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Abstract 

Alzheimer’s disease (AD) is an age-associated and neurodegenerative illness which results in 
progressive dementia and severe cognitive malfunctions. The pathogenesis of AD is affected by some 
factors such as accumulation of β-amyloid, aggregation of tau protein, cholinergic insufficiency, neuro-
inflammation, oxidative stress and apoptosis. Factors such as gene mutation, as well as environmental, 
psychical and other co-existing diseases influence the pathogenesis of AD to varying extents. While 
there are no available drugs for arresting AD-associated neurodegeneration, the characteristics that 
result from AD treatment are considered as indexes of symptomatic cure. Several medications with 
varied scaffolds have been used for the treatment of many cognitive syndromes, including AD. These 
medications act as anti-inflammatory and antioxidant agents, and as inhibitors of cholinesterase and β-
secretase. Moreover, these drugs suppress the accumulation of β-amyloid and its fibril. This review is 
an update and compilation of various scaffolds of anti-AD medications used to ameliorate the 
deleterious effects of the disease, based on their pharmacologic characteristics. 
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INTRODUCTION 
 
In 1906, the first human case of Alzheimer’s 
disease (AD) was discovered by Alois Alzheimer. 
He investigated the brain of a woman who lost 
her life due to unusual symptoms such as 
unpredictable behavior, loss of memory, and 
cognitive impairment. He attributed her death to 
the presence of neurofibrillary tangles and 
neuritic plaques, and he named these disorders 
AD. Over the years, improved healthcare 

worldwide has resulted in marked increase in the 
population of elderly people. However, this 
demographic shift poses certain concerns due to 
a rise in instances of AD and other dementias 
among the elderly. Alzheimer’s disease (AD) is a 
brain disease and a neurodegenerative disorder 
which gets worse with time. It is said that it takes 
more than 20 years for the symptoms to 
manifest. The disease results in unnoticeable 
deleterious changes in the brain which take 
several years to manifest in obvious symptoms 
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such as memory loss and language problems. 
Late-onset AD develops after the age of 65. 
Alzheimer's disease causes deterioration of the 
patient's functionality over time, resulting in 
substantial and long-term incapacity over the 
course of 7 to 10 years from diagnosis, and 
eventually resulting in death. In situations where 
delirium lasts for at least 6 months in the 
absence of other symptoms, the diagnosis of AD 
is highly likely [1]. Alzheimer’s disease (AD) is 
categorized based on the age of onset, and on 
whether it was acquired spontaneously, or as a 
consequence of genetic mutations. Familial AD 
(FAD) is an early-onset (at 40 years of age) 
disease which is affected by genetic mutations, 
and it accounts for approximately 2 % of AD 
cases. Sporadic AD is the major category which 
is sub-divided into early- and late-onset types. 
The early-onset type is diagnosed in individuals 
less than 65 years of age (3 – 5 % prevalence), 
while the late-onset type accounts for 95 – 97 % 
prevalence.  
A study has reported that 4.6 million new cases 
of dementia are expected to be recorded each 
year, at a rate of one patient every seven 
seconds, and the number of patients is expected 
to double every 20 years by 2040, reaching 81.1 
million [2]. Reports from the World Health 
Organization (WHO) indicate that cases of AD in 
the world are expected to double in the future, 
achieving 114 million individuals by 2050. Not 
only will this have an incalculable social impact, it 
will also increase the financial burden on 
healthcare systems around the world. In 2010, it 
was projected that 46.8 million individuals 
worldwide would suffer from dementia, resulting 
in a global healthcare cost estimated at US $818 
billion [3]. Antipsychotics and antidepressants 
are used to ameliorate neuropsychiatric 
symptoms, whereas cholinesterase inhibitors 
(CIs) and N-methyl-D-aspartate (NMDA) receptor 
antagonists are used to prevent excitotoxicity in 
mild-to-moderate instances. The future treatment 
of AD rests on the targeting of neurofibrillary 
tangles (NFTs) and neuritic plaques (NPs) that 
potentially exacerbate neurodegeneration [4]. 
There are various scaffolds of anti-AD 
medications based on their pharmacologic 
characteristics in the treatment of AD (Table 1). 
 
HYPOTHESES-BASED THERAPIES OF AD 
 
Cholinergic hypothesis 
 
Davies and Maloney first proposed the 
cholinergic theory in 1976. Cholinergic neurons 
create ACh by the catalytic effect of choline 
acetyl transferase. The Ach is stored in vesicles, 
while choline esterase catalyzes postsynaptic 
breakdown or hydrolysis of ACh. However, under 

disease conditions, the activities of 
cholinesterases (ChEs) are up-regulated, 
resulting in decreased levels of ACh and 
impairment of neurotransmission. Furthermore, 
the increased levels of AChE enhance Aβ 
aggregation. In addition, high cortical levels of 
BuChE have been reported to be linked to 
neurofibrillary tangles and neuritic plaques which 
are the chief neuropathological characteristics of 
AD. Therefore, inhibitors of AChE and BuChE 
have been proposed as potential therapeutic 
targets for AD. These inhibitors improve 
cholinergic neurotransmission by extending the 
time ACh neurotransmitters remain in the 
synaptic cleft (Figure 1) [5]. In less than half of 
AD patients, cholinesterase inhibitor (CI) 
medications produce substantial effects, 
indicating the presence of major additional risk 
factors in the pathogenesis of the illness. 
 

