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ABSTRACT

Edaravone, a free radical scavenger, is the only neuroprotective agent for ALS. Free radicals play a crucial
role in brain ischemic injury by exacerbating membrane damage through peroxidation of unsaturated fatty
acids of cell membrane, leading to neuronal death and brain edema. Free radicals have been implicated in
stroke pathophysiology as pivotal contributors to cell injury. After brain damage, caused by either ischemic or
hemorrhagic stroke, physiological systems involved in the removal of the excess of free radicals are impaired and
the formation of free radicals is increased. This study aims to evaluate the safety and efficacy of edaravone, a
novel free radical scavenger, in a group of Indian patients of acute ischemic stroke. However, its actions on
pro-inflammatory responses under stroke are still understudied. This data suggests that free radical scavengers may
reduce systemic inflammatory responses under acute stroke conditions and therefore, oxidative stress can be still
a viable target for acute stroke therapy. Efficacy of edaravone range from large significant clinical improvements
to only modest improvements in clinical function measured using standard stroke scales when administered 6-72 h
following an ischemic stroke. With almost 17 years of edaravone clinical experience, a few adverse events
including acute renal failure have been noted. Edaravone treatment was safe and effective in providing early and

sustained neurological improvement in patients with acute ischemic stroke.
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INTRODUCTION

Free radicals play a crucial role in brain
ischemic injury by exacerbating membrane
damage through peroxidation of unsaturated
fatty acids of cell membrane, leading to
neuronal death and brain edema. Free
radicals have been implicated in stroke
pathophysiology as pivotal contributors
to cell injury. Edaravone (MCI-186,
3-methyl-1-phenyl-2-pyrazoline-5-one),
a novel free radical scavenger, prevents
vascular endothelial injury, delays neuronal
death in transient cerebral ischemia and
ischemic brain edema, inhibits activation
of lipoxygenase pathway in the arachidonic
acid cascade and peroxidation of the
phosphatidylcholine liposomal membrane
in vitro.' Recanalization and neuroprotection
have been mainly targeted for the specific
treatment of acute ischemic stroke. A
number of Japanese studies have shown
it to be efficacious in patients with acute
ischemic stroke.” However, there has been
no data available on the effect of edaravone
in patients with acute ischemic stroke in
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the Indian subcontinent. In a randomized
controlled trial, patients with acute ischemic
stroke who were treated with edaravone had
improved functional outcomes. Edaravone
was approved for the treatment of acute
cerebral infarction within 24 h of the
onset of symptoms by the Japanese Ministry
of Health, Labour and Welfare and became
available in Japan in June 2001. Free radicals
activate coagulation. Polymorphonuclear
leukocytes modulate the production of tissue
factor by monocytes via the release of free
radicals. Activated platelets up-regulate tissue
factor expression in vascular smooth muscle
cells also via generation of free radicals. The
complex of tissue factor plus coagulation
factor VIla activates the coagulation cascade
converting fibrinogen to fibrin. Free radicals
also inhibit fibrinolysis. Plasminogen activator
inhibitor Type 1 (PAI-1) inhibits tissue
plasminogen activator (tPA), which converts
plasminogen into active plasmin. Tumor
necrosis factor-o (TNF-o) stimulates PAI-1
production via generation of free radicals
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and free radical scavengers abolish the induction of PAI-1
by TNF-a. Vascular endothelial cells also produce
PAI-1 by interleukin-1 stimulation. Radical scavengers
also abolish the increase of PAI-1 expression induced
by intetleukin-1.> Therefore, the presence of free radical
scavengers may improve the coagulation conditions in
ischemic lesions.

Moreover, edaravone showed antioxidant properties
as well as anti-inflammatory effects that reduced the
induction of inducible nitric oxide synthase. Edaravone
is thought to protect against ischemic brain edema based
upon such experimental findings, but no anti-edema
effect has been clearly identified in clinical studies.

