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WO 2008/071790PCT/EP2007/063970 NOVEL COMPOSITIONS AND
USES THEREOF [00011 The present invention relates to compositions
W&om@yésm_geglutamic acid and/or 5 glutamine, cysteine, ribof@/%l%g%ygfgm
acid, fumaric acid, coenzyme Q10, niacin, optionally vitamin C, and/or
prodrugs of these substances and/or salts of these substances. The
compositions can be used as food supplement and/or medicament for
prophylaxis G¥@yeammenidaPsEisrBhyiSedsP EititivRE REPticular of
hyperglycemia and related diseases or disorders. Consequently, the
present invention is also directed to pharmaceutical compositions for the
[6001 Othse Inchurh anvandove tetineryton sdivimsiis wellcaspniretisoglofatreatméhtgnd/or
g!utaﬂtr%?'gfg@lﬁawo %QK&BCQW\AB Apﬂ%ﬁ%ﬂg&%ﬁ%é@(ﬁ%% r(])p*{ionaﬂy

associated with various diseases conditions. One of he most

vitamifo sy AisBEsEugtates WRtE nyskifee At as s4iimploliess diaiétases. The

compmmgiah@aﬁ& @?BH&?%I@@@%I@HI wo%sh_@@ﬁw&i@kbﬁﬁaﬁmaﬁis or treatment
continuous high, levels of blood glucose. A healthy person typically i

of sy BIS e PRYERTST BISBU Ghit L P TRk HorH e 1‘3@%@%8&%@5&&1@&*%-

Constioadlglutosedeve| sincheiween aboint B teoalioumind 06 riagl dlcimpusiignys for the

e IS, 0, paients, wilh diahetes blfad glugose levels can excead 25

’ mgfaﬁnfdl 0003 T8IRdEthe irst tﬁeraﬁeu ic Usé ot ihsliin, diabetes metiitus

has been a treatable but chronic disease condition, and the main health
risks are the characteristic logg-fern ggnrligations associated with the
disease.These comprise an ificieased 1isK for cardiovascular diseases,
chronic renal failure, retinal damage possibly resulting in blindness, 25

[oo0d1erveriamagReareciile dyafups QR HmBoRRES AR IRRAENSMALRAIRK e of
amputation. One assa%usualz% used to test for diabetes, but also for

the M8t PRPFRQERARLE SRS e GluR B e M BB £ ThEYgIREYEe ot aTiEs Tadfitus.
Diabdremnedifalsplaatieasmensuiessonhipi ckiytadministarecthgludoge iswelgaseédlood
from the blood. The glucosg is most often, given ly so the common test
B e AR e S RS
insuligreig leeeai am_éafomdrgl@csyéfa)tﬂseimtmw_arba‘ew@fhﬂmbgg fkﬂﬂth_ez/_dl in hungry
statud SAREN QL ieies weliup e slassifiedJn fou.gategaries. Within the
first category are inhibitors of glucose absorption, e.g., alpha glucosidase
inhibitors. In the second category are inhibitors of glucose production in

[ooe3De livance @o higuabidgeutle:ibisd CRIBROY SRIPHRES ArUas that IMREYA: but
the insulin sensijtivity of the body, e.%., thiazolidine derivatives. To the

Chro%uﬂﬁ%’ﬁ?e&}whﬁ]@%n anéitirm?l G o eWb risks are the characteristic long-term

compR0R8/0Y 1700 HE RAOD 76 3070 2 insulinesecretignise. tan Sullopydadredsk  for

cardidrenadiinid, Thege driy %:%ﬁe%%?ﬁlsg”Fé&%ﬁ%ldﬁ’n‘iﬁ‘gdeeﬂés%ﬁa@?a?ﬂ%%%s Mo lindness,
ineuiin‘control INg glucose me gbolism,

nerve damage, erectile dysfunction (impotence) and gangrene with risk of amputation. One

assay usually used to test for diabetes, but also for insulin resistance, is the glucose tolerance
test. The glucose tolerance test m medical practice measures how quickly administered
glucose is cleared from the blood. The glucose is most often given orally so the common test
1s technically an oral glucose tolerance test (OGTT). There are several drugs available for the
treatment of diabetes. Oral drugs for the treatment of diabetes mellitus are classified in four
categories. Within the first category are inhibitors of glucose absorption, e.g., alpha
glucosidase inhibitors. In the second category are inhibitors of glucose production in the
liver, e.g., biguamde. The third category comprises drugs that improve the insulin sensitivity

of the body, e.g., thiazolidine derivatives. To the fourth category belong stimulators of
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[0004]For improvement of the health status of an individual in general,
numerous food 5 supplements are available. Usually they are based on
%I'E%H%ﬁ];%itamins and other metabolically relevant substanc 5 %g{'r&e@ggm
these also claim to be beneficial for patients suffering from disbetes oo
diabetes related conditions. For example, in US Patent application US
. .2002155163, it has been proposed that a daily multi-vitamin and mineral
insulgotri S §-Sarf B BY s A pEHenaglinibt dhe o MEmanssintgiibdwpendent on
the iR GAMROBIHIOMESMRLISEE daminpLaHiboflavin, niacin, vitamin B6,
folate, vitamin B12, biotin, pantothenic acid, choline, inositol, para-amino
benzoic acid, vitamin C, calcium, magnesium, iodine, selenium,
[0604hang@neserohearsit s, hobdadenumsberan, indiciqetassidmrglieeRerous food
.sulfur, vanadiu itrus bioflavgnoid complex, hesperidin complex, rutin,
RS Y.\ v?t‘éarg%% %, vﬁ%ﬁ&%ﬂ?ﬁ%o%gg’ U‘?eﬁlr,l ctg% n%fm%?d E@%ﬁﬂ& and other
metaliphellipoicacidsuhstamother Sxampfetitchasbeatpropode htoafsgal 1 fofgraticnts
suffeHﬁQ%ﬁP&ﬁng&bﬂ'&i%%wyﬂg lﬁ% %ol?llaﬁfg@c%tfc&la%) o 9 Ejgg)l%%nat %pr%ication

‘ comprising as active ingredients vitamin C, vitamin E, Gingko
US 289785t Ghé! Subbesnde gt dr ot evgloupteonsiihgiotuvitanbinadon can
be offiRaRheAGMnCAcidandAherandalse C@H&péégg@@imy%m}%%”%mm,

. .acceptable pharmaceutical carrier or diluent (WO 2 117924)."
riboflwitoHaSHh HETBEsE thE BEmIAGRISr Blte X8 BoRtBItReRIFrAeb FEoline, inositol
para-mn@iabolicadl releyantingredicrtsdn:fQod suRplemenidter ipravementenese,
ehrof TR 21O promete denetal well belng has led (o compositions

Comprising dozens of Aibstahlss VRS Varifflitidh of WHEth&pIadLg,  citrus
bioflawbstd moeyinxcdrsbimatio nmealbx provideibenefitialieffects fottthapatiBribpene,
. Or .- i he erratic.combination. of unlimited )
e R L Rl B o 0 wse
for trepsietbrel Wisbedmesnprdard Phomeapyientematisomgreniemiognas active
ingreSAR CAMRRSHiONE SR %',dcﬁﬁ%i&{@hb/bg%h@%tcfé%%h%ds&s&%é’&@&%d from the
selected carefully and based on profound knowledge. 10006]Thus, for the
Brov RSB /S BRI y BB yCEnTEtoRiet] e s RO BoTises o
physiab gialistesctperslissithanaad daneitgs and Semposiions that e easy
to administer and that are pharmaceutically acceptable and have no or
little adverse effects. In particular, drugs are needed that do not rely (or
100031y dyte BRSMEIF QBT B TRE &4t SHPRSAIPHIAFE thareabapFriby arclevant
ingref@AsORABBNO ViBBRNRhLII g diaptsvdharefarauitioanAPiechriibe RIEReNt well
bei iﬂ}{e:n ion to grovide compositions effective in reducing blood glucose for

IR r SRR S B FOPIRISNE SPRTHe iy CEifAS S ate i eré xgilication. of

whetlsucheas dibbetess B SUMMARY A0 Tkiids heefidiseoieteddhae patient or
inistration of a.composition.that comprises yitamin C, glutamic acid
not ﬁvgl}%r“é ast%n%f)n%?%gf}gtge%g,cn Soffavin. siﬁcté?rﬂcogc‘iig?? u%agr%%&%]?m can cause
seriogoeyEnelfdeo anthniasinreducBehitod glbcosmdeveds: Thisrdiscaypayent that

the iNASRERN ExRIRed 0, develop g%&@&%%%%?%&l "Ge WHIGH IR AIEGIEA0AT put

least in part, to compositions and to methods of treating, preventing, or
selectgd cnit thandrissedpayrassnskarmsaglycemia and/or

hyperglycemia-related diseases, e.g.. diabetes. 10007alln a first aspect,

here_is pravided a co%n]ﬁé’sition comprising: (a) one or more of glutamic

10096k cid, YttitartinEioaProtry AR 5167 B SHIPthEYBTR Sy Ber B ifbrksescs such
as diabysteihercadsproid rugetideiecfugs asiadb theseabinc)angrocmpre afriboflaviad that
are pifREQdrUG thereof, ora salt.thereof: (d).one or more.of succinic acid, a 7
aer prodgrug t%er of, of élbsgl%l%ﬁteﬂraggf??e gﬁg%ra gﬁféxrseeocif Uinartt g%‘fg?%?dr’ drugs arc
needegrguiudptiveresty doaishit therdofa (dwhesoent) on the effects of insulin, and that
comprise a reasonable number of ingredients. Therefore, it is an object of the present
invention to provide compositions effective in reducing blood glucose for the treatment and/or

prophylaxis of hyperglycemia-related diseases such as diabetes.



more of niacin, a prodrug thereof, or,salt thereof; (g)one or more of
coenzyme Q10, a prodrug thereof, or a salt thereof; and optionally (h) one
or more of vitamin C, a prodrug thereof, or a salt thereof, wherein the
composition does not comprise glucose. [0007b]In a second aspect, here
is provided a food sup;&m&wprising the composition as defined

above. [0007€]In a thirdaspect ttere is provided a pharmaceutical
composition comprising the composition as defined above. [0007d]In a

(6667 fourth aspesh thersyisRrovided,a,SAmRQsItion, %%rﬂfgﬁﬁgnaﬁ%" glorusein, i
human and veterinary medicine. [0007¢e]In a fifth aspect, there is rovided
C. eluEiG SO IHE ESHBBERTO M HEHiFee Bitve fordiec meidufasturesold coenzyme

Q10 apharmaceidtical fandac tirstmentar pravention of hyperglxcenia,ang . geveion
hyperglycemia-related disease states, in particular Type | diabetes ’

the Prep Ot T it tallifey, SieHsid Frmrtesogratatiomaidrsbtes,
treatingecprdarigiabetedeMarhusiBasedew, acremegabssaciteipad alask, andior

nypercfYREUNGIRN g1 d0e adenalgland. phaeochromocytoma, inhalafion
anaesthesia, s ocf<, carbon monoxide poisoning, meningitis, a

[ooo7gfaniocerebraliniung. a rain umor. idiopathic h @859'%%e.m'a‘%r§p§5r%%e or
fasting glycemia (IFG) and/or impaired gucosg olerance Eﬁl} 3
more pOEG7FATHE 4°Uix i LepE, IHEPSTEITTIe Ot delsrené compositiomess of
cysieintgfinpchabavdanthemamlfatitedf@ pharmacestical iobdhevreventian:
r fihe of A s.of diabetes in,a _subject at,risk of
e ) TS LA o
thereohis kbt HBTCISBSINbH RS deARdd BBV R ks thapiifeltitacotod: (1) one or
more thasniaceptidak fahthe preventiorrestielgy of the;apset ohsympIOMS:0fyme
j | iect identified.t risk.of developing diabetes. .
o, s B eI R A S .
prodrugdhserdicdSi bk SR Sdtsie thE ROSPECSTIEMItERSR Gie0 gt s ose.
prodrug thereof, or a salt thereof; one or more of cysteine, a prodmg

poo7ihereof,prasalt thereof; qpe o mare of riboflavin, a prodrug thereof, or
{ sgl_t thereo?‘; one or n?or('e' OP sLcé%éoagfgﬁaap%éé]u%l?ﬁéﬁrgg?? 5 glgle{?tm" fie
compog{iipngys dfinet #HBY&: of fumaric acid, a prodrug thereof, or a salt thereof;

one or more of niacin, a prodrug thereof, or salt thereof; one or more of

jeo07oenzyme QI progiig thereof ot splt thereof; and optionally one or
more of vitamin C, a prodru thereof,) or a salt théreot. 1n one

comprisig P ARG BERST BRYAprises other components. 1 0009]In
another embodiment, the composition does not comprise additional

{0007 d] In a fourth aspect, there is provided a composition as defined above for

use in human and veterinary medicine.

