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Abstract 

 
Background and purpose: Alzheimer's disease (AD) is a common neurodegenerative disease and the fifth 
leading cause of death among the elderly. The development of drugs for AD treatment is based on inhibiting 
cholinesterase (ChE) activity and inhibiting amyloid-beta peptide and tau protein aggregations. Many in vitro 
findings have demonstrated that thiazole- and thiazolidine-based compounds have a good inhibitory effect on 
ChE and other elements involved in the AD pathogenicity cascade.  
Experimental approach: In the present review, we collected available documents to verify whether these 
synthetic compounds can be a step forward in developing new medications for AD. A systematic literature 
search was performed in major electronic databases in April 2021. Twenty-eight relevant in vitro and in vivo 
studies were found and used for data extraction.  
Findings/Results: Findings demonstrated that thiazole- and thiazolidine-based compounds could ameliorate 
AD's pathologic condition by affecting various targets, including inhibition of ChE activity, amyloid-beta, and 
tau aggregation in addition to cyclin-dependent kinase 5/p25, beta-secretase-1, cyclooxygenase, and glycogen 
synthase kinase-3β.  
Conclusion and implications: Due to multitarget effects at micromolar concentration, this review 
demonstrated that these synthetic compounds could be considered promising candidates for developing                  
anti-Alzheimer drugs. 
 
Keywords: Alzheimer's disease; Amyloid beta; Cholinesterase; Glycogen synthase kinase; Thiazolidine; 
Thiazole.  

 
INTRODUCTION 

 
Alzheimer's disease (AD) is the most common 

neurodegenerative disease in which neurons' 
structural and functional features are lost. This 
disease has been the fifth leading cause of death 
among people over 65 (1,2). The lifetime risk of 
AD is 15% for people over 65 and 40% for people 
over 80. The prevalence of AD and other types of 
dementia is higher in older people, and 
epidemiological data show that the incidence of 
Alzheimer's is higher in women than in men (3). 
It is a progressive disease whose symptoms 
gradually begin and become severe. The disease 
affects various brain functions, and minor 

memory problem is usually the first sign of the 
disease (4,5). As the disease progresses, memory 
problems worsen, and other symptoms such as 
misperception, confusion, impaired decision-
making and planning, and speech and language 
problems appear. The course of the disease 
includes gradual impairment of memory, 
judgment and language skills, and behavioral 
changes. Microscopic biopsy indicates cortical 
atrophy with enlarged ventricles in the brain. 
These clinical manifestations reflect neural 
degeneration in the cerebral cortex, especially in 
the temporoparietal cortex and hippocampus (6). 
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The pathogenicity of Alzheimer's and many 
other neurodegenerative diseases are common, 
including incorrect folding and accumulation of 
proteins (accumulation of amyloid beta (Aβ) 
and formation of amyloid plaques), oxidative 
stress, and formation of free radicals, imbalance 
of metals homeostatic system, and excessive 
phosphorylation of tau proteins. In addition, 
genetics and the environment are determinant 
factors in the pathogenesis of this disease (7,8). 
In AD, globular proteins (amyloid bodies) are 
formed outside the neurons in some areas of the 
brain, while fibrous protein structures are 
included in the cell body of the neurons (9). Aβ 
is a peptide of 36-43 amino acids and a major 
component of amyloid plaques in the brains of 
Alzheimer's patients. These peptides are 
derived from the amyloid precursor protein. 
They are expressed in the cells of the nervous 
system, which have many functions, including 
cell-to-cell attachment, cell contact, and 
formation of extracellular matrix and 
cytoskeleton. Aging plaques are composed of 
protein strands called amyloid bodies and some 
other proteins called apolipoprotein E, 
synuclein, and alpha-antichymotrypsin (10). 
The formation of these plaques seems to be one 
of the main causes of Alzheimer's since they 
break the connection between nerve cells and 
eventually cause the death of nerve cells and the 
destruction of brain tissue.  

