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The oral glﬁcose tolerance test (OGTT) is widely used i1 medical research and clinical

‘medicine for assessing insulin sensitivity of tissues. The principle of the OGTT is that uptake of
glucose from blood by tissues, along with suppression of release of endogenously produced
glucose into blood from tissués, is reflected in the clearance rate of an exogenous glucose load
from the bloodstream. This approach is crude, however, and no information is generated about
the specific metabolic fate or consequences of the glucose administered. As a result, no
information is generated about the mechanisms underlying impaired glucose tolerance. Though
widely used in clinical practice, the OGTT is of limited utility.

Fat tolerance testing has a similar basis and similar limitations as OGTT. The fat tolerance

test measures the uptake of fatty acids from blood by tissues. This approach is also crude, and
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gives no information about the specific netabolic fate
or consequences of the fat admnistered. As a result,
no information is generated about the nechanisns
underlying inpaired fat tolerance. Fat tol erance
testing has nostly been used to assess the cl earance

of dietary fat fromblood in context of evaluating
hyperli pi dem a. Fat tol erance testing is not hel pful
for assessing sensitivity to high fat-induced

obesity. Indirect calorinmetry (1C), or the neasurenent
of fuel oxidation based on respiration, is useful for -
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A primary component of tissue insulin resistance is impairment of the efficiency and rate of
skeletal muscle and adipose tissue uptake and metabolism of glucose in response to insulin
exposure. One component of tissue ghicose metabolism is storage as glycogen; the main

alternative pathway for glucose metabolism in a tissue is glycolytic metabolism, leading to



alternative pathway for glucose netabolismin a tissue
is glycolytic nmetabolism |eading to 2 oxidation or
other fates (Figs. 2 and 3). Both the storage

(non-oxi dative) and glycolytic (oxidative) pathways
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In one format the invention disclosed herein represents a reliable measure of insulin

resistance, and reveals tissue insulin sensitivity or resisiance in an individual. Use of the
methods disclosed herein allows diagnostic classification of patients (for decisions regarding
- risk-factor interventions), clinical monitoring of treatments intended to improve insulin
sensitivity and reduce insulin resistance (such as the thiazolidinedones or metformin), and

clinical development of new agents to treat insulin resistance {as an end-point or biomarker of
drug effect).



sensitivity and reduce insulin resistance (such as the
t hi azol i di nedones or netformn), and clinica

devel opnent of new agents to treat insulin resistance
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glucose. In a still further variation the method includes the additional step of measuring

endogenous glucose production. In another variation, the method includes the additional step of
measuring the proportion of labeled glucose stored in tissue glycogen relative to sugar
administered. In yet another variation, the method includes the additional step of measuring the
proportion of administered *H-glucose undargoing glycolysis.

In another variation, the chemical composition is glycogen.

In another variation, the chemical composition is glycerol-triglyceride. In yet another

variation, the method includes the additional step of calculating new triglyceride synthesis.



measuring the proportion of |abeled glucose stored in
ti ssue glycogen relative to sugar admnistered. In
yet another variation, the method includes the

addi tional step of measuring the proportion of

adm ni stered 2H gl ucose undergoi ng gl ycolysis. In
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gl ycogen. In another variation, the chem ca
conposition is glycerol-triglyceride. In yet another
variation, the nethod includes the additional step of
cal culating new triglyceride synthesis. 4 In another
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invention to determine the metabolism of sugars and fatty acids. In one variation, a drug agent is
introduced to the individual prior to determining the metabolism of one or more sugars or fatty-
acids, and the effect on an individual is subsequently identified. In another variation, the
metabolism determinations are used as a surrogate marker for FDA or other regulatory agency .
approval of drugs. In yet another variation, the metabolism determination is used for the clinical
management of patients. In stifl a finther variation, the metabolism determination includes
diagnosing, prognosing, or identifying individuals at risk for insulin resistance/diabetes mellitus

in the individual. In another variation, the metabolism determination includes diagnosing, or



I n anot her aspect, the invention also includes further

applications of the nethods of the invention to

deternine the netabolismof sugars and fatty acids. In

one variation, a drug agent is introduced to the

i ndi vidual prior to determ ning the netabolism of one

or nore sugars or fatty acids, and the effect on an

i ndi vidual is subsequently identified. |In another

variation, the netabolismdeterm nations are used as

a surrogate marker for FDA or other regul atory agency
approval of drugs. In yet another variation, the
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printed report may be printed on paper, plastic, or microfiche. The device may be a computer

disc. The computer disk may be chosen from a compact disc, a digital video disc, and a
magnetic disc.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts the fate of 2H attached to fatty acids in the cells. In this case, palmitate is

shown. The fatty acid is metabolized via B-oxidation to release hydrogen atoms from C-H bonds




gl ycogen, glycerol-triglyceride, triglyceride fatty
acid, proteins, and DNA. The invention is further
directed to a nethod of manufacturing one or nore drug
agents at least partially identified by the nethods
of the invention. The invention is further directed to
an information storage device including data obtained
fromthe nmethods of the invention. The device maybe a
printed report or a conputer. The printed report may
be printed on paper, plastic, or mcrofiche. The
device may be a conputer disc. The conputer disk may

e ch from a conpact disc, a digital video disc
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comypupds grotnding laheled ghycdmpiriglpendeschityratid-tigiylesides] groefns, DNA, or

"fat tolerance tests. ducose or fatty acid

- com?rﬁégggﬁr@?ﬁ may be neasured directly fromrel ease of 2H

Figumtyadiepintstadnnetivpmd ploere tileranca yest inmalondsl huh@n subject. The percent

Lt £ ting 2H bqdy .wat.
ety B haARRN B BBl SRR =t BB e g
deuteriielabeled blycaedb shownghyceparide sf tihat t y

| d-triglygeri.des roteins, DNA, or conponents
RS b ot -BF 16 ee 0 e sl g s proent
g1ycbl|yhiamfaaam_&ed Bsdenteriva éﬁt}gmﬂgdﬁ o? B Wkt RieHing aﬁ?ﬁniﬂﬁﬁ&?@it

.Y C IS, nmeasyred by deuterjiumincorporation into

| deu\%%%%’?abf\é%? BYGISRgS gl?ﬁ‘i“rﬂvgrt FREIPHAL RS deut eri um | abel ed

Bk uewERpicisS KktaWoraD¥8Eos8 1d¥ehric8 tsOin aldofRal ril GHUE Berdent glycolysis,
- de&hé%f a_kinetic oral glucose tolerance test In a
MEAF HSHER IncppReraiien s vateyfollewing sfiwiniswtienplsdsutogum-labeled
glucO@is Shdwi BvieN S fdridalbatiinen i nto water follow ng

adm ni stration of deuteriumlabeled glucose, is shown

over a period of tinme. Figure 6 depicts a kinetic oral

gl ucose tolerance test in a nornal rat. The percent

gl ycolysis, nmeasured by deuteriumincorporation into
wat er follow ng adm nistration of deuteriuml abel ed



gl ucose, is shown over a period of time. 7 DETAILED
DESCRI PTI ON OF THE | NVENTI ON A net hod for determ ni ng
the netabolismof 2H I abel ed sugars and fatty acids is
descri bed herein. The nethods have numerous
applications in the fields of nedical diagnostics and
bi ol ogi cal research. L CGeneral Techni ques The practice
of the present invention will enploy, unless otherw se
i ndi cated, conventional techniques of nolecul ar
bi ol ogy (i ncludi ng reconbi nant techni ques),
m cr obi ol ogy, cell biology, biochem stry, inmunol ogy,
protein ki gérﬁﬁlgiWW§§§ﬁ§¥§ﬁi§§ i.ch are
wi thin thenﬁ 5 Bﬂ bﬁﬁiggﬁﬁﬁggés are
Aexgihad foe detémdihivg ibe nidhdolisnt ef “Hk-labaed sigak ameatthEGMﬂ@mbed
Labor at ory .Manual. nd e
hereifrs S P a R e e gy et e RS Ll Bpgusgtos and
blolo@ca]gmmheotl de Synthesis (MJ. Gait, ed., 1984);
ds E%%blecular Bi ol ogy, Humana Press Cel
BIOK%@ HBSat ory Not ebook QE. Cellis, ed., 1998)
The ineﬁﬂe(bf Bfe@ﬁé‘sent&ﬁ%ﬁﬁén wagl eknpgei;uﬁﬁléﬂ's BtheRvite mcﬁ!':ﬁéf‘ E’cﬁb(renﬂonal

1987); I ntroduction to and Ti ssue

techlgqlws of meleHarkirlogy, (EGIUWB@P@HB&@Q@PQP?%WOWBﬁa cel gmlogy,
blocﬁéﬁhityaﬁ%lﬂoﬁ%%epr@éintléﬁeﬁcs Eﬁpﬁﬁétsﬂé'c&oﬁ ﬁ?f%ﬁ’ﬁ@h V(llﬁlm the )skﬂl of

fiths D. eds

the ayf. g\;u;'hl taghnigyes %@W@imwtﬁ%wg thqiltgﬁmchgy, Moecailtes .ﬁl@mg 4
Laba?&tsa@umlm sémerl@a;f#@p@&nafo%&%; ' mgjeéém gsp}ay#;gére& YPrdsk: M

Bl ackwel | er \ectors
C”%andﬂmy##hwﬁaﬂs@%Jlﬁmuzﬂml9&91ﬁ@ﬂh%ﬁnﬂﬂwﬂﬁmkfﬁkﬁkgvEﬁmymafWE%U

car B, {4 GELO 0 P i
Cultire 8 1.i Rmibnf(}fbfﬂli J 1987k iﬁz’tiaﬂuc;tzoe ElJrSC.eII éz@zgﬁssue Culture 0F.P. Mather and P.E.
Rob% gg??g?%l%rgrnFP% %e@ll aing Yl’zsgue'\éflt 85 gxo%f Pr%!cedem; %2 D(g{rlle J.B.