 
 
Figure 1: Neurodegenerative effect of 
acetylcholinesterase in AD. Aβ = amyloid beta; ACh = 
acetylcholine; AchE = acetylcholinesterase 
 
Acridine-based therapies for AD 
 
Tacrine (1), an inhibitor of AChE and 
BChE (Figure 2) was first synthesized in the 
1930s, and was approved by FDA for treatment 
of AD in 1993. However, the clinical use of 
tacrine was discontinued in 2013 due to its side 
effects such as vomiting, nausea, loss of 
appetite, clumsiness, diarrhea and 
hepatotoxicity. Tacrine analogue (2) (Figure 2) 
produces better AChE-inhibitory activity than the 
parent drug tacrine [6]. 
 
Carbamate-linked therapies for AD 
 
Rivastigmine (3) was approved in year 2000 for 
the treatment of mild or moderate AD (Figure 2). 
Rivastigmine targets both BChE and AChE [7]. 
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Table 1: Therapeutic agents for Alzheimer’s disease 
 

Pharmacology based 
classes 

Scaffold based classes Representative drug/chemical compounds References 

Cholin esterase inhibitors Acridines. Tacrine and tacrine analogues. [6] 
Carbamates. Rivastigmine, phenserine and tolserine [7,8] 
Benzothiazoles. (E)-2-(benzo[d]thiazol-2-yl)-3-(pyridin-3-

yl)acrylonitrile
[9] 

Indanes Donepezil [10,11] 
Indane-Carbamate 
Hybrid 

Ladostigil [12] 

Coumarines Decursinol, mesuagenin B, Bergamottin 
compounds

[16-18] 

Sesquiterpenes Huperzine-A and huperzine-B  [19] 
β-Secretase (BACE) 
inhibitors as modulators 
of Aβ production 

Peptidomimetics 
 

Hydroxyethylenes, hydroxyethylamines, 
carbinamines, and macrocycles. 

 [23-26] 

Acyl Guanidines 2-(2-(2,5-diphenyl-1, H-pyrrol-1-
yl)acetyl)guanidine 

[27] 

2-Aminopyridines 6-(3-(3-methoxyphenyl)phenethylpyridin-2-amine [28] 
Aminoimidazoles 4-(5-fluoro-2,3-dihydro-6-methoxy-1-(p-

tolylmethyl)-1H-inden-1-yl)-1-methyl-1H-imidazol-
2-amine

[29] 

Aminohydantoins 2-amino-1-methyl-4,4-diphenyl-1H-imidazol-
5(4H)-one

[30] 

Aminooxazolines 2-aminooxazoline 3-azaxanthenes hybrid [31] 
Dihydroquinazolines (S)-4-(2-amino-6-phenoxyquinazolin-3(4H)-yl)-

N,4-dicyclohexyl-N-methylbutanamide 
[32] 

Aminoquinolines (R)-2-((2-amino-6-(2-chlorophenyl)quinolin-3-
yl)methyl)-N-(3,3-dimethylbutyl)propanamide 

[33] 

Pyrrolidines Pyrrolidine tetrahydroquinoline hybrid [34] 
γ-Secretase inhibitors 
(GSIs) of Aβ production 

Peptidomimetic Semagacestat, avagacestat [35] 
 

γ-secretase modulators 
(GSMs) of Aβ production 

Non-NSAID NGP555, E2012, E2212 [36] 

Tau protein modifications 
compounds 

Adamantane 1-Aminoadamantane [37] 
Thiadiazolidines Tideglusib [38] 

Tau Deglycosylation 
Inhibitors 
Tau aggregation Inhibitors 
Microtubule Stabilizers 
Tau-protein Degradation 
Modulators 

Salicylsalicylic Salsalate [39] 
Pyranothiazoline MK-8719 [40] 
Curcumin Curcumin [41] 
Macrocyle Epithilone D, abeotaxane [42] 
Phenylacetic Acid BPN14770 [43] 
Antioxidant drugs Vitamin E, vitamin C, and β-carotene [45] 
Antioxidant Enzymes Glutathione peroxidases, superoxide dismutase 

SOD enzyme-copper-zinc (CuZnSOD), a 
prosurvival mitochondrial antioxidant enzyme-
MnSOD, repair enzymes such as lipases, 
proteases, and DNA repair enzymes 