Pathological abnormalities of AD include 
depositing two filamentous proteins of Aβ and 
tau proteins. Aβ bound to apolipoprotein E is 
located outside neurons, while tau proteins are 

derived from microtubules inside neurons (11). 
AD affects the primary cholinergic neurons, so 
the treatment should be based on the drugs that 
inhibit the reduction of acetylcholine at                   
the synapses. AD is typically treated 
symptomatically, and most of the drugs 
approved for treating Alzheimer's modulate 
neurotransmitters such as acetylcholine and 
glutamate. Disease-modifying therapies delay 
the onset of the disease and slow its 
progression. Standard drug treatments for AD 
include acetylcholinesterase (AChE) inhibitors 
and N-methyl-D-aspartate antagonists (12,13).  

Due to the role of AChE and carbonic 
anhydrase in treating AD, finding new 
compounds with inhibitory effects on these 
enzymes can be a step toward developing new 
anti-Alzheimer. There is accumulating 
evidence that carbonic anhydrase increases in 
the AD brain. The collected evidence shows 
that the design of hybrid molecules that act 
specifically on enzymes and different protein 
targets involved in the pathogenicity of AD, 
with good effectiveness and at sub-toxic doses, 
can be an effective approach for treating the 
treatment of neurodegenerative diseases such as 
AD. Thiazolidine and thiazole derivatives have 
demonstrated strong inhibitory effects against 
the enzymes and protein targets of the AD 
pathogenicity cascade and inhibited the 
aggregation of Aβ and tau (Scheme 1). In the 
present study, we aimed to systematically 
review the available literature on the 
effectiveness of thiazole and thiazolidine 
derivatives in treating AD. 

 

 
Scheme 1. Enzymes and targets of AD pathogenesis. AD, Alzheimer disease; CDK, cyclin dependent kinase; GSK 
glycogen synthase kinase; ChE, cholinesterase; BACE, β-site amyloid precursor protein cleaving enzyme; APP, amyloid 
precursor protein; A, amyloid-beta; TZD, thiazolidines.  
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METHODS 
  
Study search and protocol 

A systematic literature search was performed 
on Web of Science, PubMed, Scopus, Science 
Direct, Embase, and Ovid in April 2021. No time 
or language limit was used in the search strategy. 
The search query used for this purpose includes 
Thiazolidine “OR thiazole OR thiazol” and 
“Alzheimer’s disease OR Alzheimer’s OR 
Alzheimer” in PubMed. In Scopus, “Thiazolidine 
and its similar terms” were searched in the title, 
abstract, and keywords, and then “Alzheimer’s 
with all equivalents” were searched within the 
results. A hand search into Google Scholar and 
references of the included studies further 
improved the search. All procedures, including 
database search, article selection, and data 
synthesis, were performed independently by two 
research team members. Still, disagreements 
between the authors were resolved in each step 
before proceeding to the next stage. PRISMA 
Checklist 2009, a good protocol for reporting 
systematic reviews, was used for the study design 
and article selection process (14).   
 
Inclusion criteria 

The review articles, editorials, case reports, 
and conference papers were excluded at the first 
step of document evaluation. Next, irrelevant 
articles were excluded from further evaluation. 

Also, computational modeling and docking 
studies were disqualified from further 
assessment. They were only included if in vivo 
assessment or cell culture experiments were 
performed alongside the docking studies. 
Furthermore, documents on thiazole and 
thiazolidine derivatives performed on imaging 
probes of Alzheimer’s were also excluded.  
 
Data synthesis and the variables 

All required information including the 
author’s name and the conjugated parts of 
thiazole and thiazolidine derivatives were 
extracted and summarized for data extraction. 
In addition, the main target and inhibitory 
values were recorded and described 
qualitatively.  
 

