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PYRAZOLONE DERIVATIVE FORMULATIONS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 Pursuant to 35 U.S.C. § 119 (e), this application claims priority to the filing 

dates of: United States Provisional Patent Application Serial No. 61/116,564 filed on 

November 20, 2008; the disclosure of which application is herein incorporated by 

reference. 

io INTRODUCTION 
3-Methyl-1-phenyl-2-pyrazolin-5-one (which is also known as edaravone) is a 

compound having use in a variety of different treatment applications. Some 

applications where edaravone has found use is in the treatment of cerebrovascular 

disorders such as cerebral stroke, brain tumor, cerebral ischemia observed in the 

15 acute stage of head trauma, cerebral edema and the like. 

Injection formulations containing edaravone as an active ingredient have 

been developed. One example of an injection formulation of edaravone is an 

aqueous solution of edaravone containing at least one compound selected from 

sulfites, hydrogen sulfites and pyrosulfites, and a cysteine, where the formulation 

20 has a pH in the range of 2.5 to 6.0 (Japanese patent publication (Kokoku) No. Hei 7-

121861). 

Injection formulations of edaravone are challenging to prepare. Edaravone is 

sparingly soluble in water (2 mg/mL at 25°C). Furthermore, edaravone exhibits less 

chemical stability with an increase in its concentration in an aqueous solution. In 

25 addition, edaravone is prone to decompose by oxidation in an aqueous solution. In 

consideration of such properties, it is difficult to stabilize edaravone as a 

pharmaceutical for a Song period time and prepare an injection containing edaravone 

in an amount exceeding a saturated solubility in water. 
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SUMMARY 
Pyrazolone derivative formulations are provided. The formulations include a 

pyrazolone derivative active agent, e.g., edaravone, and an amphiphilic soiubiiizing 

agent. Also provided are methods of making and using the subject formulations. 

In a first aspect, there is provided a non-emulsion formulation comprising: 

a pyrazolone derivative active agent having the formula: 

atoms or an alkoxycarbonylaikyi having 3 to 6 carbon atoms in total; R2 represents 

hydrogen atom, an aryloxy, an arylmercapto, an alkyl having 1 to 5 carbon atoms or a 

hydroxyalkyl having 1 to 3 carbon atoms; or R-i and R2 are coupled together to form 

an alkylene having 3 to 5 carbon atoms; and 

having 5 to 7 carbon atoms, a hydroxyalkyi having 1 to 3 carbon atoms, benzyl, a 

naphthy! or phenyl, or a phenyl substituted by 1 to 3 substituents, which may be the 

same or different and selected from the group consisting of an alkoxy having 1 to 5 

carbon atoms, a hydroxyalkyi having 1 to 3 carbon atoms, an alkoxycarbonyl having 

2 to 5 carbon atoms in total, an alkylmercapto having 1 to 3 carbon atoms, an 

alkylamino having 1 to 4 carbon atoms, a dialkylamino having 2 to 8 carbon atoms in 

totai, a halogen atom, trifluoromethyi, carboxyl, cyano, hydroxyl group, nitro, amino 

and acetamido or physiologically acceptable salt thereof, or a hydrate or solvate 

thereof; and an amphiphilic soiubiiizing agent. 

0 
9 

wherein: 

R1 represents hydrogen atom, an aryl, an alkyl having 1 to 5 carbon 

R3is hydrogen atom, an alkyl having 1 to 5 carbon atoms, a cycloalkyl 
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In a second aspect there is provided a method comprising parenteraily administering 
to a subject a non-emulsion formulation comprising: 

a pyrazolone derivative active agent having the formula: 

Ri 

O 

wherein: 

R-i represents hydrogen atom, an aryl, an alkyl having 1 to 5 carbon 

atoms or an alkoxycarbonyiaikyi having 3 to 6 carbon atoms in total; R2 represents 

hydrogen atom, an aryloxy, an arylmercapto, an alkyl having 1 to 5 carbon atoms or a 

hydroxyalkyi having 1 to 3 carbon atoms; or Rf and R2 are coupled together to form 

an alkylene having 3 to 5 carbon atoms; and 

R3is hydrogen atom, an alkyl having 1 to 5 carbon atoms, a cycloalkyl having 

5 to 7 carbon atoms, a hydroxyalkyi having 1 to 3 carbon atoms, benzyl, a naphthyl 

or phenyl, or a phenyl substituted by 1 to 3 substituents, which may be the same or 

different and selected from the group consisting of an alkoxy having 1 to 5 carbon 

atoms, a hydroxyalkyi having 1 to 3 carbon atoms, an alkoxycarbonyl having 2 to 5 

carbon atoms in total, an alkyimercapto having 1 to 3 carbon atoms, an alkylamino 

having 1 to 4 carbon atoms, a dialkylamino having 2 to 8 carbon atoms in total, a 

halogen atom, trifluoromethyl, carboxyl, cyano, hydroxy! group, nitro, amino and 

acetamido or physiologically acceptable salt thereof, or a hydrate or solvate thereof; 

and an amphiphilic soiubiiizing agent. 
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tn a third aspect, there is provided a kit comprising a non-emulsion formulation 
comprising: 

a pyrazolone derivative active agent having the formula: 

Ri 

o 
wherein: 