[6007 e} In a fifth aspect, there is provided the use of the composition as defined
above for the manufacture of a pharmaceutical for the treatment or prevention of
hyperglycemia and hyperglycemia-related disease states. in particular Type 1 diabetes
meliitus, Type I diabetes mellitus, steroid diabetes, gestational diabetes, secondary
diabetes, Morbus Basedow, acromegaly, acute heart attack, hyperfunction of the adrenal
gland, phaeochromocytoma, inhalation anaesthesia, shock, carbon monoxide poisoning,
meningitis, a craniocerebral injury, a brain tumor, idiopathic hyperglycemia, impaired

fasting glycemia (IFG) and/or impaired glucose tolerance (IGT).



components. For example, the compgsition does not comprise any

additional vitamins, amino acids, organic acids, nucleotides,

polysaccharides, oligosaccharides, disaccharides or monosaccharides

[0010]In some embodiments, the composition comprises about 0.01 g to
[0865(t 50 g, BbostOhlagreabiout 10 groeidedapouts0. 36 BT aRANBE: SUiefined

alRRe ‘prtgegﬁ%lﬁ@Q'tﬁx% gr QBQMII}Q&Z&[Q c}% RROHE 2%1%’5%&1051& %9%&%}5 ﬁ% t%fe onset of

) Iutamicggid of glutaming, or of a combination ‘of glutarnic aci
ng‘?ﬁtamfnf) . &ﬂﬁﬁﬂ“s%ﬂi@%ﬁdfﬁﬁ%@?ﬁ*@&ﬁm%n comprises about
0.01 g to about 50 g, e.g., about 0.1 g to about 10 g, e.g., about 0.2 g to

g@@b@g}t 50, &5 %%H@hoagée&t@lglgqg%i?’ogwee@é%%%% /t%%%(ogﬁ%%pg ¢ % ?s’ defined

e.g.,.about 0.5 g of cysteine.” WO 2008/0/17
3%%1%6 tHEP LR BE S AR AR e 5oSIAD e RRFFABEEratiottl @00 L hy tonset of
syabouns 0 fiebgicabousthRo5idetaifibous 10 4,-eigoraheui0l gieabout 1

g, e.g., about 0.01 g to about 0.1 g, e.g., about 0.04 g of riboflavin.

5100131In some embodiments, the composition comprises about 0.001 g

{sbombout ACcgrdergy, Abent QnB0di8:10, ahaut 1R Q. &.9.,8PP Qsliigntﬂlat comprises
abo out 0.01 %to about 1 g, e.g., about 0.1 g of succinic

about 2 g, e.g., about ( L g to about : . |
ol 1801 T e eAIBBEHents! S CoMpBSHH ompHsEs abe or more of
cy@004. g tocabautse:gl, e gt about0.004 @ taabodtbo fhengs, @Aty thereof, or a
o819 18 about e.8,,about 0.01 g to about 1 g, e.g., about 0.1 g of .
S B R P B B itk ae o more o8
fuggs61004 rgad eb s gre: galtatioutd;00t gtonabouf 4@y e gualbayithereof, or

520 90%6r10,20QUNd 0 o8 G 181001, ?g&ot‘ﬂ : S0 SDOML ions
qdO.OO] g to about 0.050 : et.egir?%%gbogt o?oo%%dto ab%hgtécf)%ggg?gez%a%eggfu‘%nd optionally
ong 853746 %8&%‘@?@%, e Rjodapehoroeigb alelitiboes g of macinmirpdiment, the

coSQne: Mol Hithe cAppRsiion comprises about 0.005 g, about 0.01
g, about 0.015 g, or about 0.02 g niacin. 100161In some embodiments,

the composition comprises about 0.001 g to about 50 g,
[@609] In another embodiment, the composition does not comprise additional

components. For example, the composition does not comprise any additional vitamins, amino
acids, organic acids, nucleotides, polysaccharides, oligosaccharides, disaccharides or

monaosaccharides.

[6010] In some embodiments. the composition comprises about 0.01 g to about 50 g, e. .,
about 0.1 g to about 10 g, e.g., about 0.25 g to about § g, e.g,, aboui 0.5 g to about 3 g, e.g.,

about 0.75 g to about 2 g, e.g., about 1.5 g of glutamic acid, of glutamine, or of 2 combination

of glutarmic acid and ghutamine.,

18811 In some embodiments, the composition comprises about 0.01 g to about 50 g e.q.,
about G.1 g to about 10 g. c.g.. about 0.2 g to about 5 g, ¢.¢., about 0.25 gtoabout 3 g c.p.,

about 0.3 g to about 1 g, c.g., about 0.5 g of cysteinc.
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20e.g., about 0.001 g to about 10 g, e.g., about 0.01 g to about 2 g, e.g.,
about 0.01 g to about 1 g, e.g., about 0.25 g of coenzyme Q10. [00171In

W E@H} bodiments, the composition optionally compris
3@ %ﬁ?so 0. €. about 0.1 g to.about 10 g, €.g., abo efg@?@%gﬁ%&s@m

about 5 g, e.g., about 0.5 g to 25about 3 g, e.g., about 0.75 g to about 1.5
about 1 %Wtamln C. 100181In one embodiment, the composition

, €.
wmgomp aeBRIPaETy HF ollitarATERSHORKOEIP 1SS ergflifhinde gbout 5O ¢,

e.g., mwn@sw aeamiination sfaluitamic acidand glutaming:@PovtQen8out 0.1
ste e abg 0 04 of riboflavin; about 0.1 g of succinic acid; about

5 EO’ i 8 bout 0.01 g of niacin; about 0.25 g of coenzyme
Q10; and aboutlg of V|tam|n C. WO 2008/071790

(o013 THEEAR0 LR MO0 ARl D LS ROICC RO, 5 COmBOS

tlop 50 g,
oes not comprlse ucosie h other embo e compos oes

e.8.. HoeOrplisdwitbenini € gl1002 Blinusdrfié gmbﬂmmém gaeaqu@mﬁ@rgls)mbout I

g, c.dabigtiorm, Gapsuig formgpowder form, or liquid form. [0022]in another
embodlment the disclosure features a food supplement that comprises a

composition described herein. The supplement can be consumed. e.g..

[0014)efore; simetianeausiinitn, o aftanconssmisiianoffanee0 ddn kgstd rébout 50 g,

me embodiments, the food or drinks 10contain carbohydrates, e
o2 FRgH L0LH b Bx BBy dhatces 1002 bl &bl nerts, FRISOJE &rieitowt

g, e.gCatbpeomprse furiher stibstances, such as vitamins, ammo acids or other
metabolically important substances. However, in a particular

[H015] In other embodiments, the composition comprises about 0.001 ¢ to about 50 g,

e.g., about 0.001 g to about 10 g, e.g., about 0.001 g to about 1 g, ¢.g., about 0.001 g to about

0.1 g, e.g., about 0.001 g to about 4.05 g, e.g., about 0.001 g to about 0.03 g, e.g., about 0.005

g to about §.02 g, e.g., about 0.01 g to about 0.015 g of niacin. In some embodiments, the

composition comprises about 0.005 g, about 0.01 g, about 0.015 g, or about 0.02 g niacin.

[0016] In some embodiments, the composition comprises about 0.001 g to about 50 g,
e.g., about 0.001 g to about 10 g, e.g., about 0.01 g to about 2 ¢, e.g., about 0.01 g to about 1
g, e.g., about 0.25 g of coenzyme Q10.

(0017} In yet other embodiments, the composition optionally comprises about 0.01 ¢ to
about 50 g, e.g., about 0.1 g to about 10 g, e.g., about 0.25 g to about 5 g, ¢.g., about 0.5 g to
about 3 g, e.g., about 0.75 g to about 1.5 g, e.g., about 1 g vitamin C.

[6G18] In one embodiment, the composition comprises about 1.5 g of glutamic acid, about
1.5 g of glutamine, or about 1.5 g of a combination of glutamic acid and glutamine; about 0.5
g of cysteine; about 0.04 g of riboflavin; about 0.1 g of succinic acid; about 0.1 g of fumaric

acid; about 0.01 g of niacin; about 0.25 g of coenzyme Q10; and about 1 g of vitamin C.

[0019] In other cmbodiments, the composition is one of the compositions described in

Figure 12.
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preferred embodiment, the supplement comprises a composition

ihed-herein but does not 15 comprise any additipnal vitamins, amino
Vﬁ?i%%‘, org;larﬁc acids, nucleotides, polysaccharides, oligosaccRafigdg 0 7/06397¢

disaccharides or monosaccharides. In a. preferred embodiment, the

guppl ment contains n.o glucose. [0024]In some embodiments, the _
mﬁ?‘s’uppl MRS TRTRATISEL |6 thepreniboditvents) 20the Supplement i5: other

i ' 3 I | food.
embddinnonshimamipseiR94as ASUPRIGMEN]iRanimal food, e.g., pet fo
[0025]In another embodiment, the disclosure features a pharmaceutical

composition that comprises a composition des_qribed here_zin In some
f{mzﬁmbodimemtsnﬂmrmhﬁfmﬂﬁﬁuﬂs%mpggmﬁpﬁnﬂx@'%a_ﬁ?%nﬂ%@ﬁg%e%sulc form, powder
£ - jcally acceptable carrier, excipient or di uent,e.g., a
mrm’g&ggglaﬁﬁ?a%g%tically acceptable carrier, excipient or diluent described
herein. 10026]In another embodiment, the displosure features a methpd of
looz37eating ghRREVERHIGINPRHOVCANIR.N. A, sublact the Method comprises,
administering to the subjéct a composition, food SBRiEAt Br _
compﬁﬁgﬂﬂgééﬁ%ﬁ %%rﬁ"tbogiﬁ@ﬁlﬂ?@&ﬁbéd?heminQIEilgnﬁ.%mﬁameﬁt@ﬁﬂ}ftaﬂeousiy
with, effegtivie @Jﬁ}@%ﬂ{t%a&om%w%nﬁ&o d &U lelgﬁ.mce ni;}(()) 1%@3%{?] Tﬁg %{%Sﬂ:g or drinks
comRo%iti n described herein, to treat or prevent hyperglycemia’in
ST
J

oMY B0 misohBsi s Uhetts e Hyperglycemia is incident to

su _ _
consuming food and/or drinks. In other embodiments, the hyperglycemia

vitamiggh sotfirentds thecsibjectthiasionliy suffertag: framreraysemia. R OtNE icutar
prefex%@@%mggttmﬁe%ﬂgﬁ%lgg cgcgirlslpkrggeggvceol&%io%’tion described herein but does not
comprise any additional vitamins, amino acids, organic acids, nucleotides, polysaccharides,
oligosaccharides, disaccharides or monosaccharides. In a preferred embodiment, the

supplement contains no glucose.

10024 In some embodiments, the supplement is for human use. In other embodiments,

the supplement is for non-human use, ¢.g., as a supplement in animal food, e.g., pet food.

[6625] In another embodiment, the disclosure features a pharmaceutical composition that
comprises a composition described hercin.  In some embodiments, the pharmaceutical
COMpOSIion comprises a pharmaceutically acceptable carrier, excipient or diluent, e.g., a
pharmaceutically acceptable carrier, excipient or diluent described herein.

[0026]  In another embodiment, the disclosure features a method of treating or preventing
hyperglycemia in a subject.  The method comprises administering to the subject a
composition, food supplement or pharmaceutical composition described herein, c.g. a
therapeutically effective amount of a composition, food supplement or pharmaceutical

composition described herein, fo treat or prevent hypergiyeemia in the subject.

16027] In some embodiments, the hyperglyeemia is incident to consuming food and/or

drinks. In other embodiments, the hyperglyveemia is an abnormal level of hyperglycemia as a
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hyperglycemia. In some embodiments, the composition, supplement or
hay jcal composition is administered in combination with one or
‘ﬁhoér{aﬁ%aﬁfcﬁﬁgnal therapies for Shyperglycemia. 100281In anothef/EP2007/663970
embodiment, the disclosure features a method of treating or preventing a
re lpy erglyce ig-re_jlated_disease or disorder in a subject in _n_(_aed thereof The
S methoa cBMPrEECadhsRidteridy toasecmisiénentompasitinn; teador is suffering
fromsupplegientot. phaimasguticaheampagiion 0dsagribed herelnye g 8y L
hyr e}gﬁr&pn%gucqu qe{)fg‘]({:-ctlve amount _‘of._a compos!tlon, food supplement or o
P pharmaceutical cof"hp%%?f?%@&bn@@d%@%}ﬁ@%ré&pmqn@mm thearmaceutical
comleppanylyeeniainelated diseaseondisorder. [00294The, . additional therapies for
}]Wepﬂg&;&%gemia-related disease or disorder can be, e.g., Type | diabetes™
15 mellitus, Type Il diabetes mellitus, steroid diabetes, gestational
diabetes, secondary diabetes, Morbus Basedow, acromegaly, acute heart

[oo2@ttagk hyperffinction of the adrenal gland, phaeochromocytoma,
inhalat?onﬁggﬁgfg’ngt "Cé)"s“%}f ’sp D RE ARG R B BB SIS BrIGE meningitisg a

h:xfperg,lgﬁggegmgqcﬁﬁiﬁg@w%%@m@qﬁmiai@mhm iygetglyeenieiMpakedomprises
admifastingegly eemian( =Gl @éﬂﬁfﬂ@%@ﬂ GUe0; }ta(? %I;g?rcoer ﬂlgjr?nc!ﬂcﬁgmze compaosition

deserfmbpdiments, the subject has or is 20 sutfering from a
“hypergiyleita-felafetesiaks B disarderelasorbedomareiiritmothet suppioment
or phembasineeintsnthesisisjeet isisddiseleof develg @sz-%ﬂpﬁ@%%%%%&%ﬁﬁ%iamd
discadigpang, Qr disorder described herein. In some embodiments, € _
composition, supplement or pharmaceutical composition is administered

in combination with one or more additional therapies for a
jov20yperglycemiaziclaisd disease or disorder, [0030in another embodiment,

_the disclols%la?e 'f‘e%tures. a ﬁgﬁwé% BF tredtiny WdBetdd ifa subjediymnd diabetes
mellitiethiang bripiréessmaelitinistenng 6 the subjset:a carpESIEON QM ary dizbeics,
Morbsupplement acrRharmaceytical Gompasition described 'hereig’ Jy Beral ol

hm(}tlpherlailrloeuticarlly_ effective amount of a comﬁogﬁ%%rwg%t&) 8up Ié%eﬁ‘i‘%?d] gland,
PRACO BRI ACETEal CHvR R Hestidy Hereithao treat:30¢ diabetess, imeningitis,
a crangmme]:e@ﬁmjdm%ﬁﬁpat_h &tﬁﬁﬁﬂpﬁﬁﬁiﬁﬂn@ﬁﬁaéﬁﬁ%@%ﬁ[“iﬁr Bpf?c{ ?%&%gtlﬁg!\:emia
(FG) MR %?P‘; administered r@ﬁomblnatlon with one or nore’a 3|§|oﬁ '

" therapies fordiabetes, €€ Sristiin th&taisyeneripyireatingdiahiies ihas or is
sufferiggp g'gg]e@t,h-W®82ﬁ®81&7ﬂ67£@P@Eéﬁ&2@97d%3@&0d7escﬁbed heremn. In other
embodiments, the subject is at risk of developing a hyperalycemia-related disease or disorder
described herein. In some embodiments, the composition, supplement or pharmaceutical
composition is administered in combination with one or more additional therapies for a

hyperglycemia-related disease or disorder.

