AMINO ACID COMPOSITION FOR IMPROVING GLUCOSE TOLERANCE 5FIELD OF THE
INVENTION The present invention relates to compositions comprising select amino acid blends
and to methg@s288@i8idgfthe compositions in individuals afflicted with impaire@lifee8e8 dietance or
diabetes. BACKGROUND OF THE INVENTION 10Diabetes mellitus is a disorder of carbohydrate
metabolism resulting from insufficient production of or reduced sensitivity to insulin. In persons who
have diabetes, the normal ability of body cells to use glucose is inhibited, thereby increasing blood
sugar levels. As more glucose accumulates in the blood, excess levels of sugar are excreted in the
urine. CorrespondgIERristdih & OPERBEEONIHR TAEPESLEENGrifdrl/ COBIE QRERANGENCy, thirst,
15hunger, weight loss, and weakness. There are two variations of diabetes. Typel diabetes is
insulin dependent diabetes mellitus for whighpinse irpaEdRivisiaiion is required. In a subject patient with

type | diabetes, insuh.%is not sqg?rgéggoby t[%e% t{gmcreas and therefore mugfsbe taken b}éigigﬁgon or

inhalation. Type 2 dia gtggesr’%%y & contro cf/clg}g?}s/] rlggfrfzc(ﬁ%?%rr%lSanﬁh%%?&l%emic agents, 20

and/or insulin zighinisgdndn off ypeR thtatsepssiden bénanribvidable a8l ghatorjtpanpréati czbeosetion of
insulin and reqyiced Sensitivty.{o the action of insulin on target tissues. Complications from
diabetes often involve the cardiovascular system, which then accounts for the majority of

IS R LI A R ANV O inopathy, kidney disease,
peripherél neuropathpizrdior fratjuentinteciiesdR’ difealfbentiefindisdualsmaffieiemivgithdiabetes
who are unablg ﬁé%%%iﬁ%&”éﬁ%&? IR Shelr 8o %%ﬁs@i‘é%?’ ieiad ??a'”é%%a“%%%%g yar njection or
inhalation of insulin. Insulin erived from the pancreatic extract o pPgs, gﬁeep, and oxen can be used
for this purposeoraishabigify eidindireadunss sonrest syrbifedcimshammeisireiandfacturedelda
recombinant DNA-gehneeya30Rnenathed nb treatina.dighates iyalves regulating @t limifing calorie

and carbohydrate intake by placing an individual afflicted with diabetes on a restrictive diet designed to
facilitate reachiifgr SRAHARTERRI R SHYAPHEU PG FCTRNAS BISEIVEIHRHESHE Ry BiiSrie and
carbohydfate intage.is-afferdifficudtythissften resulting in poor patient compliance. 35Medications are
also used in certain digeic,Indiyiduals {o.Nele maintain Blood. glicose leyelsuithin acgeplable target
ranges, These medications most typlcaﬁy stimulate insulin release y the pancrpeas, Improve the
body's ability tB ¢isErsniicnarFe edreiseatinn proeivitien bf biubisserbijettievithar PR dibetredications,

however, are lirited indhakaagh 6ambaysclmiting sidr eifests: BORE! Sy 3RNARNAlE faLRAR:diabetic
individuals, and the vlalr,i?(%us 5medications gften lose their effectiveness in many individuals after

prolonged use. 85M OPYHE RAVENFOK ey EHHeieht SRletibH e aivattag figents:
composi@idns andito metioddnohissingthoSerecopobitiensdn treatiribuinblivicudisafflicieskwithcimpaired

glucose loleragag a0 NRIER, £Q RRIRJTVERNAN BaregHRPOANG diPGOHE Rl e administation of
| ¢ IS .

certain amino acid combinations, in defined amounts and/or weight ratios, result in a surprisingly

blunted glycemic respoiideifgtiveafiumyibtieioaiten invaisetipsaidiormelsressmminvaitiomdncludes

compositions ceBARiSIAg ISRlengiey 6t GiaRsvalingBYKRIne, antmetionneyinweahtsatias of

isoleucine to leucine, isaleucine . . . .
dijgbetlé retmopatgy, kidney disease, peripheral neuropathy, and/or frequent infection.

25 Treatment of individuals afflicted with diabetes who are unable to produce insulin in
their bodies involves the adminisiration of regular injection or inhalation of insulin. Insulin
derived from the pancreatic extract of pigs, sheep, and oxen can be used for this purpose,
although many individuals now use synthetic human insulin manufactured via recombinant
DNA technology.

30 One method of treating diabetes involves regulating or limiting calorie and
carbohydrate intake by placing an individual afflicted with diabetes on a restrictive diet
designed to facilitate reaching and maintaining normal body weight. While effective in
theory, limiting calorie and carbohydrate intake is often difficult, thus often resulting in poor

patient compliance,

35 Medications are also used in certain diabetic individuals to help maintain blood
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15 to valine, isoleucine to cysteine, and isoleucine to methionine, independently of at least about 10:1.
Another aspect of the present invention includes compositions for use in treating individuals afflicted
with impairéi@Rigede2ddlerance or diabetes, wherein such compositions coRpFEEATY Bseiut Ito about
200 mg/kg of body weight of isoleucine; from about 0.001 to 20 about 10 mg/kg of body weight of
leucine; from about 0.001 to about 10 mg/kg of body weight of valine; from about 0.001 to about 10
mg/kg of bod§¥FeRgHE T yatkinacesitrbie i &Boare:p0 T hosabbedisaiongresbhminiweighi o
methionine, anghuheleis:tbe tuejahteationplieolpyicig algugine visalrusine g yaling.dsolgucine to

cysteine, and is%Ie%cineftC(r)l methL%mnei.are eﬁ‘fh inde endentl{gﬁat least about 10:1, 25Another aspect
of the presenPIAVERTON iIndludes ompoSition S FSm e A aaa tAy TR L e (oAt RAtR fiffbaired
glucose tolerancelonidiabstes; fiwhersimsuchpompesitibn s codipsise fraidixds/ta10 tecaheaut200 mg/kg
of body weig : ine: § ; f eight of leucine; from about
0.01to ;%ouﬁég%gg%%gﬁgéggﬁgiggﬁég b%%?r%%??ﬁr%} 1 ggﬁ%&%@tg%;ggg{ﬁ ?ngg’?r&lélﬁ?g of body weight of
cysteine; and from about 0.01 30to about 10 mg/kg of body weight of methionine. Another aspect

of the present invention includes lowsigigkie, haveragesonethartiayids comprising (A) about 2% to
about 98% carbohydlrlate as a percentage (gf total calories, including at least gne of maltitol, erythritol,

sorbitol, xylitol, rnanfitol "S s Al 2anh Al SR B RSP R (Y H AP AD SRR S aleNR §4V5 of a
protein sourcecinphsingsanyirstd 2 008/1024 ZIHCTI USR006BEeH g8 aminolasidblendastdescribed
herein, soch as{aseRRRNSGISHGHFRSH RHGIne allRg, Srsieing.And Methipning, atweight ratios

of isoleucine to leucine, isoleucine to valine, isoleucine to cysteine, and isoleucine to methionine
independent SR UPRESEEaBodettrd AFusl Baderayeiel ftfitas Bk nprovessials: netare
especially usefutimiceadingsindivstals atiqtad. with impaired glucose tolerance or diabetes

Another aspect of th8 I%resentcin}/%lntion is directed to.a [['ngthod of treating individuals afflicted with

impaired glucose tol&ranca of diabetes. Wherein the Method CompTaa S dRTRISEANS S S
individuals an@ffetivelizmetisiciot thedcortipositio fis wagttitidheraine kBRI EFCDE SORIRTION OF
THE DRAWING Jiine, isbigiige:d S Aaiaph HUSalNg £haRa8sALIned gIHGaRs $aDRaaratigns over

time in Fatty Zucker rats (model with impaired glucose tolerance) after oral administration of a control
(glucose) sol on or an amino acid test solution (with glucose) according to one 15aspect of the
present invention. Anbtiguresgets afgtaphrdiestiatingichangesdn dlapesglneose eeneenteatiops over
time in Zucke[ @Q él tty rats.(model with type 2.diabetes mellitus) after oral administration of a
control (glucose sq‘?ut‘lg‘o%?légr{we?ggﬁéb cine qs,ég g{ilo(};ldg v&ﬁﬁrs icose faﬁ?{gﬁﬁ 2gflnwlrr%l 5‘&‘% FELRSSIEBH (with
glucose) accoiiingie brie aspédtiokiivetgidsaatinoéhtdny20fligirectisiacgfaph ibustrdfift ohanges in
blood glzposesaRCRNHANANSIONG, IMGIR FRIMAMCkesfats dmads with.ipRaled gicasgdglerance)

after oral administration of a contral (glucose) solution or an amino acid test solution(with glucose)
according to SHeEaE L St eba SridHiichoss B reAR Bt SERIPY ORI BRESRVENTION

about 0.001 to about 10 mg/kg of body weight of methionine, and wherein the weight ratios

of isoleucine to leucine, isoleucine to valine, isoleucine to cysteine, and isoleucine to
methionine are each independently at least about 10:1.

25 Another aspect of the present invention includes compositions for use in treating
individuals afflicted with impaired glucose tolerance or diabetes, wherein such compositions
comprise from about 10 to about 200 mg/kg of body weight of isoleucine; from about 0.01 to
about 10 mgrkg of body weight of leucine; from about 0.01 to about 10 mg/kg of body weight
of valine; from about 0.01 to about 10 mg/kg of body weight of cysteine; and from about 0.01

30  to about 10 mg/kg of body weight of methionine.

Another aspect of the present invention includes low-calorie beverages or other
liquids comprising (A) about 2% to about 98% carbohydrate, as a percentage of total
calories, including at least one of maltitol, erythritol, sorbitol, xylitol, mannitol, glycerol,

isolmalt, and lactitol, and (B) from about 2% to about $8% of a protein source including any
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The compositions and corresponding methods of the present invention are directed to compositions
containing select blends of branched chain amino acids and sulfur-containing amino acids. These and
other essentf& YPoptistdal elements or limitations of the 30compositions an&@¢HERSRS/6I¢HS present
invention are described in detail hereinafter.  The compositions and methods of the present invention
may comprise, consist,qf, or consist essentially of the essential elements and limitations of the
invention desgﬁ"b‘éodaﬁ@r%ﬁ%f‘%%%ﬁiﬁ?%@%f}%ﬂﬁiﬁ&ﬂh%Fi@ﬁ‘ﬁﬁ&ﬂﬂ@?@dﬁ%ﬁ?@é{ﬁ@@mw}imﬂimitations
described heressidneothetwisthisseda) it aveigtiitienal of phasiaes wiqahapplicationndMO valine,
2006/102451 0 6 All percenta arts.and ratios as used herein are by weight
of the total co%%%é%%%u%%%%%t%éﬁv&%é s%%%iﬁea%%ﬁﬁogﬁ% Wé I%%seré@tﬁgfbmiﬁ%uﬁs]t%'
ingredients ar€Bis&avsrrgRe actiatidydeandmierefofisvdo and incluthpestitenisear by-prediagts that

may be irfcludggiveamareceiallyiavallablepaietialsicinesshsnuise specified. SAIl numerical ranges
as used herein, Whet;}?er %rﬁnot expresslg preceded by the term "about", are intended and understood
to be preceded by that 18P (FiREsE Sth&Kvissspeditisttion Il dissteshdesaoutigd|ar chesteteristics or
limitations of thédipreskntifiieeationishathjactddeitbescoprsparding quealchaaciaristic gL dmitation,
and vice vers ' ified. ot clearly.implied.to the contrary hy the context in which the
reference is n?glggjl g%% %}?%g{r\%%%%%%ss% mlg%l%g%lrsp%cggécstf‘é%sagg el hifelfPRRRMEBRrformed
in any order, driedeedimarivise specified or clearly implied to the contrary by the context in which the
referencddl combination is made. The compositions and methods of the present invention may also
be substantially free of any optiqnal i his context, the term

