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Abstract

Phenols type antioxidants are an essential part of our daily diet. Their function as antioxidants protects our body from any un-

wanted diseases like cancer or neurodegenerative diseases. Many fruits and vegetables are the naturals source of the essential com-

pounds. In this review, we focus on a few sorts od phenolic antioxidants and mainly appreciate the contribution of forest growing

berries like blueberries for the maintenance of our brain health.
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Introduction

Research on the effects of dietary polyphenols on human health
has considerably developed the 10 years. It strongly supports the
role Polyphenols [1] in the prevention of degenerative diseases, in

particular Cardiovascular disease and neurodegeneration.

There is nowadays evidence that blueberries have powerful
fighting features. The tiny fruit (Blueberries aren't actually blue,
but deep purple) has recently caught the attention of researchers,
and is now attributed to health benefits such as high antioxidant
activity [2], aging properties [3], ability to improve vision [4] and
brain function [5] Lipid-lowering [6].

Oxidative stress and reactive oxygen speciesa

Although oxygen is the main requirement of all aerobic life for-
ms on Earth, its intermediates, when found at higher than average
concentrations in biological systems, can potentially damage cells
that could eventually cause cell death. Any molecular species that
contains electrons or is not polluted in its most visible shell and
can exist independently is called free radicals [7]. Reactive oxy-
gen species (ROS) may be free radicals, and are intermediates of

oxygen created when oxygen is activated by physical or chemical

means [8]. When the thoracic oxygen state is physically activated
by the energy transfer, the oxygen molecule earns enough energy
to change its spin and turn to ROS, that is, singlet oxygen. Chemi-
cal activation occurs when the oxygen molecule is reduced step-
by-step and intermediate products are activated and superoxide
radicals, which is the first intermediate, hydrogen peroxide, which
itself is not very reactive but is radically reduced to very hydroxyl
reactive [9]. The production of ROS during breathing is inevitable
since the mitochondria electron transport chain involves the direct
reduction of oxygen by the free energy of the electrons [10]. Of to-
tal O, consumption by plant tissue, an estimated 1% contributes to
the ROS generation [11]. In mitochondria, I and III complexes are
responsible for the production of ROS, especially the 10 which is
disposed of to a less toxic but more widespread form of ROS, na-
mely hydrogen peroxide [12]. The peroxide penetrates through the
mitochondrial membrane and can also give rise to more hydroxyl
and toxic radicals [13]. Hydroxyl radicals created in the mitochon-
dria may damage mitochondrial proteins, fats and DNA. [14]| There
are several external factors that can increase oxidative stress and
therefore increase the formation of ROS under stress conditions in

plants, including atmospheric pollutants such as ozone and sulfur
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dioxide, Heavy metals, herbicides, as well as draft conditions. ROS
is also produced in other organisms, including humans as part of
healthy metabolism and as a result of several external factors such
pollution, as smoke, exposure to industrial chemicals, ozone, ultra-
violet radiation, [15,16] Internal sources of ROS generation in hu-
mans include the mitochondria, peroxisomes, inflammation Ksntin
oxidase and physical activity [10]. ROS in biological systems con-

tributes to damage cellular proteins, DNA and lipids [17].

Compounds such as flavonoids and anthocyanins

Figure 1

Fruits and vegetables contain various phytonutrients, many of
which have antioxidant properties [18]. Studies confirmed that
fruits and vegetables contain Other antioxidants, in addition Vita-
mins are know. Blueberries are a kind of berries which is also very
tasty for our own health. In a study conducted by Patras University,
their value for treating diseases such as Parkinson's disease (PD),
which affects a large proportion of the elderly population is em-
phasized as C and E, or carotenoids, that Significantly contribute
to their overall antioxidant capacity, Flavonoids (including com-
pounds such as flavones, isoflavones, flavanones, anthocyanins,
and ketones) Ingredients of fruits and vegetables have a potent
antioxidant. There is compelling epidemiological evidence to show
these Fruits and vegetables are usually beneficial to health And
contribute to the prevention of near processes. Therefore, it is es-
sential to Characterize the beneficial phytonutrients present These

foods and the mechanisms responsible for its Effects.
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Figure 2

Why we can not live without antioxidants? Metabolic proces-
ses in the brain use antioxidants to prevent damages of oxidative
stress. They prevent oxidative stress that leads to neurodegenera-
tion [19,20].

