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CHARACTERISTICS AND THERAPEUTIC EFFECTS OF THE NOVEL FREE RADICAL 

SCAVENGER – EDARAVONE 

 

Abstract 

Edaravone is the first free radical scavenger which approved clinically and has an ability to decrease the 

level of free radicals in cells. Edaravone is a strong antioxidant, which can protect different cells (e.g. 

endothelial cells) against damage by ROS by inhibiting the lipoxygenase metabolism of arachidonic acid, by 

trapping hydroxyl radicals, by increasing prostacyclin production, by inhibiting alloxan-induced lipid 

peroxidation, etc. Moreover, the preservation of moist environmental balance over injury covered with 

Ch/HA/Ed membrane supported the migration of keratinocytes, fibroblasts, and endothelial cells which are 

necessary for skin regeneration. Because of that, Edaravone is used in treatment of diseases which are 

associated with oxidative stress.  
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Yeni sərbəst radikal təmizləyicisi - Edaravonun xüsusiyyətləri və müalicəvi təsiri 

 

Xülasə 

Edaravone klinik olaraq təsdiqlənmiş və hüceyrələrdə sərbəst radikalların səviyyəsini azaltmaq 

qabiliyyətinə malik ilk sərbəst radikal təmizləyicisidir. Edaravone güclü antioksidantdır və araxidon 

turşusunun lipoksigenaz metabolizmasını maneə törətməklə, hidroksil radikallarını tutmaqla, prostasiklin 

istehsalını artırmaqla, alloksanla törədilən lipid peroksidləşməsini maneə törətməklə və s. yolu ilə müxtəlif 

hüceyrələri (məsələn, endotel hüceyrələrini) ROS zədələnməsindən qoruya bilir. Bundan əlavə, Ch/HA/Ed 

membranı ilə örtülmüş zədə üzərində nəmli ekoloji tarazlığın qorunması dərinin bərpası üçün zəruri olan 

keratinositlərin, fibroblastların və endotel hüceyrələrinin miqrasiyasını dəstəklədi. Edaravon oksidləşdirici 

stress ilə əlaqəli xəstəliklərin müalicəsində istifadə olunur.  

Açar sözlər: edaravon, sərbəst radikal, antioksidant, neyroprotektiv agent, oksidləşdirici stress 

 

Introduction 

Edaravone (which is mentioned as EdV in this article), which chemical name is 3-methyl-1-phenyl-2- 

pyrazolin-5-one, is the first free radical scavenger clinically approved in Japan. EdV was developed by 

Mitsubushi – Tokyo Pharmaceuticals.Inc in Osaka, Japan. EdV is being used as a neuroprotective agent since 

2001 (Park, Lee, Park, Ahn, Lee, Cho, 2005). The purpose of this work is to show the main features and 

fields of administration of the novel free radical scavenger. 

EdV is a strong antioxidant, which exerts its effects by inhibiting the lipoxygenase metabolism of 

arachidonic acid, by trapping hydroxyl radicals, by increasing prostacyclin production, by inhibiting alloxan- 
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induced lipid peroxidation, and by quenching active oxygen. These actions provide defense of different cells 

(e.g. endothelial cells) against damage by ROS. This synthetic antioxidant molecule can quench hydroxyl, 

peroxyl and superoxide radicals. The antioxidant activity against lipid peroxidative damage induced by water 

and lipid soluble radicals was shown (Yamamoto, Kuwahara, Watanabe, Watanabe, 1996; Yoshida, Yanai, 

Namiki, Fukatsu‐Sasaki, Furutani, Tada, 2006).  

Morover, edaravone has been shown to inhibit lipid peroxidation as efficiently as well-known 

antioxidants such as vitamin C and vitamin E (Yamamoto, Kuwahara, Watanabe, Watanabe, 1996). The lipid 

peroxidation restraining properties have been proved in vitro (Luo, Song, Li, Zeng, He, 2019). The major 

and minor products in the reaction of edaravone with peroxynitrite are 4-NO-edaravone and 4-NO2- 

edaravone, respectively (Fujisawa, Yamamoto, 2016). 

