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Neurodegenerative disorders such as Alzheimer’s disease (AD) and Parkinson’s disease (PD) are becoming more frequent as the
age increases. Contemporary therapies provide symptom resolution instead of targeting underlying pathological pathways.
Consequently, there is considerable heterogeneity in response to treatment. Research has elucidated multiple potential of
pathophysiological mechanisms contributing to neurodegenerative conditions, among which oxidative stress pathways appear
to be suitable drug targets. The oxidative stress pathway has given rise to numerous novel pharmacological therapies that may
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provide a new avenue for neurodegenerative diseases. For example, SKQ (plastoquinone), MitoVitE, vitamin E, SOD mimic,
MitoTEMPO (SOD mimetic), and bioactive molecules like curcumin and vitamin C have indeed been examined. To better
understand how oxidative stress contributes to neurodegenerative diseases (such as Alzheimer’s and Parkinson’s), we analyzed
the medicinal qualities of medicines that target markers in the cellular oxidative pathways. The specific pathway by which
mitochondrial dysfunction causes neurodegeneration will require more investigation. An animal study should be carried out on
medications that tackle cellular redox mechanisms but are not currently licensed for use in the management of

neurodegenerative conditions.

1. Introduction

Since they are both neurological diseases, Alzheimer’s dis-
ease (AD) and Parkinson’s disease (PD) remain untreated
[1]. PD affects approximately one percent of the overall of
the individuals over the age of 60, while Alzheimer’s disease
(AD) affects approximately four percent of the overall of the
people above the age of 65 [2, 3].

Ocxidative stress, which is a hallmark of aging, is the
major trigger for both disorders. Mitochondrial dysfunction
is the redox condition that results from an imbalance
between the production and elimination of reactive oxygen
species (ROS) (Figure 1). It is impossible to avoid ROS even
though they metabolize all significant cellular components,
especially DNA, RNA, protein, and triglycerides [4]. ROS
have been used in cell signaling pathways when they are
present in high concentrations.

Neuropathologically, PD is distinguished by

(a) areduction in the amount of dopaminergic currently
offered for neurotransmission in the substantia nigra
pars compacta (SNpc) resulting in a loss of dopa-
mine pathways; and

(b) there is a development of Lewy bodies, neurofibril-
lary tangles aggregates that incorporate microfibrils
synuclein [5]

Disruption of circuitry that controls movement and pos-
ture is caused by deficit in the dopamine neurotransmitter in
the SNpc, which results in symptoms including slowness of
movement and relaxation trembling. Parkinson’s disease
is also known to cause nonmotor signs such as sleep dis-
orders, anxiety, memory impairment, and malfunctions
of the autonomous nervous system and the senses [6, 7].
The neurodegenerative disorders expression of AD is sub-
stantially more extensive, with functional decline occurring
in conjunction with amyloid plaques, neurofibrillary tan-
gles, and cerebral amyloid angiopathy [8]. The final out-
come of degenerative progressions that have yet to be
defined in AD and PD is oxidative stress as a result of cel-
lular malfunction.

It is still not obvious how oxidative stress plays a role in
either disease’s onset or progression, but this is one theory
that has been floated by some researchers. Previous studies
have attempted to disseminate the role of oxidative stress
in the pathophysiology of neurodegenerative diseases [9].

Treatments aiming cellular oxidative pathways may be
beneficial in the management of neurodegenerative disor-
ders, particularly those associated with endothelial dysfunc-

tion recently. Oxidative stress is a major contributor to
neurodegeneration in general and to the development of
both Parkinson’s disease and Alzheimer’s disease (AD).
There will also be an examination of present and upcoming
treatments for oxidative stress. For these new medicines,
future outlooks are presented to discuss their possibility for
disease-modifying.

2. The Role of Oxidative
Stress in Neurodegeneration

2.1. Mechanisms of Oxidative Stress. The electrons in the
outermost electron shells of reactive species (subatomic par-
ticles, molecules, or ions) are unpaired, and this gives them a
high degree of responsiveness. Endogenous reactive oxygen
species (also known as ROS) have the ability to metabolize
macromolecules since they are capable of doing so. Numer-
ous metabolic reactions, such as oxidative phosphorylation,
generate ROS. Mitochondrial-derived reactive oxygen spe-
cies (mtROS) (Figures 2 and 3) include singlet oxygen
(0,), superoxide anion (O,"), hydrogen peroxide (H,0,),
nitric oxide (NO®), hydroxyl radical (OH®), and hydroxyl
ion (OH"). Xanthine oxidase (XO) or mitochondrial respira-
tory chain complexes I (NADH dehydrogenase) and III (bcl
complex) first convert oxygen to superoxide anion [3, 10]
(Figure 2). In both the matrix and the intermembranous
region, complex IIT generates a superoxide anion (Figure 2)
[11].

