GENOTYPE SPECI FI C METHODS FOR TREATI NG HUVAN SUBJECTS USI NG

4- NETHYLPYRAZOLE 1. CROSS REFERENCE [ 0001] This application clains the
benefit oVOUWn®/14PE8ent Application No. 61/185,884, fil e#CIorseo1n03782909, the
di scl osure of which is incorporated herein by reference in its entirety. 2.
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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 carry 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), 1018-1023; Tamakoshi et al., Alcohol 2003, 38, 407-410). The
H47 ADH enzyme is “superactive,” exhibiting a Vinax about 40 times higher than the less
active R47 ADH enzyme encoded by the “typical” allele (ADH2*1) (Bosron et al.,
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Patent A H Cagllleolg hE\lfigglg Le%%gédogr a%(s)ent SA5L7DH2 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 ¢t 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

[0009] 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
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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 aspect, methods are provided for reducing a likelihood or risk in a
subject with reduced or absent aldehyde dehydrogenase subtype 2 (ALDH?2) 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). Conditions or
diseases associated with the consumption of ethanol can include, for example and without
limitation, hangover, alcoholic gastritis, alcohol-induced liver damage, upper acrodigestive
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, discases associated with the consumption of
ethanol include upper acrodigestive tract cancers, digestive tract cancers, breast cancer, late-
onset Alzheimer’s disease, hypertension, myocardial infarction, Parkinson’s disease,

amyotropic lateral sclerosis, and cerebral ischemia.
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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 embodiments, 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 embodiments, 4-MP is orally administered.
[0019] In certain embodiments, 4-MP is orally administered before the subject

consumes ethanol.
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[0025] In certain embodiments, an effective amount of a hydrochloride salt of 4-MP

1s administered.

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

determined prior to administration of 4-MP.

[0027] In another aspect, 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 embodiments, 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 ALDH?2 activity. In certain embodiments, 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 ALDH?2 activity.

[0029] In a further aspect, 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 ALDH?2 activity.
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(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,” “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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rabbits, pigs, deer, (gear mce and the |ike. preferre

enbodi rF@H%lgnPttorﬁ‘e aSUIsF Etretnsre rw@r?aﬁ Sytlemfxp?ﬁsnteé%ubwéaﬂth TedyGed ot i ng”
or "treatdRildch @édett§a%§aars@ttbt st g&ﬁnﬁg Qctﬁ?ﬁ *tnftn%natﬁlﬁgbatmg or

abrogating a di sorde d/ or |ts at endan tons. [ 0039] " The terns
" pr everfiyniptops eaﬁemt:]uldg,"blmare"tmt hmﬂadlt@rﬂuShmg, éderattail heaﬁnhiomadmtattlsns refer to a

met hod .of bar.ri subj.ect frgm.ac ing i sorder, an ltS attendant
Syt o PoRRo b Rl B PR, i o i o 9. " or

" prevenbhfiRed céltBusdcss.a net hod of reduci ng the i kel i hood or r| sk of a
subj ect acquiring a disorder and/or its attendant synptons. [0040] The term

e A S e R L GRS b Lt e AN
i nvent i(&.DH2) 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 al., J. Clin. Invest. 1995, 96, 2180-2186, 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, “cthanol 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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[ 0041] The phrase "synptom of acetal dehyde accumul ati on acconpanyi ng

et hanol consunption,” as used herein refers to any synptom experienced by
subj ect s wot2hiwggused or absent al dehyde dehydrogenase ®abtusp@ 031824 DH2)
acti vi ty when consum ng ethanol. Synptoms can include, but are not Iirrited

ushin el vat art rat . pal pi pot ensi on,. nau
d| 27] né@ Oﬁlé’%“( g@ﬁ@“ M’fﬂeﬁﬁwn §F$ {@ﬂ &% Qt%@ﬁomﬁfﬁ?g hereig yconf used
CONSCi QURRGSS in 1:006R¢ry The: E%weaﬁal gym &ﬁénowemu{aﬁgy R4 0kn BOSAANaR4 dehyde
dehydr ogenase subtype” 2 LDH2) activity" refers to a subject that is a
honozydolewsir het er ozygous 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 al., J. din. Invest. 1995, 96, 2180-2186, which are incorporated
her ei nPayent&fhangnime i n i rSubldct’s ®tOHE linvihaticn Rats mhieed’hkmgatM@xprE%aga any
var i anEtOM Bizignioyme That exibhict’s Bt@HEashbtdrt Ratt Paior toEakigy week-4 A
enzyne as determ ned by the al dehyde dehydrogenase activity assay descri bed
in Xiao et al., J. din. Invest. 1995, 96, 2180-2186. [0043] The phrase
"the subjecEdy rGRPRAKIMDOf, Ahd #lnGRBE! foij§§¥1@Eﬂg§1@§§eein%ﬁpdh¥pﬁngm&tlon
(ADH2*1/ ADH2*1) or heterozygous for al coh dehydrogenase subtypes 2*1 and
2*2 ( ADhlﬁ"iS_leA{]hZﬁ 290 isrfedugionan ghespengent thangain EtDHi chiomeszggoBodrethanol

het er o u rrier "t al " ADH2*1 ed herein,
"ot handi it ey S B basstio i Rim oAt S dpoalt SBxper ences
a_ synpt@manef casemad g?ﬁ)édﬁe@ecﬁﬂé@%ﬁétfs%b Qﬁ&ﬁ%ﬂﬂnﬁ@pe@foﬂ%ﬁ@% tionsunpt i on.
[0045] As used herein, "ethanol elimnation rate" refers to the reduction

in et hmmur@mmeﬁtet@mb Ar.ian aepthertsxewples blgod stheneldavalpeasrderdxtrapelptedr t he
sub ethr alygg 3t egl*b?ecrfl’?%?eatl} TX&) ealhgey?ﬁ(%%w?{[tg%l?o%le 0? sk 1”%}{ Ia?tn rate can be

expresse erns o anor ogram subj ec oo?y mass/ hour .

T AR R
, Al cRB@IdeRe iflal Sbedd that s &@ﬁﬂeﬁ%ﬂ{aﬁbl %%ﬁfﬁhﬁék fla?gl‘ﬂ)od Bampllif 412,

| ncor porated herein by reference in its entirety. ‘percent’ change in
et hanolanelysisiof aedtddchyae évelsdabland asavell kaoey tQa&lOﬁfmﬂ ssulbin 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

Toxicology 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 ALDH?2 activity, that can be calculated as follows:

Percent Change in
Acetaldehyde = ( 1-
Accumulation

Max. Acetaldehyde Conc. After Taking 4-MP
Max. Acetaldehyde Conc. Prior to Taking MP-4

) x 100

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 Subject's EtOH Elimnation Rate After Taking 4-MP \ EtOH
Elimnation = Subject's EtOH El imnation Rate Prior to Taking MP-4 ' X
wher e Et GOMOrepresant s et hanol, and a nunber for a percemrCTaisang®3ism et hanol
elimnation that is less than 100 is a reduction in the percent change in

Et OH el im nation t hanol |eyels ca 0 be ul at ed r exanpl e,
pased 0% gontk(%%d%cl)’iefiﬁilieﬁb"‘fh’?ée it O Wﬁﬁéﬁﬁﬂlf; %‘Lr%%liﬁ%‘éalp 2mg; jj ect
the subyipetihs BRAN RS tg ﬁ@@%ﬁlb%nﬂﬁéés%@45ﬂ/ﬂ59§1t§ hge GRRSUARL TR, @r et hanol ,
or, as another exanpl e, et hanol levels can be extrapol atéd from

anal ysmamplealfs?ljbgéeMPsn brge@mrsaltécnm sheb¢ acﬂaelnm@edknomeﬂmdtdm@ee@f skill in

the art ein de accumnul. at ers to the
e oot ok AR et Fi ek b Y o TR g g st
Techni gfese {a@rfolth 094 NIRARY bdhe Fd bagtaoysios 4NIPAE a@t@mﬁsmcwﬁm M bl ood
are well known to those of skill in the art. See, e.g., Inoue et al.

Al coholthasplt @th@%MPaMGEQbeﬁolql?éﬂm gie eﬂeyebﬁnbmaasga% mg4-gPan gs free hpsso see,

e.g., et al.

