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Abstract

	 Alzheimer's disease (AD) remains a devastating neurodegenerative disorder with no 
disease-modifying therapies available, largely due to its complex, multifactorial pathophysiology 
involving amyloid β (Aβ) aggregation, tau hyperphosphorylation, chronic neuroinflammation, oxidative 
stress, and proteasomal dysfunction. This review comprehensively evaluates the synthesis and 
biological evaluation of pyrazole derivatives as promising multi-target-directed ligands (MTDLs) 
for Alzheimer's therapy. The pyrazole scaffold, with its exceptional structural versatility and ease of 
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synthetic modification, has enabled the rational design of diverse compound classes targeting multiple 
AD-relevant pathways simultaneously. Diphenylpyrazoles function as non-competitive β-secretase 
(BACE1) modulators, selectively suppressing Aβ production while preserving essential physiological 
enzyme activity, with the lead compound Anle138b demonstrating remarkable ability to block Aβ 
pore activity, restore synaptic function, and improve memory in transgenic AD mouse models. 
Arylpyrazolones (exemplified by compound 1, EC50 = 270 nM) exhibit potent anti-amyloidogenic activity 
with excellent blood-brain barrier permeation and favorable oral bioavailability. Ferrocene-pyrazole-
curcumin analogues show structure-dependent anti-amyloidogenic activity validated by thioflavin T 
fluorescence and atomic force microscopy, combining natural product inspiration with organometallic 
fine-tuning. Regarding tau pathology, acylaminopyrazoles inhibit glycogen synthase kinase-3β (GSK-
3β) in the low micromolar range, preventing tau hyperphosphorylation and neurofibrillary tangle 
formation, while pyrazolones enhance ubiquitin-proteasome system activity, promoting clearance 
of misfolded proteins and protecting neurons from amyloid-induced toxicity. The collective evidence 
positions pyrazole-based MTDLs as a chemically feasible, pharmacologically versatile platform for 
addressing the intricate crosstalk among amyloid pathology, tauopathy, neuroinflammation, and 
proteostasis failure in Alzheimer's disease, offering genuine hope for next-generation disease-
modifying therapeutics.

Keywords: Pyrazole derivatives; multi-target-directed ligands (MTDLs); Alzheimer's 
disease; anti-amyloid agents;  β-secretase (BACE1) modulation; 
GSK-3β inhibition; tau hyperphosphorylation; neuroinflammation.

Introduction

	 The unmet clinical need in Alzheimer’s 
disease remains one of the most pressing and 
frustrating challenges in modern neurology, as 
this progressive neurodegenerative disorder 
continues to rob millions of their cognitive function, 
memory, and ultimately their independence, while 
the arsenal of approved therapeutics remains 
woefully inadequate for altering the disease’s 
inexorable trajectory1. Despite decades of intensive 
research and billions of dollars invested in drug 
development, current therapies—primarily the 
cholinesterase inhibitors such as donepezil, 
rivastigmine, and galantamine, along with the NMDA 
receptor antagonist memantine—offer only modest, 
transient symptomatic relief, temporarily boosting 
cholinergic tone or modulating glutamatergic 
excitotoxicity without addressing the fundamental 
pathological drivers of neuronal loss2. These agents 
may transiently improve or stabilize cognitive 
symptoms in some patients, but they do not 
halt or reverse the progressive accumulation of 
amyloidβ (Aβ) plaques, the hyperphosphorylation 
and aggregation of tau protein into neurofibrillary 
tangles, the chronic neuroinflammatory response 
mediated by microglia and astrocytes, or the 
widespread synaptic dysfunction and eventual 
neuronal death that characterize the Alzheimer’s 
brain3-4. The repeated failures of latestage clinical 
trials for diseasemodifying therapies, including 

several antiamyloid monoclonal antibodies that 
demonstrated only marginal benefits with significant 
safety concerns (such as amyloidrelated imaging 
abnormalities), have underscored the urgent 
need for fundamentally different pharmacological 
strategies. Moreover, the complex, multifactorial 
pathophysiology of Alzheimer’s disease suggests 
that targeting a single molecular entity—whether Aβ, 
tau, or a single enzyme—is unlikely to yield robust 
clinical efficacy, a realization that has catalyzed a 
paradigm shift toward multitarget drug design[5]. This 
approach, sometimes termed “multitarget directed 
ligands” (MTDLs), aims to develop single chemical 
entities capable of simultaneously modulating two 
or more diseaserelevant pathways, thereby offering 
the potential for synergistic therapeutic effects while 
avoiding the pharmacokinetic complexities and 
drugdrug interaction risks inherent in combination 
therapies. In this context, the pyrazole moiety has 
emerged as a truly privileged scaffold for the rational 
design of multitarget antiAlzheimer’s agents, owing 
to its remarkable structural versatility, ease of 
synthetic modification, and welldocumented ability to 
interact with diverse biological targets ranging from 
amyloid aggregation cascades to neuroinflammatory 
signaling nodes. Pyrazoles, fivemembered aromatic 
heterocycles containing two adjacent nitrogen atoms, 
have long been recognized in medicinal chemistry 
for their broad spectrum of pharmacological 
activities, including antiinflammatory, analgesic, 
antidepressant, and neuroprotective properties, but 
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their application to Alzheimer’s disease has been 
particularly fruitful because the core structure can be 
decorated with various substituents to finetune target 
selectivity and potency. The diphenylpyrazoles and 
acylaminopyrazoles represent two prominent families 
within this scaffold, where design has been rigorously 
guided by pharmacophore models and detailed 
structure–activity relationship (SAR) studies6-7. In 
these compounds, the pyrazole ring serves as a 
central hydrogen bond acceptor and a spacer that 
positions two aryl or acyl groups into specific spatial 
orientations required for binding to key targets. For 
instance, certain diphenylpyrazoles have been 
optimized to inhibit both βsecretase (BACE1), the 
ratelimiting enzyme in Aβ production, and glycogen 
synthase kinase3β (GSK3β), a major tau kinase, 
thereby simultaneously reducing amyloidogenic 
processing of amyloid precursor protein (APP) 
and preventing tau hyperphosphorylation. The 
acylaminopyrazole derivatives, on the other hand, 
have shown particular promise as dual inhibitors of 
cyclooxygenase2 (COX2) and acetylcholinesterase 
(AChE), thus combining antineuroinflammatory 
effects with cholinergic enhancement, a strategy 
that directly addresses both the neuroinflammatory 
cascades and the cholinergic deficit that underlies 
much of the cognitive impairment in Alzheimer’s 
disease. Beyond these classical derivatives, the 
spiroindolinone pyrazoles have introduced an 
entirely new dimension of synthetic accessibility and 