RESULTS 
 

  After a literature search and considering the 
defined inclusion criteria, 7481 articles were 
collected from the database search, of which 
2328 were from PubMed, 3699 were in Scopus, 
and 1413 were in other databases. By limiting 
the records to the described inclusion criteria, 
34 articles were achieved. After removing 
irrelevant documents, 28 articles were selected 
for data extraction. The selection process of 
articles is demonstrated in Fig. 1.  

 

Fig. 1. Selection of articles based on inclusion criteria.  
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Study findings 
Inhibition of tauopathy, Aβ aggregation, and 

ChE inhibition were the most important aims of 
the included studies. However, the designed 
molecules could also target other enzymes and 
natural elements that were involved in the 

pathogenesis of Alzheimer’s. Below, these 
effects are described in detail. Also, the 
produced therapeutic agents with possible                 
anti-Alzheimer’s activity and the most 
important inhibitory targets with the reported 
inhibitory values are summarized in Table 1.  

 
Table 1. Detailed knowledge of the included studies. 

Conjugate part Main target Other targets Animal/cell type Inhibition value (IC50) Reference 

Thiazolidin-4-ones AChE - Rat AChE = 3.11 μM (15) 

Aminothiazole B-ring Aβ42 - SHSY5Y > 1 μM (16)  

L1 [4-(benzo[d]thiazol-2-yl) 
-2-((4,7-dimethyl-1,4,7-
triazonan-1-yl) methyl)-6-
methoxyphenol] 

Aβ p-tau 
Transgenic 5xFAD 
mice 

40-50% reduction of Aβ 
and p-tau 

(17) 

Thiazolidin-4-one AChE - Wistar rats 4.46 µM (18) 

Benzylidene-thiazolidine-
2,4-diones 

IL-1β 
ER-β, NLRP3 
inflammasome 

J774A.1 cells 
77% Inhibition of IL-1β 
release at 10 µM 

(19) 

6,6-Dimethyl-3-(2-
hydroxyethyl) thio-1-
(thiazol-2-yl)-6,7-dihydro-2-
benzothiophene-4(5H)-one 

α5 GABAA 
receptors 

Aβ 
Mice, HEK293 
cells 

GABA = 10 μM (20) 

1-(2-Bromobenzyl)-4-((4-
oxo-4-((4-phenylthiazol-2-yl) 
amino) butanamido) methyl) 
pyridin-1-ium bromide 

ChE Aβ PC12 cells 

AChE = 21.49 µM 
BuChE = 35.29 µM 
42.66% Aβ inhibition at 
10 μM 

(21) 

Thiazolopyridyl 
tetrahydroacridine 

GSK-3β, 
ChE 

Tau protein Mice 
AChE = 1.2 nM,   
BChE = 149.8 nM,  
hGSK-3β = 22.2 nM 

(22) 

4-hydroxy-4-phenyl-3-
(pyridin-4-ylmethyl) 
thiazolidine-2-thione 

GSK-3 - 

RAW 264.7 mouse 
macrophage, human 
embryonic kidney 
(HEK293), THP-1 
human monocytic 
cells 

GSK-3α = 22 nM 
GSK-3β = 11 nM 

(23) 

Benzylpyridinium-based 
benzothiazole 

ChE Aβ 
PC12 and HepG2 
cells 

AChE = 14 nM 
BuChE = 182 nM 
44.9% Aβ inhibition at 
50 µM 

(24) 

Methyl(4 phenylbutyl) amine ChE 
Histamine H3 
receptor 

Mice 

AChE = 13.96 μM 
BuChE = 14.62 μM 
H3 antagonist activity 
(pA2 = 8.27) 

(25) 

5-(Difluoromethyl)-2-
(ethylamino)-3a,6,7,7a-
tetrahydro-5H-pyrano [3,2-
d]thiazole-6,7-diol 

OGA Tau protein Monkey, dog, rat 10 mg/kg, orally (26) 

Quinoxaline-bisthiazole β-secretase 
Edema and 
inflammation 

Rat 
β-secretase = 3 µM,  
69% inhibition of 
edema 

(27) 

