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Molecules with at least one unpaired electron in their outermost shell are known as free radicals. Free radical molecules are
produced either within our bodies or by external sources such as ozone, cigarette smoking, X-rays, industrial chemicals, and air
pollution. Disruption of normal cellular homeostasis by redox signaling may result in cardiovascular, neurodegenerative
diseases and cancer. Although ROS (reactive oxygen species) are formed in the GI tract, little is known about how they
contribute to pathophysiology and disease etiology. When reactive oxygen species and antioxidants are in imbalance in our
bodies, they can cause cell structure damage, neurodegenerative diseases, diabetes, hypercholesterolemia, atherosclerosis,
cancer, cardiovascular diseases, metabolic disorders, and other obesity-related disorders, as well as protein misfolding,
mitochondrial dysfunction, glial cell activation, and subsequent cellular apoptosis. Neuron cells are gradually destroyed in
neurodegenerative diseases. The production of inappropriately aggregated proteins is strongly linked to oxidative stress. This
review’s goal is to provide as much information as possible about the numerous neurodegenerative illnesses linked to oxidative
stress. The possibilities of multimodal and neuroprotective therapy in human illness, using already accessible medications and
demonstrating neuroprotective promise in animal models, are highlighted. Neuroprotection and neurolongevity may improve
from the use of bioactive substances from medicinal herbs like Allium stadium, Celastrus paniculatus, and Centella asiatica.
Many neuroprotective drugs’ possible role has been addressed. Preventing neuroinflammation has been demonstrated in
several animal models.

1. Introduction

A disruption in the balance of reactive oxygen species such
as superoxide, hydroxy radicals, and nitric oxide radicals,
as well as antioxidants such as vitamins A, C, and E, sele-
nium, and carotenoids, which can cause tissue damage, is

known as oxidative stress. In biological systems, oxidative
stress is spread as metabolic by-products [1, 2]. It can come
from both endogenous (in mitochondria during oxidative
phosphorylation, during inflammation, the respiratory
burst, endoplasmic reticulum, phagocytic cells, and peroxi-
somes for example) and exogenous (pollution, alcohol,
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tobacco smoke, heavy metals, transition metals, industrial
solvents, pesticides, certain drugs like paracetamol, and UV
radiation, halothane, and exogenous sources) [3]. When
ROS and RNS are produced in our bodies at moderate or
low levels, they help the heart pump more blood in stressful
situations and also perform a variety of physiological func-
tions such as immune function and a variety of cellular sig-
naling pathways in the redox regulation pathway; nitric
oxide (NO°) helps to regulate blood pressure during mito-
genic responses, and phagocytic cells use them to kill bacte-
ria during bacterial infections [4, 5]. Exogenously or
endogenously produced highly reactive oxidizing chemicals
are always a threat to living organisms. They can take elec-
trons from oxidizing compounds with ease. This results in
cell structural damage, diabetes, hypercholesterolemia, ath-
erosclerosis, cancer, cardiovascular diseases, metabolic dis-
orders, and other obesity-related problems [6–9]. When a
person is under oxidative stress, free radicals assault his neu-
ral cells, putting them at risk of degeneration. The cytotoxic
effect of ROS can cause protein misfolding, mitochondrial
malfunction, glial cell activation, and subsequent cellular
apoptosis [10].

There are two terms in “neurodegeneration”: “neuro”
represents for nerve cells, and “degeneration” means for
deterioration. The loss of neuron function is a characteristic
feature of neurodegenerative disorders [11–13]. Degenera-
tive nerve illnesses can affect a person’s mobility, vision,
memory, IQ, speech, respiration, heart function, and much
more. The gradual loss of the structure or functionality of
neurons, or neurodegeneration, is the root cause of neuro-
degenerative diseases. From the molecular to the systemic
levels of neural circuitry, neurodegeneration may be seen
in the brain. Alzheimer’s disease and associated memory
disorders ataxia, multiple system atrophy, Huntington’s dis-
ease, motor neuron disease, Parkinson’s disease, progressive
supranuclear palsy, and amyotrophic lateral sclerosis are all
examples of neurodegenerative disorders [14]. There is no
proven treatment for Alzheimer’s disease (AD) [15]. Phyto-
chemicals have been shown to be beneficial in the treat-
ment of neurodegenerative illnesses including Alzheimer’s
and Parkinson’s disease (PD). Traditional herbs and phyto-
chemicals may delay its development and decrease its
course and enable healing by addressing several pathogenic
reasons. They control mitochondrial stress, apoptosis, free
radical scavenging, and neurotrophic factors. The most
prevalent neurodegenerative disorders include amyloidoses,
tauopathies, alpha-synucleinopathies, and TDP-43 protei-
nopathies [16]. Many of these disorders are inherited, but
they can also be caused by toxins, chemicals, or viruses.
When neurodegenerative disorders are inherited in an
autosomal dominant pattern, they have a 50% chance of
recurrence [17]. Vitamin C (ascorbic acid) is an important
antioxidant molecule in the brain because it aids in the
preservation of the integrity and function of numerous
brain processes [18]. However, an abnormally high vitamin
C concentration can cause neurological problems. Many
investigations have shown that preterm babies’ neurological
damage is caused by impairment of vitamin C transfer [19,
20]. Mortality from presenile dementia (PSD), Alzheimer’s

disease (AD), Parkinson’s disease (PD), and motor neuron
disease (MND) was examined for 27 states in national
occupation mortality surveillance (NOMS) systems from
1982 to 1991, totaling 130,420 deaths, according to the
CDC (Centers for Disease Control and Prevention) [21].

Oxidative stress is caused by an imbalance between the
amount of reactive oxygen species (ROS) in the body and
the ability of a biological system to quickly get rid of the
reactive intermediates or fix the damage they cause. When
the normal redox state of a cell is upset, free radicals and
peroxides are made that damage proteins, lipids, and DNA
[22]. Damage to DNA’s bases and breaks in its strands are
caused by oxidative stress, which comes from oxidative
metabolism. The development of chronic fatigue syndrome
(ME/CFS), cancer, Parkinson’s disease, Lafora disease, Alz-
heimer’s disease, atherosclerosis, heart failure, myocardial
infarction, fragile X syndrome, sickle-cell disease [23], viti-
ligo, lichen planus, and ADHD [24] are all believed to be
influenced by oxidative stress in humans. However, ROS
can also be helpful because they are employed by the
immune system to attack and kill pathogens.

Around 5 million Americans endure Alzheimer’s dis-
ease, 1 million from Parkinson’s disease, 400000 from
multiple sclerosis (MS), 30,000 from amyotrophic lateral
sclerosis (ALS), and 3000 from Huntington’s disease in
contemporary times (HD) [25]. Neuron cells have been
found to be protected by a variety of phytochemicals.
The purpose of this research covers oxidative stress and
its link to neurodegenerative diseases, and thus a number
of neuroprotective drugs along with several phytochemi-
cals that have recently been shown to have neuroprotective
effects in a lot of species.