"substantially free” 15 meanst D B AN TN

‘L"! Sefeette dempeosiioreoni Sethan a functional amount of
the optional ingrediekigurciudingrepioi pevcanthamedg i olsuckhaptiobaliagragientvereguctForm
The compositj ipvent ' he formulated in any known or. 20, otherwise suitable
product form g)% P?)r%fﬁ%%%%ﬂﬁeﬁggﬁgd&%ﬁgﬁﬁ%g Sra Ops‘r&*o%ﬁ%rta%%éfgsfeof)?efaedri?éﬁsgﬁaciﬁ dtde any
solid, liquid, ofPENJE FERTALENBICEaplcra Se IR drsirsobrividedithaiwest adomtivptionmlows for
safe and effectyenspidelivany afvhgigssential and other selected ingredients from the selected
product form. Non-ligiting xam Ieﬁiob[ solid. nutritional product forms suitable for use herein 25
include snack and meal replacERaRt PREHIEE SHRISETHY Biorb SpreTsISPaeraEaHars SRERSTBOKies o
breads or cakéskrrdiibrbakedygetds) diezeithliguids dtchndy dhtialdpsteeianlspemeis.ergranulated
solids or otheg, iculalese .chips,of. bi r . Or retorted entrees and so. forth, Non-limiting
examples of Ii(ﬁ%%r%d_uct fg:bn%ghsﬁli?t’aale %gggggéhggrg%%cﬁ% Shac SS%OO ahd f?lrléigf)rg‘b &hent
products, hot SFEEHE Bateslige) asrgatiatda Sensrrenbbaatse bovarages, juices or other acidified
beveragds, milk or sBishased beyayrgesushakep.fRifeesideasnrRateaieading compositions, and so
forth. These “ﬂa id %gﬂglp%%io 1%(%% mo t.tl};ngicagy ormulat%q as suspensions or emulsions, but can
also be formulat@din any other suitabie Torm LUeHeAE S8R SR e ey ! Adeddstoran of 2 Other
non-limiting exatipldslatsgitabletvmbprodeniforms ikstusdusemisotidbrsemidiguishgompasitions
(e.g., puddinggpggls) ars welhas.margconventional product forms such as capsules, tablets, caplets,
pills, and so forth. The quantity of the composition for providing an effective amount of the defined

amino acid blend to the targeted user may be
25

DETAILED DESCRIPTION OF THE INVENTION

The compeositions and corresponding methods of the present invention are directed to

compositions containing select blends of branched chain amino acids and sulfur-containing
amino acids. These and other essential or optional elements or Hmitations of the

30 compositions and methods of the present invention are described in detail hereinafter,
The compositions and methods of the present invention may comprise, consist of, or
consist essentially of the essential elements and limitations of the invention described herein,

as well as any additional or optional ingredients, components, or limitations described herein

or otherwise useful in a nutritional or pharmaceutical application.
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5 contained in one or a plurality of individual dosage forms, e.g., in one tablet or a plurality of tablets.
For product founs such as lozenges, tablets (e.g. chewable, coated, etc.) pastes, or gels, the amino
acid blend M&28etHiMBlated at concentrations most typically ranging from$BeLbH 6/ 8deR 5096,
including from about 15 to about 33%, and also 10 including from about 15 to about 25%, by weight of
the product form, all hi combination with excipients or other ingredients such as carbohydrates,

acidulants, flavors, ShBeESRIRESF RETERBOFRfifiate tretheeseip roel butoieht g ibleieibly contsitisna
non-reducing seigaromenceniiRtioRg OAWRICR Maynianoadiqm-akoutiRde HOmby.Weight of dhe

carbohydrate gﬁgn-g‘r}gi@%ﬁx rg%g of cidu{antfg these 15 embodiments include citric acid, malic
acid, tartaric acid. Tactic acid. of combnatons Her&oto rBRRL R PONGEIGA S 15 Profursd Baste
masking for threramirrieHyidh bittkle orate ottty motesoleniviee Apidifidend 20The compositions of the
present iyention capise-R seleskblendol hiangher Ay AR ACils and stlfurcontaining amino

f
acids, the former of which includes valine (VAL), leucine (LEU), an%ﬁso ugine (L. ?and fhe latter of

which includes?B§Eteiffs (PdsAR HAdHGHIAL (0 Eryeduebzshapseiioricss deenyissanedifiedntion

therefore includes an asriraasic biprdiaf cRE-leRskISolEUGINRIRYEIBE ARG KYSIRING ARG)
methionine, tf}gcﬂl%aggty or amouynt of w icg shct)uld be sluffi,cie,nt to provide an effective treatment for at
€ e i3

least one of impaired glicose ?Icl)%ié?gﬁggaorc fRisaragic o hpiaien, Ao AR EHEBIATHESH FEERERvention,
the compositiéPeebistein sitroim iaipdiad 1o0hwcabvul 200hmephg afibodyciveig hifakiseleuaire; from about

0.001 torgbout 10 me/ke:afindQoRody weidhit of Jeucine;from, bout10, ma/kg, of body
weight of valine; from aboultn 0.001 to about 10$n /kg offi)odyac\k/gvge&ijgcrhg'f(%gj(%%%s?tg‘lan}f)ee;rfaor%1 %g/%g%out 0.001

to about 10 mE SRISSUY IRt SRIREET SRirsaBomPHR JRtherersiterh oy weRpsfithe sebject or
subject patienhtosircihdheretinpositiomigladministered. WO 2006/102451PCT/US2006/010468

In another embodi of the. present inyention, the composition cont ins from about 120 to about 180
mg/kg of body weig g’[%ﬁggfgﬁ%%%n r‘é’r%ggﬁ%ﬁﬁr%? etsoelgt%mn}‘%lr?%§YI%58fb858§/s%%ﬁ'§HYg?efé%ine; from
about 0.25 to #BoaPtRBRMgaeEbodyswdieththefeimline; feonrairextt Gh2Sdonaboibt@Ebiatg/ kgaf body
weight ofystaing:s and fremsRbRUtQ.2 I8ARAURAMAKS aLRody.aight of methienine; . .in another

embodiment qf the,preser}t invention, the compasition contains from about 130 to abou 1%amg/kg of
body weight of'RESHRTRINES HERS ABORETBLE aBeet s higrey BRYBHRHEktof leucine; from about 0.5 to
about 5 mg/kg of body weight of valine; from about 0.5 to about 5 nig/kg of body weight of cysteine;

and from about{),3:t0 about 3 mg/kg 100f body weight of methionine. The amount of amino acids
for use in the sele"c‘t‘b‘@%may also be characterized as a weight ratio of the branched chain to

sulfur-containing amir§ £EFB Gt 5t dueseet linkisslimingat teabrabud (i 1amnkinalso mcluding at
least ahp0rt 109kbnandlsalan insHsooHantR QR dophRikerAPINEARAHAL OHAININOAGYS S yse in the

selected blends may als% be characterized by other defined weight ratios of amino acids that ultimately
contribute to tRS SHicad) of FEKfind st 185t SRR DT npPaltEe JrRicsYaimeraRddeoRaiapetensin,  In
one such emhuditdentiof telprebentimkentitnydifercafopasittachas waighkivatiosr of dsaleugine to

leucine, isoleyging e \aHinRa RYIRURAR IRGYRISIR. ARG ISAIRYSie to 20 methionine independently of
at least about 10:1. o
Non-limiting examples of solid nutritional product forms suitable for use herein

25  include snack and meal replacement products, including those formulated as bars, sticks,
cookies or breads or cakes or other baked goods, frozen liquids, candy, breakfast cereals,
powders or granulated solids or other particulates, snack chips or bites, frozen or retorted
enfrees and so forth.

Non-limiting examples of liquid product forms suitable for use herein inciude snack

30  and meal replacement products, hot or cold beverages, carbonated or non carbonated
beverages, juices or other acidified beverages, milk or soy-based beverages, shakes, coffees,
teas, enteral feeding compositions, and so forth. These liquid compositions are most
typically formulated as suspensions or emulsions, but can also be formulated in any other

suitable form such as solutions, liquid gels, and so forth.
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In another embodiment, the weight ratio of at least one (such as at least two of, at least three of at
least four of, and all of) of isoleueine to leucine, isoleucine to valine, isoleucine to cysteine, and
isolencine tdYBetidHiME1is at least about 50:1, including at least about 100PEaAH He@iHekiding from
about 50:1 to about 500:1. 25The individual amino acids for use in the compositions and methods of
the present invention can be derived from or provided by any known or otherwise conventional amino
acid source, includin§&siineratiiies eampascyiatethiderivativesdamionaciassilifiedwithi iserganic or
organic basesscHieigateuliepiongis /s ofiRmgrived fram.alirighi g bianshed shala.alcpnols

whereas the salified forms often inclué% hydrochlorides, sulfates, acetates, 30glutamates, and so forth.

The individualBfHidd SHRReSsiG fS tFamising Leigrs i endertr tHehpresettiridhticameritienchemically
discrete amingaeidi g nattéebiek tenaryipsd tRindefiib emplyReplite steugluieflthayahlgss, preferred,

the aming;acidg can also be provided. synthetic pol tide that provides the requisjte amount
and/or weight ra%olsil%%? émgrﬁfna glg%g)%/rﬁﬁe ﬂ\f/\?eagf??)gé}égggﬂ%i’ﬁéﬂ %T@egﬁfﬁ U Ed blend.

Although the d8#sdsitions may further comprise natural or intact proteins, or even polypeptide
fragments thereof, the aipaReiddn SHOb R'RISING QT selnents aie.nabronsidesedn the
determination of the rquii)iitq amino acid selection,g?n’cluding gﬁ?ﬁun%s an%.ior8 \%g-&gf%ﬂ gg?eisri the
amino acid bléHdes déimamineréividstrisadammo beciftsunitatd efinetddtemdtinegy hesn thedally R

coniquiation. o5& s hS(Ech ey ol Mg a6 (Teq n g amulation vl ypicaly

be in the L configuration. The amino acids used herein aré commercially avarla om a number of
different Yiate irgludipalidreninahaiing Sigmabarizf 6 obyoratipht heflitiy apptdoetofditsingssat 3050
Spruce Street, St liguis, Misspu( A00hen A sRRosiion of e presentinyention is i Jiuid form,
most typically as an oral liquid or beverage, or after & powder embodimen ISTELoh §%5>form an
oral liquid compsitorinthe Prrof thediqaitebyhpssitioihdscspitadlet ftnrappropiiatbladminisieation to a
subject, such gs by.a ipistration, In_one such liguid embodiment, the composition has a pH from
about 2.5 to about g(gﬁ %ﬁ%%%’f%r%gg%oﬁ%si g a %%% 'P.]éi,y a%a&%ﬁs%%rﬁlﬁ%‘?ﬁb %éﬂofﬁoa/go 3.0to
about 5.5, andwisthingifidthy fremaboie.0 tdNaeitftig  exdhpleompositidngafkthe: piasent

invention gnay fimther compri ne or mare supplemental amino, acids, non-limiting examples of
which include é@aé]?%rcng%‘%%@gx% (fht]?go%(fh(fe Rf“Ser %]éw(%(ii%?)‘f?g BtAnRE iﬂr(@E‘E’j?ﬁWﬁﬁe (PRO),
glycine (GLY) tadasnifigq AtiendyradinetiChy:Ry, foisticinéeMALE) dysided Y Sheangininecta BE:pethionine
(MET), 20 tryptt)o(gg[ an (gTRY), phenylalanine (PITE), and combinations thereof The compositions may