Tacrine -2-
phenylbenzothiazole 

AChE Aβ SH-SY5Y cells 
AChE = 0.27 μM 
44.6% Aβ inhibition 

(28) 

1-(3-Chloro-4-
hydroxyphenyl)-3-(6-
ethoxybenzo[d]thiazol-2-yl) 
urea 

17β-HSD10 - 
HEK293 mts  17β-
HSD10 cells 

≥ 77% inhibition at 25 
μM 

(29) 

2,4-Thiazolidinedione GSK-3β AcPHF6 SH-SY5Y 
GSK-3β = 0.89 µM,  
AcPHF6 aggregation is 
80% at 10 μM 

(30) 
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Table 1. (Continiued) 

Conjugate part Main target Other targets Animal/cell type Inhibition value (IC50) Reference 

Thiazolyl-thiadiazines β-secretase Aβ Rat 
β-secretase = 9 μM 
63% edema 
inhibition 

(31) 

2-substituted-thio-N-(4-
substituted-thiazol/ 1H-
imidazol-2-yl) acetamide 

β-secretase 
Effect on 
blood-brain 
barrier  

HEK293 cells 
β-secretase = 4.6 μM,  
High BBB permeability 
and low toxicity 

(32) 

Donepezil and diarylthiazole ChE 

Aβ1-42, p-
Tau, cleaved 
caspase 3, 
cleaved PARP 

SH-SY5Y cells, 
mice 

AChE = 0.30 μM 
BuChE = 1.84 μM  

(33) 

4-methyl-5-(2-(nitrooxy) 
ethyl) thiazol-3-ium chloride 

Aβ Tau protein Mice 

>60% Aβ inhibition (by 
1 mg/kg, i.p. + 20 
mg/kg/day orally for 12 
weeks)  

(34) 

Thiazole acetamide ChE 
β-secretase, 
Aβ 

HeLa cells 

AChE = 3.14 µM, 
BuChE = 2.94 µM,  
Aβ = 10.6 µM 
β-secretase= 13.2 µM 

(35) 

N′-(4-(2,4-dichlorophenyl) 
thiazol-2-yl)-2-(2-oxobenzo[d] 
thiazol-3(2H)-yl) 
acetohydrazide 

ChE - NIH/3T3 cells 
AChE = 25.5 μM 
BuChE = 80 μM  

(36) 

N-(4-(Benzo[d]thiazol-2-
ylmethyl)phenyl)-6-(1,2,3,4-
tetrahydroacridin -9-ylamino) 
hexanamide 

AChE Aβ SHSY-5Y cells 
AChE = 0.57 μM, 
61.3% Aβ inhibition  

(37) 

Benzo[d]thiazol-2-
ylimino)methyl)-4-nitrophenol 
+ CuCl2 

superoxide 
dismutase 
SOD 

Aβ PC12 cells 
Without CuCl2 = 1.3 
μM 
With CuCl2 = 0.19 μM 

(38) 

Phenylthiazole-tacrine ChE Aβ Cortical neurons 

AChE = 5.78 µM, 
BuChE = 5.75 µM,  
Inhibition of Ca2+ 
overload and Aβ (66%) 
at 20 µM 

(39) 

2-aminothiazoles Tau protein - 
M17-TAU-P301L 
cells 

Tau = 14 nM (40) 

N-[3-({2-[(2E)-2-
Benzylidenehydrazino]-2-
oxoethyl}sulfanyl)-5-({2-[(2-
chloroacetyl)amino]-1,3-thiazol-4- 
yl}methyl)-4H-1,2,4-triazol-4-yl]-
4-chlorobenzamide 

CDK5/p25 - Vero-C-1008 cells cdk5 = 42 nM (41, 42) 

Phenylthiazolyl-hydrazides Tau protein LDH N2A cells 
Tau = 7.7 µM,  
47.4% LDH inhibition 

(43) 