R-i represents hydrogen atom, an aryl, an alkyl having 1 to 5 carbon 

atoms or an alkoxycarbonyiaikyi having 3 to 6 carbon atoms in total; R2 represents 

hydrogen atom, an aryloxy, an aryimercapto, an alkyl having 1 to 5 carbon atoms or a 

hydroxyalkyi having 1 to 3 carbon atoms; or Ri and R2 are coupied together to form 

an alkylene having 3 to 5 carbon atoms; and 

R3IS hydrogen atom, an alkyl having 1 to 5 carbon atoms, a cycioalkyl having 5 to 7 

carbon atoms, a hydroxyalkyi having 1 to 3 carbon atoms, benzyl, a naphthyl or 

phenyl, or a phenyl substituted by 1 to 3 substituents, which may be the same or 

different and selected from the group consisting of an alkoxy having 1 to 5 carbon 

atoms, a hydroxyalkyi having 1 to 3 carbon atoms, an alkoxycarbonyl having 2 to 5 

carbon atoms in total, an alkyimercapto having 1 to 3 carbon atoms, an alkylamino 

having 1 to 4 carbon atoms, a dialkyiamino having 2 to 8 carbon atoms in total, a 

halogen atom, trifiuoromethyl, carboxyl, cyano, hydroxy! group, nitro, amino and 

acetamido or physiologically acceptable salt thereof, or a hydrate or solvate thereof; 

and an amphiphilic soiubiiizing agent. 
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PEFiNiTiQNS 

When describing the compounds, pharmaceutical compositions containing 

such compounds and methods of using such compounds and compositions, the 

following terms have the following meanings unless otherwise indicated. It should 

aiso be understood that any of the moieties defined forth below may be substituted 

with a variety of substituents, and that the respective definitions are intended to 

include such substituted moieties within their scope. 

"Alky!" refers to monovalent saturated aliphatic hydrocarbyl groups having up 

to 10 carbon atoms, or up to 9 carbon atoms, up to 8 carbon atoms, or up to 3 

carbon atoms. The hydrocarbon chain may be either straight-chained or branched. 

This term is exemplified by groups such as methyl, ethyl, n-propyi, isopropyl, n-butyl, 

iso-butyl, tert-butyl, n-hexyl, n-octyl,.tert-octyl and the like. The term "alkyl" aiso 

includes "cycioalkyis" as defined herein. 

"Cycloalkyl" refers to cyclic hydrocarbyl groups having from 3 to 10 carbon 

atoms and having a single cyclic ring or multiple condensed rings, including fused 

and bridged ring systems, which optionally can be substituted with from 1 to 3 alkyl 

groups. Such cycloalkyl groups include, by way of example, single ring structures 

such as cyclopropyl, cyclobutyl, cyclopentyl, cyclooctyl, 1-methylcyclopropyl, 2-

methylcyclopentyl, 2-methylcyclooctyi, and the like. 

"Heterocycloaikyr refers to a stable heterocyclic non-aromatic ring and fused 

rings containing one or more heteroatoms independently selected from N, O and S. 

A fused heterocyclic ring system may include carbocyclic rings and need only 

include one heterocyclic ring. Examples of such heterocyclic non-aromatic rings 

include, but are not limited to, aziridinyS, azetidinyi, piperazinyl, and piperidinyl. 
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"Heteroaryl" refers to a stable heterocyclic aromatic ring and fused rings 

containing one or more heteroatoms independently selected from N, 0 and S. A 

fused heterocyclic ring system may include carbocyclic rings and need only include 

one heterocyclic ring. Examples of such heterocyclic aromatic rings include, but are 

5 not limited to, pyridine, pyrimidine, and pyrazinyl. 

"Aryl" refers to a monovalent aromatic hydrocarbon group derived by the 

removal of one hydrogen atom from a single carbon atom of a parent aromatic ring 

system. Typical aryl groups include, but are not limited to, groups derived from 

benzene, ethylbenzene, mesitylene, toluene, xylene, aniline, chlorobenzene, 

10 nitrobenzene, and the like. 

"AraSkyl" or "arylalkyl" refers to an alky! group, as defined above, substituted 

with one or more aryl groups, as defined above. 

"Halogen" refers to fluoro, chloro, bromo and iodo. In some embodiments, the 

halogen is fluoro or chloro. 

15 "Substituted" refers to a group in which one or more hydrogen atoms are 

each independently replaced with the same or different substituent(s). "Substituted" 

groups particularly refer to groups having 1 or more substituents, for instance from 1 

to 5 substituents, and particularly from 1 to 3 substituents. Substituents of interest 

include, but are not limited to: amino, substituted amino, aminocarbonyl, 

20 aminocarbonylamino, aminocarbonyloxy, aryl, aryloxy, azido, carboxyl, cyano, 

cycloalkyl, substituted cycloalkyl, halogen, hydroxyl, keto, nitro, thioalkoxy, 

substituted thioalkoxy, thioaryl, substituted thioaryi, thioketo, thiol, alkyl-S(O)-, aryl-

S(O)-, alkyl-S(0)2- and aryl-S(0)2-. 

25 DETAILED DESCRIPTION 

Pyrazolone derivative formulations are provided. The formulations include a 

pyrazolone derivative active agent, e.g., edaravone, and an amphiphilic soiubiiizing 

agent. Pyrazolone derivative formulations of interest include non-emulsion 

formulations. In describing a formulation as non-emulsion, "non-emulsion" refers to a 

30 composition that is not an emulsion. In an emulsion, a formulation is a liquid 

preparation that is a suspension of small globules of one liquid in a second liquid 
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with which the first liquid will not mix. Also provided are methods of making and 

using the subject formulations. 

Before the present invention is described in greater detail, it is to be 

5 understood that this invention is not limited to particular embodiments described, as 

such may, of course, vary. It is also to be understood that the terminology used 

herein is for the purpose of describing particular embodiments only, and is not 

intended to be limiting, since the scope of the present invention will be limited only 

by the appended claims. 

