ALCOHOLI C COMPOSI TI ONS HAVI NG A LONERED RI SK OF A CETALDEHYDEM A FlI ELD OF
THE | NVENTI ON [ 0001] The present invention is generally related to

conposi t iwoand2eset hods t hat di mi ni sh the negative si decefiseci®4@ssoci at ed
with the consunption of ethanol. It is nore specifically related to
beverages and pharnmaceuti cal conpositions containing deuterated al cohol,
and the uses thereof. CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0002] The

present applicati i el Cﬁﬁf ‘@E 9(e) of U S
Provi si onal Pat er‘f‘tq“rbA(g%ngggt(ﬁNgﬁggg%L %YVEE%?%ES) Elpﬁlgg August 2009;
No. 61/280,860 filed 9 Novenber ; , 83,524 filed 4 Decenber

2009. The disclosure these applications are incorporated herein by

ref erence. BACKGROUND OF THE | NVENTI ON [ 0003] Ethanol is the principal
psychoact i VELEORETHEINYENTION! cohol i ¢ beverages, which are usually consuned
with the specific intent of experiencing sonme of ethanol's effects on the
central nef00LsTIgysdseminvEimas gkl solakeictd easpostioas aridheeticds thaediminish f ew
hours, as the ethanol is gradually netabolized by the body into acetyl CoA,

a comon NefaPelivE sl GGl AR Nah d% SRMIPEeon 6RBRAMNL. M ABRIsp&Mafly et hanol
in the human body is a two-step process (Equation 1), nediated by the

énzynes a :\Eﬁ#@dﬁ’g\@yz&%? g]%?)ﬂi[%lagé%% c&’n[gjosﬁﬂogse%gﬁm%eﬁgfa?e%eaﬁ%ﬁ& and the
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uses thereof,

CROSS-REFERENCE TO RELATED APPLICATIONS
[0002] The present application claims priority benefit under 35 U.S.C. §119(e) of U.S.

Provisional Patent Application Serial Nos. 61/274,875 filed 21 August 2009; No. 61/280,860
filed 9 November 2009; and, 61/283,524 filed 4 December 2009. The disclosure these

applications are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0003] Ethanol is the principal psychoactive constituent in alcoholic beverages, which are
usually consumed with the specific intent of experiencing some of ethanol’s effects on the
central nervous system. These effects decrease over the course of a few hours, as the ethanol
is gradually metabolized by the body into acetyl CoA, a common metabolic product and
energy source.

[0004] Metabolism of ethanol in the human body is a two-step process (Equation 1),

mediated by the enzymes alcohol dehydrogenase (ADH) and aldehyde dehydrogenase
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(ALDH). Unfortunately for the consuner, the i mediate netabolite of

et hanol , acetal dehyde, is toxic, nutagenic, and carcinogenic. ADH CCF
S2E- 10 Abol2ef/02¢sd2, OE- 1Ace N1 CoA (Egn. 1) [0005] It eam/useoismaes2ifrom
Equation 1 that when the rate of the ALDH catal yzed reaction (k2) is not
hi gh enough to keep pace with the rate of the ALD-catal yzed dehydrogenati on
of ethanol (k2), acetaldehyde will accumulate. Hi gh acute concentrations of
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facial flushing, while chronic acetal dehydemia can lead to cirrhosis and
esophageﬁﬁmﬁaﬂé@mgﬂwm@ﬂ%éwfuwgﬁﬂﬁunate result of acute acetal dehyde
toxicity, well known to heavy drinkers, is the hangover. A person with a
hangover will experience dizzi ngss, fatigue Qgggache nausea, mnuscle
aches, vomting, serdsiitiNid4y to-bright!LiHght or“sénﬁrtﬂvﬂ$wﬁto ndi%el) and
nost often a conbi nation of the&e unpl easant sﬁnptons for a period of tine
typically lasting from 12 to 36 hours. [0006] It is well established that

acet al defpife) i«3uh B GHIRID B LIANGOY 813, Al BoRbphrLnlyes em%h%kzg .

flushi ng, "and Clp suspect 1 n aIc a5500| cancer

Il vide infra. tIdhd |t of h ohol
Sonsumpt FaKT flﬂgﬁgfa ?%t?&@%pa fiEa Mo B AL B AR ol 8?h°y§§°g§%¥% e of

| ight or noderate al cohol consunption in the presence of abnormally high
ADH act i $thanpl )i aelalighydeevibl asrrgelajey iigh aryte senqeptratipns gl aeqtapehyyle in
I nherited defects in both enzyne systens are known to lead to
acet al dehydéawealdebydnsd) eyridrdresdesipbM/effecaibbch a cakdio sasowhiogoniplicthamsg, M
You, Proc. Nutr. Soc. 2004, 63:49-63.)
drowsiness, nausea, headache, asthma and facial flushing, while chronic acetaldehydemia can
lead to cirrhosis and esophageal cancer. Another unfortunate result of acute acetaldehyde
toxicity, well known to heavy drinkers, is the hangover. A person with a hangover will
experience dizziness, fatigue, headache, nausea, muscle aches, vomiting, sensitivity to bright
light, or sensitivity to noise, and most often a combination of these unpleasant symptoms, for
a period of time typically lasting from 12 to 36 hours.
[0006] 1t is well established that acetaldehyde is the culprit in hangovers and in alcohol-
induced facial flushing, and it is the principal suspect in alcohol-associated cancers as well
vide infra. Acetaldehydemia can occur as a result of heavy alcohol consumption, leading to
saturation of ALDH activity, or as a result of light or moderate alcohol consumption in the
presence of abnormally high ADH activity or inadequate ALDH activity (k; >>k; in
Equation 1). Inherited defects in both enzyme systems are known to lead to

acetaldehydemia-related syndromes. (D.W. Crabb, M. Matsumoto, D. Chang, M. You, Proc.

Nutr. Soc. 2004, 63:49-63.)



[ 0007] For exanple, acetal dehydem a-related facial flushing after |ight
drinking, or upon adm nistration of ethanol-containing pharmceuti cal
conposi t iwoste2azperi enced by individual s possessi ng PORAS2MS/ 006211

i nefficient al dehyde dehydrogenase (ALDH). (S. Harada, D.P. Agarwal, H W
Goedde, Lancet. 1981, 2:982.) Inhibition of ALDH by the drug disul firam
creates a simlar sensitivity i n people having an ot herwi se normal | y-acting
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formed, allowing its concentration to reach tOXIC | evel s. This type of

sensi ti vidnyinisgagerefrhanohgeriaaing Rhafinsrguiical gamapsijonss seaperiangedby h t he
ALDH2 *2 allele; possession of which al so enhances the risk for esophageal
cancer amdngdwhts prseassing (MactiYokoyefirioat aldkhyde Cahydrp gdipiaexi.DHo g, HBralaar ker s
& Prevention 2003, 12:1227-1233). [0008] Another nmeans by which et hanol

consunpt Dgn AmwAlEFWL Gbatd@cgmieﬂ abgH 82 )i ThibitieK 6€ABDYEDY the i
nmet abol i sm of ethanol (i.e., by increasing k1l in Equation 1). Several

studi es &@Mﬁreﬁ% MMk ?%thtlzﬂ%e ﬁng ?}Ogﬂle 'ﬁ%ﬁ 2n BlHeRl RS noMlﬁfhacﬁHg Qﬁiﬁrme

hyper-active rns o coh enase VVF Bosron

Hepat ol o 1986 502-5 tributes t hing and a

br odi spodt BB RRE egsb%aaggétm@aﬁ%éin R
82:14-16; T. Takeshita et al Hum Genet. 1996, 97: 409-413;, WJ. Chen et
al ., Al cefsldehyyls fromethe blogd as rapidfy as #3s Hoymad.phlgwingats sangeRiEtign d¢ regeh

Al cohol. din. Exp. Res. 1999, 23:1705-1710). [0009] Fromthe earliest
hangover toxjsdopdle 'Haiy eypstof Laqqitédt}’tto afcohel-iaduesfiffishing és wsaglly asspeietad withe

di sagr eeabl e physical consequences of excessive al cohol consunption.
Consunpt ihe iAEﬂHHd?CﬁHEleO padsealaadforhitisalasredigintdyaholisdletir eedphngripdires: t he
expression "Hair of the Dog" has been attributed to the 4th century B.C

G eek pl ayved @iMkeAN(TORBREFamA &-4L, CBL@MEDidenidBL), BahNrioks EFiMasaiandod®nbl e,
1898). Wiile this may tenporarily alleviate the synptons of acetaldehydenia
and al co % fgrawal , it merely postpones the misery and is likely to
conpound e danag Cther supposedl y effective interventions have included

a wide v f oods V|t di et ar uppl ement s c| ses

ot 0o VDL KuShel 828 et tﬁa%qi C%Sletvy B SRS TC a ehERETRE 106 nave
been desi gned and evaluated (see, . H T. Nagasawa et al., J. Med. Chem
1987, 30excgyaue]grgid manholasmm@haml ézye oV lawsasa%h indigyptieihbntSeverahd
nutraceuticals are marketed to the publ i ¢ as hangover treatnents.

Not wi t hsstadids mayetshewn distt therppeosencd off ADKL 62 ellderd whinbculobvdd hypei-danedprnmorfe of
t hese net hods has ever been shown to be effective in a clinical trial.

(M H. Piiltb detiydabgena BNV . F280&0n 38K ﬂ-ﬁl@paﬂa’ﬁg& 198@5@2 5 T(Dealso

al cohol -i nduced flush reaction (sonetines called "Asian flush" because of

i ts rel aldfebieaberihbl ﬂ’&s%ﬂieg’ 0GB tAQS Bsdpha 83} @e[hc@xe(l%%'ﬂﬁt)ugh%té} Set of

synptons experienced by a p rson haV|ng an enzyne abnornmali'ty related
t he met apol i sm of ffected ) eﬁhp there
is a rapgg bu 1d: {J%bogfgléel el%ierttal ilgunsiyg "19% ﬁgﬁg—ﬁﬁ% eh@}]lgn

dehydrogen d i ency and/ ess _of alcohol dehydr ogenase

acti vityet a?hﬁéwgﬁ ( %%%56%&@5%%& o VPR et dE ARG dLsé ot lé%f?ﬂli @fiﬁm
dilation) of the face, neck, and shoul der of the person; the person nmay

al so exp@%ﬂéﬂ%b2ﬁdﬂﬁéd71%badaches | i ght - headedness, and an increased pul se
rate. The sensations are sufficiently unpl easant that the affected

i ndi vi dupi089F Fegutntehiticstdfangover f reoplediai @ kirupgleeintb ifinel ay, effaotdvet Wgy tonmeaat the

di scouraged fromthe use of ethanol-containing pharnaceuticals. Drugnmekers

W shing §i0aRedbRSshybilhicoREQRERITS BAMERaek 41801 ESROABILT 08ARIMpYion of
advant ageous physi cal properties, |low cost, and relative safety. As with

addross. T d%éﬁ%?%ﬁf&ﬁqﬁﬁi | ‘E%ﬁ%?ij‘ie% S SRR e “ﬁ‘?‘ﬁ%%ﬁ?ﬁelﬂ i ab;y
phar nhcobRa LSy epih. R PTG et P At el AP ar oo, and

deuterium substitution of enzymatically-renoved hydrogens can slow the rate
of netabolismof substrates in vivo by H factor of two or three. In
particular, it is well-established that appropriate deuteration of a
substrate, by slowing the rate of netabolism can reduce the concentration
of netabolites in vivo. An early and pertinent exanple is the effect of
deuteration of the N-nethyl group of norphine: netabolismin vivo is slowed
by a factor of about two, |owering the blood | evel of the pharnacol ogically
active netabolite and causing a correspondi ng reduction in anal gesic
potency (C. Elison et al., SC|ence 1961 1078 1079) [0011] Deut er at ed
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The hydrogen atons at C-1 in ethanol are enantiotopic; by convention the
oxygen and the G 1 and C 2 carbons define a plane which divides the
surroundiwg 28paeeqs2and t he hydrogen residing in the "Si '‘PCnalsboispacel i s
specified as H(Si) or Hs,. The hydrogen in the "Re" half-space is
designated as HRe) or HRe . In the case of ethanol, an alternative

term nol ogy designates HRe as the "pro-R' hydrogen, and Hs, as "pro-S'. The
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stereospecifically renmoved and transferred to the enzynme cofactor NAD, with
concur r efitacgaldepreaniaandplecphd withdraxal it presalp Rostaviies thyrwisavendde Bkey dehyde
as the product, in which Hs, has been retained as the al dehydi ¢ hydrogen.