2. Neurological Abnormalities and
Oxidative Stress

Free radicals are reactive chemicals that are spontaneously
created in the human body. They have either beneficial or
detrimental effects on the immune system. An antioxidant
system is required to reduce these adverse effects on an
organism. When there is an imbalance between the produc-
tion of reactive oxygen species and the antioxidant defense, a
situation known as oxidative stress may be described. It is
more difficult to define an antioxidant. Halliwell proposed
a popular definition: Low concentrations of an antioxidant
inhibit or significantly reduce the oxidation of an oxygen-
soluble compound. Antioxidants are used to protect off oxi-
dative damage. It is essential to mention that reducing agents
are not the same as antioxidants, because they use different
chemical words to explain the same activity. A lowering
agent could even be used. If it converts transition metal ions
to free radicals or reduces oxygen to free radicals, it is a pro-
oxidant. Peroxides react more rapidly with lower oxidation
states. Several biological lowering agents Janus-faced agents:
Depending on the amounts of O2, they can be antioxidants
or prooxidants [26].

Oxidants are reactive molecules that are formed both
within the body and in the environment. These molecules
have the potential to react with other biological components
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found in the body, including protein, DNA, and lipids. Sev-
eral biological processes, such as aging, cancer, atherosclero-
sis, and dementia, are associated with tissue damage induced
by oxidative stress and mediated by excessive free radicals.
The genesis of oxidative stress is an imbalance between the
creation of reactive oxygen/nitrogen species and the antiox-
idant capabilities of cells and organs. Reactive oxygen species
(ROS) consist of superoxide anion (O2-), hydroxyl radicals
(.OH), and hydrogen peroxide (H2O2), while antioxidants
consist of numerous vitamins and endogenous enzymes,
such as superoxide dismutase (SOD), catalase, and glutathi-
one peroxidase [27]. Endogenous or exogenous reactive oxy-
gen species can exist mitochondrial electron transport chain
that is the predominant endogenous ROS emitter. The
reduction of O2 to H2O2 occurs in four phases each of which
produces ROS [28].

(1) Superoxide radical O2+ e O2
°

(2) Hydroperoxyl radical O2
°+H2O H2O

°

(3) Hydrogen peroxide (H2O
°+ e+HH2O2)

(4) Hydroxyl radical H2O2+H+OH°

Mitochondrial-targeted neuroprotective therapeutics
mitochondria are a significant source of reactive oxygen spe-
cies (ROS) in the central nervous system. They have redox
carriers that may transport single electrons to oxygen, result-
ing in the production of ROS superoxide (O2). The tricar-
boxylic acid cycle (complexes I, II, and III) and electron
transport chain (complexes I, II, and III) enzymes, as well
as monoamine oxidases, are among the mitochondrial redox
carriers that generate superoxide. Other production of reactive
oxygen species enzymes can also be found in mitochondria.
Superoxide is depleted and converted into hydrogen peroxide
during a dismutation reaction by superoxide dismutase (SOD)
(H2O2). To remove H2O2 from mitochondria, SOD enzymes
cooperate with catalases and glutathione peroxidases. Never-
theless, O2 and H2O2 can generate hydroxyl radicals and per-
oxynitrites when those who react with other molecules in the
cell, such as redox-active metals (Fenton reaction involving
iron) and nitric oxide. These chemical processes occur a pre-
cise balance of Ros generation and eradication under standard
circumstances. This balance is thrown off by aging or Alzhei-
mer’s disease increasing reactive oxygen species (ROS) and
oxidative damage. Elevated numbers of mutations in mito-
chondrial DNA, as well as increased quantities of 8-hydroxy-
2-deoxyguanosine, a hallmark of oxidative DNA damage,
has been identified in AD [29, 30]. Mitochondrial dysfunction
and apoptosis can result from either of these deletions or point
mutations, which can be exacerbated by oxidative stress [31].
Several mitochondrial essential enzymes involved in ROS
detoxification are also impacted in addition to DNA damage.
The ketoglutarate dehydrogenase complex (KGDHC) [32],
pyruvate dehydrogenase complex (PDHC), and cytochrome
oxidase (COX) [33] are all significantly reduced in adult AD
brains. In animal models, mitochondria have also been con-
nected to the etiology of Alzheimer’s disease.

3. Neuroregeneration in
Neurodegenerative Disorders

The term “neuroregeneration” refers to generating new neu-
rons, glial cells, axons, synapses, or myelin to heal or regener-
ate damaged neural tissue [26]. The term “neurodegeneration”
is nonspecific. Degeneration can range from severe neuronal
death and brain atrophy, as in late-stage AD, to degeneration
in tiny neuronal structures, such as dendrites, spines, and
axons, without neuronal death [34]. The central nervous sys-
tem is mostly incapable of self-healing and regeneration, but
the peripheral nervous system can. For all time, there has
been no cure for CNS damage. There were no effective CNS
regeneration therapy regimen available, and repeated efforts
at neural re-growth failed owing to a lack of information
regarding CNS regeneration. The discovery that mature neu-
rons in the CNS may recover after injury has just put an end
to this therapeutic nihilism [35]. Unlike PNS injuries, CNS
injuries have poor prognoses due to their inability to repair
neurons. This disorder may be caused by the human CNS’s
more complicated neural networks than other species [36].
By adding neurons to already complex brain networks, one
runs the danger of producing system confusion, which is
analogous to accidentally short-circuiting electrical equip-
ment, which in turn raises the chance of having seizures.
With illness or injury, these restrictions become obstacles to
rehabilitation (Figure 1) [31, 32].

The capacity for axonal regeneration is mostly deter-
mined by inhibitory components of the environment that
are extrinsic as well as the inherent regenerative potential
of neurons. In wounded adult CNS neurons, the intrinsic
neural pathways launching a growth program are similarly
quite restricted [32, 33]. Axons quickly regenerate after
damage to a peripheral nerve (PNS). Wallerian degeneration
occurs in the axon’s distal part, which is not attached to the
cell body. The axon is disintegrated and fragmented as a
consequence of this dynamic process. Glial cells, mostly
macrophages, clear debris from the brain. It is therefore pos-
sible to rejuvenate and regenerate their targets so that func-
tion may be restored [37].

4. Neuroplasticity in
Neurodegeneration Disorders

The ability of the brain to change through time is referred to
as neuroplasticity. Adaptive behaviors, learning, and mem-
ory are at the top of the neuroplasticity hierarchy. Neuro-
plasticity couples functional changes with structural
changes [38]. During ontogeny, phylogenesis, physiological
learning, and brain damage, nervous system plasticity
improves neuronal networks [36]. The molecular and cellu-
lar levels are both involved in the process of neuroplasticity,
which manifests itself as short-term (STP), long-term (LTP),
and long-term potentiation depression (LTD) [39]. Neuro-
plasticity is classified into two categories such as functional
plasticity and structural plasticity. Learning and memory
are the two fundamental mechanisms that underlie func-
tional neuroplasticity. This sort of neural and synaptic plas-
ticity is based on particular types of synaptic plasticity that
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cause persistent changes in synaptic efficacy. The synaptic
connections between neurons change permanently through-
out learning and memory as a result of structural alterations
or intracellular metabolic activities [40]. The brain’s capacity
to modify neural connections is called structural plasticity.
Neuroplasticity produces and integrates new neurons into
the CNS during life. Researchers employ cross-sectional
imaging (MRI, CT) to analyze structural brain changes
[41]. Neuroplasticity investigates the influence of internal
or external stimuli on brain remodeling. Structural neuro-
plasticity includes changes in grey matter percentage or syn-
aptic strength. Current neuroscience research focuses on
structural neuroplasticity [42]. The neuroplasticity hypothe-
sis explains why individuals who have had a brain injury or
have had a CVA recover abnormally [43]. Brain alterations
are commonly seen as a sign of progress, although this is
not necessarily true. There are several ways in which the
brain’s structure and function may be influenced or chan-
ged. A common illustration of how the brain’s adaptability
may be a problem is when drug abuse, sickness, or trauma
leads to undesirable alterations (Involving damage to the
brain or stressful events that lead to PTSD). Lead poisoning
may impair your brain’s capacity to adapt. Several medical
problems may potentially restrict or inhibit brain plasticity
[44]. As a result, children may be affected by a variety of
pediatric neurological diseases, such as epilepsy and cerebral
palsy [45]. Neuroplasticity may be guided to restore function
and cure undesired symptoms in clinical settings by using a
variety of therapeutic approaches [46]. Constraint-induced

