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Nutraceuticals and Functional Foods Geda
in Aging and Aging-Associated Diseases

Jatinder Pal Singh, Balwinder Singh, and Amritpal Kaur

Abstract Aging results in a gradual decline in the physiological functions of the
body and is often accompanied by aging-associated diseases, which may have a
great impact on the quality of life. Allopathic medicines are prescribed to alleviate
the symptoms, but their use is associated with plenty of side effects and high cost.
Recently, nutraceuticals and functional foods market has boomed and caught atten-
tion of the general public owing to their medicinal properties and health benefits,
especially in safeguarding and treating chronic diseases. Nutraceuticals can be clas-
sified into phenolic compounds, carotenoids, organosulfur compounds, polyunsatu-
rated fatty acids, minerals and vitamins that are useful in decelerating aging process
and preventing aging-associated diseases. Nutraceuticals act mainly by boosting
the immune system against cellular oxidation, improving the balance of gut flora
and lowering blood cholesterol levels. Moreover, they may enhance health span
by preventing/slowing down age-associated diseases such as Parkinson’s disease,
Alzheimer’s disease, cardiovascular diseases, type 2 diabetes mellitus, osteoarthritis
and cancer.
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12.1 Introduction

Nutraceuticals can be defined as foods or any of their part which can supply medic-
inal or health benefits, mostly safeguarding and treating diseases (Chiu et al. 2018;
Vaclavik et al. 2021), so this term incorporates fortified/functional foods and their
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nutrients (Ghosh et al. 2012). Nutraceuticals include a range of products from isolated
nutrients (such as w-3 fatty acids, p-carotene, gingerol, glucosamine, curcumin,
ginseng, lycopene and folic acid), health supplements, herbal products or natural
bioactive foods (such as garlic/green tea/soybeans) (Dominguez Diaz et al. 2020).
Functional foods maybe described as a category of nutraceuticals as they also provide
health benefits apart from nutrition. These foods are categorized as fortified, enriched,
altered and enhanced products. Popular functional foods include margarine with
incorporated phytosterols, yoghurt containing beneficial bacteria, fortified vitamins,
mineral and fiber rich fruit juices (Longoria-Garcia et al. 2018). Nutraceuticals and
functional foods may be used to tackle the growing prevalence of chronic diseases,
especially aging-associated diseases worldwide (Tang 2020).

Aging can be defined as a natural biological process that is associated with a
gradual decline in the physiological functions and an increased vulnerability to
diseases and mortality. The major aging-associated diseases include neurological
disorders such as Parkinson’s and Alzheimer’s disease, cardiovascular disease such
as atherosclerosis, type 2 diabetes, osteoarthritis and cancer. The conventional ther-
apies for aging-associated diseases usually have many side effects and are costly
as well. Since these diseases have been associated with unhealthy dietary habits,
foods which impart positive health benefits besides their nutritional values may be
an answer to prevent the onset of these diseases.

The rising interest in healthy diets has significantly impacted the direction of
research for product development in the areas of nutraceuticals, functional foods
and nanotechnology. Therefore, many pharmaceutical and nutritional products-based
corporations have brought nutraceuticals and functional foods into the market owing
to their property of not only having a nutritional value but also their therapeutic
potential (Vaclavik et al. 2021). The health promoting effects of nutraceuticals and
functional foods have been comprehensively described by many recent studies in
literature (Grumezescu 2016; McWilliams 2017; Rajasekaran 2017; Pandareesh et al.
2018). Taking leads from the aforementioned knowledge, the purpose of this review
article is to emphasize the role of nutraceuticals and functional foods in decelerating
the aging process and preventing the incidence of aging-associated diseases.

