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Description

FIELD OF THE INVENTION

[0001] The presentinvention relates to novel modified release pharmaceutical compositions of epalrestat and methods
of treating various diseases and conditions, including diabetes and diabetic complications, by administering the compo-
sitions to patients in need thereof.

BACKGROUND OF THE INVENTION

[0002] Epalrestat, (5-[(1Z,2E)-2-methyl-3-phenylpropenylidene]-4-oxo-2-thioxo-3-thiazolidineacetic acid), shown be-
low, is an aldose reductase inhibitor. The preparation and pharmacologic activity of epalrestat is described in U.S. Patent
No. 4,831,045. Epalrestat has previously been described as useful for treating various conditions, including diabetes
and diabetic complications, as well as affording cardioprotection in non-diabetic patients.

O
| 0, N OH
A S>=S
Epalrestat

[0003] Epalrestat has a positive indication for the treatment of diabetic neuropathy, and has been reported as useful
for the treatment of other diabetic complications including, for example, diabetic retinopathy, diabetic nephropathy,
diabetic cardiomyopathy, diabetic gastroparesis, diabetic microangiopathy, and diabetic macroangiopathy in mammails.
[0004] Epalrestat is also useful in affording cardioprotection to subjects who may not be suffering from diabetes, and
as a neuroprotectant or treatment for neurological or neurodegenerative disorders. Therapeutic activity of epalrestat in
various conditions has been demonstrated in the clinical literature. For example, see Machii H. et al. (1996). Gendai
Iryo, v. 28, p. 1273; Miyamoto S. et al. (1986). Gendai Iryo, v. 18 (Extra Issue HI), p. 82; Goto Y. et al. (1990). Journal
of Clinical and Experimental Medicine, v. 152, p. 405; Nakano K. et al. (1990). Journal of Clinical and Experimental
Medicine, v. 152, p. 137; Okamoto H. et al. (2003). Internal Medicine, v. 42, pp. 655-664; Hamada Y. et al. (2000).
Diabetes Care, v. 23, pp. 1539-44.; Goto Y. et al. (1993). Diabet Med, v. 10(suppl 2), pp. S39-43; Goto Y. et al. (1995).
Biomed Pharmacother, v. 49, pp. 269-277; Uchida K. et al. (1995). Clin Ther, v. 17, pp. 460-466; Hotta N. et al. (1996).
J Diabetes Complications, v. 10, pp. 168-172; Hotta N. et al. (2006). Diabetes Care, v. 29, pp. 1538-1544; Matsuoka K.
et al. (2007). Diabetes Res Clin Pract, v. 77(suppl 1), pp. S263-268; Nakayama M. et al. (2001). Diabetes Care, v. 24,
pp. 1093-1098; Baba M. (2003). Journal of the Peripheral Nervous System, v. 8, p. 170; Yasuda H. et al. (2000). Diabetes
Care, v. 23, p. 705; lkedaT et al. (1999). Diabetes Research and Clinical Practice, v. 43, pp. 193-198; Katayama M. et
al. (1995). Electroencephalography and Clinical Neurophysiology/Electromyography and Motor Control, v. 97, p. 81;
and Misawa S. et al. (1996). Neurology, v. 66, pp. 1545-1549.

SUMMARY OF THE INVENTION

[0005] Currently, epalrestat is prescribed as an immediate release formulation, and therefore must be administered
three times a day.

[0006] In order to provide for an effective once-a-day form of epalrestat, there is a need for unique formulation ap-
proaches that provide the desired therapeutic effects while minimizing, if not eliminating, undesired side effects. Accord-
ingly, in one embodiment, the modified release epalrestat composition of the invention provides a minimum blood
epalrestat concentration (C,.;,) at steady state above the minimum therapeutically effective blood concentration. In
another embodiment, the modified release epalrestat composition provides a maximum blood epalrestat concentration
(Cax) at steady state below the maximum toxic blood concentration over the treatment period.

[0007] Described herein is a pharmaceutical composition comprising a modified release formulation of epalrestat or
a pharmaceutically acceptable derivative thereof, which maintains an adequate epalrestat plasma concentration-time
profile to effectively treat a patient in need thereof, using once-a-day administration.

[0008] In one embodiment of the invention, a modified release pharmaceutical composition comprising epalrestat or
a pharmaceutically acceptable derivative thereof, and a pharmaceutically acceptable excipient, is provided. The modified
release composition, in one embodiment, is a sustained release, controlled release, bi-modal release or delayed release
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composition. In one embodiment, the epalrestat is selected from epalrestat isomer 1, epalrestat isomer 2, epalrestat
isomer 3 or epalrestat isomer 4. In one embodiment, the modified release epalrestat pharmaceutical composition com-
prises a pharmaceutically acceptable epalrestat derivative. In a further embodiment, the derivative is choline hydrogen
diepalrestat or betaine hydrogen diepalrestat.

[0009] Inanotherembodimentofthe invention, a modified release pharmaceutical composition of epalrestatis provided.
In this embodiment, the modified release pharmaceutical composition provides the same or substantially the same
epalrestat bioavailability, or at least about 70% epalrestat bioavailability, or at least about 75% epalrestat bioavailability,
or atleast about 80% epalrestat bioavailability, or at least about 85% epalrestat bioavailability compared to the epalrestat
bioavailability obtained from an immediate release composition. In a further embodiment, the pharmaceutical composition
comprises a crystalline salt of epalrestat. In yet a further embodiment, the crystalline salt is a potassium anhydrate salt,
a sodium andydrate salt or a 1-(2-hydroxyethyl)-pyrrolidine andydrate salt.

[0010] Yetanother embodiment of the invention is directed to a method for treating diabetes or a diabetic complication
in a subject in need thereof. The method comprises administering to the subject a modified release pharmaceutical
composition comprising epalrestat or a pharmaceutically acceptable derivative thereof, and a pharmaceutically accept-
able excipient. In a further embodiment, the subject is administered the composition once daily, twice weekly, three
times per week or four times per week. In one embodiment, the diabetic complication is selected from the group consisting
of diabetic neuropathy, diabetic nephropathy, diabetic cardiomyopathy, diabetic retinopathy, diabetic gastroparesis,
cataracts, foot ulcers, diabetic macroangiopathy, diabetic microangiopathy, high blood glucose and high HbAIc levels.
[0011] Another embodiment of the invention is directed to a method for inhibiting aldose reductase in a subject in need
thereof. The method comprises administering to the subject a modified release pharmaceutical composition comprising
epalrestat or a pharmaceutically acceptable derivative thereof, and a pharmaceutically acceptable excipient. In a further
embodiment, the subject is administered the composition once daily, twice weekly, three times per week or four times
per week. In one embodiment, the pharmaceutical composition administered to the subject in need thereof comprises
epalrestatisomer 1, for example, choline hydrogen diepalrestat. In another embodiment, the pharmaceutical composition
comprises a crystalline salt of epalrestat. In a further embodiment, the crystalline salt is a potassium anhydrate salt, a
sodium andydrate salt or a 1-(2-hydroxyethyl)-pyrrolidine andydrate salt.

[0012] A method is also provided herein for treating cardiac tissue ischemia in a subject in need thereof. The method
comprises administering to the subject a modified release pharmaceutical composition comprising epalrestat or a phar-
maceutically acceptable derivative thereof, and a pharmaceutically acceptable carrier. In one embodiment, the modified
release composition is a sustained release, delayed release, bi-modal release or controlled release composition. In one
embodiment, the pharmaceutical composition administered to the subject in need thereof comprises diepalrestat, epal-
restat isomer 1, for example, choline hydrogen diepalrestat. In another embodiment, the pharmaceutical composition
administered to the subject in need thereof comprises a crystalline salt of epalrestat. In a further embodiment, the
crystalline salt is a potassium anhydrate salt, a sodium andydrate salt or a 1-(2-hydroxyethyl)-pyrrolidine andydrate salt.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]
Fig. 1is agraph showing the dissolution of a tablet of the present invention compared to a 24. hr. targetrelease profile.
Fig. 2 isa graph showing the dissolution of tablets of the present invention compared to a 24. hr. target release profile.
Fig. 3 is a graph showing the dissolution of tablets of the present invention compared to a 18 hr. target release profile.
Fig. 4 is a graph showing the dissolution of tablets of the present invention compared to a 18 hr. target release profile.

Fig. 5 is a graph showing the dissolution profile of 150 mg and 300 mg diepalrestat tablets of the present invention
compared to a target release profile.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0014] "Epalrestat” refers to the aldose reductase inhibitor having the molecular formula C45H43NO3S, and the [IUPAC
name of 2-[5-[3-cyclohexyl-2-methylprop-2-enylidene]-4-oxo-2-thioxo-3-thiazolidinyl]acetic acid. Unless otherwise indi-
cated, epalrestat refers to one of the isomers of epalrestat referred to herein, or a combination thereof. Additionally,
diepalrestat, an "epalrestat derivative" and a "pharmaceutically acceptable epalrestat derivative" are also encompassed
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by the term "epalrestat.”

[0015] A pharmaceutically acceptable epalrestat derivative encompasses cocrystals, salts, free acids, prodrugs (e.g.,
esters), polymorphs, and solvates of epalrestat. It should be understood by one of ordinary skill in the art that the various
forms of the pharmaceutically acceptable epalrestat derivative do not exclude each other. That is, a pharmaceutically
acceptable epalrestat derivative can be in two or more forms simultaneously. Forexample, a pharmaceutically acceptable
epalrestat salt and/or prodrug may also exist in a solvate form. Crystalline epalrestat salts, solvates, prodrugs, and
combinations thereof are pharmaceutically acceptable epalrestat derivatives.

[0016] An"isomer"of compound X, as used herein, refers to a compound with the same molecular formula as compound
X, having a different structural formula. "Sterecisomers" have the same bond structure, but different geometrical posi-
tioning of atoms and/or functional groups.

[0017] "Cis-transisomerism" is a form of stereoisomerism describing the orientation of atoms and/or functional groups
around a double bond. A "cis" isomer means the atoms and/or functional groups are on the same side of the double
bond, while a "trans" isomer has the atoms and/or double bonds on opposite sides of the double bond. The cis/trans
system for naming isomers is not effective when there are more than two different substituents on a double bond, and
therefore, the E/Z notation is used. Z (from the German zusammen) means together and corresponds to the term cis;
while E (from the German enfgegen) means opposite, and corresponds to the term trans.

[0018] The phrase "pharmaceutically acceptable" refers to molecular entities and compositions that are generally
regarded as safe. In particular, pharmaceutically acceptable carriers used in the practice of this invention are physio-
logically tolerable and do not typically produce an allergic or similar unfavorable reaction (for example, gastric upset,
dizziness) when administered to a subject. Preferably, as used herein, the term "pharmaceutically acceptable" means
approved by a regulatory agency of the appropriate governmental agency or listed in the U.S. Pharmacopoeia or other
generally recognized pharmacopoeia for use in animals, and more particularly in humans.

[0019] A "pharmaceutically acceptable excipient" means an excipient that is useful in preparing a pharmaceutical
composition that is generally safe, non-toxic and neither biologically nor otherwise undesirable, and includes an excipient
that is acceptable for veterinary use as well as human pharmaceutical use. A "pharmaceutically acceptable excipient"
as used in the present application includes both one and more than one such excipient.

[0020] The term "treating" includes: (1) preventing or delaying the appearance of clinical symptoms of the state,
disorder or condition developing in a subject that may be afflicted with or predisposed to the state, disorder or condition
but does not yet experience or display clinical or subclinical symptoms of the state, disorder or condition; (2) inhibiting
the state, disorder or condition (i.e., arresting, reducing or delaying the development of the disease, or a relapse thereof
in case of maintenance treatment, of at least one clinical or subclinical symptom thereof); and/or (3) relieving the condition
(i.e., causing regression of the state, disorder or condition or at least one of its clinical or subclinical symptoms). The
benefit to a subject to be treated is either statistically significant or at least perceptible to the subject or to the physician.
[0021] A "neurological disorder" as used herein means an aberration from clinically normal neural cell activity (i.e.,
compromised neural cell activity) and includes, by way of example only, neurodegenerative disease (of the CNS and/or
PNS), neuropathies associated with toxicity (neurotoxicity) such as chemotherapy (i.e., vincristine or cisplatin-induced
motor neuropathy) and alcohol consumption, immune-mediated neurodiseases such as multiple sclerosis (MS) and
Guillain-Barre syndrome, hereditary neuropathies such as Charcot-Marie-Tooth neuropathies (see Lebo et al. (1992)
Am. J. Hum. Genet., v. 50, pp. 42-55), injury due to trauma, and compromised function due to senescence.

[0022] “Effective amount" means an amount of epalrestat in a modified release composition of the present invention
sufficient to result in the desired therapeutic response. The therapeutic response can be any response that a user or
clinician will recognize as an effective response to the therapy. It is further within the skill of one of ordinary skill in the
art to determine an appropriate treatment duration, appropriate doses, and any potential combination treatments, based
upon an evaluation of therapeutic response.

[0023] The term "subject" includes humans and other mammals, such as domestic animals (e.g., dogs and cats).
[0024] The term "salts" can include acid addition salts or addition salts of free bases. Suitable pharmaceutically ac-
ceptable salts (for example, of the carboxyl terminus of the amino acid or peptide) include, but are not limited to, metal
salts such as sodium, potassium and cesium salts, for example sodium or potassium andydrate salts; alkaline earth
metal salts such as calcium and magnesium salts; organic amine salts such as triethylamine, guanidine and N-substituted
guanidine salts, acetamidine and N-substituted acetamidine, pyridine, pyrrolidine, picoline, ethanolamine, trieth-
anolamine, dicyclohexylamine, and N,N’-dibenzylethylenediamine salts. Pharmaceutically acceptable salts (of basic
nitrogen centers) include, but are not limited to inorganic acid salts such as the hydrochloride, hydrobromide, sulfate,
phosphate; organicacid salts such as trifluoroacetate and maleate salts; sulfonates such as methanesulfonate, ethanesul-
fonate, benzenesulfonate, p-toluenesulfonate, camphor sulfonate and naphthalenesulfonate; and amino acid salts such
as arginate, gluconate, galacturonate, alaninate, asparginate and glutamate salts (see, for example, Berge, et al. (1977).
"Pharmaceutical Salts," J. Pharma. Sci., v. 66, p. 1).