[ 0013] Remepduablths daheepi Oshdrisopsandls effectyeansnehtiedds vt idiludedtaedide o

| esseni ng the unpl easant effects of excess ethanol consunption, and nore

recent aydrRmpbSiobds, dhthiaitsadietapy QRlpRIMEndS 8R5¢i9dseihd Whhiin R 0l S T PRI Of
et hanol - contai ni ng pharnaceutical fornulations, there is still a need for

conposi t fn%ﬁe@ﬂgseqFés@Qfet%Q@ﬁy&fiiz SEhYGL Ueeﬁ_qggi%ﬁéd éﬁaeei’gluafegq%e%gﬁ. g], PUMVARY

OF THE | NVENTIT ON "[ 0014 e ‘present Invention~provi des an al c ic _

compooL e BETARD. BT BRI A ERE LGPl LAY R e

et hanol %}e){)lgingntlgl’agncii rslutgaecglgtiecrailsuarrré: m%?ke%erziotmmi: Eublfi%rarsnfllgr? go]{fér t[r)f%tr]ﬁer?t]s_./ 4.
Notwithstanding the vast trove of folklore and anecdotal evidence, none of these methods has
ever been shown to be effective in a clinical trial. (M.H. Pittler et al., BMJ, 2005, 331:1515-
1518.)
[0010] The alcohol-induced flush reaction (sometimes called “Asian flush” because of its
relatively greater occurrence among those of Asian descent) is a set of symptoms
experienced by a person having an enzyme abnormality related to the metabolism of ethanol.
When an affected person consumes alcohol, there is a rapid build-up of acetaldehyde in his
system, due to an aldehyde dehydrogenase deficiency and/or an excess of alcohol
dehydrogenase activity. This build-up causes erythema (reddening due to capillary dilation)
of the face, neck, and shoulder of the person; the person may also experience nausea,
headaches, light-headedness, and an increased pulse rate. The sensations are sufficiently
unpleasant that the affected individuals frequently refrain from drinking entirely, and they
may be discouraged from the use of ethanol-containing pharmaceuticals. Drugmakers
wishing to address this problem have had to surrender ethanol’s advantageous physical
properties, low cost, and relative safety. As with hangovers, there remains a need for

compositions and methods that reliably address the problem of ethanol-induced flushing.
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Forrmul a] [0015] It should be understood that in Formula 1, and in all other
structures represented herein, each atom designated "H' without a

super scriywo 20myo2e63dependent | y be hydrogen (1H) or deut ercuruse@bip4c2The terns
"2H' and "D' are used interchangeably to refer specifically to deuterium

[ 0016] The present invention also provides nmethods for increasing the tine

peri od between the consunption of an al coholic beverage and the attai nnent

of peak bl ood_ ] eyel s. of . et hangl, .and t hods .f or del ayi ng.the onset of
ot haol - nuc Bt SSHSH BiisSiodE B0t S8 N HOP R DR TSR BROSP Cohol i ¢

beverages, which conprise the consunption of an al coholic beverage

cont ai ni W@Yﬁlohéﬁa@ﬂ%é@mé?wms- THe nrivgastdsotrpeaiiset gndeicdessiakyt pgasantdor
aneliorating acetal dehydenm a and its synptons, which conprise the

consunpt darerofin substiaitioo lob Eazyontiaalhy-regndyed ydigesnsanad spivathaaate of incehbolism
conmpositions of the invention. BRI EF DESCRI PTI ON OF THE FI GURE [ 0017] Fig.

1 shows sheibbtedi® B Ofacl 60EvAbcBRe] Th ka@ai,ﬂiamgr&ﬁbﬁmhemt after
adm ni stration of ordinary beverage ethanol () and 1, 1-di deuteri oethanol

oF DET%\}!;@arBEé&E%k&%ﬁéﬂ%fq:suwﬁt&%ﬁi\%‘ tlgeorg%@c]frﬂ_ SodMsASE reg (ERL T on

t akes ad ge of the surprising ry that the rate o sorption of
ni.f reduced if

oral ly-adm ni stered ethanol .in.a human subject isS_Si Lcant |y

The. et nareet EERGE aFlPRlRe et Buf e M3t bERbol ZBhER i MERTEROTof ot hanol
which normal ly are reached 20-30 m nutes after_ ingestion, are delayed to
1-2 hour Seuigran ofihe Nemgthy! gioup SEMORIRG JREABRLISEHE vakoes slomsd by afgctesoboos
(The biochem cal basis for this unexpected sensitivity to nol ecul ar wei ght
is not prwsieind, Jokerowrthy bledkevet ef ik gbipdeolokwaly hetivglsetalr@itelaidspasingnd
reduced as well, because the rate of oxidation by al cohol dehydrogenase is
a functi anresporidiney edoantin ahalgesiopoteidya@oElisord Q19§ cidie, 1961ehdT8n079M.0ovi des
an al coholic conposition, such as a beverage or a pharnmaceuti cal

formul at fopn1] Ph@ERIA Bhed RASbedh HBlELBEISE 8 Munf®br bhit&l ApRRhtibRy. tS. Pat,

conposition 1s deuterated ethanol whéerein HRe is deuterium as shown in

Formul a No. 5,223,269 to Liepins describes methods and compositions for treating hypertension. U.S.
Pat. No. 5,838,375 to Furminger describes pharmaceutical compositions containing a
biological agent and D,0 to improve the stability of the agent. U.S. Pat. No. 5,895,660 to
Hoffmann describes deuterated drugs for transdermal applications. U.S. Pat. No. 6,376,531
describes deuterated pharmaceuticals for the treatment of psychiatric disorders. The contents
of these patents are incorporated by reference into this document in their entirety, for all
purposes.

The hydrogen atoms at C-1 in ethanol are enantiotopic; by convention the oxygen and
the C-1 and C-2 carbons define a plane which divides the surrounding space, and the
hydrogen residing in the “Si” half-space is specified as H(S7) or Hg;. The hydrogen in the
“Re” half-space is designated as H(Re) or Hg,. In the case of ethanol, an alternative

terminology designates Hg, as the “pro-R” hydrogen, and Hg; as “pro-S”. The absolute

stereochemistry is shown below:



HC Formul a] As noted above, each atom designated "H' may i ndependently be
hydrogen (1H) or deuterium (2H). Specific exanples of suitable deuterated
et hanol s woebude26sbut are not limted to, ethanol-1-D (Pormsb@od)q211

et hanol -1,1-D2 (Formula 3), ethanol-1,2-D2, (Fornmula 4), and ethanol - D5
(CD3CD20OH). The enantioner of the ethanol-1-Dillustrated in fornula 2 may

be present in the conpositions of the invention. Formula 4 [0020] In
successively nore-preferred enmbodi pents, the conpositions conprise ethanol
wherein at |east 15 nole percent, B&e Ieﬁpgrcent, 50 nol e percent, 75 nole

percent, or 95 nole percent of the eth&dl is a deuterated al cohol
according to Fornmula 1. [0021] In?g -l onal, .enbodi nents, the present

i nvention al so takes advantage of 't fact 1ﬁat the renoval of HRe from

et hanol by al cohol dehydrogenase is subject to a substantial primary

deut er i ui0il2pinatpe cefrfect oxiGpwaiblyiacahinynalian deolie delydrdSidpsd, bzt bicthiRel is
position is renoved by al cohol dehydrogenase two to four tinmes nore slowy

than a | iebspediflcalty iged and bhssfatdesihd@syheenficteNoughith deurent ed both
invitro (B.V. Plapp et al., J. Biol. Chem 1973,

abstraction of the hydroxyl proton. This produces acetaldehyde as the product, in which Hg;
has been retained as the aldehydic hydrogen.

[0013] Remarkably, despite thousands of years of effort directed to lessening the unpleasant
effects of excess ethanol consumption, and more recent attempts to alleviate problems
associated with administration of ethanol-containing pharmaceutical formulations, there is

still a need for compositions and methods that effectively address these problems.

SUMMARY OF THE INVENTION

[0014] The present invention provides an alcoholic composition, such as a beverage or a
pharmaceutical formulation, wherein at least 5 mole percent of the ethanol in the composition

is deuterated ethanol wherein Hg, is deuterium, as shown in Formula 1.

D, LM

o
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Formula 1
[0015] It should be understood that in Formula 1, and in all other structures represented
herein, each atom designated “H” without a superscript may independently be hydrogen ('H)
or deuterium (*H). The terms “*H” and “D” are used interchangeably to refer specifically to

deuterium.



248: 3470; Lundquist et al., Alcohol din. Exp. Res. 1986, 10(6th
Suppl ) : 69S-72S; J. O Wnberg et al., Biochem Ml. Biol. Int. 1993,

31: 651- 658 2anch2p632vi vo (S. E. Dangaard, Biochem stry 198CT/UR201566:2156669; J.
Al derman et al., J. Biol. Chem 1987, 262:7497-7503; F. Lundquist et al.,
Phar macol . Toxicol. 1989 65:55-62). [0022] Due to the primary deuterium

i sotope effect, an individual having a greater-thannormal |evel of al cohol

dehydr og ctivity, and consequent| aying a propensity t

o el TUREETES pietian s OO Bonprel oS b o SR RE Rt ReabEMeEBn of

t he invention, should netabolize the deuterated ethanol of Fornula 1 at a
si gni fi cBscPysuspsiggof paalsoboligbayerage arhheggainmeneeiasek blosddevelresicthael.ng a
nat ural isotopic abundance at HRe . Because the kinetic isotope effect

pr oducesarsl hetheds fiog dahyikg thenorguettetiamoltindtitrel synghtomdarabcisted stith thé
production of acetal dehyde in vivo should be shifted back toward the rate

obser vededmumpfitibf 8oVt BewrSaes, WBich e5mbfissioubkkubfpiion beaweeehdirvel of
acet al dehyde 1n the individual's system wth a corresponding reduction in

t he seveyl f e A : d
€hd Yagg goﬁtﬁﬁ@ﬁ{%&é{ﬁéﬁgﬁha Ptde M ioR YGH ﬁ?\q%% N&ds 8

al cohol -1 ndu e greater the proportion euteriumat HRe in

t he et hanol,, the gr r.the expected reduction in acetal dehyde

concont ranrisiie HER Rt a5E 95T Shent it Zime B PurBBGE o oo

| evel s shoul d be especially pronounced if the individual can netabolize the
ADH- genetlsphadegpiaingt playgiagcatndphagpeccptieal cpmegatens of dhamieiaton of t he

al dehyde. The netaboli sm of acetal dehyde to acetate is carried out by

al dehyde dehydrogenase (ALDH), and to a certain extent by cytochrome P450.
Sone ALDH enzynes exhibit a deuteriumisotope effect when operating on
certai n BRDESE DESERIPFI@N GIsTHEHGURhydes (M Scharschm dt et al .,

Bi ochem stry 1984, 23:5471-5478) and gl ycer al dehyde- 3- phosphate (P.F.

Canel | asjopndl] MW skdvel @REmBIoAEBMbRIoHMIcbASLevdd i B dmaB&bRkt afed} t he ot her

hand, sheep liver ALDH shows no isotope effect when acting upon

tald e- . 1~ : DI cki. ~1 Bhoch J. 1978,
iu?:g: 299?%}“%%%1 é%@%%&%ﬁﬁﬁqéﬂo@(lﬁg1M§%1%%§1e ?a[e}lg% Fﬂ\/?ggnezr;]cti ng upon

propi onal dehyde-|-d (CH3CH2CDO) (R I. Feldnman and H. Winer, J. Biol. Chem
1972, 247:267-272). In order to avoid any possible reduction in ALDH
activity, it can be desirable to have little or no deuteriumat Hs, in the
conpoundDET ALBERMPESGRIPIAONQF EEHBWMENGION i tt1e or no production of
CH3CDO. It shoul d however be understood that lowering the in vivo

acet al del0pdi8] Tonpesint atvientmorbipk@r iyt ggofdbe swpiising disctiRey Ofat dehamolf, by t he
met hods of the present invention, should reduce the synptons of

acet al defwsdgtion of egallydldas isefed diignob it DRirGarCRABRES s si @iFidhtliseducdDB2Y | t

wi |l be appreciated that even in individuals not suffering froman enzyne

abnor mal ih¥nol GONSWMRES ANk 1§ NP ABTOABESHLRFatRhs bAGHAI ShiER RointhIR!Ace Of
equi val ent prior art bevérages and pharmaceutical formulations should stil

| ead to g r.~formtion_.of. acet al de e in viyao, w.th. attendant reduction
of the syaonetol BRI SRAhyREND: SRS Rl 2 Wi ol 4P R nsbf o at oc
al cohol of the invention, in conbination with the extended period of peak
bl ood al %ﬁelvtra@aﬁ&%ﬁ%tr?fﬁtcpé)hy 1§20 o hedinchemiral v nt TH1URERH needed t o
produce a gi ven psychopharmacol ogi cal effect. The beverages of the present

i nvent i ofensisigtp falinalgcylar waighbis nebpighentlyknewnwi Peakacetoldehyds tdodtblevelp ateent

t han equi val ent prior art beverages w thout being perceived by consuners as
"weaker "ddayedesd rabicedts walhethivy tiehatel d opidadoe by alcobslelebpdis patasnis aand

prol onged effect with a | ess-pronounced initial effect. In particular, the
bever agefinefiod d@he BYRBhirabn L HGocOoNsSuned on an enpty stomach, with | ess
risk of a sudden onset of inebriation. [0025] Conversely, pharnaceuti cal
conpositions can be produced having hi gher ethanol concentrations and
greater solvent power than prior art conpositions, wthout an increase in
acet al dehyde-i nduced si de-effects. The greater solvent power enables the
production of nore concentrated formnul ati ons, with attendant savings and
conveni ence. [0026] The present invention thus provides nethods for
avoi di ng, or reducing the severity of, &thanol-induced acetal dehydeni a,
hangover and facial flushing, by providing and/or consum ng the al coholic
beverages and pharnaceuti cal conpositions of the invention. [0027] The
present invention also provides a nethod of nmaking an al coholic beverage.
The met hod conprises the step of adding to a beverage a deuterated al cohol
according to Fornmula 1, in an amount sufficient to produce an al coholic
beverage conprising water and et hanol wherein at |east 5 nole percent of
the ethanol is a deuterated al cohol according to Fornula 1. In additional

N Y L I D o, — a



[ 0028] The present invention also provides a nethod of nmaking an al coholic
phar maceuti cal conposition. The nmethod conprises the step of conbining an
active phaormoentdseal i ngredient (APlI) with a deut er at egCalusedolos@aeror di ng
to Fornmula 1, in an anount sufficient to produce a conposition wherein at

| east 5 nole percent of the ethanol in the conposition is a deuterated

al cohol according to Fornmula 1. In additional enbodi nents, the deuterated
al cohol @ﬁiggg%nqkto.Fornula 1 is conbined.in an anount sufficient to
produce SV PRIPRRTRY S TALAICThOLS COPROHEPT SHET ehteVeHge Rbfe percent, 50
nol e percent, 75 nole percent, or 95 nole percent of the ethanol in the
conposi t Plvimpecusicyl dprneslafi @ whlceedhaf] least & e Agrcew of dreraihanolin the composition
Phar maceuti cal |y acceptabl e excipients nmay be introduced or adm xed with

t he deut srdattechteat dtbmol whnainoHzt ik dewBliympasi showhadn Gorniidh lowi ng t he conbi ni ng
st ep. In the present docunent, the use of "H' refers to the genus
of hydrogen atons, of any isotopic cepposigion, i.e. 1H 2H, or any

conbi nation thereof in any proportiond Fhe use of "D' or "2H' refers
specifically to the deuteriumisotope,~Prgporti ons descri bed herein by
percent ages are percent by wei ght Ugfess ofiterw se indicated. [0029]