12.2 Classes of Nutraceuticals/Functional Foods,
Extraction and Their Delivery

Nutraceuticals and functional foods are categorized according to their chem-
ical constituents into phenolic compounds, carotenoids, organosulfur compounds,
polyunsaturated fatty acids, minerals and vitamins that are useful in preventing and
alleviating aging-associated diseases. The major nutraceuticals, their sources and
health promoting as well as anti-aging effects have been presented in Table 12.1.
Phenolic compounds, carotenoids and organosulfur compounds are also termed as
phytochemicals/phytonutrients because they are primarily synthesized in plants.
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Phenolic compounds are the nutraceuticals and bioactive components of the
diet which play an important role in good health and are further categorized as
phenolic acids, flavonoids, tannins and lignins (Singh et al. 2016). The important
phenolic compounds that act as nutraceuticals are presented in Fig. 12.1. Quercetin,
naringenin, apigenin, kaempferol, genistein, cyanidin, epigallocatechin-3-gallate and

Table12.1 Major nutraceuticals, their sources, and health-promoting as well as anti-aging activities

Category of Individual

Nutraceutical Nutraceutical

Health-promoting and anti-aging

functions

Primary sources

Curcumin

Epigallocatechin

Phenolic gallate

compounds

Resveratrol

Genistein

Lycopene

p-Carotene

Carotenoids

Lutein and

zeaxanthin

Reduces the incidence of
neuroinflammation; lowers the levels
of C-reactive protein; functions as an
antioxidant, chemopreventive,
chemosensitizer  chondroprotective
and anti-inflammatory agent

Mimics the anti-aging properties of
metformin and rapamycin; has a
neuroprotective role; reduces UVR-
induced DNA damage and lowers
ROS as well as free radical
production.

Restricts mitochondrial dysfunction
and  apoptosis; increases  the
intracellular free-radical scavenger
glutathione amounts

Cardioprotective  effects;  protects
from diabetes and cancer

Relieves oxidative stress, increases
NADH dehydrogenase and superoxide
dismutase activity; lowers the number
of low-density lipoproteins as well as
pro-inflammatory cytokines
free radicals and

Lowers singlet

oxygen-induced lipid peroxidation;
scavenges ROS to protect against
oxidative stress and decreases UV
exposures

Reduces free radical damage and

decreases exposure to UV damage

Turmeric rhizome

and curry

Green tea, white,
oolong, and black

teas, blackberries

Peanuts,
pistachios, and

grapes

Soybean and soy-
based foods
Tomatoes,
watermelon and

grapefruits

Leafy vegetables,
carrots, and sweet

potatoes.

Green leafy
vegetables and egg
yolks

(continued)
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Table 12.1 (continued)
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Category of Individual Health-promoting and anti-aging Primary sources
Nutraceutical Nutraceutical functions
Eicosapentaenoic acid, Reduce the amounts of triglycerides in  Salmon and trout
Polyunsaturated  o-Linolenic acid and  the body; anti-inflammatory effects; fish, flaxseed oil,

fatty acids

Minerals

Vitamins

docosahexaenoic acid

Copper, manganese,

and iron

Zinc

Selenium

Vitamin C

Vitamin E

enhance mitochondrial membrane
lipids; lower calcium release and
pyruvate  dehydrogenase  enzyme
activity

Enzyme co-factors for antioxidant
enzymes such as catalase and
superoxide dismutase
oxidative and

Decreases damage

inflammation
Removes  lipid  hydroperoxides;
supports DNA synthesis as well as
repair

Free radical scavenger; stimulates the
metabolism of chondrocytes, collagen,
and proteoglycan synthesis

Has  free radical  scavenging
properties; stabilizes cell membranes,

reduces the number of apoptotic cells

canola oil and nuts

Nuts, beans and

leafy  vegetables,
red meat
Lean meat,
poultry; eggs,
beans, and nuts

Meat and Seafood

Citrus fruits,

peppers, and
broccoli

Wheat germ oil,
sunflower seeds,

almonds, and

peanuts

catechin are flavonoids (the largest class of phenolic compounds), while caffeic
acid, curcumin and resveratrol are non-flavonoid phenolic compounds. Phenolic
compounds can regulate the activity of many enzymes and cell receptors, such as in
case of cancer they may inhibit enzymes which promote cell division or upregulate
enzymes causing cell apoptosis (Rajasekaran 2017). Functional foods such as fruits,
vegetables, herbs, nuts, tea and coffee contain adequate levels of these compounds
(Singh et al. 2020).

