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[Name of Document] Specification 

Title of Invention: Pharmaceutical Composition for Edaravone Oral Administration And 

Method For Administering Same 

Technical Field 

[0001] 

The present invention relates to a pharmaceutical composition containing edaravone as an 

active ingredient for oral administration or for intragastric administration. 

Background Art 

[0002] 

Edaravone is 3-methyl-1-phenyl-2-pyrazolin-5-one represented by a formula below and is 

known for its pharmaceutical applications as a therapeutic agent or a brain function 

normalizing agent for oxidative stress diseases, such as amyotrophic lateral sclerosis (ALS) 

(Patent Documents 1 and 2). 

[Chem. 1] 

 

[0003] 

ALS is an intractable disease with an initial symptom including weakness of the hands, 
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dyskinesia of the fingers, and fasciculation of the upper limbs, and followed by a symptom 

such as muscle atrophy, muscle weakness, bulbar palsy, and muscular fasciculation, ALS 

leads to respiratory failure. Based on the site of onset, ALS is classified into an upper limb 

type, a bulbar type, a lower limb type, and a mixed type, all of which affect muscle groups 

throughout the body as symptoms progress. Although the etiology of ALS has not yet been 

fully elucidated, the following hypotheses have been presented as the major etiology: (1) 

autoimmunity (appearance of autoantibodies against a Ca channel), (2) excitatory amino acid 

excess and poisoning (increase in extracellular glutamic acid and impaired glutamic acid 

transport), (3) oxidative stress disorder (neuronopathy due to Cu/Zn superoxide dismutase 

(SOD) gene abnormality and free radicals), (4) cytoskeletal damage (accumulation of 

neurofilaments and appearance of inclusion bodies in motor nerve cells), and (5) 

neurotrophic factor deficiency. 

[0004] 

Currently, edaravone is typically used as a therapeutic agent for ALS, and in this application, 

it is only provided in the form of an injectable agent. Thus, an oral formulation is desired to 

be provided, as it is less burdensome for patients and caregivers and is preferred in terms of 

QOL. To meet such a demand, an oral formulation of edaravone is being developed through 

clinical and other studies (Patent Document 3). 

Citation List 

Patent Literature 
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[0005] 

Patent Document 1: JP 05-031523 B 

Patent Document 2: JP 3758164 B 

Patent Document 3: WO 2020/091036 

Non-Patent Literature 

[0006] 

Non-Patent Document 1: Pharmaceutical Research, Vol. 22, No. 1, 11-23, 2005 

Summary of Invention 

Technical Problem 

[0007] 

Generally, with respect to therapeutic agents for an oxidative stress disease, the same agent 

may have different conditions under which the agent can effectively exert its effect 

depending on the administration method of the agent. In addition, an oral formulation of 

edaravone is still under development, and conditions under which the same effect as that of 

the injection can be exerted has not been elucidated. 

[0008] 

Thus, an object of the present invention is to provide a pharmaceutical composition 

containing edaravone as an active ingredient for oral administration and equivalent 

administration. 

Solution to Problem 
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[0009] 

A pharmaceutical composition according to an embodiment of the present invention is 

characterized by containing edaravone as an active ingredient, the pharmaceutical 

composition being administered to a subject orally or intragastrically with any one first time 

interval selected from the group consisting of 1) to 3) below: 

1) in a case where the subject has consumed a high-fat meal, 8 hours or longer after the 

consumption; 

2) in a case where the subject has consumed a standard meal, 4 hours or longer after the 

consumption; and 

3) in a case where the subject has consumed a light meal, 2 hours or longer after the 

consumption. 

[0010] 

A method of administering an edaravone-containing pharmaceutical composition according 

to an embodiment of the present invention is characterized by administering a pharmaceutical 

composition containing edaravone as an active ingredient to a subject orally or 

intragastrically with any one first time interval selected from the group consisting of 1) to 3) 

below: 

1) in a case where the subject has consumed a high-fat meal, 8 hours or longer after the 

consumption; 

2) in a case where the subject has consumed a standard meal, 4 hours or longer after the 
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consumption; and 

3) in a case where the subject has consumed a light meal, 2 hours or longer after the 

consumption. 

[0011] 

The present inventors have found the present invention through the circumstances described 

below. These descriptions, however, do not particularly limit the present invention. 

[0012] 

Food-drug interactions can have a significant effect on safety and efficacy of drugs. For 

example, administration of a drug together with a meal may increase systemic absorption of 

the drug and change pharmacokinetics, and may result in improvement in efficacy and 

increase in the incidence of side effects. Alternatively, administration of a drug together with 

a meal may reduce systemic absorption of the drug and reduce efficacy. 

[0013] 

On the other hand, Wu et al. reported, for drugs exhibiting high solubility and high 

permeability and classified as BCS Class 1, meal consumption has little effect on 

pharmacokinetics, such as bioavailability, when the drugs are administered orally (Non-

Patent Document 1). 

[0014] 

The present inventors found that a volume of water required for dissolving 1 g of edaravone 

is 500 mL (Drug Interview Form of Radicut (Revised in June 2017 (Revision 20)), which 
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means a volume of water required for dissolving 105 mg of edaravone is calculated as 52.5 

mL, and thus edaravone is classified as a high solubility compound. In addition, the present 

inventors also determined that edaravone is classified as a high permeability compound from 

the results of a membrane permeability test using Caco-2 cells shown in Example 3 described 

below. Thus, edaravone is regarded as a BCS Class 1 drug with high solubility and high 

permeability in the report of Wu et al. These findings led to a presumption that edaravone is 

a compound whose pharmacokinetics are not affected by meal consumption. 

[0015] 

Nevertheless, consumption of a meal prior to administration was found to affect the 

pharmacokinetics of edaravone as shown in Examples described below. Thus, as a result of 

further diligent research, the present inventors newly found that not only the presence or 

absence of a meal but also the type of meal can cause a difference in effects on the 

pharmacokinetics of edaravone, and further found that a suitable administration timing 

depends on each type of meal, and completed the present invention. 

Advantageous Effects of Invention 

[0016] 

An embodiment of the present invention can optimize, for each type of meal, a first time 

interval after a meal to administration and thus, for example, can avoid effects of a meal on 

pharmacokinetics such as bioavailability in both oral administration and intragastric 

administration of edaravone. Thus, the pharmaceutical composition according to an 



7 

 

embodiment of the present invention can exhibit an excellent therapeutic effect on oxidative 

stress diseases as a formulation for oral administration (hereinafter also referred to as an 

“oral formulation”) or a formulation for intragastric administration (hereinafter also referred 

to as an “intragastric formulation”) similarly to an injection administered intravenously 

which is the administration method known in the art. In addition, the pharmaceutical 

composition according to an embodiment of the present invention can be administered orally 

or intragastrically and thus can further reduce the burden on patients and caregivers. 

Brief Description of Drawings 

[0017] 

FIG. 1 shows spaghetti plots comparing the Cmax after administration of edaravone oral 

formulation between a fasted group, a group administered 8 hours after high-fat meal 

consumption, a group administered 4 hours after standard meal consumption, and a group 

administered 2 hours after light meal consumption. The circles with solid lines represent 

individual values, and the crosses with dotted lines represent mean values. 

FIG. 2 shows spaghetti plots comparing the AUC0-1h and AUC1h-∞ after oral administration of 

an edaravone oral formulation between a high-fat meal group consuming a high-fat meal 1 

hour after the administration and a fasted group administered under fasted conditions. The 

circles with solid lines represent individual values, and the crosses with dotted lines represent 

mean values. 

FIG. 3 shows a box plot (study #9) and individual plots (studies #5, #6, and #9) for the 
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AUC0-∞ and Cmax after administration of an edaravone oral formulation. The circles 

represent individual values, and the crosses represent mean values. In the box plot, the top 

and bottom of the whiskers represent the maximum and minimum values, and the upper limit, 

middle, and lower limit of the box represent the 25th, 50th, and 75th percentile values, 

respectively. 

FIG. 4 shows a graph indicating an individual value plot of the AUCs0-∞ vs. edaravone doses 

and a curve regressed by a 4-parameter logistic model. The circles represent individual 

values in a study #7, and the squares represent individual values in a study #8. An AUC0-∞ of 

edaravone upon intravenous administration is indicated by the dotted line using a value upon 

administration at 60 mg/60 min. 

Description of Embodiments 

[0018] 

Embodiments of the present invention are as follows. 

[0019] 

For a pharmaceutical composition according to an embodiment of the present invention, for 

example, a second time interval from edaravone administration to next meal consumption is 

30 minutes or longer. 

[0020] 

For the pharmaceutical composition according to an embodiment of the present invention, for 

example, a second time interval from edaravone administration to next meal consumption is 1 
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hour or longer. 

[0021] 

The pharmaceutical composition according to an embodiment of the present invention is, for 

example, for oral administration. 

[0022] 

The pharmaceutical composition according to an embodiment of the present invention is, for 

example, for intragastric administration. 

[0023] 

For the pharmaceutical composition according to an embodiment of the present invention, for 

example, the intragastric administration is administration via a tube. 

[0024] 

For the pharmaceutical composition according to an embodiment of the present invention, for 

example, the tube is a percutaneous endoscopic gastrostomy tube (PEG tube) or a 

nasopharyngeal gastric tube (NG tube). 

[0025] 

The pharmaceutical composition according to an embodiment of the present invention is, for 

example, for treating an oxidative stress disease. 

[0026] 

For the pharmaceutical composition according to an embodiment of the present invention, for 

example, the oxidative stress disease is any one of diseases selected from the group 
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consisting of amyotrophic lateral sclerosis, Parkinson's disease, spinocerebellar degeneration, 

muscular dystrophy, Alzheimer's disease, cerebral infarction, multiple sclerosis, systemic 

scleroderma, and stomatitis. 

[0027] 

For the pharmaceutical composition according to an embodiment of the present invention, for 

example, the oxidative stress disease is amyotrophic lateral sclerosis. 

[0028] 

For the pharmaceutical composition according to an embodiment of the present invention, for 

example, the first time interval is a time interval during an administration period of 

intermittent administration or daily administration. 

[0029] 

For the pharmaceutical composition according to an embodiment of the present invention, for 

example, a dose per administration is from 90 to 120 mg of edaravone. 

[0030] 

For the pharmaceutical composition according to an embodiment of the present invention, for 

example, a dose per administration is from 90 to 105 mg of edaravone. 

[0031] 

For the pharmaceutical composition according to an embodiment of the present invention, for 

example, a daily administration frequency is once, and a dose per administration is 105 mg of 

edaravone. 
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[0032] 

In a method of administering a pharmaceutical composition according to an embodiment of 

the present invention, for example, a second time interval from edaravone administration to 

next meal consumption is set to 30 minutes or longer. 

[0033] 

In the method of administering a pharmaceutical composition according to an embodiment of 

the present invention, for example, a second time interval from edaravone administration to 

next meal consumption is set to 1 hour or longer. 

[0034] 

In the method of administering a pharmaceutical composition according to an embodiment of 

the present invention, for example, the pharmaceutical composition is administered orally. 

[0035] 

In the method of administering a pharmaceutical composition according to an embodiment of 

the present invention, for example, the pharmaceutical composition is administered 

intragastrically. 

[0036] 

In the method of administering a pharmaceutical composition according to an embodiment of 

the present invention, for example, the intragastric administration is administration via a 

tube. 

[0037] 
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In the method of administering a pharmaceutical composition according to an embodiment of 

the present invention, for example, the tube is a percutaneous endoscopic gastrostomy tube 

(PEG tube) or a nasopharyngeal gastric tube (NG tube). 

[0038] 

In the pharmaceutical composition according to an embodiment of the present invention, for 

example, the pharmaceutical composition is administered to treat an oxidative stress disease. 

[0039] 

In the method of administering a pharmaceutical composition according to an embodiment of 

the present invention, for example, the oxidative stress disease is any one of diseases selected 

from the group consisting of amyotrophic lateral sclerosis, Parkinson's disease, 

spinocerebellar degeneration, muscular dystrophy, Alzheimer's disease, cerebral infarction, 

multiple sclerosis, systemic scleroderma, and stomatitis. 

[0040] 

In the method of administering a pharmaceutical composition according to an embodiment of 

the present invention, for example, the oxidative stress disease is amyotrophic lateral 

sclerosis. 

[0041] 

In the method of administering a pharmaceutical composition according to an embodiment of 

the present invention, for example, administration of the pharmaceutical composition 

includes intermittent administration or daily administration, and the pharmaceutical 
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composition is administered with the first time interval during an administration period of the 

intermittent administration or daily administration. 

[0042] 

In the method of administering a pharmaceutical composition according to an embodiment of 

the present invention, for example, a dose per administration of edaravone is from 90 to 120 

mg. 

