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, insulip is not secreted by t ncreas and therefore must be taken by injection or
ihis hot s PR iplech

inhalation. Type 2 dia gtgge?%%y! & CoNntro 3%5??/‘ #82&.*%‘%‘.%%",156%Sgﬁﬁhg%%‘é?&%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

A R B A i S BN R inopathy, kidney disease,

diabetes-related deaths. Other seriGiseoHpHeato RS HERAE
peripherél neuropathpizrdior fratjuentinteciiesdR’ difealfbentiefindisdualsmaffieiemivgithdiabetes
who are unablg Hé%%%iﬁ%&”%ﬁ'é&? IpANelr B9 %,%ﬁs'f@i\’f%'?’ 25,415 ad ??:.'“E%E@“%Sfré%g yar lnjection 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 cRB3RISING isRlengiay e aigBsvalingeay&igine, andmethigning:,inweidbtsatias of
isoleucine to leucine, isaleucine . 15 to yaline, isoleucine to cysteine, and isoleucine to methionine,
independentlydgjf&é RIS %tﬁkf’fﬁ??f?y Mseﬁ\sﬁoﬂ%@é%rﬁgﬁué?%t@pFé’gé%ﬁ ROEHHSH SR RTdes
composi@dns for use Traratinglindividuals «dfflittddwiitidisbgairetcgitucoss otenandecorndidbetes,
wherein such ¢omResions, sRMAHSE AR Ahekt Lo aheut a0 mo). gl of isglaycine;
from about 0.001 to 20 about 10 mg/kg of body vyeirg t of iejucfﬁég#grrﬁga{%%%{t %%]%?}fg'anéﬁﬁo mg/kg
of body weightisFivediAomBin BB COTae abGifs1 OhasH/IagbPIBdSENEIghet &stbinaumesefrom
about 0.001 to.ahesinl A.ameAgiolibasyweigbtohmathinning iadgiwvhersintne yeightJatios ok
isoleucine to Igﬁﬁiﬁe, iﬁlol?uc’ine to valine, isoleucine to cysteine, and isoleucine to methionine are
each independéntly a Ehee

eastdbout 10:1.
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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25Another 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 YA BI WaHE weight of isoleucine; from about 0.01 to about 10 BRI EANAight 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 30to about 10 mg/kg of body weight of
methionine. &lcRRdfvEls FuRIAGFERENH dERt TAREStio Ahiprsl UekrsicRsiRue Aot tveltn gEs Blatsther

liquids comprisingn(A)alow) 2% jmabeutRRWwearbebydialeiinse Rereamadmekioialcalones.
including at least one of{n Ititol,b r th[jtol, s%bitol, x(%%llto_l, rnannitol, glycerol, isolmalt, and lactitol, and

(B) from abodf P95t aBotit 8856 s & pritein: SoUr B ARG aNS réy© limited in that each can
2006/102451RET luS2606/6 :5%68, amineracithhendeai descrhed hareiivisuth as thesertamprising
isoleucing, leiginga g ISR, MRS, Welght/alios.phisplengine o leucine.
isoleucine to valine, isoleucine to cysteine, and isoleucine to met |on|n% n é?penor'ently of at least
about 10:1. These beverages or liquids have improved flavor and are especially useful in treating

5individuals afflicted with impaired glggageirarancq atdigRateson Another aspect of the present
invention is directedjtpea meet:htod of tcreatjn%iindgv&duals afflicted with impaired eglucose tolerance or
diabetes, wherein the m&tROd comprises adiimdring T SUER ARG R R Bl BVBSMSTnt of the
compositionscdenexibiedshier dientihg BRIEADESTRIITION i@paittEcDRAVWINGSce or Fitjare.1 is a
graph illustrating: changes i Haed GlROSE GRPSSAY QNS OVALHME N Fatl Zugkerrals (mgdel with

impaired glucose, tolerance) after oral administration of a control (glucose) solution or an amino acid
test solution (WP EGRIESSe A dESith g1 BHe ansiepsEidr (hdisresendiibengrPrisinglvdusatsdis a graph
illustrating chakgesitrbipadglteesthagreanttations over time in Zucker Diabetic Fatty rats (model with

type 2 diabetes mell'tgu%) a<':1Sft¢ec[tor1{;1 administration of a ¢ lucose) solution, an isoJeucine solution

I ntrol
(with glucose), or an ARG Acid tost gfﬁfjet}%ﬁn(v?/%oalﬁ%cg%é Saéz%gPaisﬁtég{lg Sﬁlgpélsgﬂ{bgdsggetﬁcénﬁresent
invention. 20R4gtirs. #ise gragibiilustdatiehiehiange sviri dhioodial vt osdesone enteationsisverdime in Fatty
Zucker nas (mpdghwithoiampaired gusase.lRvancs) alishaiabadminiaiialingef & sontelgicose)
solution or an amino acid test solution (with glucose) according to one aspect of the present invention.
25 DETAILEI?}QD]ESCRIPTION OF THE INVENTION The compositions and corresponding
methods of the presémbihwentiantase ilireciedidrcentpasiticngcaptaitingoselent ilends.efdranched
chain amino agj -cQntaining.amino acids. These and other essential, or optional elements
or limitations %ﬁ‘h?r‘?‘e. &%%#g%%ti‘glﬁ% ar Hr%g]eﬁ%ggeoﬂ rgnﬁﬁegsreé}fg? Aven |§ﬁr%{ R éls%?? RY 8 tail
hereinafter. COTRREHMPBLBOHS dnebaveBiSdeedfané rdsentdhvehitonunay Gomphise, Godisist of, or

consist pgsengiaiy of the sssentiahelements adilimiwgians gftoeiventiondescibed hergin, as well
as any additional or gptional ingredients, components, or limitations described herein or othérwise
useful in a nuftRiEHa or3bRETRIRAERP ABblicahow Lveedsoy todunsiskipisssons/aiddey Al
percentages, garts(ait natideas] 0sedihertinaredyhveightbidhadotal eompasition:1pnlassatherwise
specified. All sugh yveights hey_pertain to listed ingredients.are based.on the, active level and,
therefore, do not i(r)lclué(?‘g) s%?égtﬁ%xg’r Sé?%ur{gi ?Jc%tos Fﬁg{% mé@‘%e“ clﬁlglutaeﬁflsne%marﬁ%rcl:sl%]ﬁf/mé\]/%ingle

materials, unl@sSimigpscahdaipgadently 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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5All numerical ranges as used herein, whether or not expressly preceded by the term "about”, are
intended and understood to be preceded by that term, unless otherwise specified.  All references to
singular cha¥&ci8PEE B limitations of the present invention shall include tRE BAFs6RMGY plural
characteristic or limitation, and vice versa, unless otherwise specified or clearly implied to the contrary
by the context in whic] tl%refer nce is made. 10 All combinations of method or process steps as
used herein cHf'B& §5& f% %&%r&%ﬁ?%‘béﬁ%|é‘§§1&m&m&&%&ﬁ@d@#e@@m&wmﬁem&me
contrary by theysientexiris whiivihe referenge daoen binatitiisanadgeucinth & sRMPRS Hongand
methods of th invent also be substantially free of tional ingredients described
herein. In thisgcogé?ggt?%ﬁeg err%gg’srlﬂ)ﬁgtlasﬁtlegﬁgl rg)e'wl l%é%nlsnﬁ?g?ﬁ%ﬁg #deshipesiith contains
less than a fuhBESnAP EiEEM 16T asidpheral ingredibiizincladingrzessppastienidesuivaightafsuch

optional iBgrefi@niaRIOSGEHEO WKL TR SRMPRSINONS LI e rgseyLinvention may be formulated in any
known or 20 otherwise Sng}i:abIe product form for oral or parenteral administration Oral product forms

