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Abstract

Dementia is a syndrome marked by a loss of mental abilities due to damage to at least one
cognitive function, resulting in poor brain performance that compromises daily life activities.
The multiple pathologic pathways underlying neurodegenerative dementia include protein
misfolding, oxidative stress, neuro-inflammation, mitochondrial dysfunction, and calcium
overload. The syndrome is a major concern to the healthcare system since the therapeutic
options are limited and it has multiple adverse effects. Such therapeutic options function
particularly to alleviate signs and symptoms. Recently, nutraceuticals have attracted
significant attention due to their neuroprotective properties against dementia. However, few
studies have focused on the mechanisms mediating the neuroprotective effects of
nutraceuticals or their effectiveness against dementia, particularly in regulating
neurodegeneration. Therefore, this review underlines the nutraceuticals used against
dementia that includes omega-3 (PUFA), flavonoid, curcumin, resveratrol, and vitamins and
to establish their neuroprotective mechanisms. The review covers relevant clinical trials
demonstrating the effectiveness of nutraceuticals in supporting the possible treatment in
neurodegenerative dementia. In conclusion, it is evident that certain nutraceuticals showed
neuroprotective properties such as antioxidant, anti-inflammatory and anti-amyloidogenic.
The findings will be useful when employing nutraceuticals in the management or treatment
of dementia.
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1.0 Introduction

According to the Diagnostic and
Statistical Manual of Mental Disorders
(DSM)-1V, dementia can be defined as a
decline in mental abilities due to the
impairment of at least one cognitive
function (1). It occurs in a gradual,
persistent, and progressive manner that
can greatly compromise daily activities.
Symptoms of dementia often exhibit
changes in daily function and behavior
such as loss of memory, understanding,
calculation, language and judgment (2).

Neurons are the main component of
the nervous system that are primarily
affected in all neurodegenerative diseases
including dementia. Loss of neuron
structure or function is known as
neurodegeneration. This can be mediated
by several mechanisms, such as protein
misfolding (or aggregation), neuro-
oxidative stress, neuro-inflammation,
mitochondrial  dysfunction, calcium
overload and altered autophagy or
apoptosis (3). Reactive oxygen species
(ROS) are the main by-products derived
from the cellular metabolism. This toxic
chemical compound is attributed by the
alteration of electron transport chains and
the reactions of unpaired electrons with
molecular oxygen, generating superoxide
radicals (4). Over-expression of ROS
may lead to the development of the
condition known as neuro-oxidative
stress which underlies many types of
neurodegenerative diseases, including
dementia. Meanwhile, mitochondrial
dysfunction also can result in neuronal
damage. A single neuron or a particular
part of the brain may be affected by the
impairment of mitochondrial function
(5). Several studies suggest that this
pathological condition primarily triggers
toxicant induced neurotoxicity and
various  neurodegenerative  diseases.
Moreover, incidents  of  neuro-
inflammation associated with excessive

activation of the phagocytic and cytotoxic
substances in the brain have been
identified to cause neuronal deterioration
(6). Fundamentally, neuro-inflammation is
mainly triggered by the production of pro-
inflammatory  agents such as in-
terleukin-18 (IL-1p), IL-6, tumor necrosis
factor-a (TNF-a) and interferon-y (IFN-
y), which mediate neuronal injuries.
Otherwise, neuronal damage can be
mediated by the overload of intracellular
Ca2+ ions. A sudden rise in the number
of these particular compounds leads to the
cascade of neurotoxic events, impairing
neuronal function and causing neuronal
death (7). Figure 1 shows how overexpression
of ROS mediates neurodegeneration
pathways.

Dementia is a serious public health
issue that causes considerable concern to
the worldwide healthcare system. Its
therapeutic options are limited by its
multiple adverse effects and functions,
but such options focus particularly on the
relief of signs and symptoms. Currently,
approximately 44  million  people
worldwide have been diagnosed with
dementia (8). The treatment of dementia
alleviates symptoms while delaying
progressive cognitive decline.
Pharmacological approaches to the
treatment of dementia, for example, using
acetylcholinesterase inhibitors (AChEI)
or memantine, are often limited by their
side effects, especially in the long term
(9). Major disadvantages arise with the
use of both drugs; for instance, AChEI
has several side effects such as nausea,
vomiting, dizziness, insomnia, and
diarrhea. Meanwhile, memantine, despite
being known as a neuroprotective and
disease-modifying agent, has been linked
with headaches, dizziness, somnolence,
dyspnea, constipation, and hypertension
(10). In addition, the multiple pathways
of neuronal damage contribute to the
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development of dementia. For one drug to
target a particular cause of disease is
clinically impractical, so safer effective
therapies - such as nutraceuticals that can
act on the multiple mechanisms involved
in neurodegeneration - are warranted to
combat the disease  effectively.
Nutraceuticals are food-based compounds or
their by-products that provide health benefits
and treatments for many types of diseases. In
the management of neurological disorders,
they offer an affordable, all-in-one
essential intervention that has the fewest
adverse effects (5). Moreover, this food-
based approach can be further divided into
various types of nutraceuticals, such as dietary
fiber, vitamins, polyunsaturated fatty acids,
polyphenol, spices, and probiotics. In
general, these are easily obtained,
convenient, and inexpensive.