[45] 

Antioxidant 
Anti-
neuroinflammatories 
Chelators 
Mitochondrial 
Therapies 
 

Flavonoids Quercetin, isorhamnetin, isoflavones, (calycosin), 
and flavans ((2S)-5,7,3′,5′-tetrahydroxy 
flavanone, 5,4′-dihydroxy-7-methoxy-6-
methylflavane 

[46] 

Hydroxyquinoline CQ [47, 48] 
Triazoles Deferasirox [49] 
Pyridones Deferiprone [50] 
Quinone CoQ10, MitoQ, SkQ1 [51] 
Keto-Carotenoids Astaxanthin [52] 
Indole Melatonin [53] 
Carboxylic acid α-lipoic acid (LA), Acetyl-cysteine [54,55] 
Hormone Insuline [56] 

 
Antidiabetic  

Biguanide Metformin [57] 
Thiazolidinediones Pioglitazone [58] 

 Amylin Analog Pramlintide [60] 

 



Alanazi et al 

Trop J Pharm Res, February 2022; 21(2): 442 
 

The physostigmine derivatives phenserine (4) 
and tolserine (5) (Figure 2) have been used as 
ChE inhibitors. Phenserine not only inhibits 
AChE, it also reduces the generation of APP in 
vitro and in vivo. Phenserine is a promising AD 
therapy because of its dual anti-AChE and anti-A 
β effects. It has been used for the treatment of 
cognitive impairments in mice, and clinical trials 
are on-going [8]. In 2000, preclinical studies 
indicated that tolserine was 200-fold more 
specific as inhibitor of human AChE (hAChE) 
than BChE. 
 
Benzothiazoles therapies in AD 
 
Compound (6) has been developed as AChE 
inhibitor (Figure 2) and was found more potent 
and selective than galantamine natural 
compound [9]. 
 
Indane-linked therapies for AD 
 
Donepezil (7) (Figure 2) was approved as a 
therapy for mild-to-moderate AD in 1996 [10]. 
Apart from its molecular target AChE, donepezil 
has cellular targets associated with the 
pathogenesis AD. These include inhibition of 
glutamate-induced excitotoxicity, down-regulation 
of the expression levels of inflammatory 
cytokines, reduction of oxidative stress-induced 
effects, and initiation of a neuroprotective isoform 
of AChE. Indenyl compound (8; Figure 2) was 
developed as a moderate AChE-inhibitor in 2009 
[11]. 
 
Indane-carbamate hybrid therapies for AD 
 
Ladostigil (9; Figure 2), an AchE inhibitor with 
potent anti-AD and neuroprotective activities, is 
currently in Phase IIb clinical trial [12]. Ladostigil 
inhibits the activities of AChE and MAO-B. It is 
used as a novel treatment of neurodegenerative 
disorders such as AD and Parkinson's disease. 
 
Coumarin-based therapies for AD 
 
Compound 10 with 2-methoxyanilino moiety 
linked to coumarin fused benzofuran has been 
shown to be a potent inhibitor of AChE, with IC50 
of 0.19 ± 0.01 µM [13]. The coumarin compound 
which was designed as a novel AChE inhibitor 
(11) produced IC50 of 0.236 nM and AChE/BChE 
selectivity >300,00038 [14] (Figure 2). In another 
study [15], two coumarin-based compounds (12 
& 13) with moderate inhibitory effect on AChE 
(IC50 ~ µM) were developed. Decursinol (14) and 
mesuagenin B (15; Figure 2) are natural 
coumarins with potent AChE inhibitory activities 
(IC50 values = 0.28 µM and 0.7 µM respectively) 
[16, 17].  Bergamottin compounds (16 & 17; 

Figure 2) are potent AChE inhibitors with IC50 
values of 11.2 ± 0.1 and 15.4 ± 0.3 µM, 
respectively [18]. 
 
Sesquiterpene-linked AD therapies 
 
Huperzine-A (18) and huperzine-B (19) (Hup-A 
and Hup-B, respectively; Figure 2) are 
lycopodium alkaloids extracted from Huperzia 
serrata, and they are used for treating AD based 
on their highly selective and potent inhibition of 
AChE [19]. 
 