[0025] As used herein, "solvate" means a complex formed by solvation (the combination of solvent molecules with
molecules or ions of the active agent of the present invention), or an aggregate that consists of a solute ion or molecule
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(the active agent of the present invention) with one or more solvent molecules. In one embodiment, the solvate is a
hydrate. Examples of hydrate include, but are not limited to, hemihydrate, monohydrate, dihydrate, trihydrate, hexahy-
drate, etc. The solvate/hydrate is typically formed via hydration which is either part of the preparation of the present
compound or through natural absorption of moisture by the anhydrous compound of the present invention.

[0026] The term "prodrug" refers to a precursor of a pharmaceutically active compound wherein the precursor itself
may or may not be pharmaceutically active but, upon administration, will be converted, either metabolically or otherwise,
into the pharmaceutically active compound or drug of interest. For example, prodrug can be an ester or an ether form
of a pharmaceutically active compound. Various types of prodrug have been prepared and disclosed for a variety of
pharmaceuticals. See, for example, Bundgaard, H. and Moss, J. (1989). J. Pharm. Sci., v. 78, pp. 122-126. Thus, one
of ordinary skill in the art knows how to prepare these prodrugs with commonly employed techniques of organic synthesis.
[0027] The term "ester" means any ester of a present compound in which any of the -COOH functions of the molecule
is replaced by a -COOR function, in which the R moiety of the ester is any carbon-containing group which forms a stable
ester moiety, including but not limited to alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocyclyl,
heterocyclylalkyl and substituted derivatives thereof. The hydrolysable esters of the present compounds are the com-
pounds whose carboxyls are present in the form of hydrolysable ester groups. Thatis, these esters are pharmaceutically
acceptable and can be hydrolyzed to the corresponding carboxyl acid in vivo. These esters may be conventional ones,
including lower alkanoyloxyalkyl esters, e.g., pivaloyloxymethyl and 1-pivaloyloxyethyl esters; lower alkoxycarbonylalkyl
esters, e.g., methoxycarbonyloxymethyl, 1-ethoxycarbonyloxyethyl, and 1-isopropylcarbonyloxyethyl esters; lower
alkoxymethyl esters, e.g., methoxymethyl esters, lactonyl esters, benzofuran keto esters, thiobenzofuran keto esters;
lower alkanoylaminomethyl esters, e.g., acetylaminomethyl esters. Other esters can also be used, such as benzyl esters
and cyano methyl esters. Other examples of these esters include: (2,2-dimethyl-1-oxypropyloxy)methyl esters; (1RS)-
1-acetoxyethyl esters, 2-[(2-methylpropyloxy)carbonyl]-2-pentenyl esters, 1-[[(1-methylethoxy)carbonyl]- oxy]ethyl es-
ters; isopropyloxycarbonyloxyethyl esters, (5-methyl-2-oxo-1,3- dioxole-4-yl) methyl esters, 1-[[(cyclohexyloxy)carbon-
ylloxylethyl esters; 3,3-dimethyl-2-oxobutyl esters. It is obvious to those skilled in the art that hydrolysable esters of the
compounds of the present invention can be formed at free carboxyls of said compounds by using conventional methods.
Esters include pivaloyloxymethyl esters, isopropyloxycarbonyloxyethyl esters and (5-methyl-2-oxo-1,3-dioxole-4-yl)me-
thyl esters.

[0028] The term "active ingredient," or "active pharmaceutical ingredient," unless specifically indicated, is to be un-
derstood as referring to the epalrestat portion of the modified release formulation, described herein.

Compositions of the invention

[0029] The present invention is directed to novel modified release pharmaceutical compositions of epalrestat or epal-
restat derivatives, or a combination thereof. A "modified release pharmaceutical composition," as used herein, refers to
a type of pharmaceutical composition in which the active pharmaceutical ingredient ("AP1," i.e., epalrestat or epalrestat
derivative) is not released immediately. Therefore, a modified release epalrestat pharmaceutical composition can be
administered less frequently than an immediate release epalrestat composition. However, the modified release compo-
sition still achieves the pharmacokinetics necessary to treat the indications and diseases treatable by the immediate
release formulation counterpart. For example, in one embodiment, the modified release composition of the invention
releases epalrestat over a 15 hr. time period, or an 18 hr. time period, or a 24 hr. time period.

[0030] Sustained, delayed, extended, bi-modal release and controlled release compositions are each encompassed
by the term "modified release." A controlled release pharmaceutical composition is characterized by zero-order release
(i.e., the epalrestat or epalrestat derivative is released over time irrespective of concentration). Sustained release phar-
maceutical compositions are characterized by slow release of epalrestat or the epalrestat derivative over some time
period. A sustained release composition may or may not be a controlled-release composition. Delayed release compo-
sitions are characterized by a time lag between administration of the composition, and release of the API (i.e., epalrestat
or epalrestat derivative) from the composition. Extended release compositions allow for a greater reduction in the fre-
quency of administration of the API, as compared to conventional release (i.e., imnmediate release) compositions.
[0031] An improved epalrestat formulation with prolonged duration of action that achieves prolonged, stable plasma
concentrations, and with decreased frequency of administration is provided herein. Once daily administration of epalrestat
or its derivatives is advantageous over the three-times-a-day administration in terms of both patient compliance and
reduced adverse events, thus providing better treatment of the conditions for which epalrestat or its derivatives is indicated.
[0032] A reduced frequency of daily administration of a particular medication has been associated with improved
clinical outcomes in patients with diabetes and numerous other conditions, as described in the art. For example, see,
Shi L et al. (2007). Expert Review of Pharmacoeconomics & Outcomes Research, v. 7, pp. 187-202; Fukioka K, et al.
(2003). Clinical Therapeutics, v. 25, pp. 515-529; and Schernthaner G. (2010). Diabetic Medicine, v. 7, pp. 739-743.
Once-a-day administration of epalrestat or its derivatives may therefore result in improved clinical outcomes in patients
receiving the medication, due to positive effects on medication adherence by patients.



10

15

20

25

30

35

40

45

50

55

EP 2 665 477 B1

[0033] In one embodiment, the modified release epalrestat composition of the invention provides the same or sub-
stantially the same epalrestat bioavailability (i.e., area under the plasma concentration-time curve) as the epalrestat
bicavailability provided by an immediate release epalrestat composition. In a further embodiment, the time to C,,,, (i.e.,
tmax) for the modified release composition is prolonged, as compared to an immediate release composition. In yet a
further embodiment, the time to C,,,, (i.e., t,5,) for the modified release composition is prolonged by about 1 hr., about
2 hr., about 3 hr., about 4 hr., about 5 hr., about 6, hr. or about 7 hr., compared to an immediate release epalrestat
composition.

[0034] In another embodiment, the modified release epalrestat composition of the invention provides at least about
60%, at least about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about
90% or at least about 95% the epalrestat bioavailability (i.e., area under the plasma concentration-time curve) as the
epalrestat bioavailability provided by an immediate release epalrestat composition.

[0035] As stated above, in one embodiment, the present invention provides modified release pharmaceutical compo-
sitions of epalrestat. When epalrestat is administered as an immediate release 50 mg dosage to health adult volunteers,
the pharmacokinetic parameters include a C,,, of 3.9 pg/mL at a t,,, of 1.05 hours, a ty, of 1.8 hours, and a total
AUC_,, of 6.4 wg/mL-hour. Plasma levels of epalrestat fall quickly after administration of 50 mg tablets of epalrestat free
acid, and reach 0.37 pg/mL 4 hours after administration (Machii H. et al. Gendai Iryo 1996;28:1273). In one embodiment,
the modified release epalrestat compositions provided herein provide a C,,,,, the same or substantially the same as an
immediate release epalrestat composition. In another embodiment, a modified release epalrestat composition of the
present invention provides a C ., that is at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
100%, at least 110%, or at least 120% of the C,,,,4 provided by an immediate release epalrestat composition.

[0036] The modified release epalrestat composition provided herein is suitable for once-a-day administration, such
that once-a-day administration of the pharmaceutical composition provides steady state blood levels of epalrestat that
are comparable to steady state plasma concentrations of epalrestat achieved with three times daily administration of 50
mg immediate release epalrestat free acid tablets. The composition provided herein can include epalrestat, or an epal-
restat derivative.

[0037] Although in one embodiment, the modified release epalrestat composition is administered once-daily, the in-
vention is not limited thereto. For example, the composition can be administered two times per day, once daily, two times
per week, three times per week, four times per week, five times per week or six times per week. It is within the ordinary
skill in the art to optimize dosing regimens.

[0038] In one embodiment, the modified release composition is formulated for once-a-day administration of epalrestat
(or a derivative thereof). In this embodiment, the pharmaceutical composition provides steady state blood levels of
epalrestat that are comparable to steady state plasma concentrations of epalrestat achieved with three times daily
administration of 50 mg immediate release epalrestat free acid tablets, for example 50 mg Kinedak tablets (Ono Phar-
maceuticals, Japan).

[0039] In another embodiment, the modified release composition of the present invention achieves epalrestat plasma
concentrations comparable to steady state plasma concentrations achieved with three times a day dosing of from about
10 to about 200 mg immediate release epalrestat free acid tablets, for example 25 mg, 50 mg or 100 mg tablets.
[0040] In one embodiment, once-a-day administration of the modified, e.g., controlled release pharmaceutical com-
position of the invention provides steady state blood levels of epalrestat in the range of about 0.1 ng/mL to about 15.0
prg/mL, forexample about 0.5 png/mL to about 12.0 pg/mL, or about 1 pg/mL to about 10.0 wg/mL. In another embodiment,
once-a-day administration of the modified release epalrestat composition provides steady state blood C,,,, levels of
epalrestat in the range of about 1.0 pg /mL to about 15.0 pg/mL and C,;, levels of epalrestat in the range of about 0.1
ng/mLtoabout 0.5 ng/mL, orabout 0.1 ug/mL to about 1.0 wg/mL. In yet another embodiment, once-a-day administration
of the controlled release pharmaceutical composition provides steady state areas under the curve (AUCs) in the range
of about 2 to about 80 pg/mL-hour, e.g., about 2 to 70 wg/mL-hour, about 2 to 60 wg/mL-hour, about 2 to 50 wg/mL-hour,
about 2 to 40 pg/mL-hour, about 2 to 30 wg/mL-hour, about 10 to 80 p.g/mL-hour, about 20 to 80 wg/mL-hour, about 30
to 80 wg/mL-hour, about 40 to 80 wg/mL-hour, about 50 to 80 ng/mL-hour.

[0041] In one embodiment, the modified release epalrestat composition provided herein exhibits a drug release profile
substantially corresponding to the following pattern: after 2 hours, no more than about 40% of the total active is released;
after 4 hours, from about 40-65% of the total active is released; after 8 hours, from about 60-85% of the total active is
released; and after 12 hours, from about 75-90% of the total active is released. The disclosed dosage form provides
therapeutically effective epalrestat plasma concentration over a period of at least 24 hours, for example, 24 hours, to
treat a patient in need thereof. In another embodiment, the modified release epalrestat composition exhibits a drug
release profile substantially corresponding to the target profiles given in Figs. 1-5.

[0042] In another embodiment, the modified release epalrestat composition provided herein exhibits a drug release
profile substantially corresponding to the following pattern: after 2 hours, no more than about 30% of the total active is
released; after 4 hours, from about 30-55% of the total active is released; after 8 hours, from about 45-75% of the total
active is released; and after 12 hours, from about 60-95% of the total active is released. The disclosed dosage form
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provides therapeutically effective epalrestat plasma concentration over a period of at least 24 hours, for example, 24
hours, to treat a patient in need thereof.

[0043] Epalrestat or a pharmaceutically acceptable derivative may be administered as crystalline or amorphous prod-
ucts in the modified release compositions. Epalrestat or the pharmaceutically acceptable derivative may be obtained,
for example, as solid plugs, powders, or films by methods such as precipitation, crystallization, freeze drying, or spray
drying, or evaporative drying. Microwave or radio frequency drying may be used for this purpose.

Isomers of epalrestat

[0044] The present invention can employ one or more isomers of epalrestat in the modified release formulation.
Because epalrestat has two double bonds in its carbon backbone, four stereoisomers are possible, as set forth below.
Each of the stereoisomers (or a combination of two or more isomers) can be used in the modified release compositions
of the present invention.

Isomer 1: 5-[(1Z,2E)-2-methyl-3-phenylpropenylidene]-4-oxo-2-thioxo-3-thiazolidineacetic acid;
Isomer 2: 5-[(1Z,2Z)-2-methyl-3-phenylpropenylidene]-4-oxo-2-thioxo-3-thiazolidineacetic acid;
Isomer 3: 5-[(1E,2E)-2-methyl-3-phenylpropenylidene]-4-oxo-2-thioxo-3-thiazolidineacetic acid; and
Isomer 4: 5-[(1E,2Z)-2-methyl-3-phenylpropenylidene]-4-oxo-2-thioxo-3-thiazolidineacetic acid).

[0045] In one embodiment of the invention, the modified release composition of epalrestat comprises isomer 1 of
epalrestat. In another embodiment of the invention, the modified release composition of epalrestat comprises isomer 2
of epalrestat. In yet another embodiment of the invention, the modified release composition of epalrestat comprises
isomer 3 of epalrestat. In one embodiment of the invention, the modified release composition of epalrestat comprises
isomer 4 of epalrestat.