are preferred and incliB& XAy SBREE. Rauike SFSERbCEY FBHLIIcHr SiiRdiRe fomeseoerbifrepiogided that
such a formulawiondaibwatfiortedferandefiantiveiosaldeliveiyef themasentialandother selgsted
ingredients fr e ¢t form. Non-limiting ex les of solid nytritional product forms
suitable for uggﬁﬁ\%?e% %%tl%%%gg%nggc L%EF\ nmlgﬁnraésbIa%e?né:’r%%ero%rﬁgltlgf iReI T fintP IS i mulated
as bars, stickg?%gﬁfé%e&“breads or cakes or other baked goods, frozen liquids, candy, breakfast
cereals,ifiowders or granulated solids or other particulates, snack chips or bites, frozen or retorted
entrees and so forth. Non-limiting examples of liguid product forms suitable for use herein include
snack 30 and meal replacementhrattis hotor oo BEEIGBRAVINGS (ed or non carbonated
beverages, juices orlogher haidifizdpbelierages, dhilkger Boyhaisaddasy esages5bakes, aaffegs, teas,
enteral feedi itions, t liquid c ositions are most typically formulated as
suspensionsnc%%?m%?ggﬁggﬁu@ggi?légé%{blm%%{?ﬁﬁg@%?ﬁ g%?%lfﬁe r %u?fa%’iép O E}Eﬂ%’é Solttions,
liquid gels, arftPE&Ptdghicose) ObHigmBhAnImiY arithipibsobisuitanit gk produchfommsinatade
semi-sofifl or sgmuitliqeid geraposifians{e.g., puddings, gels), as well as more conventional product
forms such as caps%es 1_ta‘,}d)lets, ca&leﬁf, 1Eil!s, and so forth. The quantity of the composition for
providing an effective amotnt SFHE Hefined BB sciHiaeg Bunsasrgetanrtisns ey e 5
contained in divelksr Riphgtilifptof inthiicuizl dibage: foriabsesgnditinsefablatDiduplisalityaitablets.

For product f i ZENYES, tabl .C I ated, etc.) pastes, or gels, the amino
acid blend mgﬁﬂt?eﬁg%nﬂftﬁ&eit‘lgd a% conégr?tgﬁléﬁg&r%o%?%%?czﬁf}%a%ﬁ%ogs eﬁr’oﬁ aaBo%Jﬂtngcfoa%\’go}ﬁftSO%,
including front AB&HR P8 HEliseir) #sopr Urmiiars 25pe SLBMBTFFoR: baNions to about 25%, by weight of

the prodiftt form, allFibcenhinatemithaxeniens ahabRordiaatssHch-as.aatkehydiates,
acidulants, flayors.-and calors T(t](% car oh&/rgrat inéthese gro_duct forms preferably contains a
non-reducing sﬁéar, ConCantratong of Witk BAISGE HOIFTAI58L A5 o oA St 6f the
carbohydrate }efrlitgitisgsekarhipies of acidulantsdid theseliSoanbobligents jnalideigitis agid, malic
acid, tartaric @ggg@g@gﬂgeggégmgrh%m[;ations thereof, to enhance salivation and to provide taste
masking for the amino acid bitter or brothy notes. Amino Acid Blend 20The compositions of the
present invention comprise a select blend of branched chain amino acids and sulfur-containing amino
acids, t@ former of which includes valine (VAL), leucine (LEU), and isoleucine (ILE), and the latter of
which includes cysteine (CYS)and methigning (MET). The compositions of the present invention
therefore includes an amino aTTd DleTt Of 25 feastistrevamee Hambrakie | cysteine, and
methionine, the quartigcorandinmsahwbicirshodilt: be:$uficié idprpravide aniaffestivedieatment for at

least one of impaiERdigHdCRRe IR AREL A dIAPE 8 Sanched chain amino acids and suffur-containing

amino acids. These and other essential or optional elements or Hmitations of the

" ALl i o

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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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 B004%&1884t 10 mg/kg of body weight of valine; from about 0.86T 1656 (#1449 g/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.
WO 2006/102451PEPeIEsingsiontifetd ratifg answschespibaimeneishtied hecséa cmvprtivem. the

composition cofltsinstisermageuiitd0 101abeiid0umeikeofbadyweiahtef iselercipe fram,about 0.25
about 0.25 to about 7.5 mg/kg of body weight of

to about 7.5 %légB%f Eeq% w i htré’tjcnl%u ine; fropw . ;
valine; from abut 0 9516 about'?. mg %né%t B SRS S Emav s i P abolir b EEddtabout 5
5mg/kg of bodyraeigtieldf ameihbdnineerials, imlarottiervenelspdinfiedt of the present invention, the

compositgpn contaigg femeabeuL.13Q tQ ahout 1.20 melk. of weight of isoleucine; from about 0.5
to about 5 mg‘/clgll%}of body weight of leucine; from ]abr});\%té%geg t%pgkl%%ﬁ%%gr#/lgegf %%%gyv%?gﬁf%f valine;

from about 0.5% Whdtie &SRR B BEAS HiRsE Ft b eiperdrdebiathatiicm. ablser OlgrwismerBisng/kg 100f

body weight of methlorifigences ibhengitauit-aicamine asidsnioiidas in thepelest higngs Mmayalso be
characterizedigglu é/\;tﬁiegptn[eatio %f.l'ghelb;gﬁn&hed chain to 1sul,fur,—containi.ng amino acids of at least about
10:1, including &t least about 50° 1 and A0 IREHTAAG Bt FHE R G671 *5hd HSE iNRRING from
500:1 to 10:1 5a&Hirs ansdrany ohahsihte deideforydey ihdhenselentedbletdsakeaynalsorhelieharacterized
by othen defined welgfialia shasia acls hatulimalecaarhuls e he.flicaey of Heging at

least one of im%aired glucose tolerance or diabetes, ~ ~ In one such embodiment of thneag?/esent _
invention, the B8/ BLRIdATRES iR RSt iitioe Sisatictritiactddbifoatmsay dhrecrrvatieMsteucine to
cysteine, and tisofefscineiaozdhimeitidnimedndependently of at least about 10:1. In another
embodiment, the v}tg' t ratio..of at least on h as at least two of, at least three of at |east four of,
and all of) of isoleuesl%r%:}ezn%1 '?gﬁg}lfﬁsé?réo gﬁ%‘r%eg?g%a}ffﬁgﬁts% EUERE TS gf’e%ﬁé}lg?iﬂlf%ﬁ%ﬁ@ﬁféfto
methionine, is?BY |egistrabdrgretiontsndssatihedabdedst dibothis] OGntexndhalseinCludingnfidin sbsut 50:1 to
about 58@:1. 2:khe individyakarine AR far a6 iR e Gampesitions.and.GIness, of the present

invention can be derived from or provided by any known or otherwise conventional amino acid source,
including amitBPEEGE LML BF A¢)IBESHAVARMBLO LR GRaaY @améigniith inorganic or organic
bases. The esterified forms are often derived from straight or branched chain alcohols, whereas the
salified forms ogggghm&lgg;% bydrochlorides, sulfates, acetates, 30glutamates, and so forth. The
individual aminé-acids USed in the amino acid blends of the present invention include chemically
discrete amino acids’ifattasrsiitsany froteissot divertsolypeptidefstudatre. iAlthoughvtessipreferred,

the amigQ acidméeansalsahgasRdaaddy sywuhsticralpeplide.ihatprpvides the tequisite, amount

and/or weight ratijos §f g‘]ﬁ? amino acids in the. WO 2006/102451PCT/US2006/010468 defined blend.
Although the ESMPSSitBNs AT FuPe PUn piRLEn SfraIdFi e Hrmmnatitablevin ety pesiide

fragments thepenfidtidetiaatninch acitsiini sith fikoteifts erfsegmenisiatcornteunsideeddriiftial
determination, g} (g.feguizle AMING ACHAEigREon. ibAlding amounts and/or weight ratios, in the
[ the de

amino acid blend as defined herein. 5The amino acids’in fitied blend may be in the L or R
configuration, or a m@trétiiiie skaaieugh saddtatritmdciiediot desrin shitatdenfutatienbedtitypically

be in thed. configuationkTie MBiNORidsHsebersin HaraRmaIGaly.Avallable flam a;number of
different materialk(supgli rs,dinclu?gg%\/%igma-Aldrich Corporation, having a place of business at 3050
Spruce Street St Totlis, MissOUfi hEHE BRI Ath Grese Bruisnemdenbisalitsh swriemtform,