movement therapy (CIMT) is a type of physical therapy that
has been studied a lot. Patients who have had a stroke may
benefit from this technique because it forces the afflicted
limb to perform repeated tasks and develop new behaviors.
Contralateral premotor and secondary somatosensory cortex
activity in the brains of patients who undergo this treatment
has been shown to rise in correlation with better function
[47]. Researchers have spent a lot of time and money study-
ing how environmental influences might influence neuro-
plasticity. Studies have demonstrated that music therapy
may have a favorable impact on neuroplasticity. Cognition
and other executive functions have been proven to benefit
from it. Researchers are looking at a variety of dietary sup-
plements to see whether or not they might assist promote
neuroplasticity [48].

5. Cellular and Molecular Immune
Mediators of Neuroprotection

A neuroprotection system or approach aims to prevent the
nervous system from being damaged or injured, especially
in those who have been injured or diagnosed with a neuro-
logical condition [49]. The purpose of neuroprotection is
to protect the central nervous system against early degener-
ation and other factors that may lead to the loss of nerve
cells, as well as to limit the amount of nerve death [50]. It
would seem that the central nervous system and the immune
system (CNS) have developed a diverse set of mechanisms
throughout the course of evolution in order to fight

Figure 1: Central and peripheral nervous system neuroregeneration is influenced by extrinsic and intrinsic factors. For instance, the
suppressor of cytokine signaling; PTEN (phosphatase and tensin homolog); NGF (nerve growth factor); SOCS3; MAG (myelin
glycoprotein); keratin sulfate proteoglycans; myelin-associated glycoprotein; chondroitin sulfate proteoglycans; and oligodendrocyte [36].
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infections and react to stress. This is because the CNS
immune response has a large number of failsafe mechanisms
that facilitate a well-regulated response to injury and the
commencement of healing and repair [51]. Neurotrophins
are important regulators of neural growth function, [52] sur-
vival, and the ability to change (plasticity) [53]. Nerve
growth factor, often known as NGF, is a neurotrophic factor
that, in mammals like humans, helps to foster the develop-
ment of sympathetic nerve cells and peripheral sensory,
and ensures that they are able to survive. It was identified
in 1950 [54]. NGF functions by activating two transmem-
brane receptors. Two examples are the trkA and p75 recep-
tors, both members of the tropomyosin receptor kinase (trk)
family [55].

Exosomes are important mediators of neurodegenerative
disorders, carrying beta amyloid and prions from their
source cells to other cells [56]. Exosomes may regulate neu-
roinflammation, enhance neurogenesis and neurogenic
physiological location, and cure neurological disorders
[57]. It has been shown that the CREB (cAMP-responsive
element-binding protein) pathway is involved in the control
of neuronal function. This is achieved by its involvement in
two major cascades of gene expression. The first one
explains that CREB is an important component of the
molecular switch that controls more long-term forms of
brain plasticity and learning. The second one connects
CREB to the maintenance and protection of neuronal sur-
vival [58]. CREB is involved in a wide number of cellular
functions, some of the most significant of which include cell
differentiation, proliferation, metabolism, and survival [59].

6. Neuroprotective Agents and their Functions

Trying to protect the nervous system from neuronal loss and
neurodegeneration can be achieved by using capable of dif-
ferentiating to suppress pathophysiological pathways that
can ultimately lead to damage to the nervous system
(Table 1) [60]. Immunosuppressive calcineurin inhibitors
are responsible such as NOS inhibitor, ca2+ channel blocker,
cationic arginine-rich peptides, benzoic acid-derived
nitrones, edaravone, AMPA antagonist cyclosporine A, and
sulfur-containing secondary metabolites [61–63] . Neuronal
cell death prevention was shown to be beneficial for several
drugs in animal models, but human therapeutic studies have
yet to confirm these finding Here, we will take a look at sev-
eral promising neuroprotective drugs such as magnesium
sulfate, statins, melatonin, erythropoietin, free radical scav-
engers, immunosuppressant drugs, N-acetyl-L-cysteine
(NAC), β-blockers, COX-2 selective inhibitors, and curcu-
min that might be useful for patients in the intensive care
unit [64].

6.1. Glutamate Blockers. The amino acid glutamate is the
most prevalent in the brain. Glutamate has an increasing
contribution on nerve cells even though glutamate receptors
are present on some of these cells. It can cause cells to die.
Glutamate activates several metabotropic receptors as well
as three important ionotropic receptors: To avoid excitotoxi-
city, kainite amino-3-hydroxy-5-methyl-4-isoxazole propio-

nic acid (AMPA), and N-methyl-D-aspartate (NMDA),
glutamate blockers reduce NMDA and AMPA [65].

Glutamate transporters are a type of neurotransmitter
transporter that removes extracellular glutamate to prevent
excitotoxicity in neurons when glutamate tries to enter the
synaptic cleft, the excitatory amino acid transporter (EAAT)
family involves removing it, and when it wants to enter the
cell cytoplasm, it required to transport it into synaptic vesi-
cles. When EAAT 2 (human glutamate transporter 2) is
not operating, it can cause traumatic brain damage, stroke,
amyotrophic lateral sclerosis, and Alzheimer’s disease. Some
of the most widely accepted stroke professionals in rodents
while also nonhuman primates and humans were using the
glutamate blockers polyarginine R18 and NA-1 (TAT-
NR2B9C). It lowers mitochondrial oxidative stress in neu-
rons [66].

6.2. Statins. Statins are the first-choice therapeutic medicines
for the prevention of cardiovascular disease (CVD) and ath-
erosclerotic diseases due to high levels of cholesterol in the
blood [84]. A growing body of research indicates that statins
have other pleiotropic effects in addition to their vascular
effects, such as stability of atherosclerotic plaques and
reduced carotid intimal medial thickness, which are unre-
lated to their cholesterol-lowering impact [85]. These activi-
ties include decreasing the thickness of the carotid intimal
medial layer. On the other hand, it is common knowledge
that both theoretical and empirical research have shown that
inflammation plays a crucial part in the mediation of every
stage of atherosclerotic illnesses. In addition to having anti-
oxidant, anti-inflammatory, and anti-platelet actions, statins
also have a role in the protection of endothelial cells by act-
ing on the enzyme that produces nitric oxide [86]. These
effects of statins might have significant therapeutic signifi-
cance in the treatment of a wide variety of neurological ill-
nesses. There is an expanding body of research that points
to a connection between neurodegenerative disorders and
vascular risk factors including atherosclerosis; nevertheless,
this connection is still considered to be speculative. In this
study, we highlight and discuss the current state of knowl-
edge regarding the effects of statins in stroke, Alzheimer’s
disease, Parkinson’s disease, multiple sclerosis, and primary
brain tumors. In addition, we report the potential adverse
effects of statins as well as the restrictions placed on the
use of these drugs [87].