! . oroty notes.
contain a sufficient-amount of one or more (such as at least about 2 or more, and at least about 5 or
more) supplemental amino acids to contribute to providing a treatment for at least one of impaired
glucose tolerapgs and Sigbgies. In one embodiment of the present invention, the composition contains
one or mare of 25 from about 0.01 to about 30 mg/kg (including from about 1 to about 30 mg/kg and

also incltfling from aBBaCEMECsHIEE 2Hthsgesy s iNsE) Weihpdianttest epartidacidahchgiutamic
acid; f-rom abat#ih Qiderbaitt Qanalke incdinadom: abert, Q4 JRiab AR Mgky angalso

including from.about Q. about 5 mg/kg) of body weight of each of threonine, serine, proline,
histidine, and Ily?tslfﬁ%e; al‘q%‘sg’o?’ﬁgaﬁéﬂlgﬁoélt@a%%flfo%ﬁtﬁyk@fwiﬁ}hﬂ?ﬁ]&ﬁfé ﬁb‘ﬁ"l‘%éﬁ%?la{’é about 20
mg/kg and alstétichmiing¥iGin. about 1 to about 10 mg/kg) of body weight of each of glycine, alanine,
Wrosine, arginine, angrpARkALns of S90S, SIANGRS, e COTI9RHIONS of he presentnyention

contain %t,%e or no phenylalanine, For example, the composition may contain less'than about'10 mg/kg
of body fiRightBFplielsytitantrec e velinpay dpivtt BT bevirigit. the anotier embodimehty!tes
composition cenaiasiessitbrRA:abbE@akenihadyweight of-nphamydalanine i, yelApother

embodiment, tp? compo 'Iign contains zero or less than about 1 mg/kg of body weight of
. olerance or dlabetes.,
phenylalanine.
In one embodiment of the present invention, the composition contains from about 1.0

to about 200 mg/kg of body weight of isoleucine; from about 0.001 to about 10 mg/kg of
30 body weight of leucine; from about 0.001 to about 10 mg/kg of body weight of valine; from
about 0.001 to about 10 mg/kg of body weight of cysteine; and from about 0.001 to about 10
mg/kg of body weight of methionine. Body weight refers to body weight of the subject or

subject patient to which the composition is administered.
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5Macron utrients The compositions of the present invention may further comprise one or more
other macronutrients including a fat source, a carbohydrate source, and a protein source, all in
addition to thé At #&ts blend as defined herein. The optional macronutHerty 1AeeMBitation with
the other essential or added 10 ingredients may provide up to about 1000 kcal of energy per serving

or dose, including fram about 25 kcal to about 900 kcal, also including from about 75 kcal to about 700
kcal, also including BATSBELRRbRS RSt Hi5cuie oL ats thnetadiviitivs spabmatipsoskeat to about

400 kcal, and 1aiseoinbbud 8y frrk ediudi? 0@ ignabiosalouh 30Rdk abRen 38NINY R desgRieferably as

a single, undiyided serving or dose,. '15Many different soyrces and types of proteins, lipids, and
carbohyd rateg %ﬂl%e‘i\’(%%g\%/no%fr% A Ergnﬁ36%%0?%%%3&%8%59&6}&%%%0&%&% bedERL i lBVigEY that the
selected nutrigprstdrdstfeeowd éfovtlie fof wrdt adipinisiragiosianduat droamipatibleowithibe: essential

and othepaddgghipredients.Garfahydiates suitable for use in the compositions of the present
invention may be 20 simple, complex, or variations or combinations thereof. Non-limiting examples of

suitable carbohydratSs3HENFAERYBoL Bremissintirsniion. Shcemsraitnn poatedeidkemnaliiicose
polymers, sucteiey abont sy LRgrSyadp mmgﬁ,crmeo@eeiy@gmmmra@t@%@%g,ﬂgﬁg@p, lactose,
e or

high fructose rup, indigestible oligosac ides (e.g., fryctoqligaosaccharides), solubl
insoluble fiberg,gl’(1E nae%/l,ggtuS%Cri%l%gﬁoﬁso?ﬁégf%g:}ﬁé,%gétrﬁﬁlr’i Hf,gs%% %83{5‘%{3 ESMiAHAT Fhereof.
Proteins suitatteuol-tide dhotie ceflisoditiors wiithe Preseitinvedtion) ivaddition tbdheangihg acid

blend campongshas-Wessribeddagmsine include hydrolyzed, partially hydrolyzed or non-hydrolyzed
proteins or protein sqQurces, and can be derived from any known or otherwise suitable source such as

milk (e.g., casein, whe) “ BRI @G omEd: fa0teHs Berslactdlndiceaeln)be digstalsiézed 4. 2s0y), or
combinations tériofatio of Batsheatitablecfatnigesinthe sompasitionsoafihe Areseatinwention include

coconut oil, fr%tlig eq 9coRy og soy. qil, corn.oil, olive oil, safflower oil, high gleic safflower oil,
MCT oil (medium c%ﬁ t%g y%er%e?)’?’s%nrgf%%)eurl%l #ﬁ%ﬁ%ﬁ%ﬁg%ﬁﬁﬁgﬁv@éﬁ it ﬁ?’rf%’éﬁu o™
2006/102451PTYsBHD6/010468 palm kernel oils, palm olein, canola oil, marine oils, cottonseed oils,

and coniinations thei@ofmount of BRIGENCRRAALINR & ANQUOLOf fal B %%nal@gec&@%%q{@&e in the
compositions of thﬁagr%%ent invention may vary considerably depending upon the particular product
|

form 5(e.g., SO ,‘68%8}%%8%%‘\%?&?8&% Bt rthat it comribrgete haietbsynedds. These
macronutrientscategao staty picadlyifopaatbib s avithiterany: of thisbealoric ranges (embodiments A-D)

described in the fon%i@&@%e&%ﬁﬁ%}ﬁ M]’L@ti%gs%lng IrlpV%% 1ioql1je trlliteszoépositiou has weight ratios
of isoleucine to leucine, isoleucine to valine, isoleucine to cysteine, and isoleucine to

20 methionine independently of at least about 10:1.

In another embodiment, the weight ratio of at least one (such as at least two of, at
least three of, at least four of, and all of) of isoleucine to leucine, isoleucine to valine,
isoleucine to cysteine, and isoleucine to methionine, is at least about 50:1, including at least
about 100:1 and also including from about 50:1 to about 500:1.

25 The individual amino acids for use in the compositions and methods of the present
invention can be derived from or provided by any known or otherwise conventional amino
acid source, including amino acids esters or acylated derivatives, amino acids salified with
inorganic or organic bases. The esterified forms are often derived from straight or branched
chain alcohols, whereas the salified forms often include hydrochlorides, sulfates, acetates,

30 glutamates, and so forth.

The individual amino acids used in the amino acid blends of the present invention
include chemically discrete amino acids unattached to any protein or other polypeptide
structure.  Although less preferred, the amino acids can also be provided by a synthetic

polypeptide that provides the requisite amount and/or weight ratios of the amino acids in the

8



B C D Carbohydrate % total calories 0-98 2-96 10-75 30-50 Fat % total calories 0-98 2-96 20-85 35-55

Protein % total calories 0-98 2-96 5-70 5-35 * Each numerical value is preceded by the term "about"
WO 2006/102451 PCT/US2006/010468

defined biend. Although the compositions may further comprise natural or intact proteins, or
even polypeptide fragments thercof, the amino acids in such proteins or segments are not
considered in the determination of the requisite amino acid selection, including amounts
and/or weight ratios, in the amino acid blend as defined herein.
5 The amino acids in the defined blend may be in the L or R configuration, or a

mixture thereof, although most amino acids for use in the formulation will typically be in the
L configuration. The amino acids used herein are commercially available from a number of
different material suppliers, including Sigma-Aldrich Corporation, having a place of business
at 3050 Spruce Street, St. Louis, Missouri

10 When a composition of the present invention is in liquid form, most typically as an
oral liquid or beverage, or after a powder embodiment is reconstituted to form an oral liquid
composition, the pH of the liquid composition is suitable for appropriate administration to a
subject, such as by oral administration. In one such liquid embodiment, the composition has
a pH from about 2.5 to about 8.0, including from about 2.7 to about 7.0, and also including

15 from about 3.0 to about 5.5, and aiso including from about 3.0 to about 5.0.

The compositions of the present invention may further comprise one or more
supplemental amino acids, non-limiting examples of which include aspartic acid (ASP),
threonine (THR), serine (SER), glutamic acid (GLU), proline (PRO), glycine (GLY), alanine
(ALA), tyrosine (TYR), histidine (HIS), lysine (LYS), arginine (ARG), methionine (MET),

20 tryptophan (TRY), phenylalanine (PHE), and combinations thereof, The compositions may
contain a sufficient amount of one or more (such as at least about 2 or more, and at least
about 5 or more) supplemental amino acids to contribute to providing a treatment for at least
one of impaired glucose tolerance and diabetes.

In one embodiment of the present invention, the composition contains one or more of

25  from about 0.01 to about 30 mg/kg (including from about { to about 3¢ mg/kg and also
including from about 5 to about 20 mg/kg) of body weight of each of aspartic acid and
glutamic acid; from about 0.001 to about 10 mg/kg {(including from about 0.1 to about 10
mg/kg and alse including from about 0.5 to about 5 mg/kg) of body weight of each of
threonine, serine, proline, histidine, and lysine; and from about 0.001 to about 20 mg/kg

30  (including from about 0.1 to about 20 mg/kg and also including from about 1 to about 10
mg/kg) of body weight of each of glycine, alanine, tyrosine, arginine, and {ryptophan.

In some instances, the compositions of the present invention contain litile or no
phenylalanine. For example, the composition may contain less than about 10 mg/kg of body

weight of phenylalanine or less than about 5% by weight. In another embodiment, the

7



10 Other Optional Ingredients The compositions of the present invention may further comprise
other optional components that may modify the physical, chemical, aesthetic or processing
characterisi¥g tU$&0ptdducts or serve as pharmaceutical or additional nutfforiEBzFiptiiehts when
used in 15 the targeted population. Many such optional ingredients are known or otherwise suitable
for use in medical food or other nutritional products or pharmaceutical dosage forms and may also be
used in the cGﬂ%Fﬁ’@Hscﬁ@?é?ﬁ,lﬁ%@Pae&gﬁﬁf SUB B8NP grelRB AL A sdplrrdicordn vet
administratiogramfcakmbotipatibpenitinthriasseniiadiandwether iogresientsdn themseleciebarpduct
form. 20Non-|imitm%teL%am I si%gsuch optional ingredients include preservatives, anti- oxidants,
emulsifying awﬁfg1 S, &r ,ap%larrhaceutical actives, additional nutrients as described herein,
colorants, flavors, thickening agents and stabilizers, emulsifying agents, lubricants, and so forth. The
compositions;gf the present invention may further comprise an sweetening agent, 25 preferably
including at least one sugar alcohol such as maltitol, etythritol, sorbitol, xylitol, mannitol, isolmalt, and
lactitol, and also preferaBRFRRItiaPhte FEEHE BYARERD BRhiGHIHSER) SR S8fetieStich 2
acesulfame Kpaspatizieiss siitiaiase, Sacehadn siaviehyanddagalasand hesaaieaienigagents,
especially as gdggrglpjtg%%oar}u% a sl %Ee%'&a"hgﬁ'ﬁ;{‘e% an m%rtificial sweetener, are especially useful in
formulating quwd beverage embodiments of the present invention having a desirable favor profile.
These sweetener cofilsinations! arswspeticily éfertivbiiativaskify ndedealsisdrizdrarsetiedimes
associajed Wifﬂgﬁ@@i&ﬂﬁ]ﬂ%ﬂp%ﬁ&@iﬂpt@qgéﬁq odarigl 9@&%@3%9&%&9@&9@& alephal copgentrations

in the beverage may 5range from at least about 0.01%, including from 0,1% to about 10%, and also
including fronf 4B a 1tdCAHEHE 898, 50 wrigHES AR B A AplisHdramtidlS st atiisy
concentrationsehaliafiga fiant abokitd) 0 munsbding, ioiabodih § DEetealicotiaibiaiseuncluding
from about 0.19 bout 1,0% eight of the b age, The co sitions of the present invention
may further cc;)!r@ptlrgl)%%’ f#é 3_ ggﬁkl}{eﬁ%%ﬁ% 8}161)3} \%ﬁ%ﬁ%@tgr%égﬁenqﬁ%ﬁ%rﬁg non-tnit r%sgkamples
of which incluBeireiiasa suigdenindvidehsaiFies Vitdeptn K, thiamine, riboflavin, pyridoxine, vitamin

51_21 ceﬁgteneids _(ﬁ/ignybﬁit@'r@@tf 9&@&%3 5@@@%@1@1 %&@iﬂ;,'ﬁ%ﬁﬁ?&ﬁ%c@%@&iﬂd@@é_@ ﬁ%i%%ﬂme”ic
acid, biotin, vitamin C, choline, inositol, %%;Its and derjvatives thereof, and combinations thereof The

compositions AT FHEP CBRBHSESRIIBEY JeitelrofsiHar Hauitehirhitteidre™d 8 HEr iting

examples of whiehidctiiftetical divimrap hosphisitus pmaghesi wom frah]z mith Mangaaese, adppke; sodium,
potassium, mcgl(}/&%gelﬂ r@&,ie%rtg.omium, chloride, and combinations thereof. Low-calorie Bevera2e or
Liquid 20The compositions of the present invention include low-calorie beverages or other liquids
formulated to mask dratREYRREs il ot naedir Al S TraveT BRsoRIdie P IRRITt iRV aptirbradicblends

?escritz)e@ hzer/%iﬂplek,) ooﬁkg;e/e l@fwa%k%ie eeueﬁﬂgﬁﬁieﬁdi%ieeﬂn%ﬁlfeﬁhalﬁg e;@hgrém%@gatmmprisifn% i
rom about 2%t out 90 of a protein s urce, as.a ercentage of total ca ries, Inciudin any 0
the armino aciABETHErEEs JoR AR BATREHE, o5 ROt et Rt SPGB B AR DSline,

cysteine, and pobthioninsicaisweight ratiog, of isoleyainesiditby cine;dstled cinebtdvbling, 48alewcine to
cysteine, and isglgicing g methigpinedndependsnly of gt Ioash ahak10:4: Anddigmabaut,2% to
about 98% carbohydrate, as a percentage of total calories, including at least one of maltitol, eiythritol,
sorbitol, Xwnmﬁrm@qﬁgm’a@l}@’ ),=i§61H‘? t,oani@soluble fiber, honey, sugar alcohols (e.g., maltitol,

25  erythritol, sorbitol), and combinations thereof.

