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Abstract: Curcumin is a spice derived nutraceutical which gained tremendous attention be-
cause of its profound medicinal values. It alters a number of molecular pathways such as nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-«B), signal transducer and activator of
transcription 3 (STAT3), nuclear factor erythroid 2-related factor 2 (Nrf2) and cyclooxygenases-2
(COX-2), which make it potential therapeutic choice in treating multiple disorders. It also pos-
sesses the potential to prevent protein aggregation and thus protect against degeneration of neurons
in neurodegenerative disorders including Huntington’s disease (HD). HD is an autosomal dominant
disorder linked with altered gene expression which leads to an increase in the size of cytosine, ade-
nine and guanine (CAG) trinucleotide repeats, aids in protein aggregation throughout the brain and
thus damages neurons. Upstream regulation of oxidative stress and inflammatory cascade are two
important factors that drive HD progression. Available therapies just suppress the severity of symp-
toms with a number of side effects. Curcumin targets multiple mechanisms in treating or preventing
HD including antioxidant and anti-inflammatory potential, metal ion chelation, transcriptional al-
terations and upregulating activity of molecular chaperons, heat shock proteins (HSPs). Having a
favorable safety profile, curcumin can be an alternative therapeutic choice in treating neurodegen-
erative disorders like HD. This review will focus on mechanistic aspects of curcumin in treating or
preventing HD and its potential to arrest disease progression and will open new dimensions for safe

and effective therapeutic agents in diminishing HD.
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underlying mechanisms.

1. INTRODUCTION

Curcumin is a polyphenolic compound, chemically
known as 1,7-bis (4-hydroxy, 3-methoxyphenyl) 1,6-
heptadiene-3,5-dione [1]. The botanical source of curcumin
is Turmeric or Curcuma longa which belongs to the Zingib-
eraceae family [2]. Other sources of curcumin include Cur-
cuma phaeocaulis, Curcuma aromatic, Curcumacaesia and
Curcuma zedoaria [3-5]. Curcumin gained a tremendous
attention among nutraceuticals because of its profound me-
dicinal values [6]. Pharmacologically, curcumin is one of the
most active polyphenolic compounds and its various targets
in the treatment of several disorders have been reported
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so far [7]. The first use of curcumin in the treatment of hu-
man diseases was published in 1937 [8]. Polyphenolic com-
pounds have been demonstrated to possess anti-oxidant and
anti-inflammatory potential as well as altering several mo-
lecular pathways such as nuclear factor kappa-light-chain-
enhancer of activated B cells(NF-«B), signal transducer and
activator of transcription 3 (STAT3), nuclear factor erythroid
2-related factor 2 (Nrf2) and cyclooxygenases-2 (COX-2),
which makes them vulnerable choice in the management of
multiple disorders including diabetes, cardiovascular , neu-
rologic, metabolic, inflammatory , and skin disorders, hepa-
totoxicity, respiratory tract infections, and diseases of infec-
tious origin [9].

Despite of advances in the field of drug discovery, cur-
rently no therapy is available to cure HD, while some thera-
peutic options may attenuate the severity of the symptoms
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[10]. Deutetrabenazine and tetrabenazine are two drugs, ap-
proved by the Food and Drug Administration (FDA) for the
treatment of chorea, but both are themselves associated with
depression and suicidal ideation [11]. Thus, it is essential to
identify safe and effective alternatives for HD treatment,
without undesirable effects. The present review is focused on
the therapeutic potential of curcumin in the management of
HD and highlights its mechanistic perspectives.

2. HUNTINGTON’S DISEASE AND DEGENERATIVE
DISEASES

Neurodegenerative diseases are disabling diseases, often
incurable, with a strong connection to age. Such disorders
have a deceitful onset and their differentiation is often diffi-
cult, due to the overlap of the clinical manifestations [12].
The pathogenesis of neurodegenerative diseases has still left
unclear. They are characterized by progressive neuronal
death that may involve different brain areas, depending on
the disease, and it is affected by both genetic and environ-
mental factors. In the early neurodegenerative disorders’
onset, the accumulation of mutant or misfolded proteins in
brain cells, as well as amyloid in Alzheimer’s, a-synuclein in
Parkinson’s, huntingtin in Huntington’s, seems to play a cru-
cial role [13, 14].