A patient’s condition, age, and hormonal status all affect
how much of these complexities are present in IMM. In
order to produce hydrogen peroxide, the superoxide anion
must first be converted by SOD. Hydrogen peroxide can be
detoxicated to water and oxygen using glutathione peroxi-
dase, catalase (CAT), or thioredoxin peroxidase (TPx) [12,
13]. It can also be converted to hydroxyl radicals and
hydroxyl ions via the Fenton reaction (Figure 3) [14].

At physiological levels, ROS are sequestered by endog-
enous antioxidants such as glutathione peroxidase and
superoxide dismutase. The central nervous system (CNS)
is especially vulnerable to oxidative stress [15]. The rapid
energy level of cerebral cortex, the greater amount of
polyunsaturated fatty acids (PUFA) in the biological syn-
apses, and the native autooxidative pathways engaged in
neurotransmitters are all factors that contribute to this
sensitivity.

Despite unsaturated fatty acids comprising 20% of the
brain’s total fatty acid content, only around 3% of the total
glutathione peroxidase in the human liver is found in the
brain. Superoxide dismutase levels in brain tissue are com-
parable to those found in the heart and liver. Iron, often
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FIGURE 1: Defining the role of free radicals and antioxidants in cellular oxidative development.

Oxidants

Superoxide

Hydrogen peroxide
Hydroxyl radical
Alkoxy/peroxy radical

Antioxidants

Flavonoid
Carotenoids
Ascorbic acid
Vitamin E

FIGURE 2: Reactive oxygen species (ROS) production in mitochondria (mtROS).

found as iron-neuromelanin complexes in dopaminergic
neurons, under pathological conditions may act as a cofactor
for producing ROS [16]. All the above contribute to the
greater susceptibility of CNS to ROS. Locally increased levels
of ROS can precipitate mitochondrial dysfunction by dam-
aging membrane proteins and may cause adverse mutations
in mitochondrial DNA [17, 18].

The endpoint of this cascade is neuroinflammation and
neuronal dysfunction as seen in PD and AD [19]. Currently
biological studies posit that such consequences are primarily
the result of mitochondrial dysfunction, secondary from oxi-
dative stress, leading to neurodegeneration [20-22].

2.2. Reactive Species as Modulators of the Neurological
Function. Reactive oxygen species (ROS) modulate many
aspects of neurological function by acting as secondary mes-
sengers in several pathways (Figure 4). There are two types
of synaptic plasticity: LTP and LTD, which refer to an
improvement in synaptic performance as well as a decrease
in signal transduction [23].

ROS are relevant in the hippocampus and spinal cord
where they partake in LTP [24]. Secondly, ROS activates
microglia and astrocytes causing the ongoing release of pro-
inflammatory cytokines and chemokines analogous to the
systemic, low-grade inflammation that occurs secondary to



|

Oxidative Medicine and Cellular Longevity

Fe? + Cl-
O, Endogenous 0,
sources
Fe2+
HOCI- 1,0, ,@ cr
-
Exogenous
sources T Fe2+ Fe3*
U H+
%)~ 0
NADPH NADP+ / 2GSH NADP+ G6P

/\mr

L-citruline

L-arginine

H+

2H,0

GSSG

NADPH G6PDH

NO, +

FI1GURE 3: Radical species development.

malignancy. Thirdly, ROS play a crucial role in the differen-
tiating of neurons by influencing the multiplication of brain
progenitor and epigenetics.

Fourthly, ROS inhibits sodium currents needed for
action potentials via the oxidation of thiol groups
(Figure 4). Interestingly the opening of voltage-gated cal-
cium channels is enhanced by ROS [25, 26].

Complex I: NADH dehydrogenase; II: succinate dehy-
drogenase; III: bcl complex; IV: cytochrome C oxidase; V:
ATP synthase; Q: Ubiquinone; Cyt C: cytochrome C; Cyclo
D: Cyclophilin D; mPTP: mitochondrial permeability transi-
tion pore; SOD: superoxide dismutase; GPxs: glutathione
peroxidase; TPx: thioredoxin peroxidase. See text below for
details [27].

2.3. Oxidative Stress in the Pathogenesis of PD and AD. Post-
mortem frontal brain samples from people aged 26 to 126
years showed a decline in genes linked to synapse formation,
vesicular transport, and mitochondrial activity beyond the
age of 40. The response to stress and antioxidants and
DNA fix genes were then upregulated as a result of these
modifications [28].

