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GENOTYPE SPECIFIC METHODS FOR TREATING HUMAN 

SUBJECTS USING 4-METHYLPYRAZOLE 

1. CROSS REFERENCE 

[0001] This application claims the benefit of U.S. Patent Application No. 61/185,884, 

filed June 10, 2009, the disclosure of which is incorporated herein by reference in its entirety. 

2- TECHNICAL FIELD 

[0002] Provided herein are methods comprising administering 4-methylpyrazole 

(4-MP), or physiologically acceptable salts thereof, to subjects of genetic subpopulations 

expressing specific polymorphisms of the alcohol dehydrogenase and aldehyde 

dehydrogenase genes. Also provided herein are methods to prevent or ameliorate ethanol 

intolerance, reduce or ameliorate symptoms associated with acetaldehyde accumulation 

accompanying ethanol consumption, or reduce the risk of diseases or disorders caused by 

consumption of ethanol, comprising administering 4-MP, or physiologically acceptable salts 

thereof, to subjects of these subpopulations. 

3- BACKGROUND OF THE INVENTION 

[0003] Ethanol is consumed for a variety of social, recreational, and medicinal 

purposes in humans. Excessive ethanol consumption causes injury to a wide variety of tissues 

including liver, brain, skeletal, and cardiac muscle and is responsible for considerable public 

health morbidity and mortality. 

[0004] Many of these effects of ethanol are mediated by acetaldehyde, which is 
produced during ethanol metabolism in a two-step pathway in which ethanol is oxidized by 

alcohol dehydrogenase (ADH) to acetaldehyde, which is in turn quickly metabolized into 

acetic acid by aldehyde dehydrogenase (ALDH), a mitochondrial liver enzyme (see Figure 1). 

[0005] The ADH and ALDH genes display polymorphisms that modulate individual 

differences in alcohol-oxidizing capability (Bosron et al., Hepatology 1986, 6, 502-510). 

East Asian populations cany a variant allele of alcohol dehydrogenase subtype 2 (ADH2*2) 

that encodes an ADH enzyme with a R47H amino acid substitution (Matsuo et al,, 

Carcinogenesis 2006, 27(5), 3018-1023; Tamakoshi et al., Alcohol 2003, 38, 407-410). The 

H47 ADH enzyme is "superactive," exhibiting a Fmax about 40 times higher than the less 

active R47 ADH enzyme encoded by the "typical" allele (ADH2*1) (Bosron et al., 



Hepatology 1986, 6, 502-510; Yoshida et al., Prog. Nucleic Acid Res. Mol. Biol 1991, 40, 
255-287). The ADH2*2 allele is associated with the accumulation of acetaldehyde (Crabb et 

al., Proc. Nutr. Soc. 2004, 63(1), 49-63). 

[0006] Also prevalent in East Asian populations is a variant allele of aldehyde 

dehydrogenase subtype 2 (ALDH2*2) that encodes for an ALDH enzyme with an E487K 

amino acid substitution (Chen et al., Am. J. Hum. Genet. 1999, 65(3), 795-807). The K487 

ALDH enzyme exhibits reduced activity that results in a 40%-90% reduction in the rate of 

acetaldehyde removal when compared to the more active E487 ALDH2 enzyme encoded by 

the "typical" allele (ALDH2*1), such that persons who express the variant allele display 

reduced or absent ALDH2 activity. 

[0007] Acetaldehyde is linked to acute symptoms such as facial flushing, tachycardia, 

shortness of breath, dizziness, nausea, vomiting and headache, as well as to increased long-

term health risks for cancers of the upper digestive tract, breast cancer, liver disease, 

Alzheimer's disease, hypertension and myocardial infarction (see Visapaa et al., Gut 2004, 

53, 871-876; Yokoyama et al., Jpn. J. Clin. Oncol. 2003, 33(3), 111-121; Ohsawa et al., J. 
Hum. Genet. 2003, 48,404-409; and references cited therein). People who express the 

ALDH2*2 allele having reduced or absent ALDH2 activity exhibit alcohol-related 

sensitivity, for example, facial flushing, tachycardia, etc., when drinking small portions of 

ethanol (Goedde et al., Hum. Genet 1992, 88, 344-346; Xiao et al., J, Clin. Invest. 1995, 96, 

2180-2186). Therefore, reducing acetaldehyde levels in people with reduced or absent 

ALDH2 activity may be helpful in reducing the acute systems and long-term health risks 

experienced by these people when they consume ethanol. 

[0008] Administration of 4-methylpyrazole (also known as fomepizole or 4-MP) has 

been shown to ameliorate symptoms of elevated acetaldehyde levels. See, e.g., 

WO 2005/085392 and Japanese Unexamined Patent Application Publication No. S57-

106620. However, it is becoming increasingly evident that 4-MP treatment is not suitable for 

all human genetic subpopulations. Additional information regarding individualized genetic 

factors that contribute to effective treatments with 4-MP is sought. 

4. SUMMARY OF THE INVENTION 
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[0008a] In one aspect, there is provided the use of 0.1 milligram to 4 milligrams of 4-

methylpyrazole (4-MP) per kilogram of a subject's 

body mass in the manufacture of a medicament for oral administration for preventing or 

ameliorating a symptom of ethanol intolerance in a subject with reduced or absent aldehyde 

dehydrogenase subtype 2 (ALDH2) activity, wherein the subject is homozygous for alcohol 

dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) or is heterozygous for alcohol dehydrogenase 
subtypes 2*1 and 2*2 (ADH2*1/ADH2*2). 

[0009] In one example, methods are provided for preventing, reducing or ameliorating a 

symptom of ethanol intolerance, or acetaldehyde accumulation, in a subject with reduced or 

absent aldehyde dehydrogenase subtype 2 (ALDH2) activity. In certain examples, the 
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subject is also homozygous for alcohol dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) oris 

heterozygous for alcohol dehydrogenase subtypes 2*1 and 2*2 (ADH2*1/A_DH2*2). 

[0009a] In another aspect, there is provided the use of 4-MP that reduces acetaldehyde 

accumulation by 50% to 60% as compared to a subject 

not administered 4-MP in the manufacture of a medicament for preventing or reducing a 

symptom associated with acetaldehyde accumulation accompanying ethanol consumption in a 

subject with reduced or absent aldehyde dehydrogenase subtype 2 (ALDH2) activity, wherein the 

subject is homozygous for alcohol dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) or is 

heterozygous for alcohol dehydrogenase subtypes 2*1 and 2*2 (ADH2*1/ADH2*2). 

[0010] In certain examples, methods are provided for preventing or ameliorating a 

symptom of ethanol intolerance in a subject with reduced or absent aldehyde dehydrogenase 

subtype 2 (ALDH2) activity comprising administering 4-MP, or a physiologically acceptable 

salt of 4-MP, to the subject. In certain examples, the subject is also homozygous for 

alcohol dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) or is heterozygous for alcohol 

dehydrogenase subtypes 2*1 and 2*2 (ADH2*1/ADH2*2). 

[0011] In certain examples, methods are provided for preventing, reducing or 

ameliorating a symptom associated with acetaldehyde accumulation in a subject with reduced 

or absent aldehyde dehydrogenase subtype 2 (ALDH2) activity comprising administering 

4-MP, or a physiologically acceptable salt of 4-MP, to the subject. In certain examples, 
the subject is also homozygous for alcohol dehydrogenase subtype 2*1 (ADH2*l/ADH2*i) 

oris heterozygous for alcohol dehydrogenase subtypes 2*1 and 2*2 (ADH2* 1/ADH2*2). In 

certain examples, the acetaldehyde accumulation accompanies ethanol consumption. 

[0012] A symptom of ethanol intolerance, or acetaldehyde accumulation, in a subject 

can be, for example, selected from the group consisting of flushing, elevated heart rate, 

palpitations, hypotension, nausea, dizziness, headache, vomiting, diarrhea, upset stomach, 

ataxia, and confused consciousness. 