biological diversity through a catalystfree, onepot 
fourcomponent synthesis that is both environmentally 
benign and highly efficient for generating structurally 
complex libraries of potential antiAD agents[8][9]. 
This multicomponent reaction, typically involving 
isatin, malononitrile, hydrazine hydrate, and various 
carbonyl compounds under mild conditions, affords 
spiro[indoline3,4’-pyrazole] derivatives in excellent 
yields and with high stereochemical control, 
eliminating the need for expensive metal catalysts 
or harsh reaction conditions. The spiroindolinone 
core is particularly attractive because it rigidifies the 
pyrazole scaffold and presents a threedimensional 
pharmacophore that can engage mult iple 
binding pockets simultaneously; indeed, several 
spiroindolinone pyrazoles have been identified 
as potent inhibitors of both monoamine oxidase 
B (MAOB) and Aβ aggregation, thereby reducing 
oxidative stress and amyloid plaque formation—two 
pathologically interrelated processes that amplify 
each other in the Alzheimer’s brain. Furthermore, 
the pyrazolo[4,3c]pyrazoles and pyrazolidinones 
represent even more sophisticated architectures that 
have been specifically developed for multifunctional 
Alzheimer’s therapy, often integrating three or 
more distinct activities within a single molecular 
framework9-10.

	 Pyrazolo[4,3c]pyrazoles, which are fused 
bicyclic systems where a pyrazole ring is fused to 

Fig. 1: Scaffolding and Synthesis of Pyrazole Compounds
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another pyrazole, have demonstrated an exceptional 
ability to act as dual BACE1/GSK3β inhibitors with 
additional metalchelating properties, allowing them 
to dysregulate metal ioninduced Aβ aggregation 
(such as copper and zinc ions that promote plaque 
formation) while simultaneously inhibiting the 
two key enzymes driving amyloidogenesis and 
tauopathy. Pyrazolidinones, the saturated analogues 
of pyrazolones, have been explored as selective 
butyrylcholinesterase (BuChE) inhibitors with 
antiinflammatory activity, offering an alternative to 
AChE inhibition that may be particularly valuable 
in later disease stages when AChE activity 
declines but BuChE activity remains high11. 
The synthetic accessibility of these scaffolds—
via cyclocondensation reactions of hydrazines 
with 1,3dicarbonyl compounds or via 1,3dipolar 
cycloadditions—has enabled the rapid generation of 
diverse libraries for highthroughput screening, and 
several lead compounds have already advanced 
into preclinical pharmacokinetic and toxicity 
studies12] What makes the pyrazole scaffold truly 
exceptional in the multitarget context is not merely 
its ability to bind to multiple targets—a property 
that can sometimes arise from promiscuous 
colloidal aggregation or nonspecific hydrophobic 
interactions—but rather its capacity to be rationally 
optimized through systematic SAR studies to achieve 
balanced, equipotent inhibition of carefully selected 
target pairs without offtarget liabilities. For example, 
subtle modifications at the N1 or C3 positions of 
the pyrazole ring can shift selectivity from AChE 
to BuChE, while introducing fluorine atoms on 
pendant phenyl rings can enhance metabolic stability 
and blood–brain barrier permeability, a critical 
requirement for any central nervous system drug13,6. 
Computational docking studies have revealed  
that the pyrazole nitrogen atoms frequently engage 
in key hydrogen bonds with catalytic site residues 
in cholinesterases or redox cofactors in MAO, while 
the aromatic substituents occupy hydrophobic 
subpockets that confer selectivity and potency.  
The integration of these diverse pyrazolebased 
scaffolds into a coherent drug discovery pipeline has 
been accelerated by advances in chemoinformatics 
and machinelearningbased pharmacophore 
modeling, which allow researchers to virtually screen 
thousands of hypothetical pyrazole derivatives before 
committing to synthesis14. As emerging evidence 
continues to underscore the intricate crosstalk 
among amyloid pathology, tau hyperphosphorylation, 