[0043] 

In the method of administering a pharmaceutical composition according to an embodiment of 

the present invention, for example, a dose per administration of edaravone is from 90 to 105 

mg. 

[0044] 

In the method of administering a pharmaceutical composition according to an embodiment of 

the present invention, for example, a daily dose frequency is once, and a dose per 

administration is 105 mg of edaravone. 

[0045] 

Hereinafter, embodiments of the present invention will be described with reference to 

specific examples, but the present invention is not limited to these examples. In addition, the 

pharmaceutical composition according to an embodiment of the present invention can be 

used in the method of administration according to an embodiment of the present invention, 

and a description of the pharmaceutical composition according to an embodiment of the 
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present invention and a description of the method of administration according to an 

embodiment of the present invention can be incorporated into each other. 

[0046] 

In the present invention, the “first time interval” means a time duration from consumption of 

a meal to administration, for example, it may be used interchangeably with “time interval 

before administration” or “time interval after meal or before administration”, and the “second 

time interval” means a time duration from administration to consumption of a meal, for 

example, it may be used interchangeably with “time interval after administration” or “time 

interval after administration or before meal”. In the “first time interval” and the “second time 

interval”, the first and second notations are notations for formally distinguishing between the 

two types of time intervals before and after administration, and do not limit the order, for 

example. 

[0047] 

The pharmaceutical composition according to an embodiment of the present invention and 

the method of administration according to an embodiment of the present invention are 

characterized by the conditions for the administration timing in which the pharmaceutical 

composition is administered with any first time interval of 1) to 3) according to the type of 

meal as described above, and other conditions and processes are not particularly limited. 

Specifically, the effect of the present invention, that is, the excellent effect of avoiding 

influence from a meal on the pharmacokinetics of edaravone is achieved by the 
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administration timing. Thus, for example, the edaravone content and composition in the 

pharmaceutical composition according to an embodiment of the present invention is not 

particularly limited. In an embodiment of the present invention, the type of meal can be 

classified, for example, based on calories. 

[0048] 

In the present specification, “oral administration” means administering a drug from the 

mouth, and “intragastric administration” means administering a drug directly to the stomach. 

In addition, the pharmaceutical composition according to an embodiment of the present 

invention is a pharmaceutical composition for use in such oral administration or intragastric 

administration. In the use of the pharmaceutical composition according to an embodiment of 

the present invention and in the administration method according to an embodiment of the 

present invention, for example, the type of instrument, device, or the like when used for oral 

administration or intragastric administration is not particularly limited. For intragastric 

administration, for example, a tube, such as a feeding tube (hereinafter, it may be referred to 

as a tube for tube feeding, a tube for feeding, or a feed tube), can be used, and the tube is also 

referred to as, for example, a catheter. The intragastric administration via the tube is also 

referred to as, for example, transluminal administration or intragastric transluminal 

administration. Examples of the intragastric administration include administration via a 

gastrostomy tube and nasogastric administration. The administration via a gastrostomy tube 

is, for example, a method of perforating the stomach by making a perforation in the surface 
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of the abdomen to deliver nutrients directly to the stomach (performing gastrostomy), passing 

the tube through the perforation (gastric fistula), and administering a drug directly into the 

stomach. Examples of the tube used for the administration via a gastrostomy tube include a 

percutaneous endoscopic gastrostomy tube (PEG tube) (hereinafter, it may be referred to as a 

gastric fistula tube, a feeding tube, a connecting tube for feeding, a connecting tube, a 

Percutaneous Endoscopic Gastrostomy (PEG) catheter, or a Percutaneous Endoscopic 

Gastrostomy (PEG) tube). In addition, the nasogastric administration is, for example, a 

method of passing a tube from the nose into the stomach and administering a drug directly 

into the stomach. Examples of the tube used for the nasogastric administration include a 

nasopharyngeal gastric tube (NG tube) (hereinafter, referred to as a nasogastric tube, a 

nasoesophageal feeding tube, a nasal probe, a nasal tube, a nasotracheal tube, a feeding 

catheter, a nasoesophageal feeding catheter, a nasogastric catheter, a gastric catheter, or a 

Nasopharyngeal Gastric (NG) tube). The pharmaceutical composition according to an 

embodiment of the present invention is also referred to as, for example, a “transluminal 

formulation” when used for intragastric administration via the tube. 

[0049] 

As described above, the pharmaceutical composition according to an embodiment of the 

present invention is characterized by containing edaravone as an active ingredient, the 

pharmaceutical composition being administered orally or intragastrically with any one of the 

optimal first time intervals selected from the group consisting of 1) to 3) described above for 
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each type of meal. 

[0050] 

The composition of the pharmaceutical composition according to an embodiment of the 

present invention is any composition containing edaravone as an active ingredient, and other 

constitution is not particularly limited. The pharmaceutical composition according to an 

embodiment of the present invention, for example, may contain only an active ingredient or 

may contain an active ingredient and an additional excipient. The active ingredient may be, 

for example, only edaravone or may be edaravone in combination with another drug. In the 

pharmaceutical composition according to an embodiment of the present invention, the form 

of edaravone is not particularly limited, and examples include a particulate form (hereinafter 

also referred to as an “edaravone particle”). The additional excipient is not particularly 

limited, and examples include dispersants, such as polyvinyl alcohols and sucrose fatty acid 

esters; thickeners, such as xanthan gums and powdered tragacanth; sweeteners, such as 

sorbitol; stabilizers, such as sodium hydrogen sulfite and L-cysteine hydrochloride; pH 

adjusters, such as phosphoric acid, acetic acid, and sodium hydroxide; defoamers, such as 

simethicone emulsions; fillers, such as glucose and starch; solvents; and perfumes. Examples 

of the solvent include aqueous solvents, such as water, buffers, and saline; and oil solvents, 

such as olive oil. 

[0051] 

Specific examples of the pharmaceutical composition according to an embodiment of the 
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present invention include suspensions containing an edaravone particle, a dispersant, and 

water. The suspension is also referred to as, for example, an edaravone suspension for oral 

administration (which may be hereinafter referred to as the “edaravone oral formulation”) or 

an edaravone suspension for intragastric administration (which may be hereinafter referred to 

as the “edaravone intragastric formulation”). Hereinafter, for the pharmaceutical composition 

according to an embodiment of the present invention, the oral formulation can be 

interchangeably read as the intragastric formulation, and the intragastric formulation can be 

interchangeably read as the oral formulation. The pharmaceutical composition according to 

an embodiment of the present invention is characterized by the administration timing as 

described above, and the composition is not limited. Thus, for the details of the composition 

of the pharmaceutical composition according to an embodiment of the present invention, the 

contents described in WO 2020/091036 can be incorporated herein, and the pharmaceutical 

composition according to an embodiment of the present invention can be manufactured by 

the method described in WO 2020/091036. Subjects of the administration of the 

pharmaceutical composition according to an embodiment of the present invention is, for 

example, humans or non-human animals and preferably humans. Non-human animals are, for 

example, mice, rats, rabbits, or horses. 

[0052] 

The form of the pharmaceutical composition according to an embodiment of the present 

invention is not particularly limited and can be, for example, a form suitable for oral 
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administration, a form suitable for intragastric administration, or a form applicable to both 

oral administration and intragastric administration. The form is, for example, a liquid, a gel, 

or a solid. The liquid is exemplified by solutions and suspensions, the gel is exemplified by 

jellies, and the solid is exemplified by tablets, capsules, powders, fine granules, and granules. 

In an embodiment of the present invention, the preferred form is a liquid, and in particular, a 

suspension is preferred. 

[0053] 

Examples of the embodiment of the pharmaceutical composition of the present invention 

include compositions (1) to (5) exemplified below. The embodiment is preferably the 

composition (1) but is not limited to this. 

(1) Edaravone particle, polyvinyl alcohol (dispersant), xanthan gum (thickener), sorbitol 

(sweetener), sodium hydrogen sulfite (stabilizer), L-cysteine hydrochloride (stabilizer), 

phosphoric acid (pH adjuster), sodium hydroxide (pH adjuster), simethicone emulsion 

(defoamer), and water 

(2) Edaravone particle, polyvinyl alcohol (dispersant), powdered tragacanth (thickener), 

sorbitol (sweetener), sodium hydrogen sulfite (stabilizer), L-cysteine hydrochloride 

(stabilizer), phosphoric acid (pH adjuster), sodium hydroxide (pH adjuster), simethicone 

emulsion (defoamer), and water 

(3) Edaravone particle, sucrose fatty acid ester (dispersant), xanthan gum (thickener), sucrose 

(sweetener), sodium hydrogen sulfite (stabilizer), L-cysteine hydrochloride (stabilizer), 
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acetic acid (pH adjuster), sodium hydroxide (pH adjuster), simethicone emulsion (defoamer), 

and water 

(4) Edaravone particle, polyvinyl alcohol (dispersant), xanthan gum (thickener), sorbitol 

(sweetener), sodium hydrogen sulfite (stabilizer), phosphoric acid (pH adjuster), sodium 

hydroxide (pH adjuster), simethicone emulsion (defoamer), and water 

(5) Edaravone particle, polyvinyl alcohol (dispersant), xanthan gum (thickener), sorbitol 

(sweetener), sodium hydrogen sulfite (stabilizer), L-cysteine hydrochloride (stabilizer), 

phosphoric acid (pH adjuster), sodium hydroxide (pH adjuster), simethicone emulsion 

(defoamer), perfume, and water 

[0054] 

More specifically, examples of the composition (1) include a suspension of the following 

composition. The suspension of the following composition has, for example, a total volume 

of 5 mL, an edaravone content of 105 mg, and a form of, for example, a liquid. However, the 

present invention is not limited to this. 

Edaravone particle: 2.1% (w/v) 

Polyvinyl alcohol (dispersant): 0.1% (w/v) 

Xanthan gum (thickener): 0.3% (w/v) 

Sorbitol (sweetener): 40% (w/v) 

Sodium hydrogen sulfite (stabilizer): 0.1% (w/v) 

L-Cysteine hydrochloride (stabilizer): 0.05% (w/v) 
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Sodium Hydroxide (pH adjuster): q.s. 

Phosphoric acid (pH adjuster): q.s. 

Simethicone emulsion (defoamer): 0.05% (w/v) 

Dispersion medium: water 

pH: from 2.5 to 6.0 

[0055] 

The pharmaceutical composition according to an embodiment of the present invention can 

avoid effects of meal consumption on the pharmacokinetics of edaravone in oral 

administration or intragastric administration of edaravone by varying the timing of 

administration according to the type of meal as described above, that is, setting the first time 

interval from consumption of a meal to administration to the condition 1), 2), or 3) described 

above. In an embodiment of the present invention, “avoid effects of meal consumption on the 

pharmacokinetics of edaravone” means, for example, maintaining the same pharmacokinetics 

as the pharmacokinetics when a pharmaceutical composition containing edaravone is 

administered under fasting conditions (e.g., fasting 10 hours or longer). Specifically, this 

means, for example, that in administration of the same pharmaceutical composition 

containing edaravone by the same method of oral administration or intragastric 

administration, the pharmacokinetics administered under the condition 1), 2), or 3) described 

above according to a meal maintains the same pharmacokinetics as the pharmacokinetics 

administered under the fasting conditions described above. In addition, “the same 
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pharmacokinetics” means, for example, that the target pharmacokinetics is completely 

identical or in a range not significantly different. Specific examples include measuring the 

concentration of edaravone in plasma of a subject, for example, at a predetermined period 

before and after administration of the pharmaceutical composition containing edaravone. 

Then, “the same pharmacokinetics” means that comparison of the maximum plasma 

concentration (Cmax) and area under the curve (AUC) of edaravone with the Cmax and AUC 

in fasting for 10 hours or longer indicates no significant change and also the same level of 

distribution of individual values, or indicates statistically the same level to common criteria 

for bioequivalence (e.g., a least squares mean ratio and its 90% confidence interval are in the 

range of 0.8 to 1.25). Thus, according to an embodiment of the present invention, oral 

administration or intragastric administration of the pharmaceutical composition containing 

edaravone with an optimal administration interval of 1) to 3) described above according to 

the type of meal can maintain the same pharmacokinetics as the pharmacokinetics when the 

pharmaceutical composition is administered in fasting conditions, for example, regardless of 

the formula of the pharmaceutical composition. 

[0056] 

The pharmaceutical composition according to an embodiment of the present invention can be 

administered to a subject orally or intragastrically with any one of the first time intervals 

selected from the group consisting of 1) to 3) below, for example, according to the type of 

meal upon consuming a meal: 
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1) in a case where the subject has consumed a high-fat meal, 8 hours or longer after the 

consumption; 

2) in a case where the subject has consumed a standard meal, 4 hours or longer after the 

consumption; and 

3) in a case where the subject has consumed a light meal, 2 hours or longer after the 

consumption. 