[0046] The modified release composition of the present invention may comprise one isomer, or a combination of
isomers. For example, in one embodiment, a modified release formulation of the present invention comprises isomer 1
and isomer 2 of epalrestat, or isomers 1 and 3 of epalrestat, or isomers 1 and 4, or isomers 2 and 3, or isomers 2 and
4, orisomers 3 and 4. In yet another embodiment, a combination of three isomers, or a combination of all four isomers,
is employed in the modified release epalrestat composition.

[0047] Additionally, one or more crystal forms of epalrestat can be present in a composition. For example, in one
embodiment, the modified release composition comprises isomer 1 of epalrestat, present as a choline hydrogen diepal-
restat cocrystal (also referred to herein as "choline hydrogen diepalrestat” and "choline hydrogen diaced cocrystal of
epalrestat"). In this embodiment, the cocrystal of isomer 1 is complexed with choline in a 2:1 molecular ratio (see WO
2010/028132). Other crystal forms of epalrestat amenable for use with the modified release compositions of the present
invention are disclosed in WO 2010/011926 (betaine cocrystal of epalrestat) and WO 2010/011922 (crystalline salts of
epalrestat). Each of these PCT publications is incorporated herein by reference in their entirety. Each of the isomers of
epalrestat can be present in a cocrystal, and multiple distinct cocrystals can be present in a modified release epalrestat
composition of the invention.

[0048] Crystalline salts of epalrestat may also be used in the compositions and methods of the invention. In one
embodiment, one or more of the crystalline salts disclosed in WO 2010/011922 is used in a modified release epalrestat
composition of the present invention. For example, a potassium anhydrate salt, a sodium anhydrate salt, and a 1-(2-
hydroxyethyl)-pyrrolidine anhydrate salt are all within the scope of the present invention.

Modified release formulations

[0049] Numeroustechniques existinthe prior art for preparing modified, sustained or controlled release pharmaceutical
formulations. Controlled release means or delivery devices that are well known to those of ordinary skill in the art, are
described, for example in U.S. Pat. Nos. 3,845,770; 3,916,899; 3,536,809, 3,598,123; 4,008,719; 5,674,533; 5,059,595;
5,591,767, 5,120,548; 5,073,543; 5,354,556, 5,733,566 and 6,403,120, the disclosures of which are incorporated herein
by reference in their entireties. Each of these techniques is useful for achieving an epalrestat modified release compo-
sition.

[0050] The composition may be formulated to various delivery systems including matrix delivery systems (U.S. Patent
4,871,548), osmotic delivery systems (U.S. Patent 4,612,008), and mutiparticulate delivery systems (U.S. Patent
4,894,240). Matrix delivery systems are known to the field of pharmaceutical drug delivery (U.S. Pat. Nos. 3,870,790;
4,140,755;4,167,588;4,226,849; 4,259,314, 4,357,469, 4,369,172, 4,389,393, 4,540,566 and 4,839, 177, the disclosures
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of which are incorporated herein by reference in their entirety). The osmotic delivery systems have been reported in a
number of patents (U.S. Pat. Nos. 4,111,202, 4,327,725, 4,612,008, 4765989; 4,783,337, 5,082,668, 6,919,373, the
disclosures of which are incorporated herein by reference in their entirety). The multiparticulate delivery systems typically
involve hard gelatin capsule or compressed tablets containing film-coated spheroids or beads, as described, for example,
by U.S. Pat. Nos. 2,996,431, 3,492,397, 3,835,221, 4,138,475, 4,415,547, 4,894,240 and 6,419,958, the disclosures of
which are incorporated herein by reference in their entirety. Use of ionic exchange resin for sustained release of a
pharmaceutical agent has also been disclosed in U.S. Pat. Nos. 2990332, 3,138,525, 3,499,960, 3,594,470, and
4,894,239, the disclosures of which are incorporated herein by reference in their entirety. In addition, the controlled-
release of prodrugs of carbidopa/L-dopa was disclosed in an U.S. Pat. 7,101,912 for treatment of Parkinson disease,
the disclosures of which are incorporated herein by reference in their entirety.

[0051] In one embodiment, epalrestat or the epalrestat derivative is embedded in a matrix of one or more insoluble
substances. Upon dissolution of the tablet, the epalrestat or epalrestat derivative is released through the matrix.
[0052] In another embodiment, a polymer-based tablet with a laser drilled hole on one side, and a porous membrane
on the other side, is employed. When the pharmaceutical composition comes into contact with acids present in the
gastrointestinal tract, the acids push through the porous membrane, which results in the drug being released through
the laser-drilled hole. This type of tablet construction results in modified release of epalrestat.

Multi-layered pellets/particles (microencapsulation)

[0053] Inone embodiment, the formulation of the present invention is comprised of pellets of epalrestat. The epalrestat
pellets, in one embodiment, have consistent bulk density and low friability.

[0054] The epalrestat pellets, in one embodiment comprise an inert core comprising any of the commonly known pellet
starting materials, for example, starch, sugar (e.g., sucrose), microcrystalline cellulose, glass, vegetable gums or waxes
can be used as the starting material. The inert cores amenable for use with the invention do not react with epalrestat or
a derivative thereof. In one embodiment, the inert cores are coated with epalrestat solution or suspension, and further
coated with a polymer, as described further below. In another embodiment, the pellets contain multiple layers of epalrestat.
[0055] In order to increase the bioavailability of epalrestat, the epalrestat can be formulated into fine particulate or
nanoparticules, before dissolving in solution or creating an epalrestat suspension. The epalrestat solution or suspension
is then coated onto inert cores, as described below.

[0056] A suspension or solution of epalrestat, in one embodiment, is applied to the inert cores by spraying. The
suspension or solution further comprises a binder or binding agent, in addition to epalrestat or the pharmaceutically
acceptable derivative thereof. As provided above, the epalrestat formulations, in one embodiment, include one or more
isomers of epalrestat, for example, two distinct sterecisomers.

[0057] The binder/binding agent, in one embodiment, is a film-forming polymer that possesses high adhesivity and
an appropriate viscosity, to assure good adhesion between the inert cores and epalrestat solution. The binding agents
employed can be any film-forming binding agent commonly known in the art. For example, in one embodiment, the
binding agent is selected from cellulose ether (e.g., ethyl cellulose), polyoxide, polyacrylate, polyethylene, polypropylene,
polyurethane, hydroxypropyl methylcellulose (HPMC), hydroxypropyl cellulose and polyvinylpyrrolidone (PVP). In a
further embodiment, mixtures of two or more of the aforementioned binding agents are employed.

[0058] Inoneembodimentofthe presentinvention, the binding agentis awaterinsoluble polymer such as ethylcellulose.
In another embodiment of the invention, a film-forming water soluble binder may be combined with the water insoluble
binder. In one embodiment, the film-forming water soluble binding agent is selected from polyvinylpyrrolidone (PVP) or
hydroxypropyl methylcellulose (HPMC).

[0059] The epalrestat solution or suspension is applied to the inert cores using methods known to those of ordinary
skill in the art. For example, fluidized bed coating, rotor granulation or pan coating techniques may all be employed to
achieve the coated cores.

[0060] Once the cores are coated with the epalrestat solution or suspension, the coated cores (i.e., epalrestat pellets)
are now "immediate release epalrestat pellets." The immediate release epalrestat pellets can be used in a modified
release epalrestat composition, as discussed below, to provide distinct release profiles of epalrestat.

[0061] Theimmediate release epalrestat pellets, in one embodiment, are further coated with a water insoluble polymer
layer to achieve extended release epalrestat pellets. The pellets can include one, two, three or four water insoluble
layers. Without wishing to be bound by theory, the release of the drug is believed to be primarily controlled by the diffusion
of the epalrestat or pharmaceutically acceptable derivative thereof through the polymer coating. However, degradation
of the water insoluble layers may also contribute to the epalrestat modified release profile.

[0062] Inone embodiment, bothimmediate release epalrestat pellets and extended release epalrestat pellets are used
in a modified epalrestat composition of the present invention. In a further embodiment, at least three types of epalrestat
pellets are used in a composition. In this embodiment, an immediate release pellet, and multiple modified release pellets
are used, wherein the modified release pellets differ in the number of polymer coatings applied to the respective pellets.
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In yet another embodiment, immediate release pellets are not used in the compositions of the invention, but at least two
types of modified release pellets are used. In a further embodiment, the first modified release pellet is coated once with
a water insoluble layer and the second modified release pellet is coated twice with a water insoluble layer.

[0063] The water insoluble polymer employed in the modified release coating(s), in one embodiment, is selected from
one or more of the following compounds: polymethacrylate, methacrylic acid copolymers, methacrylate ester copolymers,
acrylic acid, cellulose esters, cellulose ethers, or cellulose ester-ethers such as ethyl cellulose, cellulose acylate, cellulose
deacylate, cellulose triacylate, cellulose acetate, cellulose acetate butyrate, cellulose diacetate, cellulose triacetate,
mono- di- and tri-cellulose arylates, and the like. Additional water insoluble polymers for forming the outer coating
comprise cellulose acetaldehyde dimethyl acetate, cellulose acetate ethylcarbamate, cellulose acetate methylcarbonate,
cellulose dimethylaminoacetate, semipermeable polyamide, polyvinyl acetate, semipermeable polyurethanes, semiper-
meable sulfonated polystyrenes, crosslinked selectively semipermeable polymers formed by the coprecipitation of an
anion and a cation. Mixtures of the aforementioned polymers may also be employed.

[0064] Inoneembodiment, where multiple waterinsoluble polymer layers are applied to the pellet, each layer comprises
a distinct water insoluble polymer. In another embodiment, each layer comprises the same water insoluble polymer.
[0065] Once the extended release coating is applied, as discussed above, one or more additional coatings can be
applied as desired. In one embodiment no additional coatings are applied. Surfactants and or plasticizers may also be
applied, in any of the coatings. The surfactant, in one embodiment, is selected from anionic, cationic, amphoteric and
nonionic surfactants, including dialkyl sodium sulfosuccinate, polyoxyethylene glycerol, polyoxyethylene steryl ether,
propoxy-ethoxy copolymer, polyoxyethylene fatty alcohol ester, polyoxyethylene sorbitan fatty acid esters, ethoxylated
hydrogenated castor oil and butoxylated hydrogenated castor oil.

Swellable matrices

[0066] Inone embodiment, the modified release epalrestat composition is formulated by employing a pharmaceutically
acceptable water swellable polymer, together with epalrestat or a derivative thereof. Optionally, the formulation can
comprise sodium alginate, as described in U.S. patent no. 5,811,126, hereby incorporated by reference in its entirety.
[0067] Suitable water swellable polymers for use with the present invention include hydrophilic or hydrophobic poly-
mers, such as gums, cellulose ethers and protein derived materials. In one embodiment, at least one cellulose ether is
employed, e.g., a hydroxyalkylcellulose or a carboxyalkylcellulose. In a further embodiment, the cellulose ether is hy-
droxyethylcellulose, hydroxypropylcellulose or hydroxypropylmethylcellulose, or a combination thereof.

[0068] Other suitable materials include digestible, long chain (Cg-Cg() substituted or unsubstituted hydrocarbon de-
rivatives, such as fatty acids, fatty alcohols, glyceryl esters of fatty acids, mineral oil and waxes. The hydrocarbons
derivatives, in one embodiment, have a melting point between 25 °C and 20 °C.

[0069] Withoutwishing to be bound by theory, upon oral ingestion and contact with gastrointestinal fluids, the swellable
matrix modified release epalrestat compositions of the present invention are believed to swell and gel to form a matrix
from which epalrestat, or the pharmaceutically acceptable epalrestat derivative, is released. Since epalrestat is sus-
pended or distributed throughout the composition and consequently throughout the matrix, a constant amount of epal-
restat (or derivative) can be released per unit time in vivo by dispersion or erosion of the outer portions of the matrix.

Epalrestat prodrugs

[0070] In one embodiment, modified release of epalrestat is achieved through covalently attaching a prodrug moiety
to epalrestat or derivative thereof. For example, the prodrug moiety can be an ester, amino acid, or a peptide.

Further components of the modified release pharmaceutical compositions

[0071] Asdescribed above, there are multiple ways in which to achieve a modified release composition of the present
invention. The modified release composition may be sustained release, extended release, time release or controlled
release.

[0072] The composition may also be formulated to provide a mono-modal or bi-modal release profile. By "mono-
modal", itis meant a composition comprising a modified-release (MR) component. By "bi-modal”, itis meanta composition
comprising both an immediate-release (IR) component and a MR component. The bi-modal composition provides an
initial burst of epalrestat, or a pharmaceutically acceptable derivative thereof, for a quick build up of the systemic level
of epalrestat in order to, for instance, exert the therapeutic effects, followed by the modified release of epalrestat, or a
pharmaceutically acceptable derivative thereof, for maintaining the therapeutic level. After the IR component quickly
releases epalrestat, or a pharmaceutically acceptable derivative thereof, the MR component releases the drug thereafter
over a longer period of time, such as over about 1 to about 48 hours, preferably over about 2 hours to 36 hours, and
more preferably over about 3 to about 24 hours for maintaining the therapeutic level of epalrestat.
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[0073] The epalrestat or epalrestat derivative employed in the present invention may be used in combination with
other therapies and/or active agents. Accordingly, the present invention provides, in one embodiment, a pharmaceutical
composition comprising at least one compound useful in the practice of the present invention, or a pharmaceutically
acceptable derivative thereof (e.g., salt, solvate, cocrystal, etc.), a second active agent, and, optionally a pharmaceutically
acceptable carrier or excipient.