Plants are immobile and can not escape from negative environ-
mental influences as easily as others Organisms such as animals.
For this reason, plant systems have adapted to survive in extremes
Conditions, such as lighting, high temperature, draft, and freezing,
which can lead to Oxidative damage due to excessive production
of free radicals. These have developed antioxidants Mechanisms
involve a wide variety of compounds, including superoxide dismu-
tase (SOD), catalase, and essential antioxidants such as ascorbate,
glutathione, tocopherol, and carotenoids Phenolic Recent studies
have tied the high antioxidant activity of blueberries with their ove-
rall phenolic content. Phenols include a group of compounds called
stilbenes. This article discusses the study to determine the presen-
ce of reverences [21], pterostilbene, and piceatannol (Figure) in
blueberries by gas chromatography-mass spectrometry (GC-MS) in

selected ion monitoring mode

The most radical scavengers (NOX) are antioxidants and phe-
nols. They convert peroxyl radicals into hydroperoxides and they
themselves are converted into FOXY radicals. Phenoxy radical can
in various ways respond with radical and other radical resulting
in nonradical products (Scheme). However, Foxy radicals formed
also are capable of abstracting hydrogen from a polymer chain,
for example, and thus in this way start a new oxidation cycle. Most
phenolic antioxidants contain two tertiary butyl groups on 2 and 6

positions; These groups are able to protect the generated phenoxy
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radicals (stray barrier) and prevent initiation of a new oxidation
cycle. However, presenting a sterile barrier also causes a reducti-
on in the radical scavenging rate. Reducing stray barrier results in
increased activity in scavenger radicals, but created phenoxy radi-
cals can initiate new oxidation cycles. The ratio between increased
basic growth rate and initiation rate will determine the effective-

ness of antioxidants [22].

Styrene-based polyphenols

Figure 3: Structures of Resveratrol Pterostilbene And
Piceatannol Reprinted With Permission From The Journal Of
Agricultural And Food Chemistry Copyright 2004 American
Chemical Society.

SCHEME: Reactions of a phenolic antioxidant with peroxy ra-

dicals.
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Figure 4

But what are the antioxidants

Antioxidants are naturally occurring chemicals that prevent
aging and chronic diseases. The more we have our bodies equipped

to fight infections, infection and cancer.

The blueberries contain Phenolic acids are non-flavonoid
polyphenolic compounds Which can be distinguished as benzoic
acid and cinnamic acid Derivatives based on the C1 - C6 and C3 - C6

spine, respectively [23].
And where did they come from?

Antioxidants are chemical agents are found naturally in many
foods such as fruits, vegetables, tea, wine and chocolate. You may
have heard that broccoli, blueberry bar, pomegranate, dark choco-
late Goji berries are rich in antioxidants. Matcha Green Tea contains
more antioxidants than any other food. If broccoli has 31 units of
antioxidant per gram, blueberries bar 93 units per gram, at 253 goji
berries per gram, Matcha Green Tea has 1384 units of antioxidant

per gram! (Figure 5).

The effect of blueberry (PrB) extract rich in polyphenol from
wild was studied after 7 days of intraperitoneal administration (an
adult male b alb ¢ mice: (a) on the cognitive function of the muscles
and (b) in the antioxidant state and in the activity of acetylcholi-
ne-esterase (AChE), an enzyme Degrades acetylcholine (ACH), a ne-
urotransmitter that plays an essential role in cognitive functions in
whole brain homogenates. The conclusion of the study showed that
individual components of blueberries, polyphenols, which Purple

colour on fruits and vegetables where they are included, can impro-
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ve memory as well as the learning ability To protect the nervous
function of the brain from the deterioration that appears over the

years.

Figure 5

What is MATCHA Green TE anyway?

Matcha is a sort of green tea grown in the hills of Japan produ-
ced by tahina leaves and young tea into light green powder. Green
Tea Matcha contains powerful antioxidants known as catechins
which are not found in other foods. Catch chin’s main matcha is
EGCG (epigallocatechin gallate) known for its strong cancer pro-

perties.