Jour nal %\Eﬁn P%ll&g%a :l)é)ZT:lch%%% M%glé% frcfl as%%im lﬁiol\@e%&%a{smw Al Rapi d
Comunimgahoddisclosed\ir8sEn Ipachd mefsyonZ@(ﬂéces%y 2473- 2478, vx,h| ch are

i ncorporated herein by reference in their entireties. Mxi nal

concent[pg4g|ons ofTiRaeial chelyideameemmad adddaRrdiyy Rifedhd thefagldugiof4-Mreep
m nutes to one hour follow ng ethanol consunption in a subject w th reduced

or abs exhtysmmwzﬂﬁ@@qepraﬂoiﬁ salplgreofathapissudivicnt kaprgdugorn dessellr gehgngdicial
| h
accum e%ec her{ Cson %f Po(%re%rﬁ*)lea@gat% aa]\{\éd)e %/@e yﬂpo%%{lassu %Rzeyrrﬁe 0 aﬁqr ng change in

t he WBXIWH concent 1ons o uced or

absent cAbRbl2, atith Wdrhinistérbdito £ajdee Bﬁde@ﬂainaérﬁ@bd&ﬁeﬂt@Ith@\iﬁfecﬁeembmehwde 1 -
Max - Acet al dehyde Cone. After Taking 4- c 100 A - Max -Acetal dehyde
Cone. PPT S, HagRmeumit nreve%@fi@ceaprrﬁm?bemtq %)Fyfaptﬁ@r%é‘?ﬁlat%‘é(ﬁbe in

acet al dehyAeLage [ e
per cont OHAEh ARCATHL BN o T bidT  BOaby AR ) AnQuh FEG: OdghRe e
c once ntlrl@hhm&oraesﬂt 1ahsobjbet ferxzt dapot at éﬂotfdenmuaﬁhlbyeomumbnm eﬂdﬁhmoﬂ.' S

breath, or from neasurabl e physiol ogi cal changes in other paraneters, such

as hear[004%t e or THcusim ngmpand” bhescldibktin RSntcrbwigdabletwigsssi@f.” $hérkforé,n t he
art.[0047] As defined herein, where the nass of 4-MP is specified, f or
exanpl és used lpﬁgemwmptom refers to a physical condition which indicates a particular illness or
disorder (e.g., Longman Dictionary 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.gn).

[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 (AUCy.gsy mean).

[0052] The term “Cpax’” as used herein, refers to the maximum serum acetaldehyde

concentration following administration of 4-MP to a subject.

[0053] The term “Cp.x mean” as used herein, refers to the mean maximum serum
acetaldehyde concentration following administration of 4-MP to subjects of a sample

population.



that anount refers to the equivalent mass of 4-MP in its free base form
Thus, for exanple, if 2 ng 4-MP in a given salt formis to be adm nistered
in a met wo 2dicgighsised herein, those of skill in the art PcamsSowk®31she
necessary conversion using the nol ecul ar masses of the salt formof 4-M

and of free se formof 4-MP to determne the t.ual ss.of that salt
For m oflE necgﬂgﬂéﬁwtﬁjv IHPa%uSteﬂg‘_e@&hir?frﬁT}iSéﬂﬁhedﬁg 04415 2 AR | o its
free baggaimedit. AhcaoRENGE P%ﬁ[eg)l{&,leggfn%{%lywmﬂfhwrﬁef(sre, e RS stRAGRafIPrmis to

be adm nistered in a nmethod disclosed herein, then no conversion s
necessaignififapod@restilie Ih eentait embedimonts, aRevahte of 0 ugedspardeitma p&f dragee o t he

anmount of . 4-MP, or _physiplogically acceptable salt thereof, that is
suffi ciogﬁptaf%n%?‘(gﬁc‘fﬁaglﬁ%\sug‘esi rabl e or beneficial effect when contacted, for

exanpl e an al cohol d dr ogenase e me, or, as another exanpl e, when
Sari i &da’ o h fgne ¢ EW%WS%@B?@}%rf‘gzﬁ%éﬂa#hﬁ*—eﬂmné?rdt%@m fiedeganal 2anount
I's, forgenftRpglatibRe IAORUM cthoRMEYERE ma§IEL0Un AfRhicYrEstshdaydTPt OM
associ ated w th acetal dehyde accumulation”in a subject acconpanyi ng et hanol
consunptevaipn oalctlated ddbue sanie dhtia edasirod th @sampls kopurlationsubj ect for a di sease
or disorder caused by consunption of ethanol. [0049] The term "synptoni as
used het.ei n DETATLEDCDESGRIBTEON OF TREANVENTHDNf ore, as used herein
"synptont refers to a physical condition which indicates a particul ar

i ' nesg00s6]di sor defe frésct inv&RRGTREVIB LR Yse ] fEAD@MOs el oh@ingsh 1995.
Third Edition) detectable by the subject suffering froma particular

di seasdhopevgrisiorderpreyengag et asypise pYysolpaicalowmpters assopiatedtvigh subj ect

wi t hout i ] Al | t ' as used
her ei n,acf&g; erﬂidelt %fc?rﬁ{e]ﬁ%@ggcc&ﬁg)g}rl ﬁ? %gthég@vcgﬁ%?n%%gﬁg% Sog%%té%%eg@e al dehyde
concentsubjetOl a\negrshes of peretit slibp@pulag oaderpndssing apédfic pdlydholyfhidngs &f teeibj ect. I n
certain enbodi nents, the %C@érﬁunded by O to 8 hours (AUCO SH). [0051]
The t erdiohalgehygqgenass apd alge CRYdIPgE#PE LSSt he area under the curve of a
pl ot of nean serum acet al dehyde concentration versus tinme follow ng

admi ni 9002 on of Ayexpirings kaldy e segioda perigsideopwpiss Hiciadminiptrativarafai n
nbodi t , i . . [0052
et LRSS OGRS RIS ) oy Dol (LR TR, 00

The term e maxI| muny serum ace ehyde
particular theory or mechanism, 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

Acetaldehvde Accumulation in Genetic Subpopulations of Human Subjects

Expressing Specific Polyvmorphisms of the ALDH?2 and ADH?2 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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concentration follow ng adm ni stration of 4-MP to a subject. [0053] The
term " Crax nean" as used herein, refers to the mean maxi num serum

acet al dehwodeonorreaat rati on foll owi ng adm ni strati on of #ChWRSt@osstsiect s of
a sanpl e popul ation.[0054] The term "P-val ue" as used herein, refers to the

pr obabi | | of obtaining a certain result. The | ower .the P-val ue, the |ess
li kel y, 006 ¢ her e‘?@@iylﬁg}ﬁ%zqi%@éﬁ& alsp kppwaps r%qp&\%'?@rhl%a%m%aﬂryes ult. In
certai naERd BRI midl Eﬁﬁb@’i’ef&ein@fudﬁl]gg %r%szaﬁlﬁl%ggfgﬁfa ARrigh P £HATARO9f
obtaining a certain result. [0055] e term"SE" as used herein, refers to
t he st amdanru alsp bosyshesized cashningbmmescially wiaplopuhatiticsof pharmpeedtmihgrade.
enbodi nents, SE nmay refer to an estimte of the standard deviation

cal cul goedll|f r om danpttandatbad meass,) thedA LIDHAE and AdDIE2 gopuy@siobthe sibjeBEFAlI LED
DESCRI PTI ON. OF THE INVENTICNH{ggfﬁb)The present invention provides methods
usef ul JelFMINSGREREP HMigHERS "Ny the severity of, or preventing, an

adver se physi ol ogi cal synptom associ ated with acetal dehyde accurnul ati on
acconpdB¥g et hdnsrrtansaibepmcsts, the mctheds esrisqadRBIHeiaboyb] Bt s a

et GG LSPUOPORULAL BRSPS 158, MRS YimL o S of L

al cohol ogenase an ( ogenase genes. [0057] As expl ai ned

bel ow, net hods pr.ovi ded conpri,se the adginistratio f.4:- VMR or a
ohyet ol BOFNAT T y a8 BN QSRR IR oSl Firght i At afthedl 4 5YEsbafa by
any pardfiacMiParn bR exbedinFBEhaphysiblogitallysadeghthigy edt shatmPcddasks if Be

i nhi bit al cohol dehydrogenase (A to reduce the accunul ati on of

acet al deetheds. Jn sertain comodimentsy & 4uvIP hiyfiioshloriHe selbersiiepised in e methpdsol .

