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b) The observation that only 25-30% of obese (insulin resistant) people will develop
DM2. The remaining individuals maintain compensated (hyperinsulinemic)
insulin resistance and do not develop DM2. Thus, two lesions are required for the

development of DM2 (insulin resistance and pancreatic insufficiency).
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Wiyeth et al, see references infra) shown in Fig. 1. The central concept is that a hyperbolic
relationship exists between tissue insulin resistaﬁce and pancreatic insulin secretion. As
insulin sensitivity (ISI) falls, AIRG should rise, so that the product of ISI x AIRG (termed the
disposition index or DI) should remain constant (Fig. 1, black line). DI therefore represents a
calculated measure of the adequacy of pancreatic compensation to insulin resistance, or an
indirect measure of beta-cell sufficiency in the face of insulin resistance. Accordingly,
individuals who fail to maintain constancy of DI as ISI falls (gray line in Fig. 1) —i.e., do not
fall on the expected hyperbolic curve of ISI vs. AIRG (black line in Fig. 1) — are considered

to be showing evidence of pancreatic beta-cell insufficiency.
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[009] It should be apparent that the absence of a simple, practically usable test for
identifying individuals who are both insulin resistant and who are exhibiting insufficient
pancreatic beta-cell response — and are therefore highly susceptible to developing diabetes or
to worsening of existing diabetes — is a major limitation in the field of diabetes. The present
emergence in diabetic therapeutic research of agents that may increase pancreatic beta-cell
proliferation and function makes the absence of an outcome metric for beta-cell adaptive

function particularly critical.
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hyperinsulinemic glucose clamp) in normal and obese humans (Figure 12). Thus,
the H,0/INS AUC measurement was validated as a very accurate measure of

tissue insulin sensitivity or resistance.

d) animal models of insulin resistance that demonstrated low corrected deuterated
water production (*H,0/INS AUC) but normal or near-normal absolute deuterated
water production, were strains that have low susceptibility to DM2 (Zucker fat
non-diabetic rat and certain high-fat fed mouse strains). In contrast, animal
models exhibiting both low 2H,O/INS AUC and low absolute deuterated water

production were strains on the pathway to, or already in, the state of DM2 (
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[012] n angﬁler aspect, ﬂerein is described a meth%.% f01$ de):terrr)llining pancreatic -cell

sufficiency and insulin sensitivity having the steps of: a) determining the total amount of
isotope-labeled water in the subject as described; b) measuring the amount of insulin in the
biological sample(s) obtained to determine the total exposure of tissues of the subject to
insulin or to determine the insulin production level for the subject; and c) dividing the total
amount of isotope-labeled water in the subject by the total exposure of tissues of the subject

to insulin or by the insulin production level for the subject to determine insulin resistance in

the subject.
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change M)the treo timgristong o6 DM @a‘uhegemesm can also be monitored (Figure 4)

Progression to DM2, progression with existing DM2, response to therapies and other time-

dependent changes are monitored in this manner.

[019] In still yet another aspect, animal models of diabetes, obesity, or related
conditions are characterized by use of the methods for determining pancreatic $-cell

sufficiency and insulin sensitivity, as described herein.

[020] In another aspect, the additional step of plotting one or more or animals within a
graph representing the two dimensions of DM pathogenesis (i.e., insulin sensitivity and

sufficiency of pancreatic beta-cell response) is performed. The quadrant within which the
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are noni tOWEFfDEQCRIFWDF TI9E R AWINEls anot her
aspect, human or animal subjects are nonitored before

and after treatnment with a candidate agent in order to
[023]  evHjeuss billuswateppne aspedsfof pme@éhmr@a@@@g@hctes patlabgmesm

Two fa&gllst i{nsﬁﬁn %ﬁé’iﬁ(/iz)z glgg anﬁriﬁs%thn 01@{18 rcgl‘? sg t}be %osal oef

I
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n reflectin ut|I|zt|o of
the pangsBGORda-pilisgofl SRR waisisable o Bbarofing wrcdss s b
line). This product is referred to as the disposition
[024] Figure 2 illustrates the two dimensions of diabetes pathogenesis. The horizontal

axis represents insulin sensitivity, and the vertical axis represents pancreatic beta cell
sufficiency. Different quadrants of the chart represent different physiologic states, all of

which are identifiable by use of the modified glucose disposal test.

[025] Figure 3 illustrates the natural history of DM2 on the two dimensional
pathogenesis chart. Progress from healthy to DM2, as is common in the adult population, is

shown.
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(arrow ? ust}r’at es sor?gg%g? %el%?c a%%é‘apc%s[sﬂ?e %hlll:dL%gngl qﬁer'f‘é?

ﬂhmﬂﬁm@hmﬁorlng of a hypothetical insulin resistant human
subject over the course of one year. Dependlng on t he
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three are illustrated here. [030] Figure 8 illustrates

031] the y

[031] panlcg'rhge;%l Ihgl%’?rg%sé ﬂlg?gsﬁﬂ% g?%,llé g)ta%en% g{rzlvgtﬁ érrlswlh?%%s? nt 3 a%h f(%dlet

fed ratsthat mecgivedredthen no tseatrséntior inegtnegenithas instip aénasalzteﬁ (rafiglitazone)

sul i.n sen i n alpwe depi cted as an

1llustrat8€g§ g drugeya ng‘aﬁ WS&H‘&?&#’ 3Py &S (03 1] Figure 9
illustrates the results of an experinent with insulin

[032] r eBigateall ilfus@hted @b tthIEH, 085 odi@kidn i éﬁffe?e%@ st B0 EihicBS¥hen fed

no treatnent or treatnent with an insulin sensitizer
either a cppplligtios advigh fof (acuistinaliagesistancedndiying) alieiaSpome natels of

chronic4Y lﬁcﬁfg-t@hﬁ Behulif rés?stta{n)ée 'Z(?t}/g’b mice) do not show reduced glucose utilization
(absolute *H,0 production), even though they are known to be insulin resistant. B6 and AK

= two different strains of mice. HF = high fat diet. C = control diet. Ob/- = lean littermates
of ob/ob mice. Even in B6 and AK mice, the reduction in 2H20 production is slight,

indicating a nearly adequate pancreatic compensation to induced insulin resistance.

[033] Figure 11 illustrates the total 2H,0 production for the same experimental groups
shown in Figure 10, but divided by the insulin AUC. Severe insulin resistance is now

apparent for all animal models.
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[033] Fl gure 11 |Ilustrates the total 2HZO productlon

same experimental groups shown in, Figure 10,
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treatment with or \gthout rosigli t(?zone (insulin
resets thegigapieps iorsporefqangifapicpiel v ppioxed pysplan prngidiyey thsw maintains

[ ne treat ment.
the SMF%%&?S%‘?SE?EW‘? FREE P SRR e AL “(nsul in
sensitivit rats fed a HF (high fat) or LF (low
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13, this result suggests that HF di et resets the
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[038] | nE{ﬂurenl(s%wr%tPﬁquP PIREVCHOR; IR IHeied Qﬁ%fa@ qrcle}%(éow fat)
[ i ons.
Tollowelip 1 B0 ectighe Pl o kol R B APERIA 850 i )
of rats fed a HF (high fat) or LF (low fat) diet for 4
weeks fol |l owed byDETMbEE LIHESGRIPATGRINt with or wi thout
rosiglitazone. Insulin concentrations in rats

IntroduE IEO%EI ving rosiglitazone treatnent decreased. [038]

re 16 illustrates 2H20O production in mce fed a HF
(high fat) or LF (low fat)
[039] Methods for determining concurrently the state of two dimensions of DM

pathogenesis in a subject — insulin sensitivity/resistance and/or adequacy/inadequacy of

pancreatic beta-cell response are described herein.

[040] In one aspect, the methods disclosed herein represent a reliable measure of tissue
insulin resistance in a subject (isotope-labeled metabolite production/INS AUC) concurrently

with a reliable measure of the adequacy of pancreatic beta-cell response (absolute isotope-

labeled metabolite production).



followed by a 4 week treatnent with or without insulin
sensitizing agents. DETAI LED DESCRI PTI ON I ntroducti on

wQ 0813984 hods for determ ning concurrently thRCHUS1086/022915
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[041] 5 deqnathyy amaeteigaestheds disslesed hewein llsélteaeré a|Telighle pepsiee of
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GeneralGS! currently with a reliable nmeasure of the adequacy
—————ﬁgigg%%¥eatlc beta-cel | response (absol ute
I sot opel abel ed netabolite productlon) [041] In anot her

[042] aS’Dl@é?lbractid&Q)f s hresimt eeBitddosell e ?Io@fl GnlESUtRS®Me ifdicated,
reliable neasure of tissue insulin resistance in an

conventignghierhrigies|of gRlckhatomse ﬁ@dmr@nﬁlﬂwcaohctlﬁn@trvmgamp ghemistry,
analyucgpél%ﬁﬁﬁ fﬁoﬁ&%la?@?ﬁb’?yﬁénﬁﬁ?ﬁg 1%]% dafit ner aﬂ\?et%gclwﬁlroblology,

esponsé’in an exper ues
cell blo[o@y,Zjloéﬁammryamtdl mrmmfoldi gyewhrchsa&nwlthmtthe slaillwif lthe am'pﬂm,h

et A S 2 S PO ST S50 485l

ManualC&85aBEdiNon @abYSdICaIal.C myf)]%[d’ Spr[Hkl I?%blapregé - @1 Mucleotide
i ncl udi ng reconbi nant tec ues), m crobiology, cell

Synthestsi L. dofyait, Isilo d R&hi Merﬂyodan@qu}umm B@@ygy,\ﬂummwresmﬁtlm n
k l,] ar
biotoes} (T Perton o PEuTE, cdah o8) ARt Pr b BTRGe1

Culturel(RtIOFlaklﬁfey, dR9RY); Iaecdrtdor i Cd:lDﬁhc( ‘Besdyrogturet J. 2l Mather and
89) Cbl Spring Har bor Press %%@ucleotlde
P.E. ROQWR K& L lenpm Prsgs:t Celbgnd TisgpAyu t%t Qeatory Pypgedures 40

Doyle ot}ggf}{t ] ?gﬁ?] ﬁ:'eﬁléﬁ dseh b93nggo'Wileg geé'nggl(?%ralglggl%ds in
Enzymdlngy‘rﬁﬁtcad'eihic Roasst Litce); Hlamdiboo_lzroéﬂxpwnemaﬂ I @&T)gy (D.M. Weir
and €., AT ) Eoe el Vet adleg o NG
M.P. CQeLJ; fea§ e198t7§\ k@t[r?én@ Pyoté’édwﬁmbr%éumfsm%%rl (g MJAﬁsubd ot a}l/ eds.,

fiths, wel |,
1987); BGE §din§01ywmraﬁ@d§1aumRE¢cZIpn:(M§ys ¢tadacdm 1(99|4>) e&sxent Protocols

in g 0 T CRRRRL . BHETIOTE SR pRORAIE Pl byl covitey

and Sori‘ébﬂ?ﬂﬂ)i i MedslisotogorMr didttib@fonaimelybls Bt eighi ji@rs mretlcal
); Current Protocols in Ml ecular Biol

analytlg@gll%gprlrggnt% considgrations) gty Herpiei angiNeepp( Pdg’élob?{éﬁ n
(Endoc@?(g?\g%tgﬁ.'sw M‘f hhé g %2,6“999). %@dmml]aﬁ?flt)rw nfetid& Msclosed in US
Patent Application Publication 2004/0115131 A1, naming Marc Hellerstein as the inventor,
may also find use in the methods described herein. Furthermore, procedures employing
commercially available assay kits and reagents will typically be used according to
manufacturer-defined protocols unless otherwise noted. These references are hereby

incorporated by reference, in their entirety.
Definitions
[043] Unless otherwise defined, all terms of art, notations and other scientific

terminology used herein are intended to have the meanings commonly understood by those of
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in Immunology (J.E. Coligan et al., eds., 1991); Short
Protocols in Ml ecular Biology (WIley and Sons, 1999);

wW@nah6NBES39 | sot oponer distribution anal ysis at BPCTNB2006/022915
years: theoretical analytic and experi nent al
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employf, BYhe femertsbmeivgolay Byhoses Hisgimthe arpguches fos peample,
Mass 1sbﬁ> bier ﬂls@iﬁh’uéﬁﬁﬁalyﬁa{t'eﬁﬂt‘y s th&%%cap%ﬁgﬁﬁ L& g)‘iﬂ%‘ri?ﬁental

ined, all terns of otations &
COHSldegaéxoéﬁ by HelenstsimandoNeasy (HsebiPlysiod DA6 e&mocnmmzieuabtm) E1146-

ani ngs_co n nder st oo t hose of skill
E1162, 880, DR ek R ke RS b oBlian omy fvalabl kit
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meani ngs are defined herein for clarity and/or

and/or pazampgters anlesepBBIWishEdtethe i ncl usi on of such definitions
herei n shoul d not necessarily be construed to

[044] T eﬂ(/l%&%ﬂltar Bus Bhsy qg‘[‘gfsﬁh tﬁ@rﬁﬁﬁ@ﬁ%ﬁ?@&te ﬁ@@n’tl&egl ang/or

general l'y understo
breakd%ﬂb@‘@deﬂﬂ@demﬁmnlab&li tissue, afreir ganisad ‘I‘Mblemlﬂalaﬂ@x rates” also refers
oned usi n

en eral unde toodadcomm g
to 2 mofEE bt 188 o iSO ROGY B Of GELPLSIEe 4mat e Sppsymmous
with thesfléw i@8 and 0tit PsaidHoR] oMAS RISt Opomer di stribution

anal ysis at eight years: theoretical, analytic and

experimental considerations by Hellerstein and Neese
[045]  ( amMetaholis ipathway brefes doary hdicdwptiesof t80)or Blord li®chdhical stepS

. ) I

ina it o BSCRREABLALS, BB BHL A5 b B DA AR i

or physgekmfdrmanm of zerdlotmtlleldir nacl ecul ba M&abilichatiityk afd dBfRed by
araneters unl ess ot herw se

def i d/
the dlreﬁtb I n%dflcgmﬁ PIS% 2 thranely e piochaical siapdha) comprisethe pathway.
MolecuR¥ Rathie mfe{agl'ﬂl@ﬁatﬁ@'ﬁﬁ é%lfn b%mtahﬁ Eioﬁhéﬂlqglocrlaﬁ reﬁgk Hﬂ%%ll?g but not

nmol ecul es within a cel tiss or org
limited toVgiids @reteing, amine atids' bad:iohy)dna‘eﬁ enmleﬁmacadsgrpbl@nuéleotmes

porms b A R BB RS S5,

ions, etsai d pool of nolecules. [045] "Metabolic pathway"
refers to any |inked series of two or nore biochem ca
living s ten1 e., A biochenica

ste
[0461 oy ogées*? te Shaqueha incabliF padmvethicsws faihg eneRmedscular
transfor®RAbhSthrough a defined metabolic pathway. The unit of flux rates through

pathways is chemical mass per time (e.g., moles per minute, grams per hour). Flux rate
through a pathway optimally refers to the transformation rate from a clearly defined
biochemical starting point to a clearly defined biochemical end-point, including all the stages

in between in the defined metabolic pathway of interest.

[047] “Isotopes™ refer to atoms with the same number of protons and hence of the same

element but with different numbers of neutrons (e.g., 'H vs. ?H or D).
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aflatoxin), pi theolughathe o@(@]amg)pnepd:s's Csuag aphetefdcyélic arhines @ gagefhio-3-
CO. fer VOr. e, aronm, and col or)

methylliipidazgl st ointeiiony it ot pro b asckaging
materialNinlg MRS A% 2 PE&B gRB! st&llage | ankf %an(ﬁﬂ{%gi%ﬁ{/ﬁ’l@g.s

errul sifiers, dispersan s, fumi gants umect ant s,
i Zi ng and reduci ng agents, propellants, .
[050] sed&é‘éﬂ"ﬁ rehemicaB| ielndes, butis peldimiied fonyolaglemrsanic compounds,

seml-vo?ﬁ!{l% ?@ﬁ%{c ggh@ﬁh&% @198{&53 solv¥iE, rtﬁfn%%rss meee%t Irri:etﬂlec tompounds,

rgani c
metals, organometals, meta1101ds substituted and non-substituted aliphatic and acyclic

hydrocarbons such as hexane, substituted and non-substituted aromatic hydrocarbons such as
benzene and styrene, halogenated hydrocarbons such as vinyl chloride, aminoderivatives and
nitroderivatives such as nitrobenzene, glycols and derivatives such as propylene glycol,
ketones such as cyclohexanone, aldehydes such as furfural, amides and anhydrides such as
acrylamide, phenols, cyanides and nitriles, isocyanates, and pesticides, herbicides,

rodenticides, and fungicides.
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ot SRR UL B8 SRS MR e

farmlandsti Aedesd haatiny Gsvotinéitalrooderinat? ﬁ%@n@rwfmswh
nltrof)%ﬂ@ene gl ycol s and derivatives such as

“enviro Ptycol , ketones such as cycl ohexanone,
al dehydes such as furfural, am des and anhydri des such

[052] as<Bedcy hasd %fer%ﬁﬁ%’s %alc&lﬁéﬁ'bﬁ%ﬁnﬁ&ﬁﬂ%e eteﬁéal:tgﬁasses of all the

i socyanates, and pesticides erbi ci
isotopesimdthé fergiudd @Il”e«'sr.npwsulx](e 8 EAY. 04 & hfen CAI3NIED).ut ant "
i ncludes any chem cal not found in nature or chem cal s

053 81 DTS B BBl B R RRRLE S o

amoleduteund i n accessi bI e nedia in nature). So for exanpl e,
envi ronmental pollutants can include any of the

no atural chemcals identified as an occupational or
[054] {"n 38 FSiOPERER ks fyefftmﬁxseﬁﬁoﬁowcezswaﬁrs&eémppmn g basis

of nomiinlﬂgﬁﬂi%srrh@l'er ﬁﬁhtléoﬂﬁ)at S Ritiod. Pefss §8ﬁag?1|n y com I‘ISC

E@ ground Al't y, environnment ut an
moleculeg gl xffvmntswwrac aemapoésjtians cunlikie ag 1snlnnmnlmgjes{e gy Qﬂghﬁ{D

R R I e A TR

In operiohaligtmé, la0fhdshgotEponit ida Rinilyesrd@dogiasles ‘f‘l?at 'afé not resolved by
aut onobi | es). Environnental pollutants nmay be froma

a mass WHPH@@M Eer quadripale raass spectioynetars itbis tykallyrmeans that mass
isotopog{égslda} lﬂr?%heg bﬂféb@})@l‘ﬁ?&é@%&q %héug taqlo th f aCaess o@ﬁu %het iﬁ%topologues

CH3NPE )ahd CH;NHD diffaris nbmambigggsé}ang,:agﬁﬁzﬁgmﬂiéd@y beibf Qifferent mass
1sotopomers %ut tﬁé r1]s%ltjosptolcgg?lzz]s(;j C 3NHch %tsztN}(I:g? tC?ig,IrlI}}z, gr{do(rInHByI%ﬁz are all
of the same nominal mass and hence are the same mass isotopomers. Each mass isotopomer
is therefore typically composed of more than one isotopologue and has more than one exact
mass. The distinction between isotopologues and mass isotopomers is useful in practice
because all individual isotopologues are not resolved using quadrupole mass spectrometers

and may not be resolved even using mass spectrometers that produce higher mass resolution,
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traveling along city streets, or pesticides deposited

in soil fromairborne dust originating in farn ands.
w@\006a8887her ei n, "environmental contam nant™ iBCT/US2006/022915

synonynous mﬁth “environmental pollutant." [052]

"Eg@gx ng refers to é% calculated bz summ_ng t he
so that Galeylatiopg emgmess SReqiromririG dale BiyEkbs Rertonmef op it %buaflar@es of
mass isdtBpdidth Btk tHan 15%8&6% T8E nfsSN6Rbome? g@t est M

mass” refers to th ger mass obtal ned by roun |ng
represerttérbassh@rfor mest oxgania malbeies| this i Mpeb%smtammgcqmb r'H, 0,

to.f t h

N, et PR SR b BTt P ARG RebrelSed RS o,

M2, etcg.o m@p@ ?ffvbﬁ’ has@istRpSmeS OBOMRM dirwsﬁemaf isoRpePlvasi (RS
erent 1 sot oprc co ositi ons, unl i ke an

moleculﬁss)wﬁnmﬁ%ar(demgy vargHRNHDOSHigTHAsGponGHS " SRRt disinguished).
part of the same mass isotoponer but are different
is

[055] ! s?%{g%g@%@ﬁr dr en#r@l n_??exre?eﬁ‘é Ii%gg% sé%g %gaasé %o{gﬁﬁﬁlers comﬁ)rltsmg the

family asesddtededithgach nmameu]smemfmmmm mohitbreduadr upol e mass
spect roneters, this typicall y rreans t hat mass

056] o ABRTRER AL AL LER 8 SOt ROl LSS DAL, SPRLS
lsotopoﬁbi%lwﬂ@ gb16dues. Tﬁdﬁmmﬁlth@m@r@iaqn@eﬁtea Ia§bexeglwréllaﬁ¢e as
bei Svg di fferent mass isotoponers, but

abundancgs hpis blgrfdbe angripmes @_fqzmmhzeﬂgo:mle@thean@st abimdasiNpass
isotopm%{ne tl?e! Ilno& b{llll1 nf' %%ng&%ﬂ%hldgéé 16@% o Igglg ?efa rrgd %orm for

apphcaﬁd’iﬁ ﬁﬁ\f(ﬁﬁlﬁg bytﬂjabﬂitjl ynalymm esshchs@hassioeo ol dislﬂt@outlon analy81s
t opol ogue and ha re han one exact nmss.