Research on the effectiveness of statins as treatments for
Alzheimer’s disease and stroke is advancing at a breakneck
pace. There is a wealth of evidence to support the use of
these medicines in the pretreatment of ischemic stroke as
well as in patients who have a history of cerebrovascular ill-
ness [88]. In the acute period of stroke, the use of statins for
their brain-protective impact is being studied, along with
many other possible therapies.

6.3. Withania somnifera (Ashwagandha). One of the most
expensive herbal medicines used in Indian traditional medi-
cine (Ayurveda) is Ashwagandha, which is derived from the
roots of theWithania somnifera Dunal plant and is used as a
Rasayana medication to promote long life, young energy,
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and strong mental faculties [89]. Clinical studies have
shown that Ashwagandha may cure a variety of condi-
tions, including overall sluggishness, consumption, nervous
weariness, sleeplessness, memory loss, and more [90]. By
virtue of its historical applications, Ashwagandha could
be able to treat neurodegenerative disorders. In fact, this
herbal medication has been shown to have a variety of
pharmacological actions, including those that are anti-
inflammatory, antitumor, antioxidant, immunomodulatory,
and antineuropsychiatric illness effects [91]. It is antici-
pated that therapeutic applications of Ashwagandha and
its ingredients may result in improvements in neurodegen-
erative illnesses due to the plant’s actions against these
conditions [92]. Some organizations have in the past
stated that Ashwagandha and its components are safe to
use. In rats, giving them 100 milligrams per kilogram per
day of an Ashwagandha water extract along with their
drinking water for a period of eight months did not pro-
duce any harmful effects. The results of repeated oral
administration of a methanol extract of Ashwagandha
containing 80% (2000mg/kg/day for 28 days) revealed no
signs of toxicity [93]. However, acute toxicity was caused
in mice when the alcoholic extract from the defatted seeds
of Ashwagandha was given to them by oral administra-
tion; the LD50 value was 1750 41mg/kg. After intraperito-
neal injection of an ethanol extract of Ashwagandha, the
LD50 in mice was determined to be 1259mg/kg [94].

7. Neuroprotective Roles of Phytochemicals

Phytochemicals, from the Greek “Phyto” meaning “plant,”
are chemical substances produced by plants. That phyto-
chemical is used by plants to defend themselves against
microbes [95]. Plants employ phytochemicals to protect
themselves not only against microbes, but also from envi-
ronmental threats like pollution, stress, and UV exposure
[66]. It is responsible for the colors, perfume, and flavor of
plants.

Antifungal, chemopreventive, anti-inflammatory hepa-
toprotective, hypolipidemic, neuroprotective, hypolipidemic,
and hypotensive properties are all antifungal, antiallergenic,
anti-inflammatory, antiallergenic, antispasmodic, hypolipid-
emic, and hypotensive properties of phytochemicals [96].

More than 4500 phytochemicals have been identified,
although only 350 have been thoroughly investigated [41].
Protective properties, as well as physical and chemical fea-
tures, are used to classify phytochemicals. More than 120
traditional remedies have been used in Asian countries to
treat central nervous system disorders [97].

Over antiquity, medicinal plants have provided an
assortment of bioactive components that support in the
health and quite well of humans [98]. When used as a neu-
roprotective agent, they also have few adverse effects [41].
Plants produce bioactive chemicals as secondary metabo-
lites. On humans and animals, it has pharmacological or
toxicological effects. Bioactive chemicals have health-
promoting effects on the body. They are being researched
for cancer, heart disease, and other disorders prevention.
Lycopene, lignan, tennis, indoles, terpenoids, glycosides,

alkaloids, flavonoids, phenolic compounds, and other bioac-
tive chemicals are examples. Plants and some foods, such
like fruits, vegetables, nuts, and whole grains, contain mod-
est levels of this substance. Carotenoids, choline, flavonoids,
carnitine, coenzyme Q, dithiolthiones, phytosterols, phytos-
terols, glucosinolates, certain vitamins and minerals, poly-
phenols, tocotrienols, organosulfur compounds including
isothiocyanates, lycopene, lignan, tennis, indoles, terpenoids,
glycosides, and alkaloids are also included.

Medicinal plants are high in phytochemicals and anti-
oxidants, which may assist to control the disease by
reducing the progression of symptoms and problems
while having few or no adverse effects [99]. About 80%
of people in poor nations rely on primary healthcare
for men and cattle [47]. Some medicinal plants and their
bioactive compounds for neuroprotection are depicted in
Table 2 [100].

7.1. Bacopa monnieri. Phytochemical Bacopa monnieri,
rather than Brahmi, has neuroprotective properties [101].
It has been widely utilized in neuro medicine to treat a vari-
ety of ailments, including anxiety, depression, and memory
loss. It possesses antioxidant, adaptogenic, and memory-
enhancing properties. Bacoside A is a Bacoside chemical
molecule with neuropharmacological effects. Bascopaside
III, bacopaside X, bascoside A3, and bacopasaponin make
up this chemical molecule. As a result, passive diffusion over
the blood-brain barrier is accomplished by the non-polar
glycosidic structure of A.

Several studies have shown that backside A, a bioactive
component, protects the brain from oxidative damage and
age-related cognitive decline through a variety of methods
[102]. As illustrated by a high-resolution liquid chromatog-
raphy (HPLC) study, it reduces Abeta aggregation and fibril
formation that could interact directly or indirectly with neu-
rotransmitter systems to improve memory and learning
potential.

7.2. Allium Stadium. Allium stadium is renowned as “garlic”
by the general public. You can get it in a range of methods,
and it is a well-known and valuable spice [103]. Antioxidant,
hypotensive, antimicrobial, antifungal, antitumorigenic,
immunomodulatory, anti-inflammatory, hepatoprotective,
anthelmintic, anticoagulant, and fibrinolytic characteristics
are all present in it [104–107]. Garlic is high in potassium,
phosphorus, zinc, sulfur (at least 30 sulfur-containing com-
pounds including alliin, allyl propyl disulfide, vitamin A, C,
and B complex, allicin dats, s-allyl cysteine, vinyldithiins,
same), and myrosinase and low in sodium, ajoene, and var-
ious types of enzymes such as alliance and peroxidase. Garlic
consumption has numerous health benefits due to its thera-
peutic properties against cancer, diabetes, hyperlipidemia,
lowering blood pressure, bone and skin diseases, Parkinson
disease, atherosclerosis, type 2 diabetes, and aged garlic
extract, and its components exert neuroprotective effects in
Alzheimer's disease, cardiovascular disease, Huntington dis-
ease, and cerebral ischemia models [108]. Garlic extract has
been shown to preserve dopaminergic neurons in Parkin-
son’s disease research. Oxidative stress, inflammation, and
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mitochondrial malfunction have also been prevented by the
meal replacement, along with cell death. Adult male Wistar
rats were given AGE (aged garlic extract) in doses of 125,
250, and 500mg/kg, respectively, based on their body
weight. It was repeated every day for 56 days. They were sub-
sequently given a bilateral injection of 1 l of aggregated A (-
amyloid) into the lateral ventricles. An NUR test seven days
apparently showed that AGE dosages of 250mg and 500mg/
kg BW significantly improved short-term recognition mem-
ory in cognitively impaired rats and also reduced the inflam-
matory response by minimizing microglia activation
(-amyloid) in the cerebral hemispheres. In cognitively chal-
lenged rats, AGE dosages of 250mg and 500mg/kg BW
drastically enhanced short-term recognition memory and
also reduced the inflammation response by lowering microg-
lia activation seven days later [109].