W t hout 4 | i to be bound by any particular theory or nmechanism it is
al so békbgﬁggq?ﬁ%% certain genetic subpopul ati ons of al cohol intolerant

human iects id jfied helow will be nore likely t enefit by the

ot noadUREC § pedtRt et AfuTeld o oriRhEr b Ry B el ST Siileng 'cono
i nt ol er@nic Howen 16 ¥B;tEE bibbEithts] h @6mpediem ¥rhpridhe: 4-88Salkd &by to benefit
by the nethods described herein. 7.1. Methods to Prevent or Aneliorate a
Sy npt ori@kRdiEntiatales¢ricd|bstoan deadsninsferab et al dehyde Accunul ation in Genetic

Subpopul ati ons of Human Subj ects
[0065] 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.

[0066] 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 1.5 mg/kg, about 2 mg/kg, about 2.5
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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Expressi ng Specific Pol ynorphisns of the ALDH2 and ADH2 CGenes [0058] In one
aspect, nethods are provided for preventing, reducing or aneliorating a
synpt om ovOebtvarded1s8i nt ol erance, or acet al dehyde accunul aCirars2010/03®7%ubj ect
wi th reduced or absent al dehyde dehydrogenase subtype 2 (ALDH2) activity.

| tajn enbodi nents, th bject is al for al coh
dohydr dJLHSe SubhyBrHD <HROARIET M) S ot InCe P By Bt borcear ebifol
dehydr agrmRSErSMRhiYRESc P iah RNGrellive {gf}%e b APhIT aq)e-etﬂagﬁﬁ?iidﬂzﬁlgca%ﬁw n

embodi nents, the nethods conprise adm nistering 4- nethyl pyrazole (4-MP) to
t he subjfetohploBboiirogemse ythpyuliedl e (4- MP, al so known as fonepizole) is
commercially avail able fromchem cal suppliers, including, for exanple,

Si gma ADB68|ch ( Stin ckain smbbOmentsnd-MBra@bs adibmisynd heforethd selgsdtihgs | n

commerci al ly viabl uantjties of pharmaceutical .grade. [0061] In certain
embodi eRtEned sihanal ciipeesag %Ekmhra@ﬁ%t -lgf?scaaf o ’é“%lﬁfﬁ‘ieg&log‘&roéleé’é‘fl%t?m ned

prior 1,8,a0Mkddhhinglel A2 aBbutbnRoul Q462]ind &E?&'E Egis%%%mgwﬁm Sertaiil€ Met hods

conprise adm ni stering about 1ng to about ng 4- per kilogram of a
subj ectensbododgntsiesSIP dap be leealkyudsineeisterdo®e 8] twionhomey toaibnutefbeedinmentes, t he

conmpound .for, use.in the nethods is the free base of 4-MP. In other
enbodiﬁ?ﬁF§ﬁ“§m§H§€g%¥W@?%gF?§iacceptabIe salt of 4-MP can be used in the

met hods. I n certai n enbodi nent MP hydrochl oride salt can be used in

; S, 4-
the metlAB descrlnsednsmbe imqpio P 42 P BYRIMBNCTEH APHAUSTRYWEN HiCone or i n
conmbi nalh AinYdnbrRHRH1. SHRELARCEDoH AR UMAPRAEBE fdminii&8d hAhBdigERedi ment s,

a conposition conprising 4-M andoother i ngredi ents, as described below, is
adni ni dteforedr aft@0bSTonduivpticanf dharmdniméestaar @ubaitmartsidly Pt @andry t echni que

known to those .of skjll i he art.. In certain enpodi nents, 4-MP can be
ot vergait sarrdda s mibies 4 s SuPb o GoBRERs APl "t he subj ot can
self-adm nister 4-MP to hinself or herself. In pr ferﬁgle enbodi nents, 4-MP
can be [B8Ini st erlberndiearariculaghesivantageaps S minimizctne AeakCcoppetEopRol n

sol i d frmdehMe B4BLE o '-éetsawi_@@mﬁ%ed Srabb&k ALTRES wligigngdithhig o i ke, or

inaliquid form [0066] In tertalin enbodi ments, the anount of 4-M
adm ni soecaditodancduetiretnvtbe mte 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
cthanol. 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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about 0.1 ng/kg to about 5 ng/kg. In certain enbodi nents, the anount of

4- VP adm ni stered can be between about 0.1 ng/kg to about 4 ng/kg. In
certain ewbadiommiis, the armount of 4- MP adm ni stered caoThiS20aet3men about
1 ng/kg to about 5 ng/kg. In certain errbodi ments, the anmount of 4- I\/P

adm ni stered can bet ween about bout. 4 ny/

under st'dBRIMYC *?ﬁae ot 0y qonimrlﬁwogg? Ml Erguios HF EQWA%%@

adm ni st&rRdvitps-\iescri bed herein, are based on the body mass of the

subj ect, expressed in kilograns. In sone enbodi nents, about 0.1 ng/Kkg,
about /kg, / about 3
ng/ kg, O[ @7:{]? W(ﬂ ltjﬁe Ciusgout 5@ Oﬁ’E&Hﬁla%g{}tg {%Q%Stgrrg?% h&tg?stha (e)lt&tgﬂ t5 ng/ kg of
4- NP arredwtioh i pd&aﬂ{ﬂﬂ(ﬁbd ametaﬂ‘dfhydﬂm&mbnmmohs cadiceduc@d imbsehtctalidetydedAL DH2
activit certain enbodi ments, the amount of 4-MP admi nistered can be in
t he ran%]eD AGREH-0. 1 ng/ kg to 3 ng/ kg, in the range between 0.5 ng/kg to 2
ng/ kg, |ntheranebetvveen2 ng/ kg to 4 [0067] In certain

enbodi r{@ﬂ?‘g t he laeiigin cavbodimynts, &@rpﬁpgdsmr GE%WVYGQW?@MGEY%H

t her eof fa6 t

e eotuce GBI PR SO0 DSpRIEL PR ERHSENRE LATIRCAL IR oo
I'n certaa'timtﬁaﬂmrﬂmpmms whbnMPMPalnnbeach]dmsmr@dtertbdsWomrm¢e|nteusubj ect has

consuned et hanol erta odi nent.s, 4- dm ni ster bout
one mi rfRRAIAGHRth ﬁﬂi) ééﬁallﬁiﬁlﬁvﬁ{éggcuraﬁl afé%%ﬁn SrRETRBYRTY BRmgHE dﬂﬁéeﬁwsﬁ ect
consungs ghllpn). o0hR. B8 1sh R 789RGHN TS ook 383, Ca, DBepIARb) 1 sala St er ed
about t hour's to about” fifteen m nutes before’ the subject’ consunes

et hanol25%,3068]15Vq 18%rdaraibnute’¥bodi nent s, 4 MP can be admi ni stered concurrent
with the consunption of ethanol. In certain enbodi nents, 4-MP can be

adm ni Joersd i mericaJttﬁ'hyenibeﬂimﬁfmt@the&ﬁétﬁdﬁdstﬂ't&vid@dlﬁltﬂ:nmtiomIam@fioﬁteheanol . In

certai n enbodi nent s, can be adm njstered to a subject after th

subj ectSYHRE™ hetimra 1@9 EHGE- OT POgTIgFhyde acempatiops i ﬁé%hJ%ﬁt|S§Ae§a$§rﬁfna Bous to
m ni m Ao GPAGSRM 288 hOfrt AR HALALKNH by, ects
T e o i S R D e AR, Bl R

t he r atleaddchetvwanohg,elidrhenatpisetstorsachastakiea, avdododfitshe comamaspessnce of havi ng
relatively | engthy periods of time during which the subject is under the

i nfluence7af Methods to Reduce Likelihood or Risk in a Subject for a Disease or Disorder