0
(MIDAB%QYVFY@ P oRoREtOR B TIS0RE Bifies vabrde FPésf§a°|t1§Btﬂ@§aéfi‘P@rS§e°1eS
[ a Ll
contibE Rt L DuRLAe! ‘ﬁ%‘?eﬁ@""%‘@ﬁa QR PG Floy e veed
synonyspesly mithehetesmamthssissptopotmebeatees’ol ved even usi ng nmass
spectroneters that produce hi gher mass resol ution, so
th cal cul ations f.rom pas ectr tri.c atarru
1057) o YRRSHORR PRE A s TE exed Poavm e ab EepfrePeciisth
containg Hl&if’Hl ‘301 BNoI°og s etc TIFer RBGHolos@IsQRHPRE GVESY, NJO nfa%s F,
IS repr, esent ed as MO for nost organic_ nol ecul es, th| S

CL, Br, aug &, e isqiepic egmpesitian af thy isetqpoiopee withghg fryvest #mss ispsique and
unamblguﬂﬁrbegaﬁé tHeSRORRBIE [anit ﬁﬁ}‘épgé (fftth%}g Lél._em%gs Qg a SH %J 10%5,[

erences from
mass. Tlmhomnsmasplc hiaes ismbbtelvmted@rs np®and the masfesi cﬁ” @tm @&ss

t hi fied d may var
1sotopogersealrg i faigf {J}E)ﬁag%remésg ﬁ%,%e?rl)g]:,rgo ,(Ttg:l] m2, gtc) Y
dlstanU|shed)
[058] By "derivatize", "derivatizing", "derivatization", "hydrolysis and derivatization", in

the context of the current methods, is meant the process of preparing samples for GC/MS
analysis. This preparation can be performed on isolated biomolecules, cells, complex
samples, or other samples or molecules and the specific process varies depending on the
pathway being analyzed. Such preparation involves multiple procedures, each with many
steps, and usually ends with a "derivatization" procedure. As such, the extended process of
sample preparation may occasionally be referred to by these terms, as it is the final

procedure. In context, the term may also refer only to this final procedure.
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[ 055] "Mass isotoponmer envel ope" refers to the set of
mass i sotoponers conprising the famly associated with

w@awh/1887ecul e or ion fragnent nonitored. [ 056PCT/NBR86/022915
i sotoponer pattern” refers to a hi stogram of the

abu nce oft , to armle ul e.
1059) 3P S RORRERRY PorBRe i ke PBRTTa8 sfkmeht Romptaciihat resulis
from the ekplﬁdm/mc@’pulradaﬂ 6£5n ¥BRER: @ holeduld %h%bﬁﬁﬂﬁﬁ‘tﬁﬁﬁof%cﬁopes that
normal i zed to that of the npbst abundant nmss

differs frepy thp difistbution thatissnogtisomaanty fosnd apuatere, whetbai ainatarablg less
abundaljrpiggfggér F%r&%ﬁg iflekEdls f(éhrrfph Hlor P Heﬁcqa(tgsfl %S#Tgvm ving

pro anal’ ysSi's, such™”as nass
di stribution anal ysis (M DA), however, is proportion

[060] o r Byr“actl¢aiteadf interastian aeantdigrmoletide fﬁo&ﬁhemdidiraﬁorﬁﬁfe?)
cl es,.contri butes t th bundance i s, used.

1nclud1 uttt]é) Hpntlegi%l, awopadctl S FH o@&{;ats%?weqflgsy ﬁ@ﬁmbﬁgg@rs lipids,
nuclelc\&cidb ﬁdﬁﬁ&%ﬂﬂes’@@%éa&ﬁﬁ@%E R Jelides, %a}%%?eh]}s th%t are present

"Mbnoi Sot opi ¢ NRSS" refers to the exact
within gpletabaliapatbyar wéthin sliving syttern éulelconﬂelxt A2 piedént Iﬂﬁﬁlﬁbds a

molecge%iﬁitg%gts ma'}:f%re clj])ctgggr% f’%)g%ssggste éts g’glﬁﬁ{afgr rfeFlaawe &9 the flux

rate of 4rhvendxpoded o biigtieisvhédlthytabjeoM@s! coffod shifjedil) 'n%)ere?fégent
nanbi guous because the nost abundant isotopes o

clinicallsrponsobserppirsubiieprathephysipbogicaheequricncasdn o Subﬂhet of interest that

t Jasses
ey S LG TS5 AU 1 A O, HONTSEOR
compamhgc the flsr cates c[iﬁ(nm omﬁ((n‘b bldmi’arkeﬁ Of i)nteré@ 5[851 svﬂ}iect of interest with the
derivati ze" "derivalj zi ng' derivati zation"

fu atef, GRS £ e Higgiadions GBS oSt SHHEC CBHL B3 usring he

diagnosity theRtibjEBLIT ke
agne I\}grrpl es Jf or G&C/ ﬁssﬂxglﬁlgeﬁgf’%lha%%ﬁ{s&%r epgﬂ%tﬁ%%ﬁ@éd‘c %gmtereSt S

risk in 'fpfﬁﬂfrmgn% disease o giteresd l\mrgmr,eiuuh aﬁpmiolnswlld‘mblsexn

T Y T N ——

progres&k’oﬂ|0Yad¢hea§ﬁlﬂfhnt61fe§tnﬁraébhb}é6t dMuRleée or BRHIEAtRIghe therapeutic
cedures, each with many steps, and usually ends

efficacypiy, HireatmgiTegimen n pisBbiectsi deteres havings: disease of ingerest.
ext ended process of sanple preparati on may

[061] OCERRInEMRI r¥fe?setorae(fh%frﬁ &l uh® 1Y c&lﬁﬁ%\ s {hﬁ{% @yc’ntbésd ofa

the final procedure. In context
polymer efhdwhishliyptesent kv of inoed tipeoindhepaly@b9] "1 sot opi cal |y
perturbed” refers to the state of an elenment or

oy LRt e P, O a2
repeats IOS anepemet. hAt“bibipbiyeie™ {5 DPBliier HinfekizBdby 8Pint ehﬁ‘\tnng 8ystem or

nost commonly found in nature, whether a natural
Otherqu%§§°<é6@ﬁd\ﬁﬂlta]il‘élégéﬁéems present in excess (enri ched)
or in deficit (depleted). [060] By "nol ecul e of

[063] | n']ﬁlr‘%&hoohﬂfcﬁat@‘e Rtheh¥n TRIERFH! & 1R ¥RV RRYFY" straight-chain
polyhydroxyl alcohol containing at least three carbon atoms. The polyhydroxyl alcohol is
primarily (but not exclusively) of the pentahydric and hexahydric alcohol varieties.
Carbohydrates are so named because the hydrogen and oxygen are usually in the proportion
to form water with the general formula Cn(H20)n. The most important carbohydrates are the

starches, sugars, celluloses and gums. They are classified into mono, di, tri, poly and
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including but not limted to, am no acids,
carbohydrates, fatty acids, peptides, sugars, |ipids,
woe@basss7aci ds, pol ynucl eoti des, gl ycosam nogl RCENS2006/022915
pol ypepti des, or proteins that are present within a
heterosd®BLARRS! § |n, Lh
eros I dtHies o ?ﬁﬁ%?gﬁ‘&c{ﬂoﬁa&%ﬁéﬂa&@s e PhR F)ge wpege%sfp ?ysaccharldes

such as statrady edhilosery gmeogn dah bedsriee ahd ﬁfdedahﬁﬁm‘eanaﬁ@th.t s flux
rate, relative to the flux rate of an unexposed or

ot herw se, heal t subj e contr subj ect y
[064] " BY SRy lc?ln?%fl{:%? ‘@%éeeffe’{/%rﬁf Créﬁ‘ta]glﬂﬁvtslnéple ca boh%‘rate
that is apatdeBpiy &i léﬁt@ﬁlc&ﬂ{/at%%ﬂa éféﬁ‘lﬁfﬁnb RIBhSIVRL §ifdar Rfay be, but need

interest that may be predictive of future dIS se or

not be, SWRetir §ugeﬁs @qqg_mag,mﬁ jdéseechatidesliles sisrose pnd miongsanetrmides like
fructosec&mosg gTBQ%rrBl g&%rﬁcg?atsgeg o&% ggcch%m%rgo seicHhar?(?:axtrlp%&cg%ndes

interest in a su eres
heterosastharides cor pastyseccha@dm (iwhtch 20 corfpde@ S niohosaceRiHde@bsidues).

ect find u in diagnosing the subject of
Monosagiiaiigs inclideglucgic @oh Tzglyaage ard Bawaosely magnaseefructose
galactos® 4Rl 86 arWeril RS %§u® 'bﬁ{(n tHinREA4b 'N-Q%’t lﬁ‘\}ﬁﬂ%‘é%%ﬁ lQIf

intere3t. Moreover, sugh ormation Wil Tind use

acetylnqygaramuq ahd aigd ahp‘rsmmce&uh Ne&cea/lmal’ﬂjoemhlmf gluadreniesitid,
.est nit rln

gossBHL 18, 3353850 A S8R LTSS e o o

and longdtcBAiRSugarGholemAdsALR agstaﬂ&ﬁ él?@d%%ﬁeéé‘llhlbssfcfhitﬁﬁeﬁé of a
treat nent reginen in a su Jec |nterest haV|ng a

di sease of interest. [061] "Monomer" refers to a
[065] ¢ hBHitheterm Apkisaspesharidsis Aisanichmplegule sempyisedessi fewafovalently
linked 1P &émaﬂ%ﬁ&ﬁ% sI'S present two or nore tines in the

pol yrmer 0 ol yner" refers to a nolecule

synt hesi zed from and containing two or nore repeats of
[066] a fhsetopetabeled ShsopE! ymdudes agy &ofupleylatrdedsyraturasi rmaldeudy that is

r.in ali g s t otherwi.se associated with a
able to Y ippigOajed afit> POBSTIS 6] nieiarlon fydius S, Emmcsal isotope
labeled @&B%ﬁ’éﬁé@ %&ﬁdekﬁﬁt(&i’@ndﬁﬁﬁfe’e@ttbw@{z@‘ 31512@ t?‘Ha%IGEBse OdT?ld‘Belgd organic
){dro al cohol cont ai, 'east three car
mOleC‘ﬂS@:orﬁ% PEANhGleeRips, aaﬂccﬁ‘rdﬂ eled opganiemplegulebut not
excl usively) of the pentahydric and hexahydrlc alcoho
Vag
067) e LR S e Ep A TR T3 TS focpps ome or
more }fmonmmater with the general formula Chn(H20O n. The nost
|nportant carbohydrates are the starches, sugars,
ul,os and .. Th are classified,into nono
1068 & DYREER et Fet R e PG Ao vl ¥R dSoined S gk os one
ornuneﬁmngagp@harldes | i ke gl ucose whereas pol ysacchari des
such as starch, cellul ose or glycogen can be | arge and
|ngetern1nate in_ | ength. [064k@ ‘sugar” i § meant t he
[069] ¢ onkahisled shecosey refams tocglyansa labeled with ensi ar neere SidHisadopese Specific

examplésrtf}{lﬁﬁeg rda%l gt%sg %E%??ab%fed% Qe 1n%ﬁ£dg?f§,§a ;ﬁ%lgglécgse, 1-*H,]glucose,

and [1, 2 3.4, 5 6 ’H,] glucose.

[070] “Exposing” a living system to a compound such as a chemical entity or entities can
be from, but is not limited to, topical application, oral ingestion, inhalation, subcutancous
injection, intraperitoneal injection, intravenous injection, and intraarterial injection, in

animals or other higher organisms.
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not be, sweet. Sugars are mainly disaccharides |ike

sucrose and nonosaccharides |i ke fructose or glucose.
wab@et1838m enconpasses nonosacchari des, di saccheeT/Usm06/022915

trisaccharides, heterosaccharides, or polysaccharides

' d of
GRS e e M R R —
(i.e., thd g of ﬁﬁﬁéc,uldsItl&’@ﬁgl}sﬁwtabbh&ﬁ@ﬁ@aﬁ%r&ﬁtv@&ﬁsﬁﬁ& i$ Hé#ved to be
responsﬁa_rlvatlves including, but not limted t

&yfas1 97| C:?E}Frﬁmtlegérbua&aumﬁ@nwﬁ@ﬁmmtml@nwogrem stviesity,

C 0 aci d
patholo%* %gg%;%@%g:% g%\kd% %‘(ii)l tgadq{éﬁﬁﬁ? Jﬂ'egﬁ?lﬁk,lurﬁgrblcmy, dis&ase sub-
classificdtismor bthet umkr]smgfpa&rbg&uc popatholopictiestareadtdnk A h@S@dlﬁé’éﬁes

starch, gl

Wheremcsgf(f%?egg bs%egﬁf tfl?l?]tr hsﬂhf&t%]%%ﬁs%fp%pﬁ@@eért%a desirab e ou come

(e.g., a dRirbBIe2AREAPAItEne)i S Meant a nol ecul e conprised of a
fem;covalently Ilnked nonosacchari de nononers. [066]

"l sotope | abel ed substrate” includes any
[072] j sBy opéiong b%amé@m@rsa@q;ﬁ@ and ditdct consequense of sn midreerttionisach as

theadm'nﬁgtgﬁfrfé%%( m%l nto a nolecule of interest in a living

[ es of isotope |abeled substrates
|nclude but are not limted to, 2H20 , 3H O ,
[073] 2HBy I“affcxzt’é;s aédnt alet@dequege includihe satbadary dbnkahal, edt only

£ nic | ecul es, .and C-| abel ed%to anl nol ecul es.

of an in 6%?}’0% PR but  eqnsequepes of anay W@H@b@r%}@h agthe

effect a eﬁé@&h@vﬂﬁ:ﬁﬁﬁﬁﬁall }es%cd? iRAbRAE or nore H i sotopes.
068] "Deuterated water" refers to water incorporating

a stabl e igsotope Iabel such as one or nore 2H
[074] | SBY ofsedc effepgdls meaghas we@ﬁ mg@se hyef ying systgh expsed to a

compo L 05 Sy el PGPS SREFE, GE SRS enc

organ tdxecify= 2H2] gl ucose, [I- 2H ] gI ucose, and
[1 2 3,4,5, 6- 2H7] gl ucose. [070] "Exposing"” a living

ound such as, a chem cal entity or
(0751 or Rl Bl Terisiay Dreaab i mpR AL SaorE dreferghly aduman.

appl i cation, oral ingestion, inhalation, subcutaneous

[076] i nB?G‘fﬂaﬁﬁnal" R thede byt RBRBLr émh@eltabsomanirﬁm{a@f{&&cﬁﬁ Jvithout
ecti on, and intraarterial i nj ection, I n anilm

hmltaﬂ% BRapg gronbHgan pEmetes o7ct as@hlmpmﬁmﬁtqﬂw ams md monkey

hi ach
species; Ifﬁ%lgglglg{a s:aﬂlcﬁ ag ?ﬁ{le,oﬂ e\% B#g(s),ﬁ%q%gcﬁ% rﬁﬁ?% Hﬁ@}%‘&?l§ guch

as dogs |andl baltls;ylabalratoﬁﬁhﬂinmlsﬁhcltuﬁiﬁg rcbdian’t%%hbl@u@ﬁiudeord@ﬁand guinea pigs, and
ponsi ble for, contributing in, a causal manner

the like i iREn dheeos deinic 2 prigrlas ascchr, sescliiusi adult pameubomysubiects,
as well QéJﬁﬁ%§§ hMRARS al@&@gﬁr‘lalga&% iYibAded 188 %BJV%JE(E Y,

tality, norbidity, disease subclassification

[077] “At least partially identified” in the context of drug discovery and development
means at least one clinically relevant pharmacological characteristic of a drug agent (i.e., a
“compound”) has been identified using one or more of the methods described herein. This
characteristic may be a desirable one, for example, increasing or decreasing molecular flux
rates through a metabolic pathway that contributes to a disease process, altering signal
transduction pathways or cell surface receptors that alter the activity of metabolic pathways
relevant to a disease, inhibiting activation of an enzyme and the like. Alternatively, a

pharmacological characteristic of a drug agent may be an undesirable one for example, the
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or other underlying pathogenic or pathologic feature

of one or nore di seases wherein said effect is
whewefidssial to health or ot herw se contri but esSPCDUS2006/022915

desirabl e outcome (e.g., a desirable clinica

productgo rect%‘ @SH{%)%ﬁﬁé%ccée/ffe&? a 16?%35% P‘?ﬁﬁ 98 ﬂ?g%%]ﬁg% “gﬁ‘é‘gemable

characteribticnoSdrap lapehtOfveR kilbwe to {HIBdkilRM inehé 8€hnd EachWREBMWe viewed
any consequence, including secondary or tangential,

in the caRFXIGH the eprtican dipe pgeri beisa dayaleped a@ém@r@t@ﬁwwe A drug
agent cmﬁGféetﬂ&?at%as? %BH%; Hen f}é:dj&zfngrp t61 easse\%]err]% ﬁ%racterlstlcs

a gene exerts whe ura resse

have bepﬁ) Y%htlﬁyd (desixabde of lﬁmibﬁlrablsoﬂmﬁhﬂ)tthmadxfﬁb&ﬁt 1oSBpRiIce
to,a conpound