Why are we a very psychiatrist on MATCHA green tea skin
care?

The same antioxidants that make green tea and protective gout
also support skin health by reducing inflammation and neutrali-
zing free radicals, results of the oxidative stress, that accelerate
aging. This is the very reason why there is an increasing number of

skin care products claiming to contain Matcha.

Vanga Lama's Matcha Green Tea Face Oil brings the power of

antioxidants to your fingertips to enjoy your skin.

Vanga lama's tea green tea is 100% pure tea compatible

The above diagram points out the by far antioxidants abundan-
ce of the matcha tea. However, Effectively and weight wise, blue-
berries are consumed in foods and baking foods more than matcha
tea. Therefore it might be useful to discuss its benefits to our heal-

th and welfare (Figure 6).

Antioxidant activity and the phenolic composition [24] of six

blueberry seedlings.
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Figure 6

The microbial axis of the stomach brain has received an abun-
dance of attention recently. It is thought that the gut microbiota can
affect brain function and behaviour, but how this happens is still
unknown. It has been found that bacteria can enter the brain via a
blood-brain barrier, and / or using nerves that innervate the intesti-
nes. Here we show the presence of bacteria in the human brain and
mouse under non-harmful or non-traumatic conditions. It is found
in bacteria, identified by morphological criteria, in ultrastructural
samples of human post-mortem brain. Serial section analysis for
identification and quantification. All the cases contained bacteria in
varying amounts. Bacteria were rod-shaped, containing capsules,
nucleotides, ribosomes and cavities. The average diameter of the
short axis was 0.496 mm, many were segmented, with a long axis
averaging about 1.78 mm between sections, others were not seen

to be segmented and were approximate (Figure 7).

0.866 mm in the long axis, the vast majority of the profiles had
a thick capsule of about 100 nm, and the density of the bacteria
varied according to the area of the brain, with abundant bacteria
of the neutrophil, the hippocampus and the prefrontal cortex, but
their number was thinned in the striatum. Of the blood-blood barri-
er, dendrites and soma of glial cells, they were also plentiful nearby
and within the myelinated axons. To address the possibility that the
bacterium in human tissue was the result of an afterlife object, we
examined the mouse brain immediately determined by death (n =
10) In similar cells, in order to eliminate the possibility that the

presence of bacteria is caused by infection (N = 4) was treated in
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the same manner, and we found no bacteria, and the observation
that the location of the bacterium was precise and deep inside the
samples was also contagious against infection. Interestingly, there
were no structural signs of inflammation in each brain tested. It is
clear how the entry microbes enter the brain, but their evidence in

the axons and blood-brain barrier support previous hypotheses.

Figure 7: Phenolic compounds in "Mediterranean Diet"
(credit ref. 8).

Alpha-synuclein (aS) is a neuronal cell protein associated with
Parkinson's disease (PD). The accumulation of aS within the ENS
and its movement from the intestines to the brain are playing a
vital role in the pathogenesis and progression of PD. AS has no
known function in humans and the reason for its accumulation
within the ENS is unknown. Several recent rodent studies have tied
oS immune activation of the central immune system. We assumed
that oS in ENS might play a role in the innate immune defence of
the human digestive system (GI).

Our brain is home to the microbial inhabitants

Treatment of multiple neurodegenerative disorders will requ-
ire the delivery of therapeutic protein to neurons or glial cells
throughout the CNS. The presence of the blood barrier in the brain
delays the supply of proteins from the blood, thus necessitating a

new method of delivery.

Antimicrobial peptides (AMPs) are host-encoded antibiotics
that fight invading microorganisms. These short, short peptides
have been involved in many biological processes, particularly with

innate immunity.
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The penetration of microbes into the inner brain can be the
onset of inflammation followed by infection in the brain. One can
rationalize the digestion of APP and other proteins by enzymes to
form antimicrobial peptides like The amyloid b which combat the
microbes, but aggregate to form many sorts of stable formations
that damage the synapses as depicted above. The series of events
that are induced by the oxidative stress of the inflammation, lead to
the harming antimicrobial peptides of which the amyloids are only
one sort. Since peptides can barely enter into the brain via the BBB
[25]. However, it is possible to enter the brain via various receptors,

an example is the diazepine receptor [26].