Carotenoids are a vast group of hydrophobic pigments that are naturally produced
inplants, algae, bacteria, and fungi. These compounds are carotenes or xanthophylls
depending on their chemical structures (Rodriguez-Amaya 2015). The structures
of major carotenoids acting as nutraceuticals is illustrated in Fig. 12.2. Lycopene,
a-carotene and p-carotene are carotenes, while lutein, zeaxanthin, f-cryptoxanthin,
astaxanthin and fucoxanthin are xanthophylls. One of the most important carotenoid
pigments is lycopene (red in color) and has been recognized to have potent activities
against aging-associated diseases (Chaudhary et al. 2018).
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Fig. 12.1 Chemical structures of phenolic compounds having nutraceutical properties. The
compounds shown are quercetin (a); naringenin (b); apigenin (c); kaempferol (d); curcumin (e);
resveratrol (f); genistein (g); cyanidin (h); epigallocatechin-3-gallate (i); caffeic acid (j) and catechin

(9]

Polyunsaturated fatty acids (w-3 and w-6 fatty acids) are an essential class of
nutraceuticals important for human beings (Falinska et al. 2012). The structures of
main polyunsaturated fatty acids are depicted in Fig. 12.3. Among these, linoleic acid,
y-linolenic acid, dihomo y-linolenic acid, arachidonic acid are w-6 fatty acids, while
a-linolenic acid, eicosapentaenoic acid, docosapentaenoic acid and docosahexaenoic
acid are w-3 fatty acids. w-3 and w-6 fatty acids are processed by the identical
enzymes and compete with each other for the enzyme active sites. Both w-3 and w-6
fatty acids produce compounds called eicosanoids during metabolism. Eicosanoids
have been known to have anti-inflammatory roles (Saini and Keum 2018).

Organosulfur compounds are organic compounds containing sulfur in their chem-
ical structures. These compounds are primarily present in cruciferous vegetables
(especially broccoli, caulifiower, garlic, and onion). They can be further classified
asallylic sulfur compoundssuch as aliin and allicin (present in garlic and onions),
glucosinolates, isothiocyanates and indoles (Dwivedi et al. 2020).

Minerals can also act as nutraceuticals and are classified as macrominerals and
trace minerals. Macrominerals are required in larger amounts than trace minerals and
include calcium, phosphorus, magnesium, sodium, potassium, chloride and sulfur.
On the other hand, trace minerals include iron, manganese, copper, iodine, zinc,
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Fig. 12.2 Chemical structures of carotenoids having nutraceutical properties. The compounds

shown are lycopene (a); a-carotene (b); B-carotene (c); lutein (d); zeaxanthin (e); B-cryptoxanthin
(f); astaxanthin (g) and fucoxanthin (h)
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Fig. 12.3 Chemical structures of polyunsaturated fatty acids, linoleic acid (a); y-linolenic acid (b);

dihomo y-linolenic acid (c); arachidonic acid (d); a-linolenic acid (e); eicosapentaenoic acid (f);
docosapentaenoic acid (g) and docosahexaenoic acid (h)
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cobalt, fluoride and selenium. Vitaminsare another class of nutraceuticals that have a
complex organic structure and are required in small levels for a good human health.
Fat soluble vitamins (A, D, E, and K) and water-soluble vitamins are the two different
classes of vitamins. Water soluble vitamins include vitamin B and C having very
important roles in the human body.

Apart from the aforementioned classes of nutraceuticals and functional foods,
probiotics and prebiotics can be recognized as functional foods. Probiotics are
health-promoting bacteria present in dairy products such as yogurt. Lactobacillus
acidophilus, L. bulgaricus, Bifidobacteriumlactis, and B. subtilis are common exam-
ples of probiotic bacteria (Parker and Pace 2016). On the other hand, prebiotics (such
as fructooligosaccharide, inulin, and honey) are ingredients that increase the growth
of health-promoting bacteria.

Nutraceuticals are extracted from living sources by various methods and tech-
niques. These include Soxhlet extraction (traditional method requiring good amounts
of solvent and is time consuming), sonication assisted extraction (use of ultra-
sound extractor), supercritical fluid extraction and microwave assisted extrac-
tion (Grumezescu 2016). After extraction, nutraceuticals are characterized by
different analytical techniques such as high-performance liquid chromatography,
mass spectrometry, nuclear magnetic resonance and atomic spectroscopy.