[0057] 

In a certain embodiment, the pharmaceutical composition according to an embodiment of the 

present invention can be administered orally or intragastrically with a first time interval 

selected from 2) or 3) described above, for example, according to the type of meal upon 

consuming a meal. 

[0058] 

Furthermore, the pharmaceutical composition according to an embodiment of the present 

invention can further effectively maintain the pharmacokinetics of edaravone, for example, 

by adjusting the second time interval until the next meal consumption after administration. 

The pharmaceutical composition according to an embodiment of the present invention may 

be administered with a second time interval from administration of the composition to the 

next meal consumption of, for example, 30 minutes or longer, preferably 1 hour or longer or 

2 hours or longer. Specifically, the pharmaceutical composition according to an embodiment 

of the present invention may be administered with a time interval of, for example, 30 minutes 
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or longer, 1 hour or longer, or 2 hours or longer until the next consumption of a meal. In an 

embodiment of the present invention, the length of the time second interval after 

administration is not limited, for example, by the type of the next meal. 

[0059] 

In a certain embodiment, the pharmaceutical composition according to an embodiment of the 

present invention can be administered orally or intragastrically with any one of the first time 

intervals selected from the group consisting of 1) to 3) described above and with a second 

time interval of 30 minutes or longer until the next meal consumption, for example, 

according to the type of meal upon consuming a meal. 

[0060] 

In a certain embodiment, the pharmaceutical composition according to an embodiment of the 

present invention can be administered orally or intragastrically with any one of the first time 

intervals selected from the group consisting of 1) to 3) described above and with a second 

time interval of 1 hour or longer until the next meal consumption, for example, according to 

the type of meal upon consuming a meal. 

[0061] 

In a certain embodiment, the pharmaceutical composition according to an embodiment of the 

present invention can be administered orally or intragastrically with any one of the first time 

intervals selected from the group consisting of 1) to 3) described above and with a second 

time interval of 2 hours or longer until the next meal consumption, for example, according to 
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the type of meal upon consuming a meal. 

[0062] 

In a certain embodiment, the pharmaceutical composition according to an embodiment of the 

present invention can be administered orally or intragastrically with a first time interval 

selected from the group consisting of 2) or 3) described above and with a second time 

interval of 30 minutes or longer until the next meal consumption, for example, according to 

the type of meal upon consuming a meal. 

[0063] 

In a certain embodiment, the pharmaceutical composition according to an embodiment of the 

present invention can be administered orally or intragastrically with a first time interval 

selected from 2) or 3) described above and with a second time interval of 1 hour or longer 

until the next meal consumption, for example, according to the type of meal upon consuming 

a meal. 

[0064] 

In a certain embodiment, the pharmaceutical composition according to an embodiment of the 

present invention can be administered orally or intragastrically with a first time interval 

selected from 2) or 3) described above and with a second time interval of 2 hours or longer 

until the next meal consumption, for example, according to the type of meal upon consuming 

a meal. 

[0065] 
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In an embodiment of the present invention, the high-fat meal, the standard meal, and the light 

meal can be classified, for example, based on common classification criteria. Specifically, 

those can be classified, for example, according to total calories of a single meal, and more 

specifically, those can be classified, for example, according to the total calories and 

percentage of calories from lipid in the total calories. 

[0066] 

The high-fat meal is primarily a meal classified as a high-fat meal and may contain, for 

example, a meal with calories approximating the upper limit side and lower limit side of the 

common reference value classified as a high fat meal. Specifically, the high-fat meal in an 

embodiment of the present invention may contain, for example, in addition to a high-fat 

meal, a meal with calories less than reference calories for a high-fat meal and exceeding the 

reference calories for a standard meal in common classification criteria or may contain a 

meal with calories exceeding the reference calories for a high-fat meal. Applying thus the 

first time interval condition 1) described above not only to the high-fat meal but also to a 

meal with calories exceeding the reference calories for a standard meal can effectively 

maintain the pharmacokinetics of edaravone administered orally or intragastrically also when 

a meal corresponding to a border between a high-fat meal and a standard meal is consumed. 

In addition, the same applies to a meal with calories exceeding the reference calories for a 

high-fat meal. 

[0067] 
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A common criterion for a high-fat meal is, for example, total calories per meal of 800 to 

1000 kilocalories, and examples include a meal with total calories of 800 to 1000 kilocalories 

and calorie intake from lipid of 50%, or a meal with total calories of 800 to 1000 kilocalories 

and calorie intake from lipid of 500 to 600 kilocalories and calorie intake from carbohydrate 

of 250 kilocalories. In an embodiment of the present invention, in addition to the high-fat 

meal described above, for example, a meal with total calories greater than 500 kilocalories 

and less than 800 kilocalories can also be classified as the high-fat meal. In addition, in an 

embodiment of the present invention, for example, a meal with total calories greater than 

1000 kilocalories can also be classified as the high-fat meal. Furthermore, in an embodiment 

of the present invention, the high-fat meal described above may be, for example, a meal 

described as the high-fat meal in the FDA guideline (Assessing the Effects of Food on Drugs 

in INDs and NDAs - Clinical Pharmacology Considerations) or a meal described as the high-

fat meal in the EMA guideline (Guideline on the investigation of drug interactions). 

[0068] 

In an embodiment of the present invention, for the unit of total calories, “kilocalories”, one 

kilocalorie is defined as energy required to raise the temperature of one liter of water by 1℃. 

In addition, kilocalories in the present specification are synonymous with “calories” used for 

meals as described in the website of the U.S. Department of Agriculture (USDA) 

(https://www.nutrition.gov/expert-q-a) (see the section “What is the difference between 

calories and kilocalories?”). In the present specification, the calorific value is described in 
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the unit “kilocalories” based on the former definition as described above. For example, the 

calorific value of 800 to 1000 kilocalories described in the present specification means a 

calorific value of 800 to 1000 calories according to the description of the U.S. Department of 

Agriculture (USDA). 

[0069] 

The standard meal is primarily a meal classified as a standard meal and may contain, for 

example, a meal with calories approximating the lower limit side of the common reference 

value classified as a standard meal. In addition, in the present specification, the standard 

meal may be referred to as a low-fat meal or a normal meal. Specifically, the standard meal 

in an embodiment of the present invention may contain, for example, in addition to a 

standard meal, a meal with calories less than reference calories for a standard meal and 

exceeding the reference calories for a light meal in common classification criteria. Applying 

thus the first time interval condition 2) described above not only to the standard meal but 

also to a meal with calories exceeding the reference calories for a light meal can effectively 

maintain the pharmacokinetics of edaravone administered orally or intragastrically also when 

a meal corresponding to a border between a standard meal and a light meal is consumed. 

[0070] 

A common criterion for a standard meal is, for example, total calories per meal of 400 to 500 

kilocalories, and examples include a meal with total calories of 400 to 500 kilocalories and 

calorie intake from lipid of 25%, or a meal with total calories of 400 to 500 kilocalories and 
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calorie intake from lipid of 150 kilocalories. In an embodiment of the present invention, in 

addition to the standard meal described above, for example, a meal with total calories greater 

than 250 kilocalories and less than 400 kilocalories can also be classified as the standard 

meal. Furthermore, in an embodiment of the present invention, the standard meal described 

above may be, for example, a meal described as the low-fat meal in the FDA guideline 

(Assessing the Effects of Food on Drugs in INDs and NDAs - Clinical Pharmacology 

Considerations) or a meal described as the moderate meal in the EMA guideline (Guideline 

on the investigation of drug interactions). 

[0071] 

The light meal is primarily a meal classified as a light meal and may contain, for example, a 

meal with calories approximating the lower limit side of the common reference value 

classified as a light meal. In addition, in the present specification, the light meal may be 

referred to as a caloric supplement, a calorie supplement, a calorie supplement agent, a 

dietary supplement, a nutritional supplement, a nutritional meal, an enteral nutrition agent, a 

protein amino acid formulation, an elemental diet, a digestive enteral nutrition agent, a 

digestive nutrition agent, a semi-digestion enteral nutrition agent, a semi-digestion nutrition 

agent, a nutritional supplement, a nutritional supplement drink, a nutritional food, or a 

nutritional functional food. Specifically, the light meal in an embodiment of the present 

invention may contain, for example, in addition to a light meal, a meal with calories less than 

reference calories for a light meal in common classification criteria. Applying thus the first 



30 

 

time interval condition 3) described above not only to the light meal but also to a meal with 

calories below the reference calories for a light meal can effectively maintain the 

pharmacokinetics of edaravone administered orally or intragastrically also when a meal with 

calories below the reference calories for a light meal is consumed. 

[0072] 

A common criterion for a light meal is, for example, a meal with a total calories per meal of 

250 kilocalories. Specific examples of the light meal include liquid type nutritional 

supplements with approximately 250 kilocalories (enteral nutritional supplement: Ensure 

Liquid (trade name)). This is used, for example, for nutritional retention for patients after 

surgery and tubal alimentation for patients with difficulty in meal consumption over a long 

period. In addition, in an embodiment of the present invention, in addition to the light meal 

with approximately 250 kilocalories described above, for example, a meal with total calories 

less than 250 kilocalories can also be classified as the light meal. 

[0073] 

The method of administering the pharmaceutical composition according to an embodiment of 

the present invention is oral administration or intragastric administration, and may be either. 

In administering the pharmaceutical composition according to an embodiment of the present 

invention to a patient over multiple times, the administration may be intragastric 

administration only, oral administration only, a combination of intragastric administration 

and oral administration, a change from oral administration to intragastric administration, or a 
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change from intragastric administration to oral administration. In general, intragastric 

administration is used as a measure for a case where nutrition cannot be consumed through 

the mouth because of dysphagia or the like. Thus, for example, for more effective treatment 

according to symptoms, the administration may be changed from oral administration to 

intragastric administration. In addition, in the intragastric administration, for example, the 

administration is intragastric administration via a tube (also referred to as transluminal 

administration or transluminal intragastric administration) as described above, and as a 

specific example, the administration may be administration via a percutaneous endoscopic 

gastrostomy tube (PEG tube), administration via a nasopharyngeal gastric tube (NG tube), a 

combination of both, or a change from one to the other. 

[0074] 

A material of the catheter or tube is not particularly limited, and examples include a silicone, 

a polyvinyl chloride, or a polyurethane. In the catheter or tube, the material of the button is, 

for example, a silicone, a polyurethane, a silicone rubber, or the like, and examples of the 

material of the tubing include a polyvinyl chloride or a silicone rubber/polyacetal. In the 

catheter or tube, examples of a combination of the materials of the button and tubing include 

a combination of a silicone button and a polyvinyl chloride tubing, a combination of a 

polyurethane button and a polyvinyl chloride tubing, or a combination of a silicone rubber 

button and a silicone rubber/polyacetal tubing. 

[0075] 



32 

 

In a preferred embodiment of the present invention, the active ingredient according to an 

embodiment of the present invention, edaravone, is administered orally or via a feeding tube 

in the form of the pharmaceutical composition according to an embodiment of the present 

invention. For the feeding tube, for example, a nasopharyngeal gastric tube (which may be 

referred to as an “NG tube”) or a percutaneous endoscopic gastrostomy tube (which may be 

referred to as a “PEG tube”) can be used, and the pharmaceutical composition is administered 

via this feeding tube. Examples of the feeding tube include those made of a silicone, a 

polyvinyl chloride (PVC), and/or a polyurethane. 

[0076] 

In a preferred embodiment of the present invention, when the active ingredient according to 

an embodiment of the present invention, edaravone, is administered in the form of the 

pharmaceutical composition according to an embodiment of the present invention, the 

pharmaceutical composition is taken in a fasting state. In this embodiment, a meal is 

preferably not consumed 1 hour after administration, and consumption of a high-fat meal 

(from 800 to 1000 calories (synonymous with from 800 to 1000 kilocalories as defined in the 

present specification), fat 50%) is desirably avoided 8 hours before administration, 

consumption of a low-fat meal (from 400 to 500 calories (synonymous with from 400 to 500 

kilocalories as defined in the present specification), fat 25%) is desirably avoided 4 hours 

before administration, or consumption of a caloric supplement (250 calories (synonymous 

with 250 kilocalories as defined in the present specification), e.g., ENSURE LIQUID (trade 
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name)) is desirably avoided 2 hours before administration. 