In innate immunity, immunity based on inflammation is the fir-
st line of protection against vertebrates against microorganisms.
Inflammation relies on many cellular and molecular agents that
can attack invasive pathogens very shortly after the interaction of
inflammatory cells with the intruder, but not correctly. Because of
this non-specific reaction, inflammation can produce significant
costs for the host if the inflammatory response, and oxygen-related
damage, out of control. This casts an intense selection pressure that
acts to optimize the two main characteristics of the inflammatory
response: the timing of activation and the solution (downregulati-
on process of the reaction). Nevertheless, host immune regulation

also opens the way to pathogens to subvert host defences.

Currently, many agree that the gut microbiome reaches the
brain using the "gut-brain axis" and is the cause for the onset of
neurodegeneration — this penetration results in inflammation,
then infection and apoptosis of the brain tissue. Antimicrobial
peptide surrogates [27], based on a brain-penetrating scaffold-li-
ke diazepine [28] or 1,4 dihydropyridine [29] may be suitable to
combat the invading microbiota and in a later stage serve as anti-
microbial agents to combat the infection and prevent aggregation.
Blueberries aren't actually blue [30], but deep purple, which is the
colour of anthocyanin, a The visible colour range of common antho-

cyanidins [31] (Figure 8).

The pigment is particularly rich in blueberries. Blueberries are
known to be high antioxidants, "blueberries are the king of antioxi-
dant food", which are suitable for the human body; Anthocyanin is
considered to be useful in combating inflammation. The good rule
is to follow, the darker the berry, the more anthocyanins exist. The
primary antioxidant compounds in blueberries belong to a fami-

ly of antioxidant polyphenols called flavonoids. The group of fla-
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vonoids in particular — anthocyanins — is thought to be responsi-

ble for much of these berries’ beneficial health effects.

Figure 8

There are many antioxidants that may aid in this circumstance
for an instant in a Mediterranean diet or by using forest berries,
blueberries [32] that contain many sorts of Antioxidants. In fact,
the consumption of blueberries significantly improves vascular
function in healthy men in a time-dependent manner of intake.
These benefits may be mechanically linked to the actions of cyclic
phenolic metabolites on neutrophil activity in NADPH oxidase.
The research yielded the identification of Phenolic Acids, Flava-
nol Glycosides and Antioxidant Potential in Blueberry, Blackberry,

Raspberries and Cranberries were reported [33].

Figure 9
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The daily nourishment of fruits and vegetables is consistently
associated with reductions in the incidence of degenerative di-
seases, by having antioxidant (The blue pigment Delphinidin for
example. Delphinidin is the most common anthocyanidin mole-
cule in blue flowers and forms with pelargonidin and cyanidin the
three anthocyanidins known as the principal and basic skeletons of
flower colour pigments. so they are the most widespread in natu-
re), anti-inflammatory and anticarcinogenic activity [34]. Scientists
perceived [35], that daily intake of 600 grams of nutritious fruits
or vegetables can prevent the risk of coronary heart disease by
more than 31% and ischemic stroke by 19%. Several epidemiolo-
gical studies summarized in diverse papers [36-39] have built the
consensus that diets rich in fruits and vegetables have beneficial