Nutraceuticals often have low dispersibility in water and bioavailability (amount
of nutraceutical that reaches the systemic circulation after consumption) (Singh
et al. 2018; Tang 2020). Therefore, to reduce these limitation various delivery
methods have been used recently. These include phospholipid-based delivery vehi-
cles, liposome-based carrier system, and emulsion-based delivery system (such
as microemulsions, nano emulsions, and double emulsions) (Grumezescu 2016).
Nanoencapsulation is an emerging technique for not only improving the water
dispersibility of nutraceuticals but also their bioavailability (Acevedo-Fani et al.
2017). Nano complexation (complexation of a nutraceutical with proteins at nano-
scale) can be helpful for poorly soluble compounds such as curcumin (Singh 2007),
while nano emulsions can also play an important role for improving solubility
(Zhang et al. 2020). Apart from these, other latest developments for better delivery
and bioavailability of nutraceuticals involve electrospinning and electro spraying
techniques (do Evangelho et al. 2019; Coelho et al. 2020).

12.3 Current State of Knowledge About
Nutraceuticals/Functional Foods

Nutraceuticals and functional foods can have a plant or animal origin, and the current
research is primarily focused on understanding the mechanism of action, safety
concerns and efficacy. Interestingly, nutraceuticals can be a boon for the treatment
of long-term diseases in patients which do not qualify for a treatment by phar-
maceuticals. Moreover, these substances may impact the health in a complicated
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and interactive manner. The current research on nutraceuticals has highlighted the
need of newer processing methods and techniques (such as high-pressure processing
and pulsed electric field processing) for nutraceuticals, so that they can not only
have good microstructures but also acceptable sensory characteristics. Apart from
this, newer packaging methods for nutraceuticals include the use of nanomaterials
that can enhance their safety and efficacy without compromising bioavailability.
Nutraceuticals and functional foods are suitable candidates for personalized nutri-
tion which aims to provide health benefitting diets to people according to their genetic
traits (especially for the prevention of aging-associated diseases) (Corzo et al. 2020).
However, it must be realized that only nutrition without regular physical exercise
cannot guarantee a long and robust life. Additionally, it needs to emphasized that
nutraceuticals and functional foods are not substitutes for a healthy diet. With their
increased advertising, many elderly people have started using health supplements
which have nutraceutical claims but sometimes these supplements are deficient in
what the labels claim. A healthy diet itself contains these nutraceuticals in balanced
amounts, so the idea of healthy nutrition should never be neglected.

12.4 Role of Nutraceuticals/Functional Foods in Delaying
the Aging Process

At present, the major goal of gerontology research is to discover natural chemicals
that can modulate aging process. These compounds can be helpful either in suppres-
sion of senescent cells or their clearance. Among these, molecules having antioxidant
or anti-inflammatory activities have received considerable interest in the recent years
(Gurdu et al. 2018). The use of nutraceuticals and functional foods in the diet has
been considered as a promising approach against the aging process, especially in
alleviating the impairment of body functions (Singh et al. 2021). However, as of now
nutraceutical supplementation to reverse the aging process is very challenging, owing
to the dosage as well as timing optimization and different individual responses. It
has been widely recognized that a diet rich in fruits and vegetables, and whole grains
can be effective because of the presence of adequate amounts of nutraceuticals.
Ferrari (2004) has comprehensively highlighted the roles of nutraceuticals and
functional foods in delaying the progression of aging. He reported that these
compounds can act as mitochondrial membrane stabilizers and enhancers, have
metal chelating and antioxidant properties, and induce apoptosis of senescent cells.
Apart from these, some nutraceuticals such as epigallocatechin gallate, allantoin
and ginsenoside can mimic the anti-aging properties of metformin and rapamycin
(anti-aging drugs) (Aliper et al. 2017). Moreover, nutraceuticals can decelerate aging
process by improving the balance of gut flora and lowering blood cholesterol levels.
The molecular mechanisms of their action have been reported to be by modulating
the gene expression, modifying patterns of DNA methylation and acting as epige-
netic modifiers (Lee et al. 2014). It has been validated that free radical clearance can
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be effectively enhanced by using nutraceuticals at adequate levels (Pisoschi and Pop
2015).

