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METHOD FOR PREVENTING ACUTE RENAL FATLURE

RELATED APPLICATION
This application claims the benefit of U.S. Provisional Application No.
60/281,363, file on April 4, 2001, the entire teachings of which are incorporated

herein by reference.

BACKGROUND OF THE INVENTION

Renal failure is a major cause of long-term hospitalization and death. It is
characterized by acute or chronic deterioration of kidney function that initially
occurs in an individual who previously had normal kidney function or that
progresses further in an individual already suffering from kidney disease and/or
dysfimction. There are a number of factors which are predictive of whether a patient
is likely to experience acute renal failure. Risk factors include pre-existing diseases
or conditions such as diabetes, renal disease/dysfunction, hypotension, hemorrhagic
shock, systemic inflammation, sepsis, temporary interruption of blood flow to the
kidneys, liver disease or heart disease. Other risk factors include treatment with
nephrotoxic drugs and contrast imaging agents. Subjects with two or more risk
factors are said to be “at risk™ for acute renal failure.

Although it is now possible to identify patients who are at risk for developing
acute renal failure, treatments for preventing the condition a1:e still inadequate. Thus,
there is an urgent need for new methods of preventing and/or ameliorating the

effects of acute renal failure.

SUMMARY OF THE INVENTION

Disclosed herein are methods for treating subjects who are at risk for acute
renal failure and subjects who are experiencing acute renal failure. It is believed that
renal failure is caused, at least in part, by reactive oxygen species (ROS) such as
superoxide radical anion (O*), hydrogen peroxide (H,0,) and hydroxyl radical
(OHY). In the methods of the present invention, this damage is reduced by

administering scavengers of ROSs such as a 2-ketoalkanoic acid or a derivative

JP 2004-527529 A 2004.9.9
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thereof. It has also reported herein that esters of 2-ketoalkanoic acids such as
pyruvate esters are ﬁarticulaﬂy effective scavengers of ROSs when administered in
the presence of an enolization agent.

One embodiment of the present invention is a method of treating acute renal
failure in a subject. The method comprises the step of administering (preferably prior
to the procedure) to the subject an sffective amount of a composition comprising a
2-ketoalkanoic acid, a pharmaceutically acceptable salt of a 2-ketoalkanoic acid, an
ester of a 2-ketoalkanoic acid, or an amide of a 2-ketoalkanoic acid. Preferably, the
composition comprises an enolization agent and an alkyl aralkyl, alkoxyalkyl or
carboxyallkyl ester of a 2-ketoalkanoic acid dissolved in a pharmaceutically
acceptable vehicle.

Another embodiment of the present invention is a method of prophylactically
treating acute renal failure in a subject undergoing contrast imaging. The method
comprises the step of administering to the subject an effective amount of a
composition comprising an enolization agent and an alkyl aralkyl, alkoxyalkyl or
carboxyalkyl ester of a 2-ketoalkanoic acid (preferably an ester of pyruvate such as
ethyl pyruvate) dissolved in a pharmaceutically acceptable carrier vehicle.

The pharmaceutical compositions used in the method of the present
invention preferably include an enolization agent. The enolization agent significantly
increases the solubility of the 2-ketoalkanoic acid in aqueous solution. Therefore,
pharmaceutical solutions containing the enolization agent can have higher
concentrations of 2-ketoalkanoic acids than pharmacentical solutions without the
enolization agent. The more concentrated pharmaceutical compositions are more
convenient to use and provide an improved therapeutic benefit compared with the
less concentrated solutions. In addition, the enolization agent increases the capacity
of the pyruvate ester and other 2-alkanoic acids to scavenge ROSs. Thus, the use of

pharmaceutical compositions comprising a 2-ketoalkanoic acid with an enolization

agent provides for an improved method of treating acute renal failure.

JP 2004-527529 A 2004.9.9
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DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a method of treating acute renal failure in
subject by administering a pharmaceutical composition comprising a 2-ketoalkanoic
acid, a pharmaceutically acceptable salt of a 2-ketoalkanoic acid, an ester of a 2-
ketoalkanoic acid, or an amide of a 2-ketoalkanoic acid. Preferably, the composition
comprises an enolization agent and an alkyl, aralkyl, alkoxyalkyl or carboxyalkyl
ester of a 2-ketoalkanoic acid dissolved in a pharmaceutically acceptable vehicle.