Griff8bs) :Bl;ld DI Newe s VHIOS-§) $.0V ﬂﬂomﬁrSonsj | Methodyuk Eﬁajrmology {Academic

pres BR) PPl SBerra oty Ond Ve SEr G Bheiects

Gene(ﬁfmmioﬂi foﬂlﬁm@ﬁﬁﬁbﬁ@éﬂsl’(DM Mitl&hndﬁﬂ])‘ Ellos, di451937); Current

Prot%cgﬁ%‘fg 3&?%9:{ a{/‘ EU s h g@g P 6o gfﬁmé% eﬂ’lg Lolymexase Chain

Rea&zy@,IMHs)et alb%dSJSIQQtl)@CQﬁEIQW&o&dPs ERbASI Y (B E; O8lghwadil,, eds.,
to oIs nless 02?#ﬂglse noted, H Definitions
1991, Qe ”BtP Moy (leypg Siensoo9gk and Haesdsamauer

* distribBlold szs%@ bzﬁhﬁﬂeﬁﬂs Cth&&@tﬂial‘ Qh&¥ie MRRSperVRhRE &n%@ratéons by

i nt ende hav ani ngs commonl’y under st ood
.Heﬂqrﬁ%@néﬂe%@ﬁm i Pﬁyq:ﬂ@?ﬁ(Endp@vnolMetab 3 E1146-E1162, 1999)

Furthermore, procedures employing commercially available assay kits and reagents will typically

be used according to manufacturer-defined protocols unless otherwise noted.

II. Definitions '

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 skill in the art to

which this invention pertains. In some cases, terms with commonly understood meanings are
defined herein for clarity and/or for ready reference, and the inclusion of such definitions herein

should not necessarily be construed to represent a substantial difference over what is generally



which this invention pertains. In sone cases, terns
Wi th commonly understood neani ngs are defined herein
for clarity and/or for ready reference, and the
i nclusion of such definitions herein should not
necessarily be construed to represent a substanti a
difference over what is generally 8 understood in the
art. The techni ques and procedures described or
referenced herein are generally well understood and
commonl y enpl oyed using conventional nethodol ogy by
those skilled in the art, such as, for exanple, Mass
i [ | ears: .
w800 SRRV oS e R ROBS B LU g,
generplly Al Jderstoeil nnchmmhﬁjsemﬂégfndmsﬁg yaivehtion@lAGethodology by those
[ tab. E1146-E1162, ,1999
siied BIYAOASs 0 Bt el Mailitondomed v piondriab b Bttaees:
theorgtival inalyiiy dndl expwmeﬂfal @aydenutoslbly Hellusiclnabb elebdel(gmarmhysiol

276 (R >3 B P BbnEimiboporl Bitamee. K

approputdte, psocediires it eing teaek of dykinabdliyiFhildbfe 1KiS 881 reagents are

: terc eabl wth "metapolic fate" and "netabolic
ge““"&‘g‘/ G?Bb% ordagig with ape: a‘ij%‘ﬁ’e‘leéPF%/PfP@mHF rarpREEeters

unkghmﬁamﬁ@mﬁmdconversron oxi dati on, and/or r educti on of
T% %?rs and fatty acids. "Isotog refer|to atons wWith i
Fabalisme IS figpmierpngsably itk " ﬂ&re o1l "metabelighonsequences,’

and réf&:€ BRTRbalty Bdbio¥yntHRsid itk dRAGRL, M@B%Soﬁéanﬂﬁ‘ %&Bpfed&&rog of
Fydrogen‘%kb VS. Deuterrunr(D

sugarg gy f d as 2H, as is conmon |n the art

“IsdtSREORAITES Fomé iR helsRint RRLRRbEpLRAT R dheRle o%@f?ecéaﬁl% element

that have identical elemental conpositions " but
but with Aidferant pymehiesd quleratmﬁ 612 SHwdregso (B hvsc Bewtyriins ORRr Das also

T regggﬁggbszﬁgg l.SRHQR sti-tution, as for CH3N 2,
® Eéﬁz H?F B{Bsotopologues refer to isotopic

IPRimIGQi’J’ é%feﬁp ispdyipéccisdpars stw@m@ethat hatte illeniiealietberehiat admpositions

ns but..differ
but ari@ Légr{gg&tu gqulg{]s%%éo%ﬁenn%%m % '_Btoql%supﬁtg:ution as for
CHJ@%aﬁﬁﬂﬁ£&bmﬂ@ﬁ@DNHptopologues are defined by their
«l. SOt opi c,conpositio therefore each isotopol ogue has
GRS SRR e bt v e s
clemental Wod ﬂie%caﬁ@orh;ﬁ:@it@ﬂ%rﬁﬁﬂﬁr {nSsotbiSedrkeht | Sékc | tyglely Q% &H,NHD
family of isotopic isoners (isotoponers ch differ’

in thejsgarppie abayel tisaepoldguesaee défined by their motqprca:ompbmmﬂ dlerefore each

sanme, 1 sot opol.
i e SRR AR, b oS G
usvally @ficydsd pHa Gurfilyroif isptopic lsosrnt&xm'ompbman)swmclh tidfer By the location of the
1sotopg§ VRE gno?&ulte rag g, béﬁ' ﬁI{B and CH,DNH, are the same isotopologue but are

different isotopomers).

U.—

“Mass isotopomer” refers to a family of isotopic isomers that are grouped on the basis of

nominal mass rather than isotopic composition. A mass isotopomer may comprise molecules of

different isotopic compositions, unlike an isotopologue (e.g., CH,NHD, 13CH3NH2, CH:,,ISI\]H2

-are part of the same mass isotopomer but are different lsotopologues)’. In operational terms, a

mass isotopomer is a family of isotopologues that are not resolved by a mass spectrometer. For
quadrupole mass spectrometers, this typically means that mass isotopomers are families of

isotopologues that share a nominal mass. ‘Thus, the isoto_pologues CH,NH, and CH,NHD differ
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nom nal mass rather than isotopic conposition. A nmass
i sot oponer may conprise nolecules of different
i sotopi ¢ conpositions, unlike an isotopol ogue (e.qg.,
CH3NHD, 13CH3NH2, CH315NH2 are part of the sane nass
I sot oponer but are different isotopologues): In
operational terns, a nass isotoponer is a famly of
i sot opol ogues that are not resol ved by a nass
spectronmeter. For quadrupole mass spectroneters, this
typically nmeans that nmass isotoponers'are famlies of
i sot opol ogues that share a nom nal mass. Thus, the
; : ; 1 1 logues
i nouly b AR B A o Ol O S bpopRet ButBh pologn
CHSNEP@H%NEJ, ¥ C}mégé,tah@ CiH5 ONEp &t Al Uthe sdBtddhial SR RNHBence are
13CH3NH2, ™ and 15NH2 are all| of the same nom na
the samewess dethphoeks e Baghanass ketopainer iptherefre ppispbrRomposed 9f prore than

one isoﬂ%)%%o é[u HORE IR e iy Sldek &l Aats. IHRGAYN BAVEASESHoogues and
re-than d

one 1sotopol ogue and has nore than one
mass igt@omersisssefil frepradtict beronseal ilividiad isoiopelesd i golassolyrd

. mass. i;sot [ ' i
L
that pre@ied bighal masresslutipe s¢ thohetoslatomrtommagss sprcitbiactrie duh yag be

{ . hi
v FE BRSBTS B B O
isotopSR@QbweN B mhise istaprasemed bs big; foyreodt orgaeid nolectlhs this is the species

abundgnces of mass isotoponers rather than .
contaihisgtBHp @l dfudy. Nilek. ke massiootoproress ar¢ dgkinguished bydher mass

P TR I T
isotop6s Witkin MRSSoléchRLiORE¥REcSiclaad tha$ virp GiH ,SPesitiony] itdigromersh g not

., differences fromM (M, M, etc.). For a given nass
dlsnn%“é%‘?@porrer, the location or position of isotopes

“MMsk RbRpb& PAREETHIERS loh Hibgr&R 8EihE hiRgldaides dTabe MAE Jotopomers
(1.e., "positional isotopopers" are not .
of a mglestienfpong [Edpdimenty dis patécsn ¥§;Péer?%ﬁtf’dpaétp?@lsﬁtrel?tg’ieé‘]"gldf%ceﬁwmm
all of gﬂfescx{éﬁ%%ﬁ%e% &I% nbfS 12010 4RA 6 £fe RbstlBRadiRSTBash KEIHRAGEMS most
u

ule.. I'n one enbodinment, the patternis

abundgnidsndorogyr issaigée beH0%- dnanethe cab 198 fopmpreapphgaiion
i i i iBRbi ) Ghéattion that each
involl A ARS8 FropABR i onk iR i ki thot ca
specidssottopuasp thegobittmdanchis uigidsee belewn beeern SHBRRIPAHFERIS

the f Is [ [0V j ‘AN
someti o8l B P fiipfiRoqrbll Blnkh B SR AP Kk ey
applidsioalyfto detabanlatdegiattenohisotopesdn eweleoentr i butes to the

e ARG Pl LR e
tmapAat t ern, al though technically the former term applies’

Bl SRR PP 0 SRR Pige
The defifitithtl bt@mpasi@Bicdd aaf dihkrliquitesamples bilsiblogical origin, that are
accessible from an individual through sampling by minimally invasive or non-invasive
approaches (e.g., urine collection, blood drawing, needle aspiration, and other procedures
involving minimal risk, discomfort or effort). The definition also includes samples that have
been manipulated in any way after their procurement, such as by treatment with reagents,
solubilization, ér enrichment for certain components, such as proteins or polynucleotides. The

term “biological sample™ also encompasses a clinical sample such as serum, plasma, other -
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human. A "bi ol ogi cal sanpl e" enconpasses a variety of
sanpl e types obtained froman individual. The
definition enconpasses bl ood and other |iquid sanples
of biological origin, that are accessible froman
i ndi vi dual through sanpling by mnimally invasive or
non-i nvasi ve approaches (e.g., urine collection,
bl ood drawi ng, needl e aspiration, and other procedures
involving mnimal risk, disconfort or effort). The
definition al so includes sanples that have been
mani pul ated in any way after their procurenknt, such
biologiSal iytid} srarbwERApE, lahd AI6ARBRHS ccllSRcHRL 'c%ﬁ‘&ﬁp@ﬂrataﬂ{s and cell
enrichment for certain conponents such as proteins or
lysate§o| ynucl eoti des. The term "biol ogical sanple” al so