most typicallyresvésrsoraldiguithion beliésageytheraftetoa pewdeicmbpdinantds reepastituteddq form an
oral liquid congposition, the i 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 0nléRitirkenrlapeliiguiteredistifors andkiistinchublingn include 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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15from about 3.0 to about 5.5, and also including from about 3.0 to about 5.0. The compositions of
the present invention may fimther comprise one or more supplemental amino acids, non-limiting
examples oMihiépoiheitide aspartic acid (ASP), threonine (THR), serine (SBR)T/gltatiiuEsk (GLU),
proline (PRO), glycine (GLY), alanine (ALA), tyrosine (TYR), histidine (WS), lysine (LYS), arginine
(ARC), methionine (MET), 20 tryptophan (TRY), phenylalanine (PITE), and combinations thereof The
compositions may cdrthgn zesdifiding emopie of eniablenosk sutitaatddash:abeun2solitnore, and at
e o o ot eunelsRGa (BHAASIS R AP ORI NG A et ISR G gl east one

of impaired glucaose tolerance and diabetes. In one embodiment of t resent invention, the

composition cOHtAiRS GRYER R e braB S M Hbowd o fodhabdhie 304igIke! (Theiemmmgsitim Bbout 1 to
about 30 mg/kyandi-alsa Ealudegiiomtalia Gemabani20 ma/kphofbadyayeightateash of aspartic

acid and glutamj iq;. f-rom about 0.001 to about 10 mg/kg (including from about 0.1 to about 10
mg/kg and alsggflﬁﬁﬁe(gfl%?ﬁgr%raaﬁ)gﬁa Q};?glgﬁgh gl mogsﬁ%)i%gf vdPweight 8‘]‘%‘%&5 HPivaEh e, serine,
proline, histidi#®!®hd lysine; and from about 0.001 to about 20 mg/kg 30 (including from about 0.1 to
about 20 mo/kg and aisepRaluing:am.akauid: i AROUL A MOka) ok Bery ayeldlit gl eagh, of alycine.
alanine, tyrosine, arginine, and tryptophan. In Some instances, the compositions the present
invention cont8indftfe BiendpRenigidablerd mavekafiplovintsdahpositimtratiaycomtsirtfessithan about
10 mg/kg of bogy-weight0f.phenylalanipe: atessihan; % b ight, In er embodiment,
the composition %or_%tains Igss than about (5‘5r mt%’/za%q%gg%l v%ég%t%gvgﬁgﬁyﬁg%ﬁ%%%ha%g:%%%ther
embodimént, #heledinpoinionadentaih zeretonledsthahabueightmg/kijofbodycwéight ofll in
phenylalanine .sMagron utrients, ... The compositions,of the present invention may further comprise
one or more o?her macronutrient}swilr?éﬁ-li1 m‘éj%agﬁg?rsgl 8?} ean%:SarsfagS y%?ré:?é sgc;h ﬁ%&?eﬁhgcé%b}%?&n source,
all in addition tdatrssarmidocakids bl asbebfidedehiordinsd hecdptio falmsagrefaribienisiraganabination

with the other essential. 0.ingredients may provide up to about 1000 kcal of energy per
serving or dosgﬁrﬁz%%ﬁ%é%%%ggb%o& %%&%ﬁ %%%gé)t%[bél ?gaf,gg%eo eIL i 1fr%c Oaﬂ)%%& keal to
about 700 kcaweigy imfudling frohvbidatel 00 keal-toraliogt 5RAKkeial also intlutting fram abeut 150

kcal to ut kcal, and.also including from about 200 kcal to ut 300 kcal, per serving or dose,
preferagﬁ/@as %%%E%ﬂﬁﬁékﬁ Slélé{ %8%%589%?1 i osaglle]ic TEfrRY Uit e SRS S fPRAIBIBEeins,
lipids, and carbeinyolfsite s knealivaivh cad tepuseddndite varblis froductsiiesetesiarein,
provided that e ,[%ele%%ed nutrients are safe and effective for oral administration and are compatible
with the essential ahd other added ingredients. Carbohydrates suitable for use in the compositions of
the present invention may be 20 simple, complex, or variations or combinations thereof. Non-limiting
examples of syifahle carbghydrates include hydrolyzed or modified starch or cornstarch, maltodextrin,
glucose polymers, SUCroSe, corn syrup, corn syrup solids, rice-derived carbohydrate, glucose, fructose,
lactose, 2@9 h fructosel&8FPPATHIaRTIR) dRtiBreseligoLertisiarins ite @ sefeacbbuiiyoaentizddds)y soluble
or insoluble fiberifongss supanmicehls(e:Cmina s, 2BersitiiobesarRital. iad compipaleRs thereof.
Proteins suital?ég for LQEEllén the compositions gf th§ resent invention, in addition to the amino acid
blend compon&ht B8 HE<EHEEY ARSSHTIRAIGAE RHArSR 2t RdrivmsPrpabslys sustisdc kg zed
proteins or proteihisomro@dE&nhd can be derived from any known or otherwise suitable source such as

milk (€.g., casein, whey) ARG (G0 e SRIEALE B Hes, S0, Yegetable g, s0Y), o
combingtions thereof.  Fats suitable for use in the compositions of the present invention include
coconut‘ol, fraetbriststcdtedetritsy, ebipoity siteomndmhsinisasbnarolithmoteict sdfidiver oil,
MCT oil (medistouthai diighiesr esisus loweeailighplale synflawer ol BRI ANE: WRose
2006/102451%(1;’/US@2(%0 /8&%68 palm kernel oils, palm olein, canola oil, marine oils, Cottonseed oils,

. doleranc 1al
and comblnatlonsathereo .

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.

5



The concentration or amount of fat, protein, and carbohydrate in the compositions of the present
invention may vary considerably depending upon the particular product form 5(e.qg., solid, liquid,
powder) andVthéN&iitrislother formulations and targeted dietary needs. Thé¥el tHagiitidiehts are
most typically formulated within any of the caloric ranges (embodiments A-D) described in the
following table. Nutrients Nutritional Embadiments* A B C D Carbohydrate % total calories 0-98 2-96
10-75 30-50 Fat % tOtCHIGHER WY IIGE 26 BE I BE-PHiotifos0RIthItes0:0g 2rgbout

120 to about 180 mg/kg of body weight of isoleucine; from about 0.25 to about 7.5 mg/kg of

body weight of leucine; from about 0.25 to about 7.5 mg/kg of body weight of valine; from

about 0.25 to about 7.5 mg/kg of body weight of cysteine; and from about 0.2 to about 3

5  mg/kg of body weight of methionine.

In another embodiment of the present invention, the composition contains from about
130 to about 170 mg/kg of body weight of isoleucine; from about 0.5 to about 5 mg/kg of
body weight of leucine; from about 0.5 to about 5 mg/kg of body weight of valine; from
about 0.5 to about 5 mg/kg of body weight of cysteine; and from about 0.3 to about 3 mg/kg

10 of body weight of methionine.

The amount of amino acids for use in the select blends may also be characterized as a
weight ratio of the branched chain to sulfur-containing amino acids of at least about 1¢:1,
including at least about 50:1, and also including at least about 100:1, and also including from
500:1 to 10:1.

15 The amount of amino acids for use in the selected blends may also be characterized
by other defined weight ratios of amino acids that ultimately contribute to the efficacy of
freating at least one of impaired glucose tolerance or diabetes,

in one such embodiment of the present invention, the composition 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
norganic 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



5-70 5-35 * Each numerical value is preceded by the term "about" 10 Other Optional Ingredients
The compositions of the present invention may further comprise other optional components that may
modify the Physieed/18kEmical, aesthetic or processing characteristics of theP§ibd¥2t9aH 8éete as
pharmaceutical or additional nutritional components when used in 15 the targeted population. Many
such optional in?redients are known or otherwise suitable for use in medical food or other nutritional

products or pHEFMEERIEHCard5eagL s P Brpisnay aistisesn sen irishestsm po sitih srhiieinpprovided

that such optienal ingypelienisiarensafte dok o mdaministmation:andarecempatiolewith the. esgential
E‘)‘gm. 20Non-limiting, examples of such optional

and other ingrediopts I ing sefected product form. 20Non I
ingredients include preservatives. anti- oxidants, ST RoRAS SHEHRS, Prihecanstatactives,
additional nutda#(s #sigdeiseripredneyainjwolorbbis dlaviiindtickening agents and stabilizers,
emulsifyimg agents, lybticants, andkse fauhce.compogiions of the pregept invention may further

comprise an sweetening agent, 25 preferably including at’least one sugar alcohoreich as mialtitol,
etythritol, sordt5IS HETeMhaHRRbEL @AM AR BtReidcfRoRsa i thrstoimaleian iy iihtrotinly at leakt one
artificial or high peténeyRweatensn Bdckids ReeUHENA o ASRBLAME SR8 SAGEhRIN, Stevia,