 
 
Figure 2: Chemical structures of agents used for AD 
treatment: Choline esterase inhibitors 
 
Β-amyloid cascade hypothesis 
 
Deposition of neurofibrillary tangles (NFTs) and 
amyloid plaques are the principal 
neuropathological hallmarks of AD. In the brains 
of AD patients, the accumulated β-amyloid (Aβ) 
peptides self-assemble into oligomers (Figure 3). 
The toxicity of these oligomers cause synaptic 
deterioration which leads to inflammation and 
oxidative stress. Non-covalent interactions of the 
oligomers form protofibrils which, upon 
maturation, lead to the generation of amyloid-like 
fibrils (Figure 4) [20]. The toxic β-amyloid (Aβ) 
peptides accumulate as a result of proteolytic 
cleavage of amyloid precursor protein (APP) by 
β-secretase and γ-secretase. β-Secretase is a 
type 1 member of the pepsin family and a 
transmembrane aspartic acid protease. β-Site 
amyloid precursor protein cleaving enzyme 1 
(BACE-1) is involved in the production of Aβ. 
Therefore, it is seen as a drug target 
macromolecule that modulates Aβ generation. 
The levels of BACE1 mRNA are increased in AD 
patients, and in AD animal models [21]. 
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Figure 3: Formation of β-amyloid plaques 
 

 
 
Figure 4: Formation of toxic Aβ peptides, and their 
aggregation into fibrils 
 
β-Secretase (BACE) inhibitors as 
modulators of Aβ production 

 
Peptidomimetics 
 
The design of numerous potent small molecular 
weight peptidomimetic inhibitors with drug-like 
properties was facilitated by X-ray structural 
studies of substrate-based inhibitors. The 
reduction of peptidyl characteristics could 
improve in vitro and in vivo characteristics of 
some designed inhibitors, and could increase 
selectivity of other inhibitors. Representative 
classes of these peptidomimetic inhibitors 
include hydroxyethylene-based inhibitors (20-25) 
[22] (Figure 5), hydroxyethylamine-based 
inhibitors (26 & 27; Figure 5) [23], carbinamine-
based Inhibitors (28) [24] (Figure 5), reduced 
amide-based inhibitors (29) (Figure 5) [25], and 
macrocyclic peptidomimetic inhibitors (30) [26] 
(Figure 5). 
 

Guanidine-based AD therapies 
 
The catalytic residues i.e., Asp32 and Asp228 in 
the active site of BACE1 interact with the acyl 
guanidine pharmacophore. Compound 31 is a 
representative structure of these inhibitors 
(Figure 5) [27]. 
 
2-Aminopyridine-based AD therapies 
 
The binding of 2-aminopyridine inhibitors to 
BACE1 results in a flap-open conformation due 
to the dislocation of Tyr71 to a position above the 
pyridine scaffold. A substituted 2-aminopyridine 
compound (32) [28] is shown in Figure 5. 
 
Aminoimidazole-based therapies for AD 
 
High-throughput screening (HTS) and the 
resultant optimization of the scaffold led to the 
discovery of an aminoimidazole compound (33; 
Figure 5) with a BACE1 inhibitory activity (IC50 = 
63 nM) [29]. 
 
Aminohydantoin-linked therapies for AD 
 
Laboratory screening of BACE1 inhibitors 
resulted in the discovery of a potent and 
selective BACE1 inhibitor and a hit compound 
(34; Figure 5) with an aminohydantoin scaffold 
[30]. 
 
Therapies for AD based on aminooxazolines  
 
Inhibitors of BACE1 with aminooxazoline 
scaffolds (35; Figure 5) had IC50 of 12 nM and 
showed better specificity than other common 
aspartic acid proteases with IC50 > 200 μM) [31]. 
 
Dihydroquinazoline-based therapies for AD 
 
The development of dihydroquinazolinse as 
BACE1 inhibitors and subsequent optimization 
led to identification of an inhibitor (36) which had 
IC50 of 11 nM (Figure 5) and moderate specificity, 
relative to common aspartate-bearing proteases 
e.g., renin (IC50 = 2.7 μM) [32]. 
 
AD therapies based on aminoquinolines 
 
Initial screening studies identified a 2-
aminoquinoline with BACE1 kd of 900 μM which 
was later optimized to produce a more potent 
and selective BACE1 inhibitor (37; Figure 5) with 
IC50 of 11 nM [33]. 
 
Pyrrolidine-based AD therapies 
 
High-throughput screening has revealed BACE1 
inhibitors with pyrrolidine scaffolds, and SAR 
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analyses and optimization resulted in the 
development of a BACE1 inhibitor (38; Figure 5) 
which had IC50 of 29 nM [34]. 
 

 
 
Figure 5: Chemical structures of anti-AD compounds: 
β-secretase inhibitors and γ-secretase inhibitors and 
modulators 

 
γ-Secretase inhibitors (GSIs) of Aβ 
production 
 
Semagacestat (39), a peptidomimetic, and 
avagacestat (40; Figure 5) are GSIs in clinical 
trials for AD.  Unfortunately, GSIs also block the 
ε-cleavage of γ-secretase in the Notch signaling 
pathway, resulting in several side effects such as 
decreased lymphocyte count, skin cancer and 
memory loss. Notch is a type I transmembrane 
receptor involved in neuritic growth, 
neurogenesis, and long-term memory. These 
side effects led to discontinuation of the use of 
GSIs as therapeutic strategy for AD [35]. 
 
