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In recent times, many scientists have given great attention to nutraceuticals (complementary medicine)
as it widely used for promoting health status. In particular for the prevention and treatment of various
neurological diseases or disorders without or less adverse effects. The current mini-review was intended
to compile all popular (major) nutraceuticals against various neurodegenerative diseases (NDDs)
including Parkinson’s disease (PD), Alzheimer’s disease (AD), Huntington’s disease (HD) with special
reference to clinical trials. Preliminary reviews indicated that nutraceuticals like curcumin, resveratrol,
Epigallocatechin-3-gallate (EGCG), Coenzyme Q10, u-3 FA (DHA/EPA/ALA), showed better neuro-
protective activity against various NDDs in human setting (clinical trial). Hence this contribution will
focus only on those popular nutraceuticals with proposed brief mechanisms (antioxidant, anti-
inflammatory, mitochondrial homeostasis, autophagy regulation, promote neurogenesis) and its
recommendation. This mini-review would aid common people to choose better nutraceuticals to combat
various NDDs along with standard neuroprotective agents and modified lifestyle pattern.
© 2020 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Neurodegenerative diseases/disorders (NDDs) are a heteroge-
neous group of various chronic debilitating condition or diseases
which, affects the peripheral or central nervous system (PNS and
CNS). The major NDDs includes Parkinson’s disease (PD), Alz-
heimer’s disease (AD), Huntington’s disease (HD), prion disease,
motor neuron disease (MND) are mainly caused due to lowered
neuronal counts (decreased neural progenitor cells; NPCs) or loss of
neuronal integrity (protein tangle/aggregation) as well as lack of
communication (decreased neurotransmitters) which eventually
results in loss of cognitive (memory impairment), sensory and,
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motor functions.1,2 NDDs like PD, AD and, HD can result in dementia
and depression and thus contribute to elevated mortality and
morbidity, (disabilities) which pose an enormous economical
burden.3,4 Also, NDDs are highly connected to aging, and hence the
prevalence rate is higher in older people than young owing to
decline or altered hormone secretion, enhanced oxidative stress,
and, neuro-inflammation. Several studies also demonstrated that
NDDs have a direct impact on the social-economic status of any
community or country as it hampers cognition and physical (un-
healthy aging) or motor movement (quality of life) as well as an
incurable condition. Also, it brings emotional (psychological) and,
physical stress to families of the affected person. It has been esti-
mated that globally about 47 million people might live with de-
mentia (cognitive decline) and, other NDDs by the year 2050.5

The prevalence of NDDs is increasing considerably especially in
western countries as compared to Asian countries due to modified
lifestyles (food habits and sedentary lifestyles). Pathophysiology
denominator of most NDDs includes neuro-oxidative stress,
inflammation, altered cellular energetics (mitochondrial dysfunc-
tion), calcium overload, autophagy, elevated endoplasmic reticu-
lum (ER) stress and, apoptosis.6 However, the in-depth mechanism
of PD, AD and, HD are yet to fully explored (hence its incurable till
tion and hosting by Elsevier Taiwan LLC. This is an open access article under the CC
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date). Moreover, the brain is highly prone to oxidative stress owing
to high fatty acid content (especially polyunsaturated fatty acids,
which contributes to 10% of total dry brain weight), high oxygen
consumption and redox signaling (about 20% basal oxygen for ATP
production), low antioxidant content with higher neurotransmitter
auto-oxidation.7 Currently, various anti-inflammatory (NSAIDs)
and antioxidants are recommended to alleviate symptoms and to
slow the progression of various NDDs. Therefore, any nutraceuticals
which can pass through the blood-brain barrier (BBB) with potent
antioxidant, anti-inflammatory, anti-protein aggregation, anti-
apoptotic activities as well as suppress abnormal mitochondrial
dynamics (multi-faceted along with high bioavailability rate)
would be an effective treatment agent against NDDs to slow the
progression of neuronal degeneration.6,8