[0013] In another example, methods are provided for reducing a likelihood or risk in a 

subject with reduced or absent aldehyde dehydrogenase subtype 2 (ALDH2) for a disease or 

disorder caused by consumption of ethanol. In certain examples, the subject is also 
homozygous for alcohol dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) or heterozygous 

for alcohol dehydrogenase subtypes 2*1 and 2*2 (ADH2*1/ADH2*2). Conditions or 

diseases associated with the consumption of ethanol can include, for example and without 
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limitation, hangover, alcoholic gastritis, alcoh.ol-ind.uced liver damage, upper aerodigestive 

tract cancers, digestive tract cancers, breast cancer, late-onset Alzheimer's disease, 

hypertension, myocardial infarction, Parkinson's disease, amyotropic lateral sclerosis, and 

cerebral ischemia. In preferred embodiments, diseases associated with the consumption of 

ethanol include upper aerodigestive tract cancers, digestive tract cancers, breast cancer, late-

onset Alzheimer's disease, hypertension, myocardial infarction, Parkinson's disease, 

amyotropic lateral sclerosis, and cerebral ischemia. 

3a 



[0014] In certain examples, methods are provided for reducing a likelihood or risk 

in a subject for a disease or disorder caused by consumption of ethanol comprising 

administering to a subject in need thereof an amount of a 4-MP, or a physiologically 

acceptable salt of 4-MP, effective to increase catabolism. of acetaldehyde in the subject, 

thereby reducing a likelihood or risk in for a disease or disorder caused by exposure to 
acetaldehyde in the subject. In certain examples, the acetaldehyde is a product of ethanol 

consumption. 

[0015] In certain examples, the methods provided comprise administering to the 

subject about 0.1 mg to about 5 mg 4-MP, or the equivalent mass of 4-MP in a 

physiologically acceptable salt form, per kilogram of the subject's body mass. In certain 
examples, the methods provided comprise administering to the subject about 0.1 mg to 

about 4 mg 4-MP, or the equivalent mass of 4-MP in a physiologically acceptable salt form, 

per kilogram of the subject's body mass. In certain examples, the methods provided 
comprise administering to the subject about 1 mg to about 4 mg 4-MP, or the equivalent mass 

of 4-MP in a physiologically acceptable salt form, per kilogram of the subject's body mass. 

[0016] In certain examples, the methods provided comprise administering to the 

subject about 0.1 mg to about 5 mg, about 0.1 mg to about 4.5 mg, about 0.1 mg to about 

4 mg, about 0.1 mg to about 3.5 mg, about 0.1 mg to about 3 mg, about 0.1 mg to about 

2.5 mg, about 0.1 mg to about 2 mg, about 0.1 mg to about 1.5 mg, about 0.1 mg to about 

1 mg, about 0.1 mg to about 0.5 mg, about 1 mg to about 4.5 mg, about 1 mg to about 4 mg, 

about 1 mg to about 3.5 mg, about 1 mg to about 3 mg, about 1 mg to about 2.5. mg, about 

1 mg to about 2 mg, about 1 mg to about 1.5 mg, about 0.1 mg to about 3 mg, about 0.5 mg 

to about 2 mg, or about 2 mg to about 4 mg of 4-MP, or the equivalent mass of 4-MP in a 

physiologically acceptable salt form, per kilogram of the subject's body mass. 

[0017] In certain examples, the methods provided comprise administering to the 

subject about 0.1 mg, about 0.5 mg, about 1 mg, about 1.5 mg, about 2 mg, about 2.5 mg, 

about 3 mg, about 3.5 mg, about 4 mg, about 4.5 mg, or about 5 mg 4-MP, or the equivalent 

mass of 4-MP in a physiologically acceptable salt form, per kilogram of the subject's body 

mass. 

[0018] In certain examples, 4-MP is orally administered, 

[0019] In certain examples, 4-MP is orally administered before the subject 

consumes ethanol. 

-4-



[0020] In certain examples, 4-MP is orally administered about two hours to about 

fifteen minutes before the subject consumes ethanol. 

[0021] In other examples, 4-MP is orally administered concurrently with the 

subject's consumption of ethanol or after the subject has consumed ethanol. 

[0022] In certain examples, the percent reduction in the subject's ethanol 

elimination rate is no more than about 10% in comparison to the ethanol elimination rate of a 

subject not administered 4-MP. 

[0023] In certain examples, the methods comprise administering an effective 

amount of 4-MP that reduces acetaldehyde accumulation by about 25% to about 60% as 

compared to a subject not administered 4-MP. 

[0024] In certain examples, the methods comprise administering an amount of 4-

MP or a physiological acceptable salt of 4-MP effective to reduce or inhibit ethanol-oxidizing 

activity of alcohol dehydrogenase in the subject. 

[0025] In certain examples, an effective amount of a hydrochloride salt of 4-MP 

is administered. 

[0026] In certain examples, the ALDH2 and ADH2 genotypes of the subject are 

determined prior to administration of 4-MP. 

[0027] In another example, compositions are provided which comprise 4-MP, or a 

physiologically acceptable salt thereof, and a physiologically acceptable excipient, suitable 

for oral administration to a subject. 

[0028] In certain examples, the compositions may be used for preventing, 

reducing or ameliorating a symptom of ethanol intolerance, or a symptom associated with 

acetaldehyde accumulation accompanying ethanol consumption, in a subject with reduced or 

absent ALDH2 activity. In certain examples, the compositions may be used for reducing 

a risk for a disease or disorder caused by consumption of ethanol in a subject with reduced or 

absent ALDH2 activity. 
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[0028a] In another aspect, there is provided the use of 4-MP or a physiologically acceptable 

salt of 4-MP effective to reduce or inhibit ethanol-

oxidizing activity of alcohol dehydrogenase in a subject in the manufacture of a medicament for 

ameliorating a symptom of acetaldehyde accumulation accompanying ethanol consumption in a 

subject with reduced or absent aldehyde dehydrogenase subtype 2 (ALDH2) activity, wherein the 

subject is homozygous for alcohol dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) or is 

heterozygous for alcohol dehydrogenase subtypes 2*1 and 2*2 (ADH2*1/ADH2*2). 

[0029] Also disclosed are uses of 4-MP, or a pharmaceutically acceptable salt 

thereof, optionally in the manufacture of a medicament, are provided for preventing, reducing 

or ameliorating a symptom of ethanol intolerance, or a symptom associated with 

acetaldehyde accumulation accompanying ethanol consumption, in a subject with reduced or 

absent ALDH2 activity. 

[0029a] In another aspect, there is provided the use of 4-MP or a physiologically 

acceptable salt of 4-MP effective to increase catabolism of 

acetaldehyde in a subject in the manufacture of a medicament for reducing a risk in a subject for a 

disease or disorder caused by consumption of ethanol in a subject with reduced or absent aldehyde 

dehydrogenase subtype 2 (ALDH2) activity, wherein the acetaldehyde is a product of ethanol 

consumption by the subject and wherein increasing catabolism of acetaldehyde reduces a risk for a 

disease or disorder in the subject caused by consumption of ethanol, wherein the subject is 

homozygous for alcohol dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) or is heterozygous for 

alcohol dehydrogenase subtypes 2*1 and 2*2 (ADH2*1/ADH2*2). 
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[0030] Also disclosed are uses of 4-MP, or a pharmaceutically acceptable salt 

thereof, optionally in the manufacture of a medicament, are provided for reducing a risk for a 

disease or disorder caused by consumption of ethanol in a subject with reduced or absent 

ALDH2 activity. 