neuroinflammation, oxidative stress, and metal 
ion dyshomeostasis in Alzheimer’s disease, the 
multitarget approach anchored by privileged 
scaffolds such as the pyrazole nucleus is increasingly 
viewed not as an alternative to singletarget strategies 
but as the necessary evolution toward clinically 
meaningful disease modification. The unmet need 
remains vast—current symptomatic treatments 
offer little to the patient facing inevitable decline—
but the rational design of diphenylpyrazoles, 
acylaminopyrazoles, spiroindolinone pyrazoles, 
pyrazolo[4,3c]pyrazoles, and pyrazolidinones 
provides a tangible, chemically feasible route 
toward a new generation of therapeutics that 
could simultaneously slow amyloid accumulation, 
prevent tau aggregation, curb neuroinflammation, 
and restore neurotransmitter deficits. Whether any 
of these promising pyrazolebased candidates will 
successfully navigate the formidable translational 
gap from preclinical efficacy to Phase III clinical trials 
remains an open question, but the methodological 
rigor of multitarget design, combined with the 
synthetic versatility and biological relevance of the 
pyrazole scaffold, has undoubtedly repositioned 
the field away from reductionist singletarget 
approaches and toward a more holistic, systemslevel 
pharmacology that mirrors the true complexity of 
Alzheimer’s disease15. Until such multitarget agents 
reach the clinic, the burden of this devastating 
illness will continue to grow with an aging global 
population, but the pyrazole scaffold’s proven ability 
to simultaneously engage multiple pathogenic 
pathways offers genuine hope that the next 
decade may finally witness the emergence of 
diseasemodifying therapies that address the root 
causes of Alzheimer’s rather than merely palliating 
its symptoms17.

Material and Methods 

Aβ aggregation inhibition by ThT fluorescence.
	 Ferrocene pyrazole curcumin analogues 
were tested for antiamyloid activity using the 
thioflavin T (ThT) assay. Aβ1-42

 peptides were 
incubated with or without test compounds at 37 °C. 
After aggregation, ThT was added and fluorescence 
measured (ex. 440 nm/em. 480 nm). Reduced 
fluorescence indicated inhibition of βsheet fibril 
formation. IC50 values were calculated by nonlinear 
regression from triplicate experiments.
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Morphological analysis by atomic force 
microscopy (AFM)
	 To visualize aggregate morphology, 
samples from the ThT assay were deposited onto 
mica and imaged in tapping mode AFM. Parameters 
such as fibril height, length, and the presence of 
amorphous or spherical oligomeric species were 
recorded, providing direct structural evidence of 
antiaggregation effects.

Cellular Aβ production measurement (ELISA)
	 Neuronal or APPoverexpressing cells were 
treated with diphenylpyrazoles or arylpyrazolones 
(e.g., compound 1) for 24–48 h. Secreted Aβ40 
and Aβ1-42 in conditioned media were quantified 
by commercial ELISA. EC50 values for Aβ reduction 
were determined, with untreated cells and BACE1 
inhibitortreated cells as controls.

Cytotoxicity assessment (MTT/LDH)
	 Cel ls were exposed to escalat ing 
concentrations of pyrazole derivatives for 24–72 h. 
Viability was measured by MTT or LDH release 
assays. Compounds maintaining >80% viability at 
the highest tested concentration were considered 
noncytotoxic.

Blood–brain barrier (BBB) permeation studies
	 For lead arylpyrazolone (compound 1), 
BBB crossing was evaluated using PAMPABBB or 
in vivo rodent models. After oral or intraperitoneal 
administration, plasma and brain drug levels were 
measured by LCMS/MS. Braintoplasma ratio was 
calculated. Pgp substrate status was assessed using 
MDCKMDR1 monolayers.

Oral bioavailability and pharmacokinetics.
	 Compound 1 was administered i.v. and 
p.o. to rodents. Serial blood samples were analyzed 
by LCMS/MS to derive Cmax, Tmax, t

1/2, and oral 
bioavailability (%F). Acute toxicity was monitored 
after single high doses (up to several hundred mg/
kg) over 7–14 days.

Aβ pore blocking and electrophysiology 
(Anle138b)
	 Primary neurons exposed to oligomeric 
Aβ with/without Anle138b were assessed for 
intracellular calcium using Fura2 or Fluo4. Wholecell 
patchclamp recorded spontaneous excitatory 

postsynaptic currents (sEPSCs). Normalized calcium 
and restored sEPSCs indicated functional recovery.

Cellular tau hyperphosphorylation model
	 SHSY5Y cells overexpressing tau were 
treated with acylaminopyrazoles for 24–48 h. Tau 
phosphorylation at pathological epitopes (Thr231, 
Ser396, Ser404) and total tau were measured by 
Western blot using phosphospecific antibodies.

Proteasome activation assay
	 Purified 20S proteasome or cell lysates 
were incubated with pyrazolones and fluorogenic 
substrate SucLLVYAMC. Degradation was followed 
by AMC fluorescence (ex. 380 nm/em. 460 nm). 
GFPtagged Aβ fragment degradation in cells was 
assessed by microscopy or flow cytometry. MG132 
was used as a control inhibitor.

Neuronal protection against Aβ toxicity
	 Primary cortical neurons were exposed 
to synthetic Aβ oligomers ± pyrazolones. Viability 
was measured by MTT or calceinAM, apoptosis by 
caspase3 activation, and neurite outgrowth by MAP2 
or βtubulin staining.

Microglial activation and cytokine assays
	 BV2 or primary microglia were stimulated 
with LPS (1 μg/mL) or Aβ oligomers in the 
presence of pyrazole derivatives (compound 3k, 
dihydropyrano[2,3c]pyrazoles, Schiff base hybrids). 
Supernatants were analyzed for TNFα, IL1β, IL6 by 
ELISA, and nitric oxide by Griess reaction. iNOS and 
COX2 expression were assessed by Western blot.

NFκB and MAPK signaling analysis
Treated microglial cells were lysed for nuclear/
total protein. NFκB activation was measured via 
IκBα phosphorylation/degradation and p65 nuclear 
translocation (Western blot or immunofluorescence). 
MAPK pathway activation (p38, JNK, ERK1/2) was 
evaluated using phosphospecific antibodies.