TN TN
include! B@latteot 1nffed@y %Jcﬁnlcgmgfsﬂﬁg 619 'v?thmb 1n[v9\705'3raﬂas‘[hon pre-

“i ndi vi dual ' is a vertebrate, pre era
IND ﬁlmgr@/n‘g)r gof dacsiny phashllrtaphas[: Om:}nsBy)n piwmmﬂ to phaserﬂéhlrdnsmon

D PR ol T B e 02

includes ﬂieﬁ@@mﬁ@@ﬁorﬁéﬁbrﬁtdﬂ @fiora Bﬁﬁnﬁe&iogi‘éﬁllliﬂwa%fé%féhé‘ssuseﬁﬁ iRvaluating
animals such as cattle, sheep, pigs, goats and horses;

a drug agspieiathe dive disepreryidene deyelopqentipracesat 4 phambacadegistyr physician
or other}abdiRdSr i leVQh%g apl %g?%éﬁlo%ﬁl}]he[aﬁeﬁﬁf? K ders%%lfle atécg%l}dgsiéable

gui nea pig erm

charactgmtlbs cid dugagentao esteblishTisuberapaiitic inderd Théyaey Be accomplished
well .as fetuses, whet her mal e or femal e,

t
using pwgéq%%%g%gﬁo‘f’%lrb@eé‘gver ed. [077] "At |east partially

identified" in the context of drug discovery and
[078] deweﬂaﬁ@faammga@ﬁ;gh@gen{ Ga%le QReexE bf !h'e %@éthafdsfd%'s&i’d%&%erem

phar macol ogi cal aracteristic of ug agent (1.
includeg any-magnsuall knpws tothepe skdkdest llnfth@@rt,wsmpigyadrfer the makung affa drug

agent p{)&l‘ﬁ ﬁg\g%ﬂl?% \?r?é%%ﬂogesges 1%%lug?r&lu-rgrle I%ﬁﬁ!}lélétgﬁ? Log rnlbel%hcmal nﬁé/mlcal

synthestha(€.e e gyitingicropgadeiiimibthy) X canbifsioti Al b tey, BREBA1bEY methods
process,

that contributes to a di sease
such as%wia@%f’a qrrgymengriaral gpibrdyedustiopaerriaisamDN Al techaglogscand
other teEﬁiﬁﬁ%%e?l lgfb@}n R th& ki1 arAGH WukX a%‘.‘r%d@{ ﬁ)@x? lbla G. ﬁna drgﬁ agent

ys relevant to a di sease, I 'ng” activa
that is m&rketnd énzlyerepantid uséie donipenerAlof arcnmlblnaebiy praluct that is marketed

r.macol ogi cal cteristic, of agent may be
for therfRE S oF S BUosFRSTRiR PPl mttheeﬁ?vaﬁwmnaﬂ} ¢ Hpling
agent pﬂfduﬂ@ﬁvﬂeﬂl@f(és‘épa@ﬂ( dfecdombiddRhHréthRt & ?p;l‘)lﬁélg ?i'@dug “Manufacturing
desi rabl e and undesirabl e characteri st of drug
drug agggfe i sypaeymowhwith “menefhgvdng k compolridd’ t he art and each
will be viewed in the context of the particular drug

[079] 29 %r}"t“aﬁ]tﬁkﬁ’tg: 198}{1%11&991‘3 n‘?&gt 4 Bl%'s caf %100 gmgcia ,eo"flfvﬁysic'fl‘o(gjircug
measurement from or on the organism that represents a true or intended mechanistic target of
a compound or a mechanistic event believed to be responsible for, or contributing in, a causal
manner to the initiation, progression, severity, pathology, aggressiveness, grade, activity,
disability, mortality, morbidity, disease sub-classification or other underlying pathogenic or
pathologic feature of one or more diseases. A biomarker may be the target for monitoring the
outcome of a therapeutic intervention (i.e., the functional or structural target of a drug agent).

As defined herein “authentic biomarker” and “biomarkers™ are used interchangeably herein
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agent can be nore than at |least partially identified
when, for exanple, several characteristics have been

w0 deati3fsred (desirabl e or undesirabl e or bot h)PeCTras20a6/e22915
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) of e o S P B QR Sk, KRS haent o
“hard” aﬁmaqs stitcOhed §irh B hivAS Ly &SHE Woleghyld aheibidity) eicu dgRredy
means, well known to those skilled in the art

relatlveblrﬁgwwgqptqckﬁurqog@te mﬁge@ﬂn thedy Sgandybage 1p¢lgdmb]pod pressure and
r t

blood gM%B&éf lg%.tl%l %LQ:? Seﬁg%ﬁ S%}'g g%ﬁ?t P‘%‘é su@fegt m%l% é}elﬂlgdg gescrlbed
herein. or ganl c chemstry), corrbl natorial chem stry,

bi ot echnol ogy net hods such as hybri doma nonocl onal

,oducti.on, r.ecqonbi nant t echnol and

0811 or g SRl i S fior G S AR g iz ah i o o S pacient
method SHEJRriBedPhe@EHCE niEaMt HBrodeds! v@‘fﬂrel@rtﬁg a@eﬁ@@t to&k@t‘y tebative potency,

mar ket ed for therapeutic use, a conponént of
potential dhesenesti¢ mlu@amiﬁwcqfﬁpm SIgglf‘wache@rewdomlo pfa Hmnapdwmlty

r | e roduct u
blOlOgl(gl% $c Og’p?re 1 nat%o q%‘ nﬁ?rlnﬂcg ]I,US& of &8 1ns}181a ot&ol%c& Fgg];ors is
determiaied maghcafppmsabami stady, @Bulyduaitans of Sorapatitlgtexpeatiefital
Manuf agt uri ng drug agent” is s%nonym)us Wi th

outcomemﬁ‘gaggghﬁfi istagdards M%ngdltl({n@7 he tgymregifirages thecconcept of
prowdﬂ?%1 ﬁtr infdrRafiGR i aUePIRL Gl er t(pfn‘&ﬁ{lg 'T% GRb po©lecision on a
physi ol rga i’} at

ogl ¢ neasurenent fromor on t smt
chemlcale;nnewr’mdoglcalrfaeionfor icntnbimt dnnefcheamicat etitieangetmbihations of

biologicel BRSSP RREF e Ardi S g ent BotesboAr Eotaa s

decisioh ﬁlaSI e nhaldle tat &yl Rt d}rrﬁi%s?cﬁ&'lﬁ the d%ﬁdg/ ﬁéx}e‘ldbmé?@bf&kaﬁgﬁcludmg,
gr essi veness, 'gra e, activit Tsability,

but not ﬂ:mtedlw,ta;ay siage biidin yre-dinehdeve me@t, dlsspreictiaicabte or

v 80 OOBELY B BB LB 0 BRI, SRS PE o

advancéchhdﬁEHWitl@ih iPh@set I €sueH b PhseQfb) Aht PasRIBL Pitase III stage, the Phase
terventi on (i,.e., the functional or structural
III to thp&)leg\éprltg B H:,a‘g@n Q&]@ﬁt) pr Biologics License Application (BLA) stage, or

stages beyond (such as Phase IV or other post-NDA or post-BLA stages). The term also
embraces the concept of providing sufficient information to select “best-in-breed” (or “best-

of-breed”) in a class of compounds (chemical entities, biologics).

[082] By “characterize,” “characterizing,” or “characterization,” in the context of the

present methods described herein is meant an effort to describe the character or quality of a
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As defined herein "authentic biomarker" and
"bi omar kers" are used interchangeably hereinand refer
WO eoobi1assem cal processes that are invol ved i nPCDUSEN€022915
bel i eved to be involved in, the etiology or
rogreSS|on of a dlseasesor di sorder. The bi ochem ca
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whole 0?8??1‘1: d §Sits( - Thé 19 {1 g g@d tqu{h@étgg chgn%ef $ha previous
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tality t rk days, mprbidity, etc. There a
disease P’é‘ﬁlé‘?rd%ll‘?@@\? £ CRPRUTNS!, OF aatiee o BHEPRE, iclife phrsity and
pregnanklyS. and these |nclude bl ood pressure and bl ood
gl ucose | evels. Such surrogate bionmarkers are not the
sub ect of the methods descri bed herein. [081] By
[084] eBal“gmdedatQ)therapy alsuaganbarty process\pailvaehi mdisease mam’c@ treated
that can%%%%fe)eﬁecpfor EH'gctR/r ec’sgn%ou %hc? Hec'r | Vf(fcasl}dll%lt%%)gp%rﬁﬁes tnay Include

a process Wheré & ac
behaviok#] @letoie, pﬂdleﬁﬁy/regﬁﬂérsmﬂaﬂﬂldh’{e&h@@@@é tr@?; WRb tecladht tments

efficacy, significance, or worth of a chemcal entity,
with a mgdieab . of Hetimplantasioniod arnesticad devipr e anlidadg therapies may also
include er%ﬁ)'fﬁit F?) %@ifdall@' LRGE A anhiRfle " eéjﬁl'fr% m ned
ral sal st udy, usual of

npari ng experlnental out comes to establlshed
[085] st @amadds trerapiermayomdiudi combinfitiens eicandidite dueapieheSuch a

conce ffl Ci [ nf r mati on
combinglfel ERE hE el BRS! Rehldhle s BRI RAn oBf bf 2 candidate
agent a@@ﬂieﬁa@ﬂl régithéd. YA Qbmbirﬁh@ﬁ e aldodsel A exbRise GO TRIcA ahdl @Fetary
chemcal entities or conbinations of biologica

regimer;. a/étcgmb)naflen pies else eraprerprsiseirpgima and adicwy empepand a
candidaktd e?g%:?’? SA ¢b c gl%tl@t? m%? alsgeo IS 091{1)1 n%? CM§at@5% %%yor a

one 1 1 the rug developren
comblnaﬂmﬂ (bﬁhaﬂ@l.datb wgemotodpled with aﬁ(ﬁhetedﬁmdlﬂhﬁgl@erup}t hlch as exercise ora

re-clinjc devel opnent pre-clinical t
dietary fogyast PR beihodo tl@Péi;fh(aTel%B)e ragrg fgan ok Gendidate therany
amnun§@@§g)&kséhggaja§he Phase Il to nore advanced phases
hin Phase IT (such as Phase |ib), the Phase Il to

Phase Il stage, the Phase IIl to the New Drug
[086] ApPehdidate dreramevapayalra@idy e gpproved ﬁemsemﬁkppmeme zlwuanralppmpnate

regulatdy pgbnc} B9 o5 FoB8ERa BRLE AR RRoR R R fenlqtuflatent).

Candidate therapies may already be approved for use in humans for the treatment or
prevention of atherogenesis, arteriosclerosis, atherosclerosis, or other cholesterol-related

diseases.

[087] By “candidate agent” or “candidate drug” is meant any compound, molecule,
polymer, macromolecule or molecular complex (e.g., proteins including biotherapeutics such

as antibodies and enzymes, small organic molecules including known drugs and drug
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enbraces the concept of providing sufficient
information to select "best-in-breed" (or "bestof-
whe@ed3R79 n a cl ass of compounds ( cherri cal entPCT/882006/022915

bi ol ogi es). [082] By "characterize," "characterizing,"
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comprlsmmhorm graeaseccryy s strneltrab intermeioncwith prteipy @éﬁ]é?f host
molecul{sgé?rg 1§ﬁ§z lhvgljgg Poa}lﬁerpggta%d {}I%gcan n?dh?de a%g‘ﬂ c%%to% gn amine,

iror a eXerci se, etary
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treatnents with a nedi cal &‘gw ce, or the i lantatl on
groups. dhe gandidpte ageniobicecomprisacyelical ¢arReng; *@gerﬂgf} ig pizgrtures

and/or afo%ﬂtlg%g gtbg)% d(?ﬁéﬁc\’g?ﬁl&u?c@% bscfﬁ‘lﬁg& Q%eon@%? %re QF the above

see | n Candi d
functionamba;;m eBandtidate apehisches dmrﬁ}undtarrmg bufmmiacrmsciacledmg peptides,
era |es Such, a conbi nat i

saccharigdes, ‘,ﬂc S grﬁ)fcgs p\ﬂlr@wrm&ng%atgfeg ost%lgtuga":i a.nglogs or

Combmd%@ggﬂg@go@ agent and a dietary reginen. A conbination
may al so be an exercise reginmen and a dietary reginmen.
A conbi nation may al so be an exerci se regi men

d
[089] di@anslidate eganrancludrl kaowatingiaos “kipsvi drug ages) Qrgiairg%fiy-
ls
approveg?ﬁ%ﬁ% St?rnl?sew f 90! fa%g%‘,ﬁ)t@ 1k h?xzen%go H ppgrg@%?{b %léeg%peﬁtlc use as

I'on o candi e agen her
drugs indaintindiegstoh aniapys inuhhiUaitedRiates ios ether jusisdiceoms: JKnown drugs

o e R e 55 B S it R 8,888, o

exampleS Wl £h gidgt%@f I%Wr%fn%le% t’an AP HEBlidARYn, AVhREYsdStation, N.J.,

prove use I n humans an appropriate

USA), 1n@gpd>ratedrh¢reagbmoqfelﬁacegn ltSteInéreUS Food and Drug
Adm ni stration or a foreign equivalent).

[090] Candidate agents are obtained from a wide variety of sources including libraries of
synthetic or natural compounds. For example, numerous means are available that are well
known in the art for random and directed synthesis of a wide variety of organic compounds
and biomolecules, including expression and/or synthesis of randomized oligonucleotides and
peptides. Alternatively, libraries of natural compounds in the form of bacterial, fungal, plant
and animal extracts are available or readily produced. Additionally, natural or synthetically
produced libraries and compounds are readily modified through conventional chemical,

physical and biochemical means. Known pharmacological agents may be subjected to
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Candi date therapies may al ready be approved for use in
humans for the treatnent or prevention of
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other cholesterol-related di seases. [087] By
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havi ng a nol ecul ar wei ght of nore than 100 and | ess
and hydrepsyprelinsut The side cliging way be m@epﬂlef@ abihy (S)e@mﬁghlalnon If
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de novo using recombinant DNA technologies, and derivatives thereof.

[094] The candidate agents may be nucleic acids. By “nucleic acid” or “oligonucleotide”
or grammatical equivalents herein means at least two nucleotides covalently linked together.
A nucleic acid of the present methods described herein will generally contain phosphodiester
bonds, although in some cases, as outlined below, nucleic acid analogs are included that may

have alternate backbones, comprising, for example, phosphoramide (Beaucage, et al.,
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USA), incorporated herein by reference in its
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L TR ——
ot e et i b0 TR o
addltlorml BIOtis Susd; ajdabety et taaintgase the stablhty and half-life of such molecules
in physiological environments. In addition, mixtures of naturally occurring nucleic acids and
analogs can be made. Alternatively, mixtures of different nucleic acid analogs, and mixtures
of naturally occurring nucleic acids and analogs may be made. The nucleic acids may be
single stranded or double stranded, as specified, or contain portions of both double stranded
or single stranded sequence. The nucleic acid may be DNA, both genomic and cDNA, RNA
or a hybrid, where the nucleic acid containé any combination of deoxyribo- and

ribonucleotides, and any combination of bases, including uracil, adenine, thymine, cytosine,
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114:1895 1992 I'nt. Ed. Engl.
31: 1008 (1992)_ Ni el sen, Nature, 365:566 (1993);
[096] CafUditionaliyecamtidate agentrmay BGDNIR @her(xmel%l)utlealdrug)feadm kobwn

ar.e . or at ed b anal og nucleic
arugs, W geMRPR & Gyttt ol S S0 e AL B, *Coonpoy.

et al., Proc Natl. Acad. Sci. USA, 92: 6097 (1995));
[097] nofChenmicsl dadklinsiades(@bly SherRbE ithefNesnevb o8B0 VAZ, 3hat is
adminis?érgg]?ooagg%pg g}és?e?n; éﬁgﬁg@\%,gg@%sg%ﬁenﬁggq fAc;r 4]32) og;%é of g'}pchemical

t
activity %%é@i%% ér?a? ég di s«l:cﬁleﬁhg %ﬁgegtrlﬁ thél'lclpciutlrl a ﬁ{ﬁ’ g‘s"% r dpRE candidates
or drug Madh)ecutundevermg 160 eff¢d9 Qnglusn@ﬂabdtmmalsZp@ncﬁdas, héﬁﬁcldes food
... Synposi.um [ 80, "Carbohydrate Modifications in

addltweﬁn‘fné%gjé’ﬂg% ﬁi@‘éiﬁﬂ? " Ed. Y.S. Sanghui and P. Dan Cook;

Mesmaeker, et al., Bioorganic & Medicinal Chem Lett.

[098] 4: Bﬁﬁlg(léeﬁﬁ’ﬂr))r "dted Endi@itestlre hebein dBiAMNs@BUaal SARics or
34:17 (1994); Tetrahedron

biological molecules that are being evaluated as potential therapeutic agents (drugs). “Drug

agents” or "agents” are used interchangeably herein and describe any composition of matter
(e.g., chemical entity or biological factor) that is administered, approved or under testing as

potential therapeutic agent or is a known therapeutic agent.