2. Nutraceuticals

Nutraceuticals are the combination of pharmaceutical and
nutrition, which was first coined by Stephen L DeFelice. Nutra-
ceuticals refer to any food particles (whole) or a part of the food
(purified food product) which renders health or medical benefits
including, the prevention and treatment of disease.9,10 Neverthe-
less, recently nutraceuticals are redefined as a food product or its
secondary metabolites that could deliver health benefits (to pre-
vent or treat diseases) in the clinical setting.11,12 Numerous studies
have indicated the neuroprotective effect of nutraceuticals (com-
plementary medicine) against various NDDs via regulating energy
metabolism, neuro-oxidative stress, neuroinflammation and
enhance neurogenesis (improve NPCs proliferation, growth factor,
neurotrophins) through various signaling pathways.13,14 However,
only a few nutraceuticals are effective in a clinical setting which,
complicate the right choice of nutraceuticals for the management
of NDDs and its related symptoms. Therefore, this mini-review was
intended to compile all popular (major) nutraceuticals against
which, might be effective against various NDDs especially PD, AD,
HD and, prion disease as well as depression (sequential effect of
NDDs) with special reference to clinical trials and its proposed brief
mechanism (including in vitro and animal studies). Hence, this
contribution would aid common people to choose better nutra-
ceuticals to combat various NDDs along with standard neuro-
protective agents and modified lifestyle pattern.

The nutraceuticals chosen for this mini-review were obtained
from several databases (search engine) including, Google Scholar,
Web of Science, Scopus, PubMed, Science Direct. Using a combi-
nation of various keywords such as “neuroprotection, anti-
neurotoxicity, nutraceuticals, complementary medicine” in a clin-
ical setting (clinical trials) as well as a cell line or in-vitro and animal
studies (pre-clinical studies) were also included but only for
explaining the proposed brief neuroprotective mechanism. Thus,
the author’s clear intention is to include only effective neuro-
protective nutraceuticals (positive impact) against various neuro-
degenerative conditions in a clinical setting for better understating
(mechanism) and recommendation (treatment/prevention).

2.1. Curcumin

Curcumin is an active ingredient of turmeric (Curcuma longa L).
which belongs to the ginger family Zingiberaceae and commonly
grown in tropical and sub-tropical countries. Turmeric has been
used in various cuisine (flavoring/coloring agent) and also folklore
remedy for treating various diseases/ailments (therapeutic func-
tion). Curcumin (major curcuminoid), is the main contributor for
various biological functions of turmeric and hence used as a nu-
traceutical (most extensively used nutraceuticals).15 Curcumin
displays an array of therapeutic functions like anti-inflammation,
antioxidant, anti-obesity, anti-cancer, anti-diabetic, anti-microbial
as well as neuroprotective and cardioprotective properties.16,17

Furthermore, curcumin is economical and well-tolerated (safe)
and can effectively pass through the Blood-brain barrier (BBB) and
thus exhibit strong neuroprotection. However, the major disad-
vantage of curcumin is the limited bioavailability (poor absorption
and rapid metabolism), to overcome this bioavailability challenge,
curcumin is combined with piperine to form curcumin-piperine
complex or complexed with liposomes or nanoparticles (enhance
bio-availability).18

2.1.1. Proposed neuroprotective mechanism
Copious studies have confirmed the neuroprotective activity of

curcumin through improving antioxidant status (Nrf2 signaling
pathway) and exhibit anti-inflammatory properties by inhibiting
neuronal damage via suppressing microglial, astrocytes activation
by inhibiting NF-kB, TLR4/RAGE, JNK, ERK, and MAPK (p38)
signaling pathway.19,20 Anti-amyloidogenic property or anti-
protein aggregation/misfolding (Ab amyloid/b secretase, a-synu-
clein, tau, and prions protein) of curcumin was reported through
modulating PPAR-g, restoring innate immune system (via type I
macrophages) as well as restore autophagy machinery and the
ubiquitin-proteasome system (regulating SIRT-1/mTOR) and thus
alleviate AD and neuro-inflammatory symptoms.18,21 Anti-
depression (alter HPA axis) activity was reported by lowering
cortisol and inhibit monoamine oxidase A and B and also improve
neurotrophic factors.22,23 Moreover, curcumin can enhance neu-
roplasticity (improve neuron production) and inhibit acetyl/butyryl
choline esterase (AChE/BuChE; anti-AD) and monoamine oxidases
(anti-PD) activities and improve mitochondrial dynamics or
membrane potential (mitigating mitochondrial dysfunction by
alleviating calcium overload) as well as ameliorate neurotropic
growth factors (BDNF, GDNF.18,23 Moreover, curcumin is also
employed for detecting amyloid plaque (imaging system-MRI) in
AD model and might help in early diagnosis and effective
treatment.24