[0077] 

In another preferred embodiment of the present invention, when the active ingredient 

according to an embodiment of the present invention, edaravone, is administered in the form 

of the pharmaceutical composition according to an embodiment of the present invention, 

preferably, a patient is informed that edaravone needs to be taken in a fasting state in the 

morning, a meal at bedtime the night before each administration is not taken, and a meal is 

not consumed 1 hour after administration. In addition, for postprandial administration, a 

patient having consumed a high-fat meal (1000 calories (synonymous with 1000 kilocalories 

as defined in the present specification), 50% fat) is preferably fasted for 8 hours before 

administration, and a patient having consumed a low-fat meal (standard meal) (400 calories 

(synonymous with 400 kilocalories as defined in the present specification), 25% fat) is 

preferably fasted for 4 hours before administration. As an alternative option, a patient may 

consume a caloric supplement (250 calories (synonymous with 250 kilocalories as defined in 

the present specification) (e.g., a protein drink)) 2 hours before administration. 

[0078] 

In administering the pharmaceutical composition according to an embodiment of the present 

invention, consumption of water is not particularly limited. In oral administration, the 

pharmaceutical composition according to an embodiment of the present invention when it is 

solid is, for example, preferably administered together with water, and the pharmaceutical 
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composition according to an embodiment of the present invention when it is liquid or gel 

may be administered, for example, without water or together with water. In the intragastric 

administration via a tube, for example, water is preferably injected from the tube (e.g., the 

PEG tube or NG tube) to wash in the pharmaceutical composition according to an 

embodiment of the present invention after administration. 

[0079] 

The pharmaceutical composition according to an embodiment of the present invention avoids 

effects of a meal on the pharmacokinetics of edaravone upon oral administration or 

intragastric administration of edaravone as described above. Thus, the application of the 

pharmaceutical composition according to an embodiment of the present invention is oral 

administration or intragastric administration of edaravone, and the target disease and 

symptom are any of those on which edaravone can act directly or indirectly and not 

particularly limited. Specifically, the target disease and symptom are diseases or symptoms 

that can be treated, for example, by scavenging free radicals by edaravone. 

[0080] 

The disease is, for example, an oxidative stress disease, specifically examples include 

neurodegenerative diseases with motor dysfunction, such as ALS, Parkinson's disease, and 

spinocerebellar degeneration; muscle diseases, such as muscular dystrophy; intracerebral 

neurodegenerative diseases exhibiting cognitive impairment, such as Alzheimer's disease; 

vascular disorders, such as cerebral infarction; systemic inflammatory diseases, such as 
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multiple sclerosis and systemic scleroderma; or local inflammatory diseases, such as 

stomatitis. Of these, the disease is preferably ALS. In an embodiment of the present 

invention, treatment of the disease includes the meaning of, for example, alleviation of 

disease progression, cure of the disease, prevention of morbidity, and prevention of 

recurrence, and may mean treatment for symptoms due to the disease described above. In an 

embodiment of the present invention, the treatment for symptoms includes the meaning of, 

for example, suppression of progression of symptoms, alleviation of symptoms, cure of 

symptoms, prevention of the occurrence of symptoms, and prevention of recurrence of 

symptoms. The symptom is, for example, a dysfunction in the oxidative stress disease, and 

specific examples include motor dysfunction and cognitive impairment. In an embodiment of 

the present invention, the treatment of the disease can be interchangeably read, for example, 

as treatment of a disease or treatment of a symptom associated with the disease, and the 

therapeutic agent can be read, for example, as the therapeutic agent for a disease or the 

therapeutic agent for a symptom associated with the disease (specific examples include 

progression inhibitors for symptoms). In an embodiment of the present invention, the 

pharmaceutical preparation according to an embodiment of the present invention may be 

used, for example, for any one target or two or more targets with regard to the treatment of 

the disease or the symptom. 

[0081] 

The method of administering a pharmaceutical composition according to an embodiment of 
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the present invention can be described as, for example, a method of treating diseases on 

which edaravone acts directly or indirectly, and a specific example is the method of treating 

the oxidative stress disease. 

[0082] 

The administration of the pharmaceutical composition according to an embodiment of the 

present invention is not particularly limited except for administering orally or administering 

intragastrically under the condition 1), 2), or 3) as described above, and for example, 

reference can be made to administration conditions for the use of an injection containing 

edaravone. Specifically, when the pharmaceutical composition according to an embodiment 

of the present invention is used for the treatment of an oxidative stress disease (preferably 

ALS), reference can be made, for example, to the administration method described in WO 

2020/091036 or the administration method using an edaravone injection currently used in 

clinical practice. The administration method may be daily administration or intermittent 

administration, and specific examples of the administration method include intermittent 

administration methods used for the treatment of ALS. That is, in the present invention, the 

first time interval and the second time interval may be, for example, time intervals during an 

administration period of intermittent administration or daily administration. The intermittent 

administration method is an intermittent administration, that is, for example, a method of 

administration in which an administration period and an interruption period are combined as 

one unit and this unit is repeated two or more times. When an administration period and an 
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interruption period are combined as one unit and the unit is repeated two or more times, the 

last period is the interruption period, but the last interruption period may or may not be 

provided. That is, for example, when the administration period and the interruption period 

are combined as one unit and the unit is repeated twice, the periods may be combined, for 

example, as “the administration period, the interruption period, the administration period, 

and the interruption period” or “the administration period, the interruption period, and the 

administration period” without providing the last interruption period. 

[0083] 

In an embodiment of the present invention, the interruption period is, for example, a period 

in which the drug is not administered for consecutive several days or more and preferably 7 

days or 14 days. The administration period is, for example, for 14 days, and in this case, the 

drug may be administered for consecutive 14 days or in 10 days in 14 days during the 

administration period. Here, 10 days in 14 days mean, for example, any 10 days in 

consecutive 14 days, and 10 days when the drug is administered may be consecutive 10 days 

or nonconsecutive 10 days divided by one or more periods (e.g., 1 day to 4 days) when the 

drug is not administered. For the administration period, a preferred period can be selected, 

for example, by observing the patient's condition. More specifically, examples include a 

method of providing an initial administration period of 14 days, followed by an interruption 

period of 14 days, and then further repeating an administration period of 10 days in 14 days 

and an interruption period of 14 days. The number of times of repeating the administration 
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period of 10 days in 14 days and the interruption period of 14 days is not particularly limited 

and is, for example, one or more times. 

[0084] 

The pharmaceutical composition according to an embodiment of the present invention when 

used for the treatment of an oxidative stress disease (preferably ALS) may be administered to 

the patient repeatedly, for example, every day or almost every day during the administration 

period (also referred to as the daily administration). The dose per administration of the 

pharmaceutical composition according to an embodiment of the present invention can be 

appropriately selected based on, for example, age and status (e.g., severity of the disease) of 

the patient. The dose of the pharmaceutical composition according to an embodiment of the 

present invention can be determined, for example, as a dose of edaravone contained in the 

pharmaceutical composition. As a typical specific example, for the dose per administration of 

the pharmaceutical composition according to an embodiment of the present invention in 

terms of a dose of edaravone for adults, the lower limit is, for example, 60 mg or 90 mg, the 

upper limit is, for example, 400 mg, 140 mg, 120 mg, or 105 mg, and the range is, for 

example, from 60 mg to 400 mg, preferably from 90 to 140 mg, more preferably from 90 to 

120 mg, and even more preferably from 90 mg to 105 mg, and the dose is particularly 

preferably 90 mg, 100 mg, 105 mg, or 120 mg, and in particular, preferably 100 mg or 105 

mg, and most preferably 105 mg. 

[0085] 
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In addition, when the pharmaceutical composition according to an embodiment of the present 

invention is used for the treatment of an oxidative stress disease (preferably ALS), for 

example, the dose per administration during the administration period of an intermittent 

administration method is the same as the dose described above. 

[0086] 

For edaravone injection, sold under the brand name “Radicut” (trade name) in Japan, which 

is currently used as a therapeutic agent for ALS in a clinical setting, the dose per 

administration thereof is set to 60 mg as edaravone. For the pharmaceutical composition 

according to an embodiment of the present invention, which is for oral administration or 

intragastric administration, to attain the same effect as in the intravenous injection of the 

edaravone injection at 60 mg per administration, the dose of the subject pharmaceutical 

composition is preferably, for example, set to 90 to 105 mg as edaravone, and more 

specifically, it is preferably set to 105 mg as edaravone per administration. 

[0087] 

An administration frequency of the pharmaceutical composition according to an embodiment 

of the present invention is not particularly limited whether, for example, it is for oral 

administration or for intragastric administration, and the administration frequency is not 

particularly limited whether it is for everyday administration or for intermittent 

administration. The administration frequency can be selected to a preferred frequency, for 

example, by observing the patient's condition. As a specific example, the number of times of 
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administration is preferably once or twice per day and more preferably once per day in 

consideration of, for example, the burden of patients. 

Examples 

[0088] 

Next, the present invention will be specifically described with reference to examples and 

study examples, but the present invention is not limited to these. Hereinafter, an edaravone 

oral formulation was used as the pharmaceutical composition according to an embodiment of 

the present invention, and evaluation using oral administration or intragastric administration 

via a tube was carried out. The edaravone oral formulation may also be referred to as the 

edaravone intragastric formulation when used for intragastric administration. 

[0089] 

Example 1 

Effects of meal consumption before administration of edaravone oral formulation on 

pharmacokinetics of edaravone 

[0090] 

Effects of meal consumption before administration of the edaravone oral formulation on the 

pharmacokinetics of edaravone were evaluated. Specifically, clinical studies #1, #2, and #3 

described below were conducted on separate days in Japanese healthy adult male subjects. In 

each of clinical studies #1, #2, and #3, one dose each of edaravone oral formulations 

(edaravone suspensions) of formulas #1, #2, and #3 shown in Table 1 below were used 
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respectively and administered orally once during the study period. In addition, the number of 

subjects in each clinical study is shown in Table 2 described below. For each clinical study, a 

reference study was conducted (reference example), in which the edaravone oral formulation 

was administered in fasted conditions as described below, and in each clinical study and the 

corresponding reference study, the edaravone oral formulation was each administered to the 

same subjects. 

[0091] 

[Table 1] 

Formulas used in clinical studies #1, #2, and #3 

 
Study #1 

amount 

Study #2 

amount 

Study #3 

amount 

Edaravone 200 mg 100 mg 105 mg 

Polyvinyl alcohol 10 mg 5 mg 5 mg 

Xanthan gum  15 mg 15 mg 

Sodium hydrogen sulfite  5 mg 5 mg 

L-Cysteine hydrochloride hydrate  2.5 mg 2.5 mg 

Sodium hydroxide  q.s. q.s. 

Phosphoric acid  q.s. q.s. 

Simethicone emulsion  2.5 mg 2.5 mg 

D-Sorbitol  2000 mg 2000 mg 

Purified water q.s. q.s. q.s. 

Total 10 mL 5 mL 5 mL 

 

[0092] 
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For the high-fat meal, a meal with total calories per meal of 800 to 1000 kilocalories and 

calorie intake from lipid of 50% was used. For the standard meal, a meal with total calories 

per meal of 400 to 500 kilocalories and calorie intake from lipid of 25% was used. For the 

light meal, a liquid-type nutritional supplement with total calories per meal of 250 

kilocalories (enteral nutritional supplement: Ensure Liquid (trade name)) was used. 

[0093] 

Clinical study #1: comparative example for first time interval condition 1) 

The edaravone oral formulation (formula #1) was administered orally to the subjects 30 

minutes after high-fat meal consumption. Blood samples were each collected before the 

administration, and 15 minutes, 30 minutes, 1 hour, 1.5 hours, 2 hours, 4 hours, 6 hours, 8 

hours, 12 hours, 24 hours, 36 hours, and 48 hours after the administration, and the 

concentrations of unchanged edaravone in plasma were measured. On the other hand, as a 

reference example, the edaravone oral formulation was administered orally to the same 

subjects in fasted conditions, blood samples were collected, and the concentrations of 

unchanged edaravone in plasma were measured in the same manner. For the administration in 

fasted conditions, the edaravone oral formulation was administered orally after a lapse of 10 

hours or more from the previous meal consumption (the same applies hereinafter). None of 

the subjects consumed a next meal until the blood sample collection 4 hours after the 

administration was completed. The resulting PK profiles are shown in Table 2 below. 

[0094] 
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Clinical study #2: comparative example for first time interval condition 1) 

The edaravone oral formulation (formula #2) was administered orally to the subjects 4 hours 

after high-fat meal consumption. Blood samples were each collected before the 

administration, and 5 minutes, 15 minutes, 30 minutes, 1 hour, 1.5 hours, 2 hours, 4 hours, 6 

hours, 8 hours, 12 hours, 24 hours, 36 hours, and 48 hours after the administration, and the 

concentrations of unchanged edaravone in plasma were measured. On the other hand, as a 

reference example, the edaravone oral formulation was administered orally to the same 

subjects in fasted conditions, blood samples were collected, and the concentrations of 

unchanged edaravone in plasma were measured in the same manner. For the administration in 

fasted conditions, the edaravone oral formulation was administered orally after a lapse of 10 

hours or longer from the previous meal consumption. None of the subjects consumed a next 

meal until the blood sample collection 4 hours after the administration was completed. The 

resulting PK profiles are shown in Table 2 below. 