[099] "Known drugs" or “known drug agents” or “already-approved drugs” refers to

compounds (i.e., chemical entities or biological factors) that have been approved for
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Lett., 37:743 (1996)) and non-ri bose backbones,
i ncl udi ng those described in U S. Patent Nos.
WG 20843838 and 5, 034, 506, and Chapters 6 and 7PCHEBR006/022915
Synposi um Seri es 580, "Carbohydrate Mdifications in
Anti sense Research", Ed. Y.S. Sanghui and P. Dan Cook,
therapel%aﬁ dspapiiuge hirmas keingsiog snimalcindhe United Stagesor aiﬂwr ng
I

o e e et prfich 3o R Be i I W Laiready
approveé tirueg” meagh emmlmppm\(alﬁ@ B nmbcatmghstl?xﬁb froiBemenditation

being {107 o 8 05 1 e B0NS iclossReiRiy ing procis’ and Fpgitipe as an
exampledfiR HEhEBYIR4MATRtdn hAINGP bROTREaT TR etiie, gﬁﬁ%pr&@aw the
nmodi fications of the ribose-phosphate backbone may

FDA (andlihenjyrisdigtians) for éhertrratraentiof depressionm diefi affegtisain mm@:ﬂ(c@saf

psor1a51igér4:' 1?e§at n%%?‘! 33[5%1 errs%l?% ﬁeggt%f? rgprnttlﬁeesls tt?e% 1|n,c|étg¥or1as1s with

fluoxetigaigiah dndieatioh. not BppaeebdtbyoFD A ror bthﬁf ﬁ&lsdfctlﬁﬁé Uhahis¥nanner, one
occurring nucleic acids and anal ogs can be nade
can find gepesea {1 s Fxamplg anHeRs OB ptGR ek ok AP y-8PREe o drug (in

ﬂnsexmggglgg§x etf@@fl m xtures of naturally occurring nucleic
ds an analogs may be made. The nucl eic aci ds nmay
be single stranded or doubl e stranded, as specified,
[0100] or“Bioh)giﬂahfaptw’f feders taod cdpppdund e bbmpgurrcarmm borrlivs'lhg@igenisms

rand equence, cleic .. d
naving SORERAECATHARR TP ahyl BB MB Ficber B
effects).aBk&nples bﬂbﬁﬁ)gﬁﬁ}/fa@tbﬂ@ﬂnﬁﬁtﬂb CHut @fe 1R OMfeli RO -vadéifles, polyclonal
ri bonuc| eoti des, and any conbi nation of bases,

or monqc}%llahwt@d@ﬁd@mmbla@é @M@ns,tlﬁ@lﬁﬁeﬁ groteips, selule TGERDIPTR.CZENe

therapy be%b‘%genr@% %Hﬂapﬁ)xr{%z?ﬂxtﬁé hRa RS usddSREth Ocﬁé fHm “biologics” is

synonymgﬂrwﬂly“lbiﬁ}dgmahgabmdéno& ne, a2| ridi nyl cytosi ne,
pseudoisocytosine, 5- (carboxyhydroxyl met hyl ) uraci |

[0101] car %ﬁ%ﬂ%@?m | gqn?rh&rq%gﬁ%{(ta % thi:] p%éan& géqclosure any new chemical

entity, cﬁeﬁﬁfab@xﬁ%‘édrﬁg/ lendrarie BRIdH! dagd, |drugjé%3ﬂ ta&lown drug,

I NOSi ne |sopentenyladen|ne n|ne
known drugegény] gsmadyrenprared drug, bigleelsy pgb,ﬂghqgm factor food additives,

1ndustr1%l_c%ﬁé’a:l§a ng%ro%en%ﬂ ﬁelgljlﬁz QX(II tll%l’lﬂ(m %e t%rﬁ‘lylls Cyet ﬁo encompass

eni ne guanl ne,  3-
all chenﬁcmhh%i@ygloﬂlmecuﬂ@, met hyl adeni ne, 7-nmet hyl guani ne,
5- et hyl am nonet hyl ur aci
5- t hyl t h
[0102] beggtcﬁl a’mgggqrzragags Wllzfég su Joech:tr gfc tlhe experiment or procedure or process

being de}:cﬂ’@éd";'/}iﬁ %ﬁ@@&@ﬂeﬂ%ﬂ@’éﬁfeﬁfs' IIn oRe Qf‘ﬁbg&iﬁ%ﬁf aGhbject may bea

N6- 1 sopent'enyl adeni ne, uracil-5-0xyacetic
human. glgiagothet tipbeditrent, agnieétimay:- ey rbbit ioc a agdedt or a non—human

e RBAASTS!0cBHIRAO SR BB B il PGt ™

5-methyluracil, Nuracil- 5-oxyacetic acid nethylester
[0103] ur Bgrl“hvﬁrg@yytameﬁs Re@t hereirPagUiany amtith induBesh b€ll, c2H line,
t hi ocyt osi_.ne, _and 2, 6-di am nopurine, etc
tissue, organ or organism. Examples of organisms include any an1ma1 preferably a
vertebrate, more preferably a mammal, most preferably a human., Examples of mammals
include nonhuman primates, farm animals, pet animals(e.g., cats and dogs), and research

animals (e.g., mice, rats, and humans).
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[095] As described above generally for proteins,

nucl ei ¢ acid candi date agents nmay be naturally
we@e@ansismy nucl ei ¢ aci ds, random and/ or synt heP@€T/US2006/022915

nucl ei ¢ acids. For exanple, digests of prokaryotic or

eukgryoti.c genopgs may be used as is qutlined above
[0104] £ ot %Yﬁ?%?ﬂwnpﬁ?&aaqm@aé?ﬁs ARKETPIE Ot fEem g diyingnysism or
biect.( " . . b . >
et " apL oS el {8kl orgin ths
can be dodeeted friemomhvidg wysem lor subjesit.c Bteféralbly obislogral szomplesard sbtained
all of ich. are .defined, infra. [097] ."Chem cal .
theoughyppfite 67 RS ik ERE Aot dvoSiis aPHERCRS(F By SRApsalicction
stool collB@fon| bload di4Viifik ee@le tapitioh VAnAWD tedt TrEd8dhiRE ifvd®ing minimal
ose of screening it for biological or biochen ca

... pur 2€eni |
risk, dlsg@qurr exeffasiia Aiolopisalfsaipleasicar be easgens (seg. pashaledibagath).

. . ic i te [, .
o SRS AT LOFUER R0 SO T8 i
biologicahexmiysied mpltﬂe,(sjlhit ﬁred:iﬁ liinhsed Fd,miriiiie,Sbloéd} Qtliteﬁgdhltﬂlui@,segema fluid,

} cosnetjcs,. and the like). [098]. "Dru eads" or "drug
saliva, léﬁﬁanﬁéj_ﬂi@smﬁ%a?%y Exygla fﬁYﬁ@Hala_%uléh%W%sm CTRIPNE G il
. V .
infectedOfihH Ak SRb s SR, %@eit%lm@ﬁﬁ{gf@%rglggﬁ (Wﬁ%eﬁﬁal ﬂulgf

otential therapeutic agents agents
feces, bilgguatestital sgazetime danidritlears hRiolpeadll yarhgleeinelu@e dampks tliabkave

any .conposi tion of tter (e.q. hem cal .entity or
been m@RPGETRORN WEY of5r PRLerSPwb i B asppiotiyStpents,
solubiliziid@l ot @sichi@nBfor BEt@NEdhorchR! ARBWE pFotdae bt pAymickolides.

nown therapeutic agent. [099] "Known drugs" or "known

k
The terg“biplegie samplsy’ alsg|epeqrpressas srobinisal shninje sughedfsserim, plasma,
over FRTRALONS, K e oEASEL S NEPILRF 15 018408 £t sy

and celldysats. i n human beings or animals in the United States

or other jurisdictions. In the context of the present
Mthdmathods descri bed herein, the term "al readyapproved
MEeNO%r ag” neans a drag having approval for an indication

distinct froman indication being tested for by use of
'[0105] t hEheRichAS deicsibbOBEinRE Richul THSIAGMIARGIARESatR Blcell |

. fluoxetine as an exanple, the nethods described herein

sufficiengy|. Romereatie §-acl suificiapex i indisative fitheycanspity obaisubject ke

E ther. i urigdihcli tre t, of. .
comperlysf SoACR! Ufuah L AMHEL Wbl ork MRoNpERL T dkifhining the
level of(imsuiin redisttadel Mnayineeyistace intiedtésomwdadedkenddivity of tissues to the

X Sﬁntﬁﬁfiiﬁé Lreatiqg,psoriasLs with fluoxetine is an,
actions pfsuli-j G5KeRdR cappRGiPadrangreatinBell sufisiency and insekin essistance
are highl{ pfdi HivERE Qﬁs!'cept%iﬁtg(i@ ﬁe\fétl(ﬁﬁln%‘f;'ye ?Stﬁacbegésr}nélﬁﬁﬁ or likelihood of

exanple, anti-psoriatic eftfec or an
progressihg émal yoap pdomeet! DMy Déterntimitnenf papdreatid B-uelk sufficiedcy and/or
factor” refers to %e(c{%gl%ound or

. . [0100] "Bi i cal
insulin {3 RE BEY PR 5 PTG B cygesertoed BeRe

A. Administering Isotope-Labeled Precursor(s)

1. Compositions including sugars (sugar compositions)

[0106]  Compositions including sugars may include monosaccharides, polysaccharides, or
other compounds attached to monosaccharides or polysaccharides. Isotope-labeled sugar
compositions may be administered to a subject as monosaccharides or as polymers including

monosaccharide residues. Isotope labeled sugar compositions may be labeled with ’H, *H,
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havi ng bi ol ogi cal or physiol ogical activities (e.qg.,
preventive, therapeutic and/or toxic effects).

wE@nbs39 of bi ol ogi cal factors include, but aP€T/n81006/022915
limted to, vaccines, polyclonal or nonoclona

180, 14 A ol g? gt F%@%%S%S? étggaigbglﬁgfs% Scwiaéﬁ%?ésenqay {> Otfrhi?nssﬁtered toa
subject @J‘fﬁbﬁ&ﬁ%ﬁ}ﬁés 6103§'ﬂé§ymé§‘ orhpiedl bi‘ﬁmn@ﬁae&?ﬁﬂe hesi@le8. Tsotope-

the term "bi ol ogi é i s synonynous W th "biol ogi cal
labeled frmp%acchar{dm OBy emwmwnmmermally lor cwmdg,t Caphbridge

tsotopel, MR BRSEN. ROE AL BB ol SOBR sie oeebgmogitgy

need to &g amhmm@e&t Qukﬂ@m% rﬁﬁyﬂ@. orkiR@'WRied bagilfgRMs, 10’ mg, 10° mg, 10°
al ready-apprqved drag, bIO|OgIC or bi ol ogi cal act or

mg, 10°magd Oz 8 oF L&ame; Frataperlabeled e enaicmentinry bnmainiained for

weeks o?%dn%sqﬂthﬁnﬁflg 1?1 P& i &s w gtlﬂg @Vi&%flggan%f]técu .SThe lower

enconpass a em ca ica
expensq (Eﬂ;:@ﬁimﬁgaal'l}s ah}lhlbté 1smtepe¥tahellbd hfmokacvheﬂgies uniddoty qoantith éhat

nt or,, procedure or. pr.ocess bei ng descri bed.
need to R RO AL O ey R s AR REot mont | 2
subj ect may be a human. |In another enbodi nent, a

[0107] Subj @l pabtsil &/ afiatiéh) hd iselop@labOldg BhgeR cof Bﬂﬂoﬂi‘s"?‘ﬁpglucose
Additionally, the term"subject” enconpasses

Figure émpv@itﬁ@f atg 91 hipoelpdiebieose, o papsesly melabpline Byt o
citric a : ?p&tl .E@fgfgb@si@qglegéeg LNt (ﬁrﬂié hyatblﬂ%f(%gl {}9{{ %or?c? P&a&c%ge

an or “organi'sm
oxidationvih ﬂﬁeal’amacﬁl’nymi ensmfeeﬂﬁt glbHyatemy afet Ietwmdeto HYOY. €The loss of

*H- or BBl oot B SR RiPop £ R 0, A BRI boLic
pathwa?%r gﬁﬁog@tlée(tg 19-and RS gRAS. dﬂ&ﬁ% &g%in ’&ﬁéﬁx@ Qhﬁﬁ‘ bf‘@llut%se

rats, and humans)
In: Culs@’rfﬂopibs sn@dﬂrtpiasB@llarwl S D ceditod &iy e dHoreder and E\/Staxgnan

S G TGRS N e

from 1nﬁra‘fbnbﬁslg alihagaitedd PHaM@ sk intd I3, G YSH BI¥aQfre 89?“(}/86151318 (Rossetti L,
Pr ef er abl y bi ol ogi cal sanpl es are obtai ned fhrou

Lee YT Bz I idd erﬁGuShﬁmloyn thPaden/G. Suandiatipmohsglyoelysis and skeletal
muscle gﬁ}%g& J&ﬂﬁlegﬁ i¥hum § n&m%@h&? 61 i&nE7 L9 99%%' lP%%% {o0He

nee e as er ‘procedures

present Idmtdsl\men@lemsmbfﬁi{ ghicede 1ntd>l 2$ﬁ0rh‘adrnbt Bdienﬁfséd) pteyiously, because of

the expﬁqt%t §1at tE? Ep | g’%r S ﬁ%‘qogggrgg ge egf\teéﬂ qﬁig})igls'!rat(ljon in labeled

glucose(td %@EHéTﬁ%aéiﬁa{b% IIL‘I'EZQ) fe@ 18STrfa fi L{?ﬂhgf' %L Aigh, thb Hidiel: %lucose may be

Li qui d bi oI ogl cal sarrp es I nc ut are not
[6,6-*Hglucase, fle’Hzlmodke, amt B34 5i@iHAglusase. ederma f 1 ui d,
saliva, lacrimal fluid, inflamuatory exudates,

fluld bscess ema _or ot her |nfe

sy OVI h
[0108] £ %{10 ceérve 1?,%% € IFOtPP% g@i@ga}ég&r FOIBBPﬂﬁ%Wy mnc ucije fructose or
galactoSe CHrEtb ey éntdrs BUiculikis vtk Mialctoké Wiphosphate pathway, and secondarily

through phosphorylation to fructose 6-phosphate by hexokinase. Galactose enters glycolysis

via the galactose to glucose interconversion pathway.

[0109]  Other monosaccharides which find use, include, but are not limited to, trioses,

pentoses, hexoses, and higher order monosaccharides. Monosaccharides further include, but

are not limited to, aldoses and ketoses. .
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feces, bile, intestinal secretions, and others.
Bi ol ogi cal sanpl es include sanples that have been
worevepsdsas ed i n any way after their procurenmeneCT/E8006/022915
as by treatnment with reagents, solubilization, or
0 enii St f cart:al.n c pents, such.as proteins or
L0110} po%nucl et(;’tallfI%{eosrl ; Hgédtp%e?% fig?%aélcglgp()%g%{n@y “éq?‘é‘{} polymers.
The polymeosipay sebida polyismichalidesa Fot examislé) 1atel&EEIYEBgeR] ASM8,
olsa%%h%% biplq?Hcal f%ﬁ#d, or tissue sanples, and also
polysactirqsieludes glocqss resifyesy &n anathar vatigtians labsled pokimacchatides may
be introd&edl &5 fuldé i s [ her ei n
are usef ul f%k%ﬁgg{)lg}%?dn%%%gﬁéﬁg Fgﬁg?og ea?ﬁﬁ]mgtere asa
compongyt ¢f icrne (glurae or @a2)-frubtoss) lactest (ghlat©BE P-(154)-glucose),
malt ugficativF ?f t he capaci;é of a subject to conpensaté
altose(glucpirs( b relicose)astaeh (glueessaolymdry omethisodelyares. al so
useful for determning the level of insulin
0111] r 5l SleAnEige ' ' i€ 2 reduce
[ ] sensitivi ? t;o%?&ij %dsggﬁggﬁl%%ht 2%0 ?{8?162&21? Otf’ﬁ%'ﬁ‘ﬁ%F%_d and
unlabelathiugar ¢ampasitjonsct i on, pancreatic b-cell sufficiency

and insulin resistance are highly predictive of
abetes nellitu

su (NI Y {9 developi.ng type 2 di
012 SUEFR b Yo SpP B B T edsBihofafial Kol serems b -
glucose Beitxed with36igeamobs lﬁlﬂéﬁ‘eﬂéﬂa%lh@osg;&@olveﬁ% frh GHBRRGY sARGSP and
lin resjstance may_al so have nunerous ot her uses,

. .1ns _ > |
admlmséf‘ge‘ﬁ%@ ¥ i b2 auman gibiect.Aln auoihes vatiaiang thel sy garsoeaploaitioh el 5
oP6eL2 : { d Fnal ugi sugar.s (sugar

erams o R B e i R S of R Bf o s R an

aqueouswpjutionc inddeinivisesatahiy idehumpobytsat.chediotes vafatidt Her
compounds attached t nosacchari des or

mﬂmou%%ﬁ@%@éﬁﬁ%?ﬁﬁ@%?“ﬁ@BSBEBQ abel ed sugar conpositions
may be admi nistered to a subject as nonosacchari des or

[0113] asInslewaEtor, A is6tb PO 1FRRAS ba&HEER 66165y, - ich i
. . | abel ed sugar, cgnpog?tions ﬁ%ﬁQgg@?gggfgﬁﬂ§f?kg¥ﬁ§%€8ﬁwh1s
administerqdjto animat subjects bieorali gemgspad thd moowpedinalieted isdgainined

based Oﬁg{ggga%ﬁti&%d%g}/ecpe adm ni stered to a subject as

nonosacchar or as polyners conposed of

nonosacchari de resi dues. |sotopel abel ed
[0114] nolmosacetistiind 6 latslecdaigaemdy by adhtrditered ofRTBY Ehwloky
intra ergéor 1£xa | e, q:arrb id%}e | sot opes, ~Massachusetts). o

perftpreally JairevenBys Ty subeutineauslgoriodhsr bpdily raséase dn sugfher variation,
the suga@OMRP Bk hdAMiN&e el 2% - PE
s on ,tﬂe or der ofdg?f]?g?cggfsg,ll@lgﬁt%rn%? a%%%r%% fo%gfq%flﬁ In

other vayigjonsgthe Spgarsrte agminis@radchy dtbotropes.| abel ed sugar

enri chment may be nmintained for weeks or nonths in

h j i i 1 hout i d f. :
[0115) U tv}@?}x_@&ﬁ?gtq%g{lﬂlgfr%kt:r%%“ye he @ Higp i T prctg o iagion, (hafudiect
may be & swicop pritmatee hadsten goises el b s pigdMthd AWeaHARY bt ¥n t hat

experimental animal. In another variation, the subject may be a human.

B. Obtaining one or more biological samples from a subject

[0116] A biological sample, (e.g., as defined, supra), is obtained from a subject. Specific
methods of obtaining biological samples are well known in the art. In one variation, water
may be partially purified from the sample. In another variation, the water may be isolated

from the sample.

~-28



need to be adm ni stered, allow nmaintenance of
enrichnments at | ow expense. [01 07] In one particular

wWQ 2006a4838eM, the isotope-I|abel ed sugar conposi t PORUBR06/022915
2H gl ucose. Figure 6 shows the fate of Zktlabeled

gl se i s neta [ ze col
10117) & BRSO IR e Y g B 6 ambnla bbb gtr  period
of time. HnadrotERer adation; tHe bas dsmofe @bt@mesmﬁteﬁ@hy B8 oMtathell Rfultiple
citric acid cy cle ensures that al | atons are

times. (Pléft RLBEEe 'tl@logtzé satpples|rasbebipined prigt to dheadnypisgpiiorneiethe
label dg?%%r@ 1 to assess glycolysis, an intracellular
avele ab&ﬁpc pat hway for glucose (Katz J., and R ,
Rognstad Futlle cycles in the netabollsntof gl ucose.

SHying ‘ f silgar mRedoliwsi on. Vol 10,
edlted by B. Horecker and E. Stadman. New YorKk:

Acadeni_¢ Pre 97 238-.2 investi
fo118) 2Ll ATl 6 et PO R e Toer Bt ey
be perforahiet e siver BrotBet ghbodatents, thod&EBROnas per MR, ik,
gI ycol yS| S (Rossettl L, Lee YT, Ruiz J, Aldridge SC,
noon H, antitation of al ycol ysi s and

[0119) Sy AP e med tegp@egj@%ﬂseskyﬁhw@t@dﬁ estiechlaereinmlg one
b |
o A 2 5 AL B ) B R g e
be lactat@eewuustewrbl’@ﬂousl y, because of the expectation that
the body water pool is too large relative to 2H

admi nistration in | abel ed glucose to achieve

neggu¥§%%§&§ﬁ§%pﬂgvels. In a further variation, the

| abel ed gl ucose may be [6, 6- 2H2] gl ucose,
[0120] [ 1TE¢-|ﬂsng|pH GBSk or albgndtivel;, Sheflabeled 2hdflighl wonHOsitibAkl Aty be

anot her variatiqn, the isotope-I|abel ed sugar

detememgtrt% ASRRAS SHEN dqBass spesitoseetiys Pytirulaip ges chromatography-
mass Spg{StE&%gg}ﬁ%(Emethg%)f ﬁg(}aéf‘ﬁﬁjaﬂ%ﬁ gfé l\ég%gar of ({Pléy ﬁttt@ él?eﬁmcal compositions
may be preasyphd direclyi wdtarmatlfvclyc invempoatjvinax teted 1hx;toﬂsrsmdy ease.

doerm G| R o BB S BT 1P eEB] S Bmo® ol o
degradaﬁ@ﬁ PSRt istesheitdidal Borhp Sifitiots €Thd kMY &s op&’égﬁé’daﬁoﬂ Bloducts
limted to, trioses, pentoses, hexoses,
may opiersdly hegnesswrsd Fellaviag cithasmesiad phefication of isotdtien by any known
ted to, aldoses and
Sep aratlEH?llbestglg(Sd fgﬁésiﬁﬁ’ %II%Q‘ZIIHJ% 1?11er variation, the
i sot ope-1 abel ed sugar conposition may include

[0121] pol\@asnasmtr&'ﬂnetemoﬂolymgt etl)mpgneintscﬂfmﬂpw Mﬁﬂﬁpiﬁl&f mdeisg gaseous
or exa el.e .co en, a sacchari d

ions anﬁfﬁfiﬂat?&% 51 Ut Sgast‘%%f ‘g‘ﬁé asg-fp- %E%g OtraT]i“‘athﬁTéWutlons of

isotoped é‘itl%t%ﬂolﬁglhéé%@?&ﬁaéﬂ 68 ?ra@ﬁ%nt@ Cmbh e By Qt?&’r to%eaglﬂrettﬁ@f otopic
variation, |abeled sugar nonomers may be adm ni ster eg

enrichmest i ey oree cheppicalicompositipys, we obemigal(dr bi®hemiaat tegradation

Iactose (gal actose b-(l, 4)-glucose), naltose (glucose

a-(l, 4)-glucose), starch (gl ucose polyner), or other

pol yners.

