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Abstract

Reactive oxygen species (ROS) and oxidative stress (OS) play roles in Lewy Body (LB) disease, as also in Alzheimer’s (AD), Parkinson’s
(PD) disease and Stroke. Various sources, including oxidases, serve as generators of ROS-0S, specifically apoptosis, inflammation, and
nerve problems. Many novel examples of antioxidants (AOs) exert a positive influence on the harmful effects, namely through a unify-
ing mechanism based on ET-ROS-0S-AO. Drugs for treatment of LB are discussed in relation to the unifying theme including phenolic

and phenolic ethers among other types.
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Introduction
Symptoms

Symptoms for Lewy Body (LB) are addressed in detail from the literature. Symptoms for AD, PD, and dementia are included in the
original reports [1-3]. The probability of the following symptoms for LB is as follows. A decline in thinking abilities that interfere with ev-
eryday life is always associated with LB. Planning, problem-solving abilities difficulty with direction and spatial relationships, fluctuating
cognitive ability, and severe sensitivity to medicine used to treat hallucinations are likely. It is also possible that there will be significant
memory loss, language problems, changes in mood, sleep behavior disorder, hallucinations, changes in gait, slower movement, problems

using hands, tremors, and balance problems.

LB illness is a neurodegenerative disease resulting in dementia [4]. It has various features in common with PD and AD. The precise

diagnosis of LB is often difficult to make and distinguish from PD and AD [5]. Lewy body pathology is a pathognomonic for a spectrum of
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disorders, the most frequent being PD. PD is the prototypic LB disease, characterized by extrapyramidal symptoms and the presence of

Lewy bodies in the brain stem. Widespread Lewy bodies occur in the cerebral cortex of patients with dementia.

Dementia with LB was the recommended term for a syndrome that has been ascribed numerous other names. Pathologically, LB

disease is defined by the formation of both brainstem and cortical LB in the presence of sparse or absent neurofibrillary pathology [6].

LB are the main histopathological feature [7]. Classic LB dementia shows tau-negative, spherical, red-staining neuronal inclusion
bodies. They may be single or multiple within neurons and may vary in size. Other associative pathological features of LB dementia in-
clude neuritis, plaques, neurofibrillary tangles, regional neuronal loss of substantia nigra, locus ceruleus, and nucleus basalis of Meynert,
and microvacuolation. There are a few rare familial cases of LB dementia related to an autosomal dominant pattern of inheritance. LB

usually ends in death; the mean survival is 3 to 9 years after diagnosis.

Unifying Mechanism

LB fits into the unifying mechanism which has been widely applied in a previous article involving electron transfer (ET), reactive oxy-
gen species (ROS) and oxidative stress (0S) [8]. This unifying mechanism argues that the preponderance of bioactive substances, usually
as the metabolites, incorporate ET functionalities. We believe these ET-metabolites play an important role in physiological responses.
The main group includes quinones (or phenolic precursors), metal complexes (or complexors), aromatic nitro compounds (or reduced
hydroxylamine and nitroso derivatives), and conjugated imines (or iminium species). Resultant redox cycling is illustrated in Scheme
1. In vivo redox cycling with oxygen can occur, giving rise to OS through generation of ROS, such as hydrogen peroxide, hydroperoxides,
alkyl peroxides, and diverse radicals (hydroxyl, alkoxyl, hydroperoxyl, and superoxide) (Scheme 1). Cellular and mitochondrial enzymes

can also perform catalytically in the reduction of O,.
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Scheme 1: Redox cycling with superoxide and ROS formation.

In some cases, ET results in involvement with normal electrical effects (e.g. neurochemistry). Generally, active entities possessing
ET groups display reduction potentials in the physiologically responsive range. Hence, ET in vivo can occur resulting in production of
ROS, which can be beneficial in cell signaling at low concentrations, but produce toxic results at high levels. Electron donors consist of
phenols, N-heterocycles or disulfides in proteins, which produce relatively stable radical cations. ET, ROS and OS have been increasingly
implicated in the mode of action of drugs and toxins, e.g. anticancer drugs [9], carcinogens [10], cardiovascular toxins [11], toxins [12],

ototoxins [13] and various other categories [14].

In addition to the above, there is a plethora of experimental evidence supporting the theoretical framework. This evidence includes
generation of the common ROS, lipid peroxidation, degradation products of oxidation, depletion of AOs, effect of exogenous AOs, and
DNA oxidation and cleavage products, as well as electrochemical data [8]. This comprehensive, unifying mechanism is consistent with

the frequent observation that many ET substances display a variety of activities (e.g. multiple-drug properties), as well as toxic effects.
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It is important to recognize that mode of action in the biodomain is often involved with many physiological actions and is multifacet-

ed. In addition to ET-ROS-0S in relation to mechanism, much attention in the literature is paid to AO action entailing physiological effects.