PD patients’ nigral neurons, which are particularly vul-
nerable to mitochondrial malfunction due to high levels of
oxidative metabolism, have been the subject of extensive
investigation since the 1980s [2]. Regarding AD, though its
pathophysiology has been explained through the amyloid
and the neurofibrillary tangles, research has also implicated
other mechanisms in its development and progression;
among these mechanisms is mitochondrial dysfunction
and oxidative stress [2], though, most authors agree that
mitochondrial dysfunction precedes amyloid plaque deposi-
tion and is thus not the underlying cause.

In postmortem tissues, elevated levels of ATP were
found in patients with AD both in cerebral structures and
in peripheral tissues, signifying the presence of mitochon-
drial dysfunction. Complex I, III, and IV inadequacies have
been observed in postmortem dissections thus far. Apart
from mitochondrial dysfunction changes, there have also
been changes in morphology and distribution of mitochon-
dria, with research describing the length reduction and
increase in numbers [2].

2.4. Novel Therapies Targeting Oxidative Stress Pathways.
The capacity of these medications to pass the blood-brain
barrier (BBB) is a critical hurdle when developing innovative
therapeutics for neurodegenerative illness. According to
research, the disease associated with complex 1 is the major
source of mitochondrial dysfunction [29]; treatments that
address this are being explored, including substances like
SKQ (plastoquinone), MitoVitE (vitamin E), MitoTEMPO
(SOD mimic), MCAT (catalase), MitoPBN (CoQ), and phe-
nyl tert butylnitrone conjugation, as well as other chemicals.

Others are lipophilic cation-based tetrapeptide com-
pounds or choline esters of glutathione and N-acetyl 1-
cysteine that can penetrate cells. There has been evidence
that MitoQ slows down the onset of Alzheimer’s disease by
decreasing A-induced neurodegeneration in neuronal cells,
reducing free radical generation [30, 31].

Intracellular enzymes such as superoxide dismutase and
glutathione peroxidase provide some protection from ROS.
Synthetic molecules such as butylated hydroxytoluene,
butylated hydroxyanisole, and ethoxyquin PAPLAL (mix-
ture of Pd and Pt NPs) have been designed to mimic these
enzymes but may produce adverse effects resulting from sys-
temic administration [31].
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An erythropoietin (Neuro-EPO) intranasally adminis-
tered shields from inflammation and neurological assaults,
restoring impairments in recollection, acquisition, and rec-
ognition of new images while also reducing antioxidant
activity [32, 33].

Due to the Nrf2-NF-B signaling axis, Cyclo (His-Pro)
seems to have some anti-inflammatory and stress activities,
as well as ability to repair neuronal functionality Antioxidant
defenses can be activated and apoptosis inducing and
inflammation response can be reduced by increasing the
nuclear level of Nrf2 and preventing IB degradation [34].

Studies suggest Glial activation-mediated inflammation
has some role in Parkinson’s disease (PD), via the Glia mat-
uration factor (GMF) [35]. Modified GMF articulation
directly influences the creation of reactive oxygen species
by 1-methyl-4-phenylpyridinium (MPP +). GMF suppres-
sion correlated with a decline in reactive oxygen species
and resulted in downregulation of NF-kappaB-induced cre-
ation of TNFalpha and IL-1b. Thus, it decreased lipid perox-
idation levels and increased levels of glutathione [35].

Metal-protein attenuating compounds (MPACs) inter-
rupt the abnormal metal-protein interaction and normalize
its distribution by competing with target proteins for metal
ions [36].

Autopsies performed on brain tissue of PD and AD
patients show involvement of transition metals during the
formation of cytotoxic tissue aggregates, and metal chelating
therapy has demonstrated significant efficacy in certain PD
models by preventing lipid peroxidation, although long term
use might interfere with normal physiological function [37].
Although these compounds show great results, they are still
at the experimental phase, and their clinical application is
being investigated.

2.5. Oxidative Stress Drug Targets in Anti-Alzheimer’s
Disease Therapy. Antioxidant properties of medications used
to treat Alzheimer’s disease show considerable differences
based on dose and AD model. Tacrine, which was the first
anticholinesterase inhibitor approved by the Food and Drug
Administration (FDA), showed reduction in overall survival



(OS) in an animal Alzheimer’s disease model [38] and at a
dose of 50-800 g/kg i.m. increased FRAP, and hence “antiox-
idant efficacy” [39], without raising any sign of OS-
associated damage in brain tissue. Tacrine has a favorable
effect when provided in doses that improve the antioxidant
system without increasing oxidative stress-induced damage
in brain tissue [40].