An “enolization agent” is a chemical agent which induces and stabilizes the
enol resonance form of a 2-ketoester at or around physiological pH (e.g., between
about 7.0 to about 8.0). Enolization agents include a cationic material, preferably a
divalent cation such as calcium or magnesium or, for example, a cationic amino acid
such ornithine or lysine. Preferably, sufficient enclization agent is present in the
pharmaceutical composition to stabilize the enol form. Stabilization of the enol form
is indicated by an increase in solubility of the pyruvate ester in aqueous solution at
or around physiological pH. For example, pyruvate esters are generally only
marginally soluble in aqueous solution at or around physiological pH, but the enol
form of these esters can be dissolved to form solutions having a concentration
between about 20 mM to about 200 mM. In the present application, the enol form is
said to be “stabilized” in aqueous solution at pH between 7-8 when sufficient
enolization agent is present such that the concentration of 2-ketoalkanoic acid
dissolved in the solution is at least 20 mM.

A pharmaceutically acceptable carrier for the composition used in the
method of the present invention can be any carrier vehicle generally recognized as
safe for administering a therapeutic agent to a mammal, e.g., a buffer solution for
infusion, a tablet for oral administration or in gel, micelle or liposome form for on-
site delivery. A preferred buffer solution is isotonic or hypertonic saline; or a
bicarbonate, phosphate, plasma extender, microcolloid or microcrystalline solution.
Particularly preferred is a Ringer's solution of isotonic saline supplemented with
potassium ion. In a particularly preferred aspect, the pharmaceutical composition
comprises ethyl pyruvate admixed with calcium ion in a Ringer's solution at a pH in

the range of 7-8.
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In other aspects, the ester portion of the 2-ketoalkanoic acid ester is ethyl,
propyl, butyl, carboxymethyl, acetoxymethyl, carbethoxymethyl or ethoxymethyl.
The 2-ketoalkanoic acid portion is 2-keto-butyrate, 2-ketopentanocate, 2-keto-3-
methyl-butyrate, 2-keto-4-methyl-pentanoate or 2-keto-hexanoate. In a preferred
en;bodiment, the pharmaceutical composition used in the disclosed method
comprises ethyl pyruvate.

Suitable amides of 2-ketoalkanoic acids for use in the method of the present
inventions include compounds having the following structural formula:
RCOCONRIR2. R is an alkyl group; R1 and R2 are independently -H, alkyl, aralkyl,
alkoxyalleyl, carboxyalkyl or -CHR3COOH,; and R3 is the side chain of a naturally
oceurring amino acid.

Suitable alkyl groups include C1-C8 straight chained or branched alkyl
group, preferably C1-C6 straight chained alkyl groups.

Suitable aryl groups include carbocyclic (e.g., phenyl and naphthyl) and
heterocyclic (e.g., furanyl and thiophenyl) aromatic groups, preferably phenyl.

An alkoxy group is -OR4, wherein R4 is an alkyl group, as defined above.
An alkoxyalkyl group is an alkyl group substituted with -OR4.

An aralkyl group is ~XY, wherein X is an alkyl group and Y is an aryl group,
both as defined above.

A carboxyalkyl group is an alkyl group substituted with -COOH.

The therapeutic compositions of the invention can be administered orally, or
parenterally, (e.g., intranasally, subcutaneously, intramuscularly, intravenously,
intraluminally, intra-arterially, intravaginally, transurethrally orrectally) by routine
methods in pharmaceutically acceptable inert carrier substances. For example, the
therapeutic compositions can be administered in a sustained release formulation
using a biodegradable biocompatible polymer, or by on-site delivery using micelles,
gels, liposomes, or a buffer solution. Preferably, the pharmaceutical composition is
administered as an infusate at a concentration of, e.g., 20-200 mM of 2-ketoalkanoic
acid, at a rate of 10-100 mg/kg/hr, in a buffer solution as described herein. In bolus
form, the active agent can be administered at a dosage of, e.g., 10-200 mg/kg from 1-

4 times daily. The cation in the composition of the invention is at an appropriate
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concentration to induce enolization of the 2- keto functionality of the amount of
active ester agent in the administered composition. Optimal dosage and modes of
administration can readily be determined by conventional protocols.

The method of the present invention can be used to treat acute renal failure in
subjects. It is particularly suited for prophylactic treatment of acute renal failure.
“Prophylactic treatment” refers to treatment before kidney function has been
adversely affected by a given disease or condition to prevent or reduce the extent of
damage to renal function. For example, a subject at risk for acute renal failure can be
prophylactically tréated according to the method of the present invention prior to
undergoing a contrast imaging procedure. “Prophylactic treatment” also refers to
treatment after renal function has already been adversely affected by a given disease
or condition to prevent or reduce further deterioration of renal function. For
example, a subject at risk for acute renal failure who becomes septic or goes into
hemorrhagic shock may suffer kidney damage before treatment can begin. However,
treatment that is initiated after kidney damage has already occurred according to the
method of the present invention can prevent finther deterioration of kidney function.