10 Where a range of values is provided, it is understood that each intervening 

value, to the tenth of the unit of the lower limit unless the context clearly dictates 

otherwise, between the upper and lower limit of that range and any other stated or 

intervening value in that stated range, is encompassed within the invention. The 

upper and lower limits of these smaller ranges may independently be included in the 

15 smaller ranges and are also encompassed within the invention, subject to any 

specifically excluded limit in the stated range. Where the stated range includes one 

or both of the limits, ranges excluding either or both of those included limits are also 

included in the invention. 

Certain ranges are presented herein with numerical values being preceded by 

20 the term "about." The term "about" is used herein to provide literal support for the 

exact number that it precedes, as well as a number that is near to or approximately 

the number that the term precedes. In determining whether a number is near to or 

approximately a specifically recited number, the near or approximating unrecited 

number may be a number which, in the context in which it is presented, provides the 

25 substantial equivalent of the specifically recited number. 

Unless defined otherwise, all technical and scientific terms used herein have 

the same meaning as commonly understood by one of ordinary skill in the art to 

which this invention belongs. Although any methods and materials similar or 

equivalent to those described herein can also be used in the practice or testing of 

30 the present invention, representative illustrative methods and materials are now 

described. 
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All publications and patents cited in this specification are herein incorporated 

by reference as if each individual publication or patent were specifically and 

individually indicated to be incorporated by reference and are incorporated herein by 

reference to disclose and describe the methods and/or materials in connection with 

5 which the publications are cited. The citation of any publication is for its disclosure 

prior to the filing date and should not be construed as an admission that the present 

invention is not entitled to antedate such publication by virtue of prior invention. 

Further, the dates of publication provided may be different from the actual 

publication dates which may need to be independently confirmed. 

10 It is noted that, as used herein and in the appended claims, the singular forms 

"a", "an", and "the" include plural referents unless the context clearly dictates 

otherwise. It is further noted that the claims may be drafted to exclude any optional 

element. As such, this statement is intended to serve as antecedent basis for use of 

such exclusive terminology as "solely," "only" and the like in connection with the 

15 recitation of claim elements, or use of a "negative" limitation. 

As will be apparent to those of skill in the art upon reading this disclosure, 

each of the individual embodiments described and illustrated herein has discrete 

components and features which may be readily separated from or combined with the 

features of any of the other several embodiments without departing from the scope 

20 or spirit of the present invention. Any recited method can be carried out in the order 

of events recited or in any other order which is logically possible. 

In the following portion sections of this specification, various aspects of 

formulations of interest are described first in greater detail, followed by a review of 

25 aspects of methods for preparing formulations according to embodiments of the 

invention, and a discussion of various illustrative applications in which the subject 

formulations find use. 

30 
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FORMULATIONS 

Aspects of the invention include storage-stable formulations of a pyrazolone 
derivative. By "storage-stable" is meant that the compositions may be stored for 

5 extended periods of time without significant phase separation and/or significant 
reduction in activity of the pyrazolone active agent. In certain embodiments, the 
subject compositions are stable for 2 months or longer, such as 4 months or longer, 
including 6 months or longer, e.g., for 1 year or longer, 1.5 years or longer, etc., 
when maintained at 25°C. By the phrase "without substantially decreasing the 

10 activity of the pyrazolone derivative active agent" is meant that at the end of the 
storage period, there is less than about 10% reduction in activity of the pyrazolone 
derivative active agent compared to the beginning of the storage period. In certain 
embodiments, the formulations exhibit substantially no (if any) color change over an 
extended period of time when maintained at 25°C, where by "extended period of 

15 time" is meant 2 months or longer, such as 4 months or longer, including 6 months 
or longer, e.g., at 1 year or longer, 1.5 years or longer, etc. 

In certain embodiments, the formulations of the invention are alcohol-free. By 
alcohol-free is meant that the compositions include little, if any alcohol. As such, if 
present, alcohol is present in an amount of 3% or less, such as 2% or less, including 

20 1% or less, including 0.5 % less v/v of the composition. In some instances, the 
amount of alcohol is 0% v/v. As such, the formulations may not include an amount of 
an alcohol, e.g., ethanol. In certain embodiments, the formulations are reductant free, 
e.g., they are sulfite free. By reductant-free is meant that the compositions include 
little, if any reductant. As such, if present, a reductant is present in an amount of 3% 

25 or less, such as 2% or less, including 1% or less, including 0.5 % less v/v of the 
composition. In some instances, the amount of reductant! is 0% v/v. In certain 
embodiments, the formulations are free of a stabilizer, such as a chelating agent, 
e.g., ethylenediamine, calcium disodium edetate or disodium edetate. By stabilizer-
free is meant that the compositions include little, if any stabilizer. As such, if present, 

30 stabilizer is present in an amount of 3% or less, such as 2% or less, including 1% or 
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less, including 0.5 % less v/v of the composition. In some instances, the amount of 

stabilizer is 0% v/v. 

