**EMB..oze

( FOR YOUNG DOCTORS

EUROMEDITERRANEAN BIOMEDICAL JOURNAL
2021,16 (01) 01-04
(FORMERLY: CAPSULA EBURNEA)

Commentary

WHAT’S IN CURCUMIN’S MIND? THE POTENTIAL ROLE OF CURCUMINOIDS IN THE

TREATMENT OF ALZHEIMER’S DISEASE

Paola Marzullo, Silvestre Buscemi

Department of Biological, Chemical and Pharmaceutical Sciences and Technologies -STEBICEF, University of Palermo

ARTICLEINFO ABSTRACT

Article history:

Accepted 22 January 2021
Revised 07 February 2021
Published 15 February 2021

Neurodegenerative diseases (NDs) are one of major public health problems and their impact is
continuously growing. Curcumin has been proposed for the treatment of several of these
pathologies, such as Alzheimer’s disease (AD) and Parkinson’s disease (PD) due to the ability of
this molecule to reduce inflammation and aggregation of involved proteins. Nevertheless, the poor

metabolic stability and bioavailability of curcumin reduce the possibilities of its practical use. In
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this review will be highlighted recent results on curcumin and curcuminoids in the search of new
effective therapeutics agents against NDs, with particular emphasis on AD.
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1. Introduction

In the last two century, natural products have attracted the attention of
researchers for their pharmacological importance in prevention and
healthcare of several diseases.’ In 1815 Vogel isolated from rhizome of
Curcuma Longa, an East Indian plant, a yellow pigment named
Curcumin.2 Other minor components extracted from turmeric, known as
curcuminoids, are demethoxycurcumin, bisdemethoxycurcumin and
cyclocurcumin.®  After the first extraction of Curcumin, several studies
showed various biological activities of this molecule. As well as other
polyphenol compounds,* curcumin is a molecule provided by mother
nature with anti-inflammatory® and antioxidant proprieties.® In addition, it
has an important chemotherapeutic’ and hypoglycemic activity.® Several
evidences support the protective role of this molecule in chronic
neurodegenerative disorders such as Alzheimer’s, Parkinson’s and
Huntington’s diseases.® In this review we focused our attention on
curcumin and its related compounds as modulator agents of pathogenic
pathway correlated to Alzheimer’s disease.

Worldwide 50 million of people have dementia and Alzheimer’s disease is
the most common form. A lot of efforts have been made to discover drugs
able of preventing the onset of the disease but unfortunately some of these
have not given the desired results.
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To date, the therapeutic strategy consists only in relieving the associated
symptoms and therefore in delaying cognitive decline. The main class of
drugs in use today are acetylcholinesterase inhibitors (e.g. Donezepil or
Tacrine), antagonists of glutamate NMDA receptor (Memantine),
antioxidants, anti-inflammatory agents and agonist of nicotinic or
muscarinic receptors.*

The pathogenic cause of neurodegenerative diseases is the accumulation
of unfolded and aggregate proteins in the brain with consequent loss of
biological functions.'* The extracellular aggregation of amyloid-B and the
intracellular accumulation of phosphorylated Tau in neurofibrillary
tangles (NFTs) were detected in patients with Alzheimer’s disease.
Normally, AP proteins are generated from transmembrane amyloid
precursor protein (APP) by proteolytic cleavage of o and y- secretase.
Accumulation of AB-42 disordered peptide, observed in the brain of
patients with Alzheimer’s disease, is a consequence of different
metabolism of APP involving B-secretase rather than o-secretase. This
monomeric toxic species is prone to self-assembly to form oligomers and
lather amyloid fibrils.? Important evidences suggest that oligomeric/pre-
fibrillar Ap-peptide is the primary toxic species in amyloids.*®
Alzheimer’s disease is classified as tauopathies for the pathological
accumulation of protein Tau, a microtubule-associated protein, essential
for microtubule stabilization, axonal transport and to maintain the shape
of cell.**
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Under pathological conditions, Tau can be subjected to post-translational
modifications, phosphorylation or acetylation, with reduction of its
affinity for microtubule and self-aggregation to form soluble oligomers
(TauO). These can assembly into paired helical filaments (PHFs) and
PHFs can aggregate into insoluble neurofibrillary tangles (NFT)
considered pathological hallmark of Alzheimer's disease.’® Like AB-
oligomers, TauO are considered toxic species and their formation is
accompanied by neuronal loss.*®