 

Table 1. A brief summary of edaravone 

Drug name Edaravone (Radicava®, Radicut) 

Molecular formula C10H10N2O 

Molecular weight 174.203 g/mol 

Structure: 

 
Chemical name 1‐Phenyl‐3‐methyl‐5‐pyrazolone 

Company developed Mitsubishi Tanabe 

Approval status Licensed in Japan and USA 

Type Small molecule 

 

 

 

 

 

 

 

 

 

 

 

The modified form of edaravone is C18-edaravone, which was synthesized by alkylation of edaravone at 

its allylic position with a C-18 – hydrocarbon chain, and the increased lipophilicity has been determined 

towards the interaction with liposomes. In the study, it was demonstrated that the newly synthesized 

molecule has a high affinity for lipid membrane, increasing the efficacy of the unmodified edaravone under 

stress conditions (Minnelli, Laudadio, Galeazzi, Rusciano, Armeni, Stipa, 2019). 

Edaravone has low molecular weight which is equal to MW= 174.2; besides, it is both lipid and water- 

soluble molecule with good cell-membrane permeability (Yamamoto, Kuwahara, Watanabe, Watanabe, 

1996). 

Edaravone’s pharma kinetical features in human are following: when administered intravenous (IV) 

for 40 mg in healthy male adults, it was found that edaravone has half time equal to 0.15-0.17 hours (α 

phase), 0.81-1.45 hours (β – phase), and 4.5- 5.16 hours (γ –phase). The concentration reached peak at the 

end of administration and diminished in di-phase and tri-phasic pattern. Edaravone is metabolized by liver 

and excreted as glucoronated in the urine (Sawada, 2017). 

 

The overview of main therapeutic properties of Edaravone 

Edaravone’s properties make it a promising candidate for treatment of disease associated with oxidative 

stress (Minnelli, Laudadio, Galeazzi, Rusciano, Armeni, Stipa, 2019). Edaravone is often used to treat acute 

ischemic stroke, amyotrophic lateral sclerosis (Yoshino, Kimura, 2006), Parkinson’s disease (Xiong, Xiong, 

Khare, Chen, Huang, Zhao, 2011), and AD (Minnelli, Laudadio, Galeazzi, Rusciano, Armeni, Stipa, 2019). 

In nervous system, edaravone acts as a potent scavenger of oxygen radicals (Sawada, 2017). This 

medicine can eliminate lipid peroxides and hydroxyl radicals which damage endothelial and neuronal cells 

Physical properties White crystalline powder with a melting point of 129.7°C. 

Freely soluble in acetic acid, methanol, or ethanol and slightly 

soluble in water or diethyl ether. 

Cellular and 

molecular targets 

Antioxidant. Edaravone is a free radical/ reactive oxygen species 

(ROS) scavenger, and it reportedly eliminates lipid 

peroxides and hydroxyl radicals. 

Side effects Urine glucose. Level of glucose in the blood exceeds the 

ability of the kidneys to absorb it. 
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(Geffard, Mangas, Bedat, Covenas, 2018; Ito, Wate, Zhang, Ohnishi, Kaneko, Ito, 2008). 

Hidefuni et al. and Aoki et al. (Ito, Wate, Zhang, Ohnishi, Kaneko, Ito, 2008; Aoki, Warita, Mizuno, 

Suzuki, Yuki, Itoyama, 2011) showed that edaravone inhibits death of motor neurons and glial cells by 

stimulating the production of prostacyclin and leukotrienes, reducing the level of free radicals. They have 

shown that edaravone has favorable effects in animals’ models of ALS (amyotrophic lateral sclerosis). 

Linting et al. (Luo, Song, Li, Zeng, He, 2019) in 2019 also reported the antioxidant properties of 

edaravone in ALS patients. Moreover, Dejesus-Hernandez et al. (DeJesus-Hernandez, Mackenzie, Boeve, 

Boxe, Bake, Rutherford, 2011) investigated edaravone effects in clinical trials, which it appears to be 

promising candidate to slow progression of ALS in patients. However, oxidative stress might be an essential 

factor in the progression of the disease (D’Amico, Factor-Litvak, Santella, Mitsumoto, 2013). Oxidative 

stress biomarkers (nitro tyrosine, coenzyme Q10, etc.) are higher in the people with ALS than without. 3 –

nitro tyrosine which was confirmed in CSF of ALS patients (Tohgi, Abe, Yamazaki, Murata, Ishizaki, Isobe, 

1999). Edaravone, which is also known as MCI-186, has been shown to inhibit motor neuron death in animal 

models by reducing oxidative stress (Watanabe, Yuki, Egawa, Nishi, 1994; Kawai, Nakai, Suga, Yuki, 

Watanabe, Saito, 1997). Edaravone might work in a similar way to ameliorate the disease progression of 

ALS. Clinical studies showed that during the 6-month treatment period of patients with 60 mg of edaravone 

revised ALS functional rating scale (ALSFR-S) score was significantly less than before the start of 

edaravone. Besides, the concentration of 3-NT was low in CSF of almost all patients during study, 

suggesting that edaravone might protect neuronal cells from oxidative stress (Sohmiya, Tanaka, Suzuki, 

Tanino, Okamoto, Yamamoto, 2005). Oxidative stress is also increased in patients with sporadic ALS, based 

on measurement of the redox balance of plasma coenzyme Q10 (Nagase, Yamamoto, Miyazaki, Yoshino, 

2016). Since oxidative damages are indicated in the pathogenesis of ALS, administration of a free radical 

scavenger medicine seems a rational therapeutic strategy for disease management. 