In addition, the disease’s occurrence is accompanied by
the production of pro-inflammatory mediators and neuro-
toxic factors leading to oxidative stress that generates a neu-
roinflammatory answer [15]. As regards Huntington’s dis-
ease (HD), an autosomal dominant inherited neurodegenera-
tive disease, a mutation in the CAG triplet repeat number, in
exon 1 of huntingtin (HTT) gene, represents the main pro-
tagonist of the disease onset [16]. This gene, placed on
chromosome 4p16.3 [17] leads to the synthesis of a mutant
huntingtin (mHTT) protein, characterized by a long polyglu-
tamine stretch. Other diseases caused by triplet expansion
comprise the fragile X syndrome, characterized by abnormal
repeats of CGG, myotonic dystrophy by CTG repeats, and
Friedreich ataxia by GAA repeats [18].

The number of CAG repetitions in HD is inversely pro-
potional to the age-onset resulting in an earlier onset for
more significant expansion (Fig. 1) [18]. Data about HD
epidemiology reveal that it is an exceptionally rare pathol-
ogy, with a relatively long clinical course (10-20 years) [19].

The worldwide HD prevalence is estimated to be 2.7
cases per 100,000 persons, with an incidence of 0.38 cases
per 100,000 persons per year [20]. Marked differences are
evident in the global occurrence of the disease, ranging from
0.17-0.72 cases/100,000 persons in Asia to 7.33-13.7 in
North America [21, 22]. Several studies have tried to assess
the distribution of HD among different parts of the world,
but many inconsistencies may be found between the various
authors. Probably, it may be due to the heterogeneity in
study methods, as well as to underestimated cases in under-
developed areas because of the lack of an effective sanitary
system or to previously misdiagnosed cases, as only in 1993
the identification of the underlying disease mutation led to
the availability of diagnostic tests [23]. Possible explanations
of differential worldwide HD epidemiology are correlated to
the CAG repeat length and the mutability of CAG on differ-

Labanca et al.

Age of onset
(years)

Childhood
onset

Adolescent
onset

Early onset

Adult onset

Late onset

CAG repetitions

Fig. (1). Correlation between the number of CAG repetition and the
age of onset of HD [18]. (4 higher resolution / colour version of
this figure is available in the electronic copy of the article).

ent haplotypes [23, 24]. In HD two models of neural degen-
eration have been proposed. In the first, m-HTT accumulates
in the cell, compromising intracellular signaling. The second
model is an unclassical theory that assumes the induction of
mutant neurons in a steady-state by the m-HTT that progres-
sively degenerate during maturation under the toxicity of m-
HTT [18].

Wild-type HTT is a large protein, ubiquitously expressed
in the body. In particular, higher toxicity is associated with
the nuclear accumulation of fragments deriving from the
mutant form of this protein [25]. Many in vivo and in vitro
evidence have reported high levels of fragments’ aggregates
in cortical neurons, suggesting their deep implication in HD
pathogenesis [25]. These N-terminal HTT fragments formed
from a specific cleavage include the poly-Q stretch that can
interact with many transcriptional regulators, altering neuro-
developmental pathways. Indeed, the presence of many
HEAT domains and CAG repeats in HTT enhances the in-
teraction with protein partners which are modulators in vari-
ous stages of the neural growth. Thus the increment of re-
peats leads to a higher possibility of interaction, mediating
the toxic activity of m-HTT in neuron degeneration [26]. In
microglia, mutant huntingtin is able to promote the macro-
phage differentiation autonomousl, through the expression of
the myeloid lineage-determining factors [27]. The greater
vulnerability of specific types of neurons rather than others
may be explained by their content in glutamate-receptor sub-
types that leads to a greater vulnerability to glutamate-
mediated excitotoxic damages[28]. HD involves striatum
brain area [29]. The reason for which HD patients showed
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the involvement of this particular area may be found in the
alteration in neuro-developmental processes of specific neu-
ral subsets [30]. Soluble signals, morphogens, and transcrip-
tion factors expressed during progressive stages of neural
development, confer exclusive features to each neural sub-
population. Aberrations of such mediators, together with
mutations occurring in genes encoding proteins normally
expressed during neural development, as well as HTT in HD,
may be responsible for regio-selective death [31-33]. It in-
volves the caudate [17], neocortex, and the white matter, but
in the worst cases, the neuronal loss extends to other areas,
as well as the hippocampus, thalamus, cerebellum, and
brainstem nuclei with an impairment of the severity of clini-
cal signs [20]. The involvement of these areas leads to typi-
cal HD symptoms, including motor, cognitive and psychiat-
ric dysfunctions. Probably, the first ones represent the dis-
tinctive features of the HD, to have made it known as the
‘Chorea of Huntington’ because of the involuntary dance-
like movements that characterize the patients [18].