PYRAZOLONE DERIVATIVE 

As summarized above, formulations of the invention include a pyrazolone 

derivative active agent, which active agent may be a pyrazolone derivate, e.g., as 

specified beiow, or a physiologically acceptable salt thereof, or hydrate thereof. Of 

interest are pyrazolone derivatives of the following formula (!) 

wherein: 

Ri represents a hydrogen atom, an aryl, an alkyl having 1 to 5 carbon atoms 

15 or an alkoxycarbonyiaikyi having 3 to 6 carbon atoms in total; R2 represents a 

hydrogen atom, an aryloxy, an arylmercapto, an alky! having 1 to 5 carbon atoms or 

a hydroxyalkyi having 1 to 3 carbon atoms; or R-i and R2 are coupled together to 

form an alkylene having 3 to 5 carbon atoms; and 

R3 is a hydrogen atom, an alky! having 1 to 5 carbon atoms, a cycioalkyl 

20 having 5 to 7 carbon atoms, a hydroxyalkyi having 1 to 3 carbon atoms, benzyl, a 

naphthyl or phenyl, or a phenyl substituted by 1 to 3 substituents, which may be the 

same or different and selected from the group consisting of an alkoxy having 1 to 5 

carbon atoms, a hydroxyalkyi having 1 to 3 carbon atoms, an alkoxycarbonyi having 

2 to 5 carbon atoms in total, an alkylmercapto having 1 to 3 carbon atoms, an 

25 alkylamino having 1 to 4 carbon atoms, a dialkylamino having 2 to 8 carbon atoms in 
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total, a halogen atom, trifluoromethyl, carboxyi, cyano, hydroxy! group, nitro, amino 

and acetamido) 

In addition compounds described above, a!so of interest are physiologically 

acceptable salts, hydrates or solvates thereof. 

5 In certain embodiments, the pyrazolone derivative is 3-Methyl-1 -phenyi-2-

pyrazolin-5-one (non-proprietary name: "Edaravone", trade name: "Radicut"; 

manufactured and sold by Mitsubishi Pharma Corporation, hereinafter referred to as 

edaravone) which is also called 3-methyl-1-pheny!-5-pyrazolone. This particular 

pyrazolone derivative has the structure (II): 

10 
o 

The pyrazolone active agent may be present as the pyrazolone compound, a 

physiologically acceptable salt thereof, or a hydrate thereof or a solvate thereof, 

15 Embodiments of the subject formulations are characterized by having high 

concentrations of active agent. In certain embodiments, the pyrazolone active agent 

in the composition is 1.0 mg/ml or higher, including 1.5 rng/m! or higher, and in 

certain embodiments ranges from 1.0 to 30 mg/ml, such as 1.5 to 15 mg/ml, 

including 1.5 to 6.0 mg/ml. In certain embodiments, the pyrazolone active agent in 

20 the composition ranges from 1.0 to 3.5 mg/ml, including 1.5 to 3.0 mg/ml. 

AMPHIPHILIC SOLUBIUZING AGENT 

Also present in the subject formulations is an amphiphilic soiubiiizing agent. 

25 As used herein, "soiubiiizing agent" refers to an agent that is capable of fully or 

partially dissolving or soiubiiizing a pyrazolone derivative active agent, e.g. 
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edaravone. The term "amphiphilic" refers to molecules which comprise a 
hydrophobic tail and a polar head, as well as molecules which comprise multiple 
nonpolar segments and multiple polar segments. 

In one case, molecules of amphiphilic compounds can have a hydrophobic 
5 tail and a polar head. The hydrophobic tail may be a hydrocarbon moiety. In one 

embodiment, the hydrophobic tail is a hydrocarbon chain of the form CH3(CH2)n, with 
n >1, such as 1 to 30, including 1 to 20. The polar head may be categorized as 
follows: 1) anionic charged groups, e.g. carboxylates (-CO2), sulfates (-SO4"), 
sulfonates (-SCV), phosphates (-PO4"); 2) cationic charged groups, e.g., amines (-

10 NH3+); and 3) polar uncharged groups, e.g. alcohols with hydrophobic tail is a long 
chain of the form CH3(CHz)ni with n >1, 2, 3, or 4. 

In other cases, molecules of amphiphilic compounds can have multiple 
hydrophobic (usually of hydrocarbon nature) and multiple hydrophilic (represented 
by either ionic or uncharged polar functional groups) structural regions. 

15 Soiubiiizing agents to be used for the present invention include any type of 
soiubiiizing agent that has been used for pharmaceutical formulations, including, 
phospholipid, nonionic surfactant, or a mixture of such agents. Refined 
phospholipids, such as egg-yolk lecithin and soybean lecithin are employed in 
certain embodiments. Refined phospholipids may also include phosphatidylinocytol, 

20 phosphatidyl ethanolamine, phosphatidyiserine, sphingomyeline, and 
phosphatidylcholine. Nonionic surfactants of interest include, but are not limited to, 
polyethylene glycol, poiyoxyalkylene copolymer, and sorbitan fatty acid ester. One or 
a combination of more than one of these soiubiiizing agents can be used. In certain 
embodiments, a refined soiubiiizing agent is employed. In certain embodiments, a 

25 refined phospholipid is employed. In certain embodiments, egg-yolk lecithin or 
soybean lecithin is employed. In certain embodiments, phosphatidylcholine is 
employed. The amount of soiubiiizing agent may vary, ranging in certain 
embodiments from 0.01 to 100 mg/ml, such as 0.1 to 50 mg/ml. 

30 
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OTHER COMPONENTS 

The subject compositions can include water in an amount that ranges, in 

certain embodiments, from about 70% to about 99%, such as from about 80% to 

5 about 95% v/v. The water may be any convenient water, including de-ionized water, 

water for injection (WFI), etc. 

In certain embodiments, a pH adjusting agent is also present. pH adjusting 

agents of interest include, but are not limited to: sodium hydrochloride, hydrochloric 

acid, phosphoric acid buffer solution, and citric acid buffer solution. The pH of the 

10 formulation of the present invention can be adjusted to 5.0 to 7.5 by using the pH 

adjusting agent. 