The Study of Midori et al. (Santos, Anjos, Augusto, 1999) reported that edaravone also influences on UA 

(uric acid) level, which is peroxynitrite scavenger. In ALS patients the level of UA is decreased, however, 

the level of UA was increased after edaravone administration. Although uric acid is a natural scavenger of 

peroxynitrite, it scavenges peroxynitrite 30 times greater than does UA. Another scientific researches of 

Santas et al and Tsukada et al (Tsukada, Hasegawa, Tsutsumi, Katoh, Kuwano, Miyazaki, 2000; Chan, 

1996) suggested that edaravone also reacts with peroxynitrite much faster than UA. Linting et al. in 2019 

(Luo, Song, Li, Zeng, He, 2019), also showed that Edaravone might slow progression of ALS. This study 

suggests that edaravone is safe and effective in more patients with advanced ALS. 

Edaravone was also used to develop a novel wound healing anti-inflammatory compound which is 

composed of edaravone (Ed), hyaluronan (HA) and chitosan (Ch). It is called Ch/HA/Ed membrane, and can 

be applied as wound dressing material (Tamer, Valachova, Hassan, Omer, El-Shafeey, Eldin, 2018). As it 

known, during the inflammatory stage of wound healing process, neutrophils and macrophages release high 

amount of ROS. Because of this fact, enriching the membrane with edaravone can accelerate the healing. 

Moreover, Naito et al. (Tamer, Valachova, Hassan, Omer, El-Shafeey, Eldin, 2018) corroborated the potency 

of edaravone to improve the lymphangiogenesis and angiogenesis, which edaravone has positive effect on the 

healing process. In vivo evaluation of Ch/HA/Ed membrane on the skin wound of the dorsum of the rat 

suggested that there was a prominent development in the initial healing step that led to a general healing of 

the wound in comparison with control group (Yang, Wang, Li, Li, Liu, 2015). Besides, the healing area 

showed more dense and thick epithelization. Histologically, the area covered with Ch/HA/Ed membrane 

showed better granulation than the wound without membrane. Moreover, the preservation of moist 

environmental balance over injury covered with Ch/HA/Ed membrane supported the migration of 

keratinocytes, fibroblasts, and endothelial cells which are necessary for skin regeneration. These findings 

revealed the crucial role of edaravone as a supportive medicine to hasten the wound healing process. 

In addition to, Linting et al (Morimoto, Globus, Busto, Martinez, Ginsberg, 1996) observed that 

oxidative stress also may lead to ischemia brain damage through such processes as specific gene expression, 

anoxic depolarization, and excitatory amino acid release. Oxygen radicals were also found in penumbral 

cortex during MCA occlusion in rats (Solenski, Kwan, Yanamoto, Bennett, Kassell, Lee, 1997; MacManus, 

Linnik, 1997). Oxidative stress is also implicated in apoptosis. It was established that acute neuronal cell 

death following brain ischemia can also have apoptotic reason (Tabrizchi, 2000). 

Referring to these facts, edaravone was the first free radical scavenger, which provided clinical evidence 

for therapeutic on ischemic stroke and has been applied for the clinical field in Japan since June 2001 (Abe, 

Yuki, Kogure, 1988). Edaravone inhibits both hydroxyl radical generation and iron induced peroxidative 

injuries and reportedly has protective effect against ischemic damage (Watanabe, Egawa, 1994; Kawai, 

Nakai, Suga, Yuki, Watanabe, Saito, 1997). 
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Conclusion 

All these studies show that edaravone is a very effective medicine in treatment of various diseases 

associated with oxidative stress. Edaravone is often used to treat acute ischemic stroke, amyotrophic lateral 

sclerosis, Parkinson’s disease, and AD. Its neuroprotective, antioxidant effects, moreover anti-inflammatory 

and wound-healing effects reflects its efficacy in treatment of different pathologies. Investigations in the 

field of revealing further effects of edaravone and its application in different spheres of medicine still 

continue. 
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