There have been many reports of nutraceuticals and functional foods in delaying
the process of aging. Phytochemicals, probiotic bacteria and w-3 fatty acids have been
reported to have anti-cellular senescence capacity in the immune cells which affect
aging (O’Shea et al. 2009). Flavonoids, along with other phenolic compounds, can
protect against oxidation of polyunsaturated fatty acids present in the membranes and
circumvent mitochondrial membrane disruptions (Pisoschi and Pop 2015). In terms
of molecular events, foods rich in phenolic compounds can effectively modulate
the activity of some enzymes such as DNA methyltransferase and histone deacety-
lases, which may be responsible for delaying the aging process (Gurdu et al. 2018).
-3 fatty acids have been documented to enhance mitochondrial membrane lipids,
lower calcium release and pyruvate dehydrogenase enzyme activity (O’Shea et al,
2009). Nutraceuticals that function as antioxidants can regulate the mitochondrial
functioning and lower the release of cytochrome c for apoptosis (Adachi and Ishii
2002). Nutraceutical microelements such as copper, manganese, and iron function as
enzyme co-factors for antioxidant enzymes such as catalase and superoxide dismu-
tase. This activity is responsible for clearance of free radicals responsible for early

aging.

12.5 Nutraceuticals and Functional Foods Role
in Reducing Aging-Associated Diseases

It is well established that aging is responsible for the start and progression of
several diseases, that mainly include neurological disorders such as Parkinson’s and
Alzheimer’s disease, cardiovascular disease such as atherosclerosis, type 2 diabetes
mellitus diabetes, osteoarthritis and cancer (Hou et al. 2019; Yang et al. 2020).
Aging progresses with malfunctioning in nutrient signaling, protein machinery and
mitochondria and leads to cell senescence (Saraswat and Rizvi 2017). Neurological
disorders in the elderly people cause changes in both the structural and biochemical
functions of the brain. Owing to these changes, patients demonstrate many symptoms
such as paralysis, muscle weakness, improper coordination, seizures, pain and loss of
consciousness (Fonseca-Santos and Chorilli 2020). Other diseases such as atheroscle-
rosis, type 2 diabetes mellitus diabetes, osteoarthritis and cancer also result from the
physiological changes during aging. The roles of nutraceuticals and functional foods
in reducing the incidence of aging-associated diseases is as follows:
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12.5.1 Parkinson’s Disease

Parkinson’s disease is a neurodegenerative disease that affects around 1-2% of the
world population (Khan et al. 2019). The usual treatment of Parkinson’s disease
involves providing dopamine replacement therapy. The combination medication
of levodopa and carbidopa is generally used for the patients suffering from this
disease. Nutraceuticals have recently gained a lot of attention because of their thera-
peutic properties, so an integrative use of nutraceuticals and functional foods along
with the standard therapy of medication has been proven to be effective in many
cases of Parkinson’s disease (Lama et al. 2020). This addition can have an impor-
tant role in improving the quality of life of the suffering patients. Nutraceuticals
and functional foods generally are helpful in this disease by targeting and weak-
ening various pathogenic events which include neuroinflammation, mitochondrial
dysfunction, apoptosis and oxidative stress. Oxidative stress in Parkinson’s disease
manifests by forming a-synuclein aggregates and lowering amounts of neuromelanin
(Knorle2018; Ludtmann et al. 2018). The biggest role played by nutraceuticals is
to restore mitochondrial homeostasis by reducing oxidative stress and correct faulty
electron transport chain as well as mitochondrial dynamics.