[0074] When combined in the same formulation, it will be appreciated that the epalrestat or epalrestat derivative are
preferably stable in the presence of, and compatible with each other and the other components of the formulation.
[0075] The presentinvention includes pharmaceutical compositions comprising a compound of the invention adapted
for use in human or veterinary medicine. Such compositions may be presented for use in a conventional manner with
the aid of one or more suitable carriers. A carrier, for the purposes of this invention, is also an excipient. Acceptable
carriers for therapeutic use are well-known in the pharmaceutical art, and are described, for example, in Remington’s
Pharmaceutical Sciences, Mack Publishing Co. (A. R. Gennaro edit. 1985). The choice of pharmaceutical carrier can
be selected with regard to the intended route of administration and standard pharmaceutical practice. The pharmaceutical
compositions may comprise as, in addition to, the carrier any suitable binder(s), lubricant(s), suspending agent(s), coating
agent(s), and/or solubilizing agent(s).

[0076] Preservatives, stabilizers, dyes and even flavoring agents may be provided in the pharmaceutical composition.
Examples of preservatives include sodium benzoate, ascorbic acid and esters of p-hydroxybenzoic acid. Antioxidants
and suspending agents may also be used.

[0077] The compounds used in the invention may be milled using known milling procedures such as wet milling to
obtain a particle size appropriate for tablet formation and for other formulation types. Finely divided (nanoparticulate)
preparations of the compounds may be prepared by processes known in the art, see, e.g., International Patent Application
No. WO 02/00196 (SmithKline Beecham).

[0078] The compounds and pharmaceutical compositions of the present invention, in one embodiment, are adminis-
tered orally (e.g., as a tablet, sachet, capsule, pastille, pill, bolus, powder, paste, granules, bullets or premix preparation,
ovule, elixir, solution, suspension, dispersion, gel, syrup or as an ingestible solution). In addition, compounds may be
present as a dry powder for constitution with water or other suitable vehicle before use, optionally with flavoring and
coloring agents. Solid and liquid compositions may be prepared according to methods well-known in the art. Such
compositions may also contain one or more pharmaceutically acceptable carriers and excipients which may be in solid
or liquid form.

[0079] Dispersions can be prepared in a liquid carrier or intermediate, such as glycerin, liquid polyethylene glycols,
triacetin oils, and mixtures thereof. The liquid carrier or intermediate can be a solvent or liquid dispersive medium that
contains, for example, water, ethanol, a polyol (e.g., glycerol, propylene glycol or the like), vegetable oils, non-toxic
glycerine esters and suitable mixtures thereof. Suitable flowability may be maintained, by generation of liposomes,
administration of a suitable particle size in the case of dispersions, or by the addition of surfactants.

[0080] The compositions of the invention may contain excipients to allow for modified release, as described above.
Additionally, the compositions of the invention may contain one or more additional excipients that do not contribute to
modified release of epalrestat. In one embodiment, the modified release compositions comprise at least one excipient
in addition to the components necessary for modified release. In a further embodiment, the excipient is selected from
microcrystalline cellulose, lactose, sodium citrate, calcium carbonate, dibasic calcium phosphate and glycine, disinte-
grants such as starch (e.g., corn, potato or tapioca starch), sodium starch glycolate, croscarmellose sodium and certain
complex silicates, and granulation binders such as polyvinylpyrrolidone, hydroxypropylmethylcellulose (HPMC), hydrox-
ypropylcellulose (HPC), sucrose, gelatin and acacia.

[0081] Additionally, lubricating agents such as magnesium stearate, stearic acid, glyceryl behenate and talc may be
included.

[0082] Examples of pharmaceutically acceptable disintegrants for oral compositions useful in the present invention
include, but are not limited to, starch, pre-gelatinized starch, sodium starch glycolate, sodium carboxymethylcellulose,
croscarmellose sodium, microcrystalline cellulose, alginates, resins, surfactants, effervescent compositions, aqueous
aluminum silicates and crosslinked polyvinylpyrrolidone.

[0083] Examples of pharmaceutically acceptable binders for oral compositions useful hereininclude, but are not limited
to, acacia, cellulose derivatives, such as methylcellulose, carboxymethylcellulose, hydroxypropylmethylcellulose, hy-
droxypropylcellulose or hydroxyethylcellulose; gelatin, glucose, dextrose, xylitol, polymethacrylates, polyvinylpyrro-
lidone, sorbitol, starch, pre-gelatinized starch, tragacanth, xanthane resin, alginates, magnesium-aluminum silicate,
polyethylene glycol or bentonite.

[0084] Examples of pharmaceutically acceptable fillers for oral compositions useful herein include, but are not limited
to, lactose, anhydrolactose, lactose monohydrate, sucrose, dextrose, mannitol, sorbitol, starch, cellulose (particularly
microcrystalline cellulose), dihydro- or anhydro-calcium phosphate, calcium carbonate and calcium sulfate.

[0085] Examples of pharmaceutically acceptable lubricants useful in the compositions of the invention include, but
are not limited to, magnesium stearate, talc, polyethylene glycol, polymers of ethylene oxide, sodium lauryl sulfate,

10



10

15

20

25

30

35

40

45

50

55

EP 2 665 477 B1

magnesium lauryl sulfate, sodium oleate, sodium stearyl fumarate, and colloidal silicon dioxide.

[0086] Examples of suitable pharmaceutically acceptable odorants for the oral compositions include, but are not limited
to, synthetic aromas and natural aromatic oils such as extracts of oils, flowers, fruits (e.g., banana, apple, sour cherry,
peach) and combinations thereof, and similar aromas. Their use depends on many factors, the most important being
the organoleptic acceptability for the population that will be taking the pharmaceutical compositions.

[0087] Examples of suitable pharmaceutically acceptable dyes for the oral compositions include, but are not limited
to, synthetic and natural dyes such as titanium dioxide, beta-carotene and extracts of grapefruit peel.

[0088] Suitable examples of pharmaceutically acceptable sweeteners for the oral compositions include, but are not
limited to, aspartame, saccharin, saccharin sodium, sodium cyclamate, xylitol, mannitol, sorbitol, lactose and sucrose.
[0089] Suitable examples of pharmaceutically acceptable buffers useful herein include, but are not limited to, citric
acid, sodium citrate, sodium bicarbonate, dibasic sodium phosphate, magnesium oxide, calcium carbonate and mag-
nesium hydroxide.

[0090] Suitable examples of pharmaceutically acceptable surfactants useful herein include, but are not limited to,
sodium lauryl sulfate and polysorbates.

[0091] Solid compositions of a similar type may also be employed as fillers in gelatin capsules. Excipients in this regard
include lactose, starch, a cellulose, milk sugar or high molecular weight polyethylene glycols. For aqueous suspensions
and/or elixirs, the agent may be combined with various sweetening or flavoring agents, coloring matter or dyes, with
emulsifying and/or suspending agents and with diluents such as water, ethanol, propylene glycol and glycerin, and
combinations thereof.

[0092] Suitable examples of pharmaceutically acceptable preservatives include, but are not limited to, various anti-
bacterial and antifungal agents such as solvents, for example ethanol, propylene glycol, benzyl alcohol, chlorobutanol,
quaternary ammonium salts, and parabens (such as methyl paraben, ethyl paraben, propyl paraben, etc.).

[0093] Suitable examples of pharmaceutically acceptable stabilizers and antioxidants include, but are not limited to,
ethylenediaminetetriacetic acid (EDTA), thiourea, tocopherol and butyl hydroxyan

[0094] In embodiments of the present invention, the modified release composition comprises epalrestat or a pharma-
ceutically acceptable derivative thereof; and one or more water-swellable polymers. In another embodiment, the sustained
release composition further comprises arelease rate adjusting agent. When administered to a patient on a regular dosing
schedule, the sustained release composition provides to the patient a therapeutic effect continuously over the period of
the regular dosing schedule. That is, the therapeutic effect, once attained after the first administration, is constant during
the period of the regular dosing schedule which includes multiple dosing intervals. The regular schedule can be a dosing
regimen provided by instructions accompanying the sustained release composition product. For example, such dosing
regimen can be fixed or variable amount of the sustained release composition taken once per day or twice per day, two
times per week, three times per week, or four times per week.

[0095] In embodiments of the present invention, the modified release composition, when administered to a patient on
a regular dosing schedule, provides a relatively flat plasma concentration profile of epalrestat at steady state, wherein
there are no substantial peak or trough in the relatively flat plasma concentration profile and the minimum plasma
concentration of epalrestat in the relatively flat plasma concentration profile is sufficient to provide a therapeutic effect
to the patient.

[0096] In one embodiment of the present invention, the modified release composition, when administered to a patient
on a regular dosing schedule, provides a relatively flat plasma concentration profile of epalrestat at steady state such
that a mean C,;,/C,,.x epalrestat ratio during the dosing interval is about 0.55 to about 1.0, about 0.6 to about 1.0, or
about 0.65 to about 1.0, or about 0.7 to about 1.0, or about 0.75 to about 1.0, or about 0.8 to about 1.0, or about 0.85
to about 1.0, or about 0.9 to about 1.0, or about 0.95 to about 1.0 and the C,;;,, is sufficient to provide a therapeutic effect.
[0097] In one embodiment of the present invention, the modified release composition, when administered to a patient
once or twic a day, provides a therapeutic effect for at least about 8 hours and a mean Cg/C,,,4x epalrestat ratio of about
0.55 to about 1.0, about 0.6 to about 1.0, or about 0.65 to about 1.0, or about 0.7 to about 1.0, or about 0.75 to about
1.0, or about 0.8 to about 1.0, or about 0.85 to about 1.0, or about 0.9 to about 1.0, or about 0.95 to about 1.0 at steady
state after administration to the patient.

[0098] In one embodiment of the present invention, the modified release composition, which is in a once or twic a day
dosage form, provides to a patient a therapeutic effect for about 12 to about 24 hours and a relatively flat plasma
concentration profile of epalrestat at steady state such that the minimum plasma concentration of epalrestat during the
dosing interval is about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the maximum plasma concentration
during the dosing interval.

[0099] In one embodiment of the present invention, the modified release composition, which in one embodiment, is
in a once or twice a day dosage form, provides to a patient a therapeutic effect for about 12 hours to about 24 hours
and arelatively flat plasma concentration profile of epalrestat at steady state such thatthe maximum plasma concentration
of epalrestat during the dosing interval is about 145%, 140%, 135%, 130%, 125%, 120%, 115%, 110%, or 105% of the
minimum plasma concentration during the dosing interval.
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[0100] In embodiments of the present invention, the modified release composition comprises epalrestat or a pharma-
ceutically acceptable derivative thereof; a watcr-swellable and pH independent polymer; an anionic non-cellulose-based
water-swellable polymer; and a release rate adjusting agent, such as a saccharide-based polymer. In another embod-
iment, the sustained release composition further comprises one or more pharmaceutically acceptable excipient.
[0101] The water-swellable and pH independent polymer refers to a hydrophilic polymer which swells to form a gel
when exposed to an aqueous medium and its solubility in water does not substantially change according to the pH of
the aqueous environment. The water-swellable and pH independent polymer can be any cellulose ether polymer, i.e.,
a polymer derived from partial or complete etherification of the hydroxyl groups in a cellulose molecule. Examples of
cellulose ether polymer include, but are not limited to hypromellose, hydroxypropy!| ethyl celluloses, hydroxypropyl cel-
lulose, hydroxyethyl cellulose, methyl cellulose, and combinations thereof.

[0102] The anionic non-cellulose-based water-swellable polymer denotes a hydrophilic polymer which carries anionic
charges in a pH neutral environment, is not derived fro cellulose, and swells to form a gel when exposed to an aqueous
medium. Examples of anionic non-cellulose-based water-swellable polymer include, but are not limited to anionic de-
rivatives of agar; anionic derivatives of guar gum; anionic derivatives of locust bean gum; anionic derivatives of xanthan
gum; anionic derivatives of alginin (such as alginates); anionic derivatives of polysaccharides of mannose and galactose,
or chitosan; anionic derivatives of modified starch; and combinations thereof.

[0103] Therelease rate adjusting agent refers to a compound which can modify the release rate of the active ingredient
upon gellation of the hydrophilic polymers. Such release rate adjusting agent can be a compound derived from a sac-
charide, i.e., saccharide-based. For example, the release rate adjusting agent can be a polyol compound which derives
from saccharides (mono- or poly-saccharides) via reduction, such as hydrogenation. A polyol compound is also known
as sugar alcohol which includes, but is not limited to arabitol, xylitol, ribitol, mannitol, sorbitol, dulcitol, fucitol, iditol,
isomalt, maltitol, lactitiol, and combinations thereof.

[0104] In embodiments of the present invention, the modified (e.g., sustained) release composition is in a matrix form,
i.e., a solid dosage form comprising a matrix. As used herein, the term "matrix" denotes a homogeneous solid mixture
composed of evenly dispersed ingredients throughout. In one embodiment, the matrix comprises epalrestat or a phar-
maceutically acceptable derivative thereof; a water-swellable and pH independent polymer; an anionic non-cellulose-
based water-swellable polymer; and a release rate adjusting agent, such as a saccharide-based polymer. In another
embodiment, the matrix further comprises one or more pharmaceutically acceptable excipient. In one example, the
matrix is in form of an oral tablet.

[0105] In one embodiment of the sustained release composition, the weight ratio of the water-swellable and pH inde-
pendent polymer to the anionic non-cellulose-based water-swellable polymer is from about 2.5 : 1 to about 1.5: 1, or
about 2.3 : 1 to about 1.7 : 1, or about 2.2 : 1 to about 1.8 : 1, about 2.1 : 1 to about 1.9 : 1, or about 2 : 1.