AChE, Acetylcholinesterase; Aβ, amyloid-β; IL, interleukin; BACE-1, β-secretase; GSK-3β, glycogen synthase kinase 3 beta; AcPHF6, tau derived 
hexapeptide; ER-β, estrogen-receptor β; GABA, gamma-aminobutyric acid type A; BuChE, butyrylcholinesterase; PARP, poly (ADP-ribose) 
polymerase; 17β-HSD10, 17β-hydroxysteroid dehydrogenase type 10; CDK5, cyclin-dependent kinase; hCAs, human carbonic anhydrases; OGA, O-
GlcNAcase; SOD, superoxide dismutase; LDH, lactate dehydrogenas; SH-SY5Y, human neuroblastoma cell line.  

 
ChE inhibition 

ChE is the most important enzyme involved 
directly in the pathogenesis of Alzheimer’s. 
Inhibition of ChE is the main goal of designing 
new therapeutics for treating neurodegenerative 
diseases. Findings of enzyme kinetics 
demonstrated that AChE inhibition followed a 
mixed inhibition mechanism through selective 
and non-specific inhibition of all isoforms of ChE 
(21). The compounds containing benzyl 

piperidine-linked diaryl thiazoles as the core also 
showed significant anti-ChE activity with IC50 
values of 0.30 μM and 1.84 μM for AChE and 
butyrylcholinesterase (BuChE), respectively. It 
also showed substantial neuroprotection, as 
evidenced by decreasing Aβ1-42-induced toxicity 
and tauopathy, which may be attributed to their 
reported antioxidant activities. Due to their good 
oral absorption and toleration of up to 2000 mg/kg 
oral administration, without considerable toxic 
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effects in several animal studies, benzyl 
piperidine-linked diaryl thiazoles were suggested 
as a potent anti-Alzheimer drug (33). 
Thiazolidin-4-one was also reported as a potent 
AChE inhibitor with an IC50 value of 4.46 µM 
in the hippocampus of rats (18). Similarly, a 
compound containing bromobenzyl-
phenylthiazol-amino-pyridinium bromide and 
phenyl thiazole-tacrine hybrids demonstrated 
strong AChE and BuChE inhibition at 21.49 
and 35.29, respectively, in addition to more 
than 40-60% Aβ inhibition at 10 to 20 μM 
(21,39). 
 
Aβ and tau proteins 

Aβ peptide is a proteolytic fragment of the 
transmembrane amyloid precursor protein and 
the main pathological element of Alzheimer's 
disease found as the amyloid plaques in the 
brains of these patients. On the other hand, tau 
is a brain-specific and microtubule-associated 
protein in neurons, which is regulated                          
by phosphorylation. Accumulations of 
pathological tau protein in synapses, along with 
the aggregation of Aβ into amyloid plaques, is 
the main pathological hallmark in AD, which 
leads to the damage and destruction of synapses 
resulting in impairment of memory and 
cognition (44,45). In vitro, findings 
demonstrated that most thiazole derivatives, 
such as aminothiazole complexes and N-benzyl 
pyridinium-based benzoheterocycles, can 
inhibit Aβ at micromolar and nanomolar 
concentrations (16,24,40). Consistent animal 
studies have also shown that alkyl-thiazolium 
chloride and 4-(benzo[d]thiazol-2-yl)-2-               
((4,7-dimethyl-1,4,7-triazonan-1-yl)methyl)-6-
methoxyphenyl can be considered a novel 
multifunctional drug in ameliorating oxidative 
damage and inhibition of Aβ-aggregation, 
attenuating amyloid burden and 
neuroinflammation (17,34).  
 