From the analysis of postmortem brain tissues in HD pa-
tients, it emerged that the most HD-affected brain regions
showed alterations in Ca®" homeostasis [34], electron trans-
port chains and the mitochondrial tricarboxylic acid cycle.
As these mechanisms are broadly involved in the generation
of ATP, tissues with high energy consumption are more
prone to oxidative stress. Indeed, in brain cells, the high
membrane lipid concentration, together with the high energy
expenditure, lead to an increased susceptibility to oxidative
damages, as demonstrated by the increment of oxidative
stress markers in HD patients with respect to non-HD pa-
tients [35]. Lipid peroxidation and its related by-products
and endoperoxides and malondialdehyde, increase with the
worsening of the disease. During alterations in the mito-
chondrial electron transport chain, superoxide anions may
leak out and damage lipids, proteins, and DNA. In vivo stud-
ies confirmed the radical-mediated DNA damage in mice
that is associated with transcription errors, misfolded protein
synthesis, altered HTT-protein interactions and defects in
neuronal trafficking [36].

Recently, several natural substances, acting as antioxi-
dants, have been studied for their effectiveness in reducing
neuron death or protein aggregation in several in vitro or in
vivo studies. It has been demonstrated that these molecules
not only act as antioxidants, but several other mechanisms of
action have been recognized, especially at the genomic or the
transcriptional level. Curcumin is one of the most investi-
gated polyphenolic compounds and, as described below, it
has been demonstrated to exert neuroprotective effects [37-39].

3. CURCUMIN AND DEGENERATIVE DISEASES

Curcumin is the most abundant [40] and biologically
active polyphenolic compound [15], deriving from the rhi-
zome of Curcuma longa, belonging to the Zingiberaceae
family. Also known as diferuloylmethane, it was purified
from the plant rhizome for the first time in 1815, while its
chemical structure was established only in 1910 [15].
Chemically, curcumin is a diarylheptanoid, existing in sev-
eral tautomeric forms, among which the enolic one is the
more stable. Curcuma longa rhizome, better known as tur-
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meric, is a very common and widespread used South Asian
spice, thanks to its well-recognized health-promoting activ-
ity, including hepatoprotective, nephroprotective, antimicro-
bial, antioxidant and anti-inflammatory properties. Its char-
acteristic bright yellow color, due to the presence of curcu-
min and other two curcuminoids, desmethoxycurcumin, and
bis-desmethoxycurcumin, explains its employment as a food
coloring [41, 42]. Importantly, epidemiological studies have
revealed an inverse correlation between curcumin consump-
tion and the incidence of neurodegenerative diseases includ-
ing Huntington’s disease, with a negative trend in the Indian
population [43]. This may be explained by the capability of
curcumin to interact with the Wnt/B-catenin pathway, which
is involved in cortex neurodevelopment, neural precursor
revival, and adult hippocampal neurogenesis. Under neuro-
pathologic conditions, indeed, this pathway results under-
expressed. Curcumin, by interacting with the Wnt inhibitory
factor, can activate it, enhancing proliferation and differen-
tiation of brain cells [44].

Curcumin has been shown to possess a positive impact
on a broad range of brain cells, providing proof of its neuro-
protective activity in both cellular and animal models [45,
46]. Research has been focused on the potential of curcumin
against neurodegenerative disorders characterized by toxic
proteins’ aggregates accumulation [47]. A recent study on
HT22 cells reported that curcumin revealed a higher anti-
aggregation activity among 214 antioxidant compounds
tested [48]. The ability of curcumin to inhibit aggregation
and disaggregate mutant proteins’ complexes results in the
reduction of huntingtin aggregates in HD [49]. Although
significant differences in the inflammatory mechanisms be-
tween invertebrates and humans occur, some evidence in
transgenic worms suggested that curcumin is able to increase
lifespan through the maintenance of the protein homeostasis,
by the regulation of heat-shock factors (HSPs) [39].