[0030a] In yet another aspect, there is provided a composition for use in preventing or 

ameliorating a symptom of ethanol intolerance in a 

subject with reduced or absent aldehyde dehydrogenase subtype 2 (ALDH2) activity, comprising 

methylpyrazole (4-MP), wherein when the composition is to be orally administered to the subject 

the dosage of 4-MP is 0.1 milligram to 4 milligrams 4-MP per kilogram of the subject's body 

mass, and wherein the subject is homozygous for alcohol dehydrogenase subtype 2*1 

(ADH2* 1 /ADH2* 1) or is heterozygous for alcohol dehydrogenase subtypes 2*1 and 2*2 

(ADH2*1/ADH2*2). 

[0030b] In yet another aspect, there is provided a composition for use in preventing or 

reducing a symptom associated with acetaldehyde 

accumulation accompanying ethanol consumption in a subject with reduced or absent aldehyde 

dehydrogenase subtype 2 (ALDH2) activity, comprising methylpyrazole (4-MP), wherein when 

the composition is to be administered to the subject the amount of 4-MP is effective to reduce 

acetaldehyde accumulation by 50% to 60% as compared to a subject not administered the 

composition, and wherein the subject is homozygous for alcohol dehydrogenase subtype 2*1 

(ADH2* 1 /ADH2* 1) or is heterozygous for alcohol dehydrogenase subtypes 2*1 and 2*2 

(ADH2*1/ADH2*2). 

[0030c] In yet another aspect, there is provided a composition for use in ameliorating a 

symptom of acetaldehyde accumulation 

accompanying ethanol consumption in a subject with reduced or absent aldehyde dehydrogenase 

subtype 2 (ALDH2) activity, comprising 4-MP or a physiologically acceptable salt of 4-MP, 

wherein when the composition is to be administered to the subject the amount of 4-MP or 

physiologically acceptable salt of 4-MP is effective to reduce or inhibit ethanol-oxidizing activity 

of alcohol dehydrogenase in the subject, and wherein the subject is homozygous for alcohol 

dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) or is heterozygous for alcohol dehydrogenase 

subtypes 2*1 and 2*2 (ADH2*1/ADH2*2). 
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[0030d] In yet another aspect, there is provided a composition for use in reducing a risk in a 

subject for a disease or disorder caused by 

consumption of ethanol in a subject with reduced or absent aldehyde dehydrogenase subtype 2 

(ALDH2) activity, wherein the composition comprises 4-MP or a physiologically acceptable salt 

of 4-MP, wherein when the composition is to be administered to the subject the amount of 4-MP 

or physiologically acceptable salt of 4-MP is effective to increase catabolism of acetaldehyde in 

the subject, wherein the acetaldehyde is a product of ethanol consumption by the subject and 

wherein increasing catabolism of acetaldehyde reduces a risk for a disease or disorder in the 

subject caused by consumption of ethanol, and wherein the subject is homozygous for alcohol 

dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) or is heterozygous for alcohol dehydrogenase 

subtypes 2*1 and 2*2 (ADH2*1/ADH2*2). 
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5. DESCRIPTION OF FIGURES 

[0031] Figure 1. Metabolism of ethanol. 

[0032] Figure 2. Graph of mean serum acetaldehyde concentration measured in 

subjects with reduced ALDH2 activity, who are also ADH2*1/ADH2*1 homozygous or 

ADH2*1/ADH2*2 heterozygous, following dosage with 1 mg/kg 4-MP (filled circles); 

comparison with placebo (open circles). 

[0033] Figure 3. Graph of mean serum acetaldehyde concentration measured in 

subjects with reduced or absent ALDH2 activity, who are also ADH2*2/ADH2*2 

homozygous, following dosage with 1 mg/kg 4-MP (filled circles); comparison with placebo 

(open circles). 

[0034] Figure 4. Graph of mean serum acetaldehyde concentration across all 

subjects with reduced or absent ALDH2 activity, following dosage with 4-MP (filled circles); 

comparison with, placebo (open circles). 

6. TERMINOLOGY 

[0035] Generally, the nomenclature used herein and the laboratory procedures in 

medicinal chemistry, biochemistry, and pharmacology described herein are those well known 

and commonly employed in the art. Unless defined otherwise, all technical and scientific 

terms used herein generally have the same meaning as commonly understood by one of 

ordinary skill in the art to which this disclosure belongs. In the event that there is a plurality 

of definitions for a term used herein, those in this section prevail unless stated otherwise. 

[0036] As used herein, "about" indicates a range of +/-10%. For example, "about 4 

mg 4-MP" means a range of from 3.6 mg to 4.4 mg 4-MP. 

[0037] The term "subject" refers to animals such as mammals, including, but not 

limited to, primates (e.g., humans), monkeys, cattle, sheep, goats, horses, dogs, cats, rabbits, 

pigs, deer, bear, rats, mice and the like. In preferred embodiments, the subject is a human. 

[0038] The terms "treat,5' "treating" or "treatment," as used herein, refers to a method 

of alleviating or abrogating a disorder and/or its attendant symptoms. 
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[0039] The terms "prevent," "preventing" or "prevention," in certain embodiments, 

refer to a method of barring a subject from acquiring a disorder and/or its attendant 

symptoms. In certain embodiments, the terms "prevent," "preventing," or "prevention," refer 

to a method of reducing the likelihood, or risk of a subject acquiring a disorder and/or its 

attendant symptoms. 

[0040] The term "physiologically acceptable salt," as used herein, refers to the 

relatively nontoxic, inorganic and organic acid addition salts of compounds of the invention. 

[0041] The phrase "symptom of acetaldehyde accumulation accompanying ethanol 

consumption," as used herein refers to any symptom experienced by subjects with reduced or 

absent aldehyde dehydrogenase subtype 2 (ALDH2) activity when consuming ethanol. 

Symptoms can include, but are not limited to, flushing, elevated heart rate, palpitations, 

hypotension, nausea, dizziness, headache, vomiting, diarrhea, upset stomach, ataxia, or 

confused consciousness. 

[0042] The phrase "subject with reduced or absent aldehyde dehydrogenase subtype 2 

(ALDH2) activity" refers to a subject that is a homozygous or heterozygous carrier of the 

variant ALDH2*2 allele of the ALDH2 gene as described in Goedde et al., Hum. Genet. 
1992, 88, 344-346, and Xiao et a I., J. Clin. Invest. 1995, 96, 2180-2386, which are 

incorporated herein by reference in their entireties, or to a subject that expresses any variant 

ALDH2 enzyme that exhibits less activity than the normal ALDH2 enzyme as determined by 

the aldehyde dehydrogenase activity assay described in Xiao et al., J Clin. Invest. 1995, 96, 

2180-2186. 

[0043] The phrase "the subject is homozygous for alcohol dehydrogenase 

subtype 2*1 (ADH2*1/ADH2*1) or heterozygous for alcohol dehydrogenase subtypes 2*1 

and 2*2 (ADH2* 1/ADH2*2)" refers to a subject that is a homozygous or heterozygous 

carrier of the "typical" ADH2* 1 allele. 

[0044] As used herein, "ethanol intolerance," refers to a condition in which a subject 

experiences a symptom of acetaldehyde accumulation accompanying ethanol consumption. 

[0045] As used herein, "ethanol elimination rate" refers to the reduction in ethanol 

concentration in a subject's bloodstream over time after the subject has ingested ethanol. 