[0122]  Generally, mass spectrometers comprise an ionization means and a mass analyzer.

C.

products.

A number of different types of mass analyzers are known in the art. These include, but are
not limited to, magnetic sector analyzers, electrostatic analyzers, quadrupoles, ion traps, time

of flight mass analyzers, and fourier transform analyzers. In addition, two or more mass
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[01 11] In one variation, the sugar conposition is a
m xture of isotope-|abeled and unl abel ed sugar

W@ oivp033sre ons. [0112] In one variation, the  PCT/US2006/022915
i sot ope- Iabeled sugar conposition is 15 grans of

r.ans. of
analyzef ey B Conhd (S B8 bt BB o gt and
measur@gmphas& ﬁa@ﬂerﬁnﬂisl y to a human subject. In another
vari ation, the sugar conposition is 15 grans of

[0123] gi ﬁ{?é%gl_olzecglplglg%?s&@ény also g\q t h@6 reg gf ﬁ]gﬁtegﬁl;;l? lioglgglltigg methods.
These iRhidd) bt £E A6t Whabd %, k& fha %ﬁfkaﬁ&ph(ﬁ%es shéh ané?éJﬁ%Fn dmpagt,

variatijon, the aqueous solution iIs avored or co
chemicg] ionization, Pmﬁeﬂg]lonlzatloneasmll atdesorptibheoursest syph-as diekl ed

desorptl%g?nﬁ%t E{s%{))er e(?iﬂ n I A “clgt% &f)s]lsé%q %SEH egqrgrhrdg\pé@go%ﬁadts]%gace

enhanceﬁlriamﬂeaﬁ}pmmﬁ)h%e&us determ ned based on the weight
of the subject. [01 14] In one variation, the |abeled
be adm ni stered orall y by gavage,

[0124] 7 o aggian, Bsn egromsieTs kA caupledd sermsiivaanesny sudvas gas
chroma@sghﬁ»hy PO bifd hHLR onﬁ&c@n%ﬂa%wg%tg@{abﬁy@f@h MRS

be ‘adm ni stered to a s ect
chromaﬁggrqphmﬁnags—{sp@mrometrg (GEKMS), rapillagr colanhafromrisgas Tchﬁ)matograph
arecouslucga tf 4 dmi ni stéred by ot he[l routes. [01 15] In
RRE WP tnmas Re R &t OpHRpa %ugnﬂémpparﬁﬁer It
applicatica, tat ga@ T&hrddt@o@bﬁhﬁ@@%bhn??s@afa%%ﬁ o&ﬂéﬁ%‘h@n‘ts from the
hanst er,  gui nea pi g, dog, or pig. ubJ
sample gap I@%‘@'ﬁlaﬁé Hteaﬂep@rﬁted@pmpomm hmnze\daaudaﬂmmm,ally hmalyzed in the
may be a human. B. Obtaining one or nore
mass Spé‘::{o ngglécal sanpl es froma subject [01 16] A biol ogical
le, (e.g., as defined, supra), is obtained froma
[0125] s uMaey typeSpé o spentedrhﬂdﬁcanfbeaisé(atdmﬂ@ b @de@giré@bnts required
b | es, are. wel e art. In one variation,
y the ng

|
[ RRgdgdes ‘P%‘i’mlg’r blﬁfwf < IP1GRF e masrpPRsiTomgter,
which sl igh & Bftolykli Al T B! el AHCH LA

anpl e 01 17] one vari ation
thereof. bllfomélgb@ gycl@ldndpn@sg spwyromtembitanmelje aifyt efithatypes oﬁﬂassf

t her r| at i one or nore biol ogjcal
spectrotblFis Wl BPHVE or KRl Bt i o i, G193, b2 g cirectly
on the bﬁblﬁéloﬂl safple3 poRit £8y BB YurkRr Pflfcéés@& HefRbd Malfsh. tli?gcessmg may

adm nistration of the |abel ed sugar conposition. C

include gpvadeitimpgiibersion o6 thspyatere @rm@ﬁa@woféwgmgemrabmemes from
the watéro(;r okfdr tﬁﬁ) gﬁrc}l%ﬁaﬁgg&ﬁhmt Sp etp{?&:e%se&xg (ﬁ{ay%@cgrfon whole

| sot ope- 0 sugar netabo
biological samples, fractions of biological samples, or purified components of biological

samples.

[0126]  In general, the measurements contemplated herein can be carried out with a broad
range of instrument types operating in a broad range of modes, on a broad range of sample

types processed different amounts. The above list is non-limiting.

[0127]  In addition, where the isotope is radioactive, isotopic content or isotopic pattern or
abundances may be measured using techniques known in the art for the measurement of
radioisotopes, including, but not limited to, liquid scintillation counting, geiger counting,

CCD based detection, film based detection, and others.
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be perforned in vivo. In other enbodi nents, the

detection is perfornmed in vitro. [01 19] Any sugar
woreaoahsisre e may find use in the methods descri P€rus2006/022915

herein. I n one enbodi nent, the sugar netabolite is

o e SR TS FACE BB
obtalnec{ :Q]d%%nb-gﬁes ?é’t’ﬂ&%e baAR&ktioR caf tdke rn'iﬁlty' ¥&hy de n%gé?ﬁmgbon the

| abel'ed che nposi ti ons, det ér
amount vﬁlmstgugalmfoh@di@e da’r@hwa@bimﬂ@ pgp@cetnp@ nﬁthe)p;ractmoner the desired

a1ccurac;5J %iérlﬁ;%%lloral Hﬁﬁh& a%e],sg{]eﬁrgeﬁ soﬁlgrtggehc?/ Se{flggt%ergweﬁlg%nalyms and
otherfa@:b@nE&aﬂn aRRsdtion® RsllokRy be msasur ed directly.

Al ternati veI y, incorporation of |abeled isotopes nmay
be determ ned by rreasurl ng the | n%or por atl on of

degr adat| onpr oduct S of t he chem cal conposn t| on. The
[0129] hyihg s%éét?brﬂételg%a%’@ttﬁéjﬂ%laﬁrvg dHgdiy Hﬁd'lfﬁ&tn't B! h¥lebSles or
nmeasured follow ng either partial purification or

atoms i} & sxnzplé. oﬁh«t}y qaiatities @W]sogmtmeamfeﬁedr@t atscﬁbun@slcgbe Sdedspred
mass sp c&%ge%ﬁt{eigl% 012 %{ﬁgwtl?\?’e% , eeacrt?%g ngtFre t ? \érer{aggg Sﬁ%ressed as

ratios tow@RBthd lﬁ)dre‘ﬁﬁ(b’éfcaﬁlassilb&ﬁpé) Redidiridas ItSs @ﬁpr&&l@ﬂeﬂ that any calculation
nmass-t o- charge rati os. The distributions of isotopes,

means vgich gevissselabvRandabsplytsvaluss fvrothe phungenersef ispigpopeisin a
P S
T T e
herein. dhegnecabodiment; deuelative §iihd2ceCondifietdny masnisstopomers are
t { d
measurfia) GEBLS SR0 MBI BEroe FRRERL S5 BeRppriabeelcrlaed. In
another %%B&lﬁ%? B RIMNRWBuAInE R %ﬁf?ere&h%@pés%é Hd8surdiul (& Bomic
limted to, magnetic sector analyzers,
level bydB@wtombsstam isotapatafivensss SMH@WI(%C TROMS),roat S -pyirodeysis-

isotope 54?8[’%}%%?86 T %&ﬂ‘?’%ﬁ{m gfhen%{nlger{%cgerggng orogFlagm

1sotopoﬂ%@r@@d]@hmkd( M5/ MS) first to separate precursor ions,
then to separate and neasure gas phase fragnent ions.
[0123] Mmss %gectromters may al so include a nunber of
di fferent fo é‘%&‘(‘f’@ﬂ’IF@WH?JG%””WW&@WH%P%@” but are
not limted to, gas phase ionization sources such as
el ectron inpact, cheppgabetoRiakt anprand field
ionization, as well|l as desorption sources, such as
field desor ption, fast atom bonbardnent, matrix

[0130] assotapésicdniend pr @etqmqmaﬁ@m mambe ealewated fiotn shunflance data

collected 29 %ngc?%ecll,% fa. qg Q}In'bgcﬂ egp 1so‘?c§plc9 Content or isotopic pattern is

expressed as molar percent excess (MPE). To determine MPE, the practitioner first

determines the fractional abundance of an isotopomer of the molecule of interest (usually, the
molecule of interest is the stable-isotope labeled metabolite of the stable-isotope labeled

sugar). This can be calculated from abundance data, such as that from GC/MS, using the
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[0124] In addition, mass spectroneters may be coupl ed
to separation nmeans such as gas chromat ography (GC)
w@pnaehssgho per f or mance |iquid chromatography (HRUIZPS20061022915
gaschr omat ogr aphy mass-spectronetry (GC/ MS), capillary
following bairmien,Wwidoh & L@merl Fibiod eHealdierititioR 6P EasidHal 85ind¥nce of
to the mass spectroneter, optionally using a jet
amass SeRPIEBMx: | n such an application, the gas
chromat ography (GC) col umm separates sanpl e conmponents
fromthe sanpl e gas m xtur separ at ed
conpsicéard adredansaios b and;?gﬁ'e%%,anal yzed in the
mass spectronmeter. [0125] )gmyc)ﬁggyof mass
spectroneter can be used make the ‘measurenents
requi red by the present nethods descri bed herein. It
where Qrw lﬁé‘lﬁ‘a‘i@rngﬂs@ﬁ@@elnﬁlaﬂﬁﬁseméﬁélvs prethe dowest gress (Mp)massay
1sotoo 20 gﬁs 'f'Péilth ap rolysis unit, conbustion unit, GC
p Hﬁfl e gl aﬂ§?|8 \W-thereof. It may be cycloi da
mass spectroneter. It may be any of the types of nmass
spectroneter di scussed above or known in the art. The
neasurenents nmay be nade directly on the biol ogical
y be further processed before

[0131] gy g€ e Sptiteal SENdFneR deIREMNGE. 1 Byamaeehiodhd basaliieon
hlstorlcﬁf bisaﬁlev‘ﬁﬁe&retlcﬁ fbaﬁéﬂﬁkfé}%hému% lieﬁéfgﬁc%%ﬂlses (%bt ed as eiscrlbed

deuteriums fromt wat er, or other t
supra) inpddef ite deterorine TeaVIPE o ddssis nglcutated osing rtheafmllmmhgsequatlon.
biological sanples fractions of biological sanpl es,

onent |oIo sanpl es. [0126]
‘Ejfr?e ?ﬁﬁ%‘ﬁ %cec_o ’[’ré eé\’fed herein can

be carrled out with a broad ra ge i nstrument \types
operatlng |n a brjoad range of on a broad |range
of sapp HCQafofere tAéWUdanchIh above

list §"no Vﬁﬁltl [0127] In a |on wher e [the
|sotope is radio c {bundagselyi o zﬂﬁwdbﬂaﬂgotoplc
pattern or abunda ces may be asw@d usi ng techni ques
I S nt of 0|sotopes
where éﬁgﬁﬁ\f)@t b {‘Eféljg ?o ?ﬁﬁchteg Ia{lérln @t%ee % % Hn%tgliaﬂ ?l?l.}ng
countlng, gelger counti ng, CCD based det ecti on, f|Im
[0132] baSade thetMRE iia)ah:ter&tidecbtﬂ’meﬁr&tibﬂ b28loleturs detivid from AhdRhKle

ot gqt?i nt or i oto tterg be calculated from

isotopeJaReled e gid SHlptieiyby Saloesnovs mafeculs canibsrismsined.

In both ades ttﬁi‘MFEil@)éoﬁ'@ﬁféﬁ to g%ﬁl@%ﬂ}gseﬁ %{h% Wk S 51b1e molar
hi storical or baseline data aval e pre erence

percentgrcgshelnhe esetwhsnen ) mqlmlaj@“smemt mpmdmecy bp thepnetab(ﬂlsﬁnof the

sorope By TBARY SHER I SRS B S BE L 565 he

precursbombpbe measured and used directly or as a basis for calculation of a maximum

potential MPE. The maximum potential MPE may also be determined from historical data,
from calculations based on the amount of isotope-labeled sugar administered, from similar
calculations that take into account properties of the subject (e.g., weight, body composition),
from purely theoretical calculations, and from other combinations of estimation,
measurement, and retrospective data analysis. The maximum possible MPE may also be
determined by measuring the MPE in a separate biological sample that is known to contain
fully labeled molecule of interest. In the case of dilution of label, the maximum possible

MPE is based on the MPE of the administered isotope-labeled sugar composition.
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2. Measuring Rel ative and Absol ute Mass | sot oponer
Abundances [0129] Mass spectroneters neasure the

WO edoat133seo quantity of different mass nol ecul esPOF/USL006r822915
in a sanple. These quantities are sonetinmes referred

t o,as, ahundances ured mass. tr.al ak ht s,
[0133] o T AR RS s e B ARG ian e Rl Ebe R be
incorpor@tdi &&ﬁﬁﬂto@&n&tadlbtﬁﬁuﬁ&v\@ﬁd hhd\@evieRIpBN & nﬁ&%étooﬂtgéﬁlologles and
i sot ope) i sotoponer. Is appreciated that any
modes of gplewlptien e vania éhwl@ﬂatmrbandcv@atyets &f isptopimednidng of isptopic
e
pattern. BleEch 6 11 G U0 BIRE D Blrth ih AR TMIRS TR
descrlbedfextdnelvﬂbt ﬁmdmlaie;sm UlSeBaﬂ&ﬁf Ho04).5,338,686£5,8 1008, aRd 6,010,846,

. the relative a nda es of dlfferent mass i sot oponers
which a%?ﬂ@ft?éfd@%ﬂf@%ratﬁg %@naﬁ&i thels cpirehy Yaiations ogwﬁésar@r other
relevantgééh%fhdé HeIRMB delRivedkifH hﬁttg,??r of dIrARMN 3G ce S TRA FRSe

rel ati ve abundances of ferent I sotopes are
skilled lmm, ébluding Hellerstoin and Neest (1H995@s cettng Sthinkes, < at. §p96),

and Kell ot ST BT GRDERT S ot pol ol dfiarp p, and U.s. Patent

Apphcaﬁ@@ﬁo' RYED 1,990 11 ol yhadhaiFe Releb @ McofeeReEbPlef@defideifRheir
I sotoponer is calculated. a. Calculating |Isotopic

entirety cont ent  or isotopic pattern | . Molar percent excess
(MPE) [0130] Isotopic content or isotopic pattern may
[0134] DGR lcrjﬁtt)% ebeQ ROHRAGRERs dalQn68hs Sﬁ{v ifiplementing the
descri supr a. n one enbo I ment, opi FePSoht ent
method (i)srpubd;totymwaﬂalﬂaﬁ’bmﬂ?rofesscﬁ)MateMldrs&sn MI&dSrS]}DﬁDﬂ@mlflfomla,
Berkele£XC€SS (MPE). To determine MPE, the practitioner first
CrkelC¥et er mi nes the fractional abundance of an isotoponer
of the nolecule of interest (usually, the nolecul e of
interest is the syabdmnl sptopexdeddeirgy netabolite of
the stabl e-isotope | abel'ed sugar). This can be
cal cul ated from abundance data, such as that from

[0135] cdsigpiceoniegt eHestaPIcaieng aajube Falsulatod from abyndange daieal
collectefi q Hésfcﬁf)ecf Igg%geir%ﬁ(&ﬂﬁdcﬂﬁeﬂg sgfo%% éo&r ac?tailg%ﬁﬁrb%ﬁe&fls

I SOt i oha
expressabamajalmperwﬁt dvicess (ARE)NTanererivkie-APE, Alwpldetﬂnﬁlei\/ﬁrswﬁetﬁﬁmnes

0t IS th e of .nom nal masses relative to
the fracfieggl abhrdnce GRS ISHIGRE of ERTTEH oM IMolSHHF EhinESER dise o e
molecul@%?‘Mtere&tqg-%]staghﬁ%ofoﬁi@ lafbre%tm@cﬂl%ht@%g 3A6R-isStope labeled
determined, it is coirpared to the baseline,
sugar). This can be calculated from abundance data, such as that from GCC-IRMS or GCP-
IRMS using the following equation, which is a general form for the determination of

fractional abundance of a isotope Ix:

Abundancel ,

Fractional abundance of Iy = Ax =

n

Z Abundancel,

i=0
where 0 to » is the range of possible isotopes of the chosen atom in which abundances are

measured.