Caused by Consumption of Ethanol in Genetic Subpopulations of Human

Subjects Expressing Specific Polvmorphisms of the ALDH?2 and ADH?2 Genes

[0076] In another aspect, methods are provided for reducing a likelihood or risk in a
subject with reduced or absent aldehyde dehydrogenase subtype 2 (ALDH?2) 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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ethanol. Wth certain doses of 4-MP contenplated herein, that is, between
about 0.1 ng/kg to about 4 ng/kg, the percent reduction in ethanol

el i m nat iwo 20e@4318n be negligibly or mnimally inpacte#Caasdiisosmsied

bel ow. [0071] In certain enbodinents, nethods are provided corrpri sing the
adm ni s ion of 4-M in a percent redugt |on|n et hanol |mnat|on
ranges M@h aboutInG%talgﬁHE’PSI@/%ntSaﬁk?JfletE@/éS aLp liectg o HisEFee oygd f 50 or
about Gdééﬁaﬁieﬁfdenfﬁ It Subit, Q}b&%y rjeglfemé: Qi k EMRITRIoR risk fn Rr %ldll?de%tor Ql‘?sror(ié%eat ed
with 4-MP that has an ethanol "elimnation rate of 2.50 mol/kg/ hr, and has
an et hano$eddlyi axposire trecctidshpde 2. tBOsutpeit/ kg/ hr when admini stered with 4- MP,
than the percent reduction in ethanol elimnation is 8% [0072] In certain
enbodi rtﬂnsﬂ et Hedsrtan enodimeahed tHehattakiehydeaiv e peodret ctnthanobdustimption n t he
subject's ethanol elimnation rate ranging fromno reduction or 1-2%

r educt i OHLF FUY¢E et hanol elimination rate to |ess than about 7% about 8%

about 9% or about 10% reduction in the subject's rate of ethanol
el imi na{p?‘ I'n ééﬁ?ﬁ@lﬁ cawpdiamapinthe dijoase eredispide coOMPUISRatPPLRaiPdigeshive

reducti rtain
{educt o BlucPANADGLs BT AR OB BELUERL RO SR, AURNE G e ¢
rat ei s aeoodigesgvd ﬂnam cainet torhPdéck Rsaphagat, |o@@:p11at3@1xt hgpophingno) la@hk,rhelaab'ron rate
of the supject not treated with g@l\/P {‘0073] Wth t he doses of
cont enpI°gt E4Fh 1t ALUTHE CARPURATH B SIEBIY (EFSMIBEUEeTS ?rrPOﬁ%Iak bl ood
acet al dghygde concentrations can be reduced in a subject with reduced ALDH2
activity [0074] In certain enbodi nents, the nethods provided can reduce
acet al e acc | 5 9% i j.ect with
reduce or absenti ﬂ%k %glé)glxl\ﬁe?lgsug}se (g%é)r%%)eg?‘a[ggotq%er\%ﬁé{?ﬁh%%é@ﬁot
adm ni sAleh@thet’e dishaseshygieaeiisiod, myoesidé] inferhonl Rrelihsin’s hiscapeakny@aeprl dehyde
accunmul ati on can, be effectively elimnated or reduced by about 95% 90%
85% sd%efa%@)@m?l@%nd@% %@%56@@% 50% 45% 40% 35% 30% 25% 20% 15%
10% or about 5% ! 0075] In certain enbodi nents, the nethods provided
preventS.or a synptom of ethanol intolerance, or acetal dehyde
accunmul ation, in a subject selected fromthe

8.1. Reducing Acetaldehyde Concentration in Genetic Subpopulations of Human

Subjects Expressing Specific Polvmorphisms of the ALDH?2 and ADH?2 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, intra-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.

-14 -



group consisting of flushing, elevated heart rate, palpitations,

hypot ensi on, nausea, dizziness, headache, vomting, diarrhea, upset

st omach, woaRrita44a8d confused consci ousness. 7.2. Met ho®#€TiUuS200087329

Li kel i hood or Risk in a Subject for a Di sease or Di sorder Caused by

Consu i.gn_of Ethanol in _Ge ﬁb;c Subpopul ati ons of Human Subj ects
ExpregghﬂgﬂébeppﬁpgpﬁﬁP Wﬁﬂ ms of the ALDH2 and ADH2 Genes [0076] In
anot her aspect, thods..are. provided for.redycing.a.likelihood or risk in a
subj ect with reduded deMPaBesent Ei-NEhthea EEQY]Ed§Hhdken $0MPype 2 ( ALDH2)
activity for a disease or disorgder caused by iconsunption of ethanol. In
certain enmbodi mentis, tihmgsigb) ect 1 32alisecthormizygausbiees al Fohol

dehydr ogenase subtiype 2*1 (ADH2¥ 1/ ADH2*1) or iheterozygous {or al cohol

dehydr ogenase subtypes; gvk.and 22 4 E#’A0H4*4kumbﬂ9//1 In certain
enbodi nents, the conpoun§ #or use in the netHods is the frge base of 4-M.

I n ot her enbodi nertss J/'L STorpyT i ij, ceentabte—satt—oft 4- MP can be used
in the methods. It %gééenbOningﬁ?@f” 4- NP hydrochl ori fle salt can be
used in the net hods~eeseti-Bed—-heiei-Rrmi-00-8}-it-Rm6okt-ai-R-a8aD0di ments, the
met hods conprise adm ni stering about 1ng to about 4 ng 4- MP per kil ogram of
a subject's body nass, to the subject. [0079] In certain enbodi nents, the
ALDH2 dABBSIDH2 gdiongthesamf prdtecadubherein aM& west replatetedith plaogbo each of

adm nistration.of 4-MP.[008 In.certain enbodi nents, the nethods are

o fect 1061 o stk SRRt Wb GR SRR ERRPAdEMSE e subject . ther eby

r educi l'i kel ifjood or risk in for a di sease or disorder caysed, by
exposurl o8y acet éﬁt‘ﬁéwaféf-fow lfaﬁéorg[me@eteﬂ s %G‘Sti]weﬁgl&’é ﬂltaﬁﬁe@wﬂﬁm%m s, the
acet al dghyRg 49d 3PP b106d SllPRA o ICRBEMIRYACRVAY af &cBHRL 6Ints [ 0082] In
certain enbodi ments, the disease or disorder conprises upper aerodi gestive

tract deheemg ctidingbemisyaptioract cancers or breast cancer. In an additiona
enbodi ment the upper aerodigestive tract cancer conprises esophageal,
or ophar[9680] hypotvamnystxidehyaieanalysikdacodsanmypeeskvaapesaredlitly dlution tiighran

embodi MR ol fondir I Fela Rny G0, Wi WA SEaniS) SFEefIRhy R dGRNSHeny1
Y Y pheny

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

3

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 um 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 uL.

[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 (i)

TaqMan assay for allelic discrimination.

1. Genomic DNA isolation: DNA was first isolated using the “HotSHOT” method

for isolating PCR quality genomic DNA (Truett et al., Biotechnigques 2000, 29(1), 52,
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[0083] In certain enbodi nents, the disease or disorder conprises |ate-onset
Al zhei mer' s di sease, hypertension, nyocardial infarction, Parkinson's

di sease, woprotwiapiie | ateral sclerosis, and cerebral i scReRitS2018/03BRAMPLES
8. 1. Reduci ng Acetal dehyde Concentration in Genetic Subpopul ati ons of Human
Subj ects Expressin ecjfic Pol rphis of .t nd_ADH nes
[0084] The ea%ir% g&ﬁﬁ%’éﬂf)ﬁ?@ﬁ tlicr gy %r%PGSesvaﬁgQae@na}éewgﬁ&gﬁyde
accunul ati o C ns of
e A S L RIS G

genes. 8. 1. tobbtados4( AaBRds, fbll@wea@edmutirmzraamswbtheetumanmmIThed{Cls(pHgI e
dose, dose escal ation study of 4-M for i gati on of acetal dehyde rel ated
toxicity in dgpludersl-aterokiipapwesedised fqrﬁb@??ﬁq%l tered ethanol netabolism

wi th concom tant et hanol exposure was undertaken. [0086] Thirty-two (n =
32) heal t hy ihufaaMantissat for ddlelie Paerinsnati céfrh@ allellcldlsquramaty@aasgasolﬁseége
known t o have lt1 (fn?‘onr%%lan n Ql%??) roclou alr € rea nﬁ do 1nt('giath|1ng heart
pal pitati ons VARG8T "RAGSER TN EW ,I? st r’Poff <on n%“t Lo d "exhi bi ti ng a
posi tive resilitcit@a@hs kidoRhbow prpeésgjnsh@stEacms@ymkesﬁeﬁheﬂwvot he study
popul ati on. 0087&9 Twenty-four subjects (n = 24) were randonmy sel ected and

oral |y admi rifferspiebraMargprbes Bppie Blosdﬁtegls{@qsmj Gaty, gANHabgled w@héﬂ 30

m nut es | at Vi rot ocol
is shown i nqi(lAlgIIﬂelﬁ)? ﬁgﬁlree&%%?gg& ngdﬁp]r?&{ﬂarc& felge H%! @% | 85@%] | ng he sane
protocol , whenetype f d4ehwaispleoplsatcetmnictbyphafietresceaechves of the repueret y- f our
random y sel(fct ed, subj ects served as The

twent y- f our Paharshyvgs destercd o asamhewé @J@? gmﬁ%%éﬁ%faé%g gfgl%{y@eb Eaely

T b T e B S S D L T T S

anal ysi s, bloNd, SIopilest weee0RseRasRm XX sy x| ol WuLlbf DN A BéplealEigitandar d
(acet al dehyde d4) wi th derivatization of acetal dehyde with dinitrophenyl
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.