[0106] In one embodiment of the sustained release composition, the weight ratio of the water-swellable and pH inde-
pendent polymer to the polyol compound is from about 1.5 : 1 to about 1 : 1.5, or about 1.3 : 1 to about 1 : 1.3, or about
1.2 :1toabout1:1.2 orabout1.1:1toabout1:1.1, orabout1:1.

[0107] In one embodiment of the sustained release composition, the weight ratio of the anionic non-cellulose-based
water-swellable polymer to the polyol compound is from about 1 : 2.5 to about 1 : 1.5, or about 1: 2.3 to about 1 : 1.7,
or about 1:2.2 toabout1: 1.8, about 1:2.1toabout1:1.9, orabout 1:2.

[0108] In one embodiment of the sustained release composition, the weight ratio of the water-swellable and pH inde-
pendent polymer to the anionic non-cellulose-based water-swellable polymer to the polyol sugar or osmotic agent is
about2:1:2.

[0109] Inoneembodimentofthe sustained release composition, epalrestat or a pharmaceutically acceptable derivative
thereof is in an amount of about 10% to about 45%, or about 30% to about 45%, or about 34% to about 43%, or about
35% to about 42%, or about 37% to about 40%weight percentage. In one embodiment of the sustained release com-
position, the water-swellable and pH independent polymer is in an amount of about 18% to about 33%, or about 20%
to about 31%, or about 22% to about 29%, or about 24% to about 27%weight percentage. In one embodiment of the
sustained release composition, the release rate adjusting agent, such as the polyol compound, is in an amount of about
18% to about 33%, or about20% to about 31%, orabout22% to about 29%, or about 24 % to about 27 %weight percentage.
In one embodiment of the sustained release composition, the anionic non-cellulose-based water-swellable polymer is
in an amount of about 9% to about 16.5%, or about 10% to about 15.5%, or about 11% to about 14.5%, or about 12%
to about 13.5%weight percentage.

[0110] Epalrestator a pharmaceutically acceptable derivative thereof in the sustained release composition can be any
of the epalrestat species including all of the isomers, salts, solvates, and derivatives thereof. In one embodiment of the
sustained release composition, epalrestat or a pharmaceutically acceptable derivative thereof is choline hydrogen di-
epalrestat or betaine hydrogen diepalrestat. In one embodiment of the sustained release composition, epalrestat or a
pharmaceutically acceptable derivative thereof comprises epalrestat isomer 1, epalrestat isomer 2, epalrestat isomer 3,
and/or epalrestat isomer 4. In one embodiment of the sustained release composition, epalrestat or a pharmaceutically
acceptable derivative thereofis a crystalline salt of epalrestat selected from the group consisting of a potassium anhydrate
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salt, a sodium anhydrate salt and a 1-(2-hydroxyethyl)-pyrrolidine anhydrate salt.

[0111] The modified release composition may further optionally comprises one or more pharmaceutically acceptable
excipient, such as lubricant and/or glidant. The one or more pharmaceutically acceptable excipient, such as lubricant
and/or glidant, can be any of those known in the pharmaceutical art. Exemplary excipients include microcrystalline
cellulose or powdered cellulose, which can act as compression aids; low molecular weight methyl cellulose (e.g., having
anumberaverage molecular weightfrom about 1000 to about 30,000), ethylcellulose, low molecular weight hydroxypropyl
cellulose (e.g., having a number average molecular weight from about 1000 to about 50,000), low molecular weight
hydroxypropyl methylcellulose (e.g., having a number average molecular weight from about 2000 to about 30,000 and
a viscosity from about 1 to about 50 mPa s for a 2% (w/v) aqueous solution at 20°C), polyvinyl alcohol, polyvinyl acetate,
dicalcium phosphate, titanium dioxide, talc, alumina, starch, kaolin, polacrilin potassium, low molecular weight polyvinyl
pyrrolidone (e.g., having a number average molecular weight from about 1000 to about 30,000), hydroxyethyl cellulose,
sugar polyols, monosaccharides, disaccharides, polysaccharides, or a combination comprising at least one of the fore-
going additional excipients.

[0112] The lubricant can be any substance capable of reducing friction by making surfaces smooth or slippery. Ex-
amples of suitable lubricants include the alkaline earth metal salts of solid fatty acids (for example the alkaline earth
metal salts of fatty acids having from about 16 to about 22 carbon atoms), particularly the magnesium and calcium salts
of stearicacid (e.g. magnesium stearate), sodium stearylfumarate, zinc stearate, glyceryl behenate, talc, or a combination
comprising one or more of the foregoing lubricants.

[0113] The glidant can be any substance that enhances the flow of a granular mixture by reducing interparticle friction
and that is used in the pharmaceutical production of tablets, capsules, pellets, etc. Examples of suitable glidants include
silicon dioxide (AEROSIL, Degussa), fumed or colloidal silica. The glidant can be present in the matrix in amounts of up
to about 10 wt%, specifically about 0.25 to about 5 wt%, and more specifically about 0.5 to about 1wt% of the total weight
of the controlled-release composition.

[0114] The pharmaceutical compositions of the invention may contain from 0.01 to 99% weight per volume of the
epalrestat or epalrestat derivative.

Dosages

[0115] Appropriate subjects to be treated according to the methods of the invention include any human or animal in
need of such treatment. It is within the skill of the ordinary practitioner in the art (e.g., a medical doctor or veterinarian)
to determine if a subject is in need of treatment with epalrestat. The subject is preferably a mammal, more preferably a
human, but can be any subject or animal, including a laboratory animal in the context of a clinical trial, screening, or
activity experiment employing an animal model. Thus, as can be readily appreciated by one of ordinary skill in the art,
the methods and compositions of the present invention are particularly suited to administration to any animal or subject,
particularly a mammal, and including, but not limited to, domestic animals, such as feline or canine subjects, farm animals,
such as but not limited to bovine, equine, caprine, ovine, and porcine subjects, research animals, such as mice, rats,
rabbits, goats, sheep, pigs, dogs, cats, etc., avian species, such as chickens, turkeys, songbirds, etc.

[0116] Typically, a physician will determine the actual dosage which will be most suitable for an individual subject.
The specific dose level and frequency of dosage for any particular individual may be varied and will depend upon a
variety of factors including the activity of the specific compound employed, the metabolic stability and length of action
of that compound, the age, body weight, general health, sex, diet, mode and time of administration, rate of excretion,
drug combination, the severity of the particular condition, and the individual undergoing therapy.

[0117] Depending on the severity of the disorder/disease/indication to be treated, a suitable therapeutically effective
and safe dosage, as may readily be determined within the skill of the art, can be administered to subjects. For oral
administration to humans, the daily dosage level of the epalrestat may be in single or divided doses. However, in one
embodiment, the subject is administered a single daily dose. The duration of treatment may be determined by one of
ordinary skill in the art, and should reflect the nature of the disease or indication to be treated, and/or the rate and degree
of therapeutic response to the treatment. Typically, a physician will determine the actual dosage which will be most
suitable for an individual subject.

[0118] In one embodiment, the epalrestat formulation of the invention is administered at a once daily dose of 25 mg,
50 mg, 100 mg, 150 mg, 200 mg or 250 mg epalrestat or diepalrestat.

Administration
[0119] The modified release compositions of the present invention may be administered by methods known by those
of ordinary skill in the art. For example, the compositions can be administered enterally (e.g., oral administration) or

parenterally. Parenteral administration includes, but is not limited to, the following routes of administration; intravenous,
intraarterial, intramuscular, intracisternal, intracerebral.
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[0120] In one embodiment, the modified release compositions of the present invention are administered orally. The
oral composition may be solid or non-solid. The non-solid, in one embodiment, is a solution of epalrestat or a suspension

of epalrestat.

Methods of the Invention

[0121] Inthe methods of theinvention, the epalrestat modified release composition is, in one embodiment, administered
once daily. However, the invention is not limited thereto.

[0122] In one embodiment, the modified release composition is formulated for twice-a-day administration. In another
embodiment, the modified release composition is administered every other day, or six times per week, or five times per
week, or four times per week, or three times per week, or two times per week, or once per week.

[0123] In one embodiment, the present invention is directed to a method of inhibiting aldose reductase in a subject in
need thereof. The method comprises administering an effective amount of a modified release composition of epalrestat,
orderivative thereof, to the subject. In a further embodiment, the epalrestat in the modified release formulation is selected
from the group consisting of epalrestat isomer 1, epalrestat isomer 2, epalrestat isomer 3 and epalrestat isomer 4. In a
further embodiment, the epalrestatis epalrestatisomer 1 and is the choline hydrogen diepalrestat cocrystal. This cocrystal
is described in PCT publication No. WO 2010/028132, hereby incorporated by reference in its entirety. The epalrestat
used in this method can be any epalrestat described herein, or known to those of ordinary skill in the art.

[0124] Epalrestat and its derivatives are useful for treating and/or preventing diabetic complications including, for
example, diabetic neuropathy, diabetic nephropathy, diabetic cardiomyopathy, diabetic retinopathy, diabetic gastropare-
sis, cataracts, foot ulcers, diabetic macroangiopathy, diabetic microangiopathy, high blood glucose and highHbA1clevels.
[0125] Accordingly, in one embodiment, the present invention provides a method for the treatment of a diabetic com-
plicationin asubjectinneed thereof. The diabetic complicationis selected from diabetic neuropathy, diabetic nephropathy,
diabetic cardiomyopathy, diabetic retinopathy, diabetic gastroparesis, cataracts, foot ulcers, diabetic macroangiopathy,
diabetic microangiopathy, high blood glucose and high HbAlc levels. The method comprises administering to the subject
an effective amount of a modified release composition of epalrestat, or a pharmaceutically acceptable derivative thereof.
In a further embodiment, the epalrestat or pharmaceutically acceptable derivative thereof in the modified release for-
mulation is selected from the group consisting of epalrestat isomer 1, epalrestat isomer 2, epalrestat isomer 3 and
epalrestat isomer 4. In a further embodiment, the epalrestat is epalrestat isomer 1 and is present in a choline hydrogen
diepalrestat cocrystal. In another embodiment, the epalrestat is a crystalline salt of epalrestat, for example, a potassium
anhydrate salt, a sodium anhydrate salt, or a 1-(2-hydroxyethyl)-pyrrolidine anhydrate salt.

[0126] In one embodiment of the invention, a method is provided for treating cardiac tissue ischemia in a subject in
need thereof. The method comprises administering to the subject an effective amount of a modified release epalrestat
composition. The composition may comprise epalrestat or a derivative thereof. For example, epalrestat may be present
as a salt, crystal, co-crystal, sovate or hydrate. In a further embodiment, the epalrestat or derivative thereof in the modified
release formulation is selected from the group consisting of epalrestat isomer 1, epalrestat isomer 2, epalrestat isomer
3 and epalrestat isomer 4. In a further embodiment, the epalrestat is epalrestat isomer 1 and is present in a choline
hydrogen diepalrestat cocrystal. In another embodiment, the epalrestat is a crystalline salt of epalrestat, for example, a
potassium anhydrate salt, a sodium anhydrate salt, or a 1-(2-hydroxyethyl)-pyrrolidine anhydrate salt.

[0127] In yet another embodiment, a method is provided for the treatment of an indication selected from myocardial
protection during surgery, myocardial protection in patients presenting with ongoing cardiac or cerebral ischemic events,
chronic cardioprotection in patients diagnosed with, or at risk for, coronary heart disease, cardiac dysfunction or myo-
cardial stunning, neurodegenerative disease (of the CNS and/or PNS), neuropathies associated with toxicity (neurotox-
icity) such as chemotherapy (i.e., vincristine or cisplatin-induced motor neuropathy) and alcohol consumption, immune-
mediated neurodiseases such as multiple sclerosis (MS) and Guillain-Barre syndrome, hereditary neuropathies such
as Charcot-Marie-Tooth neuropathies (see Lebo et al. (1992). Am. J. Hum. Genet. V. 50, pp. 42-55), injury due to trauma,
and compromised function due to senescence. Examples of neurodegenerative disorders include but are not limited to,
Huntington’s disease, amyotrophic lateral sclerosis (ALS), Alzheimer’s disease, Parkinson’s disease, and Shy-Drager
syndrome. The method comprises administering to the subject an effective amount of a modified release epalrestat
composition. The composition may comprise epalrestat or a derivative thereof. For example, epalrestat may be present
as a salt, crystal, co-crystal, sovate or hydrate. In a further embodiment, the epalrestat or derivative thereof in the modified
release formulation is selected from the group consisting of epalrestat isomer 1, epalrestat isomer 2, epalrestat isomer
3 and epalrestat isomer 4. In a further embodiment, the epalrestat is epalrestat isomer 1 and is present in a choline
hydrogen diepalrestat cocrystal. In even a further embodiment, the modified release composition comprises an additional
crystal form of epalrestat, for example a crystal form disclosed in WO 2010/011926 or WO 2010/011922.
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The present invention is further illustrated by reference to the following Examples. However, it should be noted
that these Examples, like the embodiments described above, are illustrative and are not to be construed as restricting

the scope of the invention in any way.

Example 1: Physical Characterization Of Choline Hydrogen Diepalrestat

[0129] Table 1 provides properties of the choline hydrogen diepalrestat drug substance.
Table 1. Characterization of the choline hydrogen diepalrestat drug substance.
Chemical Choline hydrogen diacid cocrystal of 5-[(1Z,2E)-2-methyl-3-phenylpropenylidene]-4-oxo-2-thioxo-3-
Name thiazolidineacetic acid
Molecular Ca5H39N3075,
Formula
Molecular 741.96 g/mol
Weight
Structural o)
1}

Formula o /—C"OH o

"

N Q /CO N
ANg’ S N) /N \—oH
S
Z 778
-
Physical Yellow to bright yellow solid.
Description
Solubility insoluble in water and freely soluble in dichloromethane and ethanol
Melting About 212 °C to about 213 °C
point
Stability Unstable in light
[0130] The solubility of choline hydrogen diepalrestat was tested in buffer solutions [please provide the components

of the buffer solutions] of varying pH. The results are provided below, in Table 2.