2.1.2. Clinical trial evidence
Baum and his colleagues25 conducted a placebo-controlled pilot

clinical trial in Chinese AD patients (n ¼ 36) by administrating 1 or
4 g of curcumin for six months showed a slight improvement in
cognitive function (due to slower decline in neural loss) as
compared to placebo (but no significant changes). Another clinical
trial carried out by treating with curcumin for 4e8 weeks displayed
modest anti-depressant effect in major depression disorder (MDD)
patients.26 Sanmukhani and others,27 concluded that treatment
with curcumin (1000 mg/day) would effectively and safely lower
the Hamilton Depression Rating Scale (HDRS-17) in MDD patients.
Most of the clinical trials were conducted with curcumin at dosage
0.1 ge1.5 g and in few cases, 4 or 5 g were also used. Overall, cur-
cumin showed some positive effect against various NDDs especially
against AD, and depression in humans, which were confirmed by a
systemic review conducted by Voulgaropoulou et al.28 Neverthe-
less, further trials would be needed to confirm the effect neuro-
protective functions against various NDDs in clinical settings.

2.2. Coenzyme Q10 (CoQ10)

Coenzyme Q10 (CoQ10) is an electron acceptor (ubiquitous
molecules) and plays a crucial role in energy metabolism (ATP
production via ETC) as well as acts as a potent antioxidant (lipo-
philic). Its major food sources are organ meat, fatty fish, broccoli
and, cauliflower. It is safe and well-tolerated in all types of subjects
with minimal adverse effects.29 CoQ10 possesses a wide range of
therapeutic effects including anti-inflammatory, antioxidant, anti-
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hyperlipidemic, anti-hyperglycemic, and, cardioprotective activ-
ities.30,31 Moreover, it can pass through BBB and reported to be
effective against various NDDs.10,32 CoQ10 has poor water-soluble
property (lipophilic) and hence show modest bioavailability in
human setting and hence it can be complexed or delivered using
nanoparticles or any drug-emulsifying delivering system.33

2.2.1. Proposed neuroprotective mechanism
CoQ10 shows potent neuroprotective property through

improving endogenous antioxidant system via improving the Nrf2/
HO-1 (ARE) signaling pathway as well as to attenuate inflammatory
markers (cytokines andmicroglial activation) by suppressing NF-kB
signaling pathway and thus protect the nigrostriatal dopaminergic
system.30,34 Many reports have indicated that the administration of
CoQ10 can considerably improve the mitochondrial function
(mitochondrial dysfunction via altered calcium flow) as well as
neuronal function and locomotory function through modulating
PPAR-g and Akt signaling pathway.31,32 Also, CoQ10 could effec-
tively inhibit AChE activity (anti-AD property) as well as inhibit a-
syn aggregation and subsequent Lewy bodies formation (anti-PD
activity).35

2.2.2. Clinical trial evidence
The first trial conducted by Shults and his co-workers36

demonstrated that supplementation of CoQ10 would considerably
enhance the activity of mitochondria (Complexes-I/II/III) and thus
suggest that CoQ10 treatment might be useful for treating PD and
its related symptoms. The reduced form of CoQ10 (ubiquinol-10)
was shown to be safe and well-tolerated at the dosage of 300 mg
and improve the symptoms of PD by lowering total Unified Par-
kinson’s Disease Rating Scale (UPDRS) scores through reversing
mitochondrial abnormalities.37 However, a meta-analysis con-
ducted by Zhu and others38 including, eight clinical trials concluded
that CoQ10 is well tolerable (safe) but not improved the UPDRS
scores and motor function than placebo. A double-blind clinical
trial conducted with 69 bipolar depression showed that supple-
mentation of CoQ10 for 8 weeks at a dose of 200 mg/day could
considerably improve the symptoms of depression owing to its
antioxidant and anti-inflammatory property.35 Altogether, CoQ10
supplementation markedly lowered PD, depression and its related
symptoms, which were evidenced from the various clinical trial
and can be recommended as a complementary therapy.