Antioxidant and Nrf2 activation assays
Dihydropyrano[2,3c]pyrazoles were tested for Nrf2 
induction in neuronal/microglial lines. Nuclear 
Nrf2 was quantified by ELISA/Western blot, and 
downstream targets HO1 and NQO1 by qRTPCR 
or Western blot. Radical scavenging was measured 
by DPPH and ABTS assays.
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In vivo antiinflammatory and ulcerogenicity 
studies (compound 3k)

	 Rat carrageenaninduced paw edema 
model was used to assess antiinflammatory efficacy, 
with indomethacin as positive control. Gastric 
ulcerogenicity was evaluated after repeated oral 
dosing by scoring macroscopic and histological 
gastric lesions.

Statistical analysis.
	 Data were expressed as mean ± SEM or 
SD from ≥3 independent experiments. Comparisons 
used oneway ANOVA with Tukey/Dunnett posthoc 
tests or Student’s ttest. A pvalue <0.05 was 
significant. IC₅₀/EC₅₀ values were derived via 
nonlinear regression (GraphPad Prism).

ResultS and Discussion 

Biological Evaluation of AntiAmyloid Activity
Diphenylpyrazoles selectively repress Aβ 
production via noncompe-titive β secretase 
modulation
	 The deposition of amyloidβ (Aβ) peptides, 
particularly Aβ

1-40 and Aβ1-42, is a hallmark of 
Alzheimer’s disease (AD). These peptides arise 
from the sequential cleavage of amyloid precursor 
protein (APP) by βsecretase (BACE1) and γsecretase. 
Direct inhibition of BACE1 has been pursued 
extensively, but many BACE1 inhibitors suffer from 
offtarget effects, poor brain penetration, or a narrow 
therapeutic window due to the essential physiological 
roles of BACE1 in myelination and synaptic 
function. Diphenylpyrazoles offer an alternative 
strategy: they act as noncompetitive modulators of 
βsecretase. Instead of binding to the catalytic site, 
these compounds interact with allosteric regions 
of BACE1, inducing conformational changes 
that reduce enzyme turnover without completely 
abolishing its activity. This noncompetitive mode is 
particularly advantageous because it allows partial 
suppression of Aβ production—typically sufficient to 
lower pathogenic Aβ aggregates—while preserving 
enough BACE1 activity for normal substrate 
processing. Moreover, diphenylpyrazoles show 
remarkable selectivity for Aβ generation over other 
APP cleavage products, minimising disturbances to 
the nonamyloidogenic pathway. Preclinical studies 
confirm that these compounds lower secreted Aβ

40 
and Aβ42 in cellular models with minimal cytotoxicity. 

The selectivity likely arises from the unique 
interaction of the diphenylpyrazole scaffold with a 
regulatory pocket near the enzyme’s active site, 
which is not conserved in other aspartyl proteases. 
Consequently, diphenylpyrazoles represent a 
promising class of diseasemodifying agents 
that tackle Aβ overproduction at its source while 
circumventing many drawbacks of classic activesite 
BACE1 inhibitors.

Arylpyrazolones: lead compound (1) shows EC50 
= 270 nM, good bloodbrain barrier permeation, 
and in vivo bioavailability
	 Among the arylpyrazolone derivatives, a 
specific lead compound (designated compound 1) 
has demonstrated potent antiamyloidogenic activity 
with an EC50 value of 270 nM. This halfmaximal 
effective concentration indicates that nanomolar 
doses are sufficient to drive significant inhibition 
of Aβ aggregation or production. Beyond potency, 
two critical pharmacokinetic properties determine 
the translational potential of any CNS drug: 
bloodbrain barrier (BBB) permeation and oral 
bioavailability. Compound 1 exhibits excellent BBB 
penetration, likely due to its moderate lipophilicity 
and absence of Pglycoprotein substrate recognition. 
Efficient crossing of the BBB ensures that after 
systemic administration, the compound reaches 
the brain parenchyma at concentrations well 
above the EC

50. In vivo bioavailability studies—
typically measuring plasma and brain drug levels 
after oral or intraperitoneal dosing—confirm that 
compound 1 maintains stable, therapeutically 
relevant concentrations with acceptable clearance 
rates. The arylpyrazolone core is known to form 
hydrogen bonds with key residues in amyloidβ or with 
secretase enzymes, and the specific substitutions on 
the lead compound have been optimised to balance 
metabolic stability and target affinity. Importantly, 
compound 1 showed no acute toxicity at doses 
up to several hundred milligrams per kilogram in 
rodent models. The combination of low nanomolar 
potency, high brain penetration, and favourable 
pharmacokinetics makes this arylpyrazolone a 
strong candidate for further preclinical development. 
Researchers have also noted that minor structural 
variations—such as replacing a methoxy group 
with a halogen—drastically alter EC

50 and BBB 
permeability, underscoring the importance of precise 
molecular design in this class20-21.
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Anle138b (a diphenylpyrazole) blocks Aβ pore 
activity and restores synaptic function and 
memory in AD mice.
Anle138b is a prominent diphenylpyrazole derivative 
that has advanced into animal models of AD. Unlike 
compounds that merely inhibit Aβ production or 
prevent fibril formation, Anle138b targets a distinct 
pathological mechanism: the ionchannellike pore 
activity of oligomeric Aβ species. Soluble Aβ 
oligomers are now considered the most neurotoxic 

species, and they exert part of their detrimental effect 
by inserting into neuronal membranes and forming 
nonselective pores. These pores cause aberrant 
calcium influx, mitochondrial dysfunction, oxidative 
stress, and ultimately synaptic loss. Anle138b binds 
selectively to oligomeric and fibrillar aggregates—
but not to monomeric Aβ—and directly blocks the 
poreforming activity. By capping growing oligomers 
or stabilising them in a nontoxic conformation, 
Anle138b prevents membrane permeabilization22.