Table 2. Choline hydrogen diepalrestat solubility in buffers of varying pH
Different pH media Solubility (mg/ml)
pH 1.2 buffer -Nil-
pH 3.0 buffer -Nil-
pH 4.5 buffer -Nil-
pH 5.0 buffer 0.02 mg/ml
pH 6.8 buffer 0.46 mg/ml
pH 7.2 buffer 0.31 mg/ml
Purified water 0.14 mg/ml
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Example 2: Manufacture Of Choline Hydrogen Diepalrestat Compositions

[0131]

Tables 3-6 provide the components of various choline hydrogen diepalrestat compositions of the invention.
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Table 5.
Brand | g size 177.12 lent to 328 tab B.Size 1620 gm
; -Size 177.12 gm equivalent to absS | equivalent to 3000 tabs
Ingredients name / B.No CHT1-001/074-A
Supplier B.No CHT1-001/092
Core Composition mg/tab % Qty mg/tab % Qty
Intra granular materials
Choline Hydrogen . 174.22* 32.26 174.22* 32.26
Diepakestat
. Pearlitol
Mannitol powder USP 160G 124.28 23.01 124.28 23.01
Binder
Hydroxy propyl cellulose-
LE Klucel LF 6.00 1.11 6.00 1.1
Purified water - 70.77 Q.S 49.33 Q.S
Extra granular materials
Hypromellose K-4 M Mitzc;;e' 62.50 1157 62.50 11.57
Methocel
Hypromellose K-100LV |y 400Lv 125.00 23.15 125.00 23.15
CR
CR
Methacrylic acid Eudragit
31.25 5.79 31.25 5.79
copolymer Type C, NF L100-55
N(f:ollmdal silicon dioxide Aerosil 250 0.46 250 046
Lubrication
Hydrogenated vegstable |\ iop 4.75 0.88 4.75 0.88
oil - NF
Purified talc - EP/BP Signet 4.75 0.88 4.75 0.88
Magnesium stearate-
EP/USP/NF Ferro 4.75 0.88 4.75 0.88
Total 540.00 100.00 540.00 100.00
Table 6.
B.No Concentration of polymer (mg/unit)
Core weight oftablet(mg) | Granulation Process
K-4 M K-15 M Sod. Alginate
002 125.0 - 62.50 500.0
015 125.0 - - 4375
020 187.5 - - 500.0
Direct compression
026 125.0 - 31.25 472.0
032 - 15.63 62.50 500.0
038 - 31.25 62.50 500.0
044 125.0 - 62.50 500.0 Wet granulation
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[0132] The 001/044 batch was manufactured by the following wet granulation process. Choline hydrogen diepalrestat,
mannitol (Pearlitol 200 SD), hypromellose (Methocel K4M) and sodium alginate were added together and mixed in a
black polybag for 10 minutes. The dry mixed material transferred into a stainless steel (SS) bowl. Purified water (23.8
g) was added to the dry mixed material in the SS bowl| as a binding solution, and the mixture was granulated manually
for 3 minutes. An additional 22.3g of purified water was subsequently added, followed by manual granulation of the
mixture for 4 minutes. The wet granules were passed through a #16 mesh sieve and were dried in a tray dryer at 50 °C
for 80 minutes. The dried granules were passed through a #30 mesh sieve and the retention was rasped manually.
Colloidal silicon dioxide and purified talc were sifted through # 60 mesh, added to the dried granules, and mixed to form
a granulated mixture in a ’Y’ blender, attached with a 500cc plastic container (14 RPM, 10 minutes). Hydrogenated
vegetable oil (Lubritab) was sifted through #60 mesh and then added to the granulated mixture.

[0133] Wetgranulation is not necessary in producing the epalrestat formulations of the invention. For example, choline
hydrogen diepalrestat, mannitol, Hypromellose K4M and sodium alginate were sifted through #40 mesh (420 microns)
and mixed in a double lined black poly bag for 10 minutes. Colloidal silicon dioxide and talc were sifted through # 60
mesh and added to the choline hydrogen diepalrestat/mannitol/ Hypromellose K4M / sodium alginate mixture, and further
mixed. Hydrogenated vegetable oil (Lubritab) was sifted through #60 mesh and then added to the mixture. The mixture
is then compressed, as described further below.

[0134] In another process, choline hydrogen diepalrestat, mannitol and hypromellose K4M were sifted through # 40
mesh (420 microns) and mixed in a double lined black poly bag (CHT1-01/015; CHT1-001/020). For these batches,
sodium alginate was not used. Colloidal silicon dioxide and talc were sifted through #60 mesh and added to the choline
hydrogen diepalrestat/mannitol/hypromellose K4M mixture, and further mixed. Hydrogenated vegetable oil was sifted
through #60 mesh and then added to the mixture.

[0135] The CHT1-001/074 batches were made according to the following table (Table 7):

Table 7.

Extra granular materials

Blending RPM
B.No: CHT1-001/074 B.No:CHT1-001/074- | B.No: CHT1-001/074 - | i, e
A B

Pre Lubrication
Sized granules + sifted materials of Sized granules + sifted materials of Hypromellose
Hypromellose K - 100 LV prem, Methyl K-4M CR, Hypromellose K- 100 LV prem, Methyl | 20 14
methacrylic acid co-polymer (Eudragit methacrylic acid co-polymer (Eudragit L100-55) minute
L100-55) and colloidal silicon dioxide and colloidal silicon dioxide
Lubrication
Pre lubricated materials + Sifted materials | Pre lubricated materials + Sifted materials of 10
of Hydrogenated vegetable oil, Purified Hydrogenated vegetable oil, Purified talc, minute 14
talc, magnesium stearate magnesium stearate

[0136] Specifically, CHT1-001/074 and CHT1-001/092 batches were made as follows: Choline hydrogen diepalrestat,
mannitol were sifted through #18 mesh and loaded into RMG and dry mixed for 5 minutes with impeller at fast speed
and chopper off. Klucel - LF was dispersed in water under stirring. Stirring was continued until a clear solution was
obtained. The binder solution was added into RMG and granulated with slow impeller speed and chopper fast. Kneading
was continued until to get desired granules. The wet mass was unloaded from RMG, and was passed through Co-mill
with 4.5 mm screen.

[0137] The granules were then dried at the inlet temperature of 65°C for 30 minutes (L.O.D =Less than 1 %). The
dried granules were passed through # 18 mesh (1000 micron) and the retains were milled through multi-mill with Knife
forward, medium speed fitted with 1.0 mm screen and it was passed through the # 18 mesh (1000 micron).

[0138] The extra-granular materials of Hypromellose K-4 Premium CR, Hypromellose K-100LV CR, Methyl methacrylic
acid co-polymer (Eudragit L100-55) and colloidal silicon dioxide were sifted through #40 mesh (425 micron) mesh and
the hydrogenated vegetable oil, purified talc, magnesium stearate, were sifted through #60 (250 microns) mesh sepa-
rately.

[0139] The sized granules of step 8 were loaded in to the Y - Blender along with the sifted hypromellose K 100 LV
CR, hypromellose K - 4 premium CR, methyl methacrylic acid co-polymer (Eudragit L100-55) and colloidal silicon dioxide
were added in to the blender and mixed for 20 minutes.

[0140] The sifted materials of hydrogenated vegetable oil, Purified talc, magnesium stearate were added in the above
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step and mixed for 10 minutes and unloaded into a double lined black color polyethylene bag.

[0141]

Characteristics of various lubricated blends, described above, are provided in Table 8, below.
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Compression of the lubricated blends

[0142] The blends were compressed in a 16-station compression machine (Cad-mach). The lubricated blends were
weighed (as a target theoretical weight of 472.00 mg/unit or 500.00 mg/unit) and transferred in to the die cavity manually
using 14.1 mm X 6.7mm caplet shape punches and suitable dies. Tablets were compressed without pre-compression
force. The properties of the compressed tablets are provided in Table 9 and Table 10, below.
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Table 10.

Parameters

B.No. CHT1-001/074 - A

B.No. CHT1-001/092

Punch dimension

14.1 X 6.7 mm caplet shape punches

17.0 X 6.5 mm Plain on both the
punches

Tablet Description/Appearance

Yellow to dark yellow color caplet shape tablets plain on both sides.

Average Weight of the tablets
(mg)

541.7 (538.0 - 544 1)

540.9 (537.4 - 546.1)

Thickness of the tablets (mm)

6.23 (6.20 - 6.27)

5.46 (5.41 - 5.51)

Hardness of the tablets (N)

170 (152 - 179)

181 (175 - 188)

Friability of the tablets (% w/w)

0.04%

0.007%

Example 3: Coating Of Diepalrestat Tablets

[0143]
[0144]

Two different coatings were tested. The components of the coatings are provided below, in Table 11, below.
B.No: CHT1-001/092: PVA based film coating with an aqueous system. B.No: CHT1-001/098: Seal coating

with organic system followed by PVA based film coating with aqueous system.

Table 11.

Ingredients tablets

B.No: CHT1-001/092, Batch size: 1500

B.No : CHT1-001/098, Batch size : 1500
tablets

Qty per tab. (mg)

Qty per tab. (mg)

Seal coating composition

dispersion

Opadry clear 59000 - 8.10
Isopropy!l alcohol - 53.8
Dichloro methane - 53.8
Se:tzl coated tablet _ 548.1
weight

Splld cc.mtent in the ) 7%
dispersion

Film coating composition

Opadry yellow

85F520040 16.20 16.44
Purified water 64.8 65.76
F|Ir.n coated tablet 556.20 564.54
weight

Solid content in the 20% 20%

Preparation of Seal coating dispersion

[0145]
into it to solubilize the Opadry clear

coating material.

Opadry clear 59000 was dispersed in isopropyl alcohol, then a sufficient quantity of dichloromethane was added

Preparation of Film coating dispersion

[0146] Opadry yellow 85F520040 was dispersed into a sufficient quantity of purified water (to make a 20% dispersion)
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under stirring and the stirring was continued for 45minutes.

[0147] The coating parameters and process are provided below.
[0148] Capacity of Coating Pan used: 5 kg.

Loading quantity: 2 kg

No. of spray gun used: 1 No.

Nozzle diameter: 1.2 mm

Inlet temperature: 55 = 5 °C

Atom. Pressure: 3.0 - 3.5 bar
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Table 12
B.No: CHT1-001/092 film B.No: CHT1-001/098 seal B.No: CHT1-001/098 film
Parameters . . .
coating coating coating
Inlet
temperature 54 -56 °C 48.0 - 56.0°C 54.0 - 56.0°C
(°C)
Cabinet
temperature 40-54°C 42.0-46.0°C 40.0-45.0°C
(°C)
Exhaust
temperature 43-48°C 46.0 - 52.0°C 42.0-48.0°C
(°C)
Pan speed
2-8 Inch - 8.0 Inch - 10
(RPM) nc nc
Pump speed
(RPM) 1-3 2-3 1-2
Atomlzatlon' 30-35 30-35 35
pressure (psi)
Total
processing 2 Hours 2 hours 15 minutes 2 hours 40 minutes
time
Table 13.
B.No. CHT1-001/092 (Film B.No. CHT1-001/098 (Seal B.No. CHT1-001/098 (Seal +
Parameters ) .
Coated) coating) Film Coated)
Tablet Pale yellow to peach color caplet shape tablets plain on both sides
Description y P P P P '
Average
557.9 (552.8 - 563.5 545.3 (538.7 - 551.4 561.0 (554.5-570.9
Weight (mg) ( ) ( ) ( )
Thickness
(mm) 5.54 (5.49 - 5.58) 5.52 (5.49 - 5.56) 5.61 (5.56 - 5.65)
Hardness (N) 229 (218 - 246) 194 (174 - 218) 241 (223 - 257)

[0149]

Dissolution profiles for the coated tablets are provided in Table 14, below.
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Table 14.
Medium : pH 6.8 phosphate buffer, Volume : 900 ml, Apparatus : USP type- |, RPM : 100
T(":'r‘)e Targ::;ffle(; 8 Hr B'N‘;:r? -A B"::::gz B.No: 092 Coated | B.No: 098 Coated

0 0 0 0 0 0

1 8 4 5 3 3

2 13 7 10 8 8

3 19 12 17 14 15
4 24 18 26 20 23
6 35 34 45 35 40
8 46 49 62 49 55
10 57 63 75 63 67
12 68 73 84 72 78
14 78 82 88 74 85
15 84 86 93 83 87
16 89 89 98 88 91
18 100 95 97 94 97
20 - 96 102 98 100
24 - 104 - - -
F1 8.12 16.41 7.32 10.52
F2 65.8 49.34 67.89 60.02

[0150]

The dissolution profile of the coated tablets of B.No CHT1-001/092 appears similar as that of the targeted profile

(see Table 14 and Fig. 4). Table 15 and Fig. 5 provide the dissolution profile for diepalrestat modified release tablets of
the present invention.

Table 15.

Time (hr.) | Target Profile | CHT1-001/092 150 mg (Coated) | CHT2-001/110 300 mg (Core)
0 0 0 0
1 8 3 6
2 13 8 13
3 19 14 20
4 24 20 29
6 35 35 43
8 46 49 56
10 57 63 68
12 68 72 75
14 78 74 84
15 84 83 86
16 89 88 89
18 100 94 92
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(continued)

Table 15.

Time (hr.) | Target Profile | CHT1-001/092 150 mg (Coated) | CHT2-001/110 300 mg (Core)
20 - 98 98

F1 - 7.32 9.86

F2 - 67.89 59.65

Example 4: Hydrogen Diepalrestat Tablet Core Intactness Study

[0151] Tablets were placed in petri dish filled with purified water. One tablet was removed at 2 hour intervals and
washed under running water until the intact core was exposed. The study continued until the complete core was hydrated.
Results are provided in Table 16, below.