Molecular chaperones that are part of the highly con-
served defense system of cells are involved in protein fold-
ing, avoiding protein aggregation as well as correcting mis-
folded and degrading damaged proteins. It appears reason-
able to suppose that the dysfunction of these systems may
leads to the accumulation of insoluble aggregates with pro-
gressive neural loss of function and death. In particular,
HSP40 and HSP70 enhance the degradation of HTT protein
aggregates by binding precursors of mutant protein com-
plexes and by activation of a specialized chaperone-mediated
autophagy mechanism, which targets and addresses aggre-
gates to degradation [13, 44]. In view of this, ever-increasing
attention is given to the research of phytochemical molecules
that may be able to increase neuroprotection by maintaining
protein homeostasis through the restoration of endogenous
control mechanisms. Curcumin, as a natural inducer of HSPs,
arose as a valuable candidate. It re-establishes HSPs levels in
transgenic animal models for neurodegenerative disorders,
even if molecular mechanisms underlying curcumin’s effects
remain unclear [13]. As already mentioned, neuro-
inflammation is a key factor in neurodegenerative diseases.
Therefore, all compounds that are able to interfere with in-
flammation-related pathways and mediators are of utmost
interest. In this context, 24h treatment with 20 uM of curcumin
is associated with a dose-dependent reduction of the expres-
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sion of different types of interleukins and tumor necrosis
factor-alpha (TNF-a) in lipopolysaccharide-stimulated mi-
croglia [50]. Particularly, intracellular levels of interleukins
(IL-12 p40/p70 and IL-12 p70) have been found to be low-
ered after curcumin exposure, together with an under expres-
sion of the IL-1 and IL-6 pro-inflammatory cytokines [51].

Curcumin dietary interventions in rats are associated with
an improvement of neurodegenerative disease-related clini-
cal manifestations, as well as cognitive impairments and
memory deficit [52]. It improves mood changes and depres-
sive behavior by activating the ERK-Bcl-2-BDNF neurotro-
phic pathway [41], as well as promoting in vitro and in vivo
neurogenesis through the MAPK/ERK pathway activation.
An increment of the number of neurons was observed in
chronically stressed rats [45]. In mice, likewise, decreased
oxidative damage and lower oxygen and nitrogen reactive
species production may be observed [53]. As oxidative stress
plays an important role in the physiopathology of neurode-
generative disorders, antioxidant compounds deriving from
plants may be promising therapeutic candidates. The anti-
oxidant power of curcuminoids makes these compounds able
to inhibit free radical chain reactions and lipid peroxidation,
as demonstrated by the reduction of lipofuscin, a lipid per-
oxidation marker. On the basis of these beneficial effects,
there is a general improvement in the endogenous antioxi-
dant system, with the elevation of superoxide dismutase and
glutathione levels [51], as well as those of cytochrome c oxi-
dase and NADH dehydrogenase [54]. The cytoprotective
effects exerted by curcumin against oxidative stress also pass
through the induction of the hemoxygenase protein by
upregulating the Nrf2 which enhances the transcription of
genes involved in detoxification [55]. In microglia brain
cells, curcumin induces hemoxygenase activity that reduces
proinflammatory markers decreasing neuroinflammation and
oxidative stress [15].

Besides, the almost total absence of side effects of cur-
cumin that makes it a valuable neuroprotective candidate, the
sole limit of its use in neuroprotection being represented by
its poor brain bioavailability. As a lipophilic compound, it
should normally have no problem crossing the brain- blood
barrier. However, due to selective permeability constraints,
curcumin levels are nor very high with serum levels of 0.5
umol/L at doses of 4 g/day [56] being the latter further de-
creased by rapid metabolization of curcumin in to its glucu-
ronide derivatives [45]. The focus on curcumin, although
other antioxidants like tocopherol are more bioavailable,
derives from the observation that curcumin had stronger anti-
aggregation properties against Q-rich and non Q-rich aggre-
gates rather than other antioxidants [57]. Some strategies, as
well as the use of curcumin nanoparticles [58], chemical
analogs or liposomal formulation [45] have been imple-
mented during the last years in order to improve the
bioavailability [57]. The ability of curcumin to cross the
brain-blood barrier into brain regions is closely linked with
its hydrophobic property. Only molecules with high lipophil-
icity and low molecular weight can cross the tight junctions
of capillary endothelial cells that form this high-selective
control system of the brain. Thus, in these curcumin-based
alternative formulations, the application of lipophilic materi-
als as well as polyvinylpyrrolidone [59] and poly(lactic-co-
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glycolic acid) [60] improves the retention time in the brain
[59], also reducing the distribution to metabolizing organs
[60]. Indeed, when administered orally, curcumin undergoes
an extensive liver and intestinal metabolism to tetrahydro-
curcumin and glucuronides or sulfates [59]. By contrast, in
tg2576 transgenic mice, it has been demonstrated that
nanoparticles are liver metabolism resistant, increasing de-
tectable plasma concentrations and, consequently, brain lev-
els [59]. Likewise, in rats, the administration of 10 and 20
mg/kg body weight of curcumin nanoparticles increased by
up then 2-fold curcumin brain levels with respect to free cur-
cumin [45]. This property should be due to the small size
that might allow nanoparticles to bypass metabolism and be
directly absorbed in the blood, crossing brain blood barrier
or to avoid uptake by the reticuloendothelial system, is not
metabolized by the liver, extending circulation times [59].
After intravenous administration, curcumin retention time in
the brain was markedly increased (from 20.4 to 27.1) rather
than curcumin [60]. The pharmacokinetic parameters showed
an increment of 96% in the cerebral cortex and 83% in the
hippocampus when curcumin is administered as nanoparticles
[60]. Given the central role of the hippocampus in memory
and learning, the ability of curcumin nanoparticles to accu-
mulate in this brain region is an important added value.