Typically, an ethanol elimination rate can be expressed in terms of millimole 

ethanol/kilogram subject body mass/hour. Techniques for blood sampling and analysis of 

ethanol levels in blood are well known to those of skill in the art. See, e.g., Inoue et al., 
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Alcoholism: Clinical and Experimental Research 1984, 8, 319-322, incorporated herein by 

reference in its entirety. A "percent change in ethanol elimination rate," can be calculated, as 

follows: 

Percent Change in 
EtOH Elimination 

/ j Subject's EtOH Elimination Rate After Taking 4-MP 
Subject's EtOH Elimination Rate Prior to Taking MP-4 

where EtOH represents ethanol, and a number for a percent change in ethanol elimination 

that is less than 100 is a reduction in the percent change in EtOH elimination. Blood ethanol 

levels can also be calculated, for example, based on algorithms utilizing the amount of 

ethanol consumed by a subject, the subject's body mass, and time period since the 

consumption of ethanol, or, as another example, blood ethanol levels can be extrapolated 

from analysis of a subject's breath, and the like, as known to those of skill in the art. 

[0046] As used herein, "acetaldehyde accumulation" refers to the production of 

acetaldehyde in a subject that has consumed ethanol. Techniques for blood sampling and 

analysis of acetaldehyde levels in blood are well known to those of skill in the art. See, e.g., 

Inoue et al., Alcoholism: Clinical and Experimental Research 1984, 8, 319-322. Also see, 

e.g., Stowell, Clin. Chim. Acta. 1979, 98, 201-5, McCarver-May et al., Journal of Analytical 
Toxicolog)> 1997, 21, 134-141, and Nagy et al., Rapid Communications in Mass Spectrometry 
2004,18, 2473-2478, which are incorporated herein by reference in their entireties. Maximal 

concentrations of acetaldehyde accumulation typically follow fifteen minutes to one hour 

following ethanol consumption in a subject with reduced or absent ALDH2 activity. Where a 

"percent change in acetaldehyde accumulation" is used herein, this will be understood to 

mean the change in the maximal concentrations of acetaldehyde in a subject with reduced or 

absent ALDH2 activity, that can be calculated as follows: 

where a number for a percent change in acetaldehyde accumulation that is less than 100 is a 

reduction in the percent change in acetaldehyde accumulation. Blood acetaldehyde 

concentrations can also be extrapolated from analysis of a subject's breath, or from 

measurable physiological changes in other parameters, such as heart rate or flushing, and the 

like, as known to those of skill in the art. 

Percent Change in 
Acetaldehyde 
Accumulation 

(i Max. Acetaldehyde Cone. After Taking 4-MP 
Max. Acetaldehyde Cone. Prior to Taking MP-4 )x 100 
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[0047] As defined herein, where the mass of 4-MP is specified, for example, "2 mg 4-

MP," that amount refers to the equivalent mass of 4-MP in its free base form. Thus, for 

example, if 2 mg 4-MP in a given salt form is to be administered in a method disclosed 

herein, those of skill in the art can make the necessary conversion using the molecular masses 

of the salt form of 4-MP and of the free base form of 4-MP to determine the actual mass of 

that salt form of 4-MP necessaiy to obtain the equivalent mass of 2 mg 4-MP in its free base 

form. As another example, if 2 mg 4-MP in a free base form, is to be administered in a 

method disclosed herein, then no conversion is necessary. 

[0048] The term "effective amount" as used herein refers to the amount of 4-MP, or 

physiologically acceptable salt thereof, that is sufficient to produce a desirable or beneficial 

effect when contacted, for example, to an alcohol dehydrogenase enzyme, or, as another 

example, when administered to a subject. In certain embodiments, the "effective amount" is, 

for example, the amount to prevent, reduce or ameliorate a symptom associated with 

acetaldehyde accumulation in a subject accompanying ethanol consumption, or to reduce the 

likelihood or risk in a subject for a disease or disorder caused by consumption of ethanol. 

[0049] The term "symptom" as used herein is interchangeable with "sign." Therefore, 

as used herein "symptom" refers to a physical condition which indicates a particular illness or 

disorder (e.g., Longman Dictionaiy of Contemporary English 1995. Third Edition) detectable 

by the subject suffering from a particular disease or disorder or detectable by a person other 

than the subject without verbal information from said subject. 

[0050] The term "AUC" as used herein, refers to the area under the curve of a plot of 

serum acetaldehyde concentration versus time following administration of 4-MP to a subject. 

In certain embodiments, the AUC is bounded by 0 to 8 hours (AUCO-SH)-

[0051] The term "AUC mean" as used herein, refers to the area under the curve of a 

plot of mean serum acetaldehyde concentration versus time following administration of 4-MP 

to subjects of a sample population. In certain embodiments, the AUC mean is bounded by 

0 to 8 hours (AUC0-SH mean). 

[0052] The term "Cmax" as used herein, refers to the maximum serum acetaldehyde 

concentration following administration of 4-MP to a subject. 

[0053] The term "Cm2x mean" as used herein, refers to the mean maximum serum 

acetaldehyde concentration following administration of 4-MP to subjects of a sample 

population. 
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[0054] The term "P-value" as used herein, refers to the probability of obtaining a 

certain result. The lower the P-value, the less likely, and therefore, the more statistically 

significant the result. In certain embodiments, a P-value of 0.05 corresponds to a 5% chance 

of obtaining a certain result. 

[0055] The term "SE" as used herein, refers to the standard error of the mean of a 

sample population, in certain embodiments, SE may refer to an estimate of the standard 

deviation calculated from sample data measured in a sample population. 

7- DETAILED DESCRIPTION OF THE INVENTION 

[0056] The present invention provides methods useful for reducing or ameliorating 

the severity of, or preventing, an adverse physiological symptom associated with 

acetaldehyde accumulation accompanying ethanol consumption in a subject, wherein the 

subject is a member of genetic subpopulations expressing specific polymorphisms of the 

alcohol dehydrogenase and aldehyde dehydrogenase genes. 

[0057] As explained below, the methods provided comprise the administration of 

4-MP or a physiologically acceptable salt of 4-MP. Without intending to be bound by any 

particular theory or mcchanism, it is believed that 4-MP acts to inhibit alcohol dehydrogenase 

(ADH) to reduce the accumulation of acetaldehyde production that results from the 

consumption of ethanol. Without intending to be bound by any particular theory or 

mechanism, it is also believed that certain genetic subpopulations of alcohol intolerant human 

subjects identified below will be more likely to benefit by the methods described herein, 

whereas other genetic subpopulations of alcohol intolerant human subjects identified below 

will be less likely to benefit by the methods described herein. 

7.1. Methods to Prevent or Ameliorate a Symptom of Ethanol Intolerance or of 

Acetaldehyde Accumulation in Genetic Subpopulations of Human Subjects 
Expressing Specific Polymorphisms of the ALDH2 and ADH2 Genes 

[0058] In one aspect, methods are provided for preventing, reducing or ameliorating a 

symptom of ethanol intolerance, or acetaldehyde accumulation, in a subject with reduced or 

absent aldehyde dehydrogenase subtype 2 (ALDH2) activity. In certain embodiments, the 

subject is also homozygous for alcohol dehydrogenase subtype 2*1 (ADH2* 1/ADH2* 1) or 

heterozygous for alcohol dehydrogenase subtypes 2*1 and 2*2 (ADH2*1/ADH2*2). 

[0059] In certain embodiments, the methods comprise administering 4-

methylpyrazole (4-MP) to the subject. 
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[0060] 4-Methylpyrazole (4-MP, also known as fomepizole) is commercially 

available from chemical suppliers, including, for example, Sigma Aldrich (St. Louis, MO), 

and can also be synthesized easily in commercially viable quantities of pharmaceutical grade. 

[0061] In certain embodiments, the ALDH2 and ADH2 genotypes of the subject are 

determined prior to administration of 4-MP. 

[0062] In certain embodiments, the methods comprise administering about 1 mg to 

about 4 mg 4-MP per kilogram of a subject's body mass, to the subject. 

[0063] In certain embodiments, the compound for use in the methods is the free base 

of 4-MP. In other embodiments, a physiologically acceptable salt of 4-MP can be used in the 

methods. In certain embodiments, a 4-MP hydrochloride salt can be used in the methods 

described herein. 