Proteins suitable for use in the compositions of the present invention, in addition to
the amino acid blend component as described herein, include hydrolyzed, partially
hydrolvzed or non-hydrolyzed proteins or protein sources, and can be derived from any
known or otherwise suitable source such as milk (e.g., casein, whey), animal (e.g., meat,

30 fish), cereal (e.g,, rice, corn), vegetable (e.g., soy), or combinations thereof.

Fats suitable for use in the compositions of the present invention include coconut oil,

fractionated coconut oil, soy oil, corn oil, olive oil, safflower oil, high oleic safflower oil,

MCT oil (medium chain triglycerides), sunflower oil, high oleic sunflower oil, palm and



30 lactitol; wherein the nutritional liquid has a pH of from about 2.5 to about 8.0, preferably from about
2.5 t0 4.6, and a caloric density of from about 8.1 kcal/100m1 to about 40 kcal/2100m1, including from
about 16 kcHPLOB#HIFEEHbout 32 kcal/100m1. These low calorie beverd§es@i2litetig4obeferably
include erythritol, concentrations of which may range from about 0.1 to about 10%, including from
about 1 to about 5%, and WO 2006/102451PCT/US2006/010468 also including from about 1.5 to
about 3%, all B &GREbPHSe Bl¥etiie SPRjaidil marpredionrtasers it ramescortigatidss
preferably inclbetecdt least one additional sweetening agent, some non-limiting examples of which
include acesulfame I{[,hgs(pggta{pa%fog%%r%%%% gfaf%harigl,. steviii, and tagatose, 5These low calorie
beverages or liquids may fURther comphse any one Brmord ot IR UHErEiidhargreRpErMigiedients
as described Her@nssmianvRatinenTheacompesitiohly aiettedingsenminvepiaiaayphaipsepared by any
known 0510 qtherwise effReHYsmMaRVAGUINGIRcANIAe for preparin H‘?ﬁ%{;ﬁ?&& rpduct form.

Many such techniques are known for any given product form such as nutriti liquids or Altritional
bars and can &X&Ty BRAFBIEENESy BRSFbrarisHbs i multshrvithinenytrifichal prodactsndescribed
herein. The cempoditianss of-thel presentinve digivaandikewise be prepared by any known or 15

herwi ffect: facturingrtechnigue-forpreparing-thevarl )amm ical pr forms.
otherwise effe thre-manufactt ot Sie jorpre g Wa ceutical product forms
Many such techniques are known fer-anry-given H..MWEEEF. *BI$5roduct form such as capsules,

tablets, liquigs, and so forth, and ¢an easily be%pplied t%/ onge of (f?dinary skill in the art to the
composition:@e%%ib d herein-As-achgstertieie-formulationsthe-sempeositions of the present invention
may be 20 rgﬁ%&&%ﬁﬁ@sdlvingem of thejé% ected Eting aditsih water or a dilute acid solution,
and then comgjfing the differentgn; TgAC d af'%ﬁu. °§‘8 torm-a 't#usg embodiment of the present

of

invention. | oAs:a basic.solid formulation| the compasitions e present invention may be prepared
by combiningghgglifferent powder| fogrgs o [h§_§gi6(ie;5i_%llil 0 %0'3;5, algng with 25 any tablet forming
materials orﬁ;&haﬁg@m&ts, and then dry|blending the powders prior to processing it into the desired
solid product form, R, nlARiEbat FHHIE prabiel Bl s i Hpeue T yetanother embodiment, the
compositions of the present invention may be formulated as a nutritional liquid, including a juice or milk
or soy-Hdked liquid, comprising the selected amino acid blend. Such an embodiment may be prepared
by first formingt%&_og 30 an Liblgaﬁl%etgd containing all formulation oils, any emulsifier, fiber and
fat-soluble vita‘mmyﬁggﬁmags?umes (typically a carbohydrate and two protein slurries) are prepared
separately by mixirigithecezmtsitigrrate tndpreinetais tagiethenandthepwiaiiie water. Jhiiemsiurries are
then mixed t i i, . [ ixture. is homogenized, heat pracessed,
standardizedoa)?ﬁgaf;lésﬁvgvga%gglL%ﬁg%ﬁ%-ggnﬁi#?ﬁugvr%gg%lg%% %ﬁ%ﬂ% %é?cn%fﬁ%]ﬁ/é?sl éar?%%%scsl%sr 0;;eptically
filled or dried Fﬁl&&ﬂ@é Fpsaés. pharmaceutical or additional nutritional components when used in

15 the targeted population. Meany such optional ingredients are known or otherwise suitable for

use in medical food or other nutritional products or pharmaceutical dosage forms and may
also be used in the compositions herein, provided that such optional ingredients are safe for
oral administration and are compatible with the essential and other ingredients in the selected
product form.

20 Non-limiting examples of such optional ingredients include preservatives, anti-
oxidants, emulsifying agents, buffers, pharmaceutical actives, additional nutrients as
described herein, colorants, flavors, thickening agents and stabilizers, emulsifying agents,
lubricants, and so forth,

The compositions of the present invention may further comprise an sweetening agent,

25  preferably including at least one sugar alcohol such as maltitol, ervthritol, sorbitol, xylital,
mannitol, isolmalt, and lactitol, and also preferably including at least one artificial or high
potency sweetener such as acesulfame K, aspartame, sucralose, saccharin, stevia, and

tagatose. These sweetening agents, especially as a combination of a sugar alcohol and an



Other product forms such nutritional bars may be manufactured, for example, using cold extrusion
technology as is known and commonly described in the bar manufacturing art. 5 To prepare such
compositior¥8OtyPieamy4aN of the powdered components are thy blended togBHeESaifepiiptcally
includes the amino acid blend and any proteins, vitamin premixes, certain carbohydrates, and so forth.
The fat-soluble components are then blended together and mixed with any powdered premixes. Finally
any liquid conipérasisvadenrenamisasaiatly trefebm posiidrit taind te st ciitbe Gomposittbn or
dough. The resulting Rlastiemassgan dQithan be.shargde withulfutherphysicalnehemical

changes occurring, by cold forming ar. extrusion, wherein the plastic mass is forced at relatively low
pressure throﬁ&?ﬁaﬁé?&]ﬁﬁé eégﬁggé”fﬁgrﬁ&‘ffé)&%ﬁ@ sprRe g RsTRcistern el idarndridon off at an
appropriate pesitieratidgive pirpddiots ohghe Apsited weighlcdhdiesinechtheiaalid prosuetdgethan coated,
to enhanee p bili i istribution. e solid nutitional embodiments of the
present e T M B LS B A MERE R

produce solid $H38uétfoltn$ith &8, ceYesigizbboKiehe cluskeass an@siiviklr ethibeipradirstderms. One

knowledgeablg:ipdhe:nutdtion manuiaciiiingaris 3, ablatamselesh QRs:eh e manydhewn a.otherwise
the desired final product. 20The compositions of the
f

available manufacturing processes to produce

present inven ff)c?\uléﬁn @ 8%0' %Or‘éte,‘i’é’ F%)g% A cliPet Iy G RS R BF¥therwise suitable techniques
not specifically des@hbeﬁmgre'hinmﬂtbﬁbﬂm deganti ngmeM1tm@§ﬁwﬂm dsoppe gh;hef mr_@sﬂﬁtyi r¥ention.
The present esiRedimehts e tgkeais:dabe sonsideiecin Alhueshesias st and fot

restrictive and that all changes and equivalents also come within the description of the present
invention. The' {6y HEMIE (e Bxdtipias.iilalsrer iniseaies (véweimBositsasamé methods
of the presentiiyeniar-Meiodakiias: TheicompesiionsLiihe ResrNbLivantiap mayheused in
individuals afflicted with 30 or otherwise at ri CIfo qtevelg{Jing imfﬁ ire%%lucose_ tolerance or diabetes.
These compoStHOne can SIes 18 SR A I ARSI Sy AT BRFHSS efsfon source,
especially in those Fhwhanpaesitlenstety fdbmicoresponsy isfdesiratijeof othef hédgdmydositienat.and
methodsgf the presenhinveatignmay Qfﬁig{r?&&ﬁ@éoc@mﬂﬂ?"ﬁ%&hd&%luglﬁ?}@ﬁ%anﬁogpdzﬁwer
mammals such dogs, cats, rodents, cows, sheep, swine, goats, horses and other hoofed animals, and
so forth. HealtRe&RAGAUABRSE SR IBIe e S BB ATEY e R iHT_ te e itlte B8 PBRHHE RS well.
The compositimegef. the present invention may be administered before, during, or after carbohydrate
intake (such as from a meal, drink, or snack) to improve glucose tolerance 5 and reduce the glycemic
response. In one embodiment, the administration of the amino acid composition is conducted within
about one houreifwalbrihyidretzenesiimpiion by the subject. In another embodiment, the

administpation of theamipg AcidARMPAsKIGRISEARCLEISH WilRIR ARAULAY MinLiGs 0f carbglydrate

consumption by the subject. The compositions of the subject invention may be used to treat glucose
tolerance, 10 Bl EXIERERy aNarbr S AHiSIOHTE Atieigide wssiabledinrasastsrirmdceibidetes, and
obesity. Specifieally xthettampositions mahe used to treat type 2 diabetes, type 2 diabetes and/or
symptoms of any the Pfsﬁé{w@t ms er‘!grgiggogfﬁacu : So{ng{'g éa%gs incIL{jd one or more of high blood
glucose levels, sleep &bits SUCh as insomn 1a, general energy evel"SUch B Tetiart ifsél%%eﬁ%}fh, body
weight/poor orheitctisde ahopelitd: réfluxoiere gulzstyisstomemitegsnbintebatioyickidrdyited ang oieart
disease Jgroke,2ndieIRMO ARG S¥eaightined ndRRNSRRNRCEREhG aRtioadministtatign of the

compositions of the subject invention to a su’%ject,in need thereof after, during, or before carbohydrate
ingestion decr&di¥s BISEY I TEdsB R Eo Al prisht seEarpBhyrAIS g s tBt MAtHsRle iR to
administrationvafithee isomphsitions aéitlee sidbjeuhinventiontBlaogeghicpsilevglsmay.bg ~30ut
determined usjng whole.blood, bl plasma.o od.serum. Unless otherwise indicated, blood
glucose Ievels_irlae' érﬁ%da%gﬁsalsog v% ole 888&.§§éprﬁ%%c§ﬁ E%Lr%ebfa the Brhino Seid %ggor%?,gé% B
decreases blo#¢gilies seltevetsatiandibotiytrtelipgbstbmy(iompareded Biowthscbsetlevdls after
carbohydmte inggglionwitiowadminisiationieihe.aming asid cosmPesitignshin fbleaskong of about
30 minutes after car%ohtydrate intake, about 60 minutes

from about 2.5 to 4.6, and a caloric density of from about 8.1 keal/100ml to about 40

kcal/100ml, including from about 16 keal/100 ml to about 32 keal/100mi.