“memmau&k b lsﬁh 1RAHER a0 G bREE Fleg%m @8&&@@ fluid,

10 biological fluid, or tissue sanp 316>
mterSPH@ﬂGaie@dee@{ rswvedpwaé ﬂu@einﬂamp@rymamsssmﬁamm

-~ absc aor nid] dréhro el
b elsél {)ﬁsﬁa r il Akl }fl fal W %1 &l HAES 1111121?1?% ﬁo:{ﬁlans

to urine, seru”m a
(SPuf'incht» gl fliigl, feresybide, méqs@m sfckaiions, cegimetiog] fluils teba¥p¥aginal fluid,

skml%&gmgﬂmdﬁ;h%ﬁnatory exudat es, synovial fluid,
bscess, ‘ehpyema or ot her |nfected fluid,

Smre sefers i ambndsheshatidesme @bl,yszpblhaﬁiﬁﬂ eoprived 6 Bhbrdesecharide

. p bile, . iptestina
res:dtfgg..c ?%%m &%ﬂgﬁ%ﬁcﬂ% IHE\:/S G{P"I‘F‘F Uﬁ% arg 1ot | E_@%tet{;tggglﬁcé:‘se tholy la-glucose :
and Leghenobs), roannoseh Enctiedialaytodd amtl@ugar &rpafivessedhek ghk&'oﬂw acid,

c a |d ri de conprise
hucoIe AEANRIcS GEodtisalaRiiel 2 58 o IR S disoyaridss such as
' sucrojenumilisie andolattowaad Rudiger dhifinsghr hidlecOlesGOB 85 £1PQshn.

« | ucos | ucose mannose, fructose gal actose
1hHed e refB g A7 %%"ﬁm&onﬁl%@@%ﬁlﬁ“%t?ﬁdg
Igabeled)ﬁlﬂmtﬁ&’ > reforoyal Ry gr @fd BeySAGERE 'of‘ﬁ%re' zﬂ(iédékg% “Phbterated

thﬁ%& not linmted to, sacchari des sgg as
a DOV AU FCICIROFAEE OBeF m@ﬁg‘éis‘)@lﬁaﬁ i Leforlesh glenobed G@ﬁeeéo
qucoé‘dlEKbls’dSmﬂﬂ ofe @8 fidre “HLiANS e ds Hﬁrex ﬁgﬁgﬁiﬁe%g l%lugbl%%% oo

Qratin gne or 1 SO

Tabeleg Fgol2 istided 6Bl Ryl b gl oG] ABiAS ik ebacomsor ¢
“PaHial1$ PleRRS” reflStdRERIE de regﬁtvﬁlg onk 61 663 ¢ rggc\)'fﬁ%ﬁtg of a mixture of

|nC0rp0rat|ng one Or nore O es.
other gorppoyads: Fpppampla orartiplly pus inzabe beniow prdteinner pﬂptldm’ I eefers to

el ed u
remov@:& én%g} gﬁe rotlgﬂg gg Igépfﬁcrl]eg it gPJi i?%{t%fe Qt@? SF ng%g%r %8R St Séptides or
other gomppppdsg m@ostéer qmdpl[e,l“;p&fﬁllﬂp@fﬁﬂe Hiier’gbﬂfmﬁ €emoving one or
| ers.to ne S 0 vin
more mBEEJI&sa%Tx%:%{ gp g’%’&l{%lﬁfeén ed, g%:es S r%l%c(:{o&?oiecg . o t""ﬂté’r om wa
“Teodating tredss tol%qparfetmg wpé enmpopad froma lalnyixfaey dffcwnﬁ@mﬁﬁl @oﬁéxample,
1solaHP§ SneldE glto% Iﬂ'gteﬁlrs op Ee%]%lde%e 1$efers ?o scparatgng one protein or peptide from a

mixture of one or more proteins or peptides or other compounds. “Isolating water” refers to

-

removing all additional compounds beyond trace levels from water.

“Drug agent,” “pharmaceutical agent,” “pharmacological agent,” and © ‘pharmaceutical” are
used interchangeably to refer to any chemical entities, known drug or therapy, approved drug or
therapy, biological agent (e.g., gene sequences, poly or monoclonal antibodies, cytokines, and

hormongs). Drug agents include, but are not limited to, any chemical compound or composition
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removi ng one or nore proteins or peptides froma

m xture of one or nore proteins or peptides or other
conmpounds. As anot her exanple, "partially purifying
water" refers to renoving one or nore nol ecul es, such
as macronol ecul es, types of macronol ecul es, or salts,
fromwater. "lsolating"” refers to separating one
compound froma m xture of conpounds. For exanple,
"isolating one or nore proteins or peptides" refers to
separating one protein or peptide froma mxture of
one or nore proteins or peptides or other conpounds.

disclosddsa) fat éx@ﬂlglyalh@ t3th BAABR B¢ 1A MEEFBMLNG RS, 'puﬂ%%l,ﬁ Witlehouse
ounds eyond trace | evels fromwater
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to refer to anycemca entities,
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1s presghian gegesy (emidhed Ot 01 desipiy (tir;hbteﬂ): al conpound or
G S r exa he 13th
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one, foregarhpls, m@mnglmedecmmhg motecnlmmb@@kﬁﬂﬂcﬁl@h @ﬁne@dﬁoﬁd Rty that

. contrifflresth ??13?388 R{°°?Sﬁ’ea et St Ut I %@%ﬁéﬁgyggggeﬂé%ﬁﬁﬁmm
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enzym(ed’é‘é ke Ve s PhagaRcologicpl chaagiatisticiog @ drugpeenimay be an
undesizabid @ietfomxaﬁp!éghg?ﬁﬁ&‘ﬁ@ﬁ ¥f GRGr GRYELAR TR Rs. %@5 plethora of
rel evant phar macol ogi ca

desivallf BB B i horgensh awfginsgga@mts b kiswarfo tepsn ghifisdda the art and

each vl bB ¢ieQB@ir0he F0MRt Hfthd
i nventi on. T?]I s characteri Stl C Q{Eb&ng éé%lﬁiigcg%ndthetaréeted

disease. o1 eauzivt €08 peret EBYP n@r@mu@dq:aeraamgy o velrenf ﬂomample
when §¥5:8BcHRERHERS ﬁa@%&&h@éﬂtﬂie@ ﬁfegﬁl%ye & lﬂﬁ‘&esn‘ c%r bogllf &P art

a di sease process, [terl ng Sig trans
sufficigaiiie Gippert 8 partienlr @Lﬁsﬁoa@ éecrsamemirm abng thia &itugaietrﬂopmdmepathway

Such ﬁﬁés’to\ﬁbg Hcide, TRLARRL hﬁutocf{oh;ﬁ@%ﬁmkﬁ r%géﬁ%ﬁ%; ?ﬁg%tfdti(té?n Vo

inhibitin aCtlvatlon enz
transitignt pre B ]@n%o/m goliaeisiae, phasgil @cai)hasd‘ﬂ ket §lia!s@H<ﬁf plaise 1T

trmmﬂg)glo ctlogzgg one §HWdH§deS§xabl EF%Q&*%éf the

ldentlﬁﬂdendilmeathgﬁdenHMmmbﬁ ame anﬂmmpﬂ;emaeabgneal chahaeisatd I&Eﬁﬂiﬁx
ose skilled .in the art

t known. t o

evatuoffye S48 SREAET e Y8 et b SSHE DB o=t A mlammacologist o
physicparor bihet mea:thetgnz@@ﬁlﬁatb &l ok peNe] sraeddandet BaikSE ast ed

e.. Of. co ent can be npre than at
sl BRR st P Fnint i S RE S P This may Do
accomphshed using procedures well known in the art.

“Manufactlmng drug agents” in the context of the present invention includes any means, well

known to those skilled in the art, employed for the making of a drug agent product.
Manufacturing processes include, but are not limited to, medicinal chenical synthesis (Z.e.,

synthetic organic chemistry), combinatorial chemistry, biotechnology methods such as
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when several characteristics have been identified
(desirabl e or undesirable or both) that are
sufficient to support a particular mlestone decision
poi nt al ong the drug devel opnent pat hway. Such
m | estones include, but are not limted to,
pre-clinical decisions for in vitroto in vivo
transition, pre-IND filing go/no go decision, phase
Ito phase Il transition, phase Il to phase |11l
transition, NDA fiIing, and FDA approval for
marketing. Therefore, "at |east partially” identified
{ el s .th e tian of .on

nyorkaE WBSOGT 1) biob P MeoBlee iR R om, and atporng

techmqmbs gl zkgam tol the ekiiteddrtisan. Cﬁt&:h@\pﬁdﬁbtdnaygae deinel @Wt that is

h | t
Rl A0S Rormio R oot erma e af Feup g Pt Do Sofpaketed for
therdpehetittuisé, ioe anydiatimaidtepramett ussade tie rdawlftll@nﬁht&ff@fdfﬁfal &hjz 6gent

e to _establish its,therapeutic inde
| pmd‘fﬂi‘gh%ﬂg‘b%a%%t WBP?%‘W@RII %@fil’lrgasﬁfgéfdg usI vve:I k)riovvn

‘IEIIEVEIG& ridtftis uselVmnerbR@baably Hbrahi Wih 6R1604s8d ridk ahd ﬁleﬁrﬁ.%%ease,
the present invention includes an%ﬁ?eans

of
beyogf gASEle hskmowid;ipvetseot the rivleolanindidghgl by ayvinge atﬂﬁ@dmon or

dlseﬁgﬁhs@g oﬂfhe%r@éﬂég oP&RHce BE St tmore MAHEGST Ur i Ng
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e’ agyaed ﬁgrg;nsmeqns an exte@ymrhrggm@l f@ﬂt@‘é}pﬁt ts associated witha
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hods such as 12 hybri doma nocl onal "ant| body
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one Eiﬁb&!nﬁ&ft,q;ﬁé testivol 8 bRE Rt Ao FRedBUAR b2 glucose or fatty acids to a

human subject or experimental animal, then measurement of the release of deuterium to body
water. Highly sensitive measurements of label enrichments in chemical compositions contained
in the bodily tissues or fluids allow great sensitivity and accuracy by this approach.