Glycogen synthase kinase  

Glycogen synthase kinase-3 (GSK-3) is a 
serine/threonine protein kinase, which is 
typically involved in regulating hormonal 
control of glucose homeostasis and 
neuroendocrine control of energy metabolism. 
It is also responsible for the phosphorylation of 
tau protein and Aβ, which are the first 

appearances of Alzheimer’s pathology (46). 
Findings demonstrated that thiazolidinedione 
derivatives displayed promising inhibitory 
effects on GSK-3β and tau aggregation at an 
IC50 value of 0.89 µM. Moreover, they 
demonstrated parallel artificial membrane 
permeability assay-blood brain barrier 
permeability and cellular safety profile on the 
human neuroblastoma cell line (SH-SY5Y) 
(30). Some pyridine derivatives of thiazolidine 
were shown highly potent and selective 
inhibitory effects on GSK-3, indicating that 
inhibitors of GSK-3 can serve as a major target 
for developing potential anti-Alzheimer’s 
therapeutics (21). New classes of drugs 
containing thiazol in complex with acridine and 
tacrine in their structure have also shown ChE 
and GSK-3 dual inhibitory effects, which is a 
key step in designing multi-target drugs to treat 
Alzheimer's disease (22). 
 
β-secretase inhibitors 

Beta-secretase, known as beta-site amyloid 
precursor protein cleaving enzyme-1 (BACE-
1), is an enzyme found mainly in neurons and 
essential for the cleavage of Aβ precursor 
protein and subsequent generation of Aβ. 
Inhibitors of β-secretase can be of great 
importance in treating AD since they inhibit 
BACE-1 and, therefore, Aβ aggregation (47). 
Studies on cell models showed that thiazol-
imidazole-acetamide derivatives with IC50 
value of less than 5 μM and good 
pharmacological features such as high blood-
brain barrier permeability and low cytotoxicity 
could serve as potent molecules with promising 
anti-Alzheimer’s activity (32,35). On the other 
hand, thiazolyl-thiadiazole compounds were 
found as potent multitarget-directed β-secretase 
inhibitors with anti-inflammatory properties in 
the sub-micromolar range (31).  
 
Cyclin-dependent kinase inhibitors 

Cyclin-dependent kinase 5 (CDK5) is a 
multifaceted proline-directed serine/threonine 
kinase. The active form (in complex with p35 
and p39) plays a critical role in the central 
nervous system (CNS) protecting neuronal 
structure and regulation of neurotransmitter 
release. On the other hand, this kinase's 
hyperactivity is associated with AD 
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development; hence, drugs with inhibitory 
effects on CDK5 may be useful in developing 
anti-Alzheimer’s therapeutics (48). In vitro 
studies demonstrated that the clubbed triazolyl 
thiazole, such as benzylidene hydrazino-
thiazol-chlorobenzamide, may have CDK5/p25 
inhibitory activity at sub-micromolar 
concentration (42).  
 
Other targets 

Thiazole and thiazolidine-based complexes 
were shown promising anti-Alzheimer’s effects 
by affecting various targets. Amongst the tested 
compounds, some thiazolidine hybrid 
complexes demonstrated inflammasome 
inhibitory effects with 77% suppression of 
interleukin-1β release at 10 µM (21). Benzo-
thiazol derivatives in complex with metals 
(CuCl2) also demonstrated multifunctional 
activity not only by inhibiting Aβ self-
aggregation but also through reducing 
intracellular reactive oxygen species decreasing 
activity via increasing superoxide dismutase, 
which makes them potent amyloid inhibitors 
and anti-Alzheimer’s agent (38). Conversely, 
animal studies and in vitro findings on HEK293 
stable cell lines indicated that gamma-
aminobutyric acid type A receptors (GABA-A) 
are widely distributed in neuronal networks. 
Therefore, inhibitors of the α5 subunit of 
GABA-A, such as n-alkyl- thiazol- 
benzothiophene derivatives, cannot be 
considered a suitable therapeutic target for the 
treatment of AD (20). Furthermore, findings of 
animal trials on rats, dogs, and monkeys 
demonstrated that difluoro methyl 
methylamino tetrahydro-pyranothiazole diol, as 
a strong and highly selective inhibitor of O-
GlcNAcase with satisfactory CNS penetration 
capability, is a promising compound with anti-
Alzheimer properties that was succeeded to 
human trial (26). 
 