8. Potential Role of Antioxidant Vitamins and
Synthetic Compounds for Neuroprotection

The breakdown of the equilibrium between pro-oxidant
and antioxidant owing to an excessive buildup of reactive
oxygen species is known as oxidative stress (ROS). The cen-
tral nervous system is especially vulnerable to ROS due to
its high energy demand and metabolic rate, as well as an
insufficient antioxidant defense mechanism and reduced
ability for cellular regeneration [119]. An excessive amount
of ROS may result in significant pathological damage.
These pathological damages include inflammation, cell
cycle regulation, stressor responses, enzyme and receptor
activation, phagocytosis, more signal transduction, and
gene expression. ROS, when present at quantities that are
not excessive, are essential for the proper functioning of a

Table 2: Neuropsychopharmacological consequences of medicinal plants.

Bioactive compounds
Medicinal
plants

Therapeutic applications Impact/action References

Carvone, allyl tetrasulfide diallyl
disulfide, and diallyl trisulfide

Allium
sativum

Neuroprotection
Simple recollection, gliosis, and

oxidative stress are all
directly affected

[110]

Bacoside
Bacopa
monnieri

Protective lead for Alzheimer’s
chronic conditions

Defend the brain from oxidative
damage and the decreased cognitive

function that comes with
increased age

[111]

Asiatic acid, M-adeacamic acid, and
brahmaside as well as flavonoids
madecassoside and madesiatic acid

Centella
asiatica

Antimicrobial, anti-inflammatory,
anticancer, neuroprotective,

cytotoxic

Preventing the emergence of amyloid
plaque in Alzheimer’s disease, as well
as reducing dopamine neurotoxicity
in Parkinson’s disease, is the highest

priorities of enzyme inhibition

[112]

Monoterpenes (linalool, alpha-
terpinyl acetate, andnerol acetate)
sesquiterpene esters (Suchar
malhangunoil, Balkan gun in,
valerenal, global)
Vioridiflorol, cubenol, agarouran
derivatives, diterpenoids such as
lupeol, pristine in, pristine in,
zyeylosteral, alkaloids such as
celapenin, celapenigin, panculatine,
celestine maymyrone, tatty acids,
steroids such as serpentine,
flavonoids, benzoic acid, and
vitamin C

Celastrus
paniculatus

An expected performance for
neuroprotection in the

management of neurodegenerative
diseases the same as Alzheimer’s
and other neuronal disorders

Inhibits the levels of noradrenaline,
dopamine, and 5-hydroxy

tryptamine
[113]

Sesquiterpene alkaloid
Huperzia
Serrata

Neuroprotective against a beta-
amyloid peptide fragment, potent

AChE inhibitor
[114]

6-gingerol
Zingiber
Officinale

Treatment of Alzheimer’s disease [115]

Clerodane diterpenes
Croton
yanhuii

Treatment of Alzheimer’s disease [116]

Xylocarpin B, Xylocarpin G
Xylocarpus
granatum

Neuroprotective property [117]

Resveratrol
Vitis

vinifera

Neuritogenesis,
neuroinflammation,

neuroprotection property
[118]
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number of physiological processes, such as signal transduc-
tion and gene expression [120]. Specifically, ROS oxidize
polyunsaturated fatty acids, which are key biological targets.
Nucleic acids are another potential biological target of free
radicals. Ascorbate, commonly known as AA (ascorbic
acid), is a potent antioxidant that is water-soluble and
serves as a cofactor for a variety of enzymes. It is one of
the most prevalent antioxidants [121, 122]. It is able to pre-
vent the production of reactive oxygen species (ROS),
directly remove ROS and RNS from the environment, and
restore the functionality of other scavengers that have been
damaged by oxidation. The AA concentration in striatal
extracellular fluid was lowered in a transgenic HD mouse
model; therefore, high dosages of ascorbate were used to
restore the mice’s normal behavior [123]. Tocopherols
and tocotrienols are the two main classes of lipid-soluble
antioxidants that make up vitamin E [124]. Among them,
alpha-tocopherol is the type of vitamin E that exhibits the
highest level of biological activity [125]. It is an antioxidant
that can break chains while maintaining a low molar ratio
in comparison to unsaturated phospholipids. Vitamin E
protects cellular membranes from oxygen free radicals pro-
duced by polyunsaturated fatty acids and scavenges super-
oxide and hydroxyl radicals. Vitamin E recycling by
vitamin C, ubiquinols, and thiols restores its antioxidant
activity (Figure 2) [126].

8.1. Cellular and Molecular Immune Mediators of
Neuroprotection. A neuroprotection system or technique
aims to prevent the nervous system from being damaged
or injured, especially in people who have been injured or
diagnosed with a degenerative disease [128]. Neuroprotec-
tion aims to reduce nerve death following a CNS injury
and to protect the CNS from early degeneration and other
causes of nerve cell loss [50]. In order to beat infections
and cope with stress, the immune system and the CNS
appear to have evolved a wide and varied set of mechanisms.
This is because the CNS immune response has a large num-
ber of failsafe mechanisms that facilitate a well-regulated
response to injury and the commencement of healing and
repair [51]. Neurotrophins are important regulators of neu-
ral growth function, survival, and the ability to change (plas-
ticity) [122, 129]. Nerve growth factor (NGF) is a
neurotrophic factor that promotes the development and sur-
vival of peripheral sensory and sympathetic nerve cells in
mammals, including humans. It was identified in 1950
[54]. NGF functions by activating two transmembrane
receptors. Another one is the p75 receptor, which actually
applies to the tropomyosin receptor kinase (trk) family
[130]. Exosomes are important mediators of neurodegenera-
tive disorders, carrying beta amyloid and prions from their
source cells to other cells [56]. Exosomes may regulate neu-
roinflammation, enhance neurogenesis and neurogenic
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Figure 2: Oxidative stress hypothesis as well as its effects on a cellular level. What happens to free radicals when they are formed in cells?
Because of the brain’s high oxygen demand, ROS (reactive oxygen species) are constantly being produced (ROS). Since their high reaction
rate increases oxidative stress and thus the formation of AGE and/or protein function loss, they also cause (i) protein oxidation and
glycosylation, which leads to protein degradation; (ii) cell peroxidation, which reduces membrane fluidity and increases cellular
permeability, which alters homeostasis in cells, and neurodegenerative diseases may be caused by any of these; and (iii) reasons DNA
damage through guanine nucleotide oxidation or reduction [127].
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physiological location, and cure neurological disorders [131].
Gene expression is regulated by the cAMP-responsive
element-binding protein (CREB) pathway, which participates
in two key gene expression cascades. The first one describes
CREB as an essential part of the molecular switch that regu-
lates more permanent kinds of neural plasticity and learning.
The second one connects CREB to the maintenance and pro-
tection of neuronal survival [58]. CREB plays an important
role in a variety of cell processes, metabolism, including prolif-
eration, differentiation, and survival [59].