[0136]  Once the fractional abundance is determined, it is compared to the baseline,

historical baseline, theoretical baseline, or other such reference values (obtained as described,
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hi stori cal baseline, theoretical baseline, or other
such reference val ues (obtai ned as described, supra)

WO nooenstsro t o determne the MPE. This is cal cul B€BPUS2006/022915
using the follow ng equation MPE =EMK = Dfractiona

) U A08 TSRS B SR GRS Bl b L Bk

followigpequadangse. [01 32] Once the MPE is determined, the
fraction of nolecules derived fromthe stable
I sot ope-1| abel ed sugar or the extent of dilution by
endé@%nﬁlmﬂmimbalumdam Pbendetmeami=ned. | n both cases,
the MPE is conpared to a val ue representing the
maxi mum possi blje nol ar perclent excess. In fhe case
whe cul| e Ablindaricer est i s Abuadueerd, by the

%o?i‘m 35 “t{he 1 sot ope)ﬁ ab I’Te—d—S“U'g'a‘rg((—e g., the

product i on O‘ R AHumdmce2l gl Qe otleldanded, MPE of t he
pr ecur sor =omeasur ed amd \used directly or as a

e 3 s AR P SR B LA A, The

hi storical data, from cal cul ati ons based on the anount

[0137] of OlnS@thepfePlE ahikethiedgme fadibmbsineleedles H&BRITidR th%rstable
ul ations that take into account properties of the
lsotOpe i&ﬁf eslugprorghe exjentgi dilutienthy erslpgerousimeeiyculésrasmbe @p@hymed
a |nat ons
mhi s A0 G e, 001, O0Sne Al AL BB ATH e o
the thecaietidal miazsimih A MRS urhulpoktiond @ MREbwney thaksweithekill in the art.
determ ned by neasuring the MPE in a separate

bi ol ogi cal sanpl e at. is known to ain fully

| abel ed nol ecul e ﬁfi%wm@%m o428 se of dil uti on
of | abel, the maxi num possi ble MPE is based on the MPE

[0138] of It the p@ﬁ;ﬁhﬂ’théth@dﬁﬂ:s&trﬂiéﬂoi@%bﬁ%h%t SM@&topic pattern is often
%‘i 05| tion.[0133] The Applicant has consi derable

eXpress Erteasiap Altfe” Mok @eféﬁnﬁ %@S@p&asqr@ﬁj@mesmmnmﬂﬂx,md

f t@ﬁh@ rh
refers 5‘9%1?69?%2 ExSbe il Biles G SRR RR nasses or the
moleculed:leemnalyzed aheomlaalredJﬂoahe bansehﬂcd s@ﬁ}ﬂb )&ﬁ$t6r1c§aﬂ baselih©Bts, or

S o Sy SEE o 4 5 e
sugar c&ﬁﬁé‘sﬁﬁ@ﬁ%&ﬁo@é}ﬁ'—l&@él% m@t%ﬁ&l'lt@y!n%rdo}{te &glads Pat ent

, 338, 686, 5,910, 403, and 010 whi ch are

hereb i ncor por at ed by reference in their entirety.
Var3aﬁk§ﬁ§L&m M DA and ot her rel evant techniques are

further described in a nunber of different sources

[0139] kng’\éfl\}lelto @%%B@%Jﬁl%o%ﬂ PQ ﬁ%ﬁabol({ecrln ' n%tﬁidleg‘%%l%tgpe-

labeled amihbléhtd @hgbe anttr VEsteraubod{rk&a2) paIUmSl o3 Redt6pt-labeled
tab Q% tJdon 10/ 279, 399, .and U. S. atent
metabo j 8’?1“ . 1 gpother egehpdiment, hpashin K isgtepeiabelpd

metabollﬂ%‘iﬁ’a(yp&r ﬁﬁﬁﬁjﬁéay 1 &ofe? BiBolihdnllal farfift1oP Rb¥ope-labeled metabolite

may be identified. In another embodiment, 1 part in 10° isotope-labeled metabolite may be

identified. In another embodiment, 1 part in 107 isotope-labeled metabolite may be identified.

4. Detecting isotope-labeled metabolite following sugar metabolism

[0140]  The methods of measuring the consequences of sugar ingestion may be

accomplished by measuring sugar metabolism products. The rate of isotope-labeled
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[0134] In addition to the above-cited references,
cal cul ation software i nplenenting the nethod is

W@ iwbi1848y9 avai | abl e from Prof essor Marc Hel | er B€BUR2006/022915
Uni versity of California, Berkeley. //. Atom percent

metabolﬂé?ﬁﬁlﬁctﬁo%’ﬁm[tﬁé g%aﬂl(ﬁ%ﬁﬁé@ 1ﬁ@lﬁ&1ﬁ§tsu§’a[rs 1§ Qlfﬁel'eﬁt to achieve

tern may be cal cul at ed roma undance

relatlveldélllghel@tf@lélo §Om§dﬁbdb%hn€t9bﬁﬂﬁaWhﬁlmH@d@Steidefwemppunds
nt_or otopic.pattern i s expressed as
Comamlh? %t"P‘%Sﬁ%‘geg?& gll gesEe fg}fyﬁi Ef% determ ne APE, the
practitioner first determ nes the fractional abundance

[0141] of Alt¢reati by, Ggeoed-labelee swgis iy béipolymiesieet ® fofm ldteREest
usual Iy, the nolecule of interest is the
glycogeét‘éi‘b‘?fél‘%/aé’éﬁ‘%'éemﬁﬁé*@d metabolite of the
st abl e-i sot ope | abel ed sugar). This can be cal cul at ed
[0142] f rltamo R»ﬁ%t@aéﬁso@écmbaéd hﬁ%ofl{e%%oh % Rlcorrected
using the follow ng equation, which is
forabayéln@mlpeform for the deternination of fracti onal
abundance of a isotope Ic: Fr racti.onal ab7undance oj
-I = G . where 0 to n
D. &%@%@gﬂé@%@gw T]?)ésﬁﬁlg%%{e&gﬁ%%ﬁlﬁe chosen at om
|n whi ch abundances are neasured. [0136] Once the
[0143] f r acinbenof ebhngeesder msasdahgthricoackntiation s menhaimecbiblogical

the h | ine,. t | | th t |
sample BGIREE. T inie: L RYPETareh i adent oeaidsALer
radlolmﬁﬁﬁédsbgemlﬂl) Iklit@:)an g )pﬁfcﬁ%edt(ﬁaﬂﬁhﬁﬁﬁ@a@ﬁrérg‘ 6f @B 'i@its ex1st e.g.

percent excess his is calculated using t
Crystal fiibemolmn@owqgras mve HpEnd uggd; a@qordmgto dnbmjmfacmrers

mstruc . TRl T O P B SF LS SRR Bt 4T B

samplestrh&y ¥Pkent fordablgsigibpedoninhecibl 1@B<§fa@ﬁy tHat PBFRE14Is8&h analyses on
deri ved fromthe stabl e isotope-I|abel ed sugar or the

a fee forservpg basts @ig-JeinemResparhddideifsies Mecul es can be
determ ned. This is carried out as described, supra,

E. b UtCaTE%\Yatfn%qHélflﬁ Ade (9 AC\GAH S laliRR Jirh éhsfolﬁ@ of Btfofhesis
t € theoretical nmaxi mum APE. Such cal culratlons are
known to those with skill in the art. 1. Atom

[0144] peAéerihe dconpasationreisotope label from the administered sugar composition

into sugar metabolites has been determined and the insulin levels have been determined, the

data can be analyzed in order to calculate the two parameters relevant to DM2, namely the
sufficiency of the pancreatic response (moles labeled metabolite produced, or moles glucose
utilized, e.g., moles *H,0 produced) and the level of insulin resistance in tissues (moles
labeled metabolite produced or moles sugar utilized divided by the INS AUC, e.g., moles
’H,0 /INS AUC).

1. Calculating the amount of isotope-labeled metabolite produced

[0145]  The amount of isotope-labeled metabolite produced is determined by determining
the total body water of the subject, and then multiplying the observed concentration of
isotope-labeled metabolite times the volume of the subject’s total pool within which that

metabolite is diluted. In embodiments utilizing a isotope labeled metabolite other than
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[0138] In the present nethods described, isotopic

content or isotopic pattern is often expressed as MPE
worooad3mm APE. Mol ar percent excess i s somneti MBGT/US2006/022915

witten as EMK, and refers to the nolar percent excess

. f.a give S Wi e i;bl ot
sotop et 2 R IR L S 5P S b RSP SofmsAeond
metaboliRAS gbfefigine@npl e, hi storical baseline data, or

predi cted baseline values). Many conbi nati ons of

0146 YR b B2 s AL PR g, This
is done %‘Hé.ttgémkcﬁfg?g%%\g? iMek 3ROhASRY DERAL dMREMiniMhe Ul Hokly @fass

[ 7isoto ed nmetabolit'e may be detected. The |
of the subjeot (@ze| tyliebdaectried ampedanee tesiing)endéhearapplyingpemal equations to

.enpodi nent, 1 part .in 103.iso0 - |. abel t ' 18
determirfeg s BIA RO P gter PGB 9eEr A BRBABE Aol AR i 0
can be ad@thidis§ed aP@e sabetednbmialiglvitieormyorhe tinteiefort iogdfter the

. anot her enbodinent, 1 part in 105 |sotope-l,agel ed
administrasicatss e isotrng-labeladdutn compasitip, adotlra e e AT HEYS 1
. - I N - . . .
ot fp| Y b 7 REpls 208, A1 TR ADODIG g Ry o scope

labeled ns@abdljte mMeabiebmentyet i helyitee diffyrebesangde)t Thiedt) APE in the
Det ecti ng.i sotgpe-

| l abel ed nefabolite fol i sugar .
sample yyicasistarBifer @8 461CTPRe Bt Bt %@Zﬁ@i%@%ﬁ%ﬁ@wg’m 1s
then detSMAGANERE Gfulbn RIERII, HEORBL BindFB e idgsoNPl i shed Dby

neasuri’ng sugar netabolism products. The rate of

i sot ope- | abel ednet abolite production fromthe
[0147] oxindtieoypodiment,ed Wood parnpleliakgn &iomed Bumansubjgf fhepehgurs giter
.. achi e i vel i : ' -

i A0 2B PRI Phodseod 0 R o
.ooooza’g.@.t, 00626 %bfﬁﬂtﬁél watkgar ﬁlefb"ogy l@sﬁé@m stherARE of%gimpozs %). This
ternat] ve , .1 sotope- el e S s nma .
subject fspydbhy bielpeids! rapesianeaseIaHe b Iyadsk WAITRORT R4 Htfisn The

FEARY: itddle hEPlARRRkGBRE §dls Wotigjo: or
pememib@%) ope@lrugg%c}{el%%?ma%ea%%ﬂ te Sro ucti%n n}g{/ be corrected
for a baseline value. D. Measuring insulin

C %%t@j}i‘@gs i n Dbiologi cal sampiys,@0143] A nunber
.0000 ‘%‘ﬁfi}‘ll ,Oﬁ)ﬁmlﬁe@éwghlﬁ@’fhycowt ration of
( Zlﬁis’@ ¥h a biological sanple ard”5Vai | abl e. For

i nstance, an enzyme |inked i munosor bent assay (ELI SA)
or radi oi munoassay (RIA) kit can be purchased (many

f f .such ki i 2. O
oves) oL BELUSE Bl o8 K 350y iy P 7 ms o
1,0 waﬂ%&féear §h8 niaA$ bf VL0 RRSvidddby e siyleculdteveight of “H,0 (20

concentration of insulin in a biological sanple.
grams/mblepmatiéntelgpt the moles “H>O produced:

1.17 grams / (20 grams/mole) = .0585 moles = 58.5 millimoles

[0149]  The amount of isotope-labeled metabolite produced (e.g. moles H,0) provides the
pancreatic B-cell sufficiency which is indicative of the sufficiency of insulin secretion.
However, the amount of isotope-labeled metabolite produced alone cannot fully resolve
whether the subject is in the healthy, normal range or if the subject is exibiting compensated

insulin resistance. Figure 3. For a more detailed determination of the subject’s susceptibility
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sanpl es may be sent for analysis by a comercia

| aboratory that perforns such anal yses on a fee for
wa@esosi1a7basi s (e.g., Linco Research, St CharlBST/UMN6/022915

E. Calculating insulin AUC (INS AUC) and cal cul ati ng

o dovel PRI SrBpBBEDE S LA AR I, g o
the the sshjgetts innriinassittexue viahieds ssgatallyesefobl i t es has been
determ ned and the insulin | evel s have been

determ ned, .the d an_he.anal yzed in qrder tq.
[0150] ¢ S et oot Aneled AU ot S esBE vl
conjunctidiBwil b ik 6 imhilid PR RSN BalcleSmiRINONSElIK PRIsBRce value, as
| abel ed netabolite produced, or noles glucose

describegisuprpzed, e.g., noles 2H2O produced) and the |evel of
insulin resistance in tissues (noles | abel ed

nmeta Lha. produce r nol es sugar utilized divided by

the” R : lﬁg‘lﬁ?’,mq es 2H20 /INS AUC). 1.

Cal cul ating the amount of isotope-|abeled netabolite
[0151] pridetisedin[adpasideTteva DiINA UGS ori SUChpdletta e tothl exposure of

s R O B SRR TR STy e
(e.g., bytthe“edpegsive thefRAY; @Rink ahdudin 180cld &UrARRsd i DRdI6Fical samples taken

. netabolite times the volume of the subject's total
at varioysdanesigfienthe adpiinipiratiparof Yee suger ¢arepasgiog |Aubasgling walue may also

' il zi IS el t lite.
be deterfiRRLtHHR T ol e oln® ol R ARy RED1 T TRk B8bdefion. Oty
one tim@tﬁml\/a'ﬁeg thel%%hlk; 'ls‘&ﬁtton) of thé mgaomh%dsafhn 1ANPbe ?iedthhlemany may
uti]ized nmefa ite i eterm.ned. ,[0146] If the
be used.i ébiééﬁéWPé(B{éﬁe%getﬁ%‘i“aB‘iF ket difgrenbiime Rty Sould 5oy to
determin®Bh§iflin AUBC TR ThREH AU S elptedONGitHShAgof €ChNI ques
known in the art, and may i1 nclude determning the |ean
body mass of the subject (e.g., by bioelectrical
inﬁeﬂmw@ankwéx@ngﬁ and then applyi ng normal equations
to determne the total anobunt of water in the subject.
for instahtd:€rnatively, a known amount OfH 180 can be
adm nistered to the subject concurrently with or at
sone tine befare or after the administration of the
is%ﬁﬁﬁ@ﬂﬂigglgPdﬁu@@ conposition, and, after a period
of \tine, B ogical sanple is taken (the sanple may

be a sanple collected for an insulin or isotopel abel ed
net abolite neasurenent, or it may be a different

S le). The .18 E. i S le is.then termne .
0152) 3 BReEhion it B 005 ADS CuiGS sty be a5 Ffiae hoptied
Biopharwakertice @8d Phamniabetinetiis et n$tregk] bid Mhaudinthiérs 04" edtibgdMcGraw
) described in_nore detail _infra. [01@;% In one | . )
Hill, Meghigsd Sshing laiviviers avhiehng herepy iesernareiai! By Fefrigncs indfseatirety
for the %%%gg???%ﬁbﬂfgtﬁcqm wkration of a 2H 1 abel ed sugar

s a fracttonal blood 2H O I evel of

[0153]  Alternatively, other measures of insulin production may be used to evaluate the
insulin levels in the subject. For example, the maximum concentration of insulin may be
measured, or the concentration of insulin at a given time in a given type of biological sample
may be measured. In one embodiment, insulin production is measured through c-peptide die-
away curves. In general, the AUC will be calculated for a given subject, but single time point

concentrations or other insulin measures may be used in place of the AUC.
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. 000026 (i.e., 0.0026 %of the water in the body is
2H20 the APE of 2His .0026 % . This subject is found
whgoobi184809yi cal i npedance to have a total body MX/882006/022915
pool of 45 liters. The percent 2H2O is multiplied
ti the total vqu e 1O glve ms Of 2H2O  [0148]
aduaiy Gsiops of diabelpppataogencsigg 1,17 mis of 2H
O nmeans that 1. 17 grans of 2H20O were produced. The

[0154] ”aﬁﬁo gme%"ﬁ%gs b ddbMb IS Rent e a8 s@%éédirsuﬁ}‘ﬁ &8 tevglated for

O (20 granms/nole) in order to get mol es 2
each submc(ﬁd lrcent embadimgntathe ﬁfrst(dimelgmcanwvlm le)msuhn @5&51WI cms =

. 58. 5 | e 0 The n i S el ed
resistancl T Bier U e R (L o B oy BB B Eeed o
absolutefiAsles 8Bgar Breﬁé@bhte%%cfub@d ENtded WitBOTNS AUtd(s:g'it ms&s 8H,0

the sufficien of insulin secretion.

produced gifidad f ING e Thgpaiteef théES&Blﬂerlﬁ]%eI?ﬂf @é@b@l&e/ﬁléﬁ% ansulin
parametﬁl"’\ﬂ[rﬂfh e bitlitken fro §19h e‘@g (r%ltug ﬁﬁra wekgeféonlslaeﬂeﬁ “y ‘ﬁess”) or

nor ma I's exl bi
includedc dﬂmheﬁmteeainbmhsmhrhtsg 1naﬂ;1|n$'em\aty i rgmstandé is Fecpresanm rbzy the

moles Ogﬁgfeefﬁb&fet%@ﬁ%@éﬁﬁﬁ%ﬁ%ﬁ@%@ agjﬁﬁﬁ%}nﬁﬁ%@# Wge; meapefite

produced diRA& l?}dé( ﬁ&%ﬁds AU EREsUMBS induiiehRuT AL IToR s@éon‘dhﬁmensmn
the subj’ect's insulin resistance value is especiall

y
which 1suwpw|atlc petase]l rapensgms mmre@mtquhyt thp ebgodhise medes of labeled

metabol ﬁo%glc?ég s@ ragsoiﬁtgd og‘?ﬁyqfak—fgﬁ ga?ﬂ: oS dorlagsogléfte g%('éfo g
utilized.| F§1Uédcﬁ stigjettsthascsaraadtens, are’i&et@iﬁﬁﬁéd lagd tieabRct i8 then compared
Cal culating insulin AUC [0151] The insulin area under

to other ghbjoels,(rPREIgEICABES. Altyricabdate Som simdlar Bibisctse gpdaa flem
prev1ou%: g%g%ﬁ?e;f{léelg on'fd gdn?besglﬁﬁei .tﬁﬁleﬁﬁéésa{jengnti&rg %de r[the%ontext of

usin ques

drug dewoﬁmmt;'ﬂle@bmchﬂlm&’ﬁmhlmbf pathi]glalgeslsrma& bencdrﬁ[médsto treated or
eaeterm'ned i n biol ogical sa n at vari ous

untreated BHOPR P GAmEATOER 1eGh 5 PR Eheg Al3{fge Fade prior o the

1n1t1at1oﬁ%?ﬁ@§tkﬂeh9n A basel ine value may al so be determ ned
froma sanple taken before the adm nistration of the
conposition. Only one time p0|nt after the
[0155] ad%hfhtvsq parengisrsonay bedisplgyed graphielInt eromchrghasishows e Figure 2.
many may be used. At |east two val ues determ ned

takgnEgtPCq)!nfeE@F ent time points should be used to

n AUC. The insulin AUC is expressed
with units of: {concentration) {tinme) for instance:
[0156]  If desired, corrections for endogenous glucose production (EGP) can be made by

the dilution method. In some patients, EGP (e.g., hepatic production of glucose from
glycogen stores) may contribute to the total glucose load, and can dilute the isotope-labeled
sugar composition in vivo, thereby skewing results of the above measurements. In such a
scenario, a biological sample (e.g., blood) can be analyzed by mass spectrometry for the
amount of stable-isotope labeled sugar present. For example, if a human subject is given a 75
gram dose of glucose, of which 15 grams is 6,6-2H2-glucose, then the mole percent excess of
?H,-glucose (the EM,) in blood would be 20 % if no EGP had occurred. If, for instance, the
mole percent excess of 2H,-glucose was seen to be only 15 %, then this means that 25 grams
of glucose were produced endogenously. For a detailed discussion of these calculations see

Robert R. Wolfe, Radioactive and Stable Isotope Tracers in Biomedicine (Wiley-Liss 1992).
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(hours) [0152] Discussion of this and other AUC

t echni ques can be found in, for instance, Applied
w®r@phagsneceut i cs and Pharmacoki netics , L. Sheemeb2oa6cR2915

A. Yu, authors, 4th edition, MG aw H |l, Medi cal

Publ i shing D vision, which is hereby incorporated by

r efeohniques andd Compesitionsety for the purpose of

descri bing AUC techni ques. [0153] Alternatively, other

[0157] ek ‘?x?br@t:h ﬂm{ do‘i‘nﬂb"si@i@ﬂ&ﬁm‘ag Be GBMiHRE, mﬁ&btfoﬁalwgérumye

t he i nsul eve S in the subject. For exa
purified mamolmd; ﬁ“@lmdhﬂ bivdagich safiple nsug standaxd bbwhnmmhmdmd&known
congentr at. on of

in the arl aFieg GBmGpotit) geaeouk R iSH IS ikl ablfofim,or any

other mdﬂB @r pORGSICHR e asl deSétived aB(B\Qd \Gitionally, SrapRasmty fdhd & hlons
peptide di eaway curves. In general, the AUC w ||

may alsodzeq thaua@cb dlhefrequegry efbieigsjcaksampbing c3n Hgldlepstfing,en ﬁltfferent

factors. %851{: fag%)ésa{&cﬁ{a%bﬁgﬂg %ﬁ ﬁlgi\} 3!3 ttfﬁeﬂ gﬁ%%%efﬁl’zel %%gmgﬁ CHI’%EQSIUOH

tested, eﬁeaalﬁ eiaplipgahd balfi¢iss of 4 Atpajedine tchatraergiiboge i9inonitoring
di abet es pat hogenesi s, as discussed, supra, are
responses oy gAt@t$sr each subject I'n one enbodinent, the

first dinmension, which is insulin sensitivity or

[0158] T QRiloAk 3MSRion| the'BBLE AR Efknfval hRPHRIiSSs Bhy be glucose. Ina
I sot ope- | abel ed sugar netabolite produced or, absol ute

further varihtéan, dfe @h@l@n ofet lycﬂdntllelstpredd@hﬁé@ﬁi wigaisded., BH-glheoseNS

plasme st flaeu™ GRoREEH, BSPBEPRf A RERE Y PRt iderabt

informafiéi6éHni e aicdmbbLEs gliyse heiliniioh bed sjrkestd lﬁlﬂh\hays(lﬂ ﬂ&; hody by
this paraneter may be considered "unitless”

use of hinPuersh. FYEnre Srlepisiiibe SHBUMBIIST RN T dotding deuterium-
Jabeled %lﬁ Lt 'G’fﬁé&éf (ﬁ%”e Ft%g 'bzta%ﬂggct'l?d 16RFSLSE s b%o&foﬂ?llﬁﬁl)l%ﬁ as

sot ope- uga oI|te produc
glycogeﬂ,bﬁ@bme&tedﬂb emtafand ugdon dekalkeotia glyc@ysid an@thedmviic cdeid dyyle.