and tagatose. weetening agents, espegiall ombination of a sugar alcohol and an
artificial sweeé#grr%,%?gagagbaeg? )l}el?%éfluﬁl?rﬁ f%rrgﬁﬁ%'i%ﬁgd%éﬁi?%@?fé?ﬁ’ﬁe}?ﬁ*%aiHlFéﬁtgf&Pleé’séresent

invention havifig 88 S| Stfesiob ipkefilie. Wiresersweetener combinations are especially effective in
maskinglandesirableiuiots sameimes rasoriaiad withihs addiinnio’aming arids (o lguid
beverage. Optional sugar alcohol concentrations in the beverage may brange ro%pat ast Ahout
0.019%, includifg’ %8%“%?&%%%0‘8& Aty BRMOSTSERPRIUBIREHEvPRBbIed d6 foraboueBbAiabid weight of
the beverage.cOptioriadamifiGitl sivhetanst eonpeniiatians Ay RNESiYmaba Qi ins/nding from

about 0.05% tg, Q&ug&% athoi luding from about 0.1% to apout 1.0%, by weight of the beverage.
The compositiof@s of the p&Fe e%%%denrlft‘%rgr ey fur}t%neersélgrlnt[g?%g B rﬁwgr%?f@f’"pf@tb%@ﬁ/itamins

or related nutdetiisE B iRty a8 ohelddkeifiol ddritaninoAbvitafin L¢ vitaninliliMitamin K,

thiaminel 3ibofiayin Ry isloXirBoultamin.B 1R CALRIERDISH{Silu DB CAIIER], Zeaxanthin, lutein,
lycopene), niacin, foljg acid, pantothenic acid, biotin, vitamin C, choline, inositol, salts and derivatives

thereof, and combinattSn&TRBPESPThE o pBERFBhYRARIIrtRaY dSRisHseormyiIsT anvafetp@tother
additional minenesmiSaiomimitingexamplesiof whialpiaciio e srlciHluphaspharug maggesium, iron,

zinc, mangan PRS0 ium, sium., mol . chromj chloride combinations
thereof. Low-?a%%?%ggevera?gé%%%%%?%‘%ﬁg%g‘%{ngp@sﬂl#ﬁ?@rgﬁég% e‘cﬁl? ’fﬁ%ﬁ?@%m&a@é
low-calorie be\erade¥ 5pBerdriRpuitistidin (HDd binvadR6h othenmseARBIMiEsimdesitBIR, flavor
associal@l withy PaepriniIRaGilandmARsqEbeY, RRISPmbina RS T6104Y CHYIE DEVSIAgES QL liquids

include those embodimenis coml%lisinggrom about 2% to about 98% of a protein source, as a
{

CARHESTAIARY Shyst B37He EhihasavidprrbetAs deseeTbarisrisnst such as

percentage ofctoo”ttgf calories, inc
those comprisihgpisbleutine, Sepdimenvalimeinoysidine candirortigninediat weightratias of isaleucine to

leucine, isolqujggf{&%gggg@ isQlgugine fo cvsteine, and isoleucine to methionine independently of at
least about 10:1; and from about 2% to about 98% carbohydrate, as a percentage of total calories,

including at least ond™otthaRfefERRhefEe sertses inxshiton. Mharnitbgticeroiisolmaltrangte of
25  from about 0.01 to about 30 mg/kg (including from about I to about 30 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 also 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
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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 kcAPLBGMIPdAbout 32 kcal/100m1. These low calorie beverd§edtfitfiidepteferably
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 By RRSTEAT AENSE\ET Ao ot me/ker b hofswetabiet RvEY e Iidid
preferably inclueigcat dppstanatadditiongleveatesingragens sones namlisbiting exanples wfyvhich
include acesulfa}r% I§ gspz?rtarlr}}%, sucralose, saccharin, stevia, and tagatose. 5These low calorie
beverages orvﬁaﬁl g a;e/1 arther comprise any one or more of the other optional or other ingredients
as described herein. Manufacture The compositions of the present invention may be prepared by any
known 0k 10 giaepuiss eigctive manufacturing technique for preparing the selected product form.
Many such technigues are known for any given product form such as nutritional liquids or nutritional
bars and can easily BB HYSHE Bty Biantipnmea i th PRRFIFO AR SFOBOES B8s ribed
herein. The cainpositionsohthaiprescht kvesrdjon asblikenwise hecprepare by anyoknewilion 15
otherwise effea Qﬁ?ofﬂ%%é%‘%ﬁ;@na%iftﬁ%@c@i&"ése JQﬁIPﬁFRQQ{Ag the various phammceutical product forms.
Many such techniques are known for any given pfharmac'eutical product form such as capsules,
tablets, liquids, and S&YoptHicaad waereasiiyre pshedibgtioneviordinaipakibsimi an adpe
COmMposi{iions gesehihedher S}Gviéé@) hasiplatid faenuptiondhe compsiionRsotihade sriM invention
may be 20 prepared b dissolvin{g each of the selected amino acids in water or a dilute acid solution,
and then com ﬁﬂﬁ&%h%‘ﬂiffb?@ﬂ‘f Amint Ye i ol BHERAL IR W (o eah AL ARRIE MY $Fe: fi&ent
invention.  iARdifasiesdicfotutalionthe colripasiticn snofuliegfieseridmyveritiosimaybbe prepared
by combining ifferent powder forms of the sel d aming aci long with 25 any tablet forming
materials or o%@gr%ﬁgi[%%n%,oaﬁayﬁg rc})/nf)l%gnoél?ng tegcg}on\tjs gbr%up%?%{r)?é)cgfopgéssseﬂénﬁ Pr%té‘)%[sr?é desired
solid product forfadly arableglcapdiidetapranspioises forth. In yet another embodiment, the
compositipns of the presaitentivgsmay Rsfosmyatad as,ainukitionsbiicuidednelgingAauice or milk
or soy-based liquid, comprising the selected amino acid hlend. Such an embodiment may be prepared
by first formingFATOHSH HriberiEr Bt EetfG Pﬁd?mu?é%ﬁe&i@%% SHRGISHEN T Sh
fat-soluble vitasfiinsadAdilitionals unie adtyipicatsia catbakydnatensrie tit proteisestiairies) @berprepared
separately bya@gi@% ?eed; g{gohydrate and minerals together and the protein in water. The slurries are
then mixed togetﬁer ith the oil blend. The resulting mixture is homogenized, heat processed,
standardized with an{aREasBhs s YafiRsSTayie sureP ey ofd e pripmitysmizes ot Wseptically

filled or ggied Q¥ RAUSR BROWARKiations QIR 6AAEBISSU G RUEItIONAbDALS 1A BGtable
manufactured, qu{? xample, using. cold extrusion tec fg\olo?(%;é/has is known and commonly described in
xya e

the bar manufit B BCHS PSS K dB PR Al o B G S8 fiponents
are thy blendesbipgethesyaadsch dyyicattyinctude e amiii, acid-okehe and-aolyy prateindyodtamin

premixes, cerigip,garbondrates, and saauh. The faLsallble, sampenents Al duenplended together

and mixed with any .owdered‘qﬁggmlxes. Finally any liquid components are then mixed into the
composition, f@ﬂ%&%ﬁﬂ%ﬁéﬁ ke COHpEsRioH e M g eThBoRsTu I RietRoh d8 L cahaiPthen be

shaped 2githogt furthersehyeigad.ar Shamiaalchansges occurring, by cold forming or extrusion, wherein
the plastic mass is fogced.at rela i%\;ee%gcflow ressure thrOU%h a otlie which confers the dfsired shape.
f

The resultant exudaté TEHHERE t'%55 TopropHaresseLitich 8@?\‘?&%?6‘6"1?8&08%3 q8Ped weight. If
desired the sofi¢ prodiuct dsidh éleod ated ptoen han ciepalatdbiliygiancthdadkagettdiyrzetistipbuititn.