9. Turmeric and Choline in Diet Can Increase
the Neuroplasticity

9.1. Turmeric. In Southeast Asia, turmeric is widely used as a
spice. It contains numerous health benefits, particularly in the
cases of Alzheimer’s disease and Parkinson’s disease. Turmeric
contains polyphenolic curcuminoids, diferuloylmethane, bis-
demethoxycurcumin, dimethoxy curcumin, and cyclocurcu-
min, among other beneficial compounds. Curcumin contains
numerous important physiological effects, anti-rheumatoid,
including anti-inflammatory, antispasmodic, anti-allergy,
and anticancer characteristics [132–134]. Curcumin activated
extracellular signals, which regulated neuronal plasticity and
stress response transmission [59].

9.2. Choline. Among the foods that are high in cholesterol per
gram are eggs, beef liver, chicken liver, andmeats. Choline has a
variety of functions in the human body, ranging from cell struc-
ture to neurotransmitter production. Its deficiency, on the other
hand, has an impact on a variety of ailments, including liver dis-
ease, atherosclerosis, and neurological disorders. Neuroplasti-
city in the adult central nervous system can be altered by
replenishing with B vitamins like folic acid and riboflavin as well
as choline [135, 136]. On days 0 and 14, Balb/c mice were sen-
sitized with 100g ovalbumin and then challenged with aerosol-
ized ovalbumin on days 25–27. On days 14–27, mice were given
1mgkg–1 choline either oral gavage or intranasal method. In
addition, mice were given 100mgkg–1 of lipoic acid as a con-
ventional antioxidant. In bronchoalveolar lavage (BAL) fluid,
total cell counts, eosinophils, and eosinophil peroxidase (EPO)
activity were measured. In BAL fluid, levels of reactive oxygen
species (ROS), lipid peroxidation, and isoprostanes were
assessed. The levels of IL-13 and tumor necrosis factor-alpha
(TNF-) in BAL fluid and spleen cell culture supernatant were
also evaluated. After the final ovalbumin challenge, the expres-
sion of the nuclear factor B (NFB) p65 protein was examined in
lungs’ nuclear and cytosolic extracts. Treatment with choline
and lipoic acid significantly reduced eosinophilic infiltration
and EPO activity in BAL fluid compared to mice that were
exposed to ovalbumin. Reducing the levels of ROS and isopros-
tanes in BAL fluid was achieved through the use of choline and
lipoic acid therapy [137, 138].

10. Novel Therapeutic Agent

10.1. Phytocannabin. There has recently been a surge in
interest in researching cannabis-based products for medical
purposes [139]. However, research in the field of neurology

is still lacking, and further randomized double-blind placebo
studies are needed [140]. People who have seizures linked to
certain epileptic syndromes and MS patients who experience
spasms have been shown to benefit from Class I evidence of
the goods being tested for suitability keeping in mind that
not all cannabis-based products are created equal is essential
in the process of labeling [141]. In the absence of FDA over-
sight, products sold and marketed for human consumption
are neither regulated nor subjected to rigorous testing. Fur-
thermore, there is still debate on brain inhibition. Other
potential symptom exacerbating characteristics of various
marijuana compounds Marijuana’s chemical constituents
interact with other drugs. There is still more to learn [139].
Obtaining information regarding the use of these products
is common, not by medical providers, but by other patients,
advertisements, or media sources [142].

MS symptoms can be relieved with a combination of 9-
THC and CBD, which led to the development of the first
legal PCB medication, Sativex. As a neuroprotective agent,
CBD’s ability to influence immune cell activity in the central
nervous system (CNS) and limit oxidative stress is very
promising. In particular, CBD’s ability to modulate CNS
immune cell activity and limit oxidative stress is very prom-
ising. However, it is important to note that previous antiox-
idant and anti-inflammatory-based treatments for
neurodegenerative diseases have had minimal clinical effi-
cacy in many cases [143]. There is currently very little
human data on PCB effects in neurodegenerative illnesses
aside from the favorable evidence on the benefits of SCEs
on MS symptoms gathered over the last decade. For patients
with Alzheimer’s disease, Parkinson’s disease, and other
neurodegenerative diseases, clinical trials examining the
effects of PCBs on both disease progression and symptom
control are needed. It does seem that PCB-based therapies,
regardless of the target condition, are well tolerated, which
is a positive sign for future trials. Antioxidant properties of
other PCBs have been overlooked, but they will be better
suited to specific illness. 9-THCV, for example, negatively
regulates both neuronal cell death and probably results
immunological response in models of Parkinson’s disease,
while reducing signs of bradykinesia.

10.2. Rosmarinus officinalis. Neuroprotective properties have
been found in Rosmarinus officinalis, and it is a surprising
discovery. Alzheimer’s disease and dementia are examples
of such disorders. Rosemary is a woman who proved inhib-
itory activity using the two enzymes such as butyryl cholin-
esterase (BChE) and acetylcholinesterase (AChE).
Acetylcholine-cholinesterase is responsible for its break-
down. These are also responsible for the essential oils of
the plant [144]. Enhancing Rosemary has been shown to
reduce total choline levels in the brain. Memory loss, anxi-
ety, and depression are all symptoms of Alzheimer’s disease
[135, 136]. Two more studies show that the ability to protect
the brain is beneficial. R. officinalis is a medicinal plant. The
first is polyphenols, which are found in rosemary. Stress pro-
teins, which play a role in disease, were found to be inhibited
by the extract the neurodegenerative process [145]. Rose-
mary has also been shown to increase the production of
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nerve growth factor (NGF), a protein that is essential for
nerve growth and maintenance. Alzheimer’s disease may
benefit from increased NGF levels. So, this study has showed
that Rosemary has a lot of roles to expand as a plant's neu-
roprotective substance.

10.3. Nano Therapy. Alzheimer’s disease treatment and pre-
vention have used nanotherapeutic methods (Figure 3).
Three barriers protect the brain and spinal cord: the blood-
brain barrier (BBB), the blood-cerebrospinal fluid barrier
(BCSFB), and the ependymal barrier (CNS). As the cerebro-
spinal fluid (CSF) flows through into the choroid plexus of
the ventricles, the BCSFB acts as a barrier between the fluid
and brain tissue. Communication between the central ner-
vous and blood is managed by the biological membrane
(BBB) [146]. Aside from protecting the CNS from harmful
chemicals and promoting hemostasis, the BBB also blocks
the delivery of medications to the CNS. The BBB [147]
allows only extremely lipid-soluble molecules with a molec-
ular weight (MW) of less than 400Da to pass through. The
BBB is changed in AD, according to various findings.

BBB disruption could be both a cause and a symptom of
Alzheimer’s disease. Three types of BBB damage have been
identified as contributing to the start of AD: leaking of
unwanted substances from the bloodstream into the CNS,
transport system malfunction, and changes in protein
expression in endothelial cells [146]. Medication delivery
may be managed to improve by trying to disrupt the BBB,
which increases BBB permeability, reduces efflux transporter
expression, and reduces CSF reabsorption. Due to a
decreased BBB in some cases of Alzheimer’s disease, medica-

tion distribution to the CNS is diminished, which is
extremely damaging to drug delivery [146].

