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Abstract:

Edaravone is a potentially useful cardio and neuro-protective agent, as it has been used for the therapy of
cerebral infarction and acute ischemic stroke. In order to prevent the injuries caused by ischemic stroke and
generated reactive oxygen species will be scavenged by antioxidant mechanism of edaravone. However, some
of edaravone derivatives are also exhibit highest anticancer, antimicrobial, antibacterial, anti-inflammatory,
antitumor, antidepressant activity. Because of these tremendous applications of pyrazoline backbone structure,
new derivatives of Edaravone are being synthesized to enhance the property of the drug. Furthermore,
additional clinical evaluations are also required to verify the efficacy of these chemical moieties in cardio and

neuroprotection.

INTRODUCTION

Cardiovascular diseases (CVD) are a leading cause of death in world. These diseases contribute to about 50%
of global mortality.! According to the World Health Organisation and the World Bank, in India, deaths with
CVD have increased proportionally with the expanding population. The term cardiovascular disease involves
a several diseases including, ischemic heart disease (IHD), cerebrovascular disease and other related
cardiovascular diseases, such as myocardial infarction (MI). Cardiovascular diseases affect the various
components of the cardiovascular system like arteries and the myocardium. Diseases including CVD, cancers,
diabetes, and chronic obstructive pulmonary disease are affected by common lifestyle habits such as diet,

physical activity, and tobacco consumption.?

Cardiovascular diseases arise basically because of impaired blood flow through the arteries and blood vessels.
This manifests in the form of atherosclerosis which is the most common cause of cardiovascular diseases.
Atherosclerosis is a pathological process wherein intima and media of arterial vessels undergo structural
changes.®> This happens mainly because of cholesterol accumulation, inflammatory cell infiltration and
vascular smooth muscle cell migration.3Atherosclerosis therefore involves the deposition of fatty deposits
(atheroma) in blood vessels.
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However, it is the damage of the endothelium by reactive oxygen species (ROS) which causes formation of
atheroma. Several degenerative diseases are now believed to be caused, or exacerbated, by ROS.* Numerous
in vitro and animal studies have shown that oxidative modification of the low density lipoproteins in our body
is the main initial event in atherosclerosis. This oxidation proceeds by multiple pathways and is mediated by

free radicals.’

Free radical is an atom or molecule with one or more unpaired electrons. In cells, most free radical damage is
because of ROS. These includes, molecular oxygen(Oz), hydroxide radical(-OH), superoxide radical(-OOR),
singlet oxygen(O), hydrogen peroxide(H20.), lipid peroxide etc.

In biological system, free radicals are produced by and arachi-donate, xanthine oxidase, mitochondria,
peroxisomes, phagocytic pathways, ischemia/reperfusion injury along with exercise. However, externally free
radicals are produced by cigarette smoke, other environmental pollutants, UV radiation, ozone, certain drugs,

pesticides, industrial solvents.®

Reduced blood supply to the brain or heart tissues called Ischaemia, which is a symptom of stroke and also of
myocardial infarction.” Acute Ischemic Stroke (AIS) affects approximately 80% of population than all other
strokes, which seriously harming to human health. Several major and uncommon complications in the body
which lead to an acute heterogeneous syndrome known as an ischemic stroke, which result in blockage of
blood vessels, that supply blood oxygen to brain tissues. In brain, after deprivation of oxygen to cells, some
neurons will die within minutes along with further immediate irreversible brain injury. This will lead to stop
brain function, partially or completely.2 Reactive radical species is the potential target for therapeutic
development in the treatment of Acute Ischemic Stroke, due to the free radical induced oxidative stress is a

leading complications in the ischemic stroke event, which will be activate after vascular blockage.®

The degenerative diseases are a result of uncontrolled free radical reactions. The Oxygen Free Radical (OFR)
related mutagenesis causes cancer initiation and progression.*® Almost all cardiovascular diseases begins due
to the cell damage caused by free radicals in biological systems. Free-radical mechanisms have been used in
the pathophysiology of several human diseases, including atherosclerosis cancer, malaria, and rheumatoid

arthritis along with several neurological disorders.!