[0092] 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*1/ ALDH2*2), and homozygous for alcohol dehydrogenase subtype 2*1
(ADH2*1/ADH2*1); there were two subjects (n = 2) in this group;

Group 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 (n =4) in this group;
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hydrazi ne in hydrochloric acid, liquid-liquid portioning and sol vent
exchange. The derivatization forns an acet al dehyde-di ni trophenyl hydrazine
(DNPH) dewoDwato/mMesishi ch dramatically increases the boil iPog/uyseén3si t he
nol ecule and thus its relative stability conpared to the acetal dehyde
itself (Nagy.et al., Rapid ni.cati.ons i n Mass. Spectronetry 2004, 18,
2473- 2478) - G R h@}ﬁ%ﬁ%@%@fﬁh@ge deParagpa b Pees Hg 2J%_nes

Chr ot @QIrapiwi, (a@m@fzyy&a%teréggaﬁ@ Por Ztcd AN deBy AR GRLTIBRE 8+ 1 BnfP0oven

set at 28 0OC. Two nobil'e phases "were used in a gradient consisting of 30:70
acet oni(ADHZ WADER *¥ ) thene wod: sixd gubgerest (@it 6) inlthiswatwgy with 0.1% formic acid.
The derivati zed anal yte was detected on a Hi gh Performance Liquid

Chr omat ogr aphiroap ti: ppedoxyigohs forhdehy&pdadiy dmgetae sqidFhaC? NF/AVE)H2 Qiant i t at i on
was perfor usi alineag r essjon curve fit of i ritie ndar ds
wi t h 1/&Llag§gh>e ﬁwggorm?@;ga%fw M%gfwldfékmrpswswbé;@&%*@dg\&%@@@%& .

Sanpl espaa¢, St ﬁp@gﬂﬁi&ty\@lrga_"iﬂjtﬁgg% at 2 mL. [0091] Al thirty-two subjects
were then genotyped'for ALDH2 an AIBHZ at the Al cohol Research Center at

I ndi ana Uni vy Y i i ] i i i gvan assay
for allelic %{Q@@ﬁ mH%g@%%é%ingﬂ%gﬁn%gkﬁé%@%l Sgltﬂtl)@gsdz dv\%a-l;g first

i sol at €@ LI 21Y / A HHE) SiHdhomvey dod fdodlcolmd HetyidaepeRGR sgbigbe 2¥2 genom ¢ DNA
(Truett et al.. Biotechniques 2000, 29(1), ,54). Briefly, blood blotted
on fil t(éD%i*&ééDH@Q%ﬂ&r? WF@)thmgnﬁma%f&ﬂzﬁ ﬁ?ﬁf@ t%eé@rmwfa 96-wel | plate and
mxed wth 75 nL 25nM NaOH 0. 3mM EDTA sol uti on and heated to 95 OC for 40
m nutes, foldLEB&:bhomagigous for atdebrdsdahydrosepase subtymg 2% s- HO  (pH 5)

sol uti gn. ) kber i say for

Al ol | AR h PRy KR Y o HlcoROr KB ale s MAMER 2453

mul ti pl(&DHR 2Dt D theon @ apondmibjdet e 1 pai thispesup. eacti on), end-poi nt (data
is collected at the end of the PCR process) assay. Each assay m x contai ned
two di flhggxnt Taqivene PrRRases (HPRDILSD BdOSYHD eBotyfosHt Qkh 6F the.thigMtwol abel ed
with VIC or FAM fl uorescent reporter dye, which bound preferentially to one
of the s#bicelses. The genotype of each sanple was determ ned by the
fluorescence levels of the reporter dyes and was clustered on a graph with
ot her sanples of the sane genotype. Each

Table 2: ADLH2 and ADH2 genotype of study subjects
ADH2*1/ADH2*1 { ADH2*1/ADH2*2 { ADH2*2/ADH2*2
Normal ADH2 Enhanced ADH2 {“Superactive”’ ADH2
activity activity
ALDH2*1/ALDH2*1 Group C Group E
Normal ALDH?2 activity (4 subjects) (5 subjects)
ALDH2*1/ALDH2*2 Group A Group D Group F
Reduced ALDH?2 activity (2 subjects) (6 subjects) (13 subjects)
ALDH2*2/ALDH2%*2 Group B Group G
Absent ALDH?2 activity (1 subject) (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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reaction contained 5 nL of 2XTagMan Uni versal PCR Masterm x, No AnpErase
UNG 3.75 nmL of water, 0.25 nmL of 40X Assay Mx, and 1 niL of DNA sanple.

Ei ght or wbhevevi4esigtrol s were i ncluded on each 96-wel | PCAUS20100678MD
tenplate controls, two or three heterozygous sanples, and two or three of
each of the hormzf%/ﬂgu sappl es. Thernocycling was carried out in M
Research PTC- 200 M@ers The PCR products were then analyzed in an
ABI PRI SMr) 7300 Sequence Det ection System (SDS) instrunent. SDS Software
1.3.1 converted the r t&&ép_%;éxﬁéi@e conponents and ploted the results
of the allelic discrimnation on a scatter plot of Allele X versus Allele Y
(e.q. [AQ%Z* 1 verFsgilsreAmHQsezys a grapthoigeerst sgpen aggsedehyde sanachiatggnappasarcda

cl ust er. t s..of the ALDH2 e ot ypi ng
descri bea1 Sglgl/ {S%n jec reg)nceg/%bung aftw@ leholaﬁ %sé@%%@% ypi c groups
(G oup ShOﬁmzﬁng, or ADIR * IFABMR *OheteSAdpusNGrogiseA ady D9Ubs116wingalodglindieh
dehydrogenase subty 2*1 and 2*2 (ALDH2*1/ ALDH2*2), and honobzygous for
al cohol! @é &M&eﬁ%@@r@msg?wlt@piace 2*1/ ADH2* 1) ; there were two subjects
(n=2) in this group; Goup B: honbzygous for al dehyde dehydrogenase

subt ypd00961 ( AL DHebRY 3 PILGMS‘@)‘: phamaichk tzqm@me‘fﬁmrof Ceotrotandehg dr ogenase

subt ype. ADI—|2:§1/A was 0 t hi roup;
& oup’ GBI P SR Gl p B I BT b e pRpishsies)
ALDH2* Inhodcdlichdwet ert@ds)égﬁulsﬂlflﬁ thealr€ AQhludeiddtadenig fors WotyResmatcl ﬁmﬂ 2% 2
(ADH2*1/ ADH2*2); there were four subjects (n =4) in this group; Goup D
het er oAjajttieel pa#lyss abthy datadar e Yueprasatalipriables’. 2 1 and 22 ( ALDH2* 1/
ALDH2*2), and heterozygous for al cohol dehydrogenase subtypes 2*1 and 2*2
(ADH2* 1/ ADH2*2); there were six subjects (n = 6) in this group; Goup E:
honozydbabde 8or Caldetmded ddhydsogenasieustddtfygme tH2*dbty kRN FALDH2* 1), and
honmozygous for al cohol dehydrogenase subtype 2*2 ( ADH2*2/ ADH2*2); there

were five subjects (N = p) 4-MP (i S 69" OUPPIdceBd/th £6) NEL €r OEXERIS TO
al dehyde dehydrogenase subtypes 2*1 anfl 2*2

{Cmax mean (ug/ml) 41.3 64.7 0.029

(SE) (5.2) (8.4)

Acetaldehyde AUCy.su 162 186 0.071

imean (ug*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/ADH2*2 heterozygous, following
administration with 1 mg/kg 4-MP.