2.3. Resveratrol

Resveratrol is a stilbene (polyphenol) that belongs to the phy-
toalexin family and usually found in red grapes, red cherries, pea-
nut, pomegranate, and, berries. Resveratrol, is one of the popular
nutraceuticals as it shows various health-promoting properties due
to its anti-inflammatory, anti-diabetic, anti-cancer, antioxidant,
anti-hyperlipidemic activity as well as cardioprotective and neu-
roprotective properties (due to better BBB crossing property).6,39 It
is also safe and well tolerable by all types of people. One of the
biggest disadvantages of resveratrol is the poor bioavailability due
to high metabolizing rate (instability), poor lipophilic property and
hence it’s esterified (foodmatrix) with piperine or quercetin as well
as by liposomal-encapsulation.40

2.3.1. Proposed neuroprotective mechanism
Resveratrol notably improves BBB integrity via enhancing anti-

oxidant system through upregulating Nrf2/HO-1 and PI3K/Akt
signaling pathway as well as effectively attenuate the inflammatory
response via regulating NF-kB and JNK/MAPK signaling
pathway.41,42 Reports have confirmed that resveratrol could posi-
tively modulate SIRT1 (restore autophagy by lowering ER stress),
PPAR, ERK and AMPK (PGC-1a) and thus regulate mitochondrial
function (energy metabolism) and improve neuronal survival rate
as well as stimulate neurogenesis (increase BDNF/GDNF and
enhance NPCs proliferation and renewal).9,43,44 The major neuro-
protective property of resveratrol is by acting as anti-protein ag-
gregation/misfolding or anti-amyloidogenic property (anti-
amyloidogenesis) by abolishing the neurofibrillary tau protein
tangles or Ab protein formation and deposition (hyper-
phosphorylation) and thereby improve cognition function.43,45 In
addition, it restores the levels of ATG4 and thus facilitate the
degradation of polyQ Huntingtin (PolyQ-Htt) protein aggregation
(restore autophagy activity) and thereby protect neurons from
dopamine toxicity.46

2.3.2. Clinical trial evidences
As compared to the placebo group, the resveratrol supple-

mented (200mg) for 26 weeks significantly improved the cognitive
function (word retention) as well as cerebral blood flow in the
healthy adult.47 Plasma and cerebrospinal fluid (CSF) beta-amyloid
(Ab) 42 and Ab40 levels were considerably higher in resveratrol
treated group (for 52 weeks) than placebo group as well as
considerably lowered the MMP-9 and thus strengthen the CNS and
improved BBB.48 A randomized, placebo-controlled trial conducted
by Evans and et al.49 concluded that regular consumption of 150mg
of trans-resveratrol for 14 weeks elicited 17% elevation in cere-
brovascular responsiveness (CVR) and verbal memory as well as
mood (cognition) as compared to placebo in postmenopausal
women. However, the recent systematic review and meta-analysis
performed with ten studies have revealed that the administration
of resveratrol did not provide significant improvement in overall
cognitive function but slightly improved some cognitive parame-
ters.50 Taking together, resveratrol can significantly improve
cognitive function in healthy and various NDDs patients. Further
large-scale trials are needed to confirm the neuroprotective effect
of resveratrol in humans.