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



15The solid nutritional 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, aNdOsaffifat9d#her product forms. One knowledgeable in the nutritidCEEREOIPHEY arts is
able to select one of the many known or otherwise available manufacturing processes to produce the
desired final product. 20The compositions of the.?rese_nt invention may, of course, be manufactured by
other known GPBEhERTEE Llsit2BlE telsHhiGtradanatlsmering s d egtptrsecheilairmithonbileparting from
the spirit and geope. of the present invention. The present embodiments are, therefore, to be
considered in all resq%%tgo%geilltuas%%ti&e a%ngnpg% ggtstrictive and that all changes and equjvalents also
come within the description of the presant mventions T e tWHG RS &l s SRS Aptes will
further illustralfés tResssinpositimnsnemdvmethodsiokiie presefitinusnticr. Meibodrofose: Then
compositions @fdhedueseqtinyaaken Mavke seriningdividuals afflicted with, 30,01 otherwise at risk
of developing, impaired glucose tolerance or diabetes. These compositions can also Be Ahinistered,
however, in ahyFidiREUSPEESH T RiIGROSh iYRisalsplemnlppdtivsetinanhorh thblesiwit glyeemic
response is désitahlenents AFhe pesitionstanemgtheds of the present invention may be directed to
any individu: %_ o cother-mammals-such-dogs..cats, rodents, cows, sheep, swine,
goats, horses and ot RSP Mdividus ! at risk of type 2 diabetes
may be admiinistered the compositions as ell positi%ns of the present invention may be

administere(%r%g%ng,—maﬁa _3%,'3\, Welrate ta%fc {such 335 from-a meal, drink, or snack) to
improve glugase 9 %ﬁ&g&' 5 and reguce twe%f%gerr ic Pézf)o nse3 i Bne embodiment, the
administratigrgf the-ammo acid compgsitiorissone u~+be_g5vm+qa§?_§§m—ne hour of carbohydrate
consumption by;the suhject. In anpther embodiment, the administration pf the amino acid composition
is COWUCIG(WWUWT%,@%C rbofygrate tgl_iybbumptiluf”j by-the subject. The compositions
of the subje¢tientiammay be used to treat glucose tolerance, O3diabetes, obesity, and/or
symptoms and Si€galanin Ve tanletal iEhs g&ﬁ%sﬂﬂbﬂﬁm-‘%pecificaﬂ'y’ the compositions
may be used to treat type 2 diabetes, type 2 diabetes and/or symptoms of any thereof. Symptoms and
side effébts of diabetes include one or more of high blood glucose levels, sleep habits such as
insomnia, ge@{ﬁelreaeg%l? el Pe%?@n%s lethargy, strength, body weight/poor or increased appetite,
reflux, irregul ; thy, kidney failure, heart disease, stroke, and deteriorating
eyesight. In onktispriepesitinesimiefiiomseadministration ofgheuhen pasitions ofithe suhjpat
invention to a-spRigctin ﬂﬁ@%ﬁ?‘ﬁ{&ﬂgﬁﬁ@E:h?'s'i@&,gcﬁ%n%‘élﬂra?ehs‘%ﬁ‘éﬁcﬁg drate in eciltlogé tggcr,eas s blood

glucose levels compared to carbohydrate ingestion without the ad ifistratiorrof the coﬁ%lﬁ%g tions of
the subject inVEnTISH BRotid gt ssBhemasisy! 58 2ditienalmiéipualingmwhotetbiobel; bieddiplasma or

blood s#fum. thitessethsspibe indvatsckblonstishCosedavals seferdo.Analysis.ol el plaed.

Administratiop of:. ina.acid compositions decreases blood glucose levels after carbohydrate
ingestion (cor{rlis]c(ﬁJga}r{b(g§l %%jf},é‘éf%ﬁ*cg@ﬁggé%%ﬁ%p TOHEh S PLR TG Rt RS SRt LERRAARSRton of the
amino acid céHpEsitiers)rinbarkmesdimoliabouplFidn ttessaftenninnoiydelienintakaaabaut 60
minutes 25 afier aafaakielialedtake At 80 minies.alien saahvdiateniake, and.sbout 120

minutes after carbohydrate intake. In another aspect of the mvenUor%ra ministration of the
compositionslz’clﬁg(l:f?‘}‘ét tE88ent invention to an individual before, during, or after carbohydrate intake
decreagés blood ghNicosenleuglzcamppared ta:the same carehydiatedniaike wggm%’agmi_nistration
of the 30 Co@%ﬁ?”%ﬁ%fﬁﬁ%‘as&e”ﬁ tisnvgn %grn b%/)hat least about 5% in at least one of about 30
minutes after carbohydrate Irtake, Gbotit 60 mitutes atter EiboRfiivete MR ULBHFSHIMHutes after
carbohydratedFiekes daher eibotrl aRatm s, ditekorngoferdtateintaktdlizers, bnyeigngiheeaspect of
the invention admpdaistralian ef-the compositions of the present invention to a subject before, during, or
after carbohydratejlﬂtake decreases blood WO 2006/102451PCT/US2006/010468

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

) . 1 i
er hoofed arn :ma's,g 18-SoHeH

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



glucose level compared to the same carbohydrate intake without the administration of the
compositions of the subject invention by at least about 10% in at least one of about 30 minutes after
carbohydralGriagiél GTut 60 minutes after carbohydrate intake, about 90 Rfidikeavafi8iasbohydrate
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 #ifékiajarreianes Broeugiabo seefsl s aoriptingd imih besarves carbulimpdnstelititake

without the adigistratiefRhthe-aempositionsofhs subige! inyenionRy:aldeashabaub20%dn at least
one of about 30 minytes after carbohydrate intake, about 60 minutes after carbohydrate intake, about
b HRadE hisiee

90 10minutes SREFHSH InrsBoin e rRmEEs areatehydatReiptd Rk AMPLE S
The foIIo_wing :esxmmpxb&B iidustr@lfd m@ﬁga.emb@mjm entsraf dhietorpasitions andamt*ea@s ehthe
present '@’enpa?%e'ﬂﬁiﬂ%ﬂga%%ﬂg %‘fﬁ'}ﬁ%‘?ﬁ,‘%ﬁﬁ@%gL%%?nt‘a.?@?gc%%éﬁﬁ01/5’, Y s%?c’f;ng&hﬂfre gxamples
are given Solely or the purpose O?I' ustration and are not to be Construedmés Imita IOnS% ﬁTe present

invention, as AY&RY Variafortbareresf dre pigiblefnitivolie depertingpnahespiciehriovetors of the

invention. Exampl@srd:3nayExanoples dodulllustiateubtionabliosid.embodinentsofdhe present
invention. AlsoQ i céude are corr(g5 pondi gémetho% Ofi;grlﬂn the compositions in accordance with the
& ilé oy Pe

methods of th& Predsht HuARTGN. TREAYFEdidRts C%)?B?‘rﬂﬁ‘(ﬁéa&%omposition are described in
the following table. Rit ingredientmned tirt pasentiStedraiskgpe flLGR konhateh of 28prodtiety wiless

) . . N )
otherwismspegifiad, Lgwscalprie BeySrags: W HS X amRs & ¢e) FitRiS alkakAlg-4 Bxample
3 (kg) Water 412.4 412.4 o o _ ) o
vitamin D, vitamin E, vitamin K, thiamine, riboflavin, pyridoxine, vitamin By, carotenoids
(e.g., beta-carotene, zeaxanthin, lutein, lycopene), niacin, folic acid, pantothenic acid, biotin,
vitamin C, choline, inositol, salts and derivatives thereof, and combinations thereof,
The compositions may further comprise any of a variety of other additional minerals,
15 non-limiting examples of which include calcium, phosphorus, magnesium, iron, zinc,
manganese, copper, sodium, potassium, molybdenum, chromium, chloride, and combinations

thereof,

Low-calorie Beverare or Liguid

20 The compositions of the present invention include low-calorie beverages or other
liquids formulated to mask or otherwise minimize undesirable flavor associated with the
amino acid blends described herein.

These low calorie beverages or liquids include those embodiments comprising from
about 2% to about 98% of a protein source, as a percentage of total calories, including any of

25  the amino acid blends as desecribed herein, such as those comprising isoleucine, leucine,
valine, cysteine, and methionine, at weight ratios of isoleucine to leucine, isoleucine to
valine, isoleucine to cysteine, and isoleucine to methionine independently of at least about
10:1; and from 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

30 lactitol; wherein the nutritional liquid has a pH of from about 2.5 to about 8.0, preferably
from about 2.5 to 4.6, and a caloric density of from about 8.1 kecal/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



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
Eridex TM (Erythritol) 23.37 23.37 23.37 Maltitol powder 12.37 12.37 12.37 Acesulfame K (10%)
solution 0.39¢C@BYEAS1 PCT/US2006/010468

also including from about 1.5 to about 3%, all by weight of the beverage or liquid.