"Al cohol" refers to ethanol. [0030] "Al copop" refers to certain flavored
al cohol i ¢ beverages, including: malt,_bev r ages to which various fruit
juices or other flavorings have beedﬂagﬁzﬁ, bever ages containing wine to
whi ch iagfedients such as fruit juice or ofther flavorings have been added

(e.g., i

I
haoted gbetes pachatem devighaterb SH cmay idsperseaily be hy@gee cHhe! and added
i ngredi ents suc@ as fruit juices or other flavorings. [0031] "Al nost sake"
refers tdeusaken (hHusSeeriiif exanipled of suitablodsute@red etheantslieclode, bal arogpt sake” is
Hana fl avored sake produced by Takara Sake. [0032] "Awanori" refers to a
di stil | edm&pd td, ethdesl B Formiiha 29 rghagbRi N-D1 Germbiat3)) ahdnppil @ab), YFomdaa 4))
ki nawa. [0033] "Baijiu" refers to a distilled spirit made from sorghum

wheat or 5 dihddQES (CDSED,OH).t Vi &hhliymbBast B e@heNob ifeaeRltin @brmalipat 60%
[0034] "Beer" refers to an al coholic beverage produced by the brew ng and

fermentatl e - J {ly derived fromcereal grains
(e.qg., ﬁ%??gﬁB%ﬁ#ﬁ@@?ﬁﬁﬁggﬁg&ggﬁ%ﬂgﬁﬁk?ﬂ@%'. The al cohol content of beer
typically ranges fromone percent to six percent. [0035] "Alcoholic
beverage" refers tg a Ijguid suitable for human consupption, which contains
et hanol, water, an -;g@%east one ad iq@%l conponent,ﬂmhgﬁﬁ is a

sweet ener, odorant, efflavorant, or‘;y%Ongener derived Y om the brewed or
f ernent ed conposil{dons f £ whi chythe bevegage isimﬁyﬁhce&?@mhe anmount of
ethanol is at |east 1% by weight. tn various other

Formula 2 Formula 3 Formula 4

[0020] In successively more-preferred embodiments, the compositions comprise ethanol
wherein at least 15 mole percent, 30 mole percent, 50 mole percent, 75 mole percent, or 95
mole percent of the ethanol is a deuterated alcohol according to Formula 1.

[0021] In additional embodiments, the present invention also takes advantage of the fact that
the removal of Hg, from ethanol by alcohol dehydrogenase is subject to a substantial primary
deuterium isotope effect. Specifically, a deuterium (*H) in the Hg, position is removed by
alcohol dehydrogenase two to four times more slowly than a light ("H) hydrogen. This effect

has been thoroughly documented both in vitro (B.V. Plapp et al., J. Biol. Chem. 1973,
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enbodi nents of the invention, the amobunt of ethanol is at |east 2% 5%
10% 20% or 40% by weight. "Deuterated al cohol,” in the context of this
docunent ,woebarm®248e et hanol havi ng at | east one deut eri ROTASOM/0862d1
corresponding to Formula 1. Deuterated al cohols are articles of commerce
sold by vendors such as CDN |sotopes, Inc., Pointe-C aire, Quebec, Canada,
and net hods for nmeking such conpounds are well known to those of skill in

the art. ol stereospecifical eutera he HRe posjli is known
(ee” Dot B e S ST BE clep Byt £68 0 0l e st Shr resRerisnadd

therein), while racem c ethanol-1-d is readily obtained by reduction of
acet al deWakerget ¢.. B hem. MaBBiol Ronl¥Bedl Hp 1r:6§§/)cﬁnég’é Hvel é@lée Paggpedchange
reactions are referenced and/or discussed in U S. Pat. No. 7,517,990, which
i s i ncor BoramedrHyISleRersenz-e66ht b Aliersnadee ubehtBis/nChams 1987 268t 34976503 |

pur poses, and particularly for the purpose of disclosing nethods of

deut er i UL WiIQGiROsAA.L PRarnid¢ol JoeRaL 1989 ©F:586%).nyl ester (e.g., vinyl
acetate) with D2 gas, followed by hydrolysis, will provide ethanol-1, 2-d2

having afgegpble RO Biftart Bt RORILILARE:, A0 RARIARRHEY AR YfeaRhart N S

position may be rais esire y the use of an asy rc

hydr ogenat i on, cat al yst . e e.qg., .G.J. arkson et.al... Tetrahedron:

noy et r oSk Gty A5G ofis i il HnseaAGH hling o SRRRITRE Cont ext
of netabolismof ethanol refers to either a decreased al dehyde ,

dehydr ogdfchad-induiged flgshing, upae pesem@tipe obn rohplicicompgsigen gf Gispgyention,
dehydr ogenase, or both, which results in higher than normal |evels of

acet al dethpdld inptabdlezelibeigeutdraigd ethfahelctf d@rpelasion a signifiant i stowies rits thandie
commonly the result of allelic variations in the genes encoding the

enzymnes, oishbevoutdmsabol(2. eghantl Bavegdih adtuaihisotopieitainéxee @s i OrBecatise the
enconpassed by the present invention. [0037] References herein to nethods

of "avoi ginBgk isSlope LM GLdMcENEISRVARE bf ¥, inHquad b1 aRs i videgtahdepydem a
shoul d be undersPood to refer to an avol dance or reduction relative to the

o deut RPARAiOY abei e RER%h | BRSTtbE fl BRA KR a0lbe HRE B S ip gopp

non- deut Cc ositilon. ypr ct r ers

- et hangl . d d th It of starch f tation. [0039
ot 1 orgratRE ot wubl edCOs FBbo b5 4 oetothar M TURHUA SOrirba

multiple times and nm xed with polished rice. It is not diluted with water.
[0040] " PHARrAEEIRONEAR redieHes int the severigf eff symborgs pf afgiaddebyasinigi suchas
suitable for adm nistration to humans, conprising an active pharmaceuti cal

i ngr edi emngoedriradalcohalriddogifbnbinky Tha gemnatea i mrpatibe of gdiaerivae etltli.da ithey
accept abl e exci pi ents. "Sake" refers to an al cohol -based drink

pr oducedethynonthé bih@r tHeaxpedted rebdectmih atétoidelpfdeRohécnhadon incBe bibagr e are two

basic types of sake: futsu-shu, which is oftentinmes referred to
[0023] The reduction in acetaldehyde blood levels should be especially pronounced if the
individual can metabolize the ADH-generated acetaldehyde at a rate that prevents
accumulation of the aldehyde. The metabolism of acetaldehyde to acetate is carried out by
aldehyde dehydrogenase (ALDH), and to a certain extent by cytochrome P450. Some ALDH
enzymes exhibit a deuterium isotope effect when operating on certain substrates, such as
benzaldehydes (M. Scharschmidt et al., Biochemistry 1984, 23:5471-5478) and
glyceraldehyde-3-phosphate (P.F. Canellas and W.W. Cleland, Biochemistry 1991, 30:8871-

8876). On the other hand, sheep liver ALDH shows no isotope effect when acting upon
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as "ordinary sake"; and, tokutei neisho-shu, which is a prem um sake
oftentinmes referred to as "special designation sake". Honjozo-shu,

Junmai - shwoand/2e6320- shu are categori es of prem um sakePCHasp@po4&nL

i ncl udes a processing step of adding a slight amobunt of brewer's al cohol to
sake before pressing. Junmai-shu, or "pure rice sake", is nmade sinply from
rice, water and koji nold (Aspergillus oryzae); no brewer's yeast or other

additives ar clu h uct i [.QCEeSS

e t et o B Lo B S iRt Pl AR AR b
"Shochu" refers to a distilled spirit nmade from barl ey, sweet potatoes

cane sug@ﬂd ayse hives AL shqppi k@ispipph abecinvhen @etieg ummrempn@fie@é% ot nore.
[0042] "Soju" refers to a distilled spirit traditionally nade fromrice

wi th an dllE6HOICIHONRehFeldangiand H. Moem@5% Riol. 45%. 19725 d4E26ARTDL ilesrdet he
manuf acturing process involves the fernentati on of potatoes, barley, wheat,

sweet potoaiveRBarYpokablie €ductiBS HEANDRS adtiva®; it cd0BRsiraiBkd hdve littlebesis to
al cohol i ¢ beverages produced by the fernmentation of starches and subsequent

distill éu‘?&unir heH $ e QS&P%rﬁi S5 ﬁ%ﬁ{i ¥6ieshb E ‘Iﬁ‘ﬂé 36 Rbaabyr al

sour ces g., agave, potato, beets, erea graln and spirits

typi call l,.co conten at than t perc The term
enconpasé (gﬁﬁ(?géi |I‘fié18“@§1 MR Sr Oo\ﬁiet Owﬁﬁl%\l\%ﬁ%{?k?/ ac %é)geh gSgnac
brandy, bourbon, rum tequila, and the i ke. VVne refers to an
al cohol i %Orﬁéwtlaaéymr%ﬁl@é&ewﬂtlﬁeﬁ Hay festhapol. dw tBt H@H@QF of RRPTSERY ches,
primarily derived fromfruits (e.g., grapes). The al cohol content of w ne
t ypi cal | yvertinge shofutbrednéentbe ppnptents of ocefildelmsiamireregandiess potheiifotemdc wi nes,
havi ng hi gher al cohol content, are enconpassed within the termas well.
Conposi t camsosit{dd@#F ;. Conposi ti ons of the present invention are beverages
and pharnmaceutical fornulations that conprise a deuterated al coho

accor di ngobg E%mleeapﬁfecﬁtéaltﬁalewn intiR@ivERARGDI LR e TRIM LA 86, yRRt ween 0. 25
percent and 60.0 percent by weight of the deuterate§ al cohol .” [0046] Were

t he beve{ltﬁl%fmblftyta%g@ﬁdﬁge?&{’of thi c&%@&sﬁtﬂns%&ﬁﬁm%nﬁ%ﬁ u??ﬁ!‘@gf‘eqe }\?a?enFP@flSF nt and

20. 0 percen erated t1rnmes rises

bet ween 0 ercent nd 15. 0. cent . of eut erated al coho speC|f|c
cnses. Do g AHymecHgrRde o Sﬁlﬂ@d GGt S orEh 8L Hen Bbur b at ed
al cohol : 1.0 percent to 15 percent; percent to 15.0 percent; 3.0

per cent t‘C@tai®h(¥d‘bébr‘é%tW1th4at®nW é@ﬂtztl%oflﬂhe oypemsertacetaldohysiemianthe o 14. 0

percent; 4.0 percent to 13.0 percent; 4.0 percent to 12.0 percent; 4.0
per cent ﬂow&&naapdhmemhhedmﬁmp&ﬁménmotd%hahﬁwp@mnémtmnwnakpewtbﬂw to 9.0
percent; and 4.0 percent to 8.0 percent. [0047] Were the beverage is beer,

it typi célbnded @ERsd sE5cak @l svieiicdholiorpertefidh, ddldliediteNRe §@BEnt@f alchRol
deuterated al cohol. Otentines, the beverage conprises between 0.5 percent

and 12. OnRBLE ro@fcel a@v% %Hnﬁoﬁ%%h effl. §RE B&Je'rfgeg 8f ﬁl%’préslgﬁ’t beverage

may conprise any of the "'ow'ng ran of deuterated al cohol: 1.0 percent

and 12. 0 & ?o%nBCcorc%m%E < C%ré anugac%'ur?c? wgtﬁ(%l SRks alc hol RS el’t%gn]&m eé]rulva etn9

percent; pér cen per cen rcen cen
7,
Bg; g g 2{ Srgg{&?t lg:verea%gsre gitghﬁut bR gg)re%%g}@g gg%pr?su?nerse zr1sC %%akers 09 lepsg E)gt%rrllt[ ar?c? d 0

they should produce a more consistent and prolonged effect with a less-pronounced initial
effect. In particular, the beverages of the invention may be consumed on an empty stomach,
with less risk of a sudden onset of inebriation.