4. HUNTINGTON’S DISEASE AND CURCUMIN

In view of the above, many pathways are involved in
neurodegenerative disorders (Fig. 2). The way in which cur-
cumin can modulate them and thus explaining its therapeutic
effects remains an open issue for researchers. As there is no
cure available for this disease, the discovery of the mecha-
nisms of the action of curcumin, together with an improve-
ment of its bioavailability, may be the starting point towards
alternative therapeutic strategies.

4.1. Misfolding (Heat Shock Proteins and Vacuolar Pro-
tein Sorting Protein 36)

Misfolded HTT protein accumulation is critical in HD
[61, 62]. Curcumin, as a booster of the endogenous HSPs
checking systems, may be a valuable tool in HD therapy.
Experimental studies revealed that curcumin reduces HTT
aggregate accumulation in HD [63, 64] by modulating
HSP70 and HSP90 expression at doses of 0.01 uM in human
bone marrow neuroblast cells. The mechanism underlying
the anti-amyloidogenic activity of HSP70 involves the bind-
ing to the poly-Q stretch of m-HTT, preventing the forma-
tion of aggregates. Thus the curcumin-mediated induction of
HSP70 [64] is associated with an improvement of the pa-
thology. Interestingly, curcumin does not affect the activity
of HSP90 on the serine/threonine kinase Akt, reducing the
apoptotic stimulus [13]. Reduction in cell death has indeed
been observed in curcumin feeding Drosophila melanogaster
[65]. In addition, in vivo studies have suggested that treat-
ment with 555 ppm of curcumin in CAG140 KI mice re-
duces the formation of aggregates, with a concomitant dec-
rement of severity in neuropathology [66].

Curcumin exhibits an inhibitory action against the forma-
tion of both Q-rich and nonQ-rich aggregates in yeast ex-
pression vectors [57]. It prevents HTT aggregation by the
dose-dependently downregulation of the Vacuolar Protein
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Fig. (2). Curcumin improves HD clinical course by modulation of several pathways. The figure summarizes the main activity of curcumin on
HD-related mechanisms. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

Sorting 36 (Vps36), a component of the endosomal sorting
complex required for transport (ESCRT-II). Indeed, treat-
ment with 20 pM and 40 uM of curcumin for 16 hours, is
associated with a Vps36mRNA reduction by 1.5- and 4-fold,
respectively [57]. In this way, protein trafficking is altered
and the recruitment of m-HTT from various cellular com-
partments becomes difficult. In addition, curcumin can dis-
aggregate the already formed m-HTT complexes [57, 67].

4.2. p21-activated Kinase (PAK)

Dysregulation of the p21-activated kinase (PAK) is asso-
ciated with several neurodegenerative disorders [68, 69], as
well as HD. Since it is involved in learning and memory
processes, the PAK-inhibitory potential of curcumin has
been assessed. HD’s severity is exacerbated not only by the
progressive accumulation of m-HTT, but also by the loss of
function of the wild-type HTT that becomes unable to pre-
vent the cleavage of PAK2 by caspases, leading to cellular
death [70]. Furthermore, HD toxicity seems to be also medi-
ated by PAK1 which enhances HTT aggregation by promot-
ing both self- and wild-type HTT-aggregation. Curcumin
may mitigate neural toxicity by the inhibition of the HTT
aggregate accumulation [71].