[0098] Table 3 demonstrates that the Cyax mean and AUCy g 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 Cax mean and AUC gy mean in those subjects after drinking ethanol in the absence of 4-
MP. For example, according to Table 3, Cpax mean is reduced from 64.7 + 8.4 ng/mg to 41.3
+ 5.2 ng/mg, and AUC.gy mean is reduced from 186 + 14.8 ug*hr/mL to 162 + 18.7
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(ALDH2* 1/ ALDH2*2), and honobzygous for al cohol dehydrogenase subtype 2*2
(ADH2* 2/ ADH2*2); there were thirteen subjects (n = 13) in this group; and
G oup G Wormonygeus f or al dehyde dehydrogenase subtype PEZ/US2010/037879
(ALDH2* 2/ ALDH2*2), and honobzygous for al cohol dehydrogenase subtype 2*2
(ADH2* 2/ ADH2*2) ; there was one subject (n = 1) in this group. [0093] Table
2 i ndi ¢t 8 MIpEelatpicp phasgbanpHee sawdionse Cof BeTeRIesqe? FdPsaRdfno subj ect s.
Tabl e 2; @th%:gﬂgpoDHZ genotype of study subjects [0094] Data pertaining
to ace%?? ehy & coﬁ?éntrations measured fromthe bl ood sanples of subjects

f f th d i bed . f [
of gendbnd. 5. 1. o REOPE SRpOFRE U TR SGOUEH Eyle ™, present s

a gr aphicefalddBade fetiniladeeh&odpandag edassidohatn@oneastdiedehdlicSi X subj ects
(n =6) wth reduced ALDH2 activith who are al so ADH2*1/ ADH2*1 honpbzygous

or ADHZubpoxplgions phsubless HidEedp DH aghyity)for examplaithase geiege Wit h™ 1
/1 kg 4 ' i . . h
Thar o 4l Blso A EATRBEDS PRotbb [l BF BRI 20GAD - TRbLG, Sedifesent s the

Inetic paraneters X mean n" cal cul at ed

fromthe data present 15% %iggriggngajng standard mat hemati cal nodel s
known to those of skill int - P-val ues and standard errors were
determ from st.ati stical analysis of the dat nd are also presented in
Tab e J00R 5 Tigiegs Mreant GRS TRe oA R Rt R HE N

pr esent;gdix dbfeQYh e @ dil0Rdlcddi@ub&n2 AdSPNSLK AL 8%hd MRtaldbhe peak nmean
acet al dehyde concentration in the blood due to drinking ethanol can be

r educedAPH2EBEER"Y imdry gewbu€eolpaliDHRl Qi foNawipg dogage antd lamngdgAPMPs 1/ ADHR2* 1
honDzy%ga% or ADHZﬂ#gﬁEH *2 heterozygous, followi ng adm nistration with 1
ng/ kg 47O POOER YV TABE™S" demonstrates that the Cmax nean and AUC O SH

rean. ofBREL dehudf, gancentatton L ARG, Plogd i Lo, dhliigg ethanol can

“AUC.snu 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: C,,x mean and AUC gy mean calculated from the data presented in Figure 3

4-MP (n = 6) Placebo (n = 6) P-value
{Cmax mean (ug/ml) 89.2 83.2 0.351
(SE) (10.0) (8.4)
Acetaldehyde AUC.si 221 206 0.338
imean (ug*hr/mL) (11.6) (30.0)
(SE)
[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 Cyax mean and AUCy g 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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Wi th reduced ALDH2 activity, who are al so ADH2*1/ ADH2*1 honpbzygous or
ADH2* 1/ ADH2* 2 het erozygous, following adm nistration with 1 ng/kg 4- WP,
rel ati ve wo 20toe14@rex nmean and AUC O SH nean in those sulpCeaisgo1afiszsmo

dri nki ng ethanol in the absence of 4- MP. For exanple, according to Table

is reduced fromo64.7 4 / 0 41. and AUC
o SH mefaﬁe glg@éaﬁ@étgatwﬂldﬁﬁtf&?@gl}@%?%@lg&ﬁ% tﬁ%cmzneaf@né r%g}%q‘wmeanrl@ ative

to pl agrAQ-sulfagis AREUE I étﬁa@mth%a&na@awwts a reduction of
appr oxi rrately 36% [0099] These results denonstrate that 1 ng/kg 4-MP is

eff ecmﬁldﬁ r edugl 00, JGRL ﬁhfé%%g c@r‘%&ﬁ%‘%&fc's SRERTREBY Lfdgkc Est\l)i@ﬁ‘o'
consu ron'in certain genetic subpopu I ons subj ects th reduced
ALDH2 aeduced by abscor ARREIpcayity, Hosexaaiply, datss sulhjectamo atesadsoADH2* 1/ ADHZ* 1

honmozyg / ADH2* 2 het ous s F an .00100]

Fi gure @B%‘Peé/é]ﬁ%g i, HedrJuEl &egﬁ%ﬁi@ﬁ@a@d%ﬁé%ﬁwﬂl& Ceftifeasur ed
in six &by SFeLHIp( Ebr?x@ﬁnpl@‘ Tl%g’/l@éjf!ﬂw ‘Pﬁm@&%ﬁ@ﬁdl&t%eﬁ%&:ﬁdet&a who are al so
ADH2* 2/ ADH2* 2 honpzygous (& oups and G, followng dosage with 1 ng/kg

4- VP, ahffercotigdacdipsose twtlndnqmﬂnars@bmn ¢IOBMPLin dfathokintol gnanisemian suhgects.

phar macoki neti c paraneters of "Cmax nean” and "AUCO- 8H nean" cal cul at ed
fromthe data present edl.R3. KrgupeA3BuUB) handGandard mat hemati cal nodel s
known to those of skill in the art. P-values and standard errors were

det er mpehs|r om %gﬁm&@@@hm&@@%&% deRen dedtadeyde abkccatrsorpicessnt ed i n
Table 4. Table 4: Crax nean and A H nmean cal cul ated fromthe data

pres entt@@nﬁyﬁhﬁeguwécts (1 5@302]th F@@m@ oeahﬁélh&;%IPHataéBVltmeﬁroweAp%alR Frean
t al k t
e quced XS EIRNERLAG R Ot | hbRE, PHERE & Snp R P WL SRR i 200

ADI-lZ*Z/prIdBcS,Z honozygous, follow ng adm nistration with 1 nmg/ kg 4- MP.
[ 00103] Table 4 denpbnstrates that the Cnax nmean and AUC O SH nean of

acet al debyg CONCEIbY RpicOéhtd fhetph@rnlidc@ﬁﬂeméﬁhrﬁlﬁet@fsidfkm& médnangd is not
significantly reduced in subjects with reduced or absent ALDH2 activity,

who ar e AdVsenaman® oglpppipd Sropbie ygauescrist ipliguee huvie pandaad methomatigall ng/ kg
4- WP, rrﬁ&?etlé Nifow® tottgc%e%%lllqﬁm aq{?q’-%es an%'itaﬂﬁgﬁi éerrs were determined from

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

Table §5: Cax mean and AUCy sy mean calculated from the data presented in Figure 4

4-MP (n = 23) Placebo (n =23) P-value
{Cnax mean (ug/ml) 64.2 66.6 0.367
(SE) (7.0) (6.3)
Acetaldehyde AUCy.sn 182 188 0.307
imean (ug*hr/mL) (10.5) (13.5)
(SE)
[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 Cyax mean and AUCy g mean of acetaldehyde
concentration in the blood due to drinking ethanol is not significantly reduced in all subjects

with reduced or absent ALDH?2 activity, following administration with 1 mg/kg, 3 mg/kg or
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those subjects after drinking ethanol in the absence of 4-MP. [00104] These
results indicate that certain genetic subpopul ati ons of subjects with
reduced owoabwenys1ALDH2 activity, for exanple, those sulpCeaisgomios’sar e al so
ADH2* 2/ ADHZ*2 honozygous, are | ess Iikely to be benefitted by

adm ni s o) f erta ses of for exanmple, 1.ny/ -NP. This
Fesul t 1 Mk Me. fqi%twﬁ' (G B8, 20 x%&oéﬁmeél)?( Iy m@&”&&%&@n ing

admi ni %ﬁﬁuﬁr}hgflbs@né\é:’oflﬁl\/ﬁi cohol intolerant human subjects. 8.1.2.3.
G oups A D. F and G [00105] Figure 4 presents a graph of nean serum

acet al congc %ﬂa th
reducegﬁor bsentﬂﬁﬁ%ﬁghlg%? Iﬂfé?t;%;ﬁa(tg@ﬁﬂhé %ﬂfc‘éﬁb@ fichS O%Lbj ¥ %%EM ng
dosage radlidad dbr atgpekigA LB H2pckigity fobexamipkg tlibsh/l?l,lb]amdwhomlscson wi th placebo.
[ 00106] sents t he pharnmaco tic ters .of x mean" and
" AUC O@Pﬁ?reﬁﬁ‘%& CAMRRZSEOY Sy Eﬁ%%?%giiaé 9 bpoe aditicdbviad HmERiFEHIOn LT ge ﬁeﬁ'@?