[0025] Conversely, pharmaceutical compositions can be produced having higher ethanol
concentrations and greater solvent power than prior art compositions, without an increase in
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[ 0048] Where the beverage is wine, it typically conprises between 0.25
percent and 15.0 percent of the deuterated alcohol. Otentines, the

bever age worpriiees2bet ween 0.5 percent and 12. 0 per cent pofi/ush@odedt er at ed
al cohol. In specific cases, the beverage may conprise any of the follow ng
ranges of deuterated alcohol: 1.0 percent and 12.0 percent; 2.0 percent and
12.0 percent; 3.0 percent and 12.0 percent; 4.0 percent and 12.0 percent;

5.0 percent _.and 12.0 r.cent., 6. ercent and 12.0 percent; 3.0Q percent and
110" per CEEeydG TsRREERTS Sitrra ol BErCEINEns PO e Bt TErodicHopal Ko
3.0 percent and 8.0 percent; 3.0 percent and 7.0 percent; and, 3.0 percent
and 6.0 gErerrited foppublions i@ attgedans saingjant sonvesiinegt . it typical ly

conpri ses between 20.0 percent and 60.0 percent of the deuterated al cohol.
O t ent i n9926] Tee preveart ayenttanthns peyides hweens 2&. opkng entedanid g 5l @vpetyeodnt of
t he deuterated al cohol. In specific cases, the beverage may conprise any of

t he fol | @nhiig-ifdAReEsccedlddsdtmiahathodbicalddheialdisBingebE pidtvidife Sfd/& percent;
20.0 percent to 45.0 percent; 20.0 percent to 40?% percent; 20.0 percent to

35.0 per@(ﬁfgﬁmin%nﬂe %@01@01&%@9&% ed d%%aﬁn&%ﬁﬁ'&tﬂ:om%@s@é&ls 0 5 OiﬁBérﬁ'ﬁ)n.bever age

is sake, 1t typically conprises between 0.25 percent an percent of

t he deut al cohol . CEtentines,,the bever .conpr.i ses. bet ween .0. 25
bor cent . a7 bR g e PR es s Rt Rl SR ke P B HE™ e
beverage nmay conprise any of the follow ng ranges of deuterated al cohol:
1.0 per c@gthof gompriges shs stempt adding (9, Reapiact a deyittedpdeahahpccomding fodiqiamia ¢ o
10.0 percent; 2.0 percent to 10.0 percent; and 2.5 percent to 10.0 percent.
[ 0051] Whenenmoubiespéiicie th groswemar dlcolidlictbppiregd ¢omprsiny watesarseathaweh 0. 25
percent and 35.0 percent of the deuterated al cohol. Otentines, the

bever agewhanirdt $est Hajowegncddt 3bthpethaadttis amdutdtitdd devhoendicoafing eFatawlet.at ed
al cohol. In certain cases, the beverage nmay conprise any of the follow ng

ranges ofy fRURLAIEEbANERBC deulerBeP8Ic6RN tact Bdid§ 1O FREAAE NS added iP g% CENt tO
25.0 percent; 2.0 percent to 20.0 percent; 2.5 percent to 17.5 percent; and

2.5 perc ; e nnl . t ATl i L L:
typicalIéﬂé%ﬁggﬁgggtgg%ﬁgg%Eﬁfggiégfggﬁ%ﬁ%ﬁgﬁggg%gpercgﬁgeg?hpﬁgm%éﬁférated
al cohol .. Otentines, the beyerage ri ses be en 0.25 percent. and 60.0
per cont BUIRARIE RSP SARIORGI he ZEr e TS SEURPErFHe Bevapdlgdciay
conprise any of the follomﬁn? ranges of deuterated alcohols: 1.0 percent to
55. 0 per @che ethand ina dewpratedglaphobagsardiegio;:Fopmglagler cent to 45.0 percent; 2.5
percent to 40.0 percent; 3.0 percent to 35.0 percent; and 3.5 percent to
30. 0 per[©628] ThOPBSint Wventeort dleo poveiesgeedtlsodnemaking anygidwllicypheompentsas

bet ween 0. 25 percent and 55.0 percent of the deuterated al cohol.

O t ent i n@simpdshiynb efhe nAgBo CaviiTise & the BRPWERBMBinddr RLiEiRBphanthcd@iddl per cent  of
the deuterated al cohol. In specific cases, the beverage may conprise any of
the fol | Quidagnt AAOES/ i 2 dRSEALRINA! LN e & FBRAL G Silant By dtRie QuPiEfRERL ;
1.5 percent to 40.0 percent; 2.0 percent to 35.0 percent; 2.5 percent to
30.0 percent . and 3.0. percent .0 percent .. 1 0054] VWere the .beverage is
shoohb. PEoSEamy il ab al Baf nannREe 8N e M B SR G B 57 e
deuterated al cohol ., Otentines, the beverage conpri ses between 0.25 percent
and 30. ogfﬁlé?retéﬁ@lceholﬂﬁ‘éoréwgFaf%iaalr dfdhtions] eepegivrene. dedledterdies pever age
may conprise any of the follow ng ranges of deuterated al cohol: 1.0

per cent aleolmd agcopding émbormuls 1 pegasehined io ap2an®upesutBeient 2 pooduge 20. 0 per cent ;
2.5 percent to 17.5 percent; 3.0 percent to 15.0 percent; and 3.5 percent
to 12. 5 genmsition wherein at least 15 mole percent, 30 mole percent, S0 mole percent, 75 mole

percent, or 95 mole percent of the ethanol in the composition is a deuterated alcohol
according to Formula 1. Pharmaceutically acceptable excipients may be introduced or
admixed with the deuterated ethanol and/or the API, prior to or following the combining step.
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[ 0055] Where the beverage is soju, it typically conprises between 0.25
percent and 50.0 percent of the deuterated alcohol. Otentines, the

bever age wornpriigess2bet ween 0. 25 percent and 45. 0 per centcofusthe/odeut er at ed
conpound. In specific cases, the beverage may conprise any of the foll ow ng
ranges of deuterated alcohol: 1.0 percent to 40.0 percent; 1.5 percent to
35.0 percent; 2.0 percent to 30.0 percent; 2.5 percent to 25.0 percent; and

2.5 percent t 0.0 percent. [0056] Were_.the bevera is al nost sake, it
Cymi ool Ly conPrfis B BEREGHES: B8 Upierle Gh FhICrDE BEHOAL BHTOGPY FAES A b at ed
al cohol. Oftentines, the beverage conprises between 0.25 percent and 11.0
per cent §ptopisecogmesidpratierd 1 Ebleppny ¢amypatqnfthercebigady proportense ligashely
conprise any of the follow ng ranges of deuterated alcohol: 1.0 percent to
10. 0 per @@hor, “IH5refars speotfidaby & Oe peutesnt;is@ole. fRrpp@tibng desgiledjeraehby; 2.5
percent to 7.5 percent; 3.0 percent to 7.0 percent; and 3.5 percent to 6.0
per cent . pdr8heades ARGpeyddt By & eRAY Bflagashdriteun@catbkt ures of non-deuterated

et hanol and a deuterated ethanol of Forrmula 1, usually in ratios ranging

fro”‘1/1ﬁm?9]4Qk8mﬂ¢R§m§Q@éﬂ jerated ethanol can be obtained, for
i nstance, from conpositions derived fromfernentation, brew ng and

f er ment aty «pnd/ or, fernmentat. an ubseguent distill.atio 0058] , For
| ot ancel V0L ARPRE st FERge i My BB BB RO RneRl I bR Blte el g
nondeut er at ed et hanaol, non-1im¢ting exanples of deuterated to |, .

non- deut ¥Pish darigrcisibivioes of athsr Hayaripgs haxe kesn geded: beneragge contpingne wingto 1/ g:
1/7; 1/6; 1/5; 1/4; 1/3; 1/2; 1/1; 2/1; 3/1; 4/1; 5/1; 6/1;, 7/1; 8/1;, 9/1,
and, 10/ which[igsdEnty\esheastfhiat juweor afer flsvaregs haunbesnniddey (sat.hvide gedewd;ed
and non-deuterated ethanol, non-limting exanples of deuterated to

non- deut ardicedragécamadinif distitled weblgitand adldedsingredietd 8 uchldsldyit i&;s ol bier 1/ 7;
1/6; 1/5; 1/4; 1/3; 1/2; 1/1; 2/1; 3/1; 4/1; 5/1; 6/1; 7/1;, 8/1; 9/1; and,
10/ 1. [Oﬁggkmghere t he beverage is wine containing both deuterated and
non- deuterated ethanol, non-limting exanples of deuterated to

non- deut d » M | i ! uds. : 9: bl 7
176 1) U0 RmA TG, R 46 S hAa bt o Ak A Hafiie g Bimdgiducy
10/ 1. [00 ere the beverage.is a irit containing both deuterated and
non-deutﬁﬁ%%@%QEPﬁgﬁgﬁﬂ”ﬂ‘Hﬁagﬁﬂkgﬂﬁfggﬁnples of deuterated to
non-deuterated al cohol mxture weight ratios include: 1/10; 1/9; 1/8; 1/7;
1/ 6; 1/ 5t003217 Awprgori] refers {9 g disgiflqd spayitiderigeq frogy lpng grajn rigg that g/typicalyr; and,
10/1. [0062] Were the beverage is sake containing both deuterated and
non- deut madd¢ md0lehimamol , non-limting exanples of deuterated to
non- deut erat ed al cohol m xture weight ratios include: 1/10; 1/9; 1/8; 1/7;

1/ 6; 1/ 5[0038PBai{id; reldrdto ddidtilledf shirit3hdde fAdnd sofphdin, ®hdadt of &lhitin8dsliiced/1L; and,
10/1. [0063] Were the beverage is awanori containing both deuterated and

non-deutg?gkgghgggpﬂghmﬂQ&ﬂahkggg&ﬂgoqxanples of deuterated to
non- deut érated al cohol m xture weight ratios include: 1/10; 1/9; 1/8; 1/7;

}_6/61 Y 5[;00%4/1]4‘;‘Be]é/r’31;efe]i/s gd anlélg'c-bho%jc %bvéégé’ pr%él}éed%/y]tfle l?r/e%v;ing7zén]d; fer8n/1él'rf-tat190/n1d-f and,
starches, which are primarily derived from cereal grains (e.g., malted barley, wheat, corn and
rice). The alcohol content of beer typically ranges from one percent to six percent.

[0035] “Alcoholic beverage” refers to a liquid suitable for human consumption, which
contains ethanol, water, and at least one additional component, which is a sweetener, odorant,
or flavorant, or a congener derived from the brewed or fermented compositions from which

the beverage is produced. The amount of ethanol is at least 1% by weight. In various other
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[ 0064] Where the beverage is baijiu containing both deuterated and
non-deuterated ethanol, non-limting exanples of deuterated to

non- deut ewat2ed/|b&sehol m xture wei ght ratios include: 1Pt®/US219/0462A8; 1/7;
1/6; 1/5; 1/4; 1/3; 1/2; 1/1; 2/1; 3/1; 4/1; 5/1; 6/1; 7/1; 8/1; 9/1; and,
10/ 1. [0065] Where the beverage is han containing both deuterated and
non-deut erated ethanol, non-limting exanples of deuterated to

o oS L0 SIS Lo By LRGP BSR40 3 ol 10

10/1. [0066] Were the beverage is shochu containing both deuterated and
non- deut &¥ weielt- ePeaiseited Heoholi i thersgniexbefphis slospmep ek tasrthangl having at
non- deut er at ed al cohol m xture weight ratios include: 1/10; 1/9; 1/8; 1/7;
1/ 6; 1/ 5leagt/od¢ d@ut8iurh/agym,lhd co@esbond@ihg to BormuldA 1 Debletatedrdldohddy drp aricles and,
10/1. [0067] Wiere the beverage is soju containing both deuterated and

non- deut f @n@flered EaABY vedWts buidhiak IOTIN @¥0asHRk Sfic OPoid@UCRIB! @GeHe®, Canada,
non- deut er at ed al cohol m xture weight ratios include: 1/10; 1/9; 1/8; 1/7;

1/6; 1/ San éltho&s/ i%r tn1‘|;1]a4<%§ sqlé};-corgé&undg{alje’wéﬂ ﬂnowri{ by th@!ejovf Slth]lB tl@e! art lgt/hgmoland

10/ 1. [006 VWher e everage I'S sake contalnlng ot h deuterated

d f d
non- dour S SRRLERLArRReH al Bk BRiitPRis TR ER om0 oy .
1/6; 1/5; 1/4: 1/3; 1/2; 1/1; 2/1; 3/1; 4/1; 5/1; 6/1; 7/1 8/1; 9/1; and,
10/ 1. ExhR) 20656020 0q rafreness tharein). whilerraganya ethapelr ked dsvieadily ebtainedBy es of

vari ous beverages according to the present invention are provided bel ow.
[ 0070] BEsedngsiom]of acetaldehyde with BD3 or NaBD,4. Non-specific hydrogen-deuterium exchange

reactions are referenced and/or discussed in U.S. Pat. No. 7,517,990, which is incorporated
by reference into this document in its entirety for all purposes, and particularly for the
purpose of disclosing methods of deut,,ium incorporation. Hydrogenation of a vinyl ester
(e.g., vinyl acetate) with D, gas, followed by hydrolysis, will provide ethanol-1,2-d, having
at least 50% D at the Hg, position, the proportion of D at this position may be raised, if
desired, by the use of an asymmetric hydrogenation catalyst. (See, e.g., G.J. Clarkson et al.,
Tetrahedron: Asymmetry, 2004, 15:1787-1792.)

[0036] “Enzyme abnormality” in the context of metabolism of ethanol refers to either a
decreased aldehyde dehydrogenase level or an increased level of activity of alcohol
dehydrogenase, or both, which results in higher than normal levels of acetaldehyde in the
body of an affected person. Although this is most commonly the result of allelic variations in
the genes encoding the enzymes, other causes (e.g. misregulation of gene expression) are
encompassed by the present invention.

[0037] References herein to methods of “avoiding” or “reducing the severity” of symptoms
of acetaldehydemia should be understood to refer to an avoidance or reduction relative to the
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Beverage type: al copop. Total ethanol content (deuterated and
non-deuterated): 4.0 percent to 8.0 percent. Percentage of deuterated

et hanol . WOQoperneat . Percent age of non-deut erated et hamrolr/us@oipateent .

O her ingredients: water; sugar; fruit juice and/or soda. [0071] Exanple 2
Bever age type: al copop. Total ethanol content (deuterated and
non-deuterated): 4.0 percent to 8.0 percent. Percentage of deuterated

et hanol r ent. rcent age on- deut t hanol : per cent.
Ghor | ngPRIbBAE Qe il SHANCEN I Of * SONAVEBEID] Beampl e 3
Bever age type: alcopop
composition.
[0038] “Fermentation byproduct” refers to non-ethanol compounds produced as the result of
starch fermentation.
[0039] “Han” refers to a liquor made from barley vodka that has been distilled multiple times
and mixed with polished rice. It is not diluted with water.
[0040] “Pharmaceutical composition™ refers to a liquid composition, suitable for
administration to humans, comprising an active pharmaceutical ingredient, ethanol, and
optionally water and/or other pharmaceutically acceptable excipients.

“Sake” refers to an alcohol-based drink produced by multiple, parallel fermentation of
polished rice. There are two basic types of sake: futsu-shu, which is oftentimes referred to
as “ordinary sake”; and, tokutei meisho-shu, which is a premium sake oftentimes referred to
as “special designation sake”. Honjozo-shu, Junmai-shu and Ginjo-shu are categories of
premium sake. Honjozo-shu includes a processing step of adding a slight amount of brewer’s
alcohol to sake before pressing. Junmai-shu, or “pure rice sake”, is made simply from rice,
water and koji mold (Aspergillus oryzae); no brewer’s yeast or other additives are included in
the production process. Ginjo-shu is made from rice that has been polished to 60% or less of
its original weight.