γ-Secretase modulators (GSMs) of Aβ 
production 
 
Non-NSAID-derived GSMs (41-50; Figure 5) 
decrease the levels of Aβ42 peptide and 
increase those of Aβ38 isoform, indicating that 
NSAIDs modulate γ-secretase activity without 
perturbing APP processing or Notch pathway. 
The NGP555-diarylcinnamide derivatives (45-50; 

Figure 5) have been used led to discovery of 
clinically useful cinnamide compounds NGP555 
(45), E2012 (49) and E2212 (50; Figure 5) [36]. 
 
Tau protein and neurofibrillary tangle (NFT) 
hypothesis 
 
Neurofibrillary tangles (NFTs) are aggregates of 
hyperphosphorylated tau protein which are 
biomarkers of AD. It has been observed that 
soluble tau clump together into helical filaments 
which subsequently generate intracellular NFTs, 
a process that results in neuronal cell damage. 
Currently, tau protein-targeting medicines are 
used to stabilize, decrease, or prevent 
hyperphosphorylation or aggregation of the 
proteins [37]. 
 
1-Aminoadamantane phosphatase modifier 
therapies for AD 
 
Memantine (51; Figure 6), a blood sugar level-
lowering agent, was discovered as an antagonist 
of N-methyl-D-aspartate receptor. It produced 
minor short-term cognitive gains, but it may be 
more beneficial when used in conjunction with 
cholinesterase enzyme inhibitors [37]. 
 
Thiadiazolidine kinase inhibitor-based 
therapies for AD 
 
Tideglusib (52; Figure 6) is an irreversible 
inhibitor of glycogen synthase kinase (GSK3β). 
In an in vivo study of AD, tideglusib decreased 
tau phosphorylation, Aβ plaque formation, cell 
death, memory shortfalls and astrocytosis. In a 
phase II study, tideglusib produced cognitive 
improvement in patients with mild AD, while 
another tideglusib phase II trial revealed no 
clinical improvements [38]. 
 
Salicylsalicylic tau acetylation inhibitor 
therapies for AD 
 
Preclinical studies have shown that salsalate (53; 
Figure 6), a small-molecule NSAID, inhibited 
p300 HAT acetylation of tau at Lys174 in 
transgenic mice, leading to diminished tau 
pathology, preserved hippocampal volume, and 
repaired cognition. In 2017, a phase I trial of 
salsalate in patients with PSP was performed, 
although the results are not yet published [39]. 
 
Pyranothiazoline tau de-glycosylation 
inhibitor therapies for AD 
 
The compound MK-8719 (54; Figure 6) is a small 
molecule and an inhibitor of O-GlcNAcase (OGA) 
enzyme. In 2016, the FDA granted orphan drug 
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status to MK-8719, and plans are ongoing to 
develop MK-8719 for the treatment of PSP [40]. 
 
Curcumin tau aggregation inhibitor therapies 
for AD 
 
Curcumin (55; Figure 6) is a natural compound 
that stops protein aggregation by binding to β-
sheets. In vivo, it reduces tau and Aβ pathology 
and improves cognitive impairment. A phase II 
study on curcumin in AD patients is currently 
ongoing [41]. 
 
Macrocycle microtubule stabilizer therapies 
for AD 
 
Epithilone D (56; Figure 6) is an anti-fungal agent 
at preclinical testing stage. It was discovered that 
epithilone stabilized and increased the number of 
microtubules, while reducing the number of 
abnormal axons in a mouse model. Moreover, 
epithilone D increased cognition, and also 
reduced tau pathology and tau-associated 
alterations in microtubule dynamics. Abeotaxane 
(57; Figure 6) is being tested in patients with 
mild-to-moderate AD [42]. 
 
Therapies for AD based on phenylacetic acid 
tau-protein degradation modulators 
 
The compound BPN14770 (58; Figure 6), a 
phosphodiesterase inhibitor E4 PDE4, has 
produced promising results in phase II trial in AD 
patients [43]. 
 

 
 
Figure 6: Chemical structures of anti-AD compounds: 
Tau proteins inhibitors 
 
Oxidative stress hypothesis 
 
In recent studies, free radical generation and the 
oxidative stress have been proposed as major 
risk factors in the pathogenesis of AD. The 
generated free radicals promote nitration, 
formation of glycation products, lipid 
peroxidation, and carbonyl-modified 
neurofilament proteins and free carbonyls which 
ultimately result in neuronal damage (Figure 7). 

Moreover, the resultant oxidative stress may 
induce amyloidogenic processing of β-APP, 
resulting in buildup of neurotoxic Aβ species [44]. 
 