These low calorie beverages or liquids preferably include at least one additional
sweetening agent, some non-limiting examples of which inciude acesulfame K, aspartame,
sucralose, saccharin, stevia, and tagatose,

5 These low calorie beverages or liquids may further comprise any one or more of the

other optional or other ingredients as described herein.

Manufacture
The compositions of the present invention may be prepared by any known or
10 otherwise effective manufacturing technique for preparing the selected product form. Many
such techniques are known for any given product form such as nutritional liquids or
nuiritional bars and can easily be applied by one of ordinary skill in the art to the nutritional
products described herein.

The compositions of the present invention can likewise be prepared by any known or

15 otherwise effective manufacturing technique for preparing the various pharmaceutical
product forms. Many such techniques are 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



Sucralose liquid (25%) solution 1 0.5910 F 16.62 0.5910 8.31 0.5910 33.24 Aminolisoleucine

WO

2006/102451PCT/US2006/010468 _ Cystine 2 HCL 03111 0.156 0.622 Methionine 0.05910 0.03
0.118 Valirt8O 2006/162451 PCT/US2006/010468

10

15

20

25

30

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,
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
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.

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.

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-

limiting examples will further illusirate the compositions and methods of the present

invention.

Method of Use
The compositions of the present invention may be used i individuals afflicted with
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,

12



0.1182 0.059 0.236 Leucine 0.1155 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
WO 2006/102451 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



Lemon 0.5154 0.5154 0.5154 (Total) (.78) (1.718) (.78) "Total calories: 72.432 kcal/11 oz (23
kcal/100m1l) Each of the exemplified embodiments of the present invention as referenced in the
preceding t82M8YBéSprepared, for example, in accordance with the folloRAFIUISAHEHHY 4R
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 corftFRfRy B8 SPBEREE nibtistes watolvdRkeitiekamidruciie atemimyatiupefdbe, the

solution pH iscesibeathie 2f4lisingian 3Unphospharieacichselutivg, and tbareafterAQiperegsed to 3.2
using a 45% KQH, solytion, po 1't en -adA' ste% lend, the fstgecifi amounts of the premix flavor
anutes ﬁret:r carbobiydra minutes a Ie%(f ﬁﬁi@fﬂ dﬂ@he’aﬂlf‘lﬁha?d

h
blend, citric aci , elythritol, pow ered mat tol” {6 ACESUEN e prof§§
sucralose, arevdigitiescifierc-atholuatato imfbkehard aghil/ ! heineseltifigrmixtuedsthamisabjected to minimal

homogergzation presgugg; dHT4ultia.high Eﬁf@.@%ﬁ%ﬂ{@q,p&@%?&%mi&ﬁ 194G 5815%% Lpsecopgs, and then

hot aseptic filling, intg suitable containers at a temperature of 88-99C. The pH ofthe final product is

approximately @Bt nveation e sibifbpiove rdgaaa 2rsigHbrarg s iBsleudpsasidiene,

isoleucine to ghlings izslesichnepinedysicinaaanrtisalpuaine inurethigninenelallpashaboyut 4 1. Each
of the exemplified beverages.is used to. treat, individuals afflicted with.impajred 20 glucose tolerance.
Each is adminqlgitnepr%%?%lstr%?hs%ﬁés Sbcyf:fr{o1 153%%? 0 ya%:z %S-?:glﬁj] gfn%r\él %ﬁ%é@@?f’&fh‘a}% 5Ot ate
challenge, to stighisadilidrarbebyiratextdtiten abess by tonptovialkel -200chygH dfilabdyanmight of
isoieucing; 0.00odQ AalkaS5ReNRIaN of Jensing 0 ARk-A0.me/ka alibady. weight of valine;
0.001-10 mg/kg of body weight of cysteine; and 0.001-10 mg/kg of body Weight of methionine. 25Blood
glucose levels in these individuals following the carbohydrate-containing meal or other carbohydrate
challenge are reduced as compared to blood glugoseriavess without administration of the beverage by

s e evsiedeneal

at least 5-10% in atrhea% pne of about l30 r‘ﬁinyt?s after.carbahydrate intake, about 60, minutes after
: 2" 1ol T £X
carbohy drate mtake, abou?vggx?nﬁ&% %Sftle rus rafe specilic emq) ments o t%e composiions ang

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®

;;fhigTe' dient L ;E:f_{%lrﬂpie 1 - Example2- | Exatuple 3°
P SRR _(kag). (kg (kg)
~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 ™ (Erythritol) - 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



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 preséfO2MGEAHA. Also included are corresponding methods of usirtf-HE %t iffaccordance
with the methods of the present invention. The tablets are made by methods well known in the
formulation grts.—ngredient Example 4 Example 5 Example6 Gm/100g batch Gni/2 gm tablet

GM/100g balch Gin/2 gm tabléteiis P0G hate W&kl 2 gm a6 Amino adid.Blénd*

= “Methionine 0.05910 0.03 0.118
' Valine . 101182 0.059 0.236
Leucine | 0.1155 0.058 0.231

{Total) o (17.22) 8.614 34.447

s Meringue 0.6873 0.6873 0.6873

Flavor National Lime 0.5154 0.5154 0.5154

. Blend |- Lemon 0.5154 0.5154 0.5154

‘ (Total) (1.718) (1.718) (1L.718)

*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
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20
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PCT/USZO06/010468
carbohydrate intake, and about 120 minutes after carbohydrate intalke.

Examples 4-6

Examples 4-6 illustrate some of the possibie tablet embodiments of the present
invention. Also included are corresponding methods of using the tablets in accordance with
the methods of the present imvention. The tablets are made by methods well known in the

formulation arts.

S Example 4 Bxample 5 Example 6
Ingredient | G/100g | Gni/2 gm ) Gm/100g" | Gm/2 gm | Gm/100g | Gm/2 gm
batch - tablet hatch tablet batch tablet

Amino acid blend* 25.0 0.5 280 0.5 25 0.5
Powdered sucralose 0.133 (.00266 0.133 0.00266 0.166 £.00332
Acesulfame K - 0.023 0.00046 0.023 0.00048 0.028 £.00068
Meringue flavor 1.0 6.02 1 0.02 1 0,02

“Lime flavor 0.75 0.015 0.75 0.015 0.75 0.015
Lemon flavor 0.75 0.015 0.75 0.015 0.75 0.015
Fructose ; 34.673 0.69346 85.876 | 1.31752 — -
Powdered Maltitol | 12.135 0.2427 1,214 (.02428 18 0.36
Frythritol: 22.536 0.45072 2.254 0.04508 34 0.68
Citric Acid 3.0 0.06 3 0.08 3 0.08
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
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
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

or other carbohydrate challenge are reduced as compared to blood ghucaose 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.

16



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 0.75

0.015 Fructose 34.673 0.69346 65.876 1.31752 --
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EXPERIMENT

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
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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



17.305 0.3461 Total 00 2  Amino acid blend from Example | Each exemplified tablet has weight -
ratios of isoleucine to leucine, isoleucine to 10valtne isoleucine to cysteine, and isoleucine to
methionineY6¥ 2#0eas4about 10:1. Each of the exemplified tablets is uF¥diE P4 Mo duals
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 necessay indpridvidenbe20CC YA e vieightedf iscléusingy 61001-10m§/k§ vzl 5sbody

weight of leucjne;.0.001- 1 ORAYIYERNL ine. 10 maka.ptbady weight af cysteine;
and 0.001-10%%%2590 bltljgilm V\%ﬂl(ggﬁ? 51‘ methlonine.%Zyts?/%{igcgll%leggti-lr is 25 tablets daily, taken orally in

divided dosesngte séstalrst#mA\ e SWATTe diftolebe icRsd FnbLt S miseERbie A dwed.