4.3. Oxidative Stress

As previously discussed, oxidative stress plays a critical
role in the late stages of HD pathogenesis. The partial purifi-

cation of m-HTT reveals a considerable amount of oxidized
proteins which represents a harmful source of ROS [72, 73].
The beneficial effects of curcumin are related to its well-
recognized antioxidant power. It is able to up-regulate en-
dogenous anti-oxidative defense systems, as well as superox-
ide dismutase and glutathione enzyme expression [51]. Cur-
cumin doses of 25 and 50 mg/kg are able to inhibit lipid per-
oxidation and re-establish physiological nitrite levels [74].
Curcumin activates the Keapl/Nrf2/ARE-dependent cyto-
protective pathway [55] which is associated with the expres-
sion of glutathione S-transferase and heme oxygenase-1 pro-
teins. This ability is related to the curcumin chemical struc-
tures: hydroxyl groups in ortho-position at the aromatic rings
may interact with cysteine residues of Keapl, causing a con-
formational change that leads to the release of Nrf-2 [75].
This factor then moves into the nucleus for binding antioxi-
dant response elements (ARE) to induce the transcription of
genes involved in cytoprotective responses [76]. In this way,
curcumin is revealed to decrease oxidative stress, measured
as the protein carbonyl content, and mediate in vivo neuro-
protection, reducing striatal morphological alterations in-
duced by quinolinic acid which reproduces the oxidative
status that may be found in HD [54].

4.4. Mitochondrial Dysfunction

m-HTT has been shown to have a negative implication in
ATP production, by impairing oxidative phosphorylation in
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striatal cells [35]. To assess the effect of curcumin in restor-
ing the mitochondrial dynamics, an in vivo study has been
performed, by using the reducing sugar D-galactose which
induces oxidative stress and which is involved in the aging
process. Therefore, it replies the mitochondrial damage that
could occur in neurodegenerative disorders, due to the ener-
getic dysfunctions in mitochondrial respiration. The treat-
ment of rats with different oral doses of curcumin (50 and
100 mg/kg) was effective in elevating the levels of succinate
dehydrogenase and aconitase, improving the activity of
complexes I, IT and IIT of the respiratory chain as well as
being effective in mitochondrial membrane stabilization
[72].

Treatment with curcumin nanoparticles is associated with
a remarkable improvement of the mitochondrial activity and
cytochrome levels [54]. Curcumin, acting as a hydrogen do-
nor, reduces protein oxidation induced by galactose thus
maintaining the cellular redox balance [72].

4.5. Neuroinflammation

In HD, inflammatory cytokines, like IL-18 and TNF-q,
activate the NF-xB pathway, resulting in pro-inflammatory
and pro-apoptotic responses and leading to neural damage
and death. In fact, TNF-a can bind its TNFrl-type receptor
on neurons and promote the expression of many inflamma-
tory mediators, as well as phospholipases and cyclooxy-
genases [77], stimulating an inflammatory process associated
with striatum neurodegeneration. In rats, curcumin pre-
treatment with two different oral daily doses (25 and 50
mg/kg) has shown a substantial decrease in IL-18 and TNF-a
concentrations [74]. Interestingly, the association of curcu-
min with piperidine, an alkaloid deriving from black pepper,
enhances the anti-inflammatory answer [74]. This may be
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due to a synergistic action that improves the curcumin brain
bioavailability. Curcumin combined with piperidine is also
associated with an increment of the catecholaminergic tone
which is also suppressed in HD, thanks to an inhibitory ac-
tivity on monoamine oxidases [78].

4.6. Neurodegeneration

The progressive degeneration of neural cells could be
attenuated by curcumin. The phosphatidylinositol 3-kinase
/Akt pathway could be modulated by curcumin, mediating
brain cell survival [54], while neurogenesis could be en-
hanced by the inhibition of the glycogen synthase kinase-3f3
[45]. Proof comes from different dietary interventions per-
formed on animal models. Chronic pre-treatment with oral
daily doses of curcumin (25 and 50 mg/kg) was correlated to
beneficial results towards motility alterations, bio- and
neuro-chemical variations in 3-nitropropionic acid-induced
HD rats [74]. In the same way, curcumin and its combination
with piperidine also improve behavioral and neurological
disorders in quinolinic acid-induced HD rats [78]. Ina Dro-
sophila HD transgenic model, curcumin (5 and 10 pM) re-
duces poly-Q-mediated photoreceptor degeneration and pro-
gressive motoneuron loss of function in a dose-dependent
manner [65].