DISCUSSION 
 

AD is the most common neurodegenerative 
disorder, which demands finding a way to 
prevent it and effective therapy. The 
development of therapeutics for AD is based on 
the amyloid cascade hypothesis (vaccines,                  
β- and γ-secretase inhibitors) or targeting                    

tau and neurofibrillary tangle formation, 
neuroinflammation, etc. ChE, BACE-1, 
amyloid-β 1-42, γ and β-secretase, 
phosphodiesterase type IV inhibitors are 
important targets for developing the                   
anti-Alzheimer. Among these, the γ- and β-
secretase inhibitors can be clustered in several 
heterocyclic classes (imidazole, thiazoles, 
indoles, benzaldehydes, pyrimidine, etc. (49). 
Thiazole derivatives are an important class of 
heterocyclic molecules with versatile 
pharmacological activities. Some thiazole 
analogs are fungicides, cardiotonic, anti-
arrhythmic, and antitumor. Many thiazoles are 
fibrinogen receptor antagonists with 
antithrombotic activity, bacterial DNA gyrase 
B inhibitors, and lipo-oxygenase inhibitors. 
Aminothiazoles are known to be ligands of 
estrogen receptors as well as a novel class of 
adenosine receptor antagonists (50). Many 
studies have been performed on the therapeutic 
potentials of thiazole- and thiazolidine-based 
compounds in treating neurological diseases. 
The present review demonstrated that thiazoles 
and thiazolidines may be considered multi-
target therapeutic agents with promising anti-
Alzheimer properties. Amine-containing 
thiazole derivatives such as N-(2,3-dimethyl 
phenyl)thiazol-2-amine also showed significant 
inhibitory effect against ChE with reported IC50 
values of 9 nM and 0.646 µM for AChE and 
BuChE, respectively (51). 

Similarly, N-(5-isopropyl-thiazol-2-yl) 
isobutyrate, a potent CDK5 and CDK2/cyclin E 
inhibitor, could inhibit CDK5 and CDK2 at     
320 nM and improve the potency of CDK5 by                  
60 folds (52). Moreover, preliminary evidence 
demonstrated that the complexation of 
hydroxyphenyl with benzothiazole leads to a 
group of multifunctional molecules with both 
amyloid binding and integrated metal chelating 
properties, which can be considered candidates 
for targeting Alzheimer’s amyloidogenesis 
(53). Similarly, thiazolidinedione derivatives 
were shown to inhibit GSK-3β at nanomolar 
concentration and the aggregation of tau-
derived hexapeptide AcPHF6 (80% inhibition) 
at 10 μM, indicating that these multi-target 
compounds might serve as a novel class                   
of drugs by targeting independent but                   
closely related targets of AD pathogenesis             
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(30). Multifunctional benzothiazole-containing 
molecules in complexes with metals such as 
Cu2+ have been demonstrated to effectively 
interact with the metal binding sites on Aβ 
peptide and inhibit amyloid and tau aggregation 
in addition to dissolving the formed fibrils and 
thereby ameliorating Aβ-mediated cellular 
toxicity (38). In vitro, findings revealed that 
most of the thiazole and thiazolidine-based 
compounds, including aminothiazole, 
benzothiazole, and hybrid complexes such as 
tacrine-thiazoles had potent anti-ChE activity 
comparable to or even higher than donepezil as 
a reference drug. Without significant 
cytotoxicity, these compounds could inhibit Aβ 
self-aggregation or AChE-induced Aβ 
aggregation (24). Animal studies have shown 
that most of these compounds exhibited good 
oral absorption and are well-tolerated in rodents 
without noticeable toxic effects (33). These 
findings indicated that some of these thiazole 
and thiazolidine-based derivatives might also 
be useful in alleviating learning and memory 
deficits in an animal model of dementia, 
amnesia, and many other diseases of the CNS 
(54,55). 