Many nutraceuticals have been investigated to alleviate the symptoms of
Parkinson’s disease. Among phenolic compounds, epigallocatechin-3-gallate (a
major phenolic compound in tea plant) has shown a neuroprotective role because of
its ability to cross the blood—brain barrier. Based on having a catechol-like structure, it
has been described as a good radical scavenger and chelator of iron ions (Morgan and
Grundmann 2017). Moreover, it also encourages the proper folding of a-synuclein
monomers into stable oligomers in a concentration-dependent manner (Sneideris
et al. 2015). Another phenolic compounds under investigation include curcumin
and resveratrol. Curcumin reduces the incidence of nuclear factor k-B (a family of
inducible transcription factors) mediated neuroinflammation and targets Toll-like
receptor-4 (known to modulate immune responses as well as stimulate synthesis of
inflammatory chemokines and cytokines) (Zhu et al. 2014). Resveratrol has been
reported to restrict mitochondrial dysfunction and apoptosis in nigrostriatal cells
by acting through the protein kinase B/glycogen synthase kinase-3p pathway (Zeng
etal. 2017). In a study by Ho and Pasinetti (2010), grape seed polyphenol extract was
reported to be helpful in the reducing the incidence of Parkinson’s disease that involve
misfolded proteins. This was due to its ability to interfere with the development of
misfolded-protein aggregates generated from A peptides.

Lycopene has been documented to relieve oxidative stress, increase NADH dehy-
drogenase and superoxide dismutase activity in the corpus striatum and lower
malondialdehyde levels (Prema et al. 2015). In addition, it also enhances the
amounts of other antioxidant enzymes, such as catalase and glutathione peroxidase
in animal as well as cellular models of Parkinson’s disease (Kaur et al. 2011; Paul
et al. 2020). Coenzyme Q10 prevents-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP)-induced neurotoxicity and blocks the electron transfer between complex
1 and other complexes of the electron transport chain (Cleren et al. 2008). Niacin
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(vitamin B3) is a precursor of NAD-NADH and is needed for producing dopamine
and may be helpful for managing Parkinson’s disease. Its effects include reduc-
tion in inflammation through NIARC1-associated mechanisms, enhancing the ratio
of NAD/NADH, reestablishing complex 1 functioning and boosting dopamine
synthesis in the striatum via the supply of NADPH to mitochondria (Bjgrklund
et al. 2020). Ginsenosides restrict astrogliosis as well as microgliosis and reduce
the synthesis of proinflammatory cytokines in substantia nigra pars compacta (Fu
et al. 2015). Probiotics can be helpful in restoring gut dysbiosis taking place during
Parkinson’s disease, improving gastrointestinal functioning, decreasing the enteric
nervous system neuroinflammation and gut leakiness (Castelli et al.2020). In a recent
study by Ma et al. (2020), peptides present in sesame cake reduced a-synuclein
aggregation and reduced MPP+ -induced dopaminergic neuron degeneration.

12.5.2 Alzheimer’s Disease

Alzheimer’s disease is a neurological disorder which leads to loss of hippocampal and
cortical neurons and clinically exhibits impairment of the cognitive capabilities along
with aphasia, disorientation, and disinhibition (Scheltens et al. 2016). Nutraceuticals
and functional foods have a role to play in reducing the risk of Alzheimer’s disease.
Phenolic compounds have been reported to be effective against this disease and act
as antioxidants (Singh et al. 2016). Curcumin has been reported to lessen the assem-
blage of ABpeptides in the neural tissue and its associated inflammation. He et al.
(2016) reported that oral in take of curcumin can reduce the deposition and oligomer-
ization of AP peptide, together with phosphorylation of the tau protein. In addition,
curcumin can bind with metal ions, primarily Cu (II) and Zn (II), that are common in
the central nervous system (especially in the synapse regions), adding to its neuro-
protective activity (Sadhukhan et al. 2018). Genistein has the potential to reduce the
activity of DNA topoisomerase as well as tyrosine protein kinase (Sadhukhan et al.
2018). Moreover, it has specificity for epidermal growth factor receptor, which is a
growth regulatory transmembrane protein binding certain protein such as epidermal
growth factor and transforming growth factor-f. Many phenolic moieties in the
molecular structure of genistein leads to its good antioxidant activity. Resveratrol
activates reactive protein kinase C that might stimulate a-secretase and result in
lowering of AP synthesis, thereby increasing the intracellular free-radical scavenger
glutathione amounts and lowering malondialdehyde and acetylcholinesterase levels
(Han et al. 2004; Fonseca-Santos and Chorilli 2020). Carotenoids such as lycopene
can stop the activities of the secretases (responsible for the processing of amyloid
precursor protein) and glycogen synthase kinase 38, which leads to neuroprotec-
tion in Alzheimer’s disease (Paul et al. 2020). Fatty acids such as docosahexaenoic
acid intake enhances the cognitive function and reduces the incidence of dementia
(Cunnane et al. 2009). Additionally, eicosapentaenoic acid also has been reported to
have a good role in the normal brain development (Cunnane et al. 2009).
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12.5.3 Cardiovascular Disease