Body has its own natural defense mechanism; it scavenges these free radicals with help of substances known
as antioxidants. As the name suggests, they work against oxidative damage by neutralizing the harmful
radicals. Antioxidants are any substance which at low concentrations, significantly delays or inhibits oxidation

of a substrate.?

Antioxidant defense mechanism classified into three main types:*®
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a. The primary defence of an antioxidants which includes enzymes such as glutathione reductase (GR),
superoxide’s dismutase (SOD), catalases (CAT), glutathione reductases (GR) and some minerals such as Cu,
Zn, Se, etc.

b. The secondary defence antioxidants which includes, albumin, carotenoids, glutathione (GSH), flavonoids,

vitamin C and E, etc.

c. The tertiary defence of antioxidants which includes, a complex set of enzymes for regeneration of damaged
proteins, damaged DNA, oxidized lipids species, Such as, lipase, protease, DNA repairs enzymes, including
methionine sulphoxide reductase, transferases, etc. Antioxidants scavenges the effect of reactive oxygen free
radicals and thus help in preventing diseases.!?

Edaravone (1) or 1-phenyl-3-Methyl--1H-pyrazol-5-one is a potent free radical (.) scavenger, and is also used

in clinical treatment in Japan with chronic brain infarction patients. This pyrazoline moiety also has activity
against myocardial injury followed by ischemia/ reperfusion injury with patients having acute myocardial

infarction.!’
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Figure 1: Structure of Edaravone

In japan since 2001, Edaravone has been used in treatment acute ischemic stroke as it is originally has a potent
free radical scavenging activity .1° These activities of Edaravone includes, blockage of lipoxygenase enzyme
metabolic of aracchidonic acid which was using scavenging of hydroxyl radicals, inhibits alloxan-generated
lipid peroxidation, and scavenging of active oxygen species along with enhancement of prostacyclin
production resulting in protection of different cells, including endothelial cells, shows against damage
through oxygen free radicals. Also, it has been reported that edaravone decrease ROS leads to improving
endothelial function in chain smokers. Thus, in patients with cardiovascular diseases, it is essential to use

selective drug that improves endothelial function.’
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Figure 2: Mechanism of antioxidant action of Edaravone

Antioxidant mechanism of edaravone is responsible for its protection against ischemia and enolate species (2)
can interact with both hydroxyl radicals (-OH) and peroxyl (LOO-) radicals, after it form a stable oxidation
product, 3-(phenylhydrazono)-2-oxo -butanoic acid (OPB) (3) through a free radical intermediate species
(Figure.3).
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Figure 3: Reaction of enolate form of Edaravone with free radicals
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Several edaravone derivatives were synthesized (4) and evaluated for their antioxidant activity in hydroxyl
radical scavenging activity'®. It was found pyrazolone derivatives had a much greater ability to quench free

radicals than edaravone alone. Antioxidant activity was due to increase of its active anionic form with a

hydrogen-bonded intra-molecular base.*®

Figure 4: Substituent positions in Edaravone

Sr. No. R! R3 R* Oxidation
Potentials(mV)
1 4-ClIPhenyl- CHs— H 473
2 4-CHs0- CHs— 678
Phenyl-
3 Phenyl 4 -NO2-Phenyl | H 419
4 Phenyl- Isopropenyl— H 387
5 Phenyl- CHs— Phenyl- 227
6 Phenyl- CHs— Cyclopropyl- | 275

Table 1. Substitutions on compound 4

Also, series of polyvalent drugs reported by combining edaravone with NO-donor moieties (5) *°. All
compounds exhibits higher antioxidant potency together along with vasodilator properties. These products are

useful potential treatment in cardiovascular diseases in which Endothelium Dependent Relaxation Factor

(EDRF) deficiency.®
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Figure 5: Derivatives with NO donor groups

Sr. No. R
1 O(CH2)sONO;
2 O(CH2)sONO;