[0095] 

Clinical study #3: examples for first time interval conditions 1), 2), and 3), and comparative 

example for first time interval condition 2) 

As examples, the edaravone oral formulation (formula #3) was administered orally to each 

subject of 8 hours after high-fat meal consumption, 4 hours after standard meal consumption, 

and 2 hours after light meal consumption. Blood samples were each collected before the 

administration, and 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 1.5 hours, 2 
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hours, 4 hours, 6 hours, 8 hours, 10 hours, 12 hours, 24 hours, 36 hours, and 48 hours after 

the administration, and the concentrations of unchanged edaravone in plasma were measured. 

In addition, as a comparative example, the edaravone oral formulation was administered 

orally to the same subjects 2 hours after standard meal consumption, blood samples were 

collected, and the concentrations of unchanged edaravone in plasma were measured in the 

same manner. On the other hand, as a reference example, the edaravone oral formulation was 

administered orally to the same subjects in fasted conditions, blood samples were collected, 

and the concentrations of unchanged edaravone in plasma were measured in the same 

manner. For the administration in fasted conditions, the edaravone oral formulation was 

administered orally after a lapse of 10 hours or longer from the previous meal consumption. 

None of the subjects consumed a next meal until the blood sample collection 4 hours after the 

administration was completed. The resulting PK parameters are shown in Table 2 below. 
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[0096] 

[Table 2] 

PK parameters of edaravone due to meal consumption before administration of edaravone oral formulation 

Study 
Meal 

condition 

Edaravone 

dose 

(mg) 

Statistics 
tmax 

(h) 

Cmax 

(ng/mL) 

AUC0-∞ 

(ng•h/mL) 

t1/2 

(h) 

Study #1 

(n = 6) 
Fasted 200 

Mean 0.42 4933 6312.88 9.05 

SD 0.13 1268 1246.42 2.37 

Study #1 (comparative 

example) 

(n = 5) 

30 min after 

high-fat meal 
200 

Mean 1.35 899 (82%↓) 
2466.38 

(61%↓) 
5.23 

SD 1.56 463.9 824.73 1.71 

Study #2 

(n = 9) 
Fasted 100 

Mean 0.36 1810 1646.73 9.33 

SD 0.25 849.8 432.96 4.87 

Study #2 (comparative 

example) 

(n = 9) 

4 h after high-

fat meal 
100 

Mean 0.47 1012 (44% ↓) 1247.4 (24%↓) 7.66 

SD 0.32 603.3 425.22 4.12 

Study #3 

(n = 16) 
Fasted 105 

Mean 0.38 2318 2165 8.17 

SD 0.13 1229 673 2.29 
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Study #3 (example) 

(n = 16) 

8 h after high-

fat meal 
105 

Mean 0.36 2525 (→) 2209 (→) 7.38 

SD 0.19 1337 658 1.97 

Study #3 (example) 

(n = 16) 

4 h after 

standard meal 
105 

Mean 0.44 2020 (→) 2073 (→) 9.05 

SD 0.19 1114 641 5.07 

Study #3 (example) 

(n = 16) 

2 h after light 

meal 
105 

Mean 0.41 1898 (→) 1955 (→) 7.31 

SD 0.2 865.9 523 4.3 

Study #3 (comparative 

example) 

(n = 16) 

2 h after 

standard meal 
105 

Mean 0.63 1276 (45%↓) 1717 (21%↓) 11.25 

SD 0.32 805.6 463 8.35 
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[0097] 

For the effects of high-fat meal consumption, the following results were obtained. First, a 

comparison was made between the comparative example of #2 (#2: 4 h after high-fat meal) in 

which the edaravone oral formulation was administered 4 hours after high-fat meal 

consumption and the example of #3 (#3: 8 h after high-fat meal) in which the edaravone oral 

formulation was administered 8 hours after high-fat meal consumption. As shown in Table 2 

above, in the comparative example of #2 (#2: 4 h after high-fat meal), as a result of the 

administration 4 hours after high-fat meal consumption, a decrease in the Cmax by 44% 

(percentage of decrease, the same applies hereinafter) and a decrease in the AUC by 24% 

were observed in comparison with the administration in fasted conditions (#2: Fasted). In 

contrast to this, as shown in Table 2, in the example of the study #3 (#3: 8 h after high-fat 

meal), with the administration 8 hours after high-fat meal consumption satisfying the first 

time interval condition 1) described above, no decrease in the Cmax and AUC was observed 

in comparison with the administration in fasted conditions (#3: Fasted). The formulas of the 

edaravone oral formulations used in the comparative example of #2 and the example of #3 

are almost identical, and thus, an embodiment of the present invention was found to be able 

to maintain the pharmacokinetics of edaravone in a manner similar to the administration in 

fasted conditions by the timing of administration after meal consumption. In addition, in the 

comparative example of #1 (#1: 30 min after high-fat meal), the time from meal consumption 

to the administration of the edaravone oral formulation was further shortened to 30 minutes 
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after high-fat meal consumption. As a result, a decrease in the Cmax by 82% and a decrease 

in the AUC by 61% were observed in comparison with the administration in fasted conditions 

(#1: Fasted), and the percentages of the decreases were greater than those in the comparative 

example of #2. The content of edaravone in the edaravone oral formulation of the formula #1 

used in the comparative example of #1 was about twice those in the edaravone oral 

formulations used in the comparative example of #2 and the example of #3. This revealed 

that the effect of the present invention is not compensated, for example, by the increased 

edaravone content in the edaravone oral formulation but is obtained by the first time interval 

from meal consumption to the administration of the edaravone oral formulation according to 

the type of meal. 

[0098] 

For the effects of the standard meal consumption and light meal consumption, the following 

results were obtained. That is, as shown in Table 2 above, both in the example of the study 

#3 (#3: 4-h after standard meal) with the administration 4 hours after the standard meal 

consumption satisfying the first time interval condition 2) and in the example of the study #3 

(#3: 2-h after standard meal) with the administration 2 hours after the light meal consumption 

satisfying the first time interval condition 3), no decrease in the Cmax and AUC was 

observed in comparison with the administration in fasted conditions (#3: Fasted). No 

decrease in the Cmax and AUC was thus observed in the example of the study #3 above, and 

this was also supported by results of an analysis of variance shown below. 
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[0099] 

That is, from the results of the edaravone PK parameters, an analysis of variance was 

conducted on the AUC and Cmax in consideration of the meal condition. This result is shown 

in Table 3 below. In addition, results of summary statistics for the Cmax are shown in Table 

4 below, and spaghetti plots are shown in FIG. 1. The spaghetti plots in FIG. 1 show results 

from individual subjects, in which results from the same subjects are connected with lines 

between results in the administration in fasted conditions and results in the postprandial 

administration. 

[0100] 

[Table 3] 

Ratios of PK parameters determined by analysis of variance and 90% confidence intervals 

Parameter 

(Unit) 
Meal condition Least-square mean 

Ratio 

[90% Confidence interval] 

(dose with meal/fasted) 

Cmax 

(ng/mL) 

Fasted 2024 - 

8 hours after high-fat meal 2192 1.083 [0.821-1.429] 

4 hours after standard meal 1764 0.872 [0.661-1.150] 

2 hours after light meal 1659 0.820 [0.621-1.082] 

AUC0-∞ 

(ng•h/mL) 

Fasted 2072 - 

8 hours after high-fat meal 2123 1.025 [0.931-1.128] 

4 hours after standard meal 1987 0.959 [0.871-1.056] 

2 hours after light meal 1885 0.910 [0.827-1.002] 

 

[Table 4] 
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Summary statistics for Cmax 

Meal condition Mean SD CV% Min Median Max 

Fasted 2318 1229 53 797 1992 4816 

8 hours after high-fat 

meal 
2525 1337 52.9 595 2237 5270 

4 hours after standard 

meal 
2020 1114 55.2 642 1736 4286 

2 hours after light meal 1898 866 45.6 388 1957 3237 

 

[0101] 

As shown in Table 3 above, the analysis of variance indicated that for the least squares mean 

ratio of the AUC of the example administered under each first time interval condition after 

the meal consumption to the AUC of the reference example administered in fasted conditions 

(Fasted), the 90% confidence interval was in the range of 0.8 to 1.25, which is a common 

criterion for equivalence. This result indicates that the edaravone oral formulation 

administered 8 hours after high-fat meal consumption, 4 hours after standard meal 

consumption, and 2 hours after light meal consumption can exert an effect of maintaining the 

pharmacokinetics similar to those in the administration in fasted conditions without effects of 

meals on the AUC. In addition, as shown in Table 3 above, for the Cmax, although the 90% 

confidence intervals of the ratio (numerical values in parentheses in the column of the ratio) 

did not fall within the range of 0.8 to 1.25, which is the above criterion, because of large 

coefficients of variation (ratios of SD to the mean value), the point estimates of the ratio (the 
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value outside the parentheses in the Confidence column) indicated no significant change and 

were within the range of the above criterion. Furthermore, as shown in the summary statistics 

of the Cmax in Table 4 above and the spaghetti plots in FIG. 1, the administration in fasted 

conditions and the postprandial administration resulted in values of each subject distributed 

in the range of about 1000 to about 5000 with a median of about 2000 in a similar manner 

regardless of the conditions of each postprandial administration, showing no change in 

comparison with the administration in fasted conditions. 

[0102] 

The example of the study #3 thus indicated that administering the edaravone oral formulation 

8 hours after high-fat meal consumption satisfying the condition 1), 4 hours after standard 

meal consumption satisfying the condition 2), and 2 hours after light meal consumption 

satisfying the condition 3) can achieve the Cmax and AUC similar to those in the oral 

administration in fasted conditions and can avoid effects of the meal on the pharmacokinetics 

of edaravone. 

[0103] 

As described above, the examples confirmed that administering after meal consumption in 

the timing of the first time interval conditions 1), 2), and 3) can maintain pharmacokinetics 

similar to those in administering the same edaravone oral formulation in fasted conditions. In 

addition, these results supported that the pharmaceutical composition according to an 

embodiment of the present invention is any composition containing edaravone as an active 
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ingredient, the composition itself is not particularly limited, and even in using the 

pharmaceutical composition of the same composition, the effect of the present invention can 

be obtained by setting conditions for administration as described above according to the type 

of meal. 

[0104] 

Example 2 

Effects of meal consumption after administration of edaravone oral formulation on 

pharmacokinetics of edaravone 1 

[0105] 

Effects of meal consumption 1 hour after administration of the edaravone oral formulation on 

the pharmacokinetics of edaravone were evaluated. Specifically, a clinical study #4 described 

below was conducted on the same subjects in Japanese healthy adult male subjects. In the 

clinical study #4, the edaravone oral formulation of the formula #2 in Table 1 above was 

used and administered orally once during the study period. In addition, the same high-fat 

meal as that used in Example 1 above was used. 

[0106] 

Clinical study #4 

As a post-administration consumption group, the same subjects in fasted conditions after a 

lapse of 10 hours or longer from meal consumption were orally administered with the 

edaravone oral formulation, and the high-fat meal was consumed 1 hour after the 
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administration. Blood samples were each collected before the administration, and 5 minutes, 

15 minutes, 30 minutes, 1 hour, 1.5 hours, 2 hours, 4 hours, 6 hours, 8 hours, 12 hours, 24 

hours, 36 hours, and 48 hours after the administration, and the concentrations of unchanged 

edaravone in plasma were measured. The consumption of the high-fat meal 1 hour after the 

administration was carried out after the blood sample collection 1 hour after the 

administration, and a subsequent meal was not consumed until the blood sample collection 4 

hours after the administration was completed. On the other hand, as a fasted group for 

reference, the edaravone oral formulation was administered orally to the same subjects in 

fasted conditions, blood samples were collected, and the concentrations of unchanged 

edaravone in plasma were measured in the same manner. The subjects in the fasted group did 

not consume a meal either until the blood sample collection 4 hours after the administration 

was completed. The resulting PK parameters are shown in Table 5 below. 
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[0107] 

[Table 5] 

PK parameters of edaravone due to meal consumption after administration of edaravone oral formulation 

Study 
Meal 

condition 

Edaravone 

dose 

(mg) 

Statistics 
tmax 

(h) 

Cmax 

(ng/mL) 

AUC0-∞ 

(ng•h/mL) 

t1/2 

(h) 

Study #4 

(n = 9) 
Fasted 100 

Mean 0.36 1810 1646.73 9.33 

SD 0.25 849.8 432.96 4.87 

Study #4 

(n = 9) 

1 h before 

high-fat meal 
100 

Mean 0.6 1502 (→) 1475.31 (→) 9.65 

SD 0.44 1272 658.1 5.41 
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[0108] 

A comparison was made between the post-administration consumption group, in which the 

high-fat meal was consumed 1 hour after the administration of the edaravone oral 

formulation, and the fasted group, in which no meal was consumed for another 4 hours or 

longer after the administration in fasted conditions. As a result, as shown in Table 5 above, 

the post-administration consumption group showed only a slight decrease in the Cmax by 

about 17.0% and the AUC by about 10.4% in comparison with the fasted group, and no 

significant difference was observed. Thus, the meal consumption 1 hour after the oral 

administration was found to have no effect on the pharmacokinetics of edaravone. 