The tests disclosed herein have utility as drug discovery tools (e.g., for identifying genes and
- drugs that alter tissue glucose or fat utilization pathways); as surrogate biomarkers for FDA

approval of drugs (e.g., agents influencing fat oxidation or insulin sensitivity of tissues); and as
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Non-i nvasive tests for determ ning the netabolism of
met abol ites such as sugars and fatty acids in the
body have great utility for clinical diagnostics and
bi omedi cal research. W di sclose here nethods that
al I ow hi gh-t hroughput, inexpensive and sinple
nmeasurenents of the disposal pathways and netabolic
consequences of sugars and fatty acids in living
organi sns, including humans. As used herein
‘netabolisn1" "metabolic fate" and "netabolic
consequences are used interchangeably and refer
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di sappearance of glucose (Dglucose) and the fornation

of glycolysis (as described, infra), the rate of
MethSiY AR s R Sk Do A 6ﬁonﬁ}7&ﬁt;&:@ B@rﬁ&!hingtmglﬂs bt fagty gcidstie an

_anount) of glycogen synthesized (i. fornmed) can

individeln be det ermi ned. Knowi ng the rate of gl ycogen

symth e%uﬁmﬁs'?&ing@aw@d BERBiteOh anGlans@en fornmed, for

exanpl e, enables the clinician to evaluate the

ef fi ca@yc@ﬁpoémegﬁ' @géﬂlﬁlggsﬁgﬁ’fsended to i nprove tissue

ﬂ‘@)ﬂyﬂ s% ?.b%? \éﬁ%}’st iy ﬁcludé RofsfecirRIeE bbKsaccharides, or other

VI reati ng
compounds that are covalently bonded to monosacchandes or polysaccharides.

H-labeled sugars may be administered to an individual as monosaccharides or as polymers
of monosaccharide residues. Labeled monosaccharides may be readily obtained commercially

(for example, Cambridge Isotopes, Massachusetts).
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gl ycogen storage di seases. Alternatively, know ng the

rate of glycogen synthesis and/or the anount of

gl ycogen forned allows the clinician to nore

accurately di agnose or prognose a glycogen storage

di sease. Additionally, the rate of glycogen synthesis

and/ or the anmount of glycogen forned is a

wel | -accepted early marker for an el evated risk of

devel opi ng cardiovascul ar di sease or

insulin-resistant disorders such as type 11 di abetes.
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component of sucrose (glucose o~(1, 2)-ﬁ*uctose), lactose (galactose B-(1, 4)-glucose), maltose

(glucose a-(1, 4)-ghucose), starch (glucose polymer), or other polymers.

- In another variation, the labeled sugar may be administered orally, by gavage,
intraperitoneally, intravaseularly including intra-arterially and intravenously, subcuntaneously, or
other bodily routes. In particular, the sugars may be administered to an individuat orally,
optionally as part of a food or drink. By “administering” or “administration” is meant any

method that introduces the labeled sugar to, in or on an individual.
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all Hatons are released to 1120. In a further
vari ation, the | abel ed gl ucose may be [6, 6-
2H2] gl ucose, [1-2H1] gl ucose, and
[1,2,3,4,5,6-2H7] gl ucose. In another variation,
| abel ed sugar may be fructose or gal actose. Fructose
is nmetabolized via the fructose 1-phosphate pat hway,
and secondarily through phosphorylation to fructose 6-
phosphat e by hexoki nase. Gal actose is netabolized via
t he gal actose to glucose interconversion pathway. Any
other sugar may be utilized in the disclosed nethods.
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Quantities may be on the order of milligrams, 10’ mg, 10° mg, 10° mg, 10* mg, 10° mg, or 10°

mg. “H-labeled fatty acid enrichment may be maintained for weeks or months in humans and jn
animals without any evidence of toxicity. The lower expense of commercially available labeled
fatty acids and fatty acid residues, and low quantity that need to be administered, allow
maintenance of enrichments at low expense.

. In another variation, the labeled fatty acids may be administered orally, by gavage,
intraperitoneally, intravascularly including intra-arterially and intravenously, subcutaneously, or

other bodily routes. In particular, the labeled fatty acids may be administered to an individual
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Rel atively |l ow quantities of |abeled fatty acids need
to be adm nistered. Quantities may be on the order of
mlligrams, 101 ny, 102 ng, 103 ny, 104 ngy, 105 ny, or
106 ng. Fatty acid enrichnent, particularly with 2H,
may be maintained for weeks or nonths in humans and in
animal s wi thout any evidence of toxicity. The | ower
cost of comercially available | abeled fatty aci ds,
and low quantity that need to be adm nistered, allow
mai nt enance of enrichnents at | ow expense. Fig. 1
shows the fate of 2Hlabeled fatty acids during
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Mass spectrometers converf components of a sample into rapidly moving gaseous ions and
separate them on the basis of their mass-to-charge ratios. The distributions of isotopes or
isotopologues of ions, or ion fragments, may thus be nsed to measure the isotopic enrichment in

- one or more chemical compositions, or chemical or biochemical degradation products.

17




A biol ogical sanple is obtained frombodily tissues or
fluids of an individual. Specific methods of
obt ai ni ng bi ol ogi cal sanples are well known in the
art. Bodily fluids include, but are not limted to,
urine, blood, blood serum amiotic fluid, spina
fluid, conjunctival fluid, saliva, tears, vagi na
fluid, stool, semnal fluid, and sweat. The fluids may
be isolated by standard nedical procedures known in
the art. Bodily tissues include, but are not |imted
to, liver, nuscle, adipose intestine, brain, and
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(IR)-spectroscopy, near IR laser spectroscopy, or isotope ratio mass specirometry
b. Metabolism _

Very low guantities of labeled water may be detected. In one embodiment, 1 part in 10°
labeled water may be identified. In another embodiment, 1 partin 10* labeled water may be
identified. In another embodiment, 1 part iﬁ 10° labeled water may be identified. In another
embodiment, 1 part in 10° labeled water may be identified. In another embodiment, 1 part in 10’
labeled water may be identified.

1. Detecting water following sugar metabolism
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anal yzers, and fourier transform analyzers. In
addition, two or nore nass anal yzers nmay be coupled
(Ms/ M5) first to separate precursor ions, then to
separ ate and neasure gas phase fragnment ions. Mss
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limted to, gas phase ionization sources such as
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FattySPRE HoOR&L H'Iyyan iAo bre b {cpcr) Hdugd Bgé)&aﬁj,zgtbr%d as triacyl-
(I R) - spectroscopy, near | aser spettroscopy, or
~ glycerd orsprverted foovaierdy Psqidativn niedbeled lvateMetag ieh ibs netivaed/to ielood

A . bel ed .water nay be detected. |In one
Stremg#%gg]}mﬁgpﬁo?%tg{m%}lpﬁhﬂm 3 | abeled water may be
Lilgkdelt wteranhy them tenieletied toaletnding@iridegrbe phlabel intodfation.
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eSS S RAE LSOLLLLER I Sn et et ad T
moreloBérRiekl cOBpYSNARE irf QoW Fatet! dRdorpiRARR ¥ labBlkd WBter generated from
either labeled glucose or labeled fatty acid metabolism, can be used to measure other synthesis
and storage pathways in an organism (figs. 1 and 2). These pathways include protein synthesis,
lipid synthesis (triglyceride synthesis and cholesterogenesis), new fat synthesis (de novo
lipogenesis), and DNA synthesis (cell proliferation). The addition of these supplemental
measurements (fig. 3} adds further information to the *H-fatty acid or H-glucose labeling
strategies. . '

One or more chemical compositions may be obtained, and optionally partially purified or
isolated, from the biological sample using standard biochemical methods known in the art.
Chemical compositions include, but are not limited to, ghucose, glycogen, glycerol-trigtyceride,

triglyceride fatty acid, proteins, and DNA. Optionally, fragments of the compositions may also
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The net hods of neasuring the consequences of sugar

i ngestion may be acconplished by neasuring sugar

net abol i sm products. The rate of netabolic water
production fromthe oxidation of fuels, including
sugars, is sufficient to achieve relatively high

| evel s of |abeled water when nodest doses of
compounds contai ni ng | abel ed sugars are adm ni st er ed.
Al ternatively, |abeled glucose may be polynerized to
form | abel ed gl ycogen, which may then be neasured. 2.
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glycolysis and less glycogen formed) the higher the risk for developing insulin resistance,

diabetes and cardiovascular disease. Glycogen formation is also an early marker for an elevated

risk of cerebrovascular disease,
In another variation, the rate of appearance of glycogen (Ragycogen), i.€., the rate of glycogen
synthesis, may be determined by subtracting the rate of appearance of glycolysis (Ragiycotysis)

{rom the rate of disappearance of glucose (Rdguces). The following equation can be used to

calculate the rate of new glycogen synthesis:

Rdgucose — Ragyeolysis = Rag]yeogen
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Chem cal conpositions include, but are not limted to,
gl ucose, glycogen, glycerol-triglyceride,

triglyceride fatty acid, proteins, and DNA

Optionally, fragnents of the conpositions may also 19
be obtai ned. The frequency of biol ogical sanpling can
vary depending on different factors. Such factors
include, but are not |limted to, the nature of the
chem cal conposition tested, ease of sanpling, and
half-life of a drug used in a treatnment if nonitoring
responses to treatnent. In one variation, the one or
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Theene o5 o hemisalrompositions may also be punﬁed partlally purified, or
'0pt1ona11y, isolated, by conventional purification methods including high performance Hquid
chromatography (HPLC), fast performance liquid chromatography (FPLC), gas chromatography,