5. MECHANISTIC ASPECTS

Oxidative stress is the most important mechanism as a
pathological cause of neurodegenerative disorders including
Alzheimer’s disease, Huntington’s disease, Parkinson’s dis-
ease, and Amyotrophic Lateral Sclerosis. Polyphenols in
various cell and animal cultures showed neuroprotective
effects attributed to their potential to combat oxidative and
inflammatory stresses as well as modulating several cell sig-

Table 1. Mechanistic insights of curcumin in different models of neurotoxicity.
Experimental Model Dose Effects Refs.
3-NP-induced HD in rats p.o. 40 mg/kg BW, 7 days (C-SLN) |ROS and lipid peroxidation, [58]
Restored

glutathione levels and SOD activity,
1 mitochondrial activity

3-NP-induced
neurotoxicity in rats

p.o. 10,20 and 50 mg/kg, 8
days(curcumin)

Improved motor and cognitive impairment, [87]
| lipid peroxidation,
1 glutathione levels and succinate dehydrogenase activity

Quinolinic p.o. 400 mg/kg, 10 days(curcumin)
acid-induced

neurotoxicity in rats

Upregulated striatal intra-nuclear Nrf2 cytoprotective pathway, [55]
1 SOD and glutathione
peroxidase activities

CAG 140 mice Diet, 555 ppm (curcumin)

| Protein aggregation, [66]
Improved rearing,
| climbing

Cultured Mouse
Neuroblastoma Cells

Diet, 0.01 pM, 0.1 uM, 1 uM, 10 uM
(curcumin and SLCP)"

| ROS production and GSK-3p levels, [103]
THSPs expression (HSP40, HSP60, HSP70, HSP90),
Reversed misfolding of proteins

'SLCP provides greater neuroprotection comparatively to dietary curcumin 3-nitropropionic acid (3-NP), Huntington's disease (HD), curcumin- solid lipid nanoparticles (C-SLN),
reactive oxygen species (ROS), superoxide dismutase (SOD), Nuclear factor erythroid 2-related factor 2(Nrf2), parts per million (ppm), heat shock proteins (HSPs), solid lipid cur-
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Fig. (3). Mechanisms of Curcumin in Huntington's disease. Curcumin possesses the potential to treat or prevent HD by targeting multiple
mechanisms: (1) Curcumin can decrease production of reactive oxygen species (ROS) and increase the production of antioxidant enzymes
such as glutathione which leads to reduction of oxidative stresses (2) Metal ion toxicity also enhances oxidative stress in neuronal tissues and
curcumin can chelate metal ions thus reducing metal ion toxicity. Both these mechanisms help in reduction of oxidative stresses which leads
to the downregulation of inflammatory mediators thus decreasing neuroinflammation and resulting in neuroprotection (3) Curcumin can
upregulate the activity of heat shock proteins (HSPs) which reverses the misfolding of proteins and disaggregates the aggregated proteins (4)
Curcumin can also alter genes responsible for causing HD including genes for maintaining mitochondrial activity. It can improve transcrip-
tional dysregulation and decrease HTT protein aggregation. All these mechanisms directly result in neuroprotection. (4 higher resolution /
colour version of this figure is available in the electronic copy of the article).

naling pathways [79-82]. Considering the pathological fea-
tures of HD, curcumin can halt disease progression by alter-
ing multiple targets such as oxidative stress, inflammatory
cascade pathways, mitochondrial dysfunction and transcrip-
tional dysregulation [65]. Table 1 and Fig. 3 summarized the
mechanistic aspects of curcumin activity in treating and pre-
venting neurotoxicity and HD.

5.1. Antioxidant and Anti-inflammatory Potential

Curcumin is the most widely studied polyphenolic com-
pound which is well known for its anti-oxidant properties
through reactive oxygen species (ROS) scavenging, nitric
oxide-based free radicals neutralization and decrease of the
expression of inflammatory mediators including tumor ne-
crosis factor-alpha (TNF-o) and interleukin-1beta (IL-1p)
[83-85]. Further studies have investigated the anti-oxidant
and iron (Fe) binding properties of curcumin, capsaicin and
S-allylcysteine in rat brain homogenates [86]. It was ob-
served that these compounds potently scavenge free radicals
such as superoxide anions decreasing lipid peroxidation and
Fe ion chelation. Metal chelation and reducing oxidative
stress are indeed one of the key mechanisms for the preven-
tion or the treatment of neurodegenerative disorders.

Sandhir et al. (2014) studied the neuroprotective effects of
curcumin encapsulated in solid lipid nanoparticles (C-SLNs)
in experimental models of HD induced by 3-nitropropionic
acid (3-NP) [58]. C-SLN in oral (p.o.) dose of 40 mg/kg

body weight results in ROS decrease, glutathione levels and
activity of superoxide dismutase (SOD) restoration, mito-
chondrial activity increase, lipid peroxidation reduction thus
ameliorating 3-NP-induced neurotoxicity in rats. In another
study, it was concluded that a chronic treatment with curcu-
min at doses of 10, 20 and 50 mg/kg p.o. reduces oxidative
stress and restored succinate dehydrogenase activity in 3-NP
treated rats [87].