Because such nanoparticles have a high surface to vol-
ume ratio and can be synthesized and characterized with
desired ligands, nanotherapeutic methods that would be
used in noninvasive frameworks have shown promise in
overcoming the BBB impediment. Multiple nanotherapeutic
methods, such as targeting A, cholinesterase downregula-
tion, and dissolving fibrinogen clots, outperformed conven-
tional therapy significantly [148]. Genetically restricted or
regulated expression of the A peptide, suppression of the
fibrillation process, and removing accumulated A amyloids
from the brain have all been utilized to target A plaques.
The amyloid precursor protein (APP) is cleaved at the N-
terminus by BACE1’s protease activity, resulting in the A-
amyloid peptide. The BACE1-siRNA was efficiently scat-
tered using synthesis of nanomethods and was using natu-
rally inert exosomes to limit its activity. To reduce
immunogenicity and maximize the efficacy of silencing, the
targeted exosome nanocarriers were obtained from C57BL/
6 mice’s bone marrow cells. Another way to counter A pla-
ques is to slow or stop the nucleation-dependent process that
produces fibrils and the resulting plaques. DSPC-Chol lipo-
some NPs functionalized with an A monoclonal antibody
were checked on postmortem AD brains (A-MAb) [149]
that backed up the effectiveness of the proposed technique.
The removal of brain plaques caused by decrepitude is the
third procedure. Gold (Au) NPs and reconstituted high-
density lipoprotein NPS expanded BBB permeability and,
as a result, targeted efficacy in resolving and destroying
aggregates. It was highly suggested by innumerable

Figure 3: Monosialotetrahexosyl ganglioside-incorporated reconstituted high-density lipoprotein (GM1-rHDL) possesses antibody-like
high binding affinity to Aβ, facilitates Aβ degradation by microglia and Aβ efflux across the blood-brain barrier (BBB), and
simultaneously allows the efficient loading of neuroprotective agents, serving as a nanoparticulate drug delivery system for the
combination therapy of AD [155].
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epidemiological studies, which was eventually approved by
the FDA, following the failures of many clinical trials con-
nected to the A cascade concept. Using modified poly (n-
butyl cyanoacrylate) NPs with polysorbate 80 and addition-
ally chitosan NPs, nanotechnology-based treatments deliver
the cholinesterase inhibitor rivastigmine to the brains of
Wistar rats via intravenous and intranasal injection, respec-
tively [150, 151]. Cerebrovascular risk factors have been
linked to the severity of Alzheimer’s disease and cognitive
impairment in some epidemiological studies. When cerebro-
vascular dysfunction occurs alongside Alzheimer’s disease,
the pathological symptoms are increased [152]. Fibrinogen
can enter AD brains through disrupted BBBs, resulting in
abnormal clots, especially when A is present. Based on this
information, EMT zeolite NPs were developed to inhibit A
interaction with fibrinogen and the rate of A fibrillation. Like
uncovered EMT zeolite NPs, their fibrinogen binding
strength was inhibited after they were covered by the corona
layer [153]. Safety and toxicological methods have limited
translational pathways even though clinical research based
on nanotechnology is still active, as safety concerns about
nanoparticle-mediated adverse effects have become more
significant when medication delivery to the central nervous
[154]. It is becoming easier for pharmaceutical companies
to conduct preclinical evaluations and high-throughput
screenings of small compounds because of the development
of brain-mimetic 3D-culture models.

11. Neuroprotection: Challenges
and Opportunities

Demonstrating the effectiveness of any neuroprotective ther-
apy in people is the main challenge in neuroprotection. Clas-
sical pharmacology, complicated approaches such as deep
brain stimulation, and traditional pharmaceutical equip-
ment are all being explored as part of neuroprotective ther-

apy (ENT) [156]. Recent developments in both
experimental technique and the design of clinical trials have
prompted cautious hope. Such concerns as therapeutic win-
dow, dose-response profile, and CNS penetration have been
more consistently addressed in experimental pharmacologi-
cal investigations [157]. There are numerous methods and
assays that may be used to determine the status of the OxS
biomarkers in a range of biological samples, which is a major
advantage but also a downside. Each method has its own set
of pros and limitations, as well as practicality and economic
considerations [158]. The interpretation of data may also be
complicated by a number of pre- and post-analytical difficul-
ties, which require further standardization such as preanaly-
tical issues, analytical issues and, postanalytical issues [159].
However, in diseases such as Parkinson’s (PD) and Alzhei-
mer’s (AD), neuroprotective interventions are required to
reduce neuronal death, whereas in conditions such as ALS
(Figure 4), autism spectrum disorders (ASD), spinal cord
injuries, and other such conditions, restoration or both pro-
tection and restoration are required to restore neurons [156].
A lethal form of persistent neurodegeneration, ALS (amyo-
trophic lateral sclerosis) is characterized by the presence of
proteinaceous, ubiquitinated cytoplasmic inclusions in
affected motor neurons as well as in cells surrounding these
neurons [160]. Apoptosis may have a role in neurodegener-
ation, according to some research, but others disagree. This
controversy must be settled since it is therapeutically signif-
icant. Clarifying MN death pathways gives reasonable tar-
gets for future ALS treatments. A primary focus of study
needs to be on finding models of motor neuron degeneration
that are the most accurate representations of motor neuron
death in clinical ALS (outstanding issues). Identification of
MN cell death pathways and evaluation of medications and
biological substances for neuroprotective properties are both
made possible via the use of animal and cell model system
research [161]. Traumatic brain injury (TBI) is the leading
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cause of mortality and disability in those under 45 world-
wide. The knowledge of pathophysiological events has been
expanded as a result of numerous experimental and clinical
studies of biomechanical injury and tissue damage. This
information has the potential to serve as the foundation for
the development of novel treatment techniques as well as
the enhancement of treatment strategies that are already in
use [162]. Dementia treatment differs based on the kind of
dementia detected in people who have had traumatic brain
injuries. When treating Alzheimer’s disease or any form of
dementia, patients with and without a previous history of
traumatic brain injury should adhere to the same treatment
protocols [163]. In the case of mild traumatic brain injury
(TBI), neuropsychological tests are often used in combina-
tion with imaging to assess brain function. Memory, focus,
information processing, executive functioning, and response
speed are some of the cognitive abilities that may be assessed
with these tests [164].

Neuroprotection is a treatment method that modifies the
consequences of the ischemia cascade or facilitates reperfu-
sion in order to protect neurons from suffering irreparable
damage. This is done in the hopes of preventing neuronal
death [165]. Despite the fact that various medicines have
shown neuroprotective effects in preclinical studies, the
translation of those findings to clinical trials has failed to
show any significant impact. The NDDs may be distin-
guished from one another in large part by the anatomical
locations that exhibit neuronal dysfunction, biochemical
and structural changes in protein indicators, and neuronal
cell diseases including the deposition of protein(s), as well
as alterations in genetics and epigenetics [166]. Since it is
undeniable that OxS plays a role in the etiology of many
chronic degenerative illnesses as well as the aging process,
several investigations into the potential advantages of anti-
oxidant treatment have been made. Exogenous supplemen-
tation is justified in order to preserve the general public’s
wellness and health by avoiding the onset of illness, its pro-
gression, and its repercussions. Genome instability is mostly
caused by endogenous stress. It is true that the main force
for genomic evolution, genetic diversity, is necessary for
physiological activities. The goal of the most recent diagnos-
tic studies is to create readily identifiable biomarkers from
saliva or blood to discriminate between the many types of
neurological diseases.

