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2. Neurofibrillary tangles (NFTs): NFTs 
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3. Genetics:

(Genetics)

3 (1) 

autosomal dominant) (2) 

familial AD) (3) 

sporadic AD) (Alves, L., et al., 2012)

familial AD 3

Amyloid Precursor Protein (APP) 

chromosome 21, Presenilins 1 (PSEN1)

chromosome 14 Presenilins 2 (PSEN2)

chromosome 1

PSEN1,PSEN2 APP 

A

(early-onset familial Alzheimer 

disease) 60-65

(Campion, D., et al., 1999) (Nussbaum, R. L,        

et al., 2003)

Apolipoprotein E (APOE)

(late-onset 

Alzheimer’s disease)

60-65

(Hardy, J., 1997; Alves, L., et al., 2012)

1

Gene detect Chromosome Age of onset Proportion of familial AD (%)

Amyloid Precursor Protein (APP) 21 Early * 5

Presenilins 1 (PSEN1) 14 Early * 50

Presenilins 2 (PSEN2) 1 Early * 1

Apolipoprotein E (APOE) 19 Late** 40-80

* Early  60-65
** Late 60-65

( 2), , 2546, : .

4. Free radical oxidative stress:
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(oxidative stress) 

(Haber-Weiss reaction) 

(Fenton reaction) ( Transition 

metal) (Swerdlow, R. H., 2007; Chauhan, V.,

et al., 2006; Madeo, J., et al., 2013; Das, T. K.,             

et al., 2015)

(Redox 

reaction) (Prousek, J., 2007)
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et al., 2015) (Fe3+)

(OH
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) (Das, T. K., et al., 2015)

(Thomas, C., et al., 2009)
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2 DNA SOD

CAT GPX OH
.

nucleus basalis of 

Maynert (nbM) 

cholinergic neurons (Stefan, J. T., et al., 2005; Herholz, 

K., et al., 2004) cholinergic neurons

acethylcholine (Ach)

choline acetyl CoA 

choline acetyltransferase (ChAT) 

Ach muscainic-2 (M2)

receptor nicotinic receptor pre-synaptic terminal 

Ach

Ach muscainic-1 (M1) receptor 

nicotinic receptor post-synaptic terminal

Ach 

cholinesterase (ChE) 

choline acetase choline

Ach 

ChAT choline

Ach

nicotinic receptor pre post-synaptic 

terminal

(Stefan, J. T., et al., 2005; Herholz, K.,                          

et al., 2004; Amenta, F., et al., 2001; Oda, Y., 1999)

cholinergic

Retrieved from Choline acetyltransferase: The structure, distribution andpathologic changes in the central nervous 

system by Oda, Y., 1999, Pathology International, 49(1), 921–937
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(Food and Drug Administration--FDA)

3

1. cholinergic therapy cholinesterase 

inhibitors (ChEIs) 

2. non-cholinergic therapy memantine 

3. psychotic drug 

2

2

psychotic drug 

1. cholinergic therapy

cholinergic ACh

Ach

ACh

cholinergic ACh

precursors ( cholin, lecithin) , M2-receptor 

antagonists Nicotinic receptor antagonists receptor 

3

M1-receptor antagonists 

( , 2546; Sun, X., et al., 2012;      

, 2014)

ChEIs tacrine, donepezil, rivastigmine 

galantamine 

3 donepezil, 

rivastigmine galantamine

cognitive function 

ADAS-cog (Alzheimer’s disease Assessment Scale 

Cognitive subscale) 

ADAS-cog

Mini  Mental  State  
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2557; , 2556) 3

2

3

cognitive function,

4 cholinesterase inhibitors 

(ChEIs) (drug 

interaction)
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2
cholinesterase inhibitor

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

Therapeutics, 6(6), 285-290.