Fig. 2: The biochemical and cellular pathways involved in neurodegenerative 
progression, specifically focusing on protein aggregation, synaptic signaling, 

and intracellular inflammatory pathways

	  Electrophysiological recordings in cultured 
neurons show that Anle138b treatment rapidly 
normalises calcium homeostasis and restores 
spontaneous synaptic currents. In transgenic AD 
mouse models (e.g., APP/PS1 or 5xFAD mice), 
chronic administration of Anle138b leads to 
remarkable functional recovery: synaptic protein 
levels (e.g., PSD95, synaptophysin) increase, 
longterm potentiation (LTP) is rescued, and 
performance in memory tasks such as Morris 
water maze and novel object recognition improves 
significantly. Notably, Anle138b also reduces 
the overall amyloid plaque load, but its primary 
benefit appears to arise from neutralising small, 
soluble oligomers that are invisible to conventional 
plaquetargeting therapies23. The compound is 
orally bioavailable and crosses the BBB efficiently. 

Given that synaptic dysfunction correlates more 
strongly with cognitive decline than plaque counts, 
Anle138b’s mechanism—restoring synaptic 
function by blocking Aβ pore activity—is especially 
compelling. It exemplifies how pyrazole derivatives 
can move beyond simply lowering Aβ levels to directly 
countering the toxic gainoffunction of aggregated A24.

Ferrocene pyrazole curcumin analogues: 
structuredependent antiamyloidogenic activity 
confirmed by ThT fluorescence and AFM.
	 Curcumin, a natural polyphenol from 
turmeric, has long been known to inhibit Aβ 
aggregation, but its poor bioavailability and 
rapid metabolism limit clinical use. To overcome 
these drawbacks, researchers have synthesised 
hybrid molecules combining curcumin’s bioactive 
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scaffold with a ferrocene unit and a pyrazole 
ring. Ferrocene—an organometallic sandwich 
compound—imparts redox activity and increases 
lipophilicity, potentially enhancing membrane 
interaction and BBB penetration25. The resulting 
ferrocene pyrazole curcumin analogues exhibit 
structuredependent antiamyloidogenic activity, 
meaning that small changes in substituents on the 
pyrazole or ferrocene moieties dramatically alter 
efficacy. Two complementary techniques have been 
used to validate their activity: thioflavin T (ThT) 
fluorescence and atomic force microscopy (AFM). 
ThT binds specifically to βsheetrich amyloid fibrils, 
producing enhanced fluorescence. In aggregation 
assays, ThT fluorescence decreases in the presence 
of active ferrocene pyrazole curcumin analogues, 
indicating reduced fibril formation. However, ThT 
alone cannot distinguish between inhibition of 
primary nucleation, elongation, or secondary 
nucleation. AFM provides direct morphological 
evidence: control samples incubated without inhibitor 
show long, branched fibrils of 5–10 nm height and 
micrometre length. In contrast, samples treated with 
effective analogues reveal predominantly amorphous 
aggregates, small spherical oligomers, or completely 
monomeric material. Some analogues even 
disassemble preformed fibrils. The structureactivity 
relationship (SAR) studies show that a hydroxy group 
on the phenyl ring (mimicking curcumin’s catechol) 
is essential, whilst a methoxy group at a specific 
position enhances potency. Intriguingly, the ferrocene 
moiety is not strictly required but improves redox 
stability and allows electrochemical detection of Aβ 
interactions. The most active analogue in this series 
has an IC

50 for Aβ aggregation in the submicromolar 
range, comparable to the best synthetic antiamyloid 
agents. Given curcumin’s excellent safety record in 
humans, these ferrocene pyrazole hybrids combine 
natural product inspiration with organometallic 
finetuning, offering a novel platform for antiamyloid 
drug development.

Targeting Tau Pathology and Proteasome 
Activation
	 Acylaminopyrazoles inhibi t  GSK3β 
( l ow  mic romo la r  range)  to  p reven t  tau 
hyperphosphorylation. While Aβ aggregation 
initiates a cascade of neurodegenerative events, tau 
pathology—specifically the hyperphosphorylation 
and aggregation of tau protein into neurofibrillary 
tangles (NFTs)—correlates more directly with 

cognitive decline in AD. Glycogen synthase kinase3β 
(GSK3β) is a prolinedirected serine/threonine kinase 
that phosphorylates tau at multiple sites (e.g., 
Thr231, Ser396, Ser404). Under normal conditions, 
GSK3β activity is tightly regulated; in AD, however, 
altered signalling leads to GSK3β overactivity, causing 
aberrant tau phosphorylation. Hyperphosphorylated 
tau dissociates from microtubules, aggregates into 
paired helical filaments, and eventually forms NFTs. 
Acylaminopyrazoles have emerged as selective 
GSK3β inhibitors with low micromolar halfmaximal 
inhibitory concentrations (IC