[003¢]  In another embodiment, the disclosure features a method of treating diabetes in a subject.

The method comprises administering to the subject a composition, food supplement or
pharmaceutical composition described herein, e.g., a therapeutically effective amount of a
composition, food supplement or pharmaceutical composition described herein, to treat
diabetes, In some embodiments, the composition, food supplement or pharmaceutical
composition is administered in combination with on¢ or more additional therapies for

diabetes, ¢.g., insulin therapy, thercby treating diabetes in the subject.
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100311In another embodiment, the disclosure features a method of
wpmyenting)or delaying onset of symptoms of diabetes in a W&J&%ﬁsmo

method comprises administering to & subject at risk of developing

diabetes a composition, food supplement or pharmaceutical composition
o3 desgribed herein, a therapeutically effective amount of a composition, food
03 Rt TSt FoLE L amees tne orse
of syrafiabvetes @w@mlm arsqﬂjemtefﬁhmhbﬁ&mtpﬂm@dig@ Qaueieaiures a mefad: risk
of deOfipreVenting or daelggm}g?gt%et symptoms of diabetes in a subject. The

‘me hoaco‘?nprises identit f;r:lgné (;I{&%%{eéggf}ns ¢ O JevRISPIHG HaBdtes gition
describidhhitidtering to thersubijeetay cormpositiomuicodfsupplementor b0d supplement
or phaRiAsEIACAUticAL camRpositign deserined hereiny; 8,9;, & therapeutically

effective amount of a composition, food supplement or pharmaceutical
composition described herein, thereby preventing or delaying onset of

[0032]symplapis-odHiabeies, e suhieat 1003310-80M& SRAGINENS IS onset
of o |dgpt|qul?g.§lt§gﬁcom8pn es evalu;atlng% the subject for the_ 15presence of a

ek Tactor for deva ‘iﬁEl%ﬁbb@?e@%.@ﬂ%?@?ifﬁ&fdﬁa@mﬁéa PR at risk of
developefinitiorsc10084 Lifhetarenihypergly ceifia’ sasdisad higrei M @feES I 0ment or
wh elevated level of blood 20glucose compared to a basal level in a
Phar B R ot G A Sy G g of
compogtighalisopjesrwhentfastinghGenerallys hypenglytemiasefers dohklead thereby
preveﬂgilﬁlcgzsgel@ g]ﬁ &'P\%Y%fa%ﬂh&?x@ 6‘?9{9(9@%@ i%?gicud%ré Qyperglycemia refers

to blood glucose levels ‘above about 110 mg 1 whern fasting and above
about 140 mg/d1 two hours after having a meal. [0035]The term

00331 hyperglycemiadaiatads diseans o HisQidetoas e Nersin, efers o a r . .

ase disgase cLtarfdisor er that has, as a. symptom, inappropriately elevate
PTESCngishd HicOsETeVe T PERHIS Ry petylydethity antrrer eldease. or
disorder that can be the consequence of hyperglycemia, e.2., repeated or

Deﬁnitg Q{Qnic hyperglycemia.Non-limiting exemplary 30hyperglycemia-related
iseases and disorders comprise several forms of diabetes (in particular

Diabetes mellitus of type | and Il, steroid diabetes (Morbus Cush.ing),

(0034 9estationakdiahetes; and,secondary diabstes induced by other disegse
states (e.g., pancreat‘%g,_obesity)), Mor%ﬁré’ %{greq‘dgjwdjn cf’(})cérﬁaétaglile,vﬁcﬁtfemoed
glucosq, gapipateacle, hypertiielon onthiecadidnatigland, phasotheoenocyfome a blood
slucosinfalationanagsihesizechosk eathon monxigs paisening.disorders of 1iood
‘ V\{O 008/071790PCT/EP2007/063970 7 PRI v e
glucose levels above about 100 mg/dl. in particular, hyperglycemia refers to blood glucose
levels above about 110 mg/d] when fasting and above about 140 mg/dl two hours after having

a meal.

[6635] The term “hyperglvcemia-related disease or disorder”, as used herein, refers to a
disease or disorder that has, as a symptom, inappropriately clevated blood glucose levels (i.e.,
exhibits hyperglycemia), and to a disease or disorder that can be the consequence of
hyperglycemia, eg., rtepeated or chronic hyperglycemia.  Non-limiting exerplary
hyperglycemia-related diseases and disorders comprise several forms of diabetes (in particular
Diabetes mellitus of type 1 and II, steroid diabetes (Morbus Cushing), gestational diabetes,
and sccondary diabetes induced by other discase states (c.g., pancreatitis, obesity)), Morbus
Basedow, acromegaly, acute heart attack, hyperfunction of the adrenal gland,

phacochromocytoma, inhalation anacsthesia, shock, carbon monoxide poisoning, disorders of
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8 the central nervous system (such as meningitis, cranioccrebral
injury,brain tumors etc.) and idiopathic hyperglycemia in new born
“Q&QIJ@I]‘%% 1[‘%(8361The term "diabetes", as used herein, refers to any kind of
iabetes associated with 5 high bloag glucose levels. "Diab&fels®F2007/6397¢

comprises, e.g., diabetes mellitus of type | and Il, steroid diabetes

(Morbus Cushing), gestational diabetes and kinds of secondary diabetes
the SHHiR @GBS AIsEush stamesieiyls pantreatitisabbesity)brain tumors ctc.) and
idi(}pgg{p@K;i@g%gﬁj@m};@@%&%%@&rﬂn, refers to an amount of medication

to be taken at 10one time, optionally in regular intervals. [00381The term

"supplement”, as used herein, refers to a composition that is consumed in
[0038idditionde-meals:pediinks (ensuaRlien.af heSUpRIEMeniILal Q8 M ated with

. fore, simultaneously or after uptake, of the meal or drinks, If ‘
bich J0e R SRt o UIESoNEHE e Foal gL dRFKthaf e 1 and 1L

stero@ pﬁ;{mntwarbbe ansingpedientatienzladiibivies anth&ﬁﬁi@@ﬁthé@dﬂﬂﬁﬁ& Ofiabetes
indudi L6l gqﬁcagys?&eg@é%qﬁssndafégtﬂ}sa&%{C different than the meal or

drink. "Ingredient”, as u erein, is d substance or component that
forms part of a composition. [0039]The term "prodrug"”, as used herein,

g(}(}3ﬂ3fer3‘@o§a§y%}ﬁ_{”?%ﬁﬁ@&dﬁﬁ%}}{fﬁ?gsi%oaﬂt a%%ﬂﬁ?%?%&%%gggg o be taken at

ingredient of a composition described herein as a consequence of
one gt MERBANG G B stlEEEe after uptake by a human or animal. The

term is not intended to refer to substances that yield after metabolization

nly tg a negligible extenf, one of the active ingredients of the ) _

1003800 TSR R horS i i IaD Fro e LM areamed in
additigestech durinigirketabelizatini intd indivishiahaming acids bERIS, WhilAcously

¢RIQ r eptide rieh in glutamic acid, glutamine and/or cysteine can
or S S o G R S R SR ARG G meal o
drinkg et fewates fné que he o frgutdinmic aciddglittemiriehandépecisteinsl atairink

itseif,C&n.%é@le&@%HsQ&@d%desﬁ%ﬁéeakﬂffé%ﬁﬁ‘zﬁ?ﬁaér(‘q%%[%%“é%r the JeIm fient”, as
"prodrug" refers to a substance that is metabolized into an active ’
used |iene eliS At P BB RSB HES thits derme resirt WithheBppsisiarably 4, even

more preferably 3, even more 30preferably 2, and most preferably within |
eta&glic reaction(s). [00401The term "treatment” or "treating", as used

10035 o il PFfaPS t8"8AMHRIstE At P EFRRaps s 4R AMGEHEHEhE camdrsed into at

least modeaeffectiverialienproye:a congiitivrsyfapianed OhpalAMmeter assesiaiede of
e or. disorder. or to prevent or reduce pro ion of a WQ

AWith. 2 disease or. el I8l :
metaﬁé%%g?i(?r?ll%% %’%#7@%606 NEaTRE human or a 1még.r e%ﬁe term 15 not mntended

to refer to substances that yield after metabolization only to a negligible extent one of the
active ingredients of the compositions described herein. For example, proteins and peptides
are digested during metabolization into individual amino acids. Thus, while a protein or
peptide rich in glutamic acid, glutamine and/or cysteine can function as a prodrug, only
proteins or peptides with about average or slightly elevated frequency of glutamic acid,
glitamine and/or cysteine are considered to be a prodrug for said substances. In particular,
the term “prodrug” refers to a substance that is metabolized into an active ingredient of a
composition described herein within 5, preferably 4, even more preferably 3, even more

preferably 2, and most preferably within 1 metabolic reaction(s).

[0640] The term “treatment” or “treating”, as used herein, refers to administering a
therapy in an amount, manner, and/or mode effective to improve a condition, symptom, or

parameter associated with a disease or disorder or to prevent or reduce progression of a
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9 disease or disorder, either to a statistically significant degree or to a
degree detectable to one skilled in the art. An effective amount, manner,
n vary depending on the subject and may be tailored to the
w0 %!86%% %%411The expression "a sybject in need thereof', 8 T&E" 71063970
herein, refers to a human or non-human animal that is in need of
_treatment for one or more diseases or disorders described herein. A
discasg; @y slita! e et Fop R tAtEt s astmfaand dngrchomian degmaldeaeinblc to one
skill QNG FRMPIe KYNPIMS afpdliseaseer Q)lxsﬂ{ge% gzﬁls‘% egl.! g{gﬁg%gﬁ the subject
~, having or exhibiting a risk factor for a disease or disorder descri
and 1Ay tadgesq Lo dipjad¥ %Ay be, but is not necessarily, a 10human or
non-human animal that has received a clinical diagnosis of one or more
mmgseaﬁ% or disorders described hereiE. BRIEF DESCRIPTION OF THE
RAWINEE BI04 A THE f5t G SRy dRd Bthe PO bisC L SF ke Higs dpa human or
non-inventiontiehsaiions tedtof esthereofyamwel ertheldauentiodiisaiéayeribed
hereil® MROIE f erstaod from the. following descri El%w when re 3 :
“ogether vy%t%\'f ?ﬁeggiécéhrﬁ%gr?yiﬁlgydpaevﬁr%g%ﬁ which: %ﬁ’l’gﬁﬁ 4ytng one or
moreqERROTbIcddgierse sy Eveided deinglanl Oratiglusdse talerandettiesty a risk factor
for a206QGTd) aiger @egbﬂyéé%e%m%}{%%ﬂﬁ%%%% apﬂg%%&b}%%%ssa ily, a
wi

insulin levels during an oral glucose tolerance test (OGTT or withou
humay HRemBHE SISO IbRS hasissectiehh GRifabdiglnets e levelstiotowitispases or
disorfeediriake nther without supplement. [0046jFIG. 4 is a graph of blood
insulin levels following food intake with or without supplement. 30

BRIEF DESCRIPTION OF THE DRAWINGS

[6042] The foregoing and other objects of the present invention, the various features
thereof, as well as the invention itself, may be more fully understood from the following

description, when read together with the accompanying drawings, in which:

10043] FIG. 1 is a graph of blood glucose levels during an oral glucose tolerance test

(CGGTT) with or without supplement.

[6044] FIG. 2 1s a graph of blood insulin levels during an oral glucose tolerance fest

(OGTT) with or without supplement.

16045] FIG. 3 is a graph of blood glucose levels following food intake with or without

supplement.

[6046] FIG. 4 is a graph of blood insulin levels following food intake with or without

supplement.