Item Tarcrine Donepezil Rivastigmine Galantamine

Structure/ structure 

derivative
Acridine

Piperidine
Tertiary alkaloid

Carbamate

Mode of action Reversible, non-

competitive 

AChEI/BuChEI

Reversible, non-

competitive AChEI 

(highly selective)

Pseudo-irreversible, dual 

AChEI/BuChEI, G1 

isoenzyme specific, 

selective for 

hippocampus, neocortex

Reversible, 

competitive, dual 

mode: selective 

AChEI plus 

allosteric nicotinic 

receptor modulator

Half-life 2-4 70 3 (patch)

1 (capsule)

5-6

Protein binding (%) 75 96 40 10-20

Metabolism CYP1A2,CYP2D6 CYP3A4,CYP2D6 Non hepatic metabolism CYP3A4,CYP2D6

Elimination -

Food delayed 

absorption

- No Yes Yes

Period of disease 

treatment

- All stages of 

Alzheimer's disease

Mild to moderate 

Alzheimer's disease

Mild to moderate 

Alzheimer's disease

Adverse reactions

(Hepatotoxicity)
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3
cholinesterase inhibitor

Disease Starting dose/Adjust Maximum 

dose

Titration 

period

Comment

Alzheimer Donepezil 5mg OD*

10mg OD*

10mg OD* 4-6 weeks

Rivastigmine 1.5mg bid**

1.5 bid**

6.0 mg bid** 4 weeks

4.6mg (5cm2) OD*

9.5mg 

(10cm2)OD*

4 weeks 10-20% 

Galantamine 8 mg PR OD* 16mg PR 

OD*

4 weeks

Alzheimer with 

cerebrovascular 

disease

Galantamine 24 mg/day cognitive function 

Dementia with 

lewy 

bodies/Parkinson

’s disease with 

dementia

Rivastigmine 6-12 mg/day

Parkinson 

*

Vascular 

dementia

Donepezil 5-10 mg/day cognitive function 

Rivastigmine 6-12 mg/day

Galantamine 16-24 mg/day

Memantine 20 mg/day

*OD ** bid 

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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4
cholinesterase inhibitor cognitive outcome 

Drug/Research Design study Duration Dose (mg/day) Outcome measure

ADAS-

cog*

CIBIC** MMSE***

1.Donepezil

-Rogers, S. L., et 

al., 1998,p. 136-

145.

randomized, 

double-blind, 

placebo-

controlled

24 Placebo

5

10

1.82

-0.67 #

-1.06#

4.51

4.15 #

4.07 #

-

-

-

2.Rivastigmine

- Emre, M., 2008,

p.14-17.

randomized, 

double-blind, 

double-

dummy, 

placebo- and 

active-

controlled, 

parallel-group 

study

24 Placebo

Patch (9.5mg)

Capsule (12mg)

1.0

-0.6#

-0.6

-

-

-

0

1.1

0.8

3.Galantamine

-Tariot, P. N.,    

et.al., 2000,

p.2269-2276.

randomized, 

double-blind, 

placebo-

controlled

5 Placebo

8

16

24

1.7

0.4

-.14#

-1.4#

49

53

66 #

64 #

-

-

-

-

* ADAS-cog baseline 

** CIBIC donepezil galantamine 

*** MMSE
# (p<0.05)
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cholinesterase inhibitors (ChEIs) 

Anticholinergic sedating antihistamines 

chlorpheniramine, brompheniramine,

dimenhydrinate, antispasmodics, 

tricyclic antidepressants, benztropine,

trihexyphenidyl, orphenadrine

Ach muscarinic 

receptor

ChEIs 

(delirium)

Cholinergic drug urecholine cholinergic overdose 

Antiarrhythmic drug -blockers, verapamil, diltiazem, 

digoxin

bradycardia

Hepatic enzyme inducer 

CYP2D6 CYP3A4

carbamazepine, phenytoin, rifampin,

dexamethasone

donepezil galantamine 

Hepatic enzyme inhibitor

quinidine

fluoxetine, fluvoxamine,

erythromycin,clarithromycin, 

ketoconazole, itraconazole,

verapamil, diltiazem, ritonavir, 

atazanavir

donepezil galantamine 

, 2557, :

.