Certain embodiments of the formulations also include one or more soiubiiizing 

agent enhancers. As used herein, "soiubiiizing agent enhancer" means a component 

that enhances the effectiveness of the soiubiiizing agent. Any type of fatty acid that 

15 has been used for pharmaceutical formulations can be used as a soiubiiizing agent 

enhancer. Of interest are fatty acids with the carbon number of from 6 to 22, either 

natural or synthetic, and either saturated fatty acid or unsaturated fatty acid can be 

used, including but not limited to stearic acid, oleic acid, linoleic acid, palmitic acid, 

linolenic acid, and myristic acid. Refined fatty acids, e.g., oleic acid, are employed in 

20 certain embodiments. In certain embodiments, the amount of soiubiiizing agent 

enhancer ranges from 0.002 to 5 mg/ml, such as from 0.02 to 3 mg/ml. 

Other additives that may be present in the formulation, as desired (e.g., 

stabilizing agents), include but are not limited to: glycerin, propylene glycol, 

polyethylene glycol (especially the average molecular weight of 400), sugars, such 

25 as D-glucose, maltose, sorbitol, mannitol. sucrose, and trehalose. The additives can 

act as stabilizing agents or cryoprotectant agents. A stabilizing agent or 

cryoprotectant agent can lower the freezing point of a solution. At a lower freezing 

point, the materials in the solution can be stored at longer time without 

decomposition. 
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PREPARATION METHODS 

The formulations of the invention can be prepared using any convenient 
protocol. In one embodiment, an injection solvent, e.g., WF!, is added to a mixture of 

5 a pyrazolone derivative and an amphiphilic soiubiiizing agent and roughly mixed. For 
rough mixing, any convenient protocol/device may be employed, such as a 
Homomixer (Mizuho Industrial Co., Ltd.) or High Flex Disperser (SMT), e.g., 
operated according to manufacturer's specifications. After the mixture is roughly 
mixed, it is then finely mixed, e.g., by using a high pressure emulsification machine. 

10 For fine mixing, a high pressure homogenizer such as Gaulin Homogenizer (APV-
SMT) and Microfluidizer (Microfiuidics) can be used. In case of using a high pressure 
homogenizer, the mixture may be run through any convenient number of times, such 
as from 2 to 50 times, including from 5 to 20 times, with a pressure that provides for 
the desired product, e.g., a pressure of approximately 500 to 850 kg/cm2. The 

15 procedure of mixing can be carried out at a room temperature or at the temperature 
lower than the room temperature. In certain embodiments, the above preparation is 
made with nitrogen gas. 

METHODS OF USE 

20 

The subject formulations find use in parenteral administration, e.g., via 
injection, of a pyrazolone derivative, e.g., edaravone, to a subject. By "parenteral 
administration" is meant delivery by a protocol that delivers a quantity of the subject 
formulations to a patient by a route other than the digestive tract, e.g., via a 

25 pulmonary route, via intramuscular injection, via intravenous delivery, etc. In certain 
embodiments, parenteral administration is by injection using an injection delivery 
device. 

In certain embodiments, methods of the invention include a diagnostic step. 
Individuals may be diagnosed as being in need of the subject methods using any 

30 convenient protocol, and are generally known to be in need of the subject methods, 
e.g., they are suffering from a target disease condition or have been determined to 
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be at risk for suffering from a target disease condition, prior to practicing the subject 

methods. 

UTILITY 

5 
Formulations and methods of the invention find use in a variety of 

applications. Formulation and methods of invention find use in any application where 

a subject would benefit from being administered a pyrazolone derivative active 

agent, such as edaravone. In certain embodiments, the subject methods and 

10 formulations are employed in treating conditions where antioxidant activity is 

desired, e.g., via enhanced prostacyclin production, inhibition of lypoxygenase 

metabolism of arachidonic acid, inhibition of alloxan-induced lipid peroxidation, and 

quenching of active oxygen. General types of applications of interest include, but are 

not limited to the treatment of myocardial and vascular injury following ischemia and 

15 reperfusion in patients with acute myocardial infarction, atherosclerosis and chronic 

phase. Specific applications of interest include the treatment of cerebrovascular 

disorders (e.g., cerebral stroke, brain tumor, cerebral ischemia observed in the acute 

stage of head trauma, cerebral edema, etc.); amyotrophic lateral sclerosis, 

mitochondrial myopathy, etc. 

20 By treatment is meant that at least an amelioration of the symptoms 

associated with the condition afflicting the host is achieved, where amelioration is 

used in a broad sense to refer to at least a reduction in the magnitude of a 

parameter, e.g. symptom, associated with the condition being treated. As such, 

treatment also includes situations where the pathological condition, or at least 

25 symptoms associated therewith, are completely inhibited, e.g., prevented from 

happening, or stopped, e.g., terminated, such that the host no longer suffers from 

the condition, or at least the symptoms that characterize the condition. 

Particular applications in which the subject methods and compositions find 

use include those described in U.S. Patent No. 7,211,596; the disclosure of which is 

30 herein incorporated by reference in its entirety. See also Higashi et a!., "Edaravone 

(3-Methy!-1-Phenyl-2-Pyrazolin-5-one), A Novel Free Radical Scavenger, for 
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Treatment of Cardiovascular Diseases," Recent patents on Cardiovascular Drug 

Discovery (2006) 1:85-93, the disclosure of which is herein incorporated by 

reference in its entirety. 

5 KiTS 

Also provided are kits that find use in practicing the subject methods, as 

described above. For example, kits for practicing the subject methods may a 

quantity of the composition, present in unit dosages, e.g., ampoules, or a multi-

10 dosage format. As such, in certain embodiments the kits may one or more unit 

dosages (e.g., ampoules) of the formulation. In yet other embodiments, the kits may 

include a single multi dosage amount of the formulation. 