[0047] FIG. 5 is a graph of blood glucose levels during an oral glucose tolerance test

(OGTT) with or without supplement containing glutamine or glutamic acid.
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WO 2008/071790PCT/EP2007/063970 10 [0048]FIG. 6 is a graph of
blood insulin levels during an oral glucose tolerance test (0G11) with or

i lement containing glutamine or glutamic acid. [Q0491FIG. 7 is
@#ﬁ%&%ﬁ%ﬁe effects of supplement;gn low blood glucose Ve fL B 007/063970
[00501FIG. 8 is a graph of blood glucose levels during an oral glucose
tolerance test (OGTT) in Cynomolgus monkeys with or without
[0048) hp|Eferft. asTari@ Plecd graphinofasido dimmglianevelsduring trcorate test

(OGBIYGOSE dPIRraBGEs BRI dALPGIRIIMSYNOMAIEUs mankeysdyith or without
supplement. [00521FIG. 10 is a graph of a graph of blood glucose levels

during an oral glucose tolerance test (OGTT) with or without supplement
[604%iitherHacking viaupinoCrer ebntaipingsifferantameuntsf MitaminGels

100531FIG. 11 is graph of a graph of blood insulin levels during an oral

glucose tolerance test (OGTT) with or without supplement either lacking
[6658itamiNG & sontaimihgoditfierehthmpunts of \dtaimin G . 2Q[QDBALE 1B ictde tost

(0(}%@5@@%@@[&}{3& "ﬁ?&%&ﬁiﬁg tosrgéquitiglﬁs described herein.

TAILED D SCRIPTQP;O & present invention features
compositions that can be, e.g., supplements (e.g., 25 dietary or food

{ﬁﬂﬁﬁUppl?f@e@si}; of %@W%ﬁ%@!ﬁsmﬁti@% Qi‘uﬁﬁ‘ﬁg%}g alépjgﬁitéopéa\féﬁ]&ance test
hyperglycemia or hyperglycemia-related diseases with the Compositions
(OG%'éFS)‘Br ReigHs merkme Bl or Rt PRSP breventing
hyperglycemia and/or hyperglycemia-related diseases in subjects by
: dministering .such compasitions, As.described herein, the compositions
10052 an c%fnégr@g%nae%ﬁgzﬁg %f%ﬂ?&\ c%g’(ﬂé SIS SPia g inerdoglucose
tolerapica galt (HErED]; witke or without supplement either lacking vitamin C or containing

different amounts of vitamin C.

{0653} FIG. 11 1s graph of a graph of blood insulin levels during an oral glucose tolerance
test (OGTT) with or without supplement cither lacking vitamin C or containing different
amounts of vitamin C.

[0654] FiG. 12A and FI1G. 12B are lists of examples of compositions described herein.

BETAILED DESCRIPTION

[6055] The present invention features compositions that can be, e.g., supplements (e.g.,
dietary or food supplements) or pharmaceuticals, methods of treating subjects having
hyperglycemia or hyperglycemia-related diseases with the compositions described herein, and
methods of treating and/or preventing hyperglycemia and/or hyperglycemia-related discases
in subjects by administering such compositions. As described herein, the compositions can
comprise one or more of glutamic acid, glutamine, a prodrug thereof, or a salt thereof, one or
more of cysteine, a prodrug thereof, or a salt thereof, one or more of riboflavin, a prodrug
thercof, or a salt thereof; one or more of succinic acid, a prodrug thereof, or a salt thereof: one
or more of fumaric acid, a prodrug thereof, or a salt thereof; one or more of niacin, a prodrug
thercof, or salt thereof, one or more of coenzyme (10, a prodrug thereof, or a salt thereof; and

optionally one or more of vitamin C, a prodrug thereof, or a salt thereof.
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riboflavin, a prodrug thereof, or a salt thereof; one or more of succinic

vAGthed Pregyug thereof, or a salt thereof; one or more of fumgg%w /acid a
0

prodrug thereof, or a salt thereof; ongor more of niacin, a pr ru%Pﬁ?gFgg%?7g
or salt thereof; one or more of coenzyme Q10, a prodrug thereof, or a salt
thereof; and optionally one or more of vitamin C, a prodrug thereof, or a

salt thereof WO 2008/071790PCT/EP2007/063970 11 100561Vitamin C,

[0058]s0 calipehRSCOriG agitkdsaiandibyiheibadiiey mamspBesesBBEIR. By
fr 5T@IN pUrpose is fo fungtion as a red.uci(%gaa ent. In the compositions, '
QS ISR & & Vit G Y ALEAMSI B ST s IVEIF S8 THESHiusegsoribed herein,
vitaraisdObaterbalts;ichm beliseds 540005 21, Glutabaic adid isa mop-essential
amino acid. It plays an important role in human metabolism and can
function as a neurotransmitter. Because of the latter it is often used in
[0057d0d Sapwienses. ihamecosmpusitionsdesotibédptrrein, ighptamic adidiaduman
metaWlbASI88 S uBHoOINaNAIR SRl AP bﬁé&%ﬁ% PRI GIWARING sed in

IS a non-essential amino acid which plays, besides an important
food BapltRENE of BrifteirRnBRS TR HaRETbre ritroginamEtatsiliam Mellsaggedsalts,
e.g., AhRBERpameanhinaveightlifting, bodybuilding, endurance and other
sports, as well as by those who suffer from muscular cramps or
pain-particularly by elderly people. In the compositions described
[006585herGintghitamine aswelbasial saitiabglutanmineEapibe, useddes an important
eine_is a naturally occurring amino acid that has a thiol grou
com D B L P o B by fement
in wegphidaginbodytinhéinef endivysteimst milecspestjomed 8l & weakdiswiidesuffer
fur d ami ' inc. 20 itself can act as an .
ot e e o i AR o oo
hereip, glgfsanamasgl btbtighof slusrsarietrds asdn-essential amino acid,
cysteine may be essential for infants, the elderly, and individuals with
Eﬁﬁsﬂleta lic disease or WE}? suffer from malabsorption syndromes. Cysteine

ay arSEHTE Potmbe et OGRTTEBEA HACE MR T61° ot Gy @skisrigand in
most gnurnacidwinthexposapositianscgesaided et Cstaingssalisa dimer of two
cysteine molecules joined by a weak disulfide bond. As a sulfur-based amino acid, cysteing
itself can act as an antioxidant in the body. Cysteine is an important source of sulfur in
human metabolism, and although it is classified as a non-essential amino acid, cysteine may
be essential for infants, the elderly, and individuals with metabolic discase or who suffer fom
malabsorption syndromes. Cysteine may at some point be recognized as an essential or
conditionally essential amino acid. In the compositions described herein cysteine, salts
thereof, and cystine can be used. In some instances, cystine is used as an exemplary prodrug

for cysteine,

[06060] Riboflavin (vitamin B2) is an essential compound for higher animals including
humans.  Riboflavin is commercially used as a vitamin preparation for use in vitamin
deficiency and as 2 food supplement. In addition, it is also employed as a food dye, for
example, in mayonnaise, ice cream etc. Riboflavin can be prepared either chemically or
microbiologically and can be obtained from several manufacturers. Biologically active

riboflavin is flavin mononucleotide (FMN) or flavin adenine dinucleotide (FAD). These



10

15

20

25

30

25thereof, and cystine can be used. In some instances, cystine is used as
an exemplary prodrug for cysteine. [0060]Riboflavin (vitamin B2) is an
“?03%{%5{9' & mpound for higher animals including humans. Riboflavin is
commeréia y used as a vitamin prepgyation for use in vitamiht3gEF2007/063570
deficiency and as a food supplement. In addition, it is also employed as a
food dye, for example, in mayonnaise, ice cream etc. Riboflavin can be

activiy dyare eafthcinsvfneatly B maicroBdIggicalty AdERn benobthihedusainin the
conpRRVRIAM Ranwiagtess. Biologically active riboflavin is flavin
mononucleotide (FMN) or flavin adenine dinucleotide (FAD). These WO
2008/071790PCT/EP2007/063970 active forms and their reduced founs,
[066 BMNH2@hdcRARH2scanan Detkisesbin theicompesitians destied sed as food
- _er%ig.l[groggsiu%cigip aci ,tatlsto tTermed hutanedioic acid, amber acid and
PPETES 1S used s 1000 5 EBPIEMhECIBF BRapIE @ meat @ rat @ Havour
enhaggokihgtsaltinadigtarytmealscdsasanflavddisentiancers inthecgitricayal@ation of

ol 8l IR SOV P SIS v

_acceptor oxalate. In t
and itpanydsiutingre @edins antyiidteckfobmusdecinic anhydride, can be
used. 10[0062]Fumaric acid, also termed 2-butenedioic acid, allomateic
acid, boletic acid and Lichenic acid, is used as flavouring and thus is a
109620 mniairaBmpteAter faBuhddiiras dints dieithrylauppfemends iplere acid and
lichewons@idsiionsdeseribes-fhereia, funalic asithamwelhasiis: Salth R Ydditives and
di&talfuryargte?nsggts, {:aglbe used. 15100631Coenzyme Q10, also known as
o S0 UBiLinSnes 18 BRI GR RE 88 hE Rl BRI Caithanh tbHmits salts,
¢.g., Tormare mitochontkriasctihere it is involved in the electron transport chain. It
is used as supplement because of its antioxidant function. [0064]Niacin is
also known as nicotinic acid (nicotinatc) and vitamin B3. The term also 20
1066 o m prigersiimes £iRier ternmicotin Aeitld ornipdimamidear s iiojogioal o, is the
most BHUEIRIME) RIcAtinam! ing di ide d.picotinamide
e AT 2o ol a0 T LA BEA Baspor
chainy K psrissdd NAPIINBIRreuse A Al s it Re fmstitolism of any living
being. Nicotinamide mononucleotide (NMN), desamido-NAD and
1006 @ea ino-NAD (also known as nicotinamide hypoxanthine dinucleotide)
re metabolic 28 THEHhAUHIEL UGt HEATAEH HEEERIB3 Al BF term also
comptitesetioonsidanfeny sedointihe @ompesitdamirscrinedibeygnalNARve forms,
T ) ADPH, amjdo-NAD, and/qr deamino-NA|
P e oL KR AN AR b eidre o posphee

(NADfas efieel ner alii30]0068] Frotsiny ARB peptitesDPE,, polymststofi awiinoin the
metatRHS, A %%ﬁiﬂgm?%{&éﬂﬁaﬁm@'ri{btﬁéi.lfb‘?eom%r% p FoLsIngand b 4ng

peptides consisting to a significant extent of cysteine, mic acid and/or
deamigorNAih e 4l CBRBIn oS HarE e by A BING editinclhetisisinpositiorisbolic

interniieisapbegd fenakl: te examplacRiQirins andpeplideshiaWng ANBMINY in the

com &%j[d I}getgiuen_q}/ gf 30, 35, 40, 50 or more percent of ¢ stcing, lutamine
PORIO8P gitaiieta R an foHehomaPH. NADP. NADPH, NMN, deamido-NAD,

and/or deamino-NAD containing niacin molecules can also be used in the compositions

described herein.

|¢G65) Proteins and peptides, i.c., polymers of amino acids, are easily digested in the
small intestine. Therefore, proteins and peptides consisting to a significant extent of cysteine,
glutamic acid and/or glutamine and combinations thereof can also be used in the compositions
described herein. For example, proteins and peptides having an amino acid frequency of 30,

35, 40, 50 or more percent of cysteine, glutamine and/or ghutamic acid can function as
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WO 20118/071790PCT/EP2007/063970 13 prodrugs and can be used,
alternatively or in addition to glutamic acid, glutamine and/or cysteine, in
sitions described herein. The amino acid content of an unknown
&rge%(%g@gg%?/or protein can be determined by, e.g., an amind &ciFP2007/063970
analyzer. In the case of synthetically produced peptides, the amount of a
specific type of amino acid is known from 5 the design of the synthetic
prodiyaptitd. ©BINYG et elscnttivalight ofaddtjseptitesagisynitheticpayticend/or
cystethg molgeuanyeiani:of ihe.gesired.aminaacid-and NeNUMRET 3k 4n unknown

residues of the desired species of amino acid within the peptide, e.g.,

peptide SHURE WIS BIE SFETENREY BKilFiS (8 #mBsnasisayisermifalhease of

synihamalntebibe-peptide.£ ga syihetio Repideinssded faliRdRse Rfidown from
pplements [00661The com(fositions

. ;composition described herejn.. 10 Su ] :
e L L R TR i S A SRS 8P o piher
peptidgimnibitanebuslyrwithigior @ftér chrsudnption ekfoas Oridrinkshstieh asifResl of the

. ' ith elevated.carbohydrate content,. The supplements.ca .
desir gy B R T S SR SR B gy s
m thesgih shengasily detsoriied vereipuoanibecaptipiiid. in. suhightizeomypositioreeded for a
dose SESCHREINEIR RIS AIEPERLIN a dosage effective to reduce blood glucose

levels to basal levels after consumption of food or drink. The liquid can be,
e.g., a 20 syrup-type liquid, which can be added to the food or drink.
AltesativahsrifRe liquid can be consumed on its own. In some instances,
the supplement is a liquid that is diluted, e.g., in water, before
consumption. [0068jIn another formulation, the supplement is a tablet or
[6066apslee Rompxainple, ductibad 2i:tallat:or kapsplec-aanbein ashape @idumed
of such dimension to facilitate swallowing. Alterpatively, the tablets or
et e R B R S Chotinto i dinks
with ¢hiykiedrohpbieataroctmtaiite sufitionndosage bt & supplerfrentdations.
reduce blood glucose levels after consumption of food or drinks. In other
cases, an effective dosage comprises a plurality of tablets and/or
180674 o ps s giienie age dotRugtistedha urol enpioidesearr b aqeiokergdet 2 liquid

in wlﬁ&wiifﬂ@r@a@ﬁﬁ@ﬁ%@@@ﬁ@é@%@rﬁﬁﬂ&%@é@éﬁ%35!1gﬁﬂ@é@@?@&i@é’%b%rdﬂée blood
tﬁﬁ]and{)or zipsules. [0069]In other formulations, the components of

tahle ; I
glucogg, LNieinion e B AL A e RAR IR A< s k94 ateying. g Thi Lewsrsta be. e.g.
syrupliguidiqoaipsules enialieisdddoekamiple ot tripessilertatprayvidee liquid can be

consumed on its own. In some instances, the supplement is a liquid that is diluted, ¢.g., in

water, before consumption.