11.1. Neuro-Imaging in the Identification of Severe Disorders
Caused by Neurodegeneration. The unique protein that
aggregates characterizes each neurodegenerative disease
type. Extensive research has recently been conducted on
disease-modifying medicines for neurodegenerative diseases
(e.g., Alzheimer’s disease and tauopathies), with the hope of
developing them in the near future. Urgently needed for the
correct diagnosis of neurodegenerative diseases as well as the
facilitation of the creation of disease-modifying therapies are
disease-specific biomarkers that are both straightforward
and applicable [167]. Characteristic imaging findings in neu-
rodegenerative diseases are described in several diagnostic
criteria. Furthermore, only a small number of current diag-
nostic criteria for neurodegenerative disorders have identi-

fied neuroimaging methods as biomarkers that might
gauge the pathological changes taking place in neurodegener-
ative disease patients’ brains. The importance of neuroimaging
methods as biomarkers are discussed here for various neuro-
degenerative disorders such as magnetic resonance imaging,
single photon emission computed tomography (SPeCT) and
positron emission tomography (PeT), dopamine transporter
imaging, 123iodine-metaiodobenzylguanidine, myocardial
scintigraphy, Aβ imaging, and Tau imaging. Functional neu-
roimaging methods are used to diagnose the most common
CNS illnesses (Parkinson’s disease (PD), Alzheimer’s disease
(AD), Huntington’s disease (HD), amyotrophic lateral sclero-
sis (ALS), and Multiple sclerosis (MA)) [168].

11.2. Anatomical Identifications of Neuronal Losses in
relation to Clinical Symptoms. In order to get a proper grasp
of the early symptoms, identification of the anatomical loca-
tions is required. For instance, the regions of the brain
known as the entorhinal cortex, neocortex, hippocampus,
and limbic system are responsible for symptoms such as cog-
nitive decline, dementia, and other alterations in high-order
brain functions, whereas thalamus, the basal ganglia, motor
cortical, and brain stem areas are primarily responsible for
disturbances in body movements. The majority of the time
and combinations of these different kinds of symptoms are
found throughout the evolution of illnesses that follow
region-specific neurodegenerations.

The computational models that are going to be given here
perform certain alterations on three-dimensional (3D) ensem-
bles of neurons that represent healthy persons. The data from
digital photographs of brain tissue were utilized to construct a
reasonable three-dimensional arrangement of neurons with sta-
tistical features that were compatible with experimental data in
order to establish these first ensembles [169]. This computa-
tional technology was developed in the past. To be more spe-
cific, the prior technique measured the microcolumnarity of a
particular tissue slice in order to generate, with the help of a
density map computation, the 3D representation of neurons
that had the same statistical features as those seen in the exper-
imental tissue [170]. After they have been created, these prelim-
inary ensembles will be used as the foundation for stochastic
simulations that will investigate different models of deletion
and displacement. These simulations will begin after the prelim-
inary ensembles have been formed. The models that are going
to be described here consider groups of neurons that are
arranged in a Cartesian coordinate system. This is done in order
to facilitate the computations being performed with more ease
[171]. We find that this limitation has no discernible impact
on the scope of either our work or our conclusions when we
contrast the results from our models with data obtained from
straight sections of tissue that were locally fitted to this coordi-
nate system. This method is widely used and has been imple-
mented by others in order to keep from becoming confused
by the impacts of curved areas. However, due to the nature of
themethodology that has been presented in this article, it is pos-
sible to make straightforward generalizations to other coordi-
nate systems. These other coordinate systems might be able to
better describe curved regions of the brain, such as those that
can be found in the lip or fundus of any sulcus [172].
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11.3. Brain Mapping: A Diagnostic Tool for
Neurodegenerative Diseases. The scientific community has
been captivated for a very long time by the prospect of pro-
ducing maps that may localize cognitive processes and alter-
ations caused by illness to specific areas of the brain.
Brodmann’s cytoarchitectonic map, which was created in
the early twentieth century and separated 52 cortical subre-
gions based on their distinctions in thickness, lamination,
neuronal type, and staining characteristics, is perhaps the
most lauded brain mapping feat to date. Since the develop-
ment of noninvasive neuroimaging techniques, brain maps
have progressed to the point that they are now digital atlases
that are highly complex, multidimensional, and multimodal.
These atlases cover the whole of a human’s life and depict
the course of a number of disorders [173]. Since the middle
of the 1990s, many potent brain mapping methods have
been developed. A lot of people rely on computational anat-
omy, a mathematical approach to modeling the brain in
which brain surfaces and subvolumes are viewed as complex
geometrical patterns and are modeled as 3D continuous
mesh models or deformable shapes that can be averaged
and combined across subjects, and on which statistics can
be defined [174]. Thus, the anatomical pictures are change-
able templates that may be elastically or fluidly reshaped into
a comparable shape, most often onto the average of the
research group, an atlas average, or the brain shape of
another individual [175]. Some of these methods employ
surface markers as constraints to explicitly represent the
anatomy of the brain (e.g., sulci). Without losing the under-
lying subtleties in the measure of interest, these strategies
easily enable the correct alignment of surface-specific geo-
metrical patterns (such as gyri) and assist in accurately colo-
calizing identical cortical and subcortical areas (e.g., cortical
thickness, functional activation, or gray matter density). The
ability to describe cortical and subcortical illness patterns
and identify subtle disease-associated alterations is enhanced
by the ensuing anatomical coregistration [176].

12. Conclusion and Future Perspective

Many neurodegenerative diseases, such as Alzheimer’s, Par-
kinson’s, and amyotrophic lateral sclerosis, are caused by free
radical damage to human nerve cells. This gang of neurode-
generative diseases is to start blaming for the obliteration of
DNA, lipids, and proteins. Phytochemicals, magnesium, cho-
line, and turmeric in our diet all play a role in neuroplasticity
by acting as neuroprotective agents. This review illustrates the
different neuroprotective agents and their functions.

Neuroprotective agents have been shown to be beneficial
in a variety of models, including rats, mice, and drosophila,
as well as humans. Various neurodegenerative infections
can be treated with bioactive molecules found in medicinal
plants because medicinal plants are shown to have neuro-
protective properties. Alzheimer’s disease people can benefit
from AGE, a supplement food that improves cognitive func-
tion, as a supplement.

Dopaminergic neurons in Parkinson’s disease are pro-
tected by Bacoside A and Donezil, and allium stadium has
been shown to protect cells from oxidative stress while also

inhibiting A aggregation and fibril formation. Clinical trials
have shown neuroprotective effects, but this is not sufficient.
A large sample size is needed for the clinical trial. This
review could be helpful for future research priorities on var-
ious phytochemicals that can be used as a medicine because
they had been shown already a wide range of health benefits
such as inhibiting of Aβ aggregation and formation of fibrils,
decreasing the amount of Aβ fibris, and protecting the dopa-
minergic neurons in Parkinson’s disease and also are capable
of protecting cells from oxidative stress. Despite numerous
clinical studies demonstrating neuroprotective financial
advantages, more research needs to be done. Large numbers
of people should be involved in the research. There are
numerous phytochemicals that can be used in medicine,
and a review of this material could help guide future
research because a wide range of health benefits had already
been illustrated.
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