In addition to the above components, the subject kits may further include 

instructions for practicing the subject methods. These instructions may be present in 

15 the subject kits in a variety of forms, one or more of which may be present in the kit. 

One form in which these instructions may be present is as printed information on a 

suitable medium or substrate, e.g., a piece or pieces of paper on which the 

information is printed, in the packaging of the kit, in a package insert, etc. Yet 

another means would be a computer readable medium, e.g., diskette, CD, etc., on 

20 which the information has been recorded. Yet another means that may be present is 

a website address which may be used via the internet to access the information at a 

removed site. Any convenient means may be present in the kits. 

The following examples are put forth so as to provide those of ordinary skill in 

25 the art with a complete disclosure and description of how to make and use the 

present invention, and are not intended to limit the scope of what the inventors 

regard as their invention nor are they intended to represent that the experiments 

below are all or the only experiments performed. Efforts have been made to ensure 

accuracy with respect to numbers used (e.g. amounts, temperature, etc.) but some 

30 experimental errors and deviations should be accounted for. Unless indicated 

otherwise, parts are parts by weight, molecular weight is weight average molecular 
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weight, temperature is in degrees Centigrade, and pressure is at or near 

atmospheric. 

5 EXPERIMENTAL 

A. Formulation Preparation 

Refined egg-yolk lecithin and oleic acid are stirred together with nitrogen gas 

10 at 40 °C. Edaravone is added to the mixture and is stirred altogether with nitrogen 

gas at 40 °C. Propylene glycol, mannitol, and distilled water for injection that is 

combined in advance are added to the mixture and are roughly mixed with High Flex 

Disperser (11,300 rpm x 15 min) with nitrogen gas at 40 °C. The distilled water is 

added to the mixture to volume. After a proper amount of sodium hydroxide is added 

15 to the mixture and the pH is adjusted to fall within the neutral range of 6.0 to 6.5, it is 

further mixed with a high pressure homogenizer (800 kg/cm2}. The mixture is filtered 

through a membrane filter (pore size 0.45[im). The filtered mixture is poured in a 5 

ml ampoule and the ampoule is sealed with nitrogen added to it. The ampoule is 

sterilized under the condition of 121 °C for 10 minutes to be used as a sample. 

20 Samples 1 and 2 can be prepared according to the amounts listed in Table 1. 

Table 1 

Composition Sample 1 Sample 2 

Edaravone 1.5 mg/ml 3.0 mg/ml 

Refined egg yolk lecithin 18 mg/ml 18 mg/ml 

Oleic acid 2.4 mg/ml 2.4 mg/ml 

Propylene glycol 22.1 mg/ml 22.1 mg/ml 

Mannitol/sorbitol 100 mg/ml 100 mg/ml 

Distilled water Solvent measured 

to volume 

Solvent measured 

to volume 
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Aithough the foregoing invention has been described in some detail by way of 

illustration and example for purposes of clarity of understanding, it is readily 

apparent to those of ordinary skill in the art in light of the teachings of this invention 

5 that certain changes and modifications may be made thereto without departing from 

the spirit or scope of the appended claims. 

Accordingly, the preceding merely illustrates the principles of the invention. It 

will be appreciated that those skilled in the art will be able to devise various 

10 arrangements which, although not explicitly described or shown herein, embody the 

principles of the invention and are included within its spirit and scope. Furthermore, 

all examples and conditional language recited herein are principally intended to aid 

the reader in understanding the principles of the invention and the concepts 

contributed by the inventors to furthering the art, and are to be construed as being 

15 without limitation to such specifically recited examples and conditions. Moreover, all 

statements herein reciting principles, aspects, and embodiments of the invention as 

well as specific examples thereof, are intended to encompass both structural and 

functional equivalents thereof. Additionally, it is intended that such equivalents 

include both currently known equivalents and equivalents developed in the future, 

20 i.e., any elements developed that perform the same function, regardless of structure. 

The scope of the present invention, therefore, is not intended to be limited to the 

exemplary embodiments shown and described herein. Rather, the scope and spirit 

of present invention is embodied by the appended claims. 
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WHAT IS CLAIMED IS: 

1. A non-emulsion formulation comprising: 

a pyrazolone derivative active agent having the formula: 
Ri 

o > 

wherein: 

Ri represents hydrogen atom, an aryl, an alkyl having 1 to 5 carbon 

atoms or an alkoxycarbonyiaikyi having 3 to 6 carbon atoms in total; R2 represents 

hydrogen atom, an aryloxy, an arylmercapto, an alkyl having 1 to 5 carbon atoms or a 

hydroxyalkyi having 1 to 3 carbon atoms; or Ri and R2 are coupled together to form 

an alkylene having 3 to 5 carbon atoms; and 

Rais hydrogen atom, an alkyl having 1 to 5 carbon atoms, a cycloalkyl 
having 5 to 7 carbon atoms, a hydroxyalkyi having 1 to 3 carbon atoms, benzyl, a 

naphthyl or phenyl, or a phenyl substituted by 1 to 3 substituents, which may be the 

same or different and selected from the group consisting of an alkoxy having 1 to 5 

carbon atoms, a hydroxyalkyi having 1 to 3 carbon atoms, an alkoxycarbonyi having 

2 to 5 carbon atoms in total, an alkylmercapto having 1 to 3 carbon atoms, an 

aikylamino having 1 to 4 carbon atoms, a dialkyiamino having 2 to 8 carbon atoms in 

total, a halogen atom, trifluoromethyl, carboxyl, cyano, hydroxy! group, nitro, amino 

and acetamido or physiologically acceptable salt thereof, or a hydrate or solvate 

thereof; and an amphiphilic soiubiiizing agent. 