Although many reviews have revealed
the health and medical benefits of
nutraceuticals in the treatment of
neurodegenerative diseases, limited focus
has been directed to the mechanisms
mediating the neuroprotective effects of
nutraceuticals or their effectiveness
against  dementia, particularly in
regulating neurodegeneration. A more
advanced understanding of the
neuroprotective mechanisms of nutraceuticals
and their effectiveness, especially in regulating
the neurodegeneration of dementia, may
contribute by enabling a recommendation
of nutraceuticals as a potent auxiliary
treatment. It may also allow the optimum
use of this food-based approach in the
treatment of various neurodegenerative
diseases.
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Figure 1 Over-expression of ROS mediates multiple neurodegeneration pathways include protein
misfolding, neuro-inflammation and mitochondrial dysfunction. Increase activity of AChE also
upregulate several pathologic events causing neurodegeneration. Abbreviations: ROS: Reactive

oxidative species; AChE: Acetylcholinesterase
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2.0 Methodology

Using PubMed and Science Direct,
database searches were conducted that
included the information in the present
review. For data mining, a total of 559
articles were obtained using specific
keywords that included dementia,
neuronal damage, nutraceutical, and
neuroprotective mechanisms. The search
resulted in 417 articles that were
published in English between 2016 and
2021. Upon screening, 348 articles were
inaccessible, duplicates, or unavailable in
a full-text version; these were excluded.
Finally, 38 articles remained that discussed
topics related to this review. All the selected
articles were further reviewed, together with
the remaining manually searched articles.
These were used based on the main articles
chosen.

3.0 Types of Nutraceuticals

Nutraceuticals is a universal term
applied to any products in the form of
food that offer health or medical benefits
in addition to the basic nutritional value
of the food. These compounds are known
as special bioactive molecules and can be
found in regular human diets. After being
ingested into the human physiological
system, nutraceuticals are presented as
bioactive molecules that beneficially
elicit an array of ameliorative effects on
the body system. They can be classified
according to the source of food,
mechanism of action, and chemical
nature. Nutraceuticals in the form of
dietary fiber, vitamins, polyunsaturated
fatty acids, polyphenol, spices, and
probiotics, as shown in Table 1 can be
categorized as traditional food sources.
This type of nutraceutical is best
described as food that has been naturally
obtained from nature without any
modification to its original constituents.

3.1 Dietary Fibers

Dietary fiber is a non-digestible
component of plant cells due to its
resistance to  digestive  enzymes;
however, it can be broken down by the
gut microflora (11). Examples of dietary
fiber include celluloses, hemicelluloses,
B-glucans, mucilage, gums, and pectins.
Fiber is mainly divided into soluble and
insoluble. Most fruits and vegetables
contain great amounts of soluble fiber, for
example, citrus fruits, apples, peas, beans,
and carrots. These have been found to be
beneficial in lowering serum cholesterol
levels (11) and controlling the blood
glucose levels of diabetic patients (12).
There has been a link between the brain
and gut, where the microbiome in the gut
affects brain plasticity and cognitive
function. Soluble high fiber diet was
shown to enhance the presence of
butyrate-producing bacteria that attenuate
neuroinflammation  associated  with
ageing (13). Much scientific evidence
supports the effect of insoluble dietary
fiber on gut motility and the prevention of
constipation (14). The main sources of
insoluble fiber include whole-wheat
flour, wheat bran, nuts, cauliflower, green
beans, and potatoes.

3.2 Vitamins

Vitamins are organic compounds
involved in facilitating the -effective
working of the body. These functional
micronutrients, however, are only needed
in small amounts. They are mainly
acquired from foods as the body is unable
to make vitamins. They are divided into
fat-soluble and water-soluble vitamins,
which act in a broad array of ways to
support and maintain bodily functions
(15). Essential nutraceuticals such as
vitamin E are categorized as fat-soluble
vitamins, with this vitamin being well
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known for its potent antioxidant
properties. Many studies have discovered
that vitamin E  supplementation
effectively reduces oxidative stress in
experimental models. In addition, these
compounds participate significantly in
the development of tissues and organs,
such as the brain (16). Abundant amounts
of vitamin E can be obtained from foods
like almonds, peanuts, olives, palm oil,

canola, corn, and soybean. Water-soluble
vitamins, specifically vitamin C, have
been widely studied for their pleiotropic
function, which contributes to human
health (17). They are associated with
maintaining the redox balance and
supporting the immune system (18).
Commonly, fruits and vegetables such as
citrus fruits, tomatoes, and potatoes are
rich in vitamin C content.

Table 1 Nutraceuticals’ classification, function and source.