[0668] In another formulation, the supplement is a tablet or capsule. For example, such a
tablet or capsule can be in a shape and of such dimension to facilitate swallowing.
Alternatively, the tablets or capsules can be dissolved in a liquid, e.g., water, for consumption.
Each tablet or capsule can contain a sufficient dosage of a supplement to reduce blood glucose
levels after consumption of food or drinks. In other cases, an effective dosage COMpriscs a
plurality of tablets and/or capsules. In such cases, the tablets and/or capsules can be packaged

within a dosage receptacie that comprises an appropriate number of tablets and/or capsules.

10069] In other formulations, the components of supplements described herein can exist
separately, ¢.g., in separate liquids, capsules or tablets. For example, it is possible to provide

one formulation, for example a capsule, that comprises a subset of components, and a second
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one formulation, for example a capsule, that comprises a subset of
components, and a second WO 2008/071790PCT/EP2007/063970 14
r jon, for example a second capsule, that comprises the remaining
‘{%%%go%}yei)n £ In such instances, it is preferable that the sepaf&te™F2007/063970
formulations are consumed simultaneously or in close time intervals.
5100701The tablets or capsules can also comprise suitable carrier
fOfméliﬁé‘ﬁ&n%’és@’@%ﬁ?Wp?e&%@ﬁ:MﬁﬁWll s Rooprists thosemhoidinaoynskilbins, n

such tﬂ;@tﬁ{&eg)@m Bl@fé‘r%@ﬁ%ﬁfﬁ@%ﬁ% %ﬁnﬁ%ﬁf}m' A %M&%’ ;gr%llﬁl%é%ousiy or
.. phosphate, alginates, microcrystalline cellulose, polyvinylpyrrolidone,
1 CI%"‘@I%@}%F&M& and methyl cellulose. 10[00711In other situations, the
supplement can be formulated into a cube form or a soft get. [00721In
ther formulatjons, the supplement is a powder, e.g., a cryopowdcr. The
1007 TP SRR ot ARG i TR e ey exmides of
whiclirst idissolwedn1Gelgydm fuaténaprigeitbitises 20078]The feramationsmay.cs are
~rhGaMppise additives such.as sweeteners, flayarings, preservatives,
wrb}{s%)tqébﬁg&ex?s, %%%ﬁgﬁgs%&c}]c uﬁ%gnﬂgllﬁ?s}?qﬁtepref%%g BYmGFéffgﬁrs‘fS%%%ﬁe cellulose,
polyaaditivestidransebelsed orlyincose copboridsoExemplary additives
comprise fruit juice extracts, 20curcuma, tannin, a powder of Panax
notoginseng, and Vinca rosea in suitable amounts. Other additives
1007 o mplistess bt feas-disfe srericaratspirdb wvianaiiaé inooradia Someor a soft
gel. instances, the supplement is prepared in a manner that is compatible with
a diabetic diet. For example, a diabetic diet can comprise limiting the
consumption of sweets,
[0672] In other formulations, the supplement is a powder, e.g., a cryopowder. The

powder can be added to food and/or a liquid directly, or the powder can be first dissolved,

e.g., in water, prior to use.

{0073] The formulations may comprise additives such as sweeteners, flavorings,
preservatives, stabilizers, colorings and pigments. In preferred formulations, such additives
arc not based on glucose compounds. Exemplary additives commprise fruit juice extracts,
curcuma, tannin, a powder of Panax notoginseng, and Vinca rosea in suitable amounts. Other

additives comprise Oolong tea, aloe vera and spiral water algae.

[0074] In some instances, the supplement is prepared in a manner that is compatible with
a diabetic diet. For example, a diabetic diet can comprise limiting the consumption of sweets,
increasing the number of meals per day (while reducing the amount consumed per meal),
monitoring the amount and type of carbohydrates consumed, adding into the meal whole-
grain foods, fruits and/or vegetables, consuming less fat, and reducing or ending consumption
of alcohol. TIn particular, if the diabetic diet comprises an increase in the number of meals per
day, a supplement described herein can also be consumed in parallel to each meal, and

preferably formulated accordingly.

[6875] In some instances, the supplement is formulated for consumption in regular
mtervals by a subject in need thercof. For example, the supplement can be formulated for

daily consumption, for consumption ever other day, for weekly consumption, for consumption
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25 increasing the number of meals per day (while reducing the amount
consumed per meal), monitoring the amount and type of carbohydrates
WPy qg(}adding into the meal whole grain foods, fruits and/or /a6
vegetables, consuming less fat, andrgducing or ending conE&FF(Eﬁ%W gte
alcohol. In particular, if the diabetic diet comprises an increase in the
number of meals per day, a supplement described herein can also be
seveigh HERhEd HY paillr B dadrPmdarcditicac it rabfy formatheedosing regimens
apprAEagEdinghs }{@Q{@];I@@qu}j@%%ggs, the supplement is formulated for
consumption in regular intervals by a subject in need thereof. For

example, the supplement can be formulated for daily consumption, for
[007&gonsumptien gvemothetdayufpeiveakly coRsHPELN:far CORSMPREIANT a meal
and /OWQ c%1%)(8/%17&1%(1)5([?&T,/%P2007{0639;0 158%everal time?ﬁ)a day (e.g., 2, 3,

4, B G iore s & day) o 1or SRy Gt dosHl 1BgMEe bpphiptiste et 10
minuthe hemithi Statnstoef, thieosu Bieotinl@B7 64dnt Gthenimstanabs;the supplemenit 40
minufSCQASHMS hRIRLLC, CANDRION. OF Bl 7 AN A AR I PAIEHIAN i

the supplement can be consumed about 5 minutes, about 10 mifu €s,

a meglyad s fikite S 2afolsbo mifaed iaerozsiminise s dbo stig0emimutasiut 20
to ab@Rou AR NIYIZS, ARANLABDINE S AROHE B0 JRinutes, about 120 minutes

or even earlier before having a meal and/or a drink. Particularly preferred

is the consumption of the supplement about 20 to about 30 minutes before

congmpiiesueical Meabhardiar drink. 10 Pharmaceutical Compositions

[00771The cornpositions described herein can be formulated as

pharmaceutical compositions, e.g., with an appropriate solid or liquid
[667Fharrfaceutivalbsitiooe ptidsteibairiékrelb exaipient fardiliat. Suchharmaceutical

armaceuti ceptable carriers, excipients and diluents are
o B T R SR S S appte e
excipigatschisaptinSiptb bfmesavaionbdicirmeabieh: Eition s MipGraivahiitidiluents are
conveh¥98H QRAR¥RMRIeRtanasiehds MR hICIROLPIMIAIDIEAl SRS principios of

; P
solution, but it is contemplated that otherlg{:armaceutlcally acceptable

Internald MeriatfeH 48 pijtsrouiear st 8%iohs Grotramatsofoxramides's a vehicle
of phsterilgivateniae thadike 20mayalsa:baysed. (RiSame fasasclisdasiabls e

.to use a SLﬂtabl? buffer. [00781Some examples of suitable carriers, .
ST BTt ARG GEAES BETRISHN PRk GERT SN ridhittt uttigeqgishe ke

excmief
may datdiansphobphate, calgindtésd saladilmosiieateyitable buffer.

3970

[0078] Some examples of suitable carriers, excipients, and dikuents comprise lactose,
sorbitol, mannitol, gum acacia, calcium phosphate, alginates, calcium silicate,
microcrystalline cellulose, polyvinylpyrrolidone, cellulose, gelatin, syrup, metiyl cellulose,
methyl-and propylhydroxybenzoates, talc, magnesium, stearate, water, mineral oil, and the
like. The pharmaceutical compositions can additionally comprise lubricating agents, wetting
agents, emulsifying and suspending agents, preserving agents, sweetening agents or flavoring
agents.  The pharmaceutical compositions may be formulated so as to provide rapid,
sustained, or delayed release of the active ingredients after administration to the subject by
employing procedures well known in the art. The formulations can also contain substances
that diminish proteolytic degradation and promote absorption such as, for example, surface

active agents.
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microcrystalline cellulose, polyvinylpyrrolidone, cellulose, gelatin, syrup,
methyl cellulose, 25 methyl-and propylhydroxybenzoates, talc,
“,@g%ﬁﬁm stearate, water, mineral oil, and the like. The p%wg%%%%%o
compositions can additionally comprige Lubricating agents, wetting
agents, emulsifying and suspending agents, preserving agents,
sweetening agents or flavoring agents. The pharmaceutical compositions
[807%hay DdForitikteasGae &rpitlidehesprhaaneain g o artaybls rersirienss for

modithmachve.igredients aftecadminisiatioadetha.subiestdy sBAIRMRIAYING), rate
¢ d.g{i%cedures yé/]%qtknﬁzwn in the art. The formulations can also contain .
oF dIiINISHCAS (Y fiinfARROBTBEEO R AYOEHat ORaRt BToMate WBS AR other
pharBusiuias forexpmnple - stifface dotive difgniSorWllntaining release or absorption or
p{m.et%a %%1?9 7r(]>‘s759t%€ %EQOE &9917{,%? 391“70E£|51§:il%?<%7t~;9 1T1.E‘ SIS TR s?ulgg;)t C%ggatllgually
other pharmaceutica Iy-accep{é%le excipicnts for mod]fi‘?/mg or maintaifing
and ciisopigiosrmolanity, visoosityf ctiringes o costarnilitys staititydicatdiofon.
dissolution, or odor of the formulation. Similarly, the carrier may contain
still other pharmaceutically-acceptable excipicnts for modifying or

16080 5inthising TeRsEi o Hatsshistibr Or spe ibwabiv foaeridsdHs B geprarTicrs to

imprd@ITieE. Bxginients Ganalge e tose substancesusHaly apdGustomaniivs, the
employed tq fort[ﬁmulz?te dosaége_s for continuous or periodic infusion.

ComPPHGEHT Tk WorMPBLIAGHS USSTHiY HBIEH CarPAIss s AR /g rected
delivelsugfaaerigrsntadrppevdictgsubalf-ife ispydute shelbfiftbioavaiablityct@m. For
examidSt€q 0 some Ssi?:luraltions,éhe. 10 conlgdqutions can be ftori’nulated 0 ision. :

acilitate app}ﬂca ion 5fthe %olrrﬁgg’s?ﬂ%n aﬁn&?orata?‘é%?gﬁ (ljceﬁ\/earyn%??ﬁ%m S1om, 4
liposegert toodrspecifid tissue wictdla specifitositd dfugharmiacelpgical astipnnent of a
contrgl%def@gg@edrﬂéed%ﬂ%lgg %W&r? ‘”{‘&Q%'E? q{gﬁlﬁﬁ %in',nﬁea #&Q@c%agﬂﬁ I@_t gltlcc of

nanoemulsion, a Liposome, a prodrug, a polymeéric micelle, or a colloi
Pharppepiesitridihd gition hisoinpuhBhitivms doNtibiias réiétse drug delivery

system (see, e.g., Remington, The Science and Practice of

15Pharmacology, 20th Edition, Lippincott Williams & Wilkins, 2000).,
008 0051 I HEHESAGET IOt Bt fHEBRHAR SREBP B RPotibRwifiBnined by the
modedefertatndsthibydhe mede of administatianaannsentd-oriNsangtuitiths, injectable
e PR o L G T AL REAIORET ..
syrups, solutions, or suspensions), or solid (e.g., powders, pills, tablets, or capsules). Topical

preparations can comprise cye drops, ointments, sprays, and the like. For solid compositions,
conventional non-toxic solid carriers can comprise pharmaceutical grades of mannitol,
lactose, starch, or magnesium stearate. Actual methods of preparing such dosage forms are

known, or will be apparent, to those of ordinary skill in the art.
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20 syrups, solutions, or suspensions), or solid (e.g., powders, pills, tablets,
or capsules). Topical preparations can comprise eye drops, ointments,
the like. For solid compositions, conventional non-toxic solid
V%gr&?f}e@g?cf;gﬁcomprise pharmaceuticghgrades of mannitol, Iagt%gfg,l) %{gg‘{fgﬁ?mo
or magnesium stearate. Actual methods of preparing such dosage forms
arc known, or will be apparent, to those of ordinary skill in the art. 25 WO
2008smins figministration 17 PCT/EP2007/063970  [00821The
compositions described herein can be administered to humans or other
imals in various manners know to those with skill in the art, e.g., orally,

10084 av BUEPESTHE AL StSHREY hestYistatRs cAll (usie T oo HiaFRssn'er other
animBneiplesoa Intennal MedicinebdshvEdition; McGeaw:Hill. 1908) Feraralously,
- inistration, the pharmagceutical compositions can be formulated as .
e e e L et THE B A A o Bferal Medeine, 1y
Editiggnitsisteatidtiland 9B dosagel r&@hﬁéﬂr@ﬁmbé&sqibmadcbwﬂﬁlaﬂﬁﬁ@iﬁ_@ms can
Sielan.staking,intq A iculars of the case (e.q, th bec
e R KR AN AT SIS (5 P o
and BEAPHENGRSIEAR B dunisterebvinetiiendipiopbvgiciensélévelibr account the

partidDsaliB fevels are alrepdy sjevated aRulican alsele.adinistered in

advance if the blood glucose levels or insulin levels are expected to rise in
the near future (e.g., as a
{0683] The pharmaceutical compositions can be administered when the blood glicose

levels or insulin levels are already elevated, but can also be administered in advance if the
blood glucose levels or insulin levels are expected to rise in the near future (e.g., as a
consequence of having a meal} or if any rise of the blood glucose level or blood insulin level
would be detrimental for the health and/or status of the patient. In the latter case (detrimental
effect) the pharmaceutical composition can be administered to anticipate and prevent peaks of

blood glucose levels and/or insulin levels.