 
 
Figure 7: Role of oxidative stress in 
neurodegeneration (GSH = glutathione; GSSG = 
glutathione disulfide; SOD = superoxide dismutase) 
 
Antioxidant therapies for AD, and AD 
therapies based on vitamins and carotene 
 
Antioxidant drugs reduce free-radical-induced 
damage caused by toxic chain reactions in 
neuronal cells, and inhibit the pathogenesis of 
dementia in AD patients. In 1997, it was reported 
that α-tocopherol (vitamin E; 59; Figure 8) 
therapy (at a daily dose of 2000 IU) in patients 
with moderate-to-severe disabilities from AD 
decreased neuronal death and reduced the 
severity of AD, suggesting a clinical delay in AD-
induced deterioration of neuronal function. A 
2004 study showed that when given prior to AD, 
α-tocopherol suppressed brain lipid peroxidation 
and decreased Aβ production and senile plaque 
formation in animal models. It has been found 
that patients who take vitamin E supplements live 
longer than those who do not. Vitamins C and E 
(59 & 60), and β-carotene (61; Figure 8) 
synergistically inhibit lipid peroxidation [45]. 
 
Antioxidant enzyme therapies for AD 
 
The antioxidant enzymes are glutathione 
peroxidase, superoxide dismutase (SOD) 
comprising copper-zinc SOD (CuZnSOD) and 
MnSOD (a pro-survival mitochondrial antioxidant 
enzyme); lipases, proteases, and DNA repair 
enzymes. These enzymes are essential for 
neuronal survival and protection against 
oxidative lesions, and it has been suggested that 
they may be beneficial in the treatment of 
cognitive and behavioral symptoms of AD [45]. 
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Neuroinflammation hypothesis 
 
Neuroinflammation normally protects the central 
nervous system (CNS) from infectious diseases 
or injuries through the activation of endogenous 
immunity of the brain. Neuroinflammation is 
central to the degenerations associated with 
tauopathies. In brain stem and spinal cord, 
cycolooxygenase-2 (COX-2) enzymes and 
proinflammatory cytokines (e.g., IL-1B) are up-
regulated in tau-positive nerve cells. In animal 
model of AD, suppression of neuroinflammation 
mitigated behavioral and cognitive deficits, and 
decreased levels of Aβ plaques and 
hyperphosphorylated tau in brain tissue. 
Moreover, treatment with anti-tumor necrosis 
factor-α (anti-TNF-α) or interleukin-1β (IL-1β) 
antibodies reduced AD pathology in an animal 
model of the disease. It has been suggested that 
anti-inflammatory agents may be used for 
suppressing neuroinflammation in order to 
prevent cognitive decline and memory in AD. 
Some flavonoid-containing traditional herbal 
extracts have been shown to exert inhibitory 
effects on over-activation of microglia. Some 
flavonoids such as quercetin (62), isorhamnetin 
(63), isoflavone (64) (calycosin), and flavan 
[(2S)-5,7,3′,5′-tetrahydroxy flavanone] (65), and 
5,4′-dihydroxy-7-methoxy-6-methylflavane (66) 
(Figure 8), produced significant anti-
neuroinflammatory effects [46]. 
 

 
 
Figure 8: Chemical structures of anti-AD compounds: 
Anti-neuroinflammatory agents 
 
Metal toxicity hypothesis 
 
Although copper, iron and zinc are needed for 
neuronal function, their accumulation in the brain 
contributes to neurodegeneration. These metals 
do not accumulate inside the core and periphery 
of senile plaques, and they are involved in Aβ 
aggregation and oxidative degeneration. As a 
result, development of drugs that improve 
mineral balance is an attractive area in ongoing 
AD research. A metal chelator and anti-AD drug 
with moderate affinity for metal ions and low 
toxicity should have the property of passing 

through the blood-brain barrier (BBB). It should 
also selectively mop up free metal ions or metal 
ions bound to Aβ, rather than competing for 
binding to metal ions attached to other 
metalloproteins with important biological 
functions. 
 
Hydroxyquinoline chelator therapies for AD 
 
The compound CQ (67; Figure 9), an 
antiprotozoal drug, has the ability to chelate 
copper and zinc ions from metal–Aβ species, 
and to dissolve brain deposits in vitro. In AD 
patients, phase IIa clinical trial of CQ showed 
reduced level of cognitive deterioration and 
decreased plasma levels of Aβ42. Unfortunately, 
the use of CQ as an anti-AD agent was 
discontinued due to its neurotoxic and mutagenic 
side effects [47]. In vitro, bis-8-hydroxyquinolines 
(68-70; Figure 9) were found to be more effective 
in preventing amyloid peptide precipitation in the 
presence of Cu (II), Zn (II), and Fe (III), than CQ 
(67). In addition, it inhibited H2O2 generation due 
to Cu–Aβ as a result of the toxic oxidative stress 
in AD. 
 