These low calorie beverages or liquids preferably include erythritol, concentrations

of which may range from about 0.1 to about 10%, including from about 1 to about 5%, and

10



25 after carbohydrate intake, about 90 minutes after carbohydrate intake, and about 120 minutes after
carbohydrate intake. In another aspect of the invention, administration of the compositions of the
present invéhtidingiak¢fdividual before, during, or after carbohydrate intake(itraases biedd glucose
levels compared to the same carbohydrate intake without the administration of the 30 compositions of
the present invention by at least about 5% in at least one of about 30 minutes after carbohydrate
intake, about 8BYAlERHUR cBAYbhydratRoitike hbp ettt btesaftegcarbotigdrate intake, and

about 120 minutes aftRscarbphytiateriniakes or ll%u}/@st %‘é@éﬁﬁﬁﬁ?&ﬁ&&@l‘a{hg&igw&rgi%gl%airgmlinistration

of the compossigfoes of the present inventign to a su %ect efore, during, or after carbo até intake
decreases blood &38R OOAE IPE T exp Bt 5ass hichdackudelrcsralbapsdtonsmertame
carbohydrate Mitakeswithoditthe selinistratiensef the compositions of the subject invention by at least
about 10% in at leas Ut i s after.carbohydrate intake, about 60 minutes after
carbohyd%ate intake,tI.z;l,ﬁt%)%u'gggvgt:)r%i ?#ﬁ%gggéfq&;é}%gﬁlgﬁwr%tag i%‘l{j[ra[t €, SR aboliP19t Mimives gﬂ“é‘r
carbohydrate fii#akertisn ainthen Basdiersapésedbahbamimntion, administration of the compositions of
the subject invention to a subject before, during, or after carbohydrate intake decreases blood glucose
levels compared to the same carbohydrate intake without the administration of the compositions of the
subject invention by at least about 20% in at leA92BREEEES o Ut 30 minutes after carbohydrate intake,
about 60 minutes aftéhcarbopyaiiate infate, slosut Iovininutes alepepshohydraie intake, and about
120 minyges i : . . The following.examples illustrate specific

em bodimentsa%%ﬁ%%?gggﬁgﬁ%gﬁgﬁe odihcﬁ%hfeorp?leegﬁltnﬁ}\%n%%ﬁ ?ﬁl‘ﬁ%’(ﬁ%@ Softie stitable
techniques to Prep SRS o M}58EH EsaTh &issnmishis o fergiverrs alelyfoitieip limpise of
illustration andhareined becdostremdas: iRitaions.at e RIBSENLINYENERNAS MaRYVaratons

thereof are possicple withouyt arting from the spirit and scope of the invention. Examples 1-3 20
Examples 1-31;‘ﬁfugﬁtgt%eﬁcﬁliﬁﬁlgc%%arﬂ?quid embodiments of the present invention. Also included are
corresponding methdds efragisiitine civpositionsimdoscrdaiiesyivitbebe parthodsQfithapresent

inventionsThejpgredients.far eaghexemplified somposition. are described in the following table. All
ingredient amounts are listed as kgn er 10_0% kg i)ggch o# zéjﬁrgérd‘é%%E}?|e‘§%“8%ﬁe}°\,l},’i‘§é‘ % %‘é?ﬁ d.
Low-calorie BBWM&@WFI‘QM%&P@&%’@“?S(RT? known for any given pharmaceutical product form

such as capsules, tablets, liquids, and so forth, and can easily be applied by one of ordinary
skill in the art 1 the compositions described herein.

As a basic liguid formulation, the compositions of the present invention may be

20 prepared by dissolving each of the selected amino acids in water or a dilute acid solution, and
then combining the different amino acid sclutions to form a liquid embodiment of the present
invention.

As a basic solid formulation, the compositions of the present invention may be
prepared by combining the different powder forms of the selected amino acids, along with

25 any tablet forming materials or other excipients, and then dry blending the powders prior to
processing it into the desired solid product form, e.g., tabiet, capsule, caplet, and so forth.

In yet another embodiment, the compositions of the present invention may be
formulated as a nutritional Hquid, including a juice or milk or soy-based liquid, comprising
the selected amino acid blend. Such an embodiment may be prepared by first forming an oil

30 and fiber blend containing all formulation oils, any emulsifier, fiber and fat-soluble vitamins.
Additional slurries (typically a carbohydrate and two protein slurries) are prepared separately
by mixing the carbohydrate and minerals together and the protein in water. The slurries are

then mixed together with the oil blend. The resulting mixture is homogenized, heat

11



Example 2 (kg) 412.4 Example 3 (kg) Water 412.4 412.4 Phos horic acid 80% 27.49 27.49 27.49 45%
KOH 8.247 8.247 8.247 Cit c acid 0.2749 0.2749 0.2749
WO 2006/102451 PCT/US2006/010468

processed, standardized with any water-soluble vitamins, flavored and the liquid terminally
sterilized or aseptically filled or dried to produce a powder.

Other product forms such nutritional bars may be manufactured, for example, using

cold extrusion technology as is known and commonly described in the bar manufacturing art,

5  To prepare such compositions, typically all of the powdered components are dry blended

together, which typically includes the amino acid blend and any proteins, vitamin premixes,

certain carbohydrates, and so forth. The fat-soluble components are then blended together

and mixed with any powdered premixes. Finally any liquid components are then mixed into

the composition, forming a plastic like composition or dough. The resulting plastic mass can

10 then be shaped, without further physical or chemical changes occurring, by cold forming or
extrusion, wherein the plastic mass is forced at relatively low pressure through a die, which
confers the desired shape. The resultant exudate is then cut off at an appropriate position to
give products of the desired weight. If desired the solid product is then coated, to enhance
palatability, and packaged for distribution.

15 The solid nuiritional embodiments of the present invention may also be manufactured
through a baked application or heated extrusion to produce solid product forms such as
cereals, cookies, crackers, and similar other product forms. One knowledgeable in the
nutrition manufacturing arts is able to select one of the many known or otherwise available
manufacturing processes to produce the desired final product.

20 The compositions of the present invention may, of course, be manufactured by other
known or otherwise suitable techniques not specifically described herein without departing
from the spirit and scope of the present invention. The present embodiments are, therefore, o
be considered in all respects as illustrative and not restrictive and that all changes and
equivalents also come within the description of the present invention. The following non-

23  limiting examples will further illustrate the compositions and methods of the present

invention.

Method of Use
The compositions of the present invention may be used i individuals afflicted with
30 or otherwise at risk of developing impaired glucose tolerance or diabetes. These
compositions can also be administered, however, in any individual as a nutrition source,
especially in those in whom a blunted glycemic response is desirable.
The compositions and methods of the present invention may be directed to any

individual, including humans and other mammals such dogs, cats, rodents, cows, sheep,
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Eridex TM (Erythritol) 23.37 23.37 23.37 Maltitol powder 12.37 12.37 12.37 Acesulfame K (10%)
solution 0.5910 0.5910 Sucralose liquid (25%) solution 1 0.5910 F 16.62 0.5910 8.31 0.5910 33.24
AminolisoldYieixue 102451 PCT/US2006/010468

swine, goats, horses and other hoofed animals, and so forth, Healthy individuals at risk of
type 2 diabetes may be administered the compositions as well.

The compositions of the present invention may be administered before, during, or
after carbohydrate intake (such as from a meal, drink, or snack) to improve glucose tolerance

9 and reduce the glycemic response. In one embodiment, the administration of the amino acid
composition is conducted within about one hour of carbohydrate consumption by the subject.
In another embodiment, the administration of the amino acid composition is conducted within

about 30 minutes of carbohydrate consumption by the subject. ,
The compositions of the subject invention may be used to treat glucose tolerance,
10 diabetes, obesity, and/or symptoms and side effects of glucose tolerance, diabetes, and
obesity. Specifically, the compositions may be used to treat type 2 diabetes, type 2 diabetes
and/or symptoms of any thereof. Symptoms and side effects of diabetes include one or more
of high blood glucose levels, sleep habits such as insomnia, general encrgy level such as
lethargy, strength, body weight/poor or increased appetite, reflux, irregularity, stomach

15 neuropathy, kidney failure, heart disease, stroke, and deteriorating eyesight.

in one aspect of the invention, administration of the compositions of the subject
invention to a subject in need thereof after, during, or before carbohydrate ingestion
decreases blood glucose levels compared to carbohydrate ingestion without the
administration of the compositions of the subject invention. Blood glucose levels may be

20 determined using whole blood, biood plasma or bicod serum. Uniess otherwise indicated,
blood glucose levels refer to analysis of whole blood. Administration of the amino acid
compositions decreases blood glucose levels after carbohydrate ingestion (compared to blood
glucose levels after carbohydrate ingestion without administration of the amino acid
compositions) in at least one of about 30 minutes after carbohydrate intake, about 60 minutes

25  after carbohydrate intake, about 90 minutes after carbohydrate intake, and about 120 mimutes
after carbohydrate intake.

In another aspect of the invention, administration of the compositions of the present
invention to an individual before, during, or after carbohydrate intake decreases blood
glucose levels compared to the same carbohydrate intake without the administration of the

30  compositions of the present invention by at least about 5% in at least one of about 30 minutes
after carbohydrate intake, about 60 minutes after carbohydrate intake, about 90 minutes after
carbohydrate intake, and about 120 minutes after carbohydrate intake.

In yet another aspect of the invention, administration of the compositions of the

present invention to a subject before, during, or after carbohydrate intake decreases blood

13
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glucose ievel compared to the same carbohydrate intaké without the administration of the
compositions of the subject invention by at least about 10% in at least one of about 30
minutes after carbohydrate intake, about 60 minutes after carbohydrate intake, about 90
minutes after carbohydrate intake, and about 120 minutes after carbohydrate intake.

5 In still yet another aspect of the invention, administration of the compositions of the
subject invention to a subject before, during, or after carbohydrate intake decreases blood
glucose levels compared to the same carbohydrate intake without the administration of the
compositions of the subject invention by at least about 20% in at least one of about 30
minutes after carbohydrate intake, about 60 minutes after carbohydrate intake, about 90

10 minutes after carbohydrate intake, and about 120 minutes after carbohydrate intake.

EXAMPLES
The following examples illustrate specific embodiments of the compositions and
methods of the present invention, including some suitable technmiques to prepare the
15 compositions. The examples are given solely for the purpose of illustration and are not to be
consirued as limitations of the present invention, as many variations thereof are possible

without departing from the spirit and scope of the invention.

Examples 1-3
20

Examples 1-3 illustrate nutritional liquid embodiments of the present invention. Also
included are corresponding methods of using the compositions in accordance with the
methods of the present invention. The ingredients for each exemplified composition are
described in the following table. All ingredient amounts are listed as kg per 1000 kg batch of

25 product, unless otherwise specified.

Low-calorie Beverage®

G e Example 1 © 'Example2- " Exatnple 3
.‘IlngTeldtexlw_t o o 7 (ke). (ke) . " (ke)
~Water - . o 4124 412.4 412.4
‘Phosphoric acid ‘80% - 27.49 27.49 27.49
45% KCH. . . 8.247 8.247 8.247
Citric acid” - g 0.2749 0.2749 0.2749
Eridex ™ (BErythritol) - 12337 23.37 23.37
Maltitol powder 12.37 12.37 12.37
Acesulfame K (10%) solution 11 0.5910 0.5910 0.5910
Sucralose liquid (25%) solution 0.5910 0.5910 0.5910

. Amino .  Isoleucine 16.62 8§31 33.24

14



0.058 0.231 (Total) (1722) 8.614 34.447 Flavor Blend Meringue 0.6873 0.6873 0.6873 National Lime
0.5154 0.5154 0.5154 Lemon 0.5154 0.5154

WO 2006/102451 PCT/US2006/010468

7. Cystine 2 HCL 03111 0.156 0.622
-Methicnine 0.05910 0.03 0.118
Valine . 01182 (.050 0.236
Leucine 1 0.1155 (.058 0.231

{Total) (17.22) 8.614 34.447

Meringue 0.6873 0.6873 0.6873

Flavor National Lime 0.5154 0.5154 0,554

. Blend Lemon 0.5154 0.5154 0.5154

‘ (Total) (1.718) (1.718) (1718)

*Total calories: 72.432 keal/11 oz (23 keal/100ml)

Each of the exemplified embodiments of the present invention as referenced in the

preceding table may be prepared, for example, in accordance with the following batching and
S processing instructions.

The amino acid blend is prepared by conventional methods as a powder comprising
each of the identified amino acids, The amino acid powder is added slowly, with agitation, to
a kettle containing the specified amount of water. Once the amino acids are fully dispersed,
the solution pH is reduced to 2.4 using an 80% phosphoric acid solution, and thereafter

10 increased to 3.2 using a 45% KOH solution.