Ll S g B DS S TR rcrpores

into bod‘il?sﬂ%@cﬁs then! 1§torb%’§yﬁ'§1%ﬁ$ ﬁl%dQMS t iea é’ehﬁﬁﬂrﬁ%ﬁvﬁﬁh@ﬁ @€ proportion
| abel ed netabolite pr oduced g@{q absol yte nol es of
ngif)

of glucoﬁl‘*z map tbe aiaecb ) idemtif Heeopropastinm b istarerh rH-lLabelqdzg;Luposq::o r
der r] lib%leCt these paraneters are determ ned, and the
un ego&go%g%q ¥ then conpared to other subjects, reference

val ues, historical data fromsimlar subjects, or data

[0159] T rBranathet exiales, theass benerd chemitd eompozitisnstanacbe glytogen.
the nmeasurenents are made in the context of drug

devel o t, the observed di nensi ons of pathogenesis
M%E@é&r&%]éﬂﬂféd to treated or untreated groups, or to
measurenents fromthe sane subject that were made
[0160] PT TR¢ mefholif@istIokdd RréiRRIION foif BAEHTRAE elassification of patients for

decisions regarding therapeutic interventions (e.g., insulin-sensitizing and pancreatic beta-
cell-stimulating agents); clinical differentiation between type I DM and type 2 DM (DM2);
clinical monitoring of treatments intended to reduce risk of developing DM2 in non-diabetic
subjects (e.g., insulin-sensitizing and pancreatic beta-cell-stimulating agents); clinical
monitoring of agents intended to improve existing DM2 and prevent progression of DM2
(e.g., insulin-sensitizing and pancreatic beta-cell-stimulating agents); clinical development
and testing of new compounds and candidate agents to prevent progression to DM2 or disease

progression in existing DM2 (e.g., insulin-sensitizing and pancreatic beta-cell-stimulating
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[0155] The two paraneters nmay be di spl ayed graphically
on a chart as shown in Figure 2. 4. EGP correction [01
w®ajochssadesi red, corrections for endogenous glRPCDES2006/022915
production (EGP) can be made by the dilution nethod.
In some patients, EGP (e.g., hepatic_production_ of
agents); glinjea) yise a5 BENGHRRIBREAmatkst wshD Ad\rasedhtl Vighintcal trigly ¢felrugs
intendedtt8é)§'évelgﬂ | H6036i4PRDMAALGAR (bbilEord E-iRREIN0 @S iRdlin-
sugar conpositionin vivo, thereby skew ng-results o
sensitizihg endpmeeatie batarceliatitmlating agents); mlesiyney geames associated with

. .. biological sanple (e.g., bload). ca anal yzed by
insulin r%@%“cgp@é’ﬂ‘eaﬂ‘g?qsquﬁr Scﬂ?ﬂﬂ‘hﬁy @;b ]glt%abl e-i sot ope
| abel ed sugar present. For exanple, if a human subj ect

[0161] | STHIN&Rod di] e RERASAsOAlIEY fF @F6liabh meRdue&oflBssaé ai¥Blin
i's 6,6-2H2-gl ucose, then the nole Fercent excess of
1

resistanczHp any expasiseental painENepnusrepily vathrglieble meapirgpf thepdequapy of
had ocgurred. tf, far . the nol e percent
pancreatéc%eéaéfgéiglfes ° érf %%’gpg nv\n%é{ag glglﬁia%'o be only 15 % then
this nmeans that 25 granms of gl ucose were produced
[0162] erflegecthods disclésed harciledlad by tirshaasterinataf dffaeseal models for

o }§$Iculation ~see Ropert R Wl fe, Rﬁg{oactive and .. .
utility ingfiabgtes 1psegt pg:.s‘epp% aw ?q{n@%ﬂéaﬁ ¢an ate\ﬁge S;_nil presclinical
models &n@%@ (eEg., iﬁﬁﬁi:iimeﬁéiﬁﬁng Rfd CRARRS %fatb%nlsei%ﬁﬁiﬁr%%eﬂtrs);

re chem cal conpositions may be obtained, _
comparis@t fpeadricy, joatet dfaldnjnigation; eahgeners g elassd etef fogweleetion of

.. biol agi.c sa i ng_st.andar.d _bi ochem cal.. h
candidel st thord 0 DM e P AP R B s R
stimulat@{peagBik); lahdideatfitAionPf e s rss @@ PGRR insQlin 8dxistaicBGFancreatic
nono or polysaccharide as descri bed above. Optionally,
respons¢ anghseRPEIbBIY th@Monposi ti ons may al so be obt ai ned.
The frequency of biol ogical sanpling can vary
Kits depending on different factors. Such factors include,
= but are not limted to, the nature of the chem ca
conposition tested, ease of sanpling, and half-life of
[0163] a Alsogradéa ara kifs farelgtenmining fissoemsilgn resistanee prgythe sufficiency

res ses,to the treatnment. 158] 1n_.one, variatiaon,
of pancfef i it S5 g e PRI e Fotossa e BECyRroddecutes
and may Bddtiddally igdludeddenti¢d Bompbenrdd ikhowvh anthefartfonbdpdrating, purifying,
~_admnistered | abel ed sugars (e.g., 2Hglucose) in
or isolapingerneteing aedieiechenuenly peresgary f@m’ﬁ’g?g'éﬁ Hegiegpmplys automated

[ O [.O . Fi ' ie0f .Q3 can
catouts B N na 0Bl PR A6 AR1S, 9L B
pat hways in the body by use of this approach. Figure 6

[0164] depither kittchmpghents) secast tadls forsadnpsistiateon, ofi watén(digngneasuring

deut er i un abel ed ucose. ducose.ingested. by.a.. . .
cup, &ty SEATERS TR P elib 0 - CrSSIEen bed BRYCFY LAl Sigiarty.
instmmGJlnx @&gﬁ;ﬂ@inﬁg sgxﬁ?rﬁ:@ ogPtht ‘éel‘l\ﬁfsglieé aggégaﬁrsme. gdispadifien ¥i,

gl ycolysis an e.CItrlC acl .
needles, syringes, and tissue sampling devices) may also be optionally provided.

Information Storage Devices

[0165]  Also provided are information storage devices such as paper reports or data storage
devices including data collected from the methods described herein. An information storage
device includes, but is not limited to, written reports on paper or similar tangible medium,

written reports on plastic transparency sheets or microfiche, and data stored on optical or
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Label ed water, particularly 2H O, may then be returned
to the blood stream and incorporated into bodily

WO bavicd3387¢ hen into bi osynthetic products. |n aP&I/UB1006/022915
further variation, the proportion of glucose nmay be

.used to identify, the, prf ortion of .adm nistered .
magnetioapeqia e pe gogpast Bises i@ 8161??1 gisg petia) dises, magneBofises, and the
ike), or 06 ol e Bfrnallfn INERE 1eficfrlPETbERamontly, The data
may be avitabtoeistigly leaiainkdevitten hodspdies ehdmey bh ar therfomh bHan ¢lectronic
mail meq%lggeg(?ro %{qé}?etdﬁlg I%gsﬁjggér&&a’lg :trfﬁrﬂetg%Ség%t %%Ssme?%r%‘geledc r%lnlscI f‘ﬂre].s The data
within thie I8k Rt SEAGTaké ddvicks 3 RARGHE Aitd, Colledted Bht imanalyzed), partially

stimul ating a?ent s); clinical differentiation between
analyzeds gpheompleslyaanalyzgp eDatapralysinmay el bynveae! esutesor seme pther
et o . L oni
automatqd ERCE ey U G il A1 PRl of LofiBY 8081 Rty MEsed o
downloadnkk anonteatseparhietdatacsedrhgs§yistant Gt g n@nagrer Bgrid-ledld orapdter,

and the 1 ke e i rorvg-Cakgnhely 56 Sha MR
informatl e B b B PS8 SRMEPE bl trasmayny sy or other
similar tangible esddivng faffurikew analypic wn fis dsplaycariuitidat e agents to

prevent progression to DVM2 or di sease progression in
Exam 1exi sting DM (e.g., insulin-sensitizing and pancreatic
2XAMPISat a- cel | - sti mul at | ngagents); clinical use as an

end- poi nt biomarker in FDA Phase H IV clinical trials
[0166] ofThérfoliswingtrendimitihg epamplenfurheniiiussse die thethtd disclosed

. disease progression in existing DM (e.qg.,

herein: j syl insensitizing and pancreatic

beta-cel |l -stinulati ng agents); identifying genes
EXAMPES PCMn@dride bfla hilasl subjécgsi stance, pancreatic

response, and susceptibility to DM2. [0161] The

met hods di scl osed herein also allow for a reliable
[0167] meddumen gpbie¢tguayebei tased byitheanethedsrisclgsed herein. A subject, who

i | . ' ) . :

s BB RE Ay 38 O SRURISTL o o bR S
receivesraashaivhohfimdig X penisrdplwosani el the 79 s ditpdusoet hodkl be

di scl osed herein also allow for characterizatjon Qf.
6.6°H-elpgatel Thp et ABRk by gﬁwsq SoIgHoRy A Subleetdhi s additional

ood 814105 RPHIBURAN ot 60610 ). USUR odcroin
and pancreatic beta-cell-stinulating agents);

[0168] coptirnsaitheblopdiioncsl] fivotimepahtsadnsant sutrfar inswlin measurement,
ongeners.in a.cl ..etc. for selection of candidate
as deserfgl 0T, opi @l §O%s Braing o BBtk S o1 ng

and pancreatic beta-cellstinmulating agents); and

[0169] | damortidicattth@blood frganids fagdoat fitnepoind isprodessetlifer *H,0 analysis.

.. resistance, pancreatic. r ecﬂ)onse and_ susceptibiljty t
Specificpfp, 100 ul of the blood is transferred to the inverted cap of a 2 ml polypfopylene
screw cap vial, the vial is screwed onto the cap, and the inverted vial is placed in a 70 degree
Celsius glass bead filled heating block overnight. The condensed vapor at the top of the
inverted vial is then collected by centrifugation, and analyzed on an isotope-ratio mass
spectrometer equipped with a pyrolysis unit (P/IRMS). The ’H,0 APE in the sample is

determined by comparing the observed data to a standard curve constructed with samples of
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Kits [0163] Al so provided are kits for determ ning
tissue insulin resistance and the sufficiency of
w@aenswre c beta-cell response. The kits may iPCT/US®06/022915

i sot ope- 1 abel ed precursor nol ecul es, and may

addi tionally include,chem cal conpounds known in the |,
known “BQ AFE: Alsolitaiols of faQ pypdrged Biibe Lo Bowrs gopradminigation

oy e CERSRENHE, a4l N a tissue sanpl e,

Ofﬂwsu%gtgﬁfpegsggﬁgﬁﬁggﬁon o) %ﬁare or conbi natoria

anal ysis, and instructions for use of the kithELO%64é
[0170] Cffhedisease staserpbihe welyect duBimthaxsassessed by plottingrthe molesatikOn

sl 1 1501 RSHEL B G R s e

individudlig oké bf thsiqlﬁiacﬂraﬁtb ¥n aichgdt &iniiRn ke thapshoot iaiflyuRg2. sanpl es
fromthe cell, tissue, or organism(e.g., Sspecinen
cups,. needl es, syringes, and tissue sanpling devices)
EXAMPREY: f angityeingpMosHatn ot Pbsss it DMIGRGS St or age
Devi ces [0165] Also provided are information storage
[0171] dey GR3e AU DM Iub)BR Sas TERABySthe indHRI R dScRIs8@BereRY | 0R81ute
including data collected fromthe methods descri bed
heavy witer pioductun Wwasf 4 miolesr{owt ofi83qaModesi adminisietadda deutbigted; s

n limted to hit report.s Qn paper N
etocosef ot 050050 HhRS PRRED S S0B PIREAGE EMIR v 1.
nM-hours/1RES PRHEHO/[NISLUES vals 45118 efdischEormaldaties aresSoamddibove (Fig.
optical ormagnetic nmedia (e.g.,_ conpact discs, digital
7). The gitjess piptiedon thptwadimeasignal srapiyfislls into Hhecompensaied iRgnlin
. i : t i . . ]
esisiande il ) GRERILESC 70 0 St B AL 2 oS e, e
followingatéragiok ynagydietobkereet: Wi t hi n a conputer and nmay be in
the formof an electronic mail nessage or attached to
n,.el ¢ il age..as, a,separate el ectronic .
RGNS ALLE a%rase 10 oh e R RE PR st B i demains
MY PR at 48WMdlés (BrrowOl, IFR€ 176 d Thel intétprstal naeshid be that this
partially anal yzed, or conpletely analyzed. Data
anpénpen baswgrsp enshn waigtante bwrthaittbe pacress ikespingrup and that
aut omat ad devi e done nmanual ly. The
in#’%tﬁﬁg TR S%ﬁ%‘ggzs agg 1|1aik§eé may be used to downl oad the
data onto a separate data storage system (e.qg.,
50 RLDAENS ATaddetrehsds talfrehide absahde héerylwdte)prbdurction falls to 30

furt | ysi s.. f di spl bot h.. . .
| M lee RoFa) PG Tt e GPRIIRACR e Pt enlingheisensedgs
gﬁglr(?g?eﬁ@d’sl 1R HuhethRAb a1 BRRRTcienRY ARhddguhic BRBARIGBHHnse)

C
ets, or othéer simlar tangible nediumfor further

anad prssent.oThisenbjdétdps apighrissdondevelaping Y7 0gidep aprgous

;g%egi‘é\%ﬁ‘ gfog’gel%lstgl]s %‘Iélg g(ft ﬁsx AR lpFa%ecE gh %.r%l?errar;elujti(l:'l aéern?tagd }elﬁgat

testing occurs in six months.

¢) “H,O/INS AUC remains stable after therapy at 25 while absolute heavy water
production increases to 55 mMoles (arrow #3, Fig. 7). The conclusion is that the
subject’s pancreatic function has improved while insulin resistance has not. The

action of the drug given to this subject is thereby characterized.
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EXAMPLE 1: Monitoring of a human subject: [0167] A
human subj ect may be tested by the nethods discl osed
wheooei1s58797 subj ect, who had fasted overni ght, POI/E8H06/022915

the clinic and has bl ood drawn (0O hour tinepoint), and

then receives a_solution containing 75 grans of
EXAMPLE #: JidTerensiagipn Bigtvers types fgng cose woul d be

6, 62H2- gntose. The subject drinks the gl ucose

< . 7 . el Lo o
017 R R e Hteon of
DM1 vs.(DM24s uBisertaind Thettesirdisclosepluireindy perfansd] Theresults shayf that

he -hl.ood, f || five ti i nt t oyt for
"B, 0MNS i g oiedtunes (D, HhIE AT v S8 p8taroRls v s
mMolesY\h¥#inS tHéeUBjebl iﬁ&llsie RSvefl A5 qua@nt @ﬂﬁ’%}lﬁe 70 @h69bndusion is that

_ portion of the blood fromthe four hour tinmepoint is
this subjpstsleesaeidaye insplip Oskstapy bytdas AT pangrqajic insgfficignepy

cmnﬁmB&nﬁﬂpbﬂfp is transferred to the inverted cap of a 2 n
pol'ypropyl ene screw cap vial, the vial is screwed onto

the cap, and the inverted vial is placed in a 70
EXAMR diyt:eBvaledtiinust oghdidate heaapidst | | ed heat i ng bl ock
overni ght. The condensed vapor at the top of the

o731 G Ll s D 01
the mettRdY HRBIREeAhdrbinaridiletddsds Showh fin figire BVB)he stibjectd MaE2 ABE

~_in the sanple Is determ ned by conparing the observed
divided inde threeerqups a ABREWUE ifopkingoviadarkingdinwonpitizertheragy (group A),

another ?{?@B?%}‘%ﬁ% é) Féﬁg%asté&ggawtcgns{fg@%f gpaﬁat%@é@fsegglg:?ﬁﬁfeifgctor

nr's i on "0
(group Bpambiik thiehg@up resiving Bdtk thetapiehqgarupi@d, A et @onth©af7 0]

The di sease state of the subject is further assessed
treatmergytis PaEsIthY eterfe-RIuas Eﬁﬁéﬂﬁr%ﬁ‘i}e%d% BseCersiBl ea O
2H20 produced divided by the AUC i nsulin and pl acing

[0174] t NesuR€ (Y5 He8): AdexPBRe®iardupeA SHAHEREH Bn@Bvén&h & fsulin
simlar to that shown in figure 2. EXAMPLE 2 :

sensitivityary a slight ahpoyeewrin pancstaticiyespensen crhedmpriaENR dherepy
proved 8 B85 08e BRI EE i BT LR Focera

amount PTRE behbi@ati vyathertpy iVhloas (| Boivewdr, 8&rted/e) @Bgistic effects, resulting
adm ni stered in deuterated glucose). Nornmal values are

in a dramaiic BEPraXYReY ip disgase ptate. The | nsulin AUC (1 NS AUC) was
1.8 nMhours/liter. The 2H2ZOZTNS AUC was 45/1.8 = 25 .

EXAMlEiF’% gal %f{%' w&%lcﬁﬁﬁenﬁgai ;ﬁ@&mﬁ’&@)&;ﬁnﬁﬁi Modeld: The subj ect
co

tte n the two-di'nensional graph falls into the

npensated insulin resistance (upger | eft) quadrant
[0175] ( Fgcke7 fattyFhabetia bjte wieradiiested bie theanetbodsedjsdlosed hereyreand as

. | at e fol l.ow.ng,.s [ . be observed: s
sy N R ONE I, PRI e
entiretyWat&¥ecRé S WEREEM, OIS ABIC was reduced, but absolute heavy water
production was near normal. Some animals were given rosiglitazone in their diet for four

weeks, others were not. Repeat testing by the methods disclosed herein was performed.