Therapies for AD based on hydroxyquinoline-
bioisosteres chelators 
 
Based on CQ (67), bioisosterism was applied to 
design compounds 71 & 72 (Figure 9) as core 
scaffolds. Compound 71 has a similar chelation 
potential for Cu (II), Fe (III), and Zn (II) ions, but 
compound (72) preferentially chelates Cu (II). 
Database virtual screening using compound 72 
as query, identified compound 73 as metal 
chelator for AD, and it was shown to have 
potential for passing through the BBB [48]. 
 
Triazole chelator-based therapies for AD 
 
Deferasirox (74) is an old drug used for the 
treatment transfusion iron overload in 
thalassemia patients. It selectively binds Fe (II) 
and Fe (III) [49]. 
 
Pyridone chelator-based therapies for AD 
 
Deferiprone (DFP, 75; Figure 9) and DFP 
analogues are used as iron chelators for the 
treatment of thalassaemia [50]. However, these 
compounds do not cross the BBB. 
 
Mitochondrial cascade hypothesis 
 
In 2004, Swerdlow and Kan proposed that 
mitochondrial malfunction occurs early in AD, 
leading to NFT production, Aβ deposition, and 
synaptic loss. Oxidative stress and mitochondrial 
dysfunction are intrinsically linked. The increased 
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concentrations of reactive oxygen species (ROS) 
produced during mitochondrial activity cause 
oxidative stress that results in the mutation of 
mitochondrial DNA and subsequently results in 
mitochondrial damage and mitochondrial 
dysfunction. 
 
Quinone mitochondrial therapies for AD 
 
In a rat model of AD, CoQ10 (76; Figure 9) 
inhibited cognitive decline. However, its low 
systemic bioavailability is not consistent with its 
significant pharmacological effects, a quality 
which makes the drug unsuitable for clinical use. 
The compounds MitoQ (77) and SkQ1 (78; 
Figure 9) are antioxidants, and they are 
conjugates of ubiquinone and 
triphenylphosphonium (TPP) cation. A 
conjugated lipophilic triphenylphosphonium 
cation (TPP+) induces MitoQ10 accumulation 
within the mitochondria [51]. 
 
Keto-carotenoid-based mitochondrial 
therapies for AD 
 
The conjugated double bonds of astaxanthin (79; 
Figure 9) are responsible for its antioxidant 
function, and its lipophilic properties enhance its 
crossing of the BBB which is required in the 
treatment of AD [52]. 
 
Mitochondrial therapies for AD based on 
indoles 
 

Melatonin (80; Figure 9) is a neuroprotective 
hormone generated by the pineal gland. It is 
involved in the etiology of AD. At 
mitochondrial level, melatonin prevents 
cardiolipin oxidation, ROS production, and 
opening of MPTP; it reduces the levels of 
caspase-3 and caspase-9, and restores 
calcium homeostasis [53]. 

 
Mitochondrial therapies for AD based on α-
lipoic acid 
 

In clinical trials on AD patients, α-lipoic acid 
(81; Figure 9), an important coenzyme, 
improved cognitive function. α-Lipoic acid 
affected the generation of Aβ peptide fibrils 
and enhanced protection against Aβ peptide 
toxicity in cultured hippocampal neurons 
[54]. 

 
Mitochondrial therapies for AD based on 
acetyl-cysteine 
 

N-Acetyl-cysteine (NAC, 82; Figure 9) is a 
glutathione (GSH) precursor and an 

endogenous antioxidant that is important for 
the maintenance of mitochondrial functions. 
In two clinical trials, AD patients with 
memory loss received long-time treatment 
with NAC, resulting in beneficial effects on 
Aβ peptide, as well as recovery of cognitive 
and behavioral functions [55]. 
 

 
 
Figure 9: Chemical structures of anti-AD compounds: 
Mitochondrial therapies 
 
Diabetes mellitus hypothesis 
 
There are insulin receptors in the cognition areas 
of the brain such as cerebellum, cerebral cortex, 
hypothalamus, olfactory bulb and hippocampus. 
In AD, there are impairments in insulin signaling 
and brain glucose utilization, as well as 
decreased insulin levels in the cerebrospinal fluid 
(CSF), decreased insulin/plasma insulin ratio in 
CSF, reduced expression of insulin receptor, and 
increased level of fasting plasma insulin. The 
pathogenesis of AD is affected by impaired 
insulin signaling via tau hyperphosphorylation, 
Aβ metabolism, and acetylcholine signaling. 
Insulin increases the expression of choline 
acetyltransferase, an enzyme responsible for 
acetylcholine production. Thus, low insulin levels 
or severe insulin resistance in AD brains can 
lead to low acetylcholine levels [56]. 
 
Insulin-based therapy for AD 
 
Early clinical investigations in adult AD patients 
demonstrated that hyperinsulinemia without 
hyperglycemia improved memory, implying that 
insulin is vital for memory enhancement. In order 
to overcome the hypoglycemic effect of injectable 
insulin, intranasal spray of insulin is used to allow 
the hormone to bypasses the BBB and reach to 
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brain in its active form. In patients with early AD, 
21-day administration of 20 or 40 IU of intranasal 
insulin improved verbal memory, attentiveness, 
and neuronal functions, and also increased 
plasma levels of short β-amyloid peptide, 
resulting in higher Aβ 40/42 ratio [56]. 
 