[0109] 

In addition, the AUC0-∞ after the administration of the edaravone oral formulation was 

evaluated separately on the results from 0 hour to 1 hour after the administration (0 to 1 h, 

before the consumption of a meal resumed after the administration) (AUC0-1h) and the results 

1 hour after the administration (1 h to ∞ h, after the consumption of a meal resumed after the 

administration) (AUC1h-∞) for the post-administration consumption group (1 h before high-fat 

meal) and the fasted group (Fasted). These results are shown in Table 6 below and spaghetti 

plots in FIG. 2. As shown in Table 6 below and FIG. 2, in the post-administration 

consumption group (1 h before high-fat meal), although a slight decrease in the AUC0-1h 

occurred from the edaravone administration to 1 hour before the consumption of a meal 

resumed after the administration in comparison with the administration in the fasted group 
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(Fasted), no change in the AUC1h-∞ was noted 1 hour and longer after the edaravone 

administration. From this, the result of the slight decrease in the AUC0-1h in the post-

administration consumption group is not considered due to decreases in the Cmax and AUC 

due to effects of the meal but is considered to be a result due to fluctuations in the same 

subjects (i.e., day-to-day fluctuations due to acquiring the data of fasted conditions and the 

meal consumption from the same subjects on separate days). 

[0110] 

[Table 6] 

AUC of edaravone when high-fat meal is consumed 1 hour after administration of edaravone 

oral formulation 

 Meal condition 
AUC0-1h 

(ng•h/mL) 

AUC1h-∞ 

(ng•h/mL) 

Study #4 

(n = 9) 
Fasted 890 ± 349 756 ± 232 

Study #4 

(n = 9) 
1 h before high-fat meal 772 ± 519 703 ± 202 

 

[0111] 

The above results indicated that when the high-fat meal was consumed 1 hour after the 

administration of the edaravone oral formulation, no change in the pharmacokinetics of 

edaravone was noted in comparison with the administration in fasted conditions, and thus a 

meal after the administration has no effect on the pharmacokinetics. The results of the 
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evaluation using the high-fat meal thus indicated no effect on the pharmacokinetics of 

edaravone. Thus, regardless of the high-fat meal, consumption of the standard meal and the 

light meal 1 hour after the administration of the edaravone oral formulation is considered to 

cause no change in the pharmacokinetics of edaravone in comparison with the administration 

in fasted conditions, and the meal is considered to have no effect on the pharmacokinetics. 

[0112] 

Example 3 

Evaluation of edaravone in Caco-2 cell membrane permeability test 

[0113] 

Caco-2 cells were seeded on a 24-well plate, cultured at 37°C for 21 to 23 days in a CO2 

incubator, and then a Caco-2 cell monolayer membrane permeability test was conducted. 

After checking the membrane resistance value of the cell layer after the culture, the culture 

medium in the plate was replaced with HBSS (pH 7.4). After preincubation at 37°C for 1 

hour, edaravone and control compounds at predetermined concentrations were each added to 

the apical side and incubated at 37°C for 2 hours. For the control compounds, 

[3H]propranolol as a high membrane permeability control and [14C]mannitol as a low 

membrane permeability control were used. Then, the concentrations of edaravone and the 

control compounds on the basal side were each measured, and the permeability coefficients 

(Papp) were calculated. These results are shown in Table 7 below. The data of Papp are 

indicated by mean ± SD. As shown in Table 7 below, edaravone exhibited membrane 
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permeability equal to or higher than that of propranolol used as the high membrane 

permeability control compound. 

[0114] 

[Table 7] 

Permeability coefficient of edaravone 

Compound 
Concentration 

(μmol/L) 

Papp (X10-6 cm/sec) 

Apical to basal (n = 3) 

Edaravone 100 32.0 ± 1.7 

[3H]Propranolol 10 28.9 ± 1.1 

[14C]Mannitol 10 0.530 ± 0.007 

 

[0115] 

Cell membrane permeability is known to be constant regardless of the concentration of the 

substance when no transporter is involved. The control compounds, propranolol and 

mannitol, are not substrates for transporters P-gp and BCRP expressed in Caco-2 cells, and 

thus the values of the permeability coefficient are not considered to change depending on the 

concentrations used in the test. Thus, further, the following study was conducted to confirm 

that edaravone is not a substrate for transporters P-gp and BCRP as well. 

[0116] 

That is, Caco-2 cells were seeded on a 96-well plate, cultured at 37°C for 10 to 11 days in a 

CO2 incubator, and then a transcellular transport study was conducted. Then, a ratio of Papp 

from the apical side to the basal side to Papp from the basal side to the apical side was 
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calculated. The efflux ratio was calculated as the ratio of the mean values of Papp calculated 

from three measurements. This result is shown in Table 8 below. As shown in Table 8 below, 

the efflux ratio of edaravone did not exceed 2 and was not affected by addition of typical 

inhibitors of P-gp and/or BCRP. Thus, this indicated that edaravone is not a substrate for P-

gp and BCRP. 

[0117] 

[Table 8] 

Ratios of permeability coefficient of edaravone in Caco-2 cells in both directions in presence 

or absence of typical inhibitors of P-gp and BCRP 

Compound 

(Added 

concentration) 

Inhibitor 

(Added concentration) 
Efflux ratio 

Edaravone 

(10 μmol/L) 

- 0.9 

Quinidine (30 μmol/L) 1 

Novobiocin (30 μmol/L) 0.8 

Quinidine (30 μmol/L) 

+ Novobiocin (30 μmol/L) 
0.6 

Quinidine: P-gp inhibitor 

Novobiocin: BCRP inhibitor 

 

[0118] 

Literatures by Sun et al. (Pharmaceutical Research, Vol. 19, No. 10, 2002) and Yamashita et 

al. (European Journal of Pharmaceutical Sciences 10 (2000) 195-204) indicate that the 
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permeability coefficient of a drug by the Caco-2 cell membrane permeability test correlates 

with the absorption rate of the drug in humans. In addition, literatures by Paterson et al. 

(Pharmacologia Cliniea 2, 127-133 (1970)) and Borgstrom et al. (Journal of 

Pharmacokinetics and Biopharmaceutics, VoL 9 No. 4, 1981) indicate that when 

administered orally to humans, almost all of propranolol is absorbed in the intestine. 

[0119] 

As described above, edaravone exhibited a permeability coefficient equal to or higher than 

that of propranolol. Thus, edaravone when administered orally to humans was considered to 

exhibit high absorption rate and was found to be classified as a high permeability compound. 

The report by Wu et al. (Non-Patent Document 1) describes that high permeability 

compounds are less susceptible to effects of a meal on pharmacokinetics as described above. 

On the contrary, however, despite the fact that edaravone has a high permeability, its 

pharmacokinetics was affected by a meal as also described in Examples 1 and 2 above. The 

pharmacokinetics of edaravone is thus affected by a meal; further, the effect varies with the 

type of meal; and the effect on the pharmacokinetics can be avoided by setting the timing of 

administration to the conditions 1), 2), and 3) described above according to the type of meal. 

These have been found by the present inventors for the first time. 

[0120] 

Example 4 

Pharmacokinetics of edaravone in ALS patients 
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[0121] 

To evaluate the pharmacokinetics of edaravone in ALS patients, a clinical study #5 shown 

below was conducted in ALS patients who can live daily life independently (the patient 

group). 

[0122] 

Clinical study #5 

The edaravone oral formulation was administered orally to the patient group in fasted 

conditions after a lapse of 10 hours or longer from consumption of a meal. In the patient 

group, ALS patients who had been already administered with an edaravone intravenous 

infusion formulation were orally administered with the edaravone oral formulation after a 

lapse of 48 hours or longer from the time of completion of the previous administration of the 

intravenous infusion formulation. The same edaravone oral formulation as the formula #3 in 

Table 1 above was used. Then, blood samples were each collected before the administration, 

and 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 1.5 hours, 2 hours, 4 hours, 6 

hours, 8 hours, 10 hours, 12 hours, and 24 hours after the administration, and the 

concentrations of unchanged edaravone in plasma were measured. The patient group did not 

consume a meal after the administration until the blood sample collection 4 hours after the 

administration was completed. 

[0123] 

Clinical study #9 
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On the other hand, a clinical study #9 shown below was conducted in healthy adult male and 

female subjects (42 in total) (the reference group). That is, the edaravone oral formulation of 

the formula #3 was administered orally to the reference group in fasted conditions after a 

lapse of 10 hours or longer. Then, blood samples were each collected before the 

administration, and 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 1.5 hours, 2 

hours, 4 hours, 6 hours, 8 hours, 10 hours, 12 hours, 24 hours, 36 hours, and 48 hours after 

the administration, and the concentrations of unchanged edaravone in plasma were measured. 

The reference group did not consume a meal after the administration either until the blood 

sample collection 4 hours after the administration was completed. 

[0124] 

The resulting PK parameters were corrected for body weight of each subject adjusted to 70 

kg by a proportional calculation for each of the patient group and the reference group. The 

results of the PK parameters before correction of the patient group and the reference group 

are shown in Table 9 below. In addition, the results of the PK parameters after correction of 

the patient group are shown as box-whisker plots of #9 (the reference group), and individual 

plots of #5 (the patient group) and #9 (the reference group) in FIG. 3. In FIG. 3, X represents 

a mean value. As shown in Table 9 below, the difference in the Cmax before weight 

correction was 15%, and the difference in the AUC before weight correction was 1.5% 

between the patient group and the reference group, but as shown in FIG. 3, the difference in 

the Cmax after weight correction was 9.8%, and the difference in the AUC after weight 
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correction was 5.8%, both being within 10%. On the other hand, the mean value ± standard 

error of the Cmax after weight correction of the patient group was 1607 ± 231, and the mean 

value ± standard error of the AUC after weight correction of the patient group was 1461 ± 

166, both with a large standard error. Thus, the difference in the Cmax and the difference in 

the AUC before weight correction between the patient group and the reference group seen in 

Table 9 below are considered due to the difference in body weight between the patient group 

and the reference group, and the difference in the Cmax and the difference in the AUC after 

weight correction between the patient group and the reference group observed in FIG. 3 are 

each considered to be within the range of error. 

[0125] 

[Table 9] 

PK Parameters of edaravone in ALS patients 

subjects 

Edaravone 

dose 

(mg) 

Statistics 
tmax 

(h) 

AUCinf 

(ng•h/mL) 

Cmax 

(ng/mL) 

healthy 

(n = 42) 
105 

Mean 0.44 1762 1656 

SD 0.17 540 734 

ALS patients 

(n = 9) 
105 

Mean 0.31 1736 1903 

SD 0.15 811 978 

 

[0126] 

As described above, the result of comparing the Cmax and AUC of edaravone after the 
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administration of the edaravone oral formulation between ALS patients and healthy adults 

revealed that the pharmacokinetics of edaravone is similar between ALS patients and healthy 

adults and that sufficient plasma concentration of edaravone is maintained in ALS patients as 

well as in healthy adults. From this, it can be said that oral administration of edaravone itself 

does not affect the plasma concentration regardless of whether the subject is a patient. 

[0127] 

Example 5 

Pharmacokinetics of edaravone in administration via percutaneous endoscopic gastrostomy 

tube (PEG tube) 

[0128] 

Pharmacokinetics of edaravone in administration of the edaravone oral formulation via a 

PEG tube was evaluated. Specifically, a clinical study #6 described below was conducted in 

ALS patients with a percutaneous endoscopic gastrostomy tube (PEG tube) (the patient 

group). In the clinical study #6, the edaravone oral formulation of the formula #3 shown in 

Table 1 was used. 