effects on human health.
Phenolic acids and anthocyanidins in red fruits

Berries are characterized by high quantities of antioxidants
molecules. These chemicals are a group of secondary metabolites
that prevent the fruit due to oxidation, due to | factors such as light,
air, oxygen and microbiological attacks. Antioxidants and phenols
interfere with the oxidation process like free radicals terminals
and sometimes also metal complex ants. Phenolic compounds or
polyphenols are a group of highly sensitive hydroxylate molecules.
Several studies have found that they have different biological pro-
perties, such as anti-probiotics, anti-diabetic, anti-cancer, anti-mi-
crobial, anti-inflammatory, anti-viral, and especially crucial for this
criticism: antioxidants. They have different structures but generally
contain an aromatic ring with one or more hydroxyl group. The ra-
dical drainage capacity of phenolic antioxidant molecules is based
on the ability to become more stable radicals than most free radical
species due to the stabilization of the free electron by the deloca-
lization of the aromatic ring of the phenolic compounds. Classifi-
cation of phenolic antioxidants can be made, the most important
being phenolic acids and anthocyanins, a subgroup of flavonoids.
Phenolic acids can be divided into two categories: hydroxybenzoic
derivatives and hydroxyzine derivatives. The first group contains
molecules such as hydroxybenzoic, corrugated, vanilla, and algi-
nic acid (Figure. In the second group p-coumaric, caffeic, ferulic,
chlorogenic and hydroxycinnamic acids can be found. These com-
pounds can be found in extensive berries, and each type of berry
contains a typical profile of phenolic molecules. Anthocyanins are
water-soluble plant pigments responsible for blue, purple, and red
dye of many plant tissues [40]. Anthocyanidins are based on flavy-

lium ion, or a 2-phenylchromenylium variety of chemical groups
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that can replace the different positions (R1, R2...) to create the an-
thocyanins found in nature. Simplification of this ion, focusing on

common structures in red fruits can be seen in the Figures below.

Figure 10

Flavylium ion structure and chemical groups of anthocyanins

present in red fruits.

There are about 17 anthocyanins in nature, while only 6 of
them, pelargonidin, cyanidin, delphinidin, petunidin, peonidin, and
malvidin are present in most foods [41]. Anthocyanins are formed,
when anthocyanidins are coupled to sugars. In red fruits, antho-
cyanins are mainly 3-glucosides of anthocyanins, cyanidin-3-glu-
coside being the most common compound of berries (among fla-
vonoids, anthocyanins are antioxidants which play an essential
role in reducing the risks of various degenerative diseases of the
human [42] The stability of anthocyanidins depends on pH. In aci-
dic or alkaline pH, the most phenolic groups of the protonate of
anthocyanidins and detractors cause changes in the electronic dis-
tribution, which simultaneously affect the wavelength of perceived

colour absorption.

The pterostilbene antioxidants

Pterostilbene [43] is found in almonds, various dust grains (in-
cluding blueberries) vine leaves and vines, and Pterocarpus mar-
supium heartwood. grape leaves and vines, and Pterocarpus mar-

supium heartwood.

Pterostilbene (trance 3,5-dimethoxy-4-trihydroxystilbene) is a
natural dietary compound and a major antioxidant component of
blueberries. It increased bioavailability compared to other STYL-
BAN compounds, which may increase its nutritional benefits and
possibly contribute to a valuable clinical effect. Many studies have

demonstrated the antioxidant activity of pterostilbene both in vi-

19
tro and in vivo models demonstrating both motivational and the-
rapeutic benefits. The antioxidant activity of pterostilbene was in-
volved in anti-carcinogenesis, modulation of neurological disease,
anti-inflammatory, attenuation of vascular disease, and improve-
ment of diabetes. In this review, we investigate the antioxidant pro-
perties of pterostilbene and its association with common pathways
and pathways to give a summary of the clinical potential of pteros-

tilbene in prevention and treatment in various medical conditions.

The structure of pterostilbene is very similar to resveratrol
[44], Which is Inhibiting Islet Amyloid Polypeptide fibril Formati-
on by the Red Wine Compound, although a 3.5-dihydroxy portion
of resveratrol (two hydroxyl groups on the left benzene ring) are
replaced with methoxy groups. The antioxidant capacities of resve-
ratrol require that there is hydroxylation in position 4 (on the right
side of the molecule) and that the general molecule is in a trans-
rather than cis configuration. Stilbenes above all comply with these
requirements while others such as pyroxylin not. Methoxy groups
on pterostilbene appear to allow a relatively sizeable antioxidant
capacity to resveratrol. Pterostilbene is methoxylated resveratrol,
in fact. It has a more significant difference in structure than resve-
ratrol than piceatannol (another joint stilbene compound, which is
more similar to resveratrol). These three structures form common
nutritional stilbenes [45,46].