[0152] Theresultsindicate that core intactness is notdependenton the hardness. Tablets with calcium chloride showed
faster erosion during initial stages and erosion slowed down during later stage with more gel strength. The tablets with
calcium chloride may exhibit faster release up to 4 hours and followed by more sustained release.

Table 16.
Batch No.
Time Batch No: CHT1-001/ 002 CHT1-001/ 002- Batch No. CHT1-001/ 002-B
A
. . ) 1) Initially tablet eroded faster than the previous two
1) Initially slow erosion was observed then viscous .
2 batches then viscous gel layer formed around the
gel layer formed around the tablet.
Hours tablet.
2) Intact core was observed after washing. 2) Intact core was observed after washing.
4 Gel strength was found less as compared to
Hours Intact core was observed after washing. previous two batches. Intact core was observed
after washing.
1) Gradual erosion was observed in the tablets, 1 1) Swelling & Gel strength was more as compare to
6 mm unwetted core was observed. batches without calcium chloride.

Hours | 2) It seems that, the percentage erosion not

depended on hardness 2) Core was found intact after washing.

1) Swelling & Gel strength was more as compare to
8 . batches without calcium chloride.

Hours Very small intact core was observed. 2) Loosely packed granules were found which was

not hydrated.

No intact core was observed. As in comparison with
No core was found intact, completely hydrated. batches without calcium chloride, gel strengthfound
more.

10
Hours

Example 5: Hydrogen Diepalrestat Tablet Dissolution and Solubility Studies

[0153] Saturation solubility studies were performed for the API in buffer solutions differing in pH. The results are given
below in Table 17. No solubility was observed for the drug in pH 1.2, 3.0 and 4.5 buffers. The highest drug solubility was
observed in pH 6.8 buffer.

Table 17.

pH of Media Solubility (mg/ml)

pH 1.2 buffer -Nil-

pH 3.0 buffer -Nil-
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(continued)

Table 17.

pH of Media Solubility (mg/ml)
pH 4.5 buffer -Nil-

pH 5.0 buffer 0.02 mg/ml

pH 6.8 buffer 0.46 mg/ml

pH 7.2 buffer 0.31 mg/ml
Purified water 0.14 mg/ml

[0154] Dissolution studies on the hydrogen diepalrestat modified release tablets of the present invention were carried
out in 900 mL phosphate buffer, pH 6.8, using the USP type | (Basket) apparatus at 100 RPM. Data was collected at
the following timepoints (hr): 1, 2, 3,4, 6, 8, 10, 12, 16, 20 and 24. Where indicated (see Table 10), dissolution was also
tested in change over media, where the pH was varied as follows: pH 1.2 (0-2 hrs.) —» pH 4.5 (2-20 hrs.) —» pH 6.8
(20-24 hrs.).

[0155] The release profiles of various tablets were compared to a target release profile, which was calculated based
on the available literature regarding pharmacokinetics followed by thrice daily administration of epalrestat 50 mg IR
formulation. The results are provided in Table 18 (24 hr. target release profile) and Table 19 (15 and 18 hr. target release
profiles), below.

[0156] Fig. 1 also provides the results of one study, where the dissolution of a CHT1-001/002-A tablet was tested in
different media, and compared to a target drug release profile. It was found that faster dissolution occurred in media pH
6.8 phosphate buffer. Additionally, in change over media, no drug release was observed in pH 1.2 buffer up to 2 hours.
As provided above in Table 9, at pH 1.2, the APl is not soluble.

[0157] It was found that batches with different concentration of Methocel K 15 M CR (3.125 & 6.25% w/w) showed
faster release profile from the initial time points (CHT1-001/032, CHT1-001/038).

[0158] Regarding the tablets that did not include sodium alginate (CHT1-001/015 and CHT1-001/020), no significant
difference was found in the drug release between. Accordingly, different concentration of Methocel polymer (29.57%
w/w and 37.50% w/w) did not effect the release profile. However, the release profile for both batches was not comparable
to the target drug release.

[0159] The batch taken with wet granulation process (CHT1-001/044) showed controlled release in the initial time
points (up to 4 hours) and was followed by a faster release profile.

[0160] Fig. 2 and Fig. 3 show the release profile of various tablets, compared to the target 15 hr. release profile (Fig.
2) and target 18-hr. release profile (Fig. 3).
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Example 6: Diepalrestat lonization Study In Different pH Environments

[0161] The percentage ionization of Epalrestat in different pH environments of the human gastrointestinal tract was
calculated based on the pKa value (3.61). The results are provided below, in Table 20.

[0162] The results indicate that the maximum percentage of drug exists in unionized state between pH 1.2 to 3.5,
especially pH 1-3. Accordingly, it is thought that absorption will be higher at this pH range. Since solubility is lower in
the pH range of1 - 4.5, the drug may not be absorbed even if it is exist in unionized form.

[0163] The dissolution results for Aldonil tablets 50 mg (IR epalrestat formulation, data not shown) demonstrated
negligible drug release at pH 1.2 media and only 12% release at pH 4.5 media.

[0164] T, for the IR formulation followed by oral administration is about 2.05+ 0.99, 2.25 + 0.95 h. It clearly indicates
that, drug shall be absorbed in the lower pH (pH 1 - 3.5) without addition of any solubilizer in the formulation.

Table 20.

pH environment of the bodv | % lonized
pH 1.2 0
pH 3.0 20.0
pH 3.5 44.0
pH 4.0 71.0
pH 4.5 89.0
pH 5.0 96.0
pH 5.5 99.0
pH 6.0 100.0
pH 6.8 100.0

Claims
1. A modified release pharmaceutical composition, comprising:

epalrestat or a pharmaceutically acceptable derivative thereof;
a water-swellable and pH independent polymer;

an anionic non-cellulose-based water-swellable polymer;

and a saccharide-based release rate adjusting agent.

2. The modified release pharmaceutical composition of claim 1, which

(i) when administered to a patient on a regular dosing schedule, provides a relatively flat plasma concentration
profile of epalrestat at steady state, wherein there are no substantial peaks or troughs in the relatively flat plasma
concentration profile and the minimum plasma concentration of epalrestat in the relatively flat plasma concen-
tration profile is sufficient to provide a therapeutic effect to the patient; or

(ii) when administered to a patient on a regular dosing schedule, provides a relatively flat plasma concentration
profile of epalrestat at steady state such that a mean Cmin/Cmax epalrestat ratio during the dosing interval is
about 0.55 to about 1.0 and the Cmin is sufficient to provide a therapeutic effect; or

(iii) is in a once or twice a day dosage form, provides to a patient a therapeutic effect for about 12 to about 24
hours and a relatively flat plasma concentration profile of epalrestat at steady state such that the minimum
plasma concentration of epalrestat during the dosing interval is about 55% of the maximum plasma concentration
during the dosing interval.

3. The modified release pharmaceutical composition of claim 1, wherein the water-swellable and pH independent
polymer is selected from the group consisting of hypromellose, hydroxypropyl ethyl celluloses, hydroxypropyl cel-

lulose, hydroxyethyl cellulose, methyl cellulose, and combinations thereof.

4. The modified release pharmaceutical composition of claim 1, wherein the anionic non-cellulose-based water-swella-
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ble polymer is selected from the group consisting of anionic derivatives of agar; anionic derivatives of guar gum;
anionic derivatives of locust bean gum; anionic derivatives of xanthan gum; anionic derivatives of alginin; anionic
derivatives of polysaccharides of mannose and galactose, or chitosan; anionic derivatives of modified starch; and
combinations thereof.

5. The modified release pharmaceutical composition of claim 1, wherein the saccharide based release rate adjusting
agent is a polyol compound.

6. The modified release pharmaceutical composition of claim 5, wherein the polyol compound is selected from arabitol,
xylitol, ribitol, mannitol, sorbitol, dulcitol, fucitol, iditol, isomalt, maltitol, and lactitiol.

7. The modified release pharmaceutical composition of claim 1, which is in a matrix form, such as an oral tablet.

8. The modified release pharmaceutical composition of claim 1, wherein the weight ratio of the water-swellable and
pH independent polymer to the anionic non-cellulose-based water-swellable polymer is from about 2.5 : 1 to about
15:1.

9. The modified release pharmaceutical composition of claim 1, wherein epalrestat or a pharmaceutically acceptable
derivative thereof is in an amount of about 30% to about 45% weight percentage.

10. The modified release pharmaceutical composition of claim 1, wherein epalrestat or a pharmaceutically acceptable
derivative thereof is choline hydrogen diepalrestat or betaine hydrogen diepalrestat.

11. The modified release pharmaceutical composition of claim 1, for use in a method comprising administration to a
patient once or twice a day.

12. The modified release pharmaceutical composition of claim 1, for use in a method of treating diabetes or a diabetic
complication in a subject in need thereof.

13. The modified release pharmaceutical composition for the use according to claim 12, comprising administration to
a patient once or twice per day.

14. The modified release pharmaceutical composition for the use according to claim 12, wherein the diabetic complication
is selected from the group consisting of diabetic neuropathy, diabetic nephropathy, diabetic cardiomyopathy, diabetic
retinopathy, diabetic gastroparesis, cataracts, foot ulcers, diabetic macroangiopathy, diabetic microangiopathy, high
blood glucose, high HbA1c levels, and combinations thereof.

15. The modified release pharmaceutical composition of claim 1, for use in a method of inhibiting aldose reductase in
a subject in need thereof; or for use in cardioprotection in a subject in need thereof.

Patentanspriiche

1. Pharmazeutische Zusammensetzung mit modifizierter Freisetzung, umfassend:

Epalrestat oder ein pharmazeutisch annehmbares Derivat davon;

wasserquellbares und pH-unabhéngiges Polymer;

ein aniones nicht auf Zellulose basierendes wasserquellbares Polymer;

und ein auf Saccharid basierendes Mittel zur Einstellung der Freisetzungsgeschwindigkeit.
2. Pharmazeutische Zusammensetzung nach Anspruch 1, die

(i) wenn einem Patienten nach einem regelmaRigen Dosierplan verabreicht, ein relativ gleichmaRiges Plasma-
konzentrationsprofil von Epalrestat im stabilen Zustand zur Verfliigung stellt, wobei es keine wesentlichen Peaks
oder Tiefpunkte im relativ gleichmaRigen Plasmakonzentrationsprofil gibt und die minimale Plasmakonzentration
von Epalrestat im relativ gleichmaRigen Plasmakonzentrationsprofil ausreicht, um dem Patienten eine thera-
peutische Wirkung zur Verfligung zu stellen; oder

(ii) wenn einem Patienten nach einem regelmafRigen Dosierplan verabreicht, ein relativ gleichmaRiges Plasma-
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konzentrationsprofil von Epalrestat im stabilen Zustand zur Verfligung stellt, derart, dass ein mittleres
Cmin/Cmax-Epalrestatverhaltnis wahrend des Dosierungsintervalls etwa 0,55 bis etwa 1,0 betragt und Cmin
ausreicht, eine therapeutische Wirkung zur Verfligung zu stellen; oder

(iii) bei der Dosierungsform von einmal oder zweimal taglich, einem Patienten etwa 12 bis etwa 24 Stunden
lang eine therapeutische Wirkung zur Verfligung stellt sowie ein relativ gleichmaRiges Plasmakonzentrations-
profil von Epalrestat in stabilem Zustand, derart, dass die minimale Plasmakonzentration von Epalrestat wahrend
des Dosierungsintervalls etwa 55% der maximalen Plasmakonzentration wdhrend des Dosierungsintervalls
betragt.

Pharmazeutische Zusammensetzung mit modifizierter Freisetzung nach Anspruch 1, wobei das wasserquellbare
und pH-unabhangige Polymer ausgewahlt ist aus der Gruppe bestehend aus Hypromellose, Hydroxypropylethyl-
cellulosen, Hydroxypropylcellulose, Hydroxyethylcellulose, Methylcellulose, und Kombinationen davon.

Pharmazeutische Zusammensetzung mit modifizierter Freisetzung nach Anspruch 1, wobei das anionische nicht
auf Zellulose basierende wasserquellbare Polymer ausgewahlt ist aus der Gruppe bestehend aus anionischen
Derivaten von Agar; anionischen Derivaten von Guargummi; anionischen Derivaten von Johannisbrotkernmehl;
anionischen Derivaten von Xanthangummi; anionischen Derivaten von Alginin; anionischen Derivaten von Polysac-
chariden von Mannose und Galactose, oder Chitosan; anionischen Derivaten modifizierter Starke; und Kombinati-
onen davon.

Pharmazeutische Zusammensetzung mit modifizierter Freisetzung nach Anspruch 1, wobei das auf Saccharid ba-
sierende Mittel zur Einstellung der Freisetzungsgeschwindigkeit eine Polyolverbindung ist.

Pharmazeutische Zusammensetzung mit modifizierter Freisetzung nach Anspruch 5, wobei die Polyolverbindung
ausgewahlt ist aus Arabitol, Xylitol, Ribitol, Mannitol, Sorbitol, Dulcitol, Fucitol, Iditol, Isomalt, Maltitol, und Lactitiol.

Pharmazeutische Zusammensetzung mit modifizierter Freisetzung nach Anspruch 1, die in Matrixform, wie zum
Beispiel einer Tablette zur oralen Verabreichung, vorliegt.

Pharmazeutische Zusammensetzung mit modifizierter Freisetzung nach Anspruch 1, wobei das Gewichtsverhaltnis
des wasserquellbaren und pH-unabhangigen Polymers zum anionischen nicht auf Zellulose basierenden wasser-
quellbaren Polymer von etwa 2,5 : 1 bis etwa 1,5 : 1 betragt.