2. Curcumin, curcuminoids and AD

Curcumin is one of the main elements of the diet of Southeast Asian
populations and it has been used for centuries as a medicine especially for
the anti-inflammatory, analgesic, antiseptic or antimalarial activity.?’ In
particular, the increased intake of curcumin by these populations explains
the lower incidence of Alzheimer’s disease in these countries compared to
western ones.

Growing scientific evidences show a protective effect of curcumin against
ApB-amyloid plaque formation, but the mechanism of action is not fully
clarified. Some studies have classified curcumin as an inhibitor of AB-
aggregation, other as a disaggregating and destabilizing of amyloid
fibrils.® In addition, curcumin has shown to inhibit AB-oligomerization
but no fibril formation.’® A recent study evidenced that curcumin doesn’t
inhibit fibril formation during the aggregation process of AB-40 but
enriches the population of “off-pathway” non-toxic oligomers and
prefibrillar proteins.?

Curcumin also exerts protective action on pathological aggregation of
protein Tau and therefore it has a neuroprotective role in Alzheimer’s,
Parkinson’s and frontotemporal dementia diseases. Curcumin inhibits the
oligomerization of tau, disintegrates tau oligomers, inhibits [-sheet
formation of and disaggregates tau filaments.??> Moreover, in vitro
studies have shown an antiaggregant ability on a-synuclein a protein
involved in Parkinson’s disease.?® The neuroprotective effect of curcumin
is certainly due to its ability to mitigate inflammation and oxidative stress,
known to be key factors in the progression of neurodegenerative
disorders.?*

In view of the important biological proprieties of Curcumin, organic
chemists identified curcumin’s structure and Lampe et al., for the first
time, synthetized it in 1913.% In the last century, different research teams
designed derivatives of curcumin with the aim to creating a correlation
between chemical and biological aspects and to enhance its
bioavailability.?

Despite the relevant biological activities of curcumin numerous studies
revealed a low oral bioavailability due to its poor solubility in water, low
permeability and absorption, fast metabolism and excretion in vivo. Oral
administration of curcumin in rats (500 mg/kg) showed 1% of
bioavailability in rat plasma.?’” In the same way, several clinal studies have
revealed extremely low serum levels after oral administration.?
Curcumin’s bioavailability improves when it is injected intravenously in
rats.?

The gastrointestinal tract with the mucus layer and epithelium tight
junction represents a first physical barrier to limit oral absorption.* The
poor bioavailability is also due to a metabolic pathway of curcumin. It is
conjugated with sulphate or glucuronide in an enzymatic reaction
involving glucuronidases and sulfotransferases found in liver, kidney and
intestinal mucosa.

Thus O-glucoronide or O-sulphate have been the principal curcuminoid
metabolites identified in plasma following oral administration in rats.
Also, bio-reduction  products such as dihydrocurcumin  or
tetrahydrocurcumin and their conjugate are formed by alcohol
dehydrogenase and identified with HPLC and mass spectrometry.® The B-
diketone moiety of curcumin, at room temperature and in a neutral or
alkaline pH, is the most susceptible component to hydrolytic reaction and
several degradation products are identified. The serum quantity of
reduction products (ferulic acid, ferulic aldehyde, vanillin, vanillic acid
and feruloylmethane) is less than conjugated product. Probably in
biofluids the PB-keto function is not free but bound to proteins and
therefore is not hydrolysable.®>  Curcumin is also photoreactive and when
it is exposed to light it can undergo photodegradation to give similar
products to those of hydrolytic degradation.®® Preclinical evidences
suggest a potential therapeutic use of curcumin in neurodegeneration but
several clinical trials not give desired effects probably due to difficult of
curcumin, following oral administration, to cross the blood-brain barrier
(BBB).* To improve the lower bioavailability in the brain, researches
developed different pharmaceutical strategies such as new formulation
and new delivery system. Most of new delivery systems have a central
hydrophobic pocket in which curcumin binds trough hydrophobic
interaction. This macromolecular system also preserve curcumin from
degradation reaction as well as enhance its absorption and distribution.*
A recent paper reported exosomes from curcumin-treated (primed) cells as
valid carrier to release selectively curcumin in the brain. This delivery
system increases the percentage of curcumin that across the BBB through
receptor-mediated transcytosis. Following an injection in AD mice model
they observed a reduction of Tau phosphorylation trough inhibition of
AKT/GSK pathway.** Liposomes modified with penetrating agents also
facilitate the passage of curcumin trough the BBB and are evaluated as
new therapeutic approach to carry Curcumin and other Ap/Tau
aggregation inhibitor in the brain.®®