ROS-0S

ROS can be beneficial, but at high levels toxic effects often predominate. There are various sources for these species [15]. NAPDH
oxidase is an important producer of the ROS in various organs. The G72 gene increased radical generation in cells. The gene acts as an
activator of oxidase. ROS generated by NO synthase have been implicated in an array of harmful behaviors. Mitochondia provide another
source of ROS-0S which appears to contribute to aging. Leakage of electrons occurs in the ET chain which react with oxygen to produce
superoxide, a precursor of other ROS. Other examples of ROS producers are cytochrome P450, metal complexes, monoamine oxidase

and microglia.

Discussion

A variety of pathological processes may underlie various brain diseases, including OS, such as apoptosis, inflammation, and nerve
problems [16]. Patients with LB disorders show cognitive decline resulting from a variety of pathologies. The severity of PD dementia
correlates significantly with the density of LB in the brain [17]. Associated OS may play a role in the pathogenesis. Various studies dem-
onstrated enhanced markers of OS in the brain of LB patients [18]. Studies of LB disorders revealed OS damage to a serious extent [19].

Various pathogenic processes are associated with LB diseases [16]. Other factors are inflammation and apoptosis.

a-Synuclein

Immunohistochemical visualization of ubiquitin-positive and a-synuclein (a-syn) in LB has played an important part in revealing
the prevalence of this condition [6]. a-Syn, a key pathology of the brain, is a major protein component of LB [20]. The review deals with
a-syn aggregation and the mechanism involved in the role played by mitochondrial dysfunction. a-Syn is the major protein in LB [21].
a-Syn is upregulated in response to toxicity. Acute OS leads to the accumulation of a-syn. There is further support for a “two hit” hypoth-
esis for LB involving protective upregulation of a-syn from mild stress and degeneration of neurons. Data suggest the possibility that OS
upregulates a-syn [22]. This finding supports OS as a factor in LB disorders. OS, inflammation and a-syn overexpression are risk factors
in LB disorders [19]. OS enables a-syn aggregation leading to a pathological cycle.

a-Syn assembly has been implicated as an important step in development of brain disease, such as LB [23]. Evidence shows extensive
lipoxidative alteration of a-syn [19]. Mutation in a-syn may induce protein aggregation [24]. Mutations or oxidative modification of a-syn
in LB causes aggregation [25]. This result, in addition to neurodegeneration, may proceed by mechanisms involving OS and excitotoxicity.
These findings may reveal several novel therapeutic targets. The goal is to downregulate a-syn and related genes, with benefits regard-

ing OS, mitochondrial health, apoptosis and inhibition of inflammation [26]. “Such treatment would reduce a-syn accumulation and LB.".

A 2015 review by Minami, A,, et al. deals with LB disease, which is a group of neurodegenerative disorders involving a-syn accumula-
tion characteristic of LB dementia and PD [20]. This aggregation is an important pathogenesis of neurodegenerative disorders, such as
LB dementia. a-Syn interacts with many proteins, hormones, neurotransmitters, and metals that can influence aggregation. LB dementia
is the most common form of dementia and movement disorders, after AD. LB are composed of intraneural cells inclusion with a-syn as
the main component. Mitochondrial dysfunction may lead to increase in protein aggregate, including a-syn. Various reports emphasize

that OS may be a likely factor in a-syn pathology.

In LB formation, Fe induced a-syn is partly dependent on OS [27]. Fe may regulate a-syn aggregation. A report supports the notion
that Fe chelation and AO therapy may play a significant favorable role in neuroprotection in neurodegenerative disease, such as LB [28].
Fe accumulation has been linked to NO mechanism. Cytochrome C, and ET agent and mediator of apoptotic cell death, may play a role in
0S-induced aggregation of a-syn in LB [29]. Fe catalyzed oxidative processes may be involved in a-syn aggregation. Treatment includes

Fe chelation, neuroprotection and anti-inflammatory drugs.
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Transition metals

Transition metals, such as Cu, are involved in LB [30]. The relationship between a-syn and metal catalyzed oxidation represent a
concern in treatment of these diseases. Cu-dependent enzymes are important contributors to defense by AOs. Free Cu is related to LB
formation [31]. Decreased bound Cu may enhance Fe levels and associated OS. Regarding therapy, Cu supplementation may represent
a therapy, while Cu chelation may aggravate the pathology. However, excess intake of Cu is not a significant factor in these disease stud-
ies [32]. AGE are markers of OS induced by transition metals, inducers of protein crosslinking, and free radical formation by various
processes [33]. Evidence indicated that AGE promotion of LB reflects early causative changes. Therefore, transition metals can function
as both AOs and generators of ROS-0S.