2. The formulation according to Claim 1, wherein the amphiphilic soiubiiizing 

agent is a molecule which comprises a hydrophobic tail and a polar head. 

16 



3. The formulation according to Claim 1, wherein the amphiphilic soiubiiizing 

agent is a molecule that comprises multiple nonpolar segments and multiple polar 

segments. 

4. The formulation according to Claim 1, wherein said formulation has a pH 

ranging from 5.0 to 7.5. 

5. The formulation according to Claim 1, wherein said formulation is alcohol-

free. 

6. The formulation according to Claim 1, wherein said formulation is reductant-

free. 

7. The formulation according to Claim 1, wherein said formulation is chelator-

free. 

8. The formulation according to Claim 1, wherein said pyrazolone derivative 

active agent is present in an amount ranging from 1.0 to 30 mg/ml. 

9. The formulation according to Claim 1, wherein said pyrazolone derivative 

active agent is present in an amount ranging from 1.5 to 3.0 mg/ml. 
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10. The formulation according to Claim 1, wherein said soiubiiizing agent is 

selected from the group consisting of phospholipids and nonionic surfactants. 

11. The formulation according to Claim 10, wherein said soiubiiizing agent is a 

5 phospholipid selected from the group consisting of egg-yolk lecithin, soybean 

lecithin, phosphatidylinocytol, phosphatidyl ethanolamine, phosphatidylserine, 

sphingomyeline, and phosphatidylcholine. 

12. The formulation according to Claim 10, wherein said soiubiiizing agent is a 

10 nonionic surfactant selected from the group consisting of polyethylene glycol, 

poiyoxyalkylene copolymer, and sorbitan fatty acid ester. 

13. The formulation according to Claim 1, wherein said soiubiiizing agent is 

selected from egg-yolk lecithin and soybean lecithin. 

15 

14. The formulation according to Claim 1, wherein said soiubiiizing agent is 

refined egg yolk lecithin. 

15. The formulation according to Claim 1, wherein said formulation further 

20 comprises a soiubiiizing agent enhancer. 

16. The formulation according to Claim 15, wherein said soiubiiizing agent 

enhancer is a fatty acid. 

25 17. The formulation according to Claim 1, wherein said formulation further 

comprises a stabilizing agent. 

18. The formulation according to Claim 17, wherein said stabilizing agent is 

selected from the group consisting of glycerin, propylene glycol, polyethylene glycol, 

30 D-glucose, maltose, sorbitol, mannitol. sucrose, and trehalose. 
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19. The formulation according to Claim 1, wherein said pyrazolone derivative 

active agent is edaravone or a physiologically acceptable salt or hydrate thereof. 

20. A method comprising parenterally administering to a subject a non-emulsion 

formulation comprising: 

a pyrazolone derivative active agent having the formula: 
Ri 

atoms or an alkoxycarbonyiaikyi having 3 to 6 carbon atoms in total; R2 represents 

hydrogen atom, an aryloxy, an arylmercapto, an alkyl having 1 to 5 carbon atoms or a 

hydroxyalkyi having 1 to 3 carbon atoms; or Ri and R2 are coupled together to form 

an alkylene having 3 to 5 carbon atoms; and 

Rsis hydrogen atom, an alkyl having 1 to 5 carbon atoms, a cycloalkyl having 

5 to 7 carbon atoms, a hydroxyalkyi having 1 to 3 carbon atoms, benzyl, a naphthyl 

or phenyl, or a phenyl substituted by 1 to 3 substituents, which may be the same or 

different and selected from the group consisting of an alkoxy having 1 to 5 carbon 

atoms, a hydroxyalkyi having 1 to 3 carbon atoms, an alkoxycarbonyl having 2 to 5 

carbon atoms in total, an alkylmercapto having 1 to 3 carbon atoms, an aikylamino 

having 1 to 4 carbon atoms, a dialkyiamino having 2 to 8 carbon atoms in total, a 

halogen atom, trifluoromethyl, carboxyl, cyano, hydroxy! group, nitro, amino and 

acetamido or physiologically acceptable salt thereof, or a hydrate or solvate thereof; 

and an amphiphilic soiubiiizing agent. 

21. The method according to Claim 20, wherein the amphiphilic soiubiiizing agent 

is a molecule which comprises a hydrophobic tail and a polar head. 

O 

wherein: 

Ri represents hydrogen atom, an aryl, an alkyl having 1 to 5 carbon 
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22. The method according to Claim 20, wherein the amphiphilic soiubiiizing agent 

is a molecule that comprises multiple nonpolar segments and multiple polar 

segments. 

23. The method according to Claim 20, wherein said formulation has a pH 

ranging from 5.0 to 7.5. 

24. The method according to Claim 20, wherein said formulation is alcohol-free. 

25. The method according to Claim 20, wherein said formulation is reductant-free. 

26. The method according to Claim 20, wherein said formulation is chelator-free. 

27. The method according to Claim 20, wherein said pyrazolone derivative active 

agent is present in an amount ranging from 1.0 to 30 mg/ml. 

28. The method according to Claim 20, wherein said pyrazolone derivative active 

agent is present in an amount ranging from 1.5 to 3.0 mg/ml. 