Classification of Functions Sources Ref.
nutraceuticals
Dietary Fibre Lowering serum Citrus fruits, apples, peas, beans and (11, 12, 14)
cholesterol level, carrots, whole-wheat flour, wheat bran,
control blood glucose, nuts, cauliflower, green beans and
function in gut motility | potatoes
and prevent
constipation.
Vitamins Antioxidant, immune Almond, peanuts, olive, palm oil, (16-18)
booster canola, corn, and soybean, citrus fruits,
tomatoes, and potatoes
Polyunsaturated Antioxidant, anti- Omega 3: Mackerel, salmon, blue fin (19, 20)
Fatty Acids (PUFA) | inflammatory tuna, fish oils, flaxseeds, soybean,
canola, red/black current seeds, walnuts
Omega 6: Corn, safflower and
sunflower oil, soybeans as well as
animal products such as meat, poultry
and eggs
Polyphenols Antioxidant, anti- Cocoa, chocolate, green tea, grapes, (21-23)
inflammatory, apples, broccoli, celery, parsley, soy,
antimicrobial, citrus fruits, tomatoes, berry fruits, red
cardioprotective agents, | wine and Camellia sinensis tea
neuroprotective agents
Spices Antioxidative, chemo- Cloves, saffron, cinnamon, ginger, (24, 25)
preventive, turmeric, chili, black pepper and cumin
antimutagenic, anti-
inflammatory and
immune-modulatory
Probiotics Anti-microbial, anti- Lactobacilli and bifidobacterial (26-29)
toxin, neuroprotective,
neurodevelopment,
lactose intolerance,
maintenance of
gastrointestinal
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3.3 Polyunsaturated fatty acids
(PUFAS)

Polyunsaturated fatty acids (PUFAS) are
characterized by fat molecules having
more than one double bond. The omega-3-
(n-3) and omega-6-(n-6) fatty acids are the
main PUFA subdivisions, and both have
distinct effects on metabolic function. A
diet rich in omega-3-(n-3) fatty acids has
been shown to be important for brain health
and development (30), as well as for their
antioxidant and anti-inflammatory effects
through the suppression of neuronal
apoptosis and other neurodegenerative
pathways (19). In contrast, omega-6-(n-6)
fatty acids are associated with pro-
inflammatory properties that are essential
to protect the host against infection and injury.
Alpha-linoleic acid, eicosapentaenoic acid
(EPA), docosapentaenic  acid, and
docosahexaenoic acid (DHA) are examples of
omega-3-(n-3) fatty acids that can be found
abundantly in marine products such as
mackerel and salmon, as well as in
flaxseed, soybeans, canola oil, and
walnuts. Meanwhile, omega-6-(n-6) fatty
acids comprised of linoleic acid, v-
linolenic acid, and arachidonic acid are
found in corn, safflower and sunflower oil,
soybeans, as well as animal products like
meat, poultry, and eggs (20).

3.4 Polyphenols

The large group of phytochemical
compounds called polyphenols are
described as substances derived from a
plant’s secondary metabolites. Flavonoids,
which are comprised of flavanols,
flavones, isoflavones, flavanones, and
anthocyanins, are the main type of
polyphenols, followed by phenolic acids,
phenolic amides, and other polyphenols
(31). Resveratrol and curcumin are notable
examples of nutraceuticals that are non-
flavonoid  polyphenols (4). Owverall,
polyphenols are beneficial in maintaining

the cardiometabolic system and preventing
neurodegenerative disease due to their
potent antioxidant, anti-inflammatory,
anti-microbial, and  cardioprotective
activities (21, 22). Studies also suggest that
dietary polyphenols play arole in intestinal
health by maintaining the gut microbial
balance by stimulating the growth of
beneficial  bacteria and inhibiting
pathogenic bacteria, thus mimicking the
prebiotic effects (32). High flavonoid
content can be obtained from foods such as
cocoa, chocolate, green tea, grapes, apples,
broccoli, celery, parsley, soy, citrus fruits,
tomatoes, berry fruits, red wine, and
Camellia sinensis tea. In the non-
flavonoids group, rich levels of resveratrol
have been found in the seeds and skin of
some fruits, such as grapes used for red
wine, whereas curcumin is the most
prominent element of turmeric, a herb of
the ginger family (23).

3.5 Spices

Spices can be characterized as the dried
and typically pleasant aromatic parts of
plants. Referring to the definition of the
term by the Food and Drug Administration
(FDA), spices are aromatic vegetable
substances in whole, broken, or ground
form. Their significant function in food is
seasoning rather than nutrition (33). Spices
such as cloves, saffron, cinnamon, ginger,
turmeric, chili, black pepper, and cumin are
functional foods that contain volatile oils,
aromatic scents, and flavors. These are
widely used in the food industry to enhance
the sensory quality of foods.

Studies reveal that certain quantities of
dietary spices emit antioxidative, chemo-
preventive, antimutagenic, anti-
inflammatory, and immune-modulatory
effects on cells, thus contributing to human
health (24, 25). Dietary ginger has been
used as a natural medicine for its
therapeutic effects: it can control blood
glucose levels over a long period of time in
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type 2 diabetes mellitus (T2DM) patients
(34). Besides, a combination of garlic and
fish oil has a synergistic effect on lowering
LDL, cholesterol, and triglyceride levels
(35).