[6084) In some imstances, the pharmaceutical composition is formulated for
administration in regular intervals to a subject in need thercof. For example, the
pharmaceutical composition can be formulated for daily administration, for administration
every other day, for weekly administration, for administration several times a day (such as
two, three, four, five or more times a day) or for any other dosing regimen appropriate for the
health status of the subject. In particular, the pharmaceutical composition can be formulated

for administration prior to food uptake.

[@085] In other instances, the pharmaceutical composition is administered prior to
consumption of a meal and/or a drink, in particular about 5 minutes, about 10 minutes, about
15 minutes, about 20 minutes, about 25 minutes, about 30 minutes, about 40 minutes, about
45 mmutes about 60 minutes, about 120 minutes or even earlier before having a meal and/or a
drink. Preferably, the pharmaceutical composition is administered about 20 to about 30

minutes before consumption of the meal and/or drink.
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consequence of having a meal) or if any rise of the blood glucose level or
blood insulin level 15 would be detrimental for the health and/or status of
e patient. In the latter case (detrimental effect) the pharmaceutical
‘%%r%%%sg?t}é%o can be administered to apticipate and prevent peak&oHBia 7¢
glucose levels and/or insulin levels. 100841In some instances, the
pharmaceutical composition is foiinulated for 20 administration in regular
interég gt nbidéerdnyneed thereof. For example, the pharmaceutical
composition can be formulated for daily administration, for administration
every other day, for weekly administration, for administration several times
(098G oy (B UOTSS TB ERte diTopRaIE B iR r e TSy Yo rdiednkestivercan be
admiddsingiregicemarnsaptiale fosthenhegith-siatiusiof thersuiesh 1B with another
methggrti @rétthe Pha{m jceutical Eomposition can be formulated 25for '
Santinistration priof t8 oS8 pTAKES{BUEs R otHor irstdiicasctnd pharmaceutical
compiséionace utita compesition is:adbinistengit ok e eonsumMpHemefiahibitors of
: ra drink, in particular about.5 minutes, aboyt 10 minutes, .
el B B A DGR st m e
liver afsoiit 4ADgwiRUIBS, dbeut 1BOYSMinbtesabbut 6Mshinifesnabodnd 20ugs (e.g.,
thiazGHBRCRRYERatlipL Peiim NG A meal andieha Aok BIRIBENG, angior

the pharmaceutical composition is administered about 20°to abou
Tmagﬁ’\‘ﬂ’\‘g}tesp FerorR o HSUMBHBR o iR rrRsEPeidror idrite. aarapatible with a diabetic
diet, 2340 ALIIMRE TeRFL00 QRO IR AR GRapinalipndfigrary FORGELI prevent

hvneSgme instaﬁé?}es, the pharmaceutical compositions described herein can™
YRS Sethithiste R LBRIBIASRORHRHCR d& dumbcplizbmpresitrdal c S peammenition
does orowithrgnothettammethodnoftike atibedimtnthehe aseioftreatraantef combined for
thod of treatment

.diabetes, the second pharmagceutical camposition or me
e R R Bp o b b ot bood
ghicogs ipvelipha oiticosidasesirfiibaots)binhibitarsrokgliccose production in the

liver (e.g. biguanide), drugs improving the insulin sensitivity improving

~drugs (e.g., thiazolidine derivatives) and/or stimulators of insulin secretion
10087k g, laupwhigie sha rramposiiosn adfisid)er rferiblanite phadmesauticadrson is
alrea@%@@@“ﬁ@a@@'%ﬂtﬁomwblﬁl with aqdiahetic,diet, guchas.deseribed therapy,
od .herein, or other dietary therP%% approaches to reduce or prevent
ACMIPSEARER, 08 &0 RS et et AsSuEior 48 Ssaiftrc AT N réTErrdinithemay
need coniposiiomdessines ahin prisenitamisied Inothisershodimenfatiethat must be
1. medicament can be combined for example with a further pharmaceutical
s P eSS Bl LB (CBSE e il e
healthgpeis orflyinistifficientiyeblsodTihswliortetbis c 408 litm padictladtherein can be

formAYATPRSHASAGSRHRES DErRIN 53 ReHSed when a person is

Diseases and Disorders

[6688] The compositions described herein can be administered fo subjects to reduce
clevated glucose lfevels and/or insulin levels in the blood of a subject in general, and in
particular for the prevention and/or treatment of hyperglycemia and hyperglycemia-related
discase conditions such as diabetes, ¢.g., diabetes mellitus of type I and/or 11, steroid diabetes
(Morbus Cushing), gestational diabetes and secondary diabetes induced by other disease
states (e.g., pancreatitis, obesity); Morbus Basedow, acromegaly, acute heart attack,
hyperfunction of the adrenal gland, phacochromocytoma, inhalation anaesthesia, shock,

carbon monoxide poisoning, disorders of the central nervous system (such as meningitis,



10

15

20

25

30

already being treated with insulin in regular intervals.In this combination
therapy, administration of a composition described herein can reduce the
t of insulin that may 20 need to be administered to the patient
“@%?rﬁ%éz%? 9t{)c: the level of insulin that ygust be administered irf e BT
of a composition described herein. This reduces, for example, the health
costs of diabetic treatments. Therefore, the compositions described herein

cranipggihEtdmiiated foave EawirisraeHinresibivatioiithiinsuiny bom children,
as wébRispasesRnY Bisqiders Q881 hafemRasitionsdasctined her i?iggﬁg‘cs by

be administered to subjects to reduce elevated glucose levels and/o
modgptinglageis RSARBIBd & 61a Yiwdiedtin general, and in particular for the

prevention and/or treatment of hyperglycemia and hyperglycemia-related
(008 0 disgase condit_ionsguch aﬁiogiab_ete‘s, e g., diabetes mellitus of type 1

nd/or 11 GBI B ERSE RO B CHERNG) DB st Briar dTBBBIET Ahdmpaired

fastigegigneame didiibtestinducpdiby gilvesdiskase states) (@ gthpgnereatitits discase
4ot ODRSIY); W, acrornegaly, acute heart attack, hyperfuncti .
s e o RS LHe o pgerei
can iy berniedHoxidecp sisoriet 2 Bisordersisfithdcbhtrd| ofervobisgystened by these

pre-diSHigh: a8 RRINGIIS: WO 200897 17 %QE&IW EReQ0Zf083200 d0betic condition.

craniocerebral injury, and brain tumours) and idiopathic hyperglycemia in
Natugsly, (st emigréipasdprsibIfbereBLEng e skt shseeritprodtcssion if a
subjeof thRigioremeantianed.giseanesyn® QQE@H%%H@&@@%EEQHOJiﬁ%wgﬂi&mia-
in

relat t(?g bod%/. 5&?08&{%@ comggs&iqns described herein can also be use _
Clatel QRS Mt B hikiret LA G KRB (e Al Fgareergibeddirein.
and doterarcef¢iGRropkihenpreciabetesidiscasel statesplfiCeand 180 68tr insulin
recede diabetes by years. The compositions described herein can
metabpﬁqjg %ggls“éﬁ]t%e%%fuce elevated glucose levels in the blood of a subject
affected by these pm-diabetic disease conditions in order to prevent onset
of adryg.diabetic condition. 10 Naturally, the compositions described
herein can also be used as prophylactic agents if a subject exhibits
genetic risk factors increasing the risk for development of a

[009thy pertiy carmigotaiiadidicaase REAISAEEHSURAS RAIabstic,candiioR subject,
_Suchrisk faﬁtors are described herein, and comprise, for example, _
& BRGSO }H%i?ﬁrﬁ%%ﬂhn%t?sm?ﬁ@ﬁé’gm%ﬂf&%ﬁ%ﬂﬁﬁ%& bBligsFrinary
medigathfuaygends. chb.Siohic tisd[)0901 Nheseompasitions dessribeshhgreiied.
can be administered to any kind of subject, e.g., human or non-human
animals, in need thereof, regardless of age or gender. In veterinary
[6091p0medichvetafor examgie, datsitddgdichitds, zatttenoises, rogeritsdndesein is

admirREH.4a8 Q%\Hﬁ?&tteg'risk of developing diabetes. Such subjects can be identified by,
e.g.. evaluating the subject for the presence of risk factors, e.g., genetic risk factors, for

diabetes.

[8092] Such risk factors are known in the art and can comprise, e.g., HLA-DR3, HLA-
DR4, and HLA-DR3/HIL.A-DR4 phenotypes. Other risk factors are described in U.S. Patent
Nos. 6,902,888, 7,173,119, 6,326,141, 6,316,209, 6,291,172, 6,274,549, 5,908,627,
35,786,221, 5,407,802, and 5,200,318. In both humans and diabetes-prone non-obese diabetic
(NOD) mice, genes mapping to the major histocompatibility complex have been associated
with susceptibifity to diabetes and shown to be very important in the disease process (Todd,
Immuncl Today 11:122, 1990). Studies of NOD mice have mapped at least 12 other

susceptibility genes te specific chromosomal locations (Prochazka et al., Science 237:286,
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[0091]In certain methods described herein, a composition described
herein is administered to a subject at risk of developing diabetes. Such
ﬁﬁ% San be identified by, e.g., evaluating the subject for thegeﬂse_/ncc(?970
of risk factors, e.g., genetic risk factays, for 25diabetes. [00959% SR
factors are known in the art and can comprise, e.g., FILA-DR3, HLA- DR4,
and HLA-DR3/HLA-DR4 enot pes. Other risk factors are described in
1987y kg dp e At NI&E0H?) Vi3 ProGenes, £48).6 Bpe, 289, 6izad. £7p, USA

90: 1567"27149@9&/?@@%@@3@»% 8{@&2%36@&5&43&15931433%%@@01% 48:-R0thes w1, 5.
nd_diabe rone non-obese diabetic mice, gen
O i A N v T e AR
353:36thisasgepiibility o, dinbeiss:andishBwio e NSk IMPORANLIARNSC have also
diseas ces ay 1l 1 dies of NOD
beet R e map%é%e £l %ﬂfi@% qlherPg)uei/%""e][%E;L bilig % g?gir%st YRy ide searches
and ahtpraosdmebltcagions (ProctiarkBedtallc Scidhdec2 Fa2861tIME: to the disease

(Con@ﬁQQAOZJZPOﬁQT(}%%OP] 5@93@7%%% éia?a% %% &?tdg‘t gl}‘ﬁu‘?‘\[ ;@5}&43 1994;

De Gouyon et al., Proc. Nat Scl.
Da"“wl@?éllraﬁj@%lﬁt 3 BrdeONaS: N S&iUs Alo NBOGBn04? Hedfizd 1Y drge ot

al., 1 FXpa Meds 1801553 1994, l@@@?a|§%§1§ﬁo&%@f@eg’@fgpgnlgﬁgﬁlw%%ﬂ@d for

et al., Nature 353:260, 1991) In humans, markers near the

an abpie i HHSEHR IR GFBRBTIREO e v e Bt i ladNaichiet WiRO2-6, 1998),
contamﬁigemesd@etk@xsaiogaw(ms %&é?&@&ﬂbh@@g@me wd&ma&h&@ BRSkvn in
the ar %es of %:grlﬁcge S EJ*: 1?Mldentlfl d at Iea hat contribute to
sease (goncanr‘?oﬂ et 4l RIBE A ShEE g8 0]["1 HiBi Bt

I Nature 371:161-4, 1994; Davies et al., Nature 371: 130 136 1994;
: ein L., 2 19 8 er J. Clin. Invest.
(005 02: 1%66%61%%%%{;%36%9%%0%%% Vit enlé\{e) fc%ﬁ iFn%?a‘é%cvr\%%l ré‘%&ﬁé’& pre than
TOUtiNEO BFPEHHGR PN rEYIBH VI A RIbEEmie 15423 [Condatimorscat. pNa‘t:dures
dcscr@@cﬂﬁér@% 292:8, eﬁ%%)eﬁ@%@'ﬂl%&g@ t@%‘@lﬁ@ PQ&Q@@ igﬁgst)cg[?@gf A Iaims

of these genes, as well as others known in the art, can be used as
that f?Hﬁﬂ%&?% ?6?‘?&@%“%‘?&’ a subject at risk for developing diabetes.
[0093]Those skilled in the art will recognize, or be able to ascertain, using
no more than 15 routine experime tatlon numerous equivalents to the
specific substances and .-"u eserbed herein. Such equivalents
are intended to be encompassed in the scope of the claims that follow the
ExanSXAMRIES, Relow. A ANPEES 20 Example 1: Supplement and volunteers
supplement was prepared by mixing together one gram of
{0094} itamfnsepalsgpanyasfryRreRsi dacidxBeOang ol opsteine, dOvirgraf C, 1.5 gram

of gluitRaflavin, 360 MoPtsuerivia el FOLMAAE, 100 mg of succinic acid, 100 mg of
fumaric acid, and 10 mg of niacin, and 250 mg of AQUAQI0P40 (100 mg of coenzyme

Q10). All ingredients of the supplement, except coenzyme Q10, were purchased from Sigma
Aldrich Japan (Tokyo, Japan). AQUAQI10P40 (Nissin Pharma, Tokyo Japan), which contains
40% by volume of coenzyme Q10, was used as coenzyme Q10. In the experiments for the
comparison of the effects of glutamic acid and glutamine, glutamine was used in the
supplement instead of glutamic acid in an analogous manner. The suppiement was taken by

the volunteers with 100 m! water 20 minutes before starting the oral glucose tolerance test.