[0064] 4-MP can be administered alone or in combination with other substances or 

active agents. In certain embodiments, a composition comprising 4-MP and other 

ingredients, as described below, is administered. 

[0065j 4-MP can be administered according to any technique known to those of skill 

in the art. in certain embodiments, 4-MP can be delivered transdermally. In preferable 

embodiments, the subject can self-administer 4-MP to himself or herself. In preferable 

embodiments, 4-MP can be administered orally. When orally administered, 4-MP can be in a 

solid form, for example, as in a powder, tablet, capsule and the like, or in a liquid form. 

[00661 In certain embodiments, the amount of 4-MP administered can be between 

about 0.1 mg/kg to about 5 mg/kg. In certain embodiments, the amount of 4-MP administered 

can be between about 0.1 mg/kg to about 4 mg/kg. In certain embodiments, the amount of 4-

MP administered can be between about 1 mg/kg to about 5 mg/kg. In certain embodiments, 

the amount of 4-MP administered can be between about 1 mg/kg to about 4 mg/kg. As will 

be understood by those of skill in the art, the amounts of 4-MP to be administered, as 

described herein, are based on the body mass of the subject, expressed in kilograms. In some 

embodiments, about 0.1 mg/kg, about 0.5 mg/kg, about J.5 mg/kg, about 2 mg/kg, about2.5 

mg/kg, about 3 mg/kg, about 3.5 mg/kg, about 4 mg/kg, about 4.5 mg/kg, or about 5 mg/kg of 

4-MP are administered to the subject with reduced or absent aldehyde ALDH2 activity. In 

certain embodiments, the amount of 4-MP administered can be in the range between 0.1 

mg/kg to 3 mg/kg, in the range between 0.5 mg/kg to 2 mg/kg, or in the range between 2 

mg/kg to 4 mg/kg. 
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[0067] In certain embodiments, the amount of 4-MP, or physiologically acceptable 

salt thereof, administered can be effective to reduce or inhibit the ethanol-oxidizing activity 

of alcohol dehydrogenase in the subject. 

[0068] In certain embodiments, 4-MP can be administered before the subject has 

consumed ethanol. In certain embodiments, 4-MP can be administered about one minute, 

about fifteen minutes, or about one hour before the subject consumes ethanol. In certain 

embodiments, 4-MP can be orally administered about two hours to about fifteen minutes 

before the subject consumes ethanol. 

[0069] In certain embodiments, 4-MP can be administered concurrent with the 

consumption of ethanol. In certain embodiments, 4-MP can be administered immediately 

before or after the consumption of ethanol. In certain embodiments, 4-MP can be 

administered to a subject after the subject has consumed ethanol. 

[0070] It can be particularly advantageous to minimize the peak concentrations of 

acetaldehyde in the blood of subjects with reduced or absent ALDH2 activity, without a 

concomitant reduction in the rate of ethanol elimination, so as to avoid the consequence of 

having relatively lengthy periods of time during which the subject is under the influence of 

ethanol. With certain doses of 4-MP contemplated herein, that is, between about 0.1 mg/kg 

to about 4 mg/kg, the percent reduction in ethanol elimination rate can be negligibly or 

minimally impacted as discussed below. 

[0071] In certain embodiments, methods are provided comprising the administration 

of 4-MP wherein a percent reduction in ethanol elimination ranges from about 0%, about 1%, 

about 2%, about 3%, about 4%, about 5% or about 6% to no more than about 10%. For 

example, if a subject not treated with 4-MP that has an ethanol elimination rate of 2.50 

mmol/kg/hr, and has an ethanol elimination rate of 2.30 mmol/kg/hr when administered with 

4-MP, than the percent reduction in ethanol elimination is 8%. 

[0072] In certain embodiments, methods are provided that can have a percent 

reduction in the subject's ethanol elimination rate ranging from no reduction or 1-2% 

reduction in the ethanol elimination rate to less than about 7%, about 8%, about 9%, or about 

10% reduction in the subject's rate of ethanol elimination. In certain embodiments, the 

methods provided result in a reduction of ethanol elimination between about 5% to about 

10%. In certain embodiments, the percent reduction in the subject's ethanol elimination rate 
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is no more than about 10% in comparison to the ethanol elimination rate of the subject not 

treated with 4-MP. 

[0073] With the doses of 4-MP contemplated in the instant methods, the percent 

reduction in peak blood acetaldehyde concentrations can be reduced in a subject with reduced 

ALDH2 activity. 

[0074] In certain embodiments, the methods provided can reduce acetaldehyde 

accumulation by about 50% to about 60% in a subject with reduced or absent ALDH2 
activity as compared to when 4-MP is not administered to the subject. In certain 

embodiments, the peak acetaldehyde accumulation can be effectively eliminated or reduced 

by about 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 

25%, 20%, 15%, 10% or about 5%. 

[0075| In certain embodiments, the methods provided prevent or ameliorate a 

symptom of ethanol intolerance, or acetaldehyde accumulation, in a subject selected from the 

group consisting of flushing, elevated heart rate, palpitations, hypotension, nausea, dizziness, 

headache, vomiting, diarrhea, upset stomach, ataxia, and confused consciousness. 

7.2. Methods to Reduce Likelihood or Risk in a Subject for a Disease or Disorder 
Caused bv Consumption of Ethanol in Genetic Subpopulations of Human 
Subjects Expressing Specific Polymorphisms of the ALDH2 and ADH2 Genes 

[0076j In another aspect, methods are provided for reducing a likelihood or risk in a 

subject with reduced or absent aldehyde dehydrogenase subtype 2 (ALDH2) activity for a 

disease or disorder caused by consumption of ethanol. In certain embodiments, the subject is 

also homozygous for alcohol dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) or 

heterozygous for alcohol dehydrogenase subtypes 2*1 and 2*2 (ADH2*1/ADH2*2). 

[0077] In certain embodiments, the compound for use in the methods is the free base 

of 4-MP. In other embodiments, a physiologically acceptable salt of 4-MP can be used in the 

methods. In certain embodiments, a 4-MP hydrochloride salt can be used in the methods 

described herein. 

[0078] In certain embodiments, the methods comprise administering about 1 mg to 

about 4 mg 4-MP per kilogram of a subject's body mass, to the subject. 

[0079] In certain embodiments, the ALDH2 and ADH2 genotypes of the subject are 

determined, prior to administration of 4-MP. 
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J0080] In certain embodiments, the methods are effective to increase catabolism. of 

acetaldehyde in the subject, thereby reducing a likelihood or risk in for a disease or disorder 

caused by exposure to acetaldehyde in the subject. 

[0081] In certain embodiments, the acetaldehyde is a product of ethanol consumption 

by the subject. 

[00821 In certain embodiments, the disease or disorder comprises upper aerodigestive 
tract cancers, digestive tract cancers or breast cancer. In an additional embodiment the upper 

aerodigestive tract cancer comprises esophageal, oropharynx, hypopharynx, larynx, head or 

neck cancer. In a further embodiment the digestive cancer comprises stomach or colon 

cancer. 

[0083} In certain embodiments, the disease or disorder comprises late-onset 

Alzheimer's disease, hypertension, myocardial infarction, Parkinson's disease, amyotropic 

lateral sclerosis, and cerebral ischemia. 

8. EXAMPLES 

8.1. Reducing Acetaldehyde Concentration In Genetic Subpopulations of Human 
Subjects Expressing Specific Polymorphisms of the ALPH2 and ADH2 Genes 

[0084} The example demonstrates that 4-MP works to reduce acetaldehyde 

accumulation accompanying ethanol consumption in genetic subpopulations of human 

subjects expressing specific polymorphisms of the ALDH2 and ADH2 genes. 