3.6 Probiotics

Probiotics, or so-called ‘healthy
bacteria’, can be defined as live, non-
pathogenic and microbial. They are
incorporated into food ingredients that
offer health benefits to the host when used
in appropriate amounts in foods or as
dietary supplements (36). Interactions
between the host and healthy bacteria in the
intestinal environment have undeniably
useful effects, especially on human health
(37). In addition, the consumption of
probiotics is reported to beneficially elicit
a wide range of good biological effects
(38). Probiotics are mostly taken as a part
of fermented food products such as yogurt
and curd. Moreover, due to the widespread
recognition of the benefits of probiotics,
food industries have been inspired to
develop food products fortified with
probiotics, such as ice-cream (39). As
nutraceuticals, probiotics offer higher
value as they mimic the activity of real
drugs.  Primarily, Lactobacilli  and
Bifidobacterium are the most common
probiotic  strains used in the
maintenance of gastrointestinal,
genitourinary, and oral health by
promoting balance in these ecosystems
(40). Examples of probiotic
microorganisms are Lactobacillus
rhamnosus, Lactobacillus reuteri,
bifidobacterial, certain strains of
Lactobacillus casei, Lactobacillus
acidophilus, and Bacillus coagulans
(29). Every strain has distinct health
benefits when used individually or in
combination since probiotics have
strain-specific effects (41).

4.0 Neuroprotective properties of
nutraceuticals and their proposed
mechanisms

A number of nutraceuticals from
various sources of food have recently been
discovered to alleviate the adverse effects
of dementia. These compounds have also
been reported to have anti-cancer, anti-
diabetic, anti-hypertensive, antioxidant,
and anti-inflammatory properties, as well
as many other cytoprotective or pro-survival
effects in a variety of pathophysiological
situations  (42).  Nutraceuticals  have
demonstrated their potential medicinal value,
especially in protecting the neuronal cells
against oxidative damage, controlling
acetylcholinesterase (AChE) activity, and
blocking the multiple neurodegeneration
pathways at all stages (43).

The proper consumption of functional
compounds like PUFAs, flavonoids,
resveratrol, curcumin, vitamins, and
probiotics exhibit some prophylactic
effects and has multipotent actions against
neurodegeneration of dementia. These
bioactive molecules elicit potential action
mechanisms that regulate intracellular and
extracellular molecular signaling cascades
(44). The prophylactic role of some potent
nutraceutical compounds exhibits
significant protective action against the
development and  progression  of
neurodegeneration in dementia such as
neuroinflammation, calcium overload,
oxidative stress, and mitochondrial
dysfunction. In this review, the author
focuses on the specific nutraceuticals and
mechanisms that mediate the
neuroprotective properties, as shown in
Table 2. These include omega-3 (PUFA),
flavonoids, curcumin, resveratrol, and
vitamins, which can effectively target and
prevent neurodegeneration while serving
as an affordable supplementary therapy
that offers all-in-one intervention in the
treatment of neurological disorders with
the fewest side effects.
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4.1 Omega-3

Essential fatty acids, referred to as
PUFAs, must be obtained from the diet
because they cannot be produced by the
body. Long-chain fatty acids such as
omega-3 play an important role in the
human body system and are abundant in
marine foods such as salmon and sardines,
as well as flaxseed and walnuts. DHA and
EPA are the common omega-3 fatty acids
that have been shown to have a wide range
of pharmacological activities, including
anti-inflammatory, immunomodulatory,
antioxidant, anti-obesity, anti-hyperlipidaemic,
anti-diabetic, cardioprotective, and
neuroprotective properties (20).

The consumption of omega-3 in
nutraceutical form can boost brain activity
owing to its antioxidant and anti-
inflammatory properties. This pathway is
mediated through the inactivation of
microglia or astrocytes via c-Jun N-
terminal kinase (JNK) and the peroxisome
proliferator-activated receptor-y (PPAR-y)
signaling pathway (45). Theoretically, the
chronic activation of microglia and
astrocytes can trigger the release of
harmful cytotoxic molecules, such as a
series of inflammatory chemokines and
cytokines like interleukin-1 (IL-1), IL-6,
and tumor necrosis factor alpha (TNF-a),
as well as reactive oxygen intermediates,
proteinases, and complement proteins.
Hence, this event can have detrimental
effects on neurons, including neuronal damage
due to glial-mediated inflammation (46).
Omega-3 molecules also function to diminish
the amyloid  plaque and aggregation of tau
protein, which are known as the
pathological hallmarks of Alzheimer’s
disease (AD), through the amplification of
a-p 42 phagocytosis. Omega-3
supplementation enhances neurological
recovery while reducing white matter
injury by eliciting protection against
behavioral  dysfunction, hippocampal
damage, neuronal loss, inflammation, loss

of myelination, and impulse conductivity
(47). However, despite the utilization of
omega-3 in nutraceutical form, which is
useful in regulating neurodegeneration,
recent studies have reported that long-term
intervention with this compound may have
several adverse effects, especially when
combined with other oxidation products
and vitamin E which have been linked to
carcinogenesis (48).