st andargdnm} igmeLd £ake BPAS8l R /kpown to those of skill in the art. P-val ues
and standard errors Wwere determned fromstatistical analysis of the data

and ar pre SH nean

cal cal 30, O RACE Lol 38 Ry st B R hyBach A bkt

denons tre@tome foltht adrhiignedén ob&iVRceileddé hy«ilerant)lnnﬁm subjdcon certuit pencitood due
to drinkj thano* |s not reduced acroQss subjects with reduced or

||
absent SEPpImIatiops of plgohol gytplgimnk Bumaehiubiccts SricsamRie prbieckyWklyredicety/ kg or 5

g/ kg 4A]MBH2[aQQV]1%&1vhJ R oA BENP Pﬁxtlﬁﬁﬁﬁsh&rh@%yg%seor%ﬁzﬂ?@ibm AUC O SH
nmean of acetal deliyde concentration in the due to drinking ethanol is

not si dgwrtdrozyznud, yﬂlrermdmtdé@ly tio bel Hensfithydayt the adlministadoc eﬂ4ﬂMP a«btshanﬁle A2

el at 1 vE e P e AR taea el dn T nedel SusFtrer SRmEe-or t nki ng
et hanolgypfacts %t@@&ﬁd&@%mHﬂaW\mﬁ\Q%Qr%]alsg%ﬁﬁﬂ‘%'lﬂﬂ%ﬂ Hb?ﬁ%?%ﬂ,lst hat certain
absen

geneti c subpopul ati ons of subjects with reduced or 2 activity,

for exanpge, tEQ@ﬁpﬂigli,ﬁd;ﬁwﬁné’émuﬁhﬁ@Wtd@ﬁ%nﬁf@%g@t homozygous, are |ess
Ilkelytobe 4-MP within the range

of 1- [HE{ ﬁ? The example below describes exemplary administration of 4-MP to a human
subject.
[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 ALDH?2 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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[ 00110] Taken together, the above studies indicate the presence of a
differential response to the admnistration of 4-MP in al cohol intolerant
human subWecbsyi4¢EBt ai n geneti c subpopul ati ons of al coheCTiuscalomsmmne human
subj ects, for exanple, subjects with reduced ALDH2 activity who are al so

ADH2* 1/ *1 ho us .or ADH2* 1/ ADH2* 2 het er ozygous,..are nore |ljkely to
be bendPPH g by "RifRtisarin ek g cadons %&F@H}%%t%mﬁaﬁ@él ¢ harew g/ kg
than Oﬁﬁ&ﬁp&HQBQQQEﬁng@ﬁsH%aﬁlﬁﬁﬂ%hwlﬁ&ﬂkﬁﬁ&@&rﬁ%@%ﬂpﬁﬂﬁh@&&%ﬁ:for
exanpl e, subjects with reduced ALDH2 activity who are al so ADH2* 2/ ADH2* 2
honozy goesficglyzandexdmplualty indehatedite be atdomerafd Uy MPereacea Hunman Subj ect
[00111] The exanpl e bel ow descri bes exenplary adm nistration of 4-MP to a
human subject. [00112] 4-MP in its free base, liquid form is mxed with
orange juice to nmake a 0.5% (w v) 4-MP solution. The 4-MP nmay be stored in

a container wth an associ ated di spensing cup with markings indicating
various anmounts of solution to be used for different body masses of people

to whomthe 4-MP will be adm nistered. For a person with a body mass of
about 75 kg with reduced or absent ALDH2 activity who will be drinking
et hanol, about 60 mlliliters of the 4-MP is poured into the dispensing cup

and the person with reduced or absent ALDH2 can drink the 4-MP sol ution
fromthe cup in the mnutes or hours prior to drinking alcohol. [00113]
Al t hough the foregoing invention has been described in sone detail by way

of illustration and exanple for purposes of clarity of understanding, it
w Il be apparent to those skilled in the art that certain changes and
nodi fications will be practiced. Therefore, the description and exanpl es

shoul d not be construed as |limting the scope of the invention, which is
del i neated by the appended clains.[00114] Al 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. CLAIMS It is clainmed: 1. A nethod for preventing or aneliorating
a synptom of ethanol intolerance in a
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subject with reduced or absent al dehyde dehydrogenase subtype 2 (ALDH2)
activity conprising orally admnistering to the subject about 0.1 mlligram
t o about wWornidisg¥ians of 4-net hyl pyrazol e (4-MP) per ki lPognseoiofo318he

subj ect's body mass, wherein the subject is honmobzygous for al cohol

dehydr ogenase subtype 2*1 ( ADH2*1/ * or is heterozygous for al cohol
dehydr ogenase subtypes 2*1 and 2*2%/ ADH2*2). 2. The nethod of claim
1, wherein the synptom of ethanol intolerance is selected fromthe group
consi stlf Wgladmed] ushi ng, el evated heart rate, pal pitations, hypotension,
nausea, dizziness, headache, vomting, diarrhea, upset stomach, ataxia, and
confused consaoicthesifespreventingios ametipeéingp symaiom af cthinet eitelcrpnppPin as

adm ni stered_jin free bhase form Th t hod of .cl ai , rein 4-MP is
B i ot or e pieBvh KGuERES LS Ty A BRuTRERgEN bR Tl iR G o
claim 1, whepgiphisthgMraliysadfiadsteyingdorthrisabReEbobed Omellidhan saIhRet consumes
ethanol. 6. The nethod of claim>, wherein 4-MP is orally adm nistered
about one hdumiltigragis@it-methylparzaicdtidB) prekaperammel the ptarat’s body mess

et hanol . 7. . . of : G| aj i = i i ni stered
concurrentl y\;}-%??ﬁ%%{%%%eggisglgﬁogy %&rﬁ%ﬁ%&ﬁ%&g g%{)efsh%é}pg? fqer t he subj ect
has consunmedA®HZIOADHE* 1 Yoriehétozegop rfervdodtioh gelordragedasei sabtypesy ptndm
associ ated wi th acetal deh accurul ati on acconpanyi ng et hanol consunpti on
in a subj ecﬁ%@l@@éﬁ%@ %gf)- absent al dehyde dehydrogenase subtype 2

(ALDH2) activity conprising adm nistering an effective ampunt of 4-M that
reduces*ac etH}%@ﬁb@%OE@@m&L vaharein thysyapdem of othrnel intebuiance0ssdestedoiigiar ed t o

a subject n 1 NLSE: i j -] 0 r

al cohol deh%? %‘S’E‘h Eéfiﬁééﬁ%?oﬁf@l@@?%%’ﬁﬁf%%ﬂ%ﬁ%?%ﬁ%&“ﬁ% hﬂ@%@%‘% égﬁ%g’f or

al cohol dehydiragsndsedmbbtwpasng dlardred, Biset fidh? dthAbHYdXonfusedhe et hod of

claim1l or 8, wherein the percent reduction in the subject's ethanol

el i m nati on ©8t%¢°48%0 nore than about 10%in conparison to the ethanol

elimnation
3 The method of claim 1, wherein 4-MP is administered in a free base form.

4. The method of claim 1, wherein 4-MP is administered in a physiologically acceptable
salt form.
5. The method of claim 1, wherein 4-MP is orally administered before the subject

consumes ethanol.

6. The method of claim 5, wherein 4-MP is orally administered about one hour to about

fifteen minutes before the subject consumes ethanol.