[0176] Rosiglitazone treated animals showed the improved insulin sensitivity indicated,
while untreated animals showed a reduction in pancreatic compensation as a result of insulin

resistance (Figure 9).
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stable at 45 nMoles (arrow # 1, Fig. 7). The
interpretation would be that this person has worse

WO p@xil183879 esi st ance but that the pancreas is kPEpURYO&R2915
and that beta-cell conpensation is adequate. b)
2H2OQ' I NS AUC decreases _to 22 whil e absol ute heavy
vvat er pr oduction fal REFERENCERDI es (arrow #2, Fig.

e conclusion here is that insulin resistance has
[0177] pAbgqnéw@em@, G- §Ae4- ymipartanos o quantiyipg insulip seqretien) wighption to

insulin séns@@ﬂ@%ﬁécﬁra@&% ?Sgﬁ%% lgeti %leﬁﬂéﬁan Schﬁfc%?%%ms _nﬁglxlrg Endocrinol

as a ris or deve opi ng as a
150(2): 9%&041 ous nedi cal problem This subject is then placed
on a therapeutic agent and repeat testing occurs in

x nont femmin ble after ..
10178] ¢ Féreigp 28 w0y B e il Ry vsio Bt BidsElmgine of
glucose tbfé?a[n%éslﬂﬁmtnﬁl é@d&%k}ﬁﬁcﬁ DivesSB(18: 51207, The
conc usion is that the subject's pancreatic funct| on
i mproved while insulin resistance has, not.

[0179] aaergmaIbRNt WacgnoddD§i Ader Mol 988 Assegppentof insulin éffr@wﬁy in

eg EXAMPLE 3: Differentiati on Between types
vivo. Enﬁ&EEQ%?M[ 172] A normal wei ght 29-year-old subject

i s diagnosed with di abetes. The question of DM vs.
[0180] DiEddes Guthex Kalgbal Whé928% stcuttilewkimgof lesmed fattysicids lowers

o i LT PO LS, 0 LG PRGNS M ol

production is low (25 mwbl es) putting the subJ ect in

[0181] t Buich@¥@ITA.I2001. Rasfbat Bl defd@uyia g@staffdil&l dipetestdmplications
is that this subject does not have insulin resistance

for the ppthpeenssis prd pegveniipareiteeg 3 diabeisyf 1Gliay adogringldyetal Sat:989-
93 with DM . EXAMPLE 4: Eval uation of candi date
' therapies: [0173] Methods: A group of borderline type
2 di abetic subjects were characterized using the
[0182] nmeRjoebiM] Stotind,cbbekR Bifvlonakg KS| 0996 &levstedipdasmai glucose 2 h

U (X E0 T T T )

sensitizer therapy (group A) anot her group receivVving

[0183] @ CAREhMHNE, Ehﬁﬁ&ﬁNDAOP&loﬁildgﬂQS F008. IngdredtRdak bétween insulin
regenerative factor égr oup ,

and the third grou
resistanqecandiinguiig seraetion indha geetonmpng af)gle\;osewpk@rar@efgﬁknh gﬂ’@ﬂ
106(3): Aheat ment , the patients were re-eval uated using the
' ods di scl osed her ei n. [0174] Results (figure 8):
As expected, group A showed an inprovenent in insulin
[0184] sebmicianirGuglidmdca (SlVlgdfﬂnt—imeDnMMChiG] Qrasmy MaKitaza A,

Magnan C‘? 2%89 S]farly cfﬁangeg(ser? r1rlls 12 tsgclretgorr]lea{na%tion induced by high-fat diet are
related to a decreased sympathetic tone. Am J Physiol Endocrinol Metab 288(1):E148-54.

[0185] Delaunay F, Khan A, Cintra A, Davani B, Ling ZC, Andersson A, Ostenson CG,
Gustafsson J, Efendic S, Okret S. 1997. Pancreatic beta cells are important targets for the
diabetogenic effects of glucocorticoids. J Clin Invest 100(8):2094-8.

[0186] Ehrmann DA, Breda E, Corcoran MC, Cavaghan MK, Imperial J, Toffolo G,
Cobelli C, Polonsky KS. 2004. Impaired beta-cell compensation to dexamethasone-induced

hyperglycemia in women with polycystic ovary syndrome. Am J Physiol Endocrinol Metab
287(2):E241-6.
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proved successful at inproving pancreatic function in
group B, but only by a noderate anount. The

W@ 0vbi18%879 on t herapy in group C, however, exerP€rusS2006/022915
synergistic effects, resulting in a dramatic

(01871 bt She Ressait Sl Bt & Kok ST o8 Fispgabifly pgpncreatio beta-

cell functszﬁ Iéﬁfon% abldfatbkid lﬁ?etrﬁlféri & Calatidn fﬁﬁhglqygéﬁ Hﬁ%eﬂ%heféas J

di scl oseéd herein and as described in U Pat ent
Clin Endaypiholddetab84(dp:1398A054, 197, herein incorporated by
reference in its entirety. At weeks six of age,
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not. Repeat testing by the nethods discl osed
kmdredshpr‘@eﬁfs\ﬁéée £¥¥¥lméd. [0176] Rosiglitazone treated

ani mal s showed the inproved insulin sensitivity

[0189] ! ' ?Jaﬁ@ts%d(:ofﬁmwelm rA?rlaethp?oa%H't@"t:ﬂespr&ﬁ&%dof%aﬂﬁ%%élﬁtﬁs by

ancreéati c conpensation as a result of insulin
modlﬁca‘tmu ftlenglucqsFiagenapceipstREMERENGES. PObERE) 3¢ r286-382; discussion,
300-4 Paci ni G 2004. Inportance of quantifying insulin
"7 secretion in relation to insulin sensitivity to
accurately assess beta cell function in clinical
[0190] StMéiriSen HrAlbrEFIOGRd GV, B&R(R)els9d H1 A497.[FA3l7 &]d mechanism of
Bergnman RN. 1989. Lilly l'ecture 1989. Toward
dexame@ﬁwednwﬁé deteripigtion PEAPeRS toleragre ira-digbeticitstedegree

relatwes{\%%?%%g@ggﬁts %ﬁ&gﬁ)gleag@ gﬁef@§ 2$ 1%/1) igéé 217.

Assessment of insulin sensitivity in vivo. Endocr Rev
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aystuncfift b SEBRp B R s p iR et s 2358,

subj ect s. D| abetes 47(10): 1609 12 [0181] Buchanan TA.

[0192] 2 Oﬁﬁhn §B T {gRai RC,, BfRillock BAE Boskd K] IB&Emiah ®NISchwartz MW,
i pl i cations for the pat hogenesi s and

Neifing ﬂLeW@ﬁi Wd% Reprd {fpd almey; Mipndeoshers 1003 pngidertiono! thet ab
relatlon%m% %gtw%gl? wégg‘ri%e%lg&l%ﬁ%’ aby b CquI%MB lip h&max?%hﬁéct&mdence

onsky evat asma gl ucose
forahypﬁ%bhhﬁjnbmrgé)lmemma(ﬂ)déﬁé{ms in beta-cell function.
Am J Physiol 270(4 Pt |):E572-9. [0183] Cavaghan M,

01951 AR P B 8t R b PRl Rertion n
man: mQ&é{ ebiARipEBtioRfof Bl JbeQSeeos& ERIRR TR, T CliRTHndodrme? Metab
41(3):600-10.

[0194] Kulkarni RN, Jhala US, Winnay JN, Krajewski S, Montminy M, Kahn CR. 2004.
PDX-1 haploinsufficiency limits the compensatory islet hyperplasia that occurs in response to
insulin resistance. J Clin Invest 114(6):828-36.

[0195]  Pacini G, Bergman RN. 1986. MINMOD: a computer program to calculate insulin
sensitivity and pancreatic responsivity from the frequently sampled intravenous glucose

tolerance test. Comput Methods Programs Biomed 23(2):113-22.
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106(3):329-33. [01 84] Cruciani-Cuglielmcci C
Vi ncent-Lanmon M Rouch C, Orosco M Ktorza A Mgnan
W@2008088879 Ear |y changes in insulin secretion aPdI/as100e622915
i nduced by hi gh- fat diet are related to a decreased
éﬁpathetlc t one. S|oh_ (gpcrlnol Met ab
[0196]  2Begven:(ivlq 898 Bapiing lsst}lr a@ ln%tfaﬁe%@talemb‘an%v
: Andersson A, Ostenson CG
disease. B&E 3 12}5ﬂgéﬁﬁadlc S, Ckret S. 1997. Pancreatic
beta ceIIs are inportant targets for the di abetogenic
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Endocrinol Metab 84(4): 1398-403. [0188] El bein SC,

R T T
secretorW%ﬁfcﬁoﬁfan@ﬁféﬁlﬁﬁfe@Etahaéﬁrﬂ thapathy@ehedis df alpeLidiabetes melhtus. J

ki'ndreds. Di abetes Care 23(2):221-7. [0189] Fajans
Clin Inves63@H@»%78%P41954, An approach to the prediction of

di abetes nellitus by nodification of the glucose

t - 2:
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46(1):3-19. [0 192] Kahn SE, Prigeon RL5McCul | och DK
Boyko EJ, Bergman RN Schwartz MW Neifing JL5WArd VK
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the rel ationship between insulin sensitivity and
beta-cell function in human subjects. Evidence for a
hyperbolic function. D abetes 42(1 1):1663-72.
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[0193] Kal han SC Adam PA. 1975. Inhibitory effect of
predni sone on insulin secretion in man: nodel for
walagbi1asre on of bl ood gl ucose concentration. JPCA/UR2006/022915
Endocri nol Metab 41(3):600-10. [0194] Kul kara
. RN5Jhal a US5W nnay JN5 Kraj ewski S5Montmi ny MbKahn CR
Iclaim: 5004, PDX-1 hapl oi nsufficiency linits the conpensatory
i sl et hyperplasia that occurs in response to insulin
01ailfé asi 3 MeEed for @térﬁnﬂuﬁ%’f&ﬁcréahé (FPeliBRBricibucyli0 hRBbjeRlaci ni

Bergman RN. 1986 conputer programto
comprisipg] cul ate insulin sensitivity and pancreatic

responsivity fromthe frequently sanpl ed i ntravenous
Makhagl i He
) el BSOS e baTP e SR AT RRITL BARR o0 B
m@8 &otdretlabeddd suparsl aramerbblizedric éabieledrandfon udiabeed &,0;
Di abetes 37(12): 1595-607. [01 97] Sakul H, Pratley R

L, Ra E Mott dus

b) oBBAHIRE o ot e B ealRRIcS et SR8 TS s ot dring of alier the
atihddistedtRAl oFsaitiRe @wﬂ@i@aﬁpé lé!feleﬁ%ﬂ arBS\HhérBiﬂ%D%ﬁﬁQﬁE
di abetes nellitus in Pima | ndi ans. Hum Genet

bidegyaleempl, wapatg@ped aliar g egimmwﬁa&l@rhofgw@r@ﬂ WRRKEP isgEpe-
§g¥?4$% &?JSSKahn CR 1990. Slow glucose renoval rate
871 nsul i neni a precede the devel opnent of type

Il diabetes in the offspring of diabetic parents. Ann

¢) rhedsering fhkdsotdB¢ t@)ter@@IHEO.in f4id 98¢ ovnpes biGlogay &annh]ss to
C5MWot t Pr a 1999. Th ral . |stor
RS e o) RO LG RORPHAGH Had i 14 RS atig biological
éﬁ% idde pat hogenesis of type 2 diabetes nellitus. J
ain i nvest 104(6):787-94. [0200] Al publications
menti oned herein are incorporated by reference,

d) determiuieg therfplehemewnt of SkOtin eaig sehiseiderecisiagios afigr thad
%\%‘ﬁﬁlﬁﬁ)g‘t e § Cn% ngo% !.EEJ(O%EI da%ﬁgaﬁm hodol ogi es
In publica

are descri on’ and whi ch m ght
be used in connection wth the presently described

e) rﬁ’&lltibmhg daidfraétivnalhradunt bf isétopeddteted id1O dedasd onendrmgore
ncreatic b-cell,sufficien in a subject c rising;
'a? ogisAl SRl Iyibion! amow%ogﬁz?dfi&ﬁ’é‘% IS} toge Eﬁ@%&ﬁg fptal
AP beGbto mgaefédmmrpsam gz‘ét h&ebp abeRRmb gwr@@ic B-cell
sugars are netabo ized to | ed and/ or unl abel ed

uPiiyienyy inisaidisnbiact. one or nDre bi ol ogi cal sanples from
sai d subject before, during or after the

Claim 2. A method for determining insulin resistance in a subject, the method

comprising:
(i) determining B-cell sufficiency by the method of claim 1;
(ii) measuring the amount of insulin in said one or more biological samples; and

(iii) dividing the total amount of isotope-labeled H,O in said subject from step €) of

claim 1 by said amount of insulin measured in step (ii) to determine the insulin resistance in

said subject.
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adm ni stration of said one or nore isotope-|abel ed

sugars, wherein at | east one biological sanple was
W@bdoai1888@ af t er the adm nistration of said onePOF/URINE022915

isotopelabeled sugars; c) neasuring the isotopic

. t id one or nor | ol ogi ca
Clait g qdBEARIG QAT S Br B ORI bR o TR T LB R i
a determh'x%@oﬁ Bf 8 'téjcalc’ék%oﬁ[re OPLiSsubé of scagd %cﬁﬁimbxﬁﬁ» or®) measure of an
determ ning the total anount in said subject

Hmuhnpb@mehglbddnnﬁgdGuMafﬁer t he adn1n|strat|on of said one
or nore isotope-labeled sugars; e) multiplying said

fractj onal unt, o otoelabeled H20 i.n sai d. one
Claigy i g TR L. s MBS A OB 16 A OB AT PSS SRy or
more bldlggl%'sQn?alﬂﬁ%vefecblﬂ‘ﬁB@d 0 et hQihObGintsIHAUR @fount of

I sot ope-1 abel ed In said subject to thereby
insulin nukeswedimsep@ilds pavidedias er hteagmfléritbé ewryg of imsglan hr said subject.
subject. Gaim2. A nethod for determining insulin

resi stance in a _subje t he_ net hod cqnpris o .
Claiggex e e matp doofcréqum L‘iﬁ*ﬂ%‘? L OGRF PP lﬁnpg?n’ﬁoiﬁgglﬁd fw%irsnas
selected nﬁg}q{e fhb cfﬂg)g o g#ﬁgga%‘i?ot‘agé’ %Ele? ol cBsd! idofo eflaﬁéédjfr%’cgseo bnd

and (i11) lel ing the total
isotope-belad galadtoses ot ope- | abel ed H O in sald subj ect from
step e) of claim1 by said amount of insulin measured
in step (ii) to determne the insulin reS|stance in
Claigefi. d Betpetbed of daim 3 wherrin paid RERICIIROE) igqtAPo1aRpler spgprs is

. : t of insulin measured in step (ii) is a
sotope gag%lgd%ﬁgg ion of the total exposure of tissues of said

subject to insulin or a measure of an insulin

ClaiR PdUrel RGhbEYEE aink 6 SHetkiS Sl @6tope Thtldd ducdkBeleBred 8dm the
of claim2 wherein saigd one or nore blolgglcal sanpl es
group cepsistingvef $x6-drlelusesst blgTilglucesarpndEl.2.hdtd.0ér Brlghicabhed
at different tinme points and said anount of insulin
. ed [ |ded as _an are t he
Claigyffalgmpthed pf e, el st pBger Heseppas hE et &
adminisﬁ:fred:lg}aé MethoWhREleeed fia the pronBi@ﬁ@g OSRhIPP &y g’&b@éeed

sugars is selected fromt %r oup consi st’ing of
intraperitgusalpdniraisapedy. gtnd@ub@tanegm Bpe- | abel ed fructose, and
i sotope-| abel ed gal actose. O aim6. The method of

claimb wh S t | abel ed
Clalgh%arghq et %og o? clalar}l v%?e?elgrsai sﬁ‘t%eétslé) a Bm abel €

Claim 10. The method of claim 1 wherein said subject is an experimental animal.

Claim 11. The method of claim 10 wherein said experimental animal is an animal model

of insulin resistance or diabetes.

Claim 12. A kit for determining insulin resistance and pancreatic sufficiency in a subject

comprising:
a) one or more labeled sugars,
b) instructions for using the kit,

wherein the kit is used to determine insulin resistance and pancreatic sufficiency in said

subject.
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i sot ope-1 abel ed glucose. CAaim7. The nethod of claim
6 wherein said isotope-|abel ed glucose selected from
W0 b@6gs3sap consi sting of [6, 6- 2H2] gl ucose, PCT/US2006/022915
[1-2H gl ucose, and [1,2,3,4,5,6,7- H7]glucose. O ai m
. 8. The t had of clalml rein d one or
Claim d 34 é"p@rﬁa% relgtesgyup& tyips %beﬁﬁssl;{@ﬁ@a SpspeRtiby mﬂsd
ls I
progressi%ﬁ ify Etst?éj?cﬁttcrea fé%llﬁg ggtgi;fﬁmgx’&g‘lﬁlhl?lﬁﬂalggiﬁ{gﬁgﬁfﬂ ﬂaﬁcregﬁfo sufficiency
in said s@@byﬁmahb@/of@hm% 9. The nethod of cl ai m 1 wherein
sai d subject is a human. Caim10. The method of claim

wherein said_subject is an experi.nmental .aninal.
Clall?é:llé1 dy pethod ey IdetHpi@e S§SPORss R AnSHHBSERsHiZAg Heatmcnt

COmpI'ISIrﬁgglgt%l anggq Lﬁi&l g%gttal'é(% al ﬁ% ﬁXﬁiﬁén&fln B3 Whibfct by the

method afela@m.ni ng i nsulin resi stance and pancreatic
sufficiency in a subject conprising: a) one or nore
| abel ed sugars, b) instructions for using the kit,
Claimtér ¢t methiod lfientsfymgéasnoasea@taenaﬁméth briarcelistimulating
treatmeng g@rjhéltéﬁﬂ eat%g_nL@@ Qiguﬁﬂghﬁsgﬁx#{% t%g%?ﬁlt rgzlréhlgﬁadlglcg in said subject
by the méihalef elim®l | i t us susceptibility or progression in a
subj ect conprising determ ning insulin resistance and
pancreatic sufficiency in said subject by the method .
Claimf1 6¢ | ametted foy differentiating batwaertypot alilcb'@’ﬁﬁ hf qiphgies mellitus in a
e
subject coglr][gg% § de eQ%ﬁ‘Flg ﬂﬁ{rl]lllné] %S}%ﬁ&%§+ gﬁdzﬁgeglgreé{ g g\%fggi%h%y in said subject
bythenﬁ&mﬂkﬁabhﬁZSufflClency in said subject by the nethod
of claim2. Caim15. A nethod for identifying
response to a pancreatic beta-cell-stinulating
treatnment conprising determning insulin resistance
and pancreatic sufficiency in said subject by the
met hod of claim2. Caim116. A nethod for
differentiating between type | and type Il diabetes
mellitus in a subject conprising determning insulin
resi stance and pancreatic sufficiency in said subject
by the nethod of claim 2.
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