2.4. Epigallocatechin-3-gallate (EGCG)

Epigallocatechin-3-gallate (EGCG) is one of the major catechins
of green tea (polyphenol), which contributes to several beneficial
functions especially cardioprotective, renoprotective, hep-
atoprotective and neuroprotective properties due to its biological
activities like antioxidant, anti-inflammatory, anti-microbial, anti-
platelet aggregation, pro-autophagy and anti-proliferative proper-
ties.51,52 EGCG is one of the well-known nutraceuticals owing to the
above indicated therapeutic functions. EGCG can effectively pass
through BBB and significantly lower neurological disorders.
Nevertheless, owing to high water-soluble property, it can absorb
properly (poor bio-availability) and hence fused with piperine/
DHA/EPA (esterified) or complexed with liposomes or
nanoparticles.53,54

2.4.1. Proposed neuroprotective mechanism
The major neuroprotective function of EGCG is exerted by its

anti-amyloidogenic property which, includes the inhibition of Ab1-
42 amyloid fibril aggregation or production as well as suppress
alpha-secretase/Synuclein protein/peptide misfolding via modu-
lating apoptosis and autophagy (upregulating transcription factor
EB; TFEB) pathway.14,55,56 Moreover, it enhances the neuronal
growth factor (BDGF/GDNF) by inactivating microglial cells and
improve antioxidant status via modulating various signaling
pathways Nrf2/HO-1 (antioxidant) and NF-kB/JNK/MAPK signaling
pathway (anti-inflammatory).1,57 ECGC is reported to lower the loss
of nigrostriatal dopamine as well as reduce the photoreceptor
degeneration and huntingtin protein (PolyQ-Htt) misfolding and



Fig. 1. The compiled neuroprotective function (mechanism of action) of all popular
nutraceuticals.
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thus improve motor function in the various animal model.58 In
addition, it downregulates the downstream protein involved in
ERK1/2 and PKC signaling pathway molecules and thus inhibiting
Ab amyloid/synuclein aggregation/accumulation as well as improve
neurogenesis (increasing NPCs proliferation).8,59

2.4.2. Clinical trial evidence
A cohort study conducted by Tomata and his co-workers60

concluded that consumption of green tea catechin (rich in EGCG)
would concomitantly improve cognition performance and memory
in older Japanese subjects. Another trial carried out by supple-
menting a single dose of EGCG (300 mg) in healthy subjects
significantly improved cognitive function, calmness as compared to
placebo group.61 Noguchi-Shinohara and others,62 demonstrated
that higher consumption of green tea (rich in EGCG) was associated
with improved brain function (MCI) in the older Japanese popula-
tion. However, a systematic review performed by including twenty
one studies has evidenced that no single component (EGCG or
theanine or caffeine) of green or black tea showed a beneficial effect
on cognition, but when it combined together it showed a potential
cognitive or neuroprotective effect and thus showcasing the holistic
effect.63 To support the above statement, another review conducted
by Kakutani and his colleagues64 by included three cohort and five
cross-sectional studies, of which two cohort and four cross-
sectional studies displayed positive neuroprotective effect of
green tea polyphenol (catechin) by reducing the risk of dementia,
Alzheimer’s disease, and, cognitive impairment. Hence, the con-
sumption of green tea polyphenol or catechin could effetely
improve brain/cognition activity than single components like EGCG
or caffeine or theanine.

2.5. Polyunsaturated fatty acids (u-3 FA)

Polyunsaturated fatty acids or omega-3- fatty acids (u-3 FA) are
classified as essential fatty acids as it cannot be synthesized by a
human. The three major u-3 FA includes a-linolenic acid (ALA;
Short-chain FA), docosahexaenoic acid (DHA) and eicosapentaenoic
acid (EPA; Long chained FA) play an array of beneficial function in
the human system and commonly found in fatty fishes (salmon,
sardines), flaxseed, walnuts.65 Especially, DHA and EPA are reported
to showcase a wide spectrum of pharmaceutical activities such as
anti-inflammatory, immunomodulatory, antioxidant anti-obesity,
anti-hyperlipidemic (hypertriglyceridemia) and anti-diabetic as
well as cardioprotective (improve endothelial function), neuro-
protective activities.66,67 Recently studies have indicated that u-3
FA can be beneficial for short term intervention, however, long-
term intervention ends up in several adverse effects.68