7. The method of claim 1, wherein 4-MP is orally administered concurrently with the

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

8. A method of 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 administering an
effective amount of 4-MP that reduces acetaldehyde accumulation by about 50% to
about 60% as compared to a subject not administered 4-MP, 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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rate of a subject not adm nistered 4-MP. 10. A nethod of aneliorating a
synpt om of acet al dehyde accumul ati on acconpanyi ng et hanol consunption in a
subj ect wvohoreeduied or absent al dehyde dehydrogenase s®oTHsSe018/0877DH2)
activity conprising adninistering an amount of 4-MP or a physiologically
accept gbl e It o ive to reduce or inhibit ethanol oxidjzing
Setvi b or Hhecstiaed agp L Ehatierrh wéer%%,r%lfﬂormé ehtbigge © g‘t?ﬁpfe i's

honmozygous fe@lhlﬁétfdﬂ%ﬂe 19&8)%‘%&91%& aB&ut3 b} M%n%aﬁs&ﬁ@'fﬁe dhMITRfihlna@bn | S
het er ozygous for al cohol dehydrogenase subtypes 2*1 and 2*2 (ADH2 1/ ADH2 2)

11. The et ho obfa sobjattmog adminigderedMeylBi n t he synpt om of acet al dehyde
accunul ation is selected fromthe group consisting of flushing, elevated
heart riit e Aoaiqrﬂddad:f aoredipraniypatspmpionmof aatddhyddacnmubsion abemaipnlmng

vom ti ng, set sto a a, . an ci ousness. 12.
A net hod fore ﬁ%‘?nﬁblgﬁtl?li’élka% Je&fg’ﬁh' o4 g a e@l%‘&igg ‘gf‘r YATOg6P4Er caused
by consunptiQpwE 2¢hn@el) abfivi cschﬁ}?[br?sﬁ{ MnkiBisteeY 8 dnfounPlISeRip & dehyde

dehydr ogenase subtype 2 (ALDH ? act | V|gty conpri Sing adm ni stering an anount
of 4-MP or aohplslylngmaﬂg|ac®lptaﬂoleaaatt®pﬁﬁdﬂP@f®aﬂl‘te tofreduchir efhfilatetharwlt o i ncrease

t abol f tald t dehyde i
broduct of . dridAge conB B! o e Ehbm e SiRetEreli® S ng ° °
catabol i sm q{onﬁfz%@isdshaad&ldla@me@eaagels%tstybea*a(ﬁbsﬁammzﬂl)wﬁder in the
subj ect caused by consunption of ethanol, 'wherein the su hect i s honbzygous

for al cohol hetgaieeyefosstsobelsichpdrogennse sbkzpes PADREE 352 G¥DHZ* HADEZ2Y.gous
for al cohol dehydrogenase subtypes 2*1 and 2*2 (ADI—|2*1/ ADH2*2). 13. The
met hod 1df eitheanctbodkobflaiol &ions0, byhegin i ynptdid of wbmaldehydt hecusubjtentisi s a

human. 14. Th thhod,. of claiml n the disease, or di sorder
Comr see unEr gt ettt S S L B O Pt B er s or
breast cancefypotbisiod Hausmt §ioeineds ﬁéa@héﬁeléomffﬁgr(ﬁa@héahapéépﬂsmaaeraﬁastiagestl ve

tract cancer conprises esophageal, oropharynx, hypopharynx, |arynx, head or
neck cancer .and confused consciousness.

12. A method 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 comprising administering an amount of 4-MP or a
physiologically acceptable salt of 4-MP 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, 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 method of either one of claims 1, 8, 10 and 12, wherein the subject is a human.
14.  The method of claim 12, wherein the disease or disorder comprises upper

acrodigestive tract cancers, digestive tract cancers or breast cancer.

15.  The method of claim 14, wherein the upper acrodigestive tract cancer comprises

esophageal, oropharynx, hypopharynx, larynx, head or neck cancer.

16.  The method of claim 14, wherein the digestive cancer comprises stomach or colon

cancer.
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16. The method of claim 14, wherein the digestive cancer conprises stonach
or colon cancer.17. The nethod of claim 12, wherein the disease or disorder
conpri seswbarw/anaet Al zhei ners di sease, hypertensi on, RyZoasedioaB7879
infarction, Parkinson's disease, anyotropic |lateral sclerosis, and cerebral
i schem 1 The thqod of.claim10 or 12, erein an effective amount of
a_hydr dchl or hgnged Ogﬁalm_ nger%%herfﬁ%e@_éq of1S0F4°T CPRWTEY RSP any one of
claims 8, 10zpRYmbs; diMA, %?e@éa%h, Rydcafdibl ihBE&DN! ParRRRYL s disthdel 1 gr ams of
4-MP per kilogram of subject body mass is adm nistered. 20. A conposition

for use in pmeotiepicigtent sdemobiscandtderapral ishemptaom of et hanol intolerance in a
subject with reduced or absent al dehyde dehydrogenase subtype 2 (ALDH2)
activi th8, corprmshodjofadainy | pyr Bz stherdid avBffectivh enmiunt oftacy drdvhlaraizpekiof i on i s
orally adniq{ ereg tQ thg subj ect the dosage of 4-MP is about 0.1
milligram t o dBoSAIBH P gr ams 4- MP per kil ogram of the subject's body
mass, and wherein the subject is honozygous for al cohol dehydrogenase

subt ypel %2+ 1 {hemppthad afbppronge of clajings Rellegngzhg wilisreimrboyf 8 4 Heilligranye pbjdfas e
subt ypes 2* g * / * 1. * I Ly d use in
preventing é?ﬂggﬁééﬁﬁgﬁﬁkﬁﬁﬁ%t n1aégggﬁé?gé&ﬁﬁ@ﬁﬂgggtgﬁﬁéﬁgde accunul ation
Sreom e 1o SRRl SRR ke By S OUEE Y Y BGAAT Ry ARRED

met hyl pyr azahe s(jedRyith WagEI dt bk aldbky deQivRPSlobéBe biubtygsd (NIbERLd to the
subj ect the anmount of 4-MP is effective to reduce acetal dehyde accunul ati on
by about 50%ctivitalsemprisogszehpyigatie -V awbemsinerhentbe cerapesian is oedlyt he

conposi tion, ﬁ%ﬁ%&r ' ' I Se NORP: i 0
dehydrogenaégﬁgu ygégygf&?ﬁﬁﬁgg%ﬁﬁgﬁ%ik?ggfﬁ%ggﬁg%ngg ﬁ%gg bgytalcoho
dehydr ogenasemilliptaypelsMP*der &ilograino f(thOkidjcet’ ADbRY dpss, 22d wAcreanthosulije@n f or
use in aneliorating a synptom of acetal dehyde accunul ati on_acconpanyi ng
et hanol constRAPRPEEOLH §%Z&9BP%%I‘Y%0§W%S%8 wee %_rl (é&%%’%l//épé@%}h@ is
dehydr ogenase SURLYRErR alcbhdtdehy@BLANALE YubtREDH | §hde AcABHO* 1/ADH2*2).
physi ol ogi cal |y
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 (ALDH?2) activity, comprising

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

the amount of 4-MP is effective to reduce acetaldehyde accumulation by about 50%

to about 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).

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 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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acceptable salt of 4-MP, wherein when the conposition is admnistered to
t he subject the anobunt of 4-MP or physiologically acceptable salt of 4-M
i s effectwoeoto4nmaduce or inhibit ethanol -oxidizing act ipeirtug2ab/oaiscohol
dehydrogenase in the subject, and wherein the subject is honpbzygous for

al cohol__dehydr ogenase subtype 2*1 (ADH2*1/ ADH2*1) or is heterozygous for
al cohol23dehydFIgBARLR E%H?%‘ﬁé%g%ﬂlg HHHK w@ﬂé& # W)‘i:ls\??&ﬁ\c%%‘?%osi tion
for use inr ﬁklﬁﬂpt?onrdf%lﬁla'nﬂli%aséﬁiaje‘é%ﬁﬁ%du@ecgbrsﬁﬁéﬁ amehg&éorder caused by

consunption of ethanol i1n a subject"wth reduced or absent al dehyde

dehydr ogenaskhgdiogypec ubtyiicDHA LR adtivity, whareigithe cdrepasdropamintpirises conpri ses
4- MP or a physj.pl ogi,cal .accept abl.e sal t. of,  4- .wher ei.n when .t.he.
composi ¢ on 1ML b Stui GBS iisime R g cRpgsitics
physi ol ogi caldhinidCERRb AR RbFRL the Anodn\dT 4-81Pedf R LiokRidally IaB&pBBEEsafidffabol i sm

of acetaldegﬁde in the subject, wherein the acefal dehyde is a product of
et hanol consuMt issffeervetth éncsedsy eetebalivmn affreeteldehy drcindbessubiect avhebon them of

acet al dehyde, LEMEER. Rk oliel 8RBl BERIRREn Bl R IRLel BagyD) oot caused

e
by consunption anol; an erern ect onozygous for
al cohol dehyigsregampsatdlibinypacctillcydedubeADHRK for aQtischse dreligrdstygeiss for
al cohol dehydrogenase subtypes 2*1 and 2*2 ( ADH2* 1/ ADH2*2) .
subject caused by consumption of ethanol, and wherein the subject 18 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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