Donepezil, another cholinesterase inhibitor used in Alz-
heimer’s disease patients, resulted in dose-dependent effects
on antioxidant capacity and reduced lipid peroxidation
when administered in mice AD models at modest doses. In
the APPswe/PS1 transgenic mice AD model, donepezil did
not decrease OS biomarkers or show significant antioxidant
activity [41]. Hence, discrepancy in results from different
studies suggests that adaptations to its use may be the source
of the observed discrepancy in outcomes in transgenic and
nontransgenic AD mice models.

Rivastigmine, another drug used to treat of Alzheimer’s
disease, does not show to decrease lipid peroxidation or
replenish GSH in an AD rat brain model [42], despite a pre-
vious report indicating antioxidant capabilities for rivastig-
mine when Alzheimer’s disease was produced in rats by
aluminum chloride treatment [43].

A single study found that another AChE inhibitor, gal-
antamine, might lower OS, leading to decreased lipid perox-
idation, nitrate, and GSSG levels, as well as increased SOD
activity and lower GSH levels, while also restoring cognitive
impairments [44].

Studies performed on Alzheimer’s disease preclinical
models demonstrate Memantine to decrease oxidative-
stress induced damage to cortex and hippocampus proteins,
improving age-related recognition memory in senior rats
[45]. Memantine also reduced the frequency of inducible
forms of NOS in an A25-35 AD model [46] and, in addition,
ROS and nitrate levels in the hippocampus and cortex in a
streptozotocin AD model [47] as well as a kainic acid-
induced model of dementia [47]. However, this effect was
not observed in the striatum [45].

Immunomodulatory agents such as Fingolimod or
FTY720, Tanshinone I, Lenalidomide, Thalidomide, Ginse-
noside Rgl, CNI-1493, Pycnogenol, and C5aR antagonist
DF3016A demonstrate anti-inflammatory action, thereby
reducing OS and lipid peroxidation products and decreasing
microglial, astrocytic, and T cell activities. They might be
used as a preventative measure, and there is some evidence
that they help with motor impairments and nigral dopami-
nergic neurotoxicity [48].

Over time, innovations in the field of nanomedicine have
garnered widespread interest in the scientific community.
Some compounds of interest are cerium oxide NPs, ceria/
polyoxometalates hybrid, manganese tetroxide and manga-
nese ferrite nanoparticles, yttrium oxide nanoparticles, iron
oxide nanoparticles, copper nanoparticle clusters, cobalt
oxide (Co304 NPs), and cobalt ferrite nanoparticles
(CoFe204 NPs). Some compounds have antioxidant proper-
ties and other compounds like ceria mimic enzymes [49].
Nanoceria mimics SOD and CAT activity. Due to the mixed
valency state of cerium oxide, it reacts with free radicals and
detoxifies ROS and therefore may be neuroprotective.

Oxidative Medicine and Cellular Longevity

Apart from metal and metal oxide nanoparticles
described above, inorganic nanoparticles such as mesopo-
rous silica nanoparticles (MSNs) can have potential applica-
tions as explained by their large surface area, structural
tunability, and easy functionalization [50]. Therapeutic trials
of these drugs and therapies in animal and human models
are discussed below [38, 41, 42, 51-65]. In patients: (i) vita-
min E (a-tocopherol, 800IU/day)+vitamin C (500 mg/
day) + a-lipoic acid (900 mg/day) |F2-isoprostane in CSF
[51]; (i) Coenzyme Q10 (400mgx3 times/day) NO
CHANGE F2-isoprostane in CSF [51]; (iii) w-3 (3 g/day con-
tained 675mg DHA and 975mg EPA) NO CHANGE F2-
isoprostane in urine, NO CHANGE PC in plasma [52];
(iv) w-3+a-lipoic acid (w-3, 3g/day contained 675mg
DHA and 975mg EPA + a-lipoic acid, 600 mg/day in one
tablet) NO CHANGE F2-isoprostane in urine NO
CHANGE PC in plasma [52]; (v) vitamin C (1,000 mg/
day) + vitamin E (4001U/day) |oxidation of CSF [53]; (vi)
Curcumin (1 or 4g/day) NO CHANGE F2-isoprostane in
plasma [54]; (vii) curcuminoids (2 or 4 g/day) NO CHANGE
F2-isoprostane in CSF [55]. In animal models: (i) Schi-
santherin A 0.1 mg/kg for 5 days i.c.v., injection started after
3 days from AfS1-42 injection (|[MDA in cerebral CTX,
TSOD, TGPx, TGSH in HIP and cerebral CTX) [38]; (ii) vita-
min E 150mg/kg, p.o. for 27 days, administration began 7
days before AfB1-42 icv. (MDA, |PC, |Mn-SOD, |Zn,
Cu-SOD, TGPx, @ GR in cerebral CTX and HIP) [57]; (iii)
Piperine 5 or 10 mg/kg p.o. 2 weeks before and 1 week after
AF64A (MDA in HIP) [58]; (iv) S-allyl cysteine 30 mg/
kgip. for 15 days pretreatment before streptozocin
(JTBARS, TGSH, TGPx, TGR in HIP) [59]; (v) Imperatorin
2x/day for 7 days with scopolamine injection (|MDA,
TSOD in CTX and HIP, TGPx in CTX and HIP, TGR in
CTX) [42]; (vi) a-lipoic acid 30 mg/kg/day enriched diet
for 10 months (|HNE, @ 3-NT in brain homogenates)
[60]; (vii) vitamin C 125 mg/kgi.p. for 12 days (no change
MDA in HIP) [61]; (viii) vitamin C low diet content
0.099 g/L of drinking water (TMDA in CTX) [62]; (ix) mel-
atonin 5mg/kg p.o. for 5.5 months (|MDA, |PC in HIP)
[63]; (x) melatonin 10mg/kg/day for 4 months intragastri-
cally (|TBARS, TGSH, TSOD in the brain homogenate) [64]