8.1.1 Methods 

[0085] A blinded, mtra-subject controlled, single dose, dose escalation study of 4-MP 

for mitigation of acetaldehyde related toxicity in subjects with symptoms of inborn altered 

ethanol metabolism with concomitant ethanol exposure was undertaken. 

[0086] Thirty-two (n - 32) healthy human subjects of Japanese descent, 21 to 50 

years of age, known to have intolerance to ethanol due to a history of flushing, heart 

palpitations, and/or nausea following ethanol consumption, and exhibiting a positive result to 

a skin ethanol patch test, were selected for the study population. 

[0087] Twenty-four subjects (n = 24) were randomly selected and orally administered 

1 mg/kg, 3 mg/kg, or 5 mg/kg of 4-MP, followed 30 minutes later by an oral dose of 20% 

ethanol (5 mg/kg). The dosing protocol is shown in Table 1. 
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4-MP Dose 4-MP then ETOHjETOH then 4-MP 

1 mg/kg 12 subjects 4 subjects 

3 mg/kg 4 subjects 4 subjects 

5 mg/kg 8 subjects 

[0088] Using the same protocol, wherein 4-MP was replaced with placebo, each of 

the twenty-four randomly selected subjects served as its own control. 

[0089] The twenty-four randomly selected subjects were then subjected to blood 

sampling, and the sampled blood analyzed for acetaldehyde levels at select time points 

following ethanol consumption. 

[0090J For acetaldehyde analysis, blood samples were prepared by dilution with an 
internal standard (acetaldehyde-d4), with derivatization of acetaldehyde with dinitrophenyl 

hydrazine in hydrochloric acid, liquid-liquid portioning and solvent exchange. The 

derivatization forms an acetaldehyde-dinitrophenyl hydrazine (DNPH) derivative which 

dramatically increases the boiling point of the molecule and thus its relative stability 

compared to the acetaldehyde itself (Nagy et al.. Rapid Communications in Mass 
Spectrometry 2004,18, 2473-2478). The derivatized analytes were separated using a Jones 

Chromatography (Grace-Vydac), 50 mm x 2.1 mm, 3 p,m column held in an oven set at 28 
°C. Two mobile phases were used in a gradient consisting of 30:70 acetonitrile:water versus 

90:10 acetonitrile:water with 0.1% formic acid. The derivatized analyte was detected on a 

High Performance Liquid Chromatograph equipped with a Mass Spectrometer 

(HPLC/MS/MS). Quantitation was performed using a linear regression curve fit of 

impurities standards with 1/x weighting, prepared from dilutions of acetaldehyde in water. 

Samples and standards were injected at 2 \iL. 

[0091] All thirty-two subjects were then genotyped for ALDH2 and ADH2 at the 

Alcohol Research Center at Indiana University using (i) genomic DNA isolation and (ii) 

TaqMan assay for allelic discrimination. 

i. Genomic DNA isolation: DNA was first isolated using the "HotSHOT" method 

for isolating PCR quality genomic DNA (Truett et al., Biotechniques 2000, 29(1), 52, 
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54). Briefly, blood blotted on filter paper (3 mm circle) was placed in the well of a 

96-well plate and mixed with 75 \xL 25mM NaOH/0.3mM EDTA solution and heated 

to 95 °C for 40 minutes, followed by neutralization with 75 \xL 40 mM Tris-HCl (pH 

5) solution. 1-5 microliters were used for each PCR. 

ii. TaqMan Assay for Allelic Discrimination: The allelic discrimination assay used a 

multiplexed (more than one primer/probe pair per reaction), end-point (data is 

collected at the end of the PCR process) assay. Each assay mix contained two 

different TaqMan probes (Applied BioSystems, Foster City, CA), labeled with VIC or 

FAM fluorescent reporter dye, which bound preferentially to one of the alleles. The 

genotype of each sample was determined by the fluorescence levels of the reporter 

dyes and was clustered on a graph with other samples of the same genotype. Each 

reaction contained 5 uL of 2XTaqMan Universal PCR Mastermix, No AmpErase 

UNG, 3.75 ,uL of water, 0.25 pL of 40X Assay Mix, and 1 JLIL of DNA sample. Eight 

or eleven controls were included on each 96-well plate: two no template controls, two 

or three heterozygous samples, and two or three of each of the homozygous samples. 

Thermocycling was carried out in MJ Research PTC-200 thermocyclers. The PCR 

products were then analyzed in an ABI PRISM® 7300 Sequence Detection System 

(SDS) instrument. SDS Software 1.3.1 converted the raw data to pure dye 

components and ploted the results of the allelic discrimination on a scatter plot of 

Allele X versus Allele Y (e.g., ADH2*1 versus ADH2*2); each genotype appeared on 

the graph as a cluster of points. 

[00921 On the basis of the ALDH2 and ADH2 genotyping described above, subjects 

were found to fall into seven genotypic groups (Groups A, B, C, D, E, F and G): 

Group A: heterozygous for aldehyde dehydrogenase subtypes 2*1 and 2*2 

(ALDH2*!/ ALDH2*2), and homozygous for alcohol dehydrogenase subtype 2*1 

(ADH2*1/ADH2*1); there were two subjects (n = 2) in this group; 

Grout) B: homozygous for aldehyde dehydrogenase subtype 2*2 (ALDH2*2/ 

ALDH2*2), and homozygous for alcohol dehydrogenase subtype 2*1 (ADH2* 1/ADH2* 1); 

there was one subject (n = 1) in this group; 

Group C: homozygous for aldehyde dehydrogenase subtype 2*1 (ALDH2*1/ 

ALDH2*1), and heterozygous for alcohol dehydrogenase subtypes 2*1 and 2*2 

(ADH2*1/ADH2*2); there were four subjects (ti = 4) in this group; 
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Group D: heterozygous for aldehyde dehydrogenase subtypes 2* 1 and 2*2 

(A.LDH2*!/ ALDH2*2), and heterozygous for alcohol dehydrogenase subtypes 2*1 and 2*2 

(ADH2*1/ADH2*2); there were six subjects (n = 6) in this group; 

Grout) E: homozygous for aldehyde dehydrogenase subtype 2*1 (ALDH2*1/ 

ALDH2*I), and homozygous for alcohol dehydrogenase subtype 2*2 (ADH2*2/ADH2*2); 

there were five subjects (n = 5) in this group; 

Grout) F: heterozygous for aldehyde dehydrogenase subtypes 2* 1 and 2*2 

(ALDH2* !/ ALDH2*2), and homozygous for alcohol dehydrogenase subtype2*2 

(ADH2*2/ADH2*2); there were thirteen subjects (n = 13) in this group; and 

Group G: homozygous for aldehyde dehydrogenase subtype 2*2 

(ALDH2*2/A.LDH2*2), and homozygous for alcohol dehydrogenase subtype 2*2 
(ADH2*2/ADH2*2); there was one subject (n = 1) in this group. 

[0093] Table 2 indicates the ADLH2 and ADH2 genotype of each of the thirty-two 

subjects. 

Table 2: ADLH2 and ADH2 genotype of study subjects 

ADH2*I/ADH2*1 
Normal ADH2 

activity 

ADH2*1/ADH2*2 
Enhanced ADH2 

activity 

ADH2*2/ADH2*2 
"Superactive"ADH2 

ALDH2* 1/ALDH2 * 1 
Normal ALDFI2 activity 

Group C 
(4 subjects) 

Group E j 
(5 subjects) | 

ALDH2*1/ALDH2*2 
Reduced ALDH2 activity 

Group A 
(2 subjects) 

Group D Group F 
(6 subjects) | (13 subjects) [ 

ALDH2*2/ALDH2*2 
Absent ALDH2 activity 

Group B 
(1 subject) 

1 Group G 
(1 subject) | 

[0094] Data pertaining to acetaldehyde concentrations measured from the blood 

samples of subjects from each of the seven groups described above were compared as a 

function of genotype. 
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8.1.2 Results 

8.1.2.1. Groups A and D 

[0095] Figure 2 presents a graph of mean serum acetaldehyde concentration measured 

in six subjects (n = 6) with reduced ALDH2 activity, who are also ADH2*1/ADH2*1 
homozygous or ADH2*1/ADH2*2 heterozygous (Groups A and D), following dosage with 

1 mg/kg 4-MP, and comparison with placebo. 