A “subject” is preferably a human patient, but can also be a companion
animal (e.g., dog, cat and the like), a farm animal (e.g., horse, cow, sheep, and the
like) or laboratory animal (e.g., rat, mouse, guinea pig, and the like). The method of
the present invention is ideally suited to prophylactically treat subjects at risk for
acute renal failure, which includes subjects having more than risk factor for the
condition, e.g., two, three, four or more risk factors. Examples of risk factors include
pre-existing diseases or conditions such as diabetes, renal disease/dysfunction,
hypotension, hemorrhagic shocl, systemic inflammation, sepsis, temporary
interruption of blood flow to the kidneys, liver disease or heart disease. Other risk
factors include treatment with nephrotoxic drugs and contrast imaging agents. The

risk of suffering acute renal failure increases as the number of risk factors imcreases.
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While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.
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CLAIMS

‘What is claimed is:

1. A method of treating acute renal failure in a subject, said method comprising
the step of administering an effective amount of a composition comprising an
enolization agent and an alky! aralkyl, alkoxyalkyl or carboxyalkyl ester of 2~

ketoalkanoic acid dissolved in a pharmaceutically acceptable carrier vehicle.

2. The method of Claim 1 wherein the concentration of 2-ketoalkanoic acid

dissolved in the vehicle is at least about 20 mM.

3. The method of Claim 2 wherein the enolization agent is a pharmaceutically

acceptable inorganic, divalent cation.

4. The method of Claim 3 wherein the subject is being treated prophylactically

for acute renal failure.

5. The method of Claim 4 wherein the subject is at risk for developing acute

renal failure.

6. The method of Claim 5 wherein the subject has at least two risk factors for

developing acute renal failure.

7. The method of Claim 5 wherein the subject has at least three risk factors for

developing acute renal failure.

8. The method of Claim 6 wherein the subject is undergoing contrast imaging.

9. The method of Claim 6 wherein the subject has pre-existing renal
disease/dysfimction.

JP 2004-527529 A 2004.9.9
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The method of Claim 6 wherein the subject is diabetic.

The method of Claim 6 wherein the subject is being treated with nephrotoxic
drugs.

The method of Claim 6 wherein the subject is being treated for hypotension.

The method of Claim 6 wherein the subject is being treated for hemorrhagic

shock, systemic inflammation or sepsis.

The method of Claim 6 wherein the subject is experiencing or likely to

experience disruption of renal blood flow.

The method of Claim 14 wherein the disruption of blood flow is due to
surgery.

The method of Claim 6 wherein the subject is experiencing liver failure or

heart failure.

A method of prophylactically treating a subject at risk for developing acute
renal failure, said method comprising the step of administering an effective
amount of a composition comprising Ca™ or Mg™ and at least about 20 mM
of an alkyl aralkyl, alkoxyalkyl or carboxyalkyl ester of pyruvic acid

dissolved in a pharmaceutically acceptable carrier vehicle.

A method of prophylactically treating a subject at risk for developing acute
renal failure, said method comprising the step of administering an effective
amount of a composition comprising Ca™ or Mg and at least about 20 mM

of ethyl pyruvate dissolved in a pharmaceutically acceptable carrier vehicle,

JP 2004-527529 A 2004.9.9
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The method of Claim 18 wherein the vehicle is Ringer’s solution at a pH of

between about 7 to about 8.

A method of treating acute renal failure in a subject, said method comprising
the step of administering an effective amount of a compositidn comprising a
2-ketoalkanoic acid, a pharmaceutically acceptable salt of a 2-ketoalkanoic

acid, an ester of a 2-ketoalkanoic acid or an amide of a 2-ketoalkanoic acid.

The method of Claim 20 wherein the composition comprises pyruvic acid, a
pharmaceutically acceptable salt of pyruvic acid, a pyruvamide or an ester of

pyruvic acid.

The method of Claim 21 wherein the subject is being treated prophylactically

for acute renal failure.

A method of prophylactically treating acute renal failure in a subject
undergoing contrast imaging, said method comprising the step of
administering an effective amount of a composition comprising an
enolization agent and an alkyl aralkyl, alkoxyalkyl or carboxyalkyl ester of 2-

ketoalkanoic acid dissolved in a pharmaceutically acceptable carrier vehicle.

JP 2004-527529 A 2004.9.9
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