To the pH-adjusted blend, the specified amounts of the premix flavor blend, citric
acid, erythritol, powdered maltitol, 10% Acesulfame potassium solution, and liquid
sucralose, are added and allowed to mix thoroughly. The resulting mixture is then subjected
to minimal homogenization pressure, UHT (ultra high temperature) processing at 104°C for 5

15 seconds, and then hot aseptic filling into suitable containers at a temperature of 88-99°C,
The pH of the final product is approximately 3.2,

Each exemplified beverage has a weight ratios of iscleucine to leucine, isoleucine to
valine, isoleucine to cysteine, and isoleucine to methionine, of at least about 10:1.

Each of the exemplified beverages is used to treat individuals afflicted with impaired

20 glucose tolerance. Each is administered, within one hour of a carbohydrate-containing meal
or other carbohydrate challenge, to such individuals to the extent necessary to provide 1-200
mg/kg of body weight of isoleucine; 0.001-10 mg/kg of body weight of leucine; 0.001-10
mg/kg of body weight of valine; 0.001-10 mg/kg of body weight of cysteine; and 0.001-10
mg/kg of body weight of methionine.

25 Blood glucose levels in these individuals following the carbohydrate-containing meal
or other carbohydrate challenge are reduced as compared to blood glucose levels without
administration of the beverage by at least 5-10% in at least one of about 30 minuies after

carbohydrate intake, about 60 minutes after carbohydrate intake, about 90 minutes after

15



0.5154 (Total) (.78) (1.718) (.78) "Total calories: 72.432 kcal/ll oz (23 kcal/100m1) Each of the
exemplified embodiments of the present invention as referenced in the preceding table may be
prepared, fo¥ @424 accordance with the following batching and proceBSTHE H88a10tdets. The
amino acid blend is prepared by conventional methods as a powder comprising each of the identified
amino acids. The amino acid powder is added slowly, with agitation, to a kettle containing the specified
amount of waféfPeeeinaiaksitecabion 498 nimpdispesedbthedsohutiozkpH is reduced to 2.4 using an
80% phosphoric acid solution, and thereafter 10increased to 3.2 using a 45% KOH sqlutiqn. To
the pH- adjustﬁg blegd ‘t‘hi specified amounts of the premix flavor blend, citric acid, eiythritol,
powdered ma esulfame potassium solution, and liquid sucralose, are added and allowed
to mix thoroughly. Thexeesiktingdmikisiretés shan sﬂbj&ctﬁﬂsﬁaimmmaldﬁmgﬁﬁﬂaﬂgm@&ﬁmw UHb-Ir
ultra high te e 15se or%lds and t t aseptic Iflf* mto suitable
f:ontaln(gfgs atn;}?'%ﬁgér;ﬂrgqg gé%%]bgﬁrg H o?nt% fina be% diic Eﬁgﬁ%%%rlﬁla eor Ege Withe e
exemplified bé¥eragiHaohbvertierafivssidaoBucingds I@@(}m@lelémleu&méﬂm)hlmewm@iehelne to
cysteine, and fspleligiae iagmnethionine, of at least about 10:1. Each of the exemplified beverages is
used to treatrindividuals-afflicted with .mqaér;rl 20 glucose mlgganm Each.is agmnglglqtpr:(ndl Wlthlkl’]] one
hour of a carn e-containise . her C""”"" PR Jﬂ.a!!e“"e, to w iHdividyals to the
extent neceszglrgg%%rowde 1-2 cumgﬁ(gG 2 y GJm% % s%gy%me ,Eg?c £1 tariﬁ/glﬁﬁ 0 quy weight
of leucine; 0.084id0-mpfkgaet Gody ey tob,\gaune GHPI-10 kg of beely wergh pfcysteine; and
0.001-10 mg/kyweidpaidyeweight ofommethiomme2@5Bloodagucosedesels I Haese indigehzals following the
carbohydrate-tesstdimiadmeal or 6t#r carboiydrate Thzilendetardaeduterbas commaeed to blood
glucose |eve|§ﬁ€{%%fﬂﬂ%mlc ratidf of the B¥erage By at Jea8i98-10% irf at lgast®Pe of about 30

H ﬂ'ﬁ(‘rmrgfo |nf ko, G'glsinl 1 Rﬂ'mﬁﬁl ] ’ rl‘g}m@{l\ﬁ'{r: e @n?ﬁ ke HKHM‘EQO i aftel’
minutes aftet-{eFBoRrate intake gdfout 64 fibutes Afisr-caritlifirate tiikel alfdian minutes
Fructose ‘ 34.673 0.69346 85.876 | 1.31762 — -
Powdered. Maltztol 112135 0.2427 1.214 (.02428 18 0.36
Frythritol e 22.536 0.45072 2.254 0.04508 34 0.68
Citric Acid 3.0 (.06 3 0.06 3 0.06
Trehalose - - - - 17.305 0.3461
Total 160 2

* Amino acid blend from Example 1
Each exemplified tablet has weight ratios of isoleucine to leucine, isoleucine to
10 valine, isoleucine to cysteine, and isoleucine to methionine, of at least about 10:1.
Hach of the exemplified tablets is used to treat individuals afflicted with impaired
glucose tolerance. Each is administered, as single or multiple tablets, within one hour of a
carbohydrate-containing meal or other carbohydrate challenge, to such individuals to the
extent necessary to provide 1-200 mg/kg of body weight of isoleucine; 0.001-10 mg/kg of
15 body weight of leucine; 0.001-10 mg/kg of body weight of valine; 0.001-10 mg/kg of body
weight of cysteine; and 0.001-10 mg/kg of body weight of methionine. A typical dose is 25
tablets daily, taken orally in divided doses. These tablets may be swallowed whole or
chewed, but are most typically chewed.
Blood glucose levels in these individuals following the carbohydrate-containing meal
20 or other carbohydrate challenge are reduced as compared fo blood giucase levels without
- adminisiration of the beverage by at least 5-10% in at least one of about 30 minutes after
carbohydrate intake, about 60 minutes afier carbohydrate intake, about 90 minutes after

carbohydrate intake, and about 120 minutes after carbohydrate intake.
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WO 2006/102451PCT/US2006/010468 carbohydrate intake, and about 120 minutes after
carbohydrate intake. Examples 4-6 Examples 4-6 illustrate some of the possible tablet embodiments
of the preséMOSMGaAEEA. Also included are corresponding methods of usid&ﬁ@&&&@tﬁﬁﬁé&ccordance
with the methods of the present invention. The tablets are made by methods well known in the
formulation arts. ngredient Example 4 Example 5 Example6 Gm/100g batch Gni/2 gm tablet
Gm/100g batch Gin/2 gm tablet Gm/100g batcE2EIERIMENAD|et

The following experiments are directed to the compositions of the present invention,
and include the administration of these compositions to rats with impaired glucose tolerance
(Fatty Zucker rats) or to rats with Type 2 diabetes mellitus (Zucker Diabetic Fatty rats) and

5 the subsequent evaluation of the blood glucose response in each animal,

Experiment }

An amino acid test formula and control are prepared. The control is a 22.5% glucose

solution. The amino acid test formula is prepared by weighing and dissolving each of the

10 following amino acids in separate tubes: ASP (66.55 mg) is dissoived in 1.0 ml of 1IN HCL,;
THR (7.21 mg) is dissolved in 1.0ml1 of water; SER (7.97 mg) is dissolved in 1.0 ml of water;
GLU (102.3 mg) is dissolved in 1.0 ml of IN HCL; PRO (8.6 mg) is dissolved in 1.0 m! of
water; GLY (29.15 mg) is dissolved in 1.0 ml IN HCL; ALA (33.27 mg) is dissolved in 1.0
mi of water; CYS (5.28 mg) is dissolved in 1.0 m]l IN HCL; VAL (6.68 mg) is dissoived in

15 1.0 m! of water; MET (3.36 mg) is dissolved in 1.0 ml of water; ILE {7.34 mg) is dissolved in
1.0 ml of IN HCL; LEU (6.58 mg) is dissolved in 1.0 ml of IN HCL; TRY (33.55 mg) is
dissolved in 1.0 ml of IN HCL; PHE (20.8 mg) is dissolved in 1.0 ml of IN HCL; HIS (6.9
mg) is dissolved in 1.0 mi of 1N HCL; LYS (11.8 mg) is dissolved in 1.0 ml of water; ARG
(34.38 mg) is dissolved in 1.0 m] of water; TRP (9.46 mg) is dissolved in 1.0 ml of 1 N HCL.

20 Each amino acid additive is contained within in its own individual tube and is mixed within
that tube until a clear solution forms.

Among the different amino acid solutions formed, those dissolved with HCL are then
combined in a 50 ml beaker, after which 93 7.5mg of ILE Is added to the beaker and mixed
until dissolved. Once the ILE is dissolved, all amino acid solutions once dissolved in water

25 are then added to the beaker, followed by 25 ml of a 45% glucose solution. The resulting
glucose-containing blend is stirred until thoroughly mixed, the pH of which is then adjusted
to 7.0 +/- 1.0 with a 50% sodium hydroxide solution (buffer may be added to stabilize pH}.
The pH adjusted mixture is transferred to a 50 ml volumetric flask and brought to volume
with distilied water. The mixture is transferred to a beaker with a stir bar and stirring is

30 continued while filling syringes,

Fatty Zucker rats are received at the animal facility for at least one week before
testing. Each is weighed the day before the experiment and then assigned to one of two
groups matched for body weight. Only rats that weigh at least 300 gm are included in the
study. After an overnight fast, each rat is weighed again and then dosed at 8ml/kg body

17



Amino acid blend* 25.0, 0.5 25.0 0.5 25 0.5 Powdered sucralose 0.133 0.00266 0.133 0.00266 0.166
0.00332 Acesulfame K 0.023 0.00046 0.023 0.00046

WO 2006/102431 PCT/US2006/010468

weight (oral gavage) with the control or the amino acid test solufion. Blood glucose
concentrations are then measured from the tip of the tail of each animal at 30, 60, 90 and 120
minutes following the gavage.
The data from this experiment are sumunarized in Figure 1, which shows that the amino
O acid test mixture, when adminisiered to the rats, significantly reduces blood glucose
concenirations relative to the control at 60 minutes following gavage.

Experiment 2
The comtrol formula (22.5% glucose solution) and the amino acid test formuls
10 described in Experiment 1 are prepared and subsequently used in this second experiment,
along with an isolencine mixture as described below.

In this second experiment, & high dose isoleucine mixture is prepared by adding L~
isoleucine (1338.7 g) to 50 ml beaker followed by 10 mi of 1N HCL. The beaker contents
are mixed until dissolved, and thereafter to it is added with agitation 25 mi of a 45% glucose

16 solution. The pH of the resulting mixture is adjusted to 7.0 (+/- 1.0) with a 50% sodivm
hydroxide selution (buffer may be added fo sisbilize pH}. The pH adjusted mixcture is
transferred to a 50mi volumetric and brought fo volume with distilled water. The mixture is
transferred to a beaker with stir bar and continually stirred while filling syringes.

Zucker Diabetic Fatty rats, a model of type 2 diabetes, are received at the animal

20 facility for at least one week before testing. Each is weighed the day before the experiment
and then assigned to one of two groups matched for body weight. After an overnight fast,
each rat is weighed and then dosed at 8ml/kg body weight (oral gavage)} with the glucose
control, the amino acid test mixture, or the isoleucine solution. Blood glucose concentrations
are then measured from the tip of the tail of each animal at 30, 60, 90 and 120 minutes

25  following the gavage.

The data from this experiment are summarized in Figure 2. As shown in the
iliustrated data, high dose isoleucine (isoleucine alone) does pot significantly affect biood
giucose conceafrations relative to the control, whereas the amino acid test mixture

significantly decrecases blood glucose concenirations relative to the confrol at 60 minutes
30 following gavage.

Experimnent
To determine the minimal amino acid solution needed to improve glycemia, an amino

acid mixture is prepared in the following manner (weigh each amino acid and place it info its

18



0,029 0.00058 Meringue flavor 1.0 0.02 1 0.02 1 0,02 Lime flaor 0.75 0.015 0.75 0.015 0.75 0.015-
Lemon flavor 0.75 0.015 0.75 0.015

WO 2006/102451 PCT/US2006/010468

own individual tube): CYS (5.28 mg) is dissolved in 1.0 ml IN HCL; VAL (6.68 mg) is

dissolved in 1.0 m} of water; MET (3.36 mg) is dissolved in 1.0 m! of water; and LEU (6.58

mg) is dissolved in 1.0 ml of IN HCL. Each tube is mixed until a clear solution is obtained.