6

2-3

washout period)

memantine

50 2 (

, 2557; , 2546)

rivastigmine transdermal patch)
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2

2. non-cholinergic therapy

Memantine NMDA 

receptor (partial agonist NMDA receptor) 

(glutamate system)

NMDA receptor

calcium channel calcium

memantin

NMDA receptor noncompetitive

glutamate

memantine 

-

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

memantine

Properties Memantine

Structure

Mode of action partial agonist NMDA receptor

Dosage form tablet, oral solution

Daily dose (mg) 5mg 5 mg Acetyl choline esterase 

inhibitor+ (max dose 10 mg 20 mg ) Titration period 1

Half-life (hr) 60-70

Protein binding (%)

Metabolism Urinary excretion

Adverse effects GFR < mL/min. 

: cognitive function

AChEI AChEI 

AChEI

cholinesterase 

inhibitors NMDA receptor antagonists 

cognitive function 

6-12
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(Sundquist, C., 2014; , 2546; 

Swerdlow., R. H., 2007)

and

- secretase inhibitor  

(clearance) A

Anti-A drug

A

A

plaques, soluble toxic oligomers 

amyloid beta, neurodegeneration

(clearance) A

( , ; Findeis, M. A.,

2007; Ferreira., S. T., et al., 2007)

solanezumab (LY-2062430, Eli Lilly) 

bapineuzumab (AAB-001, Pfizer) 2

monoclonal antibody 

solanezumab A

A A

plaques mild-

moderate (Doody, R. S., et al. 2014; Reitz, C., 2012)

3 (Phase III clinical trial)

mild-moderate

(intravenous infusion)

solanezumab

(Doody, R.

S., et al., 2013) bapineuzumab humanized 

N-terminal–specific anti-A monoclonal antibody 

pre-clinic A

transgenic mice

2 (Phase II clinical trial)  

bapineuzumab amyloid phosphorylated 

tau (Salloway, 

S., et al., 2014)

3 (Phase III clinical trial)

mild-moderate

(intravenous infusion)

bapineuzumab A

(Salloway, S., et al., 2014)

gantenerumab (Hoffmann-La Roche Ltd.) 

monoclonal antibody N-terminal 

central regions of A

3 (Phase III clinical 

trial) (Panza, F., et al., 2014)

Active immunization (Abeta vaccine) (

, 2557)

antibody A AN-1792

(Elan Pharmaceutical) A 1-42

peptide amyloid precursor protein 

immune adjuvant QS-21 (Panza, F.,                  

et al., 2012; , 2012)

(transgenic mice) 

A

(Gilman, S., et al., 2005)

1 (Phase I clinical trial) 

(

.2555)

Phase IIa) 
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(intravenous infusion)

6 %

(septic meningoencephalitis 

leukoencephalopathy) (Gilman, S., et al., 2005; 

Orgogozo, J. M., et al., 2003)

antigen

B cell T cell 

11-15 B cell  epitope 

anti-A antibody

15-42 T cell 

epitope Th1-mediated cellular 

immune response (T cell induced autoantibody)  

IL-2 IFN  

meningoencephalitis ( . 2555)

antibody T cell

CAD106 (Novartis and Cytos)

2 ( phase II clinical trial)      

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

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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-secretase inhibitor (BACE inhibitor)

beta-secretase (BACE) 

BACE amyloid precursor 

protein (APP) A

plaque

amyloid plaque 

AMARANTH (AZD3293/LY3314814,          

Eli Lilly and Company-AstraZeneca) 

2 3 ( phase II, III

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

AMARANTH (AZD3293/LY3314814)

BACE inhibition 

Retrieved from Reviewing reasons for the decreased CSF Abeta42 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.

ChEIs 

cognitive function

6-12
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2  3 (phaseII-III clinical trial)
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