[6095] Four volunteers, age 26 ~ 48 years old (average 38 years old), weight 45 — 75 kg

{average 62 kg), two female and two male participated in the experiments. All volunteers
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fumaric acid, and 10 mg of niacin, and 250 mg of AQUAQ10P40 (100 mg
of coenzyme 25 Q10). All ingredients of the supplement, except

10, were purchased from Sigma Aldrich Japan (Tokyo,
Wj(gg@%({?&% AQ10P40 (Nissin Pharmia, Tokyo Japan), which ‘cBftafi{g/063970

40% by volume of coenzyme Q10, was used as coenzyme Q10. In the

experiments for the comparison of the effects of glutamic acid and
wereqiapatee, iutkanthesdsiase dhin ctiekmopie e htinstetodglutamiadbias nor
liver ivafanRlegous manner. The supplement was taken by 30the volunteers

with 100 ml water 20 minutes before starting the oral glucose tolerance

test. WO 2008/071790PCT/EP2007/063970 21 were confirmed by blood
[0094est befateddeexpatimenisdahavesneitbardiaketes MAMSHY Wekams of D-

1uca%xsﬁlngc&og..£0096 St?,ﬂdard oral glucose tolerance test (OGTT) was.

BHCEformed using 75 grams SFT s IEE e aELsre Th Witmiesrnavhich were at
least ésperimethts Wereucond dfetedgnithdickuntestscicfueere Atdeast iofeMmeigucose

sofban; ) inggonditions and copseguently hungry, The
s O P O SRS st o

the vobistae s tBIdeHomarettikenivony the heblunteersnat tthesfokowiag: tinesco, 90 and
120 RAIS Qbelpra slarindte experiment 3946999 }?ﬁl 120 &%%ﬁ%%g&ate]y

drinking the D-%I{;Jcose solution. The blood was centrituged imm

after ppraptites arh iRy aakrBIsod B SemEsingHIn InescRR. iligatinnd kidncy
functléd), liver anddidaeyfancians anddat ilated axamination fACRrSHE € Tokyo,

) nalyzed by BML (Shibuya, Tokyo, Japan). Statistical analysis of the
Japar oA TISE EORAENGh B, A DRGSR e i oy dpfned as
the lesigmifis@ndf:aEachBaxperimeiniovas-conpddctesi on a giffeentsay.

15100971There was no significant difference between the different

volunteers in liver and kidney function, and also not with regard to the fat
[009Te | atethescarinatiovient Semindi ircreffécts efithbesdifflementiondalodd liver and
kidncgluGRsp AN dNsWindevels in.ihese tgecﬂ_t-gjcqé% r%@gems gre SROWILIN FIQ: difects

and 2, respectively (IRI: immunoreactive insulin). %1%1 GB LA SAGwn i
of thegpalefppmleibplesnesntndssbndarabdnbivsd QUESsehevisients are shown
in Figncrgaseaepyaderatenaiielameat apdirgiurned to normal levels

earlier in comparison to control volunteers not having consumed the

supplement. Thus, the supplement shields the human body from

[0098¢xcegsivhblanthgligoseenealsendiseruces thes relentiandimef ghisnselevels
. ' lood, In addition, these benefits were achieved with lower blood
mere e A R S R Tosgmmarison o
contrejuffidiercts sisdrgiogosasromdiiechiogdeaiter.a Teal. (Ratiepdtewit shiclds the

humaf@SHGEE RADELS ' ' | Insylin production and/or "
umdsecretion Wﬁ| fﬁ%?t%%ﬁ%ﬁ%ﬁ%%%%dsﬁg ngegé%%Flct%nﬁoggéngﬁpqg gé}wo‘sc n

the blegdy) JhueddigapidbarbwafitOGTR iR shudit bremd Rand 3oa0B9etsdFig. 2),
indicaidezsRackbierd iestQnesbread withradzukipagts and Quewith sWeshd afier

cream per volunteer were used. Total nutrition facts of two breads were:
meai'ca%ﬁ ’g.f;?‘é't%K LCGORHIC S Pt 6% g FasAr b Apb Bty HPatsodgtion and/or
secretgramilfive soadlk Breadsavererestembyi-eachyolunteer within 10 minutes,

and blood sampling was performed at the same time points as described

in Example 1. Statistical analysis of the results was conducted by 1:2 test,

Examplgd p@mrhelucose tolerance test (OGTT) and snack bread test
[6099] For the snack bread test, one bread with adzuki paste and one with sweet cream

per volunteer were used. Total nutrition facts of two breads were: calories: 780 Kcal, protein:
20 gram, fat: 18 gram, carbohydrate: 130 gram. Two snack breads were caten by cach
volunteer within 10 minutes, and blood sampling was performed at the same time points as

described in Example 1. Statistical analysis of the results was conducted by 7 test, and p<0.5
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WO 2008/071790PCT/EP2007/063970 22 was defined as the level of
significance. The effects of the supplement on blood glucose and insulin
' shack bread experiments are shown in Fig. 3 and 4
“Jr%\é%he%(lzkt(}\}tg@ (IRI: immunoreactive insylin). Consistent with the 8@?&07/%397{]
results in Example 1, the supplement provided the same advantageous
effects to the volunteers when consuming more complex 5food: Blood
was dnfipedasghanerilerbsistbiicarcblddy gffkctselihssarrareamdigpdrglisese and
insuttlaeeiand fessngulinwasnesded:forglucase sleatance,d01001Based, (k1

. _on the results of Examples | and 2, the fact that elevated blood glucose

IYEGRIECERE Kot @ TAISIER SIEBAEE PO s b WHER TSIy the supplement

proveupplemenindkasibelOetmpositions.dasasbedhereinidealfior thee complex
treatment of disease states associated with hyperglycemja. Example 3:

food: of;l%ép?a IS6h of St pspfé%eeﬁ%dggﬁ acll?]?f?%g Iiéyﬁﬁ?'f%é/rf%g‘ sg(éile' of Le-%%lﬁ‘fém?ﬁ% ghe blood,

and 1g@10%dTovexantitrel Winehes:it nledescany difference in effect on OGTT
glucose 15 degradation if L-glutamic acid or E-glutamine is used in the

supplement. L-glutaminc was used instead of L-glutamic acid in the
[010&ypp|Batehitom Ssmiesiste! BigsanitacosedahdiRI s mbaleortad ihltedsglucose

levelQhaMIRG Mbexperinentsasivel dRtalisticahrnalysls efdhe/ashitsM@ses the

conducted by t2 test, and p<0.5 was defined as the |level of significance.
compsariaH, REGhianstNofthY diedhs of SiFsEnfdnt EeMRIAIHG L A5tamMAe with
hype@®idemik- glutamine mixture on blood glucose and insulin levels is shown
in Fig. 5 and 6, respectively (1R_I: immunorcactive insulin; Glutamine mix:
supplement with glutamine but without glutamic acid; Glutamic acid mix:

e BlePoemanitie glltamicras nitho bt nine] trQ
ithout pri lemenp.\While the suppleme _
OO b0 Saal AT LS D TS e e T etucose
degragdedesivié breabsoiatecisovdl ghlsestnievelssdt protidednp Guieker debrenses was
used ?ﬁs@g@@ﬂ%&%ﬁﬂﬁc@éﬁ%t%@%ﬁl§H1|Hﬂt' MhibeRIoads EXampIa bl SRISRT was

.supplement on blood glucose in hungry condition. 101031T0 evaluate
mont F?é?h‘é%ﬁ%%@fﬂ@@ﬁﬁﬁéﬁf@ﬁ?@%ﬁ?‘ééﬁs‘@%-to“if&lBWﬁb%F@ﬁé%éhl%O@Iu“S was
condBBehypoghycamday<thesupplamantswas dakest yvialupteers in hungry
condition, but without anything additional to cat or drink. Blood glucose
and IRl were monitored at the same time points as for the blood sampling

[010%br thé. @@TTarison of the effects of supplement containing L-glutamic acid or L-

| @igﬁﬁymtocfy%

glutamine mixture on blood glucose and insulin levels is shown in Fig. 5 and 6, respectively
(IRI: immunorcactive mnsulin; Glutamine mix: supplement with glutamine but without
glutamic acid; Glutamic acid mix: supplement with glutamic acid but without glutamine;
Control: OGTT without prior administration of supplement). While the supplement including
glutamine instead of glutamic acid seemed not o be as effective on absolute blood glucose

levels, 1t provided a quicker decrease in blood glucose levels with less insulin in the blood.

Example 4: Effects of supplement on blood chucose in hunerv condition.

[0163] To evaluate whether or not the supplement can cause a too low blood glucose level
(hypoglycemia), the supplement was taken by volunteers in hungry condition, but without
anything additional to eat or drink. Blood glucose and IRI were monitored at the same time

points as for the blood sampling for the OGT'T.
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WO 2008/071790PCT/EP2007/063970 23 [01041Blood glucose levels
were stable throughout the experiments, and no side effects of too low
I @g se were detected. The blood insulin level was a§ &\%9{%6 970
Wgtg e’%ﬁ% not shown). This meangshat the supplement dogsllnc')t caus%
too low of a blood glucose level per se, and the blood glucose controlling
effects of the supplement are limited to excess levels 5 of blood glucose

[8104p 1y, Freckrsee st e 'supprentans Srotsirib e ssaqensstorpdiomadisgfects

of tod MATRL6@ IR Isshawpiadighé Jhisiappanent hatdhe1ploed ahucsae (data
levels were not affected, and no hypoglycemia was create

th
not Shaibterneh ERAE b WoR ISP WAL At cee ‘F%ﬂ&esaﬁ? Al e fevel

per sdhaug tetbined dhasrmeahatObestiplessif @xal glpkose talerande destoxcess levels

GTT) with Cvnomolgu nke g[plOS Cynomplgus mqnkeys :
o B e e BT S R sl o
hungyitieodtt mdmdnibtration 6fghé. slipplenmemrdekerithedbindExaimples IoTiyeecre not
affect@@,'_naﬂ!is RS YWl used. Qe %Qd{}?ﬁd mﬂ)ﬁ!ﬁ?&l? %ﬁ.@y@ebgg}ﬁmeer was

weight were dissolved in 10 ml water and administered via oral-gastric
hungiptipatidiiord Eikaiednefobeva sisashty ghiside solution (100 mg/kg
body weight) also via gastric intubation. Blood samples were collected at
0, 30, 60, 90, 120, 150, and 180 minutes after loading the glucose
Pl diebaucasetolerance et (G P Cyngmateusankiens 4 101061As
[61053howOyifokigleds innanimalsundvingrieceiveghibe supplementeblqabgiugdsetwo
srouf LSS Siated tg decraase duigkly bedinning il the 30, minute time, . 1
point and always maintained a fower level compared to animals that ha

Threcnatiresisived theusupplernent (“€omtrolt)ifOlL 0%l Staristivalténalysis ofdgst were
dissof &S Y‘@%@%%ﬁt%bé’d@iﬁﬁ%@dj%%%% & i?e&& ZnPS e gYEL Aefore

significance. A statistically significant di ([-test) was observed at

loadingeligrsepwiitaesd,! B0 mtdD dinies afiee anHistranshvithe Blordsemples
were SOIERQR at 0, 30, 60, 90, 120, 150, and 180 minutes after loading the glucose solution,

and glucose as well as insulin levels were determined.

[0106] As shown in Fig. 8, in animals having received the supplement, blood glucose
levels started to decrease gquickly beginning with the 30 minute time point and always
maintained a lower level compared to animals that had not received the supplement

(“contrel™).

[0107] Statistical analysis of the results was conducted by £ test, and p<0.5 was defined
as the level of significance. A statistically significant difference {r-test) was observed at the

time points 30, 60, and 90 minutes after administration of the glucose solution.