Cardiovascular disease is one major cause of death worldwide, becoming a signifi-
cant healthcare problem in the developed countries (Sacks et al. 2017). The under-
lying cause of cardiovascular disease is atherosclerosis (a long-term inflammatory
ailment of medium and large arteries). Taking this into consideration, prevention of
atherosclerosis is the key target for lessening the risk of developing cardiovascular
diseases. Nutraceuticals and functional foods can have a significant role in controlling
atherosclerosis, especially during the promotion stage when circulating monocytes
penetrate vascular endothelial cells and later differentiate into macrophages and foam
cells. Among these compounds, catechin class of flavanols present in cocoa as well
as green tea have been well researched and are well known for their antioxidant activ-
ities along with capacity to reduce inflammation by reducing release of cytokines
and chemokines from the activated endothelial cells (Mangels and Mohler 2017).
Curcumin has been reported to lower the levels of C-reactive protein (produced by
the liver during inflammation and is the indicator of atherosclerosis) not only in
animal models but also in humans (Sahebkar 2014). Carotenoid pigment lycopene
has been documented to lower the amounts of low-density lipoproteins as well as
pro-inflammatory cytokines in humans (Cheng et al. 2017; Chaudhary et al. 2018).
Apart from these, phytosterols have also been reported to reduce atherosclerosisin
mouse models and humans by lowering blood plasma low-density lipoprotein levels
(Rocha et al. 2016). Fatty acid eicosapentaenoic acid is known to reduce the amounts
of serum triglycerides without enhancing the amounts of low-density lipoproteins in
the body (Ballantyne et al. 2012). Yan et al. (2020) have reported that the nutraceu-
tical Coenzyme Q10 decreased atherosclerosis in apolipoprotein E-deficient mice
and enhanced the efflux of cholesterol in humans.

12.5.4 Type 2 Diabetes

The conventional treatment of type 2 diabetes often involves many strategies which
can be diet control, exercise, administration of insulin and drugs. Apart from
these strategies, nutraceuticals and functional foods are generally utilized as an
adjuvant/alternative therapy, in combination with relevant changes in the lifestyle.
Many nutraceuticals and functional foods are known to ameliorate the symptoms of
diabetes. Epigallocatechin-3-gallate (a catechin present in good levels in green tea)
has significant antioxidant and anti-inflammatory activities (Singh et al. 2018). The
administration of epigallocatechin-3-gallate on streptozotocin-induced diabetic rats
has been reported to reduce glucose as well as lipid amounts, along with enhance-
ment in insulin concentration. Epigallocatechin-3-gallate has also been reported
to reduce troponin T level, lactate dehydrogenase, and aspartate aminotransferase
enzyme activities in the serum (Othman et al. 2017). Monounsaturated fatty acids
and polyunsaturated fatty acids (as components of olive oil and nuts) have been



12 Nutraceuticals and Functional Foods in Aging... 233

documented to improve glucose metabolism, insulin sensitivity and blood lipids in
patients suffering from this disease (Mirabelli et al. 2020). The supplementation
of chromium (as chromium histidinate) in the diet lowered the amounts of glucose,
glycosylated hemoglobin, and total cholesterolin streptozotocin-induced diabetic rats
(Ulas et al. 2015). Similarly, administration with zinc (a constituent of insulin and
insulin receptors), decreased oxidative damage and inflammation in the kidneys of
streptozotocin-induced diabetic rats (Tang et al. 2010). Garg (2016) reported that
cinnamonas a supplement had a good role to play in managing type 2 diabetes.