‘gel electrophoresis, and/or any other separation methods.

synth

The one or more chemical compositions may be hydrolyzed or otherwise degraded to form

smaller subunits. Hydrolysis or other degradation methods include any method known in the art,
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synt hesi s, maybe determ ned by subtracting the rate of

appearance of glycolysis (Raglycorysis) fromthe rate

of di sappearance of glucose (Rdglucose). The foll ow ng

equation can be used to calculate the rate of new

gl ycogen synthesis: Rdglucose - Raglycolysis =

Ragl ycogen 20 - ------- - - - Know ng the rate

of appearance of glycogen (i.e., the rate of glycogen

synthesis) provides additional useful information as

a slower rate of glycogen synthesis nay be associ at ed

wWth an elevated risk of developing diabetes

e..
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art. n a further variati on, more ¢
fast p@ﬁ.ﬂ%‘fq logidchrpmatgsaphy @@@C&ﬁﬁ phrematogmm Eelreldazophoresis,

and/ovaﬁmﬁer%hoh@e;dm.ﬁ%aﬁﬂy be used to deternmine new
triglyceride synthesis. In another variation, the one

or¥) nor EalsHatingRineiipaniteisons may be conpounds t hat
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T e S B A R e
triglycériziej iriglycezidafmiyiatid oy, snd @N)ﬂfha}'ﬂal@cf & ®kddmined. In still another

variation, both rates of labeled water formation and biopolymer formation may be calculated.

Finally, the rates may be used individually, or in combination, to diagnose, prognose, or identify
the risk of metabolic or metabolically-related diseases or disorders.

Synthesis and degradation rates may be calculated by mass isotopomer distribution analysis
(MIDA), which may be used to calculate the degradation or biosynthesis rates of metabolites
and/or water by measuring the production of labeled water. In addition, MIDA may be used to
calculate the synthesis rate of biopolymers such as glucose, glycogen, glycerol-riglyceride,

triglyeeride fatty a_cid? proteins, and DNA after the sugar or fatty acid containing metabolites are
metabolized.
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In a further variation, the conposition may include

DNA. The neasurenent of DNA incorporation may then be

used to determne the rate of new cell proliferation.

The one or nore chem cal conpositions nmay al so be

purified, partially purified, or optionally,

i sol ated, by conventional purification nethods

i ncl udi ng high performance |iquid chromatography

(HPLC), fast performance |iquid chromatography (FPLC),

gas chromat ography, gel electrophoresis, and/or any
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| The last-named calculation addresses the condition generally present in a biological system,

- wherein polymers newly synthesized during the period of an isotope incorporation experiment
are present along with pre-existing, natural abundance polymers and the investigator is interested
in determining the proportion of each that is present, in order to infer synthesis rates or related

parameters.
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triglyceride, triglyceride fatty acid, proteins, and
DNA may al so be determined. In still another
variation, both rates of |abeled water formation and
bi opol yner formation may be calculated. Finally, the
rates may be used individually, or in conbination, to
di agnose, prognose, or identify the risk of netabolic
or netabolically-related di seases or disorders.

Synt hesi s and degradati on rates maybe cal cul ated by
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mﬂﬁﬁ&ﬁ gpsl to calculate the degradation or
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In another variation, the methods may be used to diagnose, prognose, or identify the risk of
insulin resistance/diabetes mellitus (type I diabetes) in an individual. In a further variation, the

~methods may be used to diagnose, prognose, or identify'ﬂle risk of high-fat diét-induced obesity

in an individual. In another variation, the methods may be used to monitor the effects of
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contai ning nore than one element with all isotopes at
nat ural abundance; then to non-polyneric nolecules
containing different elenments, sonme of which are in
groups whose i sotope conposition is not restricted to
natural abundance but is variable; then to polyneric
nol ecul es contai ni ng conbi nati ons of repeating

chem cal units (nononers), wherein the nononers are

ei ther unf abel ed (containing a natural abundance

di stribution of isotopes) or potentially |abeled
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incluBShefiStal BRI BA R dnoh SV o Bolakifi JRHAG 2l bib@HbhnibaC |

met abol i sm’in an i.ndi vidual to ch a drug agent has
compsireds epiiririicshane et musele and/drickemichle nehesrgTYQ Eplta tipsue sample,

. P : ,
L S e e S e
~optiop@dlytihduded mrethe ki vi dual , or different living systens.

B RS B DESBls OPER bt

1 0N
sugas aid Rty agidxt aré optichalty incndedn Foclk eny datude arspoming cgrs, needles,

T ol LA, M s o
obtaiMhg saeipdestentiha ket (. bpecim&iSips, neadley POIngése shd el sampling

. by reference.in its .qiirety. I'n anot her vari ation,
dmmﬁ%ﬁﬁwég8ﬁFQm%ﬁﬁu%@mgﬁe'east partially identified as to
degormadbion Sragcenes rabl e (or both) characteristics.

uch information is,useful in evaluating whether a

?%entlon so provides for information storage devices such as paper reports or data
storage devices comprising data collected from the methods of the present invention. An
information storage device includes, but is not limited to, written reports on paper or similar
tangible medinm, written reports on plastic transparency sheets or microfiche, and data stored on
optical or magnetic media (e.g., compact discs, digital video discs, magnetic discs, and the like),
or computers storing the information whether temporarily or permanently. The data may be at

least partially contained within a computer and may be in the form of an electronic mail message
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agent shoul d be advanced in clinical devel opnent, for
exanpl e, whether a drug agent should be tested in in
vivo ani mal nodels, whether it should be the subject
of clinical trials, and whether it should be advanced
further in the clinical trial setting (e.g., after an
IND filing and/or after conpletion of phase |, phase
Il and/or phase |1l trials). Once advanced through the
filing and approval of an NDA, it is readily apparent
that the nethods of the present invention allow for
or altdeRed toan lelya'cffrdiﬁnhﬁii) ﬂnlegaﬁg'ecm a @épaﬂrreL@ec&ﬁﬁe Iﬁsed lfl?mg Hath withintthe
tr at ment et abol |, i.sea ch as_di abet es
h ot s e Basan” v colsien Dobmar e eranally amalyzed, or
comfleeBAEREzZe, [SHSMERSE fay bObRRY SRonBHRPSH 08B biher :«Iulf}ﬁnated device

ate of nutrients_ as surrogates during FDA trials

or mgg Dp donearanp e d he o emeeragadavise ma be bivd todavidens thedata
onto%ebﬁﬁg aht® stof0 bystedh (eid 'c&hﬂﬂa'lt ﬁagaglelﬁ'cﬁlﬁgﬁtgxr afl Jﬂ@ﬁﬁeﬁ Yor further

I n " anot her variation, e use
analysieeitipr displan or dpths Adteroptivsky, fherdataivg thirf tac inflirmetionstivragedievice may

be pHQt@& bﬁt@f R Oﬂep p@e@% IEJ o S%a\fé{cg @ﬁcjeg Moy otﬂ?fm{ﬂﬁéﬂr lgR%dlgl% o i%gther

o di ag
analysmsm fordispdesi ts'ﬂaaﬂlc &helinfiymtie smafhgeldteuse by pevide fir adidtvab)f the

data! gu&ﬂgﬂn@ﬁésl\é?dl%aflofm n aosfe%%gﬂs@ oi,r %ﬁ%@%{%&sy%‘f#&%ﬁ? other

'mnmmak of high-fat dlet-lnduced obesity in an
i ndi vidual. In another variation, the nethods may be
used to nonitor the effects of 24 interventions or
Thedallaveng e}ﬂiﬁiptbg e pl‘@ncﬁ:;d I&y shoty (R4t ﬂfeﬁﬂéiﬁcﬁi@ of ihg Uveition énay b&a used
resistan i a tes nmel litus or i,et-induce

o dejgRe; t@“%e i @éﬂglwﬁ%?ftfa?waisrﬁ}g Ied 9 fhe a1t gE R cosnize

that Wailé letifd emb&tBmeRE A6 ScdiMbtrated Mde&d?ﬁedp ) IREHAES o Thidilded to

of opi cal l y-perturbed nolecules (e.g. .| abel ed fatty

hnnﬂﬁ?ﬂgml topni ds, carbohydrates, proteins, nucleic acids
and the like). These isstonpeed! y-perturbed nol ecul es
conprise information useful 1T h determning the flux of
nmol ecul es within the metabolic pathways of interest.

glnlsn1 one or nore | ul es
The &inghea Pyl gacosotobraneatsst fplrmm maimtsms depictedérs Ggtirbettland 6,

resP%HQé'l? Tk %g% icf ﬂ%&{t Fﬁg‘ﬁxﬂé Hl%aﬁed%g%g% %or@&%gon B0

| aghose seases o I'sor

Watehﬁ){ﬂgm@dmrwtrabm rgfldymaglam-lmhd gyeosdi sease. Kits In

A v B5RRE rg5 SUSHAS FgY G3al R mic 1015
Jackson Laboratories, Bar Harbor ME) were used. Housmg was in individual cages for rats and
groups of 5 for mice. Feeding was ad-libitum with Purina® rodent chow. All studies received
151'1'01' approval from the UC Berkeley Animal Care and Use Committee.