Figure 11

Pterostilbene is included in low quantities in a number of plants,
especially blueberries and grapes. Despite being low concentrati-
on, it is reasonable to assume that bio-active following the oral in-

gestion of these fruits and their products (such as wine).
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Longevity and life extension

Pterostilbene mechanisms have been observed to upregulate a
variety of mitochondrial genes in the yeast assay involved in res-
piratory, electron transport, mitochondrial targeting protein, and
mitochondrial protein synthesis. The oxidative stress observed
during the aging process in neurons appears to be weakened with
low diet levels of pterostilbene (0.004- 0.016% of the diet), and

enhanced with greater strength than resveratrol.

Pterostilbene (trans-3,5-dimethoxy-4'-hydroxystilbene), natu-
rally an analogy dimethyl ether of resveratrol, was first isolated
in Pterocarpus Santa Linus and is also found in several Types of
berries and grapes. [47] in vitro and in vivo studies suggest that
pterostilbene and its analogues have a number of biological activi-
ties Linked to AD, including antioxidants, anti-inflammatory drugs,
and neurostimulation. Recently, many researchers have proven
That pterostilbene analogues can inhibit self-aggregation induced
AB, Worsen the ab-induced poisoning, promote ab-approval and
reduce [48]. Some studies have shown that it has the ability To
inhibit monoamine oxidase (MAO) [49]. It can be concluded that
pterostilbene may be used as a starting compound in the design
of multiple-purpose drugs to treat AD. Our research group Was in-
volved over the years in development Multi-purpose target as po-
tential drug candidates for AD. B In particular, our group reported
the synthesis of pterostilbene carbamate derivatives as cholineste-
rase inhibitors and double neuroprotective agents.14 Benzylami-
nes have been shown to be essential cholinesterase inhibits our
previous pharmacophore work [50] as further development of our
work on design Synthesis of new multifunctional compounds with
better pharmacological profiles, here we aim to use multi-purpo-
se directed Drug design strategy combine pterostilbene with ben-

zylamines Using a chain of amide of different lengths [51].

The multiple benefits of pterostilbene in the treatment and
prevention of human diseases have been attributed to the anti-oxi-
dant, anti-inflammatory, and anticycinogenic properties that result
in improved function of normal cells and inhibitions of malignant
cells [52,53]. Treatments with blueberry extract in PM and similar
disease models have yielded parallel results possibly due to anti-
oxidant activity underlying mechanisms of pterostilbene. The evi-
dence presented in this review shows that pterostilbene reduces
oxidative stress (0S) and production of reactive oxygen species

(ROS), such as hydrogen peroxide (H,0,) and anion sulfoxide, whi-
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ch are involved in initiating pathogenesis of some disease proces-
ses [54]. In addition, different cell lines treated with pterostilbene
showed increased expression of antioxidant catalase, total glutathi-
one (GSH), glutathione peroxidase (GPx), glutathione reductase
(GR), and superoxide dismutase (SOD). In this review, the clinical
potential and antioxidant potential of pterostilbene in a number of

disease systems will be reviewed and summarized.

Concluding remark

Pterostilbene’s are nutritional antioxidants (pronounced "Te-
ro-STILL-Bean") yet. But this is the prospect of compound berry
inhibitor. Breast cancer, diabetes, LDL cholesterol in humans may
soon make it known as other natural health enhancement mate-

rials.

The announcements aroused a wave of attention to Pterostilbe-
ne [55], not only in the United States but also in other countries. At
least two UK news organizations have directly attributed a boom
in British blueberry sales to Rimando's findings. And Oxford's la-
boratory results have since been cited by companies marketing
products ranging from blueberry extract to concentrate juice to

commercially available pterostilbene itself.

Combining the results of past and present experiments Diffe-
rent disciplines, biochemistry, cell biology, physiology, Pathophy-
siology, epidemiology and food chemistry, It will be necessary to
identify the most effective polyphenols to determine the optimal
levels of intake for better health. God The current research efforts
will be coordinated with current efforts Identify more accurate bio-
markers of dietary-related risks Diseases should lead to nutritional
recommendations and The formulation of new food products that

contribute to good health.
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