2.6. Oxidative Stress Drug Targets in Anti-Parkinson’s
Disease Therapy. Drugs like valproic acid, melatonin, ceftri-
axone, and N-acetylcysteine have been shown in research to
have oxidative impacts on human health. Antioxidative
defense enzyme activity in mice was recovered after ceftriax-
one treatment (glutathione, catalase, and SOD). Prior to tak-
ing ceftriaxone, Ropinirole considerably increased the
protective effects [66].

Using 6-OHDA-induced SNpc dopaminergic neuronal
damage in rat models, serofendic acid plays a protective role
against 6-OHDA-induced oxidative stress parameters, such
as 3-nitrotyrosine and 4-hydroxy-2-nonenal (4-HNE).
When N-acetylcysteine was administered to animals, it
induced an upsurge in the efficiency of lipid peroxylase,
superoxide dismutase (SOD), and g-glutamyl transpeptidase
(g-GTP) and a big decline in glutathione (GSH) levels and
glutathione peroxidase function in the SNpc [67].
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Ropinirole, a dopaminergic stimulant, increased GSH
levels and CAT action, according to a new analysis. These
PLGA nanoparticles (NPs) were developed to enhance the
drug’s effectiveness and distribution [55].

Parkinson’s disease may be treated with the nootropic
centrophenoxine (CPH). Catalase and superoxide dismutase
(SOD) upregulated, whereas nitric oxide (NO) and citrulline
levels decreased, according to one study [68]. These com-
pounds seem to be promising; further studies are required
to understand their efficacy in a natural setting because in
the above studies, to produce selective DAergic neuronal
degeneration in PD, rotenone-induced neurotoxicity was
used as a preclinical model PD in mice. Many therapeutic
trials of these drugs and therapies in animal and human
models are conducted until date [66, 69-71]. These
included (i) L-DOPA (200 mg/kgi.p. 2 injections/day for 4
weeks, coadministration with MPTP (no change GSH in
SN) [69], (ii) Ropinirole 1, 5, or 3mg/kgi.p. for 14 days,
after MPTP (TGSH, TCAT, |[nitrate (only 1.5mg/kg) in
STR and CTX) [66]; (iii) Pramipexole 1 mg/kgi.p. 2 injec-
tions/day for 4 weeks, coadministration with MPTP
(TGSH in SN) [69]; and (iv) Deferoxamine 50 mg/kg p.o.
for 14 days, coadministration with 6-OHDA (|PC, TGSH,
and TSOD in STR) [71].

3. Conclusions and Future Perspectives

Fundamentally, it is necessary to do extensive study on the
inclusionary practices of ROS in the neurodegenerative pro-
cess and AD, in order to analyze therapeutic targets that are
noteworthy. Current medications, though effective, should
not be considered optimal management of neurodegenera-
tive disease. The drugs discussed above should undergo fur-
ther evaluation for feasibly in human subjects. The
effectiveness of pharmacological drugs that target the cellu-
lar oxidative system in reducing neurodegenerative should
next be thoroughly tested in medical tests. Despite the fact
that mitochondrial dysfunction is an important role in the
development of AD and PD, little is known about the extent
of this impact, which makes it difficult to put hypothetical
pharmacological targets into reality in the real world.
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