In 2 50 ml beaker, ILE (927.5 mg) is dissolved in 10 m] HCL.. All amino acid tubes dissolved

5  in acid are added to the 50 ml beaker (use a pipette to transfer) and stirred. All of the amino

acids once dissolved in water are then added to the beaker (transfer via pipeite), followed by

25 ml of 45% glucose solution. The resulting blend is stirred until thoroughly mixed. The

pH of the blend is adjusted to about 7 with a 50% sodium hydroxide solution. A buifer may

be added to stabilize the pH. The blend is then transferred to a 50 ml volumetric flask and

10 brought to volume with distilled water. The resulting mixture is compared to a control
solution of 22.5% glucose in the following experiment.

Fatty Zucker rats are received at the animal facility for at least one week before
testing. Each is weighed the day before the experiment, and then assigned to one of two
groups matched for body weight. Only rats that weigh at least 300 gm are included i the

15 study. After an overnight fast, the rats are weighed and dosed at 8mVkg body weight (oral
gavage) with either control or the amino acid test mixture. Blood glucose concentrations are
then measured from the tip of the tail of each animati at 30, 60, 90 and 120 minutes from the
tip of the tail.

The data from this experiment are summarized in Figure 3, which shows that the

20  amino acid test mixture (five amino acid combination) significantly decreases blood glucose

concentration relative to the control at 60 minutes following gavage.
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0.75 0.015 Fructose 34.673 0.69346 65.876 1.31752 -- Powdered Mental 12.135 0.2427 1.214
0.02428 18 0.36 Erythritol 22.536 0.45072 2.254 0.04508

WHAT 1S CLAIMED IS:

1. A composition for treating individuals afflicted with diabetes or impaired glucose
tolerance, comprising:

from about 1 to about 200 mg/kg of body weight of 1soleucine;

from about 0.001 to about 10 mg/kg of body weight of leucine;

from about 0.001 to about 10 mg/kg of body weight of valine;

from about 0.001 to about 10 mg/kg of body weight of cysteine; and

from about 0.001 to about 10 mg/kg of body weight of methionine,
wherein weight ratios of isoleucine to leucine, isoleucine to valine, isoleucine to cysteine,
and isoleucine to methionine are independently at ieast about 10:1.

2. The composition of claim 1 further comprising at least one of:
from about 0.01 to about 30 mg/kg of body weight of aspartic acid;
from about 0.001 to about 10 mg/kg of body weight of threonine;
from about 0.001 1o about 10 mg/kg of body weight of serine;
from about 0.01 to about 30 mg/kg of body weight of glutamic acid;
from about 0.001 to about 10 mg/kg of body weight of proline;
from about 0.001] to about 20 mg/kg of body weight of glycine,
from about 0.001 to about 20 mg/kg of body weight of alanine;
from about 0.001 to about 20 mg/kg of body weight of tyrosine;
from about 0.001 to about 10 mg/kg of body weight of hustidine;
from about 0.001 to about 10 mg/kg of body weight of lysine:
from about 0.001 to about 20 mg/kg of body weight of arginine; and
from about 0.001 to about 20 mg/kg of body weight of tryptophan.

3. The composition of claim 1, wherein the weight ratio of at least one of isoleucine
10 leucine, isoleucine to valine, isoleucine to cysteine, and isoleucine to methionine is at
least about 100:1.

4, The composition of claim 1 comprising less than about 10 mg/kg of body weight
of phenylalanine.

5. The composition of claim 1 further comprising at least one of vitamins, minerals,
carbohydrate, and fat.

20



34 0.68 Citric Acid 3.0 0.06 3 0.06 3 0.06 Trehalose 17.305 0.3461 Total 00 2

6. The composition of claim 5 comprising, as a percentage of total calories, from
about 10% to about 75% carbohydrate, from about 20% to about 85% fat, and from about
5% to about 70% protein.

7. The composition of claim 1 wherein the composition is an oral tablet.
8. The composition of claim 1 wherein the composition is an oral liquid.
8. A composition for treating individuals afflicted with diabetes or impaired glucose

tolerance, comprising isoleucine, leucine, valine, cysteine, and methionine; the
composition having weight ratios of isoleucine to leucine, isoleucine to valine, isoleucine
to cysteine, and isoleucine to methionine independently of at least about 10: 1.

10. The composition of claim 9, wherein the weight ratios of isoleucine to leucine,

1soleucine to valine, isoleucine to cysteine, and isoleucine to methionine are independently
at least about 100:1.

11.  The composition of claim 9 having weight ratios of branched chain amino acids to
sulfur containing amino acids of at least about 50:1.

12, The composition of claim 9 comprising less than about 5% by weight of
phenyialanine.

13.  The composition of claim 9 further comprising at least one of vitamins, minerals,
carbohydrate, and fat.

14, The composition of claim 13 comprising, as a percentage of total calories, from
about 10% to about 75% carbohydrate, from about 20% to about §5% fat, and from about
5% to about 70% protein.

15, The composition of claim 9 wherein the composition is an oral tablet.

16. The composition of claim 9 wherein the composition is an oral liquid.
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Amino acid blend from Example | Each exemplified tablet has weight ratios of isoleucine to leucine,
isoleucine to 10valtne isoleucine to cysteine, and isoleucine to methionine, of at least about 10:1.

Each of the exemplified tablets is used to treat individuals afflicted with impaired glucose tolerance.
Each is administered, as single or multiple tablets, within one hour of a carbohydrate-containing meal
or other carbohydrate challenge, to such individuals to the extent necessary to provide 1-200 mg/kg of
body weight of sseleuisiesO 00 1rdBipghdyeidb bitlyaveigt ohteusine;H0td1gungikoefdacdy
weight oge i{rﬂs%oo.om-lo mg/kg of body weight of cysteine; and 0.001-10 mg/kg of body weight of
methionine. A typical dose is 25 tablets daily, taken orally in divided doses. These tablets may be
swallowed wholeorehewed, Dotare)mesitypiediyehanwedsdiaadeglucose levels in these individuals
following the carbohydrate-containing meal 20 or other carbohydrate challenge are reduced as
compared to b6 gaedse! [wauvithsataaministiaigh of tisBeverage by at least 5-10% in at least
one of about 3Q minute er carbohydrate intake, abgut 60 minutes after carbohydrate intake, about
90 minutes aftgfoc%?%%ﬁy' r%%g Elln%gﬁg?/ al %%8%%?%2%61%%%%% after carbohydrate intake. WO
006/102451PCiré 220Q6/01RABSE XRERIMENLy weidhheffolleviag.experiments are directed to the
compositions of the present invention, and include the administration of these compositions to rats with
impaired gluco§eTolepaee! (Pt L key rad) boe toveast witkie§ipei® diabetes mellitus (Zucker Diabetic
Fatty rats) and Sthe subsequent evaluation.of the plood glucpse respanse in sach animal, Pxperiment
1 AR Biifio acid et Tormula and control are prepareoY. & '€ontrol is a 22:5% gjlucose solution.
The amiiioaaieprast forindaeeisdpibpreasttapoveighing and dissolving each of the 10 following amino
acids in sgparate tubes:. ASP. (66.55 mq) is dissolved in, 1.0 ml.of IN HCL; THR (7.21 mgq) is dissolved
L0 Bt wator R (e 0 S LGH T 4 ST o P 108 S e e oo 1.0
of 1IN HCPMPROL8.6 mg) is dissolved in 1.0 ml of water; GLY (29.15 mg) is dissolved in 1.0 ml IN
HCL; ALA (33.27 m ist %sgo veq%'%ol.o;nl o_ff water, g Sf§5.g8 mg) is dissolved in 1.0 ml 1N HCL,;
VAL (6.68 mg) 15°tIgs0ved in® : ﬁﬁgfgv?/a é)r,yl\\?fE {Q. éor%c)]rfs’dissolved in 1.0 ml of water; ILE (7
34 mg) is dissolygd iBod: @ Mo b HG L EL {8028 Ml dissahed in 1.0 ml of IN HCL; TRY (33.55
mg@) is dissolved in 1.0 ml of IN HCL; PRE (20.8 mg) is dissolved in 1.0 ml of 1N HCL; HIS (6.9 mg) is
dissolved in 1.00whebéN HOL YS! (In& k) isdisselebdfrvdlioeml of water; ARG (34.38 mg) is
dissolved in 1.0 ml of water: TRP (9.46 mQ) is,?)lissolve in 1.0 ml of 1 N FICL. 20Each amino acid
additive is contdHBARIHIA AR LA AAURIGEP b 4RY - REBFUdRAin that tube until a clear solution

forms. o Amengitbedifferent apinoasichslttions farmed:thase dissRlivad-with HG heaiethen

combined in a 50 ml| beaker, after which 937.5mg of ILL is added to the heaker and mixed until
dissolved: CHEEHE T HRSOHE° aif dniks SE S IR ARS BRasIVa i GaRame 1 at teast

about 100:1.

19. A composition for freating individuais afflicted with diabetes or impaired glucose tolerance,

comprising:
from about 10 to about 200 mg/kg of body weight of isoleucine;
from about 0.01 to about 16 mg/kg of body weight of leucine;
from about 0.01 10 about 10 mg/kg of body weight of valine;
from about 0.01 to about 10 mg/kg of body weight of cysteine; and

from gbout 0.01 to about 10 mg/kg of body weight of methionine, further comprising at least one of

vitamins, minerals, carbohydrate, and fat.
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25 are then added to the beaker, followed by 25 ml of a 45% glucose solution. The resulting
glucose-containing blend is stirred until thoroughly mixed, the pH of which is then adjusted to 7.0 +/-
1.0 with a 50% sodium hydroxide solution (buffer may be added to stabilize pH). The pH adjusted
mixture is transferred to a 50 ml volumetric flask and brought to volume with distilled water. The
mixture is transferred to a beaker with a stir bar and stirring is 30continued while filling syringes.

Fatty Zucker rats are received at the animal facility for at least one week before testing. Each is
weighed e day befais s eypelmentanddhan assianediip SRE.RC WO dranes Matehed for,body
weight. Only rats that weigh at least 300 gm are included in the stu&y. After an o%/ernlght ast, each rat
is weigh&tFddiRéand then dosed at 8m1/kg body WO 2006/102451PCT/US2006/010468 weight (oral
gavage) with th r [ id t lution.. Blood. glucose concentrations are then
measured from%ﬂ%?{%%)o%lf&z ép%@'?%g&%gﬁ|§r'1§aglgl§}t/%‘58%ét0019%(§%g 170 minutes following the gavage.
The data from this-experinent aseusumngaiizethadRigiyie df \diak, shows that the amino 5acid test
mixture, when administered to the rats, significantly reduces blood glucose concentrations relative to
the control at G@Qﬁiﬁh?é%%llé?/\ﬁ%@%@g@fﬁ@ﬁbh‘éﬁg}? of valinghe control formula (22.5% glucose
solution) and th&an%rgot%%q lest formula ﬁgoq%s ribed }i}rgoll—‘e)é rimegg are prepared and subsequently

. . i ma/K ody WL steine; . .
used in this second experiment, along With-an isoleucine mixture as described below. In this

second experRent.@ highheese isplereingmixitiisDrRpasamdy atldivgd isolepsing{d388:#0) to 50
ml beaker. followed by, 10 nil, of IN HCL, . heq? aker contents areg ixe[(ajgu tié] issolved,.and thereafter
o e s T R R
adjustedXé PeveH- PO a 50% sodium hydroxide solution (buffer may be added to stabilize pH).
The pH adjusted mixture is transferred to.a 50m1 volumetric and brought to volume with distilled
water. Tﬁ?e' mixt_g\réoig1 }i?éiﬁg erlgzlr}éjr 3%} é%ﬁi‘é?%.ﬁna\éﬁ?‘%nér“&ﬁa Et[:?gﬁ }%Sua I)}m ifred %/H‘ff)eseﬁﬁ?neéagfﬁinges.
Zucker Digbetit Batty rats, a model of type 2 diabetes, are received at the animal 20 facility for at least
one week beforg testing. Each.is weighe gh befare qu xperiment and then assigned to one of
two groups mat}grﬁlcle]aa ggtblg g’/avvcélf%lt\%.%gﬂ]gg( énoig% f‘éﬁ%@ 53 ’ S@E@IEI Tt is weighed and then dosed at