12.5.5 Osteoarthritis

Osteoarthritis is the most prevalent form of arthritis that accounts for about half of the
total cases, with other ones being rheumatoid arthritis, gout, and lupus (Wang et al.
2018). The conventional medical therapy includes oral and topical non-steroidal anti-
inflammatory drugs but these can be toxic to the body producing rashes, increasing
bleeding risk and can affect kidney functioning. Nutraceuticals and functional foods
can be effective in reducing osteoarthritis pain. Epigallocatechin gallate has an
anti-inflammatory activity on osteoarthritis chondrocytes by lowering the synthesis
of important inflammatory mediators such as inducible nitric oxide synthase and
prostaglandin-endoperoxide synthase 2 (Henrotin et al. 2011). Curcumin has been
reported to play the role of an antioxidant, chondroprotective and anti-inflammatory
agent (Kuptniratsaikul et al. 2009). Within a month of trials, the patients who were
administered turmeric extracts (at 2 g per day dose) had a significant reduction
in pain in comparison to those who took ibuprofen. In addition, their pain on level
walking as well on stairs decreased over time. Procyanidins, particularly Procyanidin
B2, have exhibited suppression of articular cartilage vascular endothelial growth
factor (a signaling protein which induces new blood vessel growth), a key medi-
ator of osteoarthritis pathogenesis as well as pain (Wang et al. 2018). Fatty acids
such aseicosapentaenoic acid and docosahexaenoic acid have demonstrated anti-
inflammatory effects (Henrotin et al. 2011). In case of animal models, vitamin C
stimulated the metabolism of chondrocytes, collagen, and proteoglycan synthesis,
while vitamin E was reported to have free radical scavenging properties (Lopez2012).
Functional foods such as green tea and fish oil have been conventionally recognized
for their pain management activities in osteoarthritis patients (Schell et al. 2017).
Moreover, functional foods are often enriched with natural active ingredients that
can reduce pain and inflammation.

12.5.6 Cancer

Chemotherapy although is mainstream therapy for cancer but its usage has failed
to achieve its maximum therapeutic potency. Because of the presence of acquired
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and intrinsic chemoresistance. There are many side effects of chemotherapy such as
reduced immunity, loss of digestive tract lining along with hair loss (Nair et al. 2020).
Nutraceuticals and functional foods can be helpful for the cancer patients especially
for the management of adverse effects of chemotherapy.

Phenolic compounds such as curcumin has been reported as a potential chemo
preventive and chemosensitizer agent among nutraceutical compounds because of its
high efficacy (Mao et al. 2018). Puliyappadamba et al. (2015) have comprehensively
reported the antiproliferative and pro-apoptotic activity of curcumin in lung cancer.
Resveratrol has been reported to reduce inflammation, oxidative stress and multi-
step tumorigenesis. It has been documented to be a chemo preventive and chemo
sensitizing agent against breast cancer (Nair et al. 2020). Genistein has the property
of being effective in lowering the growth of cancer cells without any side effects.
Quercetin has been reported to enhance immune system response against tumor
growth by increasing mitochondrial membrane permeabilization. Another nutraceu-
tical named Polyphenon E (a green tea catechin mixture) has been successful in clin-
ical trials against cancer cells proliferation (Zhang et al. 2004). Apart from phenolic
compounds, lycopene has been effective against cancer by suppressing the phos-
phorylation of tumor suppressor p53 and stopping tumor cell division (Nair et al.
2020).

12.6 Conclusion

There is a conclusive evidence that the consumption of nutraceuticals and functional
foods have health benefits and might keep aging-associated diseases at bay. However,
more extensive research needs to be done in order to comprehensively demon-
strate whether nutraceuticals and functional foods can successfully delay aging in
humans. Moreover, the present limitations of nutraceuticals such as slow metabolism,
poor solubility and reduced bioavailability needs more consideration. Despite of the
present limitations, the future of nutraceuticals of both plant and animal origin holds
exciting opportunities for the food and pharmaceutical industry to create novel prod-
ucts. There is a need to establish efficacy and safety parameters which comply with
the regulatory requirements for maintaining consumer confidence.
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