{0108} With regard to the plasma insulin levels, as shown in Fig. 9, the group of monkeys
having received the supplement showed a strong depression of blood insulin at 60 and 90
minutes after loading the glucose solution (data are plotted as relative insulin level (%)). This

difference was statistically significant as determined by #-test (level of significance: p<0.5).
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101081With regard to the plasma insulin levels, as shown in Fig. 9, the
group of monkeys having received the supplement showed a strong
v&?%ﬁ@%ﬁ)? ((})f blood insulin at 60 and 90 30minutes after loading the
glucose d6ftion (data are plotted as.relative insulin level (%¥)¢TE&2007/663970
difference was statistically significant as detelmined by t-test (level of
significance: p<0.5). WO 21108/071790PCT1EP20071063970 24
Exangsia ivdidlecteetbvanvisfoveltyinig Giteonin@atoncertratiomiothe supplement
816(0109 r [ leof vitanip C in, the supplement and |
ety o0 T e Nl e ot (AL EBAAY ALl T or
OUT)o Gl rewaieegnditebror vé egeaieriumerscdondestedas @GIcTed. The
expesiiiBriviiarnio LB ihsdiadnynisiereshsurpiament, tﬂﬁ’%ﬁnﬁu\é@gég'gﬁ{@'g&icm, albeit
with a&?et{_g}is/concentratlons. In a first round of experiments, the volunteers
rSEETURY RS IERTSRE Hietrined i EXSNTORY , HuCSOpHRIHENtEe Withimteers
receiadﬂiﬁﬂiersabﬁié}ﬁgaﬁf d&tﬂﬁﬁ?dﬁn(tma{r\ﬁtamj%@HW@&@&%&M' Qv%ﬂaé@ﬁﬁ;io&nal 4.0 g of
- [ same volunteers received the supplement described in
Lo 0 v\ e T LB, ST A e e the
supplygiapitdersr G dinbtembkforduptake witaD-giucase solttiomoBleadnt was taken

by th LQ IRT | : menitored 0, .30, 90, and 120
e s ke of 2 g PP ot Moa RaRr st and
IRT Igviels M srgqniiesp dedfe P (Corind | SETRuithibut ymidradmibisthation afiution,
and thUpRlRMEnt: Jupplement: O GJ Lawith PG Iistration, of ement; i
J .Supplement - \%lamin C; (%%TT with ﬁ%%%%ﬁ?ﬁ%ﬁ%%ﬁgﬁn n}%rpeuet prot
i O S SR SRS RSP TBsin LD A, e PPt prfoe aeiimisirendemen;
Supp(ﬁﬁmllpplreﬁiemﬁiwith: i me“asﬁfgthlﬁ‘ﬂgiaéﬂﬂﬁﬁﬁlsﬁ@ﬁéﬂn&ﬁlgté[ﬁ& '_?519‘1)%6 E‘nﬁpiem ent;
esult, re co red.with.data of Example I. Statistical analysis of the
Sunp T i 5 A0, B 50 8 VTR e obbhopcressed
vitaméfg Rifieermiee!. 1101 102 A showiilin RigikOvane tdmihecinerenseia amexmhple 1.
A AY;| in. 0 in.the supplement did. not h a
Stdt_lbgfgﬂaredn 1% ég%gé %g]t%tgsn%&blgéor%ctﬁzb uzce%g’ a ﬁlllgiﬁeérjd&o‘g%" d%\%f%%cgzs the level
of sighif13Ues rate with a reduced level of immunoreactive insulin at the same
time, Furthermore, the supplement without vitamin C did not have the
ronounced effect on glucose clearance from the blood as was observed
101305, th‘é‘%%]}i’b’f@ﬁ%’e%‘tgcéﬁﬁ}ﬂihb {iatPiFeee Hotsvar, efvermito dtvnaniinto 5.0g
in théCsuthesugrplerdent: siill sediicepiend emand 10phiRMUBALRACIVRIRTUIN gher
bloo dlnﬂ%hcggbcl%)g Jn.res _eonﬁagor? mgfg& |p_blood glgcosel compared to _the '
contro AGHBE YR LB TTe 0 AN LUBERSHEh ESHBR 8 Hlncaws time.

trol vofun eers who
Furthgimegkendes [04p1iTtoseigiiliedvimnthie ait will recagRizenhorgaenaiedd offect on

giuco?eSE%%%euﬁB}g 12 B85 E@%as observed for the supplement containing vitamin C.

However, even without vitamin C, the supplement still reduced the demand for

mmunoreactive insulin in the blood in response to an increase in blood glucose, compared to

the control volunteers who had not received any supplement prior to glicose challenge.

[0111] Those skilled in the art will recognize, or be able to ascertain, using no more than
routine experimentation, numerous equivalents to the specific compositions and procedures
described herein. Such equivalents are considered to be within the scope of this invention,

and are covered by the following claims.
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routine experimentation, numerous equivalents to the specific
compositions and procedures 30desgyibed herein. Such equivalents are
considered to be within the scope of this invention, and are covered by the
following claims. 25 Claims What is claimed is: 51.A composition
comprising: (a)one or more of glutamic acid, glutamine, a prodrug thereof,
or a salt thereof; (b)one or more of ey%%@e & prodrug thereof, or a salt
thereof; (c)one or more of riboflavin, a‘pro&!ug thereof, or a salt thereof;
Id)one or more of succinic acid, a prodrug thereof, or a salt thereof;
Wg%ﬁgr{%%r%:of fumaric acid, a prodrug thereof, or a salt thereof; (f)
one or more of niacin, a prodrug thereof, or salt thereof: (g) one or more of
1. chenzymel@10;@Eprodngg thereof, or a salt thereof; and optionally (h) one

e R L TP
(b} whergimire cbmptsition porsisgsioiréa, tpe)|idreef. (f), (), and

(c) O(Hltézo&alll%l(mif riboflavin, a prodrug thereof, or a salt thereof;

{(d) one or more of succinic acid, a prodrug thereof, or a salt thereof;

(e) onie or more of fumaric acid, a prodrug thereot, or a salt thereof;

(H one or more of niacin, a prodrug thereof, or salt thereof;

() one or more of coenzyme Q10, a prodrug thereof. or a salt thereof: and

optionally (h) one or more of vitamin C. a prodrug thereof, or a salt thereof, wherein the

composition does not comprise glucose.

2. The composition of claim 1, wherein the composition consists of (a), (b), (¢), (d), (&),

(), (¢), and optionally (h).

-

3. The composition according to anyone of ¢laims 1 or 2, wherein the composition does
not comprise (h).
4. The composition according to anyone of claims 1 to 3, wherein the composition
comprises {(a) to {g) and optionally (h), and wherein:
(a) comprises about 0.1 g to about 10 g of gluamic acid, of glutamine, or of a
combination of glutamic acid and glutamine;
(b) comprises about 0.1 g to about 10 g of ¢cysteine:
(c) comprises about 0.01 g to about 1 g of riboflavin;
{d) comprises about 0.01 g to about 1 g of succinic acid;
(e) comprises about 0.01 g to about 1 g of fumaric acid:
(f) comprises about 1 mg to about 30 mg of niacin;
{g) comprises about 0.01 g to about 1 g of coenzyme Q10; and

(h) comprises about 0.1 g to about 10 g of vitamin C.
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203.The composition according to anyone of claims 1 or _ wherein the
composition does not comprise (h).# The composition according to
anyone of claims 1 to 3, wherein the composition comprises (a) to (g) and
optionally (h), and wherein: 25(a) comprises about 0.1 g to about 10 2 of

5. Jibtaninaeitionghetamsiieg dp ofty eombingltén of glatdmigerinaiy composition

consist%%%ﬁgeggg%l t&gﬂ@ﬁ%&f@%& Lgde@bout 10 g of cysteine; (c)

bout 0.01 g to about 1 g of riboflavin; (d) comprises about
0.0 gaonabties oot Sutcinie abritatley ednaprisascapRidt 0l0E g EBoy of @

1 g.9f fumaris, agidi (. cemprisssahout 4 0g to about 30 mg of niacin; (g)

comprises about 0.01 g to about I g of coenzyme Q10; and (h) comprises
dboae0rrigetorhbeut 1 goof itdrhthe® 26%BMAe composition according to

%@%{9&%@@3&[@3& §hHherein the cpmpasition consists of () to (g) and
optionally (hi, and wherein: (a) comprises about (5._1 g to about 10 g of
dHlitamipzistd AbPglitaming, drof d ecrhbisatbh #hdlutamic acid and
qlutamine(:60mrrises abaut Q-1 9 4p @houtdQ giof eysteine;

(f) comprises about 1 mg to about 30 mg of niacin;

(g) comprises about 0.01 g to about | g of coenzyme Q10; and

(h) comprises about 0.1 g to about 10 g of vitamin C.

0. The composition according to anyone of claims 1 to 5, wherein (a) comprises about

1.5 g of glutamic acid, of glutamine, or of a combination of glutamic acid and glutamine.

The composition according to anyone of claims 1 to 6, wherein (b) comprises about

7.
0.5 g of cysteine.

8. The composition according to anyone of claims 1 to 7, wherein (¢} comprises about
0.04 g of ribofiavin.
9. The composition according to anyone of claims 1 to 8, wherein (d) comprises about

0.1 g of succinic acid.

10. The composition according to anyone of claims I te 9, wherein (e) comprises about

0.1 g of fumaric acid.

1. The composition according to anyone of claims 1 to 10, wherein (f) comprises about

0.01 g of niacin.

12. The composition according to anyone of claims 1 to 11, wherein (g} comprises about

0.25 g of coenzyme Q10.
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(c) comprises about 0.01 u to about 1 El of riboflavin; (d) comprises about
0.01 g to about 1 g of succinic acid;xg) comprises about 0.01 g to about 1
g of fumaric acid; (1) comprises about 1 mu to about 30 mg of niacin;
10(g) comprises about 0.01 g to about 1 g of coenzyme Q10; and (h)
13. Gomprsessibout0chyitedbomyvoucsioliamih ©. B THEEsmpbsrBpprises about
| Oﬁgccoirrtlj@g to anyone of claims 1 to 5, wherein (a) comprises about 1.5 u.
8 o?é%utarhic acid, of ulutamine, or of a combination of glutamic acid and
glutamine. 15 7. The composition according to anyone of claims 1 to 6
rein (b) compr 0 ine: e i sition is in
1 e et () oy 0305
tablet fgrof. iboflaviforg, Fhedsomipositb@sededing to anyone of claims 1 to 8.
wherein (d) comprises about 0.1 g of succinic acid. 2510The composition
according to anyone of claims to 9. wherein (e) comprises about 0.1 g of
15, fanfarid soilemeToeompositibh ereorsifgResismEdPclrAE Yo dems 1 ©
14, wherein (O comprises about 0.01 g of niacin. 30 27

16. A pharmaceutical composition comprising the composition according to anyone of

claims 1 1o 14,
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13. The composition according to anyone of claims 1 to 12, wherein (h)
comprises about 1 g of vitamin C. 14. The composition according to
anyone of claims 1 to 13, wherein the composition is in 5Stablet form,
capsule form, powder Conn, or liquid form. 15. A food supplement i
17.  EomprsingihecesmpbsfisnasstiHa s dnifond Bricismis Ruan 26 1gtRmary
mediciRharmaceutical composition comprising the composition according to
anyone of claims Ito 14. 15 20 25 30 28 17. Composition according to
anyone of claims 1 to 14 for use in human and veterinary medicine. 18.

18, Yse gfdhe compasitien accarding o amwne pfiglaims 1400k 4ufortheifacture of a

manufacture of a 5 pharmaceutical for the treatment or prevention of
pharmangperglyeeiia BPRITIPERSPERTAMLTEIAlety BrEeRss8iaBY parabiap ia-related
discase | YRR, dAPGIES Melitis, J ypa:ddediahgtesmelitius; stewideiabeieBitus, steroid

gestational diabetes, secondary diabetes. Morbus Basedow, acromegall}/, |
diabc—:team@tﬁ@m&&ﬁa@ﬁeﬁyﬁqgﬁﬁ%ﬁl@qeﬁqé Mpes E%Sﬁa?m acromegaly, acute heart

attack, Hﬂ%%%@@ﬁcbﬂofﬂ@’ phalationAnagsthesizceheskosarbamananoxidesesthesia,
poisoning, meningitis, a craniocerebral injury, a brain tumaqr, 10idiopathic )
shock. englyBenitaldin et Rastinegipetihiat (FL2BI SHAIGH inipdited g RigBsd ™"
idiopatiPlerepSe iRz 18 1Ase @ecarding Jecalaim L8 whersindired glucose tolerance
pharmacedutical is formulated for administration in combination with insulin.
(IGT). 1520 75 :30

19.  Use according to claim 18 wherein the pharmaceutical is formulated for

administration in combination with insulin.



79 20.Use of the composition according to anyone of claims 1 to 14 for the
manufacture of a pharmaceutical fopghe prevention or delay of the onset
of symptoms of diabetes in a subject at risk of developing diabetes.
521.Use of the composition according to anyone of claims 1 to 1.4 for the

20 tamofabrureropespivratacelinedpronthecsieviition &t HRIRY BriRBpgeture of a
pharm a%}%%{eg}gstﬁmﬁa pr%@g%ﬁ i&@iélélpj getidentified to\he i sk plidexaloring subject

at risk of developing diabetes.

21.  Use of the composition according to anyone of claims 1 to 14 for the manufacture of a
pharmaceutical for the prevention or delay of the onset of symptoms of diabetes in a subject

identified to be at risk of developing diabetes.