The *H-glucose labeling protocol consisted of an initial intraperitoneal (ip) injection of
99.9% [6,6-"H,] glucose. For labeling rats and mice, 2mg labeled glucose per gram body weight
were introduced. Body water was collected as serum at various timepoints. |

Glycolysis was measured by measuring denterium in body water as a percent of administered

: [6,6-2H2] ghicose normalized to account for different molar quantities of deuterium in molecular
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fatty acids in vivo. The kits may include | abel ed

gl ucose or fatty acids. The kits may al so i nclude

chem cal conpounds known in the art for isolating

chem cal and bi ochem cal conpounds fromurine, bone, --

or nuscle and/or chem cals necessary to get a tissue

sanple, automated cal culation software for

conbi natorial analysis, and instructions for use of

the kit are optionally included in the kit. OQher kit

conmponents, such as tools for adm nistration of

[ - | ds

e b N e el S
speciepdty. needl es, syringes, pipettes, |V tubing), may

optionally be provided in the kit. Simlarly,

instrunments for obtaining sanples fromthe subject

- Exanfide 9. KinatipaQG TR Glynodiic @g‘ @Hah:‘f,ghmvsei i mamal aschntt ngsu e
AR sadheno el B o Bsn s peliprel sEfigte ™ me sigure

depum pw&eﬂegyédpyslsl, b biy aa;taim ﬁl@@'p&@ﬁdrﬁﬁﬁ) vt Holsvingiagsstion
ésbggi 1%flat a storage devices conprising data
of deHE’FP‘E ?

$f5% he net hods of the present invention.

A8 > ﬁi‘c@d@ﬂeﬁ@@pr@i&&%ﬁsﬁﬁwf@ﬁ ol g6 of V% (6681 glucose.
I|n1ted to, witten regw rts on Baper or simlar

15 giems gluspss TreRigrams ov lopd B0% 860 kb Wsre ipgeatst by the human subject.
.Bod}%@c&%%ﬂ&i’ed%@@&hﬁ aPbarfBuéfiRjoathe, and data stored on
. ptical or magnetic nedia (e.'g., conpact discs,
Giyr@htswwaa imyanred bygBeasyring et inskody waivdas Hrerankefjadministered
: [ aRE
[6,6 ¢ eg%%ﬁ&%??l 7 oﬁéd%é fﬁ%ﬁfg}gﬁ d1ﬂ'£r%&'ﬁ?tg%rqlg mayé ﬁﬁfeuten ema Iélolecular
ghicgsa pird mblegularoratcai Peutenyet matcr wagwaputed by sotbpaeafioenss n
spect{r t]%orm of an electronic mail nessage 25 or attached
an“electronic nmail nessage as a separate el ectronic
file. The data within the information storage devices
Ex ggg?e “raw' (i.e., collected but unanalyzed),
ially analyzed, or conpletely analyzed. Data
' [a68dHy s osBYas b&mhﬁst%ﬂyor@]ﬂy Q6 st water) 30 i tan dakrhuman subject

(su TS B affevrias Ryhoy Botke Bk dyPae SRR el s (D PR

~ femaltaHughan @il &t & dﬁ@ﬂﬁa@,taﬁddmamﬁhge ﬁ&ﬁarﬁéﬁﬁje@ﬂ‘ﬂnﬂﬁ}mﬁms (Subject
conputer, and the |ikg

#4). ﬁ&o@%&%}gl%&%g §g11le§teg,(1(} em]mué@r dour B I% content of blood
gluco% Was Madshia |bz isolaigg Qﬁ&&e ‘ﬁ'ofnmlcfbdtaﬁ@ piePirﬁfg"iﬁb laGBmBiRERERle

devi ce may rlnte onto astic

with {splepg JsEp @ﬁé%%me@y &he rétﬂﬁ@f: ( zﬂi Mﬁent efhgy Meterwas wagswred
by 1351915ngf Wt I 18 BRY $hP dpr@ﬁarﬁzg Entdlh ﬁ)?lln%mﬁﬁhbl?@\tvﬂh isttdPe ratlo mass

_ I nformation stora e evice nay pr0VI for re rlev%
spectfmatiye Merfétsnectrsmew ves perforredd te gHcddte fb@ raptinn ofiiH foge Hoglucose

relea%d%ﬂl) %Xd;ﬁ@&éﬁ’ rThfs%prEééHs %ﬁ{co@ﬁ@hﬁ&ﬁtﬁn %romf 8E acﬂﬂiiﬂls%éaeéiucose

load. Measurement of 2I—I—glucose: content measured by mass spectrometry was compared to

administered °H content of administered 2H-glucose to calculate the body’s production rate of
glucose. Fasting plasma insulin levels were measured by radioimmmoassay (RIA) specific for
insulin. RIA kits are readily available from a variety of commercial sources such as Linco
Research Inc., St. Charles, Missouri, USA or Phoenix Pharmaceutical, Inc., Belmont, California,

USA. Plasma glucose levels were measured by the use of glucose oxidase, a technigue well
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pur pose. The follow ng exanples are provided to show
that the nethods of the invention may be used to
deternmine the fate of nmetabolic glucose or fatty
acids. Those skilled in the art will recognize that
whi | e specific enbodi ments have been illustrated and
descri bed, they are not intended to |imt the

i nvention. EXAMPLES Exanple 1: Kinetic OGIT -

A ycolytic disposal of glucose in normal rats and mce
The kinetic oral glucose tolerance test for mce and

knowh 3 Be h®. BEPEdtREnd fudokdbii@Re Ror ARAnsureth& BEEHESE bk readily
The figures depic ercent glycolysis, measured b

. . ! . Y
availagle, fos prample fiers Sumrchlineh, ShLevisMiswuris G olptle I depicts the
resuH%dm'nistration of deuteriuml abel ed gl ucose.

prague-Dawl ey rats (200-250g, Sinonsen Inc., Glroy
CA) and C57Bl k/ 6ksj m ce (10-15g, Jackson .
Laboratories, Bar Harbor ME) were used. Housing was in
i ndi vi dual cages for rats and groups of 5 for m ce.
Feeding was ad-libitumw th Purina(r) rodent chow All
studies received prior approval fromthe UC Berkel ey
Ani mal Care and Use Conmmittee. The 2H gl ucose | abeling
protocol consisted of an initial intraperitoneal (ip)
injection of 99.9%][6,6-2H2] glucose. For |abeling
rats and mice, 2ngy | abel ed gl ucose per gram body
wei ght were introduced. Body water was collected as
serum at various tinepoints. dycolysis was neasured
by neasuring deuteriumin body water as a percent of
adm ni stered [6,6-2H2] glucose normalized to account
for different nolar quantities of deuteriumin
nol ecul ar 26 gl ucose and nol ecul ar water. Deuterized
wat er was neasured by isotope ratio nass
spectronmetry. Exanple 2: Kinetic OGIT - dycolytic
di sposal of glucose in normal rats and mce A kinetic
oral glucose tolerance test in a human subject is
depicted in Figure 4. The figure depicts percent
gl ycol ysi s, neasured by deuteriumincorporation into
wat er follow ng ingestion of deuteriuml abel ed
gl ucose. The 2H gl ucose | abeling protocol consisted of
an oral ingestion of 99.9%][6, 6-2H2] gl ucose. 15
grans glucose in 50 grans oral load (30%[6,6 2H2])
were ingested by the human subject. Body water was
coll ected as serum at various tinepoints.
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G ycol ysis was neasured by neasuring deuteriumin body
water as a percent of admnistered [6,01121 gl ucose
normal i zed to account for different nolar quantities
of deuteriumin nolecular glucose and nol ecul ar

wat er. Deuterized water was neasured by isotope ratio
mass spectronetry. Exanple 3 [6, 6-2H2] gl ucose was
adm nistered orally (15 grans in water) to a | ean male
human subj ect (Subject #1), to an overwei ght but not
obese mal e human subj ect (Subject #2), to an obese

fe u 1

amar S, e PRy BRTE (R PR g R
~sanpl es were collected (10 cc) every hour for four
hours. 2H content of blood glucose was neasured

i sol ating glucose from bl oodﬁﬁﬁpr eparing into a@% 2HO
2

conpatible wth isotope rat SS sp
|sotop|c (2H20) content of body™fat er éﬁgggzbre grodpged)

ati r,,fromthe blo ling pre into a
Sub f)t?’!m COM 3 qe’éot ope (#mig nasémgégggct roméfyy. 4h

1 Mass speg,t_g"orretry YES performge to calggkate The 53 %0
g fractiomof 2H frojg 211-glucgge releasgd into bo_g 41
e

3 water. Hjig represgnts glycokysis/oxidagon from
_ 4 adm ni stgrf,ed gI ucogge Ioad 7 f5'5xsur entzzgf 2H- gI u%)se 33

masnacgmaaa sﬁoeﬁgat, &ngeg—@b@'ﬁﬂndl&fcs Qﬁiﬁﬂe BkoRlaBle %ﬁdla%&ksg | ucose to
Plaso@ars@lid - at iﬁdltal‘&ehybmﬁyhﬁmﬂrnﬁiﬂﬂﬁhdtﬁﬁ rate of gl ucose.