Blood glucosejgvelsintheserindivitiusis follondngvdiscachahydratestontainingdmesal 2Rsohether
carbohydrate challenge are reduced as.co red to.blpod glucose levels without administration of the
beverage’by &t Féé{i?‘%ﬁ%{%i 9 ﬁiﬁggﬁl o}?%%? g out 3 etr%%gﬁ%é%nsa%%raggr %ﬁédré%?a?ﬁt{giﬁ éaéout 60
minutes after sadbohydiiteintdle yaboutobmimdsbtafier belbuliyarsie inaieettmdabowrd20 minutes

atter carbohydrala intake; WQ Q6102454 RCTAISA006IARA68 EXRERIMENTLy mixEhe fallowing

experiments are directed to the comEosmons of the present invention, and include the administration

of these compd5Ridhe berdds arirsiRtiairBaGil 8t oieanc B TERYE HAaGAHERY S RYPSISRth Type 2
diabetes melligys:§4sickesikinhetinehatty Tats)iand ibihensuhsgeuaniey alualioniehthectiaddagiucose

respons,?oin € %&&Qi%a\t‘o uX eewi‘&le lags:{i!ied 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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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 dissolved in 1.0 ml of IN HCL; THR (7.21 mg) is dissolved in
1.0rn1 of water; SER (7.97 nig) 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 ml of water; GLY (29.15 mg) is dissolved in 1.0 ml IN
HCL; ALA (33.27 mg) is dissolved in 1.0 ml of water; CYS (5.28 mg) is dissolved in 1.0 ml 1N HCL;
VAL (6.684mga s @jgspiNediinpXs.1.0 ml 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
mgq) is dissolved in 1.0 ml of IN HCL; PRE (20.8 mg) is dissolved in 1.0 ml of 1IN HCL; HIS (6.9 mg) is
dissolvedlin 1.0 Micommpsiam for Sreating ng)sldisefiBersd 1onfispoiendy mRa@lLe-asg) is
dissolvediinctaddnl @iyaisikigl RP (9.46 mg) is dissolved in 1.0 ml of 1 N FICL. 20Each amino acid
additive is contained wighin in its .own individual tube and.is,mix It t tube until a clear solution
forms. Among the %fgr%?lg%ikoo%gfl c"éo ulﬁgzl%{;lfg%%@f 'Eﬁ%%g{[ d%@é%%&?&g\%{v%h HCL are then
combined in a 50 ml bef&Rer ahpdr Wiléioorwimg srke &f Reds righeobéaia@rand mixed until
dissolved. Once the ILLinsndigsalvéd)(dlkantion adiechgMutidiisonee=iliksofvedite water 25 are then

added_ to t_he beakgr, foﬁ%%e?gagg(t%%ml of &&%%@%me&%l&gpgm]’@ﬁ 5@§yg&gglgg&)§e-containing
blend is stirred until thoroughly mixed,.the EH of which is then adjusted tq 7.0 +/- 1.0 with a 50%

sodium hydroxide solutlEPRaREF MM B d4oreksin Ppth el REHUEFRixture is
transferredlereibOvangVotemnostnt Hakinand torbughteo sobnrieavithvdistitledolzatene The yaixiee is
transferregtoig,Reaker Witk asand stiing s Saceatinuesavale filing 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 weighi at lea$t80omgpedieinel i ih frshsnapmpxiten Al deesinmghofast, each rat is weighed again
and then dosed at 8m1ikgnbasy W Q12006302454 R G 1453001468 weialt teral gavage) with the

control or the amino acig test.soluti qllo d se eoncentrations are then measured from the tip of
the tail of each animal a{%%agfi@ %;E])é 02%)%%% e%%fbﬁﬁ?af e S%v%{é’ét? ONPRe data from this

experiment are summafzea 1Ay L e nt JRone e fthedyiaie Bl §¥a8emixture, when
administered to the ratsirsignifieantly redutes: Bloathglp e coradpliasioriseeiativeido the control at 60

minutes following gavag%gxgoq{%%?m abou'tl'p@ﬁ%ﬂgéo&f%mgrlgéﬁggf&%gﬁ%se solution) and the

amino acid test formula 10 described in Experiment sequently used in this

e prep ,
second experiment, aloHgRvARAH b UeiA Oﬁi%@ggdgﬁ?ﬁyeﬁ%gm\ﬁf glyCiHghis second
experiment, a high dosdtisoleboind Sitttreisypreparet by Hodingtigbteviciaifk338.7 g) to 50 ml

beaker followed by 10 rlgf NGk obhegRkens SARMIXRIHdisaelyed, and thereafter to it
is added with agitation 25 ml of a 45% glucose 15 solytion,. The pH of the.resulting mixture is adjusted
t0 7.0 (+/- 1.0) with a 5(?5/‘8‘209&%%?19@}0’5% %0 6@ %ﬁgpﬂﬁ%y%eég&w%&%‘%ﬁ%iIize pH). The pH
adjusted mixture is tran§fenadestd) S0mp v trivglhe droaghtreigblwnkysiith distilled water. The
mixture is transferred tofpybeaker Wit sts Sanand eqntineaibsstinedowhdefilinthsyanges. Zucker

Diabetic Fatty rats, a mgdel of t iabetes, are receive the anim facility for at least one
week before testing. Ea%ﬁ%%%gl{'gﬁé%@ﬁeo 3%?/ 1é’ o%“?ﬁ gg(%%%%vevﬁlt'%ﬁ tﬁgﬁt%a%}é%hed to one of two
groups matched for body weittt. After an overnight fast, each rat is weighed and then dosed at 8m1/kg
body. weight (oramamg@)dyﬁﬁmmeifgihmsa earah the asijfo acid tﬁ_‘sitrﬁﬂxw m@ﬁﬁmlm@mine
solution. Blogd ghicass cangentyaiags s shneasier ramdheRiohihe ik aliaach animal at 30,
60, 90 and 120 minutes 25 following the gavage. he data from this experiment are summarized in
Figure 2. ALEORM W& illustrated data, hilt. dose isoleucine (isoleucine alone) does not significantly
affect blood glucose concentrations relative to the control, whereas the amino acid test mixture
significantly decregses hlgadAIHGASE SANSEMAANS RlaliYRAIP 456 cQBiaLALOBIMIeRRihfollowing

gavage. Eépg @?}%gﬁne.

5. The composition of claim 1 further comprising at least one of vitamins, minerals,
carbohydrate, and fat.
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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 WO
2006/102451PCT/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 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

addecti to thetﬁo Wé)déé&'ﬁ?ﬁfﬁﬁﬁu%lfﬁ@%ﬁ%% 9 g&ﬂﬁigmgﬂt%%][ﬁsﬁcé% .et%? ?d{lgﬁgi?é%fé:%,lOf?S&d'SSlO't\fed
in water arg the ed to eaker (transfer. via pjpe owe o o glucose solution.
The resulﬁﬁ%utt)l{el%%gfg S%?Pr%‘d af’r%iFﬁ%@?ﬁ&@fﬁ&?ﬁﬁ%ﬁ?{ﬁ’é%@?‘gf%ﬁé’%ﬁé %Eﬁajag?emm 4888t 7 with a
50% sodidi KyaexiddYopagsin.A buffer may be added to stabilize the pH. The blend is then _
transferred to a 50 ml volumetric flask and 10brought to volume with distilled water. The resulting
mixture is ompalrﬁegctg a con}trgl , Ifjﬂonlong.S%‘ lucose in the IO!IOV%E%P e%periment. Fatty
Zucker rafs are reécened at ’th% a%ir%%llr?acimyefgfna eSXFBREEER BB & ﬁg. Each is weighed the
day before the experiment, and then assigned to one of two groups matched for body weight. Only rats
that weiglt at leash300ngposatierindlutieeh in $heskh stiedbriften Behaverght figstdthe rats are weighed
and dosed at 8m1/kg body weight (oral gavage) with either control or the amino acid test mixture.
Blood glugose concentrations are then measured from the tip of the tail of each animal at 30, 60, 90
and 120 minutes Fr6A B IR LI thareamng individpelg ke tidhedisbrherept @Atk laRoel in Figure
3, which shawsithat teen@Osimgno sudich¢ast, mixteiee(fivesineinocgsidicombirbtior)isignificantly
(ecreaseeinaibicase soncapiaan sieilukin e caaiahe! Adimen oloningsavage. WHAT

IS CLAIMtED S:. 1. A composition for treating individuals afflicted with diabetes or impaired glucose
tolerance, SSHHRI G H G 5 o MBSO EPEg BB RS Weitist 886K icine; 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; fropp aboutQ. @8k e aheN T mkke, ol RAdWRIOHhicy iR » ARG f0RHANRUERAAL to about

10 mg/kg of body weight.of methionine, wherein weight ratiqs of isoleucine to leucine, isoleucine to
valine, o A B LTt e S LA 1 ORE Rt S RO 1011 2.
The compﬁéﬁ?éh@ﬂé?aﬁﬁ@ﬂ-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 0.0Q1 to ahgut 0 weight. of serine; from ahout 0.01.to about 30 mg/kq of body
Ivetght of it o e A P D B B e o
0.001 to aBBii SOTPIRE SFHBaI-igHEG IgycRe T 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 mlkg of bodyeighgbhisting: o abous 0,010 AbQuABMalka obody weighoLlysine:
from about 0.0Q1 to.about 20 mg/kg of body weight of arginine; and from about 0.001 t0 about 20
mg/kg of BOIF IR 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 ahgut 100pt. nlhRiGemBELN of tlai: Loammising: RS a0 aPoukLhmake-pfibody

weight of phemylalaningad far.