[0129] 

Clinical study #6 

The edaravone oral formulation was administered via a PEG tube to the patient group in 

fasted conditions after a lapse of 10 hours or longer from consumption of a meal. That is, 

first, 100 mL of lukewarm water was injected through a PEG tube 1 hour before the 



65 

 

administration of the edaravone oral formulation, and 10 mL of lukewarm water was injected 

through a PEG tube immediately before the administration. Then, the edaravone oral 

formulation was administered to the PEG tube, and further 10 mL of water was injected 

through the PEG tube three times to wash in the edaravone oral formulation. In the patient 

group, ALS patients who had been already administered with an edaravone intravenous 

infusion formulation were administered with the edaravone oral formulation via a PEG tube 

after a lapse of 48 hours or longer from the time of completion of the previous administration 

of the intravenous infusion formulation. Blood samples were each collected before the 

administration, and 15 minutes, 30 minutes, 1 hour, 2 hours, 4 hours, 8 hours, and 24 hours 

after the administration, and the concentrations of unchanged edaravone in plasma were 

measured. The patient group did not consume a meal until the blood sample collection 4 

hours after the administration via a PEG tube was completed. For the reference example, the 

results of the reference group in Example 4, in which the edaravone oral formulation of the 

same formula #3 was administered orally and blood samples were collected, were utilized. 

[0130] 

The resulting PK parameters were corrected for body weight of each subject in the patient 

group adjusted to 70 kg by a proportional calculation. The results of the PK parameters 

before correction of the patient group are shown in Table 10 below. In addition, the results of 

the PK parameters after correction of the patient group are shown in individual plots as #6 in 

FIG. 3. A comparison was made between the patient group administered via a PEG tube in 
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Table 10 below and the reference group administered orally in Table 9 above. As a result, a 

difference in the Cmax before weight correction of 30% and a difference in the AUC before 

weight correction of 33% were observed between the patient group administered via a PEG 

tube and the reference group administered orally, but as shown in FIG. 3, the difference in 

the Cmax after weight correction was 8.3%, and the difference in the AUC after weight 

correction was 9.5%, both being within 10%. On the other hand, as shown in FIG. 3, the 

mean value ± standard error of the Cmax after weight correction of the patient group 

administered via a PEG tube was 1585 ± 251, and the mean value ± standard error of the 

AUC after weight correction of the patient group was 1698 ± 228, both with a large standard 

error. Thus, the difference in the Cmax and the difference in the AUC before weight 

correction between the patient group administered via a PEG tube and the reference group 

administered orally seen in Table 10 below are considered due to the difference in body 

weight between the patient group administered via a PEG tube and the reference group 

administered orally, and the difference in the Cmax and the difference in the AUC after 

weight correction between the patient group administered via a PEG tube and the reference 

group administered orally seen in FIG. 3 are each considered to be within the range of error. 

[0131] 

[Table 10] 

PK Parameters of edaravone in ALS patients in administration via a PEG-tube 

Edaravone 

dose 
Statistics 

tmax 

(h) 

AUCinf 

(ng•h/mL) 

Cmax 

(ng/mL) 
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(mg) 

105 
Mean 0.33 2344 2163 

SD 0.13 971 902 

 

[0132] 

The results of the oral administration in Example 4 above and the results of the 

administration via a PEG tube in this Example 5 indicated that the Cmax and AUC of 

edaravone after administration of the edaravone oral formulation via a PEG tube were similar 

to the results after the oral administration of the same edaravone oral formulation. This 

suggests no difference in the pharmacokinetics of edaravone between administration via a 

PEG tube and oral administration and revealed that sufficient plasma concentration of 

edaravone is maintained in administration via a PEG tube as well as in oral administration. 

[0133] 

Example 6 

Dose of edaravone in oral formulation exhibiting bioavailability equivalent to that of 

edaravone intravenous administration 

[0134] 

The dose of edaravone in the oral formulation exhibiting bioavailability equivalent to that of 

the 60-mg edaravone intravenous (IV) administration was investigated. Specifically, clinical 

studies #7 and #8 described below were conducted in healthy adult male subjects for each 

subject group. In clinical studies #7 and #8, one dose each of edaravone oral formulations 
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(edaravone suspensions) of formulas #7 and #8 shown in Table 11 below were used 

respectively and administered orally once during the study period. 

[0135] 

[Table 11] 

Formulas used in studies #7 and #8 

 
Study #7 

amount 

Study #8 

amount 

Edaravone 30 mg 60 mg 120 mg 200 mg 300 mg 100 mg 

Polyvinyl alcohol 50 mg 50 mg 10 mg 10 mg 10 mg 5 mg 

Xanthan gum      15 mg 

Sodium hydrogen 

sulfite 
     5 mg 

L-Cysteine 

hydrochloride hydrate 
     2.5 mg 

Sodium hydroxide      q.s. 

Phosphoric acid      q.s. 

Simethicone emulsion      2.5 mg 

D-Sorbitol      2000 mg 

Purified water q.s. q.s. q.s. q.s. q.s. q.s. 

Total 50 mL 50 mL 10 mL 10 mL 10 mL 5 mL 

 

[0136] 

Clinical study #7 

Any of the edaravone oral formulations (formula #7) with an edaravone content of 30 mg, 60 

mg, 120 mg, 200 mg, or 300 mg was administered orally to subjects in fasted conditions after 
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a lapse of 10 hours or longer from consumption of a meal. The edaravone oral formulations 

with each content were each administered orally to 6 subjects. Blood samples were each 

collected before the administration, and 15 minutes, 30 minutes, 1 hour, 1.5 hours, 2 hours, 4 

hours, 6 hours, 8 hours, 12 hours, 24 hours, 36 hours, and 48 hours after the administration, 

the concentrations of unchanged edaravone were measured, and the AUCs were calculated. 

The subjects did not consume a meal after the administration until the blood sample 

collection 4 hours after the administration was completed. 

[0137] 

Clinical study #8 

The edaravone oral formulations (formula #8) with an edaravone content of 100 mg was 

administered orally to 9 subjects in fasted conditions after a lapse of 10 hours or longer from 

consumption of a meal. Blood samples were each collected before the administration, and 5 

minutes, 15 minutes, 30 minutes, 1 hour, 1.5 hours, 2 hours, 4 hours, 6 hours, 8 hours, 12 

hours, 24 hours, 36 hours, and 48 hours after the administration, the concentrations of 

unchanged edaravone in plasma were measured, and the AUCs were calculated. The subjects 

did not consume a meal after the administration either until the blood sample collection 4 

hours after the administration was completed. 

[0138] 

These results are shown in FIG. 4 as an individual value plot of the doses of edaravone and 

the AUC and a 4-parameter logistic model indicating the relationship between both. In the 
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figure, the horizontal axis is the dose of edaravone and the vertical axis is the AUC. In 

addition, the value of the AUC (1738 ng•h/mL) of the approved 60-mg edaravone 

intravenous administration formulation is shown in FIG. 4 with a dotted line. As shown in 

FIG. 4, the amount of edaravone indicating an AUC similar to the AUC of the 60-mg 

edaravone intravenous administration formulation was calculated to be within the range of 

100 to 105 mg. From this result, the edaravone oral formulation (including the meaning of 

the edaravone intragastric formulation) maintains an effect similar to that of the approved 60-

mg edaravone intravenous administration formulation, for example, by setting the amount of 

edaravone contained in one administration to 100 to 105 mg and administering orally or via a 

PEG tube with the timing of administration in an embodiment of the present invention 

described above and can provide medical care with a reduced burden on patients and 

caregivers. 

[0139] 

Example 7 

Effects of meal consumption after administration of edaravone oral formulation on 

pharmacokinetics of edaravone 2 

[0140] 

Effects of meal consumption 30 minutes after administration of the edaravone oral 

formulation on the pharmacokinetics of edaravone were evaluated. Specifically, a clinical 

study #10 described below was conducted in Japanese healthy adult male subjects. In the 
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clinical study #10, the edaravone oral formulation of the formula #7 (edaravone content of 

120 mg) in Table 11 above was used and administered orally once during the study period. In 

addition, the same standard meal as that used in Example 1 above was used. 

[0141] 

Clinical study #10 

As a post-administration consumption group, subjects in fasted conditions after a lapse of 10 

hours or longer from meal consumption were orally administered with the edaravone oral 

formulation, and the standard meal was consumed 30 minutes after the administration. Blood 

samples were each collected before the administration, and 15 minutes, 30 minutes, 1 hour, 

1.5 hours, 2 hours, 4 hours, 6 hours, 8 hours, 12 hours, and 24 hours after the administration, 

and the concentrations of unchanged edaravone in plasma were measured. The consumption 

of the standard meal 30 minutes after the administration was carried out after the blood 

sample collection 30 minutes after the administration, and a subsequent meal was not 

consumed until the blood sample collection 4 hours after the administration was completed. 

[0142] 

On the other hand, as a fasted group for reference, the edaravone oral formulation was 

administered orally to different subjects in fasted conditions, blood samples were collected, 

and the concentrations of unchanged edaravone in plasma were measured in the same 

manner. The subjects in the fasted group did not consume a meal either until the blood 

sample collection 4 hours after the administration was completed. The resulting PK 
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parameters are shown in Table 12 below. 

[0143] 

[Table 12] 

PK parameters of edaravone due to meal consumption after administration of edaravone oral 

formulation 

Dose 

(mg) 
Meal condition Statistics 

tmax 

(h) 

Cmax 

(ng/mL) 

AUC0-24h 

(ng•h/mL) 

t1/2 

(h) 

120 

Fasted 

(n = 6) 

Mean 0.38 1735 2241.77 5.13 

SD 0.14 738 910.63 1.46 

30 min before low-fat meal 

(n = 6) 

Mean 0.42 1953 1916.91 4.6 

SD 0.13 838.3 383.34 0.41 

 

[0144] 

A comparison was made between the post-administration consumption group, in which the 

standard meal was consumed 30 minutes after the administration of the edaravone oral 

formulation, and the fasted group, in which no meal was consumed for another 4 hours or 

longer after the administration in fasted conditions. As a result, as shown in Table 12 above, 

the post-administration consumption group indicated only a slight decrease in the Cmax by 

about 12.6% and the AUC by about 14.5% in comparison with the fasted group, and no 

significant difference was observed. Thus, the meal consumption 30 minutes after the oral 

administration was found to have no effect on the pharmacokinetics of edaravone. 

[0145] 
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From the above results, when the standard meal was consumed 30 minutes after the 

administration of the edaravone oral formulation, no significant change was considered to 

occur in comparison with the fasted conditions. In addition, edaravone was administered as a 

suspension and thus is presumed to have been rapidly excreted from the stomach, and most of 

edaravone is presumed to have reached the upper part of the small intestine, which is 

considered to be the absorption site, by 30 minutes after the administration. Thus, a 

difference in the type of meal consumed 30 minutes after the administration is considered to 

have no effect on edaravone. This suggested that in oral administration of edaravone, 

edaravone is not affected by a meal after a lapse of 30 minutes from the administration 

regardless of the type of meal after the administration. 

[0146] 

Example 8 

Pharmacokinetics of edaravone in administration via percutaneous endoscopic gastrostomy 

tube (PEG tube) 2 

Pharmacokinetics of edaravone in administration of the edaravone oral formulation via a 

PEG tube was evaluated in 36 healthy adults. Specifically, performing gastrostomy in healthy 

adults is difficult, thus a nasopharyngeal gastric tube (NG tube), which allows the 

administration into the stomach via a tube in the same manner, was used as a model of 

administration via a percutaneous endoscopic gastrostomy tube (PEG tube), and a clinical 

study #11 described below was conducted. In the clinical study #11, the edaravone oral 
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formulation of the formula #3 shown in Table 1 was used. 

[0147] 

Clinical study #11 

The edaravone oral formulation (#3) was administered via a nasopharyngeal gastric tube (NG 

tube) to the subject group in fasted conditions after a lapse of 10 hours or longer from 

consumption of a meal. In the administration via an NG tube, first, 100 mL of lukewarm 

water was injected through an NG tube 1 hour before the administration of the edaravone oral 

formulation, and 10 mL of lukewarm water was injected through an NG tube immediately 

before the administration. Then, the edaravone oral formulation was administered to the NG 

tube, and further 30 mL of water was injected through the NG tube to wash in the edaravone 

oral formulation. Blood samples were each collected before the administration, and 5 

minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 1.5 hours, 2 hours, 4 hours, 6 hours, 8 

hours, 10 hours, 12 hours, 24 hours, 36 hours, and 48 hours after the administration, and the 

concentrations of unchanged edaravone in plasma were measured. As a reference example, 

the same edaravone oral formulation was administered orally to the same subjects, blood 

samples were collected, and the concentrations of unchanged edaravone in plasma were 

measured in the same manner. For the oral administration, the edaravone oral formulation 

was administered orally after a lapse of 10 hours or longer from the previous meal 

consumption. None of the subjects consumed a next meal until the blood sample collection 4 

hours after the administration was completed. The resulting PK parameters are shown in 
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Table 13 below. In addition, results of an analysis of variance conducted on the AUC and 

Cmax in consideration of the meal condition are shown in Table 14 below. 