Molecular docking studies verified that 
thiazolidine-4-ones could efficiently fit into the 
enzyme and inhibit all isoforms of AChE (15). 
Thiazolocoumarinyl Schiff-base derivatives 
also revealed good binding affinities with all 
ChE isoforms but indicated superior interaction 
patterns with BuChE compared to AChE (56). 
According to the results of molecular docking 
evaluation, benzyl pyridinium-based 
benzothiazole could also effectively                       
occupy the active site of AChE and BuChE                  
at the vicinity of the catalytic triad, 
demonstrating as an effective inhibitor of ChE 
activity (24). Similarly, computation studies 
showed that thiazolyl-thiadiazole could 
perform as multitarget-directed ligands with 
multitargeted non-selectively interaction with 
the catalytic domain of BACE-1, 
cyclooxygenase 1 (COX-1) and COX-2 
enzymes (31). The computational simulation 
results also revealed an efficient binding of 
thiazole-pyridiniums to both catalytic active 
and peripheral anionic sites resulting in dual 
inhibition of AChE and Aβ aggregation, 
making these compounds novel anti-Alzheimer 
agents (21). 

Sustained drug release and increasing the 
circulation time of drugs is a novel approach to 
enhance the efficiency of therapy and increase 
the therapeutic index, which can be achieved by 
modification in nanostructures and conjugation 
with nanoparticles (57). Modifying these potent 
ChE inhibitors in nanostructure may help 
develop new medications to effectively treat 
neurodegenerative disorders (41,57,58). 
Conjugation of the synthesized compounds 
with antimicrobial peptides may also enhance 
treatment efficacy since antimicrobial peptides 
have cell-penetrating potential, antioxidant 
properties, and inhibitory effects on various 
enzymes, including ChE (59,60). Findings 
revealed that hybrid complexes of thiazole and 
thiazolidine with other biologically active 
compounds could enhance their therapeutic 
values. In this regard, the inhibitory activity of 
thiazolidin-4-ones containing the 
propylpiperidine core against ChE was 
significantly improved, making them potential 
candidates for future Alzheimer’s therapy. 
Complexation of macromolecules such as a 
peptide, acridine, and tacrine produces hybrid 
supermolecules, which may improve the 
binding efficiency of the compounds to a 
variety of target enzymes, leading to enhanced 
biological efficiency of thiazole and 
thiazolidine (61-63). Tacrine-based hybrids of 
thiazole can also be considered effective multi-
targeted agents against AD (28,37,64). 
Findings have also demonstrated that 
multipotent phenyl thiazole-tacrine hybrids can 
inhibit ChE activity and Ca²⁺ overload with 
66% inhibition of Aβ aggregation at 
micromolar concentration (39). These hybrid 
complexes are emerging AD therapeutics, 
which represent a worthwhile value in 
developing new multi-target-directed anti-
Alzheimer’s drugs. However, further, in vivo 
and human studies are required in terms of 
evaluation of their ChE inhibitory capacity and 
inhibition of Aβ aggregation to warrant the 
effectiveness of these hybrid compounds.  
 

CONCLUSION 
 

Our results strongly support that these multi-
target molecules may provide new insights into 
developing potent anti-Alzheimer’s therapies 
by inhibiting ChE activity, Aβ, and tau 
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aggregation and effectively facilitating cellular 
toxicity and neuroinflammation. Some of these 
compounds, in addition to anti-amyloid, 
neuroprotective, and anti-amnesic properties, 
demonstrated good inhibitory effects on other 
enzymes involved in the pathogenesis of AD, 
including CDK5/p25, BACE-1, COX, and 
GSK-3β. Overall, these molecules can be 
considered potent AD therapeutics, which can 
attenuate the formation of amyloid plaques and 
tau aggregation and thus can be proposed as 
promising agents for further research to develop 
anti-Alzheimer’s drugs. 
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