1. Current Treatment: Tissue Plasminogen
Activator (tPA, Alteplase, Activase, Actilyse)

The only FDA approved treatment for ALS is the
thrombolytic, tissue plasminogen activator (tPA,
Alteplase), a plasminogen activator that promotes
thrombolysis by activating the endogenous fibrinolytic
system. In brief, tPA catalyzes the conversion of
plasminogen to plasmin, which in turn degrades fibrin
and leads to clotlysis and cerebral reperfusion. Alteplase
has been shown to be effective up to 4.5 h after a stroke,
but is currently only Food and Drug Administration
(FDA) approved for use within the first 3 h of a stroke
in patients documenting the absence of an Intracerebral
Haemorrhage (ICH). In alteplase-treated patients, the
short-term incidence of symptomatic ICH is significantly
higher in tPA-treated patients than in placebo-treated
controls.” Following the initial approval of alteplase
treatment, the treatment was further developed and
refined to a point where in the most recent ECASS
IIT trial* the investigators showed that tPA could be
administered up to 4.5 h following a stroke without an
increased incidence of mortality. However, the mortality
rate did not differ significantly between the alteplase and
placebo groups and there was no significant difference in
the rate of other Serious Adverse Events (SAEs). Cleatly,
this is a2 major advancement in the stroke field; however,
with only one effective FDA- approved stroke treatment
there remains a need to develop treatments for stroke.

2. Free Radicals as a Target

Free radicals are a valid target for therapeutic intervention
for the treatment of ALS,” because oxidative stress is
a major component of the ischemic stroke cascade,*’
which is activated following vascular occlusion. However,
the ischemic stroke cascade is a multi-component
cascade with sequential activation of a complex series of
pathophysiological events that evolve temporally.®

However, the therapeutic benefit of edaravone may be due
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to more than its antioxidant activity and may be directly
related to its multi-target pharmacology and the ability
of edaravone to regulate numerous signaling pathways.
For example, recent mechanistic research has suggested
that edaravone can suppress delayed neuronal death,
counteract microglia-induced neurotoxicity and reduce
the long-term inflammation.” It has also been shown that
edaravone caninhibitlipoxygenase, an enzyme responsible
for lipid oxidation damage and could also directly
suppress the oxidation of low-density lipoprotein. In
addition to the attenuating the deleterious effects mediated
by the ischemic cascade, it has been suggested that may
prevent the development of edema following a stroke
by inhibiting astrocyte production of expression of
vascular endothelial growth factor. Moreover, Kituchi et
al. hypothesized that edaravone may reduce aquaporin-4
levels following an ischemic event, thereby reducing
edema. Last, Yagi et al. showed that edaravone may
reduce the activity of matrix metalloproteinase-9 and
further protect against vascular damage and Intracerebral
Hemorrhage (ICH). Taken together, edaravone may
prevent neuronal degeneration, vascular compartment
damage and behavioral deficits resulting from both
ischemia progression and edema. Thus, edaravone may
fit into a class of multi-target compounds that may be
useful to treat stroke.

Mechanism of Edaravone

Free radicals are important factors affecting both
coagulation and thrombolysis systems in ischemic
lesions." Free radicals affect these systems through
various pathways (Figure 1). Free radicals activate
coagulation.

free radicals

tissue factor TNF-o——PAI-1__ plasminogen
factor VIl > factor Vil tPA >
tPA-PAI1C y
factor X—>factor Xa plasmin
factor X
factor Va
prothrombin ———> thrombin factor Kl
fiorinogen fiorin —X= cross-linked fiorin —>D-dimer

Figure 1: Mechanisms of free radicals affecting the pathways of
coagulation and thrombolysis. PAI-1: plasminogen activator inhibitor
type 1, TNF-a: tumor necrosis factor-a, tPA: tissue plasminogen activator,
tPA-PAI1C: tissue plasminogen activator-plasminogen activator inhibitor
type 1 complex.
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Future therapeutic perspectives