8m1/kg body weighttetabgavageiuwithibe ohrease camtral theimmino acid test mixture, or the
isoleucine solution. Blood glucose concentrations are then measured from the tip of the tail of each

animal at 30, 60190 990 tmihereE) 2Bl oWindytheiguvageine: The data from this experiment are

summarized in 51%1 . Ag shown in the IIusI,raggq datﬁlf_otylt.qdose ispleucine (isoleucine alone) does

ure 2
not significantly' SHeat Blood Jiitoee coMEshtiatisns fattive 15 tHE Bhtrol, whereas the amino acid test

mixture sighifigantly decsenses: blgpd:glucose consantraianislative.t0ihe.comtpelabe s minites 30
followingtgoqé/tage. Experiment 3 To determine the minimal amino acid solution needed to improve

glycemia, an amino acid mixture is prepared in the following manner (weigh each amino acid and

place it into its WWQL0064102454BG T/ USRAPSNLRABR 4 winh diabetes or impaired glucose tolerance,

comprising:
from about 10 to about 200 mg/kg of body weight of isoleucine;
from about (.01 to about 10 mg/ke of body weight of leucine;
from about (.01 to about 10 mg/kg of body weight of valine;
from about 0.01 to about 10 mg/kg of body weight of cysteine; and

from about 0.01 to about 10 mg/kg of body weight of methionine, wherein the composition is an oral

liquid.
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own individual tube): CYS (5.28 mg) is dissolved in 1.0 ml IN HCL; VAL (6.68 mg) is dissolved in 1.0
ml of water; MET (3.36 mg) is dissolved in 1.0 ml of water; and LEU (6.58 mg) is dissolved in 1.0 ml of
IN HCL. Each tube is mixed until a clear solution is obtained. In a 50 ml beaker, ILE (927.5 mg) is
dissolved in 10 ml HCL. All amino acid tubes dissolved 5 in acid are added to the 50 ml beaker (use a
pipette to transfer) and stirred. All of the amino acids once dissolved in water are then added to the
beaker (transfer via pipette), followed by 25 ml of 45% glucose solution. The resulting blend is stirred
until thor?ughlyAmixe‘ . The, pH. of the blend is adjusted to about 7 with a 50% sodium hydroxide

X buttér Ny BACL R

solution.”A’buffer may 16 Stabilize the pH. The blend is then transferred to a 50 ml volumetric

flask and 10br h%%&e{%wz%tmdiﬁyu{e@s%*t(ﬁfayastéﬁﬁgmﬁ&%%%ﬂéeﬁw@ﬁ%? G Eefauol
solution of 22.5% glucose in the fqllowmgeexperlment._ ~ Fatty Zucker rats are received at the
animal facility for at A4 HE BB FeNESHH ARG WeRjIEE thveiag. Delbie tistelsefident,

and then assigned tp QAR @htwe wraupsRched dbrdweiaht. Only-[Ris dhat meighi alileast.300 gm
are included in the 15 study. After an overnight fast, the rats are weighed and dosed at 8m1/kg body

weight (oral gavage VAR EdRIBI OREHE BiHB A ERMTCRIR CBR SeriBkYEe EdncBhtrations
are then measured from the ti the tail of each animal at 30, 60, 90 and 120 minutes from.the tip of
it ik ey Ao e RS R R S
20amino acid test mixtin@r(five &nihomcicl coribinatiombsighifisanilyldecteakesbiovd glivosel,
concentration relativlgoligqg?tea% qg&gtg}.ao minutes following gavage. WHAT IS CLAIMED IS: 1. A
composition for treating individuals afflicted with diabetes or impaired glucose tolerance, comprising:
from about Ito abeut 208 maike afpady;weightaf isolrigingfrom absd0 D019 Abautd0 ma/kg of
body weight of leucine; from about 0.001 to about 10 mg/kg of body weight of valine; from about 0.001
to about 10 mgikgrofibedyoresghtiof.¢ystaitidrane flomt alidut0100hito about 10 mg/kg of body weight
of methionine, wherein weight ratios of isoleucine to leucine, isoleucine to valine, isoleucine to
cysteine, and isoleucine to methionine are independently at least about 10:1. 2. The composition of
claim 1 further comprising at least one of: from about 0.01 to about 30 mg/kg of body weight of
aspartic acid; from about 0.001 to about 10 mg/kg of body weight of threonine; from about 0.001 to
about 10 mg/kg of body weight of serine; from about 0.01 to about 30 mg/kg of body weight of glutamic
acid; from about 0.001 to about 10 mg/kg of body weight of proline; from about 0.001 to about 20
mg/kg of body weight of glycine; from about 0.001 to about 20 mg/kg of body weight of alanine; from
about 0.001 to about 20 mg/kg of body weight of tyrosine; from about 0.001 to about 10 mg/kg of body
weight of histidine; from about 0.001 to about 10 mg/kg of body weight of lysine; from about 0.001 to
about 20 mg/kg of body weight of arginine; and from about 0.001 to about 20 mg/kg of body weight of
tryptophan. 3. The composition of claim 1, wherein the weight ratio of at least one of isoleucine to
leucine, isoleucine to valine, isoleucine to cysteine, and isoleucine to methionine is at least about
100:1. 4. The composition of claim 1 comprising less than about 10 mg/kg of body weight of
phenylalanine.



5. The composition of claim 1 further comprising at least one of vitamins, minerals, carbohydrate, and
fat. 6. The composition of claim 5 comprising, as a percentage of total calories, from about 10% to
about 75% carbohydrate, from about 20% to about 85% fat, and from about 5% to about 70% protein.
7. The composition of claim 1 wherein the composition is an oral tablet. 8. The composition of claim 1
wherein the composition is an oral liquid. 9. A composition for treating individuals afflicted with
diabetes or impaired glucose tolerance, comprising isoleucine, leucine, valine, cysteine, and
methionine; the composition having weight ratios of isoleucine to leucine, isoleueine to valine,
isoleucine to cysteine. and isoleucine to methionine independently of at least about 10: 1. 10. The
compositjpn of ¢laim 9. wherein the weightyratios of ispleucine to leucing, ist ine to valine,
soleaito cy s s T S R " e
compositign of ¢laim, @ Raving ueiahb fatins.ob branched shain RMInaAGHS it stlfur £RNIBIHINGAMINO
acids of at least about 50:1. 12. The composition of claim 9 comprising less than about 5% by weight
of pheny]ii'ilﬁﬂm)é*?E {32l %Mﬁggﬁ%- of claim 9 ftwther comprising at least one of vitamins,minerals,
carbohydrate, and fat. 14. The composition aim 13 comprising,,as a percentage of total calories,
fom btk 1090 15 AL STl 1 aut Bhort SO0 1 AT Dl B Ot a6
about 70%3motein. 15. The composition of claim 9 wherein the composition is an oral tablet. 16. The
composition of claim 9 wherein the composition is an oral liquid. 17. A composition for treatin
individuald afflictBel BtHtHNAYEI8Y IS Ofnsametd gibesEMEIE rAfed, COPRBERINGS frofTABEGE 10 t8tdbout
200 mo/kgiefibodyoneiahtof rlescingi: frem abadl Gt abpubdQmukoef hedy weighi:ofleucine;
from about 0.01 to about 10 mgék of body weight of valine; from abaout 0.01 to about 10 mg/kg of body

weight of RERAEE AHdRRAE8M O 9 B UBOOLE FigR LR BB AREGREKE Hdthionine, wherein,

weight rafjps of.jsoleucine to,leucine, isoleucine to valine, isoleucine. to cysteine, and,isoleuc ne.to
methion i are 106 HeHty S Eegl SR T et R s s S R e crea
with diabstes i pairepaghooseitolbrsn ce;cbemprising: frofriaabout 10 to about 200 mg/kg of body
weight of isoleucine; from about 0.01 to about 10 mg/kg of body weight of leucine; from about 0.01 to
about 10%hg/kg'GrEBERpER HasFlaliraimremvdisstit ol gy s RAT s §IRY B Body weight of
CySteme;Sﬁnd The nutritional liquid of claim 29 wherein the liguid comprises from about 1% to about

10% by weight of erythritol.



from about 0.01 to about 10 mg/kg of body weight of methionine, wherein weight ratios of at least one
of isoleucine to leucine, isoleucine to valine, isoleucine to cysteine, and isoleucine to methionine is at
least about W@RA6/A9481composition for treating individuals afflicted with digbyeesordimdaised glucose
tolerance, comprising: from about 10 to about 200 mg/kg of body weight of isoleucine; from about 0.01
to about 10 mg/kg of body weight of leucine; from about 0.01 to about 10 mg/kg of body weight of
valine; from ghqut .01 to about 10 ma/kg of body weight of cysteine; and from about 0.01 to about 10
mg/kg of body weight of methionine, further comprising at least one of vitamins, minerals,
carbohydrate, and fat. 70. A composition for treating individuals afflicted with diabetes or impaired
glucase tolerance, comprising: from about 10 to about 200 mg/kg of body weight of isoleucine; from
about 0.01 to about 10 mg/kg of body weight of leucine; from about 0.01 to about 10 mg/kg of body
weight of valine: from about 0.01 to about 10 mg/kg of body weight of cysteine; and from about 0.01 to
about 10 mg/kg of body weight of methionine, comprising, as a percentage of total calories, from about
10% to about 75% carbohydrate, from about 20% to about 85% fat, and from about 5% to about 70%
protein. m.c}Aﬂ composition for treating individuals afflicted with diabetes or mpaired glucose tolerance,
compiising: fr(?m about 10 to about 200 mg/kg ofbedy.sreight of isoleucine: from about 0.01 to about
10 mg%(g of body weight of leucine; from about 0z01 to about 10 mg/kg of body weight of valine; from
about B.Qtoto about 10 mg/kg-6Ebody weight of cysteing;ar about 0.01 to about 10 mg/kg of
body vieight of methionine? wherein the composﬁxroﬁ"is"a“ﬁ‘m’ar"tab.—z—f compasitipn for treating
individgals afflicted with diabetes or mpaired glucose tolerance, comprising: from about 10 to about
200 mg@/kgof kedy weight of isoleucine; from about 0.01 to about glkgref body weight of leucine;
from agout 0.01 to about 10 mg/kg of body weight of valine; from about :(dotecaiaout 10 mg/kg of body
Weighg%)f cyst?ine; and from about 0.01 to about 10 mg/kg of body weight of methionine, wherein the
compositiop dsjan oral liquid. 23.A nutritional liquid, comprising

0 30 80 90 120

T 1

Time Post Gavage {min}

1/3



(A) from about 2% to about 98% of a protein source, as a percentage of total calories, including an
amino acid blend comprising isoleucine, leucine, yaline, cysteine, and methionine, at weight ratios of
isoleucine t¥{e2dim@3ddleucine to yaline, isoleucine to cysteine, and isoleu§gtd2ptethititethe
independently of at least about 10:1; and (B) from about 2% to about 98% carbohydrate, as a
percentage of total calories, including at least one of maltitot, erythritol, sorb tol, xylitol, mannitol.
glycerol, isolpg#rand lactitol; wherein the nutritional liquid has a pH of from about 2.5 to about 8.0 and
a caloric density of from about 8.1 kcal/100m1 to about 40 kcal/100ml1. 24. The nutritional liquid of
claim 23 wherein the pH ranges from about 2.5 to about 4.6. 25. The nutritional liquid of claim 23
wherein the caloric density ranges from about 16 kcal/100ml to about 32 kcal/100m1. 26. The
nutritional liquid of claim 23 further comprising at least one of fat, minerals, and vitamins. 27. The
nutritional liquid of claim 26, wherein the liquid comprises, as a percentage of total calories, from about
10% to about 75% carbohydrate, from about 20% to about 85% fat, and from about 5% to about 70%
of the protein source including the amino acid blend. 28. The nutritional liquid of claim 23 wherein the
liquid furtheSrSEdmprises at least one of acesilfame K, aspartame, sucralose, saccharin, stevia, and

- p<t; hda J ’ ' J

tagatoseg 29y The nutritional liquid of chaim 23smhierein the liquid comprises erythritol. 30. The
nutritionggliquid of claim 29 wherein th

erythritoly \840 2006/10244
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