[0041] “Shochu” refers to a distilled spirit made from barley, sweet potatoes, cane sugar, or
rice. It typically has an alcohol content of 25% or more.

[0042] “Soju” refers to a distilled spirit traditionally made from rice with an alcohol content
ranging from 25% to 45%. In some varieties, the manufacturing process involves the

fermentation of potatoes, barley, wheat, sweet potatoes or tapioca instead of rice.
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Total ethanol content (deuterated and non-deuterated): 4.0 percent to 8.0
percent. Percentage of deuterated ethanol: 80 percent. Percentage of

non- deut ewat2ed/eedsanol : 20 percent. Ot her ingredients: waras2oogeeil fruit
juice and/or soda. [0073] Exanple 4 Beverage type: al copop. Total ethanol
content (deuterated and non-deuterated): 4.0 percent to 8.0 percent.
Percent age of deuterated ethanol: 70 percent. Percentage of non-deuterated

et hanol : ercent. O her, ingredients: ter; sugar; fruit juice and/or
coda. 1 WS BERS e Eaoephis Ty pasSmbtsah oy it Grhek oY s
(deuterated and non-deuterated): 4.0 percent to 8.0 percent. Percentage of
deut er at psequgaidstillagion pdhe safches are usually derived from a variety of natural sources

(e.g., agave, potato, beets, un-malted cereal grain), and spirits typically have an alcohol
content greater than twenty percent. The term encompasses distilled spirits such as vodka,
gin, whisky, rye, cognac, brandy, bourbon, rum, tequila, and the like.

[0044] “Wine” refers to an alcoholic beverage produced by the fermentation of sugars and
starches, primarily derived from fruits (e.g., grapes). The alcohol content of wine typically
ranges from nine percent to sixteen percent. Fortified wines, having higher alcohol content,

are encompassed within the term as well.

Compositions

[0045] Compositions of the present invention are beverages and pharmaceutical formulations
that comprise a deuterated alcohol according to Formula 1. Typically, the compositions
comprise between 0.25 percent and 60.0 percent by weight of the deuterated alcohol.

[0046] Where the beverage is an alcopop, it typically comprises between 0.25 percent and
20.0 percent of the deuterated alcohol. Oftentimes, the beverage comprises between 0.5
percent and 15.0 percent of the deuterated alcohol. In specific cases, the beverage may
comprise any of the following ranges of deuterated alcohol: 1.0 percent to 15.0 percent; 2.0
percent to 15.0 percent; 3.0 percent to 15.0 percent; 4.0 percent to 15.0 percent; 4.0 percent
to 14.0 percent; 4.0 percent to 13.0 percent; 4.0 percent to 12.0 percent; 4.0 percent to 11.0
percent; 4.0 percent to 10.0 percent; 4.0 percent to 9.0 percent; and 4.0 percent to 8.0 percent.
[0047] Where the beverage is beer, it typically comprises between 0.25 percent and 15.0
percent of the deuterated alcohol. Oftentimes, the beverage comprises between 0.5 percent
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Percent age of non-deuterated ethanol: 40 percent. O her ingredients: water;
sugar; fruit juice and/or soda. [0075] Exanple 6 Beverage type: al copop.
Tot al et hwoabiionedsent (deut erated and non-deut erat ed): 2C@/ysesiommd2ito 8.0
percent. Percentage of deuterated ethanol: 50 percent. Percentage of

non- deut erated ethanol: 50 percent. OQher ingredients: water; sugar; fruit
juice and/or soda. [0076] Exanple 7 Beverage type: alcopop. Total ethanol

content (9o Srated 2nd hon depteraton 4.0 ROLORLCI2. 5 0, PELCEM oy
of the following ranges of deuterated alcohol: 1.0 percent and 12.0 percent; 2.0 percent and
12.0 percent; 3.0 percent and 12.0 percent; 3.0 percent and 11.0 percent; 3.0 percent and 10.0
percent; 3.0 percent and 9.0 percent; 3.0 percent and 8.0 percent; 3.0 percent and 7.0 percent;
and, 3.0 percent and 6.0 percent.
[0048] Where the beverage is wine, it typically comprises between 0.25 percent and 15.0
percent of the deuterated alcohol. Oftentimes, the beverage comprises between 0.5 percent
and 12.0 percent of the deuterated alcohol. In specific cases, the beverage may comprise any
of the following ranges of deuterated alcohol: 1.0 percent and 12.0 percent; 2.0 percent and
12.0 percent; 3.0 percent and 12.0 percent; 4.0 percent and 12.0 percent; 5.0 percent and 12.0
percent; 6.0 percent and 12.0 percent; 3.0 percent and 11.0 percent; 3.0 percent and 10.0
percent; 3.0 percent and 9.0 percent; 3.0 percent and 8.0 percent; 3.0 percent and 7.0 percent;
and, 3.0 percent and 6.0 percent.
[0049] Where the beverage is a spirit, it typically comprises between 20.0 percent and 60.0
percent of the deuterated alcohol. Oftentimes, the beverage comprises between 25.0 percent
and 50.0 percent of the deuterated alcohol. In specific cases, the beverage may comprise any
of the following ranges of deuterated alcohol: 20.0 percent to 50.0 percent; 20.0 percent to
45.0 percent; 20.0 percent to 40.0 percent; 20.0 percent to 35.0 percent; and 20.0 percent to
30.0 percent.
[0050] Where the beverage is sake, it typically comprises between 0.25 percent and 20.0
percent of the deuterated alcohol. Oftentimes, the beverage comprises between 0.25 percent
and 17.5 percent of the deuterated alcohols. In certain cases, the beverage may comprise any
of the following ranges of deuterated alcohol: 1.0 percent to 15.0 percent; 1.0 percent to 12.5
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Percent age of non-deuterated ethanol: 60 percent. O her ingredients: water;
sugar; fruit juice and/or soda. [0077] Exanple 8 Beverage type: al copop.
Tot al et hwoabiionedsent (deut erated and non-deut erat ed): 2C@/ysesiommd2ito 8.0
percent. Percentage of deuterated ethanol: 30 percent. Percentage of
non- deut erated ethanol: 70 percent. OQher ingredients: water; sugar; fruit
juice and/or soda. [0078] Exanple 9 Beverage type: al copop. Total ethanol

per cont abSct: HATEPRUBAdREERBI:2 Gtr ek b 0 PREF ot PorReRaR JBL er at od
et hanol : 80 percent.

percent.
[0051] Where the beverage is awamori, it typically comprises between 0.25 percent and 35.0
percent of the deuterated alcohol. Oftentimes, the beverage comprises between 0.25 percent
and 30.0 percent of the deuterated alcohol. In certain cases, the beverage may comprise any
of the following ranges of deuterated alcohol: 1.0 percent to 27.5 percent; 1.5 percent to 25.0
percent; 2.0 percent to 20.0 percent; 2.5 percent to 17.5 percent; and 2.5 percent to 15.0
percent.
[0052] Where the beverage is baijiu, it typically comprises between 0.25 percent and 65.0
percent of the deuterated alcohol. Oftentimes, the beverage comprises between 0.25 percent
and 60.0 percent of the deuterated alcohol. In specific cases, the beverage may comprise any
of the following ranges of deuterated alcohols: 1.0 percent to 55.0 percent; 1.5 percent to
50.0 percent; 2.0 percent to 45.0 percent; 2.5 percent to 40.0 percent; 3.0 percent to 35.0
percent; and 3.5 percent to 30.0 percent.
[0053] Where the beverage is han, it typically comprises between 0.25 percent and 55.0
percent of the deuterated alcohol. Oftentimes, the beverage comprises between 0.25 percent
and 50.0 percent of the deuterated alcohol. In specific cases, the beverage may comprise any
of the following ranges of deuterated alcohol: 1.0 percent to 45.0 percent; 1.5 percent to 40.0
percent; 2.0 percent to 35.0 percent; 2.5 percent to 30.0 percent; and 3.0 percent to 25.0
percent.
[0054] Where the beverage is shochu, it typically comprises between 0.25 percent and 35.0
percent of the deuterated alcohol. Oftentimes, the beverage comprises between 0.25 percent
and 30.0 percent of the deuterated alcohol. In specific cases, the beverage may comprise any
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O her ingredients: water; sugar; fruit juice and/or soda. [0079] Exanple 10
Beverage type: al copop. Total ethanol content (deuterated and

non- deut ewat2etiy22¢820 percent to 8.0 percent. Percent agePofi/useunonated

et hanol : 10 percent. Percentage of non-deuterated ethanol: 90 percent.

O her ingredients: water; sugar; fruit juice and/or soda. [0080] Exanple]]
Phar maceutical conposition: Aromatic Elixir, U S P. Total ethanol content

(douteral oo, O or ot o/ L 20)c, 22 ST Sk LoLoRY agecof, deuterated
percent; 2.0 to 20.0 percent; 2.5 percent to 17.5 percent; 3.0 percent to 15.0 percent; and 3.5
percent to 12.5 percent.

[0055] Where the beverage is soju, it typically comprises between 0.25 percent and 50.0
percent of the deuterated alcohol. Oftentimes, the beverage comprises between 0.25 percent
and 45.0 percent of the deuterated compound. In specific cases, the beverage may comprise
any of the following ranges of deuterated alcohol: 1.0 percent to 40.0 percent; 1.5 percent to
35.0 percent; 2.0 percent to 30.0 percent; 2.5 percent to 25.0 percent; and 2.5 percent to 20.0
percent.

[0056] Where the beverage is almost sake, it typically comprises between 0.25 percent and
12.0 percent of the deuterated alcohol. Oftentimes, the beverage comprises between 0.25
percent and 11.0 percent of the deuterated alcohol. In specific cases, the beverage may
comprise any of the following ranges of deuterated alcohol: 1.0 percent to 10.0 percent; 1.5
percent to 9.0 percent; 2.0 percent to 8.0 percent; 2.5 percent to 7.5 percent; 3.0 percent to
7.0 percent; and 3.5 percent to 6.0 percent.

[0057] The various beverages include mixtures of non-deuterated ethanol and a deuterated
ethanol of Formula 1, usually in ratios ranging from 1/10 to 10/1. The non-deuterated
ethanol can be obtained, for instance, from compositions derived from fermentation, brewing
and fermentation, and/or fermentation and subsequent distillation.

[0058] For instance, where the beverage is an alcopop containing both deuterated and non-
deuterated ethanol, non-limiting examples of deuterated to non-deuterated alcohol mixture
ratios, by weight, include: 1/10; 1/9; 1/8; 1/7; 1/6; 1/5; 1/4; 1/3; 1/2; 1/1; 2/1; 3/1; 4/1; 5/1;
6/1;7/1; 8/1; 9/1; and, 10/1.
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O her ingredients: water, sugar, orange oil, lenon oil, coriander oil, and
anise oil. [0081] By way of exanple, the follow ng pharmaceuti cal

conposi t iwoomne22dse prepared substantially as is currentCy/useavnii2nt t he
art, but with substitution of a deuterated ethanol of Forrmula 1 for 50%to
100% of the total ethanol in the conposition: Brand nane Anbesol TM Asbron
GIM El'i xi r Di phenhydram ne Elixir BronkolixirTM Choedyl TM Eli xi r CONTACTm

N ont 1 moDpngatal IMELd XL BLXORIML BIMEL LK TGl SR o

non-limiting examples of deuterated to non-deuterated alcohol mixture weight ratios include:
1/10; 1/9; 1/8; 1/7; 1/6; 1/5; 1/4; 1/3; 1/2; 1/1; 2/1; 3/1; 4/1; 5/1; 6/1; 7/1; 8/1; 9/1; and, 10/1.
[0060] Where the beverage is wine containing both deuterated and non-deuterated ethanol,
non-limiting examples of deuterated to non-deuterated alcohol mixture weight ratios include:
1/10; 1/9; 1/8; 1/7; 1/6; 1/5; 1/4; 1/3; 1/2; 1/1; 2/1; 3/1; 4/1; 5/1; 6/1; 7/1; 8/1; 9/1; and, 10/1.
[0061] Where the beverage is a spirit containing both deuterated and non-deuterated ethanol,
non-limiting examples of deuterated to non-deuterated alcohol mixture weight ratios include:
1/10; 1/9; 1/8; 1/7; 1/6; 1/5; 1/4; 1/3; 1/2; 1/1; 2/1; 3/1; 4/1; 5/1; 6/1; 7/1; 8/1; 9/1; and, 10/1.
[0062] Where the beverage is sake containing both deuterated and non-deuterated ethanol,
non-limiting examples of deuterated to non-deuterated alcohol mixture weight ratios include:
1/10; 1/9; 1/8; 1/7; 1/6; 1/5; 1/4; 1/3; 1/2; 1/1; 2/1; 3/1; 4/1; 5/1; 6/1; 7/1; 8/1; 9/1; and, 10/1.
[0063] Where the beverage is awamori containing both deuterated and non-deuterated
ethanol, non-limiting examples of deuterated to non-deuterated alcohol mixture weight ratios
include: 1/10; 1/9; 1/8; 1/7; 1/6; 1/5; 1/4; 1/3; 1/2; 1/1; 2/1; 3/1; 4/1; 5/1; 6/1; 7/1; 8/1; 9/1;
and, 10/1.