[0148] 

[Table 13] 

PK parameters of edaravone after oral administration and administration via NG tube of 

edaravone oral formulation 

Administration 

route 

PK 

paramete

r 

tmax
[a] 

(h) 

Cmax 

(ng/mL) 

AUC0-t 

(ng•h/mL

) 

AUC0-∞ 

(ng•h/mL) 

t1/2 

(h) 

Oral Mean 0.5 2470 2612 2657 21.52 

(N = 36) CV% 
0.250, 

0.500 
34 30.1 30.1 157.2 

Nasopharyngeal 

gastric tube 
Mean 0.25 2775 2592 2617 13.53 

(N = 36) CV% 
0.083, 

1.000 
52.1 33.4 33.2 102.1 

[a]: median, minimum, and maximum 

 

[0149] 

[Table 14] 

Ratios of PK parameters determined by analysis of variance and 90% confidence intervals 

Parameter Units Least-square mean Ratio 
90% Confidence 

interval 
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Nasopharyngeal 

gastric tube 
Oral Lower Upper 

Cmax ng/mL 2431 2310 1.052 0.9028 1.2267 

AUC0-∞ ng•h/mL 2501 2551 0.981 0.9307 1.0333 

 

[0150] 

As shown in Table 13, each PK parameter was very similar regardless of the route of 

administration, indicating that pharmacokinetics is maintained regardless of the route of 

administration. As shown in Table 14 above, the analysis of variance indicated that for the 

least squares mean ratio of the AUC and Cmax of the example administered via an NG tube 

to the AUC and Cmax of the reference example administered orally, the 90% confidence 

interval was in the range of 0.8 to 1.25, which is a common criterion for equivalence. This 

result shows that administration of edaravone into the stomach via an NG tube does not 

affect the pharmacokinetic parameters AUC and Cmax and can exert an effect of maintaining 

the pharmacokinetics similar to those in oral administration. 

[0151] 

The results of the oral administration in this Example 8 and the results of the administration 

via a PEG tube in the above Example 5 indicated that the Cmax and AUC of edaravone after 

intragastric administration of the edaravone oral formulation via an NG tube were equivalent 

to the results after the oral administration of the same edaravone oral formulation. This 

suggests no difference in the pharmacokinetics of edaravone between intragastric 
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administration via a catheter and oral administration and revealed that sufficient plasma 

concentration of edaravone is maintained in intragastric administration via a catheter as well 

as in oral administration. This result with more subjects supports the finding in Example 5 

that plasma concentration of edaravone administered via a PEG tube to ALS patients is 

maintained in a manner similar to the oral administration. 

[0152] 

Example 9 

Investigation of adsorption of edaravone to catheter in vitro 

In administration using a catheter, catheters of various materials are used in medical 

facilities. Thus, whether administration is feasible with a catheter of any material was 

investigated by evaluating adsorption properties of catheters. That is, the edaravone oral 

formulation (#3) was passed through a catheter, and then the percentage of edaravone 

collected by washing in with water was evaluated. The types of percutaneous endoscopic 

gastrostomy tubes (PEG tubes) Nos. 1 to 3 used for the evaluation are shown in Table 15. 

[0153] 

[Table 15] 

Types of PEG tubes used for adsorption evaluation 

 No. 1 No. 2 No. 3 

Material 
Button: silicone 

Tubing: polyvinyl chloride 

Button: polyurethane 

Tubing: polyvinyl chloride 

Balloon: silicone rubber 

Tubing: silicone 

rubber/polyacetal 
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Type Bumps/button Bumps/button Balloon/button 

Size 

Bump 

Length: 5.0 cm 

Diameter: 24 Fr 

Tubing 

Length: 60 cm 

Diameter: outer 6.0 mm 

           inner 4.0 mm 

Bump 

Length: 5.5 cm 

Diameter: 24 Fr 

Tubing 

Length: 30 cm 

Diameter: outer 5.5 mm 

           inner 3.7 mm 

Balloon 

Length: 4.4 cm 

Diameter: 24 Fr 

Tubing 

Length: 60 cm 

Diameter: outer 5.5 mm 

           inner 3.5 mm 

 

[0154] 

Specifically, the edaravone oral formulation was loaded into a syringe for catheter 

administration to give an edaravone amount of 105 mg, and the edaravone oral formulation 

was passed from the syringe to each of the catheters. Water at a predetermined temperature 

was then injected into the catheter to wash in the edaravone oral formulation. The edaravone 

oral formulation that passed through the catheter and the wash-in liquid were collected and 

mixed, and an amount of edaravone contained in the mixed liquid was measured. The 

edaravone oral formulation was washed in under any of the following conditions: with 10 mL 

of water three times, with 30 mL of water at 25°C or 40°C once, or with 50 mL of water at 

25°C or 40°C once. Three measurements were made for each catheter, and the mean and SD 

of recovery% were calculated. These results are shown in Table 16. 

[0155] 

[Table 16] 

Adsorption evaluation 
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Wash-in conditions 
Type of PEG tube 

No. 1 No. 2 No. 3 

10 mL 3 times 98.0% (0.6) 100.0% (1.5) 99.1% (0.6) 

30 mL once 

(Water temperature at 

25°C) 

97.1% (1.5) 98.6% (1.7) 97.9% (1.3) 

30 mL once 

(Water temperature at 

40°C) 

101.9% (2.1) 104.1% (0.7) 103.0% (0.7) 

50 mL once 

(Water temperature at 

25°C) 

96.5% (1.8) 97.0% (0.9) 97.5% (0.4) 

50 mL once 

(Water temperature at 

40°C) 

97.6% (0.8) 97.9% (0.5) 95.5% (0.6) 

Shown as mean (SD) of N = 3 

[0156] 

As shown in Table 16 above, almost all amount of edaravone was recovered by each 

specified washing in with water regardless of the material of the catheter used. No adsorption 

of edaravone was thus observed on the catheters regardless of the material, thus showing that 

transcatheter administration of the edaravone oral formulation is feasible regardless of the 

material of the catheter. 

[0157] 

The present invention has been described above with reference to embodiments and 

examples, but the present invention is not limited to the above embodiments. Various 
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changes that can be understood by those skilled in the art can be made to the constitution and 

details of the present invention within the scope of the present invention. 

[0158] 

The present application claims priority based on JP 2020-188514, filed on November 12, 

2020, the entire disclosure of which is incorporated herein. 

Industrial Applicability 

[0159] 

The pharmaceutical composition containing edaravone of the present invention can avoid 

effects of meal consumption on the pharmacokinetics by administration with an optimal 

administration interval for each type of meal and can exert excellent effects as the oral 

formulation or intragastric formulation of edaravone, and thus is useful, for example, for the 

treatment of oxidative stress diseases. 
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Claims 

[Claim 1] 

A pharmaceutical composition containing edaravone as an active ingredient, the 

pharmaceutical composition being administered to a subject orally or intragastrically with 

any one first time interval selected from the group consisting of 1) to 3): 

1) in a case where the subject has consumed a high-fat meal, 8 hours or longer after the 

consumption; 

2) in a case where the subject has consumed a standard meal, 4 hours or longer after the 

consumption; and 

3) in a case where the subject has consumed a light meal, 2 hours or longer after the 

consumption. 

[Claim 2] 

The pharmaceutical composition according to claim 1, wherein a second time interval from 

edaravone administration to next meal consumption is 30 minutes or longer. 

[Claim 3] 

The pharmaceutical composition according to claim 1 or 2, wherein the second time interval 

from edaravone administration to next meal consumption is 1 hour or longer. 

[Claim 4] 

The pharmaceutical composition according to any one of claims 1 to 3, which is for oral 

administration. 
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[Claim 5] 

The pharmaceutical composition according to any one of claims 1 to 3, which is for 

intragastric administration. 

[Claim 6] 

The pharmaceutical composition according to any one of claims 1 to 5, wherein the 

intragastric administration is administration via a tube. 

[Claim 7] 

The pharmaceutical composition according to claim 6, wherein the tube is a percutaneous 

endoscopic gastrostomy tube (PEG tube). 

[Claim 8] 

The pharmaceutical composition according to claim 6, wherein the tube is a nasopharyngeal 

gastric tube (NG tube). 

[Claim 9] 

The pharmaceutical composition according to any one of claims 1 to 8, which is for treating 

an oxidative stress disease. 

[Claim 10] 

The pharmaceutical composition according to claim 9, wherein the oxidative stress disease is 

any one of diseases selected from the group consisting of amyotrophic lateral sclerosis, 

Parkinson's disease, spinocerebellar degeneration, muscular dystrophy, Alzheimer's disease, 

cerebral infarction, multiple sclerosis, systemic scleroderma, and stomatitis. 
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[Claim 11] 

The pharmaceutical composition according to claim 9 or 10, wherein the oxidative stress 

disease is amyotrophic lateral sclerosis. 

[Claim 12] 

The pharmaceutical composition according to any one of claims 1 to 11, wherein the first 

time interval is a time interval during an administration period of intermittent administration 

or daily administration. 

[Claim 13] 

The pharmaceutical composition according to any one of claims 1 to 12, wherein a dose per 

administration is from 90 to 120 mg of edaravone. 

[Claim 14] 

The pharmaceutical composition according to any one of claims 1 to 12, wherein a dose per 

administration is from 90 to 105 mg of edaravone. 

[Claim 15] 

The pharmaceutical composition according to any one of claims 1 to 14, wherein a daily 

administration frequency is once, and a dose per administration is 105 mg of edaravone. 

[Claim 16] 

A method of administering an edaravone-containing pharmaceutical composition which 

contains edaravone as an active ingredient, the method comprising administering the 

pharmaceutical composition to a subject orally or intragastrically with any one first time 
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interval selected from the group consisting of 1) to 3): 

1) in a case where the subject has consumed a high-fat meal, 8 hours or longer after the 

consumption; 

2) in a case where the subject has consumed a standard meal, 4 hours or longer after the 

consumption; and 

3) in a case where the subject has consumed a light meal, 2 hours or longer after the 

consumption. 

[Claim 17] 

The method according to claim 16, wherein a second time interval from administration of the 

pharmaceutical composition to next meal consumption is 30 minutes or longer. 

[Claim 18] 

The method according to claim 16 or 17, wherein the second time interval from 

administration of the pharmaceutical composition to next meal consumption is 1 hour or 

longer. 

[Claim 19] 

The method according to any one of claims 16 to 18, wherein the pharmaceutical 

composition is administered orally. 

[Claim 20] 

The method according to any one of claims 16 to 18, wherein the pharmaceutical 

composition is administered intragastrically. 
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[Claim 21] 

The method according to claim 20, wherein the intragastric administration is administration 

via a tube. 

[Claim 22] 

The method according to claim 21, wherein the tube is a percutaneous endoscopic 

gastrostomy tube (PEG tube). 

[Claim 23] 

The method according to claim 21, wherein the tube is a nasopharyngeal gastric tube (NG 

tube). 

[Claim 24] 

The method according to any one of claims 16 to 23, wherein the pharmaceutical 

composition is administered to treat an oxidative stress disease. 

[Claim 25] 

The method according to claim 24, wherein the oxidative stress disease is any one of diseases 

selected from the group consisting of amyotrophic lateral sclerosis, Parkinson's disease, 

spinocerebellar degeneration, muscular dystrophy, Alzheimer's disease, cerebral infarction, 

multiple sclerosis, systemic scleroderma, and stomatitis. 

[Claim 26] 

The method according to claim 24 or 25, wherein the oxidative stress disease is amyotrophic 

lateral sclerosis. 
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[Claim 27] 

The method according to any one of claims 16 to 26, wherein 

administration of the pharmaceutical composition includes intermittent administration or 

daily administration; and 

the pharmaceutical composition is administered with the first time interval during an 

administration period of the intermittent administration or daily administration. 

[Claim 28] 

The method according to any one of claims 16 to 27, wherein a dose per administration of the 

pharmaceutical composition is from 90 to 120 mg of edaravone. 

[Claim 29] 

The method according to any one of claims 16 to 27, wherein a dose per administration of the 

pharmaceutical composition is from 90 to 105 mg of edaravone. 

[Claim 30] 

The method according to any one of claims 16 to 29, wherein a daily administration 

frequency of the pharmaceutical composition is once, and a dose per administration of the 

pharmaceutical composition is 105 mg of edaravone. 

 