Biguanide therapy for AD 
 
Metformin suppresses hepatic gluconeogenesis 
and re-sensitizes insulin signaling in peripheral 
tissues. In a mouse model of AD, metformin 
therapy reduced tau phosphorylation which is the 
main pathological characteristic of AD. However, 
in diabetic patients, metformin use resulted in 
poorer cognitive performance which was 
mitigated by combining metformin with vitamin 
B12 and calcium supplementation [57]. 
 
Thiazolidinedione-based therapies for AD 
 
Thiazolidinediones are agonists of peroxisome 
proliferator-activated receptor-gamma (PPARγ). 
Pioglitazone is the only thiazolidinedione 
approved for DM therapy, and its application in 
AD is due to its up-regulation of the expression of 
PPARγ in the temporal cortex. A recent meta-
analysis on PPARγ agonists showed that 
pioglitazone mitigated the early stages of mild-to-
moderate AD [58]. 
 
Therapies for AD based on glucagon-like 
peptide receptor agonists and dipeptidyl 
peptidase-4 inhibitors 
 
The peptide hormone glucagon-like peptide-1 
(GLP-1) is released by the intestine in response 
to food intake. The GLP-1Rs are receptors 
present on pancreatic cells, and they stimulate 
insulin production in response to elevated blood 
glucose levels. Dipeptidyl peptidase-4 (DPP4) 
degrades GLP-1, leading to the production of 
DPP4-resistant GLP-1 analogs (exendin-4, 
liraglutide and lixisenatide) for clinical use. 
 
However, CNS tissues such as the 
hypothalamus, hippocampus, cerebral cortex, 
and olfactory bulb, are rich in GLP-1Rs. Thus, 
activation of GLP-1Rs in CNS prevents 
apoptosis, stimulates neurite outgrowth 
especially in the hippocampus, and exerts 
neuroprotective effect, particularly in AD. In a 
mouse model of AD, administration of liraglutide 
for 8 weeks prevented neuronal loss, memory 
impairment, and deterioration of synaptic 
plasticity in the hippocampus. Liraglutide may 
also lower deposition of Aβ plaque by 40 – 50 %, 
and decrease inflammatory response. Liraglutide 
reduced tau hyperphosphorylation, promoted 
neurogenesis, and had positive effects on the 

cerebral and systemic microvasculature in AD 
transgenic mice. Liraglutide is unique in that it 
produced both preventive and curative effects 
against the pathological hallmarks of late-stage 
AD in mice. Other GLP-1 analogs (e.g., 
exenatide) have showed promising results in 
preclinical trials involving their application in the 
treatment of neurodegenerative illnesses. 
Moreover, a clinical trial on early-stage AD or 
moderate cognitive impairment is currently 
underway. Gliptins are DPP4 inhibitors which 
block the degradation of GLP-1, resulting in 
decreased fasting and postprandial glucose 
levels. Preclinical investigations on the DM-
approved AD medications i.e., saxagliptin and 
vildagliptin have also been conducted. The 
results showed reductions in tau 
phosphorylation, Aβ deposition, and 
inflammatory markers, as well as increases in 
hippocampus GLP-1 levels and memory 
retention [59]. 
 
Amylin analog therapies for AD 
 
Amylin is a hormone co-secreted with insulin by 
the pancreatic β-cells. The β-sheet structure of 
amylin, and its degradation by insulin-degrading 
enzyme, are comparable to those of Aβ. Amylin 
has the ability to pass the BBB, and it may play a 
role in regulation of mood, memory, and anxiety. 
The FDA has approved pramlintide, an amylin 
analog, for use in the management of type 1 and 
type 2 diabetes. Plasma amylin levels are 
markedly reduced in AD patients. Indeed, 
preclinical data in a mouse model of AD suggest 
that pramlintide drug might reduce AD symptoms 
[60]. However, there is need for more research 
into the potential significance of amylin and its 
analogs in AD. 
 
CONCLUSION 
 
Alzheimer’s disease (AD) is a growing challenge 
worldwide due to lack of clear understanding of 
the exact pathophysiology associated with the 
disease. Several compounds of natural or 
synthetic origin have been found to be effective 
in the treatment of AD, either as whole 
molecules, or as lead compounds. There are 
many successful efforts towards the 
development and discovery of novel compounds 
with potential activity against AD. In addition, 
many efforts have been made in the synthesis of 
chemical derivatives with enhanced 
pharmacokinetic characteristics and improved 
efficacies. As a result, several molecules have 
been identified as potential therapeutic 
candidates for AD, with focus on their safety and 
clinical benefits. 
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