Maxifae} pofiuqipn of ‘HefHfeom 105 tH-thos: 8924 ¥ weke nmeasured by
radi oi munoassay (RIA) specific for insulin. RIAKits
are readily available froma variety of comerci al

s ofip eandeseeHias tabled corpraRBeidentititis p neryal, Stan heHy neds subject
orfi. S 21 PO IR SR el i

Subjaei 43 aﬁrfe@nbyl oliese rsiyofemgleu Sulgect 6 Escbdsm, male tvith BRVAAIDS. The
data ‘ﬂﬁH e% C]]Jf'].lnﬁwﬁ}#dént tfuco%r ttole{an%);?r ‘%ﬁ’n g.wgﬁ%lg :dg"’g’gf ﬁy absence of

ase S ur
obesﬁy éﬂdb_&bd ), S1d13 ecé#taimh HIV podiiGi r@lﬂwﬁh IS E’ccelﬁtng pkcﬁ&ﬂs&mhzbﬁor
cont nl%so ? 11 depi the results.
U A ?E‘P%“%H%‘P&o Pglent Wh oY A9 gsﬂoqfslg!rqa@ﬂ@ts ofien
develbfbh] glﬁomﬁm):ant 6 gigehiy pletotyps t THRAaaWVRbRI G enBiasp8-

as .0
dlabehc?msuhn resrlr&mP) (% duﬂz befors glucose intolerance is apparent (Subject #3). This

method allows for early detection of glicose intolerance.
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Insulin G ucose Subject # BM (kg/ n2) Gender (U ni)
(my/dL) 2 h4h 1 23.5 M<15 105 25 50 2 27.2 M20
96 26 41 3 31.8 F 33 108 15 34 4 23.5 M >30 225 16
33 BM = Body Mass Index Plasma glucose > 200 ng/dL
during 2H OGTT i ndi cates glucose intol erance or
di abetes Plasma insulin> 20 indicates
hyperinsul i nem a/i nsulin resistance Maxi nal production
of 2H20 from 15 g 2Hglucose is 82 x 10'3 noles As can
be seen fromtable 1, supra, Subject#l1 is a normal,
Refdresdes heal thy mal e subject (normal control). Subject
#2_J n overwei ght but not obese healthy nale

|
1. subpaitnp TH Handqerien HEB oGlas W) Zutstrdd LM alapohy AEM,
f enRl@maRURIAGEL 140, pPodictiGAR nH BdRuié %n'@asﬁle\gf D%y 106

data identifies clinically evident glucose intolerant
or oxlflziloat BipchamalMeil dMradbsBide3l48e59 l@s6absence of

| obgsi ' #4).. .Subj #4-is.,an, HV posj.tive

2. PRl TRRER) s lboml P ckeriiputes Dl spelibolam isotata
c Ohdpaionytesgframichn met shoss kat;:rtrlilgﬂﬁm}éncmmfi h-fat cﬂigt ol F%Svitro
who receive anti - rqviral .t t ts often evel op
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All publications, patents, and patent applications cited herein are hereby incorporated by
reference in their entirety for all purposes to the same extent as if each individual publication,
patent, or patent application Wwere specifically and individually indicated to be so incorporated by
reference. Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is readily apparent to those of

ordinary skill in the art in light of the teachings of this invention that certain changes and

‘modifications may be made thereto without departing from the spirit and scope of the claims.

- Applicants have not abandoned or dedicated to the public any unclaimed subject matter.
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13. Hellerstein MK, Neese RA, Kim Y-K, Schade-Senn V,
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Bi ochem cal J, Submitted, 2002. 15. Reaven GM Banting
. lecture 1988. Role of insulin resistance in human
1. AGhHRRDE detelMifiag R mdtohia) olaRer £ sudRS8r fa hoids in an individual,
__publications, patents, and patent applications cited
said pethed epoyisinger eby i ncorporated by reference in their
endj i l it 31al 1 or
| nu) el Allor A ARBS L he DEpARF Yk Hithe RRlblied sugas
H-labplpd fattaetidntowariadivigeati fi cal |y and i ndividual ly
i el y ' f :
A aThRRe bR p 8 sl UL B e ond FoRERER o e, |
mdividmapaget ai | by way of illustration and exanple for

p es of clarity of_u tanding, if | di | 2
D SRR fng b fisBpataipT oLl LR B P o ops, 3 B spbc or 2t
labelkd B3ty acds inlvavdieas Bitagsnche nbliabolismvd Biid one dihadre ewatsar fhtty
.. Ghanges. and, nodifications nmay be made thereto w thout
amdsdﬁﬁadgﬂawé‘ruﬂ‘omthe spirit and scope of the cl ains.
Appl i cants have not abandoned or dedicated to the
' public any uncl ai mred subject matter. 31 | claim 1. A,
2 nethigertind %@F@Pﬁfﬁﬂﬁ’ lo WECTRRSAE 9P SHefe ComBOSHfonf fpraprise H-
' Sugiiedl gicofeat ty acids in an individual, said nmethod
conprising: (a) adm nistering one or nore conpositions
conprising one or nore 211-1| abel ed sugars or
3. 2HyeahglRdcERbihY 1AGLRD, WheRt shid Gl sluch ) is ORisad £6:A96,6-
one or rmrezbod|ly tissues or fluids at” one or nore
t i ‘Helglucpssnhls B lucoseding [d.3314.5.&ifdr]glBgoselet ect i ng t he
i ncorporation of said 2H fromsaid one or nore
2H- | abel ed sugars or 2H | abeled fatty acids into
4.  wekhemetlwddetading trecltitnel , wheralnohid one of mergicdmpeséiticns awgor e

SUBRimstQkd {7)‘?5 Ee\éhm%% c%gsein %ox%agrg, éa%gée\,/ %n(grlﬂgéﬁtoneal, imravlascular, and

subcutaneous administration.

5. The method according to claim 4, wherein said one or more compositions are
administered orally.

6. The method according to r.-:laim 1, wherein said individual is a mammal.

7. The method a-lccording to claim 6, wherein said mammal is chosen from humans, rodents,

primates, hamsters, guinea pigs, dogs, and pigs.
8. The method according to claim 7, wherein said mammal is 2 human.
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10.

11.
12,

13.

14.

15.

16.

17

18.

19.

2. The met hod according to claim1, wherein said one
or nore conpositions conprise 2H | abel ed gl ucose. 3.
The nmet hod according to claim?2, wherein said
2H | abel ed gl ucose is chosen from|[6,6- 2H2]gl ucose,
[1-2H1] gl ucose, and [1,2,3,4,5,6 2H7] gl ucose. 4. The
nmet hod according to claim1, wherein said one or nore
conpositions are admnistered by a techni que chosen
fromoral, gavage, intraperitoneal, intravascular, and
subcut aneous adm nistration. 5. The nethod accordi ng
to claim4, wherein said one or nbre conpositions are
adm ni stered grally. 6. The nmethod according to claim

, ROf ACoRE for i BFTeip E56 R pAPRRTS badilyFiseachok RGP are
a%ﬁ&‘:@ﬂ ﬁ‘Bﬂl Hl&bd?lu%e%a‘ﬁva,‘éﬁ@fe%is.n said manmal is chosen
from humans, rodents, ~ primtes, hansters, guinea

pi gs, dogs, and pigs. 8. The nethod according to claim
7, : : . _ .
AT RHRY Or SR AT ek Eor of Il sl oL TR HRem fom
t ligermysady, afipodedisteating, brelpmdipafiaream bl ood, uri ne,
saliva, and tears. 10. The nethod of claim 1, wherein
said one or nore bodily tissues or fluids are chosen
f Tbemetbiod ef ¢laimuk cbmprisit the sdlitidnal st dfpertialdy girfyingsild water.
pancreas. 11. The nethod of claim 11, conprising the
additional step of partially purifying said water.

1The fhsthodref tlaith D, cah@istigkils adanivpslissppYisbhtngdd witgnal
step of isolating said water. 13. The nmethod accordi ng
to claiml, conprising the additional step of

NHAS thetho acdordingd 16 RIaRA N AddnPRsiap tHeRAGEBM &bh MRl 1
into one or nore chem ¢cal conpositions chosen from

g IS EHSR 10 PLARERIRPTAHGR TR ang T FrTrcbpmigal comppsitiqns shgserefrom
f globdkeagichbgeR), _@ﬂoﬂﬁiflﬁ&@de%ycéx‘fde flBeacite })H)@é?ns, and DNA.
according to claim13,” wherei'n said chem ca

conposition is glucose. 15. The nmethod according to

c [ : s g
B B R e S e e eSS
according to claim 14, conprising the additional step

0 ' : rij . Of | | ucose st ored
s e S e
admiogtoue gladese production, )

The method according to claim 14, comprising the additional step of measuring the

proportion of labeled glucose stored in tissue glycogen relative to said labeled sugar
administered.

The method according to claim 14, comprising the additional step of measuring the

proportion or rate of administered *H-glicose undergoing glycolysis.
The method according to claim 13, wherein said chemical composition is glycogen.

The method according to claim 13, wherein said chemical composition is glycerol-

nglyceride.
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20.

21

22,

- 23,

24,

25.
26.

27.

28.

29,

c oy sss
claim13, wherein said chem cal conposition is DNA
27, The pethod according to_claim?24, conprising the
- hs oFBR sl

17. The method according to claim 14, conprising the
additional step of neasuring the proportion or rate
of admi ni stered 2H gl ucose undergoi ng gl ycol ysis. 18.
The nmethod according to claim13, wherein said

chem cal conposition is glycogen. 19. The nethod
according to claim 13, wherein said chem ca
conposition is glycerol- triglyceride. 33 20: The

met hod according to claim 19, conprising the

addi tional step of calculating new triglyceride
synthesis. 21. The nethod according to claim 13,

rein sald chenmical composition is triglyceride
r dfe e

A gocopding toicaipd O rompHsiEg thejadjtions] depfivaipalating new

c deSilOGniRg, addi tional step of cal culating new
oy Bp ey

y acid synthesis. 23. The nethod according to

claim 13, conprising the additional step of

¢ 2 ool Aol oREARTE Wit Ly PO AP A RSOl s AELE

atty acli I Ssue re rve

addty sgidmi ni stered. 24. The net hod according to claim
1, conprising the additional step of calculating the
proportion or storage rate of adm nistered | abel ed

f ahe ynethod decontiibeto glain @1, feainbiisifeihe additidndPitdpT caldfatinEhRw

thod.a&&ﬁrding to claim-13, wherein said chem ca
"OH%% a protein. 26. The method according to

4 pocgiing 1B plagm | GPaprisi hmaddiignel strof stipnlinadhe
Dhrperyioh BEstbrage BB of ﬂi@ie&rlﬁi&? adafqces i ﬁ};guetrglait?xloe?g ngg']ed fatty

further conprising calculating the rate or
afBtpdmingtersdncor por ation of said 2H into said water.
29. The nethod according to claim 13, further
conprising calculating the rate of or anount

pbpdadcendingfio olaint hicomprising baedditionabstep afleglmilatilg the

i
_ ?g(??&ﬁbﬁ bpéﬂcﬁa%e?fﬂtc%ga Tﬁgﬁe{;éﬁfx%gﬁg?&&%}%'s ﬂ%qe}%}n%g%@umﬁ%@ :

ther conprising calc he“rate
i ppddatioor at i on of 2H into said one or nore chenica
composi ti ons.
The method according to claim 13, wherein said chemical composition is a protein.