Table 2. Substitutions on compound 5

Nitroxides are commonly used as antioxidant in various in vivo and in vitro applications as it is having
stability than normal free radicals. Radical scavenging properties of nitroxides can reduce levels of ROS
generated oxidative stress in cells and also provide ultra violet protection towards ionising radiation.’” Stable
nitroxide species, which have been implemented in making biophysical probes, also identified as novel
antioxidants. Nitroxides are readily reduced to the hydroxylamine through one-electron-transfer reactions.
Stable nitroxide species were reported as SOD mimics and help in the dismutation of active Oz species
through two different catalytic pathways such as reductive and oxidative mechanisms.®® Recently, a novel
antioxidant species has been developed in the treatment of ischaemic reperfusion injury when attaching an

isoindoline nitroxide moiety with structure of edaravone.®

Figure 6: 5-(3-methyl-pyrazol-5-ol-1-yl)-1, 1, 3, 3-tetramethylisoindolin-nitroxide

James R Walker et al studied very beneficial pathophysiological target in an acute phases of ischaemia in
which cells are protected from ROS. Nitroxide antioxidant moiety 5-carboxy-2-yloxyl-tetramethylisoindolin
derivative (CTMIO) combines with edaravone framework that free radical scavenger used in ischaemia
patients in Japan, which exhibited a tremendous decrease in cell death in ischaemic rat atrial cardiomyocytes
cells after prolonged ischaemia. In treatment with nitroxide with respect to cell death the increased rate of

protective effect was observed. Edaravone derivative 6 exhibited the lowering in cell death after 12.0 hrs
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modular ischaemia simulation, which was significant higher than that of edaravone itself. The methoxy-amine
derivative and edaravone combined showed negligible variation between the extents of reduction in cell death.
Therefore, this potent antioxidant herein exhibited promise in the cardiovascular ischaemic diseases treatment.

Further study of the derivative 6 as an effective anti ischaemic stroke agents is in progress.

It was also suggested that modification of the carbonyl group of Edaravone to methyl oxy group under
pathophysiological condition in the presence of enzyme demethylases. In this methyl oxy is changed to
hydroxyl group which will produce better candidates for analysis with the receptor. Resulting modification

was shown in the following compounds (7) and (8) in figure 7.2
_N _N
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Figure 7: Derivatives of Edaravone with methoxy group

The number of methyl oxy groups increased that also increases anti-cancer activity, as shown in compound (9)

and (10) in figure 8.
_N _N
oy, <"
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Figure 8: Derivatives of Edaravone with enhanced anticancer activity

Derivatives (11) and (12) showed potent anticancer activity. The compound in structure (11) due at ortho
position ethereal group showed good bioactivity towards inhibiting A549 cells due to the increase in
lipophilicity also reduce steric hindrance. The compounds in structure (12) and (13) demonstrated highest
anticancer activity. The compound in figure (14) showed the highest activity among the carboxylic acid
amides with a good electron withdrawing substituent shows enhanced lipophilicity, good enduring power for
metabolic destruction as a halogen bond present and also the carboxyl-amide linkage is considered valuable
for the action against lung cancer. The compounds (14) and (15) showed the most free radical scavenging
activity because of multiple positions where scavenging can take place and the transfer of proton from OH and
NH groups. Thus, the compounds in Figure (13), (14), (15) exhibited superior anticancer activity and
Derivatives (11) and (12) and (15) exhibited best antioxidant activity.
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Fig. 9: Potent anticancer Edaravone derivatives.

The compounds (13), (14) and (15) showed potent antioxidant activity.
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Figure 10: Potent Antioxidant Edaravone derivatives

This compound will show an antioxidant activity. Analysis of these compounds will be carried out to check its
antioxidant activity by using methods such as DPPH compound (2, 2-di-phenyl-1-picrylhydrazyl) method,
ABTS (2, 2’-azinobis-ethylbenzthiazoline)-6-sulfonic acid)) method, FRAP (ferric ion reducing the
antioxidants power) method, HORAC (hydroxyl radical averting capacity) assay, TRAP (total peroxyl radical
trapping antioxidant parameter) assay, lipid peroxidation inhibition assay, CUPRAC (cupric reducing
antioxidant power) assay.

Conclusion

Number of patients having cardiovascular and neurodegenerative disease are increased, and those will benefit
from antioxidant treatment in the coming future. The inhibition of reactive oxygen species induced stress and
the recovery from reperfusion injury is extremely important. Edaravone is the only neurovascular protection
agent available at present to achieve this effect. Furthermore, edaravone derivatives enhance the efficacy of
antioxidant. However, the currently available treatments and the related information to exhibit potential of

edaravone are inadequate.
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