4.2 Flavonoid

Epigallocatechin-3-gallate (EGCG), a
major catechin found in green tea, belongs
to the flavonoid family. Because its
biological activities include antioxidant,
anti-inflammatory, anti-microbial,
antiplatelet aggregation, pro-autophagy,
and anti-proliferative  behavior, this
compound contributes to various beneficial
functions, particularly cardioprotective,
hepatoprotective, and neuroprotective
properties (49). EGCG, with a molecular
weight of 458.37, is able to pass through
the blood-brain barrier (BBB), and it
significantly and effectively lowers the risk
of neurological disorders. However, this
compound has poor bio-availability due to
its high water-soluble properties. Hence,
EGCG - when complexed with liposomes
or in nanoparticles, or when esterified with
piperine or DHA or EPA - enhances the
absorption of the compound (3). The major
neuroprotective function of EGCG is
demonstrated by its anti-amyloidogenic
properties, which inhibit the agglomeration
or production of amyloid B (AB) and
suppress the peptide misfolding via
modulation of the apoptosis and autophagy
pathways (50). Furthermore, by inactivating the
microglial cells, this functional compound
increases the neuronal growth factor and
improves the antioxidant status by
modulating various signaling pathways,
including the nuclear factor erythroid 2-
related factor 2/ heme oxygenase 1
(Nrf2/HO-1), and the nuclear factor kappa
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light chain enhancer of activated B cells
(NF-kB) /INK/ mitogen-activated protein
kinase (MAPK); anti-inflammatory effects
are produced (51).

4.3 Curcumin

Curcumin, an important component of
turmeric (Curcuma longa L), has been used
since ancient times as a seasoning and
coloring agent in various cuisines as well
as a cure for numerous diseases and
ailments. This agent is the major
contributing factor to diverse biological
processes, so it is widely used as a
nutraceutical. Curcumin has a great number of
therapeutic ~ benefits,  including  anti-
inflammation, antioxidant, anti-obesity, anti-
cancer, anti-diabetic, anti-microbial,
neuroprotective, and cardioprotective properties
(52). This compound is relatively cheap, well-
tolerated, and capable of passing through the
BBB, resulting in strong neuroprotection
properties. However, curcumin has poor
absorption and rapid metabolism; therefore, the
compound has limited bioavailability (53).

Curcumin has been shown to have
neuroprotective properties, mostly through
its antioxidant activity via the Nrf2
signaling pathway, as well as anti-
inflammatory properties through the
inhibition of neuronal damage by
suppressing the microglial and astrocyte
activation as a result of inhibition in the
NF-kB, toll-like receptors 4/ receptor for
advanced glycation end  products
(TLR4/RAGE), JNK, extracellular-signal-
regulated kinase (ERK), and MAPK
signaling pathway (54, 55). Besides,
curcumin was reported to reduce AD and
neuro-inflammatory symptoms through the
modulation of PPAR-y, resulting in the
restoration of the innate immune system,
autophagy machinery, and the ubiquitin-
proteasome system (3). Antidepression
activity was also reported with curcumin,
which lowered the cortisol level, inhibited
monoamine oxidase A and B, and

enhanced the neurotrophic  factors.
Moreover, curcumin is capable of
inhibiting acetyl or butyryl choline esterase
(AChE/ca) and mitigating mitochondrial
dysfunction by reducing calcium overload
to improve mitochondrial dynamics or
membrane potential (56). Curcumin is also
useful for detecting amyloid plaques in AD
models to help in early diagnosis and the
initiation of effective treatment. Alternatively, a
study used an approach with magnetic
nanoparticles (MNPs) made of
superparamagnetic  iron  oxide  (SPIO)
conjugated with curcumin, which specifically
binds to amyloid plaques in different regions
of the molecule. Curcumin naturally binds
to the SPIO surface by intermolecular
hydrogen bonds, without the need for
chemical linkers. Therefore, curcumin
magnetic ~ nanoparticles are  good
candidates for locating amyloid plaques in
AD brains (57).

4.4 Resveratrol

Resveratrol can be classified as a polyphenol
and is found in red grapes, red cherries, peanuts,
pomegranates, and berries. It belongs to the
phytoalexin family. Resveratrol is a popular
nutraceutical due to its numerous health-
promoting  properties,  including  anti-
inflammatory, anti-diabetic, anti-cancer,
antioxidant, anti-hyperlipidaemic, cardio-
protective, and neuroprotective properties
(58). In addition, the amount of resveratrol
found in food is likely to be safe to take and
it is widely tolerated by all ages, including
children, as well as pregnant and breast-
feeding mother (59, 60). One of the major
limitations of resveratrol, like curcumin, is
that the compound has low bioavailability
due to its high metabolizing rate and poor
lipophilic properties. To address this, resveratrol
is combined with piperine or quercetin to form
a complex compound, which improves its
bioavailability (61).