*

The method according to claim 13, wherein said chemical composition is DNA.

The method according to claim 24, comprising the additional step of calculating the rate
or amount of DNA synthesis. '

The method according to claim 1, further comprising calculating the rate or total amount

of incorporation of said *H into said water.

The method according to claim 13, further comprising calculating the rate of or amount

- . I . . ..
mcorporation of “H into said one or more chemical compositions.
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30.

31.

32.

33.

34.

35.

36.

37.

31. The nethod according to claim1l, wherein said

water is detected by nethods chosen from gas

chr omat ogr aphy/ mass spectronetry, liquid

chr omat ogr aphy- mass spectronetry, gas

chr omat ogr aphy- pyrol ysi s-i sotope rati o/ mass

spectronetry, gas chromat ography- conbustion-i sotope
rati o/ mass spectronetry, cycloidal nass spectronetry,
Fourier- transformisotope ratio (IR)-spectroscopy,

near IR [ aser spectroscopy, and isotope ratio mass

sp gl Ll

oy o AL fcorgile o N P16 AEfiphAE B ok 8 et or smoun
d eme@pomgomféHpmmst bhé or 11T c];mnd:ast cevmgiosmonss 3. A mat hod

of identifying the effect of a drug agent on an

i ndi vidual, conprising: admnistering a drug agent to

t hEhd methad 'dﬂdaldingd@ﬂeimﬂ whegsid da8l wabrdDadtdcsdby imetinds cliosen from

nor e fatt cids in Ih |nd|V| u
oS R by i ke R e Ik B oY asspectiometry, gas
dr ¢tgorageghplepyeatidk-isieperatisralass sgéotmﬁala@y e feéatography-

according to clairm 1, wherein said metabolism
d OBt ISQSAPS Tatiqimas spretrgmetsy; oy Jerdal anasnsprerorely, Foypier-
ap@&@ﬁ%ﬁ-x&ﬁoﬁé%@ﬁ(ﬁﬁs@ecﬂ& pYEeROR 1%%%&&6%9@&%%']%6]33 ratio
1, wherein Said netabolism determnation is used for
W@ﬁsépﬂﬁp%@ﬁYnanagenent of patients. 36. A nethod of
di agnosing insulin resistance or diabetes nellitus,
conprising: determning the netabolismof one or nore
s ubfeargethnd dogerdipg dxtlafm Iamdmem syl detsciitgmitapniay, be aggomplisesd by
i2 wherei n sai d netabolism
de%%#ﬁ? %%% Pgng sen E%%n1|dent|fy|ng i ndi vi dual s
risk for insulin reS|stance and di abetes nellitus.
35 38 mthod ac r.din o cl.aimil eln sai d
o BP0 R AP REFREC: P Spiehre: 2 B SUEL Soerilie g
hi gh- f aﬂnﬂnﬂénﬂgmdin&@@eﬁﬁieﬁlehﬂdlwa&l The mst hod
wherein said netab

accor di
det er- mdﬁ% gf‘@ﬁqlﬁé?ohs@gmq QO ZOTE SPSATS OF x Gcads in the individual

| netoridihgad Slaigd 1 foli8dntifohe bBif@hof Ald BheigehttilisadudEasdlt V-
40. The nethod according to claim1, wherein said

met abol i sm determination farther conprises the step

C hoeaRethddQiet aFBi b t0d14iR0t , WhereR hiRIGhSatRfisth BLEHNSRbh BRed B a
prevent or reverse i nsulin resi stance, di abetes

néWFPFﬁ%H@ﬁ$F$NEPAﬁﬁWDW?@meEﬁuced obesity. 41. The
nmet hod according to claim1, conprising the further

step chosen from di agnosi ng
The method according to claim 1, wherein said metabolism determination is used for the

clinical management of patients.

A method of diagnosing insulin resistance or diabetes mellitus, comprising:

determining the metabolism of one or more sugars or fatty acids according to claim 1.

The method according to claim 1, wherein said metabolism determination is chosen from

identifying individuals at risk for insulin resistance and diabetes mellitus.
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38.

39.

49.

41.

42.

43.

A4,

45.

46.

47.

and treating wasting disorders. 42. The net hod
according to claiml1, conprising the further step
chosen from di agnosing and treating hypogl ycem a. 43.
The nmet hod according to claim1, conprising the
further step chosen from di agnosing and treating
gl ycogen storage disease. 44. A kit for determ ning
the netabolismof a sugar in an individual conprising:
a) one or nore |abeled sugars, b) instructions for use
of the kit, wherein the kit is used to determn ne sugar
l?%}ﬂéﬂﬁﬂlcb&dﬁ? bl by Whgﬂ"éﬁl saidiRetab &nﬁn Iﬂét%mﬁflatﬁaln FHfef 4
further conpris cherii ca npoun I sol ating
wabmprised ﬁlaglﬂwg ﬂmgh feifdntthadummneﬁlat her conpri sing
chem cal conpounds for isolating a conposition chosen
from glucose, glycogen, proteins, and DNA. 47. The kit
0fThe lngethod 41écof‘d11|ig oetaim d nwhé:rslh ngjd aetabalisnf determination further

adm ni.ste cO The t., of
c s et e G RS e e et
collecting a sarrpl e fromthe subj ect. 49. A drug
nt th ffect . WA t St tial.l
" inin 8 aSip e ot oo S GRSl
| S8fpRes @le!skp RREEM ﬁﬁﬁ%dmbﬁﬁ%lﬂhg BREST il aMoss GRERR: or
9 y

glycerol-trlglycerlde tri ceride fatty acid,

- prteeemslintrasEngs; digrtes rellitpeamddipbaletdiFtdntrged ebitai m

33, further conprising the manuf acturing of one or
nore drug agents at |east partlaI,I@%/ identified by
s dihg meitod eerordim: toafaih Af envimatsivg thesfindhen giep slogpr om diagnosing

C%Rﬁka}‘fnggwfgﬂl%ﬁhsg evl ned fromthe nethod according to

clarm Ice of claimb52, wherein said
device is a printed report 54. The printed report of

cl-ai med ' i te: 1S .-
oo Bt AR lalfl 1Rl el B bl P B idefosing
mand&éatmgéypc@@mﬂiae devi ce of claim52, wherein said
device is a conputer disc. 56. The disc of claim 55,
wherein said disc is chosen froma conpact disc, a

di'hie hitkhodiab@eting to claim 1, comprising the further step chosen from diagnosing

and treating glycogen storage disease.

A it for determining the metabolism of a sugar in an individual comprising:
a) one or more labeled sugars,
b) instructions for vse of the kif,

wherein the kit is used to determine sngar metabolism in said individual.

The kit of claim 44 further comprising chemical compounds for isolating water.

The kit of claim 44 further comprising chemical compounds for isolating a composition

chosen from glucose, glycogen, proteins, and DNA.

The kit of claim 44 forther comprising a tool for administering labeled glucose.
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48.

49,

50.

ol

52.

53.

34.

55,

56.

57.

58,

di sc, and a magnetic disc. 57. The device of claim52,
wherein said device is a conputer. 58. An infornmation
storage device conprising data obtained fromthe

nmet hod according to claim33. 37 59. An

i sotopi cal | y-perturbed nol ecul e produced by the nethod
according to claiml1l. 60. AKkit for determning the
net abolismof a fatty acid in an individua

conprising: a) one or nore |labeled fatty acids, and

b) instructions for use of the kit, wherein the kit is
USHE{ kitef deinesdiunded ddbdp)isiag htinb@inadnofor seliccting@dathple from the
indjvidual. 61. The kit of claim44 further

coWPEFisi ng chenical conpounds for isolating water. 62.
The kit of claim44 further conprising chem ca
conmpounds for isolating a conposition chosen fraom i
gl 4 éeiespent thegiipel&f which wap ﬁfglpgr;gmﬂw%flﬁw by thg method of claim
prateins, and DNA. 63. The kit of claim44 further
conprising a tool for admnistering | abeled fatty
acids. 64. The kit of claim44 further conprising an

in L I ' :

oo PR R0t b h B R Bl b ML AR

( 22 eridp Favigacddprbisishmd®@NAod according to claim 1.

66. At |east one i-sol ated deuterated water nol ecul e
(2H20O), produced by the nmethod according to claim 33.
38The method according to claim 33, further comprising the manufacturing of one or more

drug agents at least partially identified by said method.

An information storage device comprising data obtained from the msthod according to

claim 1.
The device of claim 52, wherein said device is a printed report.

The printed report of claim 53, wherein the medium in which said report is printed on is

chosen from paper, plastie, and microfiche.

The device of claim 52, wherein said device Is a computer disc.

The disc of claim 55, wherein said disc is chosen from a compact disc, a digital video
disc, and a magnetic disc. '

The device of claim 52, wherein said device is a computer.

An information storage device comprising data obtained from the method according to

claim 33.

37




59.

60.

61.

62.

63.

64.

65.

66.

An isotopically-perturbed molecule produced by the method according to claim 1.
A Xit for determining the metabolism of a fatty acid in an individual comprising:
a) one or more labeled fatty acids, and
b) instructions for use of the kit,
wherein the kit is used to determine fatty acid metabolism in said individual.

The kit of claim 44 further comprising chemical compounds for isolating water.

The kit of claim 44 further comprising chemical compounds for isolating a composition

chosen from glycerol-trigtyceride, triglyceride-fatty acid, proteins, and DNA.
The kit of claim 44 further comprising a tool for administering labeled fatty acids.

The kit of claim 44 farther comprising an instrument for collecting a sample from the

subject.

At least one isolated deuterated water molecule (*H,0), produced by the method

according to claim 1.

~ At Jeast one isolated deuterated water molecule (*H,0), produced by the method

accoxrding to claim 33.
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