[0064] Where the beverage is baijiu containing both deuterated and non-deuterated ethanol,
non-limiting examples of deuterated to non-deuterated alcohol mixture weight ratios include:
1/10; 1/9; 1/8; 1/7; 1/6; 1/5; 1/4; 1/3; 1/2; 1/1; 2/1; 3/1; 4/1; 5/1; 6/1; 7/1; 8/1; 9/1; and, 10/1.
[0065] Where the beverage is han containing both deuterated and non-deuterated ethanol,
non-limiting examples of deuterated to non-deuterated alcohol mixture weight ratios include:

17105 1/9; 1/8; 1/7; 1/6; 1/5; 1/4; 1/3; 1/2; 1/1; 2/1; 3/1; 4/1; 5/1; 6/1; 7/1; 8/1; 9/1; and, 10/1.
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LufylinTM Eli xir N cotinexTM Nucof edTM TussarTm SF Organi dinTM El i xir
Phenobarbital Elixir APl benzocaine (20% guaifenesin (6.7 ng/m)

t heophyl Iwoeoglogeéspat e (20 ng/ m ) di phenhydram ne HCL ( 2PCH/usgdmioye41
ephedrine sulfate (2.4 ng/m )19 guaifenesin (10 ng/ M) phenobarbital (0.8
ng/ M) theophylline (3 ng/m) chlorpheniramne maleate (0.2 ng/m)

[0066] Where the beverage is shochu containing both deuterated and non-deuterated ethanol,
non-limiting examples of deuterated to non-deuterated alcohol mixture weight ratios include:
1/10; 1/9; 1/8; 1/7; 1/6; 1/5; 1/4; 1/3; 1/2; 1/1; 2/1; 3/1; 4/1; 5/1; 6/1; 7/1; 8/1; 9/1; and, 10/1.
[0067] Where the beverage is soju containing both deuterated and non-deuterated ethanol,
non-limiting examples of deuterated to non-deuterated alcohol mixture weight ratios include:
1/10; 1/9; 1/8; 1/7; 1/6; 1/5; 1/4; 1/3; 1/2; 1/1; 2/1; 3/1; 4/1; 5/1; 6/1; 7/1; 8/1; 9/1; and, 10/1.
[0068] Where the beverage is almost sake containing both deuterated and non-deuterated
ethanol, non-limiting examples of deuterated to non-deuterated alcohol mixture weight ratios
include: 1/10; 1/9; 1/8; 1/7; 1/6; 1/5; 1/4; 1/3; 1/2; 1/1; 2/1; 3/1; 4/1; 5/1; 6/1; 7/1; 8/1; 9/1;

and, 10/1.

Examples

[0069] By way of illustration, representative examples of various beverages according to the

present invention are provided below.
[0070] Example /

Beverage type: alcopop.

Total ethanol content (deuterated and non-deuterated): 4.0 percent to 8.0 percent.
Percentage of deuterated ethanol: 100 percent.

Percentage of non-deuterated ethanol: O percent.

Other ingredients: water; sugar; fruit juice and/or soda.
[0071] Example 2

Beverage type: alcopop.

Total ethanol content (deuterated and non-deuterated): 4.0 percent to 8.0 percent.
Percentage of deuterated ethanol: 90 percent.

Percentage of non-deuterated ethanol: 10 percent.
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oxtriphylline (20 ng/m )20 acetam nophen (33 ng/m )25 chl or pheni ram ne

mal eate (.13 ng/m)) dextronethorphan HBr (1 ng/m ) pseudoephedrine HClL (2
ng/ M) phwoabardedsal (3 ng/ m )23 hyoscyam ne sul fate (2Pcugrsedip/oad2nopi ne
sulfate (3.9 ug/m) scopolanmne HBr (1.3 ug/m) theophylline (5.3 ng/m )20
furosem de (10 ng/m)11.5 di phenoxylate HC1 (5 ng/m )15 atropine sulfate (5
ug/ m)

Other Ingredients: water; sugar; fruit juice and/or soda.
[0072] Example 3

Beverage type: alcopop.

Total ethanol content (deuterated and non-deuterated): 4.0 percent to 8.0 percent.
Percentage of deuterated ethanol: 80 percent.

Percentage of non-deuterated ethanol: 20 percent.

Other ingredients: water; sugar; fruit juice and/or soda.
[0073] Example 4

Beverage type: alcopop.

Total ethanol content (deuterated and non-deuterated): 4.0 percent to 8.0 percent.
Percentage of deuterated ethanol: 70 percent.

Percentage of non-deuterated ethanol: 30 percent.

Other ingredients: water; sugar; fruit juice and/or soda.
[0074] Example 5

Beverage type: alcopop.

Total ethanol content (deuterated and non-deuterated): 4.0 percent to 8.0 percent.
Percentage of deuterated ethanol: 60 percent.

Percentage of non-deuterated ethanol: 40 percent.

Other ingredients: water; sugar; fruit juice and/or soda.
[0075] Example 6

Beverage type: alcopop.

Total ethanol content (deuterated and non-deuterated): 4.0 percent to 8.0 percent.
Percentage of deuterated ethanol: 50 percent.

Percentage of non-deuterated ethanol: 50 percent.

Other ingredients: water; sugar; fruit juice and/or soda.
[0076] Example 7
Beverage type: alcopop.
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dyphylline (10.7 nmg/m )20 niacin (10 ng/ m )14 codei ne phosphate (2

ng/ m)12.5 pseudoephedrine HCL (6 ng/m ) guaifenesin (20 ng/m ) guaifenesin
(40 ng/ mMwd2o0denkesenet hor phan HBr (4 ng/ m ) phenobar bi t 2cT(320m/0w8211.3. 5
ProlixinTM Eli xir Robitussi nTm Ni ght Reli ef

Total ethanol content (deuterated and non-deuterated): 4.0 percent to 8.0 percent.
Percentage of deuterated ethanol: 40 percent.
Percentage of non-deuterated ethanol: 60 percent.

Other ingredients: water; sugar; fruit juice and/or soda.
[0077] Example §

Beverage type: alcopop.

Total ethanol content (deuterated and non-deuterated): 4.0 percent to 8.0 percent.
Percentage of deuterated ethanol: 30 percent.

Percentage of non-deuterated ethanol: 70 percent.

Other ingredients: water; sugar; fruit juice and/or soda.
[0078] Example 9

Beverage type: alcopop.

Total ethanol content (deuterated and non-deuterated): 4.0 percent to 8.0 percent.
Percentage of deuterated ethanol: 20 percent.

Percentage of non-deuterated ethanol: 80 percent.

Other ingredients: water; sugar; fruit juice and/or soda.
[0079] Example 10

Beverage type: alcopop.

Total ethanol content (deuterated and non-deuterated): 4.0 percent to 8.0 percent.
Percentage of deuterated ethanol: 10 percent.

Percentage of non-deuterated ethanol: 90 percent.

Other ingredients: water; sugar; fruit juice and/or soda.
[0080] Example 71/

Pharmaceutical composition: Aromatic Elixir, U.S.P.

Total ethanol content (deuterated and non-deuterated): 22 percent.
Percentage of deuterated ethanol: 90 percent.

Percentage of non-deuterated ethanol: 10 percent.

Other ingredients: water, sugar, orange oil, lemon oil, coriander oil, and anise oil.
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Sandi muneTM Oral Som nexTM Li qui d TussendTm Expectorant Vicks Nyquil TM

fl uphenazine HC1 (0.5 ng/ m) 14 acetam nophen (22 ng/ m ) dextronethorphan
HBr (1 nowol2piipredsdoephedrine HCL (2 ng/m ) pyrilam ne malrast@opde271 ng/ m)
cycl osporine (100 ng/m)12.5 di phenhydram ne HC1L (12.5 ng/m )10

chl orpheniram ne mal eate (0.4 ng/m)12.5 hydrocodone bitartrate (0.5 ng/m)
pseudoephedrine HCL (6 ng/m ) doxyl am ne succinate (0.4 ng/m)25

acetam n%@ﬁqu%%y%?/e%%ple, the following pharmaceutical compositions may be prepared

substantially as is currently known in the art, but with substitution of a deuterated ethanol of

Formula 1 for 50% to 100% of the total ethanol in the composition:

Brand name

API

Ethanol
content (%)

Anbeso]™ benzocaine (20%) 70
Asbron G™ Elixir guaifenesin (6.7 mg/ml) 15
theophylline glycinate (20 mg/ml)
Diphenhydramine Elixir diphenhydramine HCI (2.5 mg/ml) 14
Bronkolixir™ ephedrine sulfate (2.4 mg/ml) 19
guaifenesin (10 mg/ml)
phenobarbital (0.8 mg/ml)
theophylline (3 mg/ml)
chlorpheniramine maleate (0.2 mg/ml)
Choedyl™ Elixir oxtriphylline (20 mg/ml) 20
CONTAC™ Nighttime acetaminophen (33 mg/ml) 25
chlorpheniramine maleate (.13 mg/ml))
dextromethorphan HBr (1 mg/ml)
pseudoephedrine HCI (2 mg/ml)
Donnatal™ Elixir phenobarbital (3 mg/ml) 23
hyoscyamine sulfate (21 ug/ml)
atropine sulfate (3.9 ug/ml)
scopolamine HBr (1.3 ug/ml)
Elixophyllin™ Elixir theophylline (5.3 mg/ml) 20
Lasix™ Oral Solution furosemide (10 mg/ml) 11.5
Lomotil™ Liquid diphenoxylate HCI (5 mg/ml) 15
atropine sulfate (5 ug/ml)
Lufyllin™ Elixir dyphylline (10.7 mg/ml) 20
Nicotinex™ niacin (10 mg/ml) 14
Nucofed™; Tussar™ SF codeine phosphate (2 mg/ml) 12.5
pseudoephedrine HCI (6 mg/ml)
guaifenesin (20 mg/ml)
Organidin™ Elixir guaifenesin (40 mg/ml) 22
dextromethorphan HBr (4 mg/ml)
Phenobarbital Elixir phenobarbital (3 mg/ml) 13.5
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pseudoephedrine HCL (2 ng/m ) dextronethorphan HBr (1 ng/m) 25 Methods
[ 0082] The present invention provides a nethod of making an al coholic
bever age.wohelmetdsed conpri ses the step of addi ng to anpralrashalbioss211
non-al coholic, or reduced-al cohol beverage a deuterated al cohol according
to Formula 1, in an anount sufficient to produce a beverage conprising
wat er and et hanol wherein at least 5 nole percent of the ethanol is a

deut er at ed . .al accordi ng For.mu In a ot her enbodjnent, a
deuteratgﬁméFﬁgﬁgV ccordlngﬂ?@wﬁﬁ?ﬂﬁhgl%)§ ed in an afbunt sufficient
t o produggpitushiaeNagR ReABP! | feRBhinGiIRh (BNth % anol wherein at |east 15 nole

percent of the ethanol is a ElAld Igﬁy1 rdlng to Formula 1. In
anot her embodi ment, a deuterate €$h&ﬂ to Formula 1 is added in
an amount sufficient to prod

S|ng wat er and et hanol
wherein at least 30 nole per%%ﬁ? ﬁ%ﬁgfh bs a deuterated al cohol

accordingmkmnﬁghgudgﬂg I n mﬂgbn@g@gdmﬁgmb a deut er at egh al cohol

according to Formula 1 is added 1 n an anount sufficient to produce a
bever ageSemigkl‘sHagidaat er an@wb@ﬂﬁﬁﬁmﬂvaK%Kﬁz%éﬁ%@@n 50 aHd 100 nol e
per cent Ilss&i‘cﬁMeé;{f;%&%anl S @ &%f@ﬁérﬁ}a%ﬂné‘ln%f’eﬁ% gggazﬁ% nﬂ ng tp, Formila 1.

[ 0083] T e present I nventi maki'ng an al coholic
phar maceuti cal conp03|t|on E E? e step of adding to an
active pharmaceuti cal |ngredF?H@“? ﬁ§HF &Hn Mdhol according to Formula
1, in anvameuuguf ficient t§b§WQﬂMQ§mxﬁﬁkQ$gﬁﬁ>hg@her i ngsedi ents have

been incorporated, a pharnac&g&hﬁﬁ5lﬁﬁqp9§i]h nwherein at least 5 nole
percent of the ethanol in th ﬁg §dﬁﬂe ‘2 terated al cohol according
§ ga% | cohol according to

to Fornula 1. In another enb I B ]
Formula 1 is added in an amoUAt S r%lg ce a pharmaceuti cal

conposition wherein at |east 15 nole percent of the ethanol in the
conposition is a deuterated al cohol according to Formula 1. In another
enbodi meMethods deut er at ed al cohol according to Fornula 1 is added in an
anount sufficient to produce a pharmaceutical conposition wherein at |east
30 nol e [WOB2ETbe pesanhenvehtienmiovidas & hetlmdm osikingam dlsohmliddataragt €kheal cohol
according to Fornmula 1. In another enbodi nent, a deuterated al cohol

accor di ngethod tompribed the itsp aflsiRthd 1d aaral@rmau@tnoﬁwfld‘dhehemr réducgd-oldues a
pharmaceutical conposition wherein between 50 and 100 nol e percent of the

et hanol p&.fhae aQEHRPa‘%é& | (ﬂm'l %cc%r&lﬁ%'%@ﬁﬁhﬁﬂ'a flif %H%{noﬂﬁtcs%ﬁél&ﬂ t&? Jat ' a 1.

[ 0084] Practitioners of e presen I nventi on appreci ate at t

beneflts i ncreasi.n ti ut rated et

obt ai ned Vtefaésweggeﬁg.wr%ﬁf R Gt R oBlea ek U gRCShalaie Che
invention in commercially marketed products will entail a trade-off between
benefits %ate%%cehol[a@ewngee\lfema@éé 4B ABtaF R InER. Hieeantedflcpask i on are
typically nade by adding one or nore of the deuterated al cohols to other

i ngr edi ewcgrdingitot Fpsmakisleisafld@iarapl aanagingptieient topredugerp beveragrecasrpuiseh ami x

sui tabl e anobunts of fruit juice, water, sugar and non-deuterated ethanol
(e.g., mahter hndyethinod whe itk a)ledso @8 irtods peréalt bOwedtHayiol ke ded@idtédaicaiol t he
correct amount of deuterated al cohol needed to arrive at a beverage

cont ai ni f&oHiReoARMnul0l . SInRALGEPEMBSNARAL, a dbhibAtRIAIRRLE §brdhe I rBlulanol
bei ng deut erated al cohol. [0086] Beer and wi ne beverages are %yplcally made

by addi t t
o ther DaihEh LAl Sp QR vRincihe 1A Helat: SR Ty Phiek Qﬁﬁé?ﬂa%ce‘) it a
b d d.th 6 th t m
educed- HEBHG 58610 fakgercepbel GE Bt H e@%‘%ﬁiﬁ?ﬁaﬁ it Bl ) o
a non-al coholic beer, and add an anount of deuterated ethanol such that the
overal | bt HuHwthes smbadiment. agleutegpiest dleeliobacoordiag fphorasla bisadded i an 6

percent .
amount sufficient to produce a beverage comprising water and ethanol wherein between 50

and 100 mole percent of the ethanol is a deuterated alcohol according to Formula 1.