Pharmazeutische Zusammensetzung mit modifizierter Freisetzung nach Anspruch 1, wobei Epalrestat oder ein
pharmazeutisch annehmbares Derivat davon in einer Menge von etwa 30% bis etwa 45% Gew.-% vorliegt.

Pharmazeutische Zusammensetzung mit modifizierter Freisetzung nach Anspruch 1, wobei Epalrestat oder ein
pharmazeutisch annehmbares Derivat davon Cholinwasserstoffdiepalrestat oder Betainwasserstoffdiepalrestat ist.

Pharmazeutische Zusammensetzung mit modifizierter Freisetzung nach Anspruch 1, zur Verwendung in einem
Verfahren, das die Verabreichung an einen Patienten einmal oder zweimal pro Tag umfasst.

Pharmazeutische Zusammensetzung mit modifizierter Freisetzung nach Anspruch 1, zur Verwendung in einem
Verfahren, das die Behandlung von Diabetes oder einer diabetischen Komplikation bei einem Subjekt, das der
Behandlung bedarf, umfasst.

Pharmazeutische Zusammensetzung mit modifizierter Freisetzung zur Verwendung nach Anspruch 12, umfassend
die Verabreichung an einen Patienten einmal oder zweimal pro Tag.

Pharmazeutische Zusammensetzung mit modifizierter Freisetzung zur Verwendung nach Anspruch 12, wobei die
diabetische Komplikation ausgewabhlt ist aus der Gruppe bestehend aus diabetischer Neuropathie, diabetischer
Nephropathie, diabetischer Kardiomyopathie, diabetischer Retinopathie, diabetischer Gastroparese, Kartarakten,
Beingeschwiiren, diabetischer Makroangiopathie, diabetischer Microaniopathie, hohem Blutzucker, hohen HbAIc-
Niveaus, und Kombinationen davon.

Pharmazeutische Zusammensetzung mit modifizierter Freisetzung nach Anspruch 1, zur Verwendung in einem

Verfahren zur Inhibierung einer Aldosereduktase bei einem Patienten, der dieser Behandlung bedarf; oder zur
Verwendung bei der Kardioprotektion bei einem Subjekt, das dieser Behandlung bedarf.
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Revendications

1.

2,

10.

Composition pharmaceutique a libération modifiée, comprenant ;

de I'épalrestat ou un dérivé de celui-ci acceptable d’'un point de vue pharmaceutique ;
un polymeére indépendant du pH et susceptible de gonfler dans I'eau ;

un polymeére susceptible de gonfler dans I'eau a base de non-cellulose anionique ;

et un agent d’ajustement de débit de libération a base de saccharide.

Composition pharmaceutique a libération modifiée selon la revendication 1, qui

(i) lorsqu’elle est administrée a un patient sur un programme de dosage régulier, fournit un profil de concentration
en plasma relativement plat d’épalrestat a I'état stable, dans laquelle il n’y a aucuns pics ou creux substantiels
dans le profil de concentration en plasma relativement plat et la concentration minimale en plasma d’épalrestat
dans le profil de concentration en plasma relativement plat est suffisante pour fournir un effet thérapeutique au
patient ; ou

(i) lorsqu’elle est administrée a un patient sur un programme de dosage régulier, fournit un profil de concentration
en plasma relativement plat d’épalrestat a I'état stable de sorte qu’un rapport moyen d’épalrestat Cmin/Cmax
pendant I'intervalle de dosage est d’environ 0,55 a environ 1,0 et le Cmin est suffisant pour fournir un effet
thérapeutique ; ou

(iii) est sous une forme de dosage d’une ou deux fois par jour, fournit a un patient un effet thérapeutique pendant
environ 12 a environ 24 heures et un profil de concentration en plasma relativement plat d’épalrestat a I'état
stable de sorte que la concentration minimale en plasma d’épalrestat pendant l'intervalle de dosage estd’environ
55 % de la concentration maximale en plasma pendant lintervalle de dosage.

Composition pharmaceutique a libération modifiée selon la revendication 1, dans laquelle le polymére indépendant
du pH et susceptible de gonfler dans I'eau est sélectionné a partir du groupe constitué par ’hypromellose, des
celluloses d’hydroxypropyle éthyle, de I'hydroxypropylcellulose, de I'hydroxyéthylcellulose, de la méthylcellulose et
des combinaisons de celles-ci.

Composition pharmaceutique a libération modifiée selon la revendication 1, dans laquelle le polymére susceptible
de gonfler dans 'eau a base de non-cellulose anionique est sélectionné a partir du groupe constitué par des dérivés
anioniques de gélose ; des dérivés anioniques de farine de guar ; des dérivés anioniques de gomme de caroube ;
des dérivés anioniques de gomme de xanthane ; des dérivés anioniques d’arginine ; des dérivés anioniques de
polysaccharides de mannose et de galactose, ou de chitosane ; des dérivés anioniques d’amidon modifié ; et des
combinaisons de ceux-ci.

Composition pharmaceutique a libération modifiée selon la revendication 1, dans laquelle 'agent d’ajustement de
taux de libération a base de saccharide est un composé de polyol.

Composition pharmaceutique a libération modifiée selon la revendication 5, dans laquelle le composé de polyol est
sélectionné a partir d’arabitol, xylitol, ribitol, mannitol, sorbitol, dulcitol, fucitol, iditol, isomalt, maltitol et lactitiol.

Composition pharmaceutique a libération modifiée selon la revendication 1, qui est sous une forme matricielle,
comme un comprimé oral.

Composition pharmaceutique a libération modifiée selon la revendication 1, dans laquelle le rapport de masse du
polymére indépendant du pH et susceptible de gonfler dans I'eau sur le polymére susceptible de gonfler dans I'eau
a base de non-cellulose anionique est d’environ 2,5:1 a environ 1,5:1.

Composition pharmaceutique a libération modifiée selon la revendication 1, dans laquelle I'épalrestat ou un dérivé
de celui-ci acceptable d’un point de vue pharmaceutique est en une quantité d’environ 30 % a environ 45 % en
pourcentage en poids.

Composition pharmaceutique a libération modifiée selon la revendication 1, dans laquelle I'épalrestat ou un dérivé

de celui-ciacceptable d’'un pointde vue pharmaceutique est dudiépalrestat de choline hydrogénée ou dudiépalrestat
de bétaine hydrogénée.
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Composition pharmaceutique a libération modifiée selon la revendication 1, a utiliser dans un procédé comprenant
'administration a un patient une ou deux fois par jour.

Composition pharmaceutique a libération modifiée selon la revendication 1, a utiliser dans un procédé de traitement
du diabéte ou une complication diabétique chez un sujet en ayant besoin.

Composition pharmaceutique a libération modifiée a utiliser selon la revendication 12, comprenant 'administration
a un patient une ou deux fois par jour.

Composition pharmaceutique a libération modifiée a utiliser selon la revendication 12, dans laquelle la complication
diabétique est sélectionnée a partir du groupe constitué par la neuropathie diabétique, néphropathie diabétique,
myocardiopathie diabétique, rétinopathie diabétique, gastroparésie diabétique, cataractes, ulcéres de pied,
macroangiopathie diabétique, microangiopathie diabétique, glycémie élevée, niveaux élevés de HbA1c, et des
combinaisons de ceux-ci.

Composition pharmaceutique a libération modifiée selon la revendication 1, a utiliser dans un procédé d’inhibition

de I'aldose réductase chez un sujet en ayant besoin ; ou a utiliser pour la cardioprotection chez un sujet en ayant
besoin.
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FIBIEIE

Eoalrestalol vagy egy sedrmarekat tartalmeasd médusitott lsaddsd gydgydsvati kdanit-

mény & srok slkalmazdst aljardsat

Szabadaimi igénypantok

. Médositott leaddst gydgyassati kesxitmény, msly:
apalvestatol vagy gy gvégydsatiiag eifogadhstd sedrmazdhdt;
sy vizben duzzade és pH-Riggstien polimert;
gy anionos nem-cefinidr-alapd vizhen duzradd polimert;

&5 ogy szaccharid-alapd leadas! sehessdget hadllitd szent

tartgimas.

2. &z 1. igénypont szerintl madosftott loaddsh gyogvdssatl keszitmeény, mely

() pdciensnek  elBirds sserin®l dogisiitomezdshen  adagolva  viszonyiag  sgyenieles
apalrestat koncentracld profit eredmdnyer egyenstiyt dapotngl, ahol a viszonyleg
egyanistes koncentrdcid profitban nincsensk jelen Bnyegss maximumek vagy meélyedé-
sek, 83 ax epalrestat minimalls plazma-koncentricidiy a viszonylsg sgyenistes koncent-
racis profilban slegendd & paciensnsek terdpids hatds blztosiiasdra; vagy

() pdciensnek  eolfifras szerintl dédistismezdsben adagolva viszonyiag egyenieles
spalrestal konceniracid profilt eredmdnyer egyensthyl alfapotndl, oly mddon, hogy sz
adagoldst iddszal alall ax Atlagos CmindCmax spalrestat ardny koriibell §.5% & kel
belil 1.0 k8, &5 5 Cmin elegeadd terdpids hotds bistositdsars; vagy

G8Y egy napt egyseen vagy kétszert ddeisformidjl, » paciensnek kbr{iballl 13 & kdriithe-
Hib 24 ora kOooth tevdpids hatdst, &5 egy viszonviag egyenifetes spalrestat konventrdcis
profiit sredményez sgvenstlyl dllapoingl, oy modon, hogy @z adagolds sorén av
spalregtat minimalis plazma-koncentrdcidia  kbciibellll 5%%-3 2 nmaximaélis plazma-

k@-n::mirécééﬁak ay adagolast iddtartamaeny beltil

3. &z L. igénypont szerintl mddositott foaddsh gydgvdssatl készitmdny, shol a vizbhen
durzand és pH-fliggetien polimer hipromelide, hidroxipropii-stii~-celluddzalk, hidroxiprapits
celiulde, hidroxietii-celiulde, metiiceliulds, ds kombindoidik kizi! valasztott.

4, Az 1. igdoypont srerintl mddositott leaddst gydayvasratl készitmény, shol az antonoes
namcellviéz-slapd vizhen dusadd polimer anlonos agar sxdrmaadkok; anlonos guar-
gumi szérmazdkok; anfonos srentfdnoskenyér-lsxl szanmazéhok; antones xantdn-gumd

szérmazdkok; anjonos alginin sedrmazdkok; anlonos mannos- #s galaktdz poliszacchand



vagy kitoxan scarmasckok; anionos moédositolt kemeanyitd szarmazdkek, és kombindoidlk
ksl valasztott,

5. Az 1. igénypont szenint modesitonr eaddst gydgydszati kdszitmeny, ahol a
sraccharid-alapy loaddsi sebessdyel badihitd azer egy polivt-vegyliet

§. &z %, igénypont seerint mddositolt loaddst gydgysszatl keszitmény, shol a polieh
vagyliet arabitol, xilitel, rnibitol, mannitel, seorbitol, dulcitel, fucitel, iditel, fzomaltol,
maititol, 8s laktitiol k8l vilasztad,

7. Ax 1. igdnvpont szerintl mddositott leaddsd gydgydszall béssitmdny, mely matrix for-
rediay, pelddul sgy ordlis tabletta,

&, Az 1. igénypont srenintt madositott leaddst gydgyasati készitmdny, ahol vizben dux-
radd du ph-fliggetien polimer €8 a2 anionos nem-celiulde-alapd vizben duzzadd polimer

*

megardnye kSritbellt 2.8 ¢ 1 &5 hirGibell 1.5 ¢ 1 kizdttl

4. Az 1. igdnypont szerintl modositott leaddsh gydaydszati kaszitmeny, abuol az gpalrestat
vagy gydoydszatilag elfogadhatd sxdrmazdéka korlitballl 30 0maegth ¢s krtiallt 4% W

mag% kOB mannyisdgben van jelen.

10, Az 1. fgéayport sxerintl mddositoft leaddsd gydgydstall készitmdny, ahol sz
epafrestat vagy gydaydssatiiag elfogadhatd szarmazéka kolirehidrogén-dispatrestat vagy
batain-hidrogsn-diepalrastst.

11, Ax 1. igénypont seerint mddositot leadds gydgydseatl kdszitmény padensnek napd
savszert vagy kétsren adagoldst magdba foglals eljdrdsban torténd sikalmazdsra,

12, Az 1. igdnaypont sranntl médositott leadded gydgyaszatl készitmeny diabstes vagy

dizhetesres komphikdcid kezelésdre szolgdld elfdrdshan ndnd slkalmazdsra ama szoruld
alanyban,

13, Médositott leadsdsd gyégg et késsitmdny a 12 igSovpont saerinti eljardshan s
nd albaimazdses, ahol a pAciensnek napd sgyszen vagy kétsrer! adagoldst vagaink.

&

11, Modositott leaddst gydoydszati kdszimény g 12, inénypont szerintl eljdrd

3

shan o
nd alkalmazdsra, ahol a disbetesses bomplikdcle diabetesses nauropathia, diabeteszes
nephropathia, disbeteszes  cardiomyopathia, disbeteszes  retinopathia,  diabeleszes



3

gastroparesis, sdlirkehdlyvog, dbsedrfekdly, diabeteszes macroangiopathis, dishetesses
micreangiopathia, mages ver-giikdzszing, mages HbALL sgint, &s szek kombinacidl kS
kard Kb

$orb.

5, Ar 1 igdnypont sxerintl modasiion leaddst gydgyaszati keszitmeny egy area raszon-
& alanyban aldde-roduitds gdtissl eliardshan vagy ooy area rdszoruld slamyban ssiv vé-
deimers tontdnd alkaimardsra,
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