Resveratrol ~ notably  improves  the
antioxidant system through the upregulation of
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the Nrf2HO-1 and phosphatidylinositol
3-kinase /protein kinase B (PI3K/Akt) signaling
pathways. It also beneficially diminishes the
inflammatory response via the regulation of the
NF-kB and JINK/MAPK signaling pathways.
Studies have also mentioned that
resveratrol could positively regulate the
neurodegeneration process by controlling
various signaling pathways, resulting in restored
mitochondrial function and an improved
neuronal survival rate (62). The major
neuroprotective properties of resveratrol are
derived because it acts as anti-
amyloidogenic and displays anti-protein
aggregation by eliminating AP protein
formation and deposition. It diminishes the
neurofibrillary  tau  protein  tangles,
resulting in improved cognition function
(63, 64).

45 Vitamins

Foods such as nuts and seeds are some
of the richest sources of unsaturated fats,
and these are conveniently packaged with
vitamin E as a protective compound. Vitamin E
is commonly known for its role as a potent
antioxidant agent that effectively preserves
these fats from oxidation. Neurons in the
central nervous system are cells that are
largely made of cholesterol and
polyunsaturated fats, which are highly
susceptible to oxidative damage. Studies
have reported that vitamin E can protect the
neurons from oxidative damage by
disrupting the propagation of lipid radicals
to prevent lipid peroxidation chain
reactions in cellular membranes (65).
Patients with AD, for example, have been
discovered to have insufficient amounts of
vitamin E in the cerebrospinal fluid that
nourishes and protects the brain, resulting
in elevated levels of oxidative stress that
contribute to the neuronal damage of
dementia. Hence, vitamin E
supplementation for AD patients may aid
in protecting the neurons from further
damage (16). Vitamin E supplementation

reduced neuroinflammation and neuronal
degeneration in the brains of rats with
kainic acid-induced status epilepticus. This
was achieved by decreasing the levels of
astrocytic and microglial antigens, as well
as the pro-inflammatory cytokines such as
IL-1B and TNF-a (66). Moreover, vitamin
C is a water-soluble vitamin that can act as
an antioxidant, in addition to having an
immune booster function. This compound
interacts directly with free radicals, thus
preventing oxidative damage (66). Overall,
consuming foods rich in vitamins is evidently
associated with a lower risk of a developing
neurological disorder. Therefore, proper
supplementation and a good diet are encouraged
since this helps people to acquire a sufficient
amount of vitamins.

4.6 Probiotics

Gut microbiota are highly functional in
neurodevelopment and cognitive function,
whereby an imbalance of gut microbiota is
associated with several brain diseases,
especially cognitive dysfunction (26, 27).
For example, adjunct therapy using
probiotic Bifidobacterium in a randomized
controlled trial showed significant
optimization of the composition of gut
microbiota, while it also improved cognitive
function and mood in the elderly (28). The
Lactobacillus and Bifidobacterium strains
demonstrate a variety of neuroprotective
properties and fulfil the criteria of
probiotics, which are to be non-pathogenic,
non-toxic, resistant to gastric acid, and
genetically stable, as well as possessing
antibacterial effects (67, 68). A study on
Parkinson disease mouse model, oral
probiotic Clostridium butyricum
supplementation was able to reduce the
effects of 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) on synaptic
dysfunction, microglia activation,
dopaminergic neuron loss, and motor
impairments (69).
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Table 2 Neuroprotective Properties of Nutraceuticals and its Proposed Mechanisms

Neuroprotective

Nutraceuticals . Proposed Mechanisms Ref.
properties
Omega-3 (PUFA Antioxidant and anti- . . . . . . .
9a-3 ( ) inflammatory Inactivate the microglia or astrocytes via JNK signaling pathway and proliferate the (45)
(PPAR-v) signaling pathway.
Anti-amyloidogenic . .
and anti—)E)roteig Amplify the a-B 42 phagocytosis. 47
aggregation
Epigallocatechin-3- Anti-amyloidogenic .y . . . . . . .
gz?ll%te (EGCG) -amyloidogent Inhibition of AP aggregation or production and suppression of peptide misfolding via (50)
flavonoid modulation of apoptosis and autophagy pathway.
Neurogenesis Enhances the neuronal growth factor by inactivating the microglial cells and improve (51)
antioxidant status via modulating various of signaling pathways such as Nrf2/HO-1.
Anti-infl il
nti-inflammatory Modulate the NF-kB/ JINK/ MAPK signaling pathway. (51)
Curcumin Antioxidant and anti- . . . .
inflammatory Modulating Nrf2 signaling pathway and prevent neuronal damage by suppressing the (3, 54, 55)
microglial and astrocytes activation via inhibition of NF-kB, TLR4/RAGE, JNK, ERK
and MAPK signaling pathways.
Modulate the PPAR-y signaling pathway resulting in restoration of innate immune
system, autophagy machinery and the ubiquitin-proteasome system.
ntidepression Lowering the cortisol and inhibit monoamine oxidase A and B as well as enhance the (56)
neurotrophic factors.
europrotective Inhibit the acetyl or butyryl choline esterase and mitigate the mitochondrial dysfunction (56)
by reducing calcium overload to improve mitochondrial dynamics or membrane potential.
Resveratrol Antioxidant . . .
ntioxidan Upregulating the Nrf2/HO-1 and PI3K/Akt signaling pathways. (62)
Anti-inflammatory Regulate the NF-kB and JINK/MAPK signaling pathways. (62)
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Neuroprotective