24



[0087] Spirits are available with a variety of alcohol contents. As with
beer and wi ne, one can nmake a spirit beverage according to the present

i nvent i orwbyonddedsg deuterated ethanol to a spirit havi rgTIuss@onEN t he
desired amount of ethanol - e.g., adding deuterated ethanol such that the
overall al cohol content of a spirit is increased from 20 percent
(non-deuterated) ethanol to 40 percent. [0088] Sake, awanori, baijiu, han,
shochu, ' nd "al nost .sake" beverages according tq the present .
Chvent | ol TRY Bieeis R R S proRHED ha I R N R B OGP Ia G ikt o
al cohol of Formula 1 to a reduced-al cohol version of the beverage. For

i nst ancecomposgioga Kdieinetheds¢anepiisehthe sikRrf adding fepiagitvePhpamsEutisht ent, one
may obtain a reduced-al cohol sake and add an anount of deuterated ethanol
accor di nipgtedieRon denterafedsalicihot f@mbrdifetodicemalal 1, ét hamobuwenffexnt (dpotleceat ed
pl us non-deuterated) is 15 percent. Exanples of suitable reduced-al chohol

sakes i ngiditd8 otk ingdé@emtOhave B¥eh @ttobdrats@ar fhlalhgtes Ak SomP 6t s whEeXaHt
POOCHI TM (Junnmai Spar ki ng Sake, Suehiro Sake Brewery (Tohoku, Fukushima),

al cohol ontseNLie éel@o t ?f-[ﬁé\l;zcﬁ‘%oi AP MMnﬁ)AHﬂglﬂs a%@t'féﬁt%@ glc%eacco-lf@iﬁ\éqg Shuzo

(Kinki, Kyoto), alcohol content 8.0%, HANA AWAKATM (Junmal Spar kli ng Sake,
Ozeki Co ti Ki.nki f , hol tent ..7. 09 d. SAWVASAWATM
Crunmrar SRR 1l SRR e OR i aeRlerREha T e Wbl 1 305040

[ 0089] Met hods of maki ng reduced-al cohaol beer and wine are also well known
to t hosedbIMeHSHAICIENS I 1rpdyes & phermaaqeutiogd sompedtien WaesHptl§asght mokeers, in
particular, are well-known articles of comrerce. A description related to

t he prodprtdnsit te ctfonobindbhedmpeseionis a geetsetaderdcdhel Mvotdin Gt FrawlaPht int
Publ i cati on No. 20070116801 and references therein; a description regarding
t he produgithed Bmbdbdingint,al deateedtedhloehd ppeadiag it Fointila Pad adddd in dn £83dunt67 and
references therein. Both of these patent docunments are incorporated by

ref er encg, ek b prsiude s pRBRMackhidhN&ImpRNRtdnvildr&a at fe@dt 38lrholP ?éﬂé@ﬁeo? thd 0090]
Met hods of naki ng reduced-al cohol sake are also well known to those of

or di nar y%tg%ﬁ'lollh ih@.c%glgoﬁﬁgn %s:é Cfﬁl%?]e%tgéliec?}golra%oqaﬁg t go a R gI? H@éﬁ%n of

| ow al co sake i's presen pnent o w Al coh Onko

Chi shin, 2004, 8-62. [0091] A nethod. of producing. | ow al cohql. beverages
whi on nasngeineBY s dEpPRissianel ol Byduut (OGP o RN g1 o8
("Preparation of Low Al cohol Beverages by Reverse Osnobsis"), which is

i ncor por Biodeceryphagmageatied coppesitipp whaaubsweer $0 andsl Wrnple peieent ¢frthey |

pur poses. [0092] The present invention provides a nmethod of reducing the
sever i t yetbinad ithtiegomepsition & apdauswated elcoldme¢drdingta€oimulader i s serving

al cohol i ¢ beverages. The nethod conprises providing to that person an

al cohol i 084} RRaGEoRe G thS piRGen@iv@htiGWilEhppreQdte thild eeieRefats of BRedasing iR €
percent of the ethanol is a deuterated al cohol according to Forrmula 1.

[0093] | pop¥Rdchieh ofARRGLARRthanbNG 1P EsR hed M%H%é}%dﬂ[g%{igﬁé BstMEihag of

reduci ng the synptons of al cohol -1 nduced facial flushi a person to
whom t he I%Ei?a%{l | [ e QP Ble th¥entoh {h B a'e?c?ﬂ@' hGIREY G aReR NG MBI hod gpnpri ses
prOV|d|n% 0 that person an al co o everage Preoprt'sig wat € %hd

et hanol , wherejn gt | east 5 nol e percent of the ethanol is a deuterated

al cohol BWEFHPGHGIISGNESPHM a 1. Drinking beverages of the present invention
is expected to provide for a reduction in disagreeable

acet al deldp8ehBevarageaneedrging &0 dalpresthidavention atdepigeilnikede by adding etk oo t he
effects of drinking an equival ent anount of simlar beverages where all the
et hanol inore dfehdeéaiaerage aicoholone déhut @paidatts. Thitlse ¢ase eSPeanglt byabbve) €or
follow ng the consunption of such beverages to an extent that ordinarily

resul ts &inld)dREYAH miCAMBAHIPAh Ot Obf frilie juidts hant:, é@gy@rﬁg@ﬁ-@h&%@d
typically reduce one or nore hangover synptons by at |east 3 percent, as

measur ed a rdi I i -Lim.ting
syt o oeh (L BARIEMACS Ry Sokdind, MR RY BNMIRor AR, corkRU b 0
nausea, muscle aches, vonmting, sensitivity to bright light, and
sensitivity to noise. Aninal nodels related to such synptons are descri bed
in RD Prediger et al. "Activation of adenosine Al receptors reduces

anxi ety-1i ke behavi or during acute et h&fAol wi t hdr awal (hangover) in mce."
Neur opsychophar nacol ogy, 2006, 31(10):2210-2220; H. C. Becker, "Ani nal
Model s of Al cohol Wthdrawal ."” Al cohol Research & Health, 2000,
24(2):105-110. [0094] Depending on the relative deuteriumcontent and total
anount of ethanol consuned, consunption of beverages according to the
present invention will reduce one or nore hangover synptons by at |east 5.0
percent, 7.5 percent or 10.0 percent. In favorabl e cases, such consunption
reduces the synptons by at |east 15.0 percent, 20.0 percent or 25.0



[ 0095] Consunption of beverages according to the present invention
furthernore should reduce one or nore al cohol flush synptons by at |east 5
per cent, e 2oHaRessed by a standardi zed scal e in a humanpor/taréomic2npdel
Non-limting synptons associated with al cohol flush include skin redness,
nausea, headaches, |ight-headedness, and increased pul se rate. Suitable
neasures of flushing are described, for exanple, in A K Kawata et al.,

"Fl ushin (szess&ent oo%#éFAST : Qs%chonetric.fro erties of a new neasure
assessi ntf VP GCW 9 AEEI 5 APEXITAST PR BE * RCHEP HOhREF Ry Sthanol,
Clinical Drug Investigation, 2009, 29(4):215-229. [0096] Depending on the
reIativeWﬁbégéﬁF@ﬂﬁ@B ethencd heing geater ¢Rhobf et hanol consumed, and upon
t he genotype and phenotype of the individual, consunption of the beverages
and phar [688eLBeaand sonpbsictagensreafpitdily madeehnit adaimgrasuitabiuceuonef e nor e

al cohol flush synptons by at |east 5.0 percent, 7.5 percent or 10.0

per cent . dduferh@d alcaRbifFas@Ela 1St @Rh&WREHHP ine Mhdt BEUIE RRlutdtealSohBPLOHTENtbY at
| east 15.0 percent, 20.0 percent or 25.0 percent. [0097] Conpositions of

the pr eSP&Iin%thYc%f'{Fia%elpi"s Qudifle tﬁ%&ag‘g‘g{ éiégcfgﬂpé’zﬁarfbfl c%&&?&ﬁé\goﬁﬁ\éﬁ{aﬁgﬁ

cont ai ni ng al cohol. 1n one net nmuni cates to0 a consuner that a

bever age_i,ncl.ude articul ar_amunt al cohol . further comuni cates

Lot he cBHUHaeRtp e et APt ke 3 ruBreRis o ihapttbb Shot SFORELS

di sagreeabl e physical effects than a typical beverage including the

parti cul BeraRedHe 2bAmePRigH sleuteried %@%ﬁ e thyrihe pesdl Gl capgitdi-et east 1.0
percent of a deuterated al cohol according to Formula 1. [0098] The consuner
t ar get edddwerathé phstivodlestratésh in6 peicsitn who wi shes to decrease the

del eterious side effects of a hangover; it can be a person having an enzyne
abnor mal j0087Y $pisitsede bmilable wigh abalidts of gitolell baments. Ak with @naewmepedieson who
is concerned about a different aspect of an al cohol -contai ni ng beverage.

The conpemi hil@NSspidi teetRde ACRIiAE Rbtht rdsBi tSn kDR By h8&ih Y deu B dCRRIRBBIt | ON
enconpassed by this docunent. Experinental [0099] The Subject was a

52-year - %élﬁgpg%\%%n g%z %h?%ﬁ?gdeam&% OF&HaPMlt_Pf, é;?%daﬂ%%u?el?&gc‘i Q@lh{léliﬁgé} ?f

et hanol S were conducte er an overni g

1,1-Dideyterioethanpl, 99 atom % D.(CDN | so es, ebec, nada) . (70 L)
wns o 1 oAt GVEB0 Arehok O RO Bk G e AP R RSCE 199 BAGETEYe nas
consuned by the subject over the course of five mnutes. The nouth and
pal at e wethendl ind@Begfith orange juice, and data points were then obtained,
intriplicate, every 10 mnutes with a commercial breath anal yzer

( AlcoHAVIIOR8 Ps ake, @Barhomdagiu, bas, shochu, sdjncmdénberst eakel’ baeeradds Scdrding e
control experinment enployed 175 nL of commerci al vodka (80 proof; 40%

et hanol ) the ?bies@@t&nﬁﬁnhi@ﬁ Whesrefes®y inad by b@OALkMedsdiBsuboedehtemblds as a
function of time are presented in Fig. 1. Each data point in the Figure is

the aver agﬁlo@fof I:Qﬁ’n&l?ﬁ §&a ?&ﬁ%éﬁ—%@@%l%efs%e& R b&REI el 'FBFinQﬁhgg, if alBRe is
substantial ly equival ent areas under the curves suggest that the anal yzer
I's equal] kir2d pxrsz%!t f12i1svae 5t SerOdy ie ahd caong:ngj %lrjl;[: &1 ato%g ix ;[1 p %rﬁgfl:cﬁalc{ﬂ(l)oq]s'olgé 1! ©dd
results ?ron1 e con{r experlnenP are quatrita |véTy ST Tar e RdSe
reported by previous workers (see,.e.g., MJne et al., Am J. Cin. Nutr.,
1987, 464BHBOWH S fleyterajed edhpnglarcordingofiogmulp | %ﬁé%ﬁé the queeall qthanob st i on
of deuterated ethanol is substantially retarded, relative to ethanol having
a nat ur a(deptseateshplos apudeiereed) Bnld pereent. t eanpleseofohitelle sadapedalckohod sakeed.

[ 00102] Nunerous nodi fications and variations of the present invention are
possi bl einclude, but are not limited to, sparkling sakes such as POOCHI POOCHI™ (Junmai

Sparking Sake, Suehiro Sake Brewery (Tohoku, Fukushima), alcohol content 7.5%),
TANZAN JAPON™ (Junmai Sparkling Sake, Tanzan Shuzo (Kinki, Kyoto), alcohol content
8.0%), HANA AWAKA™ (Junmai Sparkling Sake, Ozeki Corporation (Kinki, Hyogo),
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in light of the above teachings. It is therefore to be understood that
within the scope of the appended clains, the invention may be practiced

ot herwi sewOhat1/@as6sgpeci fically descri bed herein. WE CLAPEI/US2010Am62a1 cohol i ¢
beverage conprising water and ethanol, wherein at |east 5 nole percent of
the ethanol is a deuterated al cohol having the fornula D. -OH wherein each
H may i ndependently be hydrogen or deuterium 2. The al coholic beverage of

21 conol HEUAGOTRS H6F hand SATEASREAEF D crifibis e Ghone? 4R b o n

at least 5 nole percent of the ethanol is a deuterated al cohol having the

f or mul a alcahql content 840-9PFe. al cohol i ¢ beverage of claim 1, wherein at least 5

nol e percent of the ethanol is a deuterated al cohol having the fornula
[0089] Methods of making reduced-alcohol beer and wine are also well known to those of

ordinary skill in the art. Non-alcoholic and “light” beers, in particular, are well-known
articles of commerce. A description related to the production of low-alcohol beer is
presented in United States Patent Publication No. 20070116801 and references therein; a
description regarding the production of low-alcohol wine appears in U.S. Pat. No. 4,681,767
and references therein. Both of these patent documents are incorporated by reference into
this document in their entireties, for all purposes.

[0090] Methods of making reduced-alcohol sake are also well known to those of ordinary
skill in the art. A description related to the production of low-alcohol sake is presented in
“Development of Low Alcohol Sake” Onko Chishin, 2004, pp 58-62.