While investigating the neuroprotective effects of curcu-
min in a model study of quinolinic acid-induced neurotoxic-
ity, Carmona-Ramirez et al. (2013) observed that curcumin
at a dose 0f400 mg/kg p.o. for 10 days prevents the onset and
progression of HD by activating the striatal intra-nuclear
Nrf2 cytoprotective pathway and increasing total SOD and
glutathione peroxidase activities [55]. Further experiments
also revealed that the anti-oxidant and anti-inflammatory
properties of curcumin constitute one of the most potent
mechanisms in preventing and treating HD [88].

5.2. Metal Ion Chelation

Heavy metals such as copper (Cu), aluminum (Al), iron
(Fe), lead (Pb), cadmium (Cd), zinc (Zn) and manganese
(Mn) can cause aggregation of misfolded proteins and induc-
tion of oxidative stress in various neurodegenerative disor-
ders [89]. The presence of one active methylene (CH,) group
and two phenolic (OH) groups in curcumin makes it an ex-
cellent ligand to chelate heavy metals [90]. The neuroprotec-



1014 Current Neuropharmacology, 2021, Vol. 19, No. 7

tion activity of curcumin through chelation of Cd, Pb, Fe, Cu
and Zn has been reported as a mechanism that is more likely
to halt protein aggregation [51, 91, 92]. It has been docu-
mented that metal ion chelation by curcumin can also de-
crease oxidative stress as well as neuroinflammation leading
to the protection of neurons from degeneration [93].

5.3. Transcriptional Alterations

Being an autosomal dominant disorder unstable elon-
gated polyglutamine repeats near the N terminus of hunting-
tin gene forming HTT protein which may aggregate
throughout the brain [94, 95]. Hickey ef al. studied the effect
of curcumin on the improvement of transcriptional deficits
using CAG 140 knock-in mice model of HD [66]. It was
observed that curcumin at a dose of 555 pm causes an im-
provement in transcriptional dysregulation decreasing HTT
protein aggregation and improved rearing deficits.

5.4. Molecular Chaperones and Protein Vibration

Accumulation and aggregation of misfolded proteins is a
common feature of all neurodegeneration disorders playing a
crucial role in disease progression and severity [96]. Depend-
ing on the size and the degree of misfolding, most of the
misfolded proteins are degraded by lysosomes. In contrast,
heat shock proteins (HSPs) or molecular chaperons selec-
tively tagged the rest of the proteins which are degraded by
phagosomes or proteasomes [97-99]. Therefore, failure of
SHPs to properly perform their function can lead to neuronal
degeneration such as in Alzheimer’s disease, Huntington’s
disease, Parkinson’s disease, and Amyotrophic Lateral Scle-
rosis [100]. Naturally-occurring compounds are now known
to activate HSPs including celastrol, withaferin-A and gam-
bogic acid [101, 102].

Curcumin has been reported to induce HSPs such as
HSP40, HSP60, HSP70 and HSP90 and thus it can reverse
the misfolding of proteins which leads to protection against
the degeneration of neurons [103]. Majumdar studied the
upregulation of HSPs by curcumin in the prevention of HD
[104]. The results of this study revealed that curcumin ad-
ministration leads to disaggregation of aggregated HTT pro-
teins and an upregulation of the activity of HSP-70 and HSP-
90. A protein vibration approach was also explained as a
possible source for the disaggregation of glutamic acid
molecules from aggregated HTT proteins and modulation of
HSP activity to slow down amyloid formation.

CONCLUSION

Neurodegenerative disorders such as Alzheimer’s dis-
ease, Huntington’s disease, Parkinson’s disease, and
Amyotrophic Lateral Sclerosis could not be cured com-
pletely with the available therapies, rather this latter can only
decrease the severity of disease symptoms and are associated
with a number of undesirable side effects. Curcumin is a
polyphenolic compound isolated from the rhizome of tur-
meric. It has a wide range of pharmacological properties and
multiple therapeutic uses of curcumin have been reported so
far. The role of curcumin in preventing and treating neuro-
logical disorders has also been investigated and numerous
studies support the successful use of curcumin in neurode-
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generative disorders including HD. Curcumin possesses the
potential to halt the progression of neurodegeneration in HD
by targeting multiple mechanisms including reducing oxida-
tive and inflammatory stresses, metal ion chelation, tran-
scriptional alterations and disaggregation of aggregated pro-
teins by increasing the activity of HSPs. Having a favorable
safety profile, curcumin could be an alternative to conven-
tional therapies in treating and preventing HD. However,
data from human studies are lacking and clinical trials
should be highly encouraged in this regard.
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