50 values typically 
between 1 and 10 µM). The acylamino group at the 
pyrazole 3position forms critical hydrogen bonds with 
the kinase’s hinge region, whilst the pyrazole nitrogen 
interacts with the DFG motif. Unlike ATPcompetitive 
inhibitors that may lack selectivity across the kinome, 
acylaminopyrazoles exploit subtle differences in the 
GSK3β active site, achieving selectivity over closely 
related kinases such as CDK2 and CDK5. In cellular 
models (e.g., SHSY5Y cells overexpressing tau), 
treatment with acylaminopyrazoles reduces tau 
phosphorylation at pathological epitopes without 
affecting total tau levels. Consequently, tau remains 
bound to microtubules, maintaining axonal transport 
and neuronal architecture. Importantly, because 
GSK3β also regulates glycogen metabolism and 
Wnt signalling, chronic inhibition could cause 
hypoglycaemia or unintended cell proliferation. The 
low micromolar range of inhibition is strategically 
chosen: partial inhibition of GSK3β suffices to lower 
tau phosphorylation to nearnormal levels while 
leaving enough residual activity for metabolic and 
developmental functions. Preclinical studies in tau 
transgenic mice (e.g., P301S or hTau mice) show 
that oral administration of acylaminopyrazoles 
reduces soluble hyperphosphorylated tau, delays 
NFT formation, and improves performance in 
nestbuilding and water maze tasks. Moreover, 
since GSK3β also influences Aβ production (the 
kinase can promote APP processing via βsecretase 
activation), these inhibitors may provide dual benefits 
against both major AD pathologies. Pyrazolones 
enhance proteasome activity, protecting neurons 
from amyloid toxicity. Beyond direct interference 
with Aβ and tau, pyrazolones have been found to 
enhance the activity of the ubiquitinproteasome 
system (UPS). The UPS is the primary cellular 
machinery for degrading misfolded, oxidised, or 
aggregated proteins. In AD, proteasome function is 
compromised: Aβ oligomers directly inhibit the 20S 
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core particle, and hyperphosphorylated tau can clog 
the 19S regulatory cap. This impairment creates a 
vicious cycle in which damaged proteins accumulate 
further, exacerbating proteotoxic stress and neuronal 
dysfunction. Pyrazolones (structurally related to the 
wellknown analgesic edaravone) act as proteasome 
activators. Mechanistically, they bind to the 20S 
proteasome at allosteric sites, increasing the gate 
opening frequency and enhancing the degradation of 
unstructured or poorly ubiquitinated substrates. This 
effect is distinct from that of classical proteasome 
inhibitors (e.g., bortezomib), which block degradation 
and are used in cancer. Instead, pyrazolonemediated 
activation promotes clearance of toxic species even 
when the ubiquitin tagging system is overwhelmed. 
In cell culture, pyrazolone treatment reduces the 
halflife of GFPtagged Aβ fragments and increased 
the degradation of tau oligomers. Importantly, this 
enhanced proteasomal activity protects neurons 
from amyloidinduced toxicity: when primary cortical 
neurons are exposed to synthetic Aβ oligomers, 
cotreatment with pyrazolones preserves cell viability, 
reduces caspase3 activation, and maintains neurite 
outgrowth. The protective effect is abrogated by 
proteasome inhibitors (e.g., MG132), confirming 
that the mechanism is UPSdependent. In vivo 
studies in AD mouse models show that pyrazolone 
administration lowers the burden of insoluble Aβ and 
tau, but—more importantly—it reduces levels of 
soluble oligomeric species, which are the primary 
proteasome stressors. Furthermore, pyrazolones 
appear to upregulate the expression of proteasome 
subunits via Nrf2mediated transcriptional activation, 
providing a sustained enhancement of proteolytic 
capacity. Because proteasome activity declines 
with age, and this decline is accelerated in AD, 
pyrazolones that restore or boost UPS function 
represent a conceptually novel therapeutic approach: 
instead of targeting individual aggregationprone 
proteins, they enhance the brain’s intr insic 
qualitycontrol machinery. When combined with 
other pyrazolebased strategies (e.g., Aβ production 
inhibitors or GSK3β inhibitors), pyrazolones may 
offer synergistic neuroprotection by tackling protein 
aggregation at the level of both generation and 
clearance.

Biological Evaluation of AntiInflammatory 
Activity
	 T h e  t h e r a p e u t i c  l a n d s c a p e  o f 
neurodegenerative diseases, particularly Alzheimer’s 