[0091] A method of producing low-alcohol beverages which has general applicability is
discussed in U.S. Patent No. 4,612,196 (“Preparation of Low Alcohol Beverages by Reverse
Osmosis”), which is incorporated by reference into this document in its entirety, for all
purposes.

[0092] The present invention provides a method of reducing the severity of a hangover in a
person to whom the practitioner is serving alcoholic beverages. The method comprises
providing to that person an alcoholic beverage comprising water and ethanol, wherein at least
5 mole percent of the ethanol is a deuterated alcohol according to Formula 1.

[0093] In another embodiment, the present invention provides a method of reducing the
symptoms of alcohol-induced facial flushing in a person to whom the practitioner is serving
alcoholic beverages. The method comprises providing to that person an alcoholic beverage
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5. The al coholic beverage of claim1l, wherein at | east 5 nole percent of
the ethanol is a deuterated al cohol having the fornula CD3CD2CH. WO

2011/ 022680R0TI/d2%3010/ 046211 6. The al cohol i ¢ bever age pofi/usb@iomicil wher ei n
at |east 15 nole percent of the ethanol is said deuterated alcohol. 7. The
al cohol i c beverage of claim®6, wherein at |east 30 nole percent of the
ethanol is said deuterated al cohol. 8. The alcoholic beverage of claim?7,

wherein at | east 50 no cent .of he et hanol i d. deyt er ted al cohol .
o “The. af UBHOLTEVHEy BRLREBE SR RrpleayiapaR Retsent o ds ChaT OBERERL o
the ethanol is said deuterated alcohol. 10. The al coholic beverage of

cl ai m 9, algphal 6¢qerding feBemus | nBriakisabeseragesfol ihrpresans HoENGaN is skpeciRskiper at ed
al cohol. 11. A nethod of delaying the onset of ethanol-induced synptons
associ at povidetfor 4 rrducomsiumphpenatdé acalddhydbiola-eldvel/gryagel effdeisah tlconpr i ses

t he consunption of an al coholic beverage according to claiml1l. 12. A

met hod ofirigke] @hipdredrio FiRMRc RO aliRRME anicqdivarat atainbaahideptardges ¥ere

i ndi vidual, conprising providing to said individual an al coholic beverage

accordi ng; Ih@ eftlafibMine beverage is non-deuterated. This is especially true following the
consumption of such beverages to an extent that ordinarily results in a hangover.
Consumption of the instant beverages should typically reduce one or more hangover
symptoms by at least 3 percent, as measured by a standardized scale in a human or animal
model. Non-limiting symptoms associated with a hangover include dizziness, fatigue,
headache, nausea, muscle aches, vomiting, sensitivity to bright light, and sensitivity to noise.
Animal models related to such symptoms are described in R.D. Prediger et al. “Activation of
adenosine Al receptors reduces anxiety-like behavior during acute ethanol withdrawal
(hangover) in mice.” Neuropsychopharmacology, 2006, 31(10):2210-2220; H.C. Becker,
“Animal Models of Alcohol Withdrawal.” Alcohol Research & Health, 2000, 24(2):105-110.
[0094] Depending on the relative deuterium content and total amount of ethanol consumed,
consumption of beverages according to the present invention will reduce one or more
hangover symptoms by at least 5.0 percent, 7.5 percent or 10.0 percent. In favorable cases,
such consumption reduces the symptoms by at least 15.0 percent, 20.0 percent or 25.0
percent.
[0095] Consumption of beverages according to the present invention furthermore should
reduce one or more alcohol flush symptoms by at least 5 percent, as measured by a
standardized scale in a human or animal model. Non-limiting symptoms associated with

alcohol flush include skin redness, nausea, headaches, light-headedness, and increased pulse
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13. A nmethod of naking an al coholic beverage according to claim1,

conprising the step of adding to a beverage a deuterated al cohol

havi ng t he

formul a Dvo2d4lil24¢2 H CO H wherein each H may i ndependemCiryusb@oloyetnbgen or
deuterium 14. The method according to claim 13, wherein the deuterated
al cohol has the formula 15. The nethod according to claim 13, wherein the

deuterated al cohol has the fornmula 1.H3c

rate. Suitable measures of flushing are described, for example, in A.K. Kawata et al.,
“Flushing ASsessment Tool (FAST): psychometric properties of a new measure assessing
flushing symptoms and clinical impact of niacin therapy,” Clinical Drug Investigation, 2009,
29(4):215-229.

[0096] Depending on the relative deuterium content and total amount of ethanol consumed,
and upon the genotype and phenotype of the individual, consumption of the beverages and
pharmaceutical compositions of the invention may reduce one or more alcohol flush
symptoms by at least 5.0 percent, 7.5 percent or 10.0 percent. In favorable cases, such
consumption reduces the symptoms by at least 15.0 percent, 20.0 percent or 25.0 percent.
[0097] Compositions of the present invention provide for new methods of marketing
beverages containing alcohol. In one method, one communicates to a consumer that a
beverage includes a particular amount of alcohol. One further communicates to the
consumer that the alcohol in the beverage will provide for less disagreeable physical effects
than a typical beverage including the particular amount of alcohol. The beverage comprises
water and at least 1.0 percent of a deuterated alcohol according to Formula 1.

[0098] The consumer targeted by the method can be a person who wishes to decrease the
deleterious side effects of a hangover; it can be a person having an enzyme abnormality
related to the metabolism of ethanol; or it can be a person who is concerned about a different
aspect of an alcohol-containing beverage. The compositions marketed according to this

method include any composition encompassed by this document.
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0 H 16. The nethod according to claim 13, wherein the deuterated al cohol
has the formula H 17. The nethod according to claim 13, wherein the
deut er at edtoabtiaheds2has the fornmul a CD3CD20H. 18. A pharraasoaiooad211
conposition conprising an active pharmaceutical ingredient and et hanol,
wherein at |least 5 nole percent of the ethanol is a deuterated al cohol
havi ng the formula HCH wherein each H nmay independently be hydrogen or

deuteriu 19. The pharnmaceutical conposition of claim 18, wherein at
| east 5 ent of the ethanol is a deuterated al cohol having the

formul a
[0099] The subject was a 52-year-old white Caucasian male, 154 kg, with no known

abnormalities of ethanol metabolism. Experiments were conducted after an overnight fast.
1,1-Dideuterioethanol, 99 atom % D (CDN Isotopes; Quebec, Canada) (70 mL) was diluted
to 500 mL with orange juice, and the resulting beverage was consumed by the subject over
the course of five minutes. The mouth and palate were rinsed with orange juice, and data
points were then obtained, in triplicate, every 10 minutes with a commercial breath analyzer
(AlcoHAWK™ Pro, Q3 Innovations Inc., Independence, lowa, U.S.A.) The control
experiment employed 175 mL of commercial vodka (80 proof; 40% ethanol) but was
otherwise identical.

[00100] Measured blood levels as a function of time are presented in Fig. 1. Each data
point in the Figure is the average of the three measurements taken at each time point. The
substantially equivalent areas under the curves suggest that the analyzer is equally sensitive
to ordinary and deuterated ethanols.

[00101] The results from the control experiment are qualitatively similar to those
reported by previous workers (see, e.g., Milne et al., Am. J. Clin. Nutr., 1987, 46:688-693.) It
is evident from Fig. 1, however, that the absorption of deuterated ethanol is substantially
retarded, relative to ethanol having a natural isotopic abundance, and that the rate of
clearance is reduced.

[00102] Numerous modifications and variations of the present invention are possible
in light of the above teachings. It is therefore to be understood that within the scope of the
appended claims, the invention may be practiced otherwise that as specifically described
herein.
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20. The pharmaceutical conposition of claim 18, wherein at |least 5 nole
percent of the ethanol is a deuterated al cohol having the fornula HO Ft 3
21. The phernmoeedsecal conposition of claim 18, wherei nprat/use@si4@inol e
percent of the ethanol is a deuterated al cohol having the formula H ' H2E)C
22. The pharmaceutical conposition of claim 18, wherein at |east 5 nole
percent of the ethanol is a deuterated al cohol having the fornula CD3CD2CH.
23. The gn?éﬂgﬁe.tical conmposi tion of claim18, wherein at |east 15 nole
per cent Of hanol is said deuterated al cohol. 24. The pharmaceutica

conposition of claim23, wherein at |east 30 nole Eerpent of the ethanol is
sai d deut-er at Ad algohelipbeverage comprising water and ethanol, wherein at least 5 mole percent

of the ethanol is a deuterated alcohol having the formula

wherein each H may independently be hydrogen or deuterium.

2. The alcoholic beverage of claim 1, wherein at least 5 mole percent of the ethanol is a

deuterated alcohol having the formula

3. The alcoholic beverage of claim 1, wherein at least 5 mole percent of the ethanol is a

deuterated alcohol having the formula

4. The alcoholic beverage of claim 1, wherein at least 5 mole percent of the ethanol is a

deuterated alcohol having the formula

5. The alcoholic beverage of claim 1, wherein at least 5 mole percent of the ethanol is a

deuterated alcohol having the formula CD;CD,OH.
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25. The pharmaceutical conposition of claim?24, wherein at |east 50 nole
percent of the WD 2011/022682PCT/US2010/046211 ethanol is said deuterated
al cohol . w@e@oiifinessphar maceuti cal comnposition of clai m 2kCTisereioms2at | east

75 nol e percent of the ethanol is said deuterated al cohol. 27. The
pharmaceutical conposition of claim?26, wherein at |east 95 nole percent of
the ethanol is said deuterated alcohol. 28. A nethod of avoiding or

reduci ng the everlt f et hanol -.i nduced .f acj

fl ushin n an indivyidual,
conpri si g pr @?%lF?&?ltc CXIPEF Phidin J&er%nahfgﬁﬁééémls% el e@&#@&%ﬁ%ﬂ&

accor di ng,id 8efid@leMalkBhol. 29 A nethod of naking a pharnmaceutica

conposition

according to claim 18, conprising the step of conbining an active
pharmaceutical ingredient with a deuterated al cohol having the formula

HCOH wherei n

amount s fficf@%@cg%ﬂgﬁﬁﬁ%gég%Pgent% ]F¥%H%akggéﬂﬁgg?%%§§§Qk fﬂﬁhgm %rcent

of the e{handliehfedtalt®@nsionposition is said deuterated al cohol.

8. The alcoholic beverage of claim 7, wherein at least 50 mole percent of the ethanol is

said deuterated alcohol.

9. The alcoholic beverage of claim §, wherein at least 75 mole percent of the ethanol is

said deuterated alcohol.

10. The alcoholic beverage of claim 9, wherein at least 95 mole percent of the ethanol is

said deuterated alcohol.

11. A method of delaying the onset of ethanol-induced symptoms associated with the

consumption of an alcoholic beverage, which comprises the consumption of an alcoholic

beverage according to claim 1.

12. A method of avoiding or reducing ethanol-induced acetaldehydemia in an individual,

comprising providing to said individual an alcoholic beverage according to claim 1.

13. A method of making an alcoholic beverage according to claim 1, comprising the step

of adding to a beverage a deuterated alcohol having the formula

[s =

\*k &

- M
ML oM

wherein each H may independently be hydrogen or deuterium.

14. The method according to claim 13, wherein the deuterated alcohol has the formula
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30. The nethod according to claim?29, wherein the deuterated al cohol

the formul a

al cohol

haie 20twn2besenul a H COH 32. The met hod accor di ng@ctrasseéiaiona220,

wherein the deuterated al cohol has the fornula 1-H DCOH 33. The net
according to claim?29, wherein the deuterated al cohol has the fornula

CD3CD2CH.
15. The method according to claim 13, wherein the deuterated alcohol has the formula
Dy ) o0
e o
16. The method according to claim 13, wherein the deuterated alcohol has the formula
B \} &%H
Lec T o
17. The method according to claim 13, wherein the deuterated alcohol has the formula
CD;CD,0OH.

18. A pharmaceutical composition comprising an active pharmaceutical ingredient and
ethanol, wherein at least 5 mole percent of the ethanol is a deuterated alcohol having the

formula

wherein each H may independently be hydrogen or deuterium.

19.  The pharmaceutical composition of claim 18, wherein at least 5 mole percent of the

ethanol is a deuterated alcohol having the formula

33

has

31. The nethod according to claim?29, wherein the deuterated

hod
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20. The pharmaceutical composition of claim 18, wherein at least 5 mole percent of the

ethanol is a deuterated alcohol having the formula

21. The pharmaceutical composition of claim 18, wherein at least 5 mole percent of the

ethanol is a deuterated alcohol having the formula

o

e TOH

22. The pharmaceutical composition of claim 18, wherein at least 5 mole percent of the

ethanol is a deuterated alcohol having the formula CD;CD,0OH.

23. The pharmaceutical composition of claim 18, wherein at least 15 mole percent of the

ethanol is said deuterated alcohol.

24.  The pharmaceutical composition of claim 23, wherein at least 30 mole percent of the

ethanol is said deuterated alcohol.

25. The pharmaceutical composition of claim 24, wherein at least 50 mole percent of the
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ethanol is said deuterated alcohol.

26. The pharmaceutical composition of claim 25, wherein at least 75 mole percent of the

ethanol is said deuterated alcohol.

27. The pharmaceutical composition of claim 26, wherein at least 95 mole percent of the

ethanol is said deuterated alcohol.

28. A method of avoiding or reducing the severity of ethanol-induced facial flushing in an
individual, comprising providing to said individual a pharmaceutical composition according

to claim 18.

29. A method of making a pharmaceutical composition according to claim 18, comprising
the step of combining an active pharmaceutical ingredient with a deuterated alcohol having

the formula

wherein each H may independently be hydrogen or deuterium, in an amount sufficient to
produce a composition wherein at least 5 mole percent of the ethanol in the composition is

said deuterated alcohol.

30. The method according to claim 29, wherein the deuterated alcohol has the formula
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31. The method according to claim 29, wherein the deuterated alcohol has the formula

[
e

e o
32. The method according to claim 29, wherein the deuterated alcohol has the formula
SN

33. The method according to claim 29, wherein the deuterated alcohol has the formula

CD;CD,0OH.
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