[0096] Table 3 presents the pharmacokinetic parameters of "Cmax mean" and 

"AUC0-8H mean" calculated from the data presented in Figure 2 using standard mathematical 

models known to those of skill in the art. P-values and standard errors were determined from 

statistical analysis of the data and are also presented in Table 3. 

Table 3: Cmax mean and AUCVSH mean calculated from the data presented in Figure 2 

4-MP (n = 6) Placebo (n = 6) P-value 

Cmax mean (jig/ml) 41.3 64.7 0.029 

(SE) (5.2) (8-4) 

Acetaldehyde AUCO-SH 162 186 0.071 
mean (jig*hr/mL) (18.7) (14.8) 
(SE) 

[0097] Figure 2 demonstrates that the peak mean acetaldehyde concentration in the 

blood due to drinking ethanol can be reduced in subjects with reduced ALDH2 activity, who 

are also ADH2* 1/ADH2* 1 homozygous or ADH2* 1 /ADI42*2 heterozygous, following 

administration with 1 mg/kg 4-MP. 

[0098] Table 3 demonstrates that the Cmax mean and AUCO-SH mean of acetaldehyde 
concentration in the blood due to drinking ethanol can be significantly reduced in subjects 

with reduced ALDH2 activity, who are also ADH2*1/ADH2*1 homozygous or 

ADH2*1/ADH2*2 heterozygous, following administration with 1 mg/kg 4-MP, relative to 

the Cmax mean and AUCO-SH mean in those subjects, after drinking ethanol in the absence of 4-

MP. For example, according to Table 3, Cmax mean is reduced from 64.7 ± 8.4 ug/mg to 41.3 

±5.2 jig/mg, and AUCO-RH mean is reduced from 186 ± 14.8 ^g*hr/mL to 162 ± 18.7 
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|j.g*hr/mL, relative to placebo. The reduction in Cmax mean represents a reduction of 

approximately 36%. 

10099] These results demonstrate that 1 mg/kg 4-MP is effective in reducing 

acetaldehyde accumulation accompanying ethanol consumption in certain genetic 

subpopulations of subjects with reduced ALDH2 activity, for example, those subjects who 

are also ADH2*1/ADH2*1 homozygous or ADH2*1/ADH2*2 heterozygous. 

8.1.2.2. Groups F and G 

[00100] Figure 3 presents a graph of mean serum acetaldehyde concentration measured 
in six subjects (n = 6) with reduced or absent ALDH2 activity, who are also 
ADH2*2/ADH2*2 homozygous (Groups F and G), following dosage with ] mg/kg 4-MP. 

and comparison with placebo. 

[00101] Table 4 presents the pharmacokinetic parameters of "Cmax mean" and 

"AUCO-SH mean." calculated from the data presented in Figure 3 using standard mathematical 

models known to those of skill, in the art. P-values and standard errors were determined from 

statistical analysis of the data and are also presented in Table 4. 

Table 4: Cmax mean and AUCO-BH mean calculated from the data presented in Figure 3 

[00102] Figure 3 demonstrates that the peak mean acetaldehyde concentration in the 

blood due to drinking ethanol is not reduced in subjects with reduced or absent ALDH2 

activity, who are also ADH2*2/ADH2*2 homozygous, following administration with 

1 mg/kg 4-MP. 

[00103] Table 4 demonstrates that the Cmax mean and AUCO-SH mean of acetaldehyde 

concentration in the blood due to drinking ethanol is not significantly reduced in subjects 

with reduced or absent ALDH2 activity, who are also ADH2*2/ADH2*2 homozygous, 
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following administration with 1 mg/kg 4-MP, relative to the Cmax mean and AUCO-SH mean in 

those subjects after drinking ethanol in the absence of 4-MP. 

[00104] These results indicate that certain genetic subpopulations of subjects with 

reduced or absent ALDH2 activity, for example, those subjects who are also 

ADH2*2/ADH2*2 homozygous, are less likely to be benefitted by administration of certain 

doses of 4-MP, for example, 1 mg/kg 4-MP. This result indicates the presence of a 

differential response to the administration of 4-MP in alcohol intolerant human subjects. 

8.1.23. Groups A. B. D. F and G 

[00105] Figure 4 presents a graph of mean serum acetaldehyde concentration across 

twenty-three subjects (n = 23) with reduced or absent ALDH2 activity (Groups A, B, D, F 

and G), following dosage with 1 mg/kg, 3 mg/kg or 5 mg/kg 4-MP, and comparison with, 

placebo. 

[00106] Table 5 presents the pharmacokinetic parameters of "Cmax mean" and 

"AUCO-SH mean" calculated from the data presented in Figure 4 using standard mathematical 
models known, to those of skill in the art. P-values and standard errors were determined from 

statistical analysis of the data and arc also presented in Table 5. 

[00107] Figure 4 demonstrates that the peak mean acetaldehyde concentration in the 

blood due to drinking ethanol is not reduced across all subjects with reduced or absent 

ALDH2 activity, following administration with 1 mg/kg, 3 mg/kg or 5 mg/kg 4-MP. 

[00108] Table 5 demonstrates that the Cmax mean and AUCO-SH mean of acetaldehyde 

concentration in the blood due to drinking ethanol is not significantly reduced in all subjects 

with reduced or absent ALDH2 activity, following administration with 1 mg/kg, 3 mg/kg or 

-20-



WO 2010/144518 PCT/US2010/037879 

5 mg/kg 4-MP, relative to the Cn,ax mean and AUCo-gnHiean in those subjects after drinking 

ethanol in the absence of 4-MP. 

[00109] These results indicate that certain genetic subpopulations of subjects with 

reduced or absent ALDH2 activity, for example, those subjects who are also 

ADH2*2/ADH2*2 homozygous, are less likely to be benefitted by administration of doses of 

4-MP within the range of 1-5 mg/kg. 

[00110] Taken together, the above studies indicate the presence of a differential 

response to the administration of 4-MP in alcohol intolerant human subjects: certain genetic 

subpopulations of alcohol intolerant human subjects, for example, subjects with reduced 

ALDH2 activity who are also ADH2*1/ADH2*1 homozygous or ADH2* 1/ADH2*2 

heterozygous, are more likely to be benefitted by the administration of 4-MP within the range 

of 1-5 mg/kg than other subpopulations of alcohol intolerant human subjects, for example, 

subjects with reduced ALDH2 activity who are also ADH2*2/ADH2*2 homozygous. 

8.2. Exemplary Administration of 4-MP to a Human Subject 

[001111 The example below describes exemplary administration of 4-MP to a human 

subjcct. 

[00112] 4-MP in its free base, liquid form, is mixed with orange juice to make a 0.5% 

(w/v) 4-MP solution. The 4-MP may be stored in a container with an associated dispensing 

cup with markings indicating various amounts of solution to be used for different body 

masses of people to whom the 4-MP will be administered. For a person with a body mass of 

about 75 kg with reduced or absent ALDH2 activity who will be drinking ethanol, about 60 

milliliters of the 4-MP is poured into the dispensing cup and the person with reduced or 

absent ALDH2 can drink the 4-MP solution from the cup in the minutes or hours prior to 

drinking alcohol. 