The nanotechnology has given other important results in drug delivery of
curcumin. Giacomelli et al. developed a novel nanocarrier named lipid-
core nano-capsules (LNC).*® Age female mice treated with
intracerebroventricular injection of AP42 are used as Alzheimer’s disease
model. After 14 days, the administration of curcumin loaded nano-
capsules displayed significant neuroprotection against AB-toxicity
compared to control group treated with free curcumin.

Recently, novel nanoparticles loading curcumin made of chitosan and
bovine serum albumin were designed. Using these formulations, was
observed an increased penetration of curcumin trough BBB and an
activation of microglia with a subsequent increase of AB-phagocytosis.s”
To date, also the analysis of several crystalline solid form of curcumin is a
great interest research area due to different physicochemical proprieties of
polymorphs.®

Organic chemists, since the last century, have shown a growing interest in
the synthesis of curcumin derivatives with the purpose to improve its
biological activity. As mentioned above, curcumin interfere with
accumulation of aggregate proteins (AP and Tau), inflammation and
oxidative stress. The modulation of each of these pathologic pathway
required structural features of curcumin. Thus, structure-activity
relationship studies are extremely important to identify novel curcumin’s
derivatives as potential therapeutic agents for neurodegenerative diseases.
In recent years, researches synthetized several curcumin-inspired
compounds.-42
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These studies are mainly related to applications of curcuminoids that have
been found to be important for anti-AB activity. Curcumin and its
derivatives exert a protective role against disordered Tau-protein but we
have few paper about Tau aggregation inhibitors. Unlike AB-peptides, Tau
lacks hydrophobic residues and therefore its aggregation process doesn’t
lead to the formation of II-Il interactions. Instead, tau aggregation
inhibitors interact with tau by electrostatic interaction and hydrogen
bonding. A recent study designed two ruthenium-curcumin-
bipyridine/phenanthroline complex as inhibitors of tau aggregation.® In
these complexes the metal ion is bound by enolic group of curcumin and
by nitrogen atoms of ancillary ligands, bipyridine or phenanthroline.
Curcumin inhibits aggregation at nucleation stage while ruthenium
complex inhibits the elongation phase reducing longer fibrils.

Oxidative damage plays an important role in neurodegeneration therefore
to treat neurodegenerative disorders another pharmacological approach is
to develop antioxidant compounds. The antioxidant propriety of Curcumin
is due to the abstractable hydrogen of phenol group.* This group can
reduce, for example, superoxide radicals to generate a less reactive
phenoxyl radical resonance stabilized.* Ferrari et al. developed analogues
of curcumin substituted on central carbon of heptadienone linker and
demonstrated the good metal chelating propriety of these complexes.*
These compounds shown less scavenging propriety because the presence
of the substituent on central linker shifts the keto-enol tautomerism
towards di-keto form with less stabilization of phenoxyl radical.

3. Conclusion and perspective

Curcumin attracted the attention of many researcher due its potential use
for the treatment of neurodegenerative diseases. Many doubt were raised
concerning the real activity of this compound and its actual applicability.
Nevertheless, many recent studies seems to establish a real therapeutic
potential, particularly, by solving issues related to delivery of this
molecule to the brain. The use of curcumin or curcuminoids seems quite
far to be established for a therapeutic protocol, but the lesson of searching
from nature potential drugs is still concrete. Considering the rising
numbers of neurodegenerative disease, we hope that this compound could
inspire a real solution of this world-wide problem.
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