disease (AD), has increasingly recognized chronic 
neuroinflammation not merely as a consequence 
of pathology but as a central driver of disease 
progression. Within this paradigm, the pyrazole 
heterocycle has emerged as a privileged scaffold 
for the development of multi-target-directed ligands 
capable of simultaneously mitigating inflammatory 
cascades and addressing core pathological features. 
A substantial body of research, encompassing 
both in vitro and in vivo models, has demonstrated 
the profound anti-inflammatory effects of diverse 
pyrazole derivatives, often with dual mechanisms 
that extend beyond simple cyclooxygenase 
inhibition to include master regulatory pathways 
and neurodegenerative enzymes. For instance, 
a series of pyrazole derivatives designed as dual 
monoamine oxidase B (MAO B) inhibitors and anti-
inflammatory analgesics has yielded remarkable 
results. Among these, compound 3k stands out 
as a particularly promising candidate. In standard 
preclinical assays, 3k exhibited anti-inflammatory 
efficacy comparable to that of indomethacin, a 
potent nonsteroidal anti-inflammatory drug (NSAID) 
commonly used as a benchmark for analgesic and 
anti-inflammatory activity. The critical advantage 
of compound 3k, however, lies in its safety profile: 
unlike indomethacin, which is associated with 
significant gastric ulcerogenicity due to non-
selective inhibition of protective prostaglandins in the 
gastrointestinal tract, 3k demonstrated a complete 
absence of ulcerogenic effects. This dissociation 
between central efficacy and peripheral toxicity is of 
paramount importance, as it suggests that pyrazole-
based dual inhibitors could provide sustained anti-
inflammatory and neuroprotective actions—via MAO 
B inhibition reducing oxidative stress and microglial 
activation—without the dose-limiting side effects 
that plague many conventional NSAIDs, thereby 
positioning them as viable candidates for chronic 
administration in age-related neurodegenerative 
conditions. Expanding beyond MAO B inhibition, 
another innovative class—2,4-dihydropyrano[2,3-c]
pyrazoles—has been investigated for their dual 
role as glycogen synthase kinase-3 beta (GSK3β) 
inhibitors and nuclear factor erythroid 2-related 
factor 2 (Nrf2) inducers. GSK3β is a serine/threonine 
kinase that, when dysregulated, contributes to 
tau hyperphosphorylation (a hallmark of AD 
neurofibrillary tangles), enhances pro-inflammatory 
cytokine production, and suppresses the anti-
inflammatory response. Concurrently, Nrf2 is the 
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master transcriptional regulator of the antioxidant 
and cytoprotective enzyme network, including 
heme oxygenase-1 (HO-1) and NAD(P)H quinone 
oxidoreductase 1 (NQO1). The dual action of 
these dihydropyranopyrazoles is strategically 
powerful: by inhibiting GSK3β, they directly attenuate 
inflammatory signaling pathways such as NF-κB, 
while simultaneously releasing the brake on Nrf2, as 
GSK3β is known to negatively regulate Nrf2 stability. 
This combined mechanism has yielded remarkable 
anti-inflammatory and neuroprotective profiles 
in both cellular and animal models, with treated 
subjects showing reduced levels of interleukin-6 
(IL-6), tumor necrosis factor-alpha (TNF-α), and 
inducible nitric oxide synthase (iNOS), alongside 
upregulated antioxidant defenses. Such a dual 
approach not only quells active inflammation but 
also fortifies neurons against subsequent oxidative 
insults, addressing both the fire and the fuel of 
neuroinflammation in AD. Advancing further the 
concept of molecular hybridization, Schiff base 
pyrazole hybrids represent a sophisticated class of 
multi-target agents that integrate the metal-chelating 
and antioxidant properties of the imine functionality 
with the anti-inflammatory core of the pyrazole ring. 
These hybrids have been systematically designed 
and evaluated for a triad of activities: antioxidant, anti-
Alzheimer’s disease (anti-AD), and anti-inflammatory. 
The rationale is that neuroinflammation, oxidative 
stress, and cholinergic dysfunction are intimately 
intertwined in AD pathology. Schiff base pyrazole 
hybrids have demonstrated a unique ability to 
scavenge diverse free radicals, including superoxide 
anions and hydroxyl radicals, as evidenced by 
DPPH and ABTS assays. Moreover, they frequently 
exhibit potent acetylcholinesterase (AChE) and 
butyrylcholinesterase (BuChE) inhibitory activity, 
addressing the cholinergic deficit that underpins 
cognitive symptoms. Crucially, their anti-inflammatory 
action is not merely additive but synergistic, as the 
Schiff base moiety can chelate transition metal ions 
such as iron and copper, which are known to catalyze 
the Fenton reaction and generate hydroxyl radicals, 
thereby preventing metal-driven oxidative damage 
that normally initiates and perpetuates inflammatory 
signaling. By blocking this upstream pathway, these 
hybrids reduce the activation of pro-inflammatory 
transcription factors. In vivo, these compounds 
have been shown to reduce edema in standard 
carrageenan-induced paw edema models and, more 
relevantly, to diminish the expression of inflammatory 

mediators in the hippocampus of AD-like rodent 
models, all while possessing a favorable blood-brain 
barrier permeability profile. The collective data from 
these diverse pyrazole-based compounds point to 
a highly significant capability: the direct modulation 
of neuroinflammation within Alzheimer’s disease 
models at the cellular level. Specifically, pyrazole-
based compounds have been consistently shown 
to reduce microglial activation and its associated 
neurotoxicity, both in vitro and in vivo.

	 Microglia, the resident innate immune cells 
of the central nervous system, become chronically 
activated in response to amyloid-beta (Aβ) plaques 
and tau tangles, adopting a pro-inflammatory M1 
phenotype that secretes a cascade of neurotoxic 
factors, including TNF-α, IL-1β, nitric oxide, and 
reactive oxygen species. While initially protective, 
this chronic activation becomes detrimental, 
driving synaptic loss and neuronal death. Pyrazole 
derivatives have been demonstrated to intervene in 
this process effectively. In vitro studies using primary 
microglial cultures or microglial cell lines (such as 
BV-2 cells) stimulated with lipopolysaccharide (LPS) 
or Aβ show that pre-treatment with specific pyrazole-
based compounds leads to a marked reduction in 
the production of these pro-inflammatory mediators. 
This effect is often mediated via the inhibition of 
key intracellular signaling hubs, particularly the NF-
κB and mitogen-activated protein kinase (MAPK) 
pathways, which are central to the expression of 
inflammatory genes. Consequently, when neuron-
microglia co-cultures are exposed to inflammatory 
stimuli, the presence of pyrazole compounds protects 
neurons from the microglia-mediated bystander 
killing, preserving neurite outgrowth and preventing 
cell death, as measured by lactate dehydrogenase 
(LDH) release and MTT assays. Translating these 
findings to in vivo AD models, such as transgenic 
mice expressing mutant human APP (e.g., APP/
PS1 mice) or mice receiving intracerebroventricular 
injections of LPS or Aβ, treatment with pyrazole 
derivatives has been shown to reduce the number 
of activated, amoeboid-shaped microglia in the 
hippocampus and cortex, as visualized by Iba-1 
staining. This reduction in microgliosis correlates 
with lower levels of inflammatory cytokines in brain 
homogenates, reduced oxidative stress markers 
like malondialdehyde (MDA) and 8-OHdG, and 
importantly, the preservation of synaptic proteins 
such as PSD-95 and synaptophysin. Behavioral 
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Fig. 3: Illustrates the complex pathological processes associated with 
neurodegeneration and the contrasting mechanisms of neuroprotection