Control various signaling pathways and thus result in restored mitochondrial function and (62)
improve neuronal survival rate.
Anti-amyloidogenic
and anti-)ll:)roteig Eliminate the A protein formation and deposition, and diminished the neurofibrillary tau (63, 64)
aggregation protein tangles, thus, result in improve cognition functions.
Vitamin C and E ioxi o . . - . . N .
Antioxidant Vitamin E disrupt the propagation of lipid radicals to prevent lipid peroxidation chain (65)
reactions in cellular membranes.
Vitamin C interact directly with free radicals, thus preventing oxidative damage in brain.
Neuropr iv . . L . .
europrotective Reduced the neuroinflammation and neuronal degeneration in brain by decreasing the (66)
levels of astrocytic and microglial antigens as well as the pro-inflammatory cytokines such
as IL-1pB and TNF-a.
Probiotics i ici . . L - .
Synaptic plasticity Increased level of synapsin | in the PD model mice post probiotic Clostridium butyricum (69)
treatment
Neuropr iv N . . .
europrotective inhibiting the expression of TNF, IL-6, IL-1 B, PTGS2, and NOS2 genes by increasing (69, 70)

the level of glucagon-like peptide-1
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Figure 2 Major pathways involved in
neurodegeneration and common nutraceuticals
which provide neuroprotection.

Abbreviation: EGCG: Epigallocatechin-3-
gallate.

5.0 Effectiveness of nutraceutical in
regulating neurodegenerative
dementia

A number of articles have reported that
the supply of nutraceuticals in
experimental animals can slow or stop the
downfall in cognitive and behavioral
activities. A growing body of research
genuinely contends that a regular diet is
important in the progression and treatment
of various pathophysiological states,
particularly cardiovascular disorders such
as diabetes, obesity, hypercholesterolemia,
and hypertension, which have been
strongly linked to the development of
dementia (71). A cohort study among older
Japanese people revealed that the
consumption of green tea catechins high in
EGCG potentially increased the brain
function and memory of the subjects (72).
This was supported by another study,
which found that a high intake of EGCG-
rich green tea correlated with improved

+ Omega 3
b2l0 dl+ Curcumin
s * Resveratrol

cognitive abilities in an elderly Japanese
population (73). In addition, significant
improvements in cognitive function and
calmness were found in healthy subjects
compared to the placebo group (74).
However, a systematic review of 21 studies
found that no single component of EGCG,
theanine, or caffeine in green or black tea
had a beneficial effect on cognition; this
only occurred when they were used in
combination. This approach showcased a
potential cognitive or neuroprotective
effect (75). Furthermore, a review
conducted by Kakutani et al. (2019), used
three cohorts and five cross-sectional
studies. This revealed that green tea has a
positive neuroprotective activity that
lowers the risk of dementia, AD, and
cognitive impairment.  Overall, the
consumption of green tea polyphenols or
catechins has been shown to improve brain
activity compared to the consumption of
single components such as EGCG or
caffeine (76)

A well-conducted and proper design of
cohort studies with good randomized
controlled trials are required in future
findings to draw an empirical and
substantial evidence of the benefit of
polyphenols compound in the treatment of
dementia as well as the other neurological
disorders. Result from ecological study
investigating the association between
consumption of green tea and the incidence
of AD and/or dementia worldwide can be
helpful. In addition, more research
supporting the profile of EGCG as
nutraceuticals is required, for example,
study of minimal dose required for green
tea or its components to effectively exhibit
their potential effects, as well as the
shortest time taken to produce the long-
term effects of green tea. Besides, studies
related to the effects of green tea
consumption on different types of
dementia and their performance in
combination with caffeine on cognitive
activities also can be beneficial for future
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use. Apart from water, tea is the most
prominent beverages consumed
worldwide,  hence, future  studies
investigating the effects of EGCG
supplementation in  dose-ranging in
comparison with actual green tea
consumption are essential to find out which
of the regimen is beneficial for short- and
long-term mental functioning.

A placebo-controlled pilot clinical trial
administered 1-4 g of curcumin to Chinese
AD patients for six months, which resulted
in slightly improved cognitive function due
to the decline of neuronal atrophy, in
comparison with the placebo group.
Moreover, the utilization of curcumin in
another clinical trial carried out for four to
eight weeks resulted in considerable anti-
depressant effects on patients with major
depression disorders (77). A systemic review
supported the positive effects of curcumin
against various neurodegenerative disorders
(NDDs), particularly AD and depression in
humans (78). Nonetheless, more clinical
trials are needed to validate and highlight
curcumin’'s  neuroprotective  properties
against various types of NDDs. Future
reference might benefit from research with
larger samples, conducted over an
extended treatment period, and using a
wide range of curcumin dosages. In
addition, focusing on the levels of crucial
inflammatory and antioxidant biomarkers,
optimal  curcumin  dosages, food
interactions, and treatment duration might
enable a better understanding of curcumin's
promising cognitive effects.