29. The method according to Claim 20, wherein said soiubiiizing agent is selected 

from the group consisting of phospholipids and nonionic surfactants. 
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30. The method according to Claim 29, wherein said soiubiiizing agent is a 

phospholipid selected from the group consisting of egg-yolk lecithin, soybean 

lecithin, phosphatidylinocytol, phosphatidyl ethanolamine, phosphatidylserine, 

5 sphingomyeline, and phosphatidylcholine. 

31. The method according to Claim 20, wherein said soiubiiizing agent is a 

nonionic surfactant selected from the group consisting of polyethylene glycol, 

poiyoxyalkylene copolymer, and sorbitan fatty acid ester. 

10 

32. The method according to Claim 20, wherein said soiubiiizing agent is selected 

from the group consisting of egg-yolk lecithin and soybean lecithin. 

33. The method according to Claim 20, wherein said soiubiiizing agent is refined 

15 egg yolk lecithin. 

34. The method according to Claim 20, wherein said formulation further 

comprises a soiubiiizing agent enhancer. 

20 35. The method according to Claim 34, wherein said soiubiiizing agent enhancer 

is a fatty acid. 

36. The method according to Claim 20, wherein said formulation further 

comprises a stabilizing agent. 

25 

37. The method according to Claim 36, wherein said stabilizing agent is selected 

from the group consisting of glycerin, propylene glycol, polyethylene glycol, D-

glucose, maltose, sorbitol, mannitoi. sucrose, and trehalose. 

30 38. The method according to Claim 20, wherein said pyrazolone derivative active 

agent is edaravone or a physiologically acceptable salt or hydrate thereof. 
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39. A kit comprising a non-emulsion formulation comprising: 

a pyrazolone derivative active agent having the formula: 

Ri 

wherein: 

Ri represents hydrogen atom, an aryl, an alkyl having 1 to 5 carbon 

atoms or an alkoxycarbonyiaikyi having 3 to 6 carbon atoms in total; R2 represents 

hydrogen atom, an aryloxy, an aryimercapto, an alkyi having 1 to 5 carbon atoms or a 

hydroxyalkyi having 1 to 3 carbon atoms; or Ri and R2 are coupled together to form 

an aikylene having 3 to 5 carbon atoms; and 

R3 is hydrogen atom, an alkyl having 1 to 5 carbon atoms, a cycloalkyl having 5 to 7 

carbon atoms, a hydroxyalkyi having 1 to 3 carbon atoms, benzyl, a naphthyl or 

phenyl, or a phenyl substituted by 1 to 3 substituents, which may be the same or 

different and selected from the group consisting of an alkoxy having 1 to 5 carbon 

atoms, a hydroxyalkyi having 1 to 3 carbon atoms, an alkoxycarbonyi having 2 to 5 

carbon atoms in total, an alkylmercapto having 1 to 3 carbon atoms, an aikylamino 

having 1 to 4 carbon atoms, a dialkyiamino having 2 to 8 carbon atoms in total, a 

halogen atom, trifluoromethyl, carboxyl, cyano, hydroxyl group, nitro, amino and 

acetamido or physiologically acceptable salt thereof, or a hydrate or solvate thereof; 

and an amphiphilic soiubiiizing agent. 

40. The kit according to Claim 39, wherein the amphiphilic soiubiiizing agent is a 

molecule which comprises a hydrophobic tail and a polar head. 

41. The kit according to Claim 39, wherein the amphiphilic soiubiiizing agent is a 

molecule that comprises multiple nonpolar segments and multiple polar segments. 

20 



42. The kit according to Claim 39, wherein said formulation has a pH ranging 

from 5.0 to 7.5. 

43. The kit according to Claim 39, wherein said formulation is alcohol-free. 

44. The kit according to Claim 39, wherein said formulation is reductant-free. 

45. The kit according to Claim 39, wherein said formulation is chelator-free. 

46. The kit according to Claim 39, wherein said pyrazolone derivative active 

agent is present in an amount ranging from 1.0 to 30 mg/ml. 

47. The kit according to Claim 39, wherein said pyrazolone derivative active 

agent is present in an amount ranging from 1.5 to 3.0 mg/ml. 

48. The kit according to Claim 39, wherein said soiubiiizing agent is selected from 

the group consisting of phospholipids and nonionic surfactants. 

49. The kit according to Claim 39, wherein said soiubiiizing agent is a 

phospholipid selected from the group consisting of egg-yolk lecithin, soybean 
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lecithin, phosphatidylinocytol, phosphatidyl ethanolamine, phosphatidylserine, 
sphingomyeline, and phosphatidylcholine. 

50. The kit according to Claim 39, wherein said soiubiiizing agent is a nonionic 
5 surfactant selected from the group consisting of polyethylene glycol, poiyoxyalkylene 

copolymer, and sorbitan fatty acid ester. 

51. The kit according to Claim 39, wherein said soiubiiizing agent is selected from 
the group consisting of egg-yolk lecithin and soybean lecithin. 

10 
52. The kit according to Claim 39, wherein said soiubiiizing agent is refined egg 
yolk lecithin. 

53. The kit according to Claim 39, wherein said formulation further comprises a 
15 soiubiiizing agent enhancer. 

54. The kit according to Claim 53, wherein said soiubiiizing agent enhancer is a 
fatty acid. 

20 55. The kit according to Claim 39, wherein said formulation further comprises a 
stabilizing agent. 

56. The kit according to Claim 55, wherein said stabilizing agent is selected from 
glycerin, propylene glycol, polyethylene glycol, D-glucose, maltose, sorbitol, 

25 mannitol. sucrose, and trehalose. 

57. The kit according to Claim 39, wherein said pyrazolone derivative active 
agent is edaravone or a physiologically acceptable salt or hydrate thereof or hydrate 
thereof. 
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