assessments in these treated mice, including Morris 
water maze and novel object recognition tests, reveal 
a concomitant improvement in learning and memory 
function, directly linking the anti-neuroinflammatory 
action of pyrazoles to cognitive preservation. 
Critically, many of these compounds achieve these 
profound effects without the immunosuppressive 
risks associated with chronic glucocorticoid use or 
the gastrointestinal toxicity of traditional NSAIDs, 
as noted with compound 3k. The wide-ranging 
structural modifiability of the pyrazole ring—allowing 
for the introduction of diverse substituents that 
fine-tune lipophilicity, electronic properties, and 
target affinity—enables the design of molecules 
that can simultaneously engage MAO B, GSK3β, 
cholinesterases, and NF-κB signaling. This 
multi-target capability is essential for combating 
a complex, multifactorial disease like AD, where 
single-target therapies have repeatedly failed. The 
dual anti-inflammatory and neuroprotective profile 
established across these classes—from dual MAO 
B inhibitors and Nrf2 inducers to Schiff base hybrids 
and direct microglial modulators—positions pyrazole 
derivatives not merely as symptomatic treatments but 
as potential disease-modifying agents that address 

the inflammatory component of neurodegeneration. 
Collectively, the evidence underscores that targeted 
pyrazole-based compounds can break the vicious 
cycle of microglial activation, oxidative stress, and 
neuronal dysfunction, offering a promising and 
versatile platform for the development of next-
generation therapeutics for Alzheimer’s disease and 
other neuroinflammatory disorders.

Conclusion 

	 The persistent failure of single-target 
therapeutic strategies in Alzheimer’s disease, despite 
decades of intensive research and substantial 
financial investment, has catalyzed a fundamental 
paradigm shift toward multi-target-directed ligand 
design. Within this evolving landscape, the 
pyrazole scaffold has distinguished itself as a truly 
privileged platform, offering remarkable structural 
versatility, synthetic accessibility, and an exceptional 
capacity for rational optimization to simultaneously 
engage multiple disease-relevant pathways. The 
comprehensive body of evidence reviewed herein 
demonstrates that pyrazole derivatives have 
progressed far beyond simple cyclooxygenase 
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inhibition to encompass sophisticated mechanisms 
targeting the core pathological drivers of AD: 
amyloid β aggregation, tau hyperphosphorylation, 
chronic neuroinflammation, oxidative stress, metal 
dyshomeostasis, and proteasomal dysfunction. 
The diphenylpyrazole Anle138b exemplifies the 
therapeutic potential of this class, moving beyond 
conventional Aβ production inhibition to directly 
neutralize the toxic pore-forming activity of soluble 
oligomers—the species now considered most 
neurotoxic—while restoring synaptic function and 
memory in transgenic mouse models. Similarly, 
acylaminopyrazoles provide a balanced approach 
to tau pathology, achieving low micromolar GSK-
3β inhibition sufficient to prevent pathological tau 
hyperphosphorylation while preserving essential 
metabolic and developmental functions of this 
kinase. The discovery that pyrazolones enhance 
proteasome activity represents a conceptually novel 
strategy: rather than targeting individual aggregation-
prone proteins, these compounds bolster the brain’s 
intrinsic protein quality control machinery, potentially 
offering broad-spectrum protection against diverse 
proteotoxic species. The anti-inflammatory profile of 
pyrazole derivatives is equally compelling. From dual 
MAO-B inhibitors like compound 3k, which matches 
indomethacin’s efficacy without gastric toxicity, to 
dihydropyrano[2,3-c]pyrazoles that simultaneously 
inhibit GSK-3β and activate Nrf2-mediated antioxidant 
responses, to Schiff base hybrids that chelate pro-

oxidant metals while scavenging free radicals—these 
compounds address neuroinflammation at multiple 
levels. Critically, pyrazole-based agents consistently 
reduce microglial activation and M1 polarization in 
both cellular and animal AD models, decreasing 
production of TNF-α, IL-1β, and reactive oxygen 
species while preserving synaptic integrity and 
cognitive function. This ability to break the vicious 
cycle of chronic microglial activation, oxidative 
stress, and neuronal dysfunction positions pyrazole 
derivatives as potential disease-modifying agents 
rather than mere symptomatic treatments. Several 
key principles emerge from the structure-activity 
relationship studies across these diverse pyrazole 
classes. First, the pyrazole ring serves as a central 
hydrogen bond acceptor and spatial spacer, 
positioning substituents into optimal orientations 
for target engagement. Second, the introduction of 
fluorine atoms on pendant aryl rings consistently 
enhances metabolic stability and blood-brain barrier 
permeability. Third, specific substitution patterns 
at N-1 and C-3 positions dictate selectivity among 
cholinesterases, kinases, and other targets, enabling 
precise pharmacological fine-tuning. Fourth, 
computational docking studies have validated that 
pyrazole nitrogens frequently engage in critical 
hydrogen bonds with catalytic site residues, 
while aromatic substituents occupy hydrophobic 
subpockets that confer selectivity and potency.
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