The mechanisms of brain injury related to ischemia/
reperfusion and the neuroprotective mechanisms of
action of edaravone, based on the iz vitro and iz vivo
evidence described above, are schematically shown in
Figure 2. Edaravone inhibits lipid peroxide accumulation
by scavenging free radicals generated during brain
ischemia/repetfusion and thereby attenuates vascular
and neuronal cell injury. In addition, edaravone improves
cerebral blood flow by increasing eNOS and, because of
its antioxidant property, without increased production
of peroxynitrite. It can be concluded that edaravone
may attenuate vascular endothelial and neuronal injuries
by inhibiting oxidative stress and by enhancing eNOS
activity.

One major limitation of stroke therapy is the lag time
from onset of stroke to the beginning of treatment
because many cell death mechanisms start within minutes.
Although peri-ischemic areas (penumbra) may be salvaged
by recanalization, this treatment should be launched
within 3—6 h after onset of stroke. Therefore, the number
of patients eligible for thrombolytic therapy is, to begin
with, limited. However, unlike with recanalization, there is
awide therapeutic time window for brain edema because
the fluid accumulation in the brain progresses for days
after onset of stroke. As reported recently, edaravone has
excellent neuroprotective effects in the cortical area (but
not in the subcortical area) regard less of cerebral blood
flow."! Cerebral cortex contains the major part of ischemic
penumbra, in which cells are still only mildly damaged and
may undergo apoptosis rather than necrosis.'” Therefore,
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Figure 2: Development of brain injury during ischemia/reperfusion
and proposed mechanisms of the neuroprotective action of edaravone.
ATP: adenosine triphosphate; AMP: adenosine monophosphate; HPETE:
hydroperoxyeicosatetraenoic acid; HETE, hydroxyeicosatetraenoic acid;
PGG2: prostaglandin G2; PGH2: prostaglandin H2; L: alkyl; x: site of the
inhibitory effect of edaravone.
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cerebral cortex could be salvageable after ischemic
events."!* In experimental models of focal brain ischemia
infused with edaravone for 90 min its major oxidation
product (2-ox0-3-(phenylbutazono)-butanoic acid, OPB)
was found in the penumbra area. This finding indicated
that edaravone is likely to protect brain by reacting with
oxygen radicals formed in the penumbra.’

CONCLUSION

From the above review it is revealed that, use of
edaravone appeared to be safe in acute ischemic stroke as
there was no adverse reaction in any of patients though
some studies reported insignificant skin rashes and
abnormal liver function in the edaravone group. There
are few case reports of acute renal failure and fulminant
hepatitis associated with edaravone administration
and therefore careful monitoring of renal and liver
functions is warranted while using this drug, However,
the results of the present study suggest that edaravone
treatment may be safe and effective in providing eatly
and sustained neurological improvement in patients
with acute ischemic stroke. Larger randomized, double
blind, case-controlled studies are required to confirm
this. Free radicals play a crucial role in brain ischemic
injury by exacerbating membrane damage through the
peroxidation of unsaturated fatty acids of cell membrane,
leading to neuronal death and brain edema. Edaravone
is a potent free radical scavenger that has been used
clinically to reduce neuronal damage following ischemic
stroke. However, the most severe form of brain edema
in ischemic stroke is observed when both, free radical
mediated cell injury and protease-mediated matrix
degradation, act in combination. Therefore, the beneficial
effect of edaravone on ischemic stroke may be enhanced
in combinations with other treatments. For example,
a recent report has showed that combination therapy
(edaravone plus tissue plasminogen activator) significantly
increases the survival rate of rats with transient MCAO
and reduces the infract volume and haemorrhage and
that the neuroprotective effect of edaravone treatment
is dependent on reduced accumulation of lipid

peroxidation products.'®

Post-reperfusion brain edema
and hemorrhagic events induced by thrombolytic therapy

may be reduced by free radical scavenging;
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