Supplementation with resveratrol in
healthy adults for 26 weeks therapeutically
resulted in enhanced cognitive abilities,
including good cerebral blood flow (79).
Meanwhile, in a randomized, placebo-
controlled trial, Evans et al. (2017) showed
that a regular intake of 150 mg of trans-
resveratrol for 14 weeks resulted in a 17
percent increase in cerebrovascular
responsiveness (CVR), verbal memory,
and mood in postmenopausal women,

compared to the placebo (80). However, a
recent systematic review and meta-
analysis, which included 10 studies, found
that treatment with resveratrol did not
result in a substantial increase in overall
cognitive performance, but it did modestly
improve several cognitive parameters (81).
Based on studies and clinical trials,
resveratrol evidently promotes cognitive
performance in healthy individuals and
people with NDDs. However, limited
sample sizes can cause biased results that
can impact the reliability of a study. To
demonstrate resveratrol's neuroprotective
effects on people, a large-scale study
involving individuals of different ages and
health statuses is preferable. Human
research, on the other hand, is limited and
the results are inconsistent, which makes
interpretation difficult. These
discrepancies could be due to differences in
methodology and the population studied.
Besides, studies should expand on the
discussion of resveratrol’s safety and
efficacy profile, in addition to the efficacy
for this compound in the treatment and
prevention of AD.

Morris et al. (2003) conducted clinical
research using 131 AD patients and found
that fish oil high in DHA could reduce the
incidence of AD by roughly 60 percent
when compared to AD subjects who did
not take the fish oil (82). A meta-analysis
study also showed that a higher intake of
fish oil was linked to a 36 percent reduction
in the risk of AD. Moreover, a further 11
percent decrease in the risk of developing
AD was associated with a 100-gram
increase in the consumption of fish oil (83).
According to a randomized, double-blind,
placebo-controlled trial undertaken by Lee
et al. (2013), supplementation with fish oil
containing a high level of DHA may help
patients with mild cognitive impairment to
enhance their working and verbal memory
(84). The majority of the clinical trials were
conducted using small samples; therefore,
future clinical studies should be equipped
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with large-scale experiments to determine
the beneficial effects of omega-3 fatty
acids in the treatment of various
neurological diseases and disorders. In
addition, among the common
nutraceuticals, vitamin deficiency has been
strongly associated with the pathogenesis
of AD. Although the benefits of vitamin
supplementation have been  widely
observed in animal models, it is also
important to focus on clinical trials
investigating the human benefits of vitamin
intake. This approach may help to ascertain
the effectiveness of vitamins and their
influence on the molecular mechanisms of
the disease. This would contribute to the
evaluation of vitamins as potent
nutraceuticals for the prevention and
therapy of neurological disorders.

Clinical trials are not only required to
investigate the efficacy and safety of
nutraceuticals; they must also be thoroughly
conducted to understand the mechanism of
action and the bioavailability of nutraceuticals.
Production of nutraceuticals should also be
monitored to avoid contamination of the
nutraceuticals with toxic compounds such
as heavy metals pesticides and mycotoxins
that could pose serious health problems to
consumers with long-term exposure. It
may occur that certain nutraceuticals are
well tolerated and non-toxic; however,
there are also concerns about their
interactions with other medications,
especially when the information is
withheld from healthcare providers. Most
of the nutraceuticals’ safety and
effectiveness lack scientific evidence with
regards to the mechanism of action and
limited randomised clinical trials that
support their beneficial neuroprotective
effects on conditions related to
neurodegenerative dementia. Meanwhile,
most of the nutraceutical compounds are
lipophilic, which makes them susceptible
to degradation and needs to be formulated
in a delivery system that could improve the

stability and bioavailability of the
nutraceutical bioactive compounds.

6.0 Conclusion

The current review highlighted various
nutraceuticals that have been used against
dementia, such as omega-3 (PUFA),
flavonoids, curcumin, resveratrol, and
vitamins. The review have evidently
demonstrated several neuroprotective
properties, such as antioxidant, anti-
inflammatory, and anti-amyloidogenic
properties, and been found to be anti-
protein  aggregation,  antidepression,
neurogenesis, and neuroprotective agents.
Supplementation with these food-based
approaches therapeutically showcases
potential improvements in cognitive
function and the modulation of various
neurotrophic signaling pathways.
However, most of the clinical trials
presented in this review were interpreted
based on small samples, as well as limited
treatment regimens and durations. Hence,
future researchers should conduct large-
scale clinical trials involving larger
samples and suitable treatment durations.
Experimenting with the effects synergistically
with other potent nutraceuticals may expand the
roles of nutraceuticals in  regulating
neurodegeneration of dementia.
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