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.

21



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
diabetesi or impaitedgkicasedstoterangeincompaisiaffiisoleucineiideceine, uatisiexdcysiewreotnghce,
methionicrg)%i tltiw&gngpmposition 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
composition of elainBuwherethenweight tathesyoldgoleifdveteileucine, isoleucine to valine,
isoleucine to cysteine, and isoleueine to methionine are independently at least about 100:1. 11. The
composition of EpairPouhaling wheigHOragde of Mantrigl Ghdikcitino acids to sulfur containing amino
acids of at Ieas}rgbloasgt (B,:_&I %Z. Th%cﬂqn)}pogiiniijgg%?\é\? %:I%'kr(r}\f% ﬁ%renprising less than about 5% by weight

) ) M, aho, about g ﬁ o . . .
of phenyialanine. & composition of ¢laim er comprising at least one of vitamins,minerals,

carbohydrate, arghfatouldo The:samposision aficlaim-1dcanpiisingaas 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% protédm a®it PR ot IRiow st efdind:onrisbrefimpibieBsposition is an oral tablet. 16. The
composition of claim, 9 wherein the. comnosition.is,an.orab liwid, , 17, & camposition, far frealing
individuals aﬁfl_bte_diI{h diabetes or'impaired glucose tolerance, comprising: trom about’ 1616 bout
200 mg/kgrestiienipapeidiicotidoidy elfestiaeiabiblit 0.01 to about 10 mg/kg of body weight of leucine;
from aboyt 0.01 to about.10 mg/kg of body weight af valine: from about 0.01.to,about 1 /kg of body
weight of bystene TR B dar o1 e At 10 S bt L0ty welof BF b A,
weight rattawidfiisoleucine to leucine. isoleucine to valine, isoleucine to cysteine, and isoleuc ne to
methionine areg%%e%%ﬂﬁeiptly at leoﬁt%b&u%}gé%' 18. A camposition for treating individuals afflicted

with diabetes orrlmpalré g G482d efance, comﬁﬂigf iE,]t: rom about 10 to about 200 mg/kg of body

weight of isoleugine; e abuiBL 1 denahout dQinadkaQfhadiweight 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 frinmabeutid Db tdaho0rnidkenoikgloftsaddy sleightof methionine, wherein weight ratios
of at least one of isoleucine to leucine, isglelﬁi{?e to valine, isoleucine to cysteine, and isoleucine to

methionine is at ¥AEPABSAY 10802 19 &/t 8gﬁi8ﬁ%tr°ff§¥lsﬁﬂﬁei;na§ﬁ/iduals afflicted with diabetes or

impairedsgiiCasg olarange. COmPERINg: 1£59]r/r\»@b?%f119 48iahoLt, 0. malkgret hodyweight af: o
k 0 body weight of leucine; from about 0.01 to about 10

isoleucinge; from about 0.01 to about 10 ma/kg
mg/kg Ofxwéw%ﬁ%mua%ﬁﬂléucme 1o vaiing, i15oleucine fo cyvsteine, and 1soleucine to methionine is at least
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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from about 0.01 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 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
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 meipianiiey, CRMPLUSING ;AR ADSICERARAS Afiptalealories, ram abpyt L0949 about
75% carbohydrate, from about 20% t6 about 85% fat, and from about 5% to about 70% protein. 71. A
compositigiPisiteating individuals afflicted with diabetes or mpaired glucose tolerance, comprising:
from about 10 tg abouit 200 malkg of body weight of i gjyetfl(i:in%: from about 0.01 to about 10 mg/kg of
body weight of Ieoucine; from a %ut 0.0lgtoga outsioer%g Igg of chI)CiyeiNeight of valine; from about 0.01 to
about 10 mg/kgefihadyrweigbtaobaysteips: andddomeainout @u@ihdo about 10 mg/kg of body weight of
methionine, wherein the composition is an oral tablet. 22.A composition for treating individuals afflicted
with diabetes of Fipaireti il éogeotbidy disdes Ko ridmeg  RbHiEBout 10 to about 200 mg/kg of body
weight of isoleugine; from about 0.01 to about. 10.ma/kg of-body. weight of leucine; from about 0.01 to
about 10 mg/kg'g%ogfl vv'elg%tao?l\l/al?n%? rom a 8ut%%iotfoC q%‘&% dmg/kg of body weight of
cysteine fand:fiomapott DA 10 apdtdbsag/kei afi kedewright, olometbianine, whesindhe ol
composilign,|s,an. grabliguith, &34 nuidionaliuid comprizing {8, Tom. abeut. 206 1o About, 8836 of a
protein source, as a percentage of tota ca(ﬁ)nes, including an amino acid blend cémprising Isoleucine,
leucine, y&liRetbeyst@iner diE- methionine, at weight ratios of isoleucine to leucine, isoleucine to yaline,
isoleucing, to cysteine, and ispleucine to methioning.independently of at least apout 10:1; and (B) from
out 298 o an S R Rt A St
maltitot, EPPIROE- sorb tol, xylitol, mannitol. glycerol, isolmalt, and lactitol; wherein the nutritional liquid

has a pH of from about 2.5 to abo .0 Cg caloric.density of from about 8.1 kcal/100m1 to about
40 kcal/lOOm1r}.?ﬂm§£gf).b qlﬁeléntﬁt?%%[ﬁéﬁianﬁgﬁ?c 3,%%%%{%2%}% ]f!ﬁlempH ranges from about 2.5 to about

4.6. 25. The nutdtiohabliguicohwlain 2 whereiuihe caloric.density ranges from about 16 kcal/100ml
to about 32 kcal/100m1.
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 18 mg/kg of body weight of methionine, wherein the composition is an oral

tablet.
22. A composition for treating individuals afflicted with 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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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 further comprises at least one of acesulfame K, aspartame, sucralose, saccharin,
stevia, and tagatose. 29. The nutritional liquid of claim 23 wherein the liquid comprises erythritol. 30.
The nutrliiional liqui ‘(%f claim 29 wherein.the liquid comprises from about 1% to about 10% by weight of
erythrito WO HWL%S 589008010468 Figure 1 Time Post Gavage (min) WO

2006/ 102451ng USaR0B010468 Fighre 9?8%39@99311&%%@%%&0% RO} W calories,
2006/102451PCT/US2006/010468 Figure 3 350 300 17.1 "C4 0, 250 200 to
including an amino acid blend comprising isoleucine, leucine, valine, cysteine, and

methionine, at weight ratios of isoleucine to leucine, isoleucine to valine, isoleucine

to cysteine, and isoleucine to methionine 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 maltitol, erythritol, sorbitol, xylitol. mannitol, glycerol,

isolmatlt, and lactitol;
wherein the nutritional liquid has a pH of from about 2.5 to about 8.0 and a caloric

density of from about §.1 kcal/l00ml to about 40 kcal/100m}.



150 -05 100Control- 1- 5 Amino Acid 0 50 - 306090120 Time Post gavage (min)

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
keal/100m! to about 32 kcal/I00mi.

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% carbohvdrate, 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 further comprises at least ong of

acesulfame K, aspartame, sucralose, saccharin, stevia, and tagatose.
29. The nutritional liquid of claim 23 wherein the liquid comprises erythritol.

30. The nutritional liquid of claim 29 wherein the liguid comprises from about 1% to about

10% by weight of erythritol.