AO Drugs

One of the most important classes of AOs for brain illnesses are comprised of phenols and phenolic ethers. Melatonin (figure 1), a
phenolic ether, from the pineal gland, exhibits beneficial effects as an AO and in neuroprotection [34]. Polyphenols, such as curcumin
(figure 2) and masoprocol (figure 3), phenol and phenolic ether, can function as prophylactics for ROS induced damage, protein misfold-

ing, and neurodegenerative diseases, e.g. LB [35]. Phenolic ethers can undergo cleavage to AO phenols [2].

7
o}

T B

| )

N @)
H

Figure 1: Melatonin.
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Figure 2: Curcumin (enol).

Figure 3: Masoprocol.

6-Hydroxydopamine (6-OHDA) (figure 4) toxicity is associated with protein degradation [24]. Radical scavengers, such as R-apo-
morphine (figure 5) and green tea catechin polyphenol (figure 6), are neuroprotective against neurotoxins and prevent the accumula-

tion of Fe and a-syn [28].
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Figure 4: 6-Hydroxydopamine.
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Figure 6: Green Tea Catechin Polyphenol.
Epigallocatechin gallate
The AO ladostigil (figure 7), a phenolic ether, confers neuroprotection in aged rates [36]. It may be useful in potential treatment of

LB and other brain illnesses. Another study deals with neuroprotective effect of ferrostatin-1 (Fer-1) (figure 8), an aromatic ether [37].
Fer-1 inhibits generation of ROS/RNS and quenched radical formation. Additionally, there was mitigation of a-syn aggregation.
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Figure 8: Ferrostatin-1.
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AOs, such as vitamin E (figure 9), a phenolic, and coenzyme Q10 (figure 10), have been used with some success for treatment of LB
disorders [23]. Reduction of coenzyme Q10 would yield AO groups comprising hydroquinone bearing two phenolic ether substituents.
[-carotene (figure. 11), a polyene, and coenzyme Q10 inhibited formation of a-syn fibrils. Another physiologically active polyene is am-
photericin B [38].
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Figure 11: B-Carotene.

AO agents such as N-acetyl-L-cysteine (figure 12), a thiol AO, blocked harmful pathways [29]. Thiols, such as GSH and disulfide pre-

cursors are well known AO agents [39]. Administration of the AO N-acetyl-L-cysteine to the 6-OHDA treated cells increased cell survival

Aoy

HO

and reduced protein degradation.

O SH
Figure 12: N-acetyl-L-cysteine.

There is substantial loss of the AO GSH in LB [40]. The AO participates in removal of H,0, and various toxins. Evidence points to vari-
ous mechanisms playing a role. Levels of GSH in substantia nigra were reduced in LB disease [41]. Indicators of OS and mitochondrial
function were examined. Similar findings concerning of levels of GSH in LB disease were reported, including OS as a cause of nigrial cell
death [42].
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Anti-Parkinsonian agents, such as selegiline (figure 13), a phenethylamine, dopamine (figure 14), an AO phenol, pergolide (figure

15), a sulfide, bromocriptine (figure 16) and trihexyphenidyl (figure 17), were studied in relation to fibril formation and destabilization
[43]. All molecules destabilized the fibrils; these agents should be examined as therapies for LB dementia. Evidence points to the pos-

sibility of attaining neuroprotection by dopamine agonists, a part of the AO strategy approach. Dopamine is a well known member of the
AO phenolic category [2].
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Figure 13: Selegiline.
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Figure 16: Bromocriptine.
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Figure 17: Trihexyphenidyl.
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Uric acid (UA) (figure 18), a natural AO, was studied for its role in LB disorders [44]. Lower serum levels in LB patients. Findings
show lowered serum UA levels in LB patients. a-Syn damage is augmented by dopamine (see figure 14) and paraquat. Paraquat is able
to participate in ET and redox cycling with formation of ROS, due to its favorable reduction potential. The herbicide contains a highly
conjugated iminium-like structure, making it part of one of the important ET classes [45]. These data suggest the need for multiple

oxidative insults in concert with a-syn action in LB.
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Figure 18: Uric acid.

Metallothionein (MTs), a cysteine rich protein, may protect in therapy by acting as an AO [46]. MTs, as free radical scavengers, inhibit

a-syn formation involved in LB disease. Thus, MTs may be useful in nanomedicine
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