2.5.1. Proposed neuroprotective mechanism
Polyunsaturated fatty acids or omega-3- fatty acids (u-3 FA) can

improve brain activity owing to anti or pro-oxidant (especially due
to double bond) as well as display anti-inflammatory properties by
inactivating microglia/astrocytes via JNK and PPAR-g signaling
pathway.69,70 It also mitigates amyloid b plaque (senile plaque) as
well as aggregation of tau protein (hyperphosphorylation) via
enhancing a-b 42 phagocytosis. Moreover, it effectively inhibits b/g
secretase enzyme (anti-amyloidogenic) as well as enhance neuro-
transmitter production and improve neurogenesis via producing
neurotrophic growth factors and thus demonstrates its neuro-
protective function.71,72 The compiled neuroprotective function
(mechanism of action) of all popular nutraceuticals is shown in
Fig. 1.

2.5.2. Clinical trial evidence
Morris and his colleague73 conducted a clinical trial by including
131 subjects developed Alzheimer’s disease and found that con-
sumption of fish oil rich in DHA could considerably lower (60%) the
risk of incident Alzheimer’s disease as compared to non-fish oil
consumed AD subjects. A meta-analysis (6 RCT) also showed that
higher consumption of fish oil was associated with a 36% reduction
in the risk of AD. Moreover, increment (by 100 g) in fish oil con-
sumption was associate with further 11% reduction in the risk of
AD.74 A randomized, clinical trial indicate that supplementation of
u-3 FA from fish oil (4 capsules/day for 3 months) in parkinsonian
patients with depression showed a significant decline in the levels
of Montgomery Asberg rating scale (MADRS) and improved other
mood scales as compared to control group (Vit E).75 A small open-
label study performed in ten mild to moderated bipolar disorder
subjects by treating with 1.5e2 g of u-3 FA (DHA/EPA) for 6 months
achieved a 50% reduction in HRS score and thus considerably
reduce the depression rate.76 Lee and others77 conducted a ran-
domized, double-blind, placebo-control trial by supplementation of
DHA (fish oil) could considerably improve the working and verbal
memory in mild cognitive impairment (MCI) patients. Most of the
clinical trials were conducted with small-sized trial and hence
further clinical trials with large size subjects are needed to confirm
the beneficial effect of u-3 FA against various neurological diseases
or disorders.

The overall schematic representation of the mini-review was
represented in Fig. 2. The major limitation of nutraceuticals is its
low bioavailability and rapid metabolism to secondary metabolites
(crossing BBB and its effect on gut-brain axis) as well as lack of
strong pharmacokinetics/dynamic data (dose, stability, toxicity,
effective administration route) and its specific mode of action
(multi-faceted) in the human setting.72 The major advantage of this
contribution is by including only popular nutraceuticals with
potent neuroprotective properties against various NDDs only in
human settings and hence it will be useful for the common people
to get the real picture of those popular nutraceuticals and be rec-
ommended along with standard neuro-therapeutic agents.

3. Conclusion and future perspectives

The current mini-review focusses only on popular (major)
nutraceuticals like curcumin, resveratrol, EGCG, Coenzyme Q10, u-
3 FA (DHA/EPA/ALA) and revealed that supplementation of those
nutraceuticals showed promising neuroprotective activity (well-
tolerable) by improving cognitive function and neurotropic
signaling pathway (improve neurogenesis) owing to antioxidant,
anti-inflammatory, anti-protein aggregation, autophagy modula-
tory properties as well as regulate mitochondrial homeostasis in



Fig. 2. The overall schematic representation of the mini-review.
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clinical settings. However, most of the clinical trial included in this
review recruit only small size samples (a few healthy subjects) with
short treatment regimen along with conventional neuroprotective
drugs. Hence, in future a large-scale well-controlled clinical trial
should be conducted in various NDDs patients (PD/AD/HD) with
those popular nutraceuticals alone (need to confirm the bio-
availability and nutrigenomic data) and along with neuro-
protective therapeutic agents (inter-comparison). Overall, this
mini-review would aid common people to choose better nutra-
ceuticals to combat various NDDs along with standard neuro-
protective agents and modified lifestyle pattern.
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