[00113] Although the foregoing invention has been described in some detail by way of 

illustration and example for purposes of clarity of understanding, it will be apparent to those 

skilled in the art that certain changes and modifications will be practiced. Therefore, the 

description and examples should not be construed as limiting the scope of the invention, 

which is delineated by the appended claims. 
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[00114] All publications and patent applications cited in this specification are herein 

incorporated, by reference as if each individual publication or patent application were 

specifically and individually indicated to be incorporated by reference. 
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CLAIMS 

It is claimed: 

1. Use of 0.1 milligram to 4 milligrams of 4-methylpyrazole (4-MP) per kilogram of a subject's 

body mass in the manufacture of a medicament for oral administration for preventing or 

ameliorating a symptom of ethanol intolerance in a subject with reduced or absent aldehyde 

dehydrogenase subtype 2 (ALDH2) activity, wherein the subject is homozygous for alcohol 

dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) or is heterozygous for alcohol dehydrogenase 

subtypes 2*1 and 2*2 (ADH2*1/ADH2*2). 

2. The use of claim 1 , wherein the symptom of ethanol intolerance is selected from the group 

consisting of flushing, elevated heart rate, palpitations, hypotension, nausea, dizziness, headache, 

vomiting, diarrhea, upset stomach, ataxia, and confused consciousness. 

3. The use of claim 1, wherein 4-MP is to be administered in a free base form. 

4. The use of claim 1, wherein 4-MP is to be administered in a physiologically acceptable salt 

form. 

5. The use of claim 1, wherein 4-MP is to be orally administered before the subject consumes 

ethanol. 

6. The use of claim 5, wherein 4-MP is to be orally administered one hour to fifteen minutes 

before the subject consumes ethanol. 

7. The use of claim 1, wherein 4-MP is to be orally administered concurrently with the subject's 

consumption of ethanol or after the subject has consumed ethanol. 

8. Use of 4-MP that reduces acetaldehyde accumulation by 50% to 60% as compared to a subject 

not administered 4-MP in the manufacture of a medicament for preventing or reducing a 

symptom associated with acetaldehyde accumulation accompanying ethanol consumption in a 

subject with reduced or absent aldehyde dehydrogenase subtype 2 (ALDH2) activity, wherein the 

subject is homozygous for alcohol dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) or is 

heterozygous for alcohol dehydrogenase subtypes 2*1 and 2*2 (ADH2*1/ADH2*2). 
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9. The use of claim 1 or 8, wherein the percent reduction in the subject's ethanol elimination rate is no 
more than 10% in comparison to the ethanol elimination rate of a subject not administered 4-MP. 

10. Use of 4-MP or a physiologically acceptable salt of 4-MP effective to reduce or inhibit ethanol-
oxidizing activity of alcohol dehydrogenase in a subject in the manufacture of a medicament for 

ameliorating a symptom of acetaldehyde accumulation accompanying ethanol consumption in a 

subject with reduced or absent aldehyde dehydrogenase subtype 2 (ALDH2) activity , wherein the 

subject is homozygous for alcohol dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) or is 
heterozygous for alcohol dehydrogenase subtypes 2*1 and 2*2 (ADH2*1/ADH2*2), 

11. The use of claim 8 or 10, wherein the symptom of acetaldehyde accumulation is selected from the 

group consisting of flushing, elevated heart rate, palpitations, hypotension, nausea, dizziness, 

headache, vomiting, diarrhea, upset stomach, ataxia, and confused consciousness. 

12. Use of 4-MP or a physiologically acceptable salt of 4-MP effective to increase catabolism of 

acetaldehyde in a subject in the manufacture of a medicament for reducing a risk in a subject for a 

disease or disorder caused by consumption of ethanol in a subject with reduced or absent aldehyde 
dehydrogenase subtype 2 (ALDH2) activity, wherein the acetaldehyde is a product of ethanol 

consumption by the subject and wherein increasing catabolism of acetaldehyde reduces a risk for a 

disease or disorder in the subject caused by consumption of ethanol, wherein the subject is 

homozygous for alcohol dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) or is heterozygous for 

alcohol dehydrogenase subtypes 2*1 and 2*2 (ADH2*1/ADH2*2). 

13. The use of either one of claims 1,8,10 and 12, wherein the subject is a human. 

14. The use of claim 12, wherein the disease or disorder comprises upper aerodigestive tract cancers, 

digestive tract cancers or breast cancer. 

15. The use of claim 14, wherein the upper aerodigestive tract cancer comprises esophageal, 
oropharynx, hypopharynx, larynx, head or neck cancer. 

16. The use of claim 14, wherein the digestive cancer comprises stomach or colon cancer. 
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17. The use of claim 12, wherein the disease or disorder comprises late -onset Alzheimers 

disease, hypertension, myocardial infarction, Parkinson's disease, amyotropic lateral sclerosis, 

and cerebral ischemia. 

18. The use of claim 10 or 12, wherein an effective amount of a hydrochloride salt of 4-MP is to 

be administered. 

19. The use of any one of claims 8,10 and 12, wherein 0.1 milligram to 4 milligrams of 4-MP per 

kilogram of subject body mass is to be administered. 

20. A composition for use in preventing or ameliorating a symptom of ethanol intolerance in a 

subject with reduced or absent aldehyde dehydrogenase subtype 2 (ALDH2) activity, comprising 

methylpyrazole (4-MP), wherein when the composition is to be orally administered to the subject 

the dosage of 4-MP is 0.1 milligram to 4 milligrams 4-MP per kilogram of the subject's body 

mass, and wherein the subject is homozygous for alcohol dehydrogenase subtype 2*1 

(ADH2*1/ADH2*1) or is heterozygous for alcohol dehydrogenase subtypes 2*1 and 2*2 

(ADH2 * 1 / ADH2 *2). 

21. A composition for use in preventing or reducing a symptom associated with acetaldehyde 

accumulation accompanying ethanol consumption in a subject with reduced or absent aldehyde 

dehydrogenase subtype 2 (ALDH2) activity, comprising methylpyrazole (4-MP), wherein when 

the composition is to be administered to the subject the amount of 4-MP is effective to reduce 

acetaldehyde accumulation by 50% to 60% as compared to a subject not administered the 

composition, and wherein the subject is homozygous for alcohol dehydrogenase subtype 2*1 

(ADH2 * 1 /ADH2 * 1) oris heterozygous for alcohol dehydrogenase subtypes 2*1 and 2*2 

(ADH2*1/ADH2*2). 

22. A composition for use in ameliorating a symptom of acetaldehyde accumulation 

accompanying ethanol consumption in a subject with reduced or absent aldehyde dehydrogenase 

subtype 2 (ALDH2) activity, comprising 4-MP or a physiologically acceptable salt of 4-MP, 

wherein when the composition is to be administered to the subject the amount of 4-MP or 

physiologically acceptable salt of 4-MP is effective to reduce or inhibit ethanol-oxidizing activity 

of alcohol dehydrogenase in the subject, and wherein the subject is homozygous for alcohol 

dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) or is heterozygous for alcohol dehydrogenase 

subtypes 2*1 and 2*2 (ADH2*1/ADH2*2). 
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23. A composition for use in reducing a risk in a subject for a disease or disorder caused by 

consumption of ethanol in a subject with reduced or absent aldehyde dehydrogenase subtype 2 

(ALDH2) activity, wherein the composition comprises 4-MP or a physiologically acceptable salt 

of 4-MP, wherein when the composition is to be administered to the subject the amount of 4-MP 

or physiologically acceptable salt of 4-MP is effective to increase catabolism of acetaldehyde in 

the subject, wherein the acetaldehyde is a product of ethanol consumption by the subject and 

wherein increasing catabolism of acetaldehyde reduces a risk for a disease or disorder in the 

subject caused by consumption of ethanol, and wherein the subject is homozygous for alcohol 

dehydrogenase subtype 2*1 (ADH2*1/ADH2*1) or is heterozygous for alcohol dehydrogenase 

subtypes 2*1 